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remarks) via the load process which is: the memory is cleared to zeros
by depressing the memory-clear switch; the tape is set into the reader;
the control counter selector switches are set to the desired starting
address; and then the load switch is set to the "up" (load) position.
After the assembly tape is loaded, the load switch is set to the "down"
(off) position and the sum in R2 is checked against the sum as recorded
on the assembly code tape box.

After the assembly routine is loaded and the sum is checked, the
processing of the descriptive code tape begins. The descriptive code
tape 1s placed 1n the photo-electric reader so that it is in position
to be read into the computer by the assembly routine. The computer is
started in operation by first setting the desired starting address into
the control counter; second, setting the manual-automatic switch to
the "automatic" position; and third, depressing the start-next-order
switch to activate the control. The desired starting address 1s often
contained in the control counter, since after loading the counter con-
tains the initial load address.

After loading, to start the computer the right function-gate light
must be on. Depressing the start-next-order switch then brings in to
R6 the instruction word specified by the address in the control counter,
and the control proceeds executing the instructions in sequence. If
the left function-gate light 1s on, at the completion of the loading
one may switch the function gates by depressing the start-next-order
switch. R6 is cleared to zeros by the loading; hence the switching of

the function gates does not cause any action as there is no instruction
in R6.

The first group of instructions of the assembly code comprises a

summing routine which forms a sum of the memory contents and checks this
sum against the sum as left in R2 from the loading process. (Any prob-
lem which is to be run on the computer should contain such a summing
routine.) If the sums do not agree, the compﬁter stops at a programmed
stop, since disagreement of the sums implies a camputer malfunction.
If the sums agree, the control proceeds automatically and the data from
the descriptive tape is read and processed through the assembly routine.
At the completion of the reading of the descriptive code tape, the con-
trol comes to a coded stop in order that the subroutines tape may be in-
serted into the reader. After this tape is inserted, depressing the
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start-next-order switch causes the assembly of the absolute code to be
carried to completion. During the processing of the code, a code list-
ing (see Chapter V, pp. 232 ff.) is carried out. Upon the completion

of the assembly, the absolute code may either be recorded onto magnetic
tape or punched onto paper tepe for subsequent use. The choice of the
medium for recording the absolute code is made by selecting the appro-
priate assembly routine code tape, as there is one code which contains
as a subroutine a magnetic tape recording, and another which contains

a8 tape punch subroutine. However, in either situation the particular
auxiliary equipment should be readied prior to the start of the assembly
process. -

After the assembly of the absolute code is completed with either
the record on magnetic tape or a punched paper tape (for what follows
we assume that the absolute code is on magnetic tape), "debugging" of
the assembled code begins.

As a person gains experience in coding, he soon realizes that des-
pite the great care exercised in the formulation and coding of a prob-
lem, errors are apt to occur. Before a problem can be run any existing
errors must be detected and corrected. The process of eliminating errors
from the mathematical formulation and the coding of a problem is called
"debugging”. As a person becomes familiar with coding and the computer,

he will naturally develop his own "debugging” habits. The purpose here
then, rather than to specify a rigid set of rules, is to discuss a
general procedure that will assist a person in developing desirable
debugging patterns. |

In a problem of any complexity, the hunting for and detection of
errors completely apart from the computer is a very difficult, if not
impossible, task. In order to make the task of error hunting a tractable
one, the computer is utilized.

Clearly, one approach for using the computer in debugging is to
run the problem as though it contained no errors (this is often done
with small problems). If there are no errors, this indeed is the fast-
est approach to debugging. However, if errors are present, the answers
indicated upon the completion of the problem, if the control was even
able to proceed to the end, would be incorrect; and one would have no
idea where or why the errors occurred, so that such running time (which
might be rather lengthy) would not be particularly'useful in localizing

any errors.
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Another approach would be to perform each instruction in the code
sequence on manual operation and to record the result of each operation
so that it could be verified by hand methods. Such an approach would
certainly find all existing errors, but the amount of computer time in-
volved in such a debugging method is much greater than it need be.

The recommended approach combines the two extremes. The code
of the problem is divided into several sections and the control performs
each of these sections automatically, stopping upon the completion of
each one. The division of the code of & problem into these sections is
accoﬁplished by inserting conditional stops into the code by means of
breakpoints. These stops are inserted at locations in the code where
the results of pertinent computation are available. Enough of these
stops should be inserted so that sufficient data of the problem are
recorded to allow one to perform a hand check if necessary. The con-
trol then performs automatically one of the short sections of code and
stops at the designated instruction. The pertinent data from the pre-
ceding computation are recorded, and then the computer is restarted and
the control performs the next code section, and so dn, until all of
the desired data are accumulated. This occurs when the control has
proceeded through all of the code sequence at least once, or when it
is observed that some of the data are in error. In either case, the
problem 1s removed from the computer and the data are studied and
verified.

If the accumulated data indicate the existence of errors, any
particular error may be isolated to one of the short code sections by
making a hand check of the results and observing in which section the
error first appears. Once an error has been isolated to a section of
code, that section of code is checked viéually to see if the cause of
the error may be easily located. If it cannot, that section of the
code in vwhich the error occurs is further subdivided and the problem
is returned to the computer where the offending section is examined in
greater detail in order to pin down the error. As soon as the error
is located, it is corrected and then further debugging may proceed. This
process is continued until 8all errors are removed from the coding, at
which time the problem is ready to be run. We now discuss these matters
in more detail.
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After the absolute code is assembled and placed on magnétic tape,
the problem is removed from the computer in preparation for debugging.
This preparation involves a visual check of the code listing to detect
any obvious errors, either from the coding or from the assembly pro-
cess, After the listing is checked, the code is divided into sections
for breakpoints. The breakpoints are to be inserted into orders of
instructions where pertinent data are available in the arithmetic unit.
The actual insertion of the breakpoints into the desired instructions
in the assembled code may be accomplished by a Breakpoint Insertion
helper-routine. One needs to specify to this helper-routine the ad-
dress of the instruction receiving the breakpoint and whether the
breakpoint to be inserted is "red" or "green". The details for accom-
plishing this are discussed in the helper-routine file.

There is an alternative method for inserting breakpoints which‘is
perhaps more desirable than the one just outlined. This alternative
ie to decide upon the disposition of the breakpoints during the prepa-
ration of the descriptive code and to punch the orders on the des-
criptive code tape with the breakpoints inserted. The assembly routine
accepts and modifies properly instructions whose orders contain break-
points. As an example, an instruction m—sAc B.0l, if it were to
contain & "red" breakpoint would be punched as 2ABOl rather than AABOl.
Similarly, -~ DOl with a "green" breakpoint would be punched as D5DO1
rather than DDDO1.

If the breakpoints are included during the descriptive coding,
they exist on the magnetic tape record of the absolute code. If they
are inserted by the Breakpoint Insertion routine, the absolute code
from the magnetic tape must be called into the computer; the breakpoints
are then inserted by the Insertion helper-routine, and a subsequent re-
cord of the code with breakpointe is made onto the magnetic tape. The
calling from and recording onto magnetic tape is accomplished by
Magnetic Tape helper-routines, two of which were illustrated in Prob-
lem 12 of Chapter II. As soon as the breakpoints are inserted, one
begins the debugging proper.

The most effective way of observing the data at the various break-
points is to have the desired date printed. To do this, one again calls
on & helper-routine. The particular routine used here is in a class of
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interpretive helper-routines and is the so-called Breakpoint Monitor
helper-routine,

An interpretive routine is any routine which interprets and
causes- to be performed any desired instruction aeqﬁence wvhich is
residing in the memory. Such routines act in a sense as a generalized
control.

During the process of interpreting and performing an instruction
sequence, an interpretive routine may perform many other functions, the
extent of which is limited only by the capacity of the memory of the
computer and the ingenuity of the person preparing such routines.

For the Breakpoint Monitor routine the desired interpretation is
8 very simple one, namely whether an instruction contains a breakpoint.
For an order containing & breakpoint, the interpretive routine first
causes the instruction to be performed and then the following data are
printed as four words:

Word 1: The address at which the instruction containing
' the breakpoint resides, and the instruction itself,

Word 2: The contents of the R4 register
Word 3: The contents of the R2 register.

Word 4: The contents of the memory at the address specified
in the instruction.

Words 2 and 3 give the contents after the instruction is performed
and Word 4 gives the contents before the instruction is performed.
Note, then, that the breakpoints are inserted into instructions which
when performed give the desired data in the arithmetic unit. R2 or
R4 contain the result from any arithmetic operation while the appro-
priate memory location contains one of the two operators entering into
the operation.

There are many other interpretative routines similar to the
Breakpoint Monitor (it was chosen only as a convenient example) and one
should check the library file to ascertain which of these routines is
best suited for his specific purpose.

Sometimes breakpoints are used to check that the control reaches
a certain instruction in the problem and for this the numbers printed

from the various registers may be unimportant for debugging; hence only
the first word printed in the listing would have relevance.
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In the Breakpoint Monitor routine, as in similar routines, one
has the option of having the data printed as either decimal numbers
or as hexadecimal numbers. The first word, i.e., the address and the
instruction, is always printed as a hexadecimal number, since it would
appear as nonsense &s a decimal number.

To utilize the Breakpoint Monitor routine, one inserts the desired
breakpoints into the absolute code. The absolute code and the Break-
point Monitor routine are then loaded into the memory. Note that,
since both routines are in the memory, the Breakpoint Monitor routine
must be loaded into a set of addresses which are not relevant to the
code being debugged. Breakpoint Monitor routines are coded beginning
at a variety of addresses so that this is usually possible without un-
due red tape. If, hovever, one has an assembled code to be debugged
which fills the memory, he has recourse to a generalized monitoring
" routine which utilizes the magnetic drum. It is not, however, dis-
cussed here.

The first step of the monitoring process is to specify the ini-
tial address of the code to the monitor routine (for details see the
helper-routine library file). The control counter is set to the initial
address of the monitor routine and then the computer is started. The
data for the debugging is printed by the Synchroprinter, four words
(discussed above) to a line.

As soon as one has collected a sufficient amount of data, the
problem is removed from the computer and examined at leisure away
from the computer.

It may happen that the breskpoints are not reached in the expected
sequence, or even that the first one is not reached. We defer the dis-
cussion of the procedure to be followed when this happens.

So now, assuming that the breakpoints were reached, we have the
data which is now examined to determine whether or not the numbers
listed are the desired numbers. First, a cursory examination is made
for any obvious errors. For example, a number known to be always
positive may have been computed and printed as a negative number. Or
perhaps the orders of magnitude of the numbers of the computaton are
known and a visual check suffices to determine this.
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If the cursory check does not indicate any troubles, a hand compu-
tation is made using the same data as for the listing. The hand check
may often use shortcuts in that some of the numbers computed are
known; e.g., the values for sin x, ‘%/Q; etc. may be found in tables.
Thé comparison should agree except for truncation and round-off dif-
ferences. Sometimes approximate values suffice for checking purposes.
If no errors have occurred, the debugging of the portion of the code
for which the data was obtained is complete. If an error is detected
from the cursory examination one must set about isolating it to one
of the sections of code between breakpoints. At first, one attempts
to isolate the error by a visual check of the numbers leading to the
error, and if this fails a hand check of the results in the region of.

suspect will isolate it.

R Once an error is isolated to a particular section of code, the

" instructions in that section are examined in detail to see if the
cause of the error may be observed. If it is found, that trouble is
over. If it is not observed, one may divide the section of code by
further breakpoints, so that the section may be monitored in greater
detail upon returning to the computer. However, at this point, if
the section of instructions is fairly short, as it should bé, rather
than doing further breakpoint monitoring one has recourse to another
helper-routine for debugging, called the Auto-Monitor routine. It is
discussed presently.

' If the first error detected does not alter subsequent results too
drastically, the programmer continues his checking process for other
errors éo that before returning to the .computer as many errors as
practicable are detected and corrected:

~ Since the absolute code of the problem exists only on magnetic tepe
one makes the actual corrections at the next session with the computer.
However, prior to this a permanent written record is made of each error
‘as it is detected. This record should contain at least the following:
' 1. The addresses of the incorrect words.
2. The incorrect words as they appear on the magnetic tape.

3. The number of the particular magnetic record on which
they appear incorrectly (as will be seen later each re-
cord of an absolute code is on a numbered section of a
spool of magnetic tape).

4, The correct words as they are to be inserted. And if any
additional words are added, the addresses at which they
are added.
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\
Then after one has returned to the computer and made the corrections

and recorded the corrected absolute code onto magnetic tape, the fol-
lowing information is added to the record.
5. The date on which the correction is made.

6. The number of the magnetic tape section on which the cor-
ted code resides.

In addition to the six items mentioned, any comments which the program-
mer feels are pertinent to the corrections should also be included.
There are, in general, two kinds of corrections that need to be
made. The first is the easy kind which can be corrected by changing
only those words in error without having to add additional coding.
This kind of correction causes relatively few headaches., The second
kind are those corrections where the number of words necessary to make
the correction exceeds the number of words in error. In short, additional
coding must be added. So we have found one of the ticklish parts of the
debugging, and unfortunately many of the errors encountered are of this
kind. For clarity we give an example of such a correction and indicate
how it 1s carried out.
An error is found in the sequence of code words beginning, say,
at address 050. The faulty coding is

050. m—Q 271 X 272
051. X 273 A—m 27Th
052. 77 - T o
The sequence is supposed to form xyz and store it at
2Th: xyz

where x, y, and 2 reside in locatioms 271, 272, and 273, respectively.

Now as the result of Instruction 50', the product xy is in R2. Instruc-
tion 51 is incorrectly a multiply instruction because the multiplier
xy has not yet been placed in R4. Since all of the instructions in
the sequence are needed, there is clearly no place to insert the neces-
sary L(40) instruction to send the number xy from R2 to R4, or if it is
not desirable to use L(40), two instructions A-——m 275, m—>Q 275 are
needed where 275 is an available location at this time.

In order to make the correction one must have available somewhere
in the memory 1 1/2 consecutive words. Assume that such space is avail-
able beginning at address 379. The corrections to be inserted are:
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050. m—Q 271 T 379
051. X 273 A-—m 274
052.

379. X 272 L(%0) 028
37A. T 051

The right-hand side of Word S5O is changed to a transfer to 379. The
first instruction of 379 performs the multiplication formerly done in
50", 379' then shifts xy from the R2 register to the R4 register, so
that it is in proper position as a multiplier. The next instruction
then sends the control back to 051 where the multiplication by z is
now correctly performed.

An alternative scheme of inserting the correction is to revert
to the descriptive coding and actually recode in descriptive coding
the operation box in which the error occurs. A corrected tape for
this box is then punched. By making use of an QQOXX symbol (a trivial
change) incorporated in the "box number" code word on the descriptive
tape, the assembly process may be stopped prior to the assembly of
the code of any box and the code for new boxes or corrected boxes
may be inserted. The entire problem is then reassembled by the
assembly routine with the desired insertions of now or corrected boxes.
At first glance the recoding of a box and the reassembly of the entire
problem may seem rather a drastic way of eliminating an error; however,

experience has shown that one of the most fruitful sources of errors

in coding arises from the insertion of corrections for previous errors,

and this recoding and reassembly virtually does away with such errors.
One has only to examine and work with a highly complex problem to under-
stand this. It should be mentioned that the reassembly process is

quite easy and rapid.

When one returns to the computer to insert the corrections, he re-
assembles the code if the latter scheme is adopted. If the former is
adopted, he has previously punched small tapes containing the desired
corrections. Then after the absolute code is read into the memory,
these corrections are loaded into the desired locations. Each se-
quential group of corrections consists of one tape; hence several such

tapes are often needed. Several groups of corrections may, however, all
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be placed on one tape with double spaces on the tape separating the
various groups. For example, the correction of the example discussed
above would consist of two groups. The first consists of Word 050
which is

EB2T71CA379
followed with a double space. Immediately following the double space
the words beginning at 379 would be punched. They are:

DA2T72DE028

CA05100000
vwhich 1s also followed by a double space. The correction tape is then
loaded into the desired locations, namely addresses 050 and 379. When
all of the corrections have been inserted, the problem is again recorded
on magnetic tape so that an absolute code containing the corrections is
available on tape. Note that all of these magnetic records discussed
are distinct. That is, one should not destroy previous records of the
problem when making a new one, and certainly not the immediately pre-
ceding record. '

We are now ready to resume debugging, with the corrected code. We
do this by first returning to our original breakpoint monitor scheme
and printing the data for all of the breakpoints that had previously
been listed. This is done to make certain that none of the changes
and insertions in the code has molested any part of the code which
was previously correct. In addition, the data pertaining to the cor-
rections are printed. We have left from the previous debugging session
those errors which were not found while off of the machine. If the
method of inserting more breakpoints is used one has only to let the
data be printed. However as previously mentioned, it is often advisable
to resort to an Auto-Monitor helper-routine.

The Auto-Monitor routine is an interpretive routine which allows
the results of each instruction to be printed. The data printed for
each instruction are identical to those for the Breakpoint Monitor
routine. When one comes to the section of code in which the error
exists, he switches to the Auto-Monitor routine and lists the results
of the computation for all of the instructions in that section. To
switch from the Breakpoint Monitor to the Auto-Monitor routine one
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loads the Auto-Monitor routine into the memory and specifies to it the
desired starting address for monitoring. One should consult the

library file for speciflic operating instructions. Upon the completion
of the desired auto-monitoring, one may revert to the Breakpoint Monitor
routine.

The Auto-Monitor routine is recommended to track down the error of
the kind previously mentioned in which no breakpoints were ever reached
or else reached in the wrong sequence, by the Breakpoint Monitor routine.
One begins auto-monitoring at the start of the problem (or at the point
of "no return"). This soon leads to the source of the trouble.

It is worth noting here that, since the Auto-Monitor and Breakpoint
Monitor routines have a similar function, they may actually be incorporated
as one routine where one need only make minor adjustments in order to
switch from one to the other.

There are other helper-routines which one has as an aid to debugging
other than the monitoring routines. We mention only a few of them in
passing.

There is a Scaling Check routine which examines the results of all
operations to see that numbers do not exceed the allowable range of
-l <x<1.

There are various address and instruction search routines which scan
the code and pick out all instructions containing any specified address,
or pick out all instructions containing any specified order, or pick out
any specified instruction. ’

Routines exist for comparing the contents of any magnetic tape re-
cord either against any other, or the contents of the memory, or the con-
tents of the magnetic drum.

There are address altering routines which modify the addresses of
any section of code in any manner desired.

Graph plotting routines are available for plotting data to see if
they look reasonable. .

There are routines which allow all operations on the computer to
be done in duplicate in the event that one suspects a computer mslfunction

as the source of an error. Normally our standard test routines disclose
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the garden variety of computer errors, but on rare occasions an in-
frequent intermittent may depend on particular numbers. In this in-
stance there is some point to using these "duplicating"” routines.

Many routines which cannot be used directly in debugging may still
be of service. These are routines that can compute various functions
and tabulate the results so that they can be compared with results in
the problem being debugged.

The scope of helper-routines is too great to enumerate in detail
here. However, it is suggested that, prior to the debugging of any
code, the programmer should become familiar with helper-routines and
their function as an aid to debugging.

We have thus completed the debugging of the absolute code. It should
be mentioned, however, that the preceding discussion has not attempted
to cover debugging in any detail, since such a diseussion is not within
the scope of a manual of this type, and apart from a general approach
each code to be debugged presents new situations. Skill in debugging
comes only through actual experience and a meticulous care on the part
of the programmer at all stages of the problem preparation and the de-
bugging. The next step then is naturally enough the actual running of
the problem with the debugged code. '

The procedure that one goes through in starting the problem should
be somewhat familiar by now. The debugged code is called into the
memory from the magnetic tape where it resides. After the code 1s in
the memory, the control counter is set to the desired starting address,
and the problem is started by depressing the "start-next-order" switch.

When at all possible, the code of a problem should be set up so
that shortly after the computation begins, a few intermediate computa-
tion results, where the correct results are known, would be printed.

In this way there is some assurance that the computer is starting its
computation correctly.

Since many of the problems contemplated require anywhere from
several hours to several days of computation time, it is necessary that
intermediate records of the problem (code and numbers) be made so
that in the event of computer malfunction it is not necessary to start
the problem from the beginning. One has only to return to the last

correct record of the problem and resume from there. Also in lengthy
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computations the code should be constructed so that intermediate re-
sults of the problem are periodically printed, so that they may be
examined in order to see if they are reasonable. This is a check on
the formulation of the problem as well as on the computer.

The periodic records of the problem are made on magnetic tape.

The entire contents of the memory are recorded onto the magnetic tape;
hence in order to start a problem from any record one has only to call
the magnetic tape section into the memory and then set the control
counter to the address of the instruction immediately following the

last instruction of the code performed before the record was made.

This instruction is, of course, known for each record; and, in fact,

it usually does not vary from one to another. Experience has shown

that a magnetic record of the memory contents should be made about

every 20-25 minutes to insure a maximum of effective computation time.
It is desirable that some intermediate results be printed shortly after
a record is made. Then, in the event that a problem has to be restarted
there will soon after be some printed results which may be checked against
those printed when the record was made. This insures that the computa-
tion is starting correctly.

The routines which perform these magnetic recordingsexist as sub-
routines as well as helper-routines, so that if desired they may be '
directly incorporated as an integral part of a problem. A variety of
print routines exist that are easily included in a problem to print
the intermediate and final results. As suggested above, one of the
reasons that the periodic magnetic tape records of the problem are
made is in anticipation of any computer malfunction. A computer mal-
function might manifest itself in any one of several ways. For example,
a set of intermediate results that are printed might be in error. Such
errors may be detected by inspection, by taking differences of the re-
sults, by the plotting of graphs, by programmed integral checks, etc.
In addition to such manifestations, a malfunction may occur by a non-
sense instruction being brought into R6, the control register, and the
computer stops. Or yet another type of malfunction might manifest
itself in that the control becomes stuck in an instruction loop. That
is, the control is being cycled through a fixed section of the code
rather than following the correct path. If the loop phrough which the
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control is cycling has relatively few instructions, it can actually be
observed on any one of the "memory monitor scopes”. These are discussed
later. If the cycle is relatively long, it may not be detected for some
time, namely when one tries to print results.

In the event that a computer malfunction is detected, the following
procedure is recommended:

If the trouble occurs very shortly after operation has begun, the
first suspect for the error would be that it was a human error. That
is, either in loading the code and any data that might be needed, or in
making any alterations of data, or in the setting of addresses into the
control counter, the operator may have made some sort of an error. Hence,
one should try to restart the computation without making any other checks.
If similar trouble seems to repeat, one then follows the same procedure
as for malfunctions that appear after the computation has been underway
for some time. It is:

If a malfunction appears that is evidently not from a human source,
the problem being computed is removed from the computer and the basic
computer test problems are run to see if they detect the malfunction.
Every operator of the computer should become intimately familiar with
these test problems so that he can run them and interpret properly any
results which might indicate a malfunction.

We discuss these test problems only briefly here. There is a so-
called "Inversion Test" which checks that the memory is operating properly.
A "Vocabulary Test" is a general test of all of the orders to see if any
of them are failing. This test will detect any consistent errors. For
the more aggraveting intermittent variety there are specific tests that
attempt to test more exhaustively each kind of order with a wide variety
of numbers. In any test in which a malfunction occurs, data are printed
that indicate the nature of the malfunction. As soon as a malfunction is
detected by a test routine, the engineering staff should be called to fix
the trouble. In the event that the test problems do not indicate any er-
rors but the troubles still persist in the problem, the engineers should
be called. If the trouble is manifested by incorrect results which can
be duplicated, and if the test problems do not indicate computer trouble,
one should begin to suspect that there is some incorrect information on
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the magnetic tape dump from which the problem was started, or an even
more disastrous thing--one should begin to suspect that perhaps the
code is not in reality debugged.

In computer malfunctions, the operator should be able to assist the
engineers in localizing the source of trouble. To do this one certainly
must completely understand the function of the various registers and the
control counter. Such an understanding also helps one operate the com-
puter more effectively at all times. We now discuss these matters where
part of what follows is review and part is presented for the first time.

We discuss the registers first starting with R6, the control register.
During the loading process, R6 contains zeros. During the operation of
the computer, R6 contains the instruction-word that is being acted upon
by the control. One may, in general, determine the address in the mem-
ory of any instruction-word contained in R6 by examining the control
counter. The control counter contains the address of the next word to
be brought into R6. This is one address greater than the word in R6 un-
less either the control has just executed a transfer instruction or the
counter has been set manually. Whenever & “nonsense" word in R6 stops
the computer, the address less one in the control counter always indicates
the location of this nonsense word in the memory, and it should be so
checked.

The RS register has many functions,which we discuss in turn. During
the loading process, words pass through R5 en route to the memory, and at
the completion of any loading, R5 should contain the word on the tape
immediately preceding the double space. Any word which is hrought into
the arithmetic unit passes through R5. Hence, at the completion of any
such operation, R5 contains the word from the location specified by the
address of the instruction. Oxrders 1-12, as shown in Table I, page 21,
are of this kind. The following orders also affect R5. After a Q—m
instruction, R5 should contain the same word as Ri4. After an a —Ac
or a—>Ah instruction, R5 should contain in positions (0-11) the number
which is equivalent to the address portion of the a— A instruction.

Upon the completion of a read instruction, the word also resides in R5
as well as in the memory. Now upon completion of Imstructions 19-22, of
Table I, the substitution instructions, R5 contains the word into which
the substitution is being made, as it appears before thé substitution is
effected. Note that an A—>m instruction does not involve R5.
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We discuss the registers R4 and R3 together since R3 is an auxiliary
register for Rt (Rib= Q). Neither is affected by the loading process.
When a number enters R4t via an m—>Q instruction, R4k containe the number
from the location specified by the address. The contents of R3, however,
are irrelevant and may be anything depending upon past instructionmns.
However, if a number enters R4 from any other source (viz., X, —, L(n),
or R(n) instructions), R3 contains the same information as R4 displaced
one position left or right except perhaps for the sign position and the
2=39 position. In the X and R(n) operations the number in R3 is dis-
placed to the left of the one in R4, while in —— and L(n) operations the
number in R3 is displaced to the right.

The magnetic tape instructions and the magnetic drum instructions
use R4 and R3, and consequently upon completion of t—>m or D—>m, Rk
contains the last reference word. R5 will also contain the same word.
R5 contains the last reference word of m-——»t and m—D as well. On the
instructions where R4 contains the last reference word, R3 contains the
same word displaced once to the right except for sign.

R2 and Rl also work in conjunction; however, any time a word is in
R2 from any instruction, the same word, except perhaps for sign position
and 2~3° position, is in Rl displaced either one unit right or left.

Upon the completion of loading, R2 contains the sum of the contents
of the tape. Upon the completion of a D—>m instruction with address
m+800, R2 contains the sum of the fifty words read from the drum to the
memory.

Upon the completion of any of the add orders, a—>Ac, a—>Ah, X,
R(n); Rl contains the same number as the R2 register displaced once to
the left. Upon the completion of — , L(n); Rl contains R2 displaced
once to the right.

Upon the completion of & syncprint order (not considering the sub-
routine in which it is contained) R2 contains all ones. In this instance,
and only in this instance, Rl may have completely foreign numbers to
those of R2.

If a computer malfunction is suspected, the contents of the various
registers should be closely observed, and if there is any deviation from
the above-mentioned situations the discrepancies should be recorded, as
they may aid in the detection of the malfunction.
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As previously mentioned, the control counter is the mechanism used
for the sequencing of instructions. The control counter always contains
the address of the next word to be brought into R6, the control register.
The control counter may be manually set to any desired address. While
the computer is running, the control counter advances sequentially ex-
cept when transfer or satisfied conditional transfer instructions are
executed. These instructions set the control counter to the same address
as that contained in the instruction. The control counter has sevéral
speclal functions which are:

In loading, the control counter is the sequencing mechanism. The
control counter is first set to the desired initial address. Then the
contents of the tape being loaded are sent to the memory into sequential
addresses beginning with the initial one. Upon the completion of the
loading, the control counter resets to the initial address.

In the drum instruction, the control counter indicates the fifty
sequential memory addresses concerned with the instruction. At the out-
set of the instruction the counter is set to the memory address contained
in the instruction. When the fiftieth word is transmitted, the counter
contains the corresponding memory address. Since this is not, in general,
the desired address for the next instruction, the drum instruction ends
by setting the control counter to the address contained in bigits (28-39)
of the drum instruction.

. As with the registers, when & computer malfunction is suspected, the
control counter should be observed to ascertain that its behavior cor-
responds to that given above. ,

We complete the chapter now with brief discussions of the "audio-
monitor", the memory monitors, the magnetic tape, the Synchroprinter, the
computer '"turn-off" and emergency procedures, and a brief comment on the
method of time scheduling for the computer. _

The "audio-monitor" is an amplifier and a loud-speaker that taps in-
to the circuitry of the function gates. The frequency with which the
function gates change (i.e., flip from left to right as successive in-
structions are performed) while the computer is running on automstic
operation is in the audio-range. The amplifier merely amplifies and
transmits these frequencies to the loud-speaker and hence into audible
noise. The use for such a piece of equipment lies in the fact that in
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many problems that are run on the computer the code patterms established
by the various induction loops of the problem give rise to distinctive
and easily detectable noise patterns. A person familiar with the noise
~patterns of a problem can often tell when there has been a computer mal-
function if the malfunction manifests itself by the control altering its
path through the code sequence. This circumstance causes & change in
the noise pattern of the problem. A volume control switch allows one
to control the audio-monitor and, if desired, the volume may be

turned down.

The memory monitors consist of four three-inch cathode ray tubes.
These tubes allow one to observe the contents of any of the forty memory
tubes. The monitor tubes are mounted at each end of both banks of mem-
ory tubes as shown in Figures 2 and 3. There are six selector switches,
four mounted directly under the central storage units of the front stor-
age bank and two similarly mounted on the back side of the computer.

The selector switches are eleven place switches, allowing an "off" posi-
tion and the display of any of ten memory tubes by a monitor tube.

Since there are four switches on the front, two connected to each of

the front monitors, one can observe any of the forty memory units. The
two left-hand switches select units (0-19) while the two right-hand
switches select (20-39). However, each monitor tube may display only
one unit at a time and care should be exercised that the two selector

switches connected to a single monitor tube are not both set to a unit

as this causes erroneous information to be stored into the memory

units concerned. The two selector svitches on the rear bank may only
monitor that bank, the odd-numbered memory units as shown in Figdre 3.
The left-hand switch can monitor 21, 23, 25 -++ 39, and the right-hand
switch can monitor 1, 3, 5 +--- 19.

The memory raster, as one views the monitor tube, is as shown in
Figure 6. A bright spot at any position of the raster corresponds to
.a l, while a faint’spot corresponds to a O.

As a problem is running, the code patterns due to induction loops
often cause certain portions of the code to be performed more frequently
than others. The memory locations concerned are then consulted more
frequently, and these regions of higher consultation show a brighter
intensity on the monitor tube than neighboring reglons. One may then
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be able to determine, by observing a monitor tube, when certain sections

of the code are being traversed. As with the "audio-monitor" and its noise
patterns, the memory monitor often displays distinctive code patterns. If
the computer malfunctions in a way that the display pattern is altered,
this is often observable.

The magnetic tape unit has préviously been discussed in Chapter II,
Problem 12, and in Chapter IV; so that what is said here will pertain
mostly to the operation of the unit.

Recall that the unit is a single channel serial system where the
magnetic tape reels contain 1200 feet of l/h inch wide Scotch Sound Re-
cording Tape. These reels of tape are, in general, pre-marked into sec-
tions, each of which will accommodate 1024 forty-bigit words. There
are fifteen such sections to & reel and the markings dividing these sec-
tions are short lengths made transparent by removing the magnetizable
material from the tape. A photo-cell in circuilt with a fast forward and
reverse mechanism affords the only searching facilities (manual). The
tape may be advanced or reversed at a speed of roughly four seconds per
block of 1024 words, and the photo-cell actuates a brake whenever a trans-
parent section of tape,indicating a separation of the 1024 word blocks,
passes through it.

In order to use the magnetic tape, one first threads the desired
reel of tape onto the tape drive mechanism. Second, the tape is advanced
to the start of the desired 1024 word block. Third, the tape unit
switches are set so that the unit can then be operated by the control of
the computer through the magnetic tape routines (ef. Chapter II, Problem 12)
‘We now discuss these steps in detail.

The tape drive as it appears atop the console cabinet is shown in
Figure 7. The different parts are cléarly marked and need no explanation;
hence with the aid of this diagram we turn to the tape threading procedure.
To thread tape
1. Remove the caps from both tape reel spindles.

2. Place the reel of tape on the left spindle. It is called the rewind
reel. The tape feeds from this reel in the direction indicated by
the diagram.

3. Set the forward-reverse-normal switch, hereafter called the setting
switch, to the normal position.

k. Open the head housing door.
5. Unwind a length of tape and thread it as indicated in Figure 7.
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Wind several turns around the take-up reel. Wind the take-up reel
until the take-up arm is in the position shown.

Replace the caps on the spindles. (Do not remove or replace caps
while the tape unit is running.)

Close the head housing door. The tape is now ready to be advanced
to the first transparent section, the starting position for the
first block of information.

In order to have the tape in correct position to record or replay

a block of storage, all that 1s necessary is that the transparent sec-
tion of the tape identifying the start of the block must be visible in
the region of tape between the two reels.

To

advance or back up tape to start of desired tape section

1.

Ir

Turn the setting switch to the desired direction of motion of the
tape.

Open the head housing door; the tape advances in the desired
direction. When a transparent section passes by the photo-cell,
the tape stops. The braking is not instantanecus, and the trans-
parent section may travel as much as 15 feet during the stopping
process.,

Turn setting switch to the opposite direction of the previous motion.

Depress the manual start button. This starts the tape moving in the
direction shown by the setting switch. The transparent section of
the tape again actuates the braking action when it passes through
the photo-cell. This time the overshoot is less.

Repsat steps 3 and 4 until the transparent section lies in the region
between the two reels. This is the desired starting position.

Turn the setting switch to the normal position and close the head
housing door.

The tape is now ready to operate - either record or play back.
it is desired to back up or advance the tape more than one block of

words, at the end of step 2 press the manual start button without changing
the setting switch. Repeat this until the desired block of information is
reached. The procedure is then the same as previously noted starting at

step 3.
To record or replay
1. The transparent section identifying the desired block must be in the
region between the two reels.
. The head housing door must be closed.
3. The setting switch must be in the normal position.
4., The take-up arm must be in the position indicated in Figure 7;
5. The red indicator light must be off.
6. When steps 1 thiough 5 are completed the tape is ready to be operated

automatically upon instruction from the computer.
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The indicator lights have the following significance:

i. The amber light indicates that the power is on. If this light
is "off", call an engineer for assistance. _

ii. The red light is "on" in any of the following circumstances.
a. The head housing door is open
b. The setting switch is in the reverse or forward position.
c. The take-up arm is not in correct position.
d. It is "on" while the tape is running during a recording or

a play back. '

If, in setting the tape to record or replay, the red light remains
"on" after steps 1 through L4 have been completed correctly, call an en-
gineer for assgistance.

The Synchroprinter has previously been discussed in Chapter 1I,
Problem 13, and in Chapter IV; so that, as with the magnetic tape, the
remarks here pertain to operating procedures.

- Recall that the Synchroprinter prints a line at a time; each line
may contain 40 characters. The maximum speed of operation is 15 lines
per second, or 36,000 characters per minute. This print order must be
used in a routine (cf. Chapter II, Problem 13) which does the following:
The four words to be printed are fanned into an array of eighteen words
in the memory. During a print cycle, eighteen print orders are given.
The first print order activates the printer and the remaining seventeen
act in a timing capacity synchronizing the printer and the computer.
Prior to each print order of the cycle, the appropriate word of the ar-
- ray is brought into R2.

In the discussion of the operation of the printer, we assume that
the printer routine has been properly incorporated into the problem and
discuss only the mechanics concerned with the printer unit.

Five switches are located on the front of the printer cabinet.
These are:

i. the motor switch
1i. +the filament switch
iii. +the plate switch
iv. the thyratron switch
v. ‘the paper advance switch
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The filament switch and the plate switch are always to be in the
"on" position. If this is not the case, one should not attempt to

operate the printer, and an engineer should be called for assistance.

" When the printer is to be used, the positions of the motor switch
and thyratron switch should be checked. If they are in the "on" position
the printer is ready to operate. If they are in the "off" position, the
following is done: (The order is important.) First, the motor switch is
turned to the "on" position and then the thyratron switch is turned to

the "on" position.

The thyratron switch controls a bank of 40 thyratron tubes that are
used for triggering the 40 print hammers. A thyratron tube is a gas dis-
charge tube rathér than a vacuum tube, and it permits the high current
necessary for triggering the print hammers. Once a thyratron has been
discharged, its plate voltage must be cut off iﬁ order to reset it to
the non-conducting state. The triggering of the print hammer momentarily
causes the plate voltage to be cut off so that the thyratron is reset.
However, the circuitry is such that the triggering of any print hammer
twice in a print cycle will cause its associated thyratron to stay in the
discharge state, making any further triggering impossible. Attached to
each thyratron is a neon bulb which is lighted whenever the thyratron is
in the discharge state. These neons are visible through a glass panel
immediately below the thyratron switch. Whenever a thyratron remains in

its discharge state, as indicated by its lighted neon, it may be reset by

turning the thyratron switch "off" momentarily and then turning it "on"

again. If, in the "turn-on" procedure for the printer, some of the thyra-
trons discharge, as indicated by their associated neon being lighted, the
above procedure is carried out for resetting them.

A thyratron should never be left in the discharge state, and as
soon as such a condition is known the above reset procedure should be

carried out.
During operation, the only times that a thyratron can be left in the
discharge condition are:

i. when more than, or less than, the required 18 print orders are
given in a print cycle

11. when a print hammer has been triggered more than once per print
cycle

ii1i. when there has been some computer malfunction effecting the printer
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(i) and (ii) may be caused by an improperly coded print routine.
If the computer is stopped during a print cycle, and if a print order

is in R6, connected into the control circuitry, the computer cannot be

restarted without danger of leaving some of the thyratrons in the dis-

charged state. Restarting resumes the print orders, and with the control
in the middle of the routine less than elighteen print orders will be exe-
cuted by the control. If the computer is stopped during a print cycle,

and if an order other than the print order is in R6, one should again

check the thyratron neons, as there 1s danger that some thyratrons may be

in the discharge state.

If any thyratrons are in the discharge state and an attqufris made
to use the printer, the print hammers associated with the discharged

thyratrons cannot be triggered; hence no characters will be printed in

the corresponding columns.
The "paper advance switch" allows one to manually advance the paper

s0 that printed material may be removed from thé printer. Depressing

the switch causes'the paper to advence and it will continue to do so as
long as the switch is held in the depressed state. Note that for manually
advancing the paper, one should always use the paper advance switch, since
advanciﬁg the paper by merely pulling it causes the printer ribbon to be-
come misaligned. ‘

The “"turn-on" and "turn-off" procedures for the computer naturally
seem to be more in the domain of the engineers rather than that of the
programmers; however, the turn-off procedure has been simplified to the
extent that the programmers can do it.

In order to turn off the computer, one must set certain of the
switches located on the Memory High Voltage Power Supply shown in
Figure 8, the Switch Gear Panel shown in Figures 9 and 10, and the
Magnetic Drum Control Panel shown in Figure 11. The relative position
of these panels with respect to the computer proper is shown in Figure 1.

The "turn-off" procedure in its proper sequence is the following:

On the High Voltage Power Supply (Figure 8)
Depress "off" button. (Leave filament switch in "on" position,

however. )



-287-

HIGH VOLTAGE POWER SUPPLY
7,
FILAMENTS READY HIGH VOLTAGE
ON ' ON OFF
© O O O O
: |
O O e
©) o
VOLTAGE RESET @
ADJUST
Z)
S
@
e

HIGH VOLTAGE POWER SUPPLY



Overload Relays

J
~

®EO®E®
@E®B®®

20000
OOO®B®

=) =]

)| =) ==

= J||=

=)= Ol|—=C )| = =]
=== =

POWER SUPPLY CONTROL
PANELS

FIG 9

-288-

Compensation
1~ Ammeters

Voltage
_— Reguiator
: N4y
5 Q0. 9 OO |~ Generator
Qg 0 o Voltmeters
© 0°6%0% (g-_\ Switchgear
o 15)

° | Positive Field
@ T~ | Rheostat
Voltage
o o
o Regulator
@ ] _
Nego’rive Field

Rheostat



-289-

- N (7 \
K —) — ~)
POSITIVE NEGATIV

GENERATOR VOLTMETER PANEL— POWER SUPPLY

© OA EMERGENCY
BAT GND on SWITCHGEAR
© (@L] u OFF
Oc
POS GEN BAT PHASE FILAMENT TIMER BAT GEN
(@) e}
NEG GEN BAT @ © BAT SERIES
o FILAMENTS STANDBY DC o
@) © © @)
START STOP DC OFF DC ON

SWITCHGEAR PANEL — POWER SUPPLY

FIG. 10



-290-

O O O O O O O
o o o
—1
O O O O O O
| @ )
O O O 0o O OO0 O (::) <::>
——Q Y o
PN

O O O O O

Reduced Chassis Regulator DC.
Filoment Filament Filament Control

© © o ©
A #

O .

@ 9 e O
i@
g

®)

®)
O

~

DRUM CONTROL PANEL

FI1G. 11



-291-

On the Switch Gear Panel (Figures 9 and 10}

1. Turn DC "off" by depressing DC off switch located between the DC (red)
and standby (green) lights.

2. Set battery-generator switch into "down" position.
3. Set battery-series switch into "down" position.

4. Turn off generators by depressing the stop (red) switches for the
positive and negative generators. These switches are each located
immediately above its corresponding positive or negative rield
Rheostat. ,

5. Turn the filament variac down (turn the wheel counter clockwise as
far as it will go). The variac is located between the memory high
voltage power supply and the overload relay of the power supply con-
trol panels as shown in Figure 1.

6. Depress the stop switch located between the filament (white) and
standby (green) lights.

T. Turn the Emergency switch to the "off" position.

On the Magnetic Drum Control Panel (Figure 11)

1. Set the "chassis filament" switch to "off" position.
2. Set the "regulator filament" switch to "off" position.

Note: Do not set any drum switches other than the two indicated
by 1. and 2.

In the event of an emergency, such as smoke or flame emitting from

the computer, the emergency "turn-off" procedure is:
Emergency Turn Off

1. Set the emergency switch on the switch gear panel to the "off"
position.

2. Immediately call an engineer.

In the discussion of'debugging' procedures, the emphasis was placed
on using the computer effectively;when a reasonable amount of data has
been obtained from the monitoring or as soon as an errdr has been detected
during the monitoring, the problem whould be removed from the computer
and the data studied away from the computer. This procedure naturally
leads to the following guestions: What is the length of time that one
should spend with the computer per debugging session? And, how should
the time on the computer be scheduled so that debugging sessions are co-
ordinated in a way which utilizes the computer efficiently? At the pre-
sent stage of the art there seems to be no clear cut answer to either of
these questioné. Our present attempt to answer them stems for experience

gained during the past several years of operation.
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It seems that a person will accomplish more in several short sessions
than in a long session of the same total time, if the time between the
short sessions allows him to study and digest the results. As a conse-
quence, thirty minutes is the maximum time for any debugging period; how-
ever, shorter periods are recommended. Instead of arranging a schedule
according to the clock, a programmer decides on each occasion when to
terminate his debugging session.

Since a debugging session may range anywhere fram about five to
thirty minutes, and since the exact length of the period is left to the
discfetion of the programmer, this has brought about the following ar-
rangement: Debugging periods on the compuﬁer are scheduled sequentially
during the normal working hours. This is the time when most programmers
are available. A debugging schedule is compiled; however, no specific
time is allotted to any person. The list only serves to indicate the
order in which the debugging periods are scheduled and, as mentioned
above, the length of each period is determined by the programmer while
he is debugging. It is the responsibility of those on the schedule to
be available when their debugging period occurs.

As soon as the debugging periods are over, the running of problems
is scheduled. Debugging time is not normally scheduled beyond the com-
pletion of the regular work day which is 5:00 PM. This means, then,
that most of the problem running time is allotted in the hours between
5:00 PM and 8:00 AM the following day. Problem running time can, of
course, be scheduled for fixed periods; hence there is no need, as in
debugging, for all on the list to be available prior to their scheduled
time.
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APPENDIX I
SCALING OF NUMBERS
Numbers handled by the computer must be in the range
[x] <1 (1)

The numbers that occur in the course of a numerical computation are
usually not so contained. As a result it is necessary in going to
automatic computation to change some, if not all, of the fundamental
set of units. The process of making these linear transformations is
called scaling. Consider the following very simple example:
Suppose one were interested in the distance in centimeters of free
fall for times lasting to 100 seconds; i.e.,

s = 1/ g t° (2)
980 cm/sec® is the gravitational ac-

where S is the distance, g

celeration, and t the time. In order to restrict the range of these
quantities so that they satisfy Condition (1), one makes the follow-
ing transformations
T-e (3)
3
-10
Y = 27g
For convenience, one uses powers of two. Quite clearly 7, y are
contained in the proper range. Using (3) one finds
' 1
s = 1/2(2'% )(277)?

= 12 Pty 2

Hence, if the transformation

o = 27
is mede, one obtains

o = 1/2yT?
wvhere all the quantities as seen by the computer are now well contained.

The three transformations are not, of course, independent since

only the dimensions of length and time are involved. An alternate way
of expressing the above is to say that time is measured in units of
278ec. and length is units of 22hcm. In reviewing a scaled number in

a register, one may very easily unscale the number by imagining that
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the binary point is shifted appropriately from its normal position
(between O and 1 stages). In the above example, the unscaled time
is found by considering the binary point moved 7 places to the right.
One chooses the minimum amount of change in units in order to
have the maximum accuracy. Sometimes the variations in the quantities
are so violent that it i1s necessary to make successive transformations
in order to maintain sufficient accuracy. Nevertheless, this is
usually much faster than appealing to floating point routines.
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APPENDIX II.
VERTICAL BUSES

The vertical buses of the order gates, as discussed in Chapter IV,
pages 202-204, Figure 11, have been modified and are shown below as
Figures 1, 2, 3, and 4. Figure 11, of Chapter IV, illustrated the
original arrangement of the vertical buses on the front and back section
of the arithmetic unit control. As a result of several modifications
across time, we now requlre the four figures, one for the front side of
the control (Figure 1) and three for the back side (Figures 2, 3, and 4).
The motivation was to simplify the control system. It was found de-
sirable to incorporate a few new buses and, in order to do this, a more
efficient distribution of buses was necessary. That is, although all of
the buses as shown in Figure 11, of Chapter IV, are necessary, they
vwere not all needed on both the front and back control section; e.g.,
COR4, CORl, RIR2L;, etc., were not used for any order gates on the front
section; and, similarly, (0-T)R2, (8-19)R2, (20-2T7)R2, etc., were not
necessary on the back section.
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APPENDIX III
SINGULAR ARITHMETIC OPERATIONS

In a division operation involving numerator x and denominator y
there are certain combinations that violate the condition [x] < |y|,
but nevertheless give rise to interesting and often useful results.
We call such division operations singular operations. Some of the im-
portant results are:

i. -1<x<1,y=0 then
Q=%-2-x-27%
0] .
ii. a special case of (i) i8 x=y =0 then

Q= g-—>2 -273¥ .11 v 1

iii. x=y>0 then
e=%2--a-2%) -1.0000 -+ 01
iv. x=y <0 then
Q=21 273% oaam e 11
V. Xx=-y>0 then
e=E-1-2¥-0mm -+
vi. -x=y>0 then

Q= T—-(1- 273%) - 1.0000 ++- 01

Recall from the discussion of binary arithmetic in Chapter III that
the allowed number range is -1 <x < 1. This implies that -1 (a 1l in the
sign position followed by all O 's) admits valid operations. In the ad-
dition process this is obviously the case. 1In division, if the numerator
x = -1, the quotient is meaningless except for the cases (i and iv) where
the donominator y = O and y = -1.

However, in division, if the denominator y = -1, one obtains the norm-
ally expected quotient; e.g.,

vii. x>0, y= -1

_ X o« - o339
Q-_l—>2 x 2
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Viii. x<0, y = -1

_ X _ »=39
Q = 3 x 2
ix. the special case for x =0, y = -1

Q=_% 2-2"39 _3.1111 e 11

For the multiplication operation -1 1s admissable as one and only
one of the factors, and

X. X==1, y=20
P=xy—2 -y

xI. x=-1, y<O
P =

xy—>|y]
The treatment of -1 is symmetric with respect to the multiplier and
multiplicand. If
xil, x=y= <1
p=xy 1+239 21,0000+ 01
We see that the multiplication p = xy where x =y = -1 does not

give the correct product and hence is an exception to the rule admit-

ting -1 as a legitimate number.

Returning to the division operation, there is one other fact
worth noting; namely, if a division is exact with fewer than 39 quotient
bigits, and if x,y >0, and if

and Q'=°—x-,

Q =

<IN

are formed, then

Q=Q'+2-38

Similarly, if x,y > O, and if

=X X
= — and ''= =
< y < -y

are formed, then

Q= ) -2
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E-addresses (Descriptive coding) 210
Examples of, 210-211
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22 ff.
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tive coding) 212 ff.
Example of, 21k
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FLOW DIAGRAM
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Substitution box, 4i f£f., 48
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Gate tubes, 173-1Th

Gating, 174-176
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25, 78, 115, 120
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Helper-routines, 261 ff.

Hexadecimal numbers, 55

High voltage power supply, 286-287

Induction, 39-40
INPUT-OUTPUT
General, 11, 172
Flexowriter Punch, 198



INPUT-OUTPUT (Cont.)
Logical discussion, 192-198
Magnetic tape, 132-141, 193-194,
281-284
Photo-electric reader, 192-193
Synchroprinter, 142-153, 195-197,
284 -286
Teletype page printer, 197-198
Instruction, 18
Instruction control, 202-203
Integer conversion routine, bi-
nary to coded decimal, 254 f£f.
Integration by Simpson's rule, 71 ff.
Internal memory (see Memory)
Interpretive routine, 266

Load process, 192-193, 258-259
Load switch, 252, 258-259
Logical coding, 27

Logical symbol, 27

Magnetic drum
General, 11, 172
Addressing of, 189-190
Capacity of, 189
Characteristics of, 189
Checking procedures, 191-192
logical discussion, 189-192
Magnetic drum control panel, 286,
290-291

Magnetic drum orders, 11, 23, 107 ff.,

115, 120
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228-232
Magnetic head, 189
Magnetic tape (Input-output)
Characteristics of, 194
Logical discussion of, 193-195
Operation of, 281-284
Head housing, 281
Manual start switch, 282
Photo-cell brake, 282
Rewind reel, 282
Setting switch, 281
Take-up arm, 282
Take-up reel, 282
Tape drive, 281
Tape reel spindle, 281
Routines for, 132-1k41
Searching facilities for, 194
Malfunction, computer, 132, 27k ff.
Manggl—automatic switch 252, 259,
2
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MEMORY, electrostatic
General, 9 ff.
Gate connections to, 188
Logical discussion of, 185-192
Memory clear switch, 252, 257
Memory monitor, 279
Memory position mark, 33
Memory raster, 279-280
Meshing, 106 ff.
Monotonic decreasing sequence, 106
MULTIPLICATION
General, 1, 7, 8-19
Arithmetic of, 160-167
Corrections from negative multi-
plier, 161-162
Examples of, 165-16T
Logical discussion of, 180-182
" Orders of, 21, 2k

Negative numbers, 2, 3, 154 £f.,159
Numbers
Binary, 2, 154 f£f.
Coded-decimal, 11 f£f., 56 ff.
Complement, 2, 3, 154 £f., 159
Hexadecimal, 55
Fegative, 2, 3, 154 £f£., 159
Signed, 154 ff.
Number range, 2, 155-156

One address system, 13, 19, 198
OPERATING PANEL, 252 ff.
Breakpoint switches, 252, 260 ff.
Control counter display lights
and setter, 252, 256
Function gate lights, 257
Load switch, 252, 258-259
Manual-automatic switch, 252,
259-260
Memory clear switch, 252, 257
Pergorm-order switeh, 252, 260-
261
Start-next-order switch, 252,
259 £f.
Operating techniques, 14
Operzgion box (Flow diagram) 40 ff.,
Operations control, 200-202
Operations counter, 181
Order, 13, 18, 199
Order matrix, 199, 201
Output (see Input-output)



Paraléel operation of memory,

165

Periodic problem record, 2Th

Perform-order switch (operating
panel) 252, 260-261

Phogo-cell brake (Magnetic tape)
202

Photo-electric reader (Input-
output) 192-193

Position mark (see Memory posi-
tion mark)

Print order, 22

Printers (Input-output)
Synchroprinter, fast, 142-153,

195-197, 284-286

Teletype printer, slow, 197-198

Problem preparation, 14, 261 ff.

Pseudo-drum track address (Des-
criptive coding) 228

Pseudo-non-restoring division
(see Division)

Punch (see Flexowriter punch)

Quotient register, 5, 8, 9, 173,
277

Random number generation sub-
routine, 240 ff.

Read order, 22

Reading, memory, 186

Reciprocal by iteration, 94-95

Record, magnetic tape, 132

Regeneration, 185

Regeneration cycle (memory con-
trol) 186

Regeneration counter (memory
control) 186

Register (Arithmetic unit) R1-R2,
accumulator, 5 f£f., 173, 277

R3-Rl4, quotient register, 5, 8,
9, 173, 277
R5, 5, 8, 9, 173, 276
R6, 5, 8, 9, 173, 276
Remainder, division, 185
Rewind reel (Magnetic tape) 282
Round -off
Multiplication, 164-166
Example of, 165-166
Division, 170
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Seven (7) storage (Descriptive
coding) 208-209
Examples of, 246-2L4T7
Subroutines, 236-238
SHIFTING
General, 5 ff.
Arithmetic of, 156-158
Double precision, 99, 103
Logical discussion of, 174-1T78
Orders of, 22, 25 ff.
Sign of a number, 154 f£f.
Simpson's rule (see Integration)
Sin x calculation routine, 126-131
Sorting routine, 106-125
Square-root calculation routine, 1,
49-5k4
Start-next-order switch (Operating
panel) 252, 259 ff.
Storage
Dynamic, U7
Statie, 47
(see Descriptive coding)
Storage box (Flow diagram) 47-48
SUBROUTINE (Descriptive coding) 16,
235 ff.
Assigning box numbers to, 237
A-storage of, 236
B-storage of, 236, 238
C-storage of, 236
Code tape of, 250-251
D-storage of, 236-237
Entry into, 238 ff.
" Exit from, 238 ff.
Substitution box (Flow diagram)
Ly ££., 48
Substitution orders, 22, 25, 31, 3h
75-76, 77, 86,
Treatment in descriptive coding)
210-212, 215-220
Subtraction (addition) 1, 3-4, 7 f£f.
Arithmetic of, 158-160
Logical discussion of, 179
Summing routine, 262
Switch gear panel, 286, 288, 289, 291
Synchroprinter (Input-output)
Actuation of, 1uk
Array, 143
Characteristics of, 195
Logical discussion of, 195-197
Malfunctions of operating pro-
cedures, 195-196, 284-286
Paper feed, 143, 284, 286
Print cycle, 142
Routine, 142-153
Thyratrons and associated switch,
284-286
Switch gear panel, 286, 288-289, 291
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Take-up arm (Magnetic tape) 282

Take-up reel (Magnetic tape) 282

Tape drive (Magnetic tape) 281

Tape leader, 258

Tape reel spindle (Magnetic tape)
281

Tape symbols, 11

Taylgr series expansion of sin x,
12

Teletype page printer (Input-output)
197-198

Tetrad, 27, 192

Thyratron (Synchroprinter) 285

Toggle (see Flip-flop)

Transfer orders, 21, 24-25, 36 ff.,
68, 69

Transfer orders, descriptive coding
Fixed connection, 212-215
Variable connection, 215-220

Variable of induction, 43 ff.
Variable remote connections, 72-73,
96 £f.
In Descriptive coding, 215-220
In Subroutines, 236
Vocabulary, 17, 20 ff.
Table, 21-23

Illustrations of orders in routines

m—>Ac, 33
m—>Ac-, 52
m > AcM, 66
m~>Ah, 29, 30
m ->Ah-, 52
m->Ah 800, 136
m->Q, 29, 30

X 29, 30

X' 100

29, 30

T 36 ££., T7

T 17

C 54

c* 38
Q—>m, 29, 30
A—>m, 29, 30
S->m, 33, 34
S—>m', 33, 34
ES >m, 78, 115, 129, 131
ES—>m', 78, 115, 121, 129, 131
R(n), 52, 86
L(n): 29, 60, 85
a —>Ac, 60, 77, 88, 148, 152
a —Ah, 13, 85, 86, 88
DS, 68
Flexoprint, 129, 131
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Illustrations of orders in routines

(cont.)

Read, 127, 131

Punch, 129, 131

Syncprint, 150, 152

m-—>D, 117, 123

D—>m, 115, 122

QR—>1t, 135, 137

t—>Q,

Word, 13
Writing, in memory, 186
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