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I — HISTORY AND DEVELOPMENT

Men have always been fascinated by mathematics but bored by the drudgery of it,
In early days, the amount of computation required was relatively little and could
be accomplished by piling stones in a heap or notching & stick, As numbers became
more important in the advancement of civilization, numbering systems had to be
developed, The development of the decimal system was the real beginning of exper=-
imentation in computational devices, The earliest of these devices was man's
fingers, but unfortunately (or fortunately, as the case may be) he was relatively
limited in this respect, If numbers can be represented by fingers, they can be
represented by other things as well, and this thought lead first to the stones
and notches we mentioned and finally to the construction of the earliest computer,
the abacus, The abacus is nothing but beads strung in groups of ten, These beads
can be moved easily and rapidly, and in the hands of skillful operators rival the
speed of our modern mechanical calculators even today,

The beginning of modern machines dates back to the seventeenth century, Many
of the famous mathematicians of that time (Pagcal, Liebnitz, and Napier) invented
mechanical deviceg to aid them in their work, Pascal's machine is particularly
impor tant because it introduced some of the basic principles and mechanisms which
are still used in our machines, Pascal encountered the one difficulty which had
been the stumbling stone up to that point, the fact that a machine which is to
calculate must have the ability to recognize the need to "carry". That is, when
a number is added mechanically, the carry (if any) must also be taken care of
mechanically, Pascal's carry mechanism is significant as the beginning of auto-
matic computing because it removes a function from the operator to the machine,
Unfortunately, in an effort to make the invention completely free of operator
control, he passed the technological boundary of his era, and therefore his
invention was a failure, as were other adding machines for the next two centuries,

In 1885, William Burroughs produced the {irsh-saleahle-adding machine, The

device caught the attention of the business world and the machines were improved
so that they could both add and subtract,

Around the time of World War I, desk calculators were developed, These machines
could perform arithmetics by keyboard control, All of these devices, however, re-
quired human operators who had to be trained, This introduced the possibility of
human error,

In 1830, Charles Babbage attempted to build an automatic mechanical calculator,
He failed again because of technical problems of construction, Babbage did, however,
lay the design groundwork for our modern day computer, He divided his machine into
three parts which he called the store, the-mill, and the control, The purpose of
the store was to hold all the data which would be used during the long computation,
The mill worked on the data and the control was the automatic operator,

To aid in the computations of the 1890 census, Hollerith and Powers developed
electrical contact reading which led to the initial punched card systems,

It wasn't until after World War I that the relay was developed, This was the
technological advancement needed for the control functions that would free mechan-
ical devices from the need of being operator controlled,

World War II brought about the impetus for development of our modern high speed
electronic computers. The first computer was the Mark I developed at Harvard, 1In
1943, the ENIAC was built by the University of Pennsylvania, ENTAC was the

i —electronic computer, This was the break through into the field of
electronic computation and into the field of data processing,
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Il — DEVELOPMENT OF AN APPLICATION

let us say that our ABC Bank has decided that its paper work is getting ga
strangle hold on the checking account part of business and that further mechaniza-
tion is necessary, We ask for a proposal from a number of different computer (or
data processor) manufacturers, A proposal is simply a written report on what their
individual equipment will do for us and what will be required of us in terms of
monthly rental, space requirements, time personnel, etc., In order to prepare this
report, each manufacturer's personnel must familiarize themselves with the problem,
This requires that they learn:

1, What input will be fed into the computer, In our case this would include
what information must be maintained for each account; what information
will be brought in from each check or deposit; what additional input there
might be, such as stop payments, holds, change of addresses, new accounts,
etc,

2, What output will be required, Obviously one thing must be updated master
information, but in addition, statements will be required periodically,

summarizing reports will be needed, overdraft notices must be prepared to
send to negligent account holders, ete,

3., What steps are currently being taken by the bank personnel to handle the
work,

Having learned this, the analyst can determine what equipment will be needed to
do the job in the time allowed and basically how the job will have to be handled,

Hn&xz%Si S
Once our ABC Bank has decided on a particular system, both the bank and the 4:

manufacturer supply personnel to begin the detailed work, The bank personnel must P‘ N
be trained to be able to handle the equipment, This training will be in programming ;CQ‘Z”m
and operating, The data developed by the analyst must be gone over in detail, The J/
exact format of the input and output data must be determined, Specific problem
statemenks must be prepared, and the programmers must determine the best way to have jfeg;f‘
the equipment perform the required tasks, Having developed the procedure that the Data
computer must follow, it 1S necessary to "code" or tranglate it.into instructions ip =
a form that the computer can understand,” Dnce a program is written, it must be checked

End rechecked, which will also include actually running it on the computer with test

data to make sure that the results will be accurate, This must be done for every
program or 'run", before the actual equipment is delivered, )

Once the equipment is installed and checked out, the conversion and systems
check must be executed, This may mean that only a few programs are actually put into
operation, with only the input data required for those programs converted to computer
input; or it may mean that the entire system of programs is put into operation but
only on a portion of the data,

Once the personnel in charge have assured themselves that things are running
smoothly, the complete system can be established, Additional programs encompassing
other jobs (such as savings accounts, special "club" accounts, etc,) are added as
time allows, This may or may not require the addition of more equipment,

The same sort of procedure takes place at any installation, whether the appli-
cation is demand deposit accounting which we covered here, customer billing, payroll,
premium payments for an insurance company, subscription mailing, stock inventory,
general accounting, or practically any job that requires a large volume of data
processing,
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III — WHATIS A COMPUTER?

There are two basic types of computers; the analog computer which calculates
by using physical analogs of the variables, and the digital computer which calculates
by expressing all characters in a bi-state form, We are interested in digital

computers,

A computer is made up of five basic elements:
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The purpose of the input devices is to feed data into the computer, There
are numerous types of input, but we will concern ourselves with three basic tyges:
cards, paper tape, and magnetic tape, All of these types of input are eoded with a
binary code, That is to say, it is only possible to represent data on cards and )
tape using holes or no holes, magnetic bits or no magnetic bits, Unique combinat%ons
of these holes and no holes, or bits and no bits represent the different alphabetic,

numeric and special symbols,

In the case of card input, we will limit our discussion to 80 column EAM
(Electric Accounting Machine) cards, An example card is shown hbelow:
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As you can see, the card has been "punched", That is to say, the card was

run through a card punching device which works along the same lines as a typewriter,
the difference being that the output are cards punched with the binary code of the
character desired and, in this case, the character above it, This card can be read
by a device called a card reader which can then transmit the data by impulses, In
order to do this, the card passes over a roller, and a brush senses the holes or the
absence of holes: i.e,, when the brush is capable of touching the roller (hole must
be present), it causes a current to flow,

Paper tape is another input device, It is also prepared on a special piece of
equipment which causes the proper binary code to be placed in the paper tape, Paper
tape is spoken of as having "levels", For example, a 7 level paper tape would refer
to paper tape whose code for each character consists of 7 holes and no holes; 5 level
tape has a code consisting of 5 holes and no holes per character, Information is
separated on paper tape by the "gap'" or physical lack of any punching except for a
sprocket hole, A sprocket hole is punched along with each character (or in each
character location), It is utilized by the reading device as well as the punching
device to move the tape, A sample of punched paper tape (7 levels) is shown below:

e 000 e o ®
000000 000 o 0000000000060
o000 e o ® 0000000000000
® & 000 O o o 6 0000000000000
00000000000 0000060000000000006000000000000000000000000000
o000 o 600 00000000 000 O 0000000000000
o & o O 00 L ] 02000
® [ ] e o000 [ ] (XX ] ®

Magnetic tape also utilizes a binary code; however, it is represented by
magnetic bits, The tape itself is made of oxide coated plastic and comes in various
widths and lengths depending upon the equipment on which it is to be used, This
tape is processed in a unit called a 'tape station" which contains, among other
things, a read-write head, This device has the ability to place bits on the tape
(write) by transmitting a current which it receives from the computer or other
device. It also has the ability to sense the presence of these bits (read), If
we can say that a + current places the bits, we can also say that a - current
would erase them, thus allowing us to use the same tape over again at some later
date, Information is separated on magnetic tapes by gaps, as in the case of paper
tape, In addition, other sentinels must be utilized to indicate the beginning of
the tape and the end of the tape., These differ between equipment,

One additional type of input is manual entry into the computer through the console,
which is the operators® device for controlling the computer, This is done for *de-
bugging" pruposes primarily, Debugging refers to proofing of a program in order to
ascertain that it will do the job required of it accurately,

The quipuk from a computer would be made up of the same sort of thing as the
input; i,e., gggngzig_ggpe, Daperetane and pupch cards, The devices which produce
the output would receive the information and prepare the media, either by punching
cards, punching paper tape or placing bits on magnetic tape., The actual punching
is done by triggering a solenoid driver which then hits a punch die that would place
a hole in the card or tape,

Another very important type of output is printing, that is, preparing actual
hard copy that can be read by human beings with ease, This is done by a printer
which prepares documents at a rapid pace, by printing a complete line at a time,
Many systems also have a high speed electric typewriter device, which produces
written information one character at a time, This, obviously, is a much slower
device than the printer,
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Once the data is in the computer, there must be some place to store it, This
unit is a storage devigce and is called "memory!, Many typs of memory devices have
been used, such as mercury delay lines and electrostatic tubes, however, the magne=-
tic core memories have proved a great improvement in the art, They allow for a
larger capacity with regards to data, while requiring less physical area and power
requirements, In addition, heat production is less, The internal speed (the time
it takes to place a character, remove a character or transfer a character) is also
considerably faster., A magnetic core memgry is made of ferrite cores, which look

something like tiny beads or like.miniature doughnuts, aHE'EEﬁEEEEZESE_E;;g§. Each . § 2K
core will represent one bit so that if a code were seven leveT, %t W?ulg Lake 7 cores *w%@@gm
e T e i metiau,  They also have TR TR 1ty £o sense the

condition of the cores, :

An illustration of one plane of these .cores appears below:
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The memory "bank" is formed of a number of these planes,

It is also possible to store data in larger volumes on magnetic drums or disecs,
These have a much higher access time but cost less per character of storage then the
internal computer memory. The information is stored on these devices so that the
"bits" that make up a character follow one after another, Writing and reading de=-
vices attached to these units have the ability to place characters of information on
the drum or disc or read information from the storage device,

The grithgetic unit of a computer performs any arithmeile functions required of
it, and also handles such things as making logical decisions (is 13458 greater than
135767),

The confrol unit of the computer "supervises' the work beijnc.dope. It controls

the input and output devices and the arithmetic unit and it accesses the storage
devices, It knows yhat to do by following a “program'’, A program is simply a
sequential series of steps to be taken by the computer control. The program may be
wired by using a plugboard, or stored in memory, This latter types is the one in
which we are interested,
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To illustrate a program, let us take a sample problem and develop it for Brand X
Computer, For many years the ABC Bank has had a number of girls whose job it was to
caleulate the interest on each savings account, They then entered on a file card
the following information:

ACCOUNT NO, __~
BATLANCE ——
INT, AMT, ———
NEW BAL

A second group of girls then took one card at a time, added the interest to
the balance and placed the new balance on the card, then repeated the process for the
next card, It is this job that we now want to do on a computer,

At some previous date, we have prepared a magnetic tape that has for each
account:

1) a five digit account number
2) a 6 digit interest amount, loaded with insignificant zeros
3) a 6 digit balance amount, also loaded with insignificant zeros
4) Example: 43675000324134564, VEZQ; 1% cohat seiefs
\ W B PR T
acct, int, bal, nte el \
# tew

o0 T

s RPS——

The information for each SFcount 1g seEaratedwon magnetic tape by a gD,

S

The steps we want to go through are:

1) Read in the information for one gccount, This will cause the tape to
be moved past the read head so that we will end up in the gap after
the first record and prior to the second record, When we initiate
this read again, therefore, we will read in the data for the second
record,

2) Add the interest to the balance, Now the balance figure will really
be the new balance figure,

3) Write this information out to another tape, This means that we will
end up with two tapes: the original and the new updated tape,

L) Go back and repeat the instructions over again, By going through
these four steps, we can process every record on the tape,

In order to spell out these instructions to the computer, we must put them in a
language that it can understand, This is called machine language or '"absolute'",

In addition, our computer has a magnetic core memory in which each character is
addressable, A layout of a section of this memory is shown in the figure below:
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The first thing we must do is to decide where we wish to place the data that
will come in from tape, Having decided to place the first character at 1000, we
can visualize how the data will fall when it is actually brought in (see figure),
In addition, we must remember that this program that we are writing must be placed
into memory after it has been written, so that the control logic can follow it
step by step., For this reason, we decide to place the program in memory starting
at location 1500 when we read it in,

00 01 02 02 O4 OS 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20

10 4L 3 6 7 5 0 0 0 3 2 41 3 7 5 6 4
AN

Y N\ 2 % \____M\/__hhuh_/

Acct # Int Bal

Each instruction will be made up of 10 characters, The first character tells the
computer what to do and is called an operation code, the second character might or might
not contain an additional piece of information depending upon the instruction, the
next four characters form the first address, and the last four characters form the
second address,

The read instruction has an operation code of "R", The first address tells where
to place the first character, The characters will then fall in sequentially until
the gap is sensed, The second address is ignored, but we still have to tell the
computer one additional piece of information and that is the tape station that holds
the magnetic tape containing the data, For purposes of our problem, we will say that
the tape is mounted on ta station 1, OQur instruction therefore would be:
5”"?5:‘“&' B Loor i dineiey a Mewmer-t
R 1 1000 0000 Read in the data placing the first character at 1000,
The data is on tape 1,

The add instruction has an operation code of "+", The addition will take place
from right to left, so we must indicate the right haml end of each operand, We want
to add to the balance, so we will mention this first, The second address will give
the location of the right hand end of the interest, The computer must also know
when to stop, and we'll specify the number of characters to be added in the information
digit, Our 1nstruct10n w111 be:
. ﬁ. w; o gfa;’»ﬂ'Q‘
RN 1016 1010 Add the six characters of the interest to the six
characters of the balance,

The write instruction has an operation code of W, It will be necessary to tell
the computer the left hand end and the right hand end of the sector to be written

and also the tape station to be written to: . %5ﬁg
S0k 3,
i
W 2 1000 1016 Write out the data from 1000 to 1016 to tape unit 2, fji;ﬂ?
spdat .
; reg

The last instruction simply wants to indicate that the computer must execute the
read instruction again, So far we have written three instructions and we have stated
that the program will start in memory at 1500, A summary would look as follows:
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e i DO e e e te oA e aa

S i ~
location instruction
1500 R 1 1000 0000
1510 + 6 1016 1010
: 1520 W 2 1000 1016
pert

b
g
]

The thing we must tell the computer is where to find the next instruction to
be executed, That instruction is located at 1500 - 1509, the opsration code at 1500,
This transfer instruction therefore will have an operation code of 1, and the first
address will be the address of the next instruction to be executed, Everything else
will be ignored, The entire program will therefore appear as follows:

it prepared as input to the computer

location instruction
1500 R 1 1000 0000
1510 + 6 1016 1010
\‘? f) 1520 W 2 1000 1016
B 1530 1 0 1500 0000
a3 o -
;»‘x Having written this program, we would have

-~ (either punching cards or paper tape) and would

have the operator cause it to be

# read in from the media to memory so that the first character would fall at 1500, Then
we would instruct the computer as to where it will find the
1500, Having mounted the input data tape on trunk 1, and a
we have only to hit the start button and the computer takes
that the computer is not the "giant brain” of publicity but
which must be told step by step what to do and also must be

first instruction, again
blank tape on trunk 2,
control, Remembering
rather a "giant idiot"”
able to "jot down'" every-

ED thing it must rememher, we must first mention that the computer has scratch pads

called'"registers", {There will be a register to keep tr

dress of

n next instruction to be executed, a second to tell what to do, a third tg,hold~ihe

information character, a fourth to track the first address,.and a fifth to track the

$j second address, [For Sme11c1ty sake, let's name these registers the Program register
(since it trac he program), the Operation Code register, the Information register,

The First Address register, and the Second Address register,

We have already stated

/ that we manually placed in the Program register the address of the first instruction,

fs 1500, By hitting the start button, the computer knows that it must read the 10
characters in memory between 1500 and 1509 in order to know what to do, This it does,
placing the information in the appropriate registers, and increasing the program
register by 10, in order to address the next instruction which it is to execute,

The computer then has in the Operation Code register an "R",

which tells it to read;

in the Information register there is a 1, which indicates that the information to be
read is on tape trunk 1, and that the computer must place this tape in motion, The
First Address register holds the location to receive the first character (1000) and
the data, as it is read by the tape station, is transmitted into memory at the loca=
tion designated by the First register, As a character is placed in memory, the
register is increased by one in order to address the location to receive the next
character, The Second Register is not needed for the execution of this instruction,

When the gap (that separates the data records on tape) is sensed, the Read is
completed and the computer refers to the Program register to find the location the
-next instruction to be executed, This time the Operation Code register will hold
a +, which indicates addition; the Information register a 6, which tells how many
characters are to be added; the First register 1016, which is the address of the
least significant digit of the augend; the Secondregister 1010, which is the address
of the LSD of the addend; and the Program register 1520, which is the address of
the next instruction to be performed once the addition is completed, When the addition
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begins, the computer knows which characters to add together, because they are
addressed by the first and second Address registers. It knows where to place the
sum, because the computer will simply wipe out the augend with the sum.  As each
set of characters is added together, the First and Second Address registers will
decrease, in order to address the next set and the Information register will also
decrease by one in order to be able to tell the computer when the entire field has
been processed.

The third instruction will write the information out to tape. The computer \
knows that it is to write, since the Operation register contains a W, which was
addressed by the Program register. The other registers contain the tape unit (the
2 in the Information register), and the left and right hand ends of the sector of
memory which contains the data to be transcribed to tape (the left hand address in
the First Address register, and the right hand address in the Second Address register).
The Program register, at this point, will hold 1530, so that it will be able to pick
up the next instruction. Tape trunk 2 will be activated and the first character will
be picked up from memory and sent to the tape unit. The First Address register will
increase by one, and the second character will be written out to tape. This process
will continue until the character addressed by the Second Address register has been
written to tape, at which time the computer will again look to the Program register to
know what instruction is to be executed next.

This time the Operation Code register will tell the computer to change the contents
of the Program register (which holds at this point 1540) by transferring the contents of
the First Address register to the Program register. This is all the computer must do to
execute this instruction, but note that when it again refers to the Program register to
determine where the next instruction is located, it is told to pick up the instruction
at 1500, which will begin to repeat the process again.

The one point which must be remembered is that the tape which contains the data to
be processed (as well as the output tape) has moved as a result of reading in (or writing
out) the first data record. When we repeat this read, therefore, the second data record
will be brought into memory and subsequently processed and written out to the output tape.
When all the data records have been processed, we will have two reels of information: the
original information and a reel of new, updated information.
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IV—- RCA 301 EQUIPMENT

When we discussed elements of a computer, we broke the description into five parts.
Now that we are about to discuss the elements of a particular data processor, the RCA
301, we will follow the same format.

INPUT:
g -

One of the features of the RCA 301 is that any individual customer may design his
own system with regard to input-output requirements. Data may be fed into memory by use
of :

1) Cards

2) Paper Tape

3) Magnetic Tape

4) Data Record File

5 Data Disc File

6) Interrogating Typewriter

There are two models of Card Reading equipment in the RCA 301 system. ?255

The Card Reader has the ability to read and translate 80 column EAM cards up
to a rate of 600 cards per minute. The reading takes place column by column, the
data in each column being translated and placed into memory as it is read. 1If
translation is not desired, depression of the BCT (Bypass Card Translation) button
will allow binary reading of a card into memory. Two characters will be placed in
high speed memory for each of the 80 columns on the card. Thus, 160 high speed
memory locations would be necessary. Accuracy is maintained by two reading stations
. which read the data twice and compare it by hole count. If a 600 card-per-minute
rate is maintained, there is approximately 20 ms of free computing time between
cards. The Card Reader can be instructed to maintain a 300 card-per-minute rate,
resulting in 120 ms of free computing time between cards. Only one Card Reader can
be attached to an RCA 301 system.

The Card Reader/Punch has the ability to read and translate 80-column EAM cards
up to a rate of 800 cards per minute. The reading takes place row by row, the
data in each column being translated to RCA 301 code and placed into memory as it is
read. 1If translation is not desired, it is possible to obtain a representation of
this card data by placing 12 information bits (two characters) in memory to represent
each column. This is instruction controlled. Thus, 160 HSM locations would be needed
for the read-in area. Accuracy is maintained by two reading stations which read the
data twice and compare it by hole count. If an 800 card-per-minute rate is maintained,
there is approximately 10 milliseconds of free computing time available per card cycle.
When the read-release feature is programmed, an additional 21 milliseconds of free
computing time is available per card cycle. The card read feed hopper holds 3000 cards.
Three of the five 1000 card capacity output stackers are subject to program control.
Only one Card Reader/Punch can be attached to a 301 system,

The paper tape reading equipment includes the Paper Tape Reader/Punch and the
Paper Tape Reader.

The Paper Tape Reader/Punch is mounted on one base and can both read and punch
at a rate of 100 characters per second. This unit will read and punch either 5
channel or 7 channel paper tape. Packing density is 10 characters per inch and tape
speed is approximately 10 inches per second. The reader stops on a character and is
positioned to read the next character.

The Paper Tape Reader is capable of reading either 500 or 1000 characters per
second. It will accept 5, 6, or 7 level paper tape depending on a switch setting.

Iv-1



At the 500 character per second rate, the Reader stops on a character and is positioned
to read the next character. When reading at the 1000 character per second rate, the
Reader stops in a position to read a character at a maximum of 0.3 inch (three sprocket
holes) from the last character read. Packing density is 10 characters per inch and the
tape moves at either 50 or 100 inches per second,

Magnetic tape is read by a device called a tape station or tape deck. It is

possible to have several d}fferent types of magnetic tape.
Qe

The first is the%Higﬁ Data Tape Grou The High Data Tape Group is composed of a
cluster of six tape stations. Up to two clusters can be attached to a 301 system.
Two 8" tape reels are mounted on each station; one a supply reel and the other a take
up reel, Each reel accomodates 1230 feet of 1/2 inch wide oxide coated plastic tape
of which 1200 feet are usable. Each tape station can be read in a forward or reverse
direction or written to in a forward direction. Since packing density is 333.3
characters per inch and tape speed is 30" per second, the tape station reads and
writes at a rate of 10,000 characters per second. Once a tape has been processed, it
can be rewound at a rate of 90" per second. Information on these tapes is separated
by gaps. These are approximately 0.34 inches in length. Only one tape station in
each cluster can be addressed at one time since only one electronic unit services
all six of the tape stations in the cluster.

Another type of tape unit which is available with an RCA 301 System is a
high speed tape station. There are two models available -"33KC and™6&kC.

The 33KC tape station records data at a density of 333 characters per inch
and the tape speed is 100 inches per second. Gap size is a minimum of .45 inches.
33KC tape stations may be incorporated in an RCA 301 System through Tape Adapters,
Dual Tape Channels or both. The Tape Adapter connects a single tape station to
the Computer and an RCA 301 System can have a maximum of two. Two models of the
Dual Tape Channel are available which will each operate up to six or up to twelve
tape stations respectively. A maximum of fourteen 33KC tape stations may be
attached to an RCA 301 System.

The 66KC tape station records data at a density of 667 characters per inch and
the tape speed is 100 inches per second. Gap size is a minimum of .55 inches. 66KC
tape stations may be incorporated in an RCA 301 System through Tape Adapters, Dual Tape
Channels or both. The Tape Adapter connects a single tape station to the computer and
and RCA 301 System can have a maximum of two. Two models of the Dual Tape Channel are
available which will each operate up to six or up to twelve tape stations respectively.
A maximum of fourteen 66KC tape stations may be attached to an RCA 301 System.

Both the 33KC and the 66KC tape stations use 3/4" oxide plastic tape. A tape reel
contains 2400 feet of tape, 2300 feet of which are usable. All characters on these
tapes are dually recorded (Each 7 bit character is recorded twice, side by side, across
the width of the tape.) When a character is read, both sets of 7 bits are overlayed
and the resultant character placed in memory. This procedure, used in addition to
parity checking, greatly cuts down the number of computer stops due to the inability to
read a character, without cutting down the accuracy of the information.

The Data Record File contains 128 magnetic coated records which can have informa-
tion recorded on both sides (up to 4 1/2 million characters). The surface of every
record has two bands each containing 10 cells of 900 characters each. Information is
recorded in serial fashion in a spiral pattern around the record. Characters may be
transferred from the Data Record File to HSM in blocks of from one to ten cells at a
time. The rate of transfer is 2,500 characters per second. Up to six Data Record
Files may be used in an RCA 301 system., Parity is checked on the information to be
written on the record and on the address of the data to be selected.
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The Data Disc File can consist of from one to four modules. Each module consists
of six data discs with recording on both sides. There are 9 zones of 128 tracks on
each disc surface, and each track contains 10 sectors of 160 characters. The total
capacity of one module is 22,118,400 alphanumeric characters. One instruction can be
used to transfer blocks of from one to ten sectors from the Data Disc File and HSM.
When the strata concept of data organization is utilized, associated records of data
stored within related tracks of each zone on each disc surface are accessible to
a single file positioning. There are 108 related tracks per module for each strata.

Information is recorded bit-serially in each track. Each zone has one read-write
head serving 128 tracks. All read-write heads in a file are moved simultaneously so
that when an arm is positioned to a particular track in a particular zone, all arms are
positioned to the corresponding track within their respective zones.

A Data Disc File can consist of from one to four modules. Two Files can be
used in an RCA 301 System giving a maximum capacity of 176,947,200 characters in
steps of 22,118,400 characters. If two Files exist in the system, both can be
transferring data to or from the High Speed Memory at the same time, one in the
Normal Mode and one in the Simultaneous Mode.

A parity check is performed on the information to be written on the disc and
on the information read from the disc. A check is made to determine that the positioner
is on the correct track of the disc. Conversion from bit-serial to character-serial
operations are checked by a bit counter.

The Interrogating Typewriter, under Program Control, permits an operator to
enter information via its' keyboard to the RCA 301, and to receive typed informa-
tion from the computer. Programmed routines process the interrogations and information
can be extracted from either magnetic tapes or storage or can be computed by sub-
routines. Data transmission speed 1s up to 10 characters per second.

On the gQuiput side of the picture we find:

1) Cards

2) Paper Tape

3) Magnetic Tape

4) Data Record File

5) Data Disc File %%~
6) Documents

7) Maonitor Printe

P A gl e e e %

Two models of Card Punching equipment are available in the RCA 301 system.

The Card Punch punches by row at a rate of 100 cards per minute. Accuracy is
maintained by reading the card once it has been punched and comparing the hole count.

The Card Reader/Punch has the ability to punch cards either binarily or in
Hollerith code as designated by the computer program. Cards are punched at a rate
of up to 250 cards per minute. Accuracy is maintained by reading each card after
it has been punched and performing a hole count check. There is a maximum of
22 .5 milliseconds of computing time available per card cycle. When the punch-re-
lease feature is utilized, an additional 37 milliseconds of computing time is
available, The punch feed hopper holds 1200 cards. Three of the five 1000 card
capacity output stackers are subDject to program control. Only one Card Reader/Punch
can be attached to a 301 System. Stsc¥ ar $elvcT

The Paper Tape Reader/Punch and the Paper Tape Punch produce 5 or 7 level,
even parity, punched paper tape at a rate of 100 characters per second. Packing
density on tape is approximately 10 characters per inch and tape moves at approxi-
mately 10 inches per second. The punch stops in a position to punch a character
a maximum of 0.3 inches (three sprocket holes) from the last character punched.
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Magnetic Tape, the Data Record File and the Data Disc File have been previously
discussed.

Output documents are prepared on the Qp-Line Printer. There are two models
available in the RCA 301 System. The important differences between the two are
1) the number of characters that can be printed per line, and 2) the number of lines
that can be printed per minute. One model prints a maximum of 120 characters per
line. The printing rate is up to approximately 1000 lines per minute in the Synch-
ronous Mode which permits thé printing of 47 selected characters, In the Asynchronous
Mode which permits the printing of 64 characters, the printing rate is up to approx-
imately 800 lines per minute. The second model prints a maximum of 160 characters
per line. The printing rate is up to approximately 1070 lines per minute in the
Synchronous Mode and up to approximately 835 lines per minute in the Asynchronous
Mode. The following characteristics are common to both printers:

1) The On-Line Printer is a transistorized device which prints data
directly from the High Speed Memory to prepare output documents.

2) Data editing is accomplished by the computer via a stored program.

3) Paper advance is controlled by the computer program, either directly
or through a tape loop in the Printer.
LA -

4) Ten characters are printed per horizontal inch and six lines per
vertical inch.

5) Paper stock may be single or multiple sheet fanfold. One original,
plus 5 carbon copies may be used. Hecto and multilith master stock
may also be used.

RS

R s the Synchronous Made, the On-Line Printer will print 26 letters of the
1. English alphabet, the numerals (0 to 9), and the following 11 punctuation marks and
| °*“ﬁ*w“5ymbols for a total of 47 available characters.
ﬁ(“ $r\~“‘§
Ao e CR  credit /  virgule space
! apostrophe X lozenge , comma
* asterisk - minus . period
& ampersand + plus

M FG - . “}3 (a8 4 MI\\\}) b"‘;‘; T3 e \i‘

- In the Asypchronous Mode, the On-Line Printer will print 26 letters of the
~ﬁ§j“'V$ nglish alphabet the numerals (0 to 9), the above listed 11 punctuation marks and
"y .. .o _.Symbols, and the following 17 punctuation marks and symbols for a total of 64 avail-
""" "able characters.

2 \J RN 3\’\‘:&‘\9,0\
<

Croer @ at the rate of :  colon $ dollar sign
e %  percent #  number ) close parenthesis
) " quote or ditto ; semicolon [ open bracket
10 subscriptyg > greater than < less than
(  open parenthesis $ divide =  equal
3} close brackets 4 up arrow

A maximum of 2 On-Line Printers may be included in an RCA 301 System.

The Monitor Printer is a typewriter-like output device operated under program
control. Characters may be printed at the rate of up to 10 characters per second.
Ten characters are printed per inch. Paper may be single or multiple sheets and up
to 17 inches wide. All the alphanumeric characters can be printed plus the following:
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number @ at the rate of ( open parenthesis

) close parenthesis = equal : : colon
, comma %  percent & ampersand
EB end block ; semi~colon ET end information
$ dollar sign " quote or ditto -
period . ISS + plus
*  asterisk ED end data EF end information
/ virgule - minus

A carriage return is effected by printing an RCA 301 “ED" or by setting tab
stops. 7H i

STORAGE :
There are two basic types of storage in the RCA 301 System:

1) magnetic core memory
2) magnetic disc

The core memory has a minimum size of 10,000 locations. This may be increased
to 20,000 or 40,000 character locations if desired. Each one of these character
locations is individually addressable and the memory cycle (the time it takes to
pull a character from memory and regenerate it) is 7 microseconds (7 millionths of
a second).

Magnetic disc storage (Data Record File and Data Disc File) have been previ-
ously discussed.

ARITHMETIC :

The RCA 301 has the ability to do comparisons, allowing it to make decisions
as to magnitude, and to add and subtract using a table look-up method which will be
discussed in detail later in this manual. Logical instructions are also available.
Multiplication and Division must be handled by program or RCA supplied subroutines.
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V — THE BINARY NUMBERING SYSTEM

The Binary Numbering System can be thoﬁght of as the language by which the
equipment in the RCA 301 System communicates with each other and processes the data
internally.

A numbering system is simply an orderly system of marks, used for making
quantitative measurements, which are controlled by a basic set of rules. The most
familiar system is the decimal system, which uses the ten marks (or Arabic Numerals)
0,1, 2, 3,4, 5,6, 7, 8, and 9.

The first thing a person needs to know when working with a numbering system is
its "base™. This term refers to the number of marks used in a particular system.
The decimal system operates on a base of 10; i.e., there are 10 different marks in
the system. The binary system has a base of 2. That is to say, there are only two
different marks in this system, O and 1.

Having learned the base of a system, the next step is to learn to count. The
three rules of progression are:

1) Knowing the sequence of marks, the rightmost number is advanced to the
next number in sequence. (From O to 1, from 1 to 2, from 2 to 3, etec.)

2) . If the rightmost number is the last mark used in the system, it is
changed to the first mark and then we move to the mext column to the
left and advance this number one mark in the system. (From 29 to 30,
from 79 to 80, etc.)

3) If this column to the left also used the last mark in the system, it is
returned to the first mark and we again move one column to the left and
advance one mark. (499 to 500, 999 to 1000, etec.)

Since these rules apply to all numbering systems, we can proceed to count
binarily:

0

1

10
11
100
101
110
111
1000
1001
1010
1011
1100
1101
1110
1111
ete.

Another concept which should be clarified before proceeding is the actual
meaning of a number. Considering the decimal system, which has a base of 10, we
could really say that the number 39 is 10 + 10 + 10 + 9. Another way of saying
this is 3(101) + 9(109). (Remember that any number raised to the zero power is
equal to 1). In the same way, the number 589 is in reality 5(10%2) + 8(10l) +
9(109) = 5(100) + 8(10) + 9(1). The same logic holds true in connection with the
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binary system, except that here the base is 2, For example, the binary number
101111 could be thought of as:

1(25) + 02% + 1(23) + 1(22) + 1(21) + 1(29).

Figuring this out decimally would actually give us the decimal equivalent of
the binary number:

(101111)2 =32+ 0+8+4+2+1-= (47)10

In summation, the meaning of a number, regardless of its base, is a succession
of columns, where each column to the left is one power of the base higher.

BINARY CODE:

As has been stated previously the binary code is a system using only two marks.
For convenience we use the Arabic Numerals O to 1 as the two marks. The "base" of
this system is 2.

It was stated that this binary system is the language of the machimnes in the
RCA 301 system. What does this actually mean? If we forget our convenience in
using the Arabic Numerals O and 1 as the binary marks we can visualize the binary
code internally in the machines as: mno (0) a wire is not carrying an electrical
pulse or yes (1) a wire is carrying an electrical pulse; yes (1) a gate is opened
or no (0) a gate is closed; yes (1) a core is magnetized or no (0) a core is not
magnetized, In effect any two way condition can be treated in binary code as a 0
or a 1.

Now because man does not think directly in binary, as he does in decimal,
these are a few methods provided for his use. You cannot glance at the binary num-
ber 101101101¢2) and appreciate its relative magnitude, unless you can convert
these binary marks to a decimal equivalent. Likewise the decimal number 789 is
not readily converted mentally to its binary equivalent without the aid of a tool.
There are various auxiliary rules to convert decimal to binary number and conversely.

a. Decimal to Binary:
Take the decimal number 329(,4) and convert it to its binary equivalent. The

method is to successively divide by two and retain the remainders of each division.
The successive list of remainders is the binary equivalent.

Example: Remainders
0 -1 1

2 f1-0 0

2 |2 -1 1

2 5~0 0



Starting from the last remainder the binary equivalent of 329(10) = 101001001(2)
b. Binary to Decimal:

This method of conversion merely follows the earlier discussion of the column
values. In binary our base of two makes each column a value of two to a successively
higher power.

Examgle:

101001001(2) from the previous example.

28 27 26 25 24 93 92 51 50
1010 010 0 1

Only those columns with a one bit present are needed in the computation of the
decimal equivalent.

20= 1x1= 1
22= 8x1= 8
20 - 6ux 1= 64
28 = 256 x 1 = 256

329

c. Addition in Binary

There are only a few basic rules to remember in becoming proficient at addition
of binary numbers. These rules are:

Rule 1. 0+0=0

Rule 2. 0+1=1

Rule 3. 1 +1 =10 (a 0 in the right column & a carry to the left.)

Rule 4. 1 +1+1=11 (al in the right column & a carry to the left.)
Example:
1011011 = 91

- 2lao

0010001 = 11(10)

TI01100 = 108(10)

d. Subtraction in Binary:

Although there are several methods available for subtraction in binary the one
presented here closely resembles the method used by a computer. The first require-
ment is an understanding of a method of "complementing" the subtrahend. This is
done by changing all the O's to 1's and all the 1's to O's. If the subtrahend in
a binary subtraction is 1001101 the "complement" of this number would be 0110010.
These are the rules for subtraction of binary numbers.

1) Complement the subtrahend.

2)  Add the subtrahend (complemented) to the minuend.

3) If there is a carry from the most significant digit, this indicates a
positive number and the carry must be added to the least significant digit.

4) If there is no carry, this indicates a negative number and the answer must
be complemented to obtain the correct result.

ExamEle:
1) From 1011011 subtract 0110011

1011011 = 91(10)



2)

a)

b)

c)

complement the subtrahend and the problem appears as follows:

1011011
1001100

adding these we obtain:

1 0100111

the carry indicates a positive answer and must be added to the result
0100111

1
0101000

fl

(40) 10

from 0011011 subtract 1001100

0011011 = 27 10
1001100 = 76 10
=49 10

a) complementing the subtrahend we have 0110011
b) adding we have

0011011

0110011

1001110
c) the lack of a carry indicates a negative result, so the answer must

be complemented giving 0110001 (49)10

With very few exceptions, we will not be concerned with the binary arithmetic
that the computer is executing. This previous discussion, however, has given us a
feeling of what is involved, which will prove useful as the course develops.

CLASS EXERCISE ON NUMBERING SYSTEMS

A,

Convert the following decimal numbers to binary:

Ut W N
.

24
26
47
86
104

Convert the following binary numbers to decimal:

(O, I =S VLI
.

1011
10100
101101
011100
111111



Add the following binary numbers.

1. 101 2, 0101
010 1010
4, 11111 5.
10101

Subtract the following binary numbers:

1. 111 2, 1001
001 100
4, 0111 5.
1000

10011

01111

11111

10101

11101
11001

11001
00111




Vi—- DATA LAYOUT

Data Layout, is different depending on the various types of input-output media,
In order to completely understand data layout it will be necessary to dilscuss each

type.

CARDS::

As was mentioned in the introduction to computers, information is punched into
these cards using a binary code. Each column represents one character, but since,
in most cases, more than one character is needed to indicate some useful data, a
number of adjacent columns will contain a "'field" of information. For example, on
one set of cards we find the following information:

Columns Data
1-8 account number
10=35 name
37-45 total deposits
47-55 total checks
57-63 balance
65 one character code indicating overdraft if needed
67=72 date

1 = A
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This same format will be followed by each card, and therefore the format is
fixed. That is to say, 26 locations have been left for a name. If any one name
should have fewer than 26 characters, it would be necessary to carry blank columns
to fill out the field. The balance has a 7 character field, so insignificant zeros
will be needed. For example, a balance of 64324 (read $643.24 although no dollar
or decimal symbols are carried) would appear as 0064324, Although the length of
each field is fixed, the different fields vary in size. For this reason, we say
that the information is in "fixed-variable" format.



A card consists of 80 columns and 12 rows. We can further break down this
description by mentioning -that the rows are either numeric (rows 0-9) or zone
(X or 11 and Y or 12) where O also acts as a zone. This type of set-up is necessary
to allow all characters to be expressed. When discussing any decimal digit, a hole
in the proper row would be sufficient. To express the alphabetic characters, however,
we must combine holes. For example, the letters A-I are represented by the same
1-9 rows all of which have been overpunched (given a zone punch) with a "Y" or "12"
punch (top row). ' Thus an "A" is a "Y" and a "1"; a "B" is a "Y" and a "2"; etc.
J-R also utilize the numbers 1-9 but with a zone punch of "X" or "11" (second row).
The remaining letters, S-Z, use the digits 2-9 with O acting as an overpunch. The
punctuation and special symbols are also shown in this manner, some even having
3 punches (a period is represented by a Y, a 3 and an 8).

Looking at our example another though occurs. How would we show a negative
balance? The card code indicates that a minus is shown by an "X" punch by itself.
By overpunching this minus over the least significant digit of the balance we can
then show a negative balance. For example, if our balance was a minus $5.92, it
would appear on the card as 000059K, since a 2 punch in combination with an X punch
would indicate a minus 2 for operational purposes.

In many cases, a number of punches may be placed in a column. These might not
have a legitimate translation when referring to a code sheet, but may have a signif-
icant meaning to the particular installation in which it is used. An extreme example
would be that one column were used to store the answer to 12 bi-state questions
(Male or Female, Married or Single, etc.)

At this point, it seems advisable to define some frequently used terms:
Lt a bit is single binary digit expressed as either a "0" or a "1"
chagacler: a chazaclher—in the RCA 30] system is made up of Z.Dits. These con-

sist of 6 information bits and 1 parity bit. The 6 information bits
are the unique binary configurations used to indicate the individual
numerics, alphabetics, and special characters. The parjiy hit is
urac ur . In the RCA 301-machine code, we say
that parity is "odd", that is the number of 1 bits in a character
must be odd. If a bit is gained or lost, therefore, the parity will
be wrong and this will cause the computer to register a parity alarm
so that the character can be corrected. For example, the decimal
number 0 is known to the computer as 000000. Since there are 6 zero
bits in this character, parity must be a 1; the whole character would
be 1000000. The letter A is 1010001. The 010001 are the information
bits, the left hand 1 is the parity character. The bit positions are
called:

ZONE NUMERIC
2° ot 23 22 51 50
The RCA 301 code was developed to allow the easiest conversion of

card code to machine code, in an attempt to keep cost and engineering
hardware at a minimum.

item; one charagter seldom indicates enough data, so it is necessary to

or \\’ gombine a nupbel oh chaLaCIElS T gTve one pertinent piggg Qf in-
Fzﬁid_ Lormatdon. An example would be a name, or another one might be a

; stock number. This may or may not be preceded by a special symbol

F\yﬁ <L §$¢ to indicate the beginning. This symbol is used primarily when the

data is variable, a term which will be discussed as a separate topic.
In addition, an item could contain sub-items; for example an employee
number might consist of a department number, a section number and a
man number,
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ateddtems.. For example, all

the data pertalnlng to John Doe s saVLngs account would be one record;
in addition, all the records referring to savings accounts would be
ne file., Another example would be all the records pertaining to the
checking accounts. All records in a file must have the same format.

A file is terminated by a single control symbol called an EE_(End.of
File). When this is sensed, it means that all the records in the file
have been processed.

record:
P

variability: data may be presented in three possible formats:

1) fixed Reserug cerdza Wsitiong
2) fixed-variable
3) wvariable

If data must be fixed, it means that the computer on which it will

be processed has a fixed word length. For example, a computer with

a. 10 character word means that instead of being able to address each
character, it is necessary to address 10 characters at a time. If
data is fixed-variable, it means that the same item in each record
must have a fixed length, but that different items may vary in length.
The card has a fixed-variable format.

Cx A variable.svstem is utilized to eliminate the need to car
‘!“»G QWQ - unnecessarz,charag;@gg ggg;m%mgnlflcant zerosm
QJV o tape, which would resu ] ecreased input-output times. Lt allows
,ﬁq)gl e data to be carried at its significant length. For example, if
& ﬁf-§;g£§ a name is John Doe, that is all that is carried. A balance of 63457
d‘?ﬁ‘ N would appear just like that, without any insignificant zeros.

- The RCA 301 has the ability to handle data as fixed variable or as
variable.

The following example indicates the difference. Note the amount of
space that can be saved utilizing a variable format.

account number 8 characters maximum
name 25 characters maximum

"~ fixed: (10 character word length)

0012345678JOE_DOE 0012345679BOB_$MITH 001 —
fixed variable:
12345678JOE_DOE 12345679BOB_SMITH 12345680JOHN_JONE§

variable: (symbol * needed to differentiate between items) %

*12345678*JOE_DOE*12545679*BOB_SMITH*12345680*JOHN_JONES*12345681*JACK_BROWN*123&56 ﬂ}

block: f@hg;ggmﬁls any number of characters (minimum 3) which' appear on tape
“between two gaps.] A single record surrounded by gaps would therefore
be a block. Two records placed end to end, with a gap preceding and
a gap f0110w1ng, would be a block. ‘:An EF (which must be preceded and
followed by a gap) is a legitimate one character block, as is an ED;]

Eg_gxegg}: The ED is a gontrol symbol which serves a function similar to the EF

symbol. It indicates that the end of good data on_ this reeldeaf..tape

‘has been reachedﬁthat the flle has not been completely processed
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For example, a file might take up two reels of tape. The first reel
would have an ED as the last block; the last block on the second reel
(appearing immediately after the last record) would be an EF.

the block after the EF would be

an ED. It is also possible to have two files on omne, The first
file wolldHETerminated by an EF, the second one by an EF followed

by an ED to indicate the end of goo& data on the tape

PAPER TAPE AND MAGNETIC TAPE:

Data on tape is also coded binarily; on paper tape, no holes represent the omes,
holes the zeros; on magnetic tape, magnetic spots indicate the zeros, the lack of
these spots shows ones. The information is separated by gaps. On paper tape this
gap must be a minimum of three character locations; on magnetic tape it is approxi-
mately .34 inch.

Information on RCA 301 10kc Magnetic and paper tape is coded as the complement
of the character in memory. For example, the letter "A" is represented in memory as
(1010001)5 but on tape it would be (0101110);. The reason behind this is two fold.
To give the best possible accuracy check, information on tape should have even parity.
This is because odd parity would permit a character to be written on tape with only
one 1 bit, and if this 1 bit were lost, the character would become a gap. (On 33kc
tapes, parity is odd but the dual recording eliminates the difficulty of losing a
bit and not being able to read the character.) With even parity, however, it is
very unlikely that the two 1 bits (which would be the minimum amount in any one
character) would both be lost at the same time, so that even if one were lost, parity
would be incorrect and the computer would halt on a parity error. However, 1f even
parity is maintained, the decimal zero which has a code of (000000); would itself
be a gap. To prevent this from occurring, the entire character is complemented when
being written to tape from memory or being read to memory from tape.

TOTALS AND WEIGHTED AVERAGES:

It was mentioned that every record in a file must have the same format. There-
fore, by setting down the description of a file, we are in effect describing each
record in the file. If the file is variable, we must know more than the maximum
number of characters in each item; we must also know the average number of characters
and the percentage of occurance of these items. By multiplying these two factors
together, we have the weighted average number of characters in each item. This is
important, primarily for timing purposes. Figure VI-I illustrates a DATA SHEET
describing a variable file. Since it is necessary to carry the separating symbol
for positional purposes, unless there is no data after it for the remainder of the
record, it is necessary to add in these symbols. A file should normally be arranged
by decreasing percentages of occurances, therefore, it may not be necessary to carry
all of the separating control symbols., For this reason, we must determine how many
are necessary and we do this by employing the probability of occurrence. An example
would be best to illustrate this method:
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ITEM NO. % OF OCCURRENCE ACCUMULATED % OF OCCURRENGE

1 100

2 90

3 75

4 60

5 (breakpoint item) LO (40 + 59) 99

6 25 (25 + 34) 59

7 20 (20 + 14) 34

8 10 (10 + &) 14

9 3(3+ 1) 4

10 1 1
211

Starting at the last item, figure the accumulated % of occurrence. Continue
to do this until you reach the breakpoint item. This is the item whose accumulated
% of occurrence is closest to, but less than 100%. Totaling the accumulated % of
occurrences you will get a percentage of occurrence for the control characters, in
this case 211%. This means that 2.11 control characters must be added to the 4
which will always appear (for the first four items) giving a grand total of 6.11
control symbols. Having developed the number of control symbols, add this amount
to the sum of the weighted average of each item and you will have the total weighted
average of characters in each record.

EXERCISE I

Organization of Data

1. Define the following:

a) Record =-

b) Block -

c) Item -

d) Control Symbol -

e) File -

2. The master inventory file is a three reel file. What controls symbols

terminate each reel?

3. A record contains the following information:

Number of Characters Information
Max. Avg.
Stock Number 5 5 12345
Stock Description 20 10 GENERATOR
Balance on Hand 7 5 1000
Unit Cost 5 3 3275



) E.D.P. DATA SHEET :

X INPUT OUTPUT IDENTIFICATION DATE
X | reFerence INTERMEDI ATE STOCK MASTER FILE _ 60-10-6
SOURCE ) USE SCHEDULE ]

) MASTER FILE
SEQUENCE DISPOSITION NO. OF MESSAGES
ORDER BY BTOCK WO. PEAK: / NORMAL:
DGCUMENT DESCRIPTION: - R
TYPE: / SIZE: WIDE X LONG / NO. OF COPIES
REMARK S R
';:s" :ga. DESCRIPTION :(:;(IOF cu:::: %Riﬁzgk' ::2
1 STOCK NUMBER 9 9 100 9
2 BTOCK DESCRIPTION. ~ : ~ 25 14 1060 14
3 BATANCE ON HAKD 10 8 | 100 g
TOTAL IBSBUEDP TO DATE 15 12 100 12
5 REORDER LEVEL ’ 10 k 100 L
6 AMOUNT DUE IN ‘ \ 8 6 50 | 3\
T REJECTIONS PERCENTAGE - - 3 2 25 .50
8 - OBBOLETE COIE 1 1 5 .05
.\ :7 _— ———— S — S - I
TOTAL CHARACTERS OF (NFORMATION 81 50.55
AUDED CONTROL THARACTERS 8 6.15
___TOTAL RCA CHARACTERS | 89 — 56,70
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a) Compose this information in a fixed length record. (Fixed word length
10 characters.)

b) Compose this information in a fixed-variable length record.
¢) Compose this information in 301 variable.

4, Construct a data sheet for the following payroll file. There are approxi-
mately 10,000 messages.

No. of Characters

-Description . _ Max. ézg.m % Use
pay Period , 2 2 100
Man Number , 5 s 100
Tax Class 1 1 100
Year to Date Earnings 6 5 100
Year to Date Withholdings 6 ) L 100 _
Quarterly FICA ' 4 ‘4 100
Gross Pay - 5 L - 100
Deductions
Bonds » L . -3 75

) Combined Charities 3 2 50

Major Medical Insurancev 3 - 2 35

=
w

Automobile Insurance - 25

EXERCISE II

Create a data sheet for a payroll master file. The file is currently on
ledger cards and contains the following information: (Maximum and average lengths
have been determined). Assume you are setting up this tape file and may choose
any sequence for each item. :

_ Maximum Average
. Name ) ) 20 - 12
Address 20 15
City ' 20 ) 15
Telephone Number 7 7
Job Title - 30 15
Job Classification Number 4 4
Employee Number 5 5
Department Number 2 2
YTD Municipal Wage Tax 5 L
Health Insurance 5 4
Automobile Insurance 5 L
Stock Ded. L n
YTID Gross 7 6
Quarterly FICA 5 4
YTD Withholding 6 5
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The criteria for sorting will be department number. Within each department num-
ber, messages will be in order by employee number.

500 employees live in the city and must pay the Municipal Wage Tax; 2000
employees have health insurance deductions; 1500 also have automobile insurance;
1000 have Stock Deductions.

There are 10,000 employees.
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VII — HIGH SPEED MEMORY
0¥ 20é  us ¥

Memory may contain either 10,000, 20,000, or 40,000 character locations.
Since each character consists of 7 bits, each location must be made up of 7 cores,
one core representing each bit. For this reason, we can say that memory is made up
of 70,000, 140,000, or 280,000 magnetic cores. These are held in 14, 28, or 56
matrices of 50 x 100 cores.

Discussing the first 10,000 locations first, it is obvious that each location
could be given an individual address, if we started counting at 0000 and continued
to 9999. The problem of addressing does not exist, therefore, until we desire to
address something in the second 10,000 character locations. To prevent having to
add a fifth digit to the address, we simply take the most significant digit of the
address and add a zone bit in 2%. For example, if we wanted to address the location
10,000 character locations away from location 7854, we would simply take the 7 (the
most significant digit), break it down to its binary code of 000111, and place a bit
in the 24 position yielding 010111. This character is a G, so the address is G854.
To address the third 10,000 locations, we take the MSD of the address and add a
zone bit in 23 position. To address the fourth 10,000 locations, we add zone bits
in 2% and 25 positions of the MSD of the address. The following table will simplify
this process:

2nd 10,000 3rd 10,000 Lth 10,000 -
0 changes to & - (minus) ' (quotes)
1 changes to A J /
2 changes to B K S
3 changes to C L T
4 changes to D M U
5 changes to E N v
6 changes to F ¢ W
7 changes to G P X
8 changes to H Q Y
9 changes to I R Z

The term "dlad" will be referred to throughout the text. A diad is itwo cgon=

Qggyx;xgmﬂam_;gga;;gns with an even address for the first Jlocatiopn and an odd
address for fhﬁ—aﬁsand‘

For illustrative purposes, we will use our original problem of adding the
interest to the balance and indicate how the Interest Account Masters would appear
in High Speed Memory.

..... RSk TR ALY
{: PR e e o X
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VII-2

T E.D-P. DATA SHEET
INPUT OUTPUT IDENTIFICATION B DATE
REFERENCE INTERMEDI ATE INTEREST ACCOUNT MABTERS
SOURCE USE SCHEDULE
SEQUERCE DISPOSITION NO. OF MESSAGES
PEAK: / NORMAL :
DOCUMENT DESCRA, ,DiN:
TYPE: / SIZE: WIDE X LONG / NO. OF COPIES
REMARK S
BB sescnirTion A LR
1 ACCOUNT NUMEER 5 5 100 5
2 INTEREST AMOUNT 6 6 100 | 6
3 BATANCE 6 6 100 6
1, )
!
: e
|
— f -
TOTAL CHARACTERS OF INFORMATION 17 17
ADDED CONTROL CHARACTERS - -
TOTAL RCA CHARACTERS 17 1T
1E 245
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VIII - INSTRUCTION FORMAT AND
COMPUTER PROGRAM RECORD

The RCA 301 is a two address computer. This means that the individual in-
structions allow for two addresses. Due to the construction of the instruction,
it is possible to put in more than two pieces of information if necessary.

The format of the RCA 301 instruction is as follows:

1 a one character operation code that tells the computer what to do

2) a one character information bit, called "N', which gives various data
depending upon the instruction

3) two four character addresses called A and B

In summary, we have:
0P N AgAjAjA; BgBB,Bs
X X XX XX XXXX
An example instruction would look as follows:

N 4 1515 1689
This tells the computer to transfer 4 characters starting at location 1515
to location 1689, moving right to left.
T ——

This instruction conventionally is placed in memory so that its operation
code falls in a location whose address is a multiple of 10, for example 1750. N
would then fall in 1751, the A address in 1752-1755 and the B address in 1756-1759,.

To aid in the writing of programs, a standard form is available for coding.
This form is called the RCA 301 GOMPUTER PROGRAM RECORD. On it there is room for
the program title, the coder's name, the date, remarks, and page notation. In the
body of the form there are a number of columns, a few of which we will discuss now,
the remainder to be mentioned later in the text when they become important to us.

The instruction itself is written in the columns marked OP, N, A and B.
Note that each position is numbered 0-9, and this refers to the address of the HSM
location which is to hold that particular character of the instruction.

The HSM LOCATION column should contain the address which is to receive the
operation code of each instruction. Again note that the 0" has been pre-printed
for programmer convenience.

The REMARKS column is for programmer use and should always be filled in to
give an English explanation of what that particular instruction is doing.

The BOX NO. column refers to the number given to a box on the flow chart,
(a picture statement of the problem discussed in another chapter) that pertains to
this particular instruction.

The FROM INST. LOC. (from instruction location) box must contain the address(es)
of any instruction(s) that transferred to this particular instruction. For example,
in our initial interest problem, the last instruction transferred the program back
to the Read instruction. The address of the transfer instruction would then be
entered in the From Inst. Loc. line of the Read instruction.
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Pretending for the moment that the instructions we discussed as example in-
structions were, in truth, RCA 301 instruction, the Program Record sheet would
appear as follows:
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TITLE  INTEREST PROGRAM ,
CODER L. BATTEY DATE 10-6-60
REMARKS PROGRAM RECORD EXAMPLE SEGMENT NO.
FROM NO. : 2 OP| N A REFERRED
Lot |ms. LoCATION 55 o{1]2]3 4!5 67|89 By REMARIKS o,
153°J§l 150 OOORlloo‘o-o-ooo READ RECORD FROM 1 1
ofo{of+|6|x]|o|xl6|1]o]L]o ADD INTEREST TO BATANCE 2
ofojlofw|a|1|ofofof1]o|1]6 WRITE UP-DATED RECORD TO 2 3
ofolofrlo|r|5{o]olo|ofo|o TRANSFER PROGRAM BACK TO READ I
ofo| o '
ofo]o 2 I
6 ofo]o .
oJTo 0
ofo | o
ofo|o
ofo{o
ofolo
Fé ofolo
ofo | o
ofo | o
ofolo
ofo{o
olo| o
6 olo]o
ofo ] o
ofo o
ofo o
oo o
offo | o
PAGE 1 OF 1
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IX — OPERATING LOGIC

When the program has been written, prepared as input and read into memory,
how does the computer operate on it? As in the case of human beings, the computer
has many "memory devices" called registers. These help it to keep track of what
it is doing. A few of the most important ones are discussed below:

The OP register is a one character register that holds the operation code of
the instruction being executed.

The N register is a one character register that holds the N character of the
instruction being executed.

The A register is a four character register that holds the A address of the
instruction being executed.

The B register is a four character register that holds the B address of the
instruction being executed.

The P register is a four character register that keeps track of the program,
by holding the address of the next instruction to be executed.

The Memory Addressing register is a four character register which addresses
memory.

The Memory register is a two character register which holds the contents of
the diad addressed by the MAR in order that they may be worked on.

Bus Adder is a device which has the ability to increment or decrement the
operating registers by 1 or 2.

Using our example (at location 1750 we have an instruction which reads
N 4 1515 1689), let us investigate the operation.

First of all, we must place the address of this instruction into the P register.

We could do this from the console. Then, by hitting the start button on the console,
the computer takes over.

P_REG
1 {71510

The contents of the .P register fall into the MAR

P17 (510

I I |
Y ¥ ¥ ¥

MARI | | 715 |0

LN
The diad 1750-1751 is pulled from memory and placed intc the MR. At the same

time the characters are regenerated so that they still appear at 1750 and 1751.



50 ,
usmINTa T r]s]i|s|1|6]8]9

From the MR, -these characters are placed in their respective registers; i.e.,
OP and N.

MR| N | 4
“Y:Z____ﬁ‘
OP| N N| 4
At the same-time, the Bus Adder has added two to the P register contents.
BUS ADDER P REG

1750+2=1752 —™= | |7 |5 |2

The  process is repeated four more times, allowing the entire instruction to be
staticized (to pull an instruction from memory and break it into its component parts,
placing each in the appropriate register). Ihg Dracesswitself . takes oNe JReDosVm
cycle (pulling the charécters out and placing them in the rgeisters). Since the
WT¥cess 1s executed filve Limes, staticizIng takes a total of 35 microseconds (35
millionths of a second). )

17 50 51 52 53 54 S5 56 57 58 59
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17 50 5i 52 53 54 55 56 57 58 5%

s INTal1TsTi]s]ilelslo
, .
MR |1 ]5
Alllsl1]s
BUS .
Rt |754:§f|756

Pl1|7]|5 |6

v

MAR| | |75 |6
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50 51 52 53 54 55 56 &7 58 59

HSMIN (4 |1 |5 |1 |5 |1 (6]|8|9

ks I758+2= 1760
S &
$ PlI |76 ]0

After staticizing, we find that the OP register holds our operation code (N,
The "N" register holds a 4, the A register holds 1515, and the B register holds 1689,
In addition, the P register holds the address of the next instruction to be executed
(since this is a sequential machine), 1760. We are ready to execute this instruction.

The N in the OP register tells the computer that we want to transfer data right
to left. The content of the "N'" register is not zero, so the instruction begins to
execute, The A register contents are placed in the MAR and the character addressed
is pulled out to the MR.

The Bus Adder decreases the contents of the A register by 1. The contents of
the B register are placed in the MAR register and the character in the MR is placed
in memory at this location. The contents of the B register are then decreased by 1
as is the content of the "N" register. Again, "N" does not equal O, so the process
is repeated. When N finally equals zero, the staticizing of the next instruction
will begin.

?

OP N
N 41 (1 (5|1 (5] |l |6|8]9

MAR| | |5 | {5
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86 |87 |88 |89
16 _TA C
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MAR] |

IX-7




X — AN INTRODUCTION TO FLOW CHARTING

A flow chart is a pictorial representation of the logical steps required to
perform a task. Once completed, the problem need only be coded following the
specifications of the flow chart, in order that the machine may understand its work.

There are three types of flow charts.

The first is called a "systems flow chart". It is a diagrammatical represen-
tation of the sequential steps which must be performed in order to accomplish the
complete data processing application. The analyst prepares this in order to de-
termine what the input will be, what output is expected, and what types of data
processing are necessary to derive the required output from the input.

The second type is a "functional flow chart™. This is prepared by the pro-
grammer to show the general data processing steps which must be accomplished. The
word "general' in this context means just the actual work to be accomplished with
no reference to particular equipment. For example, a functional chart might contain
a block called UPDATE BALANCE; in the corresponding detailed chart, this might re-
quire five or more computer steps to accomplish.

The remaining type is a “detailed process chart" often abbreviated to "detailed
chart". The detail flow charting of a problem could actually be called the pro-
gramming, since this is where the logical thinking is required. It is this chart
that spells out the computer operations one by one. By utilizing this type of
presentation of the problem, the programmer has the ability to think through the
logical flow of the steps before having to concern himself with addresses, constants,
names, and the like,

The following is a picture of the RCA template. The symbols on this template
are the ones that are standard for all RCA charts.

NP

\
C

0
O




In order to be more familiar with the symbols, a discussion of each of the
chart types of symbols follows:

SYSTEM FLOW CHARTING SYMBOLS:

Since the major function of a systems flow chart is to show the input and out-
put media, it is necessary to have symbols to show each type.

STORAGE MEDIA

Magnetic Tape

Paper Tape

Random Storage

Documents

EAM Card

DATA PREPARATION

Tapewriter

Tapewriter Verifier

Tapewriter Reader




H-T-R

{ OO

Reader Typer

Key Punch

Key Punch Verifier

OFF LINE PERIPHERAL EQUIPMENT

Hi-Speed Transmission and Reception Unit

Transmission and Reception Unit

Code Translator

PROCESSING OPERATIONS

Computer Operation
(Sort, Merge, and Extract operations
would be indicated within box.)

GENERAL RULE

Arrows should be used to clarify
direction.



FUNCTIONAL AND DETAIL CHARTING SYMBOLS:

SYMBOLS AND SPECIFIC RULES

Tape Read or Tape Write (Magnetic and Paper Tape)
(Type of operation should be indicated within
symbol.)

Card Read or Card Punch

Random Storage Read or Write

Document Read or Print

Internal Computer Operation

(Internal computer operation boxes may be drawn
without separate vertical connecting lines pro-
vided there is only one point of entry.)

Decision

ég%;) To and From Connector (Numerically designated)

1. The No. within "To" symbol is the destination
box No.

2. The No. within "Frowm" symbol is the box No.
transferred from.

3. More than one "From' symbol can be used if
one cannot indicate all "From" box numbers.

4. Connectors that refer to a different page
should indicate the "referred to" page No.

5. "To" and "From" connectors are NOT numbered
externally.



Variable Connectors (Alphabetically Designated)

u \N' 1. Variable paths are designated with connector
Ay A9 letter with subscripted number.
2. "To" path of variable paths are designated in
{14 identical manner as "To' connectors.

3. Variable comnectors are externally numbered.

Start

Normal or Error Stop
1. PES # - Programmed ERROR STOP.
2. HALT # - Intermediate HALT.

3. EOR # - END OF RUN,

Closed Subroutine
(Designates entrance into, execution of, and
exit from designated subroutine.)

Assertion Box

1. Defines purpose of any operation or decision
box.

2. 1Indicates the box numbers that set variable
connectors.

3. Defines purpose of variable connector settings.

GENERAL RULES
1. Lines

A, Points of entry should be to the vertical line preceeding the box to be
entered.

B. Lines should be drawn in place of connectors whenever possible.



C. Lines must never cross-over.

D. Arrows are optional and used for clarification.

2. Other
A. External numbering of boxes should follow the actual coding sheets when-
ever possible,

B. Box sizes should be uniform but may be enlarged within reason.

C. Boxes enéompassing a subroutine éhould be titled above the first box.
The entire routine should be enclosed by a dotted line whenever possible.

D. Charting for subroutines not unique to the program need not be included.
E. Charts should be drawn to flow down and to the right whenever possible.

In addition to the template symbols, several written symbols are common. A
few of these are:

is greater than
is less than
equal

not equal

is compared with
replaces

sum of

letter O

digit zero
letter Z

beriod

blank or space
minus

oI a¥o¢mluxuxv

The following problem statement is used to exemplify what has been stated in
this chapter. It shows the development from one chart to another, utilizing the
symbols discussed.

The problem is to prepare the payroll for 3000 employees paid on a weekly
basis., Each employee has an identifying employee number and the master information
for each employee is maintained on magnetic tape (1 employee per block) in ascending
order by employee number. For any one week, approximately 2500 time cards wmust be
processed to show the regular hours worked. In addition, there will be about 1000
overtime documents which must be processed. There will never be more than one card
and/or 1 overtime slip per employee. (An employee cannot work overtime, without
working regular hours.) The transactions are to be sorted and then a computer run
must combine the two types of transactions, preparing the information which is to be
posted against the master. This last updating is the second run. The output from
this will be an updated master and a printed payroll register, and the checks pre-
pared on card punch.
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RUN I FUNCTIONAL CHART
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RUN I DETAILED CHART

HOUSEKEEPING:
CLEAR READ IN AREAS

@

YES

IS THIS THE

LAST TC?

1

LAST O.T. INFO?

18 | TERMINATE TRANS.
REEL

IS THIS THE
LAST T.C. INFO?

19

TC<OT

T.C.EMP#

TRANSFER O.T. HRS.

> TRANS.AREA

TRANSFER O.T. RATE
—> TRANS. AREA

IS THE END

S TH
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EL?

|
0
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The detailed chart for our interest problem would 'appear as follows:

READ
MASTER

ADD
BAL & INT

4
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XI— INTRODUCTORY INSTRUCTIONS 00T reed rawreeif

Vot PRT

TAPE READ FORWARD NORMAL, ADD, TAPE WRITE NORMAL, STORE REGISTER

Having discussed most of the preliminaries, it is now possible to investigate
the specific format and operation of some of the instructions.

TAPE READ FORWARD NORMAL:
In order to be able to process any data, it is necessary first to bring the
data into memory. One instruction that accomplishes this is the TAPE READ FORWARD
NORMAL, The name of this instruction implies that it will read from tape moving
in a forward direction and the instruction will be executed in the normal operating
registers (OP, N, A, and B). As we have already discussed, when a read instruction
is initiated, the tape moves, so that at the end of the read the read-write head
is sitting in the gap before the next block:

. | et Rezird
5 . i ? { £ e
£X*" BEFORE § ABCDEFGHI  JKLMNOPQR __ STUVWXYZ ] of File
&‘e}‘& ga\sms RA (Real Iwet A\ Hesd Qe;iw» (,gg LY @t? EF Sentdl
AFTER {Hl ~ JKLMMCPAR . STUVWXYZ 123456789 {
’ RM

The operation code. of the RFN is 4,

b Tage Shafiion ONE > o ens

The "N" character gives the unit addressed.

" Device First Unit Second Unit

Paper Tape Reader ) 8 :
Hi-Data Tape Group . 123456 ABCDEF
Tape Adapter: ‘

33KC J ‘ N

66KC L P
Dual Tape Channel (2x6) 123456
Dual Tape Channel (2x12) 123456 ABCDEF
Interrogating Typewriter U

LWhere do N wan® ko "R\}H:: s \n we em s:"‘vx

The A address gives the HSM location to receive the first character

The B address gives the HSM location of the rlghthand end of the maximum read
in area.

Example:

We have a file of records containing 10 characters each, which appear on

tape as follows: M‘gT
'?.?ei
JOE_DOE_21 JIM_RAU_30 DON_RAY_07 B
The RFN instruction is: . Sers o Mf T g

4 3 1500 1509
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A

3 {‘m J
N
The instyuction is staticized and tape.station 3 is activated. The tape begins

to move and obtains the proper speed (30" per second). The first character is placed
in the tape buffer and then transferred to the MR and then into memory at the address
designated by the A register. The contents of the A and the B registers are com-
pared. In our case, they do not match so the contents of the A register are in-
creased by 1. The next character is read in and placed, the registers are compared.
Again they do not agree, so the A register 1s increased by one and the process con-
tinues. After the tenth character has been placed in memory at location 1509, an
A-B equality is found. [?his causes an igg;ggzar to be éeF in order that the com-
puteT will be able to remember this condition?] The A register again is increased,
but when the tape station attempts to bring in the next character from tape, it
senses the inter-record gap. The—sapsing of thisigig_siyses,thgwinstrucpéggrto
terminate. -

ADD:

Since addition is essential to any %Pmputation, a very important instruction
is the ADD, w -8 & - \’?5

"~€‘% }‘.v K W
L PN
> z?\§? S

"N'" giyes the number.of characiers in each operand, which implies that the
operands must be of equal length. Obviously, if we were limited to the decimal
numbers, the maximum length would be 9 characters. Since this would be too limited
for our needs, there had to be developed a way to circumvent this problem. If we
examine the construction of a character, we can see that we have ability to express
all of the decimal digits from 0-9 with the right four bits:

The OP code is a +.

23 22 o1 0

0O 0 0 O 0
0 0o o0 1 1
0 0 1 O 2
o 0 1 1 3
0 1 0 0 i
o 1 0 1 5
o 1 1 0 6
o 1 1 1 7
1 0 0 o0 8
1 0 0 1 9

If we then take the remaining two bits, we can construct any number from 0-3:

5 4

== O ON
O = ON
w N = O

Combining the two, we can construct any number from 0-39. This plus 5 special
symbols give us a field limit of 44. To simplify the process, a table has been
developed, called the "N" table:

X1-2



N Count Symbol N Count Symbol N Count Symbol N Count Symbol
0 0 11 A 22 K 33 T
1 1 12 B 23 L 34 U
2 2 13 C 24 M 35 - A%
3 3 14 D 25 N 36 w
4 4 15 E 26 (o] 37 X
5 5 16. F 27 P 38 Y
6 6 17 G 28 Q 39 V4
7 7 18 H 29 R 40 EB
8 8 19 I 30 ! 41 , (comma)
9 9 20 - (minus) 31 / 2 %
10 & 21 ] 32 S 43 e (ISS)
44 =
M
Rusrr Vgt Qegition Ne e Freld
) s Av] Mou WaE Yo

L %
The A address gives the HSM location of the least significant digét of thénéé' v
augend (augend plus addend equals sum). This is also the address of the least

significant digit of the sum (the sum overlays the %ﬁg%&g%ﬁéﬁ’?%ﬁﬁﬂ@a
& oy

The B address givés the HSM location of the least significant digit of the
addend. S LwpinG FLoevd. -
3 .

If an amount is negative, it will be indicated by placing a zone bit in the
25 position of the least significant digit. For example, a positive 5 would have
a bit configuration of 000101, a negative 5 would have a configuration of 100101.

Addition is done in the RCA 301 by "table look-up". This simply means that
there are two tables stored in memory, a sum table between 0000-0099 and a
difference table between 0100-0199. The two digits that must be added form the
right hand two digits of the address. If the signs of the two operands are alike,
the lefthand two digits are 00, if the signs are unlike, the digits are 01.

If a carry occurs, one of the nmext two digits is increased by ome.

If the signs are unlike, and the addend is larger than the augend, the entire
sum must be complemented before the termination of the operation, in order to yield
the proper result, For example, if we had the following problem the computer would

handle it by the following steps:

1) ADD 23
- 82

2) Using the difference table: * 81

3 *end around condition which requires complementation of 81, which yields
19

4) the answer is =19
Example:

Executing the following instruction, we will be able to follow through the
steps of the computer.

+§3 1999 1989

86 87 88 89 90 91 92 93 94 95 96 97 98 99
19 A 1 8 3 B C D E F G H 4_6 4

XI-3



Once the instruction is staticized, the least significant digits are examined.
Since the signs are alike, the sum table will be utilized. 1In order to compose the
address, another register must be introduced at this point. This is the D register
(Data Register) which is composed of two one character registers, labeled Dy and
D3 (due to the fact that they hold the right hand two characters of the address of
the sum). The A address falls into the MAR and the character addressed is pulled
from memory, placed first in the MR and then in Dy, The process is repeated for
the B address., D and D3 would then contain, for our example, 43. Since we are
using the Sum table, 00 will be added to this giving us an address of 0043. At
that location in the table, there is a 7, which is the sum of 3 plus 4., This char=-
acter will be placed into memory at the location given by the A register, namely
1999, The contents of the A, B, and N registers are decreased by one and N is
again sensed for zero. Since it is not zero yet, the process is repeated. The
address this time will be 0068, and at that location will be a 4. In addition, an
indicator will be set which will cause a carry to be added to the mext digits.

This 4 is placed at 1998. The registers are again decreased, and N is sensed.

Since it is not zero, the next address that will be constructed will be 0041. The
carry must be added in, so the address will become 0042. At that address, we find

a 6 which will be placed in memory at location 1987. [}gain the registers are de-
creased, but this time the "N" register indicates zero, which terminates the operatégzg

In addition, one more step is required before the operation is completed. This
is tﬁEﬁEEEFTHE’Bf one of three_indicators known collectively as the PRI's (Previous
Result Indicators). Individually, these are the PRP (previous result positive),

PRN (previous result negative), and PRZ (previous result zero). This setting will
i indicate the result of the operation. In our case the result was positive (the sum
{ was plus 647) so that the PRP would be set.

ere is a carry be o D and the first Overflow
Indicator has already been set in a Computer containing only one Overflow Indicator,
the Computer stops on an alarm. When there is a carry beyond the MSD of the sum
in a Computer with a second Overflow Indicator and this indicator has already been
set, the Computer stops on an alarm.

The only allowable one zone bits in the operands of an addition for a processor
with up to 20,000 characters are in the 2% bit position of the MSD and the 2% and
25 positions in the LSD. The only allowable one zone bits in the operands of an
addition for a processor with 40,000 characters are the 2% and 25 bit positions in
the MSD and the LSD.

In single character operands, however, a one bit in the 24 position of either
operand causes an alarm stop.

TAPE WRITE NORMAL:

Once the data is updated, it will be necessary to prepare it as output. The
TAPE WRITE NORMAL instruction allows us to write to magnetic tape utilizing the
normal operating registers.

The OP code is an 8. e A

1= Grgniong (s s Tt s o ™ ~—

"N' again defines the tape unit (1-6, A-F, J or N, L or P, 9 for the Paper
Tape Punch, . Printer, or U for the Interrogating Typewriter.
Te “l} (}gg%’:rg‘{gf AR ‘ag_r»,fﬂ RE Y G e g B

The ddress gives the HSM location of the first character to be written,
punched, or typed.

+

i

W eiteg 608 Crorzevel o 4w Do Mo oa Moo

s s e £ - A .
70 L8 e, [T RS IS SR

- E
A
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Theeg address gives the HSM location of the last character to be written

punched, or typed. Tw Oo¥ A E‘“fi:"‘ T O *3"";37 5
- gﬁ}@; of L2 Gl B L S e e ey AT
Fxample: M’M
We wish to write the following to magnetic tape: \\gxzf
N eY st Write, E Fo \WM&
0 e 5
65 66 67 68 69 70 71 72 73 74 75 Ff‘ o F g v + “"t“”’* St

17 R C A - 3 0 1 _ E D P ead W we ¥e
The instruction is
8 5 1765 1775

which says to write to tape on station 5 the information that falls in memory be-
tween 1765 and 1775.

The instruction is staticized and tape station 5 is activated. The contents —1
of the A register are placed in the MAR and the character addressed is pulled out
of memory and placed in the MR. From there it goes to the tape buffer and then to
tape. The contents of the A and B registers are then compared. Since they will
not be equal, the A register will be increased by one and the process will continue
until A equals B. The A register will increase once more, so that it will end up
with an address one to the right of the last character written, in our case 1776.

STORE REGISTER:

As we've already discovered, the P reglster s

Lhe 1L I ] _ ed. It follows, therefore,
that lf we could modlfy the Pvreglster‘ the 1nstructlons wouldn't necessarily have
to be processed in sequential order. In order to do this, it must be possible to
address the P register, but since registers are not part of HSM, we must have an
instruction that will affect the registers, in this case the P register. This in-
struction is called STORE REGISTER. When we address the P register with a REG
instruction, we not only have the ability to store the present contents of the P
register, but also to place something new in that register.

In HSM there are some standard memory locations that are always used for the
same thing. One of these is called STP (store P). It is used to store the contents
of the P register before it is modified so that a temporary record can be kept of
the location at which the change was made (STP will contain an address 10 greater
than the instruction that made the change). The addresses of this location are
0216-0219. At this point, we will make a temporary rule that states that the
contents of the P register must always be placed in STP before the P register is
affected,

The OP code is a V.

N gives the register to be affected. At this point we are interested in the
P register, so "N' must be a 1.

The A address gives the right hand end of the area to receive the contents of
the P register, which we have stated to be 0219.

The B address is the address of the next instruction to be executed.

e Yoo e e ben

i
-3
s
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Example:

We have just written a program that consisted of 10 steps. We decided to
place this program in memory starting at location 1700.

(0) 4 N A B
1700 X X XXXX XXXX
1710 X X XXXX XXXX
1720 X X XXXX XXXX
1730 X X XXX XXXX
1740 X X XXXX  XXXX
1750 X X XXX  XXXX
1760 X X XXX XXXX
1770 X X XXXX XXXX
1780 X X XXX XXXX
1790 v 1 0219 1700

The last instruction in our program is a STORE REGISTER instruction. It will
enable us to start doing the steps over again at 1700. Once the instruction has
been staticized, the computer will recognize that it must affect the P register.
The present contents of the P register (1800) will be placed in memory at STP
(0216-0219) and 1700 will be placed in the P register. The computer will then
start to staticize the next instruction, which will be the one located at 1700,

oP N A B
\Y I o219 {7100

<

) 2) ¥

02
STP| 118,00

Having discussed these four instructions, Tape Read Forward Normal, Add,
Tape Write Normal, and Store Register, it will be possible for us to write a
program which will solve our interest problem. As you remember, we were to add
the interest to the balance for each of the records.

Our first step would be to read in a record from tape 1 and place it into
memory from 3000-3016, as depicted on the HSM Record (page XI-9). This ingtruction is:

4 1 3000 3016

The next step would be to add the interest to the balance, so that the sum
becomes the new balance:

+ 6 3016 3010
The next step would be to write the updated record out to tape on station 2:

8 2 3000 3016

XI-6



The last step would be to start over again with the read. We have stipulated
that the program will start at 3100. The Read will be at 3100, the Add at 3110,
the Write at 3120 and the Register at 3130. Since we want to transfer back to the
Read, our instruction will be:

v 1 0219 3100

To facilitate our writing of programs, we will use a 301 Computer Program
Record sheet (page XI-10).

Following through on our program we would have it prepared as input, and read
into the computer memory starting at location 3100. We would then set the P register
to 3100 (by use of the computer console) and hit the start button. The following are
the first two records we must process:

13452000256034189 23546000150013550 s

The first record is read into memory starting at 3000:

00 01 02 03 O4 05 06 07 08 09 10 11 12 13 14 15 16
30 1 3 45 2 0 0 0 2 56 0 3 4 1 8 9

The next step would add the interest to the balance leaving:

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
30 1 3 4 5 2 0 0 0 2 5 6 0 3 4 4 4 5

The next step would write this new record out to a new tape:

{ 13452000256034445 )

The Register instruction would put 3100 in the P register and the Read in-
struction would be executed again:

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
30 2 3 54 6 0 001 5 0 01 3 5 50

The add instruction would result in:

00 01 02 03 O4 05 06 07 08 09 10 11 12 13 14 15 16
30 2 3 5 4 6 00 0 1 5 001 3 7 00

Writing this record out to tape we have:

{ 13452000256034445 23546000150013700 }

The mext instruction would transfer the program back to the read, etc.

XI-7



&

E.D.P. DATA SHEET

INPUT oUTPUT IDENTIFICATION DATE
REFERENCE INTERMEDI ATE INTEREST ACCOUNT MASTERS
SOURCE USE SCHEDULE
SEQUENCE DPSPOSI TION NO. OF MESSAGES
PEAK: / NORMAL:
DGCUMENT DESCRIPTION:
TYPE: / SI1ZE: WiIDE X LONG / NO. OF COPIES
REMARK S
ITEM | sus. : NO. OF CHARS. % OCCUR-| wWTD.
No. | No. DESCRIPTION e YT RANCE AVG.
1 ACCOUNT NUMBER 5 5 100 5
2 INTEREST 6 6 100 6
3 BATARCE 6 6 100 6
TOTAL CHARACTERS OF INFORMATION 17 17
ADDED CONTROL CHARACTERS - -
TOTAL RCA CHARACTERS 17 17
1E 245
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FLOW CHARTING & CuuING EXERCISE T

Flow chart and code the following routine:

of the message

in the Savings File. The input data appears as follows:

acct no. first dep second dep third dep fourth dep total
5 6 6 6 6 6
Assumptions:
1) The items are all fixed-variable.
2) Total is carried as O's initially, all fields are loaded with
insignificant zeros.
3)  Accumulate total in total item.
4) Read in the information from tape deck 1.
5)  Write out the entire record to tape deck 2.

FLOW CHARTING & CODING EXERCISE IT

Flow chart and code the following routine to develop a total of the quarterly
profits for each year of the company's existence. The information is to come in
from paper tape in the format:

P

%

1st quarter} 2nd quarterg 3rd quarter  4th quarter total
Z 7 E 7 7 7
tsommes o s s e e e

Q—\z‘*;?x;’ftfs*
Punch the full record out to the paper tape.
Assumptions:
1) The items are all fixed-variable.
2) Total is carried as O's initially, all items are loaded with in-
significant zeros.
3) Accumulate total in total itemi
4) Write the entire record.

vV

w T ¥ e W oAt oo
Con R
(R TR X}xa,*‘w:‘~g
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XII — CARD INSTRUCTIONS

Card Read Normal, Card Punch and Input-Output Control

So far, we have limited our input and output to magnetic tape, but it is
quite feasible that it might be cards. For this reason, we must have the ability
to read and punch cards.

Since there are two models of Card Reader and two models of Card Punch in
the RCA 301 system, we shall discuss the card instructions for the Card Reader
(600 CPM) and Card Punch (100 CPM) first and the Card Read Punch (800 CPM Read
and 250 CPM Punch) second.

CARD READER UNIT

CARD READ NORMAL

This instruction reads information from punched cards in the Card Reader and
places this data into HSM.

The OP code is 0 (zero).

N either determines the rate at which cards are to be read or is used in a
card cycle ending routine.

N RESULT

—

Reads single card (200 CPM) or ends continuous
card reading

Used in continuous card ending routine

Used in continuous card reading cycle (600 CPM)
Used in alternate card reading cycle (300 CPM)
Ends alternate card reading cycle

0o EN

The A address gives the HSM location to receive the first character read
into memory.

The B address is zeros (0000).
Example:
0 1 2900 0000

Once this instruction is staticized, the Card Reader places a card in the
read station. The first character is translated from card code to RCA 301 code
and is transferred to the Card Reader buffer. From there it is placed in the MR
and finally into memory at the location designated by the A register. The follow-
ing 79 characters are placed in successive locations in HSM. The final character
(column 80) is located at (A); + 79.
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Automatic card translation does not take place if the BCT button on the Com-
puter Console Panel is in the "on" position. Each card column is then split into
two groups of six bits each, a parity bit is generated and added to each group, and
the resultant two characters are transferred into HSM.

The character represented by rows 9 through & in column 1 (row 9 = 25, row 4 =
20) is read into HSM at the location specified by the A register. Successive char-
acters representing rows 9 through 4 are also read into memory with column 80 being
placed at (A)i + 79. The character represented by column 1, rows 3 through Y
(row 3 = 25, row Y = 20) is read into HSM at (A); + 80. Successive characters repre-
senting rows 3 through Y are likewise read into HSM with column 80 being placed at
(A); + 159. The final A register setting is (A); + 160.

In order to maintain a 600 card per minute rate, a Card Read instruction in
which the N character is 4 must be executed for each card read. The successive card
read instructions must be staticized before 100 milliseconds have elapsed. Approxi-
mately 80 milliseconds are required to read one card leaving 20 milliseconds of
compute time between cards.

Continuous card reading is initiated when N=4. Since only the first of the
three cards in the card reader transport mechanism is read by this instruction, the
continuous card reading cycle, must be terminated by two card read instructions in
which the N characters are 2 and 1 respectively to avoid a '"feed" error.

The card feed rate may be accomplished at 300 cards per minute by staticizing
successive card read instructions every 200 milliseconds for each card read. The
N character in the card read instructions must be M. Of this 200 millisecond card
cycle, approximately 120 milliseconds are free for computing after the card has
been read.

This Alternate Card Reading cycle must be terminated by a Card Read instruction
in which the N=8.

When Card Read instructions are staticized in which the N character is 1, cards
may be read at any rate up to 200 cards per minute. No terminating instruction is
necessary since only one card has been fed into the Card Reader transport mechanism
by this instruction.

CARD PUNCH NORMAL:

This instruction enables the Card Punch to punch 80-column cards from informa-
tion contained in HSM.

‘The OP code is a 2.

"N is a zero 0.

The A address gives the HSM address of the first character to be punched.

The B address gives the HSM address of the last character to be punched.

The information we wish to punch is located in memory from location 4500-4739,
This indicates that we will be preparing three cards (80 x 3 = 240). The instruc-
tion is: '

2 0 4500 4739
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The instruction is staticized and the Card Punch is activated. A scanning
process begins which enables the Card Punch to prepare one row of one card to be
punched at a time. It continues punching a row at a time until the A and B reg-
isters are equal for the last row punched in a card. The punched cards are read
to insure the accuracy of punching.

CARD READER/PUNCH UNIT

CARD READ NORMAL:

* This instruction reads information from punched cards in the Card Reader/Punch
~and places this data into HSM ' "

The OP code is 0 (zero).

N - v SYMBOL RESULT
i .
K Binary read mode specified G rows 160 Lalumnd,
1 Translate read mode specified 1L TowS %O QQ%@_}W\?’{%,

‘:The A address gives the HSM location to receive the first character read from
punched cards. ‘ )

{Ihe B address is zeros (0000).

- This instruction directs the Card Reader/Punch to place a card in the read
station and operates on successive characters in the following cycle.

When the translate read mode has been specified (N=1) the character in column
one of the punched card is automatically translated from RCA card code to RCA 301
code and is placed in HSM in the location specified by the A register. The following
79 characters are placed in successive locations in HSM. The final character (column
80) is located at (A); + 79.

[khen the binary read mode has been specified (N=K) card card column is split
into two groups of six bits each, a parity bit is generated and added to each group
and the resultant two characters are transferred into HSM.

The character represented by rows 9 through 4 in column 1 (row 9 = 22, row
4 = 20) is read into HSM at the location specified by the A register. Successive
characters representing rows 9 through 4 are also read into memory with column 80
being placed at (A){ + 79. The character represented by column 1, rows 3 through
Y (row 3 = 25, row ¥ = 29) is read into HSM at (A); + 80. -Successive characters
representing rows 3 through Y are likewise read into HSM with column -80 being
placed at (A); + 159. The final A register setting is (A); + 160,

A card read instruction must be staticized for each card read. In order to
maintain an 800 card per minute rate, successive Card Read Instructions must be
staticized before 75 milliseconds have elapsed. .The 75 milliseconds card cycle is
comprised of 21 milliseconds card feed access time, 44 milliseconds card read time,
and 10 milliseconds time free for compute. When the read release option is exer=-
cised (via the Input Output Control Instruction), an additional 21 milliseconds of
compute time is made available.

e N
-~ R f e = 3
1Y 4

E\“I‘,t‘n‘; *':A‘s,gf; 2



CARD PUNCH NORMAL:

This instruction enables the Card Reader/Punch to punch 80-column cards from
information contained in HSM.

The OP code is 2

N -
N CARD PUNCH MODE
& Binary
0 (zero) Translate

The A address gives the HSM address of the first character to be punched.
The B address gives the HSM address of the last character to be punched.

A start signal is sent to the card punch unit. The card punch punches
the information from HSM between and including the locations addressed by the
contents of the A and B registers, punching up to 80 columns to a card. When
the A and B registers are equal, the last card is punched and the contents of
the A register are incremented by omne.

-When the binary punch mode is specified (N = &), the A register denotes the
memory location of the character to be punched in column 1, rows Y through 3.
Each information bit results in a hole in the card (20 - row Y, 25 = row 3).
Successive characters representing rows Y through 3 are also punched from HSM
with column 80 being punched from (A); + 79. The character present at (A); + 80
is punched into column 1, rows 4 through 9 (20 = Row 4, 2% = Row 9). Successive
characters representing rows 4 through 9 are also punched from HSM with column
80 being punched from (A); + 159.

The card punched is read concurrently with the punching of the succeeding
card to insure the accuracy of punching.
INPUT-OUTPUT CONTROL:

This instruction performs the Read Release, Punch Release and Stacker Select
functions for the Card Reader/Punch.

The OP code is ;.
N - (.

A Address - Ay, Ay, Ag = 000 (zeros).
A3 - designates function to be performed:
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FUNCTION

o
w

S Peeke¥

Select Reader Stacker No. 1

Select Reader Stacker No. 2

Select Punch Stacker No. 4

Select Punch Stacker No. 8

Read Release

Punch Release

Read Release and Select Stacker No. 1
Read Release and Select Stacker No. 2
Punch Release and Select Stacker No. 4
. Punch Release and Select Stacker No. 8

YOO ooNoOYUnFE W N

9]

B Address - 0000 (zeros)

The A3 character is sent to the control module. After the operation is
initiated, the registers are available for use by the next instruction.

CARD EXERCISE I

B. F. Swift Company has a weekly run to determine the total gross pay. Trans-
actions come in from cards in the following fixed format:

1-25 26-30 31=-35 36-40
Name Clock No. Base Pay . Overtime

25 5 5 5

Compute total gross pay by adding overtime to base pay (columns 31-35 will be
gross pay) and punch out name, clock no. and gross.

Flow chart and code.
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XIII — TAPE AND FILE TERMINATING
TEST INSTRUCTIONS

(REWIND, INPUT-OUTPUT SENSE, ED/EF SENSE, HALT)

The tape programs that we have written up to this time have been "loop™ pro-
grams. That is to say, once they got started there would be no way to stop them
until the tape physically ended. Obviously, this is not desirable, so we must have
some way to be able:to sense the end of tape, in order to be able to stop writing
to it, and also be able to .sense for the ED or EF on an input tape.

Each reel of tape will be supplied with three physical markers: The first one
is called BTC (Beginning of Tape Contact). This is located near the physical be-
ginning of the reel, and it is at this point that data should be started. For this
reason, it is advisable to rewind ea tape placed tape station to BIC
before beginning to record on it. :

The second marker is near the end of the reel. It is called ETW (End of Tape
Warning). This device will trigger an indicator which can be sensed by the pro-

grammer, thus allowing him to prevent writing up to the physical end of the tape
(PET), which would cause the computer to stop in an error condition.

REWIND TO BTC:
B = SR

Ibis, instruction causes a designated gagpetic. tape unil Lo rewind the tape reel

it to BTC. Once it is initiated, the tape unit takes over and the com-

piter is free icize the next instruction.

The OP code is ;.

"N" identifies the tape station (1-6, A-F, J or N, L or P).

—

The A and B addresses contain zeros (0000).

INPUT-0OU :

With this instruction, the programmer is able to gense indicator to
see if it has been set and then choose the proper one of two sequences of instructions.

The OP code is S.

N gives the device to be sensed (1=6, A~F, J or N, L or P).

The A address gives in Ay a code that will ask the proper question. In this
case, the question is "Has ETW been sensed?" and the code is a bit in the 24 position,
which would give us a 4. Ay 9 and 3 are zeros.

The B address gives the address of the next instruction to be executed if the
condition exists, in this case if ETW has been sensed.

Programming-wise, this implies that a test should be made for ETW befQre or-

after each write, so that when it is found, the transfer could be to a routine
which would allow some steps to be taken to continue the writing on a mnew tape.
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Example:

The following is only a section of a program:

1970 S 2 4000 2060 Sense Tape Station 2 for ETW

1980 8 2 1000 1099 Write out the record to Tape Station 2

1990 Vv 1 0219 1900 Transfer back to the first instruction

2060 8 2 2000 2000 Write an ED (an ED is found at 2000) to tape
2070 ;2 0000 0000 Rewind tape 2

2080 {3 O 0000 0000 Halt (To mount new tape)

2090 2 0000 0000 Rewind the new tape to BTC

2100 v 1 0219 1980 Transfer back to write of record

When the sense is staticized it will examine the ETW indicator. As long as
this is not set (i.e., ETW has not been sensed by the tape unit), the P register
will remain unaffected and the program will continue in sequential order, with
the Write of the record occurring next. When ETW has been sensed, the indicator
will be set and when the next Sense instruction is staticized, the contents of the
P register will automatically go to STP (0216-0219) and then the contents of the
B register will go to the P register. 1In this way the next instruction to be ex-
ecuted will be a write of an ED to the completed tape. As you remember, an ED symbol
indicates the end of the good data on a reel of tape. The tape can then be rewound
to BTC, so that the operator can remove it when the operation is completed.

The computer is instructed to Halt and wait for the operator to re-initiate
the program. This allows him to remove the completed tape and mount a new tape.
Then, by hitting the Start button, the next instruction will be to rewind this new
tape to make sure that it is on BTC and then transfer back into the program to pick
up where it had left off, with the write of the record. Flow charted, the program
would look as follows:

ETW?

'S‘EE!EI’

@
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HALT:

In our ETW routine, we mentioned one instruction we have not yet discussed,
BALT. This stops the computer from staticizing the next instruction, causing the
computer to cease operations. The OP code is [=] (period) written as [} .

N, A, and B may contain numeric constants.

The P register remains unaffected.

CONDITIONAL TRANSFER OF CONTROL (ED/EF INDICATOR):

When we were writing to a tape we had to maintain a continual check for the
end of the tape. When we sensed it, we placed an ED symbol that was to act as a
sentinel for the end of data on the tape. It is only logical, therefore, that
when we are reading data in from tape. we should watch for this symbol, and for
the EF symbol which would indicate th&t we had processed the last record in the
file, 1In order to facilitate this, the tape stations are doing the actual sensing
for these characters. When one or the other is found, an ED/EF indicator is set.
It is the programmer's responsibility to continually sense this indicator. This
is done by use of a CONDITIONAL TRANSFER OF CONTROL instruction.

The OP code is W.

"N'" indicates what is to be sensed. In this case we want to sense the EF/ED
indicator, so the code would be an 8.

The A address gives the location of the next instruction to be executed if the
EF/ED indicator is set,

The B address gives the location of the next instruction to be executed if the
EF/ED indicator is not set.

Example:

The file we are dealing with is only one reel in length, so that we can
assume that the control symbol we will find will be an EF. Once it is found
we want to end the run, which means that we must put an EF on the output tapes,
rewind all the tapes and stop. Charted, this particular portion of the pro=-
gram would look as follows:
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READ
MASTER

YES

ED/EF?

The coding would be:

3600 4 5 2500 2750 Read a record into memory from Tape 5

3610 W 8 3700 3620  CTC to sense EF/ED.

3700 8 3 3690 3690 Write an EF to the output tape (EF at 3690)
3710 ; 5 0000 0000 Rewind input tape

3720 ; 3 0000 0000 Rewind output tape

3730 - 0 0000 0000 Halt (End of Run)

After each read, the EF/ED indicator is sensed. As long as it is not set, the
program will continue to the instruction addressed by the B register. This is
accomplished because the current contents of the B register are placed in the P
register. 1In our particular example, the P register will end up with the same
address. Once the indicator is sensed, however, the program will transfer to 3700,
which will cause the computer to place an EF on the end of the output reel in order
that it may be used as input tomorrow, with a sentinel to indicate its end. The
next two instructions cause the tapes being utilized by the program to start re-
winding to BTC and then the computer stops at the end of the run.
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In order to examine a complete program, let's take our interest problem and
incorporate what we have just learned:

ED/EF?

ADD
BAL + INT

5
ETW?
@ -

6
WRITE
MASTER
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EXERCISE I ~ TAPE AND FILE TERMINATING TESTS

PROBLEM: Duplicate a file.
INPUT: One reel of tape containing records in the following format:
o

Branch  Acct No. ID Code = Activity Date Balance
ﬁ; ' 3 8 1 6 10

PROCESSING: 1) Read the records into memory starting at 1000 from deck 1.
2) Check for ED/EF and ETW.
3) Write the message to an output tape on deck 2.
4) 1If EF is sensed, proceed to end of job routine.
5) End of procedure
a) Write EF to output tape.
b) Rewind both tapes.
c) Stop

6) Start Program at 2000.

OUTPUT: A duplicate tape.
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XIV — DECISION MAKING INSTRUCTIONS

(SECTOR COMPARE LEFT, CONDITIONAL TRANSFER OF CONTROL)

One of the most important functions of the computer is to make magnitude com-
parisons, i.e., is 3457 equal to, greater than, or less than 56747 1In order to do
this we utilize two instructions:

SECTOR COMPARE LEFT:
—-—--———-—-""

This instruction enables the program to compare two equal length sectors and
" indicate their magnitudinal relationships. The instruction compares the fields omne
character at a time working from lefi fo righi. so that the first time the characters
are unequal the operation can terminate, having determined the relative magnitude.

The 0P_code is Y.
Mz‘,_g{“ ‘*\* la,gigt'{\t, & woe Yo Fidd

N is the number of characters ln each operand (remember that the gperands must
be egu in length). Here again we make use of the "N" table shown on page XI-3.

The A address is the HSM location of the leftmost character of the first operand,
which we may think of as the ginuend (minuend minus subtrahend equals difference.)

The B address is the HSM location of the leftmost character of the second
operand, which we may think of as the subtrahend.

Again, the Previous Result Indicators are utilized. As you remember, there are
three of them, and only one can be set at a time. If the first operand is greater
than the second operand, the PRP (Previous Result Positive) is set; if it is equal
to the second operand, the PRZ (Previous Result Zero) is set; if it is less than the
second operand, the PRN (Previous Result Negative) is set.

Example:

Compare two stock numbers shown below:

34 3 3 5 6 3 23 3 3 6 3 2
The instruction is:
Y 5 3445 2334

The instruction is staticized and the contents of the HSM locations addressed
by the A and B registers are transferred to the D register (Data Register). The A
and B registers are increased by 1 and the 3 and the 3 are compared in the D reg-
isters. 'The N register js decreased by 1. They are equal so the next two characters
are brought out and compared. Again they are equal and the comparison continues.
When the 5 and the 6 are compared, they are found to be unequal. This will terminate
the operation. The PRN is set (the second operand is greater than the first), and
other than that nothing is affected. Both operands remain intact in the memory lo-
cations that they were in originally.

Having done the comparison, it is logical that we would wish to f£ollow one of
three paths, dépending upon the result of the comparison. This is possible by
utilizing the Conditional Transfer of Control which senses the PRI's,

X1iv-l



CONDITIONAL TRANSFER OF CONTROL (PRI's)

Again this instruction enables us to branch our program depending upon a
previous result, in this case the setting of the PRI's.

The OP code is W.
"N" this time will be a 1, indicating that the PRI's are to be examined.

The A address gives the location of the next instruction to be executed if
the PRP is set.

The B address gives the location of the next instruction if the PRN is set.

If the PRZ is set, the P register will not be affected, and therefore the next
instruction in sequence will be executed.

Example:

We have just compared stock numbers. Let us assume that these were read in
from two files, the first file containing master information to be updated by
transaction information coming in on the second file. We are now comparing the
Master stock number and the Transaction stock number (the master having been read
into 3440 and the transaction into 2330 and assuming that the stock number is the
first item in each record). If the master and the transaction have the same stock
number, obviously we will want to post the information in the transaction against
the master. If the master is greater than the transaction, the transaction refers
to a non-existent stock master, which must then be developed. 1If the master is
less than the transaction, we need a new master, so we must write out the present
master and then bring in a new one. Briefly our chart looks like this:

MASTER STOCK #
TRANS. STOCK # :

DEVELOP WRITE OUT
NEW : MASTER
MASTER M:=T

POST

Giving addresses at random to the two side paths, we'll say that the master
preparation path starts at 6700 and that the write out of the old master path starts
at 6850, Our series of instructions would then be:

6540 Y 5 3440 2330
6550 W 1 6700 6850

6560 begins the processing path
6700 begins the master preparation path
6850 begins the write out of the old master path

After the comparison instruction is done, the CTC is staticized, the computer
then senses the PRI's and if the PRP is set, it places the current contents of the
P register in STP and then places the contents of the A register into the P register,
If the PRZ is set, the P register remains untouched and the program continues. If
the PRN is set, as in our case, the contents of the P register are transferred to
STP and then the contents of the B register are placed in the P register. Our
particular example indicates that this master must be written out and & new master
read in.
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The following example will illustrate two comparisons, one for EF or ED (due
to a multi-reel file) and the other a comparison of a constant (remains the same
throughout the program) to the branch number.

DECISION MAKING EXAMPLE

PROBLEM:

INPUT:

PROCESSING:

OUTPUT:

A bank keeps a master account file for all its branches on one tape
file. As individual branches become large enough to handle their
own updating, it is necessary to strip the master file of all the
records pertaining to that particular branch. This is the purpose
of your run.

Bank Master Account File on magnetic tape deck 6.

Branch Acct # ID Code Activity Date Balance on Hand
3 8 1 6 7

. 1) Read Master File Record

2) Select all messages pertaining to a particular Branch indicated
by card input and write these to a separate tape on deck 2.
T ————————.

3) Write all other messages of the file on deck .

4) End of Job: a) Write EF to output tapes; b) Rewind tapes;
c) Stop :

1) A branch master tape containing all messages pertaining to the
branch indicated on the card,

2) A new master tape containing all other messages.

See Nﬁf;.. ?.;mmk'..
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READ IN
CONSTANT

RECORD

YES

1ST cHAR: ED

NO
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DECISION MAKING EXERCISE 1

PROBLEM:

INPUT:

PROCESSING:

OUTPUT :

A company wishes to run a sales analysis on certain stock items. A
work tape is to be prepared for this later run by extracting all
messages pertaining to those items from the master inventory file.
1) Master Inventory File on tape deck 5.

a) One reel

7 6 25 8
STK # ACTIVITY DATE DESCRIPTION QTY ON HAND

1) Read a master.

2) Select all messages pertaining to stock numbers 0000100 through
0001111 and write these messages to magnetic tape on deck 3,
Make these constants a part of the program.

3) Write all other messages to a separate magnetic tape on deck 1.

4) End of Job: write EF to output tapes, rewind tapes, stop.

iD) A work tape containing all active messages
a) One reel

2) A second tape containing all inactive messages

a) One reel

REVIEW EXERCISE I

PROBLEM:

ASSUMPTIONS :

Update all the messages in a master retirement fund file having the
format:

ACCT # BALANCE
5 7
(loaded with insignificant zeros)

1-5 7-13
ACCT # CURRENT DEPOSIT
5 7

(loaded with insignificant zeros)
1) Only one reel of master information.
2) If ED or ETW sensed, stop.

3) If transaction account number is less than the master account
number, the transaction is out of sort.

4)  There is only one transaction per message.

5) The EF of the reference file will occur at the same time as a
blank terminal card.
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PROCESSING:

REQUIRED :

25
3

4)

5)

6)

7)

2)

3)

Read the transaction into memory at 1500 from card.
Read the master message into memory at 1500 from deck 3.
Check for ED/EF. If EF, go to end of run routine.

Compare the Master Account Number and the transaction account
number:

a) IfM>T
-1-Sort error; stop

b) IfM<T
~1-Sense the end of tape deck 1
-2-Write out the master message on deck 1
-3-Go back to read in a new master

¢) IfM =T continue processing

Add the current deposit to the balance.

Sense the end of tape on deck 1 and write the updated master
to deck 1.

Go back and read in a new transaction and a new reference.
Functional and Detailed Charts
Coding

HSM layout
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XV — DATA HANDLING INSTRUCTIONS

(SUBTRACT, TRANSFER DATA RIGHT, TRANSFER DATA LEFT, TRANSFER SYMBOL TO FILL

Having learned most of the essential instructions, we will now investigate

some more of the Data Handling instrucd:
SUBTRACT: X %\J;- > Left

Obviously, it is as important to be able to subtract as to add. The subtract
instruction works in a manner similar to the add instruction. Again it is table
look up arithmetic on equal length operands, with the difference replacing the
minuend (minuend minus subtrahend equals difference) and the PRI's being affected.

The OP code is & (minus).
Nﬂa Lo ‘\'r«w» Ll w& \u *“;c.*m
N gives the number of characters in each operand (0-44), .
venesne Pt
The A address gives the location of the lgasi.sienificant digjit of the minuend,
and naturally, the difference.
wibinay Y”,pi{_

The B address gives the location of the least significant digit of té% sub-

trahend.

All the rules are the same, with the exception that if the signs start out
glideem the difference table is used; if they are initially unlike, the sum table
is used;]

Example:

& 1 0317 0442 (assume signs are alike)

0317 0442

7 4

0174

0317 0442

TRANSFER SYMBOL TO FILL: Le & -{- o R\{h‘?’
N

Suppose you should bring in a transaction that had a 7 digit amount and you
were required to add this amount to a 10 digit field. Obvicusly, you must be able
to place 3 insignificant zeros in front of this transaction amount. This could be

accomplished with a TRANSFER SXMROL LQekddwive instruction which allows the programmer
to f111 any size sector of memory with any given character.




The OP code is a J.

N gives the character to be used.

The A address gives the left ﬂand end address of the sector‘to be filled.
The B address gives the right hand end address of the sector to be filled.
Example:

In our problem stated above, we desire to load.insignificant zeros. Let us

" say that the information is coming from cards, and that ‘the format of the card is
as follows: .

Stock number : Amount
5 7
col 1=5 11-17°

If we read this into memory starting at 8900, we would have:

. 00 01 02 03 O4 05 06 07 08 09 10 11 12 13 14 15 16
89 X X X X X - - - = - X X X X X X X

Since the location 8907-8909 are not used for data, we c¢ould fill these with zeros
using the SF instruction:

J 0 8907 8909

Once the instruction is staticized, the character in N is-placed in the loca--
tion mentioned by the A register, A is increased by 1, and this process continues
until the desired character is placed in the location mentioned by the B register.
This would leave us with: - ‘

00 01 02 03 O0O4 O5 06 07 08 09 10 11 12 13 14 15 16
89 X X X X X - - 0 0 0 X X X X X X X

which gives us a 10 character field to use as an addend.

TRANSFER DATA RIGHT:

Suppose we had the same problem, but the data was coming in from paper tape,
so that when it fell in memory, there would be no locations free to place the zeros.
In that case we would have to set up a "work area" which is simply a portion of
memory utilized by the programmer as a '"scratch pad”. We could then fill the
first three characters with zeros at the beginning of our program, and then (after
reading in each new transaction) simply transfer the transaction amount from the
original read in area to the work area. To do this, we will need an instruection
that has the facility to transfer data from .one location to another in memory.
One such instruction is Transfer Data Right.

The OP code is N.
The "N' character indicates the number of characters in the sector to be
transferred, and again we utilize the "N' table. The A address gives the right

hand end location of the data to be transferred.

The B address gives the right hand end location of the area to receive the data.

Roah™ =~ Leby
\\
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Example:

Suppose the same data came intd memory from paper tape and was placed in memory
- starting at 7500:

00 01 02 03 O4 05 06 07 08 09 10 11
75 1 2 3 4 5 3 =7 4o .2 9 0 0
L

fﬁg N J

A .
STOCK # ) AMOUNT

J

We would then desire to transfer the amount to a work area which we have aiready
loaded with three insignificant zeros. The work area is located at 1590-1599:

90 91 92 93 94 95 . 96 97 98 99
15 0 0 0 = - - - -
'\> r"\ “ L 4
Our transfer instruction would be:
< -—
N 7 7511 1599

0

(a2

The character addressed by A will be placed in the location designated by B.
The A and B registers are then decreased by 1. N is decreased by one and sensed
for 0. Since it is not zero the process will continue. - When N does reach zero,
.the instruction will terminate. We will then have in memory:

As you can see, the transfer is not destructive, i.e., when the characters
are picked up from their original locations, they are regenerated in those loca-~
tions so that, at the termination of the instr i : jl1l appear in two
places (the.original location and the destination location).

- TRANSFER DATA LEFT:

The same operation could have been accomplished moving the data from left to
right instead of right to left. )

The OP code is M.
"N' is still the number of characters to be tramsferred.
The A address gives the location of the leftmost character to be transferred.
" The B address gives the location of the leftmost destination location.
The instruction:
-
M 7 7505 1593

would cause memory to end up in the same condition as the DR instruction did. The
only difference is that the A and B registers would be increased by one after each

— Lefr = R0
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DATA HANDLING EXERCISE 1:

PROBLEM: Perform a verifying run on Master Inventory File to assure ascending
sequence of records.

7

Master Inventory File on deck 1.

a) One reel
b) Format

6 25 8

STK # ACTIVITY DATE DESCRIPTION QTY ON HAND

INPUT: 1)
PROCESSING: 1)
2)

3)

o 4)

5)

OUTPUT: 1)

2)

Read a Master in

Sequence Check the criterion stock number. Assume that first
record is in correct sequence and that multiple records concerning
the same stock number are feasible.

Write Non-Sequence messages on an error tape, deck 3.

Write the properly ordered file to tape on deck 5.

When all messages have been processed, place EF on output tapes,
rewind all tapes, and stop.

Master File in proper sequence on tape deck 5.
a) One reel
Out of sequence messages on error tape deck 3.

a) One reel

DATA HANDLING EXERCISE II

"The problem is to update the mastetr payroll information and then prepare a card
to be punched out with weekly information.

Master Payroll Information (one reel)

. EMP # NAME ST. ADDRESS CITY-STATE ADDRESS NET PER WEEK TOTAL GROSS

25 18 20 6 7
Transaction information (cards)

EMP # GROSS PER WEEK
5 6

cols: 1-5 6-11

INPUT: D
5

2)

PROCESSING: D

2)

3)

Initially clear the punch area to spaces and a work area to zeros.
Read in a transaction.

Read in a master.



43 Compare the employee numbers. 1If the Master employee number is
greater than the transaction employee number, assume a sort error
and stop. If they are equal, continue to process. If the Trans-
action is greater than the Master, write out the master and bring
in a new master. (Assume one transaction against a master.)

5) Processing consists of:

a)
b)

c)
d)

Updating the Total Gross item in the Master,

Transferring the following information so that a card can

be produced with the given specifications:

EMP # NAME ST. ADD C-S ADD NET PER WEEK
1-5 7-31 33-50 52-71 75-80

Punch the card

Write out the master and bring in a new transaction and master

6) When all messages have been processed, place an EF on the output
tape, rewind the tapes and stop.

REVIEW EXERCISE I1: 5eoe Flow CherY

PROBLEM:

INPUT:

To update the Master Checking Account Information of a Bank, and
prepare an overdraft notification card if necessary.

1) Master Information (1 reel)

ACCT # NAME

PROCESSING:

7

25

1059 - 9 e

ST. ADD C-S ADD TOTAL DEPOSITS TOTAL CHECKS BALANCE
18 19 9 9 6

2) Transaction Information (cards)

-~

ACCT # CODE AMOUNT 2>
7 1 5
cols. 1-7 8 9-13

The code will either be a C or a D, standing for Check or Deposit.

Assume that there will never be more than one transaction per master.

1) The problem is to update the master by adding a deposit to both
the total deposit amount and also to the balance, or adding a
check to the total check amount and subtracting it from the balance.

2) After subtracting a check from the balance, the programmer should
determine if the balance is negative (treat a zero balance as a
plus). 1If so, an overdraft card should be prepared to be sent to
the customer. The format of this card is:

ACCT # NAME ST. ADD C-S ADD BALANCE -

1-7

9-33 35=52 54-72 74-79

/

/ey
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XVI - PRINTING

PRINT AND PAPER ADVANGE

So far we have learned how to read from and write to magnetic tape, read and
punch paper tape, and read and punch cards. The next output device is the printer.

The On-Line Printer prepares documents at a rate of(é@b,or 1000 lines per minute
depending on the mode. A line may consist of/ 120 or 160 character locations.

The Printer sends a signal to the computer telling it what character on the
print wheel is to be printed next. The computer uses this signal to develop an
address in the print table which is stored in HSM.. The chagacter addressed in the
print table is extracted and stored in the Print Register. pThe data to be printed
is compared with the character stored in the Print Register until lgg or 160 con-
secutive memory locations have been checked. This checking for one character is
known as a Mscan". As each character is checked, a one bit is sent to the printer
shift register for an equality, a zero bit is sent for each non-equality. At the com-
pletion of a scan, the shift register contains a one bit in every position on the line
in which this character is to be printed. The one bits are then used to trigger the
corresponding print hammers. The following is the Print Table and where it is stored
in HSM.



Table Location Table Location
Character Memory Size Character Memory Size
10,000 | 20,000 | 40,000 10,000 20,000 | 40,000
- Minus 9900 1900 Z900 A Letter 9940 1940 2940
+ Plus 9901 1901 7901 B » 9941 1941 1 7941
Space 9902 1902 2902 c ” 9942 1942 7942
0 Zero 9903 1903 2903 D ”» 9943 1943 2943
1 One 9904 1904 7904 E » 9944 1944 7944
2 Two 9905 1905 2905 F ” 9945 1945 2945
3 Three 9906 1906 2906 G ” 9946 1946 2946
4 Four 9907 1907 7907 H 9947 1947 2947
5 Five 9910 1910 2910 I ” 9950 1950 2950
6 Six 9911 1911 Z911 ] 7 9951 1951 2951
7 Seven 9912 1912 7912 K ” 9952 1952 2952
8 Eight 9913 1913 7913 L 9953 1953 2953
9 Nine 9914 1914 2914 M 9954 1954 2954
, Comma 9915 1915 Z915 N 7 9955 1955 7955
. Period 9916 1916 2916 o 7 9956 1956 2956
@ At 9917 1917 Z917 p 9957 1957 7957
% Percent 9920 1920 7920 Q 9960 1960 Z960
Colon 9921 1921 2921 R 7 9961 1961 7961
# Number 9922 1922 2922 s ” 9962 1962 7962
$ Dollar Sign 9923 1923 7923 T 9963 1963 2963
) Close
Parenthesis 9924 1924 7924 u 9964 1964 2964
”’ Quote 9925 1925 2925 v » 9965 1965 Z965
10Sub 10 9926 1926 2926 v 9966 1966 Z966
( Open
Parenthesis 9927 1927 Z927 X ” 9967 1967 2967
] Close Bracket | 9930 1930 Z930 Yy ” 9970 1970 2970
; Semicolon 9931 1931 7931 z " 9971 1971 7971
> Greater Than 9932 1932 2932 CR Credit Symbol 9972 1972 2972
<+ Divide 9933 1933 7933 ' Apostrophe 9973 1973 Z973
t Arrow Up 9934 1934 2934 * Asterisk 9974 1974 2974
[ Open Bracket 9935 1935 2935 & Ampersand 9975 1975 2975
< Less Than 9936 1936 2936 / Virgule 9976 1976 2976
= Equal Sign 9937 1937 2937 X Lozenge 9977 1977 2977

* Four of the 64 code configurations will not be available as standard 301 codes

but can be generated by computer programming.

Also, some of the 301 symbols

do not appear in this list so that other symbols may be chosen to represent

the 301 symbols.

by placing the code (17)g in location 9902, 1902, or 2902,

printing of the associated character.

It is advisable to prevent energizing the hammers for spaces
In fact, the code
(17)g can be placed in any location in the table when it is desired to prevent

appearing in the print area will never cause printing of any character.

XVI-2

For this reason, too, any (17)g codes




The Synchronous Mode permits only 47 characters to be printed since a complete
line of print and paper advance to the next print line is accomplished during each
revolution of the print drum. The letter "A" is always the first character for
which HSM is scanned, and the period is the last. The Asynchronous Mode permits all
64 characters on the print drum to be printed in one full revolution, and paper ad~
vance occurs in a portion of the next print drum revolution. Scanning can proceed
with the mnext character in sequence on the print drum at the conclusion of the paper
advance function.

Once the full line has been printed, it is necessary to advance the paper so
that the next line will not be printed on top of this one. This is donme in one of
two ways:

1) the computer can count the number of lines to advance, or
2) the paper advance can be controlled by a tape loop.

The tape loop mentioned can be thought of as a reinforced piece of paper tape. ..
It is divided into two parts or '"channels'", the first controlling the Page Change (21)
type of paper advance and the second controlling the Vertical Tabulation (20). This
tape is punched so that the holes correspond to the locations of the lines to be
printed. In this manner, it corresponds to the vertical layout of several sheets,
This tape is then spliced together to form a loop and is placed on the printer so that
it corresponds with the blank paper.

Once a line is printed, and paper advance under control of the VT channel of the
tape loop is requested, the paper will advance until it senses the first hole in the
VT channel.

This occurs when the tape, which is passing between a photo-electric cell and a
light, allows the light to hit the cell. This stops the paper, and the printer is
ready to print the next line. The same sort of procedure would be followed if we re-
quested control by the PC channel, the difference being that the sense would be made
for a hole in the page change channel.

PRINT AND PAPER ADVANCE NORMAL :

This instruction allows the printing of one 120 or 160 character line on the On-
Line Printer. It can also cause the positioning of paper for the next line of writing.

The OP code is B.
UN" supplies 2 types of information. The numeric portion indicates the number of

lines to be advanced if the computer is to count the lines. This is limited to 0-14,
The zome bit, 24, indicates which of two possible printers is to be used.

ASYNCHRONOUS MODE SYNCHRONOUS
LINE # 01 42 I3 §43s5}1617 18 19 1011312813114 1
1st
PRINTER O 1412 13}J4)5]16}7 1181409 _ #1 @) (} ) J
2nd
PRINTER &lA|B ICIDJEjFlGiH|T|+1{ ; . /

The A address must be zeros (0000).



The B address contains the LHE of data to be printed excluding Bj.

Bg - MSD of address

By - if even, printing will occur. If odd, printing will not occur,
Bg - always zero
B3 - indicates type of paper advance.

B3 TYPE OF PAPER ADVANCE

0 None

1 Paper Advance using N Register
2 Vertical Tab (using Tape Loop)
3 Page Change (using Tape Loop)

QLU‘;F‘:‘?"-

It is up to the programmer to edii the 11ne for prlntlng.; .

oty T ‘"}a&it\ vag TRy Fioan
§‘§: f BT Ch Paper
L St “ o ﬂ( P R TP A R At g f“'ﬂ
The problem is to print out]a list of employee numbers’, section rumbers, and
names, The information is coming in from magnetic tape mounted on tape station 3
(one reel). The input is in th?:format:

Example: ﬁ,ﬁ

.,

adht

{
ACCT # SEC # NAME TQTAL GROSS TOTAL SS TOTAL WITH. TOTAL NET
5 3 25 7 5 6 7
i

The print format is to bg:

ACGDUNT # SECTION # NAME
Print Positions——————)»l-lS 21-23 31-56

Assume that the VT channel of the tape loop has been punched to take care of all
paper advance desired.

\
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HOUSEKEEPING;
CLEAR PRINT AREA
RWD TAPE

READ
RECORD

TRANSFER _
ACCT# —» PR A

TRANSFER
SEC 4—>» PR A

TRANSFER
NAME ——— PR A

7
PRINT
AND
PAPER ADV.

RWD
TAPE



10] 11]12]13]14

ooJo1[02]03]04]0s5[06] 07| 08] 09 15] 16| 17] 18] 19] 20 [21] 22| 23] 24] 25[ 26 27 28] 29 [ 30| 31 32 33] 34] 35[ 36| 37| 3830 | 40] 41]42]43]aa[45|a6]47] 48] 49
20 —> | 8RC # —TOTOR —————= | — .TOTSS —| <~TOT WITH| READ
50[s1[52]53]54]55]56]57] 58] 59| 60[ 61]62[63[64]65]66] 67[ 6869 [ 70 [71]72[73[74] 75[76[ 77[78] 75 [ 80 81 [82] B3] 84| 65| 66 [ 87| 8889 [ 90 [ 9192 [93] 94 |95 96 |97 98] 09
—TOT NEf ———
oo[o1[o2[03]oafos[os[o7]0sJos 10 11]12[13[ 14| 15[ 16] 17] 18[ 19 ] 20 [21]22[ 23] 24| 25T 26[ 27] 28] 29 | 3031 32[ 33 34| 35] 36 [ 37[ 38[ 3 | 40 [ a1[az[a3] 24| a5 [ a6 a7] 28] 4s
21
505152 53] 54] 55| 56] 57] 58] 59| 60| 61| 6263 [ 64| 65| 66| 67| 68] 69 | 70 [71]72] 73] 74| 75[76[ 77[ 78] 79 | 80 [81]82] 83[ 84] 5] 86| 87 [ 88] 89 00 [ 91[02[03]0a[95] 96 [97[ 98] 69
00 [01]02]03] 04| 05] 0607 o8] os] 10] 11[ 1213 1a] 15[ 16] 17] 18 19} 20 [21]22]23] 24| 25[ 26 [ 27] 28] 29 { 30 [31[ 32[ 53] 3] 35] 36] 37 [ 38] 39 | a0 [ a1[a2[a3[aa|as[ a6 a7] 48] a
oo |- . . oo L - - - - - SECTH# - -|- - - - - NAME PRINT
5051]52| 53] 54| 55] 56 57] 58] 59| 60| 61[62]63] 64| 65] 66[ 67] 68] 69 | 70 [71[72] 73] 74[ 75] 76] 77] 78] 75 | 80 [ 1[82[ 3] 84| 85[ 86 [87[88] 89 90 [91 [s2] 9354 |95 [s6 7] 98] 00
PE——— PR, T - L B T T T T e e TS iv
00]01]0z]03]o04]os[os]o7] o8] ea] 10 11]s2[13]1a] 1s[16[17 18] 19] 20 [21]22]23] 24| 25]26] 27 28] 20 | 30 [31] 32 33] 34| 35[ 36 [37] 38] 30 [ a0 [ a1[42[43[aa ] a5 a6 [47] 48] a9
23 b = o o o e e o b e o e e o] o = - - o
505152 53] 54]55] 56]57] 58] s9] 6o 61]62] 63[64| 65| 66| 67| 68] 69| 70 [71] 72| 73] 7a[ 75| 76 [ 77[ 78] 79 | 80 [81] 82 83] 84| 85[ 86 [ 87 e8] 89] 00 [91 [92 ]934 o596 [97] 58] o9
0001]02]03] 0a}0s]os[o7] 08[os ] 10] 11]12] 13[1a] 15]16[17 18| 19] 20 [21]22]23] 2a] 25 [ 26 [ 27[ 28] 29 [ 30 [31] 32 33] 34] 35] 36 [ 37| 38] 30 ] 40 | a1]a2[a3]aa[as]as[a7] 48] a0
2 | PROGRAM —p————
% 50 [51[52| 53] 54| 55] 56] 57] 58] 59 60] 61]62[63[ 64| 65] 66] 67] 8] 69 | 70 [71] 72] 73] 78| 75[ 76 [ 77] 78] 79 | 80 [81 2] 03] 84| 856667 [88]e0 [ o0 [o1 [s2[93[94 |05 |26 [o7] 8] 09
—
1
o 00]01]02[03]0a|os[osJo7[ 080} 1o] 11[12[13[14] 15[16]17 [ 18] 19} 20 [21]22[23] 24| 25] 26[ 27[ 28] 29 [ 3031 ] 32 33] 34| 35[ 36 ] 37[ 38] 30[ 40 [ a1[a2] 4] aa |25 a6]a7] 48] a0
25
505152 53] 54| 55] 56 57] 58] 59 ] 60[61]62]63] 64| 65] 66] 67] 8] 69 | 70 [71]72[ 73] 7a] 75] 76 [ 77] 78] 79 [ 80 [8 1 [82]83[ 84| 85[ 86 [87 [88]ms [ 50 |01 [92] 93[94 |95 [96 [97] 98] 99
00 [01[02[03[0a[os[os[o7[0s[osf 1011 12]13[1a] 15[ 1617 [18] 19| 20 [21]22] 23] 2a] 25 [ 26] 27] 28] 29 | 30 [31] 32| 33] 34| 35] 36[ 37 [ 38] 39| a0 [a1 [a2as]aa |45 [a6 |47 as] a0
26
50 51]52]53) 54| 55] 56[57] s8] 59| 60[61[62]63]64]65]66] 67[ 6869 [ 70 [71]72][73]74] 75| 76] 77] 78] 79 | 80 [81[62[83[ 8] 85 86 [87 [88]e9 [ 50 |51 [92[93 94 |95 [96 [97]08] 90
00 [o1[02]03]0a]os]os]o7]0a[os ] 10 1+] 12[13] 14| 15[ 16]17 [18] 19 [ 20 [21]22]23]24] 25 [26 [ 27] 28 29 | 30 [31[32]33] 34| 35] 36 [ 37 [ 38] 20 a0 [41 [42[43]44 |45 [4c [a7] 28] a0
27
50 [51]52]53] 54] 55 56 57] 58] 59 60[61[62[63[6a]65[ 66] 67] 68 69 | 70 [71]72[73[ 74| 75[76]77] 78] 79 J80 [81[82] 83] 84] 8586 [87 [88]89 [0 |91 [92[93 0495 [s6[97] 98] 9o
00 [o1Jo2]o3]oafos[06]07]0s] 09 10 11] 12]13]ra] 15[ 16 17] 18] 19 20 [21] 22| 23] 24| 25] 26| 27] 2829 | 30 [31[32] 33 34 35]36 [37[38] 3040 [a1 a2 a3 aa | a5 [46 7] 48] 20
28
50 [51]5253]54]55] 56|57 58] 59 | 606162 [63[64|65]66]67[68[69 | 70 [71[72]73[74]75]76[77[78] 79 |80 [81[82[a3]84[e5]s6 [87[as]es |50 [91]o2 o3 [e4 [as [o6 o7 o8] s
00 [01]02]03 Joa [o5]os [o7 Jos Jos [1o[11[12[13]1af15] 16] 17] 18] 19 J20 [21]22]23] 24| 25[ 26] 27[ 28] 20 | 30[ 31 32 33] 34| 35 36 [ 37 [ 38 [ 30 a0 [ 41]42[43]4a |45 a6 a7 ] 48] a9
29
50 [51]52[53] 54| 55 s6]57] 58] 59 ) e0]61]62]63]64|65]66] 67[68[69 | 70 [71]72[73[74]75] 76 [ 77[ 78] 79 J80 [81]82[ea| 84[85]a6 [87 88| 89 00[91[92]93[94 |95 |96 {97 98|99
TITLE: BLOCK NO.: INDEX NO.: PROGRAMMER: DATE PAGE OF _

FORM NO. 1223

28M 6.60

e
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TITLE PRINT EXAMPLE
CODER DATE
REMARKS SEGMENT NO.
FROM |NO. 12 Jor| n A B REFERRED
Toc. [ms. LocaTioN 55 ol1]|2]|3|4a)s]|6|7 (8] By REMARKS o.
,______E o 0l0f0p;l3lolojololololo RWD 3 1
1 OofofolglENslolofolalal1]g CLEAR TPRINT AREA TO SPACES
2480 2 0o 0‘422_9__0_9\2057 READ IN ONE RECORD 2
3 OO0 lOfwisfaiulolollalu|ulo SENSE FOR _ED/EF
y  ofotofulsiololololelaltlo TRANS EMP #—————+ PRINT AREA 4
2430 5§01 0 iz lalololslolalalo TRANS SEC # PRINT AREA 5
| > 6 Yol 9Imw|ojololB8lalal3]o TRANS NAME - PRINT AREA 6
7 ofolofslo]o]ololol2]2alo]2 PRINT AND PA BY VT 7
80|00V102192h20 TRANSFER — 2
2430 9  OQ%19%)sl3lolololololololo RWD 3 8
250 CJO 0o lo]lololololololo HALT _(FOR)
ofo | o
jé olo]o
ofo | o
ofo | o
ofo | o
oflo
ofc
6 oo o
offo | o
oo | o
ofo | o
ofo
0
IE 1224 REV. 8.60 PAGE 1 OF 1




PRINT EXERCISE:

- PROBLEM: To prepare a list of names and addresses of each account in the file,
INPUT: A file containing account information of the format:

oo ACCOUNT # NAME ST. ADD = C-S ADD  TOTAL CREDITS TOTAL DEBITS BAL.
4 7 25 30 25 10 10 8

R This file is multi-reel.

e ———

PROCEDURE : 1) Read in a record.

2)  Print out the name on one line (starting at the first print
position), the street address on a second line directly under
it, and the city-state address on a third line (single space
between the three lines and assume the VT channel is set up
for the desired paper advance between the records).

3) Do this for every record in the file, allowing for a new reel
when required.
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XVII — ITERATIVE CODING

(TALLY)
A programmer often wishes.ro Re.able to repeat a‘Portlon of his progregia given

number..of times .and. then,. gqmgngg$§peﬁgyennkng“else This 1s céTred"lfg?g%lve codlng".
One example of this might be a program which is to write out 100 records to a

work tape and then stop. This means that, instead of a program tramnsfer instruction

at the end of the main path, we need a type of conditional transfer. One way it

could be handled is to keep count of the number of writes which have been performed,

by adding a 001 to a work area which was initially cleared to 000. Then we would

have to continually sense this counter work area for 100.

Until it is found, we can continually go back to fead in a new record and then
write it out. When it is found, we can go to an end of run routlne These steps,
however, would greatly increase our running ‘time, which, of course, we are trying to
keep at a minimum. For this reason, we have one instruction called TALLY that works
in a reverse direction. That is, it starts out with the maximum number and dedéreases
by one every time it is executed. :

TALLY:

The OP code for this instruction is X.

The "N" character is zero. »

The A address gives the HSM 1ocatlon of the diad contalnlng the quantlty to be
tested. This is often referred to as a Tallz Coug; - The maximum value of the tally
quantity is 99. . ’ .

The B address gives the location of the next instruction to be performed if the
tg&ﬂzﬁé}y being tested has not been exhausted. When the quantlty has been exhausted,
the Text instruction 1n sequence w1lll be executed

Example I:
Our problem was to write the first 100 records of a file out to tape.  Our input

contains records, 200 characters in length, and it is mounted on tape station A. The
output is to be on tape station C. B o
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TITLE

PRINT EXAMPLE 1

CODER DATE
REMARKS SEGMENT NO.
<| o
|FNRs9r’.A T)% Log:"?ION EEOP,N A REF?SRED REMARKS BN%X
Loc. |INs. dldlol12f{3f{afs|el7]|8]9 BY .
6 0o
0o
0o
0
0
0 ‘ oo { % TAIIY CTR EF
6 0jo)sialolololololololo RiD A 1
1 ofololslclololofolo]o]o]o RWD_C 1
4540 o 0Qo 0L iai3lolojol3]1]9 |9 READ A RECORD 2
3 0010948 lci3jolotolzlilele WRITE _RECORD 3
y OO O%¥xlofn |y lols|uls |2 fo TATLY QO TIMES 4
iOﬁﬁrﬁ_‘ﬂguuéquhqg WRITE EF TO C 5
3] us6 0010} ialolololololololo RWD A 6
TOISO;Cooqooooo RWD _C 7
s olololdTololololofolololo FALT (EOR) 8
ofo|o
ofolo
6 0 0
ofo] o
ofo] o
ofo o
cfofo
ofo o
IE 1224 REV. 8.60 PAGE 1 oF 1




You will note that the tally quantity is 99. Since we have aliready executed
the write one time before we came to the Tally, we desire to transfer back only 99
times.
’J?ﬂ'\iv
When the Tally instruction is executed, the contents of the tally counter t
addressed by A are sent to the D register. If the quantity is not 00, the contents
of the P register are sent to STP and the contents of the B register are transferred
to the P register. The contents of the D register are decreased by 1 and replaced
at the address designated by A. If the D register does contain 00, the next instruc-

tion is staticized without affecting the P register.
Example 2:

A second example of the use of a Tally is connected with printing. Our problem
(stated in the last chapter) was to print out each employee'!s number, section and
name on one line.

We assumed that the VT channel of the tape loop had been punched to take care
of any paper advance. Suppose, however, that this was not true, and we had to arrange
to do this in our program. Our particular size of paper allows us to print the in-
formation concerning 25 employees on one page. Having accomplished this, we want to
page change and then repeat the process. 1In other words, after printing 25 lines, we
want to cause the paper advance control to be thrown to the PC channel, rather than
having the computer cause the printer to double space. 1In order to do this, we have
to be able to keep a count of the lines we have printed.

Again the Tally can be utilized. We can tally to the regular print routine 24
times. On the 25th, we will go to the print routine that executes a Page Change.
Notice that we must reset the tally counter after printing out each group of 25 lines.
This is necessary since the tally quantity is physically reduced each time the in-
struction is executed. If we did not set it back to 24, it would register 00, and
from that point on we would print one line, page change, print another line, page
change, etc.
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HOUSEKEEPING:
RWD TAPE
CLEAR PR A TO SPACES

10 -

2
READ
RECORD

TRANSFER
EMP# ——> PR A
TRANSFER
SEC#¥ ———>PR A

TRANSFER
NAME ———> PR A

7
NOT EXHAUSTED

[ TALLY
10 24 TIMES ,
PRINT
AND , EXHAUSTED ,
DOUBLE SPACE 8 / SRINT
AND
PAGE CHANGE
o ——1
RESET TALLY
COUNTER
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TITLE  PRINT EXERCISE 2 .
CODER DATE
REMARKS SEGMENT NO.
FROM NO. |~ |OP| N REFERRED
HSM <| < BOX
INST. OF TO REMARKS
Loc, |ins| LOCATION | 213 ol | 2]s|als|e|7]8]9 BY NO.
1 0
(}
0 olol2lklolo]l2ll EF___TALLY QTY TALLY CTR
’7& “ls13lo|lojojojo|ojofO RWD 3 1
‘ Jli_|2(2]0]0l2{3]|1]|9 CLEAR PRINT AREA TO SPACES 1
5229 olul3|l2|o|olol2]|o]5]|7 READ A RECORD 2
cywi8l2{s5(3|0(2|{4|k]0 SENSE ED/EF 3
sM|s|2|oflolofal2af1]0 TRANSFER EMP # - PRINT AREA L
‘ M|3|2|0ojof5|2|2(2|0 TRANSFER SEC # - PRINT AREA 5
F Min|2|ojo|8]2]23]0 TRANSFER NAME ~ PRINT AREA 6
X|0j2]3]19|9|25]1]0 TALIY 24 TIMES ' 7
c|IBlOololo|o|lo|l2l2alo]3 PRINT WITH PC .8
aIn)2l213]9]5|213|9|9 RESET TALLY CTR 9
viillo|lal1f9|2(k]|2]o0 TRANSFER - 2 '
2470 B|2jo|ojolo|2l2|l0o]|1 PRINT WITH DOUBLE SPACE 10
vpviiljofejij9jafkjajo TRANSFER ~* 2
2430 ols;l310[0o]oloflo]lo]jo]o RWD 3 11
¢lml of of of o[ ofo[ 0[O} 0O HALT (EOR) 12
IE 1224 REV, 8-80 PAGE OF 1




ITERATIVE CODING EXERCISE I

PROBLEM: Search a file for the first ten messages containing a specified
identification code.

INPUT: 1)

Master Sales File mounted on tape E.

a) One reel
b) Format

CODE SALESMAN'S NAME REGION BR. OFFICE YRS. SERVICE SALES TO DATE QUOTA

2

PROCESSING: 1

2)
3)

4)

5)

OUTPUT: 1)

2)

25 8 8 2 9 9

Search the master file for the first ten messages which contain
the identification code brought in from a card.

Write the selected messages to tape trunk 5
Write the other messages to tape trunk 1

When 10 selected messages have been written go to end of job
procedure.

End of job procedure:

a) Write EF to output tapes.
b) Rewind all tapes.

c¢)  Stop.

One reel containing all selected messages.

One reel containing all non-selected messages.

ITERATIVE CODING EXERCISE II

PROBLEM : Using the same problem mentioned in the chapter on printing, page XVI-S8,
single space between the lines of one address, triple space between
addresses, and page change after printing 10 addresses.
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XVIII — ADDRESS MODIFICATION

(LOCATE SYMBOL LEFT)

In all of our programs to date the instructions we wrote remained intact through-
out the running of the program. It is quite possible, however, that we might desire
to change certaln addresses within the program Thls _process is called "address

e e AR s
modification® T s e
Wﬂﬂmum

One example of this is illustrated in the following program:

We have a table in memory.

i 0141]47 43[44] 45]46[47[48[49 [50]51]52]53]54 | 55[56]57(58[59] 60[61] 62]63]64 | 65|66|67 6869
56 96 75 48 4 5 3 6/6 54 9 813 2 45 6]2 1 36 410 0000
\'\/‘/ \'\/J \——\,‘/ -
Stk. #1 4 5

stock code
terminate the

Our only job is to verify that all the records in our file have a
that agrees with one of the above, The zeros are placed at the end to
loop. For example, if our first message had a stock code of 43257, it would be less
than 96754, so we would compare it to 84536. Again it is less,.so the next comparison -
would be to 65498. The next step would be to compare it to 32456. Since it is
greater than 32456 but less than 65498, it must be an erroneous code. All codes will
be greater than 00000, so a code of 10324 would be recognized as erroneous.

The problem is to keep the number of programming steps at a minimum. Since the
MSD of each code is located exactly 5 positions away from the last MSD, wouldn't it
be possible to start out comparing against the first code and if it is necessary to
then compare against the second code, simply add 05 to the compare instruction? This
loop could be maintained until the code matches, or until the record is proven to be
illegitimate. t@e must remember, however, thatmlf we are g01ng to modif;

of the compare whlle proceSSLng ‘one record
e'startlng to process the next reco d
"When we bring in the next record, however,

beft

match on code 32456 °5h this record.
code is 84536,

would register as a "greater than" and therefore be rejected, when,
perfectly valid record.

INPUT: 1 reel of master information on trunk 6:
STOCK CODE STOCK NUMBER BALANCE ON HAND DUE 1IN
5 8 10 7
OUTPUT: 1) 1 reel of valid masters on trunk 3.

2)

1 reel of invalid masters on trunk 5.

XVIII-1

in fact,

its
If we did not reset the compare to start again at the beginning, this

it is a



HOUSEKEEPING!
RWD TAPES

@

INITIALIZE COMPARE
1

®,

5 e,
RC> C RECORD CODE

RC< C

. CODE 16

I

ADD

05 TO COMPARE

XVIII-2

—

u—

5



€=1TIAX

50

00[01[02[03] 04

05/ 06| 07] 08| 09

10[ 11]12]13] 14

15[ 16[ 17[ 18] 19

20 [21[22]23[24

25|26 27|28[ 29

3031/32]33] 34

315?.[ 37] 3839

40| a1/42]43]44

45| 46]47] 28] 49

50|51 [s52[s3]sa

55] s6] 57 s8] 59

60| 61]62]63]6a

65| 66| 67] 68] 69

70 [71]72]73[74

75 |76]77]78] 79

80 [81]82[83] 84

85| 86878889

90 |91[92]93]94

95[96]97[ 98] 99

51
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TITLE ADDRESS MODIFICATION EXAMPLE 1

CODER DATE
REMARKS SEGMENT NO.
FROM NO. HSM E ; OP! N A B REFERRED
INST. OF TO REMARKS
Loc. |iNs| LOCATION | 513 1o | 2|3 4|s 6|7 |89 BY
| Ié o 0)10)0); 16]o] o o o] of olo]o RWD 6 1
1 ofojol; 3]0 of o of o olo|o RWD 3 1
2 ofolol; |slo] o]l o o] of olo |o RWD 5 1
2299 3 ofof{olk|6(s5| 2 o of 5| 22 |9 READ RECORD 2
L ofojofw (85| 5| 4 of 5/ 45 |0 ED/EF SENSE 3
5 olololn|2l|s| 6 3 s| s| ule INITIALIZE COMPARE 4
—— 9—
5610 J6 L ofofolyls{s5] 2| of of s{6(lo o)} 4, 18 |coMPARE RECORD : CODE 5
7 Ojojojwi1is | 5{ 11 o] 5 6o |0 R>C ~* 9 R<C - 18 5
8 ofo|o]lsi3|k|o] o of 5 6|2 |0 ETW ON 3 6
9 ofojolgisfls| 2| o ol 5 2/2 |9 WRITE RECORD - 3 7
550  ofoofv{ilo| 2f o of s 4|3 ]o TRANSFER * 2
5470 1 0§0jofs |5 4| o 0 of 5 62 |0 ETW ON 5 8
Ié ssp 0[0]0]8{5|5]| 2 o o] 5 2/2 |9 WRITE RECORD -~ 5
3 olololvixzilo]| 2 1 9| 5| 43 |0 TRANSFER -+ 2
5440 L ofojol8 35| 6| 3 1| 5 6|3 |1 WRITE EF ~ 3
> opojols8|s|s| 6] 3 1 sl 631 WRITE EF - 5
6  ofojo}; {3lo| ol o of of olo |0 RWD 3
Tooho;soooooooo RWD 5
6| 558 ofofo]; 16]o] ol o o of oo |o RWD 6
9 offo]lofmlolo]| o] of ol o olo |o HALT EOR
5470 560 OQo [0+ |2 |5 | 4| 6/ 9( 5| 6(3 |9 ADD 05 TO ADDRESS (5B)
1 olololvizio] 2 1] of s| ul6 |o TRANSFER > 5
2080 2 clolol8jolo]| of o o of ofo |o ERROR HALT
3 ofofo ol ol 4 o of oo CONSTANTS: EF; INIT ADD; INC. AMT

IE 1224 REV. 8-60 PAGE - 1 OF




Another example of address modification also ties back to printing. 1In the print | .
examples covered up to this time, we have only been printing fixed alpha or alpha- P
numeric informatioms. Suppose, however, we wanted to print a balance. Since we are [ i
carrying it in a 7 digit (6 characters maximum, 1 space for overflow) fixed field on * '
‘tape, a balance of $107.54 would appear as 0010754, and a balance of $6.98 would
appear as 0000698. Once we place the balance in the print area, we must change all
the insignificant zeros to spaces so that they will not appear on the printed copy.
In order to do this we must discuss a new instruction called LOCATE SYMBOL LEFT.

LOCATE SYMBOL LEFT:

This instruction searches a sector of memory looking for the laek of a given
symbol. For example, in our case, we would want to locate the rightmost insignificant
zero in the balance area.

The OP code is K. Sezrch ar g’m&” S\%w\"zf} \

N indicates the selected symbol.

The A address gives the left hand end of the area to be seg
Searchads

The B address gives the right hand end of the area to be searched.

seazched.

If the balance item were placed in the print area between 2434-2440, our in-
struction would be:

K 0 2434 2440

Once the instruction is staticized, the contents of the HSM location specified
by the A register is compared against the contents of the N register. If the char-
acter is like that in N, and A does not equal B, the A register is increased by one
and the operation is repeated. The operation will terminate when either:

1) A equals B or

2) a symbol unlike the one in N is found. 1In this case, the A register is de-
creased by 1, so that the A register would be addressing the last symbol
found (in our case, the last zero).

In addition, the PRI's will be affected as follows:
PRN is set when the first character searched is not equal to the contents of N.
PRZ is set when all characters searched are equal to the contents of N.

PRP is set if a non-symbol is found after a character equal to the contents of
N has been found.

Now, if we have the ability to transfer the contents of the A register into the
B address of a Transfer Symbol to Fill instruction, we would be able to replace the
zeros with spaces. This is true since we know the symbol to fill would be a blank
and that the left hand end of the field would be the left hand end of the balance or
2434, The only thing we didn't know originally was the right hand end of the sector
to be cleared, and we have just found that. The problem, therefore, is to get to
the contents of the A register.
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The first instruction that occurs to us is the STORE REGISTER instruction since
we already know that we have the ability to store the contents of the P register
utilizing this .instruction. This presents a difficulty, due to the fact that the REG
instruction itself utilizes the A register, so that before we could remove the address
we needed, we would destroy it. For this reason, the engineers supplied us with an
automatic storage of the final contents of the A register in practically every case
where we might need it. ' '

Agéin we will be working with a standard high speed memory location. This time
0212-0215 are the locations, and they are called STA (Store A). At the termination

of certain imstructions, the final-g@gﬁiaxs of the A register are placed automatically
into STA. Once there, the progra as the ability to transfer them wherever they
may be needed. He must remember, however, that they are there only temporarily, since
the next instruction that affects STA will change its contents.

The solution to our problem.is now simple. All we must do is locate the right
hand least significant zero, transfer the contents of STA to the B address of a SF
instruction, and then fill the zeros with blanks. The routine would look as follows:
(Assume one zero.) ’ ‘

W Tt for PRl ‘;‘_3500 K . 0 2434 2440 Locate MSD of balance
’ 3510 N 4 0215 3529 Trans. STA to B address
3520 3 _ 2434 ( ) Replace zeros with spaces

Using the two examples we mentioned before, let's follow the routine through:

34 35 36 37 38 39 40
24 0 0 1 0 7 5 4

Locating the last zero wqu&dAput 2435 into STA.

Transfer the contents of STA to the B address of the SF instruction so that it
now reads:

J _ 2434 (2435)
Execute that instruction so that you have in memory:

24 34 35 36 37 38 39 40
- - 1 0 7 5 4

- Starting out with:

24 0 0 0 0 6 9 8
Locating the last zero would place in STA 2437.
Transferring this to the B address would give us an instruction that reads:
J _ 2434 2437,
Executing this instruction would yield:

34 35 36 37 38 39 40
24 - - - - 6 9 8
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ADDRESS MODIFICATION EXERCISE I:

PROBLEMS: Post a set of totals developed in a previous run to a table of year-to-
- date totals maintained on magnetic tape.

INPUT: 1) Magnetic tape containing a table of 100 ten digit master totals
) a) One reel
b) On tape 3

2) Magnetic tape containing a table of 100 ten digit transaction totals
a) One reel
b) On tape 5

PROCESSING: 1) Housekeeping
a) Rewind all tapes

2) Read a master total

3) Reéad in transaction total

4) Add the 100 transaction totals to the 100 master totals. The first
transaction total is to be added to the first master total, the second
transaction total is to be added to the second master total, etc. The
new sum will never exceed 10 digits. :

" 5) Write the updated 10 digit total table to tape station 1.

6) End of job procedure:

a) Write EF to output tape.
b)) Rewind all tapes.

OUTPUT: 1) Updated table on magnetlc tape.
a) One reel.

ADDRESS MODIFICATION EXERCISE I1:

PROBLEM: Prepare and print order forms from the data coming in from a stock file:
INPUT: One reel of master stock information in the format:

STOCK # - MFG'S NAME ST. ADD C-S ADD BALANCE ORDER QTY DUE IN
9 25 20 20 10 . 8 , 8

The numeric fields (balance, order quantity and. due in) are loaded with insignificant
zeros.

-OUTPUT: Printed order forms in the format:
STOCK #  MFG'S NAME  ST. ADD  C-S ADD.  ORDER QTY.
Print 1-9 20-44  50-69 75-94 ° 113-120
Pos. '

Advance 5 lines between lines and page change after every 10 order forms.

ADDRESS MODIFICATION EXERCISE III:

PROBLEM: To edit a tape which is supposed to contain one of a possible ten stock
numbers.
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INPUT:

PROCESSING:

OUTPUT:

1)

2)

2)
3)

D

2)

An inventory file on one reel of magnetic tape, mounted on Station C,
(100 character records; the stock number is the first 8 characters).
A table which is to be read into memory from a card wjith 10 eight
digit codes, in ascending order.

If the message doesn't contain a valid part number, write that
message to the Station A.” If the message does contain a valid part
number write the message to tape F. {»

If an EF is detected write EF's, rewind tapes, and halt.

Use a tally ta sk the ogram loop.

A tape of valid messages.
a) One reel.
A tape of invalid messages.

XVIII-S8



XIX — VARIABLE CONNECTORS

[}n our examples so far we have assumed that there would be no more than one
transaction against any one master. This, of course, is not always a valid assumption.
If we did have a problem with multiple transactions, another programming problem would
be involved.

Initially we would have to bring in both a master and a transaction in order to
start the processing. If the criteria of these two records matched, ye d then up-
date the master with the information contaimed 1n the transaction. At this point we
Would want to Lransrer back to read in Enorher IThoNcooITorgInce we know that there
may be multiple transactions against any one master. In addition, if the transaction
record had a criteria that was less than the master criteria, we have been assuming
that this was a sort error (or no master available) and have been stopping the computer.
This is inefficient and a more common practice would be to put this error transaction
out (for example, to a magnetic tape or to a punched card) and bring in a new trans-
action. . If this was the entire program, we would have no problem, and the functional
chart for i1t would appear as follows:

M)YT

{, PUNCH
REJECT

PDATE MAST
l TRANS upo ) S BTYRANS

However, this does not take care of the case where the master criterion is less
than the transaction criterion. This would indicate either that the master had no
transactions against it and was simply to be written to the new master tape or that
the master had one or more transactions against but these have been posted, and a
transaction belonging to another master is now in memory. In either case there is a
good transaction in memory, and if we were to bring in another transaction over it we
would, in effect, lose it. If we could comnsider just this portion of the program we
could flow chart it as follows:
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READ
TRANS

To have a complete program, however, we.must be able to "overlay" the two flow
charts. This we can accomplish by utilizing a "variable connector". This is nothing
more than a program transfer instruction that is modified. 1Inh our example, we could
simply place a Store Register instruction, affecting the P register, between the Read
of the master and the Read of the tramsaction. Initially, the variable connector or
"switch" will contain the address of the next instruction in -sequence. This next in-
struction will modify the switch so that the next time it is executed it will cause
the program to transfer to the compare of the criteria. From that point on, whenever
we desire a master (but not a transaction) we will transfer to 1 (the Read of the
Master) and the variable connector will skip us around the Read of the tramsaction to
the comparison. Now we have the ability to bring in just a transaction, or just a
master as the case may indicate. Functionally flow charted, our program would be as
follows: ’ '
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M<T

_ REJECT
[ TRANS 6

UPDATE MAST BY
TRANS

Example:'

There is a master inventory file with 10,000 records. We have 8,000 issues
sorted in gscending order by stock number to be posted against these masters. There
may be multiple transactions against any one master. Both files are being maintained
on magnetic tape.

File Descriptions:

Master:
Stock Number Balanée on Hand (BOH)
7 10
Transaction:
‘Srock Number Issued Quantity

7 10
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We are to write any out of sort transactions to an error tape.

Assume that the EF on the Master tape will occur at the same time as the EF on

the Transaction tape.

Flow charted and coded the problem would appear as follows:

13

Housekeeping
Rwd Tapes

Read
Mast

/A set
Initially
Ap Set By 5

M>T M:T M<T
\___ ¢
10 = 12
ETW SUB ETW
BOH & ISS

XIX =L



50

00/01[02[03]0a

o5 06| 07] 08| 09

10 11]12]13]14

15| 16] 17[ 18] 19

20 [21[22{23]24

25|26 27] 28] 29

30 |31]32]33] 34

35{36 37| 38|39

40L4\]42|43L44

a5]ae]a7] a8l 29

—

STK 4—18.0.H, =———t—p )
50(51[52 53] 54]55]56[57] s8[s9) 60[61]62[63]64]65]66] 67 68]69 | 70 [71]72][73]74] 7576 77] 78] 79 [ B0 [81]82] B3] 84| 85] 86 [ 87 [68]B9 [ 90 [ 91929394 [95] 96 [97] 98] 99
ooJo1]oz2]03Joalosoe]o7]velos] 1o 11 12]13] 1a| 15T 16] 17] 18] 19 20 J21] 22 23] 2a] 25 T26] 27] 28] 29 [ 30| 31]32[ 33] 34| 35] 36 37[ 3839 | 40 [ a1]a2a3]2a]a5] 4647 48] 49
51 | STK #—]—pe—TIss|qry |

50 |51 [52[53[ 54

55| 56| 57| 58| 59

60| 61]62]63] 64

65| 66| 67| 68] 69

70 [71]72]73{72

75]76]77] 78] 79

80]81]82]e3]8a

90 91]o2]s3]oa

95]|96]97] 98] 99

‘85]8618718§J89

52

00 [o1[02]03]0a

05| 06| 07| 08| 09

10] 1] 12]13] 14

15 16| 17] 18] 19

20 |21 22[23] 24

25]26] 27] 28] 29

30]31]32]33] 34

35 36| 37/ 38] 39

a0 a1]az]a3]aa

as|a6]a7] 8] 49

PROG

50 {51[52]53] 54

55] 56| 57| 58] 59

60| 61{62]63]64

65| 66| 67] 68[ 69

70 [71]72[ 73] 74

ssleéle7]ae]a9

v90[91[92|93|94

95]|96]97] 98] 09

75]76[77]73]79

8o|s1]az2]s3]ea

23

00 [o1]02[03[04

o5[06]07] 08 09

w]t]12]13]14

15|16 [17[18] 19

20 {21]22]23] 24

25|26 27| 28] 29

30]31]32]33] 34

35| 36 |37 38] 39

40 [ a1]a2]a3]aa

45| a6) a7] 48] as

50 [51(52]53]54

s5] 56] 57 58] 59

0] 61/62] 63|64

65] 66 67] 68] 69

70 [71]72]73] 74

8o|s1]s2]83]8a

8s|e6|87[es| 89

90 [s1]02]93]94

75]76[77] 78] 79

95]96]97] 98] 99

5k

00 [01[02]03]04

o;[os[o7]oe[og

10{ 11[12]13]14

15[16[17 [18] 19

20 [21[22]23] 24

25{26| 27| 28] 29

‘3ola1fhz]33]34

35]36 [37[38] 30

45|46 |47 48] a9

40 | a1{a2[a3[aa

-XIX

50 [51]52]53] 54

55 56| 57| 58| 59

60| 61|62} 63]64

65] 66] 67] 68] 69

70 [71]72]73] 74

75| 76| 77| 78[ 79

so[a}[82]§3[84

85|86 67| 88] 89

90 [91 [92]93[0a

95|96 [97]98] 99

22

00 Jo1]02[03] 04

os[ 06| 07] 08 09

10[11]12]13] 14

15]16[&7]13[19

30 |31 32| 33] 34

a0 | a1]az]a3]aa

45|46]ﬁ7l 48[49

20 [21]2223]24

25]26| 27] 28] 29

35[36]37]38] 39

50 |51[52[ s3] 54

55) 56| 57| s8] 59

60]e1]62]63]6a

65| 66| 67] e8] 69

70 [71]72]73] 74

75]76] 77| 78] 79

80]e1]s2|83]8a

85]86[87[88[89

90 [91 [92] 9394

9596 [97]98] 09

56

oolo1[oz]os|oa

05[06] 07| 08 09

10 11]12]13] 14

15[ 16{17 [18] 19

20 |21]22] 23] 24

25| 26| 27] 28 29

30|31[32]33] 34

35] 36/ 37[ 38] 39

40 [a1[az]a3]aa

45|46 ]47] 48] a9

50 [51[52]53] 54

60[61]62[63]64

65) 66| 67[68]69

75|76 77] 78] 79

80 |81]82|83]84

55]86T87]ae]ae

90 [91]o2]93]0a

9596 [97] 98] 99

55 56] 57| 58] 59

70 [71{72[73] 74

2T

00 [01]o2[03[ 04

05]06]07]08] 09

10{&1[12[13[14

15]16{17 J18] 19

20 |21]22]23]2a

25)26] 27| 28 20

30 [31]32]33] 34

35]36 [ 37 [ 38] 39

40 [41 [a2[a3]as

a5 ] a6 [a7]a8] 20

50(51[52]53]54

55] 56 57] 58] 59

s0le1]62]63]6a

65| 66( 67 s8] 69

70 [71]72]73]74

75|76 [ 77| 78] 79

90 [o1]92]o3]s4

9596 [97]98] 99

80 [81]82]83]84

85|86 |87 |88]as

58

oo[o1|oz[oa|04

05{06|07]08{09

10] 1] 12[13]1a

15[ 16[ 17] 18] 19

20 {21 [22]23] 24

25|26[27] 28] 20

3o|31|32]33|34

353637 |38 39

40]41]42[43[44

45[45[#7[43]49

50 [51]52]53] 54

55|56 57] 58 59

60]61]62]63]6a

65]66] 67[68]69

70 [71]72]73]74

75|76 |77 78] 79

BO[B1[BZISS[84

85|86 |87 |88 |89

90 [91]92 [93 |94

95 [96[97 ]98] 90

29

00 [01]o2]o3 [os

0506 |07 [08 [oo

10[11]12]13]1a

15[ 16] 17] 18] 19

20 [21[22]23]24

25I26I27l‘28!29

30 | 31|32} 33] 34

35{36 |37 ]38 39

45[46]47[4&[4§

40 [41[42]43]4a

50[51]52[53[54

55| 56| 57| 58| 59

60]61[52[63]64

sslsele7|sa|69

70|7TT%2173[74

75176'77,78'79

eoleilszlaa[34

85|86 87 88|89

90[91]92{93 |94

95|96 {97]98] 99

TITLE:

FORM NO. 1223 28M 6-60

BLOCK

NO.:

INDEX NO.:

PROGRAMMER:

DATE._

PAGE

OF __




VARTABLE CONNECTOR EXAMPLE I

TITLE

DATE

CODER

SEGMENT NO.

REMARKS

1 OF

PAGE

MO Al ] Al Al N O] ] 0] 0] N 0] 0 o Ol — N o | un| oo
BN -] - —{ - — | =] =] -
o)
#l
" =3
x w1
o« w
« m B4
=
w v
« o'Mm
[ 5 m E B
Ho| 2 g
1 q | 4 ;
gl 2 AL LR
Eq T B
RN M = 8=
< M>AU- - =
Al | ™ m % W =l Ml vl o m wm| O m 0w m w“ ~la
JEEEE PR BEEEEEEEEEEEE
P~ . m| M < | mc 0 (=114
[a]
w
o
© o >
W o
H -
[+ 4
ool o]l ol olo] ofjo|cn]| V] o o] ol vl o]l o| V| o} of o] o] o | olo
ol o ol of of Al V|V | H| o o] t~f —H || H| © | +| o] o] o]o
4]
7—Au Ol O O] Ol NN |N ]| H} 3 H of | ] A} ] = O N} ] 2+ OO
6—00005565 [Ta T BN TA IR TaY IRTe RNTRYENTON ENTAY BTN W I i N} OO0
s—O o| ofl o] o 0—9r> o| ol ol ofv| o] ol anf o} of o o | o]0
<fol o] of ol of ofj+d|lo| of H of #] Al H| o] o] | Of o] | ®| o] of0
< )
ol ol ol ol of ol gt ]| A ] ol mj o]l ajo| H| | of of | +| +]| OO
«lol o] of of | nfoln] ] o W nf | o]x] o .4—,9 of | | olo
z| -0 1] o] of 2| A{of~|a| af of o A 8] Al 2] = ] o A A ]| 2] ~|cu
alof o o =+ == 2 = M= G >ln|o|>| njo| =|olwo| | ..
dlvonldj ool o|le|o|lofololo|lo|ocjofao|loo|o|lojoo|ojlo|ololo
7._.<o._n_000000—000000GSGOOOOOOOOO
r.[l
[«3 Nwl Bl Rl Rel el ol ol el Noll el Noll el Eel el el el Boll Foll Rel el Noll RN R el
r4
o
- ol o NVl Mol ol HfAulM|a {in] O M OO\ O] o
s la = q A ) = o
Iy n n TN n
b4 ,
-
WW.M,O e Ne) Ne}
o 0Ol Q o o
20 %/ " NO O] O — — _mu;
oLa 2] Q Salia a ™ 2] o
FmL [TaY (YN LA\ TN [Ta Sn_ wn\

XIX-6

fE 1224 REV. 8-60




SEGMENT NO.

DATE

VRRIABLE CONNECTOR EXAMPLE I

TITLE
CODER
REMARKS

2 oF

PAGE

>
olwol N} O
wmllla
[ 7]
= =
o
<
=
w
[
Am:
oy
2| 55| B
Q =
m | = m O
[a]
w
o
X O >
w=-o
™
w
o
o OOOO% —
800000—
m
~f O O] OO | ©
ol olol olo] o
wl] ol o]l olo| o —
<Jolololofo
<
ol ol ol olo| ™
~af] O]l O] OO | W
z| ~f ]| OO | O
5111881
E.—.(OJ&OOOOOOOOOOO
VivVoldl o | o| o|lo|olofo | o|lo|lo o ol o
ocffo| ocloc|/c|lofofo|o|lo|lo
z
[«
M_.II.W://OTBQ/
w <«
ITo
(o]
A
owy Nel
Zwny -
NO“[’ -
gryU 2
x 20 ™
L n

IE-1224 REV. 8-60

XIx-7



As you can see, setting a switch implies transferring the address of the in-
struction we want to transfer to into the program transfer instruction. In our
example, we utilized a Store Register instruction as our variable connector. By
initially having the Store Register transfer to 5270, we will be able to read in
both a master and a transaetion. The instruction at 5270, however, places 5300 in
the B address of the Store Register, and from that point on when we read a master
we will skip over the read of the transaction to the compare located at 5300.

We could have saved an additional instruction by using the B address of the
CTIC executed as an EF/ED test. The B address of this instruction tells the computer
where to go if the ED/EF has not been sensed. By initially having this address the
Transfer Data Right instruction and then modify it to address the Sector Compare Left
instruction we would get the same effect that is obtained in the program that we coded.

The example that we just investigated incorporates a "one way" switch. That is
to say, we changed its setting from Al to A2 and never affected it again. Many pro-
grams incorporate variable connectors that are changing two (or more) way connectors.
For example, suppose we had a payroll problem to program. Against each master there
can be no more than one transaction, however there may be masters without transactions
and there may be transactions without masters. We will assume that all of these latter
cases indicate new employees for which master must be set up. Examining the problem,
there are three possible requirements: V

D) we have updated a master and need both a new transaction and new master or

2) - we have a master without a transaction and need just a new master, as there
is a good transaction in memory or

3) we have a transaction without a master and need a new transaction as there
is a good master in memory at this point.

By placing a variable connector between the two reads we give ourselves the
necessary flexibility.

Since we don't know what path we have executed -at any one time, we must make
sure that the variable connector is in the proper condition. For example, if we have
just updated a master we will want the switch to allow us to read in both a tramsaction
and a master. For this reason we must make sure the switch is set to Al. It might
already be set to Al, which means that we are wasting an instruction, but we are safe-
guarding our program in case it is not. If we have just set up a new master (the
transaction did not have a master) we will want to read in another tramsaction but not
a new master (since we have a good one in memory). To do this we will set switch A
to A2, which skips us over the read of the master. If we have just written out a
master then did not have a transaction, we simply want a new master and since we will
transfer the program back to step 2, we are not interested in the condition of the
switch. GCompletely flow charted and coded (ignoring ED/EF, and ETW routines) the
problem appears as follows:

Data Description:

Master
Employee Number Total Withholding Total S.S. Total Gross
5 6 5 7
Transaction
Employee Number Weekly Withholding Weekly S.S. Weekly Gross
5 . 4 4 5

XIX-8



M >

|

SET UP NEW MASTER

READ
TRANS

T

XIX-9

11



17

20

7

HSKPT
RWD TAPES

CLR WA_TOIZEROS

WW. > WW WA

TRANS
WSS » WS WA

TRANS

W7G—> WG WA

A1SET BY 16
A2 SET BY 20

TRANS
EMP # > WA EMP #

ETW

19

SET A~ Ag

©

11
12
13

16

DD
TSS + WSS

ADD_:
TG + WG

14

WRITE
UPDATED)
MASTER

SET
A~ Al

XIX-10



T1-XIX

00fo1]o2[03[0a

o5] 06| 07] 08 09

10] 11]12[13]14

15] 16] 17[ 18] 19

20 [21]22]23] 24

25|26] 27| 28] 29

30]31]32|33] 34

3536 37| 38] 39

40] a1az2{a3]as

45{ 46|47/ 48] 49

30 | EMP # —[¢~TOT WITH-¢ TOT SS| € TOT GR|——>
o5 [32 554  ss[ se [ 57] ss] 5o | so] ex] [ esea] se [c] e [ealeo | 7o [71] 7273 7] s 7e 77 7] 7s fso e [wz[ws] waf es|se 7 aaas [so [ 7]z o 74 [s5 56 s a3
e 23 23 5 2 3D K 5 ) ) ) s E i D 3 K ) A ) 23 E 3 G KK
31 EMP # —5| W.WITHW.B.S. — «W.|GROSS»
50 5152 53] 54| 55] 56| 57] 58] 59] 60| 61] 62[63] 64 ] 65] 66] 67] 6869 | 70 [71]72] 73] 74| 75 [76[ 77] 78] 79 | s0 |8 1[82] n3[ 64| 6586 [ 87| s8] 80| 0 [ 91]02 ]93] 0495 |96 [07] 8] 99
N 23 7 3 3 3 Ky 3 I 23 ) ) 3 ) ) S ) 2 s 3 P P P ) R E
32 |WAEMP # |0 O WA W.WITH OWA W.SES. O O WA W .GROSS _ ‘
50 [51]52] 53] 54| 55] 56| 57] 58] 59| 60] 61]62] 6364 65] 66] 67] e8] 69 | 70 [71]72[73] 74| 75[76 [ 77[ 78] 79 J 80 [81 [ 82] 83] 84 65] 86 [87[ 28] 89] 90 [91 [92 03] 94| 095] 96 [ 97] 98] 99
T X 23 2 33 3 3 K 2 5 3 ) 3 ) 3 e E ) ) S ) ) E EED ) D E (R EE ) [ ED A D
R OO E O At T e S E ] CI e CE E e e m e
2 ooJo1Toz[osoaos[os o7] 0a oo | o[ 11[12] 13T raf 15 r6] 17 [1e 1o f20 [21]2220] 24 25 26 ] 27] 26] 20 {30 [31] 52] 53] a4 35 36 [ 37 [ s8] 39] a0 [ a1]az [43] 44 [ 5 [ac [a7 ] 40] a0
e 1 £ e ) 2 ) 2 0 2 ) 23 2 23 2 2 3 2 3 ) EA 0 (3 £ ) ED T R R ) FD R BN T
00]01]0z[03]oafos[o6]o7[ o8] oo 1o[11]12[13]1a] 15|16 [17 18] 19|20 [21]22] 23] 2a| 25 [ 26 [ 27[ 28] 29 | 30 [31] 32] 33 34] 35] 36 [ 37 [ 38] 30] 40 [ a1]a2[a3] 44| a5 [ a6 a7] 48] a0
S NI PP P 7 Y 2 3 7 7 7 236y T T A 7 7 e EEa g 7 Py e P e
e 3 3 2 2 2 0 G I3 2 2 2 23 3 X 3 D 0 ) ) 3 P A £ Y E
S 3 0 3 ) 5 3 o ) 33 23 ) 2 3 2 3 2 G300 5 ) EA ) T R D
FETRE G C3 EA A ) K ADNEEIRD K K BRI ) Y X £ ) XS P E e E ) X E D ) G A DD E S A R E E ER A E
S e 3 o ) o ) ) 3 ) 2 3 23 0 e ) £ 3 2 0 S G D M ) e
00 [o1]o2To0a]oafos[os[o7]0a]oa | 1o 11] 12]13]1a] 15 16] 17[ 1819 | 20 [21 [ 22] 23] 24| 25] 26 [ 27 28] 20 [ 30 [31] 32 33] 34 35] 36 [ 37 | 38| 30 J 40 [a1 [a2 [43]4a |45 [ae [a7]as] a0
3 50 [51[52[53] 545556575859 | 6061 [62]63[64]65]66]67[68]60 | 70 [71[72]73[7a] 75|76 77[78] 79 |80 |8 1]82]83]84] 85|86 [87 [88[80 J90 | 91]02 [93 [94 )95 [96 [97|08] 99
00 101 Joz2o3 Joa Jos[os [o7[os jos [0 11]12]13]1a] 15[ 16] 17 18] 19 ] 20 [21 | 22| 23] 24 '25—126127[28T29 30 [31]32[33] 34| 35| 36 [ 37| 38| 30 J a0 [a1]42]43 |44 |45 [ a6 [a7] 48] 40
32 so [51[s2]53]5a]55] s6]57] 58] 59] s0]e1[62]63]64]65]66] 67 68]69 70171{72[73[74 75[76]77{78] 79 Jeo [81]82[0a] 84]as]ee [87]es[as] 90]91]o2[93[9a |95 [96[a7]ea] 00
TITLE: BLOCK NO.: INDEX NO.: DATE PAGE OF

FORM O

PPy T RS e

PROGRAMMER:




SEGMENT NO.

DATE

VARIABIE CONNECTOR EXAMPIE 2

TITLE
CODER
REMARKS

OF

PAGE 1

88 | A Al Al A o]l A 2| W O ~| ® olo| =l ~lo] 2] nl o ~ ®] o
BN — ) M} =] =} =] —~] =] —f —) —
Y
N
v
.
%) o) w
1% < | W
< = F _ m m <
M E il O =
o ] ] 4 M m .
N =
Bl |5 17+ | 8 *
, = S o )Y :
B m ~ Sy J 8 M
2 o bl pf < ms.m H | o+
w m m : M = w| o <q
8. 89 HEH<9 BB (B
E4 <
FEE JEREEE
| i m g8l e <
Bgg g a8 H Wl m B
m < m mm m B m < m gaa e E HE M MM g H
cEEEEE EEEEEREEEEEEEEEE
a :
[+ 4
o O > @
w i @ 3
w i
o .
-
o] o] of of ay O—"l al o o of of o] of O W « o o e
ofl O O Ol il ~{ O O H| H O o af OV H ~H]| « = o oy +| © e SV
o
~] o o o o H o ] o 4 O A A g ] Hl o oy o Qf B
ol of of of | m o} o o o] o o o o o] ™ E- ™) o e =
wfololoflo daplyol v of ol alojo] o Ny aal of 9 | o O] ©
<« o of of of A ml o o o m ol H A |l of 9 o H| O] OO
<
mjolo o al A Y H A ol o 2 © ] O ol of of o W af ~| ©
Qg Ol Ol O o] YWl M O of oy o] ol o +f o) oy O oy
Z |~ ) ol ] Of o Of = | ¥ H ~f ] Y A O 1 1~ o) | | i ™M
AR R EEE EEEEER EE e EEErE
givold] ol ol o|lojlolojo|lolo|lolo|loojo|lo|lolo|lofo|olo|lelole
<h<o._n_—0000000OOOOOOOOOOOOOOOOO
II‘I p—
[«} Foll el Naoll Rk Nel ol fol Noll Noll Noll Foll fol ol N oW Nol el offo|loloclole
z
o
-
v < Of Hl f 7 H Yy WOil N aOf Oy O f o) 0 oy © oy
TV ' =H = = N
o [\a o o o
-
v
2ozl 0
Sru 09 0 O o o
23 R RS | ki
w = b o) 2l b o

1E 1224 REV. 8-60

XIX=12



¢I-XIX

TITLE VARIABLE CONNECTOR EXAMPLE 2
CODER DATE
REMARKS SEGMENT NO.
FROM NO. : E OP| N B REFERRED
Ao el LOCATION gg ol 112131415 ; o REMARKS o,
6 351+oooiNl+3599 3 SET A » A2 20
5 ofjolofviitjol2|1]9 3 TRANS - 2
3430 ¢ ojofofs |3 |4 |ofo]Oo| EmwW ETW 21
7 ojo|o}8 |3 |3 |o|o]o 0 WRITE MASTER 22
8 ofofofviri|ofai|1]9 L4 TRANS -~ 7
9 ofolol-|-|3 (4 |0]O L CONSTANTS A Ay
I6 oo o
ofo |0
ofo o
ofo|o
oo | o
ojo o
Ié olofo
ofo | 0
ofo| o
ofjo o
ofojo
ofo | o ]
6 olo]o
ofo|o
ofofo
ofo |0
cjo| o
ojo | o
IE 1224 REV. 8:60 PAGE 2 OF 2




Another example can be developed using our original inventory problem, by adding
another step to punch out a card if the BOH of a particular stock number reaches zero
or goes negative. We could determine this condition easily by sensing the PRI's after
subtracting the issues. If the balance is zero or negative the PRZ or PRN will be set.
Upon sensing this we could affect another variable conmector, this time the transfer-
that normally would take us back to read in a new master record. We could change this
so that it takes us to a punch routine and then back to the read of the master. Since
the negative result pertains to ‘6nly this one record, however, it is advisable to set
the switch back to its initial setting (B1l) immediately upon entering the B2 path.
This will prevent us from punching negative cards for stock accounts which are still
positive. Functionally flow charted, the program would look as follows:

Al SET
INITIALLY
A2 SET BY 2

READ
TRANS

A
@ 4m
M= T MIT M>T

9
5 B1SET BY 10
suB B2 SET BY 7

BOH © Iss

[s]

-

B

RESULT ‘

SET
B ——— B,

7 | seT 11
B —»B85

SET UP PUNCH AREA

12
PUNCH
CARD
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It is possible to form a switch using only 1 character and two instructioms,
if the Skip option of the Store Register instruction or the Conditional Transfer of
Control instruction is used. If an N or O appears in either of these instructions,
it will cause the instruction to be staticized but not executed. This means that
the P register will not be effected.

Suppose, for example, we have a switch which is to transfer to 3190 if set to
Al, and to 4850 if set to AZ. We could code the switch as follows:

3500 Vv (0) 0219 3190
3510 V¥ 1 0219 4850

Now, if the switch is to be set to Al, we must place a "1" in the N character of the
Store P Register instruction at 3500. This will cause the program to jump to 3190.
If the switch is to be set to A2, however, we must place a "0" in the N character of
that instruction. Then, when the instruction is staticized, it will not be executed
and the transfer instruction at 3510 will be staticized in sequence and executed,
causing the program to jump to 4850.

Variable Connector Exercise I:

A bank has 10,000 demand deposit (checking) accounts against which 8,000 trans-
actions are to be posted. There may be multiple transactions on any one master.
There are two types of transactions, withdrawals (checks) and deposits. The type of
transaction is determined by examining the transaction code which will be either a
W (withdrawal) or a D (deposit). There are approximately 1,000 deposits and 7,000
withdrawals. The transactions have been sorted in ascending order by account number
and then by transaction code.

Data Description:

Master: (1 reel, tape unit 5)
$ amount of $ amount of
Account Number Total Deposits to Date Total Withdrawals Balance
to Date
7 7 7 6

Transaction: (1 reel, tape unit 3)
Account Number Transaction Code Amount
7 1 ' 7 (at least 1 insignificant zero in
every amount)

Assumptions:

1. Any out of sort transactions are to be preceeded with the code letter
"A" and placed on an error tape, unit 1.

2. Any transaction with an erroneous transaction code are to be pre-
ceeded with the code letter "B" and placed on the same error tape.

3. The new master file is to be constructed on tape unit 4.

L, Do not chart or code ED/EF or ETW routines, simply indicate a
transfer to them.
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Variable Connector Exercise II:

Using the same banking problem statéd in variable Connector Exercise I, allow for
the punching of an overdraft card if the balance goes negative. The overdraft card is
to be in the format:

Col 1-7 59-65 67-73 Col 75-80
Acct. # Total Deposits Total With- Balance
Flow chart only. drawals

Review Exercise III:

The purpose of this problem is to obtain a total of salaries to date by:
1) section number
2) department number
The payroll file is maintained so that the employees of a particular section are

together and all the sections of a given department are together. Since the employee
number consists of 10 digits:

XX XXX XXXXX
department section employee
number number number

the entire file is in ascending order by employee number. Starting with the first
record in the file, accumulate the total gross by section and by department. When
the section number changes print out the total on the on-line printer. Continue
accumulating for a department total, but also start a new section accumulation.
Print out the total for every section and every department in this fashion. Page
change after every department total. Do not print insignificant zeros.

Data Description:

Master (1 reel, tape A)

Employee Number Total Withholding Total Social Security Total Gross
10 6 5 7

rint Layout:

Department Number (print positions 1-2)

Section Number (print positions 3-5) total (print positions 10-18)
Department Number Dept. total (print position 20-28)
Example:

12

234 345263422

453 098765435
12 L40028857
23

654 002746378

987 098745324

989 286543647
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Assumptions:

1. Assume that the file is in correct order, halt on any out of sort.
2. Assume no department will take more than one page.
3. Simply transfer to ED/EF and ETW routines, but do not chart or code them.
4, Assume maximum accumulation size of 9 digits.
- : v
T ¢ Nt
Fiow trer
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XX — LOGICAL OPERATIONS

(LOGICAL AND, LOGICAL OR, EXCLUSIVE OR)

Most program steps require that the computer work on the information bits of
the character as a whole, however there are some cases that require that we operate
on each individual bit as a separate piece of information,

For example, we already know that a minus sign appears in the 2 position of
the least significant digit of an amount. Suppose we are interested in printing out
a list of all the customers that have oveéer paid their charge accounts. We are
carrying this as a negative amount (balance due = total purchases - total payments).
Our first step would be to examine 25 position of the least significant digit. If
this contains a 1 bit, the amount is negative; if it contains a 0 bit, the amount is
positive. Tg examgge only 1 bit of.an entire character, it‘isvngcessa?y to "mask"
out the other 5 bits. This is possible with a LOGICAf”Xﬁﬁw?;::;EE?TgﬂT”W"“’“m

Mhliser

LOGLCAL AND;

This instruction enables us to extract or "mask" out individual bits from a
character (or characters). The rule for this instruction is that you must have a
1 in the bit position of the modifier, in order to get a 1 (a one and a one will
give you a one). That is to say: - ,

-1 and 1 gives 1
1 and 0 gives O
0 and 0 gives O

Example: 110101 011011 - section being modified
011011 110101 - modifier (mask)

010001 010001 - result

For our particular problem, we would move the least significant digit of the
amount to a work area, since this instruction destroys the character or characters
being modified. We would then perform a Logical And using (100000), (minus sign)
as the mask, This will cause all the bit positions from 2;-2; to become zeros.-

If the bit in 25 is a 0, it will remain a zero; and the resulting character will be
(000000)5; if it is a 1, the resulting character will be (100000)5. In addition

to modifying the character, the instruction will affect the PRI's., If the resulting
field is all zeros (in our case indicating a positive quantity) the PRN is set; if
the result contains one or more 1 bits (which shows a negative balance in our ex-
ample) the PRP is set. ‘

The OP code of this instruction is T.
The N character indicates the number of characters in each operand (0-44).

The A address gives the location of the least significant digit of the field
to be modified (and the result).

The B address gives the location of the least significant digit of the modifier.

Having determined whether the balance is negative or positive, we are now
capable of taking the appropriate steps. If the result was positive, the record is
of no interest to us. If it was negative, we must now set up a print area. Let's

assume that the only information contained in the master is:

XX=-1



Customer Number -~ Name - Balance
6 25 T 6

a space being carried between each item. We will also assume that we do not care
if the print out c¢ontains insignificant zeros, as it is only for internal use. We
have only to read this into an even~hundreds locatlon (a legltlmate print area) and
- we will be able to print, except for one step.

In order to get into this path, the balance had to be negative. This means
that the least significant digit of the balance has, in addition to its numeric bits,
a zone bit. If we printed this character as it stands, we would obtain the following:

if the numeric portion is: "~ the printed character will be:
0 ' O]
1 J
2 K
3 L
4 M
5 N
6 0
7 P
8 Q
9 R

In order to avoid this, we must get rid of the zome bit. This could be done
by again using the Logical And instruction with a mask of (001111); or (011111),.
The only problem is that none of the RCA 301 characters have these binary config-
urations. We could construct the necessary character during the housekeeping
portion of our program, but it is just as easy to use the EXCLUSIVE OR instruction.

EXCLUSIVE OR:

This instruction also works in individual bits. The rule that is applied is
that opposites are required in order to obtain a one bit:

0 and 0 will yield O
1 and 1 will yield O
0 and 1 will yield 1

In our example, we will want all the information between 2, and 2, to come
through untouched. To do this we will need O's. However, the 25 bit, which we
know to be a 1, must be changed to a zero which we can do by overlaying it with
a 1 (two ones will yield a zero). Our modifying character will be 100000, again
a minus sign. : ' '

‘The OP code of this instruction is a U.
The N character again indicates the number of characters in each operand (0-44).

The A address gives the HSM location of the least significant digit of the
sector to be modified and subsequently the result.

The B address gives the HSM location of the least significant digit of the
modifier.

This instruction does not affect the PRI's.

Having thus set up the print area we have only to execute the Print and Paper
Advance instruction.
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Suppose that in addition to the printed list of credit balances, we must also
punch out cards in the format:

Customer Number Amount
1 -6 75-80

In addition to simply transferring the desired information in order to set up

the punch area, we must also replace the minus bit. This we can do with a LOGICAL
OR instruction. )

LOGICAL OR:

This instruction allows us to insert bits into a character(s). The rule is a
one bit in one position or the other or both will yield a one:

0 and 0 yields O
1 and 0 yields 1
1 and 1 yields 1

In our case we wish to insert a 1 in the 2 position, and not affect the remainder
~of the character. Again our modifying character will be a minus, (100000);.

The OP code is a Q.
The N gives the number of characters in each operand (0-44).

The A address gives the location of the least significaﬁt digit of the operand
to be modified and the result.

The B address gives the location of the least significant digit of the modifying
operand.

This instruction does not affect the PRI's.

Flow charting and coding our entire program, it would appear as follows:
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CLR PRINT AREA
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{
EO .
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10
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8
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TRANS
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TRANS
BAL ———a PUNCH A.
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1
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