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MONDAY, SEPTEMBER 9, 1968, 8:30 A.M. 

JAMES C. STANSBURY, President, presiding. 

PRESIDENT STANSBURY: Welcome to COMMON and 

Philadelphia. I suspect that among the older members here 

at any rate the big question is the result of the elections. 

I am not going to introduce the officers until later, but 

I'll tell you the results now. 

The new President is Paul Bickford and the 

Secretary-Treasurer is Chuck Maudlin. Chuck enjoyed the 

unique position or being unopposed, so we knew that one. 

The new Board is: Dave Dunsmore, Frank 

Maskiell, Norm Goldman, Brian Swain; Wade Norton and Hugh 

Kerr. 

I'll introduce thea later; theylre not all 

here yet. 

We've tried to give you a good meeting this 

• time. I received compliments on the Agenda which I don't 

deserve; that's Joe Aicher, Mike Schilder, theAiv~sion 

managers. 

I've also received complaints. I won't say 

I don't deserve those. We recognize th.at we can't please c 
everybody. All we can do is try. 
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We have a rather good turnout this time. I 

am told the registration is in excess of 600 already, and 

from the looks of the room I can well believe it. 

This is not a keynote address, as you know. 

It's sort of an introduction to COMMON, to the meeting. 

We try to tell you any specific problems we might have. 

There is no planned speech or anything of that sort. As a 

result of that, I'll take this opportunity, as usual, to 

ask whether anybody has questions, suggestions, requests, 

things they want to bring up before the open Board tomorrow 

night and would like to have people think about before then 

-- anything of that sort. 

(No response) 

I don't believe it! 

We'll have changes in the agenda posted in 

the coffee break area, registration area, as they occur. 

There will be changes. We'll try to keep that up to date. 

We'll try to announce them during the morning and afternoon 

coffee breaks, but we'll post them so that people can see 

them as well. 

Mike, any last minute announcements you 

want to make? 

MR. SCHILDER: No, I don't think so. 
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PRESIDENT STANSBURY: What were all those 

sessions last night? What were all of the planning ses

sions doing last night? 

MR. SCHILDER: They didn't talk to me. 

PRESIDENT STANSBURY: If you do have changes 

-- section chairmen, anybody -- please see that Mike or 

Joe Aicher gets them. 

MR. SCHILDER: At the coffee breaks we will 

announce any changes. At the present time there are no 

changes in sessions, but that's because we haven't met yet. 

I expect to see changes. 

The latest wording on the 1130 group is 

General and Technical, rather than Commercial and Non

Commercial. At the moment I don't know which way the break 

is. Whether you'll be in the Crystal Ballroom or the Val

ley Forge Room depends on which is the bigger group; I'm 

sure Don Kiel will take care of letting you know about that. 

That's all I have now. 

PRESIDENT STANSBURY: For once we have a 

meeting that seems to be well enotigh organized that there 

is nothing to say. But right now 1 am going to introduce 

four people: 

Don Kiel, the 1130 Project Chairman. For 

c 

c' 
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you new members, if you're l130s Don will be chairing the 

first session probably that you attend. 

can inform you about l130s. 

In any case, he 

Dick Gabriel, of the 1620 project. 

Al Ragsdale, 360 Project Chairman. 

Bob Fostrom, 1800 Project Chairman. 

Bill Hill, Model 44 Project Chairman. 

These are the people you should be looking 

for if you need information about specific machine oriented 

activities. 

What about our 360-20? Is there any contact 

here? 

(Everett Sylvester) 

Gentlemen and ladies, we do need some re

sponse from you -- questions, comments, suggestions. I 

can't believe that no one has any. 

PARTICIPANT: Who are you, Mr. Chairman'~' 

You introduced everyone else and we don't know who you are. 

PRESIDENT STANSBURY: I'm Jim Stansbury. 

Officially I suppose I am not the Past President of COMMON. 

Somehow or other I never get around to introducing myself. 

PARTICIPANT: Jim, there is one thing you 

could consider to be brought up at the gener al Board meetin~, 
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and that is the question of whether or not we are going to 

change the organization to allow other user groups to join 

us. 

PRESIDENT STANSBURY: I'll repeat the sug-

gestion. COMMON at present has a rule that we cannot have 

chapters per see The question was what we would do about 

local user groups who wish to become members of COMMON. 

The existing policy is that they may become members as in-

dividual installations, but not as a group. We welcome 

people fr an such groups. We'll be glad to send them copies 

of CAST. We'll be glad to publish their news in CAST. 

Let me give you a specific example and it 

will, I think, make it clear. There is a group called the 

HOUSTON 1130 USERS GROUP. Under the bylaws as they now 

stand this group cannot become a member of COMMON as a group. 

They have to become members as individuals. The reason 

for this is that meeting attendance requiremen totours. 

We can't have one member from a 35-man 1130 user group, a 

local man, who represents the user group rather than the 

installation and quali:fies everybody for membership in 

COMMON on that basis. That t s the problem basically. 

Again, we welcome them as individuals as we 

do the members of special user groups, but so f at we have 
c 
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not considered incorporating them as groups. 

The suggestion from the floor was simply 

th~t we ought to think about this policy, see whether there 

should be some change s in bylaws to perm it it, und Er what 

circumstances, and that sort of thing. 

This one I think you would need more than 

two days to think about, but if you have any suggestions 

bring them up at the open Board meeting which will be to

morrow afternoon at five-thirty. 

MRS. LAURA B. AUSTIN (Mid-West Region): 1 

would like to make announcements of coming meetings. This 

information is in your COMMON reference manual. It's 

under Section 2, COMMON organization. When you get back 

to your installation and want to look ahead for future meet

ings, we try to keep this updated for future meetings; but 

I will announce the next two here so that you can make 

not es of them. 

The next meeting will be in Houston, Texas, 

December 9-11 at the Rice Hotel. 

The following meeting will be April 14-16, 

1969, in Los Angeles at, we think, the Ambassador Hotel 

(though there may be a change in the hotel) • 

In the COMMON reference manual is the list 
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of meetings through 1970, so when you're planning budgets 

ahead take this into consideration when you're looking at 

attending COMMON meetings. 

The one after that will be September 17-19 

in Pittsburgh. 

I wanted to announce these future meetings 

because Wednesday at the general session of the Administra

tive Division we would like to have sane people come for

ward as volunteers for program chairmen, local arrangements 

chairmen for these coming meetings. Houston is taken care 

of, but we do need to start now to plan for the Los Angeles ~ 

meeting and for the Pittsburgh meeting; so we would like to 

know if you are available to help work in COMMON to make a 

successful meeting in those two cities. We would like to 

have your names and some indication that you could help us 

and how you could help us at the Wednesday session of the 

Administrative Division. 

PRESIDENT STANSBURY: Since we don't seem to 

have very much else to do I will introduce the new members 

of the Executive Board and then our local Arrangements 

Chairman, Joe Aicher, wh 0 has a few announcements he wishes 

Ito make. 

On my right here is Paul Bickford, the new 
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President of COMMON. 

The gentleman on my left is Chuck Maudlin, 

secretary-Treasurer. Since he is a prominent target and is 

not only our new Secretary-Treasurer but our old one, you 

mn talk to him with a clear conscience. He's not only re

sponsible for what was, but what will be. 

The gentleman on his left is Dave Dunsmore, 

member of the Executive Board. 

The next one is Brian Swain, member of the 

Executive Board. 

On my right is Mrs. Laura Austin, who is now 

the Vice President of COMMON but who decided she could not 

run again this time. This is her last meeting. 

Next, Frank Maskiell, a member of the Execu-

tive Board. 

Next, Hugh Kerr, a member of the Executive 

Board. 

There are two other people who are not pre

sent: Wade Norton and Norm Goldman. Most of you know 

both of them, I think. They've both been fairly active. 

We'll introduce them at the open Board meeting tomorrow 

night • 

I should say that this meeting is officially 

.-"-~~~-----------------------------____ ""_IIIlIIII""-' 
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the responsibility or myselr and Chuck, the President and 

the Secretary-Treasurer. If you have questions or comments 

or suggestions about any meeting after this, then Paul is 

your man. But comments about this meeting should come to 

me. 

Joe Aicher, who is our 10cal.Arrangements 

Chairman, has some announcements he wishes to make and I 

~vant to int roduce you to him and thank him f or a job well 

done. 

MR. AICHER: Thank you, Jim. 

I guess this is the rirst time and the only 

time I'll be able to say this, but as of now I know or no 

program changes. From here on in I'm sure I'll be talking 

about more of them. 

I would like to call your attention to a 

few things that are in the program just as a reminder. Pert-

haps Mike has even mentioned them already -- I wasn't here 

-- and if he has, the repetition won't be too bad anyway. 

Demonstrations of IBM equipment will be 

available at the IBM Data Center, which is at 18th and 

Kennedy Boulevard, some twelve blocks fram here. We will 

have both on Monday and Tuesday time blocked out at this 

Data Center on a variety of equipment: 1130, Mod 20, 30, 
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40. From 2:00 to 4:00 Monday and Tuesday there will be 

time for some demonstrations, but there is the possibility 

of your utilizing these machines. 

To transport you from here to there we will 

have at 1:45 a normal Philadelphia Transportation Company 

bus (which will probably say "chartered") leaving the San

som Street exit of the hotel. There will be a sign down 

there indicating exactly where this is. It's on the grOlna 

floor in the rear. The traffic pattern is such that they 

mU$t load and unload in the rear. 

There will be on the board a sheet for any

one wishing to sign up, but even if you do not sign up you 

can get this bus at 1:45. It will be shuttling back and 

forth, and there will be chances to get on at the JFK Data 

Center, also at the IBM Building at 1700 Market Street, 

and, of course, at the Ben Franklin Hotel. So you can make 

a round trip. The hours, again, are 2:00 to 4:00. 

One other thing I wanted to talk about was 

this late registration. The hotel is jammed with conven

tions and we have permission to hold seventy-five late 

registrations; this means Wednesday at six o'clock. We'll 

put a sheet on the board and the first seventy-five names 

on it will be entitled to stay 'til 6:00 on Wednesday. At 
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the coffee break this sheet will probably be available.~ If 

there are more than seventy-five all I can suggest is that 

we double up or you check out and leave your luggage in 

care of the Bell Captain. 

These birds-of-a-feather sessions will have 

sheets on the board. We'd like you to fill out the subject~ 

There will be space for other interested parties to sign 

their names. We'd also like you to put down the day and 

the time you'd like these to occur. They'll mostl~kely 

be in the evening. We'll assign the rooms, and you can 

check back to see what room it is. 

That's all I have. 

PRESIDENT STANSBURY: There are two announce~ 

ments I thought of while Joe was speaking. The procedure 

of getting programs from the 1620 Program Library is to be 

changed to conform to the procedure used with the other 

machines. I would suggest that most or the 1620 installa

tions go to the Program .InforJllation Department presentation 

on Wednesday. I think personally that the change is to 

your advantage. It makes it simpler to get programs, not 

harder. 

Last night there was some sales information 

about a piece of equipment to be used with anll30placed 

c 
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in the registration area. I had it taken down. The by-

laws specifically prohibit advertising in the public area 

for anything other than IBM equipment. We have absolutely 

no objection to any of you who represent vendors talking 

to anybody you want to. That's your privilege. We do ask 

that you not post notices or not put material on display. 

I don't know who the installation was. 1 deliberately have 

not checked. If they want to discuss it with me or with 

Paul they're welcome to do so. 

Any other questions? 

MR. BRIAN SWAIN: I would like to ask a ques~ 

tion of Chuck IvIaudlin. I am assuming that there are a good 

number of people who are here probably for the first time 

and, therefore, I wonder if we could spend a minute or two 

talking about communications. We had this brought up to us 

last night, that an important lacetot the work of COMMON 

is communications bet.een members. 

In my experience it took me some time to 

find out what was our "method of communication. Our publi

cation called CAST was not drawn to my attention very early 

and it took me a long time, therefore, to find out how 

valuable it is • 

I wonder if it would be of general use if 
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Chuck would spend a minute or two talking about what is 

CAST, how often it comes out, how you get something pub-

lished in CAST if necessary. Would this be of general 1n-

terest? 

MR. MAUDLIN: I have something for you first. 

The Secretary-Treasurer has a new address and telephone 

number; that is, on GS in your book the address is incor-

rect. Instead of Texas Woman's University it's Texas 

Christian University, and instead ,of Denton, Texas ~t's 

Fort Worth, Texas; and instead of 387-1322 it's WA6-246l. 

Zip code is 76129. The user code number if 5130, I think; 

I'm not real sure. 

CAST is a ptiblication that comes out nine 

times a year. It goes to the printer on the first day of 

the month every month during which there is not a meeting. 

The letters supposedly stand for ffannouncements from the 

Secretary-Treasurer." I t IS announcements from anybod y to 

the membership. It consists of correspondence between th~ 

Board or members of the organization and IBM, their replies; 

in some cases announcements by IBM~ It contains cross-talk 

between members where it is of general inte~est to the grou • 

Presumably I have some decision to make each time i re-

ceive something that is for CAST: Does it go in or not? 

c 

I~ 
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That's the only decisi on. So far everything that has come to 

me has gone into CAST, to the best of my knowledge, if 

such a request was made. 

It gets bigger and bigger and bigger. There 

have been issues of CAST as small as six pages and there 

have been larger ones; the last one was 92 pages. 

th e 1 as t on e was a ve r y good one. 

I think 

I don't know wha t el se to say except tha t 

it is a very valuable tool and it's something that you 

should look at very carefully and something you should con

tribute to. 

MR. DON KIEL: That special information on 

the 1130 went out, as far as I know, to all CAST recipi-

ents. If you have no need for that information we in the 

1130 project would like to get that back, so we can have 

extra copies. 

PRESIDENT STANSBURY: Don is referring to 

that 8-page appendix that came out the last time. 

PARTI CI PANT: I wonder if we could continue 

to have the notebook binder holes punched in CAST. 

MR. MAUDLIN: As long as I'm having them 

printed they'll have the three holes • 

PARTICIPANT: It might be helpful if the 
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entries in CAST could be categorized, at least with a key 

word or subject content on each page, or perhaps something 

a Ii ttle fancier, like an index; so then en e could go throu ~h 

these ninety pages without having to read a lot about some

body else's system. 

MR. MAUDLIN: To the best of my ability 

that's Page 1, I thought. Ix you can tell me how to im

prove Page 1 I'll be glad to listen to anything you have to 

say. 

PARTICIPANT: Would it be possible for the 

various projects to get a listing of the membership by ma

chine? In our planning session last night of the 1130 

group we found that we could usefully use a listing of the 

1130 installations. It's very difficult to sort out the 

general user groups. I s that possible? 

MR. MAUDLIN: It's not something that is 

easi1 y arrived -at. I n the first place, you can't get the 

answer by going through_the manual. If you look at 5130 I 

think -you find a 1500 for our machine. It happens to be a 

1500 sitting on an 1800. We also have a 360 Model 20. We 

have a 1620. We have a stand-alone 1800 on order and we 

have a 65 on order. You couldn't find all of those by 

looking 'at anything in the listing. 

c 

c 

c 
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It is my intention to very shortly after 

this meeting send out to the membership the re-registration 

form that is required in the bylaws, and to incorporate 

that in some sense or other in CAST by having all machine 

types listed. But I don't know any way to do it other. than 

to have a page of l130s and just list user code numbers. 

SAME PARTICIPANT: That would probably be 

good. 

MR. MAUDLIN: And a page of l800s and user 

code numbers. With the reference manual itself, that would 

give you a list of everything and we would be in there 

three or f our times. 

PARTICIPANT: Perhaps you could have e~.ry

one put a card in with their re-registration -- what com

puters they hav~; and then just run it on cards. 

MR. 'MAUDLIN: Just the thought of that scares 

me -- that many sburce documents. I would rather punch 

those cards mys~~f~ I'll take it from the forms. It 

shouldn't take very long. It will probably not be in the 

October 1 CAST because that's when the registration form 

will go out. The results will probably not be in the 

November 1 CAST because I doubt that the replies will be 

back in time to put that inf ormation together. In December 

.. : 
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there isn't one, so I would expect it would be in January. 

Beyond that I don't have any idea how to attack the problem 

but just that many cards scares me. 

PARTICIPANT: Isn't there another kind of 

newsletter that somebody by the name ox Carroll put out? 

Is that different? 

MRS. AUSTIN: Thi$will be discussed at t~ 

general session Wednesday, ~h. ~~ws~etter situatiort 

MR. MAUDLIN: That ,one,l"ve D,ot;";heard of. 

MRS. AUSTIN: !l'hat'!S'Carroll Hall. 

MR. MAUDLIN: I'misoX'ry. I was thinking last 

names. 

Fora period ottime that was incorporated 

in CAST. When CAST got o£t the ground the contributions to 

the newsletter became very .ini~al, and it died a very 
.... ;) .. ,\ 

natural death. It may be revived, but it's currently not a 

live item. There are two newsletters that I get, one ox 

which has been going into CASt and the other one may go 

into CAST. 
. .... ". 

,',' 

PRESI DENTSTANSBURY':"B~:t;b.._k ,you,<Chuck. 
," ... ,~_>:";,,", .. ' . , .1;;':-",.: :,,' 

on I have a request he:r'.:'~'Qr a sij,~ . of'i,itallds 
. ' ..... ,;::. ", " S).····:., .. > 

the people who areplanning<" to.: attend the AM~A~ ,presentatio • 

They will try to have Xerox copies at material available c 
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for all those attending. (Show of hands) AMPAC is Auto-

mated Material Procurement and Control. 

(President Stansbury repeated the follow i ng 

information given by someone from the floor:) 

This system was written for a 1620. It has 

been implemented on a 360 and is widely useful in any area 

where this material procurement and control is required. 

The fact that it has been implemented on a 1620 would in

dicate that it could be implemented on an 1130. 

The time for that is 8:30 Tuesday and there 

are two additional sessions. There is an abstract of the 

presentation on T20. 

Let's have that show of hands again, please o 

(Show of hands) It looks as if a hundred copies would be 

adequate. That allows for the fact that people will be 

changing their minds, too; a 25% safety margin. 

That's all I have, gentlemen. 

can adjourn until the next session. 

I think we 

(The session recessed at 9:20 a.m.) 

." 
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PRESIDENT STANSBURY: The Iirst thing I would 

like to cover at this open Board meeting, beioreI ask Ior 

questions from the floor, is a report .from Paul Bickford 

on a proposal that was made to COMMON by Share and Guide 

for providing certain clerical services, in general some

thing corresponding to the paid executive question that 

came up in Chicago. 

After the Chicago meeting Don Madden of the 

ACM and I talked about it. I went out to their meeting 

in Chicago with the President of Share and the President 

of Guide, and we discussed the propo$a1 that the ACM had 

submitted. 

I've asked Paul Bick:f'ord, Chuck Maudlin, 

Bill Lane and Sam Lynch, whow&$ .at that time a candidate 

for Secretary-Treasurer, to prepare a report on this pro

posal and tell you what it is and what they teel should be 

done about it. Since this is a decision for tbe new Execu

tive Board I will turn the floor over to Paul for that 

purpose. 

c 

o 
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lviR. BICKFORD: This summary will also cover 

the report by Porzak, Swanson and Blackney of COMMON and 

also the ACM Code. The report of Porzak, Swanson and Blackney 

proposal proposed expenditures (I'm going to briefly sum

marize what they proposed:) cost of a secretary, $15,000-

$25,000 a year; $5,000 for clerical staff; $1,800 for of

fice; $6,000 for travel; $4,000 for telephone; and miscel

laneous expenses -- for a total of between $32,000 and 

$42,000 a year. Also, they recommended a number of bylaw 

changes in their report. 

Just about this time the ACM proposal was 

gi ve n us. Their proposal considered salaries in the range 

of $19,000 for two people -- a $12,000 man with a $7,000 

secretary, with taxes and fringe benefits of $2,000; also, 

travel, entertainment, phone and other services. But it 

excluded the printing of the Minutes of the meeting. The 

ACM proposal did not require any bylaw changes; it required 

the approval of the Executive Board. 

amounted to approximately $49,000. 

But that expenditure 

The Executive Board discussed it and decided 

that the best proposal would be to continue to function 

under the present system that provides for the Secretary

Treasurer, and a full-time person to assist him in his 
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duties. 

The reasons we turned down the other pro

po sal s we r e : Cu r rent 1 y C Of\U·I0N C ou 1 d no t a f for d $ 4 9 , 00 ° a 

year, or even $42,000 a year, or probably not even $40,000 

a year to support such endeavors; that's number one. Also, 

with the Porzak, Swanson, Blackney report, the time it 

would take to implement the changes in the bylaws would pro

bably be at least a year, and judging from the response 

we've received on past amendment we probably would not get 

it done. 

So in order to get something going and to 

provide the help that the Secretary-Treasurer needed to 

get .the CAST out on a regular basis and to perform the other 

duties of the Secretary-Treasurer, such as keeping track 

of the membership, balloting, etc., we felt that it would 

be better to provide the Secretary-Treasurer with funds to 

hire a secretary ,to perform these duties. 

In the meantime Share and Guide had decided 

to consider strongly this proposal. I'm not sure yet 

whether or not they've accepted it, but 1 feel that if 

they do accept it and they do find it workable for them 

then possibly in a year's time we might reconsider their 

proposal. Possibly COMMON might be on a more sound financial 

c 

o 
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basis or more defini te financ ial basis, and at that time 

we can reconsider the issue and if it seemed feasible and 

reasonable we could then implement it. But there seems to 

be no question that now it would be premature. 

I think that pretty well summarizes. Are 

there any questions? 

PRESIDENT STANSBURY: One of the general ap-

praisals that the three Presidents made at Chicago was that 

the probable cost would be knocked down from that quoted 

$49,000 to around $30,000-$35,000 a year, since the three 

o user groups would not require three times the facilities, 

by any means. 

I should like to mention that in addition 

to not considering the cost of publishing proceedings 

neither of these reports considered the cost of publishing 

CAST. That, is an additional expense. We'd still need 

about a $40,000-$50,000 a year budget to cover, and in 

either case we'd be committed to that expenditure and we 

would almost certainly have to have, roughly, a year's 

backlog as a cash reserve in our treasury before we could 

even consider it. 

MR. BICKFORD: Also, we might mention ,that 

• the proposal that we've accepted will be published in the 
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next CAST. 

PRESIDENT STANSBURY: Is there any discussion 

from anyone who would care to express his views on it -

endorsement or opposition? 

MR. EDWARD J. WOOD (3631): Are you going 

to tell us a money amount that is going to be allotted to 

the Secretary-Treasurer to hire this secretary? 

PRESIDENT STANSBURY: We have not stipulated 

a money amount, but we intend a clerical type secretary, 

someone who would handle the routine duties of the position. 

We stipulated specifically that Chuck,or the Secretary

Treasurer, was not to hire such a person, but that COMMON 

would pay the salary. It is expjcted that the hiring 

would be handled through the Secretary-Treasurer's instal-

lation. If that wasn't feasible, then he would obtain the 

services of an office temporary on a permanent basis so 

that COMMON is not placed in a position of being an employer 

and having all the Social Security, FICA, tax reports and 

all the other things that have to be submitted in such case. 

Does thatclatify what we propose to do? 

MR. WADE ~ORTON (1125): I balieve that it 

was clear to most of you what was accc:!pted am what was 

rejected, but as I sat and listened to the details and the 

c 
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way it unfolded I am not absolutely sure. As a matter of 

reiteration, then, that which was rejected was ACM's pro

posal to provide and that which was accepted was a report 

which detailed what ACM had proposed and recommended that 

it be rejected in lieu of the proposal that the Secretary

Treasurer be authorized to hire clerical help. 

MR. ROBERT J. SNAILER (1495): Is there a 

procedure for approving a budget? In other words, would 

this have to be submitted to someone? Is this to be ap-

proved just by the Executive Board or is it open to the 

general membership? This is a general type question for 

any type of expenditure. 

PRESIDENT STANSBURY: The Secretary-Treasure~ 

is authorized by the bylaws to pay the expenses of being a 

Secretary-Treasurer. In our opinion the Executive ~oard, 

therefore, can direct him to employ someone to enable him 

to perform these functions. We did not consider that that 

particular option needed to have the approval of the mem

bership, but it definitely would normally have the approval 

of the Executive Board. 

fvlR. SNAILER: Then thi sis ju s t f or the in

formation of the people here, right? 

PRESIDENT STANSBURY: That's correct. It's 
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the report that I promised in April at the Chicago meeting. 

I'm going to ask Chuck to give us a rinancial 

report, not too formal. 

MR. MAUDLIN: I made a hurried trip up to 

the room and picked up many things; 1 made a list of things 

I should bring down and I absolutely forgot that. 

The only thing 1 can remember is the first 

four digits of what our current balance is, and they hap-

pen to be correct. We do have in excess of $20,000 

$20,8l6+some odd cents. Most of that came from the Chicago 

meeting; $15,700 came in from the Chicago meeting and there 

was slightly in excess of $5,000 in the treasury just be-

fore that. 

I am guessing that there will be $12,000 

from this meeting. That's a pure blind guess, with no 

guidance from the program chairman. 

The last issue of CAST cost $1,701, by the 

way. We have a backlog to produce CAST for about a year 

and a half ir we have no money coming in between now am 

then and no meeting expenses that aren't taken care or by 

registration fees. 

PRESIDENT STANSBURY: The objective of the 

Executive Board has been to establish a balance that would c' 
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enable us to operate for appr~imately a year in case thlngr 
went absolutely awry and we lost on everyth~ng. Once we 

accumulate that balance we're going to consider publishing 

the proceedings of the meetings themselves, and that's the 

inducement for belonging to COMMON. The proceedings would 

be available only to members of COMMON, so that would have 

some additional sales appeal. 

Unless there are other comments on this 

specific subject I am going to open the floor for questions 

MR. WM. F. BURGGRABE (3418): At the opening 

session I made a few comments about how local users organ-

izations could possibly become affiliates of COIviMON, or 

something of that sort. Now that the new Board has met I 

am asking again. fvlost of these people are also new members 

Those of us who have been around for a while realize what 

the situation is. I would like clarification on what could 

ha.ppen and perhaps a feeling from the Executive Board of 

what t hey would I ike to see. 

PRESIDENT STANSBURY: Because this is a fu-

ture decision actually I'm going to ask Chuck Maudlin to 

give the answer to that. He was detailing what he could 

now do and what he was now doing to enable things such as 

this. Paul and I have discussed it with him, too. 
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MR. MAUDLIN: I'm arraid I didn't understand 

everything that came out of that microphone, so I'm going 

to ask Bill to go through that again and then I'll do the 

best I can. 

MR. BURGGRABE: The question probably ought 

to be pu t in two parts. The fir st is: Wha t are the present 

possibilities of interphasing local users organizations 

with COMMON1 The second part is: What possibly could we 

do and perhaps what does the Board feel about this sort 

of a si tua tion? 

I think there are obvious pros and cons, 

and 1 think the membership is interested. I think there 

are advantages and disadvantages. 

MR. MAUDLIN: currently there is nothing 

clearcut in the bylaws to describe what the requirements are 

for membership other than association with one of the small 

IBM machines. After we get out of that category then it's 

in the realm of interpretation. In the past there were 

the small regional groups sprouting up and the interpreta

tion was generally· that within a single installation there 

would be at most a membership for each computer installa

tion under separate management inside that organization; 

that if there were two different computer organizations 

o 
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they were logically entitled to membership. There were 

presented to the organ1zation the ground rules of maintain

ing membership; that is, they had to have enough people at 

meetings to satisfy meeting attendance requirements for 

two organizations, and with the current bylaws that would 

be responding to ballots from both representatives, etc. 

There were two things that caused me to in

terpret a little bit differently in the organization of 

the Houston 1130 users group. I'll talk about that one 

first and then defend it on the basis of something else. 

In the bylaws there is a provision for the 

Executive Board doing some things, and when 1 found out 

about the Houston 1130 users group the Executive Board 

wasn't really around to ask everything, so I made some de-

cisions. The Houston 1130 users group is a honest member 

of the organization in the sense that they have a number 

and they get a task and they are on IBM's list as an 1130 

customer. There is an IBM branch office number and an IBM 

customer number -- it happens to be a customer number of 

one of the members and they are currently maintaining 

the meeting attendance requirements by attending the meet-

ing • 

In addition to that membership which is in 
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the name of the Houston 1130 users group and in the name 

of the president, there are several members of the Houston 

1130 users group that are additional members of COMMON. Th~ 

president is not, and so it means he is only getting one 

mailing. It is my opinion that at least for the time be-

ing they're giving us more than we're giving them by just 

putting them on the list. I'm not sure that will always 

be the case because there will be some organizations that 

don't fit in that category. 

One of the things that caused me to make 

this decision (and I spent well over two weeks in corres

pondence on it) was an organization that I can't even remem~ 

ber the name of. There are several river forecast centers 

throughout the country I think there's one in Cincinnati 

one in Fort Worth, one in Atlanta and I don't know where 

the rest of ~hem are --and they're having a hard time 

making the meetings. They are small installations, just 

like many others. I think all of the insta1lations got a 

letter about the same time saying that if they don't make 

the next meeting they go out~ 

.. One of the members proposed a joint member

ship for the entire group and it would be up to them to 

distribute information to the rest of the river forecast 

o 

c 
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centers. He gave me a title that was very long. I think 

it had "southwest'" in it and I think it had "hydrologic" 

in it, but I can't remember the rest o£ it. They agreed 

to distribute to all the river forecast centers the infor

mation that was in CAST and in the proceedings that was 

pertinent to them. 

It seemed to me that this group fit in the 

same category. As a general rule I would vote th&we shoul~ 

continue that policy, but I'll stand back now that there's 

an opportunity to get a consensus other than mine. 

That answers one question. 

remember what the other one was. 

I don't even 

f.1R. BURGGRABE: I bel ieve that answers most 

of it except for one thing. We were talking about the £act 

that if an organization actually became a member they might 

have a possibility then of also paying a subscription fee 

to get CAST mailings for all of the members, whether all 

the members are members of COMMON or not. That was the 

point. 

MR. MAUDLIN: There is a currently approved 

policy adopted by the Board for distribution of CAST on a 

subscription basis to IBM installations, that is, to any

body in IBM, anybody tha t has an address wh ich has "IBM It in 

7 
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it, provided they pay their $15.00 subscription fee. There 

have been very few requests for subscriptions other than 

from IBM, and so there have been no real opportunities to 

make a decision. I have quoted a price of $15.00, but, to 

the best o£ my knowledge, no one has asked to take advan-

tage of it. I don't think I've had to make a decision on 

that. 

I would like to sU9gest that anyone can sub-

scribe. Fi.fteen dollars covers the cost of CAST for a year 

unless it gets a lot biggertban it is, and I think it would 

be a good mea. It's my understanding that Share bas that c 
policy ox distributing CAST, to ber FFDs on a'subseription 

basis, and it would be ibyopinion that we should do, that if 

anyone wants it . 'La:tgenumbers, I would like t08\19ge5t, 

is a bad idea, but the,n, on the other 'hand, I donttthink 

anybody would want litany copies at $15.00. 

PRESIDENT STANSBORY: There wasone·specif ic 

clause in the old 'bylaws which prohibited subscriptions' to 

other than IBM installations or users. When we wrote the 

new ones, when we drafted the new ones we tookouttha t p'X'o 

hibition. we didn't quote a price for other than IBMih-

stallations,butwe did take olittha:t prohibition so that 

it could be done withoUt amending the bylaws. o 
;~--~~--------------------------------------~--------------------------~-----i 
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- ~IR. JAMES MARK (1988): Are we then from 

our Secretary-Treasurer's remarks to understand that local 

users that are organization-structured will be permitted 

in the future to maintain a relationship with COMMON? 

MR. MAUDLIN: Unless 1 am corrected to the 

contrary at this meeting. 

MR. BICKFORD: I think that the philosophy 

behind COMMON is that we will provide a structure wherein 

these groups can participate in COMMON. I think the struc-

ture and organization is such that we can make it so that 

they can ~ticipate in COMMON, carry out their own goals 

o and still not bother about rules and regulations. 

PRESIDENT STANSBURY: I would 1 ike to poin t 

out my own interpretation of Chuck's rule, too. The speci-

fic rule is that the members of a group do not become mem-

bers because of a group-type membership in COMMON. We in-

tend it to apply so that individuals may become members 

but permit the group to become a member and permit members 

of that group who are not members of COMMON and who will 

not become members of COMMON to subscribe to CAST and ob-

tain the proceedings through the IBM office. 

MR. WADE NORTON (1125): I am sure it's not 

• the purpose of any Board member here to defeat the good 



34 C: 
purposes of users, and as surely as there is a precedent 

(although we don t t necessarily have to look to precedent) 

in that stockholders in a particular company may be either 

other corporations or individuals 1 think the same should 

apply to membership in COMMON. I can think particularly 

of an activity within a project that appears very dear to 

Dick Gabriel's heart, and that is the 1620 as a tool for 

teaching in the high schools. There is a wealth of infor-

mation around on 1620 and that information needs to get to 

these people that are teaching in the high schools. 

I submit to you that when they fight the 

battle against proration of their salaries that they 1 re not 

going to have unlimited funds to attend meetings. So I 

think that the policy that Chuck proposed here serves the 

interest of user s. 

MR. EDWARD J. WOOD (3631): For the August 1 

CAST 1 sent an a-page booklet to Chuck Maudlin tobe mailed 

as a separate mailing. Incidentally, this was called an 

opinion in the opening meeting and it is not; it's handed 

out by IBM and I just re-set itso'it would be readable. 

Apparently this caused a pretty big increase 

in cost of mailing CAST. 

You shake your head, Chuck, but $1,700 soundls C' 
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like an awful lot of money. Are there that many new mem

bers? 

~IR • MAUDLIN: Yes. 

MR. WOOD: Fine. 

PRESIDENT STANSBURY: This was a 90 or 92-pag~ 

CAST, which was rather substantially larger than the last 

one. It was not due to the 1130 information. Both Chuck 

and I felt that this was an appropriate way to distribute 

it. We recognized it was going to people who didn't need 

it, but at the same time that the cost of segregating out 

those who didn't need it from those who did would not be 

worth the trouble probably. 

MR. WOOD: The reason I'm really bringing 

this up is that the opinion of the few people I've talked 

to abou t thi s (and I haven't talked to everybody, of coursE) 

is that brand new COMMON members who are 1130 users could 

also use this. NOW, is there a policy that you could adop1 

or is there somethi~g you could do to see that this would 

get distributed, or something like it in the future if it 

came up for 360 or 1620? Is there a policy you could use 

to be sure that this would be included in the membership 

things that are received from IBM (for instance, the COMMor 

Reference Manual) -- that this could be included as a 



36 

newmembe,r:s handout? 

STANSBURY: I don 't intend to an

swer that question. Paul? 

If we can find a way in which 

it could be reasonably implementable, possibly so. 

MR. WOOD: I think the thing that has to 

be taken into consideration is this. I specifically re

quested from Chuck that this be made an 8-page pull-out or 

separate piece in this mailing, for the simple reason that 

it's atooltbat you would leave at your desk and pick up 

whenever you wa.nted to do some quick coding. I feel this 

is the way it should be handled, but, of course, your de

cision would be final. 

MR. BICKFORD: It's difficult to handle or to 

process all the possible variations of requests that we 

get for distributing contents of CAST. Some people like 

them bound and punched with holes, and some people don't. 

Some people l.,ike all types of variations. We don't have an 

organiza.tion at the Secretary-Treasurer's installation such 

that he ca~ implemen~ all these variations easily. 1 would 

like to think that if it was something of value to be dis

tributed'frOIll now on that we could fairly easily make some

thing that we', could do every time, without any significant 

o 

o 



'nrJ'f"r' r--C:FS"" W' "rPM -P" - -g··Htty----- "W"·-- -, 

__ () ______ ~---------------------------------------------3-7--~-1 
additional cost. 

MR. WOOD: Every time with CAST? 

MR. BICKFORD: The new membership packet, 

with specific reference to what you're talking about. Any 

time we try to change CAST in the way it's presented, as I 

understand it, it's difficult because it is set up and it 

has worked reasonably well. If Chuck wants to change it 

and makes this change effective and continuous, then fine, 

if it's something worthwhile. 

Does that sound reasonable, Chuck, that if 

there is some change you want to make in CAST and the group 

o wants it that way we'll consider it for change'! 

MR. WOOD: I'm sorry. I don't mean that thi$ 

should be in CAST. I don't mean that at ~ll~ 

PRESIDENT STANSBURY: I think 1 may have a 

satisfactory alternative; I don't know. As you know, this 

information is prepared from masters that are prepared 

from the copy you send to Chuck. How much trouble is it 

for the submitter on such items to keep a duplicate set of 

the originals, or request the masters from Chuck -- let the 

author of such information or, in your case, a person on 

the 1130 process or possibly a two or three man group be 

• the custodian and Chuck could simply supply them, I am cer-
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tain, with the addresses of the new 1130 members and t~ 

group could take over the responsibility and possibly charg e 

for reproduction cost or a handling charge for sending it 

to new members. 

MR. WOOD: The author happens to be in New 

York because it was authored by IBM I don't know how many 

years ago, and what I received was a Xerox copy of a Xerox 

copy of a Xerox copy of a Xerox copy and it wasn't very 

readable; so what I did on my own, -at my own expense, was 

~ have it set so it's readable. Maybe the whole answer is 

to have IBM print them themselves and distribute them to 

every 1130 installation and just forget about it. 

Is that what you would say -- to attempt to 

get IBM to do it? 

PRESIDENT STANSBURY: Obviously. Then it 

doesn't cost us and it doesn't cost you. 

M~. WOOD: Fine. That's what I'll do ~hen. 

PRESIDENT STANSBURY: Particularly if it 

was originally authored by someone in IBM I'd suggest you 

try to track down the author because it was probably copy

righted. 

MR. WOOD; I know it's not copyrighted. 

PRESIDENT STANSBURY: As to the actions of 

o 
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the Secretary-Treasurer in reference to membership for 

local user groups I would like to have a show of hands from 

those present who would endorse the Secretary-Treasurer's 

action, policy, as he stated it. 

(Most hands were raised in favor.) 

PRESIDENT STANSBURY: Are ther e any wh 0 wi sh 

to express an opposing viewpoint? 

MR. JOHN CRANDALL (3473): Won't this tend 

to decrease our membership if there are people that are now 

small users that will join a local users group and tend to 

drop out and rely on the services of the users group? 

PRESIDENT STANSBURY:. You've been at this 

meeting. You tell me what you get the most information 

out of. Meetings? The proceedings of meetings? CAST? 

I think that those people who can attend will become mem

bers, that this would only apply to those who cannot. That~s 

my personal opinion. 

MR. DONALD S. GARDNER (1150): The problem 

that Ed is talking about is certainly as old as the group 

is. Many years ago we had a 1620 users group and we put 

together newsletters and had lots of information that was 

quite applicable from their viewpoint, and as late as a yea~ 

ago 1 overheard 1620 people talking about the problems of 
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readers of five years ago. It seems rather foolish to 

have talent go to the trouble of publishing and writing the 

newsletters and have that information unavailable to new 

people, and these new people will now be spending time and 

resources doing what some of us have done many years back. 

I think it's a responsibility of COMMON. 

PRESIDENT STANSBURY: To con£irm Don's 

statement: About six months or a yearago I got a call from 

IBM in ~,vhite Plains wanting to know i.f I had a particular 

1963 issue of the 1620 newsletter. Some IBM installation 

in Iran needed a copy of that specific newsletter. How 

they found out th~the answer to their problem was in that 

newsletter I don't know. However, there does exist a file 

of newsletters and certainly there are complete sets of 

proceedings in IBM's file. There has been serious consid

eration several times of having someone take over those 

files as archivist ror the group and permitting him to re

produce at cost specific proceedings, newsletters, papers, 

what-have-you. It has never been implemented because no 

one was willing to take the responsibility. 

There are now, however, a lot more members 

than there were then. You might wish to farm it out. But 

such a thing could be done if the people in the organizati cln c 
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were willing to accept the job of doing it. I don't think 

it can be imposed upon the Secretary-Treasurer. 

MR. WM. A. PEASE (1516): 1 think it's im-

possible for any organization to lift the realm that it 

operates in without lifting itself, and since the purpose 

of COMMON is to free people's time (among other things) so 

that they can find out more new things for us I think it 

would be.-the proper function of a committee to compile some 

sort of subject index to the past newsletters of CAST. 
" 

They could have representatives, say, to the Administrative 

o Division to operate with the archives, so that they could 

have access to the archives at IBM or could communicate 

with them; and some sort of lines could be set up to dis~ 

tribute, for example, to 1130 people an index of 1130 ar-

ticles. You would throwaway the old index once you got a 

new one, so you wouldn't be accumulating paper. 

PRESIDENT STANSBURY: Such an index was pre-

pared for the procee~ings of the 1620 users group for the 

firs~ three or four years I've forgotten whether it was 

everything up to '63 or everything up to f64--and was pub-

lished in one of the proceedings. In other words, there 

do exist partial indices to past proceedings. I don't be-

• lieve that any has ever been compiled for the newsletter. 
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I'm certain about CAST. The point I was trying to make is 

that 1 completely agree that it's a subject for a committee. 

You people organize the committee, please. We'll work with 

them. 

MR. NORTON: I'd like to get a frame of 

reference here. It appears to me that one of the things 

we are striving for is to insure that new users get infor

mation immediately and, as such, we have been asked to put 

a lot of things into CAST, to be sure that all of the in

rormation that is pertinent to the activities of a project 

or even of a committee goes via CAST even though it may not 

be of interest to the full membership. 

The other problem, as I see it, is to get 

that essential information about the organization to every-

one. We are a very large organization and we are a very 

diverse organization. 

These thin; s are the things we're talking 

about. It' s really a communications problem: How do we 

get to those who need to know that which they need to know 

and in a form in which they don't have to dig out of it 

or dig through a myriad of stu£f' just to find what is per

tine.nt. 

C' 

c 

Now I want to make a comment, having defined C 
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the frame of reference. It is my personal opinion that 

the reason that the newsletter dies is that it was redundant 

by the very fact that it was too broad and was trying to 

cover all of the machines. It was trying to perform the 

function that had been delegated to CAST in effect. 

Now, there is precedent, since we're gener-

ically the old 1620 users group, for newsletters that per-

tain to specific teams or sub-units of the users group. I 

can cite you the Electric Utilities Newsletter, which was 

a regular publication, provided information that was needed 

by the utilities group, and did not clutter up the general 

o newsletter. 

This was not a function of the Executive 

Board, though. It was the function of that particular 

group. 

As I see it, the only problem that exists on 

newsletters ,in projects is finding an editor and then be-

ing sure that some procedure is set up or some means is 

made to get this information into the hands of new members. 

I don't think we have to mail a volume yea thick each month 

in or de r t 0 dot h is • 

MR. GARDNER: Wade, I would like to take 

• issue with just part of what you said. The newsletter for 
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any machine group, whether it's an individual onefor a 

group or a newsletter to cover all groups, in my opinim 

is very important. I think everybody in this room will 

benefit by one. I think the reason it died is not that 

CAST took it over, but that it was allowed to publish thing~ 

in CAST that belonged to the newsletter. Someone allowed 

it, perhaps byde£ault because we had no editor. But CAST 

took it over and started publishing verbatim what was sent 

in, items relating to a particular machine group, and took 

over the duties of the newsletter. That's why it died. 

It had a way to take care of these things. 

W e c oul d indeed make some eff or t in some 

committee or by some people -- to revive the idea of a 

newsletter, with types of items that are common denomina-

tors. 

PRESIDENT STANSBURY: I would think the im

plication here is that the newsletter should be confined to 

the users of a narrow, defined range of interest -,;., one 

machine type application, project, or some~hing of the sort. 

I would say thatona project basis I wou,ld probably agree. 

On a machine type basis I'm' afraid I don't. 

MR. ROBERT T. SCULLY, JR. (1957): It took 

us something on the order of nine months to find out that 

c 
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COMMON existed as an organization for 1130 users. If I 

may suggest that we can exert any pressure on IBM, I think 

they should be at least the unit that informs their new 

customers of this organization for this particular type of 

equipment. It's because so many requests have been made 

of our sales office that 1 found out about the existence of 

this organization. If in addition to delivering the new 

equipment they could include as part of the installation 

procedure a back-up file or some sort of index on what has 

already been discovered by the users of the equipment prior 

to the new customer coming on the line, we could get addi

tional benefit out of that. 

MR. MAUDLIN: I don't think IBM should be 

condemned for their role in thaparticular respect. They 

do something that we do. Since we do it by bylaws and thou~t 

a long time about it, then I can't condemn somebody else 

for doing the same thing. we won't give out our member-

ship list. The equivalent in IBM is "we won' t te 11 you 

who has IBM machines." 

Now, since they won I t give it out the next 

best thing they can do is to inform all purchasers or 

renters of machines about the existence of users groups • 

Corporate IBM frequently (1 don't know how often, but 
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significantly more than once a year) sends to branch ottice 

and sales reps and everybody else associated with customers 

memoranda describing users groups, pushilYj them, naming 

the secretaries, publishing that in the DATA PROCBSSOR, 

which some of you have seen, I am sure. 

The customer, however, has one interface 

into IBM and that's the sales rep ,and it's his decision. 

If he thinks it's going to help his sale or increase his 

sale or increase his relation, then he's going to make 

COMMON known; and if he doesntt think so, he may not. 

There are several subscription services available rrom IBM 

and the only way you find out about them is .from your sales 

rep, and corporate IBM tells the sales reps that it's a 

good deal; then they make it available to tha customers. 

The only people we can condemn are the sales rep~.sentative 

wh 0 don't get the word ou t. 

We can cond~mn us; we don't have ~4e ~igbt 

kind of policy to get the, word out, too. M.ybe we otight 

to be advertising in DATA MISSION; I don' tknow. But 

corporate IBM is at least m;J.k.ingtbe word known to their 

salesmen and the inx ormationshduld be gotten; to each of 

the users. 

I would like to comment on therea,l death 

c 
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of the newsletter also. The newsletter died of lack of 

items for the newsletter. It was published as part of CAST. 

There was an editor doing a good job. That editor was 

forced to resign because of changing installations. At 

that time the editor had had submitted to her five docu-

ments that she had had for almost eight months waiting for 

enough to make one page. Those things were put together in 

one blob and went into a CAST as they were submitted. And 

there has never been any real move to create a newsletter 

sin ce then. 

I would suggest that if there are people who 

() 
want newsletters for any thing that is a function of the 

Administrative Division, and we should iron out a way to 

get that done. But until people want to contribute, that's 

the situation. 

MR. MICHAEL SCHILDER (1557): I was either 

fortunate or unfortunate in not being part of the 1620 user~ 

group (depending on how you want to look at it) in that I 

can now look at COMMON from a different view than those who 

were members. We have a number of machines here and we 

have a number of applications, and the answer you gave be-

fore to one of the questions was: How can the secretary-

• Treasurer or anybody decide whether or not something pertaips 
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to a particular machine or not. I think the answer really 

boils down to the fact that there are some areas which are 

of general interest to COMMON members. There are some area ~ 

which are of particular interest to application people and 

other areas of particular interest to machine people. 

1 don't have immediately the answer on how 

to separate these out, but perhaps by :finding out from the 

members themselves what areas they're interested in then 

we could not reorgan ize CAST but perhaps organize a news

letter which would go to the people who want to get the 

newsletter. Then maybe CAST could be separated into an 

1130 section and a 360 section, e·tc. 

The important thing is that COMMON has to 

recognize now that even though we have a common goal (and 

I'm not trying to make a pun) we at the same time do have 

individual area interests for which we want to be satisried. 

And certainly as Program Chairman of this meeting I found 

that out. But I think we have to consider the fact that 

there are two separate and maybe contrary desires on the 

part of people: to be together and also to be separate. 

I think we have to recognize this, and I think there are a 

lot of areas which we may have to reevaluate in . order to 

come up with a solution. 
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PRESIDENT STANSBURY: I submit that what we 

are discussing here is a communications problem within 

CAST. There is a general session of the Administrative 

Division tomorrow morning at ten o'clock in this room, and 

ways and means or implementing this I think can be discusse~ 

then. 

MR. MAUDLIN: There have been two other ses-

sions that I've been in where there was a discussion of 

thumbing through a large issue of CAST to find those articl~s 

you were interested in. I'm probably not the best in the 

world for creating titles, but there is an honest effort 

on my part to get "machine type" in the title; and the first 

page of that document, whether it's good, bad or what-have

you, does contain at least some indication of what is in 

all of the documents. I suggest that you can go down the 

first page and if it's machine-oriented then there will be 

a machine type in that title and if it's not machine

oriented and it's of general interest to the membership 

the article will be directed to the membership, or the titl~ 

will be such that it will indicate that it's to the member

ship. 

PRESIDENT STANSBURY: I th ink that will cl os~ 

the discussion, and I think the appropriate place to con-
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tinue it will be in the session tomorrow morning. 

1 know that the OS project got stubborn and 

decided they were going to continue meeting. The 1130 

projects -- one or two or more -- got stubborn and decided 

they were going to continue meeting. That sounds as if the 

Executive Board and Program and Local Arrangements Chair

man, and so on, could use some guidance as to why you felt 

i.t necessary, what your objections were. May 1 have some 

comments to that effect~ 

MR. WOOD: 

at 8:15, going to 9:45. 

Tomorrow morning we're starting 

The problem was that an original 

schedule was sent before the agenda was made up. The 

agenda was made up and scheduled us from 8:30 to 9:30, 

10:00 to 11:00 and 11:00 to 12:00. One of these talks must 

take an hour and a half. Now, we're not going over any

body's head, but it is considered a tutorial and to have to 

break it for a full hour and a half -- going from 9:30 to 

10:00 

11:00 

reason. 

and then through this Administrative Division to 

would just hurt us terribly. 

PRESIDENT STANSBURY: I 'm not criticizing. 

MR. WOOD: I know you're not. 

PRESIDENT STANSBURY: I'm merely asking the 

o 

o 



_() ______ ~---------------------------------------------5-1--~-

o 

• 

MR. WOOD: I realize you're not criticizing 

and I'm merely telling you the reason. 

To attain this we had at first decided that 

we would go from 8:30 and hopefully at 9:30 hold everybody 

through the coffee break. Then Mike was kind enough to 

suggest that he would get us an early start and then we'd 

go fifteen minutes into the coffee break and then still giv~ 

the people an opportunity to come to the Administrative 

Division meeting. 

MR. JOHN FISH (1878): Our meeting was ex

tended from three sessions to around six, with three more 

planned. We have encountered many areas which we didn't 

realize had a common interest, and this meeting has brought 

that out. We'll plan for a much broader session in Houston, 

in the area of seven to nine sessions. 

PRESIDENT STANSBURY: Then the general con

sensus seems to be more or less that the project itself 

didn't anticipate all of its requirements and that they 

weren't properly communicated to the Program and Local Ar

rangements Chairmen. 

MR. FISH: It's spontaneity. 

PRESIDENT STANSBURY: The spontaneity is 

fine, yes. Don't get me wrong; I'm glad it occurred. I am 
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I am vitally aware after this meeting of the 

problems of scheduling and I know there are bound to be 

overlaps where in small installations frequently only one 

o 

c 
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person can attend. This has been true for at least the pas~ 

two meetings as well as this one on my own part, where I 

would like to attend more than one session at the same time~ 

This might give us a little less chance of overlapping too 

much. 

PRESIDENT STANSBURY: I'll give the Execu

tive Board's position or decision, the reason for the deci

sion, and then open the session to comments from the floor. 

The meetings, despite Don's feeling, are not 

scheduled in quite the intervals he said. They're sched-

uled, roughly, four months apart during more or less nine 

months of the year. If you will note, there is a meeting 

in September (which we had expected to continue), there is 

one in December about four months away 

MEMBERS: That's three months. 

PRESIDENT STANSBURY: I said "abou t" 1 You 

can't make it any later in December and you can't make it 

early in January. There are obvious reasons for that. 

There is a meeting in April. We have found from past ex

perience that summer meetings of COMMON hurt and hurt badly. 

There are too many educational institutions in here, so we 

deliberately try to avoid the three summer months • 

That's the basic reason for the spacing. In 
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addition to that, we have ll30s, which are relatively new 

machines, and we have a very large number of new users. 

There were something like 160 in the new users meetings 

at this session. If we spread that out and try to get by 

with two meetings a year, I submit that with the systems 

in the state of f1 ux tha t they now are thi s just wou 1dn' t 

work. You'd be missing too much information. 

I might add that while Share and Guide each 

meet twice a year those meetings are spaced so that Shareis 

Systems Division meets at the same time that Guide does 

and Guide's Systems Division meets at the same time that Shar 

does, and as a consequence their Systems Divisions meet c 
four times a year. 

That's the reasonf or our decision. Does 

anybody care to comment? 

I 
MR. ROLAND MAGEE (3079): As to the schedul-

ing of the meetings in the last year or two, it seems to me 

they follow immediately after or immediately before a holi-

day and this often creates problem with transportation, 

and so on. I'm wondering if that couldn't be taken into 

considerati 00 and spacing changed. 

MR. MAUDLIN:l have a real qu~ck answer'to 

that one. There is a great deal of effort that goes into o 

! 
t 
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avoiding holidays and when you avoid all of them you're 

either immediately before them or immediately after them, 

and usually both. 

MRS. LAURA AUSTIN: Jim, I'd like to add to 

that, too. In working on the planning of future meetings 

the Administrative Division has been planning through 1972 

for meeting dates, and at this time we have found that in 

1971 we could not get the dates we wanted. We were too late 

trying to get dates in hotels for 1971. When you stop to 

think that COMMON has not planned this far ahead in the 

past you can see some of the reason why the meetings have 

come at the dates they have. 

PRESIDENT STANSBURY: Does anybody else wish 

to sympathize with us7 

MR. FISH: Speaking for the OS Committee, 

during this session we had approximately twenty-four people 

at the average session. Of these twenty felt they could 

not attend the HouSt9n meeting because they couldn't justif~ 

to their companies attending another session so soon after 

this one. Of these twenty people many could have con

tributed a great deal to the Houston meeting and it would 

have allowed us to plan better for papers and presentations 

and to se t up subcommi ttees to work harder. I feel this is 
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an extreme handicap for our group. 
o 

PRESIDENT STANSBURY: I agree because the 

Executive Board has to attend every COMMON meeting and we 

had a meeting in Philadelphia in July. It does impose a 

burden and I will have to admit that the hard core of the 

project effort, whether it be OS or an applications pro-

ject or 1130 or 1800 or Model 44 whatever it be -- will 

be a relatively few individuals to carry that load; and the 

success of your project depends upon how much they can con-

tribute and how much they benefit from these meetings. 

From what I have gathered (Dick Zerweck, 

John, is Manager of Operations at our installation, and he' s 0 
been talking about your meetings) the people who attended 

here feel that they acquired a great deal. 1 submit that 

even if those same people attended Houston there will be 

additional attendees from the midwest and you will probably 

find it will be an equally rewarding meeting. 

MR. FISH: I felt that the Houston meetings 

would be much better with the addition of people from the 

east coast who could plan and present better formal pre-

sentations in additi on to those of the Houston people. 1 

think this could be done if we had better spacing of meet-

ing5, such as every four months. G 
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PRESIDENT STANSBURY: My answer to that is 

tha t my boss and Dick t. s boss is here, and he has requested 

Dick to attend the Houston meeting. 

MR. BERNARD A. SOBEL (1490) I'd 1 ike t 0 de-

fend, if 1 may, the Board. Sometimes it's hard to defend 

yourself and I'd like to defend the Board in the light of 

my experience with a few other groupso I detest coming to 

meetings and I have to detest it. Every day I'm away fran 

my office means that I have to work two days more when I 

get back. And this is true of all of us, and it's even 

more true of the members of the Executive Board who must 

o attend every meeting, who must attend interim meetings. 

I am grateful to them for doing this. They 

are doing something that I mysel~ want to have done and 

that I don't have the time to do myself, and I cannot pos-

sibly object to their setting up a meeting in Houston to-

morrow or, the day after. The fact that I personally will 

not be able to attend cuts no ice. I will send one of my 

girls, I hope. I will possibly walk in on it -- and this 

meeting is only a half hour airplane jaunt from our opera-

tion. 

The simple fact is that there are many or-

• ganizations in which all of us are interested. I am inter-
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ested in th~s group; I am intere$ted in Share. I'm also 

a member of and active in possibly ten technical societies 

-- in the chemical engineering, chemistry and computing 

sciences fields. If I were to attend ~very meeting of 

every oned these I would spend my entire year attendi~g 

meetings. I don't think the Ethyl Corporation pays me for 

that. I don't think that's true of anyone of us here. 

The fact that there are some people who are lucky enough 

and willing enough to spend their time -- God bless them. 

(Applause) 

MEMBER: Don' tput the cross on the Execu

tive Board or on your management. This cross bE!loDgs on 

your own shoulders in th).s,c&$e:for the simplere~son that 

the management can't knQw . the value or what yougetbere 

unless you cOlJlmunicate it to them in a report when you're 

still warm and enthu$iastic,when you get home. That~s when 

you write your report and write it in a concise manner. 

Don't try to·go into detail on all tb-ePlpers. JU$twrite 

in a concise manner to whet their interest so that they 

can come to you ror the details. See that it gets distribu

ted in proper places around your organization. Then you'll 

be in a good position. 

One of the best things that happened to me 

c· 
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was missing the Cincinnati meeting. My boss told me the 

budget couldn't af£ord it. What he neglected to do was to 

check with his boss. His boss happened to be Director of 

Research who is immediately under the corporate Research 

Director. Now my boss has to justify my staying home when 

there's a COMM,ON meeting 1 

PRESIDENT STANSBURY: Is there any other 

discussion? 

MR. LARRY ARMBRUSTER (3408): I 'm going to 

kick a horse that 1 thought had been dead for about a year 

a couple more times. As some people will remember, I got 

up at the open Board meeting in Cincinnati and made a re-

quest for information as to the bonding of the Secretary-

Treasurer who handles, according to his own statement, some 

$20,000 right now, and the bonding of the Local Arrange-

ments Chairman who, according to the Secretary-Treasurer's 

report, is handling some $15,000 or so. 

1 have the utmost trust for everyone in thi~ 

room. If you don't believe me, come up and I'll give you 

money to buy your dinner tonight if you promise to pay it 

back. But this is not the point. We are an organization 

with a rather 1arge membership, as has already been stated, 

with a lot of money relatively speaking; but they are in no 

I 
f 
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way protected by a bond. 

I would like to get an answer as to whether 

this has been discussed by the Executive Committee and what 

decision has been made. 

PRESIDENT STANSBURY: There has been no dis-

cussion as yet of the bonding £or the Local Arrangements 

or Program Chairman. There was a resolution passed by the 

Executive Board, I believe originally in San Francisco 

possibly at Cincinnati, directing the Secretary-Treasurer 

to bond himsel.f at COMMON's expense. Unfortunately, we did 

not give him a deadline. He has not done so yet. Merely 

as a member of the new Board and not as the presiding offi-

cer, I can say that the Executive Board las t night passed 

a new resolution instructing Mr. Maudlin to bond himself im-

mediately. 

MR. ARJVIBRUSTER: Thank you. And 1 had my 

hand slightly tarnished a little bit when I was told that it 
\-

was already in the bylawso Now let's beat this other horse 

-- the Local Arrangements Chairman. 

MR. MAUDLIN: That will be a part of the 

bonding when it takes place. It will be thrriugh my bond. 

He will be an agent of mine. 

PRESIDENT STANSBURY: That I didn't know. 
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Thank you, Chuck. 

MR. ROBERT SNAILER (1495): This is about 

your secretary, Chuck, and I'm completely in favor of the 

idea. I would like an opinion on this: What is the bene-

fit going to be by Chuck having this secretary? Is this 

secretary going to serve the existing membership well, or 

is this secretary also going to entice many more new mem-

bers than we would have if we didn't have a secretary? 

PRESIDENT STANSBURY: I didn't think she was 

going to be that attractivel I hope not. I dontt think 

o Joy would let Chuck get away with it! 

Joking aside, though, I don't think it's go-

ing to assist us in the slightest to obtain new members 

except as the prompt and efficient performance of the 

duties of the Secretary-Treasurer would encourage new mem-

bers to join the organization. We wouldn't have hopefully 

too many letters addressed certified mail to the President 

of COMMON wanting to ,know why Chuck hadn' t replied to a 

letter which rather obviously he had not received. 

It will increase the expenditures of COMMON 

in order to give you the service that we think COMMON wants 

and needs nOtA7, but we don't expect it to give us new mem-

• bers per se except in such fringe benefits as arise from 

!,.., 
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the prompt and efficient perf ormance of Chuck. t s du ties. 

MRS. AUSTIN: This new membership problem 

is going to be one of the topics for discussion in the 

Administrative Division session tomorrow. 

PRESIDENT STANSBURY: Laura will be Chairman 

of that session. Laurs has been the Vice President for 

tw 0 years and I couldn't :twe done the job wi thou t her. 

(Applause) She now has to give up her position not only 

as member of the Board and Executive Vice president; but 

she a1so has to give up her post as Administra~ive Division 

Manager. 

I think paul has a couple of announcem~nts 

he would like to make. 

MR. BICKFORD: Jus t bet ore coming- into the 

meeting I did contact a new prospect for the position of 

Administrative Division Manager, Bill Lane, who was formerl~ 

on the Executive Board, formerly Western RegUn President. 

He was also a candidate for President. He did decide to 

accept the position of Manager of the Adminis trat ive Divi

sion. So we now have all Division Manager slots filled 

and I think we have excellent people in all of them. We're 

going to strive to continue to build COMMON and strengthen 

it within. I think that with the good managers and good 

Q 
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project leaders thatwe have we'll have as good or better 

meetings in the future. 

PRESIDENT STANSBURY: And 1 can also add 

that for the first time since we've had division managers 

they aren't members of the Executive Board. We have been 

try~ng for two years to get rid of the feeling of wearing 

~o hats because we felt the jobs were impossible for one 

man to perform successfully -- two different jobs. 

MR. SCHILDER: I don't at this point want to 

start something new, but I do want to bring up a question 

that I've been thinking about. 1 don't know how to phrase 

the question. 1 know we have a structure which says that 

the way in which we collect our "dues" is by attendance at 

meetings. Before this time I have never been aware of a 

problem that does exist. 1 raised it with you. Chuck know~ 

about it. The question was also raised with me from people 

locally. This is it: 

When an installation sends a number of peopl~ 

to a meeting because the meeting happens to be located in 

that city or nearby the end up paying the number of people 

times the fee. I discussed this with my manager, the one 

above me, because I had to get his okay to get the money_ 

One of the ideas he suggested which I think I'd like to 
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offer for consideration is that maybe at this stage of the 

game, or somewhere along the way, we should consider an 

installation membership rather than having the individual 

who attends pay. 

PRESIDENT STANSBURY: I'm going to correct 

your phrasing: an installation registration. 

MR. SCHILDER: Okay. Actually the installa-

tion does belong, not the individual. One of the things he 

said was, ttl would have no difficulty, for example, okaying 

$150 a year" -- that's just a figure he picked out of the 

air -- "if I knew that,as a result, whenever there was a c 
COMMON meeting I could send same reasonable number of peopl~, 

paying only for their luncheons or their cocktail parties 

(extra things that normally you put on an expense account 

anyway)." 

1 discussed this with Chuck, and I thought 

ltd b ring it up. I don't intend to keep the meeting here 

all night discussing this, but I just wonder if we shouldn't 

at this point do something to start to consider this as a 

possibility, or something like it. 

PRESIDENT STANSBURY: Paul ha. suggested that 

the Executive Board will take it under advisement. I th ink 

I will point out that there are two or three alternatives c 
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here. We agree that the registration fee is not handled 

equitably for thcs e people who attend every meeting, and 

particularly for those who have multiple attendees. I th in1 

the proper procedure here would be for the Executive Board 

or the Executive Board plus possibly some ad hoc members 

from the group (as an ad hoc committee) to look into the 

matter, look over the various alternatives, see what kind 

of position they would cost, and have a report at the 

Houston meeting. Then we can bring it up for discussion, 

and have some facts and figures when we're talking about it 

o But that is Paul's decision and I'm going 

to have to relinquish that, Mike, to him. 

MR. SCHILDER: I think that's a good idea~ 

I wasn't trying to raise it on the floor now, but just 

wanted to bring up the question for consideration at some 

time soon. I think it should be considered by the Execu-

ti ve Board. 

PRESIDENT STANSBURY: Okay. 1 don't think we 

should try to do it here because while we have considered 

several possibilities I couldn't tell you relative cost 

or anything of the sort. 

MR. BICKFORD: One other announcement. The 

o Executive Board unanimously appointed Wade Norton as Vice 
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President o£ COMMON. Hisprimar.y responsibility will be to 

have the division managers report d~rect1y to him. (Ap-

plause) 

MR. MAUDLIN: I went up to the headquarters 

room to get some Xerox copies made a little earlier today 

and I noticed what I think is an abuse of a privilege. I 

was there while sixty copies of an in-excess-of-forty-page 

document was being created and a hundred copies of a nine-

teen or twenty page document was being created. I don t t 

think that's what the Xerox machine is for. I think when 

people prepare papers that a part of the presenting of the 

paper is to think about it before you get to the meeting 

and reproduce it before you get to the meeting. I'm sure 

it's cheaper. 

MR. SCHILDER: Chuck, I agree with you. 

However, there w~e special circumstances there. The gen-

tleman who asked for the sixty copies came with forty copie~. 

MEMBER: T~e 19-page document is mine. I 

cut it down from fifty pages on request. An 1130 insta11a-

tion has to have a lot of money to have a Xerox copier 

with it. If IBM can't get it collated -- they say they 

have'a problem getting it collated -- we're going to go up 

and collate it ourselves. We aren't trying toabuse any 

o 
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privilege that we're given. 

PRESIDENT STANSBURY: As a personal opinion, 

I agree with Mike and tend to disagree with Chuck. I do 

not think it was an abuse. 

Okay, gentlemen, 1 move we qui t. 

----
(Whereupon, the meeting was adj ou rned at 

7:10 p.m. 

----

0 

0 
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INTRODUCTION 

Automatic Mathematical Translator (AMTRAN) is a conversational 

mode, mathematically oriented language developed to as sist in solving a 
\ 

wide variety of mathematical, statistical, and engineering problems with 

a minimum of programming effort by the user. The AMTRAN system, 

consisting of the language and special terminals with push- button input 

and graphical output via storage scopes, was conceived by Dr. Robert Seitz 

pf NASA, Marshall Space Flight Center, Huntsville, Alabama. In; 1965-

1966, Dr. Seitz developed and implemented the AMTRAN system for 

the IBM 1620. 

Brown Engineering, a Teledyne Company, has developed an 

abbreviated version of AMTRAN for the IBM 1130 under NASA contract 

NAS8- 20415. Although the system is designed to operate with special 

terminals, it is felt that 1130 AMTRAN can be of considerable use when 

operated from the console keyboard with the usual I/O devices. 

The 1130 version of AMTRAN is vvritten primarily in FORTRAN 

and operates under the disk monitor system. AMTRAN provides the 

following features: 

• A declaration free working environment 

• A set of fundamental operators with a well. defined syntax 

• The capability for array arithmetic 

• The ability to construct, store, and recall new operators 
denoted as console programs 

• Edit capabilities to allow easy modification of previously 
defined console programs 

• Dynamic core allocation for storage of data and console programs 

• Choice of operation in either an immediate execution mode or 
a suppressed mode. 
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SOFTWARE DESIGN 

The AMTRAN software is designed around the operators presented 

in Appendix A. A principal objective in designing the AMTRAN software 

for the IBM 1130 has been to optimally divide core between the system 

software and the user storage areas, in order to maintain an effective 

balance between execution speed and core available to the user. To meet 

this objective the program has been modularized into logical core loads 

so that only the module or modules necessary for the corrlpletion of a 

specific task need be in core at any particular tilne during execution of 

the systen"l. The modules of the system may be grouped into the classes: 

system contol, incremental compiler, execution, and utility. 

SYSTEM CONTROL 

The primary functions of the control phase of the prograrn are to 

initialize tbc system and to perform the bookkeeping necessary to indicate 

which portions of the system are needed in core and what work areas are 

available. The control phase also guides the execution of the progralTI 

through the various tasks required by each statelncnt. 

INCREMEt'f'T AL TRANSLATION 

Thi:, process begins with the input of a statelTIent. The first 

step of the proces s is to convert each character from the acceptable 

set {O 1 2 3 4 5 6 7 8 9 space ABC D E F G H I JK L M N 0 P 

Q R STU V W X Y Z * / + - ( ) • , & % # $ } to a corresponding 

intege rOt 0 48. Next the elements of the input statement are recogni zed 

and replaced by a three digit integer which is used to classify the various 

types of elements. This is accomplished in the following manner: 

• Console program names are replaced by a number in the range 
1 )1 to 110 assigned on the order of first occurrence. The 
c )nsole program name is stored in the called programs section 
of the program construction area (see Appendix B). 
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e Delimiters and executable ope rators are replaced by predetermined 
numbers in the range 201 through 274. 

• Numeric constants are converted to floating point and stored in 
the constants section of the program construction area. They 
are replaced by a reference nwnber in the range 301 to 354 
assigned on the order of first occurrence • 

• User defined variable names are replaced by nwnbers from 
401 to 429 assigned on the order of first occurrence. Variable 
names are temporarily maintained in core for continuity between 
statements. 

The scanner performs extensive syntax checks as it moves through 

the source statement. In addition to the conversion and checking, system 

delimiters are inserted and special formating is performed for several 

of the operators. The system- operators RESET, SUPPRESS, EXECUTE, 

LIST, NAME, EDIT, DELETE, and SAVE are recognized and the systern 

takes immediate action on these. 

Parsing 

Upon completion of a succes sful scan the resultant string is 

released to the parser. Parsing is the process by which the order of 

execution is determined. The priority of ope rations is as follows: 

1. operations within parenthesis 

2. functions (s uch as SIN, EXP, etc. ) 

3. exponentiati on 

4. concatenation 

5. Inultiplication and division 

6. addition and subtraction 

7. replacement (=). 

Parsing is carried out by working-with the .input string, a delimiter 

list, and an output stack. The procedure works as follows. When the 

input symbol is a: 
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• Vartable - place the variable in the output stack and examine the 
next input s ytnbol. 

C Operator - examine the last symbol in the delimiter list and if 
the result is 

a. an operator of lower priority 

b. a left parenthesis 

c. the delimjte r list is empty 

then place the symbol in the delimiter list and examine the next 
input symbol. 

When none of the above conditions are satisfied, transfer the last 
symbol from the delimiter list to the output stack and repeat 
the proces s until a, b, or c is satisfied. 

• Left parenthesis - place in the delimiter list and examine the 
next input s ytnbol. 

• Right parenthesis - transfer the symbols from the delimiter 
list (last symbol ente red first) to the output stack until a left 
parenthesis is encountered. Delete the left parenthesis and 
continue to the next input s YlTlbol. 

• Corruna - transfer the contents of the delinliter list (last symbol 
entered first) to the output stack until a left parenthesis is 

reached or the delimiter list is empty, then continue to the 
next input s ytnbol. 

• End of statement - transfer the contents of the delimiter list 
(last symbol entered first) to the output stack. This will end 
the parsing procedure with the results in output stack. 

Coding 

The output stack from the parser is released to the coder. The 

coder c-ollaspes the stack by cycling through it, replacing operators and 

operands. and generating a sequence of LOAD, OPERATE, STORE, or 

OPERATE. STORE commands. This process continues until the entire 

stack has been transformed into a macro langu,age. In general each 

macro instruction requires one 16-bit word. The leading 7 bits specify 

the operator and the remainder of the word specifies the variable. 
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EXECUTION 

Interpretation 

This is the process of accessing a macro instruction, classifying 

it and branching to the appropriate routine that performs the prescribed 

operation. There are two Inajor routines that handle the majority of 

actual calculations. 

Data Access and Execution 

Data acces s is the proces s of dete rm.ining if the variable is defined, 

its size, its location, and its cOInpatability with the operation requesting 

it. If the variable is defined and compatible, execution is perforITled; 

otherwise, an error Inessage is typed out. 

Storage Allocation 

Storage allocation for data is a continuous process throughout 

execution of the macro language instructions. Storage for user variables, 

temporary results, and the systeIn accumulator is provided in one data 

area. Storage for any data type is allocated only as needed and in the 

exact amounts required during execution, is redimensioned as necessa ry, 

and, in the case of teITlporary storage, is made available for further 

use as soon as possible. 

Access to free storage is maintained by a pointer scheme linking 

together available blocks of contiguous storage locatio:1s in the data area. 

When new space is required for the storage of data, the pointers are scanned 

until the first block containing at least the space requested is encounte red. 

The exact number of contiguous data words required is then rem.oved froITl 

the free storage linkage. If a block of the appropriate size is not encoun

tered, an additional s can is Inade through the pointers, replacing the 

sequential linkage to contiguous blocks with a single pointer link. If this 

process does not provide a large enough block, all data currently stored 

in the data area is packed, providing one large block of available storage. 
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When a block of data is returned to free storage, the pointers are 

adjusted and a pointer is added to include the additional block in the free 

storage linkage. 

UTILITY 

The utility portion of the system consists of several subroutines 

which provide the services of storing, listing, editing, or deleting ()f 

console programs, and the deletion or retention of user defined variables. 

The services in this catagory are initiated by the operators found under 

SYSTEM OPERATORS in Appendix A. 

7 

o 

c' 



o 

o 

ERgi' 

SAMPLE PROBLEMS 

Presented here are three sample problems selected to illustrate 

some of the capabilities of the system. 
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EXAMPLE 1. 

ENTER PROC1RAn 
1. X=ARRAY -3,-1,8, Y=ARRAY 0,PI/3,2, N=O. 
2 • REP EA T 3, P = Y S U 8 rJ, 

3. 

Z=3.28+X*X*X*COS P+l/COS P * EXPC-X/(X+7.45», 
\.J R J T E ( P / D E G R E E S ) , T f\ B 2 C X , Z ) , N = rJ + 1 • 

0.0000 
-3.0000 
-2.7500 
-2.5000 
-2.2500 
-2.0000 
-1. 75'00 
-1.5000 
-1.2500 
-1.0000 

30.0000 
-3.0000 
-2.7500 
-2.5000 
-2.2500 
-2.0000 
-1.7500 
-1.5000 
-1.~500 

-1.0000 

60.0000 
-3.0000 
-2.7500 
-2.5000 
-2.2500 
-2.0000 
-1.7500 
-1.5000 
-1.2500 
-1.0000 

-21.7576 
-15.7217 
-10.(;879 
-6.5692 
-3.27G6 
-0.7200 

1.1917 
2.5502 
3.4477 

-17.8367 
-12.6577 
-8.3382 
-l~ • 8 0 L~ 7 
-1.9816 

0.2083 
1.8429 
3.0012 
3.7623 

-6.2952 
-3.5281 
-1.2184 

0.6675 
2.1667 
3.3190 
4.1660 
4.7502 
5.1154 
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EXA~1PLE 2. 

THIS EXAMPLE PRESENTS AN OPERATOR PROGRAMMED IN AMTRAN TO PERFORM THE TRANS
FORMATION DUE TO BILHARZ ON THE COEFFICIENTS OF A COr~PLEX POLYNOMIAL. THIS 
PORCESS IS USEFUL IN STUDYING THE STABILITY PROPERTIES OF A SYSTEM OF LINEAR 
DIFFERENTIAL EQUATIONS*. 

1. X=Q,Y=R,M=2 INTERVALS X-2,A=O,L=O. 
2. TYPEOUT GILHARZ ~1I\TRIX OF cnEFrICIE~!TS •• 
3. \' J R I T EX, \.! R I T F. Y, A SUR 0 = Y S 11 r 0, r I == 1. • 
4. F = - X S tJ 8 0 / Y SUR 0, Z = L E F ( F * Y + X ) , \' I r~ I T r Z, 

X=Y,Y=Z,A SUB tl==Y SUR O. . 
5 • I F tJ L E r'1 TH E N N = r 1+ 1 , GOT 0 4 F. L S F F = 0 , Y == 2 • 
6. N=O,P=l. 
7. REP E 1\ T K, P == P * A S LJ R tJ, N == N + 1 • 
8, L SUR F=P,K=K+2,F=F+1. 
9. IF F+1 LE INTERVALS Y THErl GO TO 6, 

10. TYPEOUT ALPHA N FOr. N=l, 2, •••• 
11. \.J R I TEA. 
12. TYPEOUT PRODUCT OF ALPHA N. ~ 

1 3. ~'J R I TEL • 
14. N J\r1 E 8 I LH Z • 

1. Y=X, Y SUB 0=0, Y=SHIFT(-l,Y). 
2. NAME LEF. 

*FOR THEORY RELATING TO THIS EXAMPLE, SEE "STABILITY THEOREMS FOR LINEAR 
MOTIONS II BY S. H. LEHNIGK, PRENTICE HALL, 1966. 
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GIVEN A COMPLEX POLYNOMIAL OF THE FORM p 

f(s) = L 
n=O 

(an + bni) sp-n 

TO USE THE BILHZ OPERATOR WRITE OUT THE COEFFICIENTS AS FOLLOWS: 

A1 = -bO' a1' b2' -a3, -b4, .•. 
A2 = aO' b" -a2, -b3, a4, .... 

THEN ENTER BILHZ (Al, A2). HENCE FOR THE POLYNOMIAL 

f(s) = 2(1 - 3i) s4 + (9 - 13i) s3 + 3(4 - 3;) 52 
+ 2(3 - i) s + ,. 

ENTE r PROG RA~·1 
1. LET X=6,9,-9,-6,0. 
2. LET Y=2,-13,-12,2,1 • 
3. BILHZ(X,Y). 

BILHARZ MATRrX OF COEFFICIENTS. 
6.0000 9.0000 -9.0000 
2.0000 -13.0000 -12.0000 

48.0000 27.0000 -12.0000 
-14.1250 -11.5000 2.1250 
-12.0796 -4.7788 O~39S2 

-5.9-121 1.6593 1.0000 
-8.1691 -1.6450 0.0000 

2.8498 1.0000 0.0000 
1.2216 0.0000 0.0000 

ALPHA tl FOR N=l, 2, ••• 
2.0000 48.0000 -14.1250 

-6.0000 
2.0000 

-3.0000 
1.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

-12.0795 

0.0000 
1.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

-5.9121 

PRonUCT Or- ALPHA tJ. 
0.~6000E 02 0.16379E 05 0.70109[ Of) 0.27539E 07 

4. 

~ ~ 

-8.1501 

<" 

2.R4og 1.2216 

C? 
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EXAMPLE 3. 

THIS EXAMPLE WAS WRITTEN TO STUDY THE SMOOTHING EFFECTS OF THE PARAMETER 0 ON 
THE PROBABILITY DENSITY FUNCTION 

m 

f(x) = 0(21T) 1/2 x ~ E exp [- (\:/i)2 ] 

1. J=Ir-ITERVALS S+l,Y=INTERVALS GG+l,H=J*So.RT(2PI),L=O. 
2. X=ARRAY -3,3,100,F=O. 
3. Y=O*X,r.=GG SUR L,~l::O. 
4. R F. PEA TJ, Y = Y + E X P - { ( X - S S U 8 N) * * 2 / ( 2 G * G ) ) , ~'I = N + 1 · 
5. Y=Y/(H*G),B=MAX Y. 
6. IFF L T R TH EN F = B • 
7. A=.5&O&6.5&F&2, PLOTS(X,Y,A),L=L+l. 
8. I F L L T K TH E N r, a TO 3. 
9. NAt:tF. PTRr-!. 

EnTER PROGR/\rt 
1. LET X=-.9G,-.88,-.36,-.40,O,.23,.44,.88 · 
2 • LET S 1 G r 1A = 0 • 1, 0 • 2, 0 • 5 , 1 • 
3. PTR~!(x,SIGr1A). 

NOTE: OUTPUT FOR THIS EXAMPLE WAS DISPLAYED ON THE SCOPE. SLIDES OF THE 
OUTPUT WERE SHOWN AT THE PRESENTATION. 

12. 



SYSTEM CONSTRAINTS 

In the abbreviated version of AMTRAN currently operational 

on the IBM 1130 with 8k of core, 1, 208 words are reserved for user 

data storage. Hence, a user is allowed to work with up to 604 floating 

point numbers. Up to 95 console programs may be defined and stored 

on the disk, and 860 words are reserved for internal storage of console 

programs. A block of 450 words is reserved for the keyboard execution 

and progralTI construction area. An AMTRAN statement may consist 

of up to 209 characters. A total of 89 variables are allowed to be active 

at anyone time and imbedding of console prograrns through ten levels 

is allowed. 

When constructing a console program or executing at the keyboard, 

up to 45 statements are allowed per program. However, the total length 

of the source must not exceed 1, 140 characters and the macro langu.age 

must not exceed 244 words. Each console progranl ll1ay contain up to 

29 user defined variables, 54 distinct constants (excluding the integers 

o through 10), and may call up to 10 other prograrns. 

13 
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CONCLUSION 

AMTRAN (the IBM 1130 console keyboard version) has been 

available on a limited basis to several employees in Brown Engineeri.ng 

Research Laboratories since June 1968. They have found it to be a 

reliable and effective tool in evaluating and studying the behavior of 

functions and in performing user controlled iterations. Feedback from 

these users has been invaluable in finalizing the 8k AMTRAN system. 
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SUMMARY OF AMTRAN OPERATORS FOR THE IBM 1130 
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BINARY OPERATIONS 

~.Ql 

* or implied 

I 

+ 

**or POW 

& 

MATHEMATICAL FUNCTIONS 

Symbol 

SIN 

COS 

LN 

EXP 

SQRT 

ATAN 

ASS 

TANH 

SQ 

Operation 

Multiplication 

'Division 

Addition 

Subtraction 

Exponentiation 

Concatenate 

Function Performed 

Trigonometric sine 

Trigonometric cosine 

Natural logarithm 

Argument power of e 

Square root 

Arctangent 

Absolute value 

Hyperbolic tangent 

Quantity squared 

() 

SUMMARY OF AMTRAN OPERATORS 

Operands 

All arithmetic operations listed can be performed between 
constants, variables, or exoressions in the following 
forms: 

1. Two scalars 
2. A scalar and an array with ~ elements 
3. An array with ~ elements and a scalar 
4. Two arrays with the same number of entries 

NOTE: An error condition occurs when an arithmetic 
operation is attempted between arrays of different 
lengths. 

Scalar constant(s}, variable(s), or expression(s) and/or 
array variable{s) or exoression(s). 

No. of 
Arguments ~ 

Scalar or array (in radians) 

Scalar or array (in radians) 

Scalar or array 

Scalar or array 

Scalar or array 

Scalar or array 

Scalar or array 

Scalar or array 

Scalar or array 

(used on riqht of argument) 

i The ar~uments for all these functions may be either constants, variables, or expressions. 

Results 

The results of array arithmetic are the 
product, Quotient. etc. between corres
oondinn elements of the operands. 

1. A scalar 
2. An array with ~ elements 
3. An array with ~ elements 
4. An array with ~ elements 

o 

An array with the number of elements equal 
to the sum of the number of elements in 
each arqument. 

Results 2 

Scalar or array the same size as argument 

u' 

" (in radians) 

Scalar or array the same size as argument 

2 The results in the case of array arithmetic are the results of the function performed on each entry of the argument array. 
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SPECIAL FUNCTIONS FOR ARRAY MANIPULATION 

Symbol 

ARRAY 

LETl 

SUB 

SUB-THRU 

SUB LAST 

MIfI 

MAX 

SUM 

SUMF 

SHIFT 

Function Performed 

Generation of an array 

Generation of an array 

Subscript modification 

Subscript ~odification 

Subscript modification 

Selection of the minimum element 
of an array 

Selection of the maximum element 
of an array 

Computation of the running sum
mation of the elements in an array 

Computation of the total sum of the 
elements of an array 

Cyclic shift of the elements in 
an array 

No. of 
Arguments 

3 

n 

2 

o 

2 

I The LET statement takes the form: LET variable argument(s) . 

CJ 

~ 

Scalar constants, variables or expressions 

Scalar constants, variables. and/or 
expressions 

Scalar constant. variable, or expression 

Scalar constants, variables,or expressions 

Array variable or expression 

Array variable or expression 

\1 
Array variable or expression 

,:' . ":'~h'~"4' 
Array variable or expreSSitg/ 

Scalar constant, variable~ or expression 
and array variable or expression 

Results 

An array with the first element 
equal to the first argument. the 
last element equal to the second 
argument, and the number of equal 
sized increments specified by the 
third arQument. 

An array with the n arguments as 
elements. 

Scalar 

Array 

Scalar, 'last element of an array 

Scalar 

Scalar 

Array of the same dimension as 
the argument 

Scalar 

Array the same dimension as the 
second argument with elements 
shifted the number of places and 
direction specified by the first 
argument. 

(1 
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LOGICAL OPERATORS AND TRANSFER STATEMENT 

Symbol Description 

IFl Begins the IF statement used to control execution based on the relationshtp between two scalar quantities. 

EQ, HE. LT, GT, LE GE Relations available to the IF statement. These represent :, ~, <, >, !. and respectively. 

THEN 

ELSE 

REPEAT 

Denotes the beginning of the THEN clause associated with an IF statement. 

Denotes the beginning of the ELSE clause associated with an IF statement. (The ELSE clause is optional.) 

Causes the succeeding substatements of the line to be executed the number of times specified by the scalar 
argument following the repeat. e.9. Repeat r, ••••• 

GO TO or GOTO Causes execution to be transferred to the statement number indicated by the numeric argument following the 
GO TO. In the EXECUTE mode, the GO TO may onl'y refer to a previously defined statement. 

INOTE: The general form of the IF statement is: 

IF 01 relation Q2 THEN ...•...•... ELSE 

When the relation is satisfied the THEN clause is executed and the ELSE clause skipped. When the relation fails the THEN clause is skipped 
and the ELSE clause executed~ 

o 



..... 
....0 

~ 

INPUT AND OUTPUT OPERATORS 

~ 

SET 

WRITE 

PUNCH 

TYPEOUT 

LIST 

LIST All 

II ST INTRINSICS 

CARD 

Description 

AllowS numeric datatGbt read tn ff'OIIlttle cGnso1e printer (sense switch 15 off) .0'" the card reader ~senn 
switch 15 on). A string of 'numeri.cconstants in free format is read into memory and aSSoCiated wit'hthe 

variable name spedftedby the arqument. The variable assumeS the dimension of the input string. Tile numbers 

may be either integers or dectmalnumbers in either fixed or floating pointfo""at and are separ.ated .by COflWTlclS 

or blanks. The input ,strinc) is terminated by two consecutive slashes (j I). 

Causes tnevaJue(s} .of· the a.rgument to be -printed on the console printer (sense switch 0 Off) or on the 1132 

printer (sense switc.b. Goo) infi~edpoint format (sense switch 1 off) or floating ooint format (sense switch 
1 on). 

Causes the value(s)::6f .theargumel'ltto.be punched 01'1 cards in fixed oointformatand to be printed on the console 
printer (sense .$witCh,Ooff) or 01'\ the 113.2 printer (sense switch 0 on). 

Causes the alph~iettifonnaHon folloWing the WOrd TYPEOUT to bepr:inted on the-console prtnter(sense 
switch o off ) or on,t~ H32pri nter{ seni.e switch 0 on) . 

Causes the sourcesta~ementsofthe specified console program or a descripUonof thespecifie'd intrinsic 
operator to be printed ,on the console printer (sense switch 0 Off) Qron the 1132 printer (sense switch 0 on). 
When the .cirgument iSilceons,oleprogramname and senSe switch 12 is on. the-console proqramwill also be 
punched on. cards. 

Causes the names of <all console programs delined in the system to be printed on the console printer. 

Causes the names of. theAMTRAN 'op~ra tOl"S'to '.' be printed on the consol e printer. 

Causes the sourcestatelnimts oiacOMo).e ,tlro~Jram to be read in from cards. 
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SPECIAL SYSTEM OPERATORS 

~ 

RESET 

SUPPRESS 

EXECUTE 

DELETE 

SAVE 

NAME 

EXIT 

INPUT 

EDIT 
N 
a PAUSE 

$$ . 

/I 

SYSTE~ CONSTANTS 

Symbol 

PI 

DEGREES ):. 

o 

Description 

Causes the system to be reinitialized in the EXECUTE mode. All variables are deleted and statement numbers 
begin at 1. (Console programs are unharmed.) 

Causes the system to be reset in the SUPPRESS mode. 

Same as RESET 

Reset with deletion of specified variable(s) and/or console proQram(s). DELETE can be used only in the EXECUTE 
mode. 

Reset with specified var1able(s) saved. SAVE can be used only in the EXECUTE mode. 

Causes the current sequence of statements to be named and stored as a console program under the name specified 
by the argument. 

Used to create multiple exit points from a console program. EXIT can be used only in the SUPPRESS mode. 

Causes an input parameter to be required in a console program. INPUT can be used only in the SUPPRESS mode. 

Allows the user to modify specified statements of a oreviously named console program. 

Causes a halt of the current execution. Execution is continued by pressing the PROGRAM START button on the 
conso 1 e keyboa rd. . 

Causes deletion of the current keyboard line. 

Causes deletion of the current keyboard statement. 

Causes deletion of the precedinq character. 

Description 

3.14159 

0.017453 (conversion factor for converting degrees to radians) 
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I. KEYBOARD EXECUTION AND PROGRAM CONSTRUCTION (450 WORDS) 

HEADER 
(seven words) 

EXECUTABLE 
MACRO 
YNSfRUCTIONS 

VARIABLE 
POINTERS 

CONSTANTS 

PROGRAMS 
CALLED 

VARIABLE REFERENCE (252) 
CONSTANT REFERENCE (302) 
PROGRAM REFERENCE (410) 
NUMBER OF PARAMETERS 
ACTIVE PROGRAM REFERENCE 
CALLING PROGRAM 
RETURN LOCATION 

UP TO 244 WORDS FOR MACRO 
INSTRUCTIONS 

ONE WORD PER VARIABLE 
UP TO 50 VARIABLES 

TWO WORDS PER CONSTANT 
UP TO 54 CONSTANTS 

FOUR WORDS PER PROGRAM 
UP TO 10 PROGRAMS 

II. DATA INDEX 
(90 entries) 

LOCATION 

III. DATA STORAGE 

1, 280 t~ORDS 

o 

LENGTH 
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INTRODUCTION 

RELIC-PART I 

SYSTEM CONSIDERATIONS 

RELIC, though an acronym, does seem to be an appropriate term 

for an IBM 1620 computer in this day of time-sharing, I'eal

time, on-line computer systemso RELIC (REmote ~ocation Input/ 

Output £apability) is the result of our effort to devise a low 

cost terminal system which will provide access to our computing 

facilities from locations remote from the Computer Center Q A 

small third generation computer, interfaced with the IBM 1620, 

serves as a multiplexing and buffering deviceo The Interface 

will provide information transfer both to and from the 1620 

at the core speeds of the IBM 1620 0 The syst,em currently has 

a one-way interrupt capability; the ability to interrupt the 

1620 from a remote location is still under considerationo Three 

teletypewriters will be available during the Fall Semester and 

requests for additional stations, one of them a scope, have be.n 

receivedo 

In Part II of this paper Mro Germann will outline for you the 

extent to which terminal support is being provided by the 1620 

and some details of the hardware-software mix that was developed 

to achieve thiso It is my purpose to explain to you why the 

project was undertaken o 
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BACKGROUND 

Seton· Hall University is a privately owned institution some 

thirty miles west of New York City in South Orange, New Jersey; 

it has an enrollment of approximately 8,500 students distributed 

among five schools the largest of which are the College of Arts 

and Sciences, the School of Business, and the School of Education~ 

Appropriate degrees are offered at both the graduate and under

graduate levelo 

In March, 1968 an IBM 1620 20K card system was installed and 

was subsequently augmented by a disk and an on-lihe printero 

Although the Center was developed to provide support for faculty 

research, student educational programs, and administrative ser-

vice needs, substantial funding from NIH during the early years 

of the CenterBs existence directed much of the Center'.s activity 

toward support for biomedical research most of which centered 

around the College of Medicine and Dentistry which was then a 

part of the Universityo Since the separation of the Medical 

School from the University and the termination of the NIH grant, 

both pf which occurred in 1966, the University has funded the 

Cente~without outside support 0 

Thus, there were three very significant factors before us at the 

time when everyone was jumping on the 360 bandwagon~ 

c 
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10 We owned an IBM 1620 

2Q Money was hard to find 

3 0 With the phasing out of the biomedical activity, 

current use of the facility coupled with reaa

onable projections for future use did not justify 

the acquisition of faster equipment$ 

The first two points relate essentially to funding difficulties 

whi6h ~~re not insuperable: the third point was far more crit-

icalo Justification for more extensive facilities would require 

mor~ extensive useo Ho~ever, analysis of our overall operation 

revealed a built-in self-limiting factor - a state of equilib-

rium - resulting fr9m space constraints and a continuing commit

ment to service three major areas education, research, and ad-

ministration 0 The possibility of curtailing one of these areas 

of activity to enhance usage within the others was considered 

and rejected because the obvious one to curtail, student usage, 

is precisely the one that has the greatest potential for future 

growth at the Uni~ersityo Thus, student use was a major factor 
\ 

in the decision to implement RELIC o 

IIIo JUSTIFICATION FOR RELIC 

RELIC was devised to break the state of equilibrium imposed by 

the space constraints and the commitment to continue service 

in all three areas 0 To clarify this point a brief description 

FP' 
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of some of our activity follows 0 Four full-time people currently 4() 
service the administrative data processing. needs which are unit 

record oriented o Computer use in support of this activity rarely 

exceed 15% of total computer use in any given month o However, 

the large volume of cards requires storage space and work staging 

areas 0 Severe space constraints at the University preclude ex

pansion of the Center in the immediate future o Consequently 

students coming in to use the facilities are competing with the 

data processing staff for the limited work space, card storage, 

and the likeo 

The installation of the disk file and Monitor SysLem enabled us 

to attract a new breed of student and faculty whom we call "the 

casual user"o The casual user may be thought of as one who 

writes no programs of his own but uses the computer to do his 

homework or researcho Our staff has written and stored on the 

disk a number of programs which enable users to submit data to 

the computer with appropriate monitor contrpl cards and receive 

in return functions of input data which previously would hav~ 

required hours of tedbus desk calculator work o Students tend 

to gang up at the Computer Center just before class deadlines 

and generally obstruct the work flow at the Center in ways far 

too numerous to catalog at this time 0 

't' 



o 

o 

o 

-five-

We are committed to the premise that faculty and students 

should have access to our facilities; the best answer is 

enough space to separate two areas of activity but such 

space will not be forthcoming before 1970 0 Terminals, pro

viding remote access was an obvious alternative 0 

Suffice it to say that the prices quoted to us on hardware

software systems designed to support terminals were prohib

itive~ Furthermore, even if cost were not significant, the 

speeds of these machines would find us with an idle computer 

most of the time - excapt possibly for system overh.adl And 

the operating systems which wer. presented to support the •• 

terminals had many featurls for which we had no real needg 

Under these circumstances it became clear that our objective 

was simply to extend the life of the 1620 until 1970 when 

new ~uarters would De available and to augment use sufficiently 

to jUltify new equipment for the new space. Thil in elsenCI 

was the motivation for RELIC@ 

SYSTEM CONSIDERATIONS 

Our staff is most competent but limited numerically by the lam. 

apace considerations mentioned above. Consequently our first 

decision was to operate with the current 1620 Monitor SYltem 

and to minimize changeaneceslary to thia sYltemo Thepaper 
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tape channel was not being used and of course is available under 

the Monitor Systemo Thus communication between terminals and 

the 1620 could use the paper tape I/O features of the 1620 0 

The "casual user" would still enter the system with Monitor con

trol cards and data in the forms normally, presented at the consoleo 

It was also considered quite desirable, if not essential, to be 

able to compile and run rather short FORTRAN progr'ams of the type 

frequently required by studentso This will b~ disoussed in some 

detail in Part II so I shall simply note this f.ct at this time~ 

Teletypewriters are not too expensive and would serve our immed

iate needso We contemplated installing three te~minals and there

fore needed a buffering and multiplexing device with interruvt 

capability which could be dummied up to look like a paper tape 

reader and punch to the IBM 1620 0 Several small third generation 

computers selling-for well under $10,000 met these specification$, 

and there was a prospect for some grant ,funding to su~port this 

approach 0 

Of course none of these devices "talk" to the 1620 0 An interface 

was necessary and arrangements for its design ana construction be

came a very major problem which delayed the installation of the 

whole 'system to this late date o The interface difficulties, in 

chronological order may be described briefly as follows: 

o 
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IBM policy with regard to the 1620 precluded 

any effort to provide hardware support for 

RELICo 

We require continuing IBM maintenance on the 1620 

and the prospect of non-IBM personnel rewiring the 

1620 gave us as much concern as it probably did 

our customer engineerso At this point we decided 

to forego the specification for a hard interrupt 

in the 1620 and further specified that any inter

facing device be designed to plug in and out of 

the IBM 1620 paper tape adaptero 

20 The small computer manufacturers were unwilling 

to put effort in the development of the 1620 

intertace Q 360 Yes!, 1620 No! Casual estimates, 

and in one instance a reasonably firm quote, were 

quite higho 

3 0 Reasonable bids were submitted by several individuals 

acting as one-man firms but the University became 

concerned about fixing responsibility for the operation 

of the entire system o The use of grant funds for the 

project was a significant factor in this concern 0 
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We were fortunate enough to contact a firm which already had 

some experience with one of the small computers that happened 

to be our first choice and fur~hermore had a contractual affil

iation with the manufacturer o This firm agreed to purchase 

the computer configuration for us, design the interface, and 

to accept responsibility for providing a complete working 

systemo In retrospect, with the clear vision of hind-sight, 

it is evident that the design and construction of the inter= 

face was in itself no problem~ Every delay can be traced 

ultimately to difficulties in communication and information 

transfer among peopleo The whole job could readily have been 

completed within three months which is the lead-time for de

livery on the small computer 0 

To conclude this part of the presentation I should like to 

submit several comments or observations either as statements 

or short paragraphs and I shall gladly amplify these points 

should any questions ariseo 

10 Dealing with original equipment manufacturers, 

although frustrating and discouraging at times, 

revealed a new world of great promise which 

merits further explorationo Adequate commun

ication - vocabulary - and the ability to write 

o 

o 
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proper specifications are attributes to be 

cUltivated o With this market open to us 

we expect to be able to shape the growth 

and development of our computing facilities 

to meet or own needso 

20 The availability of a fast third generation 

computer with an interrupt capability will 

enable our staff and computer science students 

to obtain first-hand experience in progra$ming 

for time-sharing and real-time systems 0 

The hardware-software complex devekped to 

support the terminal system, with the exception 

of the interface currently to the 1620, will be 

independent of the main frame; this means in 

essence that we can unplug the 1620 and replace 

it with any computing facility with rather minor 

modifications to the terminal system o Furthermore 

our staff efforts will be concentrated on the 

development of the terminal system at a time when 

system requirements on the 1620 are lighto The 

terminal system should be reasonably well est

ablished at the time we undertake the agonies of 

transition from 1620 to XYZo 
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The prospect of terminals on Campus has stimulated 

a substantial amount of faculty interest in the 

potential use of computers in a wide spectrum of 

applications much of which is related to students 

and class activit yo 

I should like to be able to say at this time that our system 

has been working successfully for the past s1venteen months, 

that everyone at Seton Hall from the President to our fresh

men dropouts make extensive use of our computing facilities, 

that all terminals are being used simultaneously, and that 

no one has ever waited longer chan thirteen seconds for the 

answer to his problem~ but this would only be partly true o 

Since obviously I have exhausted my veracity and my time 

I shall let Mro Germann present you with the factso 

c 
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"RELIC" - REMOTE JOB rl\JCESSINC ON A 1620 

AUTHOR 

ABSTRACT: 

PART TWO 

IMPLEHENTATION 

GEORGE J Q GEP.:1i\i'.JJ 

Part two of this puper will show how 

the IBM 1620 ;,<oni. tt:",~.~ I S~..r~)"tem ca1')' be 

used to suppo~t rerro~e terminals, 

describe the Mod:fic2tions required, 

and explain the i~np,:: .. ~::mel'.tation of the 

. RELIC System b~~nr ~evel~ped at 

Seton Hall Univeraityo 



SYSTEM CONFIGURATION 

Initially RELIC will consist of the IBM 1620 Data Processing System 

with a 1622 Card Read-Punch, a 1443 Line Printer, and a 1311 Disk 

Storage Drive, a small computer used for logic switching and buffering, 

and three "typewriter-like" remote terminals. 

The three remote terminals will tie into the "small computer" which 

is coupled to the 1620 through the Paper Tape Channel of the 1620. 

To the small computer the 1620 will appear as another terminal. 

(see diagram of next page) 

INTERFACING 

Tw(") of the terminals will be directly interfaced to the "small computer", 

o 

and will be located vlithin 1,000 feet of the computer. The third ter- V 
minal will communicate to the "small coraputer" over our internal tele-

phone extension lines with a data phone interface at the computer end, 

and an acoustic coupler at the terminal end o This will permit the third 

terminal to be mobile and moved where neededo 

A specially designed and built interface allows. communication between 

the 1620 and the "small computer". This interface permits data transfer 

through the 1620 paper tape channel at speeds much faster than the 

paper tape unit (1621). See Appendix Ao 

c 
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SYSTEM CONFIGURATION 
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COMMUNICATION AND DATA TRANSFER 

There will be basically two types of communication links in tne RELIC 

system: 

1$ Terminal Communication which is defined as I/O 

between the "small computer" and the remote terrninals" 

2 It 1620 Communication which is Input/Output bet\veen the 

1620 and the "small computer" through the 1620 paper 

tape channel. 

TERMINAL COMMUNICATION 

Data transfer between the terminals and the "small computer" will be 

interrupt controlled, permitting the terminals to demand service when 

the device itself is ready for data transfero Both the terminals and 

the "small computer" will be able to demand service from each other 

in both the read and write modeso 

1620 COMMUNICATION 

The 1620 will be able to communicate only indirectl.y with th.eterminals 

by directly communicating with the "small computer" ~ and only rvJhen the 

1620 is ready to send or receive data. Since the 1620 does not have a 

interrupt capability" the "small computer" cannot raise the 1620 for 

data transfer until the 1620 has executed a paper tape I/O inst:ructiono 

(I might add'that this problem is being given serious thought and it may 

be alleviated through some hardware changes in the 1620 display consoleo)· 

The "small computer" does have the capability to enable, or disable the 

1620 from interrupting in both the read or write modes 0 

o 

o 
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CODE CONVERSION 

The terminals being used in the RELIC system communic;E:J.i:.:es in the U 0 S o.Ad 

Standard Code for Information Interchange (ASCII) which p~ohibits this 

code from being utilized by the 1620 until the code is converted o The 

forty-eight 1620 characters are converted from the ASCII codes into the 

8-bit hexadecimal code acceptable to the 1620 through tile data lines of 

the paper tape channel. (See Appendix B for the code conversion tables g ) 

To expedite data transfer between the 1620 and the jq~;:Ja.ll computer" all 

code conversions are accomplished during: terminal cor:lrt1.lnlcationo This 

allows the 1620 to transfer data at its optimal spe2J a There is no time 

lost in converting between terminal communication, Si.::·L28 cc>nvers~on takes 

place while the termin~l is reading the next character 01' typing the 

previous character. The terminal transfer rate is 10 c.hd.:cact ers per 

o second. 

o 
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RELIC'S SOFTWARE SYSTEM 

In general, the monitor system within the "small computer" supervises 

all data transfer and communications to its peripheral devicesQ RELIC'S 

monitor system must read and store jops entered from the terminals. 

send these jobs to the 1620 when they (both 1620 and job) are ready, 

receive output from the 1620, and return it to the terminals 0 

RELIC - MONITOR I 

A. CAPABILITIES: 

Access 

The three terminals are able to demand service. "a.lmost" s imulr" 

taneously by utilizing the interrupt controlled liD capability 

of the "small computer". This permits three users at three 

remote terminals to enter three different jobs ~oncurrently~ 

Job Storage 

Our first approach in the development of the HELIe system was 

to proceed as simply as possible and to avoid maior complications 

and changes to the 1620 Monitor I systemo We, tl~efore, chose 

the easiest and most pragmatic method to implement this sy~temo 

The 8K byte (each byte contains 8 bits) memo::c'y (If: t~ae "small 

computer" was partitionedo One thousand and fi c hundred bytes 

(105K) were allocated to each of the three t(;~rninals for job 

storage. This would permit seventy-five FORTRAN statements (20 

characters per statement) per terminal~ One thousand bytes were 

o 
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allocated for a common output area for data being returne.d from 

the 16200 Approximately lK bytes were needed for the RELIC monitor 

system which remains resident in memory, and an additional lo5K bytes 

still remain for a fourth terminal if added o 

JOB ROUTING 

Jobs are entered remotely from the terminals either through the 

keyboard or from punched paper tapeo The first job to be completely 

read. including program and data, will be the first job s~nt to the 

1620 fur execution, when the 1620 is ready to accept ito Each job 

is stored in its own terminal input area o When the 1620 has read 

and has begun execution of the Job, the two remaining terminals are 

still able to enter and complete their jobs o Output from the 1620 

is returned to d. common output area shared by all t:he ter'minals (one 

job at a time ) within the 1f small computer" ~ and t'hen back: to the 

"waiting" terminal. Upon completion of the job return, the 1620 

will be ready to accept the next job when ready i.n the Iff small com

puter" 0 (See Job Routing Diagsll next page) 

TURN-AROUND TIME 

We expect turn-around time per job to be about one to tv.JO minutes 

from the beginning of 1620 execution to the outputting of results 

to the terminal" 

&&&===k-~·~ 



REHOTE JOB ROUTING AND STORAGE 

nSmall Computer» 
Terminals 

~.c~'_' .. ~. ~~~~~ 

).t=;:=====- . 

~ RELIC - Monitor I 
~ 
~ ,:"-. __ ~~-7--=_=====: 

Input Buffe~ for 11 

1========~~====·~----
Input Buffer for B 2 

Input Buffer for • 3 

IBM 1620 Data Processing System 

#1 

ti2 

#3 

Green line - Input to amall compu· 
RGO line - Output to ter·r,1inals.. c· 
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B. TERMINAL JOB 

Job Format 

Jobs which are sent in the 1620 from the "sT!l.all computern follow 

the same format as any job entered under the IBM 1620 Monitor 

I systemo The first card read by the 1620 fron t:h,e "sma.Il 

computer" will be a job card, the second will be a 1:1oni tor Con,= 

trol Card (e.go FORX or XEQ), followed by the pro gran andlor 

data, and an END OF JOB record (##¢#) at the end of the data o 

Job Execution 

RELIC - Monitor I protects the 1620 by setting up the }620 
.. 

Monitor Control Cards internally in the input area for the ter= 

minal or terminals being serviced o If a FORTRAN lID program is 

to be executed, each FORTRAN statement is entered in free format, 

one line at a time, and a 1620 paper tape end of line character 

is placed at the end of each line when the retu't"n key is depressed 

at the terminalo Wh~n the FORTRAN "END" statCr1lc.nt is read, the 

message "ENTER DATA" is typed, and all the CLlt,J. rnl);;:;t be entered o 

If the job is to be a 1620 disk-stored program execution (XEQ), 

then upon receipt of the program CALL NAME, the messa~e ~BNTER 

DATA" is typed 0 When all the data has been ent:ered ~ "the job is 

sent to the 1620 for executiono 

The 1620 will read the job one line at a time causing an interrupt 

each time it is ready to read a nevJ line o \IJrd,lE; the, 1620 is ex ... 

ecuting the job, the terminal being serviced is blocked from en-

tering any data, unless it is requested by the 1620 0 



Job Execution continued 

Again, while the 1620 is processing each line~ the Hsmall computer" 

is free to accept job entry from the terminals not belng serviced by 

t.he 1620 0 When the 1620 has completed compilation of the program, the 

data, if there is any, will be read o Output is sent from the 1620 on 

interrupt request to the 1620 output area in the "small computer" One 

line at a time o This output is returned to the terminal being serviced 

on an interrupt request between job processing and 1620 c.ommunicationQ 

Job Permitted Under RELIC - Monitor I 

RELIC permits a wide range of job typeso Jobs may be entered remotely 

for execution under the 1620 Monitor I system or for execution in the 

"small computer"c 

1620 Monitor I JOBS: 

FORTRAN II D(FORX) 

FORTRAN Program compilation and execution will be the 

major types of jobs for 1620 executiono The proper 

Job Card and FORTRAN Control cards will be constructed 

by the RELIC - Monitor Systemo The FORTRAN program is 

entered in free format from the terminal and 18 held 

i1) the memory of the "small computer" until the data is 

read o When the data is read, the job is 'sent to the 1620 

for executiono Any e:r;ror messages which occur "-7i11 b,e 

sent by the 1620 back to the terminal 0 

c 
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EXECUTE JOBS(XEQ) 

Disk-storea program execution is possible by entering 

the XEQ Job Specification Record and the proper pro

gram CALL NAMEo From this information, the proper 

Monitor Control cards are establishedG The data is 

read and the job sent to the 1620 for executiono 

SPS II D 

1620 Symbolic Programming System jobs will be allowed, 

but only by the more competent usero 

"Small Comou"[;er" Job Execution: 
t 

RELIC will provide the capability for the "small computer" system 

programs to be called for execution within the "small computer" 

()J itselfo These system programs will be stored on the 1311 Disk 

Storage Drive of the 1620 by means of a special conversion routine. 

An XEQ job will first be sent to the 1620 to write the program into 

o 

the "small computer's" memory and turn control to that program. 

This will permit the execution of the following programs: 

10 An Ineractive (or Conversational) FORTRAN 

20 Assembly Language (with third generation capability) 

3 0 Production Programs 

40 Loaders 

5. Test r.rograms 
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MODIFICATIONS TO THE 1620 MONITOR I 

Modifications to. the 1620 Monitor I system are minor and consist of 

prohibiting the terminal job from using the 1620 peripheral. devices 

other than the paper tape channel. This is achieved by overlaying 

Supervisor's 1/0 constants in the Monitor 1/0 routines. When a job 

card is read, the digit in column seven (which indicates the input 

device) is testedo If that digit is a three (##JOB 3), the job being 

executed is sent from the "small computer" 0 To jnsure that the job 

output is returned to the terminal and not to the 1443 ?rinter, 1622 

Card Punch, or 1620 Typewriter, their 1/0 constants are overlayed to 

make them appear as the paper tape channelo (eo g. a FORTRAN Print 

instrtiction will cause data to be written on to the paper tape channel 

and not to the 1443 0 ) The new set of constants designed to permit 

only communication between the 1620 and the paper tape channel are 

stored in Supervisor on the disk over the normal 1/0 constants for 

all terminal jobso The regular I/O constants are replaced for jobs 

entered from the Card Reader cr TypewriterQ 

At the completion of a terminal job, control will be returned to 

Supervisor to read the next job from paper tape (channel). Thus, 

the call exit status for the 1620 will be an alphameric paper tape 

read under Monitor 10 This will make it possible for the "small 

computer" to send another terminal job to the 1620 while it is idle 

and without an operator's intervention. 

c 
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NEW MONITOR LOADER CARD 

A new monitor loader card had to be designed to return job entry 

to the Card Reader if the 1620 was in an 1/0 hold for the paper 

tape channel 0 ThE new monitor loader card transmits the 1/0 

constant to enable the Monitor system to read alphamerically from 

the Card Reader~ (A ~7 is changed to a ~7 at location 01761 in 

in Supervisoro) When the job card is read from the card reader, 

the proper IIO constants are restoredo 

Location 

00000 
00012 
0002'4 
00036 
00044 

THE NEW MONITOR LOADER CARD FOR RELIC 

Instruction 

34 00044 00701 
36 00044 00702 
15 01761 5000b" 
49 02402 0 
IT9636'f1300102 

Comment 

Seek to cyl. for Supervisor 
Read Supervisor from disk. 
Enable Alpha Card Read 
Branch to Superviso~. 
DDA for Supervisor 
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APPENDIX A OJ 

INTERFACE SPECIFICATIONS FOR 1620 and the SMALL COMPUTER 
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The 1620 parity checking is utnized by staying within the 1620 
character set. 
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ASCII - 1620 PAPER TAPE CODE 

1620 paper (7-bit) 
Character tape code ASCII 

A 86 41 
B 46 42 
C CE 43 
D 26 44 
E AE 45 
F 6E 46 
G E6 47 
H 16 48 
I 9E 49 
J 8A 4A 
K 4A 4B 
L C2 4C 
M 2A 4D 
N A2 4E 
0 62 4F 
P EA 50 
Q 1A 51 
R 92 52 
S 4C 53 
T C4 54 
U 2C 55 
V A4 56 
W 64 57 
X EC, 58 
Y lC 51 Z 94 5 

"CORE-IMAGE/t" NUHERICAL CONVERSION 

"Core-Image"(sma11 computer) 
Numeric Character(hexadecimal) 

o 
1 
2 
3 
4 
5 
6 ., 
G 

9 
A 
B 
C 

7:-
", '"",;i 

APPENDIX B 

CONVERSION TABLES IN HEXADECIMAL 

1620 paper (7-bit) 
Character tape code ASCII 

0 04 30 
1 80 31 
2 40 32 
3 C8 33 
4 20 34 
5 A8 35 
6 68 36 
7 EO 37 
8 10 38 
9 98 39 

blank 08 20 
0 D6 2E 
) 3E 29 
+ OE 2B 
$ DA 24 
~'c 32 2A 

02 2D 
/ 8C 2F 
, DC 2C 
( 8C 28 
= DO 3D 
@ 38 4'0 
¢ (recmk) 54 ""'-

line feed LF 08 OA 
carriage CR (EL) 01 OD 
return end of line 

TABLE - (1620 hexadecimal representation) 

1620 Paper 
Tape Code 

04 
80 
40 
C8 
20 
A8 
68 
EO 
10 
98 
02 
8A 
4A 

1620 "Core-Image" 
Representation 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Qor -
1 or J 
'1 or K 
1" or L 



( "~~"'-."'" 

I 

Ii 

"CORE-IMAGE NUMERICAL CONVERSION TABLE" 

Numeric 
Character 

D 
E 
F 

1620 Paper 
Tape Code 

C2 
2A 
A2 

1620 Core 
Representation 

'! or L 
'4 or M 
~. or N 

STORAGE OF "small computer" CORE-IMAGE PROGRAMS ON THE 1311 

The "small computer" uses a four-bit character structure which 

permits the hexadecimal number set (O,1,2,oov,9,A,B,C,D, and F)o 

Each byte of the "small computer" contains two hexadecimal characterso 

The 1620 utilizes a six-bit data structure (C,F,8,4,2,l)o The hex 

number set may be represented within the 1620 by using the above 

tableo The decimal numbers remain the same with the 6 highest hex 

numbers (A, B, C, D, F) being represented in the 1620 as flagged 

digits (~,Tt~,~,4t~)e 

Thus, by means of a simple conversion routine, numerical data can 

be transferred between the 1620 and the small computer at a vel~ 

rapid rateo Also, the "small computer" system programs can be 

stored on the 1311 Disk Pack and they may be called when needed. 

o 

c· 
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DE"vICE READY 
TYPE USER NlJt.1Bf::R 1 70ne '/ 
TYPE PROJ NUMBEH '/ GIn l ~: 
TYPE JOB SPECIFtCATION RECORD FGl:.:~: 

ENTP~ PROGR~I 

1-: F{\D i., ;:-J 
1 Fcn!\\(!~\T{r3) 

L. EA D :2,6": A~ ~ : ~ J. t~:! j ~ ~J ) 
:? FO Hl"if~T ~ Ii' ~ O·J<!J y 
D G P (.I I ~.: ~. J< ).1 
~{ =\}- I 
:D 0 2 0 .J~: 1 : K 
! F (.=:) ': ~r~ (1 'I ( .J ) •. AFU:' .(\Y ( 4,.H· ! ):; r~\ C.t t~ c., 1. 
1 T fl·~ (j::; :~ii~ CU\ ":t ..: d) 
.lut ·t'~·{ (,J)::~ (..lH.:\:~ yo ( J.?- 1 ) 
l~\ i.ll~{:!Y r Jl' 1 }.-=. rE~·iP 

!;~ I) COl'! T I rJ~) E: 

ENTER DATA 

1 2 .. 
3c 

EXECUTION 

~~. (. 

I.i ,'. 

:( r .. 
l' '.~' .. 

END OF JOB 
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T6 record automatically every use of the 1620 
and to provide. a means of listing weekly, monthly, 
and year-to-date reports on the 1620 v s use o 

o 

This system requires two additional items of in
formation on the Jot,) Card'iJ a: user number, which C" 
identifies the user~ a project number which ) 
identifies the project or Job the user is running. 
Each time a Job Card is read Supervisor is inter
cepted and stored on the work cylinderso A program 
to further analyze the Job Card is called and ex
ecuted o This program checks the validity of the 
user number and PJ'":ol ect :n.u.mber and provides an 
appropriate mess~ge~if tney are not-vaiido For each 
user .. number and j £ct n a section of the 
disk~s,tored UfrequE~iu:;y of use" td.bles is called 
into memory and a. lJ.nit is addf.;cl to a field for the 
appropriate use.r and pX10j ect Dunber ~ the date is 
entered under the numbers, and the t~bles are re
turned to the disk o Supervisor is c~11ed back and 
conirol is returned to ihe Monitor Control 'Record 
Analyzero 

Four other programs are used in support of this 
systemo The tables may be interrogated for weekly, 
monthly, and year=to~date reports to provide in
formation and listings of all 1620 use during the 
period specified o 'The t:a.:t~les may be edited, numbers 
ent~rerl or deleted, contents altered cir updated. A 
printed listing of all the numbers under their. 
cat~gorized headings may be obtained at any time o 

Lastly ~ the daTe is writ:t~en in supervisor every daC· 

1" Storage 20K 
20 Machine configuration=Card. System,Disk,Printer 
3 0 Hardware featu.l"'eS~,A1)to"~divide, indirect/ address 
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BACKGROUND 

This paper is concerned with a system developed at Seton Hall 

University to reco~d the frequency of use and to control jobs 

executed under the IBM 1620 Monitor I Systemo Similar programs 

have been written to control scheduling and to log under the 

Monitor Systemo At the Boston Corrunon Meeting in Har'ch of 1967, 

William Lingo 6f Pratt Institute in New York presented a paper 
\ 

entitled, "Logging Under Honitor Control for' th.e JEd 1620", 

which logs users and provides statistics on their usee Patrick 

Po Emin of the University of New Brunswick in Canada presented 

an excellent paper on scheduling and "Running FOR'i'HAN II~~D in 

Background Mode with Spooling and Check Points" a.t the COMMON 

o Heeting in Chicago in April of 1968 0 And the re are probably 

many more programs of this typeo However~ )lOU may find that 

many of the techniques discussed in this pa.p'e 1"' may be of partic-

ular use to you and to your installationo 

PROBLEM 

When we expanded our IBM 1020-1622 Card Systf.::m to a l'loni.tor System 

with a 1311 Disk Storage Drive in the Summer of 1966) we needed 

to know mQre accurately the volume of use on the 1620, who was 

using' it and for what purpose. ~ve found that logging ,time sheets 

proveq somewhat ineffective, since use.rs and Op81''Iators often failed 

to fill out time sheets or log time acclH'EJ.tely 0 Si:nce the Computer 

Center at Seton Hall University is run 'as an Open Shop it 'Vlas nec-

o essary to know how many faculty menbers 2nd students were uSJ..ng 



c 
the facilities at the Computer Centero Because the Monitor System 

made computer prograr::.uing and cOli1puter access much easier, we had 

greater volune of use tl1an before which Fosed t~e problem of how 

to control unauthorized useo We also wanted to know which depart-

ments were using the conputer and which of those departments had 

the greatest use o And knowing who was using the computer we could 

determine who was not usinE it; and therefore, approach those 

departments where the computer could b2 of assistance o 

SOLUTION 

Our solution was to let the computer do its own nhousekeeping" 0 vIe 

rationalized that logging amounts of time spent per user by the 

1620 could not be easily accomplished without an internal hardware 

"clock" and an interrupt capability, so \Ve decided to log the fre= 

quency of useo Each time a job card is read a unit would be added 
/ 

to a field in tables permanently stored on the disko In addition~ 

The 1620 Monitor System and the 1311 Disk Storage Drive provided 

all the necessary means tc accompli,sh this t>:~sk~ 

PN.OGRAHHING REQUIRED 

Two additional items of information were required in the Job Card, 

a user number, which identifies the user, and a project number, 

which identifies the job or project being executed o 

Four programs were written to implement the system~ 

Ie A program to further analyze the Job Card, 

control job execution, and update tablesa 

c 



o· 
To ca.I.l trlis pX'ogrr3.n modi.fications to H':)ni 1':.0:0 11 s 

Supervisor were necessary; however, the Monitor 

Contr.ol Record Analyzer (HeRA) in. Supe:('\i'isor undex'-.:· 

went only minor modific.at ions 0 

') 
,~.. {) A pro gran to interrogate these tables to provide 

infor.mation and listings on all 16'20 1)~;;I~ di..:tring 

a specified periodu 

.3" A program to edit, de.lete ~ ente:t"'~ an.d/ or. List 

nu~bers in the tableJ 

4 A program to enter the date into an aVdilable 

1 t ." '. 
,oca:~on 2n supervlsoro 

o A more extensive description of those programs will 

follow in this report 0 

DESCRIPTION OF USER NUl'1BER AND PROJECT NU11BERS 

We are able to monitor rontrol and provide statistics on ~oc~ut~r 

use under users and proJects by using a special USEr ~nd proje~t 

b 1 
0 ., • 

num er casslt~catl,on system~ 

Every person using the fa/::,ilitie~:i a.-I: th.e Compl.J,ter Ce~'Jte.c at Seton 

Hall UniversIty is g :; O?H"\ :.1 q.:;: f!~ r' i-.: II p·lh,:-,. 'Y~' :\l~i (~ .=. :;:.,::::. .; '" np d ,:1 1"Jr'-~1 pet 
,J ... V ... A' "'-4 \'~""'_' .~.t;. ..... l,04"'-~. ~ .... ). l..,."'\ ...... t..;:.J..~ ..•• _ . ... .L ......... J ...... -. 

number which authoJ:'-l'l.e.8 tha user to use 1:he c.oril'putef' for his 

particular project~ 

o 



USER NUMBER 

For each user number there are five categories~ Faculty (1)5) 

Administrative Staff (2), Undergraduate full-time students (3), 

Undergraduate part-time (4) students, and Graduate Students (5)0 

Each category is represented by a single digit 1 through 5 re~ryer~= 

ivelyo Each user number is a six-digit number and has the structure: 

CSDDNN where the first digit ee) represents one of the five categories, 

the second digit (S) the school~ the third and fourth digits (DD) the 

department under the school, and the last two digits the (NN) sequence 

numbero 

EXAMPLE - 312801 indicates an undergraduate full-time 
student (3), in the School of Arts 

PROJECT NUHBERS 

and Science (l)~ in Mathematics De
partment (28), and is the first student 
assigned this number (01)0 

For eac~ project number there are nine categories: Arts and Science (1), 

Business (2), Divinity (3), Education (4), Medical (5)~ Dental (6)~ 

Computer Center (7), Administrative (8), and Other (9)0 Each category 

is represented by a single digit 1 through 9 respectively~ Each project 

number is a six-digit number and has the structupe ~ CDDtHHJ tvhe,re the 

first digit ee) is one of the nine categories, the second and third 

digits (DD) the department, and the last three digits (NNN) the sequence 

number or class number o 

EXAMPLE - 128181 indicates the project is in the School of 
~ts and Science (1), under the Mathematics 
Department (28), for the Mt 181 class (181)0 

This user and project classification system provided an easy structure 

from which to design tables o 

o 

c 

o 
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DESCRIPTION OF TABLES FOR 1620 USE FOR PROJECT AND USER NUMBERS 

The files for storing the frequency of 1620 use are separated into 

three division (1), USER NUMBERS (non-computer center), (2) PROJECT 

NUMBERS, and (3) COMPUTER CENTER USERS WITH PROJECT NUMBERS 0 

The files for Divisions 1 and 2 have the capa.city for 500 user numbers, 

100 for each of the 5 user divisions and 500 project numbers, 50 for 

each of the nine divisionso The format for the user number and project 

number file is a six-digit user or project number followed by a three

digit weekly count, a three-digit monthly count, a four-digit year-to-

date count, and a four-digit (first four digits of date)o 

EXAMPLE: UUuuUUtVWWHMM?'YY1)DDD WHERE VUUUUU is the user or project number 

(each high order position is flagged) WWW is the weekly count 
.l'·IMH is the monthly count 
YYYY is the year-to-date 
IDDD is the date of last useo 

10 USER NUMBERS are stored on cylinder 18, sector addresses 09000-09099 0 

Each user number and its related fields occupies 20 core locations, 

and the entire file for a particular user number category occupies 

20 sectorso There are 5 categories under which the user numbers 

are classified o 

USER CATEGORIES 

FACULTY 
ADMINISTRATIVE 
FULL-TIME UNDERGRADo 
PART-TINE UNDERGRADo 
GRADUATE STUDENT 

FIRST DIGIT 

1 
2 
3 
4 
5 

SECTOR ADDRESSES 

09000~09019 

09020-09039 
09040-=09059 
09060=09079 
09080-09099 

20 PROJECT NUMBERS are stored between sector addresses 09100 and 09199 0 
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Each project number and its related fields occupes 20 core locations 

and the entire file for a project number category occupies 10 sectors o 

There are nine categories under which a project number can be classified o 

PROJECT CATEGORIES 

ARTS AND SCIENCE 
BUSINESS 
DIVINITY 
EDUCATION 
MEDICAL 
DENTAL 
COMPUTER CENTER 
ADMINISTRATIVE 
OTHER 

FIRST DIGIT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

SECTOR ADDRESSES 

09100-091'19 
09110-09119 
09120-09129 
09130-091J9 
09140-09149 
09150-09159 
09160-09169 
09170-09179 
09180-09189 

Sector addresses 09190-09199 are not used and are availableo 

3 0 COMPUTER CENTER USER NUMBERS 

All Computer Center user numbers, both academic and administrative 

staff, are placed into a different file then those described on 

the previous page~ These tiumbers are stored in cylinder 19 0 Both 

the academic and administrative user numbers contain space for 10 

users with 20 project numbers under each usere The academic staff 

for the Computer Center will have a "17" as the first two digits 

of the number and these numbers are stored between sector address 

09200 and 09239 0 The file for this category occupies 40 sectorso 

The administrative Computer Center user numbers are stored between 

sector address 09240 and 09279 0 

The user number again is a six-digit number and will appear as the 

first number of the file followed by a project number, a three=digit 

weekly count, a three-digit monthly, a four-digit yearly and a four

digit date, followed by another project number, etc o 

c 

c 



PROGRAM DESCRIPTIONS 

o JOBCD-PROGRAM TO FURTHE-R ANALYZE THE JOB CAED 
..... ~~:t'\·~~'='·~~Y'!~''''.;:~;--;·J_.'''·L.ftL.)::''·.o:.~:.;!:.:. .. :;._.~' ... '. '~~~~..t.. ... ,.; ..... ~ 

iiodification to the HeRA stores Supervisor on the work cylinders at 

sector address 01400 and calls the program to further analyze the 

Job Cardo 

JOB CARD STRIPPED 

The contents of the job card which had been read by Supervisor is found 

in memory locations 13000 to 13159~ Supervisorfis Transfer Numeric 

Strip Routines at 08146 (version 2) is used to strip the numerical digits 

of the user number and project number on the job cardo The calling 

sequence for this routine is described on pagelS of this papero 

Once the user and proj ect numbers have been str1i.pped and re"",constructed 

o they are tested for validityo If the numbers are found to be invalid, 

an error message is typed and 10 seconds is allowed for entry of the 

correct numbero If the correct number is not ente.red within. 10 seconds, 

the job is abandoned and control is returned to Supervisor ,to read 

another job cardo 

NON-COMPUTER CENTER USER NUMBER PROCEDURE 

User numbers of non-Computer Center Users are processed before the project 
-

number~ The user's category of the user file is read from the disk into 

memory, and a "straight look-up" method is use.d to search for the user 

number in the table called o If the user number punched on the Job Card 

does not match a number in the table, "USER NUl'1BER NOT AUTHORIZED H , will 

be typed and the job abandoned o When the user number has been found in 

o 
the table, a unit is added to the weekly count and the first four digits 

of the date are entered o The tables are then returned to the disk and 

the same procedure is followed for the project number o 



COMPUTER CENTER STAFF PROCEDURE 

Since additional information is required for the Computer Center staff, 

their user numbers are processed somewhat differentlyo The project 

number on their job cards is updated firsto This is necessary to test 

for the validity of the project number, since when a particular Computer 

Center user's project number is not found under his user number it is 

entered automaticallyo Thus, if we test the project number first~ we 

o 

are assured it is authorized if it is entered under the user number o 

Therefore, a unit of use and the date are entered in the project number 

field under the Computer Center user number~ The fields under the project 

number in the project number division are also updated to provide a total 

use for that project regardless of the usero 

ADDITIONAL TIME SPENT 

The time sp~nt in logging a unit of use and the date under each user 

number and project number adds approximately one and one=half seconds 

to two and one-half seconds to the Job Card Routine o 

JOB CARD SUMMARY SHEET OPTION 

When a digit is punched on the job card between the user number and the 

project number (cole 38), the job card summary sheet option is executed o 

This option will print a header sheet identifying the job being run 

and contains the Seton Hall University Computer Center heading 9 the date, 

user and project numbers, and other descriptive information furnished 

by the job card~ (see pagel7 ) 

o 

c 



SUPERVISOR RETURNED 

When the user and project numbers have been updated andlor the Job 

Card Summary Sheet option executed, Supervisor is read back from 

the work cylinders and control is returned to the Monitor Control 

Record Analyzer and the next control card· is read o 

OTHER APPLICATIONS 

This program will be used to control and inhibit certain user's 

programs from using one of the 1620 peripheral devices by overlaying 

Monitor I's 1/0 constant~o Thus, any job which has access to our 

1620 from our remote terminal system (RELIC) can only return output 

back to the terminals, and not to the printer, typewriter, or card 

puncho 

o This program can be furt'her used to control sched~ling of jobs and 

select the input device :which is ready to send o 

• 

Lastly, the program provides the possibility of writing messages and 

instructions to a certain user or users o 
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DESCRIPTION OF SUPPORTING PROGRAMS 

Ao WEEKLY - MONTHLY - YEARLY - Interrogates frequency tables for 
listingso 

The purpose of this program is to interrogate the tables Cstored 

on the disk and updated by JOBCD each time a job card is read) 

and punch a deck of cards from which a weekly, monthly~ or year-

to-date reports can be listed describing the frequency of use 

for the 1620 by users and projects for the period specified o 

The report is divided into three divisions: 

10 A listing by non-Computer Center user numberso This lifting 

will appear as the first page of the reporto It will contain 

use for users under the five categorieso If there is no use 

for the time specified for a particular user number or category~ 

the number or category will not be listed 0 Only those number~s 

for which there has been use appears in the listingo 

20 A listing of all proj ect numbers 0 This sE;c.tion contains project 

numbers und-er the nine categories!p and only those for which 

there has been use during the period specifiedo 

3 0 A listing of Computer Center user' numbers \.;ith proj ect numbers 

under usero This report will appear as the last section of the 

listingo The user numbers are classified under Acad(~mic and 

Administrative staff with their projects listed under the user 

number o 

WEEKLY - lists all weekly use and resets the weekly fields 
(run every week~ 

MONTHLY- lists all monthly use and resets tl:\(2~ monthly fields 
(run every month) 

YEARLY - lists all year-to-date use and reset all fields 
(run every year) 

o 

c 

c 
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B. EDTBLE Edit disk-stored frequency tableso 

The purpose of this progra~ is to provide the following four 

capabilities: 

1. To enter new user and project numbers into the tables 

2~ to delete older user and project numbers from the tables 

3. to edit or correct frequency counts to the part of the 

table or tables that need correcting or that get "wiped-outfto 

4. To provide listings of all use.r numbers and project numbers 

which are stored in the tables, and to list them under their 

proper categoryo 

Co UPDATE program executed each day to store the date o 

The purpose of this program is to pead and store the current 

date on the disk in the supervisor program so that it is available 

for use at any time by other prop.;:rar:ls 0 The five digits of the 

date (month, day, and last digit 0 f t ~H~ year) are stored in the 

supervisor at memory locaton 01303 enq 01307 0 The sector address 

containing 'the date is 19648 0 If thi3 sector is read into core 

location XXXXX, the date would be foun(1 dt XXXXX+ 5 with a flag 

at XXXXX+lo This program was written by Mrso Jud!th So Heyman, 

a former member of our staffo 

EXECUTION AND EXPERIENCE 

Two years of experience operating under-' this s~em has more ,than proved 

its usefulness to our installationo We are now able to control who 

uses and for what purpose our computer is used o 



We are able to document how the computer is being used which 16 

of "some" importance to the administl'ations VJ:ho provide the fiscal 

budgeto Also by evaluating past use we have been able to better 

predict and prepare for increases in future use o 

o 

o 

c 
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c SPECIFICATIONS 

HODIFICATIONS TO SUPERVISOR (!-iONITOR I VERSION 2) 

In order to further analyze the Job Card the following modifications 

have been made to the Supervisor Prograno 

10 A NOP (41) has been placed at core locations 05238 and 05239 

to avoid transmitting a digit into 060940 

EXAMPLE: 05238 41 06094 02851 

20 An area of Supervisor 06086 - 96169 is used when there are more 

than one disk storage fileso Since we have only the single disk 

file, this area is not used by the Supervisor~ Therefore, the 

instructions listed below are placed in that area o This routine 

o is used to temporarily stoY'e the Supervisor on the work cylinders 

and call the Job Card progran to further analyze the Job Carda 

HJB 20 SK A 06086 3Lj. 06142 00701 

HDN A 0609c3 38 U6142 00702 

TI\ IBMMOD,B 06110 31 OU440 06156 

BI MONOCAL, 19 061L2 46 00796 01900 

B OVERLAY 0613L~ 49 00466 00000 

A DDA ,1,01400,173,02302 06142 1"0140017702302 

B DDA ,1,SSSSS,CCC,02402 16156 1SSSSSCCCU2402 

DC 1,# 16170 ~ 

o 



where SSSSS is the sector address of the program "JOB-CP", and CCC 

is the number of sectors used by JOBCDo 

The Sect~~ Addresses where this sectiDn of Supervisor is stored is 

between 19687-196980 

ROUTINE TO EXTRACT NUMERICAL STRIP 

The routine to extract numerical strip from the Job Card in Read 

area (13000-13159) is at core location 08146 0 

The Calling Sequence 

TFM 09800 
BTM 08146 

Return from routine TF WORK 

NCHAR are the number of characters 

NC1-IAl\ 
ADDR 

, 09811 

ADDR is the odd address (high order) of field to be stripped 

09811 contains the stripped numerical field o 

o 
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JOB CARD FORMAT 

Each Job Card entered under the Monitor I System for the IBM l62Q at 

The Computer Center, Seton Hall University must contain a user number 

and project number according to the specifications belowo Additional 

information may be punched on the job card to identify the job or print 

a Job Summary Sheet 0 

COLUMN 

1 - 2 

3 - 5 

6 

7 

32 - 37 

38 

39 - 44 

45 - 47 

48 - 72 

73 

7;4- - 79 

80 

SPECIFICATION 

JOB 

BLANK 

1 FOR TYPEWRITER, 3 FOR PAPER TAPE OR 5 for 
CARD INPUT 1 

USER NUMBER 

BLAN.K (l wil'l print a Job Card Summary sheet 
title page 
PROJECT NUMBER 

BLANK 

IDENTIFICATION 

BLANK 

JOB TYPE 

BLANK 



**JOB CARD SUM~ARY 

USER NUMBEP.

P.ROJ ECT NU.,lBER

IDE NT! I: I CAT ION. 

~JOa TYP6. 

SETON HALL UNIVERSITY 

COt\1PUTER -CENTER 

09/03/68 

110001 

700001 

SUM~1ARV SHEET ~AGE OPT ION 

SPSII 

o 

c 
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EXAMPLES OF TYPED MESSAGES FOR INVALID USER OR PROJECT NUMBERS. 

**JOB 5 

USER NUMBER NOT AUTHOR I ZED c 

END OF JOB 

**J08 5 
PROJECT NUMBER NOT AUTHORIZEO o 

EtID Of JOB 

**'JOB 5 

155014 700Q101 

170007 300001 

INVALID USER NUHBER o TO TYPE NUMBER SWl ONo 

1 700B7R5 
PLEASE TURN OFF SW 1 THANK YOU o 
I NVAL ID PROJECT NUHBtR D TO TyPE NUMBER SWl ONo 
701011.RS 

**JOB 5 

iHVAt~O USER NUMBER o TO TVPE NUMBER SWl ONo 

EttD OF JOB 



REPORT FOR 1620 USE FOR THE WEEK 08 30 68 
--- ---------

USER NUM~~S~--------------------+/~l~ 

UNDERGRADUATE FULL TIME STUDENT 
------

WEEKLY TOTAL DATE LAST USED -------------------------- .-----------~-----------------~--~~--------
NUMBER 

312805 065 0193 08 28 63 

WEEKLY TOTAL 00065 
.. ---_._--------_. __ . __ ._-- ------



REPORT FOR 1620 USE FOR THE WEEK 08 30 68 
. --_. ----- --.----.------.----- -.----------.-------------.-.---.----------------------------------------11 

__ 0 ____ ... ________ ... ----.... -- -.. -.-.-.. -.. -----.---------- -_._--------------------11 

FACULTY 
- _. - --. __ ._-_ .. _-- -_._- ---_._---_._---------- -_._. __ . - - ------- .. ---- -_._----_ .. _-_._---_._._-_._- _._._- ._---_._ ..•. _----_._-_. __ ._._._------------

USER NO.· 170007 
- ---- - _.- -- .. - ... _- - . _._- - _._--_._----- ---_ .. _--_ .. ---_._. __ ._------_. __ ._--- ----------------_._ ... - - ._--_.-_._----_. -_._---_ .. _-------------_._-------------------

NUMBER WEEKLY TOTAL DATE LAST USED ---.-.--- ..... -.---.-.--------.----------------------------------------=------1 

700001 002 0026 08 30 68 
---- -- --- -.-------- -------- -- --TOTal r .- -----·-----------00-5------------------0-01-3-------------·---0[----] :::--~--3-----·---·--···-

700002 002 0026 08 30 68 
----------------- --------------------7uIo-r2-------------------uOS----------lY03-cr-----------OS-30-6S-------------

------ .. ------- -- wFEl(CYTTITAI-on 0 14 

_ .. _--_.--_ .. - ... - .. -._---_ .. _--_ .. _-_ ... -----_._------- ._---------_._------------- ------_._--------------------

USER NO. 170008 
--_. __ ._--_._ ... _-_._.--_ .. ---_._--_._------------------------------------------------

NO WEEKLY USE 

--0 S--ER -N O~--1T(rooT----------------------------------------

---0 
USER NO. 170002 

--- .. -.-.-.--.. -.. - .. ---- .... -------.---.------.---------------------------------------1 

NO WEEKLY USE 
-.--.----- .. -------- ._---_ .. _-------_._----------------------------------11 

----------- US ER Nlr. 170010 

-_._----_ .. -._------_._---_ .. _._------------_. __ ._--------------_._---------------_._--------------

USER NO. 170009 
--.------.--------------------------------------------1 

NO WEEKLY US~ 

ADMINISTRATIVE STAFF 

USER NO. 270001 

NO WEEKLY USE 

USER NO. 270006 

O----------------""'N-,.,-U"7-0M-=-=B=-=E=-=R=-----------,-W'-=Ec-=E-:-:-K-:--L--:-"":Y----=-r O=-T=-A-:--Lo-----------=O=--A=-=T=-=E::---:-L---=A---=Sc-=T::--U:-::S:-::E:-::D-----; 

216434 
830001 

WEEKLY TOTAL 00011 

006 
005 

0010 
0005 

08 28 68 
08 23 68 



,----------~ ... -. 

REPORT FOR 1620 USE FOR THE WEEK 08 30 68 ---.-.---------.-.-------.---------.. -------- --------------2-t:r 

PROJ ECT NU-MBERS 

I - .. -------.. ----.-. --

I 

I 

BUSINESS 
... -.. _ .... __ •.. -....... _--,---

NUMBER WEEKLY TOTAL DATE LAST USED 

216434 006 0010 08 28 68 

WEEKLY TOTAL 00006 

----.. _ ..... _-- ..... _----_ .... _ .. ---_ ... _---_ .... _ .. _ .. _ .... _._----_.-----------------------------------

COMPUTER CENTER 

NUMBER WEEKLY TOTAL DATE LAST USED 

700001 027 0051 08 30 68 
------....... ·----·---------·------·---,0000 2------0=-6..-9=--------,;;~-;;:;------=--=--=-=---=--=---------0215 08 30 68 

701006 006 
10 lOT!" 011 
702010 001 
101012 005 

ADMINISTRATION 

NUMBER 

83UUOI 
820005 

WEEKLY 

b05 
018 

0037 
0041 
0001 
0030 

TOTAL 

0005 
0018 

08 26 68 
08 30 68 
08 22 68 
08 30 68 

DATE LAST USED 

08 23 68 
08 20 68 

C--' 

----------- -------------------------------------------------------------------
WEEKLY TOTAL 00023 

.-- ... _ .. __ ... _-- _ .. _---_ .. __ ._ ...... ---------

·----1-JtFKl-V TOT A L 00 148""" 



brew", #1*. tt t t t .. b.drtrlt Msht "d ; *riii t'r"" tt#6trif¥t#**#dri .. r""z rT- t r" tIe", u m -

NUMBER WEEKLY TOTAL DATE LAST USED 

------------------------,oIo()"6- ---------006------- 0037 08 266-8---------------

701011 006 0028 08 28 68 ~-0--- ----- -- --------- --- --- ----- ------- ------- ------------------ ---------------------------------------------------------------:..."'----
WEEKLY TOTAL 00012 

--------------------------------------------------------------------11 

u S E-R-NO-~ ---2"1'0012-------- ------ -------------------------------- --------------------

NO-WE EK[y---USE-------- -- -- ----- -------------------------------------------------------------------------

---------------------------------------------------------II 

USER NO. 270013 
------------------------- -------------- -----------------------------------------------------------------------------------------------

NUMBER WEEKLY TOTAL DATE LAST USED 
- ---- ----------- ----------- ------------------ ----- ------------- .. _-----_ .. ---------------------------------- -----_ .. _-------------_ .. _-----------------------

702010 001 0001 08 22 68 
-----_ .... _----------------------

WEEKLY TOTAL 00001 
--------- ----------------- ----- --------------------------------- --------------------------- ----------------------------------------------------------------

- ----- - - US ER --NU-;-----Z7UUT6- ---------------------------------------------------------------------------------------------- --------- ------------------

----.. ----- ----------------------..N---..--UTTM ......... BEF: Wl:l:KLY lurAL DATE LASl USED 

---- ----- -------------- ------------(1JOUUT----------------------------o19--------------------- -----()'OfSf--------- 08 28 6 8 ~ -_.' .. -.----'---------.. ----

--- -- -- ------WEEKL y--TDTAL--UDUT9-----------------------------------------------------------------------------------------------

0-------------------------------------------------------1 

USER NO. 270007 
u ______________________________________________________________________________ ~ ___________________________________________ - ________________________ ______ 

NUMBER WEEK LY TOTAL DATE LAST USED 
--------------------

820005 018 0018 08 20 68 
----------------------(nn~OIO~....-2------".O~02---------;0"'0""0:-;;;2.--------0:;::;-8A'---:2...-;8;--';6;--;8:;---------I 

700001 006 0006 08 28 68 
----------------------- -- ---- --------- ---------------------------------------------------------- -------------------

WEEKLY TOTAL 00026 
- --- ------------------------ --- -------------------------------------------- ---------- ---------------------------------.. -- ----------------------1 

-----------us ER NO. 2 10015 

o 
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CABD SY,3TE1Y: ~·lODIFICATICNS, SP3 AND pr)(~ 

John H. Wise 
Washington and Lee University 

. Lexington, Virginia 24.450 

This paper describes some modifications in the card system 
currently used at IJashington and Lee. The COiilpu.ter configuration is 
a 1620, Illiodel 1, with 1622 card read-punch and 1443 printer, and includes 
the special features package for indirect addressing and TNS, TNF. 
Memory is 20K, but the modifications would be the same for larger memory 
machines. The special feature package is required for the PD:~ modifi
cations. 

The PDQ modificationo have gone through a ~umber of stages. Initial 
changes to permit. printer output 1t1ere rlade at vlashington and Lee 3.S well 
as by loir. John Vi. Holmes, Cooper-BeSSel:ler Corp., Hount Vernon, Ohio. 
~1r. Andre Lacerte, while at ;/vashington and Lee, rr.a.de an extensive re
vision with added subroutine features. About the only Lacerte mod
ification retained here is the E-forrnat style in which the decimal point 
nmy be placed wherever desired (however, the tot~l width of an E field 
is filled with digits even if!! is greater than 14). 

The sequence of modifications is outlined below. 
1) Changes for 1443 printer. Both compiler and subroutines required 

changes. Features include: Trace on printer in a two line fornmt 
(address and value); Tl~E statements on console, but requiring 
CONTHOl for new lines; an option of 105 pl'Jint position output and 
an option for either 72 or BO colulnn card input. 

2) Changes in switch settings so that ON calls the featllre into 
operation (thus S3l ON calls for printer listing of source). 

3) Changes in loader from the dieit-by-digi.t scheme to a card read 
scheme. Loading time is reduced from 40.5 sec to 2;.5 sec with 
this modification. 

4) Symbol table on printer. To include this, the SS2 option of 
punched referenced source statements :las been deleted (S32 is used 
below). Listing of the symbol table is under control of 3Sl. 
Page skip on channel 12 is included in source and symbol table 
listing. The listing is four items p~r line except for dim
ensionei variables at one line each. 

5) A pre-compiler option has been included under control of SS2. If 
332 is ON, object punching and symbol table listing is suppressed~ 
With SS2 OFF, object is punched until an error is detected, and 
the symbol table is listed only after a successful compilation 
of the program. 
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6) Subroutine changes are required for printer output and the E-format 
mentioned above (the E-format change forces ~he t".lo-line tra.ce out
put) • 

7) A condensed subroutine deck is used for all programs that do not 
require relocatable subroutines. (A program can be checked for 
relocatables on the third from last card of the object. This ca.rd 
has -0402 in cc 1-5, and will contain 0' s in cc 55 to 70 if :.10 

relocatables are needed - othe"~se some l's will be in cc 55 to 70). 
This deck has been further compressed by a revised loading program 
that uses a 5 column address instead of the 19 colurr~s of the 
standard deck. It can not be used if subroutines are included in 
the object deck (if SS3 is ON during compilation). 

After completing these PDQ modifications, the SPS deck was examined. 
By using a loading program 3imilar to that in the PDQ decks and eliminat
ing some unnecessary or unused instructions (e.g., the test for Hodel 1 
or Model 2 machine), the SPS III deck was condensed from 514 cards to 
241 cards. This deck size is much more convenient to handle. 

The only SPS modification was to remove the halt which is included 
in an SPS object deck at the conclusion of loading the object. At 
present, a branch to start occurs automatically. 

Copies of the modified decks can be obtained from the author. 
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C()NVEkSIUN UF FURTkAN II TU FORTRAN IV 

RY 

PATklCIA E. KAY 

D. W. MATTSON CUMPUTER CENTER 

TENNESSEE TECHNOLOGICAL UNIVERSITY 

COOKEVILLE, TENNESS~E 38501 
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CUNVEkSIUN UF FUkTkAN II TU FORTRAN IV 

INTkOOUCT IUN 

WHEN FORTRAN II Ok II-I.) PROGRAMS WRITTEN fUR THE IHM 1620 
CUMPUTt:R NEtD TU 8E rvIAUl: COMPATIHLE FUR RUNNING UN A CUIVlPUTER IJSING 
FURTRAN IV, IT IS NECESSAkY TO CHANGE CERTAIN STATEMENTS. 
THE FIL TER PROGRAM, RUNNING ON THE 1620 SYSTEM, CHANGES MANY OF 
THESE INCLH~PATIBLE STATEMENTS OR POINTS OUT Tn THE PRUGRAMMER 
THE MURE DIFFICULT CHANGES TO BE MADE. 

HASIC PRUGkAM DESCRIPTIUN 

THE PkIMAkY CHANGES TO Bl: MADE IN A FURTRAN I I SUURCE DECK 
AkE FUUND IN THE INPUT/OUTPUT STATEMENTS, READ, PRINT, AND PUNCH 
IN PAkTICULAR. SINCE FORTRAN IV REQUIRES A DEVICE CUDE FOR EACH OF 
ITS I/U STATEMENTS, THE OPERATOR WILL bE ASKED TO ENTER THE DEVICE 
CUDES FUR THE CAkO kEADER, CARD PUNCH, AND PRINTER AT THE BEGIf\INING 
OF THIS PKUGRAM. THUS, THE FURTRAN II STATEMENT •• PRINT 70, A •• 
WILL HE CHANGED BY THE PRUGRAM TO •• WRITE(N,70)A •• , WHERE N 
REPRESENTS THE DEVICE CODE FOR THE PRINTER. CJTHER FORTRAN I I I/(l 
STATEMENTS THAT WILL BE DETECTED ARE THE TYPE, ACCEPT, AND IF SENSE 
SWITCH STATEMENTS, AND THE KECURO, FETCH, AND UEFINt DISK STAEMENTS 
OF FURTkAN II-D. SINCE THESE STATEMENTS RE(JUIRE REPRUGRAMMING THEY 
AkE PUINTED OUT ON THE CONSULt: TYPEWRITER. NU CHANGE IS MAnE Tn THE 
ORIGINAL STATEMENT. 

UTHER CHANGES TO A FORTRAN II SUURCE DECK MAY ~E NECESSARY 
WITH THE USE OF THE ARIT~ETIC FUNCTIUNS -- SINF, CUSF, ATANF, 
S{")kTF, LUGF, EXPF, AND ABSF. IN ALL CASES THE F MUST HE D.RUPPED. 
THIS CAN USUALLY BE DONE BY THE PRUGRAM. THE LUGf- TO ALUG AND 
AHSF TO A~S OK lABS CONVERSION MAY REWUIR~ MURE CHANGES THAN THIS 
PKOGRAM CAN HANDLE. IF SO, DIAGNOSTICS WILL BE TYPED. 

EACH CAkD IS GIVEN A SEQUENCE NUM~~k THAT IS PLACEO IN THE LAST 
FOUk CULUMNS OF THE CARD. THE PROGRAM TER/VIINATES UPUN THE DETECTIUN 
OF AN •• END •• CARD WITHIN THE FORTRAN SOURCE DECK. THIS LAST CARD 
IS kEPKUIJUCED AND THE PkOGRAM HALTS. 

THE OUTPUT 

AFTER THE PROGkAM ANALYZES EACH FURTRAN II SUURCE CARD, IT 
EITHEK kEPRODUCES THAT CARD IMAGE, MAKES NECESSARY CHANGES AND 
THEN PUNCHES THE CARD, OR DETECTS THE rvll)RE COMPL ICATED CHANGES AND 
PUNCHES THE CARD WITHOUT THAT CHANGE. THE CHANGES THAT COULD NUT 
HE MADE WILL BE LISTED ON THE TYPEWRITER, GIVING THE DIAGNOSTIC AND 
THE CAkD NUMBER I N THE LAS T FUUR COLUI'~I\JS UF THE CARO. 

THE LISTING 

AN UPTION UF THIS PROGkAM IS A PRINTED LISTING UF EVERY CARD 
. IMAGl:, INCLUDING CHANGES, AND AN ASTERISK TO THE RIGHT OF THE 

UNCHANGABLE CARD IMAGES. 

/ 



THE DIAGNUSTICS 

;-~ ~ S ( H J I\J A S T H t: P k UG K A M [H: TEe T S A l\j l J f\l C UN V E R T I K L t S TAT E tVI E N T 
l ) t\ A K 1 T H 1"'1 E TIC fUN C T I UN, A (lil E S SAC; r: 1ST Y P t: lJ FUR THE P I<. (J G K A /VI /VI E K t\ L UN (; 
~) 1 fH I t-H:: CAI-<U I\JUMt1EK. 

I dl::5t UIAbNlJSTICS INCLUIH: . . . 
CHANGl::S KE(..)UIKEIJ fOK THE TYPE, ACCEPT, reTCH, AND RECUkU 
I/f! STATEfvli:NTS. 

CHANGES kE(..)UIKFU FOk. THE DEFINE DISK ANU If SENSE 
SWITCH STATMeNTS. 

PK(lHABLE kEc'.lUIkti"IENTS fUR CUI\IT!I\IUATION CARDS IF THE 
STATE~lvIENT IS ALkFADY USING ALL CAkD CULU/Vi/\lS AVAILABLE 
j~f\iD f\JEEOS AUDITIUNAL RUntVl. 

DETECTION OF /VI ON I TUK CUNTRUL RECUkDS. 

S Y S T E 1"1 C UN FIG U KAT I UN 

ItH/1 16LU, fVjUDEL 1, 2UK 

S~fCIAL f-EATlJkES ••• T1\15, TNF, MF 

It\J!)lktCT ADUkESSING 

144:1 PkINTER (OPTIC1NAL) 

PkOGRAM UPERAlION 

SWITCH SI::TTIl\lbS 

Ut-LUW --PkOG 

Iff} --STUP 

fJAkITY--5T{)\J 

DISK --PkUb 

SENSE SWITCH 1 -- ON FUk PkINTEO LISTING ALUNG WITH 
PUNCHED OUTPUT. 
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DATE TAHLE FOR THE MUNITUR SYSTEM 

RY 

FRANK E. BUSH, JR. 

D. W. MATTSON COMPUTER CENTER 

o TENNESSEE TECHNOLOGICAL UNIVERSITY 
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DATE TARLE FUk THE MUNITUR SYSTEM 

INTRUDUCTIUN 

IN AN INSTALLATIUN THAT HAS A LARGE TURN OVER IN TH~ NUMHER 
OF PRUGRAMS THAT ARE PEKMANENTLY STUR~O UN DISK, IT IS OFTEN 
DESIKAHLl:: TU KNOW THf. DATE THAT THE PRUGRAMS WERE LUADED TO DISK. 
THIS IS ESPECIALLY TRUE WHEN IT IS NECESSARY TO RUN ON A BACK-UP 
PACK, UR WHEN SEVERAL UNKNOWN-IN-AGE PROGRAMS ARE FUUND UCClJPYING 
DISK SPACE. IT IS FOR REASONS LIKE THESE THAT A MEANS OF 
KEEPING UP WITH THE GATE THAT PRUGRAMS WERE LUADED TO DISK HAS 
liEEN PUR-SUED. 

ADDING THE DATE TABLE TU MUNITOR 

l"HERE ARE THREE PHASES THAT MUST ~E EXECUTED ~EFORE THE DATE 
TARLE WILL HE UPERATIONAL. THESE PHASES INVOLVE RESERVING SPACE 
FUR TH~ DATE TABLE, STURING THE CURRENT DATE ON THE GISK, AND 
PATCHING SECTIONS OF MUNITOR TO ALLOW THE DATE TAHLE TO BE 
MAINTAINED. A FOURTH STEP IS THE LUADING OF AN OUTPUT PROGRAM 
THAT WILL DISPLAY THE CONTENTS OF THE DATE TABLE. 

I. Rl::SERVING SPACE FUR THE DATE TA~L~. 

IT IS NECESSARY TU ALLOCATE 140 CUNSECUTIVE SECTURS ON UNE 
CYLINDEk FOR THE DATE TABLE. THIS IS EASILY ACCOMPLISHED BY USE OF 
THE ~~lJLOAD 01 SK UTI LI TY PROGRAM, LOADING 140 SECTURS FROM THE IIIIUkK 
CYLINDEkS TO A CHOSEN AREA UN DISK. IT IS IMPORTANT THAT THE 
SECTORS ALL BE ON THE SAME CYLINDER, ~ECAUSE THE UTHER PROGRAMS 
MAKE NO ALLOWANCE FUR CYLINDER UVERFLUW. 

THE 140 SECTORS THAT ARE ALLOCATED WILL BE UTILIZED AS FOLLOWS 
11 SECTOkS FOR THE TABLE MAINTAINENCE PROGRAMS 
89 SECTORS FOR THE DATE TARLE 
40 SECTOkS FOR A CORE ~UFFEk AREA. 

II. LOAD THE CURRENT DATE PRUGRAM. 

IN ORDER FOR THE DATE TA~LE TO HAVE THE CURRENT DATE AVAILAHLE 
TU IT, THE NEXT PHASE INVOLVES LOADING A PRUGRAM THAT WILL STORE 
THE CURRENT DATE IN A PLACE THAT THE MAINTAINENCE PROGRAMS WILL HE 
AIjLE TO ACCESS IT. THE PLACE FOR THE DATE IS THE DISK LABEL SECTUR 
--19800." THE DATE WILL B~ STORED AS A SIX-DIGIT NUMBER, I.E., 
TWO DIGITS FOR THE MONTH, TWO DIGITS FOR THE DATE, AND TWO DIGITS 
FUR THE YEAR. THE DATE WILL BE READ FROM A CARD BY THIS PROGRAM, 
CHECKED FOR VALIDITY AS THROUGHLY AS PUSSIBLE, AND THEN PLACED IN 
THE DESIGNATED AREA IN THE DISK LABEL SECTOR. 

III. LOAD THE MAINTAINENCE PRUGRAM PACKAGE. 

THIS PROGRAM WILL PUT THE MAINTAINENCE PROGRAMS INTO THE AREA 
RESERVED ON DISK AND AT THE SAME TIME MAK~ THE NECESSARY CHANGES 
TO MONITOR TO ALLOW THE MAINTAINENCE PROGRAMS ~O B~ CALLED AT THE 
PKDPER TIME TO UPDATE THE DATE TABLE. NONE OF THE FUNCTIONS UF 
MONITUR HAVE BEEN ALTERED. 

IjEFORE THE MAINTAINENCE PACKAGE LOADS ITSELF TU DISK, A 
MESSAGE WILL BE TYPED UN THE CONSOLE TYPEWRITER AKSING FOR THE 
LUCATIUN OF THE AkEA THAT WAS RESERVED. IN ADDITION, THE PROGRAM 



W ILL ASK I F A P kiN T E K I SAT T A C HE D T D THE C LJ (vI P lJ T E R • I f SO, THE 
MAINTAINENCE PkOGKAM WILL HE MODIFIED, BY THE PROGRAM, TU ALLOW 
THE ~:~I)t:LET AND DK LOADfD STATEMENTS TU BE PRINTED AS WELL AS 
TYPED. 

IV. LUAD THE OUTPUT PROGRAM. 

StJACE SHOULD THEN BE RESERVED FUR THE UUTPUT PRUGRAM THROUGH 
THE USE UF ~:{DLnAD, 20 SECTORS ARE NEEOED. THE UUTPUT PROGRAM IS 
ALSU SELF-LOADING AND WILL ALSO INQUIRE A~UUT THE LUCATION OF THE 
DATE TABLE AND CHECK IF A PRINTER IS ATTACHED. IF THERE IS NO 
PI<INTl:k, OUTPUT WILL BE ON CARDS. 

MAINTAINENCE OF THE DATE TARLE 

THE C lJ K R EN T [) ATE W ILL BEL [JA D EDT U DIS K E A C H tvl U R hi I N G BY 
EXECUTING THE DATE PkOGKAM. EACH TIME A PROGRAM IS LOADED TO DISK, 
A lU-UIGIT ENTRY WILL BE MADE TO THE DATE TAbLE--THE 4-DIGIT DIM 
NUMHEk ASSIGNED BY MONITOR AND THE CURRENT 6-0IGIT DATE. THE TABLE 
IS KEPT IN SEQUENCE UY DIM NlJMHER. A NEW ENTRY IS tvlADE WHEN A 
PkUGKAM IS LOAOED TU DISK. THE DATE PURTIUN UF THE TABLE ENTRY IS 
UPDATED WHEN THE *DREPL Ok *OCOPY UTILITY RUUTINE IS USED. THE 
CUMPLETE TABLE ENTRY FUR A PRUGRAM IS REMUVED WHEN THE PROGRAM IS 
DELETED. 

IF A PRINTER IS INSTALLED, *OELET AND OK LUAD~U MESSAGES WILL 
ALSO APPEAR ON THE PRINTFR LISTING. 

ANY TIME A MAINTAINENCE ROUTINE IS N~ED TO UPDATE THE TABLE~ 
CURE LOCATIONS 07000 THROUGH 11000 ARE WRITTEN TO THE CORE BUFFER 
AkEA UN DISK AND THE MAINTAINt:NCE PROGRAM IS BROUGHT IN TO ACCESS 
THE DATE TAHLE. WHEN THE UPDATE IS CUI"IPLETED, CORE IS RESTORED 
TO ITS PKEVIOUS STATE. 

OUTPUT OF THE TAHLE 

THE DUTPUT PkOGRAjVI PROVIOES A CONCISE LISTING UF THE 
CONTENTS OF THE DATE TAHLE. THE EQUIVALENCE TAI:3LE IS CONSUL TEO 
FUR THE NAME OF THE PRUGRAM. IF THE PROGRAM HAS NU NAME AND ITS DIM 
NUMBEk IS 0170 OR LESS, IT IS GIVEN THE NAME-- (MUNITUR) -~ Tn 
INDICATE THAT IT IS PAKT UF THE SYTEM. 

1FT H E P RO G RAM HAS NON A M'E AND ITS 0 I M N LJ ('.'1 B E R I S G REA T E R 
THAN U170, IT IS DESIGNATED BY -- ~*NUNE* --. 

A SAMPLE LISTING IS INCLUDED AT THE bACK OF THIS PAPER. 

SYSTEM CONFIGURATIUN 

I H M 1620 
S P E C I A L F EAT UR E S • • • T N S , T N F, M F 
INDIRECT ADDRESSING 
1443 PRINTER (OPTIONAL) 
ONE Ok MORE 1311 DISK DRIVES USING THE MONITOR SYSTEM 

o 

G 



DIl"l NU. NAME DATE lflAOtU 

0146 (MONITOR) AUGUST 15, 1968 

C 0178 CARDS1 JlJlY 3, .1968 
0179 CARDS2 JULY 3, 1968 
0180 CARUS3 JULY 3, 1968 
0181 CARDS4 JULY 3, 1968 
0277 STRESF AUGlJ S T 15, 1968 
0290 SPEEDT AUGUST 15, 1968 
0291 INVRS SEPTEMRER ~ , 1968 
0293 FEP1A SEPTEMBER 5, 1968 
0294 ZERO JULY 29, 1968 
0313 FilTER AlJGUST 16, 1968 
0314 SIMUlT AUGUST 16, 1968 
0315 ~::~::NONE~:: AUGUST 16, 1968 
0323 STRESS AUGlJ S T 28 , 1968 
0330 VTDC AUGUST 16, lY68 
0343 RUNGE JULY 16, 1968 
0344 INVRST AUGUST 27, 1968 
0345 FEP02 SEPTEMRER S, 1968 
0346 FEP01 SEPTEMRER 3, 1968 
0347 NASA2 AUGUST 10, 1968 
0349 NASA3 AUGUST 10, 1968 
0351 S I M(.) JULY 24, 1968 
0352 FEP07 SEPTEI\1BER S, 1968 
0353 FE P08 SEPTEMBER 6, 1968 
0355 ACV680 SEPTEI"1RER 6, 1968 
0357 NASAl AUGU S T 10, 1968 
0358 STRESV AUGUST 22, 1968 

0 0363 FEM08 AUGUST 20, 1968 
0367 GEMAS JULY 17, 1908 
0374 f-EM03 JULY 19, 1968 
0382 FEM01 JULY 22, 1968 
0383 FEP03 AUGU S T 23, 1968 
0384 LPANT AUGUST 21, 1968 
0385 FEM02 JULY 19, 1968 
0387 FEM05 JULY 19, 1908 
0392 FEM06 JULY 19, 1968 
0394 FEP05 AUGUST 23, 1968 
0400 FEP06 AUGU 5T 23, 1968 
0406 FEM04 JULY 31, 1968 
0409 FE P4A AUGUST 23, 1968 
0410 FEPXX AUGUST 23, 1968 
0411 LA P AUGUST 26, 1968 
0412 FEP04 AUGUST 28, 1968 
0438 TRAP JULY 17, 1968 
0439 DISTIL JULY 16, 1968 
0440 STRES3 JULY 17 , 1968 
0444 WEDDLE JULY 17, 1968 
0445 GEMAS5 JULY 16, 1968 . 
0446 FEM07 JULY 23, 1968 
0447 STRES2 JULY 18, 1968 
0448 PATRAM AUGUST 10, 1968 
0451 ELAPSE JULY 23, 1968 

0 0452 ZTRANS JULY 23, 1968 
0453 Z INQ JULY 25, 1968 
0465 PATRV AUGUST 10, 1968 
0469 NDPT AUGUST 8, 1968 
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System For Segmenting Programs 

Thomas R. Harbron 

This is a system for segmenting large Fortran programs into load

on-call subprograms for running under the 1620 Monitor I System. If the 

following steps are carefully followed, a working, segmented program can 

be developed in a minimum of time. 

I. Campi Ie the original proqram to get the symbol table. For large 

programs, the symbol table wi I I sometimes fi I I up before the campi lation 

is completed. This is usually no problemas the most important part of 

the symbol table is that giving the names of al I variables in the program. 

The statement number portion of the symbol table may be used as a guide 

in step (I I I). 

I I. Deve lop a "Common" statement that inc I udes a I I vari ab I es in the 

program. If the cards from the symbol table are avai lable, this may be 

done automatically as fol lows: 

A. Remove al I the cards containing variable names from the 

symbol table deck. 

B. Place a blank card after the last variable card. 

C. Execute a Fortran program named "COMMON" which is stored on 

disk. The variable deck formed in Steps A and B is used for 

input data. (See appendix A for I isting of "COMMON"). 



D. A Common s'trlternent or ",datements will be produced W~ i nq< t,e 

ndmes from the symbol table cards. This 81 imindtes keypwh .. h c'rTcr'~. 

I! I. Break the original proqram into manageable sections using the 

statement number portion of the symbol table as a quide if aval lable. 

A manageable section is defined as one smal' enough to fit. This size 

depends upon the number and size of library subroutines needed, the size 

of the common area, etc. Usually 40-100 Fortran statements wi I I he 

maximum. 

Alvoid breaking loops where possible. If a "DO" loop must be broken 

it wi II be necessary to rewrite it as an "IF" loop. 

IV. Campi Ie each segment as a subroutine. Include the "DH~ENSION" 

statement from the original proqram, and the "COMMON" statemGnt(s) from 

step I I. Remove al I Format statements. 

In general the fol lowing error messages wi I i be generated: 

Error 58 - No "F~ETURN" statement 

Error 59 - Statement number(s) missing 

If any other err-or messa9t-~s appear, the conditions causin~ th(;:iT: should b:

eliminated at this point. 

The "cores used" and "next common" messaqes shou I d be w,.ud to 

determine whether or not the seqment is manaqeable. The table in figure 

one (l) may be helpful in this respect. 

The mainline program wi I I usually require about 500 core posi+ions. A 

tabln showing the core requirements for the library subroutines can be 

found on page 126 of the Mon;tor I manual. In,addition to those used by 

the program, a subroutine named "FLIPER" is also loaded to handle the load 

o 

o 
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o Tables, Supervisor 
Arithemetic, and I/O Rout i nes 

7500 
Main Program 

8000-8500 
Li brary Subroutines 

8500-15000 
"LOCAL" Subprograms 

COMvlON . 

Fi gure 1a 

0 Core Positions Use 

00000 07500 Tab I es, supervi sor, arith. & I/O 

075~~ - ~8212 Ma in line Program 

08212 - 08270 Library Subroutine #16 (ABS) 

~"8270 - 98796 " " #15 (SQRT) 

08796 09676 " " #12 (COS) 

09676 - 10738 " " #02 (EXP) 

10738 - 11540 " " #01 ( LOG) 

11540 - 11992 FLI PER 

11992 - 16312 Segment 

11992 - 14272 Segment 2 

11992 - 17382 Segment 3 

11992 - 17332 Segment 4 

0 11992 - 16384 Segment 5 

17480 - 19999 COM~~ON 

Fi gure lb 

,;:.' 



on cal I subprograms. The core requirements of FLIPER vary, but wi I I usually 

be between 300 and 700. The table in figure 1b shows core al locations for a 

particular segmented program. A simi lar oneshould be made at this time for 

the program to be segmented. 

Notice that the largest segment (#3) comes within 98 positions of the 

COMMON area. Had it been much larger, it wou I d not have fit. 

At this point if any segment appears to be too large, the program 

should be re-segmented and the trial compilations repeated. 

v. The linkages between the segments must now be develoDed. The 

principle function of the main program wi I I be to faci litate the I inking. 

A. Working from the error lists generated in Step IV, locate 

each missing statement number in the original program. If 

it is a FORMAT statement, write the word "format" after the 

statement number on the error list. For al lather kinds of 

statements, write the number of the segment in which that 

statement is now located. 

B. For each segment, make a list of statements in that segment 

t.hat are referenced by statements in other segments. If 

the first executable statement of a segment is not numbered, 

give it a number and add it to the list. Number these state-

ment numbers as shown in Figure 2. 

Entry Point 

2 

3 

4 

5 

Fi gure 2 

/1 
I 

Stmt Nbr 

3204 

7916 

17 

18 

633 

o 
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These wi I I represent the 5 possible entry points to d particular segment. 

C. Returning to the error I ist, place the entry Doint number 

after the seqment number tor each statement number. You now 

should have a segment number and entry point numbe~ for each 

statement number on the error! ist excert rORMAT statements. 

D. Add two fixed point~variables to the Common statement (such 

as LI NKl AND LI NK2). 

E. To each segment add the fol lowing statements for each missinq 

non-format staem~nt: 

.xXXi LI NK 1 = SN 

L.I NK2 = Er 

RETURN 

Where XXXX is the statement number, SrJ : "the correspond i n'j 

segmen-t number, and FP is the c0rn~spon:ji.n(J, Sf' ""Y p()i'~it number. 

F. Add a computed GO TO statement to each segment unless there is 

only one entry poln+ and that is the first executable statement 

of the seqment. 

The computed GO TO should immediately fol low the COMMON 

statement. The variable of the computed GO TO wi I I be 

LI NK2. The statement numbers wi I I correspon d to the !;', t 

made up in part B. 

C. Insert the required FOR~J,AT statements in each segment. 

Some FORMAT statements may appear" in severa I segments. 

H. Code the mainl ine program. It wi II generally fol low the 

pattern shown in Figure 3. 



r -----~ ... _----.. _ •............• - ... _-------------' 

DIMENSION 

L! NI<2 = o 
CALL name 

90 GO TO ( 1,,2,3,4,5,---------), LlNKl 

2 C/\LL name 2 

GO TO 90 

3 CALL name 3 

GO TO 90 

END 

F i qure 3 

Basica! Iy the mainl ine program usues LINK1 to route control 

to the proper segment. LINK2 must be defined before the 

first segment is cal led unless the first segment has no 

computed GO TO statement. 

I. It may be more:.efficient to place certain statements from 

the original program into the mainline program. Statements 

to consider for this are computed GO TOS, STOPs" and 

CALL EXITs. Each of these statements placed in the main-

line program wi I I have a distinct value of LINK1 associated 

with it. 

J • I f lib rary sub rout i nes are needed by any of the segments, it 

wi I I be necessary to place a dummy statement in the mainl ine 

program to avoid an "L7" error. As an example, the following c 
/ 
I 



$" mw RrJ!!XWTlmr 

o 
statement would load the LOG, EXP, subscripting, COS, SORT, 

and ASS subroutines. A(I+1) = ABS{COS(~.»+SORT(LOG(1.)+EXP(0.» 
This dummy statement should be placed where it can nctbe executed. 

It is also possible to cause proper library subroutine loading 

by punching the correct indicators into the header record of the 

mainltne program. 

VI. Campi Ie all segments as Subroutine Subprograms. Load them on disk 

or punch object decks. Compi Ie and execute the mainline program. Be 

sure to include the *LOCAL Control Card immediately after the source deck. 

Also note that the number of LOCAL records must be given in the FORX or 

XEQS Control Cards. 

It is helpful to turn S51 on'wh~n the:,I'EXECUTION" message is typed. 

This wi II cause a core use tabl;e Tp.be .tvped· out as the segments are loaded. 

If an "overlap" message appears at this time it wit I be necessary to return 

to Step III. 

Th's system has been used to segment several programs that require 

over 100,000 core positions. These programs are now running on a 20K 

system with no difficulties. In one instance a program that was written 

in three segments for a 60K 1620 was broken down into seventeen segments. 

Timings on this program show that it ran slightly faster on the 20K machine, 

in spite of the segmenting. This was probably due to a difference in floating 

point hardware. 

One difficulty not handled by this system is that of reading data in 

with an "H" specification and later printing out the same data from the 

same "Hit specification. If the input and output statements are in different 

segments, the data wi I I not be transmitted between the segments. The remedy 

o for this is to change the "H" specification to an "A" specification. 
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APPENDIX A 

"COMMON" L I 5T I NG :, 
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*LU I SI<CC,"llvION 

UIMLNSION K(32~).N(6) 

9 1=1 

~t:.A[) 2.N 

2 FOR iv! A T ( 6 X • b !". 1 

UO 3 ")=1,6 

IF(N(")-40vO)3.3.4 

3 CONTINUE 

(;0 TO 7 

4 K(I)=Ne..) 

I = 1+1 

..)=..)+1 

IF e .j -6 ) 4 • t+ • 5 

~ 1« 1 )=2300 

I = 1+1 

IF ( I -31 7) 1 • 1 • 7 

7 I:z: 1-2 

PUNC H 6 ~ ( 1< ( J) • ..) = 1 • I ) 

6 FORMAT(6X.7HCOMMON .59Al/4(5X.lHl.66Al/) 

IFe 1-315)EJ.8.9 

8 CALL,LXIT 

END 

1 

- -'I - r'··UUT3WY' 



o 



N!'l$ffl'wilfP ":f,l!drlt d" ebrtt"')''''''±d't"ft . 'dj"di##rtPihdHrifent'#fiwri,;t3ieittidi ·p···rn' .. ··W·j"·TtwHiiHiMriS·'""(fi .. S(IIP .. ,".,"' "BMW'?' 

o 

SCA T4: A Binary Synchronous Communication Subroutine for 

Conversational Use 

Presented at COMMON Meeting, September 9, 1968 

Philadelphia, Pennsylvania 

By 

Elsa B. Horowitz - Research Staff Member 

T. J. Watson Research Center 
P. O. Box 218 

Yorktown Heights, N. Y. 10598 
Tel: 914/945-1178 

ABSTRACT 

SCAT4 is a binary synchronous communications (BSC) subroutine 
designed specifically for computer-to-computer conversational 
communications. SCAT4 was designed to facilitate conversational 
communications between an 1130 and another computing system 
where fas~ response time and ease of operation were design criteria. 
SCAT4 provides facilities similar to SCAT2 with the addition of 
the ability to accept a return message in lieu of an acknowledg
ment. When not engaged in communications activity, both machines 
remain in read mode ready to accept a message. If a message 
is received, the user is notified through his error routine. The 
machines remain in read mode until a transmit is initiated by the 
user. SCAT4 is operable in either an automatic or a semi-auto
matic mode to permit either the fastest response time or the most 
user supervision of operation. 
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SCA T4: A Binary Synchronous Communication Subroutine for 

Conversational Use 

INTRODUCTION 

This paper describes a subroutine written for the 1130 to provide con
versational communications. The specifications for SCAT4 are the 
result of decisions made by a communications committee set up at the 
Research Division to study the problem of conversational computer-to
computer communications. 

The task of the committee at Research was to decide on standards 
for communication between computers using either what was being done 
by others or developing new methods if it felt they would better suit 
Research t s purposes. There are two BSC methods of communication 
between computers. One is point-to-point,. where only two computers 
are on the line at anyone time. There is no normal master -slave 
relationship since whichever computer is sending is considered the 
master terminal until it releases the line. When one machine receives 
an acknowledgment from the other system, it become s the master until 
it finishes transmitting its messages. It then releases the line by sending 
an EDT. Either system may then request the line. The second method 
of BSC transmission is multi-point, which means that there are three 
or more computers on the line at the same time. One computer is 
designated master and a1l others are slaves. The master may transmit 
to any slave or may call for any slave to transmit to the master. The 
slave receives only when selected and transmits only when polled. The 
master retains control at all times. 

The Research Committee decided on the following standards: 

1, Point -to -point communication using BSC. 

2. 2000 baud facility. 

3. EBCDIC code. 
4 Full Transparent mode 

It was decided that the software on all the systems would use the fo1lowing 
conventions: 

1. As soon as the message is received, the receiving 
computer will is sue a start-write command to its 
channel or communication adapter. 

2. If the user prepares a return message within the line turn 
around time, that return message will be acceptable 
in lieu of an acknowledgment . 
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If no message is available, a normal ackno'w1edgment 
will be sent. This yields the minimum possible turn 
around time. 

4. If an acknowledgment is transmitted by either system, 
the line is considered neutral and either system may 
then attempt to send a message without sending an 
inquiry reque st With this system, the only time that 
an ENQ -ACK procedure must be employed in the middle 
of communications activity is in the case of contention 
for the line or in error recovery procedures. 

We became interested in implementing conversational mode because we 
felt that there is a whole class of problems that would benefit from having 
an interactive hookup between small computer (like an 1130) and a large 
machine (like the 360/67) When we started investigating the usage of . 
such a system, we became aware of a dead period in the system which 
is the delay time that a user must wait between the time that the 1130 
sends a message and the time that the answer arrives. In addition, we 
felt that the conventions designed into SCA T2make the routine too cumber
some and time consuming for use in an interactive system. For example, 
using SCA T2, the shortest time delay is approximately 5 turn around 
times compared to 1 turn-around time for SCAT4. 

There were other design considerations for SCAT4 besides time. Another 
problem with SCAT2 is the excessive user supervision of the subroutine. 
We felt that both machines should be in receive mode except when 
actually transmitting a message. This would free the user from resetting 
the receive function if it failed which would be necessary for SCAT2 
operation. In SeA T4 t after the communications facilities have been 
verified by the transmit-receive initial procedure, it is pos sible for both 
machines to be in receive mode except when actually transmitting a 
message. The user is, therefore, only responsible for requesting a 
transmit Otherwise both machines are in a quiescent or neutral state 
ready to receive a message When a machine receives a mes sage, 
SCA T4 notifies the user's routines by transferring to the user's error 
routine. 

At present most of the conventions used by SCAT2 are still in SCAT4, 
to maintain compatibility where possible. One error code has been added 
to indicate the reception of a message. A change buffer fUIiction has been 
added to allow the user the ability to s.eparate input and output buffers, 
if so desired 

o 
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In the future, the routine will be modified to 

1. pack and unpack characters for the user, and to 

2. notify the user through his error routine when EOT, 
DLE EOT or ENQ characters are received and when 
dial-up requests are detected. 

The subroutine is currently being employed in .an experimental tele
pr'ocessing monitor system for the 1130 which will interact with a 
System/360 model 67 under TSS. This teleprocessing system is being 
implemented as part of a research project on simulation. 



SUMMAR Y OF SCA T4 FEA TURES 

SCAT 4 expands the capabilities of SCATZ 1 which is intended to support 
bulk transfer of data from one ITl&chineto another.' SCAT4 allow's either 
ITlachine to transITlit a rne s sage without first closing and then' re- initializing 
transrnission. SCAT4 will accept either an acknowledgITlent or 'a return 
message as an acknowledglTIent of a previous transrnission~ In addition, 
the routine has both automatic and semi-automatic modes for handling 
ac know ledgn1ents. 

In order to facilitate faster conversational use, SCAT4 autoITlatically turns 
the line around after receiving a message. In either nl.ode the user ITlay 
transrnit a return n1essage instead of an acknowledgm.ent. Under the auto
m.atic m.ode of operation l SCAT4 sends either the appropriate acknowledg
m.ent for the incoming rnessage or a return message after 150 ITlsec*, which 
is the line turn-around time. Under the semi-automatic mode, SCAT4 
expects the user to specifically request either the transmission of an ACK, 
a NAK or a return m.essage. This mode, which is alrn.ost identical to SCAT2 
operation, gives the user the ability to check a message before proceeding 
to the next ope ration. 

Another difference between SCAT2 and SCAT4 is that SCAT4 notifies the 
user that a message has been received while SCAT2 requires the user to 
test for the completion of a receive request. 

SCATl and SCAT4 differ in contention handling procedures. SCATl provides 
contention handling only during the initial request for the line. In conversa
tional usage it is possible that both lll.achines could be in receive mode and 
could then sim.ultaneously attempt to transmit. SCAT4 provides facilities 
to handle this condition by forcing one of the machines to remain in receive 
status. The user designates which machine is to be considered the tnaster in 
case s of contention. 

SCAT4 doe s not gene rate or inspect the header information. All nece 8 sary 
control characters ll1ust be present with the exception of DLE ETBJETX in 
transparent mode only. 

* Turn around time for 2.01 A4 data set. 

o 
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Synchronous COITnnunications Adapter SubrQUtine - SCAT4 

The SCAT4 Interrupt Service Subroutine controls the 1130 SCA during 
point-to-point operation in BSC lTIode and perform.s error checking on 
the data transm_itted and received. A four digit control param.eter directs 
the subroutine in the following: 

Testing to determ.ine if the previous operation has been 
com.pleted. 

T r an s ITli tting. 

Receiving. 

Turning the audible alarITl on and off. 

Enabling/disabling the Auto Answer Interrupt feature. 

Disconnecting the station from. the line. 

Calling Sequence 

LIBF 

DC 

DC 

DC 

Error Return Link 

Error Routine 

BSC I ERROR 

IOAR Word Count 

I/O Area 

SCAT4 

/ XXXX (Control Param.eter) 

IOAR (I/O Area Address) 

ERROR (Error Routine Address) 
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Control ParaITleter 

The control paraITleter consists of four hexadeciITlal digits which are 
used as shown below: 

1 2 3 4 

I/O Function ______________ ~t 
TransITlit/ Receive Sub- function _________ '-IJ 

AlarITl, Auto Answer. Master/Slave ------------

Norm_all Transparent Text ------------------:' 

I/O Function 

The 1/0 function digit specifies the operation to be performed by SCAT4 
on the SCA. The functions, their as sociated digital value stand the re
quired parameters are listed and desoribed below: 

Function Digital Value Required Pararneters* 

Test 0 Control 

Auto Answer 1 Control, I/O Area** 

Alarm 2 Control 

Close 3 Control 

Receive 4 Control, I/O Area, Error 

TransTIlit 5 Control, I/O Area, Error 
Block 

Transmit 6 Control, I/O Area, Error 
Text 

Transmit 7 Control, I/O Area, Error 
End 

Change 8 Control, I/O Area 
Buffer 

* Any parameter not required for a particular function ITlust be o:mitted. 

o 

** I/O Area paraITleter required only if function is Enable Auto Answer. C, 
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1/ a function 
digit 

o 
Description 

Test - Tests the Device Routine Busy indicator and branches to 
LIBF + 2 if the previous operation has not been com.pleted, or to 
LIBF + 3 if the previous operation has been com.pleted. 

It is possible to initiate a Test, Auto Answer, Alarrn, or Close 
operation while any Transmit or Receive operation is in progre s s. 

1 Auto Answer - Enable the automatic answer interrupt if digit 3 of 
the control parameter is zero; disables the automatic answer 
interrupt if digit 3 of the control parameter is non- zero. 

2 

3 

When an Auto Answer Request interrupt occurs, the location 
specified by the I/O area address is set to a non-zero value and 
the automatic answer interrupt is disabled. 

Alarm - Turns on the audible alarm in the loc al system if digit 3 
of the control param.eter is zero; turns off the audible alarm if 
digit 3 of the control param.eter is non-zero. 

Close - Ends all ope l.tion on the SCA and disconnects the station 
from the line. 

On carrier lines that require a station to disconnect from. the 
line automatically at the end of m.essage transmission, the user 
m.ust perforrn a Close operation within two minutes of the trans
mission of EOT. 

4 Receive - Both an autom.atic and a semi- autom.atic mode of ope ra
tion are provided. In the automatic mode the communications afte r 
the initial set-up can be handled by SCAT4 without user intervention. 
The user is still given the ability to over- ride the automatic opera
tion to enable him to send a return message, to close transmission, 
to reque st a repeat transmis sion or to change buffers. In the sem.i
autornatic mode, SCAT4 behaves alrnost identically to SCAT2. In 
this mode, the user must request all further operations. Digit 2 
of the control parameter is used to specify which sub-function of 
Receive is reque sted. 

Digit 2 Digit Value 

o 

1 
2 
3 

Sub- function 

Receive Initial- serni- autom.atic 
mode 
Receive Continue 
Receive Repeat 
Receive Initial- autornatic mode 
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Receive Initial - Monit<>:tsth~lin~f:f()rENQ; upon receIvlng 
tr ansmit $: ;AC KO.andre'ceiVesth:,:fil"'st· message. 

:~. ".; ".:': ,": :".<: .... ~-:; :.;:~';' ;': '.~. ','" :::: :::. :',;,:' :~'<.': :~::'~:':.,;~:':':; : :"::'" .: :~~< 

AtitOlna.ticMode. •.. - .. sets UP:~~A''I'4.~,b;~utomatic ally tr~nsJnit·. 
after '~Ctcliincomin:g>tne$$~g:'.fh~;'~FP~~p:riateacknowledg'ffient' 
unle,ss.the'.·user inttlate8· .•. an()~b:~r::'~,e':U~$t. 

Serni~.automatic .. · .. Mode .. ': ··set~~p::~~,~r.p~,~~.r~ve;rse. th!>~~l~eafte.t·· 
each inc omingmes sagebut'to".aU; ,'for.:fu'rthel' dire'ct*,On,$' frc;rn 
theuser~ 

Receive Continue - Transril!tsthec;orrect positlveaeknowledg .... 
rnent for the current message and receives the next'message 
when SCA':r4 is in serni-automatic mode. 

Receive Repeat- Transm.its NAKfol" thecurreht message and 
receives the next.message~, 

When performing a Re(H:~iv.:o{)~·t'ati()ti, the firstwo~d of the 
II o are a C ontai? ~,the. ·niaxilnumri~'m.be r (Yfunpacked.char:ac'ter s 
(word count) that can be read into that area. 

The entire .rnesSagethati':r,~~e:iV'::dfsstt)~ed Inthe .1.10area, 
including the SOH>cha.racte:r:~~ndl or;'1:~'e.· .. ST}{ charae~er, •. {l)LE 
$ T X, if. T l"'ansparent te~), .~h~<:~':t"Bc;¥a raete r . (J:jlr~El'll,. if 
Trans parent te~},Ol"ithe'E';p"XCh~l'ae~r" (DLEE'TX,>if: Trans- .' 
pare nt text) '.Afte: t~~.t:i1.es,,~ age:has-b~~n reee,iV'ed,.-'the nnmbe r 
of character$re~ei.ved)'ln.~~udl~~control characters, is stored 
in the first. word' of the.lt',O:','~:re·a~': ,",' .• ', 

':/-:'~; ~.> ;.'/." 

tt:,the· .•. ·;:re:~~'td,l~ •• ,.:.~.~'~:el 
" ·"~delete.~, .. , •• th~ i.,e~.~~~'~( ..... : 
'stationl·m,~aeh.'p:~i.r'ti:f':"i,.i .. 

Mter, rece!Vingt~'bi~,~~~~t~~~~~~~~l:~$8~~4,aU~~~tiC~lY 
rev~·r··~e·.s· ··tb.e .•. litie:--.......•.... :F.f .•• :l1~-~'ett~!*':~·~e.·.£o~~;.·i~· ..• t~~:' ... ~e·:8\.~le:.:and 
if.' a ut()tnatlc:·., •.• :tll.()d: •.••. · .. ~ •. ~:~:.,.ef4:~~:~~.~ .. ·.;~(.;~T:~~r~ ... p~.l'.~·s .... ,~(f.··. tra.»:s mit , 

_ ·the· '~PP;l'O~ti~!e· .. ~e'~:~t~;;';.~~~~~~~~~'e~.. ...'l)Qrirll the · line .. turn.
. ar oun?·.l1\\t,erval, ... ···,the;'\'l.·.~:~1~:tlve·r~ide>;~~ .•.. · .. tr~n~nli.s.$ion.' .of the 
~ckn0"fl~dg~nt. ' .. ·.~ll~'!~~Q~.: .. ~~:r.~"roun~,'.antl,'if.the .••.•• mi ... 
a utomaii:ettlodewa$:$.·l.:~t.d; .Sic~·T::4:W"its .ft:Y.tfurthe.:r 

o 
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instructions from. the user. Upon receipt of a message SCAT4 
branches to the user's error routine with (0080)16 in the 
accumulator. The location of the input buffer is in the accumu
lator extension. 

If the block check character (CRC-16) is found to be incorrect 
or if the message overflows the I/O area, SCAT4 transmits 
NAK and attempts to receive the me s sage again. Afte r eight 
unsuccessful attempts~ SCAT4 branches to the user's error 
routine with an error code in the accumulator. (See Post
operation Error Detection.) If the user returns with a positive 
accumulator, SCAT4 transmits NAK and attempts to receive 
the mes sage again (up to seven ITlore attempts before branching 
to the user's error routine). If the user returns with a zero 
accumulator, SCAT4 perform.s a Close Operation. 

If the user returns with a negative accumulator, SCAT4 clears 
the Device Routine Busy indicator and stores the num.ber of 
characters, including control characters, received in the message 
in the first word of the I/O area, allowing the user to initiate a 
Receive Repeat or Receive Continue operation. 

If a timeout occurs while receiving a message, SCAT4 monitors 
for ENQ and, when ENQ is received, transm.its the last ack
nowledglTIent. 

If the EOT character is received, SCAT4 clears the first word 
of the I/O area to zero and clears the Device Routine Busy 
indicator. The user should then initiate a Receive Initial, 
Transmit Initial, TranslTIit EOT, TranslTIit DLE EaT (Dial 
line only), or Close operation. 

If DLE EaT (Disconnect Signal) is received, SCAT4 sets the 
first word of the Ii 0 area to FFFF16 and performs a Close 
operation. 

5/6 TransInit Block! Text - There are four types of TranslTIit Block and 
TranslTIit Text operations. Digits 2 and 4 of the control paralTIete r 
are used to specify which sub-function of TranslTIit Block/ Text is 
requested. 
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Digit 2 Digital Value Sub- F'unction 

0 Transmit Initial- Sen'li- Autom.atic 
1 Transmit Continue 
3 Transmit Initial- Automatic 

Digit 4 

0 Normal EBCDIC text 
non-zero Full- Transparent text 

Transmit Initial Block/Text - Transmits ENQ, receives the 
acknowledgment (ACKO), transmits the me s sage from the I/O 
area, transmits the CRC-16, and receives the acknowledgment 
(ACKl) or return lTI.essage. (Serni-autoITlatic or autoITlatic m.ode), 

Transmit Initial Transparent Block/Text - Transm.its ENQ, 
receives the acknowledgment (ACKO), transtnits the ITlessage 
from the I/O area, transIl1its DLE ETB/DLE ETX, transmits 
the CRC-16 and receives the acknowledgment (ACKl) or return 
rne s sage. 

Transrnit Continue Block/Text - Transmits the rnessage frorn 
the I/O area, transmits the CRC-16, and receive~ the acknow
lEodgrnent or return ITle s sage. 

Transmit Continue Transparent Block/ Text - Transrnits the 
rnessage from. the I/O area, transmits DLE ETB/DLE ETX, 
transrnits the CRC-16, and receives the acknowledgment or 
return rnes sage. 

Contention exists when the two stations on a line simultaneously bid 
for control of the line. 

SCAT4 provide s a rneans to break contention. If the user wishes 
to be the m.aster station in the event of contention, digit 3 of the 
control pararneter must be zero. If the user wishes to be the 
slave station, digit 3 of the control parameter must be non- zero. 

In a master station, when contention exists, SCAT4 re-transmits 
ENQ. After eight attempts, SCAT4 branches to the user's error 
routine with an error code (4000

16
) in the accumulator. If the 

user returns froIn the error routine with a non-zero accum.ulator, 
SCAT4 attempts to break contention seven m.ore times. If the 

/ 

0 

c 
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user returns with a zero accum.ulator, SCAT4 perform.s a Close 
operation. 

In a slave station, when contention exits, SCAT4 branches to the 
user's error routine with an error code (4000 1 6) in the accumulator 
and, upon return from. the error routine, perforrrls a Close operation, 
allowing the use r to initiate a Receive Initial ope ration. 

When perform.ing a Transm.it Block/ Text operation, the first word 
of the I/O area contains the number of characters in the :rnessage. 
The character count includes the control characters in the ITlessage~ 
All character s in the I/O area are unpacked and left- justified. If 
the user wishes to start the message with a heading (optional), he 
must supply the SOH character as the first character of the n'lessage. 

If there is text in the message, the text portion of the m.essage follows 
the heading. When digit 4 of the control paran'leter is zero, the text 
is Normal EBCDIC text and n'lust begin with STX and end with ETB/ 
ETX. The user m.ust supply these characters. When digit 4 of the 
control parameter is non-zero, the text is Full-Transparent text 
and must begin with DLE STX. The user must supply these charac
ters. The ending characters, DLE ETB/ETX, are supplied by SCAT4. 
SCAT4 transmits a second DLE character after each DLE that is found. 
in the Transparent text. 

If a redundancy check of the heading separate from. the text is desired, 
the heading must end with ETB. The ETB is supplied by the user. 

The I/O area is not checked for misplaced or incorrect control 
characters. 

SCAT4 transmits the 1 6 ... bit block check character (CRC-16) after 
the ETB/ETX is transmitted. The CRC-16 is generated by SCAT4. 

When the proper acknowledgment is received, SCAT4 clears the 
Device Routine Busy indicator and returns to receive m.ode. 

If SOH, STX or DLE STX is received in response to a message, 
SCAT4 puts the return message into the last mentioned I/O buffer. 
If the user does not want the return ITlessage to overlay the output 
buffe r, he must initiate a Change Buffer reque st immediately afte r 
reque sting a transmit operation. 
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If ACKO is not received in re sponse to the initial ENQ 1 ENQ is 
re-transITlitted; except when contention exists and the station 
is a slave station. 

If NAK is received in response to a message, the ITlessage is re
transmitted. 

If EaT is received in response to ENQ or to a message, SCAT4 
clears the first word of the 1/0 area to zero and clears the Device 
Routine Busy indicator, allowing the user to initiate a Receive 
Initial, Transm.it Initial, TranSITlit End, or Close operation. 

If DLE EOT is received in response to ENQ or to a message, 
SCAT4 sets the first word of the 1/0 area to FFFF16 and perforITls 
a Close operation. 

If anything other than EaT" DLE EOT" NAK, SOH, STX, DLE STX 
or a positive acknowledgITlent is received or if a Receive tim.eout 
occurred after the message was transITlitted; SCAT4 transITlits ENQ. 
If an incorrect acknowledgITlent is received before a receive tiITleout 
occurred, the message is re-transITlitted" otherwise an ENQ is trans
mitted. 

If after eight attempts, the proper positive acknowledgment is not 
received, SCAT4 branches to the user's error routine with an error 
code in the accumulator (see Post- operation Error Detection). If 
the use r returns froITlthe error routine with a positive accuITlulator, 
the transmission is atteITlpted seven ITlore times. If the user ret.urns 
with a zero accumulator; SCAT4 performs a Close operation. If the 
user returns with a negative accumulator, SCAT4 continues. as if 
the proper positive acknowledgment had been received. 

7 TransITlitEnd -The Transmit End operation can be one of two types. 
Digit 2 of the control parameter is used to specify which sub-function 
of TransITlit End is requested. 

Digit 2 Digital Value 

o 
I 

Sub-function 

Tr ansITlitEOT 
TransITlit DLE EOT 

TranSITlit EOT-- Transmits EOT, then reacts according to the reply 
received. 

TranSITlit DLE EOT-- TransITlits DLE EOT, then perforITled a Close 
operation. 

o 

G 
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:)i~Jji: -: ,)f -i-he control parameter il:) used to specify the action to 
f.i' .,'11 un a no response condition during a Trans'mit ECT 

!_l:_,tlji -+ Digital Value Sub-function 

o Close 
non-zero Do NOT Close 

<->n J Transmit EOT operation, SCAT4 transn-dts EOT and receive s 
the response. If there is no response (i. e., a Receive tiIT1eout 
occurs), SCAT4 perfornis a Close operation if digit 4 of the control 
:~~cLi: l~.etcr is zero. If digit 4 of the control pararneter is non-zero, 
SCA.T4 clears the Device Routine Busy indicator and starts the 3-
d(;C .ind hnler 1 allowing the use r to initiate a Receive Initial) Trans'rrdt 
Initi,j]; or Close operation. 

If the response is DLE EOT, SCAT4 sets the first word of the I/C 
area to FFFFl6 and perfor-rns a Close operation. 

If the response is EOT, SCAT4 stores an EOT character in the 
location specified by the I/C area address and clears the Device 
Routine Busy indicator, allowing the user to initiate a TransIT1it 
Initial, Transmit DLE EOT, or Close operation. If the response 
is ENQ, SCAT4 stores ENQ in the location specified by the I/O 
area address and clears the Device Routine Busy indicator, allow
ing the user to initiate a Receive Continue or Receive Repeat 
ope ration, 

If a response other than DLE EOT, EOT, or ENQ is received, 
SCAT4 re,·transIT1its EOT. After eight unsuccessful attelYlpts, 
SCAT4 branches to the user's error routine. If the user returns 
with a non- zero accunl.'J.lator tranSIT1ission is attempted seven 
rnore times. If the user returns with a zero accumulator, SCAT4 
perfol'Ins a Close operation. 

8 Change Buffer. - Allows the user to separate input and output buffers 
or to provide a limited multiple buffering capability for input. This 
operation rriay be requested at any time without te sting for the co'm_
pletion of the ongoing operation. Any new request involving buffer 
allocation will override the previous Change Buffer reque stc 

----------------------
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The buffer is changed when the next text me ssage is received. 
If a tranSITlit ope ration is in effect when the Change Buffer 
request is initiated then the new buffer will be used if a return 
text J11essage arrives or if an unsolicated text nl.essage arrives. 
If a receive operation is in effect when a Change Buffer request 
is initiated the current operation is unaffected but the next in-
c otning file s sage will be inserted into the new buffer. 

Error Handling 

For a description of error handling procedures, refer to General Error 
Handling Procedures in the publication IBM 1130 Subroutine Library. 

Pre-operation Error Detection 

The following conditions re suIt in pre- operation error action (accuITlulator 
settings are shown in parenthe see): 

Invalid function code (8001
16

) 

Invalid sub-function code for SOllle Translllit or 
Receive operation (8001

16
) 

Invalid word count, (8001
16

) 

Post- ope ration Error Detection 

The following conditions result in a branch to the user's error routine 
(accutnulator settings are shown in parentheses): 

Data set not ready (8000
16

) 

Contention exists (4000
16

) 

3- second titneout occurred while receiving a J11essage or 
lllonitoring for ENO, or ENO 'not received while monitor. 
ing for ENO (2000

16
) 

I/O area overflow (1000
16

) 

o 

c 

c' 
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Block check character (CRC-16) in error (080016) 

Receive tim.eout occurred after transmitting arne ssage or 
ENQ, or invalid sequence received in response to a message 
orENQ (020016) 

NAK received, or the incorrect acknowledgnv~nt received 
following a Receive timeout (040°

16
) 

Incorrect acknowledgment received with no Receive timeout 
(01°°16) 

Message received (0800
16

) EXT has location of input buffer. 



o 
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1. The Use of Fort~~or Cori:!:l,crcinl A.pplicntions 

The use of Fortran for cummercial applications on th~ IEM 1130 

presents several problems. These problems have to be solved since 

Fortran is the only compiler supported for the IBf-1 1130 and it is 

usually necessary to produce n limited amount of corrunercial reports 

despite the feet that the typical IBM 1130 installation is intended 

for scientific worl~. The principal problems presented by the use of 

Fortran for commercial work are the following: 

a) Manipulation of character strings 

b) Editing problems, for exar.-lple, floating dollar siens, 
cheque protection 

c) Round off for cross footing purposes 

d) Recognition of zone over-punches 

e) Selection of the alternate stacker 

f) Input/output speed 

Various subroutine pack8.ges have been evolved to eliwinate these • 
problems. The one described in this paper was developed by the 

Sha'\vinigan Eneineerihg Company Limited in 1967. In c:)mmon with other 

1. 

subprogram packages which permit the use of Fortran for commercia.l purposes 

it L:i based on FORCOM (IBM l620.library 01.6.051). HO\>lever , it incorpor-

ates a number of features which have not been publinhed elsewhere. 

2. Program Philosophy 

Using a cormncrcial subroutine package the programming philosophy 

adopted is as follows: 

a) Read card and store its card ima.ge in an alphabetic array 

b) Test the card type 

c) Extract numeric and olphabetic data, convert numeric data 
to the form required for procecsing 



" c... Progranu:ling Pl1i}.o~hy cont'd 

d) Process the data, build a printer hnaec f;.)r output 

e) Print 

This philosophy has been followed in the conunercial subroutine 

package now being presented. It is expected that the writer's over-

lapped outpu.t eubroutinc will be used (see IBM 1130 Libre,ry) 4 

fare the printer image need only be partially built before printing. 

2. 

3. Data Formats 

The following data formats have been used in the package: 

a) For alphabetic information a COMET array has been employed. 

COMET array is defined as an array ha'!ing a single subscripted 

integer ns.me. It contains 2 alphabetic characters per word, 

in EBCDIC coding. The * O}rn; \-lORD INTEGERS opt ion must be 

used to produce maximum packing density. . A COMET array can 

be printed by the use of A2 field specification in a FOmv~T 

statement. (This mode of storage is the one used in the 

contributed 'program package COMET. Where possible the sub-

programs described have been made ~ompatiblc \-11th the cor·tEll' 

package written by J.R.Hurley and others of IBM.) 

b) A standard Fortran integer variable is used for counters and 

for data whose value does not exceed the range -32,768 to +32,767. 

c) For numeric data. which cannot be contained in an integer variable, 

e.g. amounts of money, the high preCision integer variable has 

been defined. This has a real variable nrune, subscript or non-

subscript. The use of standard precision is required. This 

permits the use of 2 word's or 32 bits giving a range of 

This range is generally 

adequ€l,t.e to express money amounts to one cent or one mil. 

o 

~, 
,*,7 
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Subroutines hdve been provided to rU1rl a card awl store 

its card im8~c or to punch a card i.mRge from storRge into A. 

card. Th(~se subroutines permit the cOHlplete EBCDIC charo.ctcr 

set to be converted. 

5. Mode Conversion 

Subroutines have been provided to convert alphabetic 

i.nformatiOll contained in a COl.ffiT array to integer or high 

precision inte~er. The conversion function permit8 COll-

version from int.eger to hieh precesion integer 0:':" fom high 

precision integer to integer. The EDIT subrout.ine perrpits 

either of these fonDS to be edited into an alphabetic Cm.f8T 

array into which an EDIT mask has previously been inserted. 

In t.his way floating dollar signs, cheque prote.ction and 

credit indication can be handled. If simple conversion to 

8,lphabetic form is rC(luired subroutin/~s are available to 

permit this to be done. 

6. Arithmetic Calculations 

In view of the fact that. the data contained in li'o:rtran 

real variables is in fact in the form of integers then Hormal 

Fortran arithmetic cannot be used. Inst.ead a series of arith-

mp.tic functions have been provided. For example, the statement: 

3. 

QREAD 

QI1\~CH 

PDATA 

IDATA 

PC~~NV 

IC¢NV 

PEDIT 

lED IT 

PPASS 

IPASS 

PPASX 

PADD 

PSUB 

PDIV 

PDIVT 

R = FNFY(P,Q) causes Pand Q to be multiplied and the result stored PM¢D 

in R. The use of functions rather than subroutines in this PMllIO 

instance permits a series of arithmetic operations to be p~rformed PHAXO 

in a single Fortra.n statement, for example, the c8.1culation: PLIS'r 

A + B 
D = C . is handled by the single statement: D = FDIV(PAi)D(A,B) ,C) PABS 



7. oV'~ l~pcd Hc['~ 

Provided it is not necessary to punch inforJ1'ation into 

cards which have been previously read 'then additional reader 

speed can be obtalncd. 'l'hl.s is achieved by reading a card 

into 0, buffer ahead of the time at which the information is 

required. At the time the information is called for in the 

users program it is converted and moved to the required 

stora.ge in core. Meanwhile reading of the next card takes 

place simultaneously with processlng the data on the previous 

card. 

8. Input/Output on Console 

Subroutines nre provided to support communication with 

the console keyboard alld type\>lri.ter. Information to be 

transmitted to these devices is held in core, in a.lphabetic 

form, in COMET arrays. 

9. Comparisons 

Comparison functions are provided for comparing 2 high 

precisl.on integers, two alphabetic arrays, to determine if an 

laphabetic array is blank or if ~ column of an alphabetic array 

contains a zone pllilCh. The compa.rison function for alphabetic 

arrays has blank at the lou end of the collating sequence. 

10. ~gical Operations 

4. 

R¢PEN 

XREAD 

RH¢LD 

QTYPE 

QTWYR 

QWRlty' 

IPCMP 

IQCMP 

IQBLK 

IQZ~N 

Functi.ons are provided to permit 1~gical operation on 16 lAND 

bit arguments. The 'use of thelu'ID function i.n conjunction with 

8. mask will pe:cmit the extraction of part of the data contained 

in a '·lord. The OR function ca."l be used for packing information. 

IRQL 

lArs 

The RO'l'AT}~ fu ... "1ction permits a \-Tord to be shifted until B.ny desired lARS 

o 

c 
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10. COll~pn t.'_i::::ons cont t d 

bit is in the high oi'der or low order position. Thus tC0ts on 

ind.ividual bits cun be pe:cf.)rmed. or bit p2.tterns treated as arith-

metical data. A function is provided to extract a sinBle 

character of a CObffiT array or to place a single character into 

a CONET array. 

11. Record Blockin~ 

It has been found very desirable to block records which are 

to be transferred to or from th~ disk pack of the IBM 1130. In 

this 'olay several records IT'.By be handled with a single disk \ffiITE 

or READ with a corresponding increase in speed. A set of sub-

routines has been provided to perform the opeL'ations required to 

block several logical records into a longer physical record and 

to read or 'Trite the physical record ~s required. 

12. Comp:-lrison with IB~,1 COliunercial Subroutine Package 

5. 

IPIK 

PACK 

D¢PN 

D¢PEN 

DPUT 

DGET 

DC:r..¢S 

DPUTl 

DGETl 

DFIND 

Th~ principal advantege to be gained in the use of this subroutine 

package in cornparion with the lEv! Cormnercial Subroutine Package i;;i the 

speed of coding and the length of source program required to perform the 

given task. As an t'!xample, a. progrem involving card reading, disk reading 

and writing, arithmetic calculations and output on the printer has been 

written using these commercial subroutines and the commercial subroutine 

package. The number of x"ortran stat~ments required is much smaller using 

these comml!rcial subroutines. The core storage required is somewhat 

la:i'eer but would also be decreased if the program were more complex. 

The execution time on an IBM 1130, having 8k core, 1132 printer and 

1442 t-iode1 6 card reader, is ullaffected. The following table shows this 

comparison: 

_ ..•.. _---------------



12. 

6. 

csp III lIP 

Me.in Program Stater.lent 64 29· 

}'1ain Program Cor(! 998 586 

Total Core 4706 5288 

Execution Time 1 min. 13 sec. 1 min. I', sec. 

fr0grammin.g Language.s Used 

Wherever possible, progr8.1lls have been ~lritten in FORTRAN. This 

may lead to l)roblems in the use of high speed peripheral devices. The 

a.ssistance of Mr W. Baden of tv1a.rshall Communications, Santa Ana, Cali-

fornia is acknowledged. He has re-writtcn the disk blocking subroutines 

in Assembler language, "Tith a resulting increase in speed and decrease 

in core requirement. 

o 
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Ca.rd Read S11.b.J?ro~ 

CALL QnEAD (IA ,U) 

To read a card and to store its card image. 

IA. 

= 

co~·~ array in which chnracters ere to be 

stol."'ed. 

Number of columns .to be stored 

T'JlC firot }.i \~OlUlunS of datp, are tr~n61'errGcl by execution of 

this stat<:::ment. Card reading a.nd convcr~ion to EBCDIC a.re 

overlf:i.pped by use of this aubprograill. lIo':h:;ve).' control 10 held 

in the sul)orutine until reading the cord. is completed.. XRE\D 

(see belm~) pcrnuts overlapping of c(u·d rea.ding and processing. 

Note: 

Since QREAD uses the IBM supplied CARDO subroutine rather than 

the nOrrnB~ CAr~ subroutine, then all card reading in a program 

must be done using this subroutine. Use of this subroutine 

alloW's all character codes to be recognized, including ~ nod 0 

which are no-I; recognized by Fortran READ 8-~Q.tements. 

The ~I¢CS record should not contain CARD. 

'( -



CALL PDNrA{IA,J,U,R) 

'10 conv(;rt tho ch~racters ftppea,ril1g in 0. C01.lli"r array to a 

high precision intEge~ variable. 

III = COl .. IE,T array containing data to be converted 

J 

M 

R 

= 

= 

Character number 11i thin IA at 'Whj.ch conversion 

is to str~t (left hand end) 

Number of characters to be converted 

Variable to contain returned value 

In 1utel"prctil1g the COME'£ arra.y lA, bIe,ruts will be takEm as 

zeros. A n~gntivc number is designated by either a leading 

nrl.!lUS sign, or by e.n 11 zone overpunch' in the units position, 

thus converting that character into an olphabetic character. 

The existence of other charaete~s vhich nre not numeric or 

bla.nk will ca.use an error message to be printed, en d R to be 

act to zero. 

CALL IDATA(IA,J,N,I) 

To convert the characters appearing in a cor~ nrray to an 

integer variable. 

IA = 

J = 

COl~ a.rray conta.ining characters to be 

convezoted 

Column number w:l.thin IA at which conversion 

is to stnrt (left hand end) 

Nuu~er of characters to be converted 

8. 

o 

c 



o 

o 

~'p"'efinltion and Hoc!.e Cor~.vcrsion_ Subpr<2.Gl"D.~ (cont~ r d) 

CALIJ IDATA ( cont r d) 

I = Variable to contai.n returned value 

BlankB and non-numeric characters ~re handled in the came 

way as described under PDATA. 

R = ~ONV(I) 
To convert n~ integer variable to the high precision integer 

mocle. 

I 

R 

I &:: ICONV(P) 

Previously defined integer variable or 

constant to be converted. 

Returned value 

To convert a high precision integer variable to integer mode. 

P = Previously defined high precision inteBer 

variable to be converted. 

I 

CALL PEDl'T(P,IA,J,M) 

:: Returned value. If the magnitude of P is 

too large to be stored in I, then the high 

order digits are lost. No error message is 

produced. 

To edit a high precision. integer va.riable into a COMID:I' array 

P a Previously defined high precision integer 

variable to be combined with the COM1~ array. 

9· 



!!!.~_DefillitiOll anCl. l-io(le ConverDio~l Subpro~m~ (cont'a) 

CALL PEDlT (cont'd) 

IA 

J 

M 

Previously defined COMEI' e.rra.y, containing e.n 

edit mask 

Column number within lA Llarking the left-most 

end of. the edit mask 

Number of columns comprising the edj.t. mask 

The final appearance of the array IA depends upon the edit 

10. 

mask which existed before calling th:J.s GUbl·outine. The f'ollo't';ing 

is a. table otcharacters used to ma.ke up the nk"\sk, and their 

respective functions. 

Control Character --
b(blank) 

O(zero) 

• (decimal) 

Function 

This character is reple,ced by a character 

from the high. precision :Integer variable P. 

This character indicates zero suppression" 

and is replaced by a character from the high 

precision illteger variable P. TIle position 

01' this character indicates the right-moat 

limit of zero suppression • 

This character remains in the mask field 

where placed'l It is considered an eJ.pba.

betic character, and may not be zero 

suppressed. 

o 

c 
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11. 

o 

Control Ch~ra.cter Function -----------_. 
,( co~~n.) This character rcnains in the l:1.'.lck field 

where pla.ced. lIo~'Tcver, j.f zero cnpprese:i.on 

is reqt. ... ested;. this ch~".ractcr '\-rill be rCjovcd 

if it is to the left of t.he ID,st chr:..r().~tcr 

to be zero Gupprcr.sed. 

en( crcd:t t ) Thbse tvo chry.re.ctcrn can be plcJccc in t.he 

two right-mor.t p::->sitionr'. or the L:.:~sk field. 

They a.re undi,,:turbed if the source field 

is negative. If the oourcc field is posj.tive, 

o the charactors C and R are blanked out. 

Whether CR is ble.nkcd out o:r. not, no date. ,\-Till 

be edited iuto thes;:; positions, where cn is 

present, but rathel· into the clli"~ ch5.ractcrs 

to the left. The letters C and H trlSy be used 

intbe rell1ainlng of the edit mask where they 

"Till be treated as no~.l alphabetic 

characters, ,{ithout being 3ubjec"~ to sign 

control. 

-(minus) . This character is ha.ndled similarly to CR 

in the r:tght-most position of t.he mask 

field. Otherwise it ic trea.ted D.B an 

o alpha.betic clla.rueter. 



C/J:,L r)~DIT ( cont • cl) 

Control_.9har~~ter 

-(minus) cont'd 

*(asterisk) 

$(floating dollar 

. sign) 

• (apostrophe) 

Function 

Uote: 

If neither CR or •. appears a.t the right 

hand end of the J1lask field, the negative 

sign on negat.ive numbers \'1ill be lost. 

(See PPASS and PPASX for other fOI""u1S of 

nega.tive slgn control) 

This cha.racter operr.i.tes the srune P..S the 

O(zero) for zero suppression, except tht'l,t 

asterisks are inserted in the i'j.eld r~ther 

tha.n blanl-::s in high order posl tions, providing 

asterisk check protection. 

This character has the same effect as the 

O(zero) for zero suppreosion, except that 

a $ is inserted to the left of the first 

significant character fo~~d. 

This character 1s removed and reple.ced by 

a blank, which then rema.ins as nn alpha.betic 

cho.racter. 

12. 

If insufficient spa.ce is available to insert fl.ll significant 

digits from the variable P into the edit mask, 

o 

c 
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wrt! it"ti It 
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i" trit .!! . t tit t #iiriddBe *rtttddtritW' *btltttdidt¥bMt t t ·itrtilb::1ti Ii' dtrbt**** '* 'isi#rlW :n: 

tht:! complete edit mask wi.ll be l'cplc1ccci. by asterisks. 

CALL IEDI! (I,IA,J,M) 

I = 

IA = 

M = 

Previously defined irf(:cccr vuriable, 

to be cor.lbined wi t!l the CO:·mT array. 

Previously defined COivIET ar J.~ay, 

containinG an edi t nlr.ct;. 

left··most character of the edit lr,~.LGK. 

Humber of column~3 eornpri~.;inG the edit 

mask. 

Except for the mode of the variable tu be combined with the 

CO 1·11': T array, th'~ function of thi s subprogra1.l j.s ident ical to 

PEDr.e • 

CALL PPASS (P,IA,J·,N) 

To convert the high precision integer variable P to its EBCDIC 

equivalent, and storE: the resulting character string in the COl.1ET 

arrny lA. Lending zeros are suppressed. If P is negati.ve, a 

leadinG minns sien is added to the resul tine chal~actcr string. 

If insufficient. field \lidth has been a.llowed, high order 



CAlJ.. PPASS ( COtrt • d) 

characters are lost e 1'10 Cl'":ror intlications 1a g1.vcn. 

llotr:.: The identical. effect to PPASS Cic).n be oLtrt:tnefl. l>y the uco 

of PEDrr, llit.h iniice;tiio!lo of. error. liollcvcr PPASS iB 

shortc'r onc1 fnotcr ~ anG. requires 110 t:::Gk to corrtl"ol the 

transfC:rt.' .. 

Ih. 

p Pre"Viou~ly c.cf'ined hiCh"'l)A"ccinion intccc):' v(I..l1ie.blc, 

to be converted to EDCDIC. 

IA ::: 

J ft 

CO:illJlI 8Xl"ay to conttJ.:Ln E.t!CDIC €\iui val c?:l1; of P .. 

Cho.J.'"actc:l.' l)umber \f:tthin Ili to r:=trk lef."c·hund cud. 

of resulting fielo. '" 

M :: Field vid-i;h ill J.A of l'"cthllting EBCDIC cha.racter f;trin6. 

CAI.L IPASS (I,IA,J ,ll) 

To convert the integCJ~ va.riable I to 1t.o IIDCDIC equ1\J'l,~ent, and 

store the resul t:tng chnrac'ter stl~1ng ill the CO:IGT f):r:l'i.).Y V., 

Leading zeros s.re rH.lpprcs5cd. If P io lv::.[;ative, a le~cl1nz tdnus 

sign 10 added to the restll tiliS ch~,.re..,ctel" stl"1ng. If innufficient 

field width ha.s been allo't1cd, high ol'lldcr chnrnctcrs (i.re lOBi;. 

No error inclicat:l.oll in given. 

I. -= Previously def1ne-d integer 'variable to be converted 

to EBCDIC. 

IA a:: COHl1Ir arrt~to COlltain m~CD.IC cqu1 valelltof P. 

o 

c 
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wMttdi M dtit±±bb 

o 

'["Me 

CALTJ IPl\SS (con';;' (1) 

J = 
end of resulting field. 

M &: Ftield l;ic1.t.h ll1 lA of resul t:i.!1C EDeDIC clmr<:\cter 

CALL PPASX (P,IA,J..,!lU) 

To convert the hi.gh precision int.eger va~~lable P to 

its EDCDIC cqu1.vnlcnt, and s·tore the resulting cLtu'ac'ccr 

s-'Gring in the CO:·m7l' c:t-ray IA. The effect of t.his SUbpl"OgrRl"Il 

is :tdcntical to PPASS, except as follC'f';1O: 

1) 

2) If' P :ts nega.tive, an J..l ~OU(~ coc.le is e.cld{~d to 

the 10;1 order chf3.racter of the resulting field. 

in IA. 

This flt1.broutine w:tll nOrIn-:llly be uocd. to convert hlgh pJ:ec:tf;lion 

integers to EBCDIC fo~ punching. It should not be used if the 

rcsu~t:tng CO:rlE.r 6rray is to be printed., a.s 0 is not recogn:lzo.ble 

by the printer. 

I t.; 
.-' . 
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Al":t.th·i:' t:t.C S·~'hl)l"O~l'~;.r~~~ _ ..................... _~~·,. ... _.c ..... ---.....~_ .... _ ...... 

To mlltiply P x Q n~ld store the resul.t in R c.,G·e, hiell 

precision intcacr v.· .r1o.ble. 

R c: PADD (p,Q) 

To add P nni Q nnd ctore tho result'in n 0.0 Q bi@l precision 

R n mUB (p,Q) 

To subtract Q f'l~O'1 P aud. store ther~fj\ll t :I.n n e,£:; n high 

precision integer variable. 

R I: PDIV (p,Q) 

To div1d.e P by Q and store the result :tn n 'a13 Q high pl·ecird.on 

integer variable. Tb~ re~ul t ~.s rounded to the ncarcot int~Gcr. 

R = PDIVT (p,Q,) 

To divide P by Q and store the result in n as 0. h,iBh pl'cc1uio:a 

integer variable. The result is truncnted to the n~~ast integer, 

and the remainder aftcrd1v1sion is lost. 

Sets n to the r~"t3.inder aftel·d1 vid1ngP by Q,. 

R a: Pltmo (p,Q) 

Sets R to tho lessor ofP e...'ld. Q. 

o 

~ ,'" 
:~,) 
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R = FNJ'..XO (p, Q) 

Sets H to the larg~r of P and Q 

R so: PABS (p) 

Sets R t~ th8 absolulje value of P 

o 

o 



The purpone of these Gtl'bprosrc:;::s is to r(tlow overlap of' cru."d 

rending end procc3s1ng. They ohou.ld not be usc-d if cerd 

punching is required on the Gru.",J.~ card as \tnr; read. 

CALL TIpPEN (D.roW J l,R) 

Opens Bead Buffer IRBUF, lmviu3 length L.R 'Wol"da. The f'irot 

card in the rrod hoppO-t· is read and is v·tored in the buffer, 

one Ch?l""'dctCl1t per word, in cSl'd code for~j~::J;'~. IRDUF should 

appear in 0. Dn.IEI!SIOH&ta:~erclcnt, baving c .. size I.R+l, and 

should not be uoed for any other P't.'ll:pOSC e LR should be 

8ele~ted. loo:·ge enough that 6S 17~y colur:J1'lll aa are requ-ired 

in any c~'trd reG.d operation in the progl~ cV.n be sto~"ed. 

CAIJ, XREAD (JA ,n) 

Transf.ers the data from InBUF to IA, converted to EBCDIC, 0.6 

requil1tcd for Q. cor,m &l.'ray. Ii, 'lhieh should be even, 19 the 

DULlber of chara.cters transferred. If N 16 oUil., U+l chal.~cte:r8 

are trans:f'er-,t1Ied$ the re:na1n1ns ch9.ractcr bei1lg fUled with a 

blank. After tranofer of clll'\l'acters, a DCM ea.rd is then read 

into IlIDUF in overlapped m.cxle, rcadjr' for the next dn.ta trans

fer. If XJ.1E.ID is called before E¢PF~ or m¢LD, then the 

eom:p'.1ter "m:t ts 'With AAOl displayed in the accumulator. 

CALL rJl~LD (IHEm" ,LIt) 

Identical to R~PEi:l, but does ))ot~ read a. new card. Used to 

18. 
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Puw--w-n 

CAI,L mIpLD (cont' d) 

re-init1aJ.1z(; the SUbl""outine on en-tcr1ng a. nC\'T link of n program 

involving linked overluys. 

These oubroutincr; uoe the library progrcEll CJ~HDO. 

19. 
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CALL QTYPE (IA, IT) 

To accept data fro:l the 1131 Console kcybool"(l and to Pl"CSCD't 

this a~ta in A2 for.cat to the ar~ specified. 

IA A one word integer array which is to receive the 

data, frc:-1 the console kt'Yboard in J,2. forrJ.n,t. The 

ma.x1.l11Ul1l pcmiosiblc length 1s 80 positi.ODS. 

This ia en integer varia.ble or conote.nt 'Which defines 

the number of characters to be ente~ed through the 

console ke.-yboard. This figure 10 (\ rnm.ximum f1(;Ure 

to be anticip~tad for this ke,yboa~d operation. 

Dctnilcd Description 

This subroutine accepts infortlB.tion from the console keyboard, 

typing each chal·acter as it is entered, accepting the entire 

sequence of characters until. either the cherscter count as defined 

by length 1s reached or an EOF character 1s entered. This routine 

provides for a carrier returne.nd line teed prior to each entry. 

A maxh...~ ot 80 characters is permitted. The output is presented 

in A2 fOX"l&i,t. All EBCDIC cba.racters are accepted. This routine 

uses IBM LIBF TYPEO subroutine and therefore supports all its 

fea.tures with rC3pect to backspa.cing aud field ca.nce.llation. The 

20. 
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Cl\ I,TJ (l .. ::lPZ ( cont ' d) 

entir"c 1nt(~i1nl 80 chnracter buttCl" is clcul"ed to blanko ' 

prior to each entry of keyboard data. 

CAr,L Q~~YHR (lA, n) . 

Fu.rtct~ion 

To Pl':tl')t on the 113lConaole' Printer the eOlltc:nts of the A2 

D"rrey contc1uillB the message. Thla routine muat be used if 

the IJrogl'dm alf~O contains QT'YPE and console typqlll·i tel:' . output 

ie . de.sired. 

!1"'::.~~c~~ Descr:t~ion 

IA The nOJ.'ile of a one vord integer, arrey wb19h con~ 

ta1nsthe mesDage to be pl·1n~cd 011 the cOl1s()le 

. type~iter ill A2 data. ,for1."'lD.t. 

N The integer variable or con:::,ta.nt which specifies 

nULlber of cha.ractCl·s to· be transmitted. N should 

be even : 'If it 1s odd then N·+ 1 ChtU.'Bcters will 

be tranemitted. 

Detv.i~~ cd D~scr~p.:!2:ton 

T1::i1s routine USCG the IB!;1 LIDF TYPEO subroutine. It acceptn 

data. fron a. one .. Tord :J.D'tq~er f'.tT'J.y which data must be in A2. 

fori~::...~to 1'hia me~llS packed tvo chnmc'ters per word. A maxinl1.l!i1 

21. 
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of 128 chnracters or 61~ "lords is a re~trict,ion to this routine. 

Carrier return and res'l;orc are prov'ided before each IHcssage 

is typed on the console typc\,1riter. 

CALL QHRTY (IA,N) 

F\U1ct.ion 

To accept data from a one word integer array "Which is in A2 

format and display tr~is information on the 1131 Con~ole 

Typewriter. 

Parameter Descl'~"ption 

Serne as QTYHR. 

Detai1ed~cription 

'l'his routine is similar to QTYVm except that. the IBM LIBF \olH'1.'YO 

rout inc is als.o· used. It must not be used if QTYPE is also 

used in the same program for data input on the Console Keyboard. 

Errors 

The appendix B of the IE"! 1130 subroutine library listing 

applies to the Qjffi1~ error conditions. 

o 

c 



o 

ThiG cul)l"(Jutinc in d.esigned for :i.l'lcluo:J.on ill a cf'.rd inp'U.t, 

printer output pro01'0'11 to proviclc Cl":cor Hc;sfic:.:e cnpab:tl:tty 

on the 1131 CO!l301c P.:.:'1ntcl". In t.hiG COl1:rieUl'Dt~_(;ll, it. usc::o 

the lc:tst o.r:ount of core stOl'agC ot any of the typ,.:mritcr 

routinoa. 

Funct:ton 
---'.~-

To pcrnit oJ.l :tnput/outPllt operationc to cC':.1C to n!1 e~'lU 

bcfo:.. ... c c, puusc or etcp atn.tc.1ci:ri; is cntcl'lcd. 

o 
.Pgrm· l.(;l; e.,,· D(;.nc:(~:t.nt:ton ---_· __ ·_,,_J __ · ..... _·~_L ... .....w .• , __ 

Hone 

Dct~).11 c~l.Dc::: crl nt.:t on ... ~-'-..... _~ __ ....... " .. ~..:..l7~ ...... 

Tbj.o routine 10 re.:j,uircd. bCCo.U3C of. the intc;rrurr~ l1~:;Lul'c of 

the input n.od output snbroutines. lThell 1 t 1s a.cDl.red to 

displr.y infol"Llation in t,he accumulr:J..to1" on tho console 1 t is 

necessary th~t all pending input or OU.tDut opel"ations be 

bl·OUCht to an er!d 1'.H:::lOre the displfl,yeo. illf()r1:~.·).tj.Ol1 '\7ill rcr:.c..in 

in the accu':~·v~e.tor.' It is therefore ncccnr;o.ry J~o use the call 

(IDI7'Ju:" Cl.l::1 CSP II subprogro,m) 

o 



p r.: 

Q iii 

I II: 

PreviOilL!ly itcf'incJ hiCh l)rccinioll intc~.;cr. 

Variable to be cO:Jpo.rc.d.. 

Varic.blc to contain retul"ned VC.l\lO. 

Sets to 1 if P i3 grc~tc.:r thn.n Q. 

Sets to 0 if' P cqunlo Q 0 

Sets to ... 1 if P is lens th!!n Q,. 

To C6;:l:p~ . .'rc t·,TO o11'):J.(,:::::1cric arrays IA cnd IB. 

IA I: Prevlounl~r clefincd. CO:JBl' nrruy. 

J -= 

lB~ 

L a:: 

Colu1:m number lTithin IA at "h:i.r;h cc,nr>:3.r:tson i.~l 

to start (le~t hnud end) 

Prcviounly defined cor·!i];!' n"nY'.Y. 

Colu!Jn numbCl~ within 11\ ftt uhich co~p:\rj.E~on 10 . 

to start (le:rt haj:ld 011(1) 

}'in.i~1mum tluruber or ehaructc~:j:'S to be ~o:'ll't:.rcd. 

I -= Varj.ablo to con1~o.:i.n rctt~\rne!'l vu.lno. Cc::.:p::-·.y-iOOil 

begins nt col'~1.rl J of ll..6.nd L of In, and 

continues for a ln~'y':jrJ.uro. of 11: C01U1'\.1.l3. 

I is set equal. to 1 if n colun~l'\ is found in the a:rr~,y A llhich 

COlrha,ins e. ch:tracter \lh.:tch 10 htgl:l.C:l" 111 the collating Dc'.!u~':!nco 

thc-tll in thr..~ cOl"rc~p(.)n~'11n~:; colmnn in B. I 10 Get equal to -1 if 

a colu.mn 1£.1 fO\Ula in A uh:ich hflO t\ ch:lro..ctc:l~ 'Thich is 101<1el' 

o 
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2: • 

CCY'11X).1'e S·tl.1r;)J~·o,r::.\":-: ;'.:.'. (cor.l"c' d) _ ..... '. _______ .r.I: ____ •. _ .... ,... ......... _ 

in B. I if! C c-i:. equal to 0 :t:t" the CXt'Y"i'.:,Yo A nnd B f\~l'e found. 
;l • 

to be ic1cnt1ccJ. in t,h(~ colvnno cX!:Pllnccl. The colletlr13 
."1-$ ! iI ,. I.~" Y; .' 

sequC:Dce :tn v.sce:1(.linc order is cn follolTs: 

blo.ph:, ., ( ~ +, e~, $, )", ", ), -, /, • A, B, C, D, E, ]1 , , , Co': , . , 
G, H, I, J, 1:, L, M, II, 0, P, Q, Rs; S, ~, U, V, F , , X, Y, Z, 

0, 1, 2~ 3, l!~, 5, 6, r( , 8, 9 

I ~,. IQBLK (lA, J ,1,1 ) 

~'est.f, the COI'/lET array IA for alphabetic blanks. 

J - Colul11l1 numb(:r within IA at vlhich checking is 
to start 

M = NumbeI' of (!olurnTls to be checked 

I = Variable to contain returned value 

Set to 

Set to 

Set to 

-1 if array is lO\>ler in collating sequence 
tb.an alphabetic blt~nks (onl~r in t,egeJ:' numbers 
can cause t.his condition) 

o if array is blank 

1 if array is higher in collating sequence 
than alphabetic blanks 



-, c-:n. 

o 
~'ritCe S',~h-Pj~O·'f~'r.'.~J --". 577M1., ... ..;.,,~ \;......,. ....... 

CALL PLIST (p) 

c· 



o 

o 

o 

r· I: milT II : T3 

CALL QPIIC H ( lA, t1 ) 

To punch a CO~v1E'r arrny 

IA = Pr(;"i0l.lsly defined CO?-<rET array 

lwi = Number of chnracters to be l)Vnchecl 

Up to 80 cb.aracters (one card). can be punchf:;d b;y.use of 

this subroutine. The remainder of the card w11..1 be left 

blank. QPNCH uses the CARDO rubroutine. Sec note in 

description of Q,HEAD. 

to QREAD. 

QPNCI-I is a see0l1Cl3ry entry point 

2?. 



K c IAL~(I,J) 

!o shift left 0.11 integer \1orcl. 

I • ITUIilber of bits ,rorcl is ohifted 

J • Uord to be shifted 

Low order bits are filled with zeros. 

High order bits are lost. 

K. IARB(I,eT) 

To shift. r1gbtan integer wox-d. 

Number of bits yord i6 ct.dftc-d 

J = Word to be shifted 

Low order bits nre lost. 

Hiah order bits a.re filled with sign bit. 

Sign bit is not affected. 

~o rotate left an 1nte~cr vord. 

I 

J 

Uumber of bits 'Word is to be rota.ted 

Word to be rotated 

High or'der bits are l'eplaced at low order end of wor<l. 

K e IAND(I,J) 

~o rOl~ the logical intersection of two integer ~ords. 

I, ,T c llords to be combined 

2H. 
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o 
(cont,' d) 

. '," 

K II.: Ifjn(r, ,J) 

To form tto loC;:ic.:a.l ullioDOf tuo integ(:.?l.' ~'Toi"dV 

1:, J " \-lords to be cO:JbincG. 

K a: IPIIC{ rA, J) 

IA I: co~·n~'R c.rrn.y 
0" 

J &: Ch!lrac"~cr ntll",t) cX" to be ex-t). .. (J.c t cd 

K ft Returned v~lue. K contD.iu'3 tho E:!.")CDIC 

equi v~:.lcLit of the ch::.rn.ctcr in tho right 

hand eight bitG, end ~croe in the left 

o hn.!ld eicht bi tn. 

This su1program uses the COMET subproeram QGRAB. 

To pack onccha.rac·ter into Co CO:·:EiT arl'D.y. 

I Word containing the E3CDIC c.:quivalent of the 

ch3.ro.ctcr to be packed in the rig."t:lt ho.nd eight 

bits, and zeros in the left hB,nd eight. bits. 

IA CO~.rl'f!r array 

J Cho..ractcr nunbcr in CO:·!LT nrrny to be rcplacc~1. 

The exioti~lg cha.racter in collD71.n J of the CO:.1El' f:.l·ray l,;rill 

be clclctcd n.na. l~c;pla.cc:1 by the recftlircd chil~'actjel" f' 

This subprogram uses the CO?-..1E'.r f;ubpJ~og:r'am QSHOY. 

o 



Zone Hec:ognition Suhproeram --....... ,.....-.... ---'""'!""'"~~ ... ~ 

I = 

I is set 

1 

2 

3 

4 

5 

IQZ~N (IA,J) 

To interroga.te th(~ zone coding of a charnctcr. 

to: 

lA :: Previously def.ined CO:·1ET array 

J = Colu.mn number within IA \lhosc zone coding 
is to be interrogated 

I = Va.riable to contain returned value. l'he 
table below sho,.,s the returned values of 
t.his subprogram, depending upon the zone 
coding encountered. 

~lhen the CHARAC~:IER ,·laS .. 
A-I 0 or & (12 ~one) 

J-R 0 or .. (11 zone) 

S-z or / ( 0 zone) 

0-9 or blank (no zone) 

special 
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Definitions 

LOG leAL r;~~C0HD 

PRY S lCA L r:eccmD the record ct0re~ on disk 

nur;lbcl' of L()[~ical Record;, in n Phy.s ical RCCOTd 

PlrYSICJ\L RY;CORD LEHGTa 8fl clcfinc'cJ. in the DEFIHE FILB 

LOGICAL RECOHD LSI;(j'J.'H .:: BLOCKllJG FACTOH·~ thifl should not exceed 3~~O 

File Buffer 

All the follov:in;3 subro1.ltines ps~ the file buffer IBUP, "Thich 
cant8.irJ8 control y:(>rds to regulc,.te t,'be re[ld ing !lnd 'Y1Titing of 
records, uncl also is used for ussembJ.i.ng thC:' bJock of recard~, 
for trHn~.:;fcr to nnc1 from the disk. 'lIte fo110\01i1'1B is the aI>r)cf"n~once 

of the file buffer. 

IBUF(l) 
IET}FU~) 
IBUF(3 ) 
InrJF()~ ) 

IBUF(5) 

IBUF( 6) 
etc. 

}i'~i.l(; Number 
LOGical recOj.~cl lenr;Lh 
Number of lor,ic8.l rccoTds in blocl~ 
File type 1 when bloc1\ has or.ly been lwed for 

GE'l' operations (i. e. is idcnticrtl 
to eq.ui valent rcc )rds on dis}\.) 

= 2 \rtlen block h8S been used for 
PUT operations 

NmEbcr of fi.rst locical record in block. Set to 
zero if no reeol'd h[,s been transferred to buffer. 
Blocked records 

IBUF must HPIH:uT in the calling program \-lith dimension 

LOGICAL RF;COrm LE.NGl'H ~:. BLOCKING FACTOH + 5 

Subroutine Cal2.Ll;; Sequences 

IBUr-' _. Name of file buffel" 
N = File number 
,,1 = Logical Hcco:t~d Lencth 
LL - ]~cngth of file buffer 

Call D¢PEl>T (ItUF,N,J ,L) 

rfa open a file buffer. Sets tnitie,l v[!lues to the fi1e control 
words. No transfer of informaL ion to or frOl: di.sk tal,e s plRc e. 
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Note: 

Call DV~:r.)gN (lEU1', N, ,1 , II) cont 'd 

= Name of f"1.l.c bllffcr 
= File nu.;:ibe!' 

= Loeic8.1 record length 
= Blocking factOl' 

n¢r-'N and n¢pEH are alternative forms. 

Call DGET ( I BtJIi' , K, IA ) 

~rheir effect is identicf\l. 

To transfer logical record K of ·the file to the arre.y IA. If 
the required. record is already resident in the buffer, it is 
immediately t.rnncferred. If it is not., the block of rcco:cds in 
the buffer is stored if necessary, and the correct. block of 
records obtained from disk. Transfer then takcG ple.cc. 

IBU£i' 
K 
IA 

= Nnmc of file buffer 
= Required logical record 
= Arra.y to conta.in·record obtnincd 

Note that IA is integer. If real values arc required., they can 
be obtained. by UBe of a suitDble EQUIVAlENCE statement, in 'rlhich 
real variables arc e.ssienec1 to EVEU locat.ions in t.he en'ray IA. 
The real variables tht:n occupy the dl2signatcd loce.tion, end the 
next lower locution in the array. e.g. 

DIM8NBION IA(4o) 
EQUIVAIJ!:NCE(B, IA, (16») 

B occupies IA(16) and IA(15) 

The uSe of an EQUIVALENCE statement in this way is n.ot stl'ictly speakinz 
permit.t.ed. However, it works sat.isfact.orily, providing nothing is done 
to force the addresses of real variables onto uneven \trord. numbers. To 
prevent this, the follo .... Ting rules should be Obscl'ved: 

1) Equivalf.:llCe only to even locations in the integer al'ray IA. 

2) The inteGer array IA sh<.)uld be dir(ICnsioned to an even number. 
of words. 

3) If L,\ is in COlvG .. '10N, then a.ny previous variables in COlvlf:!ON 
together occupy an even nlJ!:'lber of words. 

e.g. CO!,~MON IX, 1Y ( 2 ) , IZ , IA ( 20 ) 
EQUIVALENCE (IA(2) ,n) 

CQf,1i,10N IX, IlIl ( 20 ) 
EQUIVALENC}i~ (IA(2) ,n) 

is va.lid 

is not valid 

o 

c 

c 
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To tl'unsfcr the arl'etJ' TJ\. to logical record K of tIle file. 
Op:::rn.tion is similar t.o DGET. The content.s of IA are trPllsfel'Y'r:l 
only eH far ns the file buffer, and not written on disk. 

Gall DPTE; (lEU?, K, J.A) 

To transfer t.he arro.y If.. t,;) logical record K of tbr file. 
The opere,t.ion is similar to DPUr) except tr..3t it i s exp~C'ted 

that the file will he written sequentially. Hence a bloc1\: 
of records i8 not read fralrl the 'disk befoJ'c transferr in b 
data from IA to IOOF, in anticipation of later moclj fyinc; 
all loeical records in the block. 

CHI 1 DF:Um (JBUP, K ) 

To I)(lsition t.he (1...s1-: in the C0rrect position to p:coccss 
loCical record K of the f5.le. No transfer of inf'Jrrr.ation 
ta)~es plo.ce. 

Cell DCI¢S (IEUF) 

To close the file. If' a block or records requires transfer 
to disk, the trunsfer is mede. 

Call DGB'I'l(Il:iUF ,K,M, IX) 

To transfer one vord of a logical record K to the location IX. 

IBUF 
K 
1-1 

IX 

--
= 
= 

= 

Name of file buffer 
Hequired logical record 
Hord nlun'ber W.l thin logical record K frOitl "lhich 
data is to be obtained. 
Variable to c:.;ntain returned valu(~. 

Apart from the fact that only one word is transferred, t he 
operation of this subroutine is identical t.o DGEr.r.\ 

To transfer one '\-l;)rd from tht~ location IX to th~ logical record K. 

IBlJlc' o-

K = 
1-1 -

IX 

Nawe of fil e huffer 
lJOgical r(~cord t.o be ITlodi.fied 
Hord numuc;l" \7i thin. logival recol"d K into 'r!hich 
data is to be stored. 
\}ord to be stored 



Di~k File Record Blocking Subroutln~$ eontfd 
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CallDPUTlcont fd 

Aparttr9ln the :f'actthiltOnly 'one \1ord is transferred, the 
operation of the suhroutinc'lsideutical to DPUT. 

Call DUSE (IBUF,K,M,KEY,KL) 

To generate a po1nter'toworclMot logical recordK. If 
the block contain ins therequlredlogical record is already 
in the buffer, the pointer is gel1eratedimmediatcly. If it 
is not, tbeblock in the buffer . is stored if necessary, and 
the required block obtained from the disk, after which the 
generation of the pointer takes place. 

IBUF - Name of file butfer 
K = Required logical l'ecord 
M = Word ,reqv.ircd 
KEY = Switch to indicate PU1--pose ,for which logical 

KL 

record is required. 

= -1 norecol·d isbeil').g read or written. 
Write tile bufter to disk if any record 
has been modj,fied. 

== 0 recordtare to be written sequentially. 
=: 1 record is to be read 
= 2recol'd 1s to be \lrittenrandom e.ccess 

== Pointer to -pas ition in IBUF of required '\-!ol'd 

Normally PUS:E is not called by the user. It isca.lled by 
DPtJT, DGE'll,' DPTS , DCL¢,$, .. DP\J'l'l and . DGET1. 

, , 

DPUT, DGET,DPTSandDcI46Sare secondarY'cntry pOints into 
the subprogI"aJJl DUSE,WhichiS."T1ttcnin assempler language, 
D~PEN and D~PIf are separate~sseJn;bler.lane;uage Subprograms 
DFIND, DPUTlarid DGETl arewrltten in Fortran. 

34. 
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These ar-e required in core to sa.tisfy cnll£ from the nub

prOgr3l~ls listed e.bove. 

PSFAC 

QEDIT 

QER¢R 

QGHAD 

QSlIUV 

PNMPY 

PNADD 

l~veo double "rord :from ACC and EXT to 

FAC 

(COME!' subroutine) Edits alphabetic f:J.clcls 

(COlvrn:r subroutine) En'or l·outlne for COLlET. 

Required to satisfy cull in QEDIT) bu'\i u(:ver 

used, as the cond:i.t1cl1s li'hich cause C.ll 

e;rror in QEDrl' are teoted in PEDI':r before 

QIIDIT is collcd. 

(CO:,m,r r,u.broutine) Extracts sin61e C;lnr3.ctcr 

from a CO:,fET EU~"[l,y. C£:llnot be called <l:tl'ectly 

from FOI?rRl\U. 

(co~,rEl' subrout:!.nc) Stores a o:J.ngl.t~ ChD.ra.Ct.~~ 

in a. CO:,1'1lr array. Cannot be called dj.l·ectly 

from FORTRfJ-l. 

P.NMPYis.a secondary entry point to this 

subprogrc..m. Multiple entry points Iv:~ve 

been provided to permit the inclusion of 

e. trace fc~t'lU~e, sll:rl.lur to ·!f-ARITln,fETIC Ti1I\CE. 

It wJ.s,howevel', been fO"..tnd unneccss!U"-y. 

PADD, PSTJB and PNSUB 8.14 e aecoudr..ry entry 

poirlts to th:1.:3 oul'prograro. Mul tiple entrJ' 

points h~ve b~cn lxr:ov1c1cd for the SOl~e 
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. reason as. lnPln·tPY above 

~o pertol'£l. 41 vision of h1t,;l1 .. precinion inte&ero. 

~ho quotient andre.!2-ll.inder arc retul"lcd a.s 

. a separate argument, for on1pulc.t1oD as 

require4by otl1er 8ubprogl"uns. 

'0 revers. aD· .. lpbabet1c arra.y. 

(IDEAL Subproarem) ':0 perform typc:'tn'i ter 

lnp\\t! output. 

WRrY (IDE:\.L Subprosr~) To perform typewr1tel" 

output. 

Im.f 11.b~r procrams requ1r~-d: 

CARDO 

ftWao 

WRrYO 

SPEED 

o 

o 
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FORD MOTOR COMPANY 
AUTOMOTIVE ASSEMBLY DIVISION 

COMPtJrER SELECTION AND JUSTIFICATION OF COMPUTER APPLICATIONS 

This morn~ng I would like to tell you a little about how the Automotive 
Assembly Division of Ford Motor Company loes about the busi.ness of Gclelo,.wing 
computers . and related equipment to perform the numerous business applications 
in its assembly plants, an,d mention some of the problems related to multi
installations. 

To sive you an idea of the environment, let me start off with saying that 
the Automotive Assembly Division's assignment is to assemble cars and trucks 
for the Ford Motor Company. This means that all car lines from Lincoln and 
Thunderbird to the smallest Falcon as well as 811 commercial vehicles~ 
from the largest diesel to the smallest Bronco are assembled in some 20 
assembly plants in the United States and Canada. Each plant assembles 
vehicles tor one or more car lineSj some plants have one assembly line 
which mixes light ~rucks and passenger vehicles while other plants have 
separate a~_bly lines for passenger vehicles and commercia:l vehicles. 
Most plants' operate two production shifts. 

To support these plants, we have: a standard computer eqUipment configuration 
which consists ot a Honeywell 200 computer, 49K core memory, tour tape 
drives with card punch, card reader and printer and a 9.6 million character 
disk. This equipment is used u.,;~, b,.tchproce8sor. We also have &I) IBM 
1130 with 8K core memory; one 512Kworddislt, and a card reader. The 
applications on the batch'proce.,o~!areota commercial nature, and include 
Productive -Materials Inventory Reports,AccOUnts Receivable. Accounts 
Payable, Vehicle InvQ~,cing, Lab,or Planning &: Control and the like. The 
applications on the IBM 1130 include an Early Warning system used to alert 
shop supervision to peak workloads on'the assembly line insutficienttime 
to take appropriate action • In,aclV&Dce of· e~b: work shift, orders are -
blended and a:repor~is p~:tnte4 .. ,9Yina theseq~ence otorderswh1ch will 
provide tbe be.t possible mix on the line. At present we· &retesting an 
on-line ti!l1e~4 .~~Fel1~cefll~t~~:;~~ope ot our plants with the: idea 
that such a 'Tatem could operate OAth. IBM 1130 simultaaeoual1with the 
Early Warn1~:;~pplic.ation.¥"th ... r.JLpp~i~at~onl>eing test.d. involves the 
operation by' cOlIlpiter ot a stor .. _ .Y8$.eJIl, • ,tor cOJalJercia1 vehicle. between 
the paint and trim lines in one of our West Coast plants. A system. to 
control a hiah bay warehouse for Itorage 01' truck parts i.-al8·0 under 
development, The latter two 87,tema mq require replacement of the IBM 
1130 by an IBM 1800 coaputer. 

Se1ectionot hardW'a.re<and 'related equipment' ,as you will.. r •• tily recognize 
requires caretulconaideration,·Cost-wis. we are contiaua.l.ly faced with 
tbe. 20 plaDt' multiplIer .Tbe:tmpac~o~,'t+tOOOrental -pel:' ,aantbper plant 
immediately propels 1,t.elt1nto,~annual cost tisure 01' aJ.moat a quarter 
of. a million do11ar8. It. 18 'lIl~l"onc1.r thereto,8,. tbat -~.·t'ake creat 
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pains to establish in advance the dollar impact of any equipment change 
or acquisition. 

The rapid technological advances in the computer field dictate that from 
time to time we review the total computer hardware situation. We approach 
this problem by maintaining contact with the major vendors and evaluating 
new equipment offered. When we find that new equipment might be of use 
to us, discussions with the vendor(s) are initiated. The major considerations 
are established. Generally these are: 

a) Hardware availability 

Delivery schedules 
Factory shipping dates 
In-transit times 
Installation time 

b) Hardware capabilities 

Processing time 
Reliability 
Throughput 
Peripherals 

c ) Facilities 

Suggested l~out and space requirements 
Air conditioning and humidity requirements 
Cabling requirements 
Power panel and related requirements 
Safety considerations 

d) Manpower 

Console operator requirements 
Programmers/systems analysts needed for initial 

development 
Programmers/systems analysts needed for continuing 
maintenance 

Systems engineers available to us for consultation 
on a continuing basis 

e) Software 

Compilers 
Utility programs 
Operating Systems 
Languages 
Training of programmers 

f) Conversion problems 

o 
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g) 

Software tools to convert programs 
Demonstration of conversion techniques 
Supplier provided assistance 
Testing facilities 
Parallel runs required 
Program documentation 

Installation 

Freight costs 

Page 3 of 5 

Timetable for conversion of each installation 
Field engineering support during installation period 

h) Field Engineering 

Number of qualified engineers available at each 
location 

Response time 
Preventive maintenance requirements 
Spare parts availability 
Regional and/or district support 

i) Back Up 

Back up arrangements for each location 

Our personnel will discuss each of these items with the vendors' represent
atives and indicate that their proposal should include specific answers to 
these questions. At this point the vendors' representatives will spend 
considerable time with our personnel to familiarize themselves with the 
applications involved. The number of computer programs involved is sub
stantial; approximately 250 divisional H-200 programs and about 45 IBM 1130 
programs ( exclusive of sort programs). A basic knowledge of the systems 
and program operation is necessary if the vendor is to make an adequate 
proposal. 

Next the vendor is asked to demonstrate his capability to convert our 
programs. For this purpos,e we select a few programs reflecting· the complex
ity of our system, including the. various languages employed in the programs. 
The demonstration programs therefore will not be average, but will generally 
include one of the more complex programs, a sort and other programs which 
would be either compute or peripheral bound. We have found it difficult 
to compute the expected total workload on the basis of the results of such 
a demonstration. 

After successful completion of the demonstration the vendor may submit his 
proposal, which subsequently will be carefully analyzed by our own personnel. 
This generally results in many questions and discussions with the vendor's 
personnel to clarify any doubtful points. 

Once we have reached this point we project the estimated running times for 
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each location and make a careful analysis of the changes in operating costs 
and estimates of the development, implementation and launching costs. The 
impact on scheduling of computer operations in the plants is another imp
ortant item to be studied. Paired with this is an estimate of facilities 
costs which includes such items as office re-arrangements, air conditioning, 
power supply, freight costs and initial supplies to be purchased. 

The same data are prepared for each vendor's proposal and comparisons against 
current operations are made to determine the incremental costs and/or savings 
for each proposal. Upon evaluation of the various proposals,a recommend
ation is made and approval of the Administrative Planning Office Manager, the 
Divisional Controller and the Divisional Manager is obtained, as required. 

The proposal is summarized on a standard form named, "Computer Equipment 
Proposal", and detailed schedules are attached with the Division's reasons 
for the selection or rejection of each of the alternatives considered. 
Final approval of the Systems Office, Finance Staff, is then requested. 

When a proposal affects all locations an· installation schedule is attached. 
Because of the annual model change-over, we generally do not convert or 
install new equipment between May and September. In addition there are 
many practical reasons for not wishing to extend a major project beyond 
one model year. Consequently the installation is usually scheduled for 
a six month period between October and May, the ideal period being from 
November through April, which leaves May available for cleaning up any 
loose ends. It means that after the first plant is installed and operating 
to our satisfaction, the conversion teams proceed at the rate of one plant 
per week. To accomplish this it is evident that all details for all 
locations have to be worked out completely ahead of time. I assume the 
logistics problem involved would seem minor to the Defense Department, 
though I can assure you that a great deal of effort and planning is 
necessary to accomplish itG 

Let us turn now to the matter of deciding whether or not a certain application 
should be computerized. The approach is less involved because hardware 
selection is not necessary and the vendors, therefore, are not involved. 
First a quick look at our internal organization. The Division General 
Office has control over equipment and programming. Programs are developed, 
compiled and tested in the General Office and the plants are furnished 
compiled programs and program listings. Two departments in the General 
Office share the responsibility for data processing systems. The Methods 
& Systems Department negotiates with "customer" departments and develops 
the specifications for the application to be computerizede The Data 
Processing Department has responsibility for the equipment and the program
ming. The latter consists of writing, compiling and testing the programs; 
providing documentation for the plants, and in case of significant changes, 
the programmers will visit the plants and assist in installing the new 
programs. 

o 
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So, when a new application is considered, Methods & Systems will develop 
preliminary specifications and based on these obtain programming estimates. 
From the "customer" they will obtain an estimate of savings/cost expected 
from the new application. A time table is developed showing starting and 
completion dates for the following areas: 

Fact finding 
Systems development 
Programming 
Equipment procurement 
Test installation 
System evaluation 
Division-wide installation 

Here again schedules are developed for recurring operating costs and non
recurring development and launch costs. The objective or purpose of the 
application is described and the specific benefits expected are indicated. 
All of this information is summarized on a form entitled "Systems Projects". 
Actually the originating "customer" department will prepare the top half of 
the "Systems Project" form which describes the application and the benefits 
expected. The Methods & Systems Department will complete the form and 
obtain the approval of its manager, or, depending on costs involved, higher 
level management, before proceeding with the project. 

Subsequent to implementation of a new or modified application the locations 
may be required to prepare another form named "Cost Evaluation of System 
Applications" for the purpose of comparing and evaluating results of the 
new or modified application to the cost objectives originally set down. 

A few other items that may interest you: 

Under the centralized programming concept every effort is made to 
avoid dual programming on a continuing basis. While a conversion is in 
progress we have little choice but to contend with dual program maintenance. 
This is one of the major reasons for keeping conversions within a six 
month period. 

We have been concerned about not being able to compare data processing 
performance between plants. This applies mostly to the batch processing 
portion. Extensive computer usage reports are being prepared by each 
location. However, the need for standards by program has become very 
evident. Considerable ef,fort is currently expended by our staff to 
develop such standards. These.will then enable us to rank the plants 
on their performance in each ofl6 major applications. It is hoped 
that such reports will have a good effect on individual plant performance' 
and permit the Division General Office to pinpoint areas of concern. 

Copies of this presentation with sample forms attached are available for 
you on your way out. I shall be glad to answer any questions you care to 
ask. 
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3.. To help the manager compare monthly and annual 
EDP operating costs of performing existing 
accounting functions with costs of previously 
performing these operations .. 

4. To aid the manager in comparing monthly and 
annual EDP operating costs of performing continuing 
engineering studies with the costs of previously 
performing the studies, either within the company 
or by an outside data processing service centero 

5. To assist the manager to assign data processing 
operation costs to functional departments served, 
when responsibility budgeting and accounting is 
used. 

Within the Duquesne Light Company, the cost of performing existing 
general and customer accounting functions and engineering as well as on-80ing 
management studies during the converslon to .the large scale computer were 
charged to the appropriate customer accounting, operating or general and 
administration expense account. Thedat. processing department retained the 
budget cost responsibility. Alternatively, in coapanies without direct 
responsibility accountina,these costs could be charged back to the functional 
department as a budget responsibil.ity of the department served. 

Costs relating to the design, progr8llDDing, and testing of new or 
revised work programs and any necessary conversion costs are accuaulated as 
a deferred cost. The costs are subsequently amortized over area.onable 
period from the completion of individual phases of the EDP project. This 
amortization pet'iod.hould approximate the pay-out period of economic justi
fication of the project. 

To meet the requirements of management as to the segregation of 
current operating costs and identification of deferredEDP costs for subse
quent amortization, we have .iaply superiJD.posed a memorandum work order 
procedure on the d"irect accounting charge distributiollo 

A Data Pt'ocessing Order is used by tile Data ProceHing Department 
to authorize the performance of specific work and to accUJIlUlate coata of 
each individual data processing function or application.. (RxhibitA) 

We use twotypea of Data Processing Orders to identify th$ 
operational nature of EDP work: 

1. Continuinl Data Processlng Orders are used to identify 
and accuaulate the c08t8 of general andcust01ller 
account ina or other data processing operations or 
functions ofa continulnanatUl'eco 

20 Specific DataProces8lnaOrder,sare used when it 
i8 desirable to find the cost of syste.development 
work, a particular dataproces.ing job, or engineering 
stuc:ly project\lhich is not of a continuing natureo 
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These Data Proceaslng Orders are closed when the 
project is completed. 

The identifying number for each Continuing and Specific type of 
Data Processing Order is issued and controlled by the Data Processing Depart
ment" Four copies of the Order are prepared from information already available 
or from information supplied by tbe d~partment requestins a work assignment. 
The four copies of the Order are8ent·~o the department requestlnc the ~~ork 
for signature., Copies are then distributed as follows: 

3 Copies - Returned to the Data Processing Department. 
One copy sent to tbe department requestlna 
the work when the assianment is completed. 

1 Copy ~ Retained by the department request1na the 
work. 

A four. digit DP Order code is used in assigning order numbers in 
order to facilitate the identification and accumulation of data processina 
costs by function, depart_nt,.n~dat. processing application. Tbe attached 
Exhibit B contalns atabulationof'OIIe .,stgneddataprocessing appllcation 
codes currently used by our cOlllpany. 

,The allocation of coaputer operation labor and other expenses to 
functional accounts and to indiVidual elata process ins orders austbe made in 
a reasonably preclse .... nner if meanins!,,! cost data ls to be accUllUlated. 
Individual time sheets are required of alle.ployees 1n the depart_nt. 
Computer and peripheral hard.wal'eloa.edoperatlna tiae andt.bulatlng card 
counts form the basls for allocatlon of such costs to functlon,laccounts 
and individual l)POrders .. Computer and otherbardware rentals are allocated 
on the basis of iDacbl1:\~ operation logs.. Supplies such as tabulating cards 
and paper are charsedon an estimate of us~ge basis from memorandum records 
maintained by the department .. 

Each mO.nth the Data Proce •• lng Department prepares a detailed 
report of expenditures to each Date Proces.ing Order show ina tber;espon.i
bility budget code, each charge by typ.e to the Order, as well as the expense 
account or other fUQctional accountwbtch was charged. A saaplepase of this 
report is attached as Exhibit Co 

The above description la, of course, only one of the accounting 
methods that can be used tQsegregate BDP costs for budget and accountlna 
purposes. The exploltation·o£ the tre1Dendou$ capacity of the new seneration 
computers, however, can only be re.11.8d1£ _naa,ment is provided with the 
tools of objective data process:lng'buclletiraland eccountini. The.e tool. 
are necessary to adequately measure ttu~ proaress IUde in att.lllinS EDP 
objectives arad deterlllining if the tarailb'leand i.-t.naible beneflts of the 
computer are worth the actual incurrec:l>coflts. 

o 
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DATA PROCESSING ORPER EXHIBIT A 

DUQUESNE LIGHT COMPANY 

o,".r No. 1402 

Not",. of Work R.".,.,t.", ___ M ... a ... t ... e ... r_i .... a ... l .... s_a...,n_d ...... S .... u_p ... p .... l_i .. e .. 8 _____ _ p,.., .. , ... No. _____ _ 

O.port .... nt R."".,tlnl Work: Data Processing Department C .... lnul ... D.'. 0, ... , 

Acco"nt To I. Chor ..... __ A..,c....,c ... o._u._n._t __ l_6_3 .... e ... O_l ____________ _ Sp.clflc D.P. 0,. 
Oat. Work Comr'.tlon R.qul,.'" Continuing Oat. Co,'.t.": NIA 
D •• crlptlon of Work' 

Charge to this DP Order the time. material. rent and other 
expenses incurred by the Operations Section in processing the complete 
materials and supplies distribution application. Include such items 
as preparing distribution check lists. material distribution reports. 
stock ledgers and pricing out-files for Duquesne Light Company and 
subsidiary companies. 

S"",ltt'" " Appr.,,"", Woril Authorb'" I, 

Manager. 
General Accounting Section MaMler 

Tltl. Tltl. T'tl. 

[]J 
o 

1-~-6Z 
December 16. 1966 

0 ... D ... D ... 



EXHIBIT B 

o 
DATA PROCESSING ORDER NUMBER CODES 

DATA PROCESSING NUMBER 
Dept. or 

lunction Division Application 

1 Operations Function 
1 Operations Division 

01 G-1S operationa 
02 Coal billing summaries 
03 Radiation exposure reports 

2 Development Function 
1 Operations Division 

01 Service interruption program 
02 EEl Load Diversity Report 

1 Operations Function 
2 Sales Division 

01 Billing data - cards and tape 
13 Appliance saturation study 

Development Function 
C: 2 Sales Division 

01 Program conversion - billing data 

2 

1 Operations Function 
3 Engineering & Construction Division 

01 Tower Design - Phillips - North 

2 Development Function 
3 Engineering & Construction Division 

01 Transmission tower design program 

1 Operations Function 
4 Fiscal Divis~on 

01 payroll and labor distribution 
02 MAterials and supplies 
03 Continuing property recorda 
04 Accounts payable 

2 Development Function 
4 Fiscal Division 

01 payroll and labor distribution 
02 Materials and supplies 
03 Continuing property recorda 
04 Accounts payable 

C 
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DATA PROCESSING NUMBER 

Dept. or 
Function Division Application 

1 
5 

01 
02 

2 
5 

01 

1 
6 

01 

2 
6 

01 
02 
03 

0 1 
7 

01 

2 
7 

01 

1 
9 

01 
02 

2 
9 

01 

o 

EXHIBIT B 
(Continued) 

Operationa Function 
System Planning Department 

G-1S operations 
Load flow studies 

Development Function 
System Planning Department 

Finane ia 1 ana lysis program 

Operations Function 
Data Processing Department 

Supervision - Manager and Directors 

Development Function 
Data Processing Department 

Supervision - Manager and Dtrectors 
General system development costa 
Development Section Office Rent 

Operations Function 
. Personnel Department 

Personnel data files 

Development Function 
Peraonnel Department 

Opera tiona Function 
Miscellaneoua 

Labe 1 printing - Secretary Department 
Forma control work 

Development Function 
Miscellaneous 

... _._-------------------, 



EXHIBIT C 

OPERATING EXPENSE AND CLEARING ACCOUNTS DETAil LEDGERS 1":1"'" :;':'-5' 

--r'----,------,-----.,.---------- COMPAN~ DUQUESNE LI~1:f~O"PA_~ ______ . __ DATE ~~~E ______ ._196L ________ . 
c ... J<ss 'B~DG::~ ORDE'< 

co· Me "EF iOF' WOPO<' ~C;):: Nut-.'SER 
AC::OU .... , 

N'-:MBEI=' 

509. 1 ~a 2401 186 '8300 

5"'!"';"-:::'''" "'V~E:'F 

t ........ MSE!= Coo-iJ:..P.::!:: 
:~ESCR'=-""!'::"'" ::~ A:':::::'::'_"~ :. '-::. =.: E""''''' A l.,':'~"'" T CALENOAR YE,o", TC :;:"TE' 

50 !CONSTRUCTION COST LEDGER - -----.----------239 - r 

8UDGET AND ACCOUNT TOTAL --------·-----239----'-- 239 
-------------------_._----- ----- -- --
TYPE CHARGE TOTAL ?39 239 

1 5098 1 4~ 24011 186 :8300' ! 60 it.ONSTRU~TION COST LEDGER 592 

i-----~-

1 50~ f -- 4~ 2401! 186 ;8300 10 
I 

I ; 

1 509. 1 4~ 21t01j 1@6;8300 10 

1 : 1 4~2liCnl-186 ;8300 
! I 

22 

BUDGET AND ACCOUNT TOTAL '92 592 

TYPE CHARGE TOTAL S92 5,92 

'CONSTRUCT ION COST LEDGER ---- .------. -----'-=-----+---+---+-----------
106 

8UDGET AND ACCOUNT TOTAL 
-_. --. __ . ----

3006 )O~ 

-------,,-

TYPE CHARGE TOTAL --------3'n,. ~~ __ ~ ___ ~--~~-~~:6 

CONSTRUCTION COST LEDGER 35'20 
---~--'---

IUDGET AND ACCOUNT TOTAL 3t;:1n .----==-=--_ , ___ ~__+__~685 8.Ql __ 

TYPE CHARGE TOTAL --------~·---+--35,20 6858<ff'--

C~NSTRUCTION COST LEDGER 

8UDGE T AND ACt-OUNT TOTAL 

TYPE CHARGE TOTAL ----

-~--~-----4---'Ioo8 

--___ '--__ ___ ..l.._-4-~_, 

_____ . ___ ~ _______ . _____________ -_______ 100.8 __ . 

1, 211 
1 211 

1868300 
1868300 

43 CONSTRUCTION COST LEDGER 
--U--CONSTRUCTION'-COSY-iEDGER---'--- --·~j-i~~·--~· ----~--t---- --.-.-----

I
' BUDGET ANO ACCOUNT T(iT~-=~---~=_~l-m-i=L I 3m~9 , 

! , 

I TYPE CHARGE TOTAL . ___ ~!.!11 398_)5=-9'---_ 

1 I 1 4! 2401 186 18300 45 

, I 
1 

1 I i 509f- 1 4~ i401 i 186 ;8300 50 
,-------T 

iCONSTRUCTION COST LEDGER 

BUDGET AND ACCOUNT rOTAL 

TYPE CHARGE TOTAL 

"-, -.....;..---~--7' -.----t--- . -~---
_+---~I ---+-- 160 5~2,-,4,---_ 

--t

I 1605024 

iCONSTRUCTION COST LEDGER ----~---~ -- --. :95 ----

8UDGET AND ACCOUNT TOTAL ~----~ ~ 
:95 28,55 I 
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COMPUTER COSTS CHARGED AS OVERHEAD COST 

R. H. Magee 

THE MAGNAVOX COMPANY 

To better understand the situation as it exists in the Magnavox 

Company, I think a few background and historical comments are in 

order. The Magnavox Company went into the computer game a little 

over twelve years ago. At that time, an IBM 650 computer was shared 

by the Data Processing (Tab Department) and Engineering. After about 

a year the computer was moved to the Tennessee operations for 

accounting work. About a year later, Engineering received its own 

computer and since that time there have been separate computer installations 

for Data'Processing and Engineering. It is the Engineering installation 

that will be discussed in this presentation. 

When the Engineering computer was installed, the questions of cost 

charging arose. After considerable discussions on the topic; it was 

decided that it should be an overhead expense. Although this decision 

was reached over ten years ago, I believe the same arguments are still 

valid for this type of operation. For this reason, I think we should· 

review some of these arguments i~ some detail. 

First, since the installation (including computer, personnel, supplies, 

etc.) is doing 100% engineering and scientific work, it is very difficult 

to apply costs savings. For example: A job requiring one hour of 

programming and two minutes of computer time may be as important to the 

company as one requiring ten hours of programming and ten minutes of 

computer time. Should both of these jobs be charged the same? Or should 

costs be based on programming and computer time? If this can be resolved, 



all is well and good; but we could not resolve it so simply. 0 
As you may have guessed, many of our jobs are one shot, or at least of 

short duration; and many of these are what might be considered small jobs 

requiring an hour or so of programming time and a few minutes of computer 

time. Now the question of economy arises •...•... does it cost more to 

spread the charges between the charge numbers than it does to absorb 

them in overhead? We chose to absorb them as overhead. 

Another pro1;>lem or question arose ....•. due to our accounting strUcture, 

there may be 100 different charge numbers open at anyone time and these 

may vary from week to week. ,So if costs were charged, it would almost 

have to be on a weekly basis ,and this. involves considerable more effort 

than a monthly charging. 

We also encountered the problem of budgeting. Our manpower budgeting 

is done for a six-month period and is done in man-months tO,the closest 

tenth of a man";'month. With our type of jobs it becomes almost impossible 

to do any budgeting within these boundaries. The people in charge of 

projects could not c~~e close to estimating the programming and computer 

times required. This, by the way, was tried for one six-month period 

and it was disastrous. This signaled the demise of trying to do any 

budgeting of programming time. 

These factors all contributed to cause of an overhead shop. A number 

of years ago we were accepted as an overhead function by the cogizant 

government accounting agency and this pretty well stifiled all more 

recent attempts to do any direct charging. 

I should point outtkat there is some direct charging within the 

- 2 .;. 
c 



o computer facility. On any requested overtime, the labor charges are 

charged to the requesting project; no machine time is charged, however. 

I might add that this is not a great amount and only amounts to a few 

dollars per month. We use it mainly to make sure the work has be to 

done during the overtime period. 

These, then, are some of the reasons that we do charge most of our 

charges to overhead. They have worked well for us for the past twelve 

years and certainly have made my job a lot easier. I hope it continues 

this way, but there are questions being raised on the feasibility of 

it at the present time. I do not foresee going to a complete turnabout, 

but that maybe 25 or 30% of the charges will be made directly. The 

arguments given within this presentation are still valid and will 

continue to cover most of our work. 

o 
R. H. Magee 
6 September 1968 
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A SELECTIVE DISSEMINATION OF INFORMATION SYSTEM FOR MEDICAL LITERATURE 

by 

James L. Grisell, Ph.D. and Roger Gudobba 

The Lafayette Clinic Medical SDI system has been designed to keep scientific 

investigators routinely informed of the world's literature in any selected 

area of medicine. The system can provide either a current awareness of new 

articles or a bibliographic search of an entire file of articles for references 

relating to any topic. At the Lafayette Clinic we use the system for the 

literature on the mental illness of schizophrenia. 

The current awareness portion of the system is desi.gned to work on an automatic 

basis. Each·investigator serviced by the system has on file in the Computing 

Laboratory a list of key terms, designated as a profile, which define that 

segment of the schizophrenia literature of interest to him. The key te.rms use.d 

in profiles are obtained from a dictionary of all terms occurri.ng in the entire 

file. Once a month, all profiles are compared against all new arti,cles entered 

into the sy~tem during the preceding four weeks. The investigator receives a 

complete list of all articles which matched his profile. 

IJ an investigator wants a bibliography, he prepares a profile which defines 

his area of research interest. When the key terms in the profile match the 

key terms in an article, this article will be included in the bibliography. 

This system has been designed to provide a maximum of flexibility in writing 

profiles so that each investigator can define his area of interest with optimum 

1 
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precision. Continuing feedback is also provided regarding profile key terms 

which are matched with article key terms. The ultimate goal of the system 

is to bring to the attention of each investigator only those articles which 

are of interest to him. 

Description of Entries 

The ultimate success or failure of any current awareness or bibliographic 

search system is the adequacy of the bibliographic reference data which is 

used. This data must meet two important criteria: (1) it must cover the 

world's literature of the area of interest as thoroughly as possible and 

(2) it must contain an adequate, but concise, description of the contents of 

each entry. 

A source of bibliographic information which adequately meets both of these 

criteria is the MEDLARS system of the National Li.brary of Medicine. The 

rf~ National Library is currently indexing approximately 25,000 jo~rnals containing \~ 

250,000 medical articles. As each journal is received at the National ,Library 

it is checked for articles of medical interest. For medical journals, all 

articles are routinely indexed. For a journal such as Science, only those 

articles pertaining to medical topics are included. 

Each article is read by an indexer. The indexer then assigns a series of 

tags, or index words, which define the subject content of the article. These 

tags are words which appear in Medical Subject Headings (MESH). The tags or 

index words are also the subject headings under which articles are listed in 

the Index Medicus. To keep the size "of Index Medicus within reason, indexing 

is done on two levels. The first level consists of tags which are most repre

sentative of the article's contents. These are used for cross indexing in 

C·, 
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Index ~ledicus and are preceded by an * in a MEDLARS listing. The other tags 

are not used for Index Medicus but are available for searches of the MEDLARS' 

master file. The entries in the MEDLARS system are available from the 

National Library on the basis of either a demand search, or a recurring search. 

A demand search requires a list of tags and the dates within which the search 

is to be performed. A recurring search is routinely made on a monthly basis. 

The Format of an Article 

Each article in the MEDLARS system contains certain basic information descriptive 

of the articles. The following items are included: 

(1) The author's name. If the article has multiple authorship all 
are included in the listing, with the senior author listed first. 
If there is no author (1.5%) it is listed as anonymous. 

(2) The title. If the paper is in English the title wi.ll be listed 
exactly as it appears in the article. If the paper is in a 
foreign language, the title will be in English translation. The 
language in which the article was written is indicated by a 
standard abbreviation. 

(3) The source of publication. The journals are given in standard 
abbreviated form. The volume number, month and year o'f publica-· 
tion and pagination are also given. 

(4) Index terms or tags. The index terms from MESH which describe 
the subject contents of the article are also included. 

Preparation ofMEDLARS entries 

All articles received to date, and th~y now number 5025 ~ have been pre.pared 

for entry into our SDr system. One of the guiding principles. of our system 

is that it be as automatic as possible. Consequently, we do a minimum of 

pre-editing of article listings. Each entry is assigned a document number. 

The order in which the entry parts are listed is consistent. Each line of an 

entry is given a sequence number and is labeled (A) author, (T) title, 

(S) source, or (K) index terms (designated key terms). They are now ready for 

keypunching and verifying. (See Figure 1) 
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Master Tape File 

The articles are loaded on a magnetic tape in the follm'l1ing manner. First 

the article is stored in card image format. (There is provision for a 

maximum of 20 cards/article). Secondly, the individual terms from the title, 

author, source and key term cards are pulled out and stored in an array. 

(There is provision for a maximum of 50 tenms/article.) All duplications 

and trivial words (such as and, or, the, etc.) are eliminated. In addition, 

the number of characters for each term is computed. As you will see later 

this technique of breaking down the article and counting the characters for 

each term will save a great deal of computer time later on. Thi.s tape can now 

be used for the current awareness run and then added to th_e master file. By 

using MAGOP we can store 5000 articles on one reel of tape. (See Figure.. 21 

Preparation of the Dictionaries 

One of the most important aspects of our SDr system is the dictionaries. 

Three separate dictionaries are maintained: (1) authors (2) sources (3) ~ey 

terms (from the title and key term cards). 

Dictionary of Authors - Each author is included. 4266 authors in first 3800 

articles. 

Dictionary of Sources - Each source in its abbreviated form is included. 520 

sources in first 3800 articles. 

Dictionary of Key Terms - Since the goal of the SDI system was to make it as 

automatic as possible, only single tenus are extracted from article titles. 

To get mUltiple word terms would require the pre-editing of the titles and 

designating which consecutive word groups should be treated as a s1.ngle term. 

This is done in some SDr sys tems • For example, one may wish to des.ignate 

o 
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"social factors" as a two-word term. However, this will appear in the dictionary 

o as two terms; "social" and "factors". While this may be regarded as a short-

coming of the system, provision can be made in the construction of profiles 

to treat these two words as a unit. 

When dealing with the key term cards, mUltiple word terms are treated as one. 

The purpose of this was to retain all of the terms as they appear in MESH. 

6067 key terms in first 3800 articles. 

The cwnulative total is kept for each term in the dictionary. Also, any terms 

appearing for the first time are flagged. It is now a simple task to give the 

investigators a listing of the new dictionary entries for the month. If any 

terms are of interest to the investigator he can add them to his profile before 

the current awareness run for that month. 

4C) Since the articles on tape already have the individual terma extrapolated the 

job of generating the dictionaries is simplified. lS"ee Figure 31 

Profiles 

The ultimate success or failure of an SDI system is a function of the ease 

and accuracy with which an investigator can define his area of interest on 

the basis of the terms in the articles being searched. This is done by con-

structing a profile of terms to be compared with the terms in an article. If 

the profile is a good one it will maximize the number of articles of interest 

it finds and minimize the number of articles designated as interesting, but 

which are not. If the profile is not a good on"e, the reverse will then be true. 

The profiles used in this system are similar to the profiles used in the IBM 

" SDI system, but with modifications. In the Lafayette Clinic Medical snr 

4C) system a profile has a hit level, which may range from -9 to +99. Each term 
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in the profile is compared with each term in the article and every time a match 

is found the weight of the term in the profile is summed. After the last 

comparison is made, the sum is compared to the hit level of the profile. If 

the sum is equal to or greater than the hit level, then the article is designated 

as being of interest. If the sum is less the article is ignored. 

In addition, tl;vO types of terms may be used: complete terms and root terms. 

A complete term must appear in the article exactly as it is in the profile 

to result in an equal compare. A root term, on the oth.er hand, will result 

in comparing only as many letters in the article word as are in the root term 

in the profile. For example if "child" is designated as a root term in the 

profile then it will result in an equal compare wi.th children, childhood and, 

of course, child. The use of root terms is a convenient way of encompassing 

all variants of a term which may have one of several different endings.. 

One additional refinement in a profile is the use of modifiers: must and 

not. A must modifier simply indicates that any time a must term is found the 

investigator will get that article regardless of the hit level. A not term 

will do the opposite. When a must term and a not term are both found in the 

same article, the must term overrides the not term. Either a root or a complete 

term can have either of the modifiers. (See Figure 4) 

Searches 

Since this is the most frequently used program in the system, a number of 

techniques have been employed to decrease the time required to search the file. 

First, the program handles one profile at a time and makes a pass through the 

entire Master File of Articles. This enables us to keep the output for each 

profile separate without having to do a sort. Secondly, keeping the profile 

in core has the following advantage: when the profile is originally read in 

o 

c 
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the program calculates the number of characters in each term. Since the terms 

in the article also include character counts this is used as follows: For 

complete terms the character counts are compared and if they are not equal 

the alpha compare is not necessary. For root terms the character counts 

are also compared and the alpha compare is done only if the term iri the article 

is equal to or longer than the term in the profile. Finally, we have written 

our own alpha compare routine. Since the articles are stored with A2 format 

to conserve tape and core requirements the use of an alpha compare routine such 

as NCOMP (1130 Commercial Subroutine Package) would necessitate unpacking the 

article terms first. Our alpha compare routine will handle Al or A2 format. 

(See Figure 5) 

If the sum of the weights of the compare terms equals or exceeds the hit level, 

or if a MUST term was found, the entire article is listed followed by the 

profile term matches for that article. For root term matches the complete 

term from the article is listed. Inclusion of the matching terms helps the 

investigator make value judgments regarding the interest level of ,the material 

a term brings to him and to modify his profile accordingly. (See Figure 6) 

Reprint library 

If the system is to be effective 'in disseminating the world's literature on 

schizophrenia to a group of investig,ators it is imperative that a complete 

reprint library be maintained. With approximately 40% of the articles i.n a 

foreign language, appearing in some 25,000 journals, it would be of little use 

if the investigator has to obtain the reprint by himself. 

Consequently, we are also in the process of establishing a complete reprint file. 

This has been accomplished to date by (1) sending reprint reque.stcards directly 

to the author, e2l obtaining Xerox copies from Wayne State University Medical 
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Library, and (3) obtaining Xerox copies from the National Library of Medicine 

for any articles that cannot be obtained by Steps 1 or 2. This has turned out 

to be both fruitful and worthwhile. Of the first 3700 articles entered into 

the system we have copies of all but two. 

Conclusion 

Although this system was designed for a specific medical research. area, namely 

schizophrenia, it could easily be adapted to any area of any discipline. Except 

for the alpha compare routine, which is coded in Assembler, all of the programs 

have been coded in FORTRAN. 

o 

o 
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1 A 1 
1 T 2 
1 T 3 
1 S 4 
1 K 5 

2 A 1 
2 T 2 
2 S 3 
2 K 4 
2 K 5 
2 K 6 

FIGURE 1 

Article Entries from MEDLARS after pre-editing 

AALLL 
(SYMPOSIUM ON SCHIZOPHRENIA-LIKE PSYCHOSES AND ETIOLOGY OF 
SCHIZOPHRENIA. EXPERIENCES REGARDING THE TOPIC IN TANGANYIKA) 
SCHWEIZ ARCH NEUROL PSYCHIAT 93,377-9, 1964 
*SCHIZOPHRENIA, TANGANYIKA (1) 

AARONSON BS 
AGING, PERSONALITY CHANGE, AND PSYCHIATRIC DIAGNOSIS. 
J GERONT 19,144-8, APR 64 

9 

ADOLESCENCE, ADOLESCENT PSYCHOLOGY, *AGING, DIAGNOSIS, *MENTAL 
DISORDERS, *MMPI, *PERSONALITY, SCHIZOPHRENIC PSYCHOLOGY, 
SOCIOPATHIC PERSONALITY 

ABELY P, LAUZIER B 

(GER) 

3 A 1 
3 T 2 
3 T 3 
3 S 4 
3 K 5 
3 K 6 

(THE FATE OF THE CONCEPTS OF PERIODICITY, ATYPISM AND INCURABILITY 
IN PRACTICAL PSYCHIATRY) (FR) 

4 A 1 
4 T 2 
4 S 3 
4 K 4 
4 K 5 

ANN MEDICOPSYCHOL (PARIS) 122,729-46, MAY 64 
CLASSIFICATION, *MENTAL DISORDERS, *NOMENCLATURE, PERIODICITY, 
PROGNOSIS, *PSYCHIATRY, PSYCHOTHERAPY, SCHIZOPHRENIC PSYCHOLOGY 

ABRAHAM G 
(THE PROBLEM OF MIXED PSYCHOSES) (FR) 
ANN MEDICOPSYCHOL (PARIS) 122,481-90, NOV 64 
CLASSIFICATION, *DEPRESSION, *EPILEPSY, *NEUROSES, ~PSYCHOSES, 

*PSYCHOSES, MANIC-DEPRESSIVE, *SCHIZOPHRENIA 

5 A 1 ABRAMS S 
5 T 2 A VALIDATION OF PIOTROWSKI'S ALPHA FORMULA WITH SCHIZOPHRENICS 
5 T 3 VARYING IN DURATION OF ILLNESS. 
5 S 4 AMER J PSYCHIAT 121,45 .... 7, JUL 64 
5 K 5 DIAGNOSIS, DIFFERENTIAL, *RORSCHACH TEST, *SCHIZOPHRENIA 

6 A 1 ABRAMSON HA 
6 T 2 ANTISEROTONIN ACTION OF LS~25 AND OTHER LYSERGIC ACID DERIVATIVES, 
6 T 3 FACT AND FICTION. 
6 S 4 J ASTHMA RES 1,207-11, MAR 64 
6 K 5 *ALLERGY, ASTHMA, AUTISM, CHILD, *HALLUCINOGENS, *LYSERGIC 
6 K 6 ACID DIETHYLAMIDE, METHYSERGIDE (3), MIGRAINE, PHARMACOLOGY, 
6 K 7 SCHIZOPHRENIA, CHILDHOOD, *SEROTONIN INHIBITORS, TOXICOLOGIC 
6 K 8 REPORT (4) 

7 A 1 
7 T 2 
7 T 3 
7 S 4 
7 K 5 
7 K 6 
7 K 7 
7 K 8 

ACHILLES M 
(ATTEMPT AT A STATISTICAL DIAGNOSIS OF THE DRIVE STRUCTURE IN 
PROBLEM STUDENTS) (GER) 
PRAX KINDERPSYCHOL 13,177-81, JUL 64 
ADOLESCENCE, AGGRESSION, AUTISM, CHILD, *CHILD BEHAVIOR 
DISORDERS, EDUCATION OF MENTALLY DEFECTIVE, MOTIVATION, 
PERSONALITY, PijBERTY, SEX, STATISTICS, THEMATIC APPERCEPTION 
TEST 

'\.J ~, . 
; I-

."t..f 
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FIGURE 2 

Article entries as they are used in the SDI System 

1 A AALL L 
T (SYMPOSIUM ON SCHIZOPHRENIA-LIKE PSYCHOSES AND ETIOLOGY OF 
T SCHIZOPHRENIA. EXPERIENCES REGARDING THE TOPIC IN TANGANYIKA) (GER) 
S SCHWEIZ ARCH NEUROL PSYCHIAT 93,377-9, 1964 
K *SCHIZOPHRENIA, TANGANYIKA (1) 

28 SCHWEIZ ARCH NEUROL PSYCHIAT 
6 AALL L 
9 SYMPOSIUM 
9 PSYCHOSES 
8 ETIOLOGY 

11 EXPERIENCES 
9 REGARDING 
5 TOPIC 

10 TANGANYIKA 
3 GER 

2 A AARONSON BS 
T AGING, PERSONALITY CHANGE, AND PSYCHIATRIC DIAGNOSIS. 
S J GERONT 19,144-8, APR 64 
K ADOLESCENCE, ADOLESCENT PSYCHOLOGY, *AGING,DIAGNOSIS, *MENTAL 
K DISORDERS" *MMPI, *PERSONALITY, SCHIZOPHRENIC PSYCHOLOGY, 
K SOCIOPATHIC PERSONALITY 

8 J GERONT 
11 AARONSON BS 

5 AGING 
11 PERSONALITY 

6 CHANGE 
11 PSYCHIATRIC 

9 DIAGNOSIS 
11 ADOLESCENCE 
21 ADOLESCENT PSYCHOLOGY 
16 MENTAL DISORDERS 

4 MMPI 
23 SOCIOPATHIC PERSONALITY 

3 A ABELY P, LAUZIER B 
T (THE FATE OF THE CONCEPTS OF PERIODICITY, ATYPISM AND INCURABILITY 
T IN PRACTICAL PSYCHIATRY) (FR) 
S ANN MEDICOPSYCHOL (PARIS) 122,729-46, MAY 64 
K CLASSIFICATION, *MENTAL DISORDERS, *NOMENCLATURE, PERIODICIrY, 
K PROGNOSIS, *PSYCHIATRY, PSYCHOTHERAPY, SCHIZOPHRENIC PSYCHOLOGY 

17 ANN MEDICOPSYCHOL 
7 ABELY P 
9 LAUZIER B 
4 FATE 
8 CONCEPTS 

11 PERIODICITY 
7 ATYPISM 

12 INCURABILITY 
9 PRACTICAL 

10 PSYCHIATRY 
2 FR 

14 CLASSIFICATION 
16 MENTAL DISORDERS 
12 NOMENCLATURE 

9 PROGNOSIS 
13 PSYCHOTHERAPY 

o 

c 
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FIGURE 3 

o Samples from the dictionaries 

AUTHORS 

1 AARONSON BS 
1 ABD EL NABY S 
3 ABELY P 
1 * ABENSON MH 
3 ABRAHAM G 
6 ABRAMS S 
1 ACHILLES M 

10 ACHTE KA . 
2 ACKER CW 
2 ACKER M 

SOURCES 

14 BEHAV RES THER 
2 REHAV SCI 
4 BIOCHEM PHARMACOL 
1 * BOLL MAL ORECCH 
2 BOLL SOC ITAL BIOL S~ER 

o 6 BRAIN NERVE 
1 * BRAIN 
1 BRATISL LEK LISTY 

117 BRIT J PSYCHIAT 
7 BRIT J SOC CLIN PSYCHOL 

KEY TERMS 

2 CHLORALOSE 
2 * CHLORAMBUCIL 

36 CHLORDIAZEPOXIDE 
2 CHLORIDES 
2 CHLORMEZANONE 
1 * CHLOROQUINE 
1 CHLOROTRIANISENE 

17 CHLORPROMAZINE TOXICOLOGY 
287 CHLORPROMAZINE 

34 CHLQRPROTHIXENE 

o 

-_._-_._------------------
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FIGURE 4 

Sample Profile 

LAFAYETTE CLINIC MEDICAL SDI SYSTEM 
BIBLIOGRAPHIC SEARCH OF SDI SCHIZ MADE ON 9/ 4/68 

12 

TAPE FILE CREATED ON 6/22/68 FOR ARTICLES 1 TO 5025 

PROFILE 10000 

MODIFIER 

MUST 
NOT 

NOT 

PROFILE DESCRIPTION 

NAME SAMPLE PROFILE ~ CO~ON MEETING LOCATION LC HIT LEVEL 2 

WORD TYPE WEIGHT KEY TERM 

COMP 1 . ABRAMS S 
COMP 1 CHILD BEHAVIOR DISORDERS 
COMP 1 CLASSIFICATION, 
COMP 2 DIAGNOSIS 
COMP 1 NOMENCLATURE 
ROOT 1 RORSCHACH 

o 

C) 

c 

0- .' 
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FIGURE 5 

Sample run times on a 2 psec machine 

Number of 
terms in profile 

4 
4 
5 
7 
7 
7 

16 
50 

Search made on 4600 articles 

Number of 
articles found 

10 
14 
41 

2 
63 

421 
178 
446 

13 

Time in 
minutes 

10 
ib 
14 
11 
lJ 
4.P 
41 
72 

-------------------------



FIGURE 6 

Articles from Figure 1 which match the Profile in Figure 4 

2 A AARONSON BS 
T AGING, PERSONALITY CHANGE, AND PSYCHIATRIC DIAGNOSIS. 
S J GERON! 19,144-8, APR 64 
K ADOLESCENCE. ADOLESCENT PSYCHOLOGY, *AGING, DIAGNOSIS, *MENTAL 
K DISORDERS, *MMPI,*PERSONALITY, SCHIZOPHRENIC PSYCHOLOGY, 
K SOCIOPATHIC PERSONALITY 

MODIFIER WORD TYPE WEIGHT KEY TERM 

COMP 2 DIAGNOSIS 

3 A ABELY P, LAUZIER B 

14 

T (THE FATE OF THE CONCEPTS OF PERIODICITY, ATYPISM AND INCURABILITY 
T IN PRACTICAL PSYCHIATRY) (FR) 
S ANN MEDICOPSYCHOL (PARIS) 122,729-46, MAY 64 
K CLASSIFICATION, *MENTAL DISORDERS, *NOMENCLATURE, PERIODICITY, 
K PROGNOSIS, *PSYCHIATRY, PSYCHOnlERAPY, SCHIZOPHRENIC PSYCHOLOQY 

MODIFIER 

5 A ABRAMS S 

WORD TYPE 

COMP 
COMP 

WEIGHT 

1 
1 

KEY TERM 

CLASSIFICATION 
NOMENCLATURE 

T A VALIDATION OF PIOTROWSKI'S ALPHA FORMULA WITH SCHIZOPHRENICS 
T VARYING IN DURATION OF ILLNESS. 
S AMER J PSYCHIAT 121,45-7, JUL 64 
K DIAGNOSIS, DIFFERENTIAL, *RORSCHACH TEST, *SCHIZOPHRENIA 

MODIFIER 

MUST 

NOT 

WORD TYPE 

COMP 
COMP 
ROOT 

WEIGHT 

1 
2 
1 

KEY TERM 

URAMS S 
DIAGNOSIS 

. RORSCHACH TEST 

o 

c 

o 
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Computerized Organization and Maintenance of Files 

in the Automated Clinical Laboratory 

by 

M. Del), J. Lukins, and 

w. B. Stewart 
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Tho purpose of this paper is to describe the organization and 

maintenance of clinlcaJ laboratory d~ta files ~t the University 

of Kentucky Medical Center, utilizing an IBM 1800 Outa Acquisition 

and Control System. 

The data acquisition process wl11 be described briefly, and 

the structure of the necessary data files outlined in detail. 

o 

G 
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Computerized OrganizatIon and Halntenance of Files 

In the Automated Clinical Laboratory 

The Clinical Laboratory at the University of Kentucky Medical 

Center Is presently employing an IBM 1800 computer to acquire analog 

data from the laboratory's many autoanalyz~rs, choose peak values 

from this data, and calculate and report test results by int~rpolation 

against standard peaks. It has been found that the results obtained 

are more accurate, more preclse~ and more legible than was possible 

using manual calculations. 

In order to accomplish this task, it Is necessary that th~ 

computer maintain a number of internal files. One is composed of 

the data that Is acquired as it is received from the autoanalyzers. 

Another, kept simultaneously, contains pertinent Information about 

the patients whose specimens are being analyzed. These two culminate 

in a final file which associates each patient with his result cal-

culated from the autoanalyzer data. The computer also maintains 

complete dally and historical ~ape files containing all laboratory 

findings, thereby eliminating manual filing procedures In the laboratory.1 

Now let us analyze the construction of each of these files 

(refer to Figure' as an outline). 

I . Lukins. J., K. Ball, W. d. Stewart, N. Hili and R. 0' Oesky, 
"Computerlzat·lon In the Clinical Laboratory", presented to and 
to be published In the proceeding of April, 1968, Meeting of 
Common, Chicago. 

------------_____ ... J 
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The first task Is to read the pertinent patient information 

from cards and store It In a disk flle'whlch we will call PTST. 

It Is defined as a file of 1000 20-word records: 

2(1000, 20, U, LA2) 

To save precIous disk space, each sequence of patients is pre-

coeded by a header record containing Information common to all of 

the patients which follow that header. The format of the header 

record is as follows: 

Word --

2-3 

9-12 

13 

14-16 

17-20 

Contents of word 
-----~ 

Patient count (no. of patients 
following this header) 

Test code (unique for each lab
oratory tes t) 

Test name* 

Un~ts oftest* 

Overflow address - indicates where 
any addf.tlonal patients for this 
test may be found 

Date test performed 

Zoros (Not used at present) 

Format 

113 

2A2 

SA2 

4A2 

114 

3A2 

411 

Once a header record has been established for a particular ·lab-

oratory test, all patients requiring that test are entered into the 

* Only the·tast code Is read from the patient card: Other in
formatlonaboutthatest, such as name and test units, arc 
retrieved from the standard file (see description) and placed 
In ttl I s record. Th I 5 ell mf nates the need for punch I n9 that i n
formation Into each test card. 

I , 

O"

\. 
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file behind th~ appropriate header. The format for the patient 

records is: 

Word Contents of word Form3t - --
1-2 Patient's hospital number F7.0 

3-14 Patlent's name. 12A2 

15 Hospital location of pnti~nt lA2 

16-17 Zeros (not used at present) 211 

18 Dilution factor 113 

19 Last digl ts.of test code lA2 

20 Total urine volume,where applicable 114 

While the patient information is being recorded on disk, the 

computer is busily collecting analog data from the autoanalyzers, 

which must be analyzed and stored in a disk file which we shal1cail 

COLOT. I ts f i 1 e de fi·n it ion is: 

and its formc3t is: 

Word -

2-3 

4 

5-320 

11(32, 320, U, LA)1) 

Contents Format 

Number of peaks contained in this 
record 113 

Test code 

Indicates where any additional 
peaks for this te$t may be found 

Peak values 

2A2 

112 

158Fl0.4 



Befoter't,st'results can bE: caltulatednnd r~port(;d, I t Is neces'" 

sery that the computer kn,ow how many of the r~cordod peaks are stand

ards, what.theactuaJ values of the standard peaks are, what the 

name of the test Is, and In what units tho test should be reported. 

This Information Is relatively permanent. and resides in a disk file 

wh I ch we she 11 refer to as STOF.: 

1(316, 33, U, LA1) 

There Is one disk record in file STOF for each laboratory test, 

con to in f n9 the fo II ow i n9 i nformatTon : ' 

Word -
3-7 

8-11 

12 

13-32 

33 

Contents of word ----,--
Test .code 

Test name 

Units of test 

Number of standards 

.$,tandardvalues 

Indicates whether'to calculate' 
optical defts 'tyor % transmittancE:: 

format 

·.2A2 

SA2 

4A2 

112 

10F10.4 

III 

In ordertofacilitatefa$t access to any porticulor test with~ 

in this standard f·ile. the file Islndaxedin another disk ff Ie 

(we have called., I t,'tN~X)wh lch Cin bequlck Iy scanned to Obtain the 

disk record.numb·~r~',·of'th.ideslr.d:tji$tw"thln the; standard fi Ie STQF~ 

rh is Index·J'$;·~f':r~~: 

4:( 1, 316 t U, LA" ) 

It Is sJmplya IJstof the· test codes in 'the same sequence as 

appear'lnthesttndard file5TOF, and can be used in atablt. 

l-bbk·up 
'; 

c 
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Once the two files PTST and COLOT have b~cn completed, the two 

may be correlated, record for record, to form a complete disk file 

which we shall call FFLE. defined as: 

31(1000, 40, U, LA3') 

It contains both sets of Information in the following format: 

Word 

1-2 

3-14 

15 

16-20 

21-2.2 

2)-26 

27-28 

29-30 

31-33 

3lt-35 

36 

31~"O 

Content of word --
* Hospital number 

* Patient name 

* Loc~tfon of-patient 

* Test name 

**Te$t result 

'* Units of test 

*** Technologist's Initials 

* Test code 

" ',' 'Ie pate tes t performed 

Zero (not us:ed by this program) 

* Urine yolu~ (If applicable) 

Zero (not used at present) 

Format 

1 F7.0 

12A2 

'A2 

SA2 

lFIO~lt 

4A2 

2A2 

2A2 

3A2 

III 

11 If 

411 

This completes the description of disk files used by the 

process. We have collected, an~'yzed, and correlated the Information 

for one "laboratory run." . BU~jdlsk. st~rage, space 15 llml ted, Ie) 

* From File PTST 

** From F I 'e COLOT 

*** Retrieved from an Incldente1 file beyond the scope of this paper 
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this data is now stored on magnetic tape to enable us to reuse the 

disk files for the next laboratory run. Each dayls results are 

stored In a tape "Ie which we shall call the Dally Hastor Tape. 

It conta'ns a series of 40-word records which are identical to the 

records In disk file FFLE, and sorted by hospital number. As data 

Is collected throughout the day, It Is merged Into this Dally Haster 

Tape file In proper sequence by hospital number. 

For ease of retrieval of Information on any given patient, it 

It practical to maintain a tape ffle cont~lningall laboratory in

formation on all patients currently In the hospl ta'i. This file we 

shall eallthe Grand Master File, and It Is kept current by dally 

additions and deletions. To maximize utilization of tape storage 

spac~. the patient Information Is written only once as a header, and 

Is followed by all of his laboratory analyses. The format of ,the ' 

records Is as follows: 

(I) Patient ti.ader Record (total record length 16 words). 

Word -
2-3 

4 .. 1S 

16 

Contents of Word --------
Record length In words 

Hosp' ta 1 number 

Name of patient 

Loca,t I on of pat I ant 

(I) 'Test ReGard (to~al record length "8 words). 

Word .............. 

2-4 

5-6 

1-8 

Contents. of word -'.-
Record length In words 

Date of test 

test code 

Test Result 

Format 

112 

lF7.0 

12A2 

lA2 

Format 

112 

3A2 

2A2 

l'IO.1t 

o 

C 
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This brings us to the last major file, namely the Historical 

Tape file. This tape file is updated by the daily deletions from 

the Grand Master Tape file, since these patients have been discharged 

from the hospital. Their laboratory history must be recorded on this 

tape for future reference and for statistical purposes. The form~t 

of these records is identical to that of the Grand Master Tape 

explained above. 

Within these major disk and tape files, then, ~11 of the data 

C~l'~~ted In the automated clinical laboratory is contained in a 

systematic and easily retrievable form, and can be accessed without 

resort to manual filing techniques. It is a relatively neW concept 

in laboratory management, and will no doubt require alterations and 

improvements. but when operating at full"efficiency, it should 

~ignif'cantly improve patient care. 

f!" .. 

~ ~ '; 
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Data Reduction Techniques in a Clinical Laboratory 

by R.I. Q'Oesky, Marion Ball and \~.B. Stewart 

Within any clinical laboratory there are many problems caused by 

automation. At the University of Kentucky Clinical Pathology Laboratory, 

Or. W.B. Ste\"art, Chairman of the Department of Pathology, is using a com-

puter to assist him in more efficiently running his laboratory. The 

equipment Dr. Stewart choose to use in his lab is the ISM lCOO Data 

Acquisition and Control System Computer. The purpose of this paper is 

to discuss the most efficient us·e of the facilities. of this system. 

T~e process of data acquisition is the ~ost important function of 

the 1800. Since this acquisition occurs on a cycle steal basis of a 

data channel, the 1800 Central Proce~sing Unit docs not use significant 

amounts of time servicing this analog point recognition •. Ther~fore, 

within the system, the data acquisi·tion is relegated highest priority. 

Within any data acquisition computer there are three sources of 

storage available. These media are magnetic tape, disk, and corc. 

Since magnetic tape is bulk storage media primarily used for 

extensive·master files it will not be considered as critical to the 

laboratory data acquisition system. Its relativ.ely 510111 speed and se-

quentially organized files are not appropoe for t:he volatile acquisition 

system. 

The fastest storage medium available is core. The problem arises 

\'/hen it is realized that core is limited to 32~168 16 bit words of 

1 
storage. Since it is desirable to take advantage of the IBM supplied 



ISX2 programming system, a prime consideration is the maximization of 

variable core. This means that the user would like to make the most 

efficient use of the core storage which the Programming System requires. 

This then allows the user to have the maximum amount of core storage 

available for his programs which run as a foreground job in the time-

shared environment. 

The other storage medium is the replaceable disk cartridge. This 

means that limitless storage facilities are avai lable on these inter-

changeable cartridges. In order to maximize efficiency in the system, 

't is desirable to keep the disk files as economical as possible. This 

is because the disk access time is much slower than core storage cycle 

time. An economical file reduces the number of disk seeks and reads, 

iesulting in shorter access times for the pertinent information stored 

there. By keeping the files on a single .disk cartridge no operator 

intervention is required. This means the system is never waiting for 

a.lIman response in order to carry out its function. Also. economical 

files allow more working storage to be available to the foreground pro-

grams running under time sharing. 

At this point the speed, accuracy, and efficiency of storage media 

for the system are to be considered. 

The ideal situation would be a point by point representation of the 

autoanalyzer output. 3 See Figure 1. This sequence of points would then be 

retained by one of the storage media. Since core is limited, this implies using 

disk storage to save all our point values. Operating on a continuous 

scan basis, we would become disk boun~ and would exhaust our disk storage 

in a matter of minutes. Therefore, physical limitiltions prohibit the 

o 
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use of this method. 

Two alternatives are now available to faci litate the user's handling 

of the large qua~tities of data generated by the autoanalyzer scan. These 

alternatives are, first, a hardware data reduction technique and, second, 

a software
4 

technique. Two distinct hardware approaches \'Iere considered. 

The first hardware method takes advantage of the comparator 

feature of the 1800. 5 See Figure 2. Since the range of the analog 

input signal is known, it iS,convenient to have the computer calculate 
6 

2% of this range. let this 2~ of the range value be called DElY. 

The lower limit of the comparator word is set to the base line value which is 

determined by an analog read preceeding the initialization of actual 

testing. Let this value be called B. Then the upper limit of the com-

parator word is set to B + DElV. As we get interrupts we save the 

B + DELY value and update the comparator word by replacing B 

with B + DELV,7 At the position on the curve where the comparatqr Interrupt~ 
by going below the lower limit, we save the 6 value and replace 

B by B - OELY and ~:+ OELY by B. In this manner we have defined 

the curve by a much smaller number of points. 

This is a practical sol~tion to defining the curve, but a large 

section of. the disk is wasted by saving non-significant points. Also, 

an inher'e~t error of 2% of the range appears in the answer. Thus, it is 

desirable to consider another hardware solution. 

. . 8 
T~e second hardware ~oJution uses the interval timers which are 

available in the 1800. See Figure 3. The timer will trigger an interrupt at 

predetermined intervals., Servicing the interrupt consists of reading 

the analog signal, saving this value in either a core or disk table, and 
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returning the computer to the status it had prior to the timer interrupt. 

If the autoanalyzer tests are being run at a rate of 60/hour, this 

means that one peak a minute will result: A scan rate of once per 

second will result i~ a table of 60 points per test. Again with this method, 

a large number of superfluous points are being saved. Thus. the ~'ost efficient 
, 

use of storage media is not being affected. 

Thus far only methods of defining autoanalyzer outpu~ as a 

sequence of points have been considered. Now the problem of picking 
9 

the peak value of the curve must be considered. 

The most straight-forward method· of picking peaks is to scan the 

ARRAY of polnts \</hich"have been-chosen to simulate the curve" The 

largest value is then saved as input to a program which Interpolates 

this value into a meaningful fina1 result •. A combination of point-

by-point curve definitlon and scanning to determine the peak Is the. 

most common programmi~g approach used in a clinical lab today. 

In order to optimize the use of stor~ge media, a method of 

combining curve definition and peak picking would be highly desirable. 

The least sophisticated method of doi~9 this would be a simple greater-

than compi!re bet\'/een success ive analog reads. This m~thod could be 
o. 

used with either a comparator or timer hardwa~e approach to data reduction. 

The special cases \</hich arise during the course of a test run make this method 
> 10 

undesirable. A spike or a shoulder is not detectable with this 

approach. 

In viewing the entire system, the most desirable condition would be 

the investigation of every point on the curve," as fn t~e first scan 

n~thod mentioned, and the saving of only the significant point for each 

test. Before formulating an approach to combining these two. methods, let 

us recall the definition of a.derivative from elementary calculus. 

o 
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Consider a function f, defined for values of the variable x in 

the interval (atb). Let x be any fixed point of the interval and 

consider the ratio f(x) - f(xo) where x ; Xo and x is a variable 

x-x 
. 0 

point of the interval. The ratlo is called a differenc~ qUOtic1t. 

O f · .. II . e I nit I on: If the difference quotient approaches a limit as x 

approaches xo' the limit Is called the derivative of f at x=xo and Is 

denoted by f'(xo). Thus by definition 

f' (x ) -= 1 i m f (x) - f (x ) 
o 0 

provided the limit' exists. 

, If x=x· +A x the defi n it ion becomes o . 

f' (x) • 1110 
o 

~~-=-,O 

o 

- Ax 

This then becomes theequatJon which is to be considered. In the chain 

scanned system mentio'ned as the Ideal situation the analog values 

corresponding to f(xo+Ax>' and f(xo) wou'ld be saved in core. These 

t,,,o values are the only data points \'Ihich have to be saved. Thus our 

core requ,rement is drastIcally trimmed by comparison ,to the ideal sItuation. 
12 

The Ax is very small and as a result th~ difference quotlen~ can be 

con$idered as an appr~xl~atl,on to the derivative. 

Knowing that a validapproxhnatton to the derivative Is easily calculated 

within the 1800, it is now advantageous to consider the classical applic

ations of the derivative concept. See Figure 4. In thrs sitvation it \'1ould 
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be convenient to be able to predict the value of f{xo+2L)x) from the given 

two data points f(xo) and f{xo+L.x). This is easi'ly dO!lc by sayi'ng that 

lHXo+2 .iX)/~ f' (xo+2 DX) + e, and this Is the cri terion for el imlnating 

spikes. Since f'{x} is calculated for the previous purpose, further usc 

of this value would increase the efficiency of time spent for doing 

the calculation. The second use would be to determine when the curve 

approaches a peak. The phys ical peak occurs at Xo \"hen f' (xJ ::: O. Thus 

only points which have to be saved are in an area of the curve where 

f • ( ) L C f ~ 11 13 Th' h\ ••• · b f Xo - c or c-very sma. IS, t en, minimizes tile num er 0 

values which are to be saved on the disk. The criterion for the 

completion of saving points is that f'(x ) < O. Physically this means o 

that the apex of the curve has been passed. The table of saved points 

is then scanned to find the maximum value.
14 

This max value serves as 

Input to the inte~polation routine which, on the basis of the standards, 

yields the final reus Its of the laboratory test under consideration. 

This final result is then collated with the patient record to result in 

the final report. 

Summary: This paper is the result of an attempt to maximize the 

efficiency of usage of both core and disk storage for an IBM 1800 OACS 

used in a clinical laboratory. The development ·of techniques is treated 
'. 

chronologi~al1y and culmina~es with the deri~ative method, which, experimentally 

and by calculattons~ appears to yield the most efficient and economical 

result. 

o 

c 



I. The IUti 1800 DACS cornputerco,lc.J in core sizes of 8,192, 16,384, or 

0\ 32,976 16 bi t "'lords. 

2. Time-Sharing Executive System monitor 

3. The autoanalyzer is the instrument in the Cfinical laboratory 

which is the source of the analog signal which the 1800 recognizes. 

4. Software is the user's program. to direct the computer as to what to do. 

5. The comparator performs sele'ctive checking on the digi tal values con-

verted by the ADC. A range type check is made to confirm that the 
,,' 

converted va 1 ues are wi th i n spec if i ed 1 imi ts. The 1 i mi ts are ob ta i ned 

from the Multiplexer Address Table (one P-C cycle delay allows both 

limits to be acquired) whenever a check is required. The P-C is 

informed of anout-of-limits condition by interrupt. Def. taken from 

IBM JaDO Functional Characteristics manual A26-5918-5 page 77. 

6. 2% is an arbitrary value which can be as large or small as the 

0-
\ program~er desires. It is also the maximum error value for any peak 

readi n9. 

7. This only considers the case for a increasing curve, but an analagous 

situation exi~ts for the case of a decreasing curve. 

8. An interval timer is an 1800 hardware feature which acts as a clock 

to keep the computer informed of time status and conditions. 

9. The peak ~alue is the maximum valid value on-the curve and represents 

10. 

the test result which is the desired output of the entire testing 

l' Il-~P_' j f<e. 
sys tern. I 'V'" 

~---.--.-~ .. ~-... ,~~-~-'-----...... --------,- --_.)( 

A seike is a discrepency in the contintious movement of the test 

o ... curve. A §ll9J1Js!.~.r is a peak which is·of magnitude so small that there 

is no apparent rise in the curve to make the peak discernable. 
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11. ADVANCED CALCULUS by Angus E. Tayl~r pp. ". IS 

12. x is on the order of 58 .. (the number of input signals) Micro sec. 

13. For 11 btt resolution should be of the order of m~9nitu'de of the 

tenth bl t. 

lJa. This table is usually no more than four or five values • 

o 
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PROFESSIONALISM IN PROGRAMMING 

I am going to start by defining a profession. Next we will look at 
important characteristics of professions and see why programming ought 
to be one. Then we will look more closely at prCXJramming to see some 
of the places I believe it falls short of being a profession. 

Probably as good a definition of profession as I have found comes from 
Webster's New International Dictionary, Second Edition, and goes like 
this: "A profession is a calling in which one professes to have acquired 
some special knowledge used by way either of instructing, guiding, or 
advising others or of serving them in some art". I think for our purposes 
the key words in this definition are special knowledge and serving others. 
If we think about other activities that are generally accepted as professions 
such as the three so-called "learned professions" - Theology, Law, 
Medicine - it's easy to make a list of maj or attributes that seem to 
characterize professions. They are as follows: 

Special Knowledge 
Service to Others 
Ethics 
Standards 
Language 
Control 
Work Structure 

Everyone can think of professions in which each of these characteristics 
stand out. For example, special knowledge and service to bthers are 
certainly characteristic of Law and Medicine. Both Law and Medicine· also 
have ethics based on longstanding tradition. Engineering is a perfect 
example of a profession that is governed by many standards. (In this 
respect, Programming is coming along). Law, Meqicine, Engineering, 
and Programming all have their own language. Probably due to the fact 
that the professions generally provide some service to others, there is 
usually some sort of outside control imposed on them; both Engineering and 
Architecture require state licensing, Medicine requires passage of state 
board examinations, Law requires admittance to the Bar Association, etc. 
Again many of the professions, jf not most of them, are characterized by 
some kind of work structure; in Medicine we have the doctor, the nurse, and 
the lab technician each performing his own part of the total function; 
Jsimi~firly in Law, we have the attorneys, their law clerks, etc.; architects 
use draftsmen, designers, etc., in profusion; in Engineering a good part of 
the work is performed by "non professional" technicians. In particular, we 



we will look at three of these characteristics in light of their applicability 
to Programming. These are work structure, special knowledge, and 
~)ervice to others. 

In order to understand the question of work structure, let's first see what 
Programming is all about. A rather simple definition of Programming is 
the following: Programming is the technique of designing and preparing 
procedures and instructions that direct computing systems in automatic 
information processing and problem solving. It's perfectly clear that by 
this definition special knowledge is required and Programming do~~ ~Y'n\ri r1?, 

a service to others. I guess it differs from a craft in that Programming 
generally makes use of intellectual skills, while most crafts usually require 
manual skills. At any rate, if we take this definition at face value, it looks 
like Programming ought to be a profession. Lets look a little closer at 
what the various parts of the job actually are and show by analogy with 
Engineering, for example, that it indeed ought to be a profession. 

Looking at the programming process itself, I have identified eight parts as 
follows: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Problem conception, or identification of requirements. 
Problem analysis. 
Statement of objectives. 
Program specification. 
Program design. 
Program development. 
Program implementation. 
Program maintenance. 

Interestingly enough,we don't actually start working on the program itself 
until the first four parts are dealt with .. Incidentally, some people would say 
that the problem is solved and the intellectual challenge is gone by the time 
program specifications are prepared. I think this is rather an over simplifi
cation and yet it's at the heart of the question of structuring the work. We'll 
come back to this. I think most of these parts named are pretty clear, but 
very briefly every process must start somewhere; hence the identification of 
requirements or problem conception. Problem analysis, of course, is in 
attempt to find out precisely what is wanted. The statement of objectives is 
really a question of documenting the agreed upon job to be done. Program 
specifications are functional and performance parameters needed to reach 
the objectives. Program design is. the determination of the actualprocedures 
that should be used to fulfill these specifications. Program development is of 
course writing and testing. Program implementation is putting the program 
into operJLtional use. And finally, program maintenance of course is correct
ing errors, modifying, and updating the program. I think that intellectual 
skills are used in essentially every stage of this process although some of the 
parts beco:sne somewhat routine in time. 
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I want to digress briefly to make an excuse for programming! I think that 
a good part of the problem attendant upon attaining professional status really 
comes from growing pains. We should take a few moments and recognize 
how programming has grown in a short period of 21 or 22 years. at's just 
because of this rapid growth that we have not as yet imposed a proper work 
structure on it, we have not provided the proper organized foundation of 
knowledge, and we have not learned how to best serve others). Let's look 
at the record. 

The following table shows estimated growth of computing in the United States. 

1930 
1944 
1946 
1950 
1966 
1970 
1975 
(C&A 1967 

Differential Analyzer 
ASCC (Mark I) 
ENIAC 
15 computers 
35, 000 computers 
50, 000 computers 
85, 000 computers 
51, 000) 

1, 000 ops /sec. 
1,000K ops/sec. 
? 
? 

We really date our consideration of modern computers back to 1930 when 
VannevarBush put the Differential Analyzer into operation at MIT. This was 
the first important automatic problem solving machine. However, it ~las not 
the kind of machine we are most concerned with here, as it was an analog 
computer. The Automatic Sequence Controlled Calculator" better known as 
the Mark I, was built by IBM for Harvard University. Really this was like a 
set of interconnected desk calculators and relays. The true beginriing of the 
"modern age of computing" was in 1946 when the Moore School of Engineering 
at the University of Pennsylvania put the first digital computer into operation. 
This machine was the ENIAC and was really the first all electronic digital 
computer. By 1950 a rough count of-digital computers in this country showed 
something of the order of 15 (and they performed at a rnaximu,m speed of about 
one thousand operations per second). Business Automation and Computers and 
Automation both indicate in 1966 that there were about 35, 000 computers in use 
(the maximum speed of operation had already become about one million 
operations per second). 'rhe 19?O and 1975 estimates are from a projection 
made by the American Federation of Information Processing Societies, however, 
Computers and Automation said in 1967 that there were 51, 000 computers 
already in operation. The importance of this list of course is that from 1946 on, 
all of these computers required programmers to operate them. 

No one actually knows how many programmers and analysts there are in the 
country today. The best estimates have been made on the basis of surveys of 
comp't).ter users that asked how many programmers were required for each 
computer. By comparing all published estimates and by using surveys 
conducted by IBM of its own customers, I have come to the conclusion that 
from a handful of programmers in 1946 we probably went to about a quarter of 
a million programmers, analysts, and managers in 1965; and we can expect 
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this to be about half a million by 1970, and something like three quarters 
of a million in 1975. Incidentally, an AFIPS estimate is roughly in the 10 
salne ball-park. I think that today there are about four hundred thousand 
programmers, analysts, and managers. Over the same period of time 
IBM's programming staff has grown at least as rapidly; and although IBM's 
programmers represent a very sInal1 percentage of the total in the country', 
by looking at ourselves we probably have the best available opportunity for 
examining and understanding what has happened to programmers from a 
professional point of view. Therefore I am going to use what's happened 
in IBM as a base from which my conclusions about the professi0n j'" 
general will be dra'.Aln. 

II d like to look now at the developrnerit process and see who gets into the 
act. They come in all shapes and sizes, but it is surprising how many 
different kinds of people do very similar work. One of the problems I face 
in IBM is Ullderstanding just who wants to be called what. We have 
programmers, systems analysts, planners, engineers, systems engineers, 
and customer engineers - -all of whorn get into programming in one way or 
another. So let's take a close look at two examples of the development 
processes--first, software development and second, hardware development. 
I want to show that there is a very strong analogy between the two processes, 
and that the activities of those involved in each are quite similar. We have 
already listed eight parts of the pr,?grarhming development process and we 
could write a similar list of parts of the hardware development process. The C 
only difference that we would find would be that the sixth part,< program 
development would become hardware development and hardware manufacture. 
If you will just substitute the word systerhs wherever it appears fn the 
original list for the word 12rQgram then you have the process that applies both 
to software and to hardware development. 

Now who are the people who take part? In IBM programming requirements 
are identified by any number of people; it may be by the programmers 
themselves or by people in the Data Processing Division - that is 1 our 
systems engineers, our marketing people, and so on. As far as hardware is 
concerned, again it may be that the requirements are identified by our 
marketing people, our systems engineering people, or the development 
engineers themselves. People who identify requirements tend to overlap 
with the people who do the requirements analysis; in the case of software this 
means systems planners and/or systems analY9ts and/or systems program
mers, and for hardware its generally systems planners and/or development 
engineers. These same people also usually write the systems objectives. 
When it comes to specifications and design, then either the systems 
programmers are involved for software or the development engineers for 
hardware. The completion of these five activities finishes the design phase 
of the systems development process. . 
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The second phase is the build phase or the development part for software 
systems, and the development and manufacture parts for hardware 
systems. In Programming this is pretty strictly the job of the systems 
programmer, although there is some overlap with customer engineering 
at times. For the hardware system it's the job of the development and 
manufacturing engineers. 

The final phase is the use phase which includes installation and mainte
nance. For software systems, this is combined province of the sys+ 0vns 
programmer and the customer engineers. For hardware systems this is 
pretty much the job of the customer engineers alone. 

So although there are minor differences between the processes and maj or 
differences in the output, generally the work is almost identical in function. 
Thus again by analogy Programming ought to be a profession since 
Engineering is a profes sion. 

Now let's try to get a different view of the kind of work done in Programming. 
We'll confine ourselves to those categories of people that we call planne~s, 
systems analysts, and programmers. In IBM planners come from two 
places, from programming and from engineering.' Systems analysts, however, 
primarily come out of programming. Occasionally we find some people who 
come to IBM with a particular speciality (such as mathematics, for example) 
and who show the immediate ability to apply their knowledge to the problems 
at hand and to almost instinctively layout· solutions to these ,problems in the 
manner most useful to programmers. However, most of our people go 
through a rather prolonged apprenticeship in Programming. As they become 
more experienced, most of them begin to perform more and more as data 
gathers and interpreters. Some of these people become known as the 
systems analysts, some planners, while the others continue to be called 
programmers. After the apprenticeship of two or three or four years, what
ever it maybe, all three groups become journeymen. As they become more 
and more expert they spend more and more of their time in problem analysis, 
and design activity, although they may be analyzing different kinds of 
problems. The planner usually does his job before the hardware or program 
system is built; the systems analyst does his job after the hardware and 
software is available; the systems programmer tends to do his work somewhere 
in between; and the applications programmer, of course does his analysis when
ever the applications to be programmed are conceived. So, to my way of 
thinking, the kind of skill and intellectual activity applied is really very much 
the same for the planner, the systems analysts, and the programmer, if one 
takes into consideration the humble programming origin of most of them and 
the final destination of all of them in problem analysis activity. One can 
analyze engineering activity in very much the same way, and find again by 
analogy Programming must be professional in nature. 
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Let's look nO'w at the IBM career opportunities and jobs that are open to 
programmers, systems analysts, and planners. We have five levels of 
exempt positions. They are known as associate, senior associate, 
project or staff, development or advisory, and senior. Our senior 
associate level is what corresponds generally to the senior programmer 
level in business and industry. Project and development programmers 
are lnanagers, staff and advisory programmers are non -managers. These 
titles apply not only to programmers but to systems analysts and planners as 
well. Among non exempt personnel we have two lines of progression, one 
for the college graduate and the other for the non college graduate. rrhe 
college graduate comes in to IBM as a student briefly and then becomes a 
junior programmer. On the average he is eligible for promotion to exempt 
status in twelve to eighteen months. The non college graduate comes in as 
a programming technician trainee and can advance through three levels known 
as programming technician, senior programming technician, and finally 
programming specialist. A programming specialist who shows the ability to 
do exernpt work can be promoted to associate programmer. So I think we 
have everything that is necessary for work structure. We have some eight 
or nine levels of jobs starting from technician trainee and moving up to the 
most senior level, we have exempt and non exempt positions, and we have 
personnel performing at all those levels. The problem then is why not 
formally structure the work in line with the work process? 

I mentioned before that some people feel the most intellectual activities are 
finished when the design phase is done. Why should not this be ,the work of 
the exempt personnel and the remaining work be that of the non exempt 
personnel? Well, many managers tbinkthis is the right idea, and marty 
think it is the wrong way to go. Why does the latter group believe its wrong?
well for the following reasons: First of all, the pressures due to business 
growth say that the risk is too great. What happens iswe have guessed 
wrong and indeed technicians can't do the development process in satisfactory 
fashion? Secondly, its difficult to structure the work and quite time consuming 
in practice. And finally, its a tough managerial problem to have a large 
number of non exempt people pushing upio the exempt rank, because in 
practice its hard to distinguish work actually being done by low level exempt 
people from high level technicians. This results in unhappy technicians who 
feel they are getting short changed: - they feel they are doing the same work 
as exempt personnel who are recognized as professionals and paid according 
to exempt scales. And the technicians may indeed be right, because 
programming is an extreme case ofa mixture of legally exempt and non exempt 
work. The parts of the law that apply to professional exemption for our 
purposes are as follows: 

1. The employee must have as his primary duty work requiring 
knowledge of an advance type in a field of science or learning. 

2. Work must require the consistent exercise of discretion and 
judgment. 
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3. Work must be predominantly intellectual and varied in 
character as opposed to routine mental, manual, 
mechanical, or physical. 

Clearly, the work a programmer does requires th~ consistent exercise of 
discretion and judgment; and clearly, much of the work that's done -
particularly in the analysis of the problem - - requires knowledge of an 
advance type; finally it's also clear that much of the work is predominantly 
intellectual and varied in character. However, it is also ql1 ite t-rue that 
much of the work is a routine, plodding, rote kind of mental exercise. 

Now historically programmers first came from academic ranks in the 
schools that first built computers, and from scientists in the large scientific 
installations that first used computers. The tendancy was for these people 
to do the entire job from problem definition through maintenance. Thus 
tradition says that programmers will be college graduates and will continue 
to do the entire job, and we must fight tradition if we are to structure the 
work. For it's clear that a structure could be imposed, and would probably 
reduce the cost and might improve job satisfaction. I think that a lot of the 
work that is done by professional exempt . programmers is so routine that it 
leads to early disillusionment, job hopping, and 'general dissatisfaction. 

I would now like to turn my attention to the special knowledge that 
programmers and analysts must have. In IBM the growth of the programming 
population has been so great that although our average experience level is 
about three and a half years it will take approximately three years for this 
average level to increase by a year. In this first three or four yea.rs a 
programmer probably has had at most a couple of assignments, and probably 
both in the same area. We don't want to take the risk of putting him in a 
different area that might expand his horizons. But we know that the higher 
level jobs require both breadth and depth of experience. One might consider 
an educational career path something like the following. The formative years, 
say the first five years in the· business, conform somewhat the first four or 
five years in college. We could postulate that at the end of the formative 
years ones experiences should be ,such that he qualifies for a bachelor's degree 
in information processing. I call the years beyond the first five the years of 
impact. Maybe the next two years would be equivalent to getting a master's 
degree in info~mation processing. The people at this level generally are the 
technical work leaders and the new first line managers. The next two or three 
years could be considered to be the preparation for a doctorate degree; these 
people are the problem solvers, the advisors and the second line managers. 
Finally, those people who remain for ten or more years ought to be experienced 
enough to be considered to have a doctorate in information processing. In IBM 
these are the senior programmers, senior analysts, senior planners; they are 
the experts and the strategists; they are the recognized authorities in their 
field. 
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In order to try to get some additional depth and breadth of experience for 0 
the programmers in IBM we have introduced two programs in advanced 
education. The first we call Intermediate Programmer Training, and the 
second we call the Advanced Programming Option at the Systems Research 
Institute. The objectives of Intermediate Programmer Training are to 
introduce breadth in such areas as languages and processors, supervisors 
and monitors ,communications and real time systems, machine organization 
and systems architecture, selected applications, and special technology. 
Hopefully depth can be introduced in at least one area other than the present 
assignment of the programmer. The program is designed for all program-
rners who have completed at least two years in IBM. The only way to 
implement such a program is to introduce formal course work, to require 
selected readings from the literature, to attempt to select job assignments, 
and to encourage participation in special seminars. So far, we have 
implemented a number of new courses; and about five hundred students have 
gone to some twenty classes as of June this year. Titles of some of the 
courses are Math and Logic, Probability and Statistics, Introduction to 
Telecommunications, Time Sharing Concepts, Micro Programming 
Techniques, Performance J\/Ieasurement,. Compiler Design, Modeling and 
Simulation, Languages and Translation, and File Organization and Data 
Management. We would like to see everyone with two years experience 
spend at least one week a year (and preferably two) taking such courses. 

The Systems Research Institute is a Corporate sponsored activity dedicated 0 
to graduate level education and research for professional system.s people 
from all divisions of the Corporation. Courses are offered in three 
departments in SRI, Systems Design and Analysis (these courses discuss 
the systems design and development process), Systems Architecture 
(discussing the organization of and techniques. used in information processing 
systems and sub-systems)., and Systems Disciplines (courses discussing the 
formal subjects required to understand the tools, systems, and applications). 
In September we are offering a number of new courses open only to IBM 
programmers who have had a minimum of five years experience. The kind 
of subjects taught in these courses are of course very similar to what is 
taught in Intermediate Programming .Training, however they proceed at a 
much more sophisticated lever. Some of the titles are Design of Software 
Systems, Programming Systems Development, Fundamental Algorithms and 
Their Use, Storage Management Concepts, Parallel Operations and Computers, 
Systems Performance Measurement, Operating Systems Theory and Practice,· 
Comparative Analysis of Programming Languag~s, and Combinatorial 
Information Structures and Algorithms for their manipulation. 

A major question, of course, is where lies the burden of training all the 
programmers that will be needed by business and industry? IBM finds it a 
struggle. to provide all the advanced training thought to be necessary for its 
own people. When we think in terms of another quarter of a million people 
coming into the field within the next few years, it's perfectly clear that the 
burden must be on at least part of the academic community. It seems to me 
that the most reasonable place to prepare one for a programming career 1s in 
universities, colleges and especially the two year community colleges and 
vocational schools. 
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Now let' s look at the question of service to others. I am afraid I won't 
have too much to say about this because this is probably the most 
difficult aspect of programming to evaluate today. The question of service 
is intimately connected with a measurement of the value of programming, 
and this is directly related to quality. 'To illustrate what I mean I will try 
to tell you something about what programming means to IBM. First of all, 
we support our products by both systems programs and our Type II 
applications programs. Secondly, programming provides internal 
administrative support through the management information sysb:::~ms vrhich 
we are developing, through the personnel data system, and so on. Third, 
we provide a talent pool for our customers to use via contract in both our 
Service Bureau Corporation and in our Federal Systems Division. Fourth, 
programming helps us improve the efficiency of our marketing, installation, 
and maintenance activity. This comes about because of special tools 
developed for the customer engineers to use, by the simulation of complex 
installations, etc. And finally, we provide an actual software product 
service which is a source of revenue for us (exemplified by QUIKTRAN). 
N ow the thing that we find difficult to do is to actually determine the dollar 
value of these various activities to IBM. And since we are going to be 
increasing our programming development expense over the next six years 
or so, we need some way of comparing the value and the cost. A key 
measure to us is how value changes with increasing costs. (If you think 
about it for a moment, you see that if value is a function of cost, then the 
derivative of this function represents profitability). Now it is easy enough 
to measure the cost of programming. But it is very difficult to quantity 
value. Value is intimately connected with quality and quality is something 
that none of us have really paid enough attention to in this youthful profession. 

I think the improvement of quality is something that you do "in the small" . 
By this I mean that outside of such general considerations as does the data 
processing installation need fulfill ~ts function in the company, one must have 
an intimate knowledge of the actual programs produced in order to judge their 
quality. Such knowledge becomes a responsibility of the very first level of 
management. Here one can exercise some control on the quality if one's 
evaluation program includes a clo~e examination of the work that is actually 
done. Let's not ask is this programmer really a good guy, let's ask how good 
in fact is the work that he has done. 

Quality has both external and internal aspects. Among the external aspects 
are considerations such as' was the program on schedule? If it was late, why 
was it late? If it was early w~s it all there? Was the size on target? Was 
it too large or too small? What was the program performance? (This is a 
difficulL thing to measure but at least one can ask is it better or worse than 
comparable programs). And how about the functional capability asked for? 
Was it all there, if not, why not? (Typically the answer would be tha.t parts 
of the problem were found not to be feasible). Was there too much function 
there? If so, what was the cost of this extra function? All of these items I 
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consider to be the job parameters. The other external aspect of quality is \0 
the question of correctness. How well was the program debugged? What 
were the nature of the errors? Did these errors show a lack of understanding? 
If so, what are the hidden problems that we- haven't discovered as yet? 

Internal aspects of quality include such things as program documentation, the 
use of proven techniques versus innovation and the question of the general 
elegance of the work. By elegance I mean simplicity and lucidity, novelty, 
and logical step-by-step development of the program. 

These are aspects of programrning that one has to begin to look at very 
carefully. I have a feeling that most programming that has been done has 
indeed served its purpose, but the cost of much of it was very much beyond 
what was expected. In part this is due to the newness of the game, and partly 
it is due to a lack of understanding of what quality programming means. All 
the at he r professions judge quality in some fashion: the quality of the surgeons 
work is judged by the recovery of his patients, the quality of a lawyers work is 
judged by either his record of convictions, or his record of successful defenses 
as the case may be; the quality of the engineers work is generally measured by 
some sort of strict quality control procedure. Programming doesn't have a 
quality control procedure as yet and indeed it's probably one of the most 
difficult aspects of making programming truly a professional activity. But it 
is something that we must learn to deal with. 

I have talked for some time now and have tried to convey to you some of the 
questions I become concerned about when people talk about professionalism in 
programming, and about the profession of programming. I hope this has given 
you some inSight into some or the problems. To a great extent the degree by 
which programming becomes truly professional will depend upon its ability to 
mature. And maturity dbly comes with a certain amount of painful introspection. 
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INThOtUCT rON' 

We are f3t fi p-Jint in t1mewhen computer In.n~.J.ae:ea avr~il-

able to gS8ist progrgmming num~ric~lly-controlled ~gJnlne tools 

~re not re96i1y useq~le ~r satisfactory for e 1ar39 n~mbar of 

N/c programmers. 'Ihis situ9.tion has CO!lle qbout 'because most 

computer ~rogrqms eV9ilable qre useable only on relqtively 

l~rge computers, which, 1n turn, are not conveniently or ecan-

omicqlly evqilable to many ~eop~e •. Thus, often organiz~tlQns 

that wish to program p~rts utilizing a comp~ter ~re unpble to 

do so oecguse of high incurred cost and undesirB~le operational 

fp,c tors. 

One alternative is to utilize ~n inexpenSive computer 

th~t c~n bejustlfled largely on the basis of numeric~l control 

programming. Many advantages .xlst for this approach. The 

difficulty, however, is that computer m~nufacturers d~ not 

s~rply numerical-control ~rocessors for' the small computer 

th~t are satisfactory to users. 

This p~~er desc~ibes computer lsnguqges thAt have been 

prepared et Anderson Bros. Mfg. Co.~ so th~t an rBM 1130 

computer which has A cor~ memory of 8000 words and aslngle 

disl{ drive can be ut1l1zed to progra.m N/C machines. Two, 

computer IBngu8~es 9re described. One is pqrticularly Useful 

for machine operations that 'require generating contours, 

while the qther 1s particularly convenient f:>r polnt-to-"po1nt 

operat1ons. 

o 
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2. ADVANTAGES OF THE 5~ALL COMPUTER 

lhe inherent low cost of 9 small co~puter enables an N/C 

user t~ justify in8t~ll9tion of 9 smell computer for a few 

special PJrposes. Thus, the system allows one to avoid the 

complexities of scheduling And sharing computer time. The 

computer' is ther'efore more readily available, and, equa.lly 

important, processing ti~e becomes less significant. Con

seouently, the use of ~ plotter becom.s practic~l since the 

processor speed is n~t of ~ajor importance. Thus the user 

~An well nfford to T.~tch the outnut of the computer with the 

needs of the pert progr~m~er •. 

The low cost h~s q second~ry benefit that must not be 

neglected. Ey reducing the computer cost, the Cust of each 

tape prepared 1s retuced. The cost of prep~ring the t9pe is 

a significant factor in selecting parts which ~ay be econ

on1cally machined on the N/C machine tool. Thus, lowering 

the cost of punched tapes allows the machine tool to be 

utilized for more parts. The same resultant oocurs when the 

computer input and outout are made to match the needs of the 

part programmer. The punched taped prepared 8re more a.ccurate, 

and therefore the likelihood of a machine tool being idle 

due to bqd tqpes 1s lessened. ThUS, again, more parts C9n be 

profi tably programmed, for the N/C ma.c hine. 

~ ----.-------.......:..--~--------------------



._._ ••• _ .•• __ . __ ._. ___ • ____ ., ., .• _ _. ________ .,_, ••. __ ._._,._ ......... _ .......... _ .• _ ••• ",,". __ ••• _____ ......... _ ..... ~ .................... ~ ....................... , ...... ~ ............. __ ...... _ .... _,_"" ... " ....... , ............ ,u ... _, ........ , ........ J ....... " ............ ,_"'·'~· ..... I"~IJo"...,."'-'··,·,".J:'.J~..,..,.'"""~·"..,·,, .. "'.::-~="'-L.:...:==_·:., 

.., 
- . SOFTWAftE 

Certain requirements exist for useful numerical-control 

processing l~nguages. Clearly, the final purpose ~f the 

computer pr::>gram is to 8l1ow the part programmer to obtain 

a punched tape in the most convenient econo~ical way. To 

~cc~mpllsh this efficiency of operation it is necessary that 

the lRngu4ge be intuitively logical and re~sonqble to persons 

who norm~lly thin~ in terms of m~chine tools; for it is 

tnese people that will determine the flngl success 0f the 

program. Fortunately, the languages need not allow f~r all 

possible piece-p~rt configurations, h~wever, ~eCAuse fre-

quently such complexities result in more c~nfusion than in 

real benefits. Finally, the processors must accomodate both 

pOint-to-point and cont:>llr work pieces, for \tJhen an organization 

begins using computer-assisted progr~mming it is desirable to 

be able to program all mqchines in e similar manner. 
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:.1 POINT - TO - POINT PftOGhAMMING 

o The computer progr9.ms that best assist p'::>int-to-point 

o 

o 

programming have certain major differences compared with 

contouring languages. These differences occur because pOint-

to-point program~ing must treat sequences of machine tool 

motions rather than only cutter motions. A second consid

eration concerns the type of machining operations typically 

performed. Sequences of motions are rarely repeated in 

contouring Rnd frequently repeated with pOint-to-point pro-

gramming. 

Consider machining the work piece shown in Fig. 1 

., utilizing a tape-controlled 'drill. Although the part can 

be easily'programmed mqnually, an example of how it could 

be programmed utilizing a computer program, named ANDhP, 

follows. The purpose of selecting this simple part is to 

demonstrate the approach used, so that it can be shown la,ter 

how the procedure has 'been adapted into more complicated 

situations, and to show certain basic benefits of comput~riz~d 

programming. The part progra,m shown in Fig. 2 would machine 

this part on a Cintimatic Ta~e Drill. 

Admitedly, the program discussed above could be pro

grammed manually with ease. However, in so d01ng signif1cant 

benefits are lost. The plotter output is not available to 

verify accuracy of the" input data. The input data is not 

available or documented in a manner convenient to allow 

future changes. An estimate 'of r~quired machining time is 

not readily available. The part program must be completely 



rewritted if the pqrt is t~ be machined on 8 different ~acnlne. 

The mrl rlllscri rt mus t be mA nUr-Illy typed to p. c qui re tr.tS punc hed 

tnpe. Thus, there is justlflc~tlon for uti117ing computer

nssist programming evan for extremely simple p~rts that ~re 

to be m~nufactured on machines that possess Totion cycles. 

If the p~rt is to be m~nuf~ctured on D m~chine tool 

thot does not have pre-progrg~med cycle~ additionnl Justlflca

tlonfor utilizing 9 computer is· apparent. With manual pro

gram~ing the proper speed ~nd feed-rnte must be specified for 

each incremental motion. Thus, far more opportunities for 

errors Rre present bec~use far more t~pe sequences 9re 

required. The part pr0gr~m raqui~ed io machine toe part 

sh~wn 1n Fig~ 1 utilizing a more complex machine (the machine 

selected 1s a Milwaukee-matic Series Eb) is shown in Fig. 3. 

The part progrem shown in Fig. 3 isslmilar to the p~ogram 

shown in Fig. 2, even though. the machine tools selected· are

b9s1celly different. The only differences pre those made 

necess-=:Jry t~ account for the differences in the axes and 

~eometry of the mRchlne tools. 

If the work piece is only slightly more cJmplex, the 

task of mqnually prograxmlng the part may become unmanageable, 

while the computer pqrt pro5r~m 1s still Similar to the 

Simple pgrt shown previously. Fig. 4 shows another part 

thnt could be machined on the MllwauKee~matic Eb, and 

Fig. 5 presents the computer output. 
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CONTJUF\ PhOGhAMMING 

The justification of utilizing a computer for contour pro-

gramming is evident from the fact that a lqrge number ~f 

pArts, frequently encountered, simply cann0t De progra~med 

m'3nu~lly in ~ practicAl nammer. A progre,m narr:ed ANLh h'ls 

been prep~red so the adv8nt~ges of 9 smgll computer (t~~ 1~30) 

CAn be acquired for contoured Darts. 

'Ihe philosophy used 1n preparing ANLR was that it should 

serve the needs of controlling contouring m~chines in 8 simple, 

direct m~nner. We werecanst~ntly alaU3re that the users of the 

program would be persons skilled 99 ~achinists, not persons 

skill ed as c':>mputer operr..t ors or programmers. 'Thus, the basic 

approach of AD-AP~ was retained, although modified slIghtly. 

'Ihe la.nguage of AN-DR includes means of descrlbing the geometry 

of a work-piece using points, lines and circles, and means of 

directing the cutting tool to generate the contour defined. 

ANDR is a two-axis . 19n9u.9ge • Output of the pr'ogram includes 

a plotted path of the work piec~ qnd the tool path, and 

punched tape, as well as listings of the input cards and 

cutter-location files. The program is operable on an IBM 

1130 computer with 8000 word core memory. 

The following nresents most statements allowed,and a 

brief descri~tton of how each is used. The program ignors 

blf3nks, and data m~y be placed anywhere in the ca.rd. Integer 

numbers may be shown with or without a decimal pOint. Ihe 

vocabulary st~tements are divided into three categories: 

1. General statements used to control the program 
and certain machine-tool functions. 



2. Geo~etrio stete~ents. 

3. Machine-toul motion stetements. 

GENEhAL STATEMENTS 

MAChIN/name, n 

The MACHIN state~ent is used t~ specify the machine tool 

to be used, and to control certa.in parts of the ANDh program. 

The name of the machine tool is placed after the slash. 

Use of the number "n" is intended to avoid c~nfuslon if :n . .:,)!"'.;:'. 

than ~ne kind of machine to)l is given the same name. Its 

use 1s optional if the name is unique. For example, the 

Str.1 tement 

MACHIN/LEBLD 

causes the LeBlonc post-p r~cessor to be celled. 

The statement 

~CHIN/C 

causes .~n extensive cutter location table t.J be print~dt 'whidh 

Cf3.n be used to iso19te certf:3inerrors in the ANLRprogram, 

end to aid in preparlrig additional post-processors. 

The statement 

MACHIN/CPLOT, n 

causes the plotter sections of the program to utilized. The 

number "n" is thesc.91e factor used; if "n" 1s a positive 

number the w..)rk-piece c0ntour is plotted; if "n," is a negative 

number thepeth of the tool center is plotted. 
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~ EM Ah 1\ / me 8 f; 'l ?: e 

o 'Ihe REMAnK statement c~uses the meS8rl~e plrlced sfter tte 

slf~sh mqrK to be printed with the listing of tbe ln~~t cnrds • 

o 

o 

. ~) ·)tner ~~ti.)n is t'lKen. This statement Cr-1n be !..lsee. to 

indic~te the fun~tlons of v~rious p9rts of the pr~gram. 

C()LUMN/n 

The numeric specified in·the COLUMN stntement is the 

column beyond which the processar will not sc~n. Ihe entire 

car'd is print ed, b;)wever, and thus the remain 1. n~ columns may 

be used for rem~rKS. If tnis st9texent Is not used qll 

eighty c~lumns are sc?r:ed. If' p column number is specifie6 

it remains in effect until it is changed or until a new part 

is processed. 

PPhINT/message 

'r'he message specified in the PPhINT stotement is prlnted 

in the post-proce~~or listing. No other action is taken. This. 

stRtement is often used to instruct the machine-tool operator 

in regqrd to settings and procedures. 

INSF~T/characters 

Chs.racters placed after the slash mart< of the INSEri'lr state

ment will be c~nverted to E.l.A. standarc ~~ding, and will be 

I-=unchea verbqtill ~nt0 the t9pe. Every character desired 

must te given, including the sequence number. Th~ end-of-field 

character is eutomqtically inserted by the c~mputer. 
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FAnTNO/pprt number 

The ,PAkTNO st~tement is used to ?unch the part n~mter 

onto the tgpe (inE.l.A. 3t9ndard coding). The part number 

specified is ~lso written on the plotter output and in the 

post-processor listing. It must be the first co~~qnd 

delivered to the post-processor, otherwise 1t will be ignored. 

A good practice is to use the PAhTNO!st~tement for the first 

cBrd 1n the program. 

LEADER/n, 0 

The LEAtEh stqtement is used to gener!:lte le~der. The 

number 1s used to snecify the length of the leader, (meosured 

in lnches). ,. If the lettc:r "0" 1s used odd parity is punched 

onto the te.pe; if the letter nE" is u.sed even pgrity is 

nunched. If perity 1s not s~eclfied odd parity is ~~sumed. 

STOP 
STOP/OPT 
END 
FIN! 

The STOP statement will· cause the machine tool to stop. 

The STOP/OPT st~teffient will cause the machine tool to stop 

if the option~l stan switch is set. The END statement CAuses 

the machine tool and controller to be shut down. The FINI 

statement 1s the lqst stptement 1n a. A~LR program; it must 

always be used. 

o 

c 



o 

o 

SPINDL/n, UNITS, rl~ECTION, CLUTCH RANGE NO. 
SPINLL/O 

The SPINDL stRtement 1s used to c~ntrol direction and 

speed of the spindle. The spindle speed, n, ~~y be spe~ified 

either RS revoluti~ns ppr minute (units would be hPM) or 

surf~ce feet per ~lnute (units would be SFM). Jnits must 

inserted by the co~nuter. 

Spindle direction c~n be either c10ckwlse (CWl ~r 

counter clock~isa (CCW). If the directi~n 1s not specified 

counter clock~lse is ~ssumed. 

The clutch must be specified as either hi~h or la~ 

r~nge, ~nd the speed r p ng8 number ~ust be given. 

The SPINDL/O statement (numeric zero)turns the·spindle off. 

FEDRAT/n, IPM, HIGH 
FEDnAT/n, IPM, LOW 
FEDRAT/n, IPR, HIGH 
FEDnAT/n, IPR, LOW 
RAPID 

For the FEt~AT st~tement th~ number, n, 1s the federate 

desired.. If neither high rior low range is s~ecified low range 

is assumed. If neither inches per minute n~r inches per rev-

olution are specified. incbesp,r minute is ass~med. Thus, 

the stp.tement 

FEDRAT/S 

will cRu~e f feedrate of S lnches per mlnute, and the low 

clutch range will be used. 

'nbe RAPID statement cause the cuttlng tool to m,Jve ln 

o r~nld traverse. This st~tement rem~ins 1n effect until a 

FEDRAT statement 1s encountered. 
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T Uk k ET In, m , del t p. X, a e 1 t.!:l Y 

The TUkhET st~temant 1s used to define tne p~sitl0n of 

the cutting t~ol relative to the turret center. Ihe nj~ber 
tI tI n is the nu~ber given t~ the turret position being apecifled. 

The number ti:n" is the offset n.lmbsr which corres),,)onas tJ P 

~qrticulqr offset di~l ~n the mnchine-tool console. LeltaX 

is the dist~nce meosured p~r~lleled to the X-qxis from the 

turret center to the tool center; a positlve number indic9tes 

thqt the tool 1s t~ the left of the turret center. Lelt~~ 

is the dlstqnce Teasured p~rallel t~the Y-axis fro~ the 

center of the turret to the center of the tool; a positlve 

number indicates the tool is !:lhaad of the tobl center. 

CUTTEh/r~d 

The CUTTEh st~tement is used to specify the cutter radius. 

It remains in effect until enJther cutter statement ls·enc6~ntered. 

MIhROR/X 
MIRROR/Y 
M IRRORI X, y.l 

The MIRROft stntement C9uses the corrrquter to reverse the 

~xis or axes specified. For exa.mple. the' stptement Mlhh·JR!Y 

will cause the COTputer to chRnge the algebraic sign of all 

Y's specified. 

1/ 

o 

o 

c 
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IN'IoJL/number 
OUTTOL/number 

For lArge rRdil pnd f~r T.~chlne tools th~t do not have 

~ircu19r Interpol~tlont it Is necessary to ~ppro¥l~ate the 

curve by ~ series Jfstr~lght lines. The tolerance for the 

Rpproxim~tion is specified by the above statements. The 

number used with the INTOL statement becomes the maximum 

distance ~llwoed between the theoretical curve and the 

inside of the cutting edge of the tool.· (Inside is defined 

8S tow~rds the tool center, and away from the defined curve) • 

The aUTTJL st9tement is used to 90ecify the maximum all~wed 

deviation outside (away from the cutter center) the curve. 

The INTJL.and OUTTJL statements should not be ~sed unLess 

required for they increase cJmputer time required for 

o ~rocessing. It is a good pr.qctl~e to reset t~e INTaL end QUl'TJL 

to zero after they ~re used unless they ~re to remain.ln . 

effect throughout the program. 

nJUGH/n 

The ·ROUGH statement is used to allow finishing atocit 

allowance to be c~nveniently specified. The nu~ber aft~r 

the slash mark is the stock allowed. The stOCK apec1f1ed 

rempins in efr'ect until another FlOUGH, statement is encountered •. 

Thus, the st~tement Ft')UGH/O will norm.~llyoccur befor's the 

finel fin1shing cuts begin. 

The result~nt of ~ ROUGH stetement. is th~t the amJunt of 

roughing stock specified 1s ~dded to the cutter r9dius to 

o produce An altered cutter r~d1us for 911 t.)o1 moves. The 

cuttet will ~lw~ys Adv9nce to or retract fro~ the s~rrace 

IZ-
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heing cut ot the be~'.nntng ~f e~oh cut st~teT?nt, giving the 

specified stock qllow9nce. Care should bet3~en to 1nsure 

th~t the su~ of the r0u~hing sto6a plus toe c~tt~r r?dius 

is less than the r~diua of qny 1nside radius Leing cut. 

GEOMEThIC STATEMENTS 

The ANtRA l~nguage qllows paints, lines ~nd circles to 

be defined. Each enttty defined must be glven D unique 

n~~e of six or fewer ch~r9cters (if ~orethRn six are 

used ~nly the first six ~re interpre~~d). The first char~cter 

of eqch name ~u8t be 9l~habetlc.· the vocabul~ry w~rd for pOint 

is POINT/orP/; for line it·is LINE! o~ L/; for circle it is 

CIRCLE/ or'~/. Nesting definitions m~y occur to eny depth in 

Any 8t~tement. Erch n~~~ must be defined before it is· used 

in other definitions. 

POINT/ 

Foints r[;p.ybe·' 'deflnecby e1 tner srecifying the c;)Jrdln

ates of the Point (the "X" coordinate anc then the"!" 

coordinate) or by specifylng tw:) intersecting Ilnes.:"tt.xa:tples 

of pOints follow. 

PL"POINT/3. 4 
PNT47~P/.2.53125t -4~875 
K47SA .. POINT/L 7 ,L4 
L44"POINT/2.5~ 4,.5. 
C17*P/,LINS'-L1N6'" . 

. P14:P/ > (LINE/F4, P·6), L4 

o 

(0, ",; 

c 
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LTNE/ ' 

Lines mny be defined e1ther by: 1) t specifying 9 ~olnt 

thr,:)\~!,"b wh1~h the line p[lSBes~(ld the ':n~le.)1' the l1ne 

( r./ ,:: 'L:1J r 8 d t n d e gr e e s ) r e 18 t i vet 'J t he " X" ~ xi s or, 2) , or by 

Sf2 :lfylng two points which lie In the line. Llnes which Rre 

3~eclfled ~lw~ys hqve ~ direction aS30cinte6 witn them. If 

th,:;) r),)int-slope definition is used the directlon 1s from the 

f~int outw~r6 ~long th9 line"at tne nngla specified. If the 

two-point definitlJn 1s usee tne dire~ti)n Is fro~ the first 

L 5- LU-J £/3, 4 t 9Q 
LK4~''1& LIps, F7 
1\'+21.6' LINE/4. 275 t 6.150, -90 
C 4-= r../ -LK4~7 
YAK f3=LINE/O , J, 90 
,(A ,~J 3=- L/O, .:J, ;J 

the /~pnter' loc~ltlon !lnd r~dius()f tbe circle. Egch circle hf.33 

q direction ~s30cl~ted with it; cloc~wlse or counter-clockwise. 

If the two-line defihtttJ~ 1s ussd the direction of the circle 

18 from the t~11 of the first line two9rds the he~d 0f toe 

sec:)nd line •. If the center loc!:'.tion 3nd rndiJ3 deftnlttqo l.s 

used the dlrecti0n sho~ld be spec1fied cloc~wlse (CW) or Qounter-
r 

clockwise (CCW)~ If the dlr~otton ,~8 not specified Q~~nter-

cloc~wlse 1s 8ssumed if the radius specifla6 1s po~tt\ve ~nd. 

pssumeo Clockwise if the radius specifieo 1s n92:~t~1V:Et, 

·Ifthe two-line deflnlt~~n 1s used the 11n,s'm~s~:~e 

o specified so thAt the 'lrcbetween the lines \sl~sat:t\.A 180 
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defreas. fr. ~ther wJrds, the c1r~le liLlst be a;:ec1fiec. 1l1ong 

tr.e ·~r·c 'L::'Irest the vertex of the 1nterse~t1ng 11nes. EX~3mples 

of ct~~lfJ follow in Fig. 8. 

The following st~tereents Are used to direct the outting 

t J·)l t·.) f::>llos a pnrticu19r' pt'lth. Ihe drive surf9.::!"e is tne 

fl.l(·f'~:ce being machined. The check surf'9ce 13 the surface 

~t. whicn s~id cut ends. 

When a CUT stetement is encoJntered, ~nd if tne cutter 

l~ nJt loc~ted on the surface to be cut, the to:>l ~ill be 

p~sitloned ~n thedr1ve s~rfece bet~re the cutting n~tlon 

specified begins. The cutter will move ~long the shortest 

straight line pgth to the drive surface specified, unless 

the CUT stntement is i~medl~taly prededed by ~n INDIRP statement. 

When cutting a configurAtion of lines and circles where. 

~ore thpn ::>ne' intersection is possible, it 1s assumed that 

the ~irst intersecti6h encountered is intended unless the 

CUT stRtement h~s a coxma end the number 2 foll~wing the 

checK surface. 

FROM/p~int . 

The FFtOM stBtellent must be the first rIl)tion statement in 

~ progra~. It identifies the starting location of tnecutter 

center. The p':)int may be specified i.lslng ~. symbol na.me for a 

previously defined pOint or by a nested definition. Examples 

of FROM statements follow: 

FROM/ FTl 
FROM/ (POINT/l t 15) 

. FROM/( pI. 7, -5) 

·/s 

o 

o 

c 
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INDIRP/ pOint 

The INDIRP stqtement 1s used to specify the direct10n 

for the following ~otion statement. The chec~ surface of the 

motion statement following must be in the path specified or a 

di,qgnostic error will be printed. Examples of INDIRP state .... 

ments f:>llow. 

INDIRP/ P7 
INDIRP/ (F/.7, ll) 

GO/TO, name 
GO/ON, name 
GO/PAST, name 

The GO statement is used to position the cutter prior 

to the actual cuttihg operation. The name may correspond to· 

a paint, line or circle. Unless qn INDIRP statement is used 

prior to the GO stetement the path selected will be the shortest, 

straight line move to the surface. If neither TO, O~t o~ PA~ 

is specified the instruction TO is assu.med. The rate of 

movement is controlled by the FEDRAT statement. Examples of 

GO stRtement follow. 

GO/TO, L5 
GO/PAST, eIR7 

CUT/namel, TO, name2 
C U'r/namel, ON:, name2 
CUT/namel, PAST, name2 

The symbol n~.mel 1s the line or' circle that 1s to be 

machined (termed the drive surface); name2 is the surface at 

wh1ch the cut 1s to end (termed the ch~ck surfac,). It ne1ther 

TO, ON or PAST 1s spec1f1ed TO, 1s assumed. If the cutt1ng tool 

4C) cannot reach hame2 by traveilng along namel an error message 

16 
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is printed. The rate Jf cutting is determined by the F~LhAr 

qnd SFINtL stAtements. When cutting 8 Circle, the cutter will 

follow the Circle in the direction 1n wilich the .circle, nas ,been 

defined. If the Jther direction is desired the drive circle 

should be preceded by a negative sign. Examples of CUI st9te-

ments follow. 

C UTiLI, ['0;, L5 
CUTI (LINE/ (PQINT/5,2). 90) PAST, C4 
CUT/ClkC7, ON, LN16, 2 
CUT/-Clh7, PAST, CIR9,2 
CUT/LN7, ON, LN5 

Examples of blending lines ~nd rqdil follow in Fig. 9. 

GODLTA/x motion, y motion 

The cutting tool ~ill move in a strq1ght line path t~ the 

ne~ locat1onspecified. The r.l3te of move~ent will be nt 

the value specified in the last defined FEDhA1 or RAPID 

st.l3tement. The algebraic sign of the incremental movements 

corresponds with conventional mathematicAl not.l3tion. Examples 

of the GOCLTA statement follow. 

GOtLTA/O.5, 0.75 
GODLTA/-2.5,-4.75 

ON 
THREAD/A, TO B, a, D, E, F, G~ H, J 

PAST 

A 1s the n~me of the surf9ce to be threaded; B is the name 

of the surfa.ce where the threads enq; C 1s the lead; L is ,the 

infeed ~ngle, which must be greater than 180 degrees for 1n~ 

ternal threads and less tban 180 degrees for external threads; 

E 1s the depth of cut per pass; F 1s the normal depth of the 

thread; G is tbe cutter clearance during return movements, H 

1s the number of p1tches per lead; J 1s the number of f1n1sh 

17 
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passes at zero lnfeed. The THREAD statement for a. 0.125 "Ritch 

threqd follows; 

THREAt/LINl, TO, LIN2, 

Major Dia~eter \ 

0.125, , 
Lead 

End Of Threads 

18 

1 8, 0.010, 0.7668, 

DeJth of \ 
Cut Per 
Pass 

Number Of Passes 
At Zero ,reed 
0.005, ,2 

Infaed Normal Depth Number 
Angle of Thread Of Threads 



The fallowing table lists toe error messages that will ~e 

orinted1f the pr.ocedures Olltllned 1$ no.t followed. 

~hOR NUM!2~" 

1 

2 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Illegal Majvr Word 

Illegal ChRracter 1n Floating 
Point Number Field 

Illogical Motion Statement 

F9renthesis Nest Error 

Illegal Lefinition of Point, 
Line or Circle 

Undefined Name of Point, Line 
or Circle 

Illegal Stat em8nt 

Too Many Foints, Linea and Circles 

Illegal Thre8c Statement 

Illegal Postprocessor Call 

Circular Interpolation Error. 

tup1icqte NAme For Paint. 
Line or Circle 

An example of how ANLR would be used to program a typica.l 

lathe part is shown in Figures 6 and 7. Fig. 6 shows the work 

piece, And Fig. 7 presents the computer input and output. 

o 



4. CONCLUDING CJMMENTS 

o This paper has shown what one organization has done 

utilizing a small computer for numerical control programming. 

The author belelves that the benefits derived ere sufficient 

o 

o 

to warrant additional activity in this area. Perhaps the 

most significant single benefit is the plotter output available. 

The opportunity at verify accuracy of input statements greatly 

improves the accuracy of punched taped that reach the machine

shop floor. The subsequent improvement in efficiency of the 

N/C machinery justifies full involvement in preparing 

punched tapes 1n the manner described. 
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ANDERSON BROTHERS MFG. CO. 
POINT-TO-POINT PROCESSOR LISTING 

T NOI SAMPLE lA 
t ~.ADER/20 

3 MACHIN/CINT 
4 MACHIN/PLOT 
S COOUH ION 
6 CLPRINT 
1 SPINDL/CLW 
8 START XIS. VB. 
9 END X1S. V8. 

10 PI XO.5 VO.S RO.1S 
11 P2 X4.5 
12 P3 V2.S 
1"3 1'4' 'XU.5 
14 PS vl.S 
15 P6 X4.5 

, 16 ---pr- -XZ.~ RO" .-0'-'--
17 CDR ILL PI-P7 DPO.Z-- DIAO.rZS C540 TLl 
18 DRILL PI-P4 DPTO.S' DIAO.360 TL2 
1«1~-~-'lWCf..6 ou,o.:ns C530 TL3 
20 DRILL PS-P6 DPTO.5 DiAO.3l2' C540 TL4 
21 TAP P6. PS TA~ 0.~15 16 OPO.7 TLS 
22 URTlC""'-OPTI.2S DIAO'.135 TL6 
23 REAM P1 OPI.4 DIAO.1S0 C530 TL7 
24 FINI • 

-.~-. 

Fl btA.~E 
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ROCKFORD. ILL. 
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PA~T N0/~~v=LE lA 

(loRD POIt-.:T x-AXIS V-AXIS R-AXIS OPERe DEPTH CUT-SPD TL-DIAM TL-NO MIse TAP-DIA,.. THD/IN 

1 1 15.500 8.500 0.750 DRILL 0.200 40 0.125 1 13 
1 2 19.500 8.500 0.750 DRILL 0.200 40 0.125 1 13 
1 3 19.500 10.500 0.150 DRILL 0.200 40 0.125 1 13 
1 4 15.500 10.500 0.750 DRILL 0.200 40 0.125 1 13 
1 5 15.500 9.500 0.150 DRILL 0.200 40 0.125 1 13 
1 6 19.500 9.500 0.150 DRILL 0.200 40 0.125 1 13 
1 7 11.500 9.500 0.000 DRILL 0.200 40 0.125 1 13 
~ 1 15.500 8.500 0.750 DR' I LL 0.500 40 0.360 2 13 
2 2 19.500 8.500 0.750 DRILL 0.500 40 0.''60 2 13 
2 3 19.500 10.500 0.750 DRILL 0.500 40 0.360 2 13 
2 4 15.500 10.500 0.150 DRILL 0.500 40 0.360 2 13 
3 1 15.500 8.500 0.150· REAlI! 0.600 30 0.375 3 13 
3 2 19.500 8.500 0.750 Re~M 0.600 30 0.375 3 13 
3 3 19.500 10.500 0.150 REAM 0.600 30 0.375 :3 13 
3 4 15.500 10.500 0.750 REAM 0.600 30 0.375 3 13 
4 5 15.500 9.500 0.150 DRILL 0.500 40 0.312 4 13 
4 6 19.500 9.500 0.750 DRILL 0.500 40 0.312 4 13 
5 6 19.500 9.500 0.150 TAP 0.700 5 13 0.375 16 
5 5 15.500 9.500 0.750 TAP 0.700 5 13 0.375 16 
6 7 17.500 9.500 0.000 DRILL 1.250 40 0.135 6 13 
1 1 17.500 9.500 0.000 REAM 1.400 30 0.750 7 13 

Fl btA~ e:. z. -CONT 
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THE CINTIMATIC IS TO BE USED 

THE FO~LOWING 15 A ~15TING OF THE PAPER TAPE 

5TARTINGP05ITION5 X = 15.000 Y 8.000 

ENDING P05ITION5 X 15.000 Y 8.000 

H 1 G81 XIS.SOO Y 8.500 ZO.~; 
H 2 G80 X1S.S00 Y 8.500 Z9-'238 
H ,3 GEt - -X1'lJ.SOO Y '-.500 ~.238 
H 4 G80 X19.500 Y a.SOOZO.238 
H 5 G81 X19.500 YI0.S00 ZO.238 
H '-0- - 1i8U------X1"~ltsmr---Yl_o._S00 / ZO .238 
H '1 Gel X15.S00 '~-Y1tr.sao '--ZO'Z38 
H 8 G80 XIS.SOOY10.500 ZO.238 
ff'--V- -G8r------- Xn.500 Y 9.500 ZO.238 
H 10 G80 X15.S00 Y ~.500 ZO.238 
H 11 G81 X19.S0Q Y 9~500 ZO.238 
H 12'----'\iTO-------·XT9i50"0 Y 9~500 ZO.238 
H 13 G81 X17.500 Y9.500 ZO.238 
H 14 G81 X15.500 }'( 8.500 ZO.708 
H 15 . -'liBn---- XIS.500j'Y 8.500 ZO.708 
H 16 G81 X19. 500;Y~'-T-Ne7OT-
H 17 G80 X19.500 Y 8.500 \lO.708 
ff --rs---- ---usr-- Xn;-s-o-o Y 10. 500 ZO • 708 
H 19 G80 X19.500 Y10.500 0.708 
H 20 G81 X1S.500 YIO.SOO Z .708 
H 11-- --tao- - XTSe~O- YTcr.-SOO ZO. 08 
H 22 G81 X15.500 Y 8.500 ZO.6 
H 23 G80 XlS.500 Y 8.500 ZO.600 
H -24 Gn-' , XHe-s-o-a'" Y 8'-SO-0 ZO. 600 
H 25 G80 X19.500 Y 8.500 ZO.600 
H 26 G81 X19.500 YI0.500 ZO.600 
H 27 -C;8'O' XI9'-S-00 YTO.5OU -ZO.600 
H 28 G81 X1S.500 YI0.500 ZO.600 
H 29 G80 X1S.S00 Y10.500 ZO.600 
H 30 'G8T-" XlS.S0~r - Y 9. So-o-20.694 
H 31 G80 X1S.S00 Y 9.500 ZO.694 
H 32 G81 X19.S00 Y 9.500 ZO.694 
H 33 GW----XIV.-500-- Y--9'5VQ - ,10-'694 
H 34 G84 X19.500 Y 9.500 ZO.700 
H 35 G80 X19.500 Y 9.500 ZO.700 

,.r'36 -. -G8'~--' Xl-'-',-oo--'---y--V.-'5lfO'· .-. --'IO. 100- ,.,--
H 37 G80 XIS.500 Y 9.500 %0.700 
H 38 G81 X17.S00 Y 9.500 Zl.570 
H 39 G80 -xrr.--soo y 9.500 Zl.570 
H 40 G81 X17.500 Y 9.500 ZI.400 

1 Lt ~' 
../ 

F= t 0 tA Ii! IE' 

F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F410 
F420 
F420 
F420 
~~ 
F420 
F420 
F420 
F420 
F410 
F410 
F410 
F410 
F471 
F471 
F471 
F471 
F410 
F410 
F410 

2.. 

-,' 

-:.\ ~.~~ ~,; t'~ 
~~:.. ~. 

.. ;, 

-.~."" 

'--RO.750 5711 ~ T 1 M13 
RO.OOO 5711 '\_T 1 M13 
RO.750 5711 "\~ MIl 
RO.OOO~711 T ¥ M13 

:g:6~g i'~~i i~·, :~.;-,-------
RO.750 5711 T 1', M13 

'!"i-" 
j-i 

RO.OOO 5711 ", T 1 \ M13 
RO.750 5711, T 1 ' --~----'---.----.-.--

RO.OOO 5711 '~1 \ . M13 
RO.750 $711 1.>1) M13 
RO.OOO 5711 T' 1 -m 
RO.OOO 5711 ~/T 1 M 6 
RO.750 5649 T 2 M13 

RO.~ 56~ T 2 ! M13 

,~Q 

RO.OOO 56~~/ T V2 i -=M"'13---------------

RO.OOO 5.649 T : M13 
RO.750 :,S649 T ~ 'lofI3-------- -----------. 
RO.OOO ' 5649 T/2 M13 
RO.750 5649 ,~ 2 M13 
RO.OOO S649 , T 2- M"'"6---
RO.7S0 ~5615 / T 3 M13 
RO.OOO 561 T 3 M13 
RO.7S0 5 T 3 M13 
RO.OQ.Q.-.-v''-- 5615 T 3 M13 
~O.~ 5615 T 3 M13 
RO .-OC)O Snr- T 3 Ml, ----
RO.750 5615 T 3 M13 
RO.OOO 5615 T 3 M 6 
FtO .150 - 5649 -----'-,.'4---- -- ME ----
RO.OOO 5649 T 4 M13 
RO.750 5649 T 4 M13 

-lfO;OOo-- ---564-9 - -T"'4--' Mi---' 
RO.750 5610 T 5 M13 
RO.OOO 5610 T 5 Ml3 

-J{O.1Je)'- - - '5610---,-5- -----~---

RO.OOO 5610 T 5 M 6 
RO.OOO 5622 T 6 M13 
RO.OOO 5622 T 6 M6 
RO.OOO 5570 T 7 M13 

CO~,-
~. ..... .. ~ 
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ANbEiSO'N- BROTHERS' MFG. CO. 
POINT-ro-POINT PROCESSOR LISTING ROCkFORD. ILL. 

1 PART NOI SAMPLE lB 
2 LEADER/20 
3 MACHIN/MILW 
4 MACHINI PLOT 
5 COOLHT/ON 
6 CLPRINT 
1 SPIHOL/CLW 
'-STAiff-- x,;,- Y2.5-
9 TOOL 1 ,.6 

10 TOOL 2 ,.9 .---- ----11---:-1'001:- ,---.;" ,---
12 TOOL 4 4.62' 

-~~ ..... -. 

l' TOOL' S.25 -------l4TOOL 6 -';2'---------
//-

L ___ ~. 

l' TOOL 1 6.12' 
16 SlOE 1 10.000 

--I ;f-Pl--"XO~I--V2;5-'-riO~"5S1 -
1. P2 X4., 

, 19 P' YO., 
---·--20-P"- XO.j --

21 P' VI., 

,/ \, 
\ 

22 P6 X4., '\ 

-- 2-'-P"'- --j2. '--.0.-0, _ "-
24 CORtU. ,Pl-P7 DPO.2 0'1.\0.2 S26 F4 T'Ll "" 

___ a, DfU&..&.. PI-P4 DPITO., 01Ao.360 saz F6 TLZ '/ 
26 REAM PI-P4 OPO.6 0IA~.'1' 516 F12 TL' 
27 DRILL P5-P6 OPTO.5 ;D'AO.'12' 524 F. TL.4 
28 TAP P6. p, TAPO.J7~ 16 OPO.7 51 F62 TL5 V 
29 DRI&..&.. P1 OPT1,.' L~IAO.7J5 514 FlO TL6 
10 REAM P1 OPl •• I 0IAO~-7'()s5- '\' TL,7 ---------1 
'1 FINI ! 

~--.-----.------ -----~-----

''',,-

\ 

' ...... "'. --~ 
- •.. _----_. __ . 

----"-----------.,---------

F\6CAR~ 3 
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PART NOI SA~PLE 1B 
TOOL NO, 1. TOOL LENG Hi 5.600 
TOOL NO. Z TOOL LENGTH 3.900 
TOOL /'olO. 3 TOOL LENGTH 4.750 
TOOL NO. 4 TOOL LENGTH 4.625 
TOOL NO. S TOOL LENGTH 3.250 
TOOL NO. 6 TOOL lENGTH 5,250 
TOOL. NO. 7 TOOL lENGTH 6.125 
SIDE NO. 1 DISTANCE 10.000 

CARD POINT X-AXIS Y-AXIS R-AXIS OPERe DEPTH CUT-SPD Tl-DIAM TL.-!!2-. MISC .TAP-D lAM THDIIN 

"-
1 1 io.ooo 5.000 0.750 DRIll -r' 0.200 •••• 0.200" ...... 1:.. .. __ 13 
1 2 1 •• 000' . S.OOO 0~750 DR Ilj,. r- 0.200 .. _. 0.200 1 13 
1 3 14.000 :3.000 0.750 DRttt 0.200 •••• 0.200 

\. 
1 13 

1 ,. 10.000 3.000 0.750 DR'llL. 0.200 .... - 0.200 1 13 
1 5 10.000 '4.000 --O~ 7:50 .IfR III 0.200 •••• 0,,200 - . 1- 13· 
1 - 6 14.000 4.000 ·0.7~50 -DRIll O.iOO •••• O.2.()0 1 13 
1 7 12.000 4.000 O.OOO~ DRILL 0.200 .... 0.'20'0 1 '. ~·13· . 
2 >1 10.006 S~Ooo ---0'~15o- DRIll 0"00 ..... 0~:560 " 2 13 
2 2 14.000 5.000 0.75'0 DRIL.l 0.;'00 .H. --0,'360 2 ~ 13· 
2 3 14.000 3.000 
2 4 10.006 3.000 
3 1 10.000 S.OOO 
:5 2 14.000 5.000 

,3 :3 ·l4;~·ooo 3.000 
3 4 10.000 3.000 
4 5 __ 10.000 4.000 
4 , 14~OOO 4.000 
5 • 14.000 4.'000 
5 5 10.000, 4.000 
6 '., 12.000 4.000 
7 7 12.000 4.000 

0.750 DRIll 0.500 **.* 
0.750 DRILL. 0.'00 •••• 
0.750 REAM 0.600 •••• 
0.750 REAM 0.600 .... 
0.750 REAM 0.600 .... 
0.750 REAM 0.600 •••• 
0.150 DRIll 0.500 •••• 
0.150 DRILL 0.500 .... 
O~-15~ -T.I»"---· O'~100 
0.750\ TAP 0.700 
0.000 \ORllL 1.250 •••• 
0.000 _.EAM 1.400 •••• 

F\b~lte 3 .
Z~ 

~ 

0.360 2 \ 13' ' 
0.360 2 ,. ;1'-- . ---- -~ ~#. ---:-'.:-:-o:;.:.~: 

'0.375 3 i 13 
0.375 3. i c1L_. ___ . __ . _., I 
0.375 3 

/ 
13 

. 0.375 / 3 13 
0.312 4 U_ 
0.312 4 ~, 

5 
f 

,13 0.375 1'-

OJ?,'5 
5 ~I_:'" ....hIll .. _.1..6 __ 
6/ 13 

0~750 7- 13 
~ 

CO","T. 
? ; 

o 
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SEQUENCE PREP. LONGITUD VERTICAL DEPTH 
OPE RAT ION NUMBER COMMAND ex. ev) (z) 

REWIND STOP CODE 
SET x-v-z TO HOME 
LOCATE-FIRST TOOL 

N 1 G 0 
N 2 ci- 0 

SPINDLE KEVLOCK 
CHANGE TO TOOL 1 
- 10C>ELE'Tt- coots 

N 3 G 0 
N 4 .. _____ ~Jt 

I HOEi -.-TAIL_E N 1 G- 0 
POSITION X AND v N 2 G 0 

_ .f9SJTl~ __ Z. ~~1$. ____ "- , G 0 
CUT TO DEPTH N 4 -iro 
RETRACT TOOL N 5 G 0 

___ ~~llllQM.~ AIj~_ y ____ . J~ ~ __ G_ 0 
'POSITION Z AXIS N 7 G 0 
CUT YO DEPTH N 8 G 0 
RETRACT tOOL N 9 G 0 

--POSITIONi AND -Y- -HIo --G--O 
POSITION Z AXIS N11 G 0 
CUT TO DEPTH N12 \~O 

---R-tTRACTTOOL- - -Hii G 0 
POSIT-lON X AND Y Itl4 G 0 

POSITION Z AXIS N15 G 0: 
---CUT-TO -D~pfH--- ---Nil. G P 

RETRACT TOOL N17 ~/o 
POSITION X AND Y Nil '6 0 
--POSITION -f Axis-- --- H19 G 0 
CUT TO DEPTH H2O G-O-
RETRACT'TOOL H21 G 0 

POSITION XANO-Y -N22 G 0 
POSITION Z AXIS H23 G 0 
CUT TO DEPTH HZ4 G a 
-REtRACT TOOL H25 G 0 

POSITION X AND Y N26 G 0 
CUT TO DEPTH H27 G a 
-RETRACt TOOL - -- N28 G 0 

RETRACT Z TO HONE N29 G 0 
NOVE V TO HONE N10 G 0 

CHANGE TO TOOt.. 2 H31 G 0-
10 &>ELETE CODES 

POSITION X AND V N 1 G a 
POSITION Z AXIS H 2 G 0 cut -- 10 DEPTH H :5 G a 
RETRACT TOOL N It G a 

POSITIO" X AHD Y N 5 G 0 
POSITION ZAXIS N 6 G 0 
CUT TO DEPTH N 7 G a 
RETRACT TOOL N 8 G 0 

12._000 16.000 16.000 

10.000 5-,.QOO 16.000 
10~O ,-f. 000 8.'50 

-10.000 / t.ooo 8.S90 
10.000,/ 5.000 9.100 

. 14.0011" 5.000 9.100 llt·foO 5.000 8.950 
14. 00 s.aoo 8.590 
14_o00 5.000 9.100 
_~" .. _Qgo 3.000 9,700 
14.000 -;.000 8.'-'0 
14.000 ,.000 8.5410 
14.000 3.000 9.100 
10.000 3.000 9.100 
10.000 3.000 8 •• 50 
10.000 3.000 S.'90 
10.000 ,.000 9,700 
10.000 4.000 9.100 
10.000 4.000 a,950 

--T{)fooir---- 4.000 e.sei'o 
10.000 4.000 9.700 
14.&00 4.000 9.100 
14.010 4.000 8.950 
14.000 4.000 8.590 
14.000 4.000 9.700 
,12.000 ., 

4.000 9.700 
,12.000 ",.000 9.340 
12.000 4,OQO 9.700 
12.000 4.000 ~. 16_ .. 0~g 
12~_Q99 16.000 16.000 

10.000 5.000 16.000 
10.000 5.000 7.250 
10.000 5.000 6.441 
10.000 5.000 a.ooo 
14.000 ,.000 8,000 
14.000 5.0ij'0 1.250 
14.000 5.000 6.441 
14.000 5.000 a.ooo 

F\c'ARc 3· 

~ 

ARC CENTER 
OFFSET 

-.'.' ............ ,~ 
.... 

-....... 
........ , •. 

/ -' 

CO~T. 

31 

..,~ ...... 

" 

FEED TABLE SPINDLE FIRST MISCa 
RATE INDEX SPEED TOOL FUNCTIO~ 

60 

198 ,'-
It 

60 
'\ 99 

,+0 -,; 
60-
98 
60 I, 

6~ " "'~ 
6~ J 
98 1 
60 I 

i 
4 

60 
60 

It 
60 
99 

'9 

98 
.9_'_ 

6 
60 
99 
60 

6 
60 

e 

T 
a " 6 

2. • 
______ l.L_______ __ _ J 

26 
26 

______ li._ 
26 
26 

___ ..2.6 __ _ 
26 
26 

__ -H-__ . _________ - -----
26 
a. 

-----~---- --------. 
26 
26 

__ ... ____ .i.A. __ _ 
26 
26 

---- ... -.--li -- - --._. __ ---- --
26 
26 

. ____ ~6 
l6 
26 
li_ 
26 
26 
~fL 

22 
22 ----- 22---
22 
22 
22 
22 
22 

, 
.-

• , 

o 
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POSITION X AND Y N 9 G 0 14.000 3.000 8.000 POSITION Z AXIS NIO G 0 14.000 3.000 7.250 CUT TO DEPTH Nll G 0 14.000 3.000 6.441 RETRACT TOOL N12 G 0 14.000 3.000 8.000 POSITioN X ANO Y N13 G 0 10.000 3.000 8.000 POSITION Z AXIS Nllt G 0 10GOOO 3.000 7.250 CUT TO OEPTH NIS G 0 10.000 3.000 6.41t1 RETRACT TOOL N16 G 0 10.000 3.000 S.OOO RETRACT Z TO HOME N17 G 0 10.000 3.000 16.000 MOVE Y TO HOME NIS G 0 10.000 . ___ J6.000 1~.000 CHANli!' 'fO-TOOL 3 N19 G 0 10 OELETE CODES 

POSITION X ANO Y N 1 G 0 10.000 5.00'0 16.000 POSITION Z AXIS N 2 G 0 10.000 !.OOO 8.100 CUT ,a-' "DEPTH . N 3 G 0 10.000 5.000 7.399 RETRACT TOOL N It G 0 10.000 5.000 8.850 POSITION X ANO Y N 5 G 0 IIt.OOC> 5.000 a.850 POSITION ZAX·U N 6 G 0 lit. oliO 5.000 8.100 CUT TO DEPTH N 7 G a 14.000 5.000 7.399 RETRACT TOOL N 8 G 0 14(000 5.000 8.850 JJO$-rrUJN·X . AND' 'f N 9 G 0 10\1.000 3.000 8.850 POSITION Z AXIS NI0 GO 14.000 J~OOO 'S,IOO CUT TO OEPTH NIl >(i a 14.000 ,.000 7.399 1t"£TRACT··~·-···-·--- . ·NI2 c},O 14.000 3.000 8.850 .POSITION X AND Y N13 G & 10.000 3,.000 8,850 POSIT ION Z AXIS Nl. 6 0 10.000 3.000 8.100 ··arr-'-nr-o:EPTH--· -----ras G 0 10.000 ,.000 7.399 RETRACT TOOL. N16 G;'O 10.000 '.000 8.8'0 RETRACT ~ TO HOME N17 .• , a 10.000 ,.000 16.000 
..• 

MOvE , TO HOME ""lfT1: /G a 10.000 16.000 16.000 CHAHGE TO TOOL 4 N19 ··_-G·O - ._. ,----- -.--~-

10 DELETE COOES 
."- -- ---... --.-.- '-._._._--... _-._--.-.. _-... 

'\ 
POSITION X AND Y N 1 G 0 10.00ll 4.000 16.000 ·J'O'srnON··r-nIr.-- ·"-2'··' G O' 10.000 4.000 7.975 CUT TO DEPTH N 3 G 0 10.000 "~ 4.000 7.181 RETRACT TOOL N 4 G 0 10.000 '·'"..000 8.725 POSrTI01r~y' .-N' .,. '. G 0 ·"14.000 4·'&00 8.725 POSITION Z AXIS N 6 G 0 14.000 4.00a· , 7.975 CUT TO DEPTH N 7 G 0 14.000 4.000 7;1Ir···· ·If£TR~T~···-·· .. - N"·& G a .. 

14.00cr··~· 4.000 8.72S· RETRACT Z TO HOME N 9 G a 14.000 4.000 16.000 MOVE Y TO HOME N10 G 0 .. !~~~()~ ..... _~~. 000 .~6.0~(). CHANG!' 'TO 'Tool .~ Ifnr GO' 
10 DELETE CODES 

POSITION X AND Y N 1 G 0 14.000 4.000 16.000 POSITtOH Z AXIS N 2 G 0 14.000 4.000 6.600 •••• H 'Tl""-~'ro-'OEPTH .... N ., . -.. '(f'O ~··~14.0'oO· 4.000 5.eOO RET.ACT TOOL N ,. G 0 14.000 4.000 7.350 POSITIOH X AHO Y N 5 G 0 10.000 4.000 7.350 

I=t&~II!. 3· 

(It 
:.:-~ 

,/"' 

./' 

/' 
~"</ 

ff. .~i;. 

:<~:"':. 

98 
60 

6 
60 
99 
60 

6 
60 
99 
99 

99 
99 
12 
60 
99 

.~ 
:., 
60 \ 
12 , 

" .... . 60 
"'\.,99 , .0 I 

//;~ ) 
9,/ 

/~9 
99 

• 60 
99 
60 

8 
'- 60 

99 
99 -----_ ... _--

99 
99 - '-··-62·· 
62 
99 

c.o~-,-. 

32. 

.~;. 

22 
22 
22 
22 
22 
22 
22 

-22 
22 

;'" 
~. 

.l~ ___ ._ 

16 
__ !.6_ .. 

16 
16 
16 

16 
16 
16 

··--·-16~ 

16 
16 
16 
16 
16 
16 
16 
16 
16 

o 
~A ~ 

,~~ .. ~ 

5 
6 

8 , 

5 
6 

24 8 -- '·'--24-·· .--.~.-.. ., 
24 
24 

-·24 
24 
24 . - ----·-24-·-· 
24 

. ~ ___ . ___ .24 ___ .. 

--~--------.-

5 
6 

8 
J 

1 
1 ·-T 
1 
1 

-"5 52 51 
4 5 
8 
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POSITION Z AXIS H 6 G 0 10.DOO 
TAP TO DEPTH N 7 G 0 10.000 

ItETRACT TOOL N • G 0 10.000 
RETRACT 1 .TQ HOM~ N , G_<t . __ 10.'o.OJ) 

MOVE ., TO HOME M10 G 0 10.000 
CHANGE TO TOOL 6 NIl G 0 

10 ~ELETE. (ODES ---- - - --

4.000 6.600 
•• 000 5.800 
4.000 7.J50 
4,GO.0 .16.Q.OO 

16.000 16.000 

&~ ;, 

-60 
t2 
t2 

. -,-' 
99 

.'-t. 

'~.J." 

1 
1 
1 

_ 1 
1 

.;~~ ~, 

,,-~.' 

J 
, 52 51 
4 I 

5· 
6 

POSITION X AND ., N 1 G 0 ·12.000 
'POSI'IO''- i-AXis- .. H-"2 --- G'O ----i2.ooo-

4.000 
4'~OOO 
4.000 
4.000 
4.000. 

_ J.t._OQI). _ __, _________ , .. _._tL._. ___ . __ ._-"-. __ -----.1 .. , 
9.J50 99 1. 

CUT TO DEPTH N J G 0 12.000 7.679 10 14 
ItETRACT TOOL N 4 G 0 12.000 

','--I'FIAC,- t--to HOME- ·-N-'-----6-0---- --'12.000 
MOVE V TO· HOME "7 G 0 12.000 

C .... TO TOOL .," • GO' - -10 DELfTt--COOES- --------. ,----- - --.-._--.' 
16"a6 .. ,' 

// 

.,/.t 

.-~:l~---··-.~ ~·--·-------------f:-
16.000 .... " 14 

.... , 

",,- L-___ _ 

litOSifiotfx' "'-,--N'-i-· -GO--'~-112.0 0 4.000 16.000 5 
5 ~ITI.· 1AXIS- fit 2 GO 112, 0 4.000 10.22' i',,-. 

1 

5 ... _. 

• J 
CUT '0 .D£PTH "L .. ___ ~ ~ ____ l12 000 4.000 •• .,25 
RETRACT TOOL N • G 0 1 ~ooo 4.000 10.225 

'\~ 
1 
60 

, 99 
"-, 99 

, -_._---_._-

RETR.CT 1 TO HOME H 6 ~G--O---- :1.000-'--'-';000"---16.000 -- - .---' 
, , , , MOVE ., TO HOM£ N 7 'G 0 12.000 16.000 16.000 

'CHAMt--YCf'fOOL-- --j'- '--..--. G,O 
10 DELETE COOES ' . \ 

SET X-V-1 TO HOME N 1 ""0 12.000 1t.OOO 16.000 
I"O£X . TAeLE N 2 
,.... TA"! ,. " 
I.DE. TAILE ,. ~ 

G 0 _______ _ 
/ G 0 _. ___ '''_ 

"-GO '-\ ~ .. - -~.--.-!-~~--. .---.~~ 
: 

1',' r-- t. 

" '-., .... 
..... "'''--

F' &CAIIlIE 

(j 

'" , 

/ 
~/~ 

/ 
-' .--'/'-"'" .. ' 

"-
) 

e Ie I . ,I 

5 
6 

JO 

-----_._ ... _ .. -_ ..• - -- .. - ._-._----- ._-_ .. _-

3- 1 CONT. 
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ANOERSON BROTHERS MFG. CO. 
POINT-To-POINT PROCESSOR LISTING 

1 PART NOI SAMPLE NO. 2 
2 MACHIN/MILW 
3 ClPRINT 
'+ COOlNT/ON 
5 5PINOl/ClW 
6 "l-EAOER ilo 
7 TOOL 1 4.75 
8 TOOL 2 5.625 
9' fOoi:.--'·-· 5.25 

10 TOOL 4 7.5 
11 TOOL' 6.00 
12 TOOl 6 4.25 
13 TOOL 7 6.25 
14 SIDE 1 3.000 
is SiOE 2 4~-OOO 
16 START X12. Y5. 
17 P1 X-2.S Yl.S 52 18 'P2 . )(2';5 ..... . 
19 P3 Y-l.5 
20 P4 X-2.S 
21 P5XO.-YO. 
22 P6 XO. Y2. S 1 
23 PlO Xl.5 YO.3~5S1 
24 PiT- xi;625 ya.2S 
25 P12 Xl.S YO.2S 
26 P13 Xl.625 Y-0.2S 
27 Pl4 ·-Xl.5 Y-O~375 
28 PIS Xl.5 Y-0.2'5 
29 Pl6 X-l.S Y-O.37S 
30 P17 X-i~~25 Y-0.2S 
31 PIS X-l.S Y-O.2S 
32 ~19 X-l.625 YO.2S 
33 P20 X-l.S YO.37S 
34 P21 X-l.S YO.25 
35 CORILl PI-P6 F3 522 OPO.2 01AO.125 TLl 
36 DRILL PI-P5 F8 516 OPT1.0 01AO.531 rL2 
37 DRILL P5 F6 55 OPT1.0 01A.968 TL3 
38 REAM PS F12 55 OP1.3 01Al.000 TL4 
39 ORILL P6 F8 523 OPT1.0 OIAO.312S TL5. 
40 TAP P6 TAP.37S 16 51 F62 TL6' 
41 MILL P12-PIO F4 510 OPI.25 DIAO.7S TL7 
42 CONTR PI0 6 Pl1. P12 F4 510 
43 MILL PII-P13 F4 510 
44 CONTR Pl! & Pl4. PIS F4 510 
45 MILL P14-P16 F4 S10 
46 CONTR Pl6 & PIT. PIS F4 510 
47 MILL P17-P19 F4 510 
48 CONTR P19 &P20l P21 4 S10 
49 MILL P20-PIO F 4 S 1 
50 MILL PIO-Pl2 F 4 S 1 

,. -\Llj~~ t-\O\,o#'\\,,~ 

~A~ 

o 
1\ ,:l 

~-i,..G~:~- ,-~ !J!i~' 

"<1,-. •. 

ROCKFORD. lU. 

~, 
" 

\ 

\ 
'" 

./ 

./ 

" 

~ 

~ 



z 
... -11\ 

• 
t-
"2 
0 
V 

II) 

-. 
If 
s 
~ -IL 

o 

,...... 
CY) 

C: 

c 



o o o 
~:;w <i C 

PART NOI SAMPLE NO. 2 
TOOL NO. 1 TOOL LENGTH 4.750 
TOOL NO. 2 TOOL LENGTH 5.625 
TOOL NO. 3 TOOL LENGTH 5.250 
TOOL NO. 4 TOOL LENGTH 7.500 
TOOL NO. S TOOL LENGTH 6.000 

~-~----
TOOL NO. 6 TOOL LEN-GTM 4.250 
TOOL NO. 7 TOOL LENGTH 6.250 
SIDE NO. 1 DISTANCE 3.000 
SIDE NO. Z- "DIstANCE 4.000 

CARD POINT X';A-XIS Y-AXIS R-AX1$ OPERe DE~nt- 'CUf;';S-PO"- , t~L-DIAM TL~O----MISC TAP-Dl~ THD/IN ---'-', 
",,- ! 1 1 9.S-aO- 6.500 0.000 DR~ 0.200 **** 0.125 "'" 1: 1 2 14.500 6.500 0.000 OR L 0.200 **** 0.125 "1 13 1 3 14.500 3.500 0.000 ~fLL 0.200 **** 0.125 "'1 13 1 4 - 9.500 3.500 0.000 ILL 0.200 **** 0.125 )." '13 1 5 li.ooo 5.000 0.000 :DRILL 0.200 **** 0~!R 1\ 13 1 6 12.000 7.000 0.000 / DRILL 0.200 **** Od2 ~ \ --~:-~ 2 1 "9.500- 6.50~- o.aoG" DRILL 1.000 **** 0~5:H ' 2 2 14.500 6.500- O.OOd-DRILL 1.000 H**" "-- ___ ..l 1 ' 

~::;1 ~ .. 2 ' 13 2 3 14.500 3.5~ 0.000 DRILL 1.000 **** 2 \ 13 Z --'4--'- -- 9.500-- 3.50 '. 0.000 DRILL 1.000 **** 0.531 "",2 . Iij 2 5 12.000 5.000 0.000 DRILL 1.000 **** 0.531 ~ ,113 3 5 12.000 5.000 0.000 DRILL 1.000 **** 0.968 J'> . i13 
-"-------4 " "!r --" -12 ;"000 5.000 0.000 REAM 1.300 **** 1.000 ". 

J 
13 5 6 12.000 7.000 0.000 DRILL 1.000 **** 0.312 /5 13 6 6 12.000 7.000 0.000 TAP 1.000 // 6 13 0.375 16 7 12-1:3.500 5.250 0.000 MILL 1.250 **** 0.750 / 7 / U-8 10 13.'00 5.375 0'-OOo.--MII:L . 1.250" ****- -0-:750./ 7 113 9 11 13.625 5.250 0.000\ MILL 1.250 **** 0:7,)i 7 ~ 10 - 1~ - 1-3--.625 4.750 0.000 '\.MILL 1.250 **** O~750 j U 

-----_._---.----

11 14 13.500 4.625 0.000 t(ILL 1.250 **** 0.750 13 12 16 10.500 4.625 0.000 M'~ 1.250 **** 0.750 13 "13 17 10.375 4./50 0.000 MI 1.250 **** 0 •. 750 ." 7 . ---13 14 19 10.375 5.250 0.000 MILL -'. 1.250 **** 0.750 / 7 13 15 20 10.500 5.375 0.000 MILL 
, 

lt250 **** 7 13 0.750 /' 16 10 -- 13.500 5.315 0.000 MILL 1.~50 **** 0.7J<J' 7 ----13--
_:<:?~.r 

-_. --_ .. _- ---"----
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SEQUENCE PREP. LONGITUD VERTICAL DEPTH ARC CENTER FEED TABLE SPINDLE FIRST '-'IISC. 
OPE RAT I J N NUMBER COMMAND (X) (Y) 'Z) OFFSET RATE INDEX SPEED TOOL. FUNCTION 

REWIND STOP CODE 
SET X-Y-Z TO HOME N 1 G 0 12.000 16.000 16.000 60 
LOCATE FIRST TOOL N 2 G 0 T 

SPINDLE KEYLOCK N 3 G 0 8 35 
CHANGE TO TOOL. 1 N 4 G 0 6 

10 DEL.ETE CODES 

INDEX TABLE N 1 G 0 8 
INDEX TA8LE N 2 G 0 8 

POSITION X AND V N 3 G 0 9.500 6.500 
'" 

16.000 98 22 8 
P~S IT ION Z AX IS N 4 GO 9.'00 6.500 2.850 99 22 3 

., CUT TO DEPTH N 5 G ::0 9.500 6.500 2.512, 3 22 
RETRACT TOOL N 6 G 0 9.500 6.500 2.850 60 22 

POSITION X ANO V N '7 G 0 14.500 6.500 2.850 99 22 
CUT TO oEPTH N 8 ,G 0 ,14. '00 6.500 2.512 3 22 
R,ETRACT TOOL N 9 G 0 14,500 6.500 2.850 60 22 

POSITrON X AND Y NIO ' G 0 1~~500 3.500 2.850 99 22 
CUT TO DEPTH Nll G 0 1.'00 3.500 2.512 3 22 
RETRACT TOOL. Nl'2 G ° 14.500 3.500 2.850 60 22 

POSITION XANOY Nl! G 0 9.500 3.500 2.850 99 22 
CUT TO DEPTH N14 G 0 9.500 3.500 2.512 3 22 
RETRACT TOOL N15 G 0 9.500 3.500 2.850 60 22 

POS IrION X AND Y NI6 G 0 12.000 5.000 2.850 98 22 
CUT TO OEPTH N17 G 0 12.000 5.000 2.512 3 22 
RETRACT TOOL N18 G 0 12.000 5.000 2.850 60 22 

RETRACT Z TO HOME N19 G 0 12.000 5.000 16.000 99 - " 22" 
INDEX TA8L.E N20 G 0 8 
INDEX TA8LE N2l G 0 8 
INDEX TABLE N22 G 0 / 8 

POSITION X AND V N23 G 0 12.010 1.000 16.000 98 22 
POSITION Z AXIS N24 G 0 12.00& 7.000 le850 99 22 
CUT TO DEPTH N25 G 0 12.000 7.000 1.512 3 22 
RETRACT TOOL N26 G 0 12.000 7.000 1.850 60 22 

RETRACT Z TO HOME N27 G 0 12.000 7.000 16iOOO 99 ' 22 
MOVE Y TO HOME N2& G 0 12.000 16.000 16.000 99 22 5 

CHANGE TO TOOL " 2 N29 G 0 6 
10 DELETE CODES 

INDEX TABLE N 1 G 0 B 
POSITioN X AND Y N 2 G 0 9.500 6.500 16.000 98 16 8 

POSITION"Z AXIS N 3 G 0 9.500 6.500 3.725 99 16 3 
CUT TO DEPTH N 4 G 0 9.500 6.500 2.365 8 16 
RETRACT TOOL N 5 G 0 9.500 6.500 3.725 60 16 

POSITION X AND Y N 6 G 0 14.500 6.500 3.725 99 16 
,CUT TO DEPTH N 7 G a 14.500 6.500 2.3~S 8 16 
RETRACT TOOL N 8 G 0 14.500 6.500 3.725 !to 16 

POSITION X AND Y N 9 G 0 14.500 3.500 3.725 99 16 
CUT TO DEPTH NIO G 0 14.500 3.500 2.365 8 16 

F\Q\ARF- S· Co~:r. 
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RETRACT TOOL Nll G a 14.500 3.500 3.725 6C ~-
POSITION X AND Y N12 G 0 9.500 3.500 3.725 99 16 

CUT TO DEPTH N13 G 0 9.500 3.500 2.365 8 16 
RETRACT TOOL N14 G 0 9.500 3.500 3.725 6Q __ 1ft. "--_ .. -.-- --.. 

POSITION X AND Y N15 G a 12.00''-- 5.000 3.725 98 16 
CUT TO DEPTH N16 G 0 12.000 5.000 2.365 8 16 
RETRACT TOOL N17 ~t 0 l~-,OOQ 5.000 ,.72' _ flO Ut-_ 

RETRACT Z TO HOME N18 - G 0 12.000 5.000 16.000 99 16 
MOVE Y TO HOME N19 G 0 12.000 16.000 16.000 99 16 J 

CHANGE TO TOOL 3 N2._0 G 0. __ ------ . --_ ... _------- - _J. 
10- DELETE CODES--

posITIoN x AND-Y N 1 G 0 12.000 5.000 .- - 16~OOO-'-~----- '- 99- J • POSITION Z AXIS N 2 G 0 12.0100 ',.oco 3.350 
-c,..~ 

"-.", 99 5 J 
CUT TO DEPTH N, ~_o l~.OOO/",OOO 1.859 " _.- -----~-rfETRACT -TOOL. --- N 4 G 0 12.000 .,/ 5.000 3.350 

'" 
60 5 

RETRACT Z TO HOME N 6 G 0 12.000" 5.000 16.000 99 5 
MOVE Y TO HOME N 7 G 0 12.0~Jf 16.000 16.000 '\99 __ . .5. _______ --~ CHA-NGE TO Too"l--- '+ N 8 G 0 6 
10 DELETE CODES 

\ . l _____ 
16.-000 

99 \ 
- POSITION X AND Y N 1 G 0 12.000 5.000 5 • POSITION Z AXIS N 2 ~ ,g 12.000 5.000 5.600 99 --.-'--------~-----.--------- -- c(if'-- - T('-----OEPTH-- N-i 12.000 5.000 4.199 

12 ) 

5 
RETRACT TOOL N 4' G 0, 12.000 5.000 5.600 ",,60 5 

RETRACT Z TO HOME -~-~ G 0; 12.000 5.000 16.000 99 L. _____ .! 
.-- --'M-6vEYTO-lioME-- N 7 G 0 12.000 16.000 16.000 99 5 5 

CHANGE TO TOOL 5 N 8 evo 6 
1 0 1.)~L.~T~.C;Qpg_$_ 

/ - ---_.- ". ----

---'\_ .. _-
\ I 

~-,--------------- --
INDEX TABLE •... N 1 G 0 \. ! INDEX TABLE - "4"2 G 0 B 
INDEX TABLE N 3 G 0 " .10-' B / 

POSITION X AND Y N 4 G 0 12.00\ 7.000 16.000 /99 23 
PoSIT ION -t.AXIS N-S G a 12.000 -, 7.000 3.100 ,.' 991 

------- 2'-
CUT TO DEPTH N 6 G a 12.000 7.000 2.375 8 23 
RETRACT TOOL N 7 G a 12.000 ~.ooo 3.100 / 60 tl. 
RAPID TO-OEPTH N-e G a 12.000 7.*.0 2.475 ",,,- 60 23 
CUT TO DEPTH N 9 G 0 12.000 7.00if l.!806 -~~_#; 8 23 
RETRACT TOOL N10 G 0 12.000 7.000 3.100 60 23 

RETRACT Z TO-HOME N11 G a 12~OOO, 7.006 16.006 99 --23 . 
MOVE Y TO HOME N12 G 0 12.000 16.000 16.000 99 23 , 

CHANGE TO TOOL 6 N13 G 0 ~ 
10 OELETE COOES 

POS ITI0N X AND Y N 1 G 0 12.-006 7.0'00 16.000 cj'9 1 • POSITION Z AXIS N 2 G 0 12.000 7.000 1.350 99 1 J 
TAP TO DEPTH N 3 G 0 12.000 7.000 0.056 62 ~. 5 52 51 

REtRACT TOOL N 4 . G 0 12.000 1.000 1.350 62 1 4 5 
RETRACT Z TO HOME N 6 G 0 12.000 1.000 16.000 99 1 

MOVE Y TO HOME N 7 G 0 12.000 16.000 16.000 99 1 5 

F"l(:,lA~E 5- C:ONT. 
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CHANGE TO TOOL 1 N 8 G 0 
10 DELETE CODES 

POS IT ION X AND Y N 1 G 0 13.500 5.250 
POSITION Z AXIS N 2 G 0 13.500 5.250 
MILL TO DEPTH N 3 G 0 13.500 5.250 

MILL ON X-V PLAIN N 4 G 0 13.500 5.375 
MILL CONTOUR N 5 G 2 0.125 -0.125 

MILL ON X-V PLAIN N 6 G 0 13.625 4.750 
MILL. CONTOUR N 7 G 2 -0.125 -0.125 

MILL ON X-V PLAIN N 8 G 0 10.500 4.625 
~ILL CONTOUR N 9 G 2 -0.125 0.125 

MILL ON X-V PLAIN NI0 G 0 10.375 5.250 
MILL CONTOUR Nll G 2 0.125 0.125 

MILL ON X-V PLAIN N12 G 0 13.5,00 5.375 
MILL ON X-YP"LAIN N13 G 0 13.500 5.250 

RETRACT TOOL N14 G 0 13.500 5.250 
RETRACT Z TO HOME NIS G 0 13.500- 5.250 

MOVE Y TO HOME N16 G 0 13.5ao 16.000 
CHANGE TO TOOL 8 N17 G 0 

10' DELETE CODES 

SET X-Y-Z TO HOME N 1 G 0 12.000 16.000 
INDEX TABLE-- N 2 G 0 
INDEX TABLE N 3 G ° INDEX TABLE N 4 G 0 

END OF TAPE N 5 

Fl6tARE 

(1 f) 

16.000 
3.350 
2.000 
2.000 
2.000 0.000 0.125 
2.000 
2.000 0.125 0.000 
2.000 
2.000 0.000 0.125 
2.000 
2.000 0.125< 0.000 
2.000 
2.000 
3.350 

16.000 
16.000 

16.000 

S' CONTi 

~I 

98 
99 

4 
4 

320 ,. 
320 

It 
320 

'+ 
320 

4 
4 

60 
99 
99 

60 

6 

10 8 
10 3 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 5 

6 

--a 
B 

:8 
30 

" 
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o Job Cost Accounting 

There are at least four reasons for job cost accounting in a 

computing center. First, it provides a record of the work that is actually 

done. Second, it greatly faci litates the invoicing of users both internal 

and external. Third, it simplifies the problem of supervising a job from 

the time it enters the computing center unti I it is done. Fourth, it is an 

aid in resource al location. This includes inventory control of supplies, 

machine time, and programming and systems analysis time. 

The basis of the job cost accounting system is the job order form 

(see figure 1). This is a preprinted three part form using NCR paper. 

When a job enters the computing center the top portion of the job order 

form is fi I led out including the date, the user, the due date, and a 

o description of the job to be done. The third copy is then seperated and 

placed in a job pending fi Ie. The first two copies are given to the person 

responsible for the job. 

As the job progressess through its various steps, the quanity of 

resources used is fi I led in. These resources include the time to the 

nearest hundredth of an hour for systems analyst, programmers, operators, 

machines, etc., and the quanities of supplies such as cards and paper forms. 

When the job is completed the information at the bottom of the job 

order form is fi I led out. This includes the date, the person to whom the 

job was delivered, and the operator respo~sible for completion of the job. 

The· two cop i es of the job orde r form now comp I ete I y f i I I ed out are 

returned for fi I ing. The corresponding thi rd copy is pulled from the job 

o 

I 
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pC"H.1inq fi Ie and discarded. The second copy is placed in a monthly f; ': 

<.)f jobs comp I cted. The first copy 'j s p I aced in the user' 5 f i Ie. 

At the month's end the monthty fi Ie, which contains the 'second cep,>" 

of a I I job orders camp leted -that month, is used to generate input data f'''l' 

the computer. Cards are-manual'1y punched i:md'verified from this second cory. 

Each card contains the data from onaline on a job ord~r.· This incilldf~s a 

resource identification n~mber, the quanity of that resource, and' rate and 

cost figures if th~se differ from the system standard~ Each card also con

tains a user identification code. The cards are grouped by user and the users 

are grouped by category.' We are currently using three 'categories which are 

educat ion, admi'n i stratI on ~ and commerci ~ I •. 

A P rog ram nan8cl "J 08TOT" i s next executed. In put to th is' p rog ram 

includes a rate table which gives the standard costs and bi I ling rate 

for each resource, 'and the I i ne cards 'wh i ch were punched from the job order·s. 

The output data cons i'sts of. a job report for each user as shown in f i qure 

two. This report shows the total quanity of each resource, the direct 

cost of this to the computing center, the'gross profit and the charges made 

to the user. Totals a rea' so given for each user of the charges, gross profit 

and direct cost. A tally is also· kept on the number of jobs pr'ocessed for 

each user. 

A simi I a r tab Ie is a" so prepared showing the tota I s'by category and 

finally grand totals -for al J jobs processed during the month. 

I nvo ices are:automaticidl y 'prepared by a rout i ne - ca I led "S ILL". 

The input t~ BILL consists of· ,two decks.' The: tirstdeck is a table 

containing user 'identi·fication code for each user and the corresponding· 

name and address' of the user. The se'cond deck is the output data from 

o 
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"JOBTOT". The program prepares an invoice for each user that appears in 

both the user address table and the "JOSTOT" report. 

A typical inVoice is shown in figure 3. Mutiple copies of the invoice 

are printed and these are sent to the user, to the business office, and one 

copy is placed in the user's fi Ie and attached to the job orders that it 

rep resents. 

In addition to the job orientated system just described data is also 

kept in the form of ' a computer log. A sample page is shown in figure 4. 

The log is a complete 'record of al I computer time used. The data recorded 

for each date includes the starting and finishing time of the job (by the 

computer clock), the operator, the job type, and a space is also provided 

for comments. 

At the end of each month the data in the log is punched into cards 

the data carried into the cards includes the starting and finishing, time 

for each job, and the classification category of that job. These cards 

are then processed by a p rog ram ca I led "LOGTOT". LOGTOT produces totals 

by each category and grand totals for al I computer use during the month. 

This inform~tion is useful for cross checking with the job report, 

as wei I as monitoring student use which is not reported on the job report. 



Student Monitor System 

For approximately the first two years after instal ling our 1620, the 

Anderson Col lege Computing Center was operated on an open shop basis with 

respect to the students.. For th is purpose the 1620 ~n.i tor I System v: I th 

its "load and go" provisions seemed well suited. 

I t soon become obvi ous , however, that many students had fa lien into 

a "trial and error" method of proqramning. This is bad for two reasons. 

First, the student does not learn effective programming methods. Second, 

it is wasteful of computer time. 

The only alternatives appeared to be either a closed shop arrangement 

with extensive record keeping, or some automatic means of monitoring student 

activity. The latter course was chosen and the result is the Student Monitor 

System. 

The objectives of the Student Monitor System were (1) keep a record 

of student work~ (2) control student usage, and (3) simplify student operation. 

To gain some perspective on the Student Monitor System it is useful to 

first look at the 1620 Monitor System (figure 5). In figure 5 the flow of 

control is shown by solid lines and the flow of data by broken lines. 

Typically the sequence begins with the student loading a cold start 

card. The cold start card brings in the 1620 job analyzer routine. It is 

the function of this routine to read the monitor control records and pr9vlde 

the necessary .f inkage to the appropriate compi fer and program loaders. 

Typically the Fortran compi ler is cal ted in and in turn reads the compi ler 

control records and the student's source deck. If an error is detected 

o 

during compi lation control is returned to'the 1620 monitor Job record analyzer. G 
I f the compi lation is successful the object program is loaded into core and 
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executed. The object program may at this point read input data. If the 

~ execution is not successful control is normally returns to the 1620 Monitor 

job record analyzer. If the execution is successful a normal exit is made 

from the program back to the job record analyzer. 

A simi lar perspective for the Student Monitor System is shown in 

figure 6. Again the sequence is normally started with a cold start card. 

This time the student monitor is brought into the computer rather than the 

1620 job record analyzer. The student monitor reads a single student control 

card. This card contains the fol lowing mandatory information: the course 

number and section, the student's social security number, the language in 

which the student's program is written, and a program identification number. 

Optional information that may be inc~uded in the contrQI card includes: the 

subroutine.set and LOCAL count, comments, and other identification. 

The student monitor routine first checks the mandatory data against the 

o student monitor file which is kept on disk. It first determines that the 

student (identified by his social security number) is enrol led in the course 

o 

given. It then checks the program number to ascertain that it has been 

authorized by the instructor. This having been done the student monitor routine 

updates the student's record on the student monitor fi Ie to show that he has 

attempted the program listed. Two identification fields are also placed in 

the student monitor fi Ie pointing to the individual student and the program 

he is using. 

The appropriate indicators within 1620 monitor system are set and the 

linkage to the campi I er is> imp Ii mented. 

If an error is detected during compIlation the compi ler wi I I sti I I return 

to the 1620 monitor system. There seems no simple way to avoid this difficulty. 

If the compi lation is successful the appropriate loader is cal led, the object 

program is loaded into core, and execution begins. 

-



If the execution is successful, the program is terminated by the 

statement "CALL FINIS" in fortran, or the statement "CALL LINK SMEXIT" if 

the prpgram is written in SPS; FINIS is a 1irrkage routin~ to SMEXIT. -

SMLXIT accesses the student monitor fite and adds a tally of completes 

to the appropriate student's record as indicated by the pointers left by S~1. 

SMF.XIT then links back to the student monitor routine which is ready for the 

next student. 

The student monitor fi Ie consists of one hundred secto·rs of disks storage 

and is divided into two parts. The first pottion is a communication area.which 

contains control data for the rest of the fi Ie. In the present system 

there is provision made for three courses. The communications sector includes 

the upper and lower limits in the fi Ie area for each course, and the programs 

that can be run for each course. In addition there is storage space for the 

pointers mentioned-earl ier. 

The remaining 99 sectors of the fi Ie are used to store the records of 

up to 198 students. Each student's record consists of his social secu~ity 

number, the total number of attempts and the total number of completions 

since the last report. This record occupies approximately 50 digits of 

storage. 

There are seven programs involved in the student monitor system. 

These will be discussed one at a:·time and it may be helpful to refer to 

figure 6 at points. 

Student monitor (SM) is the primary routine in the system. Its functions 

have been previously described and briefly are, to read and check the 'student 

control card, upd~te the student record, and link through the 1620 monitor 

system to the appropriate compi ter. 

. " '{J 
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SMEXIT has also been described earlier in function. Briefly it updates 

the student record af ter execut ion, types the messaqe "Execut i on comp I eted" 

and I inks back to student monitor. 

FINIS is a short I inkage routine whtch may be cal led by a Fortran program. 

This is made necessary by a restriction of the 1620 Monitor System that an 

SPS program may not be cal led from a Fortran program. 

SMCS is a core image routine which includes the arithemetic tables, 

1620 monitor supervisor, and a link to SM. It is used to initialize the system 

and bring in the student monitor. It is loaded by machine language instructions 

contained on the student cold start card. 

SMRPT is used to generate a student monitor report (see figure 8). Tbis 

report includes the social security number, name, total attempts and total 

completions for each of 9 programs, and total attempts and total completions 

for each stud8l'\t since the last report. The student's name is obtained from 

the registrar's fi les located on another disk pack. This routine resets the 

cummalative totals to zero after each report. 

SMOFIN is used by the instructor to tel I the system which program or 

programs the students are permitted to work on at any given time. 

SMLOAO is used to initially load the student monitor fi Ie. One control 

card is read in along with the class cards for each class. Each instructor 

has class cards which contains among other information the student's social 

security number. 

The student monitor system has been reasonable successful in the semester 

and a half that it has been used. This is indicated by the fact that the per 

student computer time is running about half ·of the corresponding figure a year 

ago. The students are also producing better programs in less time. 

As yet no control faci lities have been incorparated into the system. 

7 



It would, however, be a simple matter to modify SM so that the number of 

attempted executions would be limited to some arbitrary fjgure. 

F i f1jee~ wou I d seem to be a reasonab Ie upper Ii mJ t on the n.umber of attempts 

a student should make on a given program. 
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ANDERSON COLLEGE COMPUTING CENTER 
JOB ,ORDER 

DATE DUE 4 ~ 10 ., ~ B 
'.JOB DESCRIPTION 

GenerAte rn .. s rey c(;(.yJ$ for 

re" is tY"4.t,'e,n. ({( 13/;/) 

RESOURCES REQUIRED ESTIMATED ACTUAL OPERATOR 

':>ESIGN 

SYSTEMS 

LIAISON 2 

PROGRAMMING 3 

_cj0ARD WIRING 4 

PROCESSING 

OPERATOR CLASS 1 5 1. (X) 1Y1l 
OPERATOR CLASS 2 6 

1620 SYSTEM 7' • }7 7Y1L 
026 8 

056 9 

TAPE-TO-CARD 10 

082 11 

085 12 

407 13 ,l ~ ?t1~ 
5t9 14 

!548 15 , Il D 1nt' -
SUPPLIES 

CARDS US I ~ oD 
, FORMS 17 3D 

" 18 

DATE' F.NISHED~ , -
(,g 

DELIVERED.JO L~ S;t;iA.l!!/ 
BV 

~'SUra. iIB , __ 'Ammo" NCR co I ,I , 
,. ... -.... 

DATE 

ML, 

CO.T 

FI 



USf~ .DENT REG 

. -.-. ~------............ 

I TFM ,'-' QUANT OIA 
. . ----~----~ .-

0.0,0 0.00 0.00 0.00 

--- .. - .- --_. 
2 0.00 0.00 0.00 0.00 

~ --- --.- ... -~-

3 19.35 217.b9 

4 0.00 0.00 0.00 '0.00 
.. -.. --r- .... - - -- . 

5 41.70 125.10 281 .46 

.. ~.- .... . - --..... 
6 0.00 0.00 o.co 0.00 . 
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8 7.15 0.00 7.51 7.51 

, -- , .... ,_.-, .. _------------------------_. __ .. _-- - -_. __ . __ .. _-_ .•. _." 

9 4.90 0.00 4.26 4.26 

--- _. _ .. _---_ ... _---------- ------- ... -.- -" 
10 0.00 0.00 0.00 0.00 

.. , 
I 1 2.40 

-·-f2·-------0.00...-----0p.~O~O-----0-.-O-O-----O-·.-0-O----·-----------------··~'·"~·' 

c 
-.-.....---~- - -............ -.....--._- • --.. --. 

15 6.95 0.00 19·08 10.08 

_________ . __ w.~ 

"- .. _-_._._ ..... - _ ... ---' 
16 1727~.OO 17.28 8.64 25.9·S 

~""'--' 
, . -- --_ ... _-_._ .... -.---_ .. __ .- ---- .----.. - .... _----_.-

17 1324.00 20.62 10.31 30.93 

- ..... -, --_ ... 

18 0.00 0.00 0.00 0.00 

- ---tOTALS 

------------------------------. 
. '- ...... -21 .J08S PAOCEsiEff .... --.-----.-.-..',--. ,------- ---- . 

....... _-------_ ... _.- --.... _----
, ~', . 

_._--_ ... _. __ ._------------------------
.. 

!-,. ---_. ... -----·-------r· --_ .. _-_. __ ........ _ .. - --"---"'-'--' 
/ 

',' c 
~--.--- .. - t:r. tt,~ ') ~ ______ _ 
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------... - .. -~----....... 
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ANDERSON COLLEGE COMPUTING CENTER 

I N V 0 r C E 

ARMSTRONG CORK CO. 
DUNKIRK, INO .7336 
ATTN. 
MR. DICK SCHRECK 

SERV I CES FOR MONTH END I·NG NOV 30 1967 

I T E M 

COMPUTER OPERATOR 
TAB. OP~RATOR 
COMPUTER SYSTEM 
KF:YPUNCH . 
ACCOUNTING MAC~INE 
TAe. CAROS 
FORMS 
MISCELLANEOUS 

TOTAL DUE 

QUA N TIT Y 

9.25 
·2.00 
.1.26 
.85 
.85 

1700.00 
51.00 
17.00 

PLEASE REM I T TO BUSINESS OFF·I CE 
ANDERSON COLLEGE 
ANDERSON, INDIANA 46011 

A M o U N T 

62.44 
6.80 

50.65 
.94 

12.07 
2.55 

.38 

.85 

S 136.68 



AEft)!l:lOON COLLBO::: COMPUTING CENTER 

COljptrrER LOG 

TIME/DATE 
OPERATOR TYPE COMMENTS 

START rnnsH 

.' 
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t, 

./ 
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. 
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1620 MONITOR SYSTE~ 

, COLD STARr" 
CARD 

--

1.20 ~IT~ 
Ja3 RECORD 
ANALYZER 

t 

CCM>ILER 

t ~ 

EXECUTI<J.4 

t ~ 

, ~lrOR 
.... - - - - COOTROL 

RECORDS 

411~ --
C~ILER 
~TROL REC S 
OURCE DECK 

• ----f ....... '_DA_TA ___ ~ 

.... ---c EXIT) 
Figure 5 
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STUDENT 
MOO~TOR 
FI LE 

, 

" , \ , 

STUDENT MONITOR SYSTE~ 

\ 

, 

---
-

STUDENT 
COLD START 

STUDENT 
MOO I TOO 

(SM) 

CCWlLER 

4-_ 

EXECUTI~ 04 - .- - -

( FINIS ) 

'- Figure 6 

.... __ --tSM EXIT 

STUDENT 
CONTROL 

L , 
DATA 
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3l!506327 BAL.DWIN AUOREA LEE , 
03 03 .00.:.00 
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.. " .~ 

5278~2918 BECKER RONALD DALE 00 00 00 00 

307449077 BURCH LARRY LYNN 03 01 02 02 

BURG GERALD BE~UDETTE 02 02 01 01 
.f.. 

317362330 BURKETT HOMER EUGENE 02 02 02 02 

239786965 eURNS GLENN ALLEN 02 01 02 02 
,~;., ~. ". " 

CURRENT STEVE GERALD' 01 01 :r 02.01 
II ..... ...... , . 

384543943 EADS LINDA SUE 00 00 00 00 

308428012 FLyNT TIMOTHV CRAIG 03 01 04 03 
. ", ""~".:~):,' " .. : : ' .' ~ .'. ~ >::' .~ ... : .. :" :~~~.~~. :~.,~ ',..-~~:· .. ~:I .:~ },' ... : .... ~ ..... ~~ .... ..::.~~.\r' ~ ,"': .... : 

280424358 

FORONDA .·FRANCINE'EL.EANOA·'-OI,Ol' OJ' '-01 

FRIEND' CONST ANtE:- ~6,J::'~'';;~!:'020 2 .' 0 I 0 I 

396427293 HATCH KENNETH EUGENE 01 01 03 01 
~, " '.' t· ,'\.;., ~.~~ .:.... " :.; ~:~.~: .... ::: .~~- ":(~::;~.:.':~"".'~':; ~ .. '.;.~ .. ~ f·~~·~· ". ".; ~Y: •. "~'~:~:~'~:~.'" :'~~ :~ .. ~··y~~'·~~·~~·r",. ::. ":'~~:;,~~!,' .. :...... :f~~?' ~~,~ ,~~~' "~ ~:'~ .. " .. ,~ '.' 

270449.516,., HILt..' THOMAS EUGENI; :' :;;'(": 01':O~,',~.;>~: . 04, 03· 
.~' ' z . :.~;';'.. :., , !', .' ..... ·"~:L":.:~,:rt,:t.~~,;·· '~;;r· .,. ' ".' '. 

26848460i ~OLLIFF MELVIN FRANCIS . 01 01 03 01 

373521849 KENDRICK JOHN DAVID 01 01 01 01 

214466246 MILSTEAD REBECCA LYNN 01 01 10 04 
" ....' . ·.;;':;le ll' :'~";':":~~~i·";~',.:c·".:':~~:~; '~~':"7:' ~~-'~'<y:., ,;":~~:~'Y ,,:·r ~f·~·~~1TYI;:¥"':ik,;·":;r·''.(t1~r:·?:~:?'{':"':' ;:.~·7~'. . 

373{.v622.;~5;: '. NI C:KEl,.., · •. C.URTI SS:'HAR.TL~V·~~:;::~:/:r,o'H:O l~'j:~~~ ~ O'I:'JOt: 
, .' . '. ".~'" .;~;; :,' ·,';:,;:.;L ~,~;:.'l:,',~ 5,',~~~:?<::,i,~/ ;:.':~;,U:,;:: '~'~!;~;i:'f~:i-:':,::}jf f~: . ,,::,:;/,,;~~~,:,~,.}:,: r .;. . 

30750991'7 RICHARDSON PATRICIA ANN 01 01 01 01 

112385020 SHAW RICARDO ALEJANDRO 06 05 00 00 

~flQ~~~~~~ : 

5616,03693 BENSON FLOyD GERAL.D 01 01 02 0" 

306509294 FOX StEPHEN L.ANGOOWNE 01 00 02 01 
.: .' " . ". . ," .. .. ~:,;.;~~. /' ~Y)"T":"';~::;~;·~;}:7~~~·:;~)~;:tT~'~···)':·',~~'~::f\;:t~~r;"':- y:~ . ~''';(;~ y '~.~~~j~ '. ~;';':~t;:;T 
" :~cr60 13~S,:·~·MC.(I~EV~ ' .• :ANr:TA' ·~KAVi..£E·N:'t~;~i<:::{'02{-OI~"~(·:·<~OaK'·Ol: 

. - \oJ .. . ~i' .:;: .. '~' fi.,· . ':.:: .~~/.~::/.j~"';~ ~ •. ' .. ·:i:, .:: . ': .. ' . \T~' '. " .,:;:. :~,t.iLl}~~12;~~~, . ,3;{,::y;~,t:~i~gi1,.:·.:~:~ ... ':.f:;:. f":: .. '~('. 
505620820 MOREY JEANNETTE RENEE 01 01 02 01 

294444362 'RICH CHARLES EL.MER 03 02 01 01 

r;:~~ ~ 

. ~,. . 

". 

'lp~M' ~ ';. .'. 
TOTALS 
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00 00 00 

00 06 03 
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00 04 01 

00 05 03 

00 00 00' 00 

00 00 00 00 

00 00 05 05 
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r ,".; 

06 05 00 

00 17 08 

00, 14 08 
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00:'::00., t ~<:.,.;, OS ":03, 

'OO'{~:'" O~· 00 

.04 02 
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.. ~~""i. 

00;.00:"'>"";' ,c)9'~ "06~ '" ... ... "/~>:\" ':, .. 
00 00 »' "'10" 06 

00 00 00 00 

";i~'~~ ;;:j;i'O~;' 03,: -, 
} 00>"'60' '~.~;'; . ':~04 :." '., 0 0 ' : 

00 00 07 04 

'~'~~:~~~~~{:fiG:' 03!(' 0:1 .. :'.!' 

, . ,,:' ..• ,:\.::~;.;~,~ .1. ; 
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AN ITERATIVE INFORMATION RETRIEVAL SYSTEM* 

Daniel U. Wilde 
New England Research Application Center 

University of Connecticut 
Storrs, Connecticut 

The purpose of an iterative information retrieval system 

is to help the strategy designer make more efficient use of 

his data base. In the past when the results of an information 

retrieval run were unsatisfactory, the strategy designer (SD) 

had no choice but to redo his previous strategy and to request 

a complet~ computer rerun. This paper presents a strategy design 

procedure which permits SD to focus in on his final strategy by 

tak~ng advantage of the results of his previous it~rations. The 

strategy design procedure is general and can be applied to any 

computer system. The iterative procedure is especially suited 

for a small machine. 

*This research was sponsored in part by the National Aeronautics 
and Space Administration Con.tract NSR-07-002-029. 
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AN ITERATIVE INFORMATION RETRIEVAL SYSTEM 

Daniel U. Wilde 
New England Research Application Center 

University of Connecticut 
Storrs, Connecticut 

Introduction 

Wilde 1 

The purpose of an iterative information retrieval system 

is to help the strategy designer make more efficient use of 

his data base. In the past when the results of an information 

retrieval run were unsatisfactory, the strategy designer (SD) 

had no choice but to redo his previous strategy and to request 

a complete computer rerun. This paper presents a strategy design 

procedure which permits SD to focus in on his final l strategy by 

taking advantage of the results of his previous iterations. The 

strategy design procedure is general and can be applied to any 

computer system. The iterative procedure is especially suited 

for a small machine. 

Background of the Problem 

During the past year, the New England Research Application 

Center has operated as a NASA Research Dissemination Center at 

the Universi ty of Connec'ticut. The purpose of the center I is to 

aid and promote technology transfer in the New England area by 

aiding regional industry locate appropriate technical information. 

During this "period, we have performed 400 complete retrospective 

4C) computer searches· on our data base of 315,000 documents. In 
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general the results of the first search attempt for a new search 

strategy have fallen into two categories. Usually the number of 

retrieved document citations is eithe~ ov~~whelmingly large or 

disapPointingly small. If the retrieval output is large, SD 

must tighten his next strategy attempt. If the retrieval output 

is small, he must loosen his strategy and broaden his search 

coverage. In either case, we have found that SD follows no 

orderly process in improving his next retrieval run. The iterative 

procedure was designed to permit SD to focus in on his final strategy 

by taking advantage of the results of his previous attempts. 

The Iterative Retrieval System 

For simplicity let us assume that SD is designing Boolean 

logic search strategies. (However, the .following discussion is 

also applicable to threshold logic, sometimes referred to as 

weighted term logic.) 

STRATEGY = A* (B+C) + D*E (1) 

From the above Boolean expression it can be seen that one 

of the following abbreviated expressions must be true if the 

complete expression is also to be true. 

S1 A + D S2 = A + E 
(2) 

S3 = B + C + D S4 = B + C + E 

Why not break the computer search into a series of passes 

and let SD revise ·or refine his strategy after he has evaluated 

the results of the previous pass? 

o 

c 
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Wilde 3 

First, SD designs a very general abbreviated strategy which 

will hopefully retrieve a great percentage of the relevant documents 

from the data bank. It should be expected that this first iteration 

will also retrieve a great amount of trash. The abbreviated ex

pression is used to search the complete data bank. If during the 

search a document record satisfies the abbreviated expression, 

the record is copied onto a scratch tape. The scratch tape becomes 

a subset of the input file and approximates the desired final result. 

At the end of the pass, a limited portion of the scratch tape is 

printed and given to SD for his evaluation. 

Second, SD evaluates the results of the previous pass. If 

his evaluation shows that the scratch tape contains relevant docu

ments plus too much trash, SD refines his strategy by making it 

more specific. Now the above first step is repeated using the 

scratch tape as the input file. If however the scratch tape con

tains few relevant documents, SD specifies a broader abbreviated 

expression; and the first step must be repeated using the complete 

data bank as the input file. 

An Iterative Retrieval Example 

In order to illustrate the above operational concept, an 

actual search, performed at the University of Connecticut using 

its complete file of 315,000 documents, will be described. "Orbits 

of Comets" was chosen as' the example search. 

After a brief discussion with the search requester, SD spe

cified a six term abbreviated search strategy, Sl' which he felt 

covered the major search concepts .. 
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COMET + COMETS + CELESTIAL MECHANICS 
(3) 

S -:) j. 'l'ari ly reques ted it printou t of the firs t 100 documents 

th~~ first-pass scratch tape. The resu1ts of the iterative 

l' rieval passes are summarized in Table 1. The run-times are 

in rni.nutes for an 8k IBM 1.401 with only two 7330 tape drives 

wi .LOllt process overlap. Similar resul ts have also been estab-

1 i ~;hed for an IBM 7040 programmed in FORTRAN and an IBM 360/65 

pro~rammed in PL/l. 

Number of Run Retrieved Documents 
Search Terms Time Documents Searched 

Pass "1 
J>. 6 169 8,284 315,000 

P .. 1SS 
r~ 
£, 2 6 674 8,284 

I:P~1:,s;.s 3 15 2 164 674 

Tab e 1 - Summary of the Iterative Retrieval Passes 

The first-pass printout listed the first 100 document citations 

a icated that the abbreviated strategy copied 8,284 documents 

onto the scratch tape. SD's evaluation indicated that the two 

1'/ tv! terms were retrieving relevant documents. He therefore 

jsed his abbreviated strategy down to a two term expression, S2' 

S2 = COMET + COMETS (4) 

S~) again requested a printout of the first 100 documents from the 

second-pass scratch tape. 

o 

(;. 



'18".,1,"" ill"!'",,*, tilt "In 

o 

o 

o 

t t 11 "!lft! : I rtltWtw .. ftlt ttt: '. WI' ! =. dt' 
toit t" i 1.",·g··1 t HI frltttrt#' #mtd*thrifbJ**tb**W*W"""b'Ht' Mu"( ., 

1m !I'lr!!!! II c,*: II 

t t t' 

Wilde 5 

The second-pass printout indicated that the revised strategy 

retrieved 674 documents. SD's evaluation of the 100 citations 

suggested that he should now make his next strategy iteration, 

S3' more specific. This he accomplished by "anding" an "ored" 

series of 13 "orbit" related terms to his second-pass strategy, 

S2' He also stated that he was ready to receive a printout of 

the complete third-pass scratch tape. 

S3 = (COMET + COMETS) * (ORBIT'CALCULATION + ..• + SOLAR ORBITS) (5) 

The third-pass printout listed 164 document citations. The 

SD had succeeded in retrieving a reasonable number of documents 

by focusing in on his subject. He was now ready to begin his 

final manual selection process. 

The above example is typical of the retrospective searches 

we have performed. The search requester was not familiar with 

our data base, and the SD had no previous retrieval experience 

in the field of astronomy. Our statistics show that if the 

second and third pa~ses had used the whole data bank, they would 

have used 72 minutes and 210 minutes, respectively, as opposed 

to 6 and 2. A discussion of relevancy improvement has purpose

fully been omitted since it has been discussed elsewhere (1). 

Advantages of the Iterative System 

The iterative system with its intermediate scratch t~pe 

permits SD tO,focus in on his final retrieval strategy. First, 

SD develops a very general abbreviated search strategy and discovers 

the approximate relevant contents of his data base. Second, 

r .. ! • 
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armed with this information, SD refines his strategy by iteratively 

searching his scratch tape. No longer must SD fear that he will 

be overwhelmed by document citations as a result of his first at

tempt at a new search request. He simply designs a broad search 

and asks for a partial scratch tape printout. 

Strategy design involves two operations. First, the selection 

of proper index terms; and second, the proper logical interconnection 

of those terms. The usual retrieval system requires that SD master 

and succeed at both operations simultaneously. If either oper~tion 

is not correct, he must repeat the complete operation and ask for 

another total data base search. However, the iterative system 

permits SD t6 do the two operations in sequence. First, he selects 

the proper index terms and insures their validity by evaluating 

his intermediate scratch tape printout. Second, he obtains the 

proper logical interconnection of his index terms by iterating 

on his scratch tape. Now the two strategy design operations have 

been separated and are independent. 

Finally, if SD uses- a broad abbreviated search strategy fo~ 

the first pass, the iterative system requires only one search of 

the entire data base. His iterations on the scratch tape can be 

processed faster since the scratch tape is shorter than the data 

base file. ThUS, SD can satisfy a search request in less time. 

o 
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A.BSTRACT 

Tne author ha.s seleoted a.bout thirty programs from the 
"IBM Catalog of Progrnms for IBM 1620 Systems" which are 
believed to'be p~rticularly well suited for use in high 
sohool installations. These i.nclude compilers, utility 
programs, mathematical and statistionl progr~ms, demon
stration programs, and teaohing aids. 
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A SURVh"'Y OF PROGRAMS OF POTENTIAL USE TO HIGH SCHOOL USERS 

1 The ourrent issue of the "IBM Catfilog of Programs for IBM 1620 Systems" 
(IJ-1.·i Form C20-1603) conta.ins abstraots of more than 700 computer programs and 
is well over 100 pages in length. ~he a.tta.ohed "Extra.ct" of progl·ams which 
were selected ~s being especially useful tor high school installations contains 
loss. than 30 abstracts on rou;. ,page's, or less than 4% of the total catalog 
listlngs. Of necessity this Extract~ oonstitutes a highly arbitrary selection 
from the total OA.t~log, but we hope it vrlll prove to be a. useful ono. 

The oompilers and translators listed on pages land 2 of the "Extraot'. 
will be discussed this afternoon, but there are two other programs here which 
doserve brief comments. 

UG-OIX (COGO I) is an example of a growing body of programs designed for 
specia.lized users who have a minimwn kno,'lledge of computer programming. We 
have, for example, conducted brief seminars for practicing land surveyors with 
no knowledgo of computers, who in t\ro or three hours wore making very effective 
use of COGO to process their surveying data. 

01.3.009 (SE""UENCE PUNCHER) is one of the most useful utility programs in 
the Library for sequenoing cards either before or after other punching. 

On page 3 or the tlBxtract" are a limited number of mathematical and sta
tistica.l packages. These were seleoted beoa.use we have used them ourselves 
and like them, or beoA-use other people have and COM1JON has oertified them. 
Except for the first one (05.0.035), all of them were written for a basic 20K 
maohine; some do require autodivido hnrdware. 

05.0.035 (SUBROUTINE CROUT) is includod beoause we happen to be partial to 
this method for solving simultaneous linear systems. We have modified this 
program slightly to make it an independent one r9.ther than a subroutine a.nd 
also to oaloulate the magnitude of the determinant which is a simple ,by-product 
in the Crout,method. A oopy of this program which we supply to our students 
is attaohed, as well as a oompanion progre..m for the GA.uss-Seidel iteration. 
(The sa.me da.ta Qg,rds 08.n be used for both programs.) The input/output and 
format sta.tements would have to be modified to run these on systems which can
not handle the implied DO-loops. 

Programs for finding the roots of equations have been intention~lly 
omitted, for it is my feeling that students can and should write such programs 
themselves. 20no of our favorite exercises is Richard Andree's quadratio. 
oquation: X + 40000X + 20 = 0 (note that zero is not 8. root). Beoause of 
the limitations of finite arithmetic, this is not easily solved using the 
quadra.tio formula; itera.tion, however, works beautifully. This serves to 
emphasize the importanoe of mathematical analysis -- brains over brawn in 
connection with any computer problem. 

On page 4 of the "Bxtract1t are four of our favorite demonstra.tion programs. 
These are useful at Open House and P.T.A. meetings, or whenever you havo some 
visitors. The first one (11.0.023) is short and simple and quite impressive 
if one has never seen a oomputer in action before. But be sure to try them 
out in advanoe to be sure they a.re working properly. 

• Andree, R.V., "Computer Programming and Related Math~me.tic8t1, page 195, 
Wiley, 1967 



Also on pnge 4 are several programs which I have olassified ~8 "teaching 
aids" beca.use they are of interest to teaohers rather than stud6nts. 

02.0.052 (OOMPUTEST) will be of interest to any teachers who wants to ex
periment a little with oomputer-assisted instruction, preferably outside of 
regular sohool hours. 

13.0.013 (FORTRAN TEACH) although programmed f'or a 40K memory, oan be 
easily modified to run on a 20K mnchine. This program is described in more 
detail in ~ artiole by Olsen, Pope, Alld Watkins entitled "Teaohing Digital' 
Computer Progl·amming" in the Journal of' Engineering Eduoation, Volume 54, 
Number 10, June, 1964, pages 344-5. 

13.0.003 (NUTS) is one of the most useful progrwms in the Library if 
m~rk-sense punching faoilities are available. Teaohers who give objective
type tests welcome it with open ~rms, ~nd it has built a lot of' good-will for 
our Computer Center. We have found tha.t this kind of service for the faoulty 
p~ys big dividends if it is done well. 

Last but by no means least, we give you "Linus -- OU1· Hero". He is not 
in the Program Libr~ry, but if you want to reproduce this for your friends 
and visitors, just drop us a line, and we shall be glad t9 send you a oopy 
of the card deck. The address is: Computer Center, Rochester Institute of 
Technology, Rochester, New York 14623. 

·0 
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~XTRAc'r }t'ROM IB;A C"~ TALOG OF l)ROGRAJ.1S It'OR IBM 1620 SYS1'rl,S 
( 113M It'onn C20-1603)" 

The programs given below have been selected as being partioularly well 
adapted for u~in high sahool installations with only 20K memory. 
For further information, please refer to the complete oatalog. 

(Prepared for COM1~ON by F. R. Henderson, User No. 1393, Sept., 1968) 

IBtv\ Programs 

Ib20-FO-00lo FORTRAN WITH FORMAT /cUDI 
ORD£R TH~OU:;H LOCAL IBM B~A~,CH OFF ICE 
SpHlfY FILE NUMBER Ib20-fO-00it 

'HE NEW VERSION I'j(O~PORATE~ T-if SET OF SuBROuTiljES PREVIOUSLY 
AVAILA!>LE tS 11020 F/f-AH SUBRJUTi'liS, 'lD. Ib20-LM-022 /CAROl 
IT ALSO PROVIDES A 'jEw StT OF ~UokOU11:j[S DtSIG"~D' SPtlCflCAllY 
fOR 1~20 SYSH.~S EQUIPPED WITH THE AUTOMAT IL FlOATlI,:; POiNl 
OP(RATIOIIS. ~DDITlu';I.L I/<SIRUCTlO"s. A'IO I"IDIRECT ADDRESSING 
FtAJURES. THE 11>20 fORT~A"I WITH fO~MAT SYST(M 611.1"I(;S THE 
ADYAlHAGES OF 1He: FCRTRA:, LM,GUA:;E TO 1620 USeRS. THE LANGUAGE 
Of FOIURAN CLOSELY RESU-:SLES TrlE LA'IGuA~E OF MAlttU4ATiCS. Htt 
SIMILARITY AllOW·S TECH:IICAL PHSO"'<EL ~HO ARE 1I0T H.AINfO AS 
PROe.RAHH[RS TO PREPARE HrElR p~:Jal£MS fOR TItE 11>20. FOR 
SCIENTIFIC A"ICI ENGINEERI:'e. CO~PUTATID:<S 1;ti(RE PROBLEMS ARE 
USUAllY EXPRESHO 1'1 MATHUIATI:AL FO~MIJLAE. fORTRAN IS EXTREMelY 
USEFUL. A SOURCE PROGRl.I1 W~I HE'~ I~ THE fO:ITU'1 LA\GUAGE IS 
PROCESSED 8Y THE 11>20 'fORTRA'! WITH fOkMAT CO~?ILlR IPROCHSORI 
TO PROOUCE A 11020 M,'CHINE-LANGUAGE OuJECT P~OG~~II, .rlICH ·IS THEN 
LOADEO AIIO EXECUTED. H;rUT/OUTPUT F~CIlITJlS CONTAIN PROVISION 
fOil INCLUDING FIXED OR VA~I~BLE AlP"htlUIC 1:IFORMATIOII IN THt 
TYP~D OR PUIICHED RESULTS. THE APPRO'>RIATE SET OF flOATING 
POINT ARITHMETIC A"D fU~~CTIOIIAL SUO~OUTl~IES I:AY BE COMPIlEO 
WIfH THE OBJECT P;(OGR:'M O~ LOADED wi IH Ttit COMPILED PROGRAM PRIOR 
TO EX£CUrJO~. FU'ICTlO~IAL SUSRJUTPl~S Af\.E SElECTIVELY Il/elUOtD AS 
NlCCESSARY. THE PIUCISIC'IS Of FIHO POp.T AIID flOATI"e. POI;'T 
ARTHMUIC ARE I, AND 8 OECIMAL DI~I TS. RESPECTIVELY. fOUR SETS 
OF FIXED LENGTH FLOATI"e. POIIIT SU8ROuTlNES ARE AVAILABLE, 
DESIGIllt:D FOR fOUR DlfFER£'jf 11020 SYSTlM FEATU;([ CONHGURATJONS. 
MINIMUM MACH WE RtQUIR[ME'!TS--FO~ oOTH COMPHATI":I MIO exECUTJON
A 20K 11>20 MODEl 1 OR 2 WI TH, •• 1622 CARD RUD PU~CH OR 11>21 PAPER 
TAPE RUDER 4'10 11>2'0 TAPE PU ... CH. 

THE MAG"IETIC TAPE RtQUlil(D TO ObTAIN TH~ OPTIO"lAl 
"ATERIAL "AY 8E SUPPLIED OR O~OHED FROM YOUR IBM 
iUPRESEPHATlVE. THl OPTIONAL MATERlA1RECUESTfD MUST BE 
ITEMIZEO 0111 THE ORDER CARO. . 

IASIC PROGRA" MATERIAL - , 
DOCUM[IITATION - PROGRAM WRIT£-UP ••• LJSlINGS ••• FlOwCHARTS. 

ONE OF THE FOLLO~JtIG ALl(K~,ATES ~usr 6E DRO~Reo oep~NOING UPON 
THE FEATURES AYA.IlABLE O~ THE SYSTE~ TO BE USED. 

OnION A - SU£ROUTJ"IES IWITH lISTlNGSI FOR MACHINtS WITH fHE 
AUTOI1ATIC DIYIGE FEATURE. ' 
1620 fORTRAN WI TH fORIIAT PROCESSOR. 

OPTION B - SUCROUTJ~ES IWITH lISTlN~SI FO;o. MACHI~tS WITH THE 
AUTOMATIC FlOATJII:; POWT OPERATIONS FEATURE. 
11020 FCRTRAS WITH FORMAT r~OCHSOR. 

OPTION C - SU~ROUTINES IWITH LISTINGSI fOOl IIACHI~ES WITH THE 
AUTOMAT IC flOAT 1"1:1 POINT OPtRA TJONS. ADOIT 10NAL 
INSTRUCTIONS. 10'10 I'IOUECT ADORESSI ... G. 
11020 fORlItAN WITH fORMAT PROCESSOR. 

OPTION 0 - SU&ROUTWES IWITH lISTlrlGSI FOR MACHINES WITIIOUT THE 
AUTO"ATIC OIVIOE FEATURE. 
IUD FORTRA~l WITH FORMAT PROCESSOR. 

OPTJO'lAL PROGRAM "ATERlAl -
OIIE MAe.NETlt TAP~ - SOURCE DECKS AVAllAOLE O'l MAG'lcTlC TAPl 

• THIIU YOUR LOCAL REGIO ... U OFfICE. 

16%D-Fo-006 FOIIUAN PRf-CO!'lPILER ICAltDI 
OROU THROUe.ti LOCAL III" IU"ICH OffICE 
SPECIFY FILE NUM8ER 1b20-fO-001l 

'URPOSE THIS PROe.U!'l OOlCH A'jO PERI4ITS COdtCTJON OF 
ERRORS IN A FO;!'TRA:l !>OuRtE "RO:;RA~ IIEfORt: THE 08JtCl 
'RO\iU" IS CO!'lPIUO. TH[ PR[-CDIIPILlR DETECTS MA!IIY Of THE 
MOl'E CO"'!'ION PROe.PA~MPj(i ERIIOOIS I .. 1',OlVIOUAL SOURCE 
STATEMt:HS. AIliO I~DICATES POSSI8LE LC"ICAL tR~OilS IN THE 
SOURCt PROe.IIAI1 A!> A Wli"U. $TOUC.E II.tO'JIHMENlS 20.000 
'OSJTIOIIS. tCUIPII(IH SPEClfltATlO'lS 1/,20 CPU, 11>22 CAItO 
RUOU PUNCH. 

lASIC Potue.IIAM MAtERIAL -
OOCUMl"l'UIOII - PROe.RA" "RITE-UP ••• lISnNGS. 
CARD OECKS - OBJEtT DECKS. 

1 

1620-FR-01l GOT RAN /CAROl 
ORDER T"!tOuGH LOCAL leM B~t'I:H OFF ICE 
SPECIFY fiLE NU.~8ER 1610-PR-OII 

PURPOSE A ~ElATIVaY FA5T CiJ"~llfR f'JiI. PilOCilA"S W'ileH WIll 
GtI'ERAllY BE EHCuTED O'<lY "NCE. ".IHllU G01U'4 ST"~lS IHE 
CO,~PIlEO PR(J';RAM 1'4 M(.~,.;RY OURI", CU",>uIATlU... I". C:'JHI 
PROGRA~ IS "'('1 EHCUHO I~ A~ I'HERPRETIVE ~)~E. ,,0 
O~JECT TArE OR DeCK IS "~OOuCf). AfTlR cllcurl~" Of ~', 
08JEC.T P~O(,~.H'" C:J'4"uTArlG'~ C'F A ,·tl: .. CDJlCT ~o(.:'~.{.1'1 I:) 
PDSSI8LE WIIH(lUT Ln~~I"" THE PH1:tS;(j~. ~fSnICTI,"'S. 
RANGt THE LA',GUAGE USED IN ~UT~~'I I; A ~ll<lIFlt:> ~[;~HT OF 
FOilTi\A~. HICLUOI"~ IHi: fU',Cllu'Ul Su",,[)~lIl1c~. '~II""lrlC 
SrAI~'1t'"S ARE RESP.ICIlO 10 0'.£ ARJI,,~UIC :;P(UIIJ'; PER 
SrATEM~'1r. DATA IS rl,'''DLfO I~I UtE FO,,~ OF Ie DI~IT 
FtOATIUu por~~' NU:-',Otrl,::; CR ) Of::'" FI'<LO ;tel:-.T ',v~lr.:tS. 
INPUT-ourpur IS IH( SMI;: FO~," 'S FO~I~A,' •• IT-' T ... t~CtprIC~ 
THAT CARDS ARE PU',CHEO .IITH 0'1: 11(" ;'E~ C&i\O. !HE ~~'I~u.~ 
NUHuE~ O. S'f"4GCl S h,~r ~AY t"i JSLO I;' ".):). T"t '.","4;,)(~ 
STATtMl.'41S ALLO.Ei) IS 1/j~fRS'LY PRl1r;J;>.ilVIAL TO I~E I":",,,R 
OF SY~.SOLS USFO. A,'Pi\UXI"ATUY 111 STlU"L'US CA'4 BE 
COMPILED uSP.G 100) SYM~OlS. ~IO?A';I: .. i:QUIR."i.'4TS "'J! 
e.IV[ .... EQUlr~E'jT SPECIFICAlIU'jS BlSIC 1020, CHO, 

IASIC PROGRAM MATERIAL -
OOCUM~NTATION PKOGRAM WRITE-UP ••• LISTI,4GS. 
CARO OECIIS - OBJ(C T CARD OECK S. 

IUO-UG-OH ClYIl E~IGINEERING COORDINATE 
GEO"E TRY CO'O 1 /CAROl 

OllOER THROUe.H LOCAL laM BRANCH Off ICE 
SPECIfY F ILi NUII8£R Ib20-UG-01X 

COe.O 1 IS A PRrJ~ltM ORIE~TED p~aGRAM~ING SY~T." ;)ESIC,',lO FO~ 
CIVIL tlle.I!IIEi:P.IIIG (;(O~i: TI>Y PROBlEMS. Tdt ~YSTi~ IS A;>?LICAilLE 
TO AlL P,,'SES OF HORIlrJIIUL ('EJ"l TRIC .. L ClESlu'j SUCH AS ;o.1e.HI-I,;R
Io'Y COMPUTt.TIO'IS, SU~-DIvISIU" LAYO ... T. ItI~>i .. AY A',:' F,A:-<~ CESIC,~ .. 
A'.O SI~uCT~RAL U~IDv£ GtO"El;o.y. USlIl ... coc:,o I THi c"t:I:;«P. 
"ERELY STAHS HIS PRCSLlM. Ifj 'lIS 0;;11 PR(,FCS'IO',AL LAr'~"'A"b TO 
H.E 11120. THE C[)~PuTER TtI[:1 SJLVfS Iltt PltOol'~ .. IThCuT 'He "i.tO 
Fait ANY ""CHI'iE H.()C.P.AMMI'IG bY Thi E'IIiI"tER. TH. C,,'ICEPTS 
I:.VOLVEO U' AP?llCAElE TO A WIO. RA';e.E (IF ALL EMiINHRHle. 
OUI"" PROBLEMS. 
Ft.ATURES-

A PROe.IIA~MI .. G SYSTC" THlT AlLOWS THe CIVIL tl.e.Ir;UR TO 
SUTE HIS PR08LC~ TO THI: l11Z0 IN filS O.~ P:lvFt.SSIO/jAL 

LA ... GUAGE. , 
-AN EFFEtTlYE SALES TOJLS, AllOIoI,..G THE .~IGI·I<l~ TO Us.: 

THE CO~;PUTEII 0 ... HIS JoI'l PilCbLHIS .. JlH ,,0 "loCH I ~IE 
PROe.UMMINe. TRAPHNe.. 

-THE 11110 CAN R(CUGNlZE THI: CIYIl t .. e.INcc~1S VOC!BULARY. 
-NO FORMS ARE INVOLVEO FOR ORIe.I'IAL CUA PIHPI.IUTlO'I. 

THt ',4e.HlHR Col .. uSE A'IY PltCE OF 'APER Tu STATE hiS 
PROBLEM -- EVtl1 A SUlIIUINe. FIElD auoll. 

-TMERE IS 110 LIMIT TO THE Slle Of p~CilLE" TriAT tA!II CIt 
SOLYED, TH[ SYSTEM IS OPtN-L'lucC. 

-"0 PRCGRA:UIINe.-- 114 THE USUSL SEIISE OF TnE ~C~D-- I) 
EVER N£tES~AP.Y. 

-THE SYSTEM IS EASILY 0400IFHO "',0 iEXH'WcO TO FIT lHI: 
CUSlO:-<ERS NEEOS. 

-THE ENe.WHR uSES HIS EXPEllldICE. JUDGtl>lt:n, A',O 
CRUTIVE ABILITY I~ CLOSE tu~!'Iur4IC"IO'" WI fH T,'E 11>20. 

'ME COGO SYSTE" I~ DIYIOEO I'ITJ A MAUl ROUTlllc AllO .LtY;:" 
SUBllOUTlllt OECt(S clltO~PA~Sl"G 10) CIYI~ E',GIMel,!" .. TERMS. THE 
USER ilRITES THE OESCRIPTION OF HIS "RCBLEM 10110 HO. 10 SOLVE 
II WITH THfSE CIVIL E'4GINI:(i1.I,,:; flRMS. [.lC .. lI'lt Of CAJA A·ID 
DlStllPTIYE IIIFORIIAiJO:~ ttE "AS .RITTUI IS PO/,"CHED Orl I.A.,OS OR 
~"TtllcD or. THE CO'fSOU TYPEWR IHR. The U~tA 1",t. StLcC TS Tric 
CORlller SUBROUTINE OECKS A'IL I"CL'JOES Tti'~ .. ITH HIS DfSCP.IPTJO~1 
DECK. THEREFCJPE, THE IIUIII IS U ILOHO TO THe SPEClF IC PRcaL," 
loT HAND A"'O SINC~ TH( hRMS CA" ilL Itcus.o. IH£II£ IS M; lI"U TO 
THc UHtll UF A Ru1l. "'1 .. IIIUM H~'HI,"( oI("uucr..~n-,~1Y zet( lolD 
CAIID. • 

"'PTIOllAL M"'fRIAL RcCUESlEO MUST lIE IlEIIIl£O ON 1,,( O"OU C .... D. 

IASIC PROC.U!'I MATeRIAL -
DClCU"LPIUlION - "~O(;RA" Will Tt-U ..... REFElltNCl "~NUAL ••• FlO .. C .. ""TS 

••• lIUI"GS. • 
CARO OECIIS -, SOuIICE OECK ••• OIJIiCT OECK. 



Con~'ribuicd Programs Translators and Utility Programs 

1620-01.1.010 AF IT IMPROVED 'ORtRAN ICAROI 
"VAIUIILe ISf QUA~I(II. 19U. 
SPlClfY FILE NU"!8fP. 11I20-01.1.1l10 

AUIHOR ••• II.L. PUft 
SUHOR COHPUtt;t PP.uGIIA!'IHtlt 
OA" COIIPOII""ON 
noo OLD lIE'H' PIKE 
OAYlOIi. OHIO "~~12 

OIRlct INQUI~I~S. TO aUH:Oil 

IIIPRCYU~lNT OF IB.~S 11020 FO~tRA" S'I'SltM. HAJU<\ CHA"IiES Ut-
INPut HAY BE UNfO~MATreD- CO'lPIUk A',u pO!.r:-('O'lDIU:O! loR. BUILT 
.. no IHE. 5A>lE PRO('RA~- UVERAL P~OG.~~"S HH bt CO,~PlliO IoIIIIUUt 
IInOAOP.v IHl COMPll£1I EACH fll'IE- LiSlfR IS I~KllJG(O 10 PI\OYIO( 
SPS LUflNG OF. CO'4PllED 'RO';~"". SHiIUG" P.tQuIJ'lEHENIS- 20K 

~~~g:~":t!~~~:~ I~:~~~~:~. CARD 1&20. MLHORY lOK. ,~O OIHER 

... IHIS PROGUM.HAS BHN CUTlFIEO BY CO.~HJN. 

1620-01.3.009 SEOUENCE PUNCIIER ICARDI 
AVAILABLE lSI CUARIU 19U. 
SPECIfY fill NUMBEII. 1620-01.3.009 

AUIHOR ••• R.l. PRATT 

~~~~O~l~O~=~:~R,~=~GWlHiR - OUA COII.PORAtlON 

DAYlON.OHIO 

DIRECI INC.uIRIH 10 AUIHOR 

PUNCHES A~Y OESHli:O SEQUUICE NUMBERS IN AllY ONE TO 

~~~~1Y w~~~~~~S I~f S:S~AKO OW:. taRO 110 AND A "lMORY OF 

... IHIS PROGUI'C HAS 8EtN CUTlFIfD BY COMIION. 

1620-02.0.02~ UTO fORlRAN SYSJEM 11/62 
ICAROI 

AVAILABLE 2,,0 CUARTCR 196". 
SPECIfY FILE ~U'1~lR 1620-02.0.0H 

AUTHCIIS .. f. STtdRT LEt JAHtS A. F IfLD 

DIRECt U,QUIRltS 10 .. 
t. ST':'dlll LEE 
DiPJ. OF ELECtRICAL lNGIIIHRING 
U .. IVlIISI IY Of TORnNTO 
TORG .. IO S. O .. URIO.· CANADA 

PURPOSE- A FORTRAN COMPILER ,<nH RAPIU. BATCH em.PILlNG 
AND "UOIT IO'.Al lA'IGUAGE fACll II ItS. IHPMOYdli.IHS HAVl ALSO 
B££" MADE II. THE SUBkUUlI'IES. THE LANGUIIGE IS AN UHI.SION 
OF 11111 FORHAT FOR'RA~. O"JfO rROGRAMS BEGIN U lOtAlION 
07070. CARD 110'''0 SPECIAl FUTURES REQUIRlD. ANY SIZE 
IIEH(iRY HAY BE USED. 

••• IHIS PROGRA~ HAS aHN CHTlFIEO IY COMMON. 

1620-02.0.029 NCE LOAO A~O GO FORTRAlf FOR 
20K ICARDI 

AVAILABLE 1ST OUARTiR 1965. 
SPEC IFY f Il£ NUHBER 1620-02.0.029 

AurHORS •• GEORGE RUMRILL 

DIR~cr INCUlI!lcS TO •• 
COIIPUT INC CENTER 

8RUCE FOWL ER 

NtWAkK COllLCE Of E"GINEERI",G 
32) HI('H ST. 
N~WAAK 2. N.J. 

THIS PROGRAlI 15 A COHPllcR-INIERPRH£R CAPABLE OF BAtCH 
PROCESSHIG SIJUr.CE DECKS WRlTtE", I~ " 1'o00lfl~0 FORM Of IHE fOlUllAN 
LAIIGUAGt. ANSWtR!> AI'.E IHI':£DIATElY AVAIlAlIl. WI ThOUI ANY 
HAPlOLlr.G OF OBJECT DECKS. ThE PIIOGRAH IS 1'~""'iJED TO II~INC. .10' 
IHE USER OF THE 20K ·1620 IHi "DYAI.UGeS OF lOIlD AIID GO OPUAtION, 
UP[ClAllY IOH':N Pkt)C~SSING SHORT SWDtNI PROGRAMS. CANIIOI Be 
DAHAGED BY ERRORS I" PROG!UHS. MA~IY tll.ROR (;H£CKS AR~ MADl. BOTH 
DURING COMPflUIO-. APIO EXECUJlON. NO fOR~,AT SP~ClfICATlimS ARE 
uSt.O. OUfPut fOR~AT IS OETlR!'IIr.;':D bY IHe npe AI.O RA ... Ge Of TIll 
VARIA6LE. INPUI fORMAT JS FKH fOR"'. F£AtURI;S Ir.;ClU(I~- BUILT-IN 
TRACE •• ARRAY INPUI A~'D OUTPUI. PROVISION FO~ SUrt-PROGRAM 
LINKAGES. LlMITlD '''OltERITM L1SJlNG. AND UNO[flt.cO VAIIU8LE 
DlTeeIlON. SPEClFICATlC\S-A. SJORAGc U!>~D BY P~OGRA"'-20.000 
POSIJIONS. I. (QUIPHENt aHL'I'UD BY jlII.OIORAH-AUTO DIVIOE
INDIRECT AOORHSI",,- CARD OR PAPER UPE. NOI 801H. HCOEL I 
MACHIIiES ONLY. C. PROGUMMING TYPE- 1J1HcR PkOGUI'oMING lAPIGUAGI 
OSAP. OHIO SlUE UNIViRStTy ASU~8LY PROI>RAH 'A MOD.lflEIi 
fORM Of SPS lURUY t.O. OI.I.OU. 

••• TMIS PROGRAI'I HAS BUN C£RTlf lED IY COHMON. 

It you have a disk, 
be sure to try C4D. ---,... 

IUO-Ol.o.o:n PDQ fO/HRM. IIIN 1,.HRPUJlVl 
'1I0GIIAIII 

. AVAILABLE lRD CU·\ItHA 1910". 
SPlClfY fill IIU'40ER 1620-02.0.031 

AU1HOR ••• FRAM H. H4SKIHL 
PtNI'SYlVA'''A 1RMI~rORMlR DIVISION 
MCGIlAOi-EOI sor, COII,'J./IY 
CA!.0I.5BUII.(,. PlNNiYl VAtiIA 

DllIlct JrI;!UIRllS TO AUIIlO~ 

PDQ fORIRAN IS A M')OIfIt:ATlllI' Jf IHl uIO FOoCtR.\N "'IU FOIITR.\/ • 
IIITH fORMAT. WHICH UT!lIlES FlOAT'-"G P':ll" YA~IACl(~ IN Ttl. 

'UCESS ~o NOraTlU'.. IN IHE tlu~ORfD PLUS PRU~U!'l~ CO~:PlllD IU 
OUI; "Y THt SYSI<M. tHE OtJr.(1 ·II!'!E I\UII"IIN" IS U:SS. Tt,t Sile 01 
THE 08JfC1 OLeI( IS ~~:'.lIl~ .• "'I:> (ORt liTO~"v. ;1.(",\.11;(, ~l',n fOo( T"e 
OUfCI PROCRAI:. SUO~.OUI I~'[S. ~',o OATA IS LESS hiM. ~"Y .)Tl/~O( 
fORIRAN SYSTU: WI/hOUI HOAlI:.~ POI:.I HA~D""Rc. SP.ClfICAllu'IS
A. STORAGE USED BY P~I)C~AM- t.-i" PAOCtSSO~ II.l~UI~l S IbOIl" 01 .. ". 
'ERMITTING 199 SYMbOL TAtllE f~'O!l :1', 20~, ~;'" ,'-" IAblL 
ENTRIES ON 40~ .• (lAS, AI ~U,,",l:.;IINES rO-l "" O!lJ~CT P"O~IU~ 
UQUI;\E bbOO 01':;115. INSI~UCflu.~S Of T"~ O~JlCr PROGRAM 8£ .. 110 
LOADING IN LOCAl lOll eeOO. 
I. fQUIPM[:1f RlQU[~[O BY Pill-:CH~:- CAkO $1SltM- AUI.) OIVIDr. 
PROGRAM WIll OPtl(AH O.~ 2CK " ... 0 ~Ill III1[RI.:'llY AuJ~SI fO~ ANY 
ADDltlOtrAt STOr.A(;E. AVAllAl1lt. PROGRAMS MAY BE C .. "PIUO 0" .. 
MACHIII[ "OK OR GRUI£R, fOP. A IUC.dN[ Ot H$SlIl CAP.lelty BY "lA~S 
Of A CONJol.Cll 0 I'; If • . 
C. IHi PROCESSOR 1.'10 SU8IlnulI~£S ARt WRlTnN IN SPS AND THtN 
COMPRtsSf O. 

APlY PROGRAM IN fO-004 lANGUACE MAY BE COMPILED IN THE S'I'St(M, 
HOW~VER. AOOIlIO'UL L~NGUACt fACIlIlitS ARE 1 .. 'LUrl[O. TilE fl.l-OO" 
LANGUAGE HAS (lH!'I OPANOlD III THE PDO FU~IRAN SYSI£.~ 10 [,.Clue&:
IAI COHMO', STAJ[MUIT FOR ~rHO! ... I"G lOt.\Tlll"'~ 1': Hie SYMSOl tto:lU 
fOR NONSUIISCRIPTEO AND SU8Sl~I?IiO VAttIIlIlUS. Iljl 8 .. I':H 
COHPllATlO,' Of PfW:;RAl'I, WII"~uI SU8?OuTlllfS. ICI C~~'II:IU~IIUN 
CARDS FOR fCR:o.AT Ar,o ItrPUTlOUI?UT STAIF.MtllTS, I<JI RiPllI 110', or 
fiElD fO~MAI l'Ifw.DI Ue.--FO~'1~f ALSO I"CLlJO. S A:II ;l "'10 ~ I) 

SPEtlfICAIIO',. leI lISlIlIG 0.: PU .. CHI .. " Of ReF.,R.,.CE..l SOuRC~ 
STAJ£HENTS ".0 SYfoICOl IAlitl. IFI PIlOClDu~l SUItI<PHS PLIl~I"I1;v 
A GROUP Of fU~IRA," STAltM('IIS TO 8E ulIlIl~O AS A SU~KO""Ne 
SlHILAR TO r/'O[ FOUIIAN I! SUBRJUTI:IIc SUa?RO"IIHI. IGI IRAti 
FACILITY WIIIIOUT GENER"!"G AO!>ItIOI'AL INST"U:Tla"S 1:11 LI~IC: "liD 
INCLUOINe. TH;: "OuR~SS AS loUt H IHl H"GNIJUO' O. hl£ VARlAulE 
AI RU"NI~G tllI~,--IHE fORMAr OF JRA(;" " OBJlCT TIM. "AY BE 
At.TtRiO BY A srll\,lE INSTRUCTlO~. HII TWO SWiCOUIINE O~CKS, ONE 
'[RMI" IIIC A RELAX EO I"pur fOK'IAf AC:QuIRI NG O',l Y TH.\T A SPACE 
OR lLANK COLUM:. SHARAtt r:,puT V.lRIABIE5. ANC IHE SetOI.O 
II;;QUIRI~'G II;PUT "ATA 10 tlf 1'1 Till PRECISe fUt-:'4U OF lro[ INPUI 
SlAT(M(MS---E IIHcR SU6ROUTlNt DecK HAY It UStD ... IH THl COli;> [ltD 
08J~CT PROGRAM OEPENDING O~ TtlE fORIIAt CF OA'" TO I~ useo. 

••.• THIS PROGIlAM HAS BEEN CeRTlflEO IY COM"(;N. 

I6Z0-0~.~.051 NCE LOAO AIIO CO FORTU .. 
'Oil 20K ICAROI 

AVAILABLE "I" QUARTER 1966. 
SPEClfY.ILE NUHBER 1620-02.0.051 

AUltIORS •• ~. RUMRILL I. FOWLER 

DIRECT INQUIRIES TO •• 

H. SeWAIIO 

G. IIUMRlLl.NEWARK COll EGf OF ENCINtCRINC.COMPUTlNC CENltR. 
12) "IGH ST •• NEWARK 2. N.J. 

THIS PROGIUH IS A COHPILER-llIIJiRPR£TEk tAPAllle Of BATCH 
PROCESSINC SOURCE OlCI(S WRITTE~ IN A SUBSET OF IIIE FaURAN 
LANGUACf. A~'SW(RS ARE IMMEOIAHLY AVAILABLE IIII .. OUT AllY 
"ANDlING Of 08JECt DECKS. IH[ PilOGKAM IS Ir.TENOtO TO I!~ING 
TO THt USER OF HiE 20K 11020 TIlE AOVAN IAIiES OF lOAO .HID .. 0 
OPERATlO,., ESP~tIAllY WIICI" 'ROCESSING 100 10 200 cun SOURCe 
DECKS. IHE 'SYSHH CANrlor BE OA'IAGEO BY.ERRORS IN PROGRAMS. 
MANY fRIlOR CHECKS AIU HADE. 80ltl OUIII",G COHPllAlIor ... uo 
lXlCUTlOPI. NO FORMAt SP(ClfICATlOr.s ARE US •. O. OUtpUI FORMA, 
IS OUER~IINEO 8Y IHt: IYPE AlIIO RA"GE OF THE VARIABLE. INPUT 
FORHAT IS FREE fORH. ftATUIlES I:otClUOl- 8UllT-IN rUCl. 
SINGLE AND DOUBLE SUIlSCR I PT IIIG. COMPUHD GO TO STUcIlENIS. 
L1MIUD HOLLERitH lISTI~''', AND U~'DEfl~lD VARIABLE DETtCTlOlll. 
EQUIPHENI REQUIRED BY PROGRAM- 1620. HOOEl I OR II. lOK, 
AU10 Of vIDe •• 11I101R((T AOORESSI •• G CARD OR PAP"R "'Pi. PlOI 10TH. 
OlHER PkOGRAIIHING LANGUAGE USED N.C.E. HIGH SPE£CI ASS~lIaLEII.. 
LIBRARY hUHIER- 1.I.Ol9. 

lUO-02.0.0'l9 C~D ~ AN OnUl".G SYUEI! 
fOR 'OQ .ORIRAN ICARDI 

AVAIlULE ZtlO QUARTER 19107. 
S'ICIFY fiLE NIJHBER 1620-02.0.0" 

AUTHORS •• J. GRANT 
II.L. MCAIEfIl 

DIRECT INOUIRIES TO •• 

G. LILLY 
L. POWILL 

FRANft H. IIlSKIElL .PENNSYl V .... IA. TRANSFORlIi:1I OIV., 
8011 ))O.CA,.ONSBURC. PA. 

C4D IS A PDQ FOUiUN OP(IIA1I~G SYSTeM Pi1IOVIDING aUCM 
PIIOCUSlNG. A MillED GROUP Of FJ~I"'" CO"PIUTlO,", .l~,(l illlCUIION 
.u~s. II PERMITS STORAC( Of PIIlOGRAH~ "'fOoarA ~ OI'!'OI\ 
IIOR( 1311 DUK DRIVES. 5tCM£'ITATIC" lif pao..",M' IS PUSSIUt. 
THE SYSTEM CO~.UIN5 VERY C\J"P_EH(~:~IVt (RAell CHCCKI:ot~. 
TME OPlRAflt1;O SYSUM Rf51IJiS 0" UIE OISK A~ OCCw>IU &.tSS 
1M." ,. PlR CIII1' Of A 51"'~U DISK. "I ...... t PI" .. nR MAY 8f 
UUD fOR OUIpuT IF AVAILAele euf IS NlII IItQ"IUC fO" I"E 
US[ OF nit SYSTEM. PROljUN a[~uII\ES A 1620 CUII-OISIt flU 
SYSTtiM !iIfH il.~. 'N,. Mr. AUIO IiIVluE A"D ItoDIICcCf AOlil<thll .... 
'"E I'''IRE SYSUII ""5 ItlN ,,"RHlt. Jr. arlf S" OI.I.on 

o 

o 
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Con~'ti~)l"~cd Pror':"(~""'s .,;;./' 1111 Matho~atlo8 and St_tlstlo8 

o 

o 

1620-0~.O.0)s SU8ROUfll,( C~OUT fOR 
SOLUT IVI Of SIMVUAlIfOUS liNEAR E"UAT 10-'5 ICA~CJI 

AVAll'!llt I~T C"ARIl~ 191>5. 
SPEC IfY Fill NU"!:CA ,1620-0~.0.OlS 

AUTHJ~ ••• M~S. JnYCE FUOUII 

01/1( CI IN,JIJI R Il S TO •• 
'AOf. C .H. DAV I O~CN 
DIUtrOR 
INC.I"[(R'IN~ CO'4PUIIIIG LA~CP.ATORY ' 
U~IVIRSITY Cf .. ISCO'151>1 
MAOI50N~ IO'SeO',Sl'" !tHOt. 

'HIS 5U611.0UII'I( "ILL SOLVE A SYSTEM 01 SIIIUllA/itUUS lI"~Ait 

~~~~~:gN~~I~!I~~ ~~~ ~~~~TO~L~~;~;AI'~"~R~~~:~\9~ ~~\JAIIU"S IS 
AVAh~8L(. SPUlf leu IU~.S- Ir.~' :' HL eOR( 
'ROGIIA!'I><I/,G TYPE- FU~T;tA'1 li SoJil~~~~I~:~1: lu USE FO~Tk"l II. 

1~:O-C·>oO.C .. ) 
'O~~I 

MUL TI PLE REGRESSION PACKAGE 

~'if,Il'''lt 1ST OUAR1[1I 191040. 
.I'.~rrY FlU NUMbER 1"2e-01o.0.Olo3 

.. \;T'· •••• I"'TO DYKSTRA. JR. 
tH,lRAL fOODS RfHAR(H CtNlfR 
~~ SUUTH BllnAUwAY 

IAIIRYTOW'I. N[w YURK 

DIREtT IN(lUIf<ll5 10 AUIHOII 

A CO"?lEIE MULTIPLE RlGII.[SSIO'1 Pt,Cr,~Ge ~ITH CONvEN'ltNT 
It,PUT-OUTPUT fOP,~Al~. C"E PRO:;RAM ~Ill MUl,,-p~ueESS AS 
"AllY AS Id VARU~l[S .. I IhOUI I~TlP'''l[dAH OUIPul A 
IHR([-rARI rROc.RA'I Will ""IOLl UP Tt) .~ VARUf.LfS A~ 
AUXILIARY PMDGRA'I WILL GIVE PREOICTlOr,s AllO ObT .... ~ 
RlSIDll&LS fOil THl ACTUAL DATA AND PIUCJICTlOI<S fUR 
SUPPLt'l[P<lI.RY CC.':bl~'AIIO~IS. A fOLLO~-uP J'RUGRA'I ~ILL 
PREPARE VARIOUS PLOTS Uf Hit RESIDUALS. IIfMOI(Y ,OK. 

••• THIS PROGRA" HAS eHN CERTlFllO BY CO""ON. 

1620-01>.0.158 &ASIC STATISTICS 
IFUI/DAMCIHAL ArIALYSIS OF FWIIE SCRIES OR SA'IPLE OU" /CAROl 

AVA/lASlE 3~D QUARTEII I?I>~; 
SPECIFY f ILE l/ur~Q[R 1(,70-06.0.158 

AUIHOR ••• H.J. HIC,HLAND 
DIRECTCR OF CO~PUI[R lABORATORY 
LONG ISlAfrO UNIVtRSITY , 
BROOKLYN h N.Y. 

01 RECT INOUIRIES TO AUTHOR 

eASIC STATISTICAL A"ALYSIS OF OATA IN SClf"'IIFIC.EDuCATlONAL. 
PSYCHOlOGICAL, I"DUST~IAl Er.GI'IURIfIC.. aSIII,C; AliD (luHNtSS 
R£SfAIICH. PROGkA~ PROVIDtS 2~ OISP~IIAIl ~EASURES'OF CfrHRAl 
TOWErICY. OISP[P.SIO~I, IjQR~ALI" AS ~lLL AS 'fUNOt'''tNTAl 
SUI'iMATIO~:S FOR" HOlIES Of D~TA. BIFu;tCATEti A!':IAlYSIS "ERMnS 
USE Of OIFHR[tH fO"'''ULAS fOR TRtA1HEI.T OF FIr;H $t;«/fS AS 
COMPARED '11TH SA~PLE OAIA. SUNDAR(l HATlSTICAl FO!l,f"UllS AliI: 
UStD T"ROUGHOUT fOR A!'IAlYSIS OF RA .. DATA. UP TO '199',?99 
INOIVICUAl 10-01GII 12 DECIMAL PlAtEI VALUES "" BE PitOCUStD BY 
THE PROGRAH. STlIRA(;E uSED BV PRotRA~- r .. uGRAH SIORAC.E fRO" 18'0)9 
TO 20000. EOUIPME .. T RHVUUO BY PROGMAM- RcllUIRO A 1007 OR OTMlR 
CARD LISTING UIlII. CAN BE uSED WITH ,.,1 "'I MUll 11020 WITH It>lZ 
CAlia SYSTEM. PROGRAMMING TYH- fORrRAN WUH FO~MAT. 11.1.1 till lIt. 
COMi>lETE. LA!':ICUA~E USED IN TH£' WUHI.i!'- fORTRAN. ALTHOUGH THE 
PIIOG~AH IS \O~ITHN TO ACCEPT RAW OATA IN A/I FIO.l ferRM"', ,",OST 
SICtHflCANT oUIPur OAf A AU IN f 12 ... fOf(MAT Ar~a SUM~ATlONS 

IX. /I SQUAREO. II CUBED. A'lD X TO Tut .. TH PO .. tRI ARE IN 
E-fORMAT. IF GREATER NUMBER OF DECIMAL VAlUlS ARE RlCUIREO FOR 
RAW OAT A Ul~UT OR IN OUTPUT. P,,"O:;IIAM .. ILL OPtkATt WI TH CHANGa: 
OF FORMAT SUre"lNTS ONLY. 

1UO-06.0.183 TlPS- TEN~eS5EE INTERPRETIVE 
'ROGRAM fOil STATISTICS /tUDI 

AVAILABLE 1ST OUARTER 19106. 
s,ec IfY flt( kUM8(R 1620-06.0.183 

AUTHOIIS •• MRS. A. MCUCtl""1 OR. C.W. SH(PPARO 

DIRECT INQuiRIES TO •• 
MRS. A. "C[ACHRAII 
UNIVERSITY OfTENPI[SSH' 
MEOICAL UNITS COMPUTER CENTER 
Z6 SO. OU~IL" 
MkMPHIS. UNIt. 

TIPS WAS WRfnEN fOR STATISTICAL AIIALYSES wulCH WERE TOO SMALL 
fOR THE EllISnNG LARG(R PP.OGRA!'IS AIIO TOO lUGe ,TO BE 00,.£ 

, QUICKLY AT THE DESK CALCULATOR. WITH nils SYSTa:M. IHt' IUO IS 
CONVkRno INTO A SPECIAL-PURPOSE S U T \sHCAL COMI'UTfR \;fIlCH USES 
AN INTUPRUIVE PROGIlA1IMI'lG LA~GUAGt Alia SYSTlM OF ADDRESS CODES. 
IY LUR~INC TH~ SIMi'L[ INTERPRETIVE lMIGUAGi: AND IY UTeRIIAl 
'ROGRAIIMINC. liPS CAli OBTAIN A VARIETY Of'SUTl511CAL ' 
INfORMATION IE.C. ... MU!,;S. SUMS Of SQUAIIU Of DEVIATIONS FROH 
THE MUN. COEFflCIE'HS Of CORRElATION. ANO THIRD &lID fOUATH 
MOMeNTSI AS WELL AS PERfORM L1 .. EU A'IO "'ON-LI~UR RtGRESSIOr;S. A 
, TtST ON TWO MU';S. AIID Oill-WAY AIID TlIO-WAY AlIALYSES OF 
"AUNCE. THE P?olGUM HA'rOLES CROUPS OF DATA AS veCTORS A"O HAS 
fRU-fORM flOAT INC. POINT IIII'UT AIID OUTPUT. 
A ZOIl 1UO CUD SUTEK WITH AUTOOIVIOf: IS REQuIRED IV P~OC;RAM. 
THE AEQUIREKENT fOR AUTOOIVIOE CAN 8E EASILY /ltHOVEO. WUTTi.N I~ 

S'S. . 
THt SOUIICE OttKS AR,; OPTIONAl MATUUL AND "UST 8£ SPECIFICALLY 
UQuunO ON THE ORO.R CAkD. 

a 

lUO-06.0.216 STATISTICAL 'ROJECT 
ORGANU£R fOR nACHPiG /tARCI 

AVAILABLE 40TH QUARTLR 1'06. 
''lCIF'I FlU NU~BER 1620-01o.0.lItt 

AUT~OR ••• D". H.J. tllCULAND 

DIRECT INOUIRIH rD •• 
OR. H.J. HIC>lLANO. OI"EeTOR.COMPU,"A lABO .. TJRY. 
'HE IAOOKLy/j CE/IIHR. lO/llG IStAPID U11111 •• I.OJ"lY11. ~.,. 

SPOT - A STATISTICAL PIIOJECI O~C"lIIlU fOR TUC.eIN~ - CO'lU5H 
OF TWO INOEPE/IOt:H 6UT INIE~Hl"EO '~oc.aA!lS- II.I UHuf';CY 
ARRAY G(/IIERATOR. A,'IO 18/ USIC HUIS"'S FOR 'ItE~ll'''CY ,URAY. 
AtlD U PART Of TrtE CO/STATS ICJ'ri>Unll ORI£NH:lHTArlUlt"L 
TUCHHI~ AI;() TlSTPI(; SERIESI ~~c:;a.\,.s. IH( r.~ ,aOJR"~i u. 
Atl AID TO J(tCII[RS "t'O WISt' TO PROVIOt nUCC'lTS .. ITH 
INOIVIDUALIHO RAil O"'A FOR A'lAlYSIS FOil srU!:ENT SfATlSTles 
'''OJ[CTS. rHE F I~sr PRuGU'4 CO~ISlsrs Of 11;0 PII.lSCS U:inR 
SWITCH CO .. "IOl. PII.I.$E I. US",; STu~:'<5 IIUlE. wIll OEH~MI~;, 
TI,E NUMBER or (L ASS 1'''ERV~lS A~IO Silt OF Trt( CLASS I:H,AYoU 
'OR nlE 5£IIIES. PHASE II Will I~A'ISFJRM IIA. OAfA I'ITJ A 
STATISTICAL A~i\AY USI~jG CLASS 1:lll~VU SIlE A~,O 1:u"'SEiI. OF 
CLASS INflRIIAlS AI rHE uSERS OPTIO'I. THE StCIl',,;) p",oJ .. a,," Will 
'ROCUCE THE CO'IV(~T10'IAl FREQUE 'IC Y URAt l I $I PI:'. Cl,\SS 
INTERVALS. fRC;U(.'Iev. O. '0 SQUUlO. Fa ~'II) fJ S.;!IJUc() USi.O 
IN COMPUTATlOl'iS. II WILL ALSO PIIUVIOl "1£ uSE~ .1 T.e VHl'lLiS 
MEASUHS OF CEPir~AL f£NDl'lCY "'10 01 SPl~SIO~1 '~O'I'; .IIICH Ul
MCAN. AOJUSHO "00[. "EDIA1', Q SUB I. 0 SUB ) :l'J.\~T1ll 
DEII'AfIO~. SIA~IOUO DEVIAlIlJ:I, COfFFIClE'l1 OF VHIAlIO'l. 
COEFf IC If NT or SKlW'4( S5 IBO IH HAIl ~ON AliO OU/,~ TILE '1C WuOSI 
.110 K. rilE (E'4TER VHUE Of A 'IJRHAL 0ISTRI6uIIJ'I. At ~O 
INCLUOEO IS A SA~?lE STUDE''' SIUI'SII(.U P~llJL:I flMM FeR 
USE WITt' THCSE P~O~RA'4S. PRO::,U~S H~vf bEEN .. OIl rrt'j fca , 
I"SlC 20t( 1611 11>20 "'Ot'El I \;1I .. OuI A:IV SP[CIAL fLATl'RES. 
CARD nlPUTlDUTPUT RE"UIREO. AS WlLl AS A CARO P",PHtll. suell 
AS THE IBH 4007. 

1610-07.0.019 THRH-PI-01;E CU::\VE fITS 
HYPERBOLIC. exro'iENflAL. POIIEII. FUliC T 10~IS ICI.RDI 

AVAllASLE )RO OUARTER 1'62. 
SPECIFY FILE NUMBER 11020-07.0.019 

,AunIOR ••• WAO£ A. NORIOI, 

DIRECT INQUIRIES TO •• 
MR. t. J. ORTH. JII. 
SOUTHERN StIIVlcn. INC. '.0. lOX 26401 
IIRMIIiIOHA'4. ALAIIAMA 

THIS PROIORA'I. WHICH IS REALLY TH:tH P;tO~IIA~S HI CM. 
CO"PuTES THE p.lII,,~£aRS FO;( THcO;:[crIC.l.l CU.!Ve FilS fO 
EMPIRICAL OAIA. PLOT BACK. I'lfERPOlATlO'i. SI~'IO~~O (I(RUR 
ANO FUNCTlC'l EVAlUolrrON ARE fA~H OP/I,,'"l U'H)LlI CS CO~IT~OL. 
STANDARD ERROR F{ATUP.E PlP'411:; CQ"i'A~IS()~1 loll" PUlY'I';~lAl 
FITS COIlE IY PROGRA'4 7.0.002 A'IO FilS BY or"H s .. or~O~UMS 
0' THIS OIlE. FOR fU'IC110', tl/AlUAflOtr. P~I(AHdER~ UE 
KEYED-Ill" CO"SOLE TYPt~~III:~. ,CUO 110. 20~ 11>20 .. !fIlOIJT 
SPECIAL fEATURES. 

•• ~ THIS PROGRAH tlAS 6Ef~r CER II f lED BY COMII,)/I. 

1620-09.7.009 11>20 MULTICURVE PlO"I~C; 
'ROC.UM /CUOI 

AVAILABLE 1ST Ql'ARTER 19U. 
SPECI FY FilE NUMBER Ib20-09.1.009 

AUTHORS •• JACK IURCE SO/ll JA"ES SNEDIKE!I 

, CIRECT INOuIRI£S TO •• 
J.W. BURG£Sml.16" CORP •• ROO'4 10e.THE IllUMINATINti IILDC •• 
CLEVHANO. OHIO 

PROGRAM ACCEPrs DATA FRO'4 CAROS A!,;D Will PLOT UP TO HN 
O£PtNOE~T VARIABLES VERSUS A CJM"OPII HIO£PErllJtrrT VUlAPlE. 
EACH OEPEIIOEIIT VARUSlE MAY HA~t A SEPAP.ATE AXIS StAu. 
ouTPuT IS ON TYPEWIII HR. CloROS, PAPtR "'Pi. OR ANY 
COMII/IIUION OF THfSE. CARD 1620. ZOK HlHCI\Y. NO AODITIONAL 
fUTURES. 'ROGIUM IS WRI".:r; IN fOitTRAN ANO SPS. 

1620-10.1.005 UA~ISPORUTION PROGRAM fOA 
THE IBM IUD ICARDI 

AVAILABLE 1ST QUARTER 1'1640. 
SPECIfY F ILf NUMB"" 1620-10.1.005 

'UTHOR ••• J. N. IIOLES 
UNIVERSity Of tALlfORNIA 
201 GIA/IININI HALL 
BUKELlY 40. CALIfORNIA 

DIRECT INQUIRln TO AUTHOR 

TMIS 'AO';RAM IS A SIMPLE AOAPT4IIO'4 OF TtlE l""'I~IIORfATION 
, 'AOC""M FO" T!iE II" \1110 /TAPEI IY MAUDE .. A~.O SMitH. flU 

NO. 10.1.00). IT 'ROVJC.ES AIr OPTIMAL SOLUTIO" TO THE 
LINEAR P~,OGIl.AKMIIIG TRA/ISPORIUWN PII06lEK. MEMOAY 10K. 
11>22 CUD-READ-PUNCH 

• •• 'HIS PROCA"" HAS BEEN CERtifIED BY eOIlM ...... 



• ... _ ... ,._, ........... __ ......................... _ ........................ , ........ -~ •• - •• - .................... --...... '.< ...... ~ .• ".\!'f< .. ,,'-''' •. ' .... . 

COf1'I·r·lt.1'1'IC,!"~ Pro"·rC\r:'lS _v ~\,.1 ~ ... Demonstrations and ,Teaohing Aids 

1620-11.0.011 CARD sna'l OUIC~;HR/,TlON 
"VAlLA"l( 2'10 CU!RT( .. \'>to). 
SPECifY fill NU'IOlA H~O-II.0.011 

AUTHCI",_,C"~L f. f IPIK 
U" CORI'. 
)~O ~. IIASHI~I"TO" "Vl. 
1I .. 01S0 .... ~1$CI~ ... S'" 

OIRfCT INOUllIllS TO "UIHOo\ 

TO OIMONSTIUft THl It20 CARO SYSTEHS UITHMLlIC. 
IIt"O",G. PUNC .. WiO A~.O TYPI',i; A!IILIIIES. 1"20 IIlltl ~AKO 
IPiPUlIOuTPUT. NO SPlCIAl fE.TUhS. A~lY CIJKt SIlE. HI, 
,aOGR"M IS IIRlnili III II"CHI'I( LA'"iUAGE. 

lblO-II.0.02'1 OEHOP"~-A FUtICTIO'lAL 
O(l~O"STUflON OF THE IIlH 1"20 ICAROI 

AVAll.flU HO Cl'AATrIl 19b1. 
SP(CIfY fiLE t;u~le£A 1"20-11.0.029 

OIRLO PIOUIAIlS TO •• 
II. J. OLMO 
18H COAP. 
Hi) MARKET STRHT 

W. J. OLM::I 

SA'I ntA"'CISCC. CALIF. 

DAVE "'O ... TGOHLAY 

Dl",arAK IS DESIGNED TO Be USED AS AN INTAODuCfORY DtMCNSTRATlON 
Of VAolIOU$ 1"20 ~U';CTIOt;S A'IO TO PRO'JlOE A B.\CKGI;CU',O FOR Tlit 
D["'ONSTRAflO", GF P~O('k!!<~I"'G SYSTE"'S ArlO PRO[JuCTlO" rAOGRAM~. 
ThE PKO<>RAM IS ulVIDED It,TO SEC1l0N~. t:Ar.H Of WHltH IS A COMPUTE 
Pllor,RAM IottIC" "'Ill fYi'" A HEAOItIG 4/,0, If PRO"RAH SwllCH 3 IS ON, 
A Sf! OF O~lRAT".::. 1·.SlRl!~TIO·IS. Till SLClluli Ttii.'~ C()~(S 10 A 
HALT ANO IS EXC:Culf(l 6Y [;EPRESSI'Hi HART. UPON CO"'PL<1I0'1 TlfE 
;>RCCRAM ~.<Tt.;~ .. s 10 It,t 1t;ITlAL HALT M,D IS RtADY TO UL EX,C';TlO 
A"AIr,. P~Ol.oRA~! SlillCHcS I ArlO 1 ARfUSlD Itl snr<t SfCTIO'IS 10 STOP 
Tilt OPl~AJlC:;\~, AlltR ll'GIC, Oq PROVI!JE OPTIO"Al ;',?UT OR OUIPUT. 
"hi" THe OIlW'ISIRATJ(''1 ..,F A:,Y SECTIG~ I~ CU~I'lETl T"E ONP.AlOR 
!llPo<ESSES RlSlT, ItIS(I.T, ~EllA5i, APIO STA;;I lu P~OCCEO lu THt 

1"10-1l.0.031 HUSIC PROGRAH ICAROI 
AVAILAbLE 3RO CU.\RTlR 19~4. 

speCIFY fILE tWOi8ER 1"20-11.0.031 

AUWOR ••• LAURA 8. STE[LE 
GE'lERAl MOIORS I'I~TITUTE 
fLltll, MICHIGAN 

DIRECT INQUiRIES TO AUHIOR 

OEMJ,STRAT 10'1 PROGRAM TO PLAY MUSIC ON THE 1b20 USING A RADIO 
SPfA~tR fOK OUTPUT. USE::' A TU'li SUa~liUTItIE PLUS CU',SlAt,TS 
SPi:ClfYIfIG ADO~(S5 OF FldO ftl~ EACH ",Oil AND OUQATIU!I Of A NOli:. 
A. STllolA:;E USED hY PROGR/,~-ACTUAL SUP,KO'JT!llt A:lO CO'ISIA"TS 
lOCAJ[O FROI'~ 19S00-I~q99. fACti TUI/L UY.ES VAi\Y/!;~ ~TORAGf 

AC(O~DING 10 NuxDi;R Of NOTfS TO 8E PLAYED. ~. t~UIPMlNT 
AEQIJlllfO 8Y N<UGRAI1 - CARD svsru~, II'IGOll II, I·~DIR~CI 
AOOo<ESSI//G, CA~' Bi. USED O'l A"'Y 11ACIII!lt 8Y CIi~'1GING JIIE O!liE 
INsrRUCTlOII WHICH UH~ 1ti0lKtCT AOORESSI'IG. COULO ul: COI1PILEO ON 
JAPE AS WELL AS CAROS. LANGUA~E USED IN IHE ii'tl TtUP- SPS 
1620/1110. 

••• THI S PROGRAM liAS BEfN CtA T( F aD BY COMMON. 

It-ZO-ll.O.Oll BBC 8ASE8ALL S IHULA Tlotj AIID 
DEIiCt/STRATOR /CAROl 

AVAIlA8U 1ST QUARTlIl 1964. 
SPECifY FlU tW'1bER Ib20-11.0.032 

AUTHOA ••• P.~. BURGESON 
~2~1 O.t.K KPiOLL AVENUE 
YOUNGSTOWN 12. OHIO 

DIRECT INOUIRltS TO AUTIIOR 

TtiIS PROGRAM .OEMONSTRATES THE SIMULATION ABILITY OF TIl[ 1"20 8Y~ 
QuOTE - PLI.YI"G - UtjCUOTE - TIlE GAME Of 84SieALL B~TWfE" TWO ALL 
SUR HAMS. THE '1lCHI'IE OPERUOR PICII.S THE VISITIN:> TEAM fAOM A 
"ASHR ROSTER Of 90 POSSIHf PL UlllS , THI: Ib20 SElECTS IRANOOHLY! 
THE HOllE lEI." FROM THE 81 PLAy[~S LHT. A COMPLElE 8ALl GAME IS 
THE'I SIMULATEO. TWa SEPARAIE. ~t"OOH l,lJ~8ER CE"tRATORS IIIIICH AAE 
INIT IALllfO AT THl PHOCRAM SU~T ASSURE A OlffEREt/T CAM< EACH 
TlHl. SIMULATION Of Tlli RULES OF 8.\SEBALL. RESTRICTlC~IS- THE 
PRO~f<AM REC[JG~ILES O'ILY 90 ~!RTICULAR PLAYER NAMES AlIO RECORDS. 
CO',lAINEO I ... A MASTER TABLE wITH THE PROC'.RAH. OThER PLAYEA NAHES 
ARE NOT ACC[PUP-H. E~UIPHr'lT- BASIC 2eK 1,,20 .. ITH 11.22 CARD 
ilEADlR. NO OTHLIt fEAlU'«S ARE USED. ALTHOUGH THUR PREHNCE DOES 
NOT HIIl181T PROr.It:'H orlRATlO',. STORAGE- All Of 20K HEHCRY IS . 
USED. LA~ICU.\G[- THIS PROCRAll liAS COOED III HACllitlE LAI/GUAGE. NO 
PROGRAHI1ING LANGUAGE WAS EMPLOYED. 

1610-02.0.052 COHPUTfST ICAROI 
AVAILABLE 10TH ~U"RTER l'1liS. 
SP(CIFY fiLE NUMBER 1"20-02.0.052 

AUTHOA ••• J.A. SfAP.KWUTHER . 
J.A. STARKWEATHER,CUHPUTeA CENTfA.UNIV. ur CAI.,IF., 
SAN fRANCISCO. CALII'. 94112 

COHrUTfST IS A PR;)8LfM-ORIEIIT[O '~OGRAMHI"G LIINGUAGE FOR 
COH"UTtA-ASSISTEO INSTAUCTlO'I, TESlltiG ANIl INTEilVIEoIlllr.. 
$(QIJENcrs OF INSraUCTlCJtlAL I1UIiUAL "';0 TEST OU[STIONS HAY fiE 
WAITTEN IN NATURAL LA"GUAvE A'IO A VARIHY OF CUES HAY BE UStO FOA 
THE RECO~tIITIO'" Of A Rlliltr A"S~cil fROH TYPEloillTtA I'IPUT. 
VAIlIABlE CO~IME"TS A~.O CHOle" OF TH~ .... xr QU&:S"O', TO DE ASK,O 
IIAY ei: O£TfRMIN<'O 8Y TrtE ~VALUATlO'" uF A~I AI,S_ER. SCOIlIl/G 
AIIO DATA COLl.ClI()" IS OI'Tlu'UL FOlt UCH OUtSTlLlN. CO"4PurfST 
ACTS as "I INTERPillTlVI: ToIO\1ISL";);I. OF ;oI\J~RAH MAHit/AL 
IIIHeH I! PRESENT I ... THE CARO AEAuER AND ilEAD l;oj rHE COURSE Of 
'Y'EIIIII1£;I. t~.H~ACIICJ'j WITM A SUZlJf.CT. STOol AGE uSED IIY PROGRAH-
00<001-1'19'1'1. IAlltA 17996-1'19')9 I S USeD AS ItIPUT IIUFFlR. SO UPPiA 
COAt "AY BE AVAIlAIILE IF INPUr IS II(STRICTEO/. l .. UIPME.'jf 
REC:UIUO- CARO, AUtO DIVIDE. I~DIR[CT ADui(EHI'I:', loZU HJOCl I.· 
,,,OGUH C'''''IOT 8t: USlO 011 LESSER M'CHII;E. 'RU .. RI,MHi.O 111-
1UOll1l0 SPS. 

I~~~~~~~~(:L!;:=~; IS LfHITfO T::I A HAUIIUH Of H7 CHUA( HRS . 

4-

• 
U10-OII.0.ll5 ITE" ANAlYSIS AND SCORI He 
lCARDI 

AVAIU8U 1ST OUART£R 19b4. 
SP(ClfY flU NUHBlR lblO-Ob.o.ln 

AUThOR ••• HOIIARO CIV'IU 
OfF1CE Of TUTII/G AND RES(UtH 
8ROOKL YN COLu't 
8EOfOAO AV •• AV. H, 
8ROOKLYN 10. N.Y. 

OIAECT INQUIAIES TO AUTHOR 

THIS PROGUM IS OESIG"EO TO 00 A'I ITEM APIAlYSIS A"O/Oil SCORINC 
Of CARDS PREPARI:D 8Y ,URK SE'ISf P,,:OCHI,.G. A fOIlHAT SPftIFU,AlIO"l 
PRoviDES FLEXIBILITY Of INPUT fOR UP TO lOO IHOIS AND uP '0 9')9 
STUOENTS. TIlE PI;CG~A" FuRNISIiES A SEAIAl ';II~aER fCIt (ACH STuDENT 
IN tHE LISTING O~ SCORES. THIS PROGRloM FINDS TilE DiffICULTy 0 Of 
EACH ITfM BY OETtRMI'I",G II'~ P~OPO~IIGN Of HUOENTS ANS"CRPIG IT 
COAR£ClLY, A';O THE VAliOI TY Y ::If EA(H IT.H iIY CALCULUPIG THt 
POINT-BISEAIAL CCEFF ICICt'll. T,'E HEAN SCO~E AtlO SUI~OAltO 
DEVIATlO ... OF THE hHAL GROUP IS AlSO FOUND. tQUIPHtNT ItEQUIIIlO 
81' PAOGUH- CARD sYSTEM. ;oROG~AM CAN BE USED 0 ... UnEIt "'ACHINt. 
SPECIFY WHICH REQUIREMENTS CAN liE EASILY IIEMOVED. 'ltOCU",~IIIG 
TYPE fORrR4N IIITH fCK.'IAT. SPS - lb20/1710, MAI'IlIIllE. CO~PlfH. 
MOST OF THE PRllCU1I IoAS WRITTE'I IN FOUOAN. ,<rell CCMPllaTlON 
IIITH A fORTRAN/fO.'~AT P~O'ESSO'. THE 1/0 SlillROull"ES IN 'H~ 
08JECT O[CK W[RE IIOOH lED. OTHER CH ... GtS w';RE "ACE TO HIO" 
LISTS TO 8E IIEA!l. A fORHAT OECOOI~:; PAOCtSSC~ 1\0uTlPiE "'AI f1fN IOj 
SPS WAS AOOEO 10 CO~PlrTf THE PROGRAM. THI S PROGRA" CAN 
DISTINGUISH 8LANKS, ZEROS AliO T~HVE, PUNCHES f~OM UCH oruEII.. 

luo-n.o.OOl NORTHEASTERN U'IIVERSITY TEST 
SCORftlG PAOGRAH /CUOI 

AVAIlAIlLE lSI QUARTER 19b4. 
SPECIfY FILE NUK6ER 1~20-11.0.001 

AUTHOR •• ~ROB(RT H. OBR lEN 
COHPUTATlOII C[tIlER 
NOR Ttl~ AS TERN U~II VE R SIT Y 
)"0 HUNTlNGTO" AVE. 
80STON 15. "'ASS. 

DIRECT INQulAIES TO AUTHOR 

TO CRAOE IIULllPLE O<OICE 08JECTIVE EXAMS TAKEN O~I HARK 
SEIISE CAROS A~IO PUBLISH, IN AO·) 11 I 0." TO THl GRAJ1: fuR CACti 
nUOENT, II G~AOl OnTRI&UTlIl', IwlTH I'!tAN A:';O SUP/OARO 
OEVIATIO'j/ A!Ii;) All A~~AlYSIS OF TME EIAM Il,OleATlNG HuW 
IIANY CHOSE EACH CIIOle£ fO~ EACH QuESTlO ... ANO THi PERCENT OF 
CORRECT ANSWERS fORfACH QUtSTlON. HAXI .. UM 0;: ISO S-CtlOICE 
OUlSrlOIIS PEA HAH. 

STORAGE AEOUIREMENTS- I'1S"1 LO:A TlOIIS 
"EIIOAY 20K. 1,,22, NO SPECIAL FEHURES IIEOUIII£O. 
SEE ADOITIOP/AL REM.\RKS. SPS LANGUAGE. fllltD POINT. 
NOT AHOCATA8LE. 

••• THIS PROGRAM .. AS 8H~ CtRTI flED, BY COHMON. 

11>20-13.0.0ll SCRAHeLE - COMPUTER 
PREPARATION OF "UlTlPL£ FORHS OF A ... EX~'1INATION ICAROI 

AVAlll.tllt lRD ~UART[i( 196~. 

~P(ClfY fiLE NU,.,8[R lb20-13.0.011 

AUTItOR ••• oa. H.J. HIGIILA'~O 
DIRECTOA Of COMPuTER LABORATORY 
LONG ISLAtlO U!,IV[I\HIY 
8AOOKL YN I. N.Y. 

OIR£CT INQUllllH TO AUTHOR 

PAO;:;U'I OESIGNEO TO MEET NEEOS OF SCHOOLS WnUllN LAlCIiI CLASSES 
DICTATE NEED fO~ !'IuLTlPLE COPIES OF TnE SA HE EXAMINATION. 
PROGIIAH "'ILL PROOUC. THESE MULTIPLE CuPIES BY REt.RUNIiING THe 
HQUENCE OF THE ~XA!'II~IAIJON Qu"STIOIiS. PU'ICtlEO CARD OUTPUT IS 
USfO TO PROOuCE 1&1 1E4CIlERIS COpy wi TH AIIS"(R KCY PIlI;ojTEO NlXT 
TO fACH QUESTlOIi A',O IBI OffSET MAsrER ST(I;Cll U~EO FOil 
PRINTING. 80TH OF THESE CArl bE P;l.OouCcO ON t. 1001 OA SIHILAR ",OOEl 
PRINHR. PROGRAH ~ILL ...... lelE UP TO 50 QufSIIO·IS. EACH OF "'HItH 
CAN 8E UP TO 99 CARDS LO~,G. STOR4GE USED BY rROGUH-
19059 TO 20000. EQIJIPME',T REQUIRED BY PIIOGRA"- CAAD SYSTEH. 
PAOCRAHMI'IG TYPE- .FORTRAII IiITH fOR"AT. 

1"20-13.0.011 EXAMINATION ASSEH8LY P~OGRA" 
ICAROI 

AVULAHE HH OUAATEA 19"~. 
1PECIFY fILE NUMBER 1"20-13.0.012 

AUTHOIt ••• H.8. KEItR 
OIIlECTOA 
COMPUTER' CENTER 
hN~lfSSEE POLYTECHNIC INSTITUTE 
80l( 21A TENN. nCH. 
COOKEVillE. TtNN. 

DIRECT INQUIAIES TO AUTHOA 

THIS PAOGRAM PACKAGE CAuSES A~ EXAMINATION TO 8E IIAOE UP IV 
PULLIIIG EXAHINATIO~ CuESTlOIIS FROH A POOL 'Of QUESTlC"IS PU~'CIlIiO 
1'110 CAADS. A t;(01 SEQUWCE NU~8ER IS CIV[N TO THE QUIiSTlCNS 
,,'ULLEO ... AND THE EXAMI'IAUO~ MAY THfl~ ilE LISTT:O u'l DITTO 
MASlER ON THE 407 ACCOUNTltlG "ACltltlf. A r.UI"UM OF 999 OUESTIONS 
MAY BE CD'lUINED IN THE "PCoOl" OF CUfSTlO:.S. TltE CuESllO:lS HAY 
BE OF VARlAllLE LEN .. TH .ITH tlO lIHIUTJOl1 PLACED UPO'l THE MUIr.UH 
NUHBER OF CAROS ALLOWED. Eo;IUIPOIENT SPECIFICATluNS- 20K.· INOlRfCl 
AOORESUNG. TNS. lrIF. SOURCE LANGuAGt- SPS. 

11>20-1).0.013 'ORUIIN TEACH ICAIIOI 
AVA I LA8LE IS T QUAIl TER UbS. 
SP(ClFY FILE NUHBEA 1I>20-13.0.0ll 

AUTHCII ••• PROF. II.L. POPE 
CCMPUTfII CENlEA 
UUH STATE U!'4IV. 
LOGA!'4. UTAH 810321 

DIRECT INQUIRHS TO AU'HOR 

FORTIIAN TUCH IS A SET OF PAO.GUMS AND srUOtNT PRoeLEr.S (;fSJ(.~;EO 
FOil U~E OURHIG THE EAItLY PART JF A COURSE rtACHI"'G fOItlAAN 
PIIOGAAIIMU.G. Ttl(y (',:'i:LE THE SlUOEIH TO GfT SOHlTHWG 
O~ THE MACllltlt fI£fCae Ht CA~l ii~lTt A COMPLETE '~OGR#H. AUO 
THEV ASSIST THE IllSTIIU'TO~ IN CItf:(KJriG THE PR05UIIS. EQUIPMeNT 
ItECUIAEO '81' PROGAAM- CAAD SYSTEM. loOK CORE HI'''"u,.. TH(H 
PAOCUHS lIRE WRITTEN I:j (ORUW FOR THE fOA';O 'ROCESSO". 
PIIOGIIA"M)tlC TYPE- HAI'~L U;E. CO'lPLElt. PROCIlAHHHIG LAtIGU~liE-
fOIlGO. 

c 
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ROCHESTER INSTITUTE OF TECHNOLOGY 
COMPUTER CENTER 

CROUT REDUCTION METHOD FOR SIMULTANEOUS LINEAR SYSTEMS 

DIMENSION A(15~15)DB(15)oZ(1SD1S)oX(lS) 
18 REI\O 100 N 

1 07 DO 1 02 '-1 ~ N 
READ IOl~(A(.,JJvJ=lpN),B(t) 

102 PRINT1019(A(fDJ)~JcloN)~B(I) 
PR INT 900 
DO 1 08 I c:1 u t4 
DO 1 03 J=- 1 c I~ 

108 Z(I,J)-A(IDJ) 
NM 1=1-4-' 
DO 2 J-l"N 
JP1:c:J+l 
JM l-=J-l 
DO 6 I.-J,IN 
ASUMaO., 
t F (JH 1 )6 0 6 :,7 

1 7 DO 9 K-l I) JM 
9 ASUM-ASUM+A 
6 A(I"J)-A(, 

(I,K)*A(K,)J) 
,J)-ASUM_ 

AMAXcA(J~J 
IHAX=J 
IF (JP1-N)2 

20 DO 1 I:aJPl 
IF(ABSF(AHA 

3 AMAX-A( I t' J 

0 9 20£,21 
liN 

) 
X)~ABSF(A(I,J»)3elul 

IHAX-t 
1 CONTINUE_ 

21 t F (ABSF (AHA 
4 DO 5 K-l o N 

ASAVE=A( I HA 
A(IMAX.K)-A 

X)-I.,E-30)S04.504 g 4 

X,K) 
(J"K) 
E 
X) 

5 A(J.,K)-ASAV 
ASAVE-=B (IHA 
B( 'MAX )-8 ( 
B(J)-ASAVE 

J) 

11.J 
J l-JPl 
IF (JP1-N) 

22.00 8 J2.JP 
22,22.23 

ASUH.O. 
1 pN 

" 11 IF (JH1)8.8 
11 0012 Kal, JMl 

>, 

12 ASUMcaASUH+A 
8 A(ll"J2)_(A 

23 ASUM=Oo 

f II, K)*A(K.J2) 
11 p J2)-ASUH)/A(ll,ll) 

2u 13 IF (JH 1 )2" 
13 00 14 K.I» 
14 ASUMmASUH+A 
2 B(11)-(8(1 

JHl 
~ll~K)*B(K) 

1 -ASUH)/A(ll,ll) 

1)0 

Co I u. Vl'l n 
Entries 

Fl", J. 
AMAX 

£ x.cha~ 'f e-
R~ws 

(/f nee.dc4) 

. 
Do 
1(ow 
en tyJe,~ 



DO 15 J=l"N 
11.:N-J+ 1 
lell+1 
ASUM=-O. 
IF (ll-N)17»15 p 15 

17 00 16 K-I» N 
16 ASUM=ASUM+A(ll oK)*X(K) 
15 XC 11 )=8(11 )-ASUM _________ , 

501 DET.1 0 0 
DO 502 l=l o N 
00 499 Jell) N 

499 PR I NT l.98, I I) J ~ Z (I , J ) , A ( I ., J ) 
502 OET=DET*A(lpIJ 

PR I NT 503" OET _________ ..--... 
IF (ABS(OET)~n0001)504,S04o120 

1 20 00 1 03 1= 1 n t. 
103 PRINT l04,l o X(I) 

PUNCH 101p(X(I)~luloN) 
PR INT 900 

CROUT - PAGE 2 

-ecrLk 
Su.b:st i tiNt ion 

Zleteym/na.11 t 

SUM-O" " Check 00 109 1=1 "N I 
DO 110 Jc: 1 v N 

110 SUM=SUM+Z(I~J)*X(J) 
109 PRINT 111

o
lflSUM _________ ..... 

PRINT 900 
GO TO 106 

504 PR I NT 1 05 
GOlO 120 

106 PR 'NT 200 
100 FORHAT(12) 
191 FORUAT(SE15.8) , 
104 FORMAT ( 12H X(, .2 ,SH)- ,E 14.8) 
105 FORMAT(/2X~22HTHE MATRIX IS SINGULAR/) 
111 FORMAT(3X 9HCONSTANT(,12»5H)- EI~o8) 
200 FORMAT (/2X p 27HTHIS IS THE END OF THE DATA) 
496 FORt-1AT (-215 ,,2E20 0 8) '- --
503 FORMAT(/5X t 14H DETERMINANT -,EIS Q 811) 
900 FORMAT (III . . 

END 

DATA 

N • NUMBER Of EQUATIONS (MAX 0 15) 
A(ltJ) • ELEMENTS OF COEFF~CIENT MATRIX 
B(I} • ELEMENTS OF CONSTANT VECTOR 

NOTE: THIS IS A MODIFICATION OF PROGRAM NO. 5 0 0.035 
FROM THE IBM 1620· PROGRAM LIBRARY. 

o 
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ROCHESTER INSTITUTE OF TECHNOLOGY 
COMPUTER CENTER 

C GAUSS-SEIDEL 'TERATION FOR SIMULT~NEOUS LINEAR SYSTEMS 
C 
C 
C EQUATIONS MUST BE IN PROPER ORDER 

DIMENSION A(iS,15)0 8(15)1) D(lS)f) S(15)" X(lS)o '1(15) 
11 READ 100~;N1>(X(I);)I::lr.'N) 

PR , NT 1 00 ~ N ;; ( X ( , ) ~ I == , 9 N ) 
N I *= 1 
l.iM z: 100 

1 DO 2 1 :.: ,(; N 
READ 101f)(A('~J),.,J=1n.N)fI B(I) 
PR I NT 1 0 I 0 (A ( I p) J ) f) J= 1 D N ) I, B' ( I ) 
D ( I) - A ( I ') I ) 

2 ACII)I) == 0 0 

PRINT 900 
4 ER = Ou 

PRINT 900 
DO 5 I :I 1 1) N 
IF(JSSW(1)-1)13g13~5 

1 3 PR I NT 11 0 ~ N I 0 I I) X ( I J 
5 Y(I) = X(I) 

14 DO 7 I = 1 fJ N 
S(') = 0" 
DO 6 J = 1 N 

6 S(I} : S(I) + A(lpJ)*X(J) 
X ( ') :: (B ( I) - S ( J ) ) /D ( I ) 

7 ER = ER + ABS(X(t)-y(,}} 
IF (ER-O n 0000001) 9Q9~8 

8 'F ( N I ... ll M ) 1 0 v 9 ~ 9 
10 NI = Nt .+ 1 

GO TO 4 
9 PRfNTI13.) Nt" (X(I)ol=lgN) 

LIM D LIM + 100 
PAUSE 
IF(ISSW(1)-1)4 0 4 9 12 

12 IF(ISSW(9)-l)15915~11 
100 FORMAT (12~ 15F5 0 0} 
1 0,1 FORMA T ( 5 E 1 5 '" 8 ) 
110 FORHAT (215~5X>>E1508) 
113 FORMAT (15~7E15oa/8E15u8) 
gOO FORMAT (//1 

15 END 

DATA 

'N ~ NUMBER OF EQUATIONS (MAX. 15) 
X(I) D INITIAL GUESSES AS TO SOLUTION 
A(ltJ) - ELEMENTS OF COEFFICIENT HATR.IX 
B(IJ = ELEMENTS OF CONSTANT VECTOR 
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------------------------//////// 
--------~~--------------//// * . _________ ' _________________ -Ie "/e"/r-Je** 

----~~~-------------------** ; * $$$$ 
-----------~--------------$$$$$$$$$$$$$$$$ 
---------------------------$$$$$$$$$$$$$$$ 
---------------------------$$$$$$$$$$$$$$ $$$ 
----------------------------$$$$$$$$$$$$$ $$$ 
1 $$$$$$$$$$$$$$$$$$ 

.1 . $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ 
t $$$$$$$$$$$$$$$$$$ 
1 $$$$$$$$$$$$$$$$$$ 
I I $$$$$$$$$$$$$$$ 
-------------------------------$$$$$$$$$$$$$$$$ 

* ************* $$$$$$$$$$$$$$$$$$ 
************* * $$$$$$$$$$$$$$$$$$ 

**********************************~ $$$$$$$$$$$$$$$$$$ 
* * * $$$$$$$$$$$$$$$$$$ 
*. * * $$$$$$$$$$$$$$$$$ 
*********************************** $$$$$$$$$$$$$$$$ 
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THE PRE-COMPILER 

by 

Frederiok R. Henderson 
Direotor, Computer Center 

Rochester Institute of Teohnology 
Roohester, ·New York 14623 

(1620 User #1393) 

ABSTRACT 

Before a Fortran program oan be oompiled, any grammar 
and syntax errors must be correoted. The 20K memory 
of the basic IBM 1620 computer is not large enough to 
oontain both the oompiler itself a.nd the rela.ted diag
nostics needed to catoh· these programming errors. 
Consequently separate pre-oompilers have been written 
to do thi s preliminary error oheoking. The R. I. 'r. 
Pre-Compiler vms presented at the 1620 Users Group 
Meeting in New York in 1"965 and is still available 
frclnl the a.uthor • However, ·other ·programssuch as the 
NeE Loa.d and Go Fortran and the C4D Operating System 
have largely superseded it. 

Presented a.t 
CO};iMON Meeting 

Philadelphia, Pa. 
September, 1968 
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THE PRE-OO!1PILER 

~ This disoussion is about pra-oompilers in general with only incidental 
reference to the R.I.T. Pre-Compiler. I have,.th~rerore, taken the liberty 
of eliminating "R.I.T." from the announoed title of this presentation. 

o 

o 

One ot the questions I asked when we first aoquired our IBM 1620 Computer 
in 1963 was, "What is a. pre-oompiler, &.lld why do we need it?" Our friendly IBM 
representative explained that it was a program to check the grwmmar .~d syntax 
of our Fortr~ statements and to pin-point these errors so that they could b~ 
correoted before trying actually to oompile our programs. We needed it beoause 
well over half of all errora made by beginning students fall into this category. 
(The other errors are matters of logio whi~h are detected when we get wrong 
answers or no answers at all after oompilation.) 

Our initial installation included only the 20K 1620 oentral processing unit 
and the 1622 card read punch -- no disk or printer. This meant that we could 
use only the Fortran with Format oompiler which had to be physioally loaded be
fore oompiling eaoh Fortran souroe program. By using the IBM Pro-Compiler, we 
could batoh prooess e. nUInber of student programs at one time,oorreoting their 
grammar and syntax errors before oompiling them. Not only were the diagnostios 
muoh better in the pre-oompiler than in the oompiler, but the total processing 
time was much less than it wo~ld hnvo been with the oompiler alone. 

Of oourse, ~.f additional memory ( either inoore or on di sk) had been. aVail
able, other programs suoh as FORGO and DIAGNOSTICIAN could have been utilized, 
but in 1963, the on~y load-and-go prooessor available for a basio 20K system 
was GOTRAN whioh most people found rather unsatisfaotory beoause it has almost 
no diagnostios and is easily destroyed in oore by errors in souroe programs. 

By 1965, hovrever, many other processors suoh as AFIT, UTO, PDQ, and NCE 
had appeared. We had also added a 1311 disk drive and a 1443 printer to our 
system and were operating largely under Monitor I using Fortran II-D. We 
oontinued to use the pre-compiler, however, because it was appreoiably faster 
than the Fortran II-D oompiler, and we modified the Monitor so that the pre
oompiler operated under it. The only trouble Was that there were ma.ny valid 
statements in Fortr~n II which the pre-oompiler did not reoognize. 

While attending an NSF Computer Institute at Seton Hall University in 
June, 1965, I disoussed vdth Riohard Gabriel the feasibility of trying to 
modify the IBM Pre-Compiler so that it would reoognizeadditional valid For
tran II instruotions. Dr. Gabriel suggested that a version for PD~ Fortran 
might also be useful. As a result, we eventually produced three separate but 
related versions of the R.I.T. Pre-Compiler; one was for PD~ Fortran, one was 
for Fortran II-D without a printer, and one was for FortranII-D with a printer. 

The R.I.T. Pre-Compiler was presented at the 1620 Users Group Meeting in 
New York City on October 8, 1965,* and enough interest was evident to suggest 
that it might be worthwhile to oonsider submitting the results to the 1620 
Progr~ Library. However, at this same meeting, I learned that Frank Maskiell 
and his assooiates had presented 8. ne\., opera tfng system oalled "C4D" at the 
previous Users Group meeting in Mi~i whioh was reported to be very good indeed • 

• An abstraot of this paper is attaohed as well as a brief summary sheet whioh 
we have s~pplied to our students in the past. 



After l~arning more about ttC4D" and noting th~t its diagnostio routine is a 
modified version of the DIAGNOSTICIAN program, I oonoluded that if we could 
employ "C4D" tor processing student· programs, we would· have little if any use 
for thepre-compile~. . 

We have been operating under "C4D" for over a year, and we cannot reoo~~end 
it too highly. It is twioe as fast as Monitor I, and the diagnostios are very 
good. Furthermore, in most of its arithmetio operations, it roUnds instead of 
truncating, and in most instances, the round-off errors in the answers are 
appreoiably less than with MOllitor I. 

However, if your installation has only & 20K memory and no disk file, 
then I believe that PDQ Fortran is prObably your best ohoice among the 
Fortran compilers with whioh I ron familiar. If you are using PD;.t Fortra.n in 
this situation, the R.I.T. Pre-Compiler may still be useful. And if anyone is 
interested in it at this point, we. shall be happy to supply the neo.ossary pro
gr~ deok and dooumentation for that partioular oonfiguration. 

At the same time, I do want to oall your attention to the NeE Load and Go 
'which I understand Bruoe Fowler is presenting today also. I think this may be 
very useful in many high sohool installations where most of the progrrums to be 
run are short s~udent problems. 

But if you have a. disk file, be sure to try "C4D". 

* * * * * * * * 
~ word or two about progrrumming languages other than Fortran may be helpful. 

Many teaohers of' business subjeots ask why not teaoh Cobol. My answer is 
that Cobol is useful for manipulating data files, but it is not a general prob
lem-solVing language. Texts dealing with business management problems almost 
all employ Fortran. 

Many sohools are installing teletypewriter. remote terminals, time-sharing 
a la.rge oomputer elsewhere instead of obtaining their own on-oampus ·oomputer'. 
For these installations, the Dartmouth Basio language is oertainly first choioe. 

The newest language, of oourse, is PL/l. Whether or not it is going to 
supersede both Fortran and Cobol remains to be seen. I freely admit that I ~ 
not a. sophistioated programmer, but I still like Fortran and Basio. 

There are in addition to the above-mentioned languages, a great many 
speoialized ones suoh as COGO, SNOBOL, SIMSCRIPT, andCOURSE1YRITBR. It remains 
to be seen whether or not these have any plaoe in 8. high sohool program; at 
present it seems doubtful. 

o 

o 
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THE RIT PRE-COMPILER 
by Frederick R. Henderson (# 1393) 

ABSTRACT 

Most Fortran Compilers for the IBM 1620 lack adequate 
diagnostics for beginning students) and the use of a Pre
Compiler is r~commended. For installations with only 20K 
storage) the IBM Pre-C0mpiler is the best that is available, 
and it works well with the Fortran with Format Compiler. 

Many schools with 20K, however, are now using PDQ 
Fortran, or if they have a 1311 Disk, are using Fortran II-D. 
Both of these compilers have added language facilities not 
available in Fortran with Format, and the IBM Pre-Compiler 
prints out too many spurious error messages when used with 
PDQ or Fortran II-D. To help our new students in debugging 
their programs, we have modified the IBM Pre-Compiler to 
make it 'more useful with PDQ Fortran and Fortran II-D. 

There are presently three card versions of the RIT 
Pre-Compiler. The first is for use with PDQ Fortran; the 
second is for Fortran II-D without a printer; the third is 
for Fortran II-D with a 1443 Printer. These are not 
completely compatible with their respective compilers, but 
they are more useful than the IBM Pre-Compiler for 
beginning students. 

SU~~RY OF CHANGES INCORPORATED IN RIT PRE-COMPILER 

Changes applicable to PDQ and II-D Fortran 
1. One contlnuation card allowed on rra-and FOFIDffiT statements. 
2. Undefined variables in statements like N = N + 1 detected. 
3. (iAll type FORMAT accepted (also (iD'\ for PDQ). 
4. ~\IF (SENSE' SVJITCH 9}1l accepted. 
5. All ICC II Comment cards printed regardless of switch settings • 

. Addit~onal Changes Under Monitor I (PR-025) 
6. I/o statements containlng ~mplied Do-loops accepted. 
7. 4~ALL EXIT"recogn~zed as valid statement. 
8. Program called by "#tPCOM '1 Control Card and on completion 

of job, branches back to t·~'1oncalll. 
9. Program switch.l only used (ON to print all statements). 

10. t' *"cards ahead of ,source deck and all cards after !IEND'I 
ignored. 

Further changes under Monitor I with Printer (PR-033A) 
1I. All output on printer except H"f t- Ii cards. 
12. ""*"i'Fortran ,Control Cards printed but not checked. 

(Presented at 1620 Users Group Meeting in New York, Ootoper 8, 1965) 



ROCHl~STBR INsTIrorb; 0' TECHNOLOGY 
OOMPU rER CEITER 

THE R.I .T. PRE-C014PIL~ 

'!'he 1Bl4 1620 Fortr~n 'Kith Format Pre-Compiler hal been extensiYely 
modified by UI tor use wi th fortran I1-D and the 1443 printer, e.nd it 
will now process most of the inetruotionl ordinarily used. Since it 
deteots mOlt of the .01ll1'1on progrlUDDling errors, you are urged to ues 
the Pre-Compiler on nll programs before submitting them tor Monitor 
Rune, Experience hfls demonstrated that this results in more eftiQient 
and fflster prooe88ing ot all source progr~s. 

Error mes8flges &re grouped into seven categories ae folIo ... 
tRITH - Errors in &rithmetio statements such _8 mis.iag operation 

symbols, missing parentheael, and mixed mode. 
VAH - Errore in vflriables and/or subsoripts suoh &8 undefined vari

ables, improper suoaoripts, and missing DIUENS101 statements. 
DO - Errors in DO loops suoh a8 wrong indioee, ~lsslng statement 

numbers, improper nestIng, and missing CONTINUE statements. 
CONST - Errors in fi.xed and/or floating point oonstants suoh as too 

many digits, wrong deoimal points, and missing exponents. 
STNO - Errors in statement numbers suohae duplioate or missing 

numbers and unnumbered statement after a transfer. 
TRANS - Errors in transfer statementa suoh as missing .ommas, 

missing parentheses, and inoorreot indioes. 
GEN - Misoellaneous errors suoh as mi8pelllng, unaoceptable ohar

aoters, end inoorreot DIMENSION and FORMAT statements. 

When an inoorreot statement is deteoted, it is not prooessed by 
the Pre-Compiler. and this mfly oause .purious error messages in other 
subsequent statements whioh are oorreot. A little practise. however, 
will enable you to deteot these readily. 

The following statements &re valid in For.tran II-D, but they will 
Oause spurious error messages trom the Pre-Compiler ainoe they are not 
permitted in 1620 Fortran with For.mats 

6-1etter variables FIND 
3-dimension subsoripts FETCH 
• in subsoripts RECORD 
I/O in matrix tom COo.ON 
arithmetio fUnotions E~IVALENCE 

DEFINE DISK 
SUBROUTINE 
FUNCTION 
CA.LL 
RE'l'URN. 

There are, ot oourse. lome errors whioh the Pre-Compiler does not 
deteot. But additional error oheoks are built into the Fortran II-D 
Compiler whioh oatoh some ot these both during oompilation and during 
exeoution. It i8 obvious, however, that the proper 80lution to the 
given problem is the responsibility of the programmer, and no oomputer 
can deteot errors in logio. If the program is inoorreot, the oomputer 
will print out wrong answers just as quiokly as right ones -- hence 
the oommon expressions GIGO -- garbage ia, garbage out. 

To use the Pre-Compiler, merely replaoe your *t.FORX oontrol card 
wi th & ttPCO)( control oard. 

September, 19Af; Frederiok R. Henderson, Direotor 
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HIGH SCHOOL USE OF A 1620 COMPUTER 

by 

Frederiok R. Henderson 
Diroctor, Computer Center 

Roohester Institute of Teohnology 
Roohester, New York 14623 

(1620 User #1393) 

lBSTRACT 

Our disoussion is oonfined to tho une of the oomputer as a 
tool in problem-solving. The IBM 1620 seems well adapted 
to this kind of use. "Han,ds-on tl experienoe is very desir
able at the outset but not so essential later. An intro
duotory oourse in Fortran programming and role.ted ma.the
matics is suggested. The emphasis, as H~ing points out, 
is on insight, not numbers. 

Presented at 
COlilMON Meeting 

Philadelphia, Fa. 
Septenlber, 1968 
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HiGH SCHOOL USE OF A ,1820 OOMPUTER 

An artiole entitled "Computers for Saho'ol Mathematios" appeared in the 
MATHEMATICS TEA.CHER for May, 1965, and it formed the basis for a. booklet en
t.itled "Computer Faoilities for Mathematios Instruotion" published in 1967.* 
Both of these are highly reoommended to anyone involved in high sohooloomputing. 

As is pointed out in. this booklet, there are four distinot areas of oom-
puter eduoation; ,these are:' , 

~
l! voo~tional eduoation for oomputer teohnioians and programmers, 
2 oomputer appreoiation or. the ~paot of oomputers on sooiety, 
3 oomputer-assisted problem solving or using the oomputer as a tool, 

(4 oomputer~assisted instruotion or oomputers a8 teaohing maohines. 

We may eliminate the first and last of these o~tegories immediately; Vooa
tional eduoation is the responsibility or area vooational sohools and oommunity 
oolleges, and oomputer-assisted instruotion is still very muoh in the experi
mental stage. Computer appreoi.ation is, however, appropriate at all levels; 
the diffioulty is in obtaining souroe materials. One useful booklet here is 
"Computers - Theory and Uses" by D~.rn(lw·ski ••• (It has ateaoher!s guide.) 

The remaining topia, oomputer-assisted problem solving, is the one in which 
weare primarily intereeted. It oan be used as an instruotional aid in teaching 
mathemation~ soienoe, business, and other subjeots. It oan be used to demonstrate 
conoepts as well as providing for laboratory experimentation. It is, therefore, 
to this aspeot of a oomputer as an instruotional tool, that- we shall direot our 
attention~ 

In our judgmen~, the IBM 1620 oomputer is well adapted to this kind of prob
lem-solving use. It is a stored-progrrum oomputer with a memory large enough to 
prooess Fortran progr~s efficiently, and students need not be conoerned with 
the intrioaoies of maohine language programming. It is a deoimal rather than a 
binary maohine so that one does not have to spend time on the details of oon
verting from one number base to the other. '(This is interesting mathematios, 
but it is quite incidental to oomputer use.) Finally, in view of IBM's new 
educational discount, the cost is within reaoh'-- a.t least for the larger high 
sohools or sohool systems. ' 

When it comes to aotually using the ,maohine, I ~ a firm believer in some 
initial "hands-on" oomputer experience for all new students. There is no'better 
way of dispelling that psyohologioal fear ot the maohine that so many people 
have at the outset. After students have gotten aoquainted with the oomputer, 
"closed-sho'p" operations may be feasibile, but in the beginning, t'open-shop" 
I believe is very important. In our Computer Center we employ part-time upper
olass student assistants to show the new students how to operate the various 
pieoes of equipment from key punch to oentral prooessing unit. In a short time 
most ot them are operating the equipment themselves, but the assistants are 
there to help out if a card jame or a cheok stop oocurs. 

For a formal oourse in oomputer programming at the eleventh or twelfth grade 
level, we suggest the Sohool Mathematics Study Group materials on "Algorithms, 
Computation' and Mathematios t'# These include a Fortran supplement as well as 
teacher's guides. Richard Andree's book on "Computer Programming and Related 

• ~ational Counoil of Teaohers of Mathematios, Washington, D.C. 20036 (price 90p) 
** National SOienoe Teaohers Assooiation, Washington, D.C. 20036 (price $1. each) 
# See attaohed b~bliography. 

&Ct'''' 



Mathematios" (espeoially Chapter 5) is also highly reoommended.. Another book 
whioh we are planning to use with some ot our treshmen next year is "Mathematios le

j and Computing" by Dorn and Greenberg. * '. 
On the other hand, it anon-oredit introduotion to Fortran is· wanted, this' 

oan be done in about 8 or 10 hours. JAttaohed is an outline tor su'oh a oourse 
whioh has been given in a number of high sohools in the Roohester, New York 
area. Judging by the number of repeat performanoes, it has been reasonably 
suooessful. We have prepared a set of notes to Aupplement the IBM Manual, and 
we usually start off with the film "ILformation Explosion" trom the llational 
Soienoe Teaohers.Assooiation. 

Assuming now that the minimum oomputer configuration oonsisting ot a 20K 
1620 central processing unit and a 1622 oard read punoh is to be installed, 
what additional equipment is needed? 

First of all, at least two 026 printing punohes are required to punoh the 
source deoks and d~ta oards. So long as your operations .are oonfined to prob
lem-solving not requiring large amounts of input data or extensive output, this 
is adequate since the console typewriter will type out answers direotly. 

. However, if any administrative data prooessing is oontemplated, a prin.ter 
(either on- or off-line) will be needed to handle the output, and a. oard sorter 
will be useful in preparing oards for input. It you oan possibly afford it, a 
1311 disk file will greatly faoilitate all of your operations bf providing 
both temporary and per.manent storage tor both programs and data. 

In oonolusion, let me present a simple applioation in curve-sketohing as 
illustrative of the kind of use whioh oan be made or the oomputer. Many in-
teresting equa.tions are rarely graphed by hand beoause the oaloulation of the 0 
neoessary set of points is too time-consuming, yet a tewminutes on the oomputer, 
ooupled with the neoessary mathematioal analysis will easily produoe results. 
The f1.guro below gives the computer .program and output data. for the equation 
x,1.;) + <j % -= 1 Data. for the tirst quadrant aro all that are required sino'a 

the gra.ph is symmetrioal abou't, both axes. As Riohard Ham
ming has said, "The purpose of oomputing 18 illsight, not numbers." 

x Y 
• ___ .~ •• _w, ••• ___ .• _~ 

• (joe);') 

.10c)() 
• 2 () () () 
·j(;QP. 
.4UOO 
.~()O() _. ... --.. _- .. 

.hUOD 

.7000 

1.0COO 

.53]7 
_ ...•. Lr(l9~: .. __ ... 

.3C9U 
---"--" .. ??-~q-- .. " 

• 1 ~ ~)O 
.0973 _. --.---.,-.--- --~---

.boon .O~13 

• C) 000 " ......... _ ... !.(l) .7J1......"._ 1 • () o"{) (j -_ .. _._ .. -.. • (! 000 

* See attaohed· bibliography_ 

X=U. 
nX=.l --- . __ .---_ .. -.. ,_ .. __ .-.' ",' -- -- ..... -.. " ... '-- .'- . -- -"" 

1 Y={1.-X**.6Ah~A6A7)**1.~ 
P ~<. I f'l T 1 3 , >< , y _._--.. -PU,:·.,-t·Hr~s·-;>:·~·\(··- -"""'---' _._-,--
X=>< +DX 

-_._.--- -- IF-( x·::r~·-TT ;-(;7"'--
2 S Tf") P 

---T3--Frmr.TAT (ZFI3 '-it) -_. - -- -- . -
FI\I U 
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CSA-ACl-1 COUtiSE OUrl'LINE 

INTHODUCTION '1'0 COi'l.PUrEi1 P HQGRAHi"lING 

Session 1 

What a diglt~l computer is and how it operates 
How to communicate with a computer 
Programming (flow charts, Fortran) 

Session 2 

Fortran arithmetic statements 
Integer and floating-point oomputations 
Constants and variables 
Arrays and subscripts 
Library functions and subroutines 

Session J 

Fortran control and ~peclflcation.statements 
Branching (unconditional, conditional) 
Looping 
Specifications (dimension, common) 

Session 4 

Fortran input and ,output statements 
Read, punch, and prlnt 
Format (numeric, alpham~rl0, other) 

Session 5 

Revle",; and summary of basic Fortran 
Problem session " 

Session 6 

Visit to a computer 1nst~11ation 
Cooputer demonstration 
Processing of student programs 

Notes: 

Sessions 1-5 are usually scheduled for lt hours each in 
the evenings at a convenient location. Session 6 is' 
usually soheduled for 3 hou~s on a Saturday morning. 

The text is the IBM "Fortrarl II General Information 
11anual lt (form F28-807L~). /j/Si.'//OTf.;"supplied by CSA. 

If available, an overhead transparency projector and a 
16-mm. 'sound film projector are needed for Session 1. 

(Pre.pared fot CO~nvlO!i, by F. R. Henderson:. User No. 1393, Sept., 1968) 
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A MACHINE UTILIZATION PROCEDURE FOR 

A SMALL UNIVERSITY COMPUTER CENTER 

By 
Paul A. Bickford 
Director of the Computer Center 
DePauw University 
Greencastle, Indiana 

September 9th 1968 
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A MACHINE UTILIZATION PROCEDURE FOR 

A SMALL UNIVERSITY COMPUTER CENTER 

BACKGROUND 

DePauw is a small liberal arts college (2400) students) and 
has used Data Processing equipment in various phases -of University 
Administration since 1957. An IBM 1401 system was installed a year 
ago to automate more effectively new and present Administration 
applications. 

A machine utilization procedure was needed after the 1401 was 
installed whereby we could indicate to the administration that we 
were "paying our own way" in services rendered to the various ad
ministrative and academic departments of the University. We were 
essentially to become a service bureau operation to the University. 
Therefore it was necessary for us to implement a reporting proce
du~e~whereby we could provide the University Departments with a 
statement each month describing ~achines used and services rendered. 

OBJECTIVES 

In order to provide a useful billing document as well as an 
effective accounting tool we felt the procedure should possess the
following attributes: 

1. Provide a job description title. 

2. Indicate for each machine used; time used, hourly charge 
rate and total amount charged. 

3. Summarize all charges to all departments. 

4. Be relatively easy to use i.e. provide for a simple method 
of recording time, preparing Job Cards and running the 
Department Charge Program. 

5. - Be ielative1y easy to program. 



Beginning with last things first, because the need waS con
siderably great and time was in short supply, the RPG lan9uage was 
chosen over AUTOCODER (assembly language). Also, our system-was to 
primarily consist of summarizing several hundred cards once a month; 
therefore, ~RPG. seemed to be -the most appropriate language-to use. 
Another influencing factor wa.s~:the fact· that we happened to have 
handy a very good RPG programmer. I can say this, because the day 
after the decision was made to write the program it was function
ing as it is today. 

GENERAL PROCEDURE 

_ The time caret (Exhibi t A) had been developed in· earlier .. times 
when the University used only Unit Record equipment. It was decided 
to continue to use the same format. 

1. These cards reside at each machine in the installation and 
have the individual machine number prepunched. 

2. Each Computer Center employee is assigned an arbitrary two 
digit number. When a project- is completed the operator-
mark senses his number in the first two mark sense positions. 

3. The next four mark sense positions are for the month and day 
of the date. The year is prepunched. 

o 

4. The last four mark sense positions are for time recorded in 0 
hours and tenths. The Key Punch operators use a time clock 
to record time in and out on each of their jobs. "In time" 
is manually substracted from "out time" and the result is 
mark sensed. 

5._ Job Description is written "in by hand along with the (pre
signed) project or account number. Comments are encouraged 
and usually are added·. If any charges. are questioned by a 
department the comment section of a time card becomes quite 
important. - .. 

END.OF THE MONTH 

All cards are prQcessed through the 514 reporducer where job 
description and mark sensing infor.mation is punched into the time 
cards. - . 

1. Appropriate "project description header" cards (Exhibit'BY 
which contain job description,account and job number 
(usually prepunched) are merged by hand with each corre-
sponding group of time cards. .. 

(2) . . -
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2. The cards are passed through the 514 reproducing punch 
where the mark sensed columns are converted into punches. 
Also, job description and number, along with account num
ber is gang-punched into the time cards from the project 
description header cards. 

3. The cards are then sorted on machine, job and account 
number (in that order) in ascending sequence. 

4. Finally, the c.ards are ready for a quick run· through the 
1401 to produce the detailed description of charges 

( (Exhibit C). Only a few minutes of 140. time is required 
to print the report. 

'EVALUATION 

Although we accomplished our original objectives, the follow
ing disadvantages soon became apparent: 

1. It's difficult to keep an account of one's time when oper
ating several different pieces of equipment as well as 
working on several jobs simultaneously. This problem re
sults primarily because of the size of the installation i.e. 
one person'being'responsible for several jobs concurrently. 

2. Too much clerical work is required to prepare job cards for 
computer processing. At present, at least on e working day 
is required by a key punch operator to' prepare time cards. 

( 3) 



EXHIBIT C 

Sample PrintOut of an Invoice ' --_ .. _-_._-_._-_. __ .. _._--_._ ...• - .... _._ .. __ ._-----_ .. --.--. ------------
COMPUTER CENTER CHARGE·OETAIl FOR AUGUST, 1968 

---·····,.·---------------0 
ACCT.NO.-1241 

JOB DESCRIPTION 
NEW STUDENT FOLOERS, 

--.-,.------------------------~ .......... ---....--------------
MACHINE USED 

0024 
0056 
0548 
1401 
ClER 

TOTAL 

HOURS 
1.70 

• 32 
.05 

2.00 
.40 

JOB CHARGE-

. HR.RATE .: 
$ 5.00, 
S 5.00 .. 
$ 5. 00. 
$35.00 
$ 5.QO 

82.35 

JOB DESCRIPTION 
SCHOLARSHIP VOUCHERS . 

.. AMOUNT 
8.50 
1.60 
.25 

70.00 
2.00 . 

.. ". I.·.·. f 

' .. ~. ,,_ ............ ~ _____ ...:.M~A.:.::C:..:.H:...:I...:..:N..::.E_U.=..S:::::..::E::..:O~_.:..:H.=.O~UR:..!",S=--_........:..:H:.:..:R..:.. • .:...:.RA:;;:.,T.:..;:E::.;... _ ........ .:;;:,A.:..:.M.l;:!.OU~N:..!",T.:_ _______ _ 
0024 8.50 $ 5.00.. . 42.50 
0026 5.08 '$ 5.00 25.40 
0056 13.50 $ 5.00 .. ." 61.50 
ClER .22 $ 5.00 1.10 

TOTAL JOB CHARGE- 136.50' 

JOB DESCRIPTION 
_______ --=--P..!.-'R-""'.E..x...S""-'I O=-:E=N.......,T.....,.Se...-:..:R'-"""E~PO=.:R'_"_T~· -------'-'---'--------:..-----(;1 

MACHINE USED HOURS HR.RATE , 
1401 1.50 $35.00 ,. , 
0026 35.54 $ 5.0Q 
ClER 33.31 $ 5.00 

TOTAL JOB CHARGE-607.05; 

AMOUNT 
262.50 
.117.70 
166.85 

...... ___ .... _____________ ---"J.:...::O"-""S"---='Oc=E.=.S=-'CR:...::...I=-=P--=T.......,I:....::.O"-!..-lN'--_______ .---_-'-________ _ 
LIST OF CLASS STANDING 

MACHINE USED HOURS HR.RATE. AMOUNT 
0083 .25 $ 5.00 1.25 
1401 .18 $35.00 6.30 . 

TOTAL JOB CHARGE- 1.55 

JOBOESCRtPTION 
NEW STUOENTS ADO CHGS 

'MACHINE USED HOURS' .HR.'RATE AMOUNT '. 
0026 1.10 $ 5.00 5.50 . 
0056 1.26 $ 5.00 6.30 
0548 .05 $ 5.00 .25 
ClER .48 . $ 5.00 2.40 

TOTAL JOB CHARGE- 14.:45 . 

TOTAL .ACCOUNT CHARGE- 847~90 0 I 

1-

r 
------------- --------

'I

H

-

._--------_._._-_ .. - -. 
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. - .' .,'.--- .. " .. . . .. 1401 RPG Department Charge Program Listing 
-- .. _ .. _----_ .•. __ .. _--_._-- --.... - ---.--~-~-.-----.-- _."- ....... .. _--------------------

CAA 080 C- Ol 

0 CBB 015 Cl016 C~ Q20180401403Q2601 
ecc 015 C1016 C6 - 03018040140302601 

_·_CDD-.D~_CP 
... 

~!+ 0 18_0~_O_l~O_3Q 2.607 
eEE 05018040140302601 

-DIiEAD_' 05.0 CAA_05Q 
OACCTNOO07 B06 '"-caB 026 cce 026 COO 026 
_DACCTNOO01 B06 -"-C'EE 026 
DDESCRP030 "-CBB 057 cce 057 COO 051 
CDESCRPQ30 'C'EE 057 
DMACH 004 ·-:-C-88 018 eee 018 COp 018 
_DMACH 004 ---CEE 018 
OFOUR 00502P01Bll --CBB OO·4004A 02 
4SIX 00502P08812 '-ac 004004A 03 
DPROG OOS02P09B13 '''-eDO 004004A 04 
QOTHE~ 00S02P1QB14 --CEE 004004A 05 
AFOURT 00702 _._-. FOUR X @20@A F1 T 
ASIXT 00102 - SIX X @20@A Fl T 
APROGT 00102 PROG X GlIO@A Fl T 
AOTHERT00102 _. OTHER X @3ilA Fl T· 
AJOBT 00702 

... 

FOURT A F1 T 
AJOBT 00702 .. SIXT A Fl T 
AJOBT. 00702 PROGT A Fl T ,. 
AJOBT 00102 OTHERTA Fl T 
AACCTT 00702 JOST' A F2 - T 
lHAAX 0301 . F3 

· F HEAD 069 n lDBBX 
. 

02 F3 - K 028 GlACCT.NO.-Gl 
, F ACCTN0035 

lDCCX 01 F2 ' 
K 048 @JOB DESCRIPTION@ 
lOODX 02 F2 
F DESCRP059 
lOEEX 01 F2 
K 044 @MACHINE USED HOURSGl 
K 061 @HR.RATE AMOUNT. 
lTFFX FIN06 
B 

". FOURT 067 ,Fl 07Nll Gl o. Q) 

B SIXT 067 F1 08NI2 @ O. Q) 

B PROGT 067 Fl 09N13 Gl o. Gl 
B OTHERT067 Fl 10N14 (j) O. • F MACH 031 Fl 
B FOUR 044 FI07Nll Gl O. m 
K 056 Fl 01Nll Q)$20.00Gl 
B SIX 044 Fl 08NI2 Gl O. @ 

K 056 FI08N12 Gl$20.00Q) 
B PROG 044 Fl 09N13 @ O. Q) 
K 056 Fl 09N13 m$lO.OOG) 
B OTHER 044 Fl 10N14 a o. @ 
K 056 FIION14 Ql$ 3.00a 
lTGGX. 02 F2N06 

OB 
--. 

.JOST 053 Q) o. a 
K 046 GlTOTAl JOB CHARGE-@ 
lTHHX f3N06 . 
K 

.- ..... - 039 @TOTAL ACCOUNT CHARGE-Q) 
B ACCTT : O.lt 1 . Gl o. Q) 

. 
~.., 



EXHIBIT A 

Sample Time Card 

1401 

HOUR'S USED 

cO::>~cO::> 

DESCRIPTION OF JOB __ ~;:...u:.~~~:L..J.~,...c:....L.-~~~~~:wq..._ 

·mtlL1i:&u 
START AT LOWER l.INE 

l::>c l::>c l::>c 1::> 
OUT 

2::>c2::>t!lfllc2 c2::>c2::>c2::>c2::> 
FOR DEPT OR OFFICE 

ACCT NO. 

COMMENTS: 

HRS. 

B o u 
P 0 
R G 

T 

~ PROJECT MACHINE 
E NO. NO. 

0102041.E .. 

ACCOUNT 
NO. 

MACHINE USED - CHECK ONE 

026 - PRINT KEY PUNCH 

024 - KEY PUNCH 
056 - VERIFIER 
083-S0RTER 
077 - COL.L.ATOR 
407- ACCOUNTING M~CHINE· 

514 - REPRODUCER 
548 -INTERPRETER 
1620- COMPUTER 

831 - APDRESSOGRAPH 

EXHIBIT B 

IN 

3::>c3::>c3:::>c3::> 3::>~c3::>cP 
OUT 

4::>c4::>c4::>c4::> 4::>c4::>c4::>c4::> 
IN • 

OUT 
8::> il@ec8::>4I8I'c8::>c8::>c8::>c8::> 

IN 

9::>c9::>c9::>c9::> . 9::>c9::>c9::>~ 
18 19 20 21 22 n 24 2~ 26' 27 

~U~~~~~HH~Ua"U.Q_.~n~nun~nnn. 

Sample Project Description Header Card 

11 Q4 

o 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 . : 0 0 0 0 0 :. ~.: 0 ~.~ 0 0 0 0 00 0 0 [! 0 ~ 0 COr.: 0 0 0 0 :~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
I 2 3 4 5 6 7 8 9 10 1112 13 14 15 1617 18 19 20 21 22232425262128293031 3233343536373839 4Ul 4243 .IUS 'i4748 49 50 51 52535455565158596061 62636465666768697071 72 137.1 75 76 77 78 79 80 

1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 J 1 : __ . 1 1 J' J 1 1 1 1 11 T r 1 1 1 1 1 1 1 J 1 J J 11 1.1 11 1 1 1 1 J 1 J I 1 1 1 1 J 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 
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DOCUMENTATION 

Documentation is one of the most expensive activities of a computi~g 

center. Probably the only thing that is more expensive than good documentation 

is poor documentation or no documentation at al I. For these reasons it is 

important that documentation be done wei I and efficiently. 

The word "communication" probably best summarizes the functions of 

documentation. This communication is most crucial between the systems 

analyst and the programmer, the user, and the operator. Communication 

is also vital between the programmer and the operator, arid between the 

programmer and other programmers who may be required to modify the program 

at a later time. 

Three levels of documentation have evolved at the Anderson Col lege 

Computing Center. Other centers may find a different pattern of documentation 

serves their needs better. These levels are systems, programming, and the 

Run Book. 

The systems documentation provides an.:"overview" of the entire system. 

This includes not only programs but also unit record operations and manual 

operations. Typically a program is just one step in the system. The 

system analyst is responsible for the system documentation. 

Because systems vary widely in scope there isno fixed pattern for 

system documentation. System documentation has varied from a couple of 

pages for a small system to fifty pages for a large system. The fol lowing 

paragraphs describe items that are normally included in the system documentation. 



One or more system flowcharts are used to show the relationship 

between the various parts of the system. This is always true when the o 
system can be broken down into a number of wei I defined jobs. 

The data inputs and outputs from the system are afways described 

in,idetail. This may include the ;'Jrms that are used for the data. 

The format of the data betwee" the i nterna I steps of the system 

lTlay be described or detai Is may be left to"rtrhe discretion of the programmer 

i nvol ved. 

A functional description of each step is also included this is normally 

in the form of a narrative. 

The system documentation not only provides a good reference after the 

system is implemerltfed but may also be used by the system analyst to 

communicate many of the system aspects to the programmer responsible. 

The program documentation provides detai led information abo~t 

each program. This documentation follows a rigid format which is outlined 0 
in figure 9. It is the programmer's responsibi I ity to see that this 

documentation is provided as each program is completed. The sample program 

documentation is shown in figure lOa and lOb. The detai led flowchart 

and program listing are not included in this figure. 

The program listing shows not only the source program as written but 

a I so (i n the case of SPS) the actua I machi ne I"anguage code generated. Th i sis 

a great help introuble~shooting and reprogramming. 

A detai led flowchart is also an essential part of the program 

documentat i on. I t ~ot on I y is much eas i et to read than the program II stl'ng 

but sf.tews the program logic which may have been obscured in the coding. The 

latter part of this paper is devoted to flowcharting. 

The Run Book provi des the operator with the information necessary to 

run a given job. Two assumptions are made in writing the'Run Book: 

(1) the operator:,; is competent ~~ rfun the machines but is totally ignorant 

o 
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of programming and board wiring; (2) the operator knows nothing at al I 

about the job. 

The overal I responsibi lity for the Run Book lies with the system 

analyst. The programmer, however, is responsible for the computer run 

portions. 

The Run Book documentation consists of three parts. The first is 

a cover page giving the basic information about the job. An example of 

this is shown in figure l1a. The namdatory information required includes 

the name of'the job, a brief description, the job trigger, the input data 

to the job, and the output data from the job. Intermediate data is not noted 

on the cover page. 

The second portion of the Run Book'documentation is the system flowchart 

for the job. An example of this is shown is figure llb. Notice that ai I 

steps of the job are shown whether these involve a computer run, a unit 

record operati'on,. or a manual operation. Also notice that each step of the 

job is ~dentified by a letter in the lower right hand corner of the box. 

The third portion of the Run Book documentation consists of one or 

more pages describing each step of the operation as shown on the flowchart. 

Examples of these instructions may be seen in figures lic-f. A prescribed 

format is fo I lowed for each kind of step. 

We found rather early that one of the biggest obstacles to good program 

documentation was the detai led flowchart required of the programmer. 

Programmers disliked this chore and tended to put it off as long as possible. 

The operation was also inefficient sometimes requiring as much of the 

programmer's time as did writing the original program. 



In an effort to make the task of providing a deta; led f10wchart 

eas4Per and more efficient, a program was written to automatically produce o 
detai I flowcharts directly from assembly language source decks. The program 

permits the programmer to determine exactly what wi II and wi I I not appear 

on the flowchart, but relieves him of the repetitious and mundane detai Is 

of flowcharting. Each source statement in the program can cause a box on 

the flowchart to be generated. 

The program first examines the SPS statement and determines whether 

on not a comma is present in column 33 of the statement, or if the statement 

consists of only a comment. If the statement does not meet one of these 

requirements, or if if is a declarative, it is passed on and the next 

statement read. I f the statement does meet one of these requ irements it 

wi I I cause an output on the flowchart. The program next looNs at the 

statement to determine what shape the box should be. The box is made 

hexagonal for a branch instruction, trapazodial for an input/putput c 
statement, oval for a terminal, rectangular for processing, and no box at 

al I for a straight comment. 

After the shape of the box is determined, the statement number is 

placed above the box on the right side. If the statement has a label 

this 1;$ placed above the box on the left side. if the statement does not 

have a I abe I, but a staement conta i n i ng a I abe I has been read since the 

last boc was generated, that statement's label wi I I be used. 

This operation may best be illustrated by referring to figures 12 and 

13. Figure 13a is one page of a flowchart·made fnom an SPS source deck. 

The assembly I isting of this source dedk.is shown is figure 12. 

The first box in figure 13a is made from statement number 1220. This 

statement is an add instruction and therefore a rectangular box is generated. 

The comment "increment line couriter" is placed within the box. A chain is o 
generated down to the next box. The following statement (number: 1239) is an 
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unconditional branch instruction. Therefore a hexagonal box is generated, and 

the label to which the branch wi I I take place is placed to the right of the box. 

Again the comment is inserted in the box. Since the branch is unconditional, 

no chain is generated to the next box. 

Other features of the flowcharting program can be seen in the last 

column of figure 13a. Notice that on the second box (number 1380) there is 

the label Q2. This is not the label of statement 1380 but is the label of 

statement 1375 which immediately precedes it. Also notice that whi Ie this 

is a branch instruction it also has a chain extending down to the next box. 

This is because the branch is a conditional branch and control may either 

pass to the label "clear" or fol low on down to statement number 1390. 

Statement number 1390 causes a terminal box to be generated. Terminals 

are used for terminations of programs and for halts. The programmer indicated 

that a terminal should be charted by placing an asterisk in column 34. If 

o there is to be no chain ,fol lowing the terminal box an additional asterisk 

is placed in column 35. Labels and comments are handled in the normal 

fashion. 

The results of this program have been very good. Programmers now, 

in effect, draw their flowchart as the program is coded. Corrections or 

additions to flowcharts are readi Iy made. The flowcharts are easy to read, 

and mostimpottant o'f all they get done. 

Execution time of the program is I/O limited (reading 500 cards per 

minute, punching 250 cards per minute). As a result the revision of the 

flowchart is a minor task. 

o 



OUTLINE FOR PROGRAM DOCUMENTATION 

I. Name and nu~ber 

I I. Purpose (Short Statement, Paragraph Fo~) 

I I I. System Flowchart 

IV. Control Devices 

I. Control Cards 

2. Typewriter Controls 

V. Input 

I. Order 

2. Format 

3. Example{s) 

V I. Output 

I • Order 

2. Format 

3. Example(s) 

V I I. Non-error Messages 

I. Type of Notification (What's Typed, etc.) 

2. Cause 'of error 

3. Result and/or "8SpObSe 

VIII. Error Messages and Halt Log 

I. Halt Number or Effof Message 

2. Cause 

3. Re,sponse 

IX. Switch Settings 

X. Fi les Used 

XI. Detai led Flowchart 

XI I. Program Listing 

o 
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AL~l 

Purpose 

AllJ~A~'1 rf":ads A I urnn i -:~"'Vf' I ()(Jmf~n~ c.:",r!~~ ~rl'~ r'v'C~'f'C; an p')(:,~rH~ed 
fie I din tCl 'the (~(1rY1e c.:~r(:r, :,>~c"->(l (In i 'l,fcr!"1,'1t i (-,I'l : ~ 'r-, I umn l-'i r f 

each c.-,r·',~. 

-~()tJ I TOR 
WOPK 

CYL I NDER5 

Control Oevices 

COLD START 
*:tJOO 00 
:t:tXF.OSA Ll~~l 

. DATA 
.:t** 

STArT 

~ry !r>~f 

rnc-: 1',4~- ~ H 

Cards fromAlumni-OevelopMent offi~e. 

Output 

Cards used for input have additional inf0r~ation punched 
into them. 
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Non-Error Messages 

Message ' ActIon 
1. ROUT I HE TO REPUNCH OEVfLOPMFNT-AlUMN I CARnS 1~' -~None 
2.XXXXX CARDS IN, xXXXX'CAPOS OUT 2. None 

.' 
Error Messages 

1 .•. Standard 01 sk Errors 

Switch .Settlngs 

Dlik 

ON 

OFF X 

Files Used 

MNWKC 

Macros Used 

RO 
WO 

Parity 

X 

Action 
1. Standard Action 

l/O Arlth 1 2 3 

X X X X X 

o 

A 

• 

,;- 'I 
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I e Name: 

Armstrong 

II. Descrt pt ion: 

This job 

that are used 

is 

in 

used to reduce spectroscope data to meanIngful terms 

the quality control of green glass manufacturing. 

I I I. Job Trigger: 

Telephone call from Armstrong at previously scheduled times. 

I V • I n put Da t a : 

1. Raw spectroscope data transmitted verbally by telephone. 

v. Output Data: 

. '1. Reduced data given verbally over telephone. 

2. 1ypewriter log-mailed to customer 

3. llst.ng of Input and output data - mailed to customer 



System Flowchart For ArMStrong Date Reduction 

Tables 
c 

Typewriter 
Log 

Data 
Form 

Computer 
Run 

Mall 

Output 
Data 

407 

CE 

Keypunch 

,Input 
Data 

BCE 

Listing "'-_-' 

E 

Documents __ --

F 

End 

o 

o 

(; 
,j 
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Clerical Instructions 

For Armstrong 

Step A 

I. Accept telephone cal I and determine which method <1, 2, or 3) is to 

be used. If methods 1 or 2 are used, select a data form labeled "Weiqhted 

Ordinated Method," if method 3 is used select a data form labeled "Select-

ed Ordinate Method. u 

rl. Using the selected data form, copy down on it al I data suppl ied. This 

includes transmission percent values, thickness, computer case number, and 

method. ( 1, 2 or 3). 



Computer Run Instructions 

For Armstrong 

Step C 

I. ProgramSource 

A. Program Form - Fortran object Program 

B. Program Location - Monitor Disk Pack 

c. Loading Instructions - Control Cards as follows: 

• 
•• XEQSARST1 

..XEQSARST2 

3 

·Us.e the first card for methods 1 and 2. 
Use the second card for method 3. 

tl. Disk Packs 

Module e - Monitor 

Module 1 None Requ ired 

III. Console Switch Settings 

ON 

OFF 

Disk Parity I/O O'flow 1 2 3 4 

• • 
X X X X • • X X 

.,. Used to control repeating of the program (nresponse to 
typed Message. 

2. S .. as 1. 

o 

o 
~; J ., .-
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IV. Input Data Decks: 

1. For methods 1 and 2 on Iv, a deck containing table values is 

read. There are two decks to choose from, one for each 

method. Both are located in the card fi ling cabinet. Select 

the one indicated by the data sheet, return it after use. 

2. The data deck punched in Step B fol lows the table deck. 

V. Output Data: 

1. Certain data values are produced on the typewriter. These 

values are Identified as X, V, and B or XBAR, YBAR, and PCT B. 

These values should be read back over the telephone as soon as 

they appear (Step D)~ 

2. An output data deck Is punched for listing in Step E. 

VI. Message and Error Log 

A. AAST1 

~ssage 

1 • Input Data In error 

Response 

1. Re-execute program by the 
followi ng: 

a. Push "Insert" 
b. Type: 4902226 RS 
c. Reload tables after checking 
d. If error presists - cal I 

supervi sor. 

2. 551 on for new tables, 2. If a single data set is being run, 
turn 552 on and push start. If 
another data set is to run, .leave 
S52 off and set 551 on or off de
pending on whether a different 
table, or the same is to be used. 
push start. 

552 on to e)( It, . push start. 

3. All fortran error messages are possible, but should not occur. 

Finish run It possible, cal I supervisor. 
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4. Check Stop 

B. ARST2 

1. SSl on to loop, off to 
exit, push start. 

4. Restart with cold start, re
execute. If trouble presists, 
call, supervisor. 

1. If a single data set is being 
run, leave 5S1 off and push st~rt. 
Otherwise turn 5S1 on and push 
start. 

2. Fortran errors - see 13 above 

3. Check stop - see 14 above 

T / i r 

o 

o 



01 tOO 
011tO' 

AM LABAO. 1 ~e.Q __ ... 
A LABAO.COLNO 

03742 
03754 

1 1 02936 -12e~ 
21 02936 1482· 

.01120 __ . ___ ._~r!.. __ -J=~.BA 0 !_~ ____ .___ _ ___ ._ .. ______ . __ ....... _ __ 9;'766 
COVNTER 

03778 
CHARACTER 

03790. 
03801 

COUNTER 

t t 0.2936 -002~ 

0 1130 

01140 M 

TFM COUNT.5.10 ••• INITIALIZE 

TFM -LABAD,65.10 ••• MOVE CHAIN 
16 

16 

14653 OOO-~ 

02Q30 OOo.O! 
01150 CHSM OS ,* 00000 
.0. 1 l60 . __ ._ .. ..?~ __ .. _.~_9_Y-~.!_~._J !.JQ_ 

01170. 

01 t 80 
01 t 90 

~_ .. o. 1200 c;HEC.t< 
01210 
Q1220 

. 01230 
01240 N 

01250 
01260 
01270 

01280 
01290 0 

01300 P 

AM LABAD.160 

BD M.COUNT 
TFM CHSM,65.10 
eM. __ ". ~ tNQ"! . .9.~E ±.7Q.9.Q. .. _ 
BH N 
AM L I NO. 1920 

B7 R 
TFM LINO.ONE-160 

.. •• • .... ·_ •• r •• _ ... '- '-'- ,~. " .. -- -'" -....... ' ~~ .. 
CM COLNO.I08 
BE 0 
AM COLNO.54 

0.380.2 
",INCREMENT CARD IMAGE 

03814 
,.,BRANCH IF NOT LAST LINE 03826 
,.,RESTORE CHAIN 03838 

.' 03850. 
•• ,BRANCH IF END OF COLUMN 03862 
••• INCREMENT LINE 

, . , 
•• ' RESET LINE 

••• BRANCH IF END 
• •• INCREMENT 

87 R ••• 

COUNTER 
03874 

GO 03886 
COUNTER 

03894 
03906 

OF PAGE 03918 
COLuMN 

03930 
GO 03942 

COUNTER TFM COLNO.O ••• RESET COLUMN .. _ ...... ,--,-._. ~"--'----'~''''''''-'''-''~' -.. ..... , ..... -, .. ~ .. -... -" -.. ~,""- ... ' , ... ~.,., ..... " 

TFM CARDA.ONE-158 , •• INITIALIZE CARD 

12 14653 000.-: 

1 1 02936 -016C 
43 03790 1465: 
16 03801 OOOO~ 

14 14822 ..)205 
46 03894 0110C 

1 1 14822 -1921 
49 04090 00001 

16 14822 -489 
14 14827 . -01 cj'i 
46 03950 01201 

NUMBER 
1 1 14827 -005· 
49 04090 OOOOt 

16 14827 -0601 

«:)1310 WACO BLANK 

03950 
COuNTER 

03962 
03974 

. 03992 

16 
39 

03992 -489. 
14655 0040' 

01320 CARDA OS .*+7 
. ___ .. 9) :3.~9. Q ... _,_~~~~_ ... ___ .. _. __ .. _~ ___ . ______ ....... __ . ..! ... _.~y.!".~."~ ... _.. CARD 

01340 AM·' CARDA,160 ••• INCREMENT 

CARDA.ONE-158+9600 

CARD 
03986 

COUNTER 
03998 
04010 

00000 
39 00000 0040 

1 1 03992 -016 
14 03992 J449 01350 

01360 
CM 
BNH Q . • •• BRANCH U~ESS LAST CARD PUNCHED 

. ' Q.t~~? QJ 
01370 
01375 02 
0.1380 

01390 
... Ql._~Q9.. 
01410 
01420 
01430. 
01440 
01450 

01460 
01470 
01480 

R 

LDFIG 

.... ,0490 LD2 

01510 

.. t;l~E_. __ . .Q~ .. ,_ g J~~ ______ . __ .. _____ .... 
WACO BLANK 
SF 01+2 
BNR CLEAR.CIN 

CALL EXIT 
.... ~~ .... - . 9P ~-".~ .. ! .. Q.. __ .. _" "'_'. 

BE READ 
TF OLAB.OPC-2 
B7 READ 
OS 5 
TF LABAD.LINO 

A LABAD.COLNO 
AM 

SF 

AM 

SM 

LABAD.40 
LDF'IG-l 

LABAD.160 

LOFIG-l.5 

••• BRANCH UNLESS 

••• ** CALL 
~~-., ........ -- .. --', . 

••• BRANCH IF NO 
••• SAVE LABEL 

• • • GO TO READ 

••• SET UP ADDRESS 

••• SET UP IN-

• •• INCREMENT 

• • • I'NCREMENT 

04022 47 03986 0110 
04034 44 0405.8 0403, 
04046 39 14655 0040 
04058 32 04036 0000 

E.O.J. CARD 
04070 45 02498 0471 

EXIT 04082 49 00796 0000 
04090 14 04737 -000 

LABEL 04102 46 02582 0"1'20 

TO LOAD 

04114 26 04891 0473 
04126 49 02582 0000 
04137 00005 
BOX 
04138 26 02936 1482 
04150 21 02936' f4"82 
04162 11 02936 -004 

DIRECT ADDRESSFOR BOX 
04174 32 04137 0000 

LINE 
04186 11 Q2936 -016 

OF ~OX .. -----

04198 26 02930 0413 
INDIRECT ADDRESS 



.. 01220 
******************** 

.* * ........... _-_._ .. _ .. --~,,-------. 
*rNCREMENT LINE * 
.. COUNTER * .. 

.' * * 
* ******************** 

.. 
* .. 

. V. 
V 
V 
V 
V 01230 

************** 
* * 

GO 

* * 
************** 

N 01240 

* 

******************** 
* * * RE SE·t CTNE' * 
* COUNTER * 
* * 
* * 
******************** 

V 

V 
V 
V 
V 01260 

* 
* 
* 

* 

* 

.-.. ..0:128.0.. '"'''''' ... 
*** .... ** .. ***** 

GO 

************** 

o 01290 

* 
* *R 
* 

* 

******************** 
* * 
* 
* 
* 
* 

RESET COLUMN 
COUNTER * 

* 
* 
* 

******************** 
V 
V 
V 
V 

P V 01300 
******************** 
* * ... i· .. · .. · .. 'f"rr fiALfzE .... · * 
* CARD COUNTER * 
* * 
* * 
******************** 

Q 

V 
V 
V 
V 

V 01330 
************** ******.************* 

.. * * * ._ ...... _ . .-._ ... ----,. . .. ~ .. -..... ~.~ .... -- .- ....... -......... --.. -.~--.--.~ ...... -- ~-.. 
* BRANCH IF END * 

* OF PAGE *0 
* .. * 

************** 
\I.. 
V 

V 

V 
V 01270 

* 

******************** 
* 
* 
* 
* 
* 

* INCREMENT * 
COLUMN * 

NUMBER *. 
* ******************** 

V ......... ,._._ .. _. 
v 
V 

V 
V 

* 
PUNCH CARD 

* * 
************ 

v 
V 

V 

V 
V 01340 

* 

******************** 
* * * INCREMENT * 
* CARD COUNTER * 
* * 
* * ******************** 

V 
v 
V 
V' 

V 

/6 

01360 
************** 

* * -'. -.. "' ... , -~~- .. --. 

* BR~NCH UNLESS * O' 
* LAST CARD *Q 
* PUNCHED * 

* 

* * 

* 

************** 
V 
V 
V 
V 

Q2 V 01380 
************** 

BRANCH UNLESS 
* 

* 
* E.O • .J. CARD *CLEAF= 
* * 

* * 
************** 

V 
V 
V 
V 
V 01390 

**************** 
* * 

* * . CALL * 
* EXIT * 
* * 0 * * 

**************** 

01410 
************** 

* * . .. 
* BRANCH 

* LABEL 
IF NO * *READ 

* 
* 

************** 
V 
V 
V 

V 

V 01420 

* 
* 

******************** 
* * * SAVE LABEL ..... "--
* 
* 
* 

* 
* 
* ******************** 

V 
V 
V 

V 

Y 

o 
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PROGRAM TO DRAW FLOWCHARTS T R HARBRON 12/19/67 

P":~OGRAM TO " 
D~~VI FLOWCHART 

'T.R.HARBRON 

v 
V 
V 
V 

START V 00030 
******************** .. .. .... . -_ ... 

* 
* 

TYPE 
IDENT 

*' * 
************ 

V 

V 
V 
V 
V 00034 

* 
... 

******************** 
* * REQUEST 

* HEADING * 

* * ** .. ********* 
V 
V 

V 
V 
V 00036 

******************** 

CLEAR 00040 00100 

.. -------********* ... ***!.****~,!,------- .. -- -:! ~ * ****** ********* ** 
* 
* 
* 
* 
* 

CLEAR 
COUNT 

DIGIT 

* 
* 
* 
* 
* 

******************** 
V 

V 

V 
V 
V 00050 

******************** 
* * * SET UP CARD * 
* FIELD ADDRESS * 
* ... 
* * ******************** ... 

V 

V 

V 
V 
V 00060 S2 

******************** 
* 
* ... 
* 

CLEAR CARD 
AREA 

* 
* 
* 
* 

* * 
******************** 

V 
V 
V 
V 
V ()0070 

*******************~ 

* * * RESET LINE AND * 
* COLUMN * 
* COUNTERS * 
* * 
******************** 

READ 

V 
V 
V 

V 
V 00110 

******************** 
* * 
* SET FLAGS IN * 
* CARD AREA * 
* * 
* * 
******************** 

V 
V 
V 

V 
V 00120 

******************** 
* * READ ALPHA 
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* * 
************ 

V 
V 

V 
V 

V 00130 

************** ... - . ,. . ~ .... - ........ ~ .. -... -. _... . .... ' .. ,. ~ .-~.- - .. '~ ...... -...•... -.~.. _. 
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* * * * 
ACCEPT 

* HEADING 

* * 

* ... 
* ... 
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CARD 

ADDRESS 

* ... 
* 
* 

************ ******************** 
V V 
V V 
V V 
V V 
V 00038 V 00080 

******************** ****~********* ~ . - .... ~ .. -... ~.- ...... - .. -.. ,._ .... _---... -._ ....... , .... ' .............. ~ .. ----', -_ ... . 
... * * * 

PUNCH * BRANCH IF NOT ... 

* HEADING * * DONE *52 

* * 
* * * * 
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************** 
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V 
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************** 
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************** 
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let Purpose 

The development of computing centers in colleges and uni.versit1es 

is relatively neW' with most ot the centers developing from installations 

'Which vel' part or one of the administrative offices or an academic 

department" With this background, there was generally little thought or 

effort gl.ven to developing a record keeping system which would show 

equipment a:lti personnel utilization; whereas, in 8. commercial business 

operation ODl.~ of' the first requirements of a data processing section is 

to sholl its worth to the company or be disbandedf.> Why should a college 

or university instal.lation 00 different? Thus, \Ie have as the prime 

purpose of a data processing accounting system, the ability to show that 

the data processing installation is in step with the objectives of the 

co~lege/univer81tyo 

110 Objectives 

The record system used in a college computer installation must have 

definite objectives which will provide information (without interfering 

with the opa:.:-ations) that is. meaningful and which vill show an accurate 

picture or wnat is happening vithin the centerjs activities. This 

picture 1s ru)eded by the director of the installation to properly administer 

the installation as vell a8 by the college/university administration 

who must support the needs or the centel· before the supervisory board o 

o 

o 

o 



o 

o 

o 
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The objectives ot the record system should be as followst 

l~ Provide accurate data without reducing operations efficlenq. 

2. The inclusion ot all areas, machines 11 personnel, ma teriala, 
etc 0 connected vi th the computing center. 

30 To furnish accurate and timel,. reports for the administration, 
director, and users. 

40 The reports should contain enough information about the 
computer center to permit the director to use them in making 
long range plans for the center and also, 'to convince the adminis
tration that the computer center is in step with the objectives 
of the college/universityo 

1110 A System 

An accounting system with the above purpose and objectives should be 

flexible enough to fit a variety of installations. The following system is 

8ubmitted to you for your consideration: 

a) Data Collection: The collection of information from all areas 

ot a computer installation is the most dirr~eu1t phase ot the 

entire systemo The areas which must be included are the open 

and closed shop area tor education and research users, the 

programning and systems section, and the operations sect1ono 

The areas are examined belOW': 

Education and RaS!y,* USQES: The means of collecting 

dat.a trom users (in a college or university sitUlltion this 

includes mainly stud'3nts and faeul ty) must be as convenient 

as pc.ss1.blso There are two easy 'Ways to make this collection: 

(1) use a machine usage card or (2) have the user punch a header 

card ror the program and record computer time within the 

system. The second alternative, howver, does not provide 

data on unit record equipmento 
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The first approach is recommended with the user recording 

the information on the ~_ch1ne Usage Card (See Figura 1) by 

hand or with a time clocko These cards can then be used for 

input to the end of the month accounting programo If the users 

prof,hln 1s processed in closed shop, the closed shop card is 

used as a Machine Usage Card. 

?rogramminglt....2Ystema, and Operation Sections: The user 

requests in these areas must be approved on the Computer Services 

Request F01-nt (See Figure 2) and logged in the Log Book (See Figure 

3) • The machine and personnel usage is then recorded on the 

Data Processing Work Sheet (See Figure 4) which accompanies a 

carbon copy of t.he approved request form (the original copy of 

the request form. 1s returned to the requester after it has been 

approved and logged in or disapproved)o 

The computer s~"ices staff mu..~t record all time and materials 

on the work sheets and thus, these shee~~ contain all the 

information desired about ea.eh request. The accompanying log 

number alloys positive job identification. 

b) Processing the Data and Generating Reports: The data on the 

cards and work sheets is coded where necessary and keypunched 

once a week" The wekly data is adi ted and a 'WseJtly report 

processed by a computer program showing the level of york com

pleted that week and also a compnrison made between the first 

shift and the second shift in the operation section. On the 

last Friday of the month, the Usage Reports are run for each user 

and summary reports are completed on employee, machine, and material 

usage 0 

o 

o 
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0) UtilIzation of the Reports: User reports (See Figure 5) 

are run by the department/office and shov the employee J 

machine, and material usage by each request (log number 

sequence) made from that department! office during the 

month. This report acts 8.8 a billing to the department/office 

and 1s used to add credit to the computer services office 

budget 0 The report is sent to the department/ofrice 

with the carbon copies of the approved request fOrm8o 

The Employee and Machine Summaries (See Figures 6 and 7) 

are used in revieving employee and machine utilization tor 

mer;.t pay increases and provide information on when nev equip

ment should be l\ddedo 

'rhe MB.terl!'~l Usage Jteport (See Figure 8) is used to update 

the inventory records to determine what supplies need to be 

ordered. 

IV 0 Conclusion 

The above system v1ll provide the data nece8sary' tor running reports 

which can be used by the director to better administer the computer services 

center vithin a college/university structure. The director can also use this 

data to determine it the center 18 meeting the needs and objectives or the 

college/uni'1ersityo With t.hia information in band, the college administration 

can present a solid case to the govern1ng board on where and how the center 

fits into the college/university plans. Hence the questions (1) "Is the 

computer services center a necessary part or the college/universlty?1t and 

o (2) "Is it doiDg the job it is suppose to do?" can be answeredo 



",~-~\~~",,~---

.. _ .... __ .-.. ___ .lmTR_ANc .• = ... ~. _____ .... ,._. _____ -+ __ .____ SPS ' _______ _ 
'- - _ ..... -'*'!t J;; •• ~ .... ~~_]09Ir'~_ ..... ,..!WioI! 

l{,lKi 

- - - - - - - - - -
RUN ALL rOOll ST.l.PS 
lI~iT 

PlUt'''COHPlLE 
Ca~'i~LE 
IIH 

Cf:~S: 

CLAS~ 

----------------------------
CUWlLE (PASSES 1 , lIJ 
·S!lmoL TAIL'! 
SOOl.C2 DBtX LIST 
OBJECT DEClt I,IST 
SUBROtJ'!INES : 

FIUD LENGTH 
VAiuA8I.E Lr~TH 

. MAHTtSSA ·IJlNiffi-
C<H!!NTS: 

- ..... -

o 

o 



:s 
~ 
.... .... 

f , 
... 
~ 
~ 
&. • 
J 
eft 
~ 

i 

o o 

(7-t .... 68) COHP1.1'rFJ{ SEH VIC-i.:: REDUEST [,ORH 
.""'..-"...,... •.•. -""''v.:'-4I<'r-..... , ..... ~ ......... ~lI-.~:i>.~;o"--..e .,..~~~ • ..,,_ ..... ,.,. ..... 1 .. ··_"....: ........ 

t.<Jf~ ~: 0.:, ~ ~~.:~ .. 't •• 'I',,~'\$oO~,.:'O:'~ 
n~+ '.,.' 
,~ .. t:~ .. 1!..J ..... .~ 

Please precess ·(.h·~; l'eq'.H:;~.)"t g,$ ~utlir~ed b~lo~'~ t-..y (~~pprn:d .. m;·,'.t.t:: ":" t; [h1i.;·;: ..... _~ .... .....,...., .. ~."' .. _.~_ ... _, 

The cost for Pl'Of;Cf1.s:ing thia t'tequest sht)u.ld be chE.::~t~(:d t..!:. :~.,....~, •. ~ __ .~ __ -.._,_,.. ..• __ ~ _~" __ ~ ••• _ 

RFQ u~:srr: ~!!11f~~~~ ~. r •. ~~~::~~~~ '::~:=:~.:'-? . c~'#:=~:~_v= 

- - - - - - - - - -- ~ - - - - - - - ~ - - - -
£ID~ QB ~ 1H: 
1 e Operations to be perfomed: 

2. 

a 1:1 K eypl1.1'leh 
b, Verity 
c. Reproduce __ 
d~ Sort 
e. Collate 
f.. List 
Slzlt. of Papert 
a. Nar~w 
b. vllde 
e. Hem 

Pl~~se lr~dic.atJj the Qu.arter the 
lnfc(.ltz1t.~c n t-"7:;j;,<: . .:1.iE~;; teo! 

J$ 
lh 

5~ 
6. 
7;. 

1.~~~~ f~2 1.: iti~ t"-j' Q~:"r" 

end S5 Sp.tlns 
Fe-II Qti~ ~ 

!'lUbUK:£, of Cop:tes % 

Spaci.ng~ 
a~ S1ngle 
b. Doubl.e __ -
Decollate ---Burst 

·Qt.r~ 

If job is aPayroll~ (fill 1t1) 
Q" 

h. 
c" 
ct .. 

P.;~y per ic·d t.rnd:i7i8 ' ___ _ 

Date {}1' Ch·el::.k 
l'~1r5t Check No If 
Payroll pl1ric-d No. 

************~*************** 
COMPUTER SERVICF,S 

* * * * * * * * * * * * * * ~ 
USE ONLY f\PPftOVtED BY: • ___ " DA T"B; _''' ____ 

o 



.. -......... ,.--~.,---"-""" .... -''' .. ,,,.-.''~---~,~~-~~~~~~~-----

o 

o 



o 

o 

t---..... --+,., , .. +---........ --~---+---t 

J 

! 

p.....-"--+-'-4 

o ------j- I 

(F)rtn Revised 7--..1-68) (S1.g1'li'lture::"-·-·--~Dat.e) 
FIGUa Ii - Data PrOOft.81»c V~ lbeet 



l~~ E t~ r . ~~ ,,3. "" ..... ,.' .. _ .. ____ ._"~ ... __ .... ,".,,,JI". ,,,If,. ,._ ... .1 ~) L ,·L, .... . ,.... :;}! .. J.2!if, q, .. _,. a I t L ! 

JOB ~ACH "IMUTES COST MA1ERIAl 
006, ,q ,~_ .... _ ... J a _ .. ~, .. _ .. _ ... _4 CL. ___ , ",, __ .. 1. () ..; 0 €) ____ ........ _-.. ", ,_ ... ._, 

00642 1 1 30 tS;oo IPT~I 
!i~>()'l tf>OO d~,~:" y~ 1 

~.:~.: 

f: ItGOG 

.~~ 
,.""" 

7;~ 
~t :\ 

.~.' r ~ ~.~ ~~ 

~~. f£,.:~ ~ 

.. "" 
:r..~ ~' ... 

.A. N i) R {;. t> YJ} E _ CO t;U~ lJ l E ~~ ~ f: R\f t C ~ s .. ,~ 
~ f;~ f:·· :~., ~l: 

'.J.. 
; .... :- .. ~ .. (.~:: f~ ~s· .'~' (: tl '7; ~t 

~~(} " ?: "f.;~;~1 '51 .. _. ~_~,,_ .. , .. i:;~ 1 $',: /, ~;;~ "( 

~~ ~~; ~: . ~~':~ ~~ ~.: f~ ~.'; \'., .~ 

,~:~: ~J {:t :.~~ ~.! ~~;. ~.~~. 
I 

- ................ -"? ... ~ .... 4.· ... J •• ~¥ .... ,,' .... -::; ••• _ ~ .. '" .... "_ ._... •••••••• •• ~j.. . \ .~~ ..;~t .. ". 
~~ . .;. ~. ~ 

·t·.,:; 
"'i-J,,~" .'" 

is 2~() 
....... ~. __ ... ,."" ................ __ ..• __ •. _ .. , ' •. ,....~ t. ~~ 

t; .;;, '12 {) 'A~ ~;:,2 Of ~ 

"~.--... --.... - .. --.-.... --~--- ... -.--.-..-.---- _ ...... ->_ .... _----- .... , ..... -----.....--_--_ .. - ...... -... ..--- ..... --.""' .... - ............. ---..... ~-.~- ...... - ..... --. - ...... _ ..... ~-... -... ~,., ... ---........ --....~ ... -'---"'-, ... . 

f:.AOOl 
FtH)Q1; 

1.8 
18 

;t.~~:! 
~{,q,r.': 

6.;.,1"12 6.~':; ~: 

s~~' 'F I~~ .• 6«r~l 
.f A 0 (j; 1 ... _ .. ___ . __ ~ .. _. __ . __ .. ~. __ " __ ~ __ ._._" ___ ,_._. __ ~ __ ._ .... ___ ._ •. _ ...... _________ .. _ ... ___ ._ .. __ ._~_ .. ,_ ... _ ... _~. __ .~_ .. _._.l ~~_._." .. _ .. _ .... o1:l~~) , ..... _ .. __ .. __ .. 6: .. /'1" ~t ._ .. __ . ______ ,~; ~ 11·:::: .. ; 
FA001 18 240 6 2 6~12 

. ~~ c. AOO 1. l' !Z.i 24~) ": ~'l:z. tJ :.", ':t' 
ilifA (~O L __ ._. ___ ". __ ._ .. ______ ._~_. __ <_. ___ •• __ ,_. __ ., __ ~ •• __ • __ • __ .. ___ • __ ,_.~.~ .. _._.~_,, ___ ._. ____ ..... __ .~ a . ____ ..... __ i <\tl_' __ "_"N.~:'l i , ... __ ...... _ .. b ,:~,; L = ~ 
<: 

f.A 002 ___ 00 a 1 ... _. ___ ._ Z 4 0. ____ .1 0 ~ ~9 .. ,_ .... __ .~ .. _". ____ "" .. '" .. ____ . _______ . __ ._._ .. _, ___ .. _.,. ___ ~ ... _._._._ .... _ ... __ 18 ___ .. __ ._ .... 21\ 0 _. __ . __ 6' .;1 L ... _ .. ____ .. l1 ... :1l . ...i 
d 
~ . .., 

~~002 C083 240 EO~9g 19 24~ 6~72 17J71 
f A~; 1J 2i ;l. ~';r a . :~) ';: :';; I; ·~n· f.~ . 
.f AOO-i.. ___ .'_" ___ "_. __ " __ .. __ ""." ___ .~ __ .". __ ". ___ . ____ ._ .. _____ ." ....... _ ... ____ ................ _._...... .i U .. __ .. _ ....... __ ,1) ................... _ ... 1..; 4Q ... __ ". ___ ...... 1 ~·i<;;-C -.~iJ 
FA002 ~291 15 ~62 508t ~QO 16 20 ~ss 1~18 ! o 

~ .I'tEA.~.S ____ . __ .. _ .. _.... ___ . ____ ,_ .. _." .. _"_ . .:.~.{t~,O'2 ... ___ .. __ .. ___ ..... ,_ ....... ~ ........ ___ .~., ......... ". _____ ...... , .. 2~. 91 -.- ..... - ...... _ .... ~.o._."'''_~ __ ~_ .. ___ . ___ lO J21. ___ .t~ 1.':Zt>-~~ .. 

~ ~ " 



,.~ 

~--! ,,; 
(~ 

,W, 
~"l:.~ 
H 

i 
t-... 
o 
.~ 
r~ 

q 
ro 
~ 
j)~ 
~ 

f€' -r., 
o 
I'~ 
Ii";' 

o o o 
. __ .. ____ .. _. __ •... __ >_,._._ .... >~. __ .. _,,_. ______ •. __ ~_. ___ ._. __ .JiM P tOY E E ... J. ! ME ... ' fl}; f) G n; t._ .. " .. ",..~_ .. ___ ._ ... >~~"., •• ___ ,, __ • __ . ___ ~_~_ •• ___ ....... _.~ •• _~~_. __ ._,'_ 

COMPUTER SERVICES 

\ 
.-----"".~ ............. ~.---.-----.---- ... ----....-.... --IIQ." .......... - ...... ~~.,.--.---.---.-~-.--... ,." ........... - ..•. -.~- _ ......... _ ...... _ ... -.......... - _~~. __ -...,~ .... ~_._ .. ,-.... ___ ~ __ .... ......--___ ._ .................... _., .... ~ ........... __ , ..... _",','''''"'_. _ ......... ---._~ ... __ ..... _.,_'.-...... -.......r., 

EMPlUVEE r If':H~ co:; r 

:-.,. .• _ .• ' _____ 04'.y,. ___ ~~~·_, __ <-.-.._ .. _ ..... r,...__....· _____ ... __ ....... , ___ ...... _ .. r......-.---.._ .... ___ .T_ ....... _._ .. _._.a .. _~ ... _ ........... _ .... ,,_ ....... ,-- _ .. _ .• '-- , .' "._ .. -.. . ~. . -.-,,, ........... --""':"- •• __ ........ _-_.- ........ - ..... ~- •• '~ .. - ..... --...-<-.... - ....... --"'~.- ... -.---... -.--.-----.-. 

~! 
:1 

'8 ~ ~;~::~ 
1(;.6':1 

63~~-.1l(H:i' 

lOi~!It 36 
.~ __ .~,.~ __ ... _ .. ,_.'''~_._._._~_ .... ,,_ ... __ .... _._ .. _. ". __ "",,"' .. __ "_,_,,. __ . __ .. _ ... _ .. _ .. it. "". __ ..................... t" 5 t..,.(,,~e... ~ #... .'I~"'~ .•. " - --- .----- -"- --,-- - ... ---.-.--., .. ------.-.~.-.----~-.---,. ,fl n . 

• . U A~~V' 'U 
b 490 64.51. 

_______________ ,~"--.. _-. __ .. ,-_._-~.,,.--., ... -... --.1-, .. ,. ______ ....... . ~ ~'.-~-i-"-..... ---......---...... ----~.--.. _._ ........ _______ ""-.. _~ __ ....... _~ .• ,. . .; .. __ ~,..z.~_. ____ . __ .., 

5; 4140 
9 4~i2S 

222",24-
.369.32 

~ _____ , __ . ___ .. _. __ ~_~ __ ~ ___ .. _. ______ .~ .. ___ .. __ . ___ ,_._ .. _._l1:'- <."_ ... _ ..... _____ . , ........ ____ ... __ . __ .... ....... .'$ .• ___ ... _ .• _____ .~_. __ ._~ •.• __ ~ _______ "~ __ .... ____ • .....:. 

1~ I 
oil 

~~ ~t ~'et3 J,(al ~ 91 
. _____ ._~._.~_,.,,_ .. __ .. _._"'_ .. _ .. _ .. __ ._._ .... ,, __ . __ .. ___ , ........ ____ ..... _______ J :>· ... _ .. __ .... _,._._ ..... ~1'9CL_. __ ... _,.,;.n,{t,~~.Z~_. ____ ". ___ ~~_. ___ ._. ___ ._~ __ .. _______ .. __ ._.~_.__.. .. 

14. <, ( 
15 2399 83~15 

.. ---.... -.-, ....... ,.-.. --..... --.. --,-.---.--.----- ..... ~ .............. -.. -..... _--, ~ ." . , .... ~.- .. ~-.-, •.. -... -.- i. 1 . ._ .. ____ . ~_. __ ...... ___ ._ ... __ ~ ~ .. _. _ .. ~_ ................. _____ ~ _____ . ___ ~_. ___ . ___ .... __ ... _ .... _ ... _# __ ~. ____ ~, 

18 :.~;' 40\") 67,:0·21) 
:1 -t~l' "" 

__ .. __ .~._;_ .. ____ , .. _. ___ .. _, __ ~ .... ____ ....... ___ ... __ . __ ... _ ....... ' ____ ... ,,_. ;:: 0 ___ ... ___ .. , .. __ ..... __ .. 350 :( e J9 2 . __ ._ .. ___ ". _____ ... _____ ,_ .. ,. ___ . __ .~._., ___ ~ __ {! U 
~~ 1 6245 4(jS ~ 09 "~. '. 
2,;! 50 1~2' 1 

_____ ..... ..,..,... ... ~._. ___ , ___ .~ .. , ..... _" .......... _-. __ . ___ ._ ........ _._ ....... _ .. , .... _ ..... __ ~ ... ' ... , __ .......... _-. _____ ·.,.,, __ .'_.r ....... _ ... ~._. :;: ... !,;~ -- .. -.------.-~- .. -.- ~~.-.--.---.---= .. ----.---------.. -- .. -----.--.. -.--.-,----~~ .. 
;:!~; 
;~ ~.~. 

:~.~~ 
~ '!: 
J ... /I 

_.i ..... .- .. .-......... ____ .34 
35 
4-0 

~~ p:.~ ; (:i ~!1.34 

I; 
... _ ... __ ._ ... ,,. ..... _ ... _ :i'.~:.:.1 .......... _ ..... __ ._" ___ :v f~ .. r.,_ ... _ .. _ ... , ______ ."-.... ...,._."_ .... ___ ,.:-'.,,~ .. _._,, .. ____ ..... ........... " ... __ .... __ ~."'.: __ . .,. ... _ ......... .. 

l~!?~~?~ 

3 ?~) 
,: "'" 

~ ...• ~ ':'lojoO' 

~:;; ~J!: 
",; .:.~ 

i 'L) ";';'t 

i9<!;,~'2 
1.98 
1 f(J. !~~~) ~~ . ___ p._ .,, ___ ..... _ .. _~ ,_~ ______ .. "-__ ~ .. __ ....... , ___ ... _",._.,. .. __ ... _. I •• 

:~O.~"t.6 
·j'i .. ~,~ 

,_ .. _ ........... _._, ....... _ .... __ ." .. , .... _ .. , ~ __ .,, ___ .. ___ ~_ ... ~ ____ ... __ ... __ ... __ ................ _ ..... 9.~. ___ ._~_ ...... _, 

49 :') ~~, <q.~ ;: ~ 1] .. ~~~ ~~ ~~ 'l' 
__ • __ ._ ....... .-.. ..... _ .... _ ... ~ .. __ .~ __ •• " ~ •• __ ._~ ... _ .... _ ... _.....-__ ._~ .......... '4 ...... _ ........... ~ __ •• _ ..... _.-.. ___ 4_ ...... ·•• ... _ ..... __ ••• ~ .... " .•• _ .. ~ ......... _._._., •. _ ....... "'., ...... __ .. ~ •• _ ... _ ._, ............. ____ ._ ~ ................. ",_.. __ ........... ___ ... ___ ._ ....... -__.' .. _ ..... ~ ___ •• _.~ oN.'- __ .•• _ .. _ ........ "'_:-.' _'._ - .~ •. ___ ._ e, • .,... .• 



t,,,,,,, 
t~ V) 
(") ~1.i 
t,~. ::....? 
~.kJ P'~ 

a;: ~)4> 

C4:~ 
$i;J a~'\J 

,-,::J \"'1" 
~~ 

v') tC~ 
::? U,,.! 

'V'k' 
lJ..J :, 
;~; ~ 

I> ... ~ a:~ 

::t', t'J 
\,) (,,) 

i 
.(J '::"'.; ~{\ {j :;0 r'" ('~'\' PJ ~'" 
;Xi '0 f'~l ::"", .,~ il::? Ii:'"" t:J (? 

-~, ;; II !jl '$. (\' tl fl' l 
>4;; ',~{J ,,...-4 v;',J , ... ;oj: f ..... , lot'l ~~'. ,~ 

1- {\~ ,;;;.'l- I'~"f i 1' (''>Ji ("''Ii ,0 ""'" 
~'.TO fjtt, 

\'~~ 

f<·- , 

I 
{ 

! 

(::; C) ""(; ~:o"JJ (j""" f't!- . fl ~~~~ Itj~1 

1.1:';, 0'\ n" ~'i ~"'" ',l" C! .,.() N 
~ '" ,; 'J '" ol! '" '-~ ) ~~ 

;"ft ~ ;''''~ CC c.} .,. ...... ·'.~·-.-t ;;°4 
?~ ;~~ ~ttf" (":';16 .!{j ~r'tJ ·~:t· 

}; '~~ . .,£) ttl t~?'· r:<oIl .tt') (:~ ~ 
tt"'! ,,('\,.r ,.;r \~'\r .I.". ¢;;) 

...{.. r>::; f .. ,J ;1',\ r-"" i '.. 'J'. ~. 
f'.J U'~ ~"1 f""~ : .,...., 

i'}f\: ~, "4r.'! {) ~~1 "~.). .'::'j ~;,....[ t'~; <,'} 

~'\~ ,~J" ~ .... ~ (-:"i i~~t ,,0 :·rl-~ ,~" ..... : ... ~s- ,'?'t-; 

.-....; '::'} .~::) ,~~,! (~'1."'-i. 
;.t="~~ '~'."," ~.~ ~~.~ ~ \"",4-

C)' , .• ~.f, (~ ~ f"i .,,>~ ~.;' ~ -J' ""~'..c. -4:) 0' fi} fJ' (~',. ' .. n f-,.· ('): \/:i ;':). 
,':-.J (:,' ..;t'. (l' ~ -.1,>';;1 ,«} ...c;~;r-.'4> ~f" ~.\ ," ....., Ii) t~), .,..'j' (·'i e-,: <+..J 
-0 .,.;t t:~~ ,,".:: ~' ... ; (''-1 h,,! r'ok 1'\,1 ('.J • .:t. <;) C) lJl"") ir'; \:;:;. C;:- ,~'f' (",~ ';) ':,.i.! 
..... ;t, ~"~ 0 () 0 0 'O.;j C"';;.'; \;:i (.) 0. COO '0 f',:) ; .. "" ""~ ~ ,:~ 

o 

'·:t 



bb t'lrtttt! t 1"1)1 'ru 

o 

o 

o 

! . 
/*' , ........ , .• 

___ .. __ ._,Jt~.lfRl_At __ JJ.S~G E_ RE~).QR T~_~ .. ~. __ .. ~._ 
COMPUTER SERVICES 

MATERIAL ~UANT!T¥ COST 

5081 32320 27980 
~081 ~050 3~94 

_ ... ~ ___ .... w._5.o. eL_._. __ ... ~~._.l.~c~.11~ .. ___ .. ____ ... ~ . .J.; ~ JO ...... ,. ... -
5tH!l l .. 00 
~081 2364 2~19 

_". __ .. _._ .. _ .... $~{>~11 ........ _ ... _ .. _._ ........ _ .. _ .. 4 .. ___ " .. "._ .. _ ........ ~·(.U(t 
5081 260 ~?O 
5051 2q2 ~ll 

_ .. __ .... 5 Ojl1 ___ ... _ ... _ ...... __ ~_.!i.z.5 t. "'''''' ... __ ._,_.~ .. }, .. ;~.~ .. _,._ --
soal 2tO ~i9 
508i 1512 1.20 

_._ .... _ .. .-_ ...... ~J1.e 1. .. _ .... __ . __ ..... _ ._. ___ !~.I ~ ... ____ ... __ .~" "- 5 <L._ .... '" 
5061 827 .12 

UGLLh 
UGt;,·t~ 

~;>(; ~? 

:? 5 

.~"'. ~ 

;,~ . .f.:' .~ 

............................ ,.._ ..... : .. 'l....... . ...... ." ..... ~ ~!:; ... 

~~-........ - ... -...... . 

.... ~. . .~._._ " _ .... ~ .. ~~ .. ~ l' "~' ~:{, .. r.,.. . ... ,._ . _ ... ~~ ..... __ ..... _., ... ~b _ •• _ ...... , •••• '~'_.'''' " 

STAT 
k::?C ,\G 

i.i '?~1 
.' "_'_'.~ '_'._,,' •• _ ...... ~ •. ...t": ... "ttI. ~ ...... ,_ .•. ,. ~._ , .. 

6:,6 
16j) 

" :.~ } 

.• ).1.:'.: .. :.'". 

.. "._ .... _ .. _ .. _ ..... _ ........ _ ".'" ........ _ ............... s: .. .. , ............. _ ... " . 

• w ••• ·_"'-"'_ '" ~'r_"'~' _ • _ ~"r .... ~"... • ._ •• ~~. - '. - ••• .' •• ' • ,-~"-,,, •••• - .... ~p- ,.. .. -.. ,. -..... _, -.... - .... _ .............. ~ ...... . 
lPYNA 412 2~0q 

:~:~ r;~· ~r "of .l~ 
.~\ P. ~r' ~\.~ J\ 

, ....... _ ...... LP 

:: t Z 
479 
;~O(~$ 

q,~ (JO 
.. . . - ~. 

5 'I: .:.!' l 

... ; 



PERMR 1900 ~OO 

"_-_. __ .-_.,...-' ---..... ----~-~~.---.----.--.---.-.--. ~ ~tjt··~· -·---··-·-,12~:- "'- -'~':i~!-' .-.. --' .... ---. -----·-·-----------0---
OPOlS ~ 

. __ ... __ . __ ... ____ . ________________ .. __ I PQl S.. ___ --....tltHL ____ .... -1,t.}.~ ...... ______ ._._._ .. __________ ... _ ... 
TPOtl ~ 
SPOll 1000 1~OC 

_ ..... _ .. __ . __ ... ____ ._ .... _. __ ._._ ...... ______ . ___ .. _._£,E_~ SI._ ... _. _____ .~.". __ ... 2 ____ ~ ___ .<..:! • .9.Q. __ ...... __ , ... _. ___ , ..... _. __ .. _ ... ~ .... ~ ____ ~ ___ _ 
PRELR • 
OFFGR A 

.. _ ... _ ... _. ____ ... __ ._~._~_.~_ ..... __ ._ ._. _____ . ______ ,. ___ .~ t. G R 0.. __ ~ __ ._~._._ .. _ ..... __ ..... __ . ____ . _ _'_'!. .... " _ ... _ .. ",_,,,_._, ...... _ ... _._ ...... __ ... _. 

BKGSH 10 ... Od 
CSABS 26 1~'6 

.. _ .... __ ... ___ .. _. _____ .....,...._""' ______ . __ ~._ ... __ .SJA~.S. ..... _._ .. ___ .~~_ ... __ -___ ... _.,~ I.'!!. ~3 £ .............. ____ .. _ .... _ .. __ . ____ .. _. __ . ___ .... _ .... ___ . __ . 
CONTS ~ 

PLACE • 
. _ .. _____ .. _. ___ ~._ ... , ___ .. _._. __ , .. __ ..... _. ____ . __ ._._. __ ~ ~ t; ~ ;.~ .. _ .. _. ____ . __ '. ___ .... __ .. _______ '." _'!: ............. __ ... _. ____ .. ' ... _ ... __ ._., __ ..•.. _ ... ~_ .. ~_ ........ ,, __ . __ ._~ •. __ .~._. __ . 

MEH02 690 3.16 

"._ •. _. _____ ~_. ____ .. ~ _____ •.•. ____ . __ ._._. _ .. _. __ .. ~ .. ____ ._,._ •• _._. _______ ._~ __ . _._ ••• ____ .. ___ .•..... :ll' ...... __ ...... , __ .. _._. __ ........ _' ... _ .. __ .......... ___ ._ ." .... ______ ._ ..... __ ... . 



:::!!T':rIt!!!I!t!!!tT:: 

o 

o 

o 

t Y't" t, In 'Y' 1 I, of ,' •• 'tttW 'f ' r ii ¢ ## hi #*, .het rt itii tti.Writ' b 'I'" [' "" "" H "t 

ATOMIC 110WER DEVELOPMENT ASSOCIATES, INC. 
1911 FIRST STREET 

n EIROIT ,. 1\\ leH JGAN 482 2fi 

AN EASY METHeD OF UTILIZING MATHEMATICAL OPERATIONS 

Prepared by 

J. W. Balna\te') 

D. M. Green 

September 6, 1968 

AREA com::: 3 IS 

TELEPHONE 862-£1510 



o 



,t'" t! I j $ r It ttltt ht#ltdtmdt:bt,' "II r lilt WI 

o 

o 

o 

INTRODUCTION -----
While converting existing programs from a larger computer to a 

smaller machine, in particular the IBM 1130, a need for an easy method of 
using mathematical routines for the solution of specific problems became 
very evident. This was primarily due to the rather large amount of extra 
coding necessary to utilize the 1130 scientific subroutine package. The 
procedure itself is not new, but, to our knowledge, the advantages of this 
system have not been presented or discussed before in general terms. 

CURRENT METHODS 

Many of the subroutines written for integration, iteration, etc. 
in the scientific subroutine package and other popular references require 
a user function subprogram to be prepared as part of the argument list in 
the call statement. This function subprogram is entered from the subroutine 
to calculate the mathematical function required for solution of the specific 
problem. The 1130 does not allow a function to change variables that are 
transferred to the function either through COMMON or the argument list. 
Therefore if there is more than one function to evaluate, several quan
tities may have to be reevaluated within each function. This could be 
very time consuming especially in an integration involving small ,step sizes. 

In addition, the usual techniques provided for output involve 
either a separate output subprogram or an output vector transmitted through 
the argument list from the main program. Again there is the problem of 
communicating intermediate results and also the size of the output vector 
can be a problem on smaller machines. 

NEW METHODS 

In the system we propose, there is a general subroutine which 
controls the operation (integration, etc.), but rather than using addi
tional subprograms for ca1culatio~output, and termination, the routine 
returns to the main program. Two indicators are provided in the calling 
sequence to the general subroutine which are controlled by this routine 
to flag the current operation. At this point an example would be useful 
in describing the procedure. 

The example we've chosen is a subroutine called SPDEQ to solve 
a system of first order differential equation. The routine is discussed 
in more detail in the attachment but briefly a typical main program is 
given in Figure 1. The arguments to SPDEQ are as follows: 

x = independent variable array of dimensjon 3 
Y = dependent variable array of dimension N 
F = function array of dimension N 
Q = erasable array of dimension N 
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N = number of equations 
ISW ="control variable used by main program 

INIT = control variable used by SPDEQ 
NPRNT = print frequency 

The arguments Xt Yt F, Q, N, and NPRNT are fairly standard argu
ments to a differential equation solving subroutine. The variables INIT, 
and ISW are the control indicators. ISW is a flag used by the main program 
to eatisfy~the,reque5ts' of SPDEQ. When we return to the main program after 
the call statement we check ISW by means of a computed GO TO statement. 
If ISW is equal to 1 we branch to statement 10 and calculate the derivatives. 
After calculating we branch to staten:ent 1 and return to SPDEQ. If IS\'J is 
equal to 2 we branch to statement 20 and print any desired variables. After 
printing we branch to statement 1 and again return to SPDEQ. If ISW is equal 
to 3 the independent variable has reached its final value and we branch to 
statement 30, terminate, or perform any other pest processing. 

Many of the disadvantages of the current methods are not charac
teristic of our procedure. Since all calculations are in the main program, 
we have complete flexability of communication with any other routines called 
by the main program. Therefore we can use any intermediate results of the 
calculations. At any time the user can check the progress of the so1ution, 
alter any variables, restart, or control the system anyway he wishes. All 
output operations can be handled together in the main program. Hence, we 
do not need extra coding or an output vector. This will help to keep storage 
requirements at a minimum. Another favorable characteristic of our procedure 
is that with very little effort the routine may be made reenterant. 

Continuing with the example, the SPDEQ subroutine uses Gill's 
modification of the classical Runge-Kutta method for the solution of initial
value problems. It is a fourth order integration procedure which is stable 
and self starting. Looking at the basic coding of SPDEQ (Figure 2), we see 
that the subroutine first checks the value of control argument INIT. This 
control is used to direct the flow withi.n the subroutine when it is re
entered from the main program. If INIT is equal to zero the routine ini
tializescertain variables starting with statement 1, sets ISW (the control 
variable for the main program) equal to 1, sets control variable INIT equal 
to 1, and returns to the main program to calculate derivatives for initial 
conditions. Upon raturning to SPDEQ, our check of INITtransfers us to the 
computed GO TO at statement 9. Since INIT is never set equal to zero in 
the routine, we will always transfer to statement 9 when SPDEQ is sub
sequently called. The only exception to this would be if we wish to re
start the routine and set INIT equal to zero in the main program. From 
this point on the key to the internal control of SPDEQ is the computed GO 
TO at statement 9. After initialization we branch to statement 10. This 
IF test sends us to statement 11 which sets up our print return using IPRNT 
and returns us to the main program to print initial conditions. The sub
routine then proceeds through the four steps of the calCUlation flaging the 
current operations by controlling INIT and ISW. After calculating the final 
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step, the rout~ne checks for a print option and, if required,sat1s£ies 
that option. Finally SPDEQ checks the independent variable to see if its 
final value has been reached. If the final value has been reached the sub
routine terminates and returns to the main program with the proper flag. 
Otherwise, the routine increments the independent variable and proceeds with 
the solution of another step. 

As we can see, the routine is very similar to any standard differ
ential equation solving subroutine. The basic difference is the inclusion 
of two eontl'Glvariables in the calling sequence and then at the point the 
normal routine would call another subprogram, these control variables are 
set and the subroutine returns to the main program. 

SUMMARY 

The technique described above is not only applicable to differ
ential equations. It has been successfully used in an iteration subroutine 
at APDA. By including all variables used by the subroutine in the calling 
sequence, the routine becomes reentrant. That is, the routine may essentially
call itself when iterating on one or more dependent functions by merely chang
ing the variable names in the calling sequence for each function. 

We have shown how this technique eliminates the need for writing 
auxiliary subprograms and thereby increases the ability to communicate 
between various parts of the calculation. The technique may seem strange 
at first glance (as most new concepts do), but with a surprisingly small 
amount of effort, we're ,sure that the user will discover and profit by the 
many advantages. 
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INIT ;: 0 

MAIN PROGRAM 
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CALL SPDEQ(X,Y,F,Q,N,ISW,INIT,NPRNT) 

10 

C CALCULATE DERIVATIVES 
10 F(l) = 

F(2) = 
Gfb T¢ 1 

!j 
. 1° 

PRINT RETURN 

~JRITE (3, ••• 
G¢ Tyj 1 

, 

C FINAL VALUE OF IND. VARIABLE 

o CALL EXIT 
• • • 
END 

FIGURE 1 TYPICAL MAIN PROGRAM 
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c 
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FIGURE 2 TYPICftL SUBROUTINE 

0 IF(INIT) 9,1,9 
c INITIALIZE AND F'IRST STEP 

1 IPHNT == 0 
• • · ISW =: 1 

INIT :: 1 
RETURN 

9 GO TO (10,20,30,40,50), INIT 
10 IF(IPRNT) 11, 11, 50 

C PRINT RETURN 
11 IPRNT=NPRNT 

ISW::: 2 
INIT ::: 5 
RETURN 

50 IF(INDEPENDENT VARIABLE-FINAL VALUE) 52,52,51 
C TERHINA1~ 

51 ISW =: 3 
RETURN 

C CALCULATE SECOND STEP 
52 

0 IS'" ::: 1 
INIT ::: 2 
RE11URN 

C CALCULATE 'fHIRD STEP · 20 
INIT :: 3 
RE'I1URN 

C CALCULATE FOURTH STEP 
· 30 · INIT :::4 

RETURN 

C CALCULATE FINAL STEP 
40 

IPRNT=IPRNT-l 
INIT ::: 1 
RE'l'URN 
END 

o 
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REFERENCES A: H20-0252-2, 1130 Scientific Subroutine Package 
Programmer's Manual. 

B: General Motor's Research Laboratories, The Ibsys 
Book. 

In order to utilize the IBM supplied scientific subroutine 
package for the solution of a system of first order ordinary differential 
equations two additional subroutines must be supplied by the user.' Also, 
if modifying on existing 7094 program, a significant amount of recoding 
is required in the user program. 

To minimize this programming effort a subroutine called 
SPDEQ has been written. This routine has a calling sequence very 
similar to the routine used at General Motors. It does not require 
any additional subroutines and very little coding is needed to convert 
an existing 7094 program. This routine may also be used on the IBM 
360/75/50. 

Although SPDEQ will solve only a first order differential 
equation, higher order differential equations can be solved as follows: 

Suppose we have d2Z f (x, Z) 
dx2 = 

Let P dZ 
= dX2 

Then dP d Z 
dx = dx 

Our system of equations becomes: 

11 = Z ~l (x, Yl ) = Y2 

P 
dZ 

f2 (x, Y2) 
d2Z f(x, z) Y2 = = dx =~ = 
dx 

I METHOD 

The subroutine uses Gill's modification of the classical 
RUNGE-KUTTA method for the solution of initial-value problems. This 
method will obtain an approximate solution of a system of first order 
differential equations with given initial values. It is a fourth 
order integration procedure which is stable and self starting. 
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Given a system of first-order ordi.na.ry differential equations: 

with initial values 

where 

the problem becomes: 

1 dY 
y :: dx :: F(x,Y) with Y(x ) :: Y 

o 0 

starting at x where Y(x ) :: Y and Q = O. 
000 0 

calculated accordi.ngly: 

Kl :: hF(x ,Y ) 
o 0 

:: y + ~ (K1 - 2Q ) o 0 

; y 2 :: y 1 + (1 - J~) (K
2 

- Ql) 

o 

o 
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where Kl , K2 , K3, K4, Yl , Y2 , Y3, Y4, Ql' ,Q2' Q3' Q4 all have 

components. 

n 

If the above procedure could be accomplished with infinate 
precision vectorQ4 above would be zero. Actually, Q4 represents 

approximately three times the roundoff error accumulated in Y4 in 

one step. To adjust for this, Q
4 

is used as Q in the next step 
, 0 

and (xo + H) and Y4 serve as Xo and Yo respectively_ 

II USAGE 

where 

Call SPDEQ (X, Y, F, Q, N, rsw, INIT, NPRNT) 

x = array of dimension three 
X(l) = the independent variable 
X(2) = step size used in solution 
X(3) = final value of the independent variable 

Y = solution array of dimension N 

F = derivative array of dimension N 

Q = erasable array of dimension N 

N = number of equations 

IS\\I = return argument with following types-: 
= 1 calculate the derivative and return to SPDEQ 
= 2 intermediate print and return to SPDEQ 
= 3 independent variable has reached its' final. value. 

INIT = integer variable ~~ed as a control by SPDEQ. It 
should be set equal to zero before initial call of 
routine 

NPRNT , th = control returned to calling program every NPRNT 
step so answers may be printed. There is also a 
return at the initial time step_ 
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The value of INIT is controlled by the routine so that the 
user does not have to be concerned with it after setting equal to 
zero. If during the calculation it is desired to reinitilize the 
subroutine (such as change the step size) INIT should be reset equal 
to 0 and the subroutine called. 

III CONVERSION FROM GM SPDEQ 

The conversion from the GM subroutine is very easy and 
straight forward. 

GM SPDEQ 

Assign 3 to IFUN 

1. Call SPDEQ 1 (X, Y, F, Q, N, I:FUN) 
Call SPDEQ 200 

2. Call SPDEQ (Return) 

IF (Return) 4, 5, 4 
3. Calculate derivatives 

G¢ TO 2 

4. Print return 

G¥1 TO 2 

5. Iridependent variable has 

reached its fina.l value. 

IV EXAMPLE 

1130 SPDEQ 

Remove 

1. INIT = 0 
Remove 

2. Call SPDEQ (X,Y,F,Q,N,IStv,INIT, 
NPRNT) 

GO TO (3, 4, 5), ISW 

3. Calculate derivatives 

G¢ TO 2 

4. Print return 

G¢ TO 2 

5. Independent variable has 

reached its final value. 

Given the follmoJing system of equations: 

dYl 2 
dx=x -2x+Y~ 

dY2 
dx = 3Y2 + 4 

We solve for the value of YI and Y2 as x varies from 0 to 1. The 

sample program and output are attached. 

o 

c 

o 
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.DI~~SION X(3), Y(2), F(2), Q(2) 
READ (2, 1000) X, Y, NPRT 

1000 F01~};AT (3 F lo<)4/2FlO.4,I4) 
\-JRl'.i'E (3, 1001) X, Y, NPRT 

1001 FOP1-1AT (13F~ INPUT VALUES/ /IX, 5HX(1) =- F7 .3, 2X5HX(2) = 
F7.3, 2X5HX(3)= F7. l3//lX, 5HY(1) = F7.2, 2X5HY(2) = 
F7 .2, 2X6~!NPRNT = 14/ / /lX13HOUTPUT VALUES/ 2/4x 4HX (1-) , 
10X!~HY(1), 9X4HY(2» 

. INIT = 0 

5 CALL SPDEQ (X, Y, F, Q, 2, ISH, INIT, NPRT) 

IF (IS\v-2) 10, 20, 20 

10 F(l) = X(l) ** 2-2. *X(l) + Y(l) /2. 

F(2) = 3.*Y(2) + 4. 
GO TO 5 

20 ~ffilTE (3, 2000) XCI), Y(l), Y(2) 

2000 FORMAT (lHO, F8. 2, 3X2E13.4) 

IF (ISW-3) 5,99,99 

99 CALL EXIT 

END 

INPUT V A LtTES -
Y(l) = 0.000 X(2) = Dc 001 X(3) = 1.000 

Y(l) = -1 .. 00 Y(2) = -1.00 NPRNT = 100 

OUTPUT VAJ.JUES 

X{l) Y(l) Y(2) 

0.00 -O.loaOE 01 -0.10aOE 01 

0.09 -o.lo6lE 01 -0. 8833E 00 

0.19 -0.1143E 01 -0.7259E ' 00 

0.29 -0.1246E 01 -0. 5133E 00 

0.39 -0.1369E 01 -0. 2264E 00 

0.49 -0. 151lE 01 0.1607E 00 

0.59 -0.1670E 01 ·0. 6834E 00 
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OUTPUT VALUES ( continued) 

0 
o.~69 ··o~1846E 01 0.1388E 01 

Oc79 -Oo2036E 01 0 .. 234lE 01 

0,,89 -00224:1£ 01 O .. 3b26E 01 

0.99 -O~245as 01 O .. 53plE 01 
1.00 ... 0 .. 21;.60:8 01 O.538.lE 01 

o 

o 
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THE PALO ALTO LABORATORY SYSTEM 

by 

c. J. Jenny, P. J. Friedl, 

C. H. Sederholm and T. R. Lusebrink 

Abstract 

The Palo Alto Laboratory System (PALS) is a multiprogramming monitor 
system, specifically designed for laboratory automation, providing a 
sophisticated and versatile interface with a group of analytical instru
ments and similar devices. The system allocates core and disk dy
namically depending on the users I needs. The system also features 
a problem-oriented laboratory language, an interactive job control 
language and support for independent asynchronous data transfer 
between the computer and multiple scientific instruments. 

For information contact: 
Dr. P. J. Friedl 
IBM Scientific Center 
2670 Hanover Street 
Palo Alto, California 94304 
(415) 327-2300 
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Computers have found a wide range of applications in the analy
tical chemical laboratory. So far I most systems have been used off-line, 
but recently many scientists have begun to apply computers on-line to 
their instruments. 

A well-designed on-line laboratory system should meet a series· 
of requirements in order to be a useful tool to the scientist. 

1 . Isolation of Programs: Each scientist wants to concern himself 
only with his own problems and does not want to worry about 
malfunctions of any other users I programs, let alone structuring 
part of his programs into general purpose programs together with 
other users (programming by committee). 

2 . Acces sibility: A user wants acces s to the computer whenever he 
is ready to perform his experiment. He does not want to schedule 
his runs far in advance. 

3 . Acquisition and Processing of Data On-Line: Data must not only 
be acquired, but also proce s sed, standardized and compared 
against known parameters, and finally presented in usable report 
form to the user. At the same time the instrument ought to be 
controlled and interactive user requests should be honored. All 
these steps should be performed without taking the computer off
line. 

4. Input/Output: A front end is required for interfacing with the 
instruments. Externally synchronized channels should be avail
able for demand/response input. 

5. 

Conversational interaction with the system should either be 
provided by typewriter-like terminals or pushbutton consoles. 
Output devices such as line printers should be available for 
bulky re ports. 

Ease of Operation: The scientist using a laboratory automation 
system is usually not a programmer. It is therefore mandatory 
to keep programming and system maintenance as easy as possible. 
The programming language ought to be problem-oriented with a 
heavy emphasis on input/output statements. A terminal-oriented 
job control language will give each scientist the means to com
municate with the system, e. g., add and delete files, call for 
a new program, cancel a running job, etc. 

1 



6. Efficiency: The system should be able to take advantage of the 
fact that most analytical ins1ruments have low duty cycles (i. e. , 
much of the time they are idle). By allowing multiple users on 
the system it is possible to allocate system facilities dynami
cally among them and thus reduce the total size of the system 
below the sum total of each experiment's requirements. 

7 . Cost: The cost of the system ought to be spread over as many 
instruments and users as possible without conflicting with any 
of the above-mentioned requirements. 

The Palo Alto Laboratory System (1800 PALS) 

As a result of the above considerations we developed a system for 
asynchronous acquisition of data from multiple instruments and subse
quent proces sing of the acquired data. All users' programs run inde
pendently of each other and do not need to take into consideration any 
other program running in the system at the same time. 

Also I each instrument may have its own data path to the core of 
the computer via a specially designed digital multiplexer channel 
(Special Purpose Multiplexer Channel, RPQ C084S1/S) which provides 
up to 32 discrete input/output subchannels. Data transfer is in demand/ 
response mode synchronized by the instrument or its interface. Analog 
digital conversion takes place in the instrument interface. 

The PAL system is designed for an IBM 1800 system with a "mini
mum of 24K words of core. It may be run in degraded form on a 16K 
machine. Two 2310 disk drives are required as a minimum (Models A2 
or C2). 

The PALS Monitor 

The PALS monitor consists of a group of relocatable modules for 
input/output control, loading of user programs I controlling multitasking 
communications and time-slicing operations. 

System programs communicate with the various modules through 
task control blocks and task complete control blocks. When a task is 
to be performed, a task control block is sent to the appropriate module I 
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which in turn will queue up the task contro.! block address. As soon as 
the module has performed all previous tasks which are pending I it will 
unqueue the control block I execute the task and return a task complete 
control block to the originating program. 

A foreground and a middleground monitor are responsible for trans
lating user task requests into control blocks. 

After a user has given out a number of tasks and has completed 
all necessary processing before one of his I/O operations is completed I 
he relinquishes control. This removes him from the active status until 
a task complete control block returns control to him. Similarly I if his 
processing time exceeds 5 milliseconds in the foreground (and 100 milli
seconds in the middle ground) I his program is temporarily suspended until 
all other users in the foreground (middleground) have been allocated an 
equal time slice. 

Core Allocation and Multitasking 

Variable core (the part of core not being taken up by the system 
modules) is divided into 512 word pages. The loader module will place 
the users' programs into a set of empty pages that need not be contigu
ous and will then link-edit them together. Also all instructions that 
are not to be modified will be storage protected. Typicalload/link-edit 
time for a seven-page program is about 1. 7 seconds. 

Subroutines that are shared by multiple system users (e. g. I arith
metic and functionals) reside in groups on system subroutine pages. 
Calls to these routines are linked at load time. 

Disk Allocation 

Disk files are organized in the form of logical tapes which auto
matically expand or contract dynamically according to the amount of 
data stored on them. They are defined by name and allocated by the 
system one cylinder at a time. 

Reading and writing to logical tapes may either be done sequen
tially or by random access. 

3 



The PALS Language 

The PALS language is a macro language with statements natural 
to the laboratory environment. It has been designed for easy handling 
of sensor-based I/O (e. g • I multiplexer channel commands I logical 
statements to set up bit patterns for control of instrument interfaces I 

etc.) I handling of logical tapes I timers and interrupts and also features 
a set of data analysis-oriented statements which are very similar to 
FORTRAN and require very little relearning for users familiar with 
FORTRAN. 

The macro language permits the programmer to mix assembler 
statements with macro statements. He also may define new statements 
if he so wishes. The macro-assembler is presently being executed as 
an off-line program. 

Conclusion 

PALS is an experimental system with a highly dynamic storage 
facilities allocation scheme. It has been demonstrated at the Pittsburgh 
Conference on Analytical Chemistry and Applied Spectroscopy in Cleve
land in March 1968 I interacting with four analytical instruments. It 
has been submitted for acceptance to the Type III library. 

A paper on PALS is to be presented at the 1968 Fall Joint Computer 
Conference in San Francisco. 

4 

o 

o 

o 



tHIII' Ttl a!!:: 

o 

o 

o 

COMPUTEPJZED CATALOG SYSTEL\1 

By 

Peter WoodrovT 

This system is a group of programs written primarily in 1130 FORTRAN IV. 
They are designed to read free-format cards containing textual information 
and store the information on disk. The stored information may be printed 
out in any format desired by these programs. 

They will handle 2000 characters on an 8K 1130 and 16,000 characters on a 
16K system. 

The programs run in four links and operate at maximum card read speed on 
printer. - Of the four segments, three are for input and the fourth is for 
output. 

o The systems primary use is side by side library cards. 

The beginning of a field is defined by the dollar sign ($). The field 
must be a t lea~t two characters long (one may be a blank). The equf3.1s 
Sign (=) is' used as a separator. 

The system may be set to check for up to five specific characters, to re
ject invalid characters, or to group certain items, ~oded by check 
character. 

Output may be with or without page numbers on listing, or record output. 
The system does not do hyphenation. 

The main lines use two large subroutines to handle library material. 

Mr. Wil Braden of Marshall Communica tiors in Santa Ana, California, said 
that this systems abilities reminded him of an IBM package for the 1130, 
called "STEEPLE", in its ability to test for individual characters and re
vise formats. 

Members suggested that Systems try to get a presentation from IBM on STEEPLE 
for the Houston meeting in December. 

Information on the Computerized Catalog System may be obtained from Peter 
Woodrow of Aeronautical Research Associates, 50 Washington Road, New Jersey, 
08540. 

I 
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ABSTRACT 
.' 

This technique will optimize properties of any mix on a small computer, 
where the properties are functions of the ratios of the in~redients. Previous 
computer methods required plotters and larger core than utilized here. It is 
based on methods developed by Henry Scheffe and expanded by Gorman and ,Hinman,. 

Two things enable one to use a small' computer. First, standard multiple re
gression techniques are used, simplifying programming and reducing core re
quirements. Second,an efficient program that generates tb<= values for 
plotting the response surface has been written. One set of runs is needed 
for each property optimized. 

Used a.s a screening device, the method is excellent for determining profitable 
areas of study. 

CHARI£STON RESEARCH LABORATORY 
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INTRODUCTION 

In 1957, Henry Scheffe (2) pointed out that the properties of any mix could 
be predicted when these properties were functions of the ratios of the ~n
gredients. His procedure is based on the use of a simplex as the plotting 
sUrface, within which the coordinates for an.Y point sum to unity. Ob
served property values at specific points are plotted. These values are, 
in reality, projections of points existing on a response surface above the 
simplex. It is the equation of this surface that one attempts to derive. 

Scheffe chose specific ratios so that the coefficients of the various terms 
in the mathematical model of the response surface could be readily calculated 
by hand. Later users (1) of this method continued to select Scheffe's points 
and method of coefficient determination even though the computation was now 
done by computer. Programs have also been published to plot the response 
contours on simplex coordinates using ~-y plotters (3). 

Inflexible use of Scheffe's points and method of determining the coefficients 
has certain disadvantages, however. It requires m~re core than many small 
computers have available~ It restricts the realm of study to a triangular 
area which may not be convenient. It also requires that the property must 
have a measurable value at each of the specific mix ratios on this triangular 
subspace. This often is not so. 

Later users had overlooked that Scheffe reported his method as a form of 
polynomial regression. This fact was recognized by Dr. James Walker, Depart
ment of Mathematics, Georgia Institute of Technology, "Tho "ras "lorking 'tvith 
the authors, using a minimum configuration IBM 1620. 

Use of multiple regression not only permits use of a smaller computer but gives 
much more flexibility to the experimenter since he is no loneer tied to a given 
number of specific points. Any number above the minimum of evenly scattered 
points may be used. One may weight the equation for reliability in desired 
areas, expand the simplex area by addition of ne1f points, or contract it for. 
intimate exploration of the optimum. We are also permitted to examine sub
spaces other than triangular areas, though our ~oordinates remain triangular. 

The present paper demonstrates the programming technique used to adapt this 
method of study to a small compu~er. The application of the method to a 
~ample problem is also illustrated. 
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PROGRAMMING TECHNIQUE 

Determination of coefficients on a s~l computer was no problem, since we 
were already usi.ng complex regression techniques at Westvaco. We were faced 
with the problem of generating the response points for plotting. The type
writer was slow, core was apparently insufficient to hold all the mathematical 
models deSired, and economical segmentation was impractical without disk. '\ 

The typewriter problem was overcome by screening out points not on the simplex 
and outputting only effective points. Switching the order of some of the terms 
in the mode'l equation was useful to avoid segmentation, since this dramatically 
reduced the number of' decision statements required. This also made the ge~er,":, 

ation cf interaction terms faster. Core limitations were also met by using one 
general equation ,to cover all models, deleting undesired terms by reading in 
their coefficients as zero. Toe enclosed program will give points for the 
quadratic, special cubic, pure cubic, and special quartic math models (See Math-, 
ematicalModels). There is room on the IBM 1130 for higher models with 8K. 

Of particular interest from a programming point of view are the self-adjusting 
upper parameters for the nested DO-loops. The method is shm'm below: 

N5= -1 
DO 50 1= l,N3 
N5= N5 + 1 
N6= N3 - N5 

• 
• 

N7= -1 
DO 50 J= l,N6 

• 

49 CONTINtJE 
50 CONTINUE 

(This makes the first subtracti.on a zero subtraction) 

(Zero on first pass, due to above) 

(Same reason as N5 above) 
(Note that N6 was defined in the next outer lOOp) 

(A separate CONTINUE is required for each inner loop) 

In the above, N3 equals the number of intervals desired on the Simplex border 
plus one. This is our chosen unit. 

Variable NS is the number of passes alreadyw~de through the outermost loop. 

Since the sum of the loop indices (I,J,K,L,M) must equal the chosen unit, here 
11, the next loop index cannot exceed the value of (N3-NS). The same thing 
applies to the next irmer loops, except that there is one additional index value 
over that of' the previous outer loop to be subtracted in computing the current 
loop's upp~r index. 

o 

/ o 
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This results in continuously decreased upper limits for the inner 
loops as the outer loops progress. Inefficient passes made through 
the loops are minimzed. 

Generally speaking the upper index for the ith inner loop equals 
(N4+2i = N3 - N

3
+2i ) and in each case N3+2i is initialized to -1 

prior to entry into ith loop. 

This technique is only usable where the limits of the nested loops 
must sum to an integer,· in this case 11, since the base for our 
unit is 10, and we need one more to get the ~ero ·values. 

(The program is made to permit a constant being used where one for
gets to repress it in the regressfon, and to make it flexible for 
other uses.) 

Note how the zero levels are generated. Ai is made equal to the ith 
loop index minus one; thus when the index is one, Ai is zero. This 
is the reason N3 is N2, increased by one. 

.A. more economical way of programming this from a core storage stand
point would be to put FORMAT 5 and the write loops into a· subroutine 
as follows: 

SUBROUTINE P'l1WRr( MS , Nl, BP., B, X) 
C MX = LOG leAL OUT Pur UNIT 

DIMENSION B(l),X(l) 
Y = 0.0 
DO 10 I = 1,Nl 

10 y = Y + (B(I)*X(I» 
IF (Nl - 3) 12,14,14 

12 y = Y + (B(4)*B(4» 
14 y = Y + B(42) + BP 

WRITE(MX, 5)X(1) )X(2) ,xC 3) ,x(8) ,x(16) J Y 
5 FO~~T (F9.2,3X,E16.9) 

RETURN 
END 

/ 
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Then a CALL PTWRT(3,Nl,BP,B,X) statement could be substituted for state
ments 21, 26, 32, and 38. Statemen~s after them, through their respective 
WRITE statements could be removed. These four calls would replace 19 of' 
the present statements in the program. Expanding the WRITE statement in 
the subroutine would make it useable for more than five components. 

In the program, A(I) is used to get the coordinates for the response points. 
Note how the zero points are generated. The reason for CONY in the program 
is that some experimenters like to work with unity, some ten, and some with 
one hundred as a base. This permits the printout of the coordinates to 
suit their particular desires. 

AN in the program is our control to test CT, the constraint variable to 
insure that only points on the simple surface get printed. 

o 
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METHOD OF APPLICATION 

The steps employed in using this t~chnique are as follows: 

1. Define Study: ~~ 
...... 

The size of the area studied will depend on our knowledge of the system. 
For an exploratory run, make the simplex area of investigation large 
enough to detect unexpected optimums. Prior experience with a system 
would permit an optimization run within a restricted area of the simplex. 

2. Select Model Equation 

From the model equations shown in Appendix A, use the lowest order of 
equation expected to give a reasonable fit. Generally this order is one 
more than the number of pOi~lts of inflection believed present on the 
response surface. The special c"ubic is a good place to start for systems 
of three or more components. 

3. Select Experimental Points 

From Table 1, determine the minimum number of points required for the 
model equation and nwnber of components used. It is important to either 
replicate or exceed these minimums to insure significance for tile derived 
equation. 

TABLE 1 

~ 
f Special 

Chosen Quadratic 
Special 

Cubic 
Special 

Quartic 
No. of 

Cubic Quartic Quintic 

Components P T P T P T P T P T P T .-
2 3 2 - - 4 2 - - 5 2 - - -

3 6 3 7 3 10 3 - - 15 4· - -
4 10 4 11 4 20 h 31 5 38 5 - -

i 5 18 5 19 5 1~0 5 58 6 84 6 97 6 
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The P-points are the experimental points. The T-points are the 
additional test-of-fit points, which must be made during initial runs 
to assure that the chosen mathematical model is sufficiently close to 
the true response equation. These points should also be run when 
switching to a different order equation in optimization runs. 

It is important to distribute the points over the simplex study area 
with relatively equal spacing. ]'or initial runs the Scheffe points 
shown in Figure 1 are mathematically very effici.ent and should be in
cluded where possible. 

3-Component 
Systems 

4-component 
Systems 

Quadratic 

FIGURE 1 

\ 
~--: \ 
Special Cubic 

1\ L .. ~ 
Cubic 

(The open points are centroids.) 

Quartic 

Test-of-fit points should be equally spaced around the centroid of the 
field of study. 

4. Making and Testing the Experimental Mi.xes 

Mixes are prepared corresponding to the coordinates for the chosen 
points in t.he simplex area of study. For example, for a point whose 
(a; b, c) coordinates are (10, 60, 30), the mix vTOuld be lCP/o A, 6Cf1/o B, 
and 3ar/a C, \·rhere A, Band C may be either pure components or other 
mixtures. 

Prepare tile mixes in a randomized order and determine their properties. 

o 
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5. First Computer Phase - Obtaining the Coefficients 

The percentages of each component for each mix and the observed 
properties for that mix are fed into any standard multiple regression 
program. The following method is used: 

a. Repress the constant normally generated 1:>yregression. 
b. A separate run is made for each property ,using the property 

response as Y. 
c. Test-of-fit points are not included in initial runs. 
d. Interaction terms are used according to the' model equation 

chosen by the experimenter. 

The coefficients derived are checked, using the test-or-fit points. 
If the variance is eClual to or less than that for replication, the 
equation is acceptable. If not, a higher order equation must be" used. 

6. Second Computer Phase - Generation of Response Points 

4CJ, . Upon achieving a satisfactory fit, program C-9655 (see Appendix B) 
is used to generate response points at the desired intervals. Input 
data is defined in the program,listing. Againo~e run is made for each 
property. 

The follovring comlnents regarding input should be helpful: 

a. The value of "I" in B(I) is position of the accompanying 
variable in the program's eCluation, as listed in the heading. 
(B(I) is zero for unused variables.) 

b. For more than three components, the experimenter must give the 
order desired for coordinate values. For example, if 0% D is 
to be the base of a four component tet;rah~dron, its coordinates 
must be fed in first. (i.e., D must be.XI), then those for A, 
Band C. 

The output of this program shows the simple:x: coorgina1;es of the points 
of intersection of lines dravm from theipterval- pOints,?!' one base to 
another, \·ri th the predicted value for the property at that intersection 
as the response. 
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7. Plotting the Response Points 

For two component systems the responses are plotted on Cartesian pap~r 
using the Y-axis for the response and the X-axis for mix components. 

With three components, triangular graph paper is used. The response 
value is written at the point represented by the mix coordinates. 

For more than four components the simplex is examined like a three 
component mix at various interval levels, representing a constant 
value for the fourth and/or more component. 

8. Interpretation for Optimum Area 

Contour lines are dravffi through.points of equal response value. 
Examination of the resulting property map \fill reveal best areas for 
that particular property. Since it is un.likely that these vTill be in 
the same area for all properties, an added step is necessary to op
timize the mix as a whole. 

Superimposing different sets of contour lines on the same simplex vTill 
show where "optimums" for various properties come closest together. A 
ne\f simplex is then dra\ID, vlith this point as the center, and reeval
uated for better definition of the optimum area. 

For example, if "Vle had the follovling hypothetical situation: 

There is to be a product made from a mixtQre of A, Band C. C is the 
most expensive ingredient, so vre vTant to use as little as necessary. 
Properties 1. and 2 should be as high as possible, and property 3 must 
lie betvreen 70 and 90. Using a special cubic model, the mixture has 
been evaluated, and the predicted responses have been plotted and 
superimposed as sho"\·m in Figure 2. 

'l'he shaded area in Figure 2 shm,ls t.he apparent optimum area to be in 
the vicinity of 30% A, 30% Band 40% c. 

The optiwwn 3.re3 should then bE: defined more accurate1y by reducing 
the size of' th'2 simplex area tmder study. This has been done in 
Fieure 3 by n:akinc: a subspace simplex \·;hich en1210ses the apparent 
optimwn. The neH simplex is ShOlID with its relationship to the old 
one represented by dotted lines. New points have been rWl \,ri th 

------~-----
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aGldi·:t;ion;al mixtures made and evaluated in· the -imrnedia te area of the 
()p;t,i~um,.. P.Qi'ntis from the earlier rl;m may' also be included if they 
faU 'M,tbta.;i<l>lthe area. 

Figure 3 ,saoW$ th~;t; reevalua:tion produced essentially the same op-

1:;imlJIXl ;e'¥~nthough ,some of the· porperties have changed slightly. 
These r~:~~l:t,s, combi-ued with a cost-analysis would give us a sound 
basi:s fo;r ch~ic,eofal,ternative product compositions. 
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CONCLUSIONS 

This technique can effectively contribute to the efficient screen~ng 
o-r variousalterna ti yes involving mixtures. After~"8.rds , it may then 
be used to determine optimum. formulations. 

1620 time required 1's 15 minutes for a four-component system re
gression run. One run is made for each property to be optimized. 
The same computer needs 45 minutes for a response print out for the 
same system, using 10 as the interval on the simplex base line. 
Again one run is needed for each property. For the 1130 the times 
are 2 minutes and 5 minutes, respectively. 

I-r a plotter is used, this will eliminate the tim~ involved for 
manual plotting and the intermediate print-out of respo~se points. 

It is assumed in the above sample that the spe·::!ial cubic mathe
matical model is used. 

-/ 

Since many mix problems can be handled by this technique, it is felt 
that a general awareness of it will be profitable to user installations. 
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APPENDIX A 

MATIillvlATICAL MODELS USED 

The following equations are the available models from vlhich one may 
choose. The subscripts in the equations refer to the .individual com
ponents. A multiple subscript indicates the' presence, in the factor, 
of multiple components. 

Models lea) and l(b) will handle most situations. 

l.(a) Quadratic: y = L; S.X. + L; S .. X.X. 
l. 1 . lJ 1 J 

(n - No. of Components) 

(b) Special Cubic: y = Same as l.(a) + ~ S .. kX.X.X 
lJ 1 JK 

2. (a) Cubic: y = Same as l.(b) 

l~i<j<k~n 

+ ~ ct • . X.X.(X.-X.) 
.lJ 1 J 1 J 

l~i<j:5:n 

(b) Special Quartic: y = Same as 2.(a) + L; i3 •. k X. X ,XkX lJ \.e 1. J e 

3. (a) 

(b) 

l~i<j<k<e :5:n 
(The last term is used only when n >3) 

Quartic: y = Same as l.(a) + I: 6 •. X.X.(X._X.)2 + ~ S ... kX:X.X
k 

+ 
l.J 1 J l· J llJ 1 J 

l~i<j<k:S:n 

E S.jk X.X.X X + L; S. "kX.X<:Xk + L; S .. kkx.x.rk + I: Ct • • X.X.CX.-X.) 1 e 1 J~K e lJJ 1 J lJ 1 J lJ 1 J ~ J 

Special Quintic: y = Same as 3.(a) 

X.X.XkX X 
1 J m e 

+' L; S .. k X.X.X X + L S .. k 
lJ\.e 1. J k e lJ em 

l~i<j<k<e ~n 

Any of the coefficients In the above equations may be zero, and it 
must be emphasized that' the Im'lest order equation, consistent \-lith a 
good fit, should be used. The choice of' a more complex equation 
unnecessarily distorts the estimated response surface, and makes the 
optimur1 difficult or impossj.ble to find. 
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There are no constants in the equation for owe are exanunlng differences'x
between the mixes, not what they ~ave in common. It is important to 
remember this, since our correlation programs for the computer normally 
generate a constant. In this case, however, the constant must be 
r.epressed by the computer operator, otherwise the coefficients will 
.Dot apply to the simplex. The simplex represents 100% of the mix, 
but if some portion is predetermined (for economic reasons, for 
example), then the simplex representso.lOo% of the flexible portion 
of' the mix. 

ie-Full advantage of this charOacteristic of simplexes is taken in 
examining systems v1i th four or more components. The systems are examined 
at ea.ch level for three factors while the fourth and fifth i'actorsare 
held constant at these levels. This permits exruaining a four dimensional 
simplex on two dimensional triangular pilots, which simplified inter
pretation. 

o 

c 
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APPENDIX B 

PROGRAM 9 G5"S-CHR 
G~NERAT:ON OF RESPONSE POINTS FROM SIMPLEx OF 2 TO 5 

U ::. I N ~.: E: T _. :-. R t;. :-~ S C L uTE V A L !~,' E 5 0 R D: F r ERE N r I t:.~. :~ • 
~':AT\-\ r-:ODELS j;~RO...;(··: 5 a ::Clt·L QUr\r~T Ie :.\~CL~IS!Vt:. 
~RrTTE~ BY WM. A. PEASE~JR. MARCH Zt 1967 

COMPONENT.:;, 

READ IN PARAME7ER CARD CON'r~:NI~3 Nl,N2~N4'BP,NL'AND K6 F1RST. 
THEN .Feu .. ow \-.J: T H NL HEADER (/\RDS l 0 ~ABLl AIJD S 1 X PATA CARDS 

- CONTAINING B\:) v,!.\~u~s r;~C)/"1 --

n l ( Xl} + B 2 ( X2 ) + B 3 ( X 3 ) + B 4 (X ~ X 2 }'~. 85 ( X 1 X J ) + 13 6 ( ;..:;.: .:\ 3 ) + B 1 'X: x L. X? : + 
B8'X4~~B':XlX4:+810(X2X41+Bll(X~X4)+B12:Xl~2Z~)+813(XlX3X4)~ 
8 III : X? X 3 XLI; ~. 8 1 ~ ~ X 1 X 2.X 3 XLi· } + B 1 6 (X!5 ) + 8 1 7 ( X 1 X 5 ; + B 1 8 ~ X 2 X 5" ) + D 1 9 ( X 3 x;; ,: + 
.H20 : X1X2X5 ; +621 (ictx ~')(5) +[322 C< 2X3X5 )+1323 : x lX2.X3X 5". +324 (XLf;(5 ) + 
S 2 5 \ X 1 X q X 5 j T B 2 6 (X 2 X Lp( 5 ) + g 2. 7 ,X 3 X 4 X 5 ) -t-B 2 8 ( X I X2.X 4 X ~ ;. + 13 2 9 ~ .:( 1 X 3 X If XG ; + 
B 3 0 ; x Z.X 3X 4 X S· ; .J. n 3 1 ( x 1 X 2X 3 X 4 X 5 ) ~ B:3 2 ( ()C, - X 2 ) Xl X2 ; + B 3 3 ( (X 1 .;.. X :: ) X 1 X 3'; t
B 3 Jl ~ \ X Z. .-X 3 1 X 2X 3 j + 0 3 5 ( ( X] - x t;. ) X LX: If ) + 836 ( (X 2. .. x q ) X2 X 4 ) + 
83 7 ~ C X3-Xtl) X3XLI : tG3B , (Xl-xs-: X lx,,}t:139 ( {X2-X5) X2.x5) + 
B~O~ (X3-X5)X3X~]~G41( (X4-X5lX4XS)+B42 

Nl ~ N04 OF DIffERENT COMPONENTS (DIFFERENT X) IN MODEL. 
N 2. ::: N (I. 0 FIN i E f\ v A L S t N 5 = fit) LEX B C!f~ D E R ( A r R AS E ) • 

N4= BASE ON :~)R!GINAL SCALE" (UNITY'lOtOR loO--- ~UR PER CEf\ll") 

BP:: BASE FO~~ PROPERTY, SM;\l_lEST \;,/.,LUE. ~)BSER\:,cD-\vliOLE.. N{)~ , 
NL ~ No - OF LABEll NG ~~f:AD~~;~ CARD~) 
B(I'~ CGEFF!C:~NrS IN MODE~ [Q0ATION. 
k3:;.; 1 FDR P'-R:-: "::UB!C ()R. SPE~!,':.l Q'~!!\:<~T!C,= 0 I;', .2:.~!... Cr:·./:::R (; .... 05::5>1 
x: I;=; EXPRESSiON IN P,:.\HENTH[SIS FOR -::~Rr~ESPCJNDINC; 8( l' IN i'viODCl. 
S ( 4 2. ):: (, ON S -:- :. NT: N f~ QU p. T 1 ON, ~~H E ~ I.J SE:.' • 
X(4Z)= 1 TO KEEp CONSTANT I~ E~UATrON,WHEN UES!Rt: • 
Act)=: BASiC COrV:POUEN7 RAllO BEFORE CCNVEf,T'if\l:= FoR A/\sc. 
(ONV= CONvERSION FACTOR TO BRING COMPoNENT RATIOS To ACT~A~ ~~Tc 
Af'J = ~ 0 N S T ? A ~ NT 0 N S ;.,; M 0 F C ~:"1 M r-; 0 N E I\: 1 V ;.\ L U E ~, • 
c.. T :: ~ 0 ~: S r R A : N ;- T E 5 r T 0 :< [ ~ ~ PO r N T ~ 1,..' I T H 1 N S r j\ 1 P lEX rti C :) :.: ~ 

DIMENsrON B{48J,X(48: ,A{5} 
~ FORMA - (3 I l.j ! F' • 0 , 2 I 3 ) 
2 FOR 7v1A 7 : 8 F 9 6 0 J . 

l. FORM·'~:5, .. 2-~ ~{l,':;X.3'·; X2.t6X3~~ ;~3.~·X:S:'{ ; ... :l .. ,6>:3~·1 X~j,7;<,:;i R·~:S';~:NS2: } 
5 fORM:7 (5~·9.2'~X,~l6.9] 

~. FOR tw I .', - ~ / : L... , ~ : H" . C G M P 0 N ::: N T S f L. X , : :." , 1 0 H r N T ~ i { 'i ;; :... S, .I i.. ':) H B A.;.. ~ ;' i 
., fOR M·: - ~ 7 2 H 

B FOR. ""A'" ~: H 1. } 

9 FORMA7 {30H WH~T rS·N~MBER OF COM?J·!~~TS.) 
20 rCRt'lAT ~iIOH NO. OF COr'1:-'ON:::NTS EXCEEDS 5, IV;'; t..i\RG[.//, 

1 0 ',/ R I T E (3, e ; 
REA D : 2 , ] ; N 1 ,r--1 2 , f'.! ~ ~ f, p , ~~ L • !<.~ 
Lf :~~li 14~15~16 

~q CALL EXIT 
1 5 ""R l IE ( 3 ! 9 ; 
" Pf\U SE ] 

GO iO 10 
16 IF (Nl-5) 18~18,l7 
1 -, \aIR 1 r E (3, 20 ) 

PAU~E Z 
GO TO lO 

18 DC 11 .I:1.~NL 
RE..t,D ( 2 , 1 ) 

v 



I 

I . 

\ 

11 'ro'f{ I T E (3 ~ 7 ) 
. 1 NIT I AL I Z AT JON 
~C 1 2. I ~ 1 ~ if 8 
XlI}= 0.0 

OF VARIABLES 

126(1)= C.O 
1'l3= N2+l 
AN: Nl 
I\Nq =N'! 
CONY;"; ANlf/AN' 

-W R J T E C 3 r 6 ) N 1 , N2 t N 4 
WRITE C;3,Lt) 
00 13 I:. 1,41,8 ......... - ... . 

13 RE /,D (2., 2 { 8 ( 1 ) t 6 ( I + 1 ) ~ a ( J + 2 , ,B ( 1-+3 ) ,B ( I + 4-, ,B ( r + 5) t B , 1+6 ) • a ~ 1 + 1 ~ 
. ·X ( q ~ 1:. 1. . '. . 

N5:-; ··1 
D 0' 5 0 1;;;: 1, N 3 , 1 
N5'~: NS'!-l 
N6 -. N3-N5 
A(l)= 1-1 
XLI):: A<ll*CONV 
N7= -1 
DO . ,0 J:-: 1, N 6 , 1 
N'7:: N7+ 1 
N8= N6-N7 
A(2.)=- ,)-1 

X ( 2 ).::. A ( 2 ) "* Cu. N V 
xeq)::: X(l)*X(Zl 
[F (Nl-3} 19,2.£.1.24 

19 CT=- A(l)+A(zl 
IF tCT-At-J) 50,21 ,so 

21 Y= 0.0 
[>0 2.3 N= 1 ~ 2 

23 Y= Y t (8 (N) "* x (N ) ) 
Y= Y+8(4)*X{4:+B(qZ)TBP 
WR 1 T E ( 3 t 5" ) X ( 1 ) ,x ( 2..) ~ x (3) ,X { 8 } ,X ( 1 6 ) ,y 

'. GO TO SCI _. .. - .'.- ...... - --- -- "'" ._ .. .. 
2.4 N9 -= -1 

DO 49 K= 1,NS~1 
N9-:; N9t-l 
NIO=- N8·~i\!9 
A(3);;;: k-l 
X ( 3 J.:.: A (3 1 .:~. CQNV 
X(5")~ X'1'~X(3) 
X ( (;, )::: X ( 2.) .: X (3 ) 
X(7)::: X:L)r.-X(0) 
IF (Nl-q) 46,2K,2B 

,5 <T~ ACIJ+AiZ)tA(3) 
1 F ( ( T - AN) L. 9 ~ 2 6 , if 9 

26 y= 0&0 
DC 27 N=1.,7 

27 y= Y+8lN)~X~Nj 

y:.: y--s (J~2 ) ':-BP 
WR l T E (3 ~ 5 ; X ~ 1 : ,x ~ .2 ) f X { 3 ) ~ x ( 8 ) :t X ( : 6 J ,y' 
Go ro 49 ~, 

2.8· I~ I 1:: - 1 
. DO If 8 l ;.: 1 ,N i 0 

N 1'1:· ~ 1 1. ~- 1 
N J 2. =-. N 1 0 -. t·1l ! 
Ii (It ) ~- L -'1 . 
X (8 ) .:~ /-\ ( II. ) 1- C 0 r~ v 

!.-

o 

o 
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DO 29 1\1:-:1-7 
2.9 X(N+Sl= XCN>*X(8! 

IF (Nl-5: 40~3q,34 
30 CT= A(l) 

DO 31 N -:: 2 ~ II 
31 CT:-: CT + ACN) 

IF ( C T - AN J 4 8 'I 3 2. ~ 4 B 
32 Y= 0 •. 0 

DO 3~ N= lil5 
\33 V:: Y+(B'N)~X(N)) 

Y-=Y+B(QZ)+BP 

-17-

WR I T E. ( 3 ~ 5 ) X : ] ) ,x ( 2 ; t X \ 3) ,X,~ 8 } ,x ( 16) ,y 
GO TO 48 

3q DO 47 M= 1·N12,1 
A(5)= M-l 
X(16)= A(S}*CONV 
DO 35" N= 1,]5" 

35 XCN+Jb)= X(N)~X(16} 
IF (N1-5) 40,40,L7 

36 CT= Alll 
DO 37 N:-: 2,5 

37 CT= CT+A(N) 
IF (CT-AN) 47,38,~7 

38 Y= 0.0 
DO 39 N= 1~31 

39 y= Y+(B(N)~X(N)) 
Y=Y+B(42)t8P 
WRITE (3,5)X(1) ~X'2'~X(3) ~X'B' ,X(16) tY 
GO TO LI7 

liD IF (K 8) '4 1 , LJ 1 'I if Z 
41 GO TO (19,19~25~30~36),Nl 
q 2 X (:32.)::: (X ( L) -X ( 2) ).xX ( 4) 

X ( 3 3)= 'X ( 1 ) - K ( 3 ) ~ f X (5 ) 
X ( 3 II ) = l X ( 2} -- X (3 ) ) ~. X l (, ) 
IF CNl-4) 25.43,43 

lj 3 DO LJ LJ lIVi::: 1, 3 
44 X(LM+34)= (XCLM)-X(4})*X(LMt8) 

1F (Nl-S) 30t45~45 
45 DO ljG LM;;; 1,3 
LJ ~ X ( LM + 3 7 J =.; , X (L M ) -X ( 5 ) ) ~ X ( llVi + 16l 

X ( 4 1 ):: (X ( g ) - X (5) ) -K-X (2. Lj ) 

GO To 36 
q7 CoNT I NuE 
tlB C (I l\I T 1 N UE 
1.19 CO NT! N UE 
5'0 (ON T I NUt: 

GO TO 10 
E.ND 

FEATURES SuPPoRTED 
Or-! E W()p. D r N TE. G E R S 
EXTENDED PR[CISlbN 
Ioes 

CORt RfOUIRfMENrs FO~ 
(OMMON 0 VARIABLES 

END of CO~P1L~T[ON 

352 P.ROGRAM 1318 



RJ;~SPON3}~: FOH PROP};~RTY 1, SPECIAL CUBIC HonDI, 

o 

f()r 2 
( .nt ,,'-'- lntel'val ehosen) 

the printout 1,lou.ld 

here& 

11.0 -<ft.n ... ·:.3 '?: ~j :. r:. ? 
------("1 

... 1.' 
----::·0---·-;99c') "; -.~ . 

r~ ("<t"' 
~'" I' 'i,5""" ~ ~I.. 

---'--::~0'~--'-'-'-~~-:;':~~~T"';:':~~ 3-~:~':; :\~~" .~~:::.~~~.:;.-~~---.. ,.-----.--.----- .~~--~.-.-.~.-~~~.".~--~-~-.,-.--=.-.... , .~ ___ .,,_w_' ____ • ----r;-
--0'''; .. 

, ... 

,t?" -

• 

~ 7 --:~_"--l-------- -:)'~ -'_-' . 

.,.0 ... f) "n , --,--- -,'.' .. _'--"'."'. 'r---"'-'--"" '(1 .---.,,--. •. 

., a iD ... J .• J J 

.. ::: .. .l!. ....0 

... {~} .. C ~.~; ~. 6 · .... ··-··--···--·-·-·-.. ~r J------;;5-·-------:~;-·-----· . 
_ •. ___ .~:~~~- _ •..• _. ________ . 0' ~ .. ) ~. ~JJ 

>') 

..... .;. ' ..... :J .., 
.. <-

, : 

.., ) 

" ...... " .-- ..... : -- _ . ....,._--- ----.~------lj--------~-.;-~.~.~----- ....... 
,~ " v ... U" ~.. '@' • 

.... i 

/ o 



• 
• 
• 

~;1 .O(r ~ .. 9·-·----- --'--:rr-~' '~('r--:'3;i ~37('::<·iT~·::n3 

_____ ... 1 ~ _____ . .=., •• ,-:1:..-____ ....: .... :,...(:,.. ~ _____ .:..-=r~1 ____ ---.; .• ::...;..0..--___ .,:. .. ..,;.1 ri 97 7' :.G ? t ·:·n: ~ 
... 1 .• ·1 .... 1 ... 7 •. ~'J .• ..1 f:(J~)(} 1 7f<·.·:·~7:-.--------------

o 

1 . ____ "'!'*..J~ ___ . __ .. _. •. 1 ~7. ..,.6 ... f} ... ~ 16D 3 ~88 ;~.:-:'j ~ 

• 
• • 

~i _0 .• ·f;i _~ i (!:-19·':·0::·:·0.3 
~-------~~~----~~-~--------~~--------~:------~ ... , ... 7 .... rJ ... r:::-~-:)8 50r::-~:::rrJ 

_
.4.' _(.1 .•. _~.'.) ~?)r~?)1n~~~(1 _ ' ~ I e_ ': '-..- ;; . " ~ ~ • .'..,. ... --------~r-~-"P\-")-n,:i....,-.----i·r...., -,.,-------" 

·ow •• ...,. 4. ..... !~ ..... ;':J ... ,)L!-;l.) ~.~ :/' .. " t ~:. ••• :}:) 

• 
• • 

• 
• 
• 

.. 1 ~ -.n .. 1 .. (). 1 ~~~.l!_~~~:,:::.;_r!;? 
----------.• -.• :---------.• -.T:r;---------.• -.r1--------~-.7(-j--------.• -.~~j-------T~:r.:--.:~)/ r-?::--~-~~.:.-~-i~~~r,-------------------------

~ r r;' r\ il·?-11-",r~'7_'.:·i? 
..... • .... _' ""IIit"". ___ : ,.-~ .... ~ ...... ,'1 .. :.' • /.- ... t •• - • ~ I e'" 

··-·-·--·----:~~-----·--··~~~------~~0-------~-r------.;n_--:--.:.;r·T7l:~ ~ .. ~?.': .. ::-:~~-!:~------------.-----.--. 
".. 'j " -, (\ 1':\""\'1 ~-/-/.0":-.'.r~" -..... .~ ~ ~ ..... ! .. J ~, I ...... ; '. ..1. t ~ , • 't ... \,; .-

.. -----:~~-------~.(i-----._:_~ :.-~------:~0---·_;_~n-:l~:7·?3·~::;.:::;·~::---------·---·- --. 

• 
• 
• 

• 
• 
• 

• • 



• 
• 

• 
• ./.:. ,,):. .0 .•. ? 

-------:~~Tt.:--~---,:~J ~---.----.::-1-------~:1-----

... .!:- • !!. .' ~,,·O 

1 , 
•. J .<, 

I~ -8-0 _ .. 
'. ~ --r.---

.-l ~ .1 .', .. .. , r' 

.... ~j 
(' .. ) 

"V1 
') 

..... ' -

" • 
• 

• 
" • 

.... ',' 
") ... ~' .. 

·.1 
... {1 

-21- v 

..J."; .... ~i7jTI-t1),r~ &..:.~-.~};j 
.f} ... l:.!!.8 2S()!:'~<:-:':~~ , 
";~---":.~}·~·1-r: ~~:~-t}-7~~-~'-:~r~~~ 3-------------~ .. '-.----· ~-:-..~'-'-
.0 .. }!,17l~8 ~!.:.~; ~:~:-C~; 

...,..1) ••. ~J 
n ... 11 .. -:"! ...... ,J 

-------... -.f} ~!:r-Tr TTr;~J~~j·-:.: .. '------
n 1 ,..0 ". , 

('j h(' -, r- (i ., ,'~{' :: -'/~? 

\ 

G 

..... 1 --' ' 
, j 1-0 --~) .... ' .. : -,- -"I' 

.... ,. .... :·I_,~Jj ."",~.~".",,: 

--------------~r-----------~~-----------~~-------------~-----------~~~~ .. ~------~--~~~~S I ~'-i~;~}~,~!'~:~--I·~~~~-,----------------------------------
0- .0 ... ~I --" ... .,.' .• (1 
('I 

"V_I 
1 vo. 

1 .~ • ~ j 

(~ ,.'1 .... ~ 
-v1 v~y 

... Ci -o.l:.!:-; 31 ~,;;( ;->: ·:~:3 
".~! ,.) P!· 7 j 7 r~ ~r-[:--:=:;'3-------------

... 0 ~~) 
--r':- , 

• rJ .v 
... (} -vh ~~ (? 1 !:fi E-:<j 3 
."0 .. -f.f~L%C-~;;;;C:r-

-, 

Notice that only points r/hose coordinates. add up to 
unity are printed by the computer. (The five pages 
from which this sample 'Ylas taken rlere generated in 

45 minutes on the 1620 computer.) 
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Factor Spaces and the Simplex 

In any experiment one usually has upper and lower limits upon the various 
conditions or ingredients. The space bounded by these limits is called 
a "factor space." 

For example, Figure 1 represents such a space. Here the X-axis is temper
ature (ranging from oOe - 2500e), the Y-axis is time (ranging from 15 min. 
to 480 min) and the Z-axis is percent formaldehyde (ranging from 0 to 251». 

(o./lgt':>Jo) E 

Figure 1 

( ?Go l{\·!). ;' '\ _.) ,) .. , 

- A )lIS - -1----

.. 
" ' .. 

~-------.--------.-.---.~"': 
c.. (2.50) I'.::: ':.' ) 

This could represent the factorial space for a resin. Now every formu
~ation wi~hin the given limits is to b~ fo~d,within.thisfactor space. 

r ~. rairequatIon' th~r~'}-~il1d p~rmit one' 'to o'ptimi~e :l.th~t ):prbp~tty. Finding 
the maximum or minimum value for the equation in this range is done by 
"mapping" the response surface of this space. Like the contour lines 
of a map for elevations, this will show the high and low regions. 



-2-

If we only consider ingredients, however, and omit time and temperature, 
we know that the ingredients must add up to lOCl'/o. A mix that is 400/0 
Phenol, 400/0 Water and 40% Formalin has no real world meaning. It does 
have a place in the factor space, however. To keep the points in the 
real world, then we must put the constraint that the point coordinates 
sum to 100% upon our space. Figure 2 shows the results. The cube is 
the factor space. 

--_~ ('l)0, lOC\ 100) 

Figure 2 

~-~ (100)0, 100) 

Only the points on the shaded plane meet the last constraint. 
The space represented by this surface is a simplex space. A simplex has 
these characteristics: 

1. It is represented by a equation one degree lower than that of 
the factor space from which it is cut. 

2. It thus has one less dimension for diagramatic representatlon. 

3. The sum point within the simplex adds up to the same sum (the 
sum of the coordinates at any of its vertices). 

As you can see, all feasible points are completely within 'the simplex. 
By eliminating the rest of the factor space we have greatly reduced the 
number of examinations necessary, removed meanless combinations from 
the model equation and reduced the equation representing the property 
by one degree. 

,~A,; {, . ~.r . , 

Now examination of a simplex can be done all at once, ~ut it. is hard.er' 
to do this on a factor space. In IBM's Control Optimization Program (COp), 
you will find that the program moves over a small area at anyone tlme 
and homes in on any local optimums. As-:-::'IBM"':wtll explain, one must start 
from other points on the perimeter of the factor space to make sure that 
the local optimum found is the optimum for the whole factor space. In 

o 

, ' C .. "'" 
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using the simplex, however, one can examine the whole area accurately 
enough to home in on the property optimum f'or the whole space. 
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DYSTAL: ADynamic Storage Allocation Language in FORTRAN 

James H. Sakoda 
Brown University 

DYSTAL II is a revised version of DYSTAL and is written in ASA 
Basic FORTRAN IV. It is particularly useful to FORTRAN programmers in 
need of special programming language capabilities and dynamic storage 
and virtual memory using a disk file. It can be used in a time-sharing 
system, such as RAX, which employs FORTRAN as its basic language. It 
can be used with relatively small machines for which s~ecial languages 
or the more general purpose PL/I generally are not available. DYSTAL 
was originally written for the IBM 7070 with 5 K words of memory, and re
written for the IBH 360 Hod 50, and is now in operation on an IBM 1130 
with a disk file and 8K half words of core memory. Since it consists of 
a series of some 70 FORTRAN SUbroutines, it can be adapted to other ma
chines. 

DYSTAL has three features which are of interest to users who desire 
more than the capabilities normally provided by FORTRAN. First, it has 
a dynamic storage allocator, which allocates space in core memory and 
moves arrays from core to a disk file and back again. Second, it is capa
ble of handling complex data structures--in particular tree structures and 
chains of arrays. Third, it has, among its subroutines, procedures for 
list processing, string processing, ranking and sorting, matrix operations, 
statistical operations, and high level input-output routines. It can be 
used to advantage to write complex programs in such fields as linguistics, 
data-processing, simulation. 

Dynamic Storage Al10cat ion 

DYSTAL II, which features relocatable arrays, provides both dynamic 
storage allocation within core memory, and movement of arrays from core 
memory to a disk file as room in core becomes unavailable. Dynamic storage 
allocation allows the user to specify the length of arrays or dimensions 
of matrices at running time, thus eliminating the need to write a DIMENSION 
statement for the maximum amount likely to be used. It is also possible to 
input or create arrays or matrices, the number of wh ich need not be specified 
at the time a program is written, but can be determined when the program is 
run. The user keeps track of such arrays by keeping their names on a name 
array--a feature which FORTRAN does not provide. For example, in XTAB6, 
the recoding and cross-tabulation program, the number of instructions for 
recoding and table-making can only be specified at running time. Also, the 
number and sizes of tables to be tabulated cannot be anticipated in advance. 
Dynamic storage allocation makes it possible to read in any number of. arrays 
as instructions or to create as many matrices of the desired size as neces
sary. 
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DYSTAL II's relocatability permits an expansion of an array 
should it become necessary. All arrays are accessed through a direc
tory called MAP. When an array is inadequate in sir,e it can be moved 
to a new location with expanded capacity, and this change noted in 
the directory. For example, when the instruction 

CALL LOAD (WO, ISTA) 

is used, the content of WD is placed in the next available location of 
an array called LSTA, and the counter increased by one. When the capac
i ty of the array is insufficient for LOAD to operate, it calls KHOVE 
which moves the array to a new location with expanded capacity, and per
mit s LOAD to complete its task. Relocatability also makes it possible 
to provide virtual memory or two-level store. When room in core memory 
is exhausted, the array which has been in core the longest is removed 
and placed on a disk file, and only brought 'back when needed. Arrays 
in core are handled on a first-in-core,first-out-of-core basis. Thus 
room is made for a newly created array. It is therefore possible to 
deal with a relatively large number of arrays, many of which can reside 
on a disk file without the user's knowledge. The limitation of the size 
of the dynamic storage area, of course, prevents the use of very large 
arrays. 

There are two difficulties with the dynamic storage allocation 
system. First, the system is a little large for an 8K (4K full words) 
machine, and would work better with a slightly larger machine. The maxi
mum amount of core memory which we have been able to allocate for dynamic 
storage is about 1400 full words and this only by having separate links 
for input, calculation and output phases, which permits the shutting off 
of unneeded devices, as well as shortening the main program. Full use 
also must be made of the LOCAL which allows subroutines to be called 
in from disk only when needed. This limitation is due to the fact that 
the qynamic storage allocation routines by and large must remain in core 
memory at all times. The second difficulty is that when the disk file 
is used constantly the operations are slowed down considerably. Much of 
this is due to access time on the disk, and it is partially the responsi
bili ty of the programmer to reduce the frequency of disk access. 

I am now working on three approaches to reduce the amount of 
disk access. 'fhe first is to have the system avoid writing an array back 
on disk when an identical copy resides there already. The second is to 
allow for permanent designations of arrays as permanent, semi-permanent 
or temporary. The permanent arrays will stay permanently in core, the 
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semi-pennanent ones will go on disk on a first. in-c ore , first-out-of 
core basis, while the temporary ones will be prQcessed on a last-in, 
first-out scheme. The third approach is to provide for blocking of sev
eralarrays into larger units, making possible • single access for a 
group of arrays. Blocking can be ~cifj.'4 for either fixed length or 
variable lengtnarrays. The use or 'blockit).g will be more feasible when 
we get in our additional 8 K half words of core memory. 

ComelexDa~a Strwture 

Complex programming problelllsa~eoften. problems of structuring 
data. One of the features of DYSTALarr~~ is a severt-word head accessi
ble as a part of the array. The head 'cont~ins parameters, such as the 
input-output mode, array counter ,,~trix4i,..en$ion,pointer to another 
array, etc. which makes it possible to t~n many programming chores over 
to DYSTAL routines. In other words, thE!J)YSTAL,rray is a complex struc
ture consisting of a head and body. The in'Pl1t-()utPlit modes, for example, 
are associated with fixed input-outp~t f9r,~t,$ fQr integers, real numbers, 
alphabetic words, alphabetic text, etc. l'hJlveju.st added a seventh for 
alphameric character input-output. ' 

Another important feature is t.pea1:>il~ ty to place names of 
DYSTAL arrays ()n other arrays. Thisperld.ts the creation of complex 
data structu,res, such as a tree structure" In. our example, the generalized 
input routine, tsRD, reads in as many.rraysQf different types and lengths 
as specified,an<i puts their names on e' ~ .. ~ array, from which each array 
can be accessed. This process of puttl:ngnaJ,rles of arrays on other arrays 
can be carried out to any depth desired.. There is a rout ine wh ich traces 
through a tree structure and returns the nam.e of each array as it is en
countered. 

Another type of struc ture which can be created is the chain of 
arrays, by use of a pointer from one array 'toanpther. Wait ing lines, 
consisting of arrays, for example, can be handled as chains of arrays. 

SpeCial Purpose R~tines 

Finally, DYSTAL can be seen as a general purpose language con
sisting of a collect,ion of subroutines pr()V~c1ing special purpose capabilities. 
DYSTAL's list processing operations, forex~ple, permit many of the opera
tions p~formed by list processors sllch asrr~v or SLIP. DYS'rAL, hOW'ever, 
keeps words of arrays in consecutive locations in storage, thus permitting 

o 

c 

o 
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use of subscripts for faster accessing than is possible with linked 
word lists. It is possible to insert or delete a word from a list. 
In our bridge hand example the card which has been dealt is deleted 
from the list of cards, thus making it possible to draw a random num
ber for the remaining cards, until all cards are dealt. The instruc
tion for this is 

NVAL ;; ITAI<E (NTH, LDRAW) 

DYSTAL's string processing operations provide for unpacking 
words into a string of characters, and also packing characters into 
words. A string of characters on one array can be matched against a 
longer string, and the location of the match returned when agreement 
between the arrays are found. A substring of characters can be re
placed by another string, and two strings can be concatenated to make 
a longer string. In our bridge example, JOIN, the concatenation func
tion is used to combine into a long string. In our bridge example, 
J"OIN, the concatenation function is used to combine into a long string 
a value, the word "of", the name of a suit, and a blank. 

DYSTAL provides an internal sort routine , which uses a rela
tively efficient merge sort method, using an extra array and accessing 
items from both ends of the two arrays. The ranking routine replaces 
items with ranks from 1 to N. The record sort routine provides for the 
specification of one or more key items of the record on which sorts are 
to be based. The names of records on a name array are then sorted us
ing the specified keys. During the sort many of the records can re
side on the disk file. 

DYSTAL's statistical operations provide the basic capabili
ties of calculating the sum, sum of squares, sum of crossproducts and 
variance of items on an array. The matrix operations include matrix 
transpose, matrix inverse, matrix multiplication, and row by row mul
tiplication. DYSTAL's matrix operations are relatively simple to write 
because the dimensions of the matrices involved need not be specified 
as arguments, since they are contained in the head of each matrix. For 
example, to take the inverse of MA multiplied by MB and stored in MC 
one can write: 

CALL MINV (HATMP (MA, HB, MC» 

In our bridge hand example the values and suits are stared as matrices, 
and the expression LINE (ISUIT, LSUIT) is used to access the Ith line 
of the rna trix LS UIT • 
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DYSTAL provi des high level input-output routines which re
lieves the programmer of the chore of writing form t statements. For 
example, ISRD (NRD, NAME) will read in any number of arrays or matrices, 
tree structures or chains of arrays and put the names of arrays on 
NAME. IDUMP (ISTA) can be used to print out the head and content of 
the array namedISTA in the proper mode. If the head is not desired 
the content of an array can be printed but by writing 

CALL LWR N(NPR, 1, ITEM (O, LOUT), LOUT) 

Here, ITEM (O, LOUT) retrieves the counter value of LOUT, which can 
be used when the number is not known exactly to the programmer. CALL 
KDUMP results in the systematic printing out of all arrays in memory, 
including those which have been put on the disk file. It is a very con
venient method of getting a readable dump. 

Possibly the most attractive feature of DYSTAL is its imple
mentation. Since it is written in Basic FORTRAN it can be implemented 
as a serie,s of FORTRAN subroutines and functions. Existing routines 
can be modified and more can be added to suit the user's needs. It is 
not only a general purpose language as it stands, but also an expandable 
one. For ten dollars the Sociology Computer Laboratory of Brown Univer
sity provides a minitape which contains the FORTRAN subroutines for both 
the 360 and the 1130, and documentation for DYSTAL II. The older DYSTAL 
Manual for the older version of DYSTAL is still available at #3 and can 
be used in conjunction with the DYSTAL II manual. The two systems, how
ever, are not exactly compatible. 

The bridge hand example, which is included here, gives some 
of the flavor of DYSTAL programming. As can be seen, a DYSTAL program 
is a combination of FORTRAN and DYSTAL functions and subroutines. Only 
a single large dynamic storage area is dimension, placed in common and 
LOT and FLOT equivalenced. INLOT is called to set up the dynamic storage 
for use, and ISTAL is used to create an array_ LSRD will both create and 
input arrays. Arrays whose names have been placed on NAME can be re
trieved by writing, for example, 

LVAL = ITEM (1, NAME). 

LOAD is used to put numbers from 1-52 into LDRAW. A random number gen
erator is then used to determine the card to be dealt. This card is de
leted from LDRAW, and the correct line in LVAL andLSUIT determined, to 
form the output line through concatenation of words from several arrays,. 
To output a line LHR is called which does the printing using a one char
acter per word format. This should provide some idea of the dynamic stor
age allocation, data structuring, and special language ability offered 
by DYSTAL. 

c 
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II EJECT 
C ** PROGRAM TO DEAL OUT A BRIDGE HAND. WRITTEN IN DVSTAL. 

DIMENSION LOT(550),FLOT(S50) 
COMMON lOT 
EOUI VALENCE (lOT ( 1) ,FLOT ( 1 ) ) , (NRD, lOT (27) ) , (NPR, lOT (29) ) 
DEFINE FilE 4 (lOOO,SO,U,JFI) 
CALL INlOT(3,10,550) 

C ** CREATE OUTPUT LIST. 
CALL lSTAl (1,92,LOUT) 

C ** READ IN AN ODD NUMBER TO START RANDOM NUMBER GENERATUR. 
REAO(NRD,11) ISEED 

11 FORMAT (9XI5) 
CALL LSRO(NRD,NAME) 

C ** FIRST lIST IS lVAl, AtE, 2, 3, JACK, QUEEN, KING IN MODE 7 
C ** WHICH HAS AN (lX12A1) FORMAT. 

LVAL=ITEM(l,NAME) 
C ** SECOND LIST IS LSUIT--CLUBS,OIAMONDS,HEART,SPADES,BLANK 

lSUIT=ITEM(2,NAME) 
C ** THIRD LIST IS LDRAW--CONTAINS NUMBER OF CARDS fO HE DKAWN. 

lDRAW:ITEM(3,NAMF) 
C ** FOURTH LIST CONTAINS OF. 

lOF=ITEM(4,NAME) 
5 WRITE(NPR,310) 

310 FORMAT(lHl,10X'WEST',16X,'NORTH',16X,'EAST'16X,'SOlJTH' I) 
C ** PUT CONSECUTIVE NUMBERS IN LDRAW. 

N=ITfM(-l,LDRAW) 
DO 15 1=1, N 

CALL LOAD(I,LDRAW) 
15 CONTINUE 

C ** ZERO OUT COUNTER OF lOUT 
20 CALL IPUT(O,O,LOUT) 

DO 95 J=1,4 
NDRAW = ITEM(O,LDRAW) 
IF(NDRAW)200,200,50 

50 CALL RAN(ISEED,RAND) 
NTH=RAND*FlOAT(NDRAW)+l. 

C ** DELETE NTH VALUE 
NVAl=ITAKE(NTH,LDRAw) 

C ** DETERMINE SUIT AND VALUE TO PRINT OUT 
ISUIT=(NVAL-1)/13+1 
IVAl=NVAL-(ISUIT-l)*13 

CALL JOIN(S,LINE(IVAL,lVAL),lDUT) 
CAll JOIN(4,LOF,LOUT) 

CALL JOIN (S,LINE(ISUIT,LSUIT),lOUT) 
CALL JOIN(6,LINE(S,lSUIT),lOUT) 

95 CONTINUE 
CALL LWR(NPR,l,ITEM(O,LOUT),LOUT) 
GO TO 20 

200 WRITE(NPR,210) 
210 FORMAT(//' OUT OF CARDS') 

PAUSE 111 
CALL KDUMP 
GO TO 5 
END 



II XEC JMSRT 1 
*LOCALJMSRT,INLOT,LSRD,KDUMP,JOIN 

1113 
NAME 

1 LVAL -5 
ACE 
2 
3 
4 
5 
6 
7 
8 
9 

" 10 

~ JACK , QUeEN 
~ KING 
H 2 LSUI 

CLUBS 
DIAMONDS 
HEA.RTS. 
SPADES 

3 LORA 
4 LOF 

OF 
STOP 

WEST 

4 OF HEARTS 
6 QF·HEARTS 
8 Of: HEARTS 
2 ·dtHSARTS 

" lOQr," ctUBS~ 
~ 9. ~f?\HEARTS 
,10 OF~~~AMONDS 
,,5 OFSP,ADES 
~ 2 OF nrAMONDS 
~ QUEEN OF SPADES 

2 OF SPADES 
\ 9 OF DI AMONDS 

JACK OF HEARTS 

~ OF CARDS 

-8 

NORTH 

4 OF DIA~ONDS 

8 OF DIAMONDS 
3 OF HEARTS 
6 OF DIA~ONDS 

1 OF 'HEARTS 
QUEEN OF HEARTS 
QUEEN OF CLUBS 
1 OF CLUes 
9 OF SPADES 
ACE OF CLUBS 
ACE OF DIAMONDS 
2 OF CLUBS 
10 OF HEARTS 

1 
1 

1 

2 
1 

5 
ACE 
3 
3 
4 
8 
JACK 
9 
5 

.5 
8 
3 
10 

(j 

10 
65 

40 

52 
4 

EAST 

OF DIAMONDS 
OF SPADES 
OF DIAMONDS 
OF CLUBS 
OF SPADES 
OF CLUBS 
OF DIAMONDS 
OF CLUBS 
OF HEARTS 
OF CLUBS 
OF SPADES 
OF SPADES 
OF SPADES 

65 

40 

4 

SOUTH 

ACE OF HEARTS 
KING OF CLUBS 
KING OF HEARTS 
7 OF DIAMONDS 
JACK OF SPADES 
KING OF SPADES 
6 OF CLUBS 
4 OF CLUBS 
KING OF DIAMONDS 
7 OF SPADES 
6 OF SPADES 
JACK OF CLUBS 
QUEEN OF DIAMONDS 

0 

'1 
.~ • ..1, 
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II EJECT 
C ** PROGRAM TO DEAL OUT A BRIDGE HAND. WRITTEN IN DVSTAL. 

DIMENSION lOT(550),FlOT(550) 
COMMON lOT 
EQUIVALENCE (lOT(1),FlOT(1»,(NRD,lOT(27»,(NPR,lOT(29») 
DEFINE FILE 4 (lOOO,50,U,JFI) 
CALL INLOT(],10,550) 

C ** CREATE OUTPUT LIST. 
CALL LSTAL (7,92,LOUT) 

C ** READ IN AN ODD NUMBER TO START RANDOM NUMBER GENERATUR. 
READ(NRD,11) ISEED 

11 FORMAT (9XI5) 
CALL LSRO(NRD,NAME) 

C *. FIRST LIST IS LVAL, ACE, 2, 3, JACK, QUEEN, KING IN MODE 7 
C ** WHICH HAS AN (lX12Al) FORMAT. 

LVAL=ITEM(l,NAME) 
C **SECOND LIST IS LSUIT--CLUBS,DIAMONDS,HEART,SPADES,BLANK 

lSUIT=ITEM(2,NAME) 
C *. THIRD LIST IS LDRAW--CONTAINS NUMBER OF CARDS fa HE DRAwN. 

LDRAW=ITEM(3,NAMF) 
C ** FOURTH LIST CONTAINS OF. 

LOF=ITEM(4,NAME) 
5 WRITE(NPR,310) 

310 FORMAT(lHl,10X'WEST',16X,'NORTH',16X,'EAST'16X,'SaUTH' I) 
C *. PUT CONSECUTIVE NUMBERS IN LDRAW. 

N=ITE~(-l,LDRAW) 

DO 15 l=l,N 
CALL lOADCI,LDRAW) 

15 cnNTINUE 
C ** ZERO OUT COUNTER OF LOUT 

20 CALL IPUT(O,Q,LOUT) 
DO 95 J=1,4 
NDRAW = ITEM(O,lDRAW) 
IF(NDRAW)200,200,50 

50 CALL RAN(ISEED,RAND) 
NTH=RAND.FLOAT(NDRAW)+l. 

C .* DELETE NTH VALUE 
NVAl=ITAKE(NTH,LDRAw) 

C ** DETERMINE SUIT AND VALUE TO PRINT OUT 
ISUIT=(NVAL-l)/13+1 
IVAL=NVAL-(ISUIT-l)*13 

CALL JOIN(5,LINE(IVAL,lVAL),LOUT) 
CALL JOIN(4,LOF,LDUT) 

CALL JOIN (8,LINECISUIT,LSUIT),LOUT) 
CALL JOIN(6,LINE(5,LSUtT),LOUT) 

9S CONTINUE 
CALL LWR(NPR,I,ITEM(O,LOUT),LDUT) 
GO TO 20 

200 WRITE(NPR,210) 
210 FORMAT(/I' OUT OF CARDS') 

PAUSE III 
CALL KDUMP 
GO TO 5 
END 



II XEC JMSRT 1 
*LOCALJMSRT,INLOT,LSRD,KDUMP,JOIN 

Ill) 
NAME 1 10 

1 LVAL -5 1 65 65 
ACE 
2 
3 
4 
5 
6 
7 
8 
<) 

" 10 

~ JACK 

" QUeEN 
~ KING 
H 2 LSUI -8 1 40 40 

CLues 
DIAMONDS 
HEARTS 
SPADES 

3 LORA 2 52 
4 tOF 1 4 4 

Of "",,1 
STOP 

WEST NORTH EAST SOUTH 

'+ Of HEARTS 4 OF DIA",ONDS 5 OF DIAMONDS ACE OF HEARTS 
6 OF HEARTS 8 OF DIAMONDS ACE OF SPADES KING OF CLUBS 
8 OF HEARTS 3 OF HEARTS 3 OF DIAMONDS KING OF HEARTS 
2 Of HEARTS .0· OF DIAMONDS 3 OF CLUBS 7 OF DIAMONDS ." 10 .Of CLUBS -1 Of HEARTS 4 OF SPADES JACK ·Of SPADES 

~ 
9 Of HEARTS QUEEN OF HEARTS 8 OF CLUBS KING OF SPADES 

~ 10 OF DIAMONDS QUEEN OF CLUBS JACK OF DIAMONDS 6 OF CLUBS 

" 
5 OF SPADES 7 OF CLUBS 9 OF CLUBS 4 OF CLUBS 

~ 2 Of DIAMONDS 9 OF SPADES 5 OF HEARTS KING OF DIAMONDS 
(\. QUEEN OF SPADES ACE OF CLUBS 5 Of CLUBS 7 OF SPADES 

2 OF SPADES ACE OF DIAMONDS 8 Of SPADES 6 OF SPADES 
\ 9 OF DIAMONDS 2 OF CLUBS 3 OF SPADES JACK OF CLUBS, 

JACK OF HEARTS 10 OF HEARTS 10 OF SPADES QUEEN OF DIAMONDS 
" ) 

J. 
OUT OF CARDS 

~ rJ 0 --

- - -- -
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o "FUNNY THINGS HAPPEN" 

INTRODUCTION 

The introduction of a new computing language natur~lly generates consi~erable 

interest among potential users. The announcement of PL/I generated considerable 

interest and words. Some writers attempt to define PL/I, while others are'busy 

defending it. At this stage in its development, PL/I needs .both as its allies! 

In this ~eport, we will neither define nor defend PL/I. Instead, we shall merely 

attempt to describe what .happened to us as users. 

Unlike the theorists, we have actually used, PL/r to reach specific, and prac-

tical solutions. Our observations are based on our personal experiences in solving 

real problems. The solution of these very basic problems has led us through some-

what unique experiences. It is no understatement to say that we have seen "Funny 

o Things Happen"! 

o 

1. PL/r Aims: 

The goals of the new' language have been expressed this way:* 

1. To serve the needs of all unusually large group of progratmners. In 

parti~ular, the committee constantly attempted to encompass among its users the 

scientific, commercial, real-time, and systems programmers and to allow both the 

novice .and the expert to find facilities at his own level. 

2. To take a simple approach which would permit a natural description of 

programs so that few errors would be introduced during the transcription from the 

program .formulation into NPL. 

*Communications of the ACM, Jan. 1965 - NPL 
"Highlights of aNew Programming Language" -.George Radin and Paul Rogoway 
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3. To provide a programming language for.contemporary (and, perhaps 

future) computers, monitors, and applications. As a·frequent benchmark, the com-

mittee chose not the familiar "can we write NPL inNPL?"j but can we write, in 

N?L, a real-time operating system to support NFL programs (i.e., an NPL language 

mach me) ? " 

Almost from the beginning, this new language was conceived as having 

"features not generally pre'sent in higher level languages". That errly design 

followed certain broad criteria: 

1. The new compiler must have no "permissive" diagnostics. (This is 

wrong, but I am so smart that I know what you really mean.) 

2. Assembly language for a system which supports the new language, can 

be forgotten; by definition, the programmer should nE~ver have to use it. (By the 

way, if he does, then PLII has failed as a criterion for this sytem.) 

3. There must be a free, unpenalizing selection of program modules. 

"It's there if you need it, but if you don't need it, you don't have to specify 

it or even learn about its existence, and you don't get penalized in compile time 

or object time efficiency". (Every expression, variable, attribute, and specifi-

cation must be given a default option!) 

4. A certain computer and programmer independence must be built in. 

This is to say that regardless of computer word-size, I/O configuration, or pro-

grammer's experience, the system must be designed so that it can be used in a way 

that is most natural to both the machine and' the man. At last, the listing would 

be more readable and the chance for coding and keypunch errors would'be greatly 

minimized. 

2. The Chronicle of a User: 

1. Why PL/I? 

Why would a small computer installation contemplating the 'solution 

of a large problem choose a new progrannning language? ·The answer to this question 

o 

o 

I 
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is the beginning of our strange tale, for once we choose pL/I - funny things 

happened! I suppose we really chose pL/I out of'a kind of inventive despera

tion. We could have chosen either BAL or Fortran. We knew how tedious it was 

to code in any assembly language. And we also knew that BAL was not the easi-

est of assembly languages to use. To complicate matters, ours was an R&D pro

blem. It was of a magnitude and complexity that was impossible to predict or 

plan. We understood tha~ frequent rewriting would be required, especially during 

the development phase. It was obvious that we could not use BAL. We, like many 

DOS Fortran users, we were well acquainted with its short-comings. For example, 

we were familiar with its 1/0 limitations. We had already known how difficult 

it was to write multi-phase programs. We could not afford the enormous memory 

consumption by variables placed in Common. Neither could we afford the time to 

make mUltiple accesses, required by Fortran to read one disk track. 

pL/I seemed to be the answer. If the advertisements were correct, we 

would save both time and memory. With PL/I we could transfer whole tracks with 

only one access! With pL/I we could specify length attributes for all variables, 

internal, or external! Since "Overlay" was already a feature, perhaps multi

phase programming might be easier in PL/I. Our conclusion was that pL/I would 

give us the advantages offered by both Fortran and BAL, but none of their disad-' 

vantages. pL/I combined the ease of coding in Fortran with the efficiency of BAL 

generated object code. 

2. The Learning Phase 

We began the study of pL/I borne on the crest of the wave of enthus-

lasm generated by our boss. And then, the gradual erosion of our enthusiasm be

gan. We had tried to learn the language by reading the manuals. In spiteof the 

confusion created by these computer generated documents, we did 'manage to learn 

o PL/I. After a quick three-day seminar, conducted by the boss, we began coding. 
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3. Shakedown Phase 

Within a week after our decision to use pL/I had been made, we were 

actually codi~g small s~mple. programs. During this period, we were not only test

ing our knowledge of pL/I but also the compiler. The free form coding of the 

source statements served to simplify our task. It was reassuring. to learn that 

entire disk records could be written and read with one I/O statement. The~versi-

tile compiler would accept mUltiple statement labels without any confusion •. We 

began to take advantage of many features offered by PL/I. We even tried statement 

labels and variable names which were a full 31 characters long! It looked as 

though the period of anguish had come to an end for us - pL/I was going to be no-

thing less then tremendous! 

4. Problem Specification and Coding Phase 

The optimistic atmosphere contined to prevail even as work was begun 

o 

on the ~in body of the problem. pL/I seemed to be a very simple but powerful lan- (("'\ 
,", 

guage. It was equally. facile in developing algorith~ or translating formulae. We 

found that we could generate code almost as fast as it could be written. The ease 

with which we passed through this initial coding phase only served to confirm our 

belief that we were, after all, "sitting pretty" - PL/I was on our side! 

5. Compilation ·and Debuggina Phase 

Then it happened - Everything would have gone so well if we hadn 1 t 

had to compile all of those powerful statements! They looked so good sitting on 

the coding sheet, but what the compiler did with them! 

it got lost? 

What could the compiler meanbytel~ing me that I had a: 

"5E07IT UNSPECIFIED SYNTHACTlCAL ERROr..."? 

Didti't it know what I had· done wrong? 01:'had I made so many errors 

And, what could it mean when it told me I had a: o 
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lt5E153lT POINTER AS ELEMENT OF DATA LIST"? 

What data list? lfhat Pointer? 

And, what kind of a sophisticated stochaistic process had. it employed 

to tell me that I had a: 

115E133IT PROBABLY BAD IF NEST"? 

Why only probably? Didn't it know for sure? After all, it did look 

O;K. to me! We reasoned that we had run head long into a random error message 

generator. After many such experiences, we had to employ the following error mes

sage analysis algorithm: 

1. Look at the error message and smile! 

2. Look at the statement referenced. 

3. If the error message seems releva,nt, fix the statement and try 

again. 

4. If the error message is completely unrelated, look over the entire 

program and fix anything and everything that looks like it might cause trouble -

and try again - and again - and again! 

Once we learned to live with the error message, still more funny things 

happened: 

We fo~nd out what "Dynamic Storage Allo.cation". really means -

This phase is really too big to fit in tnis size memory but why make 

the programmer worry about such details, as a matter of fact, let's not worry the 

linkage editor either. Let's make believe this computer has an infinite memory. 

Later we try to run the program • • • • 

~'5LOOI 21", right in the neck! 

(which, being interpreted meant IISTORAGE OVERFLOWIl
) 

Now, this wouldn't be too bad except that there are eleven'or twelve 

~ phases in the program and you can't be sure which phase blew memory! 
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Further, we discovered what "BEGIN • ~ • END" blocks really meant! C'·' , I 

"BEGIN" - The consumption of about 180 bytes of memory! 

"END" - The programmer's dream of conserving core! 

What really seemed like the last straw was the demise of the gene-

ralized I/O! 

The compiler insisted on giving us a long buffer plus a generalized 

logical I/O module - a grand total of about 8000 bytes out of our 32K memory! 

We just couldn't afford that much I/O power on our limited memory budget! 

To solve this problem, we decided not to fool around - our disk I/O 

sections were written in assembler using Physical I/O! 

Many surprises came as an inescapable by-product of the implementation 

limitations on our mod 30. Perhaps, the funniest to watch was a random number gen-
, 

erator which behaved like a disk diagnostic. The random number generator could be c counted on to cause a "fixed overflow" condition. To stop the endless printout of 

this error message, a null statement was inserted for the "on fixed overflow" con-

dition. But evidently, the overflow transient routine must still be brought in 

from disk, even though no printout is asked for. Hence, on every overflow, a disk 

access is made. The frequency of overflow caused by the random nUmber generator 

gave the appearance of a disk diagnostic continually accessing the disk to the 

point of destruction! 

Quite aside from su~prises due to the limitations of the implementation, 

we ran into a few compiler errors. (MOst of which we have since been informed have 

been corrected.) 

. It was with some consternation that we discovered that certain three 

letter labels would actually hang up the compiler itself! Certain long arithmetic 

statements followed by a simple assignment statement would make the compiler for-

get that it should have reserved one of the registers as a base register and not. 

use it for arithmetic. As a result of that compiler error, we got a: 

-~-..... --.. ~--.---~--.... ----
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"SLOOI 15" - AN ADDRESSING ERROR 

Our local C. E. proved to be a great help as he found that a well 

placed "Begin .•••• E~dn would remind the compiler to reserve a base. register. 

But what really caused panic was that moment when the program was 

finally debugged. The program really runs for the first time. And it runs, and 

runs, and runs! As a matter of fact, it won't stop! How are we to know that the 

stop statement was trying· to close files·for us. But without a file declaration 

in the root phase the poor compiler got hopelessly lost! 

3. Cursory Comparisons 

In the mids.t of our work,. we didn I t have time for the luxury of compara

tive language studies • But, we had used some of the more popular langu'ages; and 

in the midst of our anguish, we could remember what it had been like to use other 

compilers. Herewith, in outline form isa catalogue of the major differences 

o which we noted between PL/I, ·Fortran and Extended Algol' 60: 

FUNCTION ALGOL 60 FORTRAN IV PL/I 

1)- Variables All must be declared. May declare· - default May declare -

declarations are full default dec la-

. words rations • 

2) Statements Free Form - ended by Must start after col. Free Form ... 

, . 7 and end before col. ended by , . 
73. One statement per 

card (unless use contin-\ 
. ' uation cards) • 

o 



FUNCTION 

3) Labels 

4) Continua-

tion of 

statement. 

5) Program 

Form 

6) De·clara-

tions 
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ALGOL 60 FORTRAN PL/I 

Begin with alpha - must Numeric only. Must Begin with alpha-

be declared. SWitch be in col. 1 - 5. default declara-

label anyplace on card. tions. Switch 

labe 1. Anyp lace 

on card. 

Statement continues 
t 

Need continuation Statement contin-

until , • ues until , . 

Procedure, declarationsJ Job stream - End, • Procedure , • 

Begin, . End , . 
All procedures. Type 

procedures. 

I Following procedure or 

begin. 

Main program - call Declarations End 

subroutines or func- , t All proce-

tion sub - built in dures. Type pro-

func.tions .•. .. cedur.es. 

F01l0Wing.subroutine' Foliowing proce-

function, or at beg- dure or begin. 

ginning of job 
. stream. 

7) Common or IAll data declarations I 
Trans fer- I are valid in block de- I 
rable data.,clared. D~sending Hie-j 

rarchy. Own variables. i 

Common statement Static external, 

must be present in must be present 

each phase. MUst 'in main or else 

agree. Two words I will be overlayed 

of memory.regardless. 

of size of the vari-

ab1es 

o 

c 

o 

,,-..,.,------------------- '---------_._-
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FUNCTION ALGOL 60 

8) Conunent Conunent • • • , • 

Statement 

9) Debug MOnitor statement. 

Aids Dump statement. 

10) 

11) 

Sub-

scripts 

Stream 

Entire function used 

for float. If state

ments and arithmetic i 
statements allowed in I 
declarations for arrays; 

in inner blocks. 

Arrays allowed. 

Very complete stream 

procedures and instruc-

tions. 

I 
t 

4. Suggestion For Improving PL/I 

FORTRAN 

C in col. 1 re-

serves card. 

? ? 

Generally, DrolSt I 
start with I, J, K, I 
L, M, N. Generally, 

no array of I (K) I 

allowed a subscript oj 

No way .at all. 

PL/I 

1* • •• *1 

Dynadump 

If statements 

allowed and Arith-

metic Dummy argu-

ments allowed in 

declarations for 

array in inner 

block. Arrays a1-

lowed. Structures 

allowed. 

Have attribute 

and can handle 

some data. 

Some improvements are inevitable. For example, the bugs in the compiler 

itself will eventually disappear. But, -it should be obvious that no one group can 

discover all of the bugs in a compiler. It will require many, ~ny users with a 

wide range of applications to uncover the lurking latent b~gs in PL/t. (No one 

has written a program to accurately model the unpredictable ways of a programmer!) 

.: 
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There are still bugs being discovered in Fortran and Cobol as well as some im

plementations of Algol. 

Some improvements will be made only after a sort of collective bargain

ing process is complete. The improvements suggested below probably fall into this 

category: 

1. Let's try to conserve memory (even if our manufacturer is in the 

business of selling memories!) 

This feat could be accomplished in several areas, any of which will 

entail hugh amounts of work. 'The most obvious way would be to cut down on the use 

of the descriptors which are particularly expensive. in the case, of Static External 

Variables. This could be done by per~aps another level of abstraction by the com

piler, which would result in a grouping of variables, of .the same type and length. 

Another saving of memory·could be realized if the length attribute were made to 

represent the actual number of bits and bytes of memory that were being consumed 

by this variable. For example, if a variable is given an attribute of Binary (15) 

that variable will still require a full word of memory. As a matter of fact, the 

(15) is really superflous, unless one wishes to make sure that the size of the 

variable will never exceed 15 bits in numerical value. The really extreme in me

mory consumption occurs when a boolean variable is made Static-External. With the 

present implementation, two words of memory are required to do the work of just one 

bit! That's an inefficiency factor of 6400%! This packing of items within a'word 

has precedence in many other compilers such as Algol and Jovial. Other memory sav

ings could be realized from a concerted effort to produce one generalized prologue 

for "begin • • .' end" blocks, rather than duplicated code for each. In recent 

Dos Fortran releases the Logical I/O modules have been growing. This cannot hap-' 

pen in PL/I. They are already too large! 

/-

o 

c 

o 
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2. Let's save time (even if our rent is based on the reading of a CPU 

meter!) The most obvious saving in time can be realized in the running of the 

compiler itself. It takes three to four times the amount of time to co~ile with 

PL/I as compared to Fortran. If that time cannot be saved, then the next best 

thing would be to give meaningful error messages so that the number of times that 

the compiler would have to be used c'Ould be cut to a minimum. It would be a de-

finite aid to know how much memory is being consumed by each DSA. It would also 

be a definite advantage to know, before execution time that certain formatted I/O 

statements were in violation of conversion rules. 

3. Let's give the programmer some options. 

Suppose we have a hypothetical case, - a programmer.has declared every 

variable he intends to use. Let us also suppose that an impossible keypunch error 

has occured. A "0" has b~en punched instead of an "0". Now, if the variable is de

clared or defaulted "Internal", the programmer has no way of knowing that a key

punch error has been made. It would be a comfort to such a programmer to specify 

by using the UPSI switches, that he wants no default declarations. In which case, 

the compiler would be in a position to detect an error. If some sort of conversa-

tional mode were implemented, then the programmer could also specify whether or 

not he wished to have the compilation stop on the first error that was detected. 

Perhaps it would even be a help to have a listing of the "Build Inn functions that 

have been used in a program. Late one night in an unthinking moment, I called an 

array by the name "EXP". Y.ou can guess what ·happened. I got the exponentiation 

function of every single subscript that was used in the program. Surely, I made 

a mistake, but this is advertised as the compiler that won't ki!l.you for whae 

you don't know. Or, will it? 

.5. Summary Conclusions (or maybe it was all worthwhile!) 

o ·Wel1, if not PL/I, then what language should we have ~sed? We·haye al

ready given the disadvantages of the other languages at our disposal. it is more 

- ____________________________________ _1�� 
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than a rationalization to say that we made a wise choice in PL/I. Those features 

of the language which worked well, worked very well! A definite saving was real- o 
ized in the us~ of struc~ures, address arithmetic,and logical "IF" statements. 

Quite aside from these considerations, there is certain challenge which accom-, 

panies the coding in a new langt.:age, not to mention the exilaration to be enjoyed 

when that language is mastered. Could time be turned back to the beginning-of our 

task, with the knowledge we 'now have, we would make the same decision. We would 

use PLII - Potent or Perplexing, or both! But it is Promising. That is our con-

elusion. PLII really is ~ mnemonic for PROMISING LANGUAGE ONE! If you use it, I fm 

sure that you will agree. 

o 

o 

-~.~--.-----~-- - ~ ---~ -- -------------------~~------
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o GENERAL OBJECTIVES OF SPOOL 

BETTER USE OF EQUIP11ENT 

• ECONOMICS 

• FLEXIBILITY FOR ORDERLY EXPANSION 

• IMPROVED SERVICE (TURNAROUND) 

,0 
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DATA 

PROCESSING 

lOB 

DOS MONITOR 

IBM/360 

PRINTING WITHOUT SPOOL 

. PRINTER 
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"SPOOL" 

(Simultaneous Peripheral Operation On Line) 

A multiprogramming technique for increasing thruput by separatin,g 
printing" punching,and/or card reading from the data processing job. 

SPOOL 

DATA 

PROCESSING 

JOB 

PRINTlliG WITH SPOOL 

DOS MONITOR " 

IBM/360 

PRlliTER 



· "SPOOL" 

(Simultaneous Peripheral Operation OnLine) 

A multiprogramming technique for increasing thruput by separating. 
printing, punching, and/or card reading from the data processing job. 

SPOOL 

DATA 

PROCESSrnG 

JOB 

DOS MONITOR 

IBM/300 

INPUT 

CARDS 

PUNCHED 

CARDS 

PR.fiTED 

REPORT 

INPUT CAR,DS 

TO BE PRlliTED 

.. TO BE PUNCHED 

DISK 

o 

c 

o 

/ 
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o DOS SPOOL 

CORE MAP 

SUPVR lOK+ 

11PS OC 
BTAM CCHAIN 
(BJF) 

BG BATCH 10K + 

.1-----------.-----
,0 F2 BATCH F2SPOOL 

10K + 12K + 
OR 

(BJF) 

--------------
F1SPOOL F1 SPI -12K + 2K + 

OR 

o 



FEA TURES OF POWER 

• NO IBM OR USER PROGRAM MODIFICATIONS 

• FULLY AUTOMATIC -- NO OPERATOR DECISIONS REQUIRED 

• FLEXIBLE OPERA TrONS . 
SA:ME JOB CAN RUN uNDER SPOOL OR BATCH WITH NO 
CONTROL CARD CHANGES 

• rrWARM START" RECOVERY 
STORED JOBS i\RE SAVED IN EVENT OF FAILURE 

• DISK SPACE AUTOMATICALLY REUSED 
LESS OPERATOR DECISION 

• FULL OPERATOR CONTROL 
C01v1PLETE OPERATOR COMMUNICATIONS 
COMMUNICATIONS ALL OPTIONAL 

• CARD R.EAD SPOOL 
AIDS JOB STACKING 

• REMOTE JOB ENTRY SUPPORT PROBABLE 

• SUPPORTS TWO PARTITIONS FROM ONE OR MORE SETS UNIT RECORD 
GEAR 

• SUPPORTS MULTIPLE READERS/PRlliTERSjPUNCHES 

• POTENTIAL SUPPORT FOR OTHER DEVICES 

• EXTRA COpy CAPABILITY 

o 

o 

o 
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HARDWARE AND SOFTWARE REQUIREMENTS 

HARDWARE 

• 
• 
• 

:MINIMUM OF 12 K FOR POWER PROGRAM -I¥ .it-.. ~r;i~~ _ 
)p:r;;l·~ 

ADEQUATE 2311 OR 2314 DISK STORAGE cF _. / 
. ·",,~O ' ~~~L' 

STORAGE PROTECT FEATURE . 

. SOFTWARE 

DOS SUPERVISOR - /0 j{. 

• :MJ?S = YES OR BJF 

• TP = BTAMORQTAM 

• OC = YES 

• CCHAlli = YES 

COS (IF APPLICABLE) 

• 1IIJ?GBLK = 6 (OR GREATER AS NEEDED) 

• SYSIO = 001 (OR GREATER) 



POWER INSTALLA TION PROCEDURES 

• 
• 
• 

REVISE SYSGEN PARA:METERS 7 . . i a~~ .. 
RESERVE CORE AND DISK STORAGE - ~ rJ( .... v"""' f 
HOLD ORIENTATION SESSIONS FOR 

MANAGEMENT 
C011PUTER OPERATIONS 
USERS 

• ISOLATE SPECIAL JOBS WHICH 

CANrT BE SPOOLED BECAUSE OF CORE OR DISK 
SPECIAL LINE COUNTS 

• ON-THE-JOB OPERA TOR TRAlliING 

• PREPARE CONTROL CARDS 

• GO 

o 

o 
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POWER CONTROL CARD 

* 

* 

* 

* 

$$JOBe.~NN15 H . . 

JOB NAME t- AUTO:MATICALLY HOLD JOB 

$$PRTD, XXXX, YY, ~M~~M J 
T '--v-J L.-J . 
N 

FORlvrn NO MAXIMUM NO. OF 
ID COPIES LrnES OR CARDS 

~~~ 
$$PUND, XXXX, "YY, '}JIM1vI1V1MWl 

T 
N 

$$EOJ 

JOB 
MULTIPLE JOBS 
JOB STEP 



.~-~ .. ---.----.-,~----,.-,.~~.---~------"-------' 

SAMPLE POWER OPER.L~ TOR COMJ\![ANDS 

S BGPRT, OOE 

S BGPm~, OOD 

H BGPRT, ALL 

R BGPUN, ALL 

p BGPRT, OOE 

C BGPRrr, OOE 

D BGPUN, ALL 

G BGPRT, OOE 

E 

START PRINT OUTPUT PROGRA~A 

START PUNCH OUrrpUT PROGRA~A 

HOLD ALL PRn~T JOBS STORED ON DISK 

RELEASE ALL PUNCH JOBS STORED ON DISK 

STOP PRl}JTER BUT LEAVE JOB ON DISK 

STOP PRn~TER A~JD TAKE JOB OFF DISK 

TYPE EVERY PUNCH JOB STORED ON DISK 

RESTP:..RT PRfrrrER AFTER FORlJIS HAVE BEEN" 
CHANGED 

TERTVIINATE SPOOL 

On, 
I ' 

o 
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o Alexande'c F. Sa.unders, Senior Analyst 
Travelers Research Center, Inc. 
250 Constitution Plaza 

'" Hartford, Connecticut 06103 

COMMON, Chicago, Illinois 
360 Project, ,SeSSion B7 

"April 22, 1968 

.. 

"DOS Physical IOCS and FORTRAN" 

Introduction 
I 

The reason fbr ipresenting the following material is to illustrate that 

user-written ~ssJmb~er language subroutines in support of DOS FORTRAN are 

/ . not particularly fo irm1dab1e, and provide a means' for performing unique func-
, ! 

tions' faster and with greater flexibility and control. The use of physical 

IOCS routines for; reading and writing binary tape ~ecords is the primary area 

4C) of concern, although tape control functions, etc., will 'also be discussed. 

Whenever applicable, examples and performance comparisons with FORTRAN capabil-

ities is provided. The routines to be described have been operational for 

over a year at the Travelers Research Center Computer Laboratory. The IBM 

360/40 and 2402 mod II tape 'drives at that facility were used to obtain data 

for this report. The mode of operation was DOS, release 14. 

1. --The initial impetus for attempting a user-written tape I/O capa-

bility was provided by an historical requirement. Prior to obtaining its own 

computer" TRe had used the IBM 7090 series facilities at The United Aircraft 

Research Laboratories in East Hartford, Connecticut, and the I/O packages 

developed by their personnel. To maintain a minimum amount of re-programming 

effort, similar subroutines were desirable under our own system capability. 

It was also necessary to generate routines which (l) executed faster than their 

o FORTRAN counterparts, (2) provided greater user control, (3)'were easy to use, 

and (4) had a low core requirement. 
,/ i ,; 

~"f .... 



2. Logical IOCS did not lend itself adequately to generalization, and, 

therefore, physical IOCS became the chosen method. As a brief description, 

PIOCS allowed performance of non-data operations and control of the transfer 

of data to and from external devices via four supervisor resident routines: 

start I/O, I/O interrupt, channel scheduler, and device error. 

3. Eight subroutines were written to accomplish the specified control 

and read-write capability. Figure one, contains a description of each. At 

this time the routines are general only to TRC users, and would probably 

need some revision to perform satisfactorily at another installation. 

4. Figure two illustrates comparative execution times with FORTRAN, 

example one a subroutine used to measure the execution times, and example 

two demonstrates a typical rewind subroutine. Figure four, though not based 

on an I/O oriented procedure, was included to encourage assembler language 

progrannning ilcomputational areas. It is especially attractive for produc-

/. 
tion type programs when peavy FORTRAN indexing is involved. 

j 
5. After each roufine having a response indicator as one of its 

arguments, a computed go, to is usually employed to perform branching to the 
~ 
~ 

necessary st.atement number. Branch time was included in collecting data for 

figures two and three. 

6. -There are three factors involved in the performance differences in-

• --dicated in figure two. 'FORTRAN generates 63 word data records preceded, in 

release 14, by two control words. Release 13 on down required one leading 

control word. Computation and testing of the control words and the movement 

of data to and from buffer' .areas also add considerably to the execution time. 

By using the PIOCS subroutines these. time consuming functions were avoided. 

The advantage gained by writing one long record rather than a series of 

shorter ones may be demonstrated by referring to figure three. Thetime 
! 

required to write a single 5000 word record is 0.35 seconds. If, instead, 

------,--"'~,-

o 

o 

·0 
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4C) one-hundred 50 word records were written, the time required jumps to 

o 

o 

2.00 seconds. To write 5000 words with FORTRAN would take approximately 

4.83 seconds. 

7. At this time the core required by all eight routines is 85016. 

They are presently being re-written to provide facility for handling re-

cords up to 16383 words in length, and to sense for not-ready and file 

protect status. Record size limitations now are within the range of 4 to 

8191 words. Control! routines RWD, WEF, and UNL are being changed to accept 
i 

a variable nurber,l 01 arguments, thereby allowing the progranuner to request 

multiple operations/in one call statement. Incidently, the number of re-tries 

in event of I/O er,or has been programmed at five times reading, and fifteen 

writing. This has' proven quite satisfactory. 

8. Discuss~on to this point has been almost .exclusively about magnetic 
I 

tape I/O. Other external I/O devices (type~~iter, printer, and card reader-

punch) have also been programmed to perform unique functions. For instance, 

re-read type subroutines, typewriter communication, and job accounting pro-

cedures, to mention a few, have been implemented using physical IOCS. 

9. In addition to FORTRAN, the routines described hav.e linked and executed 

properly with PL/I and assembler language programs. The biggest problem in 

commencing PIOCS programming is in gathering the necessary material. Hopefully, 

exa~ple two, the references provided, your SE, and considerable reading and 

imagination will bridge the gap for interested programmers. The investment 

is well worthwhile. 
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References: 

Source 

IBM System/360 
Disk Operating System 
Supervisor and Input/Output Macros 
C24-5037-2 

IBM System/360 
Disk and Tape Operating Systems 
Assembler Language 
C24-3414-4 

I i 

-IBM System/36p prin1iples of Operation 
A22-682l-3 . I 

IBM System/360 f 

Disk and Tape Oper~ting System 
FORTRAN IV Specifi~ations 

---C24-50l4-0 

IBM System/360 Reference Data 
(Green Card) 
X20-l703-3 

IBM System/360 Component Design 
2400-Series Magnetic Tape Units and 
2816 Switching Unit 

_ .. ~ ... _ A22-6866-3 

Programming the IBM System/360 
Appendix F 
Staff of Computer Usage Co. 
John Wiley and Sons,Inc. 

Content 

CCB (command control block) 
EXCP (execute channel program) 
WAIT 

CCW (channel command word) 

General 

Subroutine Linkage 

Channel Command Codes 
Channel Address Word 
Channel Command Word 
Channel Status Word 

Sense Information 

I/O Device Responses 
General Information 

o 

o 

o 



o 
PlOCS 
~ lne 

CALL RBT (A, NWDS, NT, NE) 

CALL RBTX (A, NWDS, NT, NE) 

CALL WBT (A, NWDS, NT, NE) 

CALL RWD (NT) 

CALL UNL (NT) 

CALL WEF (NT) 

CALL RSKP (NCT, NT, NE) 

CALL FSKPX (NCT, NT, NE) 

FORTRAN 
Counterpart 

o 

READ (NT) (A(I), 1=1, NWDS) 

-none-

WRITE (NT) (A(I), 1=1, NWDS) 

REWIND NT 

-none-

END FILE NT 

READ (NT) 
BACKSPACE NT 

-none-

--._--------..-

o 
Use -

Read a physical record a known length 
or the first N words of a longer record. 

Read a physical record of unknown length. 

Write a physical record. 
----_._- --

Tape rewind. 

Tape rewind and unload. 

Write a tape mark. 

Skip forward or backward a given number 
of records. If an end of file is sensed, 
skipping is terminated regardless of the 
requested count. 

Skip forward or backward a given number 
of files. 

Symbol Definition 
A Name of array or variable where data is to be read into or from in consecutive fashion 
NWDS Number of words to be read or written. This is a returned value for RBTX. 
NCT Number or records or files to skip. A negative value results in backwards motion. 
NT FORTRAN unit assignment. Values of 10 through 14 are acceptable. 
NE Response Indicator. 

~of 

1 2 3 4 5 

lLo error * Wrong length re'cord (longer 
or shorter RBT OK end-of-file detected 

" * 
" * 
* 

RBTX " " 
WBT " end-of-tape detected 

RSKP 
.. end-of-fi1e detected 

FSKPX " * * Word count (NWDS) or unit select~d (NT) in error 

~, 
FIGURE I 
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, .. "; 

... -·-----0--- .- -

-'-LdC-'-OffJE-cr" C-ODE 

--.--- -000000 

·····---·-·'000000-

000000 90EC DOOC 
000004 5851 0000 

o 0--

ADDR 1-'ADOR 2--' -STMT-- . --S-otJffCE-- ST ATEt-1E NT 

OOOOC 
00000 

1 TRCTSEC START 0 CALL TIME(IT300) 
2 ENTRV TIME 
3 lJ S ING __ ~_.t15 
4 TIM E. . - --S A V E ( 14 , 12) - ~--

--5.'* 360N-CL-4'.i3 SAVE -'-CHANGE LEVEL 2-0 
6+TIME STM 14,12,12+4*(14+2-(14+2)/16*16)(13) 
7 l 5,0(1) 
8 GETIME TU GET CLOCK TIME IN 1/300 SEC 

----------- - ------ -------- ----.----------- -----·------9+* 360N-CL-453 GET [ME CHANGE LEVEL 2-0 - - -----

000008 9801 0050 00050 10+ lM 0,1,80 GET TIMER VALUF IN SEC/76800 
--00000C---88 00-- ooo~r-------O-OO(j8---11 + -- - -. -.. ----.-. SRL'O, R T I MER IN SEC/300 

OOOOlO'lF10 12+ SLR 1,0 TIME OF DAY IN SEC/300 
----·-··-000012 5015--0000- . ---·----·--·-·-00000--·---·--13 ST 1 ,1)( 5) 

14 RETURN (14,12) 
--'---'--15+* 360N-Cl-453 RETURN CHANGE LEVEL 2-0-

000016 98EC DOaC OOOOC 16+ LM 14,12,12+4*(14+2-(14+2)/16*16)(13) 
-"--'--'0000 fA--n 7FF--····- - --------.---------- --.-. '--' ;-..--17+-.------· 'BR 14 ... ' .. -.----.-----

18 END 

_. .-.-. - ---._--_._-----_._--

- - --.. - -- - .-.. -- •. - _." ~,~---., ._- .. --. --------

---.. ------- •.. ------ -_ .. _--------

--_._---- --- - ----- -- - -- -_._- -----.. --._- .. ---.. --_ .. - ---- _._ .. 

__ .... ····4 __ ~_ ....•.••••.... _ ._~ •... ______ . __ ._._ £XAM'P'-Ga . __ '--

r 



--'--lOC OBJECT tonE -AOO'R 1 '-ADDR2- -- STMT SOURCE-- STATEMENT 
-.~ ." _. ---_ .... _._. -~---. 

---000000 1 TRCRWOE START 0 CALl. RWD(NT) 
2 ENT~V RWD 

----000000 - . 3 USING *, 15 
4 R WD S 1\ V E (14 , 12 L __ _ 
5+* 360N-Cl-4'53 SAVE CHANGE LEVEL 2-0------'---,· 

000000 90EC DOOC 
000004 58C1 0000 
000008 48FSC 0002 

ooooe 
00000 
OOOO? 

6+RWD 5T~ 14,t2,12+A~(14+2-(14+2)/16*16t(13) 
7 L 1 2-., 0 ( 1 ) FOR r RAN UN r TAD DR F S S' 
8 l H 1 1 , 2 C-f21--' FOR T RAN UN I lAS S I G N MEN r 

---------OOOOOC . 4BBO F03C . 0003C . 9 SH 11, =H'j' CONVERT TO SVS NUMBfR 
000010 4280 F021 

------, -0000 14 '5810 F038 
000018 OAOO 

00027 

-.- 00038--

10 STC 11.CONTROl+1 STORE IN CCB 
11 . EXCP CONTROL EXECUTE RfWIND 
12+* 360N-Cl-451 EXCP CHANGE LEVEL 2-0 
13+ l 1,=A(CONTROL) 
14+ SVC 0 
15 RETURN (14,12) 
16+* 360N-CL-453 RETURN CHANGE LEVEL 2-0 

------'-'00001 A-'-9 8EC-'-OOOC 
aOOOIE 01FF 

--·---0000C---------11+------· l M 14, 12, 12+4* C 14+2- ( 14+2) 116* 161 ( 13 r' 
18+ BR 14 

---------19 CONTROL-' CCJ3- SVSOOO, TAPE 
20+* 360N-Cl-453 eca CHANGE LEVEL 2-4 

--- --. -- . 0 0002 0--0 000 -- -- ---- - .' . --... -.. -----.----- . -------- -- 2 1 + CON T R 0 L DC X t 2 • 0 • RESIDUAL COUNT 
000022 0000 22+ DC XLZ'O' COMMUNICATIONS BYTES 

'---'-' 000024----0 000-------· -" ---------------.---.-.-.--.----------------- 23+ . [) C -. Xl 2 ' 0' C S W S TAT USB Y T E S 

-000026 01 24+ DC ALl(l) LOGICAL UNIT CLASS 
--------000021 00 --------------.-----------------------.---------.----.----?5+ -- -nc --- Ali(O) LOGICAL UNIT 

000028 OC 26+ DC XLl'O' 
. ---- ----- 0 000 2 q 0000 '30 ------.---.------.---.--.--------.--------------- 27 +-DC --. A L 3 ( TAP E) C C WAD OR F. S S 
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ABSTRACT 

The Model 44 Engineering Spooling Program 
modifies the 8/360 Model 44 Programming System to 
permit input/output requests for the card reader, 
printer, and punch to be intercepted and satisfied 
by high speed core-to-core transfers. 

Concurrent with execution of a 44PS job stream, 
ESP attempts to read cards in advance of their actual 
use, storing them in internal core buffers and on 
a disk. All queuing is first in/first out, by 
device. Thus,at a given moment, Job C may be 
computing, output from Job A may be printing, and 
output from Jbb B may be punching, while Jobs 
D, E, F, etc., are being read and stored on disk, 
for later execution. 

The paper being presented will discuss Design, 
Features, and Performance of the Engineering Spooling 
Program. 

-i-



______ c _________ ._.' _____ ~_. __ ,·_·,_· __ "_·_,~ ____ • __ _ 

DESIGN, FEATURES, AND PERFORMANCE OF THE 
ENGINEERING SPOOLING PROGRAM 

Good morning ladies and gentlemen! During the 
next :few minutes we w~ll be discussing some of the im
portant elements of the 8/360 Model 44 Engineering 
Spooling ~rogramt a new addition to the IBM Type 3 
program library. 

The Model 44 Engineering Spooling Program (ESP) 
modifies the 8/360 Model 44 Programming System to permit 
input/output requests for the card reader, printer, 
and punch to be intercepted and satisfied by high speed 
core-to-core transfers. 

00ncurrent with execution of a'44PS job stream, ESP 
attempts to read cards in advance of their actual use, 
storing them in internal core buffers and on a disk. 
All queuing is first in / first out, by device. Thus, 
at a given moment, Job C may be computing, output from 
Job A may be printing, and output from Job B may be 
punching, while Jobs D, E, F, etc., are being read 
ahead and stored on disk, for later execution. 

The current status of the s,ystem, consisting of the 
number of jobs read ahead, the number of unit record 
images queued on disk, and the total of user es~imated 
run times, is printed on the typewriter before the 
system displays each job card. 

This program should be of interest to Model 44 
users because of its dramatic effect on job thruput. 
Some actual job stream timing comparisons will be presented 
later in this paper. 

However, let me first pose the following problem. 
How can the thruput derived from the Model 44 be 
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increased without multiprogramming user programs? 

One method that has been employed is to speed up 
the slowest component of the system. If analysis shows 
that the GPU is limited by the speed of its I/O devices, 
such as the card reader or printer, replacement of those 
particular components by higher speed devices, such 
as tapes, should generally increase thruput. A second 
application of the same technique might result in 
replacing the tapes by higher speed tapes, and so on, 
through successively higher performance tape equipment. 

The factor being sought above is some ideal balance 
between CPU and I/O device speeds, in which the UPU does 
not wait for an I/O device and the I/O device is kept 
running at its maximum rate. When a change in the 
speed of some component of the system no longer 
produces an advantageous or corresponding improvement 
in thruput, the system may be termed balanced. 

Core buffering is a second technique that can be 
applied to increase thruput. Buffering permits rapid 
response to the high instantaneous I/O rates that can 
be asynchronously demanded by a program in the CPU. 
This same buffer can then be refilled at the rated speed 
of the I/O device which it is servicing. A core buffer 
allows the apparent disparity between CPU speed and 
I/O device rates to be more closely matched. This 
matching can approach the ideal balance described 
above. 

ESP attempts to increase the thruput of the Model 
44 Programming Bystem by applying extended disk and 
core buffering techniques to unit record devices. 
This technique improves 44PS thruput, particularly 
on jobs consisting of significant volumes of unit 
record input/output operations. 
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Let us now devote_ some time to a study of the 

design objectives of the Engineering Spooling Program. 
Plans to implement ESP were developed about a year 
ago when a 256K S/36O Model 44 was installed at a 
location in the Midwest. A block of memory in this 
system was reserved for future ESP use by including a 
64K dummy routine from the relocatable library in all 
user Fortran programs. The design level for ESP was 
thereby fixed at a64K maximum. 

This first slide (Gl) illustrates the memory al
location of the 256K bytes from the initial installation 
in August of 1967 until ESP coding and testing began in 
November. Actually, the idea that 64K was unused during 
this period is not entirely correct; for many program
mers were devising and optimizing overlay techniques 
which utilized the excess core during early testing stages. 

The ultimate requirements of ESP turned out to be 
in the range of 25K to 42K, depending on user-specified 
assembly parameters such as buffer lengths, disk queue 
space, and other tables. This is shown in the next 
slid~ (G2). 

A second design objective for ESP specified that the 
job control language and other functional capabilities of 
the S/360 Model 44 Programming System should not be altered. 
Meeting this objective has allowed the operator retraining 
problem to be minimized. 

Associated with this second objective was the idea 
that ESP should not permanently modify the 44 Programming 
System. This was to permit the user's system to be 
operated in either a normal PS mode or a spooling mode. 
Implementation of this feature has proved useful in 
diagnos.ing recalcitrant user or IBM programming problems. 

-3-
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Finally, the dependency of ESP on a given release of 

44~S was to be minimized, thus providing 8 high degree of 

release independence. 

The above design objectives of core, FS compatabl1ity, 
and release independence have all be realized. In adaition, 

a 25 per cent performance increase objective has been 
surpassed. In fact, a sustained 1~8 to 1.0 performance 
improvement has been maintained in the original installation 
since initial use of ESF~ 

The ESP package is invoked by executing a phase, 
called ESPl, stored on the 44PS phase library. This phase 
inserts several modifications into the normal 44~S supervisor 
and loads a second phase, called ~SF2, into high core, 

where it remains resident. The supervisor modifications 
operate with the ESP2 resident phase to provide the 
spooling capability of the ESP system. 

after the above steps are completed, all further 
card reader, printer, and punch operations are intercepted 

and are satisfied by core-to-core transfers performed by 
the ESP system. The general flow of control is illustrated 
in the slide~ (G3)~ 

The general flow of unit record data under the Model 
44 Programming Bystern is modified by the addition of the 
~ngineering Spooling Program package. The flow of card 
data in ESP is illustrated in the next slide. (G4). 
Input card images are read ahead of their actual use and 

are placed in the prime input buffer (1). When the prime 
input buffer becomes full, its function is switched with 

an associated empty alternate buffer (2). The full buffer 

is written to disk (3) and the, empty buffer is used to 
hold new card images. Card reading is sustained through 
use of I/O interrupts l4)~ 
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Card images are supplied to the requesting pro
gram upon receipt of an oVC READ interrupt (5). 
Card images are supplied to the requesting program 
from the prime output buffer (6). If the last card 
image was previously transferred from the prime 
output device buffer to the problem program, then a 
switch of the prime and alternate buffers takes 
place (7). The empty buffer is then filled by read
ing a buffer from disk (8), or exchanging the empty 
output buffer for either a filled fllternate input:: .. 
buffer (9) or a partially filled prime input device 
buffer (10). The exchange of input and output 
buffers, (9) or (10) above, permits output requests 
to dynamically catch up to the very latest input 
record. 

The status of input and output device buffers 
is maintained by entries in a Current Position 
Table. Disk cylinder· chain lengths are maintained 
by a Cylinder Chain Table. The state of I/O 
operations is maintained in an Interrupt Control 
Table. 

The card data flow described above is functionally 
equivalent to the normal flow using 44PS. The same 
is true of the data flow for the printer and card 
punch. Consequently, programs which operate under 
44PS at the READ/WRITE/vHECK level should operate 
in conjunction with the ESP package without change. 

The spooling function of ESP is kept active by 

intercepting oVC requests for READs and WRITEs, and 
by executing ESP instructions just before 44PS returns 
from an I/O interrupt. 

-5-
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This next slide (G5) summarizes the types of 
interrupts which are intercepted and cause ESP to 
become temporarily active. READ, WRITE, and CHECK 
are processed by ESP when they reference the reader, 
printer, or punch. Other SVCs are inspected, e.g., 
CANCEL or EOJS, before routing them to the 44PS 

supervisor for processing. This permits all 
spooled I/O operations to be terminated normally 
before the pending I/O of the problem program is 
purged from the channel queue of the 44PS supervjsor. 

Issuing SVCs before returning from an I/O 
interrupt causes a general reentrant problem 
to occur. The 44PS supervisor will handle six 
nested SVCs--the worst possible case during normal 
operat~on of 44PS. However, superimposing spooling 
operations on the normal 44PS supervisor will cause 
the limit of six nested SVCs to be exceeded. This 
general problem has been solved in ESP by saving 
the entire SVC pushdown list contained in the 44PS 
supervisor before ESP I/O requests, and then restoring 
the list afterwards. This technique has equippedd the 
44PS supervisor with the additional reentrant capability 
b,qU:ired by ESP. 

A general ESP logic diagram is shown in the 
next slide (G6). Entry can occur by an SVC interrupt, 
an I/O interrupt, or by a CALL from the sve to the 
I/O interrupt routine. Addresses of all routines 
and some strategic switches are located in a commonly 
accessible vector called the Program Communications 
Region. 

The actual coding of the ESP routines and 
necessary tables accounts for about 12K bytes. 

-6-
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Buffer lengths are variable, and can bring the total 
memory requirement up to about 42K •. 

Thus far this presentation has considered design 
objectives of ESP and some of the program logic. Let 
us now inspect some of the advantages and features of 
the Engineering Spooling Program. 

The greatest advantage which results from 
the use of ESP is improved job thruput. .Improved 
thruput can mean improved turnaround time for 
individual system users. 

Increased error recovery capability results 
when ESP is used, since reader checks,validity 
checks, card jams, etc. can be corrected while a 
previously read job is in execution. 

READ/WRITE level programs, such as E'ortran 
compiles, link edits, and Fortran execution steps, 
can be run without change. 

Minimum operator retraining is necessary to 
change from 44PS to 44PS with ESP. 

Finally, reduced operations overhead time can 
result from the use of ESP, since printer paper 
changes or punched card refills can usually be 
performed without stopping the CPU. 

These advantages are listed on slide G? 

Several unique program· features distinguish 
ESP from other spooling programs available for the 
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S/360 Model 44. Some of these program features will 
now be discussed. (Refer to slid~ G8.) 

Input Spooling. Input images are read as far 
ahead of actual use as possible, up to a maximum 
queue size specified by the user. These input images 
remain queued on disk and in core buffers awaiting 
program requests for card input. 

Output Spooling. Printer and punch images 
generated by programs are transferred from the user 
output area to the appropriate ESP device buffers. 
When the capacity of a device buffer is reached, it 

is written to disk. 

Printer and punch images are retrieved from 
disk and core queues for display on the appropriate 
I/O device. 

Ea6h output device continues to operate 
independently as long as its output buffer is not 
empty. 

All printer ASA control codes are accepted. 
Other codes default to single space. 

Printer page ejection is generated by ESP if 
a user specified maximum lines per page value is 
reached. 

All punch ASA stacker select codes are 
accepted. Other codes default to pocket I 

selection. 

Effective Buffering. Twelve I/O buffers can 
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permit independent double buffering of datatransiere 
to and from disk for reader, print~r, and punch. 

An output buffer eaa dynamically approach, 
catch up to, and later fall behind the mostr,cent 
record in the corresponding device input buffer. 
This red·ucea the a.mount of required disk queuing 
space. 

Buffer sizes for each device are independent and 
are specified by the user. 

Efflcient Disk Queuing. Up to 200 consecutive 
cylinders of 2311 or 2315 disk storage space can be 
devoted to disk queue space. 

Disk queue space requirements are reduced, due 
to the ability of each output queue to approach and 
catch up to the most recent image of the input 
queue. 

An independent maximum cylinder chain length 
can be specified by the user for reader, printer, 
and punch disk queues. 

Each new cylinder added to a device cylinder chain 
is picked so as to reduce arm movement. 

A dynamic list of available and chairted 
cylinders is maintained in cere to permit rapid 
retrieval of buffer informatdon from disk. 

Operator Information. ~efore each job starts, 
the following information is displayed on the 
operator typewriter console. 
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Number of jobs queued on disk awaiting 
processing. 

Total of user estimated time for all 
jobs awaiting processing. 

t4umber of reader input images queued. 
on disk. 

Number of printer images queued on disk. 

Number of punch images queued on disk. 

Two major topics remain in this presentation: 
System Configuration Requirements and. Performance 
Data. The required hardware configuration and 
programming systems can be easily presented by the 
next slide. (Ga)' 

The hardwane configuration necessary to run 
ESP is the same as tHe eonfiguration requiBed to 
t-ull>:"the ;S/360 Model 44 Programming System, wi th 
the following additions. 

1. A l28K or 256K CPU, to previde space for 
44PS and for ESP. The ESP resident phase 
requires from 25K to 42K, depending on 
user-specified buffer sizes. 

2. From 10 to 200 cylinders of 2315 or 2311 
DASD space, to be devoted to disk queuing 
of unit record images. 

A reader, printer, and punch with unique 
device addresses. The unique device addresses 
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permit·concl.1rrent·read1ng and punching 
operations to be performed. 

4. Sufficient space in the absolute phase 
library of 44PSto contain the two ESP 
phases. A maximum of 75 blocks is 
required. 

We will now examine several measurements of the 
performanoe of the Engineering Spooling Program. 
Three d1st1ncttypes of performance data will be 
prese·nted :. job stream timing comparisons , CPU 
interference, and maximum sd.mulatedi unit record 
I/O rates. 

In order to obtain job time comparisons, two 
separate jOb streams were run under 44PS and also 
under 44PS with ESP~ The first job stream consisted 
entirely of various Fortran compiles, 1ipk edits, 
executes, and disk executes. The second job stream 
consisted o:f a series of assemblies.' 

The timings for the JortranandAssembler job 
",' .~. , 

streams are presedltedin slides (llOand GIl, respec-
tively. To summarize. the Fortran job stream 
showed an average improvement in thruput of 1.9 to 
1.0, under ESP, while the assemblies showed an 
average gain of 2.4 to 1.0,relativeto 44PS with
out ESP. Assembler decks that could be completely 
read ahead before execution showed an average gain 
of 3.2 to 1. 

The above figures illustrate the performance 
improvements obtained at one particular installation. 
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Because of widely differing job profiles and job 
types, the performance improvement obtained at other 
installations can be expected to v,ary from the ratios 
presented above. 

In order to determine the extent of CPU inter
ference due to concurrent ESP I/O operations, a 
Fortran test job was written. This compute bound 
job was executed twice, once using 44PS, and.a 
second time while ESP was concurrently processing 
the reader, printer, and punch at a maximum rate. 

The Fortran program executes a simple instruction 
sequence a large number of times. The gross execution 
time was determined by executing a Clock Read 
subroutine before and after a long program loop. 
Next, the net execution time was computed by 
subtracting the time to execute the Clock Read 
subroutine from the gross time. 

The results of the test were as follows. CPU 
performance may be degraded by up to a maximum of 
14.8 per cent when reader, printer, and punch 
are all, operated at maximum rate. 

However, it is ~t,·first, .. paradoxical that the 
long execution step of a given job may be degraded 
by the concurrent I/O activity of other jobs, yet 
the total of compile, link edit, and execute times 
of the current job may show a decrease. This is 
possible because the increased I/O speeds for the 
compile, link edit, and execute steps may more than 
compensate for the degraded execution speeds. 

A second Fortran test job was constructed in 
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order ,to determine the I/O rates which. ESP could 
maintain under ideal conditions for. reader, printer, 
and punch. The .factor, being,:'m~astire;d- is ;;; tae . .l,insnan"'!'i" 

taneous I/O rate simulated by ESP. 

An assembler subroutine, Clock Read, was again 
used to obtain the execution timings. This routine 
returns the interval timer value to the calling 
progra.m. 

The next slide (GI2) presents the data collected 
from a Fortran program that performed a series of 
read,print, and punch operations. The Clo.ck Read 
routine was used to time one thousand consequtive 
simulated~I/O operations on each device. These values, 
then, represent the maximum I/O rate, for each 
device, that can be sustained by ESP in a .b'ortran 
job. 

The time and rate for intermixed I/O operations 
on the reader, printer, and punch shows the degree 
to which the maximum I/O rate is reduced by disk 
queue arm contention. Disk arm contention can 
be reduced by increasing the size of one or more 
or the device buffers. 

It is interesting to compare t.he ESP maxim~m 

I/O rates for reader,printer, and punch to the 
corresponding maximum rates for 90 KB. tape drives. 
For example, the maximum rate for unblacked card 
images read from·a 2401 Model 3 tape drive is about 
6.19rns., or 161 records per second. For comparison, 
the actual sustainedef'fective trslfsfer rate of 
blocked ··.cardimage s using ... ESP1s·· ···a.pproximat el1 

". >' 

420 lUlases;perseoo·nd,.i~elu~l'lg·all CPU Start I/O 
and interrupt· l'rocessitlg·tf~e. 
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Several extensions to the existing ESP package 
have been made or are being considered by current 
users of the ESP system. Some of these modifications 
will be briefly mentioned. They might serve as 
topics for a user presentation at some future COMMON 
meeting. (Slide G13.) 

Magnetic Tape to Paper Tape Spooling. An 
installation has successfully added such a spooling 
facility to the structure of ESP. The spooling 
operation was accomplished in an orderly way by ex
tending existing control tables in ESP, and by 
adding a 1012 paper tape device routine to ESP. 

Plotter Spooling. A 1627 plotter spooling 
capability is being added by another installation 
by substituting the plotter for the punch device. 
By specifying a control character rather than 
ASA mode fbr the ~pace control character, and 
appending the plotter write code to each plot 
record, plotter spooling can be inplemented 
without major changes to ESP. 

Remote Job Entry. Adding appropriate 
2701 device routines to the system to permit 
remote job entry is being considered by at least 
one installation. The cylinder chaining technique 
can be modified to chain to cylinders containing 
previously entered terminal jobs. These jobs 
can then be executed as part of the normal 44PS 
job stream. Information in the user's job card 
can be used to return printed output to the 
appropriate terminal. 
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The Engineering Spooling Program can 
significantly extend the range of performance and 
operational flexibility of the S/360 Model 44. 
I urge each of you and your respective IBM Systems 
Engineers to consider the relative advantages and 
hardware requirements of ESP in the light of your 
own installation needs and objectives. 

This concludes the formal presentation portion 
of this session. Are there any questions? 
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'ESP (3bOD 03.4.0'2..3; 



APPENDIX A. o 
........... 

44PS and ESP FORTRAN JOB TINE COr--lfARISON 

Job 44PS 
Nar.'le 44PS with ESP Ratio ' __ !ype 

APS4 5.79 2.56 2.25 CLG 
·':~t 

" Bi\S4 9.96 5.50 1.81 CLG 
,/ 

BADl 0.96 .55 1.74 C 

AQ 1.78 .75 2.3,7 - Disk X 

AS18 27.57 -12.66 2.18 LG 

-AS63 1.00 .75 1.35 Disk X 

BA73 7.70 5.72 1.34 LG w/P],ot 

131~24 3.84 1.71 . 2.24 CI.,G C 
AN12 5.59 2.89 1.93 Disk X 

DA52 2S.E2 14.88 1.79 LG 

AN92 4.48 2.-84 1.57 Disk X 

-11 jobs 94.49 SO.OO 
~ 

, 

NOTE: All times are in minutes. 

Lcge;nd for T1'pe 

C ::: CODpile .. L == Link Edit 
'G =: Go, or Execute ~ .. " 

Disk :< ::: Load and E:;~~cute frOTI'l dis}: • 

o 
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44PS and ESP ASSEHJ3I .. l:n JOB TI:.n~ COf,lPARISON 

ESP A ESPB 
tlon-ESP ESP A ESP B Ratio Ratio -----

JOB 1. 

D,L/J,M 4.94 1.99 1.52 2.47 .' 3.24 

JOB 2 

C 2.04 .76 .75 2.68 2.72 

JOB 3 

·n 3.22 1.40 .91 2.30 3.53 

... 

- - _ .. 
!I.'otal -
6 Assemblies 

10.20 4.55 3.18 

NOTES: 

~) The ESP A job strea~ consist:ec1 pnly of asser;J.Jler 
jobs. 'l'he reader ,,,as not able to get ahead. 
Printing .and punching were overlapped. 

2) The ESr:.B job stream "Tas preceded by as-minute 
compute bound job. This perl;'litted all I/O to 
be overlapped • 

3) )\ .. 11 assernblies hac1 DECK, I~IST, .and XREF options. 
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Figure 5. UNI~1 PJ;COHD I/O R..~T}~S USING FOR?PXi 

'" 

Device Record Lc"ngth Buffer r ... ength Sustained 
Record Rate 

.. ~---.----............... 

Reader 80 bytes 2880 
, 

426 records/second 

80 1440 l.SS records/second 

Printer 133 2880" 224 records/second 

Punch 88 2880 400 records/second 

88 144(J 177 records/second 
,. 
{ . 

"l r~ '-- Reader, 
Printer ," Hi;{ed 

--:-~ 
!·lixGc1 70 records/second \l"~ 

and Punch 

, 

G.\1 
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ABSTRACT 

The Time-Sharing Executive System (TSX) as delivered by IBM lacks 
the flexibility necessary to make effective use of the hardware facilities 
of the 1800 particularly in an on-line real-time data acquisition environ
ment. 

To overcome many of the system oriented deficiences in TSX, a great 
number of relatively simple modifications were implemented such as: a 
keyboard entry facility for the priority queuing of either process or non
process programs; rapid repetitive execution of subroutines by a modified 
version of the IBM TIMER subroutine; processing of timer C interrupts on 
a low priority interrupt level, and many other items of particular use in 
data acquisition. 

A sophisticated set of analog I/O subroutines was developed in 
order to enable the Fortran user to easily utilize the full capabilities 
of the 1800. Some of features available are: overlapped analog I/O; 
simultaneous A/D and D/A conversion useful in stimulus-response applica
tions; independent sampling of different A/D or D/A channels; automatic 
double buffering and special synchronization options to control the rela
tive timing between different A/D or D/A channels. 

A Magnetic Tape System was developed for the organization and 
collection of data at rates commensurate with real-time problems. The 
system includes random overlapped accessing of data files on.tape, over
lapped writting/reading of variable length tape records, and a set of 
supporting utility programs to make magnetic tape as flexibl~ a storage 
medium as disk within the obvious speed limitations of magnetic tape. 

The hardware and software additions of teletypes to the computer 
enable the remote user in his laboratory to have control of the computer 
comparable to a user at the console. In addition, Fortran users are able 
to give formatted READ/WRITE statements when desiring teletype communica-
tions. . 

The above facilities coupled with a large set of assembly language 
array processing and other subroutines enable even the Fortran programmer 
to utilize the sophisticated data acquisition techniques needed in an on
line real-time environment. 
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Introduction 

In a dynamic, on-line, real-time data acqui.siti 
Ti~~ .. $hariJl.g Execu,tive System (TSX) distributed by IB 
lacttof flexibility and effective use of the hardware 
180(). ':Thetnain emphas is in a research env i.ronment, wh 
in a constant state of flux, is ease of pl"ogramming ~~ 
lose'of sophistication. Hhile TSX can even hinder th'e 
is willing to write his entire data acquis.'tion progr 
la'nguage ,bur ultimate goal was to provide asuper-se 
related subroutines which ~.,ould allm., sophL'tic~ted d 
from arettiotelocation using Fortran. To achieve this 
modifications 'l7ere made to TSX and extensive progranun 
Fortra.n-~allable subroutines was done. In tot;!l this 
broken down into five major categories: 

(1) System Modifications 

(2) Analog Input/Output Package 

(3) Magnetic Tape System 

(4) Telet,ype Communicat ion Package 

(5) Utility Subroutines. 

The system modifications involved changes to :h 
TASK, Non ... proc~ssSupervisor and variousrelatedIBI 
tines such as TIMER, SHARE, VIAQ and DPART. Such fe,t 
entry facility for the priority queuing of either pl 
programs and the servicing of timer C interrupts on t 

interrupt level are characteristic of the facilities 
mot~ly run data acquisition system. 

n environment, the 
suffers from a 

faciltties of the 
re programs are 
thout significant 
researcher who 
m in assembly 
of TSX and its 

ta acquisition 
goal a number of 
ng of auxiliary 
ffort can be 

System Director, 
uppliedsubrou .... 
res as keyboard 
ess or nonprocess 
low priority 
eeded for a re-

Since our goal was in part flexible real-time tta acquisition 
from Fortran, a sophisticated set of analog input/ou. ,ut subroutines 
was developed. This package ,.,as designed to allow thtuser to push to 
its fullest, extent the analog conversioncapabilitie: of the 1800. It 
allows for such things as analog I/O overlapped with rocessing or 
other I/O .and simultaneous A/D and D/ A conversion at ndependent 
rates. Double buffering and highly useful synchroniz ion options \Vere 
also included to allow for the controlling of the re tive timings 
b.atween different channels_ 

Once the Fortran programmer was able to collec 
sof~warewas necessary to allow its ,'"'asy storage and 
for processing. To meet this need, the Magnetic Tape 
op~4 f01:" ~he organization and collection of data at 
with real-time problems. The system provides for the 
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ing and writing of variable-length data records which may be organized 
into randomly accessible files. Overlapping is provided during all 
magnetic tape operations to greatly enhance the use of this large ca
pacity, but moderately slow, storage medi~~. 

The development of hardware and software allowed the addition 
of teletypes to the 1800. These provided a low cost I/O device which 
could be conveniently placed remote to the computer. Through their 
addition the full pmver of our data acquisit ion system was made available 
to the researcher in his laboratory. 

While it would have been nice to let the user do all his data 
manipulation in Fortran, it was apparent that for many real-time data 
processing problems Fortran, was just too slow. To overcome this defi
ciency a large set of Fortran - callable array processing subroutines 
were written in assembly language. Through their use the programmer is 
able to fashion his program in Fortran to meet the requirements of fast 
on-line real-time data analysis. 

In general, the ha.rdw~re facilities provided by the 1800 has 
proved capable of coping with all of our real-time data acquisition 
problems. We can also see how the TSX system might solve the majority 
of the proolems encountered in an environment more stable than Bio
medical research. Hence, we offer the system described in this paper 
as a means of extending the capabilities of the 1800 'to rpalize its 
effective use in an on-line data acquisition environment. 
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II. System Modifications and Additions 

This section will briefly describe the main changes or additions 
made to the TSX system in order to make it a more dynamic operating 
system. In all fairness to IBM we must give them a great deal of c.redit 
in preparing the extensive documentation of the so'ftware which made 
practical many of the changes. 

A. Nonprocess Priority Queue. 

Since our system was to be used from a remote point 
the concept of usihg the card reader as a nonprocess queue was 
quite restrictive. It would be much more useful if there existed 
a priority queue for nonprocess programs similar to the one 
already provided by IBM for process programs. We. therefore 
implemented the concept of nonprocess queeue. 

In order to establish a nonprocess queue it was 
necessary to be able to get the word count and sector addres of 
any coreload on the disk. For this purpose a FLET searching sub
routine was written. It is called with the name of the coreload 
desired stored ina five~element array and returns, if possible, 
with that coreload's word count and sector address. 

With the establishment of a queue for nonprocess programs, 
the organizational arrangement became ve'ry complicated. Some of 
the features of this queue and its organization relative to the 
process queue and jobs waiting to be executed from the c·ard reader 
are as follows: 

(1) Programs entered in the nonprocess queue are 
assigned priorities 1-32767 with 1 the highest. 

(2) All programs in the process queue have higher 
priority than those in the nonprocess queue. This 
is accomplished by only searching the nonprocess 
queue when either the proc~ss queue is empty or 
time-sharing is in effect and the present nonprocess 
job has been completedo 

(3) Jobs waiting in the card reader have effectively a 
priority of 4095. That is, nonprocess jobs queued with 
a priority greater than 4095 will be executed no matter 
what is in the card reader. However,queued jobs with 
a priority lower than 4095 will not be executed until 
the card reader has become not ready. 
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(4) Once a nonprocess job has been started it will 
continue to completion no matter what its 
priority is relative to the nonporcess queue or 
the card reader ready status. 

This briefly is the organization of the nonprocess queue. 
Its implementation involved modifications to the System Director, 
the Non~process Supervisor and such Fortran oriented routines as 
SHARE, EXIT and VIAQ. 

B. Queuing of Nonprocess and Process Programs. 

In order to fully ut ilize the pmver provided by the 
presence of process and nonprocess priority queues, the ability to 
provide the name of the coreload to be queued at execution time 
was required. In contrast, the QUEUE subroutine requires the name 
to be provided at compilation time. 

The Fortran - callable subroutine which provide this 
feature are: 

CALL PRQUE (NAME, IP, IE) 

CALL NPQUE (NAHE, IP, IE) 

where the arguments are: 

NAME .•••• A five element fixed point array which contains 
the coreload name in SAl format. This array can 
be filled by a DATA statement or an appropriate 
input operation. 

IP ••••••• The priority at which the coreload will be queued. 

. '-

IEo .•.. o.A variable which designates the error procedure to 
be taken if the queue is full. 

IE=O Return with IE set to 0 if the queue is 
not filled and the call was executed. 
Set IE to 1 if queue filled. 

IE=I-32766 Ignore the call and continue execution 
if queue filled. 

IE=32767 Execute the restart coreload. 
(\ 

The complimentary routines are also provided to allow 
specification, at execution time, of the name and priority of a 
coreload to be unqueued. 

- 6 -
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C. XEQ Interrupt Coreload. 

To further extend the capabilities of the 1800 as a usable 
teleprocessing system, the procedure of cold starting process jobs 
was completely abandoned. All jobs to be run, whether process or 
nonprocess, must first be placed in the appropriate queue. This is 
done by means of an interrupt coreload. 

This interrupt coreload, called XEQ, is brought into core 
by placing sense switch 7 down and pressing console interrupt. 
Once brought into core, it will request the operation to be performed, 
the coreload name and the priority of the coreload. 

Currently the required informati.on must be entered in fixed 
format starting in column one. The required information is: 

OPERATION CORELOAD NAME PRIORITY 

where: 

Operation Code: 

Coreload Name: 

Priority: 

Q •.•.... for queuing 
U ••••••• for unqueuing 
DQ .....• for dumping the current status 

of the queues 
EXIT •••• ignore call 

The 1-5 character name of the coreload 
to be queued or unqueued. 

H.o ••••• for hospital projects 
O ••••••• for on-line experiments 
Co •••• o.for computational programs 
B ••••••• for background programs 

In this priority scheme, all the priority codes are legal 
for nonprocess programs and are ranked in the order listed above. 
Hospital projects are the highest, computational programs the lowest 
while still above the card reader and background programs uncondi
tionally the lowest. In the case of process programs all programs are;..
a.ssigned an on-line priority when entered through this facility. 

When the core load name entered is legal, i.e. the coreload 
is present on the disk, the computer returns with the operation being 
performed, the type of core10ad (process or nonprocess), the coreload 
name and the priority assigned. The operation is then attempted and 
if completed the machine is returned to the state it was in when' 
XEQ was requested. If the operation if not successful, as in the case 
of the queue being full, a message to that effect is printed out and 
the machine returned to its original state. 
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If the coreload name entered is not legal th.e message, 

D 25 NAME NOT IN L/F 

is printed out and the machine returned to its original status. 

If the information entered is either illegal, ioe. 
improper operation or priority, or the format was incorrect, the 
message ERROR will be typed out and the machine is returned to its 
original state. 

When the operation code entered is DQ, no additional 
information is required. The program will print out the list of 
program names and the priorities at which they were queued for both 
the process and nonprocess queues. 

If XEQ had been brought into core by mistake, the user can 
enter EXIT and have the machine immediately resume the interrupted 
job. 

The I/O device used by XEQ is determined at the time it is 
brought into.core by means of sense switch 6. When SS6 is in its 
normal position, ioe. down, the teletype will be used and when it 
is set, i.e. up, the console typewriter is used as its I/O device. 
In addition, there exists the ability to simulate the process of 
putting sense switch 7 down and pressing console interrupt by 
pressing certain special keys on the teletype. These features will 
be discussed in detail in Section V. 

D. Interval Timer Control (ITC) and TIMER Changes. 

The IBM supplied TIMER subroutine and the ITC section of 
the System Director are useful for the 'single shot' execution of 
a specified programo In data acquisition what is more often needed 
is the ability to initiate (with a .single call) the rapid and 
repetitive execution of a specified subroutine. Suitable changes 
were made to ITC and the TIMER subroutine to accomplish the above. 
The replacement TIMER subroutine has two additional entry points 
used to stop repetitive mode operations. The new subroutine is 
described as follows: 

CALL TIMR (NAME, ITIM, leNT) 

NAME.o ••••• Name of a subroutine the user wishes to execute 
when the specified timer times out. NAME must 
appear in an EXTERNAL statement. 

- 8 -
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ITIM ••••••••• Timer and mode specification variable 

1 •••••• Timer A used Single shot mode 
2 •••••• Timer B used Single shot mode 

-1 •••••• Timer A used Repetitive mode 
-2 •••••• Timer B used Repetitive mode 

ICNT •••.••••• Positive number which equals the number of 
timer counts before timer times out and sub
routine NAME executed. 

Blast Timer (BLSTM) 

CALL BLS TM (I) 

1= {I. • •• Timer A Stopped immediately 
2 •••• Timer B Stopped immediately 

Stop Timer (STPT~ 

CALL STPTM (I) 

1= {1 .... Timer A mode changed to single shot 
2 •••• Timer B mode changed to single shot 

By single shot mode we mean that when the timer times out 
the specified subroutine is executed and the timer is turned off. In 
repetitive mode the timer time is automatically reset to its initial 
value (ICNT) as well as the subroutine NAME being executed when the 
timer tEmes out. Unless the timer is stopped it will continue to cause 
the execution of NAME indefinitely. 

E. Multi-Programmed Interrupts per Level. 

One of the drawbacks of TSX (which has been eliminated in 
MPX) is the inability to have more than one progrannned interrupt per 
level. Following some suggestions made by Don Weber or Abbott 
Laboratories, our TSX system now "effectively" has this multi-programmed 
interrupt per level capability. 

The ordinary programmed interrupt capabilities ~f T8X are 
lost but equivalent and expanded facilities are obtained by being 
able to cause (under program control) what T8X thinks are process 
interrupts. This is accomplished by adding two words at the beginning 
of each interrupt level work area. One word contains a phony n.SW bit 
and the other contains phony PI8W bits. Immediately after MIC sens.es 
the true n.SW we OR in the phony ILSW word. If the assignment and 
System Director equate cards have been correctly prepared and the appro
priate phony ILSW bit was present, then the system will funnel us to 
PRIE in the System Director. After MIC senses the true PISW bits we OR 
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.in our phony PISW word. From then on the system can not distinguish 
between true process interrupts and our phonied ones. 

Thus we have utilized the TSX capacity for multi-process 
interrupt bits per level in order to obtain more than one program 
initiated interrupt per level. The user establishes linkage to the· 
phonied up process interrupt word via the appropriate *INCLD cards 
at core load build time. As in MPX the LEVEL subroutine was recoded 
so that the Fortran user can easily cause a particular interrupt 
on any interrupt level and bit position. 

F. Timer C Processing on a Low Priority Level. 

Many real-time data acquisition programs can be signifi
cantly compromised due to a timer C interrupt and the subsequent 
system oriented processing on the normally high priority level of 
the interval timers. Since the interrupt level assignments of the 
three timers can not be separately specified one must find some 
compromising software solution. This has been done at Presbyterian 
St. Luke's Hospital by rapidly determining the occurrence of a 
timer C interrupt and effectively causing a programmed interrupt to 
a lower level. Hooked to that interrupt level is a subroutine which 
branches back into the ITC coding pertinent to timer C processing. 
It takes approximately 70 microseconds to recognize a timer C 
interrupt, setup for a lower priority interrupt, and return to the 
interrupted program. 

G. Modified CALL SPECL 

The CALL SPECL facility in TSX is a very convenient way to 
execute a given program generally unrelated to the present coreload 
being run. That is, the special coreload was not intended to communi
cate large amounts of in-core data back to the calling program. If 
one desires extensive communi.cation between the mainline and special 
core10ads the only way of accomplishing this is either through process 
working storage of the fixed area of the disk. In-skeleton COMMON can 
be used, but it is generally reserved for the communication of small 
amounts of data such as flags, etc. 

We have provided the facility, if desired, for mainline and 
special coreloads to communicate via ordinary COMMON. If the user 
wishes to communicate via ordinary COMMON he calls a subroutine MSPCL 
(Modify Special) immediately before "the CALIJ SPECL. When the present 
coreload is saved and brought back via the CALL BACK only the program, 
and not the COMMON, is written and read to and from the disk respec
tively. At the time the mainline program is to be saved on the disk 
we compute the true word count by adding the word count in VCORE to 
the size of the largest local group. This word count is used in saving 
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INTRODUCTION 

The follov.ring paper ~1as prepared for a tutorial session 

on the 1130 interrupt handling procedures to be given at the 

Philadelphia C¢I'.J'i¢rI Neeting on September 9-11, 1968. The 

tutorial is based on a sanp1e program used by the Chicago IBM 

Educational Center. 

The interrupt handling procedures avail~b1e to an 1130 BAL 

programlner are discussed through the use of two Input/Output units. 

The 1442 Card Reader is prcgrwJrled to accept data from punched 

cards. The Console Printer is used as the output device. Discussion 

is carried through great 1e~gths in describing the linkage between 

the program and the response of the programmed unit. 

Bruce K. Anderson 

Senior Applicatio~s Analyst 

Operations Research Group 

Uni.royal, Inc., Chemical Div. 

Naugatuck, Connecticut 06770 

August 7, 1968 
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(Fig. 1) 

The purpose of this talk is to give the 1130 BAL programmer some 

insight into the interrupt philosophy of this computing machine. 

Because this talk is to be a tutorial session, I will use a program 

which I received from the IBM Chicago Educational Center to illustrate 

each faint as I explain it. 

The definition of an interrupt is "an automatic branch generated 

by the CPU based on an external impulse". This impulse may be gene-

rated by one of the Inrut/Output units or by the closing of a contact 

such as the "Program Stop" button. Because an interrupt generated by 

one of the I/O devices may have more importance than another interrupt 

generated by a different I/O device, each generate? interrupt will 

have associated with it a priority or interrupt level. For example, 

an interrtJpt generated by an 1132 printer is defined as more important 

than an interrupt generated by the "Program Stop" button.. On the 1130 

computer there are six priority levels ranging from Zero to Five, with 

Zero heing the highest and Fi~e being the lowest. This idea of priority 

allows the programmer to service the more imvortant I/O device first. 

Deyice8 of lower rriority will be serviced after the more important 

devices. Because of the number of different types of I/O units that 

can generate interrupts, it is not always feasiblr or practicle for 

the CPU to branch to a unique cor_e l'ocation where the interruptser-

cive program is located. Instead the concept of the Interrupt Branch 

Address Table is e~ployed. 

o 
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(Fig. 2) .. 
The Interrupt Branch Address Table is a six-word table which 

contains the addre~ses of the subroutines which have been created 

to service a gi ven level interrupt. When ahc'I/O'.'unit'··generates an 

imtulse, which in ~urn causes the CPU to generate an interrupt, the 

effective address of the service subprogram is developed using the 

constant stored at the interrupt branch table. For example, a level 

Zero interrtlpt would cause a branch to the core location whose ad

dress is stored in core rosition Eight. Similarly, a level Five in

terrupt would cause n branch to the core position whose address was 

stored in core rosition Thirteen. It is up to the programmer to 

determine which unit caused the interrupt and what action sh~uld be 

taken to service that interrupt. 

To summarize the idea of interrupts; they are generated by the 

CPU in response to an external condition. The CPU generated branch 

is guided to the correct subroutine to service that interrupt by the 

u~e of addresses that are stored in the interrupt branch table. 
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LEVEL 3 

SUBROUTINE 

. ADDRESS OF INTERRUPT 

LEVEL 4 
SUBROUTINE 

ADThttESS OF I~TERHUPT 

I,EVEL 5 
SUBROUTI"E 



(Fig. 3) 

The 1130 computing system has just one way of initiating data 

transfer to or from the CPU. This is accomplished by the f~xecute 

I/O" instruction whose mnemonic op code is "XI¢". The format of 

this instruction may be either short or long depending upon the re

lative location of an ~dditional two control words. These two words 

are called the [nrut/Output Control Command or I¢CC. Indexing and 

indirect addressing are permitted in the XI0 format. It should be 

noted that the contents of the accumulator sh6uld be saved before the 

execution of the XI~ instruction because the accumulator is used in 

analyzing the. Input/Output Control Command. 

o 

o 
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J\ ............. 
·NSTRUCTION ORMAT 

MNEMONIC OP CODE FORt-1AT 

S/L 

IX 
NO/YES 

IA 
NO/YES XI¢ 00001 

SHORT· FORM 
o 1 2 3 4 5 6 1 8 15 

{OIO t~OIJ.:L.uII·ID I ,] . , .. ~ 

o OP CODE F INDEX DISPLACEMENT 

LONG FORM 
o 1 2 3 4 , 6 7 8 15 0 . 15 

~ I I I.' II L;;, I I I I!¢J I II I ~ ~ 
op· CODE F INDEX IA ADDRESS ! 

o 



(Fig. 4) o 
The I¢CC is used to' rrovide additional information as to what 

device is being act~d:u~on and what action is being taken by that 

device. The placement of the I¢CC must st~rt at an even location; 

therefore,' the effective arldr~ss of the XI~ instruction must always 

be even. The format of the 10ct is broken down into four logical 

functions. The first word of the I¢CC contains the address of the 

data that is to be worked upon. The second word of the I¢CC contains 

the other three logical functions. They are: 1) the area code, 

which srecifies the device uron which the ~ata will be transferred; 

2) the function code, which will describe what. is to be accomplished 
. 

by the Inrut/Outrut device; and 3) the m~difier code, which iives ad-

ditional information for the device and function specified. 

In summary, there is one Input/Output instruction available in o 
the 1130 computing system. The effective address of this instruction 

points to a two-word Input/Output Control Command which provides ad-

ditional information in exrlaining the desired input or outrut 

function. 

o 
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I0cc 

ADDRESS AREA FUNCTION MODIFIER 

.-.. 
< EVEN LOCATION 4 . ODD LOCATION . II-

( EA ) (EA+1) 
'"" 

0 AREA FUNCTION 

CODE DEVICE CODE DESCRIPTION 

00001 CONSOLE 000 NOT USED 

·00010 ~4~2~ .. 901 r WRITE 

00011 1134 010 . READ· 

00100 DISK STORAGE 011 SENSE INTERRUPT 

00101 1627 100 CONTROL 

00110 1132 101 INITIATE WRITE 

00111 C E S 110 INITIATE READ 

01000 1231 111 SENSE· DEVICE 

01001 2501 

01010 S C A 

10001 DISK 1 

0 10010 DISK 2 

10011 DISK 3 

iOlOO . DISK 4 

10101 lLO) 



(Fig. 5) 

To clarify some of these points, I am going to u~e a program 

which will use the xr¢ instruction. ;"It will also use different in

terrupt levels ,and different I/O devices. As shown by the basic flow

chart of thi~ rrog"ram, a card will be read by the 1442 card reader. 

Column One will be checked for a blank. If Column One is blank, con

trol will be returned to the monitor; if it is not blank, the program 

will extract information from this card. Card Colufuns One thru Six 

and Card Columns Seven thru Twelve will be converted to two binary 

numbers. These two numbers will be added tp~ether and the resulting 

sum will be converted into Conc;ole Frinter Code. This number will 

then be written on the console. The program will cmtinue in this 

cycle until either the last card has been processed or a blank in 

Column One is encountered. In either case, control is returned to 

the monitor rrogram. 

o 

c 

o 
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****A2********~' 
* BEGINING * 
* OF. * * PROGRA~ * 

***'************ 
• 
• 
• 
• 
• 
• 
• .X. 

'Fig. S 

62 *. *****83******* 
.*I5THIS*. * RETURN * 

.* THE LAST *.YES *' TO THE * 
*. CARU TO BE .* ••••• X* MONITOR * 

*.PROCESSEU.* * PROGRAN * 
*..* * * *. .* ************** 

* NO • 
• 
• 
" 
• 
• 
X 

• 
• 
• 
• 
• 
X 

******C2*********** • 
• 
• 
• 
• 
• 

* 
* 

READ A 
DATA 
CARD 

***~**-*it ***iH~-

• 
• 
• 
• 
• 

* 
* 

• 
• 
• 
• 
• 
• 

• • 
.X. X 

D2 *. • 
.* *. • 

.* IS *.YES • 
*. COLUMN ONE .* •• ~ •• X ••••••••• 

*. BLANK .* 
*. .* * •• * '* NO 

• 
• 
• 
• 
• 
X 

**E2******* E3 
* CONVERT * **** 

*CARD COLUMNS * * GO * * 1 - 6 TO A *X ••••••••••• * TO * 
* BINARY *' * A4 * * NUMBER * **** 

*******~,*** 

**A4******* * CONVERT * 
*,CARD COLUrviNS * 

* 7 - 12 TO A * * 'BINARY * * NUMBER * 
, ***~ ***it~· ** 

• 
• 
• 
• 
• 
• 
X 

*****84********** * ADD THE * * TWO BINARY * * NUMBERS * '* TOGETHER * 
* * ***************** 

• 
• '. • 
• 
• 
X 

**C4**if-*r.-** * CONVERT i(' 

* THE I~ESUL T *' * TO CONSOLE * * PR I NT E;~ * 
* CODE * 

*** ***i~*1*, ** 
• 
• 
• 
• 
• 
• X 

******D4*********** 
.WRITE THE 

* SUM OF THE * 
TWO Nur~BERS 

* ON TH'E * 
. CONSOLE 

**i~**~·***~H. ** 
• 
• 
• 
• · , • 
• 

E4 X 

**** * GO * * TO * * B2 * 
****' 

(. 
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CF'ig. 6) 

The first thing that should be considered in studying this 

'Program is the operation 'of the 1442 Card Re.ader under proe;ram control. o 
There are two interrupt levels as~ociated with the card reader. An 

interrupt on level Zero will occur every time a card column is posi-

tioned over the read head. This will enable the program to read that' 

column into core storage. A level Four interrupt will oceur after all 

eighty columns have been read, and it will serve as an '~peration 

Complete" interrupt. 

In programmin~ the 1442 Card Reader, two ·int~rrupt service sub-

programs nlust be stored in core to handle the different levels of in-

terrupts that will be generated. The first will handle level Zero in-

terrupts; the second will handle level Four interrupts. The one as-

sumption to be made is that only the 1442 Card Reader will generate 

these interrupts. Interrup.ts that may at this time occur for devices 

other than the 1442 Card Reader will not be handled by this program. 

In programming this ~roblem, the first thing that must be accom~ 

plished is the loading of the Interrupt Branch Address Table with the 

addresRes of the subprograms that will service the two interrupts. 

Therefore, core location Eight will be loaded with the address of the 

subprogra~ that will handle the level Zero interrupts. Likewise, core 

location Twelve will be loaded with the address of the subprogram that 

will handle the level Four interrupts. Following this the last card 

situation ShOltld be tested to see if the last ~ard has been rroce~sed. 

If it has, program control should be returned to the monitor. If the 

last card has not been rrocessed,'a check is made on the 1442 Card 

Reader to see if it is ready to begin the reading operation. Such 

ttt ing~s as a "Hopper Check"'-' or a full ~tacker could have made the reader o 
''Not Ready". The testing of the reader to see if it is "Ready'"can be 

• - ••• I 



o 

o 

o 

(Fig. 6, Cont'd.) 

accomplished by loading a word called the Device Status Word into the 

accumulator •. This will contain information about the 1442 Card Reader. 

(Fig. 7) 

The Device Status Word is loaded into the accumulator by the exe

cution of an XI~ instruction. The I¢CC asc;ociate~ with this instruction 

should be set up so that the ar~a code is interpreted as the 1442 Card 

Reader and the function code is interpreted as "sense device". The 

modifier section is not required when loading the Device Status Word. 

By the execution of this XI~ instruction the Device Status Word is 

placed in the accumulator for interpretation by the program. 

--------------_______ 4.''''' 



****A2*-r.·**~-**** * STAI~T' * 
* OF '"* * PROGRA~ * *** *';;'*i(- .;..<..* i.,<"';"<" -h- * ~- ~~ 

• 
• 
• 
• 
• 
• 
• X 

Fig. 6 

'- • *. 
*****B2**~******* 
*LOAD INTERRUPT * *****83********** 84 *. 

* *. *. *. * WAIT FOR * NO.* IS THE *. * MANUAL *X ••••• *. READER .* 
* LEVEL ZERO * 
* PROCESS I !~JG ~} 

* INTERVENSrO~ '* *. READY .* 
* * *.. * 

* . ADDRESS * 
* * **********~****** ***************** * •• * 

• 
• 
• 
• 
• 
• 

• *YES 

X 
*****(2***~****** 
*LOAD I~TERRUPT * 
* LEVEL FOUR * 
* PROCESSING * 
* ADDRESS * 
* * ***************** .. 

• 
• 
• 
• 
• .X. 

• 
• 
• 
• 
• 
• (3 X 

**iH~ 

* GO * '* TO * 
* B4 * 
**i~if-

D2 *. *****D3******* 
.* *. * * 

.* IS THIS *.YES * RETURN * 
*. THE LAST .* ••••• X* T0 * 

*. CARD.* * ~ONITO~ * 
*. . .*' * '* 

* •• * ************** * t'-lO 
• 
• 
• 
• 
• X 

*****E2********** E3 
* * **** * LOAD 1442 * * GO * 
~ DEVICE STATUS * ••••• x ••••• X* TO * 
* '~-JORD I NTO THE * ,. B4 * * A.CCUiV,ULATOR * .. i(=*** 
****~************ 

• 
• 
• 
• 
• X 

*****(4********** 
* * * START CARD * 
* ~EADING * * PROCESS * 
* * ***************** 

• 
• 
• • 
• 
• .. 
X * * * ';1- L) 4 ~- * ~. ~. * * ~'iH~' 

* WAIT FOR * * LEVEL FOUR * 
* INTERRUPT * * * it-**it-~· ~I-* jH~'~' * it- ~~ 

.0 

) 

) 

G 
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Fig. 7 

INSTRUCTION' 
LAB EL OP CODE OPERAND . COMMENTS 

CHK xrf/ SEN.S LOAD DEVICE STATUS WORD 

10cc " 
SENS BSS E 0 

DC /0000 NOT USED 
DC /1700 (00010,,111/00000000) 

.INTERPRETATION 
AREA = 00010 . 11-fLf2 REAJ)EA 

SENSEDEVICE 
NOT USED 

F'UNC:: 111 
MODIFIER 

... 

LOAD TI-i~CPU ACC 

WITH 
·0 ' . 

. DEVICE STA TUSWORD 
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(Fig. 8) 

The make-up of the Device Status Word is generated automatically 

by the selected device. By having the ~rogram check Bit 15 to see if 

it is on, it can determine whether or not the 1442 Card Reader is 

ready. If. it is ready, the reading of the data card may begin. If 

it is not ready, additional checking of the Device Status Word may be 

prop:ranmled so as to determine the cause of the "Not Ready" condition. 

If the Card Reader is not ready some sort of ~essRge should be programmed 

so as to alert the orer~tor that some manual intervention is required. 

When the Card Reader is "Ready" the· read in.e: process of this card 

may commenCe by the execution of an xr~ instruction with the correct 

10CC. 

( Fi g. 9) 

The interrretation of this I¢CC is to specify the card reader in 

the area code, a control in the function code, and modifier Bit 13 on. 

The modifier hit will be interrretcd as a "start reading" in'3truction. 

This will cause the Card Reader to begin to physically move the card 

across the read station. The next instruction after this is a ''wait'' 

command~ The reason for this instruction is to allow the card to be 

rositioned correctly for the reading operation. 

, . 

o 

c 
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Fig. 8 & 16. 

1442 

EVICE TATUS ORD 
7 14 1.5 

1 

~-NOT READY OR BUSY 
'-----BUSy 

"------·FEED CHECK 
'----------OPERATION COMPLETE 
~------------LAST CARD 

i..---------ER ROR CHECK 
·------PUNCH RESPONSE 

READ RESPONSE 



Fig. 9 

. INSTRUCTION o 

LABEL OP CODE OPERAND COMMENTS 
X I rJ S TAR T START READING. A CARD 

I0CC 
ass E 0 

START DC / 0000 NOT USED 

DC /l~O~ (00010,AOO/00000100)C 

INT[RPR[TATION 
AREA :. 00010 1~~2 READER 

FUNC - 100 cINTR¢L 

~ODIFIER ' BIT 13 STARTS READItJ(\ o 
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(Fig. 10) 

When a card column is in place and ready to be read into the CPU a 

level Zero inte~rupt ~ill be generated. It is in this interrupt level 

Zero subprogram that the actual reading takes place. 

In summary, the l4L2 Card Reader makes use of t"tTO levels of inter-

rupts; level Zero for card colwnn reading, and level Four for "Card 

Operation Comp~eteft signalling. The programmer must load the Interrupt 

Branch Address Table with the addresses of the subprograms that will service 

these inter~pts. The progra~~er must also check the status of the Card 

Reader before the card r_eading operation can begin. Once the Card Reader 

is found "Ready", a "Start Read" process instruction may be executed v-rhich 

will begin the physical rr.ovement of the card ,across the reading station. 

The actual data transferral from the card to the CPU is, accomplished within 

the level Zero subprogram. 

(Fig. 11) 

Entrance into the level Zero subprogram is initiated by a CPU generated 

level Zero interl~pt. Tte address of this subprogrc~ has been stored in core 

position Eight. This subprogran: will accOlnplish three main functions. The 

first is to reset the hard~'Tare interrupt '\<:hich caused the generated bra.nch to 

this subprogram. The second is to transfer the card column image which is 

p~esently at 'the read station to a given address in core storage. The third 

is to increase this 6iven address by one' so that the next card column read 
0' 

will be placed in sequence in core storage. A return command is give;n which 

will transfer control back to the position in core that the prograIJl was be-

fore the level Zero interrupt occurred. Accompanying this return is an in-

terrupt indicator reset. 



Fig. 10 
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THE ADDRESS 
OF TH IS v:ORD 
IS STOREO IN 
CORE 'LOCATION 
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Fig. 11 

.' * * * * * A 3 il- * *~. * * * .~~ * * 
* * 
* * * * 

ENTRY 
POINT * 

* * * ***************** '. • 
• 
• 
• 
• 
X 

*****83********** 
* * * RESET * * \ H A R [) I,\j A I~ E * 
* INTERRUPT * 
* * ***************~* 

• 
• 
• 
• 
• 
• 
X 

*****C3********** 
* * * TRANSFER CARD * 
*CGLUYN TO CORE * 
* STORAGt * 
* 

• 
• 
• 
• 
• 
• 
X 

* 

*****D3********** 
* * * BU~P TRANSFER * * ADDRESS BY * 
* .O~~E * 
* * ***************** 

• 
• 
• 
• 
• 
• 
X 

*****E3********** * RETURN TO THE * * PROCESSING * * PROGRAM AND * 
*RESET I~TERRUPT* 
* INDICATOR * 
***************** 



(Fig. 12) 

As stated before the first function of the level Zero in

terrupt subprogram is to reset the hardware interrupt. This is 

accomplished by executing an XI¢ instruction with an I¢CC con

taining a 1442 Card Reader in the area code, a sense in the 

function code, and Bit 15 of the modifier code on. With this Bit 

on, the CPU will re~et the level Zero hardware interrupt that 

caused the branch into this subprogram. 

(Fig. 13) 

Data transferral is accompli3hed by ex~cuting an XI~ instruction 

with an I¢CC srecifying the 1442 Card Reader in the area code, and a 

"Head Column" in the function code. The modifier code is not used. 

The first sixteen flits in the 10CC contain the core address to which 

the Card column imap:-e will be stored. 

In. summarizil1[. the level Zero interr.urt :subprog-ram, it will reset 

the harrlware interrupt, transfer one column of data, and increment the 

address at which .the data will be stored. In reading a dqtacard, this 

level Zero suhrro~ram will be entered eighty times, once for each card 

column read. 

~~ ~~ . ~ ~~~~~.~~~~.~~~ .. --...• ~--~ ....• _._--

c 

c 

o 



Fig. 12 

o INSTRUCTION 
LABEL OP CODE OPERAND COMMENTS 

SENSO 
(0 

XI!A SENSO RESET HARDWARE INTERRllPT 

I0-CC 
8 S S' E 0 

D C /0000 NOT USED 

DC . /1101 (06~1o/tl1/0000000j) 

!NT ERPRET ATION-
AR EA . : 00010 1~~2 READER 

FUNC : 111 

. iODIFIER:: BIT 1, 

SENSE 

WILL RE~ET LEVEL 0 

INTERRUPT 
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l~ABEL OP CODE OPERAND' COMMENTS 
XI¢ REAl> TRANSFER CARD 

COLUr1N TO CORE 

STORAGE 

re!cc 
BSS E 0 

RE/\[) DC CRDI~J 
( 

(00010/010/0000 000 ~ DC /1200 

= 00010 

:: 010 READ COLlJt1N 

~1()DIFI£R NOT USED 



$/ "",. nWtYMI'1l:!!'UIW t t'ttttd L t'ritrcHtbdIeWrstHt*dtil!! r It! 

0, 
" 

(Fig. 14) 

After all eig"hty columns of the card have been read and stored 

into core, a level Four interrupt will occur. The subprogram for 

this interrupt will accomplish three main functions. The first is 

to check for a last card condition. The second is to reset the input 

area address that is, part of ,the "Column Read" I¢CC. And the third 

is to return to the procesRing pro~ram and reset the interrupt 

indicator. 

Entrance into the level Four subprogram is initiated by a CPU 

generated level Four interrupt. The address of this subprogram has 

been stored in core position Twelve •. The first function to be ac-

complished is a last card check. 

o (Fig. 15) 

By loading the Device Status Word of the Card Reader into the 

accumulator, a last card condition can be checked. The loading of the 

Device Status \\'ord is accomrlished by executing an XI¢ instruction with 

an I¢CC command in the function code, and Bit 14 on. Bit fourteen will 

reset the level Four hardWAre interrupt, which caused the brartch into 

this subprogram. 

o 

,," 



*****A2********** 
* * * . * 
* 
* 

ENTRY 
POINT 

,iI

* * 
* *** *~~.* ** * *"h * ~.** ~~i,t 

• 
• 
• 
• • 
• x 

Fig. 14 

THE ADDRESS 
-OF THIS WaR;) 

IS STORED IN 
CORE LOCATIO;\J 

12 

*****B4********** . * * *****62********** 
* * *LOAD THE DEVrCE* 
*STATUS WORD AND* 
*RESET INTEkR~PT* 

* RESET CARD * •••••••••••••• x* INPUT AREA * 
• * ADD~ESS * 

* * ***************** 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 

• • .X. X 
(2 *. • 

.* *. • 
.* IS THE *. NO ". *. LAST CAR •••••••••••••••••••• 
*. BIT ON .* • 
*..* • 

* •• * • 
*YES • 
• 
• 
• 
• 
• x 

• 
• 
• 
• 
• x 

*****D2********** • 
* * • * SET LAST CARD * • * S I:: I T C H TO BE * ••••• x •••••• .; •• 
* NON-ZERO * 
***************** 

I'·' 

* * ***************** 
• 
• · " • 
• 
• X 

*****C4********** * RETURN TO THE * 
* PROCESSING * * PROGRA~ AND * 
*RESET INTERRUPT* * I l\l D I CAT 0 R * ~ 
**********~*~**** 

c 

C" 
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Fig. 15 

o INSTRUCTION 
LABEL OP CODE OPERAND COMME'NTS 

x ,x; SE NSLc RESET HARDWARE 

INT"ERRUPT 

SENS~ 
6 

BSS 
DC 
DC, 

-I0CC 
E 0 

/0000 

. /1702 

NOT USED, 

(00010/111/00000010 ) 

.. INT[RPR[TATION 
AREA ,: 00010 

rUNC: = l1t 

0'10DTr I ER ::BI T1lt-

t442 READER 

S£NS(C OMMAND 

WILL RESET LEVEL 

. FO,URINT£RRUPT 
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(Fig. 16) 

The Device Status Word can now be checked for a "last card" con

dition by interrogating Bit Three which is the "last card" indicator. 

If Bit Three is on, the last card switch in the program should be set 

to a "non-Zero" condition. The ~ext operation is to reset the card 

input address area in the first sixteen Bits of the I~CC associated 

with a read response command. At this -point control can be returned 

to the processing program. 

In summari~ing the level Four interrupt subprogram, it will reset 

the hardw~lre i ~ld icator, check for a "last card" cond i t ion, reset the 

card input address, and return to the processing pro~ram. Once the 

level Four subprogram has been completed, eighty words of core ~torage 

will contain an image of the data card that 'was just read. 

(Fig. 17) 

Continuing with the mainline program, Column One is checked for 

a blank. If a blank is found, control is returned to the monitor 

program. If no blank is found, Columns One to Six will be converted 

to a binary numger and Columns Seven to Twelve will be converted to 

another binary number. These two numbers are added tog'ether and the 

results will be converted into console printer code. At this noint 

the data is-ready to be transferred to the Console Frinter. 

o 

o 
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EVICE , T A TUS ORD 
o 1 2 ) 4 7 . ·11. 15 

1 

" TL __ ~'NOT R~.ADY OR B~S~ . .... ~ ./.! 
· ~ BUSY '.'<"'--' 

L.------F££f) CHECK 
"---------OPERATLON COf1PLETE . 

'---------LAST· CARD ,.-

~---------- ERR OR C 1-1 EC t{ 

r Ut\l eli R ES po r~s E 
.... -. 

.... ·"'""----------READ RESPONSE . 
. . .. . 
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··Fig. 17 & 28 

*"~*~'A2 * K-r.-~-~H~**-l~
* BEGINING * * Of' * 
* PROGRAM * * '* * ~. * ~~ ~. * ~- ~-1(-* -~- "/( ~-

• .• 
• 
• 
• 
• 
• 

• X • 
82 *. *****83******* 

.*IS THIS*. * RETURN .* 
.* THE LAST *.YES * TO THE - * *. CARl) TO f3E- .it- ••••• X~- ,\.'iCNITOR * 
*.PROC~SSED.* * PROGRA~ * 

*. • * * * * •• * ************** * ~O • 
• 
• 
• 
• 
• 
X 

• 
• 
• 
• 
• 
X 

*~****C2*********** • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

* 

. * 

READ A 
DATA 
(.ARD 

• 
• 
• 
• 
• 
• .X. 

D2 ~;.. 

* 
* 

~- . X 
• 
• .* IS *.YES • 

*. COLuvN ONE .* .•.•. X ••••• ~ ••• 
*. f3LANK .* 

*. '. * * •• * 
* j~O 

• 
• 
• 
• 
• X 

**E2******* E3 
* CONVERT * **** 

*CARD COLU"v1r~S * * GO * * 1 - 6 'TO A *X ••••••••••• ifo TO * 
* BI~ARY * * A4 * * NUMHER * - .**** * -l~ ~!- ~- * ~- * "*- * ~~- -l~ 

**A4****~'** * CONVERT * 
*CARD COLUMNS * 

* 7 - 12 TO A * * 81NAI~Y * 
*~ NUi'J.8Ef~ ~-

*** *~-*;'}1f-**1} 
• 
• 
• 
• 
• 
• 
X 

*****84********** . * ADD THE * 
* TwO ~INARY * 
* NU~BERS * 
* TOGETHER * 
* * ***************** 

• 
• 
• 
• 
• 
• 
X * ~- C 4 * * ~. * iH} l} 

* CONVERT it-
* THE RESULT * 

* TO CONSOLE * 
* Pf~INTE;~ * 
* CODE * ** *"* 1(- ~~ * -~. ~~ i:- i~ 

• 
• 
• 
• 
• 
• 
X 

******04*********** 
Wf~ r TE THE * SU~ OF THE * 

TwO NU:VlGERS 
* ON THE * 

CONSOLE 
**~'**-)HH}*~H} *~< 

• 
• 
• 
• 
• 
• 
• 

E4 X 
*.,~.;~;~ 

* GO .t
* TO * 
*-82 * 

**·:Hl-

o 

... \ 
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(Fig. 18) 

Operation of the Console Printer under program control requires the 

.. data to be left justified, one character per word. This means that only 

Bits Zero through Seven will be transmitted to the Consele Printer fer 

. printing. A level Four interrupt will eccur each time the Censele ?rinter 

has just completed printing the data as instructed by a ''Write'' cemmand. 

After issuing the fi~st print inst~ctien, the eutput area must check to 

see if all the data has been printed en the Console Printer. If all the 

data has been printed, control is transferred to the beginning ef the· ma.in-

.line progra~m. If mere data is to. be printed, additienal print XI¢ instructiens 

must be given. 

The mainline program must load the address ef.the subpregram which will 

handle the level Four interrupts generated by the Console Printer into core 

location·Twclve of the Interrupt Branch Address Table. 

(Fig. 19) 

A character crul be printed by executing an XI¢ instruction with an I¢CC 

containing. a Console ?rinter in the area co.de, and a "Write" in the function 

code. The modifier of the I¢CC is net used. The first. Sixteen Bits of. the 

I¢CC specify the address ef the cere lecatien from which the first Eight Bits 

will be sent to the printer for printing contrel. The Console Print·er 't-Till 

. print one character for each XI¢ instruction executed. The first Sixteen Bits 

of the I¢CC specified by the xr¢· cor.tains the c()readdress of that character 

to bOe printed. A level Four interrupt occurs after each character is printed. 

This level Four interrupt is serviced by a subpregram different than the one 

used to service the Card Reader level Four interrupt. 



***~-A2 * **-:~*-;~*** 
* START * 
* OF * * ROUTINE * 
**~- *~f- *-it--** 7Hf- * -lHt- * 

• 
e. 

• 
• 
• 
• 
• 
X 

*****82********** 
*LOAD INTeRRUPT * 
* LEVEL FOUR * * PROCESSING * 
* ADDRESS * 
* * ***************** 

• 
• 
• 
• 
• 
• 
X 

*****(2********** * SET UP A T~O * 
* WORD WO~K * 

Fig. 18 

* AREA ~ITH * ••.•. x ••••••••• 
* ONE CHARACTER * • 
* PER WORD * • 
***************** 

• • 
• 
• 
• 
• 
• 

*****B4********** 
* * * * 
* * 

PRINT 
SECON~ 

CHARACTER 
* 
* * 

***************** 
• 
• 
• 
• 
• 
• 
X 

*****C4********~* 
* * * LOOP * 
* UNTIL * * INTEr~RJPT *. 
* * 
***************** 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• X • • x .x. *****D2********** 

* * * PRINT * 
* FIRST * 

r* CHARACTER * 
* * 
***~************* 

• 
• 
• 
• 
• 
• 
X 

• D4 *. 
• .*15 THIS*. 
• NO.* THE LAST *. • •••••••• x •••• ~*. SET OF CHAR .* 

*. ACTERS .~f
*.TO PR.* 

*. • * *YE5 
• 
• 
• 
• 
• 

. X. *****E2*N******** E3 
* * **** 

*****E4********** * it 
* LOOP * * GO * * UNTIL * •••.• x ••••• x* TO * 
~- I NTERf~UPT ~- *- 84 * 
* * 

* RETURN * * TO START * * OF PROGRAM * 
* * ***************** 

c 

o 
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o INSTRUCTION 
LABEL OP CODE OPERAND 

XI¢ CNSLl 

10CC 
CNSLl BSS E 0 

o DC 
DC 

WORK 

/0900 

COMM[NTS 

PRINT CHARACTER 

ON CONSOLE" 

(oooo~oyoooooooo/ 

INTERPRETATION 
AREA :. 00001 CONSOLE PRINTER 

FUNC ~ 001 WRITE 

: (kODIFJ: ER NOT USED 
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(Fig. 20) 

The subprogram that will service the level Four interrupt generated 

by t~e Console ?rinter is entered by a CPU generated level Four interrupt. 

The address of the subprogram is obtained from word 1\Telve in the Interrupt 

Branch Address Table. The address of this subprogram was stored in core 

location Trrelve by the mainline program at the beginning of the c0:1s01e 

printing routine. The subprogram that will hc.ndle the level Four inter

rupts generated by the Console ?rinter ~;ill accomplish two functions. The 

. first is to reset the hardHare interrupt, and the second is to increment the 

return address by one. It will then return to the mainline pro~essing progrom. 

(Fig. 21) 

The level Four hardware interru,9t l-lill be reset by the execution of 

an XI¢ instruction loTith an I¢CC specifying the Console Printer at the area 

code, a "Sense" in the function code, and Bit Fifteen on. Bit Fifteen "Till 

cause the hardware interrupt to be reset. After incrementing the return 

address by one, this program ~ill return to the processing program. 

o 

o 
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o· *****A 3***f.-**iHf-** 
* * * ENTRY * * . PO I NT * 
* * * * ***************** 

• 
• 
• 
• 
• 
• 
X 

*****83********** 
* * * RESET * * HARDWARE * * INTERRUPT * 
* * *************~*** 

• 
• 
• 
• 
• 
• 
X 

*****(3********** 
* * * INC R E ~.~ E N T * *RE TUr-<;\J ADDRESS * 
* BY ONE * 0* * 
***************** 

• 
• 
• 
• 
• 
• 
X 

*****D3*****«**** 
* RETURN TO THE * * PROCESSING * * PROGI~Afv; AND * *RESET INTEf~RUPT* 

* INDICATOR * ***************** 

:) 

.J 
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NSTRUCTION 
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DC 

/0000 
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. COMMENTS 
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NOT USED 

(00001;111/00000001) 

NTERPRETATION 
AREA -- 00001 

-- 111 

,.,;ODIFIER : 81 T 1) 
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(Fig. 22) 

o In summarizing the ~equence of events that this application 

has taken, we have seen how two different devices cause an inter-

rupt on level Four. The first was an "Operation Complete" on the 

€ard· Reader, and the second was an "Operation Complete" on the 

Console. In order to service both of these interrupts the program 

had to be written so that only one type of level Four interrupt 

could be generated. The reason for this is that the subprograms 

that handle the interrupts are to perform two distinctly separate 

-
functions. In thE' case of the "Operation Complete" for the Card 

Reader, the "last card" situation was examined and the core storage 

addres~ that contained the card image had to be reset. Whereas, 

the subprogram for the Console rrinter interrupt just had to reset 

the hardware interrurt. 

The problem of detecting what device initiated a given inter-

rupt can be alleviated by the use of a single interrupt level sub-

routine. 

o 



**** A2 *1l-** ~-**~~* 
* START· * 
* CF * * PROGRAM * 

***** ~- * ***~H~- ** ~~ 
• • • 
• 
• • 
• X 

Fig. 22 

*****82********** 
*LOAD I~TERRUPT * 
* 'LEVEL ZERO * 

.*. *****83********** 64 *. 
* *.* *. 

'* PROCESSING * 
* ADD~ESS * 

* WAIT FOR * NO.* IS THE *. 
* MANUAL *X ••••• *. READER .* 

* * 
* INTERVENSION *' *. READY .* 
*' *' *..* ***************** ***************** * •• * 

• 
• 
• 
• 
• 
• 

• *YES 

X 
*****(2********** 
*LOAD INTER~UPT * 
* LEVEL F0UR * * P~O(ESSING * 
* ADDRESS * 
* * ****************~ 

• 
• 
• ,. 
• 
• .x. 

• 
• 
• 
" • 
• C:3 X 

**** '* GO * * TO * * 'B4 * '* i\-~. *: 

D2 *. *****D3******* 
.* *. * * 

.* IS THIS *.YES * RETURN * 
*. THE LAST .* ••••• x* TO * 

*. CAkD.* * MONITOR * 
*..* * * 

*. ~* ************** * NO 
• 
• 
• 
• 
• 
X 

*****E2********** E3 
* * **** * LOAD 1442 * * GO * * DEVICE STATUS * ••.•• X ••••• X* TO * 
* wORD INTO THE * * B4 * 
* ACCUMULATOR * ~ **** 
***************** 

• • 
• 
• • X 

*****(4********** 
* * * START CA~D ,* 
* READING * 
* PROCES~ * 
* * ***************** 

• • 
• 
• 
• 
• 
• . X 

***i~D4** *.**~-*** 
* WAlT FOR * 
* LEVEL FOUR * * INTERRUPT * 
*******~"f*i~*** 'r~' 

" 

o 

,) 

.) o 
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(Fig. 24) 

Instead of loading the individual interrupt subprogram addresses 

in the Interrupt Branch Address Table, a single subprogram can be 

created which will determine what device caused a given interrupt. 

Therefore, the address of this program is placed in the interrupt 

branch table and all ihterrupts of a given priority will branch to 

this subprogram. 

(Fig. 25) 

By using this technique we can develop one routine for all level 

Four interrupts. We will call this routine an Interrupt Level Subroutine. 

(F'ig. 26) 

The function of this subroutine will be to interrogate the Inter

rupt Level Status Word. The Interrupt Level Status Word is similar to 

the Device Status Word in that it is loaded into the accumulator by the 

execution of an XI¢ instruction. The I¢CC will contain a "aense int"er

rupt" in the function code. -The area code and modifier sections are 

not used. It is then possible to interrogate the Interrupt Level 

Status Word to '3ee which physical unit caused the level Four interrupt. 

o 

o 
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Fig. 26 

.INTERRUPT STATUS 'WORD 
o . 

. INSTRUCTION 
LABEL OP CODE OPERAND COMMENTS 

~ XI; 'ISW 

I0CC 
BSS E 0' 

NOT USED ISW DC /0000 
DC /0300 ~OOOO/O1~OOOOOO~ 

o 

AREA 
FUNC 

--
--

MODIFIER 

INTERPRETATION· 
00000 

011 
NOT USED 
SENSE INTERRUPT 
NOT USED 

I LOAD I'NTERRUPT STATUS WORD INTO Ace 
.. ILSW (LEVEL 4) 

6-1, SAC DEVICES 
5 1231 PAGE READER 

0 lJ :t.~~3 PRINTER 

I 
3 2501 REAOER 
~ 1~1iZ READER 
1 CONSOL.E 
0 PAPgR TAPa: 

/ ' 
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(Fig. 27) 

Using the previous ~xample of the Card· Reader and Console 

Printer, if Bit One was on in the Interrupt Status Word, the 

Console Frinter would have caused the interrupt. If Bit Two was 

on, the 1442 Card .Reader \vould have caused the interrupt. It is 

then possible to branch to a given routine based 6n the Interrupt 

Status Word. 

(Fig. '28) 

By the creation of the Interrupt Level Four Subroutine it is 

possible to eliminate several rrogramming steps froM the mainline 

program. There is no need to con..;;ider loadi.ng the Interrupt 'Branch 

Address TRbie every time a new type of level Four interrupt is ex

pected to occur. The Interrupt Branch Address Table is loaded once 

with the address of the Interrupt Level Subroutine that will service 

all level Four interrupts. Therefore, there is the possibility of 

wri t ing .j u,3t one subrrop.:ram to correct ly hand 1 e all int errupts on 

a given priority level. By u~ing the Interrupt Level Status Word 

it is rossible to correctly acknowlege which device caused th~ in

terrupt and what programming considerations should be gi~en in 

handling that device interrupt. 

c 
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'*****A3********** 
* * * ENTRY * * POINT * 
* * * * ***************** 

• 
• 
• 
• 
• 
• 
X 

*****B3********** 
*LOAD THE INTER-* 
* RUPT LEVEL * * STATUS WORD * 
* INTO THE * * ACCUMULATOR * 
**************~** 

• 
• 
• 
• 
• 
• 

• X. 
C 3 * • ** * * *C 4 * iH~ * * iHHr * * 

• if- *. * if-
.* IS *. NO * SERVICE * * • BIT 0 N E • *. • • • . X * C t, r~ t) REA U E :~ * 
*. .ON.* * INTERRUPT * 
*..* * * .. * •• *. ***************** 

*YES • 
• 
• 
• 
• 
• 
X 

• 
• 
• 
• 
• 
X 

*****D3**~******* *****D4********** * * * RETURN TO THE * 
* SERVICE * * PROCES~ING * * . CCNSOLE i~ ••••• x* PF<OGI-<AM· AND * 
* PRINTER * *RESET INTERRUPT* * .' I N T E R F< U P T * * I N D I CAT 0 I~ if-

***************** ***************** 

, ' 

"J 

, .. :""., 

...... , 
....... ",.. 

'J., '., 

'IS' __ -"'--__ ~-------------....;..-""--------... ---------------I'-
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****A2'* >: *~'-::-i}**1i 
* BEGr~I~G * 

**A4~'**~'i:'** 
* . CONVERT * 

*CAHD COLU~:NS * 
.. ---.. .. Of ... _* ._--.--.-.---- .. ----.... ;.-.----.- '.---' '-- * '·1 - 12 TO A * 

* PROGRAM.·* .. '* * i:' * * -jC.o):- * i:. * * ~- i(- ~-

• 
• 
• 
• 
• 
• 
• .x. 

'-..... ---.-- .. ~ .... "- ... _. '-.:--.-.-"''t~- - ... _" ... -

82 *". -'. -'*****i3'3*~'* 1:.* ** 
.*IS THIS-*. *' RETURN * 

" .• * THE LA.ST *.YES .. TO THE * 
*.·CARD TO S~ .* ••••• x* MONITOR * 

* • p!~ 0 C :: SSE D • * * p ~.o G R A :\! * *'. • * . -. * * * •• * *.*******~*~** * ~O • 
• • 
e 
e 

• .... X 

e 

• 
. _ .. 

• 
• ---"X 

*~****C2****~***~** • 
• 
• 
• 
• 
• 
• 
• 
• 
e 

.. 
* 

READ ·A 
DATA 
~AR:) 

• 
• 
• 
• .. 

* 
* 

• 
• 

e • .X. X 
02 *. • • * * •. .. _- . -. • 

.* !S *.YES • *. COLU:-'.'N ONE .* ••... X ••••••••• 
it. BLANK .* 

*. .* 
* •• * 

... ~O 
• 
• 
• 
• 
• X 

**E2**~~*** E3 
* CC~V~RT * **** 

*CARD COLU~~S * * GO * 
.. ~ - 6 TO A *X •••••••• ~ •• * TO * 
* 9I~ARY * * A4 * 

*. NUI'!HEf~ * ***~. 
-1:- * * ~. ~ ~. * -!: .. !} ~- * 

'.' 

* 8 INA!~Y * * NU:"'8ER i: . 

. 

*'** '* ~'**it ** * 
• .. 
• 
• -. _. 

• X 
*****84********** * ADD TH'E * * TWO BINARY * * NUYtSERS * * TOGETriER .* 
* * ***********~***** 

• 
48 

• 
• 
e 

• .. X· .•. 
*..:·C 4 ** oJ:- * iH:';~ * CONVEr~ T i;' * THE F<E!:>ULT * * TO CONSOLE * * pr~INTE;~ it 

* CODE * 
• • 
e 

• 
• 
• 
X 

******D4~***~~***** 
WRITE THE 

* SU~ OF THE· * 
TWO NUiViGERS 

*- ON TdE * 
~ CONSOLE * * ~.* * i:' ~:. i~ it i:··r.- * ~~ 

• • 
• 
• 
e· 

• 
• 'E4 X 

***'i't 
* G~ '* .. TO * 
* 92 * 
**.~* 

t-f 
-> 

{ 

'" 
"'1 ~. 

,1" ,-

c 
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In summary, the 1130 BAL programmer has available to him one 

XI~ instruction which is used to perform all input or output data 

manipulation functions. ~[odifying the XI¢ instruction is an Input/ 

Output Control Co~mand (I¢CC) which provides additional information 

as to what device is being acted upon and what action is being taken 

by that device. 

There is also available a Device Status Word which the programmer 

may interrogate to find the status of any Input/Output Device. 

In addition, there is available an ~nterrupt Level Status Word 

which allows the programmer to interrogate all Input/Output Devices 

on a given interrupt level and determine what sequence of events 

should accomrany a given interrupt. By using these things the programmer 

is able to place information into or extract information out of the CPU. 
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SAMPLE PROGRAM I 

Each interrupt service subprogram is independent. The 

Interrupt Branch Address Table is ch~ged to reflect an ex-

pected interrupt. 

"'-~---'-"--"---



0 
·C(100 01 65000S18 
0002 00 6DOQ80~e 
0004 ()l 65000024 
0006 J'J 6Dooaooc 
0008 1"'1. ,C067 ' , 

o~a9 01 4(21)0062 
0008 0 oeO.A 
o'Joe 01 4COL~OO'JF 

aOOE f"I 7002 ,J 

G00F J 30Q'J 
CO 1'J .~ 7'JFA 
0011 0 0802 
O~12 () 70FF 

Q IJ lit () () 0 C) 

C !) 1 i.. () ..) J :) C 
a:15 C) 142L. 

0')16 'J 0000 
OlJ17 (') 17CJ'J 

SA~APL E PROGRA v, FOR' -x I c- I NS TRue T IOi'! 

- * 
* 
it-

LOAD LDX 
STX 

BACK LDX 
. STX 

LD 
sse 
XIO 
ASC 
""'0 X 
IJIA IT 
VDX 
XIO 
~J,DX 

* 
* 
* 
.,~ 

~ .. 
* 

~SS 

STA!"-<T C)C 
DC 

* 
* 
* 
* 
* 
* ,t 

* 
* 
it-

* 
'* 
* 
* 
il-

SE"!S DC 
DC 

* 
* 
* 
'* 
* 
'* 
* 
* 
* 

~·SET UP REQUIRED INTERRUPT BRANCH 
ADDRESSES. START EXECUTION 

L1 LEva LOAD INTERRUPT LEVEL ZERO 
Ll 8 PReCESSING ADDRESS I~TO WORD 8 
Ll LEV4 LOAD INTERRUPT LEYEL FOUR 
Ll 12 PROCESS I ~lG ADD~ESS I NTO ~'!D 12 

EOJS~ CHECK FOR LAST CARD 
L EOJLe.z END OF JOB IF LAST CARD 

SENS LOAD DEVIC~ ST~TUS WORD 
L *+l.E RRANCH IF U~IT ~OT READY 

*+2 SK I paVE R Ei~RO:~ ROUT Ir'\E I F OK 
~AIT FO~ ~ANUAL INTERVE\SION 

CHK RE-CHEC< STATUS TO AE SURE 
START START READI~G A CARD 
*-1 LOJP U~TIl I~TERRUPT O~ LEVEL 4 

THIS WILL SIG~AL END OF CARD 
" 

INPUT/OUTPUT CONTROL CO~vA~D FOR THE 
STA~T REAOI~G A CARD 
I NST::<UCT IO;'~ 

E 0 1/0 eTl COY~A~D ~UST BE EVEN ~D 
I 8 J 0 () ~'l 0 T USE C) 

11404 A~EA=8J010,FUNC=lCO.¥OD=8IT 13 

AREA = 00010 WHICH IS 1442 CA~D ~EAD 
PUI\JCH Ui\IT 

FUNC = 100 ~HICrl CAUSES THE eA~D 
!~ E!,D-~Ui\C H TO ACC (::,.P L I SH 
THE FU~CTIO~ SOECIFIED 
9 y T ~.~ E :1; 0 D I t= I E R • 

\~ 0 D I F = 9 I T 1 3 ~ ,\:. T HIS e AU 5 EST H E 
CARD TJ ~.10VE THi~CUGH THE 
:< E ,L\ C) 5 TAT I 0 i'~ • /-\ 5 E 1\ C H 
COLuvN IS READ A~~ 
CHECKE0, THE CARD READ 
PUNCH INITIATES A READ 
COL ~J tV; I~ i~ ESP 0 N S E 
INTERRUPT (LEVEL 0) 

10000 NOT USED 
11700 AREA=OOQIC,FU~C=111,~OD=\JNE 

AREA = OC010 WHICH IS THE CARD READ 
P LJ f\~ C H U :'~ I T 

FUNC = 111 WHICH DIRECTS THE CARD 

"~.OD IF = /\lONE 

READ-PUNCH TO DLA.CE ITS 
DEVICE STATUS WORD (DS~) 
I NTG CPU ACC 

t) \ .. 

--------------.;..------------------;, ..... . 
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6a18 " OJOO '-' 

0019 a 0806 
aC1A 0 0807 

00113 J1 74()10022 
O~lu 01 4((00018 

0020 OOor, 
C020 0 OO!]~ 

G021 ~ 1701 

OJ22 1 'Jr.J7? 
8;23" 12C,) 

,-----' , ---"-,"------.--... -----,,~------.-~----,"--,.-,-,--"",,'--.... ---.--... --"" .. , .... ,,,""".-'''''',, .. ,-.. '''''-,~~~~~ 

SA~PLE PROGRA~ FOR -XIO- INSTRUCTION 

, --* 
* 
LEV0 DC 

X!O 
Xlo 

* MDX 
Bose .,. 

*' 
BSS 

SE!"SO DC 
DC .,. 

* 
* 
* 
* 
* 
* 
* 
* 

'* 

* qEAD ~)C 

oe .,. 
if-

* 
* 
* 
i} 

or. 
~. 

~ .. 

~~ 

L' 
I 

t: ... 

INTERRUPT LEVEL ZERO PROCESSING . 

*-* SAVE RETURN ADDRESS 
SENsa RESET HARDWARE INTER~UPT LEVEL 
READ TRANSFER CARD COLuwN TO CO~E 

STORAGE 
READ,+l BUMP CORE STORAGE ADDRESS 
LEva RETURN TO pqOGRAM. TURN 

'I-NTERRUPT LEVEL INDICATOR OF~ • 

0, 1/0 eTL eO~~AN~ ~UST BE EVEN WD 
IOCOO. ~IOT USED 
11701 AREA=OOOla,FU\C=111,~OD=8IT 15 

AREA = 00010 ~HICrlIS THE CARD RfAD 
PUNCH UNIT 

FUNC = III WHICH DIRECTS THE CARD 
REAJ-PUNCH TO PLACE ITS 
DtVICE STATUS WORD (DSw) 
INTO CPU ACC. 

MOD 3IT 15 MODIFIER BIT 15 RES~TS 
HARD~ARE INTERRUPT LEVEL 
ZERO . 

C~DIN ADDRESS TO PLACE CA~D COLU~~ 
11200 AREA=aoalo,FU~C=OlO,~OD= ~8~E 

A~EA = OCOIO WHICH IS THE 1442 CARD 
R EAD-Pur~Cr" U;\l I T 

FUNC _. ~HICH CAUSES THE CAqO 
IMAGE TO EE ENTERED FRO~ 

THE CARD READ-PU~CH U~!T 

!~TO THE CORE STORAGE 
LOCATIQ\j SPECIFIED BY 
THE ADDRESS 

vODIF IS NOT USED 

PAGE o 

o 

C) 
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o 

,G 



.' .- ... _ .• ', ~ 

0'· ; . 

0024 0 
OC25 0 

087.6 ~ 

0027 () 

O'J28 (') 

OCl29 Ql 
002B C1 
OC2D 01 

0030 
~030 ~ 

8031 0 

(~; 

0 

e 

SA~PLE P~OGRA~ FOR -XIO- INSTRUCTION 

* 
* 

0000 LEV4 DC 
080A. xrO 

* E04A .-- 'AND 
4820 Rse 
D047 STO 
65010C72 LOX 
60000022 ' STX 
4(400032 BOSC 

... * 
* oaoo -ASS 

OJDO SE ;\~S4 ~e 

1702 OC 

* 
*' 
* 
* 
* 
* 
* 
* 
* 
* 

INTERRUPT LEVEL FOU~ PROCES~ING 

*-* 
SENS4 

EOJ"'~K 

Z 
EOJS~tJ 

Ll CRDIN 
Ll READ 
L LCTST 

~AVE RETURN ADDRESS 
RESET HARDWARE INTERRUPT LFVEl 

AND LOAD DSI,A/ 
CHECK' 81 T 3 OF DS~\ 
SKIP IF NOT ON (~OT LAST CARD) 
SET SWITCH TO NOT ZERO 
RESTORE THE ADDRESS OF THE CARD 
II\:~UT AREA If'i "READ race 

RETURN TO PROGRAv. TURN 
INTERRUPT LEVEL INDICATOR OFF • 

E 0 I/O eTl CO~~AND MUST BE EVEN ~D. 

/ a 0 0 0 ~·l 0 T USE D 
11702 AREA=00010~FUNe=111,~OD= BIT 14 

'AREA = 00010 WHiCH IS THE CARD RFAD 
PUt~CH UI\IT 

FUf\C = III 

MOD BIT 14 

WHICH DIRECTS THE CARD 
READ-PUNCH TO PLACE ITS 
DEVICE STATUS wORD (DS~) 

Ii\TO CPU Ace 
vODIFIER BIT 14 RESETS 
rlftRD~ARE INTERRUPT LEVEL 
FOUR 

PAGE" 

o 

o 

C) 
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o 
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0032 a C~3F 

·')033 01 4C18']066 
-:)035 2D C40C2255 
CQ36 1 0072 
OG37 () D037 
0038 2" • \oJ Q40C2255 
a~39 1 0078 
')O3.~ 0 8034 
0039 20 02255103 
a03C 1 O()7E 
O,)3D 2"" .. v 085935D9 
O~3E () ~ooo 

O,)3F 1 007E 
0040 1 006A 
0041 0 OO~6 

( 

( 

( 

SAVPLE PROGqA~ FOR -XIO- INST~UCTIO~ 

LeTST LD 
·esc 
LISF 
DC 
STO 
LIBF 

. ~ ... DC 
A 
LIBF 
DC 
LI8F 
DC 
DC 
DC 
DC 

CRDIN LOAD CA~D COLU~N ONE 
L EOJ,-+ GO TO EXIT IF BLANK 

DCB I f'i CONVERT DEC L"AL I N TO S I.NARY 
CRD 1/\1 
CrYl STORE NU~BER 
DCBIN CONVERT DECIvAL INTO BINARY 

- CRDI f'~+6 
QTYl ADD TwO NU~9ERS TOGETHER 
BINDC CONVEQT BINARY TO DECI~AL 
CRDI~~+12 
HOLPR CO~VERT FRO~ DECI~AL'TO CONSOLE 
locoa . 
CRD I 1\~+12 
C01\1+3 
6 

!\iPUT AREA 
OUTPUT AREA 
NUMBER OF CHARACTERS 

0 

0 

J 

0 

0 

,") 
., . ..,.; 

C) ... < 

;j .... 

Ci 

""'\ .. .;J 

.~ 

-~ 

~ 



o 
:)Jl;.2 01 6~C0c)85fCl. 

8")44 "'1 6i):;n~(Jf)C 

~'J46 n 61FA 
':)04.7 nl C5~J0:J~)6~ 

,) C L. ~ " lQ,::3e ,.) 

J".::4.\ ') 1 JQ,g 

~:~4S J 8121 
'J ";!). C () 109C 
0')4) ~ !) ':.; 2 'J 
1'"\ 'IlL c:-v ~ 1_ r') 'G807 
C 'J It =- 0 70FF 
'J".)5 'J ~ J 8 ':~7 
(: C: 5 1 r) 7 ,,;:::-c 

,]'J52 f'"\ 7181 
o :~ ~, 3 ,-) 70F3 
o ~ s ':+ 'J 1 4(1)0 ::Y;:'J4 

C'J5S 
OC:~ S 1 016D 
"";:,, n 
.• J '_.' J • 

2"");( 1 ~)C)br:-

j ~ ? ~"') " 9 0 ~ 

o 

* 

* 
* LOX 

STX 
LDX 

L:JO P LD 
SQT 
SLA 
STO 
SLT 
STG 
XIO 
'/,()X 

X I:; 
./:) X 
~: D 'I, 
','DX 
per 

,...;" 

* 
* 8SS 
(',~ S II D( 

DC 

* 
* 
* 
~-

i} 

~~ 

* 
* 
* 
.~. 

'1', 

C ;\:St. 2 DC 
DC 

SET uP R E Q '... IRE D p~ T E ::.U~ U P T BRA :\' C rl 
AD~RESSES 

Ll LEV4P LOAD I~TERRJPT LEVEL 4 ADJQESS 
Ll 12 FO~ CJ~SOLE PRI~TER 

1 -6 
Ll CO~1+6 LOAD FIRST T~C CH~qACTEqS 

9 PLACE SECO~D CHARACTE~ I~ ~XT 
8 LEFT JUSTIFY FI~ST CHARACTER 
',','ORK 
1 6 L EFT JUS T I F Y 5 :: CO -\ D C ~ A :-~ ACT E ,=( 

\!ORK+1 
C~SLl PRI~T FIQST C~ARACTE~ 

X -1 I,: A I T FQ~ I ": T E :-~~ t.; P T 
C :\; S L 2 P R ! ~-: T 5 ~ C C', D ( ~ f\ RA, C T E ~ 

x -1 
1 +1 

L;JCP 

':,} A I T ~. 0 !~ I',' -r: ~>( '-n.; P T 
eu\'p 00I'\TEK bY O'~E: 

COi";T I "~UE CYCLE 
D, :~ ~ :,~ ( ~. T Cl 0. E G I\~ I ;, ~ G 

I/O (T Leo : \ .. A \; D : U 5 T :1 E E V :=: :"~ ,; J 

:: .. 'O~ !( 

/J9C)O 

t,:~ Et. 

FU\( 

= 

= 

J'\DL)R~.sS JF rI~ST Cri~,~,2..CTE'~ 

-JOc)Jl 

o ~l 

.j i~ I C:-1 IS T~E CC)\SCLF 

PRI ~'.: T E,~ 
'v'J Y I (--! , , C,I\L;SES T~E ' .. ,:~r~ D 

THE A0D~ESS TJ ~~ S~NT 
TOT ~ E C C "! 5 '~L ~ - P i~ I '\ T F. R 

AT 

F 8 '~ P ~ I !\ T I >: G C q C C>"', T :~ C) L. 

>,! 00 I ~ \; O'T USE D 

~OR<+l AOO~ES OF SECO\Q C~A?ACTE~ 
/0900 FU\CTIO~ IS I)~~TICtL TO C\SLI 

P,4GE, 

_______________________ C'\' 



~ ') 5.6. a 0000 
0855 Cl 0804 
case ')1 74QIG05t\ 
~I"',~ I=' 
" ... v J._ 01 4CCOOO5,A, 

0'J6 'J OO~fj 

8:)62 0 cloeo 
0061 J QF=Ql 

,. 
\ . 

SAVPL~ PROG~A~ FOR -XIC- I~ST~UCTIC\ 

* 
* 
LEV4P DC 

XIO 
MDX 
BO'SC 

* 
* 

~SS 

SE\ICL DC 
:)C 

* 
* 
if-

* 
* 
* 
* 
* 
.* 
* 
* 
* 

INTEPRUPT LEVEL FOU~ PROCESSl~G 

*-* SAVE RETUR~ ADDRESS 
S E I\l eLL CAD D S ',-J A \; D ;~ ESE T I 1'< T ERR UP T 

L L~V4P,+1 BUvP ADDRESS TO ~EXT WORD. 
I LEV4 D RETUR~ TO PROGRA~ TUR~ 

I~TER~UPT LEVEL INDICATOR OFF 

E 0 
/OOClC \!OT USED 
/0 F 01 ARE A. = 0 0 :JJ 1 , F U.\ C = 11 1 • ;V J J = BIT 1 5 

ARE A = 0 00 0 1 !.'v H I C :1 1ST H E C 0 j\! SOL ~ 

FU'\)C = III 

\~OD BIT 15 

I 

P:~ I I\~TE.~ 
WHrc~ CAUSES T~E DEvICE 
S TAT C S ';' 0 '~ ~ 0 F T ~i E 
CO~SOLE-PRr~TE~ TO BE 
PLACED I~ T~E Ace 
~JDIFI~R AIT 15 . 
SP~CI~I~S TriAT TrlE 
~ESPO\S~S ARE TO SE 
!":(ESET 

o 

) 

... ,c 



o 

0 

o 

J ,:: 6!· 
C·':; 5 It 

C2~5 

" ''';() 7 . ) 

1'"', " S Q 
'.' -
f"\ '" Sg -.' .. 

") ". ') " r' 
,..., (:..., 
J '....J _) 

r) 

'i 

"" oJ 

."1 
(' 

70Q2 

,].'1nO 
C 0 :)~ 
IhJ2 

9 '3 .:~? 
72(2 
::: (~(:3 

C' J 22 

"''1'''('\ 
... ~ "'/ '. J ... ~' 

.'"1 ""', 7 .", ........ "\ .-, ('\ 
..... --' i V .. '.j ... ..; ...... 

r""'.'"' ~('"\ "V' .; ....... , 

i""'. ('I ,...... " 
'.. .. / .) ~J 

* 
* 
EOJLC 

* 
* 
* 
FEED 

* 
* 

* 

* 

fCJ 

* 

* 
~)T y 1 

* 

X!O 
'1DX 

BSS 
~C 

DC 

EXIT 

~c 

DC 
DC 
8SS 
~SS 

r;c 

f.:)..J S.'. r:) C 
E0J\'< )C 

* 
C~DI\; 9SS 

E 

FEED 
EOJ 

PAS~ 'THE LAST CAR0 OUT 
GO TO E~D OF J09'RCUTI~E 

I / 0 C T l ( C ";' \~ ,~.J,! :) FOR FEE D ( Y C L E 

A ~. E .A. = CJ C 1 Q ',\;~ I CHI S T :-1 E C ;\ R ~ R ~ II D 
PU~CH ur-~ IT 

FUi\C = 18Q ~~ICH CALSES T~E CARO 
RE,'\0-0U\C~ U'\ I T TO 
A C CJ':- D LIS '-1 THE F ',F' : C T I 8 \, 
SPEClf=IE) ey T~E <JI.:IFIE: 

': 0 D I F = f3 I T 1 4 FEE c) eye L E. ,::.. ') V /\': C 0;: 

/310: 
/ge~~2 

/72(2 
? 
-' 

2 

o 

ALL C A,'~ D S :; y 0 \, EST ,L! T 10". 

C.t.J~i:-~ I ~:~ :~ETUr.~\ 

('·~L\'~~.CT::r~s 'S' 
C ~-; A 9 ,\ C T :: :~ S , . .', 

.A \~) 
:\ 1\ 1!"'1 
j."\,'Jv 

L T :.I~ 

'U' 
'= , 

o E~D OF Ja~ S~ITCH 

/ 1 ':; 0 0 f~ :'< D 0 F J J ~~ '.' f.. S K (L r'\::; T CD.:-< 0 ) 

pn 
v-' 

LC.A D 



:1ACK ·oaoL. 
C':> i) I 1\1 00 7 2 
FEED 0064 
LOAD CO()() 
S~\:s 00 In 

CH'( 0008 
EOJ 0066 
LCTST 0032 
LOOP 0047 
5E0'50 0(')20 

SYV1P.OL TABLE 

CI\~SLl 0056 
EOJLC 0062 
LEVJ 0018 
aTY1. 006F 
SE\S4 0030 

C\lSL20058 
EOJ~AK 0071 
LEV4 0024 
READ 0022 
START 0014 

CO"'~ 1 0067 
EOJS\f.: 0070 
LEV4P 005A 
SEf\;CL 0060 
""ORK O~6D 

c 



o 

o 

SAMPLE PROGRAN II 

Interrupt Level Status Word is checked to find the device 

that caused the interrupt. 



i· 

0']00 ~l 65C)D~'J18 

Qr;~2 ')~) 6C)~'C)0')~i8 

o () 0 1+ 11 65C)nJD24 
0')']6 f") '~J 6 ~) U Ii ':,\ C) .J C 
OJ08 " CJ6.7 ' .. J 

0':)09 ')1 4C20C()62 
000~ ,-", ::~8()A 

O~~C f)1 Li-CJ4'~IO()F 

OJO=: ~) 70 'J 2 
O~()F " 38C)(l -' 

0') 1 'J ~ 70~1\ 

Q':; 1 1 ~') 'JR()2 
0':;12 ':" 7JFF 

'J ~ 1 4 ,J ::; :j 'JJ 
": ,:,. 1 5 r- 1 Lt :; 4. 

SA "/ P L E PRO G q A \ ~ FOR - X I 0 - It': S T R U C T I 0 \~ 

* SET UP R~QUIRED I~TERRUPT BqA~CH 

* ADDRESSES. START EXECUTIO~ 
*. 
LO,AD LDX Ll LEva LOAD Il'lTEF.(qL.;PT LEVEL ZERO 

STX' Ll 8 PROCESSING ADORESS I~TO ~ORD 8 
BACK LDX Ll LEV4 LOAD I~TE~~UPT LEVEL FOUR 

STX Ll 12 PROCESSING ADDRESS INTO WD 12 
L f) E a J S '.'] C ~i E C < F (J I={ LA S T C A ~ D 
esc L EOJLC,Z END OF JOB IF LAST CARD 

CHK XIO SE~S LOAD DEvICE STATUS ~ORO 
9SC L *+l,E RRA~CH IF U\IT ~OT READY 

* 
-¥.-

* 
* 
* 
* 
S T~;~ T 

* 
~f. 

* 
* 
it 
~. 

* 
* 
i~ 

.r,-

* 
* 
i~ 

* 
1{-

s:: ;\; s 

* 
* 

~ ~D X * + 2 SKI P 0 V E:~ f;~ !~ 0 i-< l~ (; U T UJ ElF 0 I( 

\'-J /1" I T Id A I T F 0 r~ :\~ A :\j U A L 1,\ T E :~ v E :\ S 10,\ 
1'.~DX (H<' RE-CHECK:, STATUS Te hE SURE 
XIO START START READI~G A CARD 
.\A D X * -1 lOOP U >~ TIL 1. ~~ T E !~ ~~ UP TO:': LEV::: L 4 

9SS E 
DC 
DC 

DC 
DC 

THIS ~ILL SIG~~L E~D OF CA~D 

-
I:\ PUT IOU T PU T, CON T:~OL CO',:\'A ,\0 F C[~ THE 

" v 

S T /" !~ T :~ E J\ D l'~ G ,f... C L\ i~ J 
I 1'·1 S T q U C T I 0 \' 

I/O CTl CQ'.'\'A \~D 1/1UST BE EVt.\] ,':D 
Iocca NOT USE8 
1140~ AqEA=00JIJ,FU~C=lJJ,vC0=eIT 13 

A!~E.:'\ = OC01G "'!HIC~i IS 1 '+'+2 C f\ R,D i~ F tl,0 

PU\jCH u!\~ I T 
FU~,!C = 10C 'ti rl I C H CAiJSES THE C,A,i.,( D 

T t-1 E F U :', C T I 0 !\: S ;) Eel FIE D 
BY THE ~/ODIFIE:~. 

~OD!F= BIT 13 O~. THIS CAUSES THf 
CA}~) TO \/8vE Tr~R~)UG;'l T~f: 

!~ E A:) S T.l\ T 10,'\. l\ S E.4 C .,~ 
COL U '<1,I\,! I 5 :~ E A ~ ,1\ ,\' ~ 

CHECKED, ThE CA~0 READ 
PU~CH I~ITIATES A READ 
COLU:\'N RESPCf\SE 
I~TER~~?T (LEVEL 0) 

/0800 ,\:OT USEc) 
/ 1 700 ARE A = C 0 () 10 , F U "'i C = 1 1 1 , ,\~ C~) :: :\ 0 \! E 

A:~ E: /I, = 000.1 0 '.vH I Ci-1 IS THE CA:~D R:~ ~,C) 

c 

' .. ~,' 

-0 

* P Ur .. j(H U,\IT ... ) 

* FUNC = 
-r~ 

* 
* 
* 
* 

1 11 \/;rlICH D IRE C T S T 11 E C t~ !~ D 
READ-PU\Cri TO PLACE iTS 
DEVICE STATUS wORD (DS~) 
INTO CPU ACC 

c 

~~~ - ---.-----~--~ - --~--- ~-- -- - -- - - - - -------~-- ~-----



0 

o , 

o 

0018 0 
8019 0 
001A ') 

0019 ~J 1 
0810 01 

0:)2J 
0020 :] 

C121 'J 

8022 1 
~:r;23 J 

'* 
* 

OOO~ LEva 
0806 
0807 

* 
74010a22 
~ccnJ01g 

*' 
* 

0000 
8COc") SE:'~SO 

1701 

* 
* 
* 
* 
* 
* 
* 
* 
~. 

* 
* 

c)872 R>::AD 

* 
~!-

* 
'* 
* 
* 
~-

* 
* 
* 

DC 
XIO 
XIO 

'vDX l 
Bose r 

35S E 
DC 
'DC 

oc 
DC 

INTEqRUPT LEVEL ZERQ PROCESSING 

*-*, SAVE RETURN ADDRESS 
S E !\ S 0 RES E T Y A R D 'li A !~ :: I ~,! T E I~ R U P T l f VEL 
READ TRA~SFE~ CARD CClUv~ TO CORE 

STOI~AGE 
READ.+1 B~~P CORE STORAGE ADDRESS 
LEVa R E T.UR!'l TO P~OG;~ A:\~. TU R \l 

INTERRUPT lEVEL INDICATOR OFF. 

o I/O eTl Cov~AN~ ~uST BE EVEN wD 
/0000 !\lOT USED 
/1701 AREA=00010,FU~C=111,~OD=3IT 15 

AREA = 00010 WHICH IS THE CARD READ 
PUf\;C·' U\~IT 

F U :\ C = 1 1 1 1:4 HIe ri D IRE C T S T ~ 1 t: c ,f)., R D 
REA8-PU~CH TO PLAC~ ITS 
DE V ICE S TAT US'.'! 0 I~ D (D S ii ) 
I ''IT 0 CPu ,l~ C C • 

vlOD BIT 15 ~ODIFIER BIT 1S RESETS 
HARD~ARE I~TE~RUPT LEVEL 
ZERO 

CRDIN ADDRESS TO PLACE CAR8 COL0~N 
/1200 AREA=00010.Fu~c=a10,YOD= ~ONE 

A~EA = OCala ~HICH IS THE 1442 CARJ 
R E,t\D-PU~\:CH ur\~ I T 
~~ICH CAUSES THE CAR0 
I~\iAGE TO AE E1\·~TEi~EO F:~O':: 
THE CA:~:) R EAD-PU r ,.C'-1 U\~ IT 
I :\! TOT H E COR EST () !-< AGE 
LOCATION SPECIFIED 5Y 
THE ADD :~ :: S 5 

~GDIF IS ~OT USED 

PAG~ 



*' 
* 0024 (J. ocoa LEV4 

C I:'? 5 1 0814 
0(;26 ~v IOOl 
O~27 01 4C2~JC33 
0:;29 ,... oe12 i.,) 

* 
. CO 2.1\ 1"1 E846 \_, 

20?S 8 ft£1 2 ':; 
-:-:::2C 0 r)043 

(j~2) 81 650COCj72 
:-::2~ "11 6 ) ~J :; '.J 'J 2 2 
(;'131 " 1 4C40'JG3E 

* 
-If-

* 
~ 

* 1"', '" '3 '3 ..... n Q 8L~ " CQ/o,·JSL 
,'"'. "'\ '3 1.:., ~ 1 -; I .. . ; 1 0 c: 2 L+ .-

r. 1"1 3 6 ~~ .1 L .. cer; 1"', r, 24 1.... 

* 
* 

', . .1 

r-, :1 ..... '):J ':J '.) .J 

\J ~0 '3 Q n ,". tJ ::;~, J S~\;CL 
"I,..,. 'J ... ; ~J " ... Col .' ..J 

* 
* 
* 
-If-

* 
* 
~~ .. 

* 
~~ 

~~ 

~. 

* -,(", ~ I\. 
~: .,' ..,. .~'\ 

r, ("I n" 
....... "J ,~ t, j 

0:'; 3 A (~ '~I (J J ~ r LS\/,'4 
.:) ~) 3 n,:) .: 3 'J:') 

* 
* 
* 
')f-

~. 

~ I '3C r) ~, 801 '- ~ ... ' SE:'·JS4 
"'\i .... ~ " n 1 7D2 ~J " . .J J 

* 
* 
* 
* 
* 
-:1-

* 
* 
~r 

DC 
XIO 
SLA 
sse 
XIQ 

A~~D 

9SC 
STO 
LDX 
STX 
Bose 

x r ~L 
\,1):-: 

Rose 

8SS 
DC 
DC 

RSS 
, .... ,-
u"-

DC 

DC 
DC 

L 

Ll 
Ll 
L 

Ii':TERRUPT LEVEL FOU:~ P:~OCESSlnG 

*-* SAVE RETJRN A00~ESS 

ILSW4 LOAD I~TERRUPT STATUS I\ Ace 
1 SHIFT LEFT ONE 9IT TO CrlEC< 
CONSL,+Z tO~SOLE aIT~ 
SENS4 ~ESET HARD~AR~ INTERRUPT LFVEl 

AND LOAD uS',"; 
EOJ~K CHECK 31T 3 OF DSW 
Z S:< I P I F ~\:0T 0;\, P~OT LAS r CA!~D) 

EOJSW SET S~ITCH TO \OT ZERQ 
CRDI~ RESTORE THE AJDRESS OF T~E CAPO 
READ I~PUT AREA IN READ rocc 
LeTST RETUR~ TO P10GRAV. TUR~ 

INTER~uPT LEvEL I~DICATOR OFF. 

I ;\! T E ;~ R U P T LEV ELF 0 U:~ P I~ 0 C E S S I ,\~ G 
'CC~SOLE PRI~TE?) 

S E ro: eLL 0 ADD S '.... A t-' D ~ ESE T I:\i T E f< R u P T 
L LEV4t+l BUVP A00~ESS TO ~EXT ~ORD 
I LEV t... RET lj :'~ \: TO D :-=< C G~ f'\\/ T U q ~! 

INTE~~UPT LEVEL INDICATOR OFF 

E 0 I / C C T L C 0-' \,~ t..: '.0"': U S T 8 E E v f;\! w: ,) 

10000 ,\:OT US:::D 

" 

IJFOl AREA=00001tFU~C=111,vOD=2IT 15 

~~EA = OO.JOI 

FU:\( = 1 11 

\'OD RIT 15 

:t! ri I Cf--: r s TH.E CO;\;SOL.E 
Pi~I\TE::: 

'·,,1 iiI (r-I CAUSES Ti-:c D EV Ie:: 
S TA TuS \:.:O~D CF Tt-1E 
eO\SOLE-PRINTER TO BE 
PLACE) 1\ THE Ace 
\':ODIFIE;~ BIT 15 
sPt:c r f:" I ES T~.AT ThE 
RES~O~S~S A~E TO BE 
RESFT 

E G 
/ 00 J 0 :'~ 0 T USE D 

ARE/\ IS ;\OT USED 
F U "\' C = 0 11 S E ;'! S E I \! T E R r~ UP T 5 T fl. T u ~ 
~,1 0 0 I S ~~ 0 T USE D 

/0000 ~\IOT USED 
/1702 AREA=OOOlC,~U~C=111,~oo= BIT 14 

ARE;~ = 00010 

:= u \~ e = III 

';./ HI CH I S TH E . Cf,!~D READ 
PU;\JCH U\;IT 
\';rl I CH DIRECTS T~E CARD 
~EAD-PU>~CH T8 PLt"CE ITS 
DEVrCE ST/\TUS ';'!Oi~~ ( DS ,\; ) 
P'~TO CPU t,CC 
VlODIFrEi~ BIT 14 :~ES:-:TS 

HA~D~ARE INTERRUPT LFV:L 

P- II r..-= ,..,,,,::-) 

o 

c 

1 

0 



SA~PLE PROG~A~ FOR -XIO- I~STRUCTION PAGE () 

o :" * FOUR 

(}\ 

() 

o 

o 



SA~PLE PROGRA~ FOR -XIO- INSTRUCTION 

, 003E 0 C033 LCTST LD- '-.',." '" CRD I NLOAD CARD COLUt .. 1r\ ONE 
\ :., 03F 01 4C:180066 esc L EOJ,-+ GO. TO EXIT IF BLANK 

0041 2~ 040C(.255 LI8F DCAIN cO;\!vE!:(T DEC I ivlAL INTO BINARY 
0042 1 0072 DC CRDIN 
oa43 a 'D02g STO' aTYl STORE '!U'A.BER 
0044 20 040(2255' LI8F DCAIN cor'lVERT DECIMAL INTO BINARY 
004,5 1 0078 . DC CRDIN+6 
O~46 ') 8028 . A' OTYl ADD T\.~O NU:V1BERS TOGETHER 
0047 20 02255103 L-I8F AINDCCONVERT B I ~!ARY TO DECI~AL 
0048, 1 007F. DC C R D I I\~+ 12 
C~49 20 085935D9 .. L I SF HQLPR CONVERT FROv1 DE·( If'1,AL TO co,\~ SOLE 
OJ4A a oeno DC 10000 . 
O~49 1 007~ DC CRDlr-..j+12 I ~!PUT AREA 
004C 1 006A DC CON1+3 OUTPUT Af~EA 

OOI+D a 0006 DC 6 . f\lUlviBE R OF C!-1ARACTEr<s 

o 

....... ' 



o. r."4~ f'\ -. 61FA "" ......... 'J 

'~t:' '0' .... F ()1 (500006D 
:)051 0 1888 
0052 n 1008 

I 0053 0 'Q019 
./ 

0054 .:1 1090 
0:)55 0 00lA 
O~56 0 08()7 
0057 0 70t=F 
aa58 () 0807 
0059 () 78F= 
Q'J5A (') 7101 
0')59 1J 70F3 
C05C 01 4 C'J 0 J 0 .-) 4 

("\"1:;1= 
"-'yol_ OQ~O 
0" ,. c:-• " :J _ 1 ()06D 
O:)Sc 0 G900 

0··· 

8':)60 1 006t:' 
Of)61 0 0900 

o 

SA~PLE PROG~Av FOR -XIO- I~STRU(TION 

LDX 
LOOP LD 

SRT 
SLA 
STO' 
SLT 
STO 
X!O 
~DX 

XIO 
~,1DX 

VDX 
~,4DX 

BSC 

* 
* 

~ss 

C\~SLl DC 
DC 

* 
* 
* 
if-

i~ 

* 
.~ 

* 
* 
* 
* 
C"lSL2 DC 

DC 

- 1 -6 
Ll CO~1+6 LOAD FI~ST TWO C~ARACTERS 

8 PLACE SECO~D CHARACTER IN EXT 
8 LEFT JUSTIFY FIRST CHARACTER 
1,~!ORK 

16 . LEFT JUSTIFY SECOND CHARACTER 
. \,'JORK+1 
CNSll PRI~T FIRST CHARACTER 

X -1 WAIT FOR INTERRUPT 
CNSL2 PRINT SECO~D CHA~ACTER 

X .-1 wAIT t=OR INTERR~PT 
1 +1 BUvP POINTER BY O~E 

LOOP CONT !r'.!UE CYCLE 
L SACK BRA~CH TO BEGINING 

E 0 1/0 eTl CO~~A~D MUST BE EVEN ~D 

~ORK ADDRESS OC:- FIRST CHARACTER 
/0'100 .A R E I~ = 0000-1 ,F l..1 ,\j C = 00 1 , ~l 0 D =;\ 0 \; E 

AqEA = 00001 WHICH IS THE CONSOlf 
P R I 'l TEr~ 

FUN C = 0 0 1 ItJ H r C ~i . C A USE S T 1-1 E \~; C f~ D ~, T 
THE COi~E STORAGE 
lOCATION SPECIFIED 9Y 
THE ADO :~ E 5 S T 0 ~ E S :: \! T 
TOT ~ E C 0 i\! S C L E - P : ~ I ~, T E i~ 
FOR PRI\TI~G OR CO~TROL 

t\AOD I F NOT USED 

WORK~l AD9RES OF SECOND C~ARACTER 
10900 FUNCTIO~ IS rOE~TICAL TO C~Sll 

PAGE 



,. 

J062 0 0801 
-0063 O. 7002 

0']64 0080 
:J~54 0 cooa 
O~65 J 1402 

C0A6 n 603B 

O'~67 r; 
C (\~) 8 CI 
Qc)~9'1 

C':6f'.. 
/::'16) 

C: C 7 -:: ~ 

8071 ') 

0')72 

~'JC2 

8103 
9 R~"32 
72C~ 
t") 003 
:J 0 02 

'In:jO 
1 eLY) 

ooco 

* 
* 
EOJLC 

* 
* 
* 
FEED 

* 
* 
* 
* 
* 
* 
'* 
* 
* 
* 
EOJ 

* cor .. ~ 1 

l. O,~ I( 

* QTvl 

* 
EOJS"'I 
EO J '.t1!( 

~ .. 
C I~ f) I\! 

* 

XIO 
~/DX 

RSS E 
DC 
DC 

EXIT 

DC 
r-'-• .1 ..... 

DC 
RSS 
P.SS 

DC 

~,.. ...... 
DC 

RSS 

E\!D 

CLEA"·l-UP A~'lD HOUSE;(E E PING 

FEED PASS THE LAST CARD OUT 
EO J GOT 0 E i'~ D 0 F JOB R CUT I N E 

1/0 eTL CO~vA~D FOR FEED CYCLE 

OlIO eTl COV~AND ~UST BE EVEN ·~D 
10000 ~~OT UStD 
11402 AREA=OOOlQ,FUNC=lca,~OD=BIT 14 

ARE A = 0 COl () \'1 rl I C ~l I S THE C A. r~ 0 i:~ E: AD 
PU~CH U,\; I T 

FUNe = loa ~HICH CAUSES THE CARD 
READ~DU~CH U\IT TO 
ACCOYPLISH T~E FU\CTIO\ 
S?ECIFIED BY THE i\'O!"Jl~IE 

YOD!F= RIT'14 FEEO CYCLE. ADVA~C~ 

ALL CA~DS BY CNE STATIO~ 

18103 CARRIER RETU~N A~D LI~E FEfD 
198B2 CHARACTERS 'Sf A~D 'UI 
I 7 2 C 2 C ~-i.~ R ACT E :~ S t,/, A ;\j J ,=, 
3 STORAGE FO~ A\S~E~ 
2 \/JO;~K A~~E,A. FO,~ (O:\SCLE Pi-< I I\ .. TE:~ 

o STCRAGE FOR RESULTS I~ BI~~RY 

EN D 0 F J C ~'3 S·.'; I T C H 
11000 END OF JO~ ~ASK (LAST CARD) 

8J 

\ 

c 

c 



RACK CO Ol~ CHK 
C'JNI 0067. CR D i I\~ 

EOJS't! 0070 .FEED 
LEV4 0024 LOAD 
SE\~CL 0038 SE~'!S 

~,'IORK O()6D 

"!O FRRQQS I 1\\ ABOVE 

o 

o 

.. - .. SYM90L· TABLE 

aOOR CNSLl 005E 
0072 EOJ 0066 
0864 I LS',J4 003A 
0000 LOOP 004F 
0016 5 E,'~S·J 0020 

ASSE\ABL Y. 

C~·!SL2 
EOJLC 
LCTST 
QTYI 
SE!\lS4 

0060 
6062 
003E 
006F 
003C 

CO~SL 0033 
EOJMK 0071 
LEva 0018 
READ 0022 
START 0014 



c 

{) 

o 



o 

o 

SESSION: TIC 

SUBJECT: A 16 Channel On-line Averaging Program 

AUTHOR: J. L. Grisell 

Lafayette Clinic 

Note: At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly. 
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o 

o 

SESSION: W3F 

SUBJECT: 1. 1800 Remote Keyboards 

AUTHOR: 

2. Lafayette Clinic DAO system 

R. Gidobba and J. Porzak 

Lafayette Clinic 

Note: At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly. 



SESSION: W4G 

SUBJECT: A guide to writing interrupt service routines for 

AUTHOR: 

the 1130 paper tape attachments 

A. Sandberg and D. Rappaport 

Presbyterian - St. Lukes's Hospital 

Note: At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly. 
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o 

o 

o 

SESSION: W3G 

SUBJECT: A guide to writing Interrupt Service Routines for 

the 1130 console typewriter/printer 

AUTHOR: w. Martin 

U.s. Navy 

Note: At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly. 

/J 
.' 



SESSION: M4D 

SUBJECT: Use of packed decimal in punch card accounting 

AUTHOR: G. F'ishkorm 

Westinghouse Corp. 

Note: At time of publication, a copy of this paper was not c 
available. 'ro obtain a copy, please contact the 

author directly. 

o 



o 

o 

o 

SESSION: T6J 

SUBJECT: The application of the 1130 in X-Ray Crystalography. 

AUTHOR: J. Chambers 

IBM 

Note: At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly. 



SESSION: T3E 

SUBJECT: The use of computer graphic equipment for parts 

programming of numerically controlled machine tools 

AUTHOR: N. F. Michelsen 

IBH 

Eastern Regional Office 

590 Madison Avenue 

New York City, New York 

Note: At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly. 
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o 

o 

o 

SESSION: M4F - M5F 

SUBJECT: MPX - TSX: Comparison and system selection 

AUTHOR: B. Landeck 

IBH 

$~n Jose, California 

Note: At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly. 



SESSION: M6F 

SUBJECT: 1800 FE TYPE I Program Support 

AUTHOR: W. C •. Bultman 

IBM 

San Jose, California 

Note: At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly. 

o 



o 

SESSION: ~vlF 

SUBJECT: 1800 MPX/360 OS hybrid system using channel to 

channel adapters 

AUTHOR: J. L. Clarke 

Note: 

IB11 

San Jose, California 

At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly. 



SESSION: H4A 

SUBJECT: System 360 Mod 25 

AUTHOR: R. Flynn 

IBr1 

Eastern Regional Office 

Field Support Center 

590 Madison Avenue 

New York City, ~ew York 

Note : At time of publ ica tion, a copy 0 f this pa.per \·v~as not 

available. To obtain a copy, please contact the 

author directly. 

c' 



o 

o 

o 

SESSION: T4J 

SUBJECT: The experience of a user in typing multiple 

chromatographs to the 1800 

AUTHOR: H. C. Lawrence & K. Burkhardt 

Note: 

American Cyanamid 

Boundbrook, New Jersey 

At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly.. 



SESSION: M3D 

SUBJECT: Mod 20 Systems including description and discussion 

on various configurations 

AUTHOR: A. C. Wilaby 

IBM 

7 Penn Center Plaza 

Philadelphia, Pennsylvania 

Note: At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly. 

o 



o 

o 

SESSION: T2D 

SUBJECT: Student Information System 

AUTHOR: W. G. Verbrugge 

St. Josephs College 

Rentsselaer, Indiana 47978 

Note: At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly. 

, .i 



:SESSION: .H3ABC 

SUBJECT: 1. Mod 44 Commercial Feature - Hardware addition 

AUTHOR: 

to provide DOS for Mod 44 users 

2. RACS - IBM's Remote Access Computing System 

for the Mod 44 

3. DAMPS - IBM's Data Acquisition ~1ultiprogramming 

System for support of online scientific 

applications (Mod 44) 

P. Manikowski 

IBM DPHQ 

White Plains, New York 

Note: At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly. 

o 

c 



SESSION: T4H - T5H 

SUBJECT: Tutorial - Problem Language Analyzer (PLAN) 

AUTHOR: R. Weber 

IBM DPHQ 

White Plains, New York 

Note: At time of publication, a copy of this paper was not 

available. To obtain a copy, please contact the 

author directly. 



SESSION: T1E 

SUBJECT: 1130/360 N. C. Parts Programming 

AUTHOR: H. B. Randall, Jr. 

IBM DPIIQ 

White Plains, New York 

Note: At time of publication, a copy of this paper was not 

"available. To obtain a copy, please contact the 

author directly. 


