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(SLIDE #11) This is the maintenance console of one of the 
machines in the Kingston test cell where we work. 
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We have eight hours per day of computer time at the McGuire 
Direction Center. (SLIDE #12) This is a picture of McGuire from the air. 

Now, to get tous. Again, we run into the problem we had before: 
how can we tell you about us programmers so that you get the feel of it? 
Let's try it this way ... 
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(SLIDE #13) This is the top view of a programmer. The function 
of the hairy spherical structure closest to you is to think. 
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(SLIDE #14) This is the front elevation of a programmer - the 
hair on the bottom side of the sphere as well as that on the top side are not 
necessary to the function of the thinker, but resulted from the whim of his 
industrial designer. Some programmers come without either hair. 
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(SLIDE #15) This is the side elevation of a programmer. He is 
held to that chair by a force that increases with the reciprocal of the fifth 
power of the distance from it - this force is subject to his will - and some 
have been known to keep this power on for as many as 14 hours per day. 
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But of course, this is not the way to tell you about us program­
mers - to know us, you must see us as those who know us see us. To our 
supervisors, we are many-talented, tireless workers, turning ideas into 
reality (SLIDE #16). 
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To our fellow workers, we are part of a team - bound together 
by our common objectives (SLIDE #17). 
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To the computer maintenance man, we are a friendly advisor, 
working with him to find machine troubles (SLIDE #18). 
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And to our wives, we are very much like any other guys to their 
wives (SLIDE #19). 

Now we dive back into our technical talk. Let us pick an example 
of one of the functions which is performed by the program, and show how 
it grew through the years - how this function is an example which 
illustrates my opening statements that as we learn more about the prob­
lems, we must modify our initial concept of what it should be. 

We will select as our example the digital display. The Opera­
tional Plan contains only a few references to digital display. It indicated the 
format that the digital display would have, and how it might be used in the 
performance of some of the SAGE functions. In all, there were two or 
three illustrations, and probably a page or two of meaningful discussions 
of what the digital display would be used for. 
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(SLIDE #20) This is David Robinson Israel, who wrote most of 
the section that pertains to the operation of the SAGE system. He did it all 
with his left hand. 
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(SLIDE #21) This is Figure 64 from the Operational Plan. It 
shows a typical kind of digital display. The Operational Plan says that 
detailed weather and forecasts for each base used by the subsector will be 
available to the senior director, senior weapons director, weapons director, 
intercept directors, and other personnel. Display will be selected by base. 
The early estimates of the cost of the digital display function were made 
from the Operational Plan and were based on the experience that we had 
obtained in Cape Cod and what we knew of the FSQ-7. It was not possible 
at the time to estimate with certainty the size this program would be. The 
reasons that we could not were: no one had programmed for the FSQ-7; the 
operation had not yet been specified in detail and agreed to by the Air 
Defense Command; we could not predict our own capability for producing 
these programs efficiently. These things made the estimate at that time 
uncertain by factors greater than two or three; however, there was no better 
estimate. The only way that we could improve the estimate was to actually 
do the work. The work of defining the operational and mathematical specs 
was divided among some 14 people who had previously participated in the 
'53 and '54 Cape Cod programming job. Decisions about what should go 
in each of the specs was made at meetings such as are illustrated in the next 
slide. 
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(SLIDE #22) Here we see Jack Cahill, Steve Hauser, Charlie 
Grandy, Major Chesler and Dave Bailey reviewing the first drafts of the 
Operational Specification. We argued, fought, screamed at each other, 
disagreed, and finally, agreed on what represented an acceptable specifica­
tion for each of the SAGE functions. We spent eight months writing, 
arguing, defining what the operation should be, and when finally we were 
bleeding and exhausted, we froze the specification so that the next step in 
the production could proceed. 
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This slide (SLIDE #23) shows how concurrence was reached 
with the 4620th Air Defense Wing. Here we see Charlie Zraket, Major 
Janek, and Lieutenant Colonel Stevenson going over in detail the opera­
tional specifications and agreeing on what should be in them. 
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This slide (SLIDE #24) shows the work sheet picked up after one 
of those meetings. Oh! That's not the right sheet! 
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(SLIDE #25) There. 
Each of the people who defined one of the air defense functions, 

such as weapons assignment, track initiation, radar inputs, or intercept 
direction, drew up requirements of his need for digital displays, and these 
were summarized without filtering into another document which we called 
an Operational Specification for Digital Display. 
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In this slide (SLIDE #26), we show two of the major contributors 
to the program designs, Al Shoolman and Herb Benington. 

Part of their job was to divide the program into parts so that it 
would work with the machine and so that it could be divided among a 
number of programmers. I would like to spend a few minutes giving you a 
background for what this means. 

To the programmer, the FSQ-7 consists of devices for: 

1. Storing data (tapes; drums and core memory; cards). 

2. Performing arithmetic and logical processes on it (arithmetic element). 

3. Transferring data around among the storage and processing devices 
(drum reading and writing system, etc.). 

4. Bringing in new data and transferring out processed data (buffer drum; 
card machines; display system; output system). 

There are 48 storing, transferring, and processing operations 
built into the control mechanism of the FSQ-7, and the sequence in which 
they are performed is specified in a program of instructions to the machine. 
The job of the programmer is to specify this sequence of instructions. 
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This slide (SLIDE #27) shows the storage arrangement of the 
FSQ-7. 

Because each of the 48 operations takes about 12 microseconds 
to perform, the program must be held in a storage device which can supply 
instructions in sequence to the arithmetic element at about 12-microsecond 
intervals, or time will be lost while getting the instructions. Each of the 
instructions contains the location of the data to be processed, and specifies 
what operations should be performed on it. Because instructions are 
performed at 12-microsecond intervals, the data which is to be operated 
upon must also be available at 12-microsecond intervals. The memory 
device in the FSQ-7, which supplies instructions and data six microsec­
onds apart, is the high-speed core memory which in the present machine 
contains 8000 registers. Because our 65,000-instruction program cannot 
fit in core memory, it must be broken up and brought in in pieces called 
subprograms (containing 500-3000 instructions each), along with the data 
on which this subprogram operates. The programs that are concerned with 
bringing in the subprogram, as well as the data on which it operates, into 
core memory must be permanently stored in the core memory at all times. 
Thus, three categories of programs are held in core memory: 

1. The subprogram; 

2. The data on which it operates; 

3. A program that specifies the sequence in which subprograms and their 
associated data are brought in and sent out (which we will call here the 
"program environment control program"). 
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Ideally, the high-speed core memory should be big enough to 
hold the whole program and all of the data used by the system. Thus, 
one would reduce the problem of breaking up the program into pieces, 
and of shuffling it in and out of core memory. 

The whole 65,000-instruction program and the data upon 
which it operates is maintained on the auxiliary drums, and is called 
into core memory in blocks specified by the sequence control program. 
These are blocks of registers arranged in sequence around the periphery 
of the drum. When the program environment control program calls a 
block of these registers into core memory, some time is required for the 
first register in the block to come up under the drum-reading heads. 
This time on the average is 10 milliseconds, or time for about 1000 
instructions to be performed. The FSQ-7 is designed so that the 
arithmetic processes can be performed during this interval; part of the 
designer's problem is to arrange the sequencing of the program so that 
this time is not lost. 

The problem of designing a program, then, is the problem of 
(1) dividing up the whole program into parts; (2) designing tables of 
data that can be used by the program and its parts; (3) working out the 
logistics to insure that each subprogram and its associated tables are 
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brought in and out at the proper time, and (4) making sure that it is 
possible for the designer who cannot get into the machine to understand 
"what's going on in there." 

A broad-brush design was made by Benington and Company, 
and they decided that digital display would be treated as a separate 
function in the computer program. Up to this time, about 30 people had 
contributed in some way or another to the specs for the digital displays, 
and because of the magnitude of the problem of producing the program, 
it had to be divided among 10 different people. I would like to give you 
a feel for the kinds of things that people did while they developed the 
program from the ops and math specs. To do this, I will introduce you 
to the people and show them at the various phases of the work that they 
did. 
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(SLIDE #28) This is Howard Briscoe of Lincoln, whose subsec­
tion was assigned the responsibility for producing the digital display 
programs,. 
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The first step in the process is illustrated by Robert Landrigan of 
RAND (SLIDE #29), who is digging through the operational and mathe­
matical specifications. He is looking for things that apply to digital dis­
play. This digging gave him the knowledge in the form of personal notes, 
annotated operational specifications, and operational modification 
requests which formed the framework in which he could specify what his 
program should do. The operational modification request became an 
addition to the operational specification and corrected the inconsistencies 
and filled in the gaps. 
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(SLIDE #30) This slide illustrates part of the second phase in the 
production of the program. This is the writing and coordination of the 
coding specifications. In the picture we see Robert McGill, Howard 
Metcalfe, and George Sioras, all of RAND, coordinating. They have on 
the board the flow diagram for the whole digital display program. 

The inputs to the digital display program are the central tables 
and switch inputs. The switch inputs hold the direct requests for digital 
displays from the consoles and the central tables hold those conditions 
under which a display is forced on an operator. The digital display program 
has subprograms which search the central tables and the switch inputs for 
conditions that require a display be shown to an operator. These are called 
"control subprograms." The output of these programs is a control table 
from which six digital display make-up programs are controlled. There is a 
make-up program for alarms, for tracks, for monitoring, for geography, 
for summaries and for miscellaneous digital displays. The output of the 
digital display make-up program is a drum image table which is periodi­
cally transferred to the digital display drum. The digital display system 
takes it from there. The product of this phase was in the coding specifica­
tions. For each subprogram (and there were sixteen of these), there was a 
separate coding specification that detailed the inputs and outputs in terms 
of the tables needed and affected by the subprogram, and the detailed 
design of all the communication and all of the sequence requirements of 
the program. 
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The next phase in the operation is illustrated by Robert Meyer of 
IBM (SLIDE #31). Here we see him writing the code that translates the 
coding specification into a sequence of coded instructions. He has pre­
pared a detailed flow chart for a better understanding of the program, and 
he uses it to help him code. The product ofthis phase is the manuscript of 
annotated code and a completely detailed flow chart that describes what 
the program does. 
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(SLIDE #32) This slide shows Arthur Doll of RAND having his 
cards punched, in the card room. He turns in his handwritten manuscript 
(as illustrated in the preceding slide~ along with a card request form. The 
card room prepares a set of cards, one for each instruction (in Hollerith 
code), and runs these cards through a tabulator, which prints the contents 
of the cards so that they can be checked for agreement with the original 
manuscript. The product ofthis phase is an accurately punched instruction 
deck for the program and a list of instructions and annotations from which 
the programmer can work. 

Although the program itself requires some 60,000 cards, as we 
illustrated in an earlier slide, about 10 times that number, 600,000 cards, 
must be punched while producing the program. The total area represented 
by these cards could cover all the floor space in the Lincoln buildings and 
the RAND buildings. The punchings from these cards would be enough, 
when burned, to boil the 5,000 gallons of coffee that have been consumed 
during the production of the program. 
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The next phase in the program production is illustrated by Jack 
Meyers of RAND compiling his program at the maintenance console 
(SLIDE #33). In this phase, he checks to see that core storage allocations 
for the program and tables are correct. The product of this phase is a stack 
of cards punched in machine language (20 instructions per card) called a 
binary deck, and cards showing where the program is in core storage 
during parameter testing and where it should get its tables. 
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(SLIDE #34) This is a picture ofInez Hazel of Lincoln, prepar­
ing parameter testing plans for her subprogram. As we said before, the 
program was divided into subprograms so that it could be brought into and 
operated from core memory. The test of the subprogram is parameter 
testing. During this test, the programmer operates her subprogram with 
simulated tables of input data, and she must bring out not only the results 
of the operation, but an idea of what happened at each step along the way 
so that she can find and fix the trouble. To do this, to bring out a history of 
what happens as the program operates, we use an instrumentation program 
called the "checker," which records the contents of specified registers at 
specified steps in the operation, so that in the event of a failure during the 
testing, the programmer can, by perusing this record, determine where the 
failure occurred. Mrs. Hazel in the slide is preparing a parameter checkout 
plan for testing her program. She specifies the simulated data required by 
the program and the expected results from testing the program on a data 
matrix. She also specifies the procedures in checking the program and an 
executive deck for telling the checker program what to record. 
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This picture (SLIDE #35) shows Mary Kresge of RAND at the 
printer in the control room in Building F, beginning a parameter test. In this 
phase, the parameter test planning is executed in the machine. The pro­
gram is operated by the checker, and at specified points along the way, data 
is collected and printed out. 
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The printout from a typical program is several yards long, and in 
this slide (SLIDE #36) we see Russell White of RAND analyzing the 
results of the parameter tests. 

The product of this phase is a final correct binary deck, which 
has passed the parameter test and is ready to be assembled with the rest of 
the subprograms. 

I suppose you've been wondering why I told you this shaggy dog 
story. Perhaps you feel there is a point to it. Perhaps you think I'm not 
finished. We could go on and tell you about the secret ceremonials that the 
programmers hold at midnight at the maintenance console, the coming of 
age ceremony when the programmer finishes his first parameter test, the 
graduation to opinion leader, the dance of the section chiefs. All of this 
would be interesting and you would learn more about us from it, but this 
story does have a point and the point is this: we didn't know how much we 
would have to change the concept of our program until the coding was far 
enough along so that our estimates were sound. 

In our example of the digital display, the people doing the work 
we described produced a program with 14,000 instructions in it, and this 
was just one of the program functions. The other functions were radar 
inputs, tracking, height-finding, situation displays, switch interpretation, 
etc. Digital displays had 16 out of 75 or so subprograms. The other pro­
gram functions grew in the same way, and when we totalled the instruc­
tions up, we found that we had some 85,000, plus 22,000 registers for 
tables, plus 10,000 instructions for instrumentation, plus 5,000 instruc­
tions for forward telling, standby duplex, and automatic crosstelling. This 
totalled about 120,000 instructions. Now the auxiliary drums in the FSQ-7 
have about 96,000 registers, so our program design was about 25,000 
instructions bigger than it should have been. Did we cry? Did we tear our 
hair? You're damned right we did. But this is not too bad a miss in an 
estimate that had so many uncertainties in it. Obviously, something had to 
be done, so what we have done is to go over our program, as I told you in 
the beginning, and we have taken off the jacks on the four wheels, we have 
taken off the seat covers, we have made do with one cigarette lighter. In 
short, we are buying a Ford. 
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BFFECT ON PROGRAMS 

PROGRAMS PREVIOUS LENGTH SAVINGS 

DO CONTROL PROGRAMS 

CONTROL REQUESTS '1672 610 
CONTROL FORCED DO's 2000 530 
SLOT ALLOCATION 425 250 

DO SUBROUTINES 

ALARM LI GHTS 79 NONE 
CONFLICTING DO's 584 500 
FORCED DO's 100 20 
ILLEGAL ACTION CHECK 30 30 
CONTROL WORD MAKEUP 250 50 
PARTI AL CONTROL WORD MAKEUP 37 NONE 

DO MAKEUP PROGRAMS 

ALARM DO's 1638 1000 
GEOGRAPHY DO's 1703 310 
TRACK DO's 1940 400 
SUMMARY DO's 1395 680 
MISCELLANEOUS DO's 1566 500 
MONITOR DO's 646 646 

CENTRAL TRACK BOOKKEEP I NG 

CTB 698 500 
I~ 6,026 
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This slide (SLIDE #37) will give you an idea of where we made 
the savings in digital display. 

The control programs and subroutines, as I said before, are those 
programs which sense for conditions under which a digital display is 
shown to an operator. The savings that were made in these programs were 
due to a simplification and standardization of the information content and 
the rules for routing displays to particular stations. The digital display 
makeup programs, as we explained before, collect the data and make up 
the displays to be shown at particular stations. In alarms, the savings were 
due to a simplification and standardization of all alarm digital displays in 
the direction centers. The remaining savings in the makeup programs were 
due to the elimination of digital displays with limited utility and the 
simplification of other displays. For example, the tote that contained a 
summary of the number of tracks of each identity, and the tote that 
contained a summary of the weapons assignment status of the hostile 
tracks in the direction center were combined into one tote, serving both 
purposes, effectively eliminating one of the totes. We eliminated the tote 
that gave the detailed information on raids and groups (how many aircraft, 
mean speed and mean altitude, etc.), because all of this information is 
easily available on the situation display. And so we will continue to go 
through the program, standardizing, eliminating redundant information 
wherever we can, improving the efficiency of the operation itself. We 
expect that at some point when we have the time, we will be able to get a 
substantial saving by reprogramming in the light of what we have learned 
in the first pass through the program. We can't do much of this, however, 
because it takes time to go through this process for each program, so most 
of our changes will be in the form of elimination. 
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CONCLUSION 

Thank you for coming over and listening to this speech. We 
never did get around to the differential equations and the technical talk that 
I promised you, but I think that we have made our points. We are doing 
what we must do. 

(SLIDE #38) Note that she is as roomy as the Lincoln Continen­
tal, she can go as fast on the highways, and we can get her in our garage. 

THE END 
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The SAGE air defense system was the first military 

system to be substantially controlled by a large-scale, 

real-time digital computer. Among the SAGE 

computer firsts were: 

• Random-access magnetic core memory 

• Real-time operating system with task sequencing 

• Computer networking 

• Digital transmission 0 r telephone lines 

• Computer-driven displays 

• On-line terminals 

• High-reliability computation 

• Duplex computers 

• Marginal checking 

• Software debugging tools 

• Automatic data description language (COM POOL) 

• Computer graphics 

• Digital .signal processing 

• Digital track-while-scan 

• Digital real-time system simulation 

• Light gun input 


