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1L, Muitiplication

There are three instructions for accomplishing a multiplication:
M, Nacd P. The N instruction differs from the M instruction only in that
the sign of the mulitiplisr is reversed at the beginning of the operatiom.
The P instructicn is unique in that it omits the round-off correction. which
is suppiied by the M and N imstructions and retains the entire 22-digi¢ pro-
duct. In the following example, the M instruction only will be illustrated,
and the differsnces between i% and N and P wiil be pointed out at the con-

glusion.

A zompliets muitiplicaticn invoives three instructionss {1) transferring
the muitiplicand from the memory to L, {2) transferring the multiplier to X
and initiating the multiply operation which delivers the product to A, and
{3} transferring the product from A to memory storage. In the example
vhosen, X, will be the multipliicand {abbreviated "icand"), y, wiil be the
mitipiier {"fer") and the product will bs delivered toc 045, The three in-

structions, thers<fors, become:

Memory Instruction Remarks
Location
032 L 041 %, => b {x, = 0:,13131 111131)
M 048 Vo o %o ~>{y, = =. 12345 678901)

013 C 045 {rA) =045 ({rA) = -.0137% 742100}



U330 ~ po7
February .956

Tabie 2 shows, at the end sf sash minor cycle, the contents of sach
register or counter concerned with the multiply operation. The Program
Counter {PC) is used to count the steps of the process. F contains the
absolute value of three times the multiplicand {on and after step &), L
contains the miltiplisand, The product 3» | ivand | 1s bullt up in A during
the first three steps for transfer to F. The round-off correction is
piaced in A on step 4o Thereafter A contains the partial product as it is
buiit up on steps 5 through 15. X initially receives the muitipliier, and
on steps 5 through 15 transmits the new multiplier digit te the Multipiier-
Quotient Counter (MQC), while recsiving the LSD of the oid partial product
from Ac MQC recesives the cumplement of the new multiplier digit at ths end
« each atep. This digit is increased ito zero each step by successive addi-
tions as the multipiies of the "icand”™ are added. CP receives the signs of
"icen" and "ier®™ on step 3, stores the appropriate sign of the product from

steps 4 through 15, and supplies this sign tc A and X on step 15

Step 1 requires a variabls numbsr of minor cya‘ies9 depending upon the
position of the multipiier word in the memory chamnnel, and is terminated
at the end of the TS minor cy~le, leaving "ier™ in X, Also on this stepg.
A is cleared to decimal zeros, which, along with the absolute value of the
"icand” from L, are sent over special paths to the Adder, the sum being
returned to A, Sieps 2 and 3 repeat the addition of si@and ‘to the contents

of A, thus building up 3° sieandz in A,

The ~ontents of A are transferred over the HSB to F on step 4« Register
A is then cleared to decimal zerus, which, along with the round-off correction
.0, 50000 00000}, are sent over special paths to the Adder. The sum is re-

turned to A, The "ier" is sent to MQC, whers the nine's complement of the 1LID
of "ier® {(here "-1"; is set up. All digits of the "ter", in X, are shifted one
piace right, a decime! zerc being supplied to the sign position.
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Tably 2 - Multiplication Example
PG | Tya F L A X M| cp
Xeexxx xocxxx § 0117131 111111 ooy 000K 00000 X000t x X
1t o1 ' 000000 000000
011111 111111 .
TS -12345 678901
21710
1 022222 222222
31 T0 )
1 033333 333333
AER - :
1 | 033333 333333 000000 000000} -1234 567890 | O | -
5 |10 050000 000000 -1
1 <3) 061111 111111 0
IER 006111 111121} 1-123 456789 | ©
i6 | IER 000611 131111§ 11-12 345678 | -9
71 1 {>3) 033944 LALLAL, -6
2 (>3) 067217 111 -3
3 >3) 100611 111110 , 0
IER _ 010061 111111} 011-1 234567 | -8
g8l 1 (>3) 043394  444bid -5
2 (>3) 6727 TTTTN? -2
3 (<3) 087838 888888 -1
& (<3) 098949 999999 0
iER 009894 999999 9011- 123456 | -7
9] 1 (23) 04,3228 333332 -4,
2 (23) 076561 666665 -1
3 (<3) 087672 777776 0
IER _ 008767 277717 69011 -12345 | -6
0! 2 (>3) 042100 611110 -3
2 (23) 075433 944443 0
IER 007543 3944441 36901 1-1234 | -5
1) 1 (>3) 040876 727777 -2
2 (<3) 051987 838888 -1
3 (<3) 063098 949999 0
IER *006309 894999 93690 11-123 | -4
22 1 >3) 039643 228332 -1
2 (<3) 050754 339443 0
IER 005075 433944 | 39369 011-12 | -3°
1131 1 {>3) 038408 767277 0
IFR 003840 876727 73936 9011-1 | -2
1l 1 (<3) 014951 987838 -1
2 (<3) 026063 098949 0
IER 002606 3098941 97393 69011~ | -1
15{ TO
1 (<3) 013717 421005 0
IER 01371 742100} ~-59739 369011 | ()
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MQC produces one of three signals, depending on the value of the digit

compiement it contalns. If the digit is the comp}ement of 3 or greater, the
"?_;3"‘ signal 1s produced; if the digit is the complement of 1 or 2, the "<3"
signal is generated; and if the digit is decimal O, the " ER" signal is pro-
duced. The "»3" signal, for each minor cycle during which it is present,
causes the contents of F (3¢ gicande ) to be added to the partial product in
A, and aléo admits three puises to step MQC three times, thus increasing by
three the digit compliement stored in MQC. The "<3" signél, for each minor
cycle during which it is present, causes the contents of L, less sign (iicand‘),
to be added to the partial product in A, and admits one pulse to step M)C. The
"IER" signal, present for one minor cyéle only, causes the contents of both
A and X to be shifted one place right, the ISD from A becoming the MSD of X,

and the LSD from X being sent to MQC.

The example should be traced, minor cycle by minor cycle, until the
process controlled by the three signals: ">»3", "<3" and "IER" is understood.
It should be noted that the "0 multiplier digit requires one minor cycle;

a "1" or "3", two minor cycles; a "%, "4" or "6", three; a 5", "T" or "9%,
four; and an "8", five minor cycles per step, Multiplication by a null
quantity thus requires a minimum of 21 minor cycles.

On the final step {15), the sign of the product, which has been stored
since step 4 in CP, is affixed to the rounded product in A and to the modified
low-order product digits in X, The TO signal precedes this step in order to
allow time for the FT signals, causing the sign transfer, to rise to their
proper value. Should the final multiplier digit be "0O", the IER minor cycle
" of step 15 would follow immediately upon the corresponding cycle of step 14,

and the sign transfer might not take place'e
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The N instruction differs from the M instruction of the above sxample
only in that it causes the sign of the muitipiier to be reversed upon the
read-in to X on step 1. The P instruction differs only in that the addi-
tion of the round-off correction in step 4 is omitted. Thus, a 22-digit
product is correctly registered in A and X, containing respectively ths

high~order and lower-order portions of the product.

12, Division

A compleie divigion involves three instructioms: (1) transferring the
divisor from the memory to L, {2) transferring the dividend tv A and initi-
ating the divide operation which delivers the quotient to A, and (3) trans-
ferring the quotient from A io memory storage. The axample chosen is that
of dividing the product ¢ rained in the muitipiication exampie by x,. ylelding

¥, as the quotient. The three instructions are:

Memory

Zonation Ingtrustion Remarks
Gi3
Lo o =2 rl (x5 = 0,21111 1131110
04 boas (043) /%, =>rh ({045} = =.01371 742100

¢ Wb rA —> Q6 ({rA) = =,12345 678900)
It should be noted that x; was left in L at the conclusion of the mulitipil-

cation, and hence it was not necessary to use the "L 041" instruction of

tine 033,

The computer employs the non-restoring method of division. In this
method, the divisor is first subtracted from the shifted dividend untii an
overdraft occurse The number of subiractions, not counting the one which

produces overdraft, becomes the first {MSD)} quotient digit. The dividend is
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again sghifted lefi, and the divisor is added back until overdraft again
occurs. In this case, the nine’s complement of the number of additions,
less the one producing the overdraft, becomes the quotient digit. The
sequence of ai'oernate subtractions and additions is continued until 12
quotient digits have been determined. A round-off correction is added to
the quotient, which is then shifted right to becolﬂe the rounded 1l-digit

quotient.

Table 3 shows, at the end of each minor c;ycle, the contents of each
register or counter concerned with the divide operation. The steps are
counted by PCo A Binary Counter is used to keep track of the alternations
of subtraction and addition. L contains the divisor. Register A initially
contains the dividend, and thereafter registers the result of each subtrac-
tion or addition as the operation proceeds. Register A also receives the
12-digit quotient on step 15, and the rounded 11-digit quotient on step 16.
Regiater X receives a quotient digit from MQC, in the LSD position, at the
end of each step (3 through i4), after the previous contents of X have been
shifted one position left. MQC is cleared to decimel zero at the start of
each step of the division. It is then stepped once for each subtraction or
addition except the one which produces overdraft. The Binary Counter so
controls the read-out of the quotient digit from MQC to X, that the digit
is read out directly following subtraction steps, whereas the nine’s com-
plement is read cut following addition steps. The Comparator serves the
seme function as in multiplication—it determines and stores the sign of
the quotient until needed at step 16 for A and X,
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The Binar& Counter is initially set to 1, which produces a signal
causing the Adder to subtract the absolute vaiuve of the divisor (from L)
from the dividend (from A). Since the Adder "subtracts" by complementing
the subtrahend and adding, & carry from the twelfth digit position is ob-
tained whensver the difference has the sign of the minuend. Hencé, the
absence of this carry indicates an overdraft. The remainder wiil be in
complement form, indicating a negative quantityc‘ then the divisor is added
back to the shifted remainder, a carry wiil eventually be produced, which
then becomes the overdraft signal on addition. Ths overdraft signal from
the Adder is used to produce the "OR™ signal in the Muitiply-Divide Circuits.
The "OR™ signal serves the same purpose in the division as does the "IER"
signal in the multiplication—that of terminating the step and preparing for
the next step. The "OR" signal thus reverses the output of the Binary Ccunter,
shifts the contents of both A and X one place left, causes the quotient digit

to be inserted intc the ISD position im X, and clears MQC to decimal zero.

The 12-digit quotient is registered in X at the end of step 14. Om
step 1%, this quotient is tranaferred from X to A, After clearing A, the
round~-off correction (000000 000005) is added, and the sum returned.tQ'Ao Cn
step 16, the rounded quotient in A and the unrcunded quotient in X are botk
shifted right one place, and the sign held in CP is inserted into both
quotients. An ending puise is produced on step 16 which terminates the oper-

ation.
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p-<3

e | Min | Bin L A ¥ Mo cp
Cye | Cur
OR3330 233131 co0mxXXX  XXXXXX | 00oix  Xo0mxxy
N I 4 1 Q
TS S0DIZTN TL2IOD -
=] TO
X CI3717 421000
1 TO
A OR6GE 309889
? #991495 198778 2
R 914951 987780 | ooy xoooexi
4 1 0 926062 098891 =9
2 937174 210002 -8
3 948285 321113 §
& 9459396 £3222 -5
] 70507 543335 ~5
¢ 981618 654446 =4
7 992729 765557 -3
8 *O03840 876668 -2
R 038408 766680 | xxxxxx x0omxid
5 1 i R7297 635569 {
2 016186 544458 1
3 005075 433347 <
A 93964 322236 3
OR 939643 222360 | xxxxxx  xxx323
) i O 980754 333475 ~%
2 961865 44,582 -8
3 972976 555693 =7
A 984087 666804 -6
3 995198 777915 -5
6 *006307 889026 ~ly
OR 063008 890260 | xxxxxx xx1234
7 1l i 051987 779149 0
2 04,0876 668038 i
3 029765 556927 <
3 018655 4475816 3
5 007843 33470% 4
6 #996432 22359, i
OR 965322 235940 | woooxx 12345
8 X G 977433 347051 -9
2 986544, 458162 -8
3 997655 269273 ~7
4 #008766 680384 ,
y OR ! 087666 803840 | mooxx 123456

* Tndicates ovardraft
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Table 3 - Division Example {(Cont.}

Min |Bin

&'C [Cye Ctr L A X Mo lop

o |1 |x Kouin nimy |oresss 692729 |(oooox 123456) | 0 fi-)
2 065444, 581618 1
3 054333 470507 2
4 043222 359396 3
5 032111 248285 4
6 021000 137174 5
7 000889 026063 6
8 %998777 914952 7
OR 987779 149520 | xoooxl 234567

ol 1 o ‘998890 260631 -9
2 %010001 371742 -8
OR 100013 717420 | xooxi2 345678

1 BT ] 088902 606309 0
2 077791 495198 1
3 066680 384,087 2
4 055569 272976 3
g 044458 161865 4
6 033347 050754 5
7 022235 939643 6
8 01112, 828532 7
9 000013 717421 8
10 *988902 606310 9
oR 889026 063100 | xxx123 456789

2l 1 o 900137 174211 -9
2 - 911248 285322 -8
3 922359 396433 -7
4 933470 507544, -6
5 944581 618655 -5
& 955692 729766 -4
7 966803 84,0877 -3
8 977914 951988 )
9 989026 063099 -1
10 ®000137 174210 0
o] 001371 742100 | xx1234 567890

311 {1 {*990260 630089 | 0
R 902606 309890 | x12345 678900

14 11 10 (011131 21113130 | 913717 421001 [{x12345 678900) | -9 |(-)}
2 | 924,828 532112 -8
3 935939 643223 -7
4 947050 754334, -6
5 958161 865445 -5
6 969272 976556 "3
7 980384 087667 -3
8 991495 198778 -2
9 *002606 309889 ~1
OR 026063 098890 | 123456 789001

5 [TO0 |1 0
1 123456 789001

16 |To 12 789006
1 -1%%2? 6‘?98900 -12345 678900

™,

Indicates overdraft
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There is a special ércuit in MQC which responds to a sarry from the
units position in that counter. This carry produces the Overflow signal
vhich operates as previously described under the A instruction. Thus, if
ten subtractions of the divisor from the shifted dividend are not enough to
produce overdraft, carry occurs at MQC which results in the Overflow response-
transfer of control to 000, Such a result wiil be produced if the divisor is
zero, or is numericaily less tham or equal to the dividend. In effect, this

requires the correct quotient to be a quantity less than one.

13- Extraction

The E instruction permits the replacement of one or more arbitrarily
selected digits in one word, with the correspondingly located digit of another
" word. The complete extraction operation requires four instructions: (1)
transferring into F the word which controls the extraction, [2) bringing into
A the word whose digits are to be replaced, {3) transferring from the memory
to HSBR2A the word which is to furnish the replacement digits, and (2.) storing
the modified word in the memory.

The four instructions are:

Yemory

Losation Instructions Remarks
015 F 042 zo > tF {2y = 000011 000000}
B Q3 zy ~>rA {21 =B 200 H 40O)
016 E 049 _ Es ofy1) (y1 = 123417 032657)
¢ 017 {(rA} <> 017 {{017) = B 217 H 400)
017 {00 000
00 000 ]
017 B 2(00) H 400

The operation to be performed is to select one of the ten words ogo..2g

depending on the key digits {(5th and 6th; of yi, and place this word im 400.
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The E instruction operates in the following manner: =& signal from FT,
produced by the presence of "E™ in SR in conjunction with TS causes the word
in F to be scanned. Each digit which has a binary "one"” as the least sig-

nificant pulse (all even decimal digits, B,D,F, etc.) produces no effect.

Each digit which has a binary "zerc" as the least significant pulse (all odd
decimal digits, A,C,E, etc.) will cause a special "extract signal", E, to be
present for seven pulse times. The "E" signal will clear the corresponding
seven pulses (one computer digit) from the word circulating in A, and admit
in its place a computer digit from HSB2A. Thus, on the minor cycle during
which the "TS" signal admits a word from the memory to HSB2A, the "E" signal
will replace certain computer digits in A with corresponding digits from
HSB2A, as determined by the "extractor” word contained in F. Table 4

illustrates this action for the present example:

Table 4 - Extract Example

Digit Position: 12 11 10 9 8 7 6 5 4 3 2 1
Extractor {in F) 0 © o o 1 1 O O o O0 o0 90
01d word in A B o ,0 ,2 O 0 LH ,0 ,0 L4 ,0 L0
Word on HSB2A 1 2 {3l 4 2 20 of 3 ¢ 2 6 5{ 7
New word in A =B 0 ) £1 Q'.* ~H o Yo %y 0 0
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1l4o Control Transfers

The next group of instructions to be cpnaidered are the control-
transfer instructions U. Q, and To The U instruction bas already been
described, under the A instruction (overflow). The Q and T instruction
accomplish the transfer of control in exactly the same manner as the U
instruction, but the execution of the transfer is subject to a wndition.
The condition necessary for the Q instruction is that all 12 digits in A
be identical with the 12 diglits contained in Lo The condition required
for the T instruction is that the algebraic magnitude of the quantity re-
gistered in A be greater than that of the ocuantity held in L. If the
quantities In A and L are not numerical, they are compared on the basis

of their binary representation in the C=10 code; e.g., G < K, S < Y.

The example chosen to ililustrate the Q and T instructions also inveolves
the remaining instructions to which the computer is responsive. These will

be discussed as they arise in the description of the example.

It is assumed that a block of date is to be processed, and the results
recorded, both for future use in the computer and for typing out on a UNI-
PRINTER. One of three input tapes is to be chosen tc supply the raw dats,
the criterion being the relative magnitude of the selected cy (line 017)

and wy,o The coding of the example follows:
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Mamory Ipatructions Remaris
~ncation
018 T W, ~> L
T 027 If ¢y > w,. 2o Lo 027
0nGg 00 000
Q 029 if oy = w,e go to 029
020 12 000 o1 Cwg ¢ Ty =7l
33 120 rl —~» 120 oeoli93 Ty =2l
023 30 060 rl > 060,,,119
50 400 ey ~» 8.0,
022 R 1i9 Ulo+l) - 3139
U 260 Go to 060
023 55 480 (480.,.539) —->Ts {100 pulses/inch)
76 000 (4800..539) ~3T¢ { 20 pulses/inch)
R4, 61 000 Rewind Tq
86 000 Rewind T¢ and set interiock
0235 .0 00 Breakpoint
10 043 S.Co ~3 043
026 10 o=6 86 Co == (26
90 00C Stop
027 23 000 e > Wy 3 T3 -3 rl (backward;
40 126 vl =5 126, ..179
028 11 000 Ty =l
U 021 Go to 021
029 6, 900 iy = Wy 3T, —2rl
31 120 Pl =$12000.179; Ty =2 vl
230 00 000
U 0 Go to 021
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The right instruction from line 017 was "H 400", which placed
o4 11 = 0...9 as selected by the key digits of y;) in 400 but also ieft
of in A. lLine 018 causes w, from 044 to be placed in L and then ™tests"
to see if oy > w,o The T instruction causes the quantities from A and L
to be sent to the comparator, where {A) is subtracted from (L} in the
Binary Subtractor., If A > L, carry will occcur and the Conditional Transfer
{CT) signal will be sent to the Contrel Counter to permit it to receive the
memory location digits which have been sent to HSB by OR. Thus, if o5 > w,
the digits "027" will repiace "0:9" in C, and the next instruction word ex-
ecuted will be line 027, However, if o4 < w,. the CT signal is absent, and

C remaing unchanged at 0i9,

Agsuming that the test of line 018 faiis, the next line introduces firs%
the skip and then the Q ipstructionso The Q instruction likewise causes the
quantities from A and . (unchanged by the T instruction) to be sent to CP,
where they become inputs to a Half Adder. If all twelve digits are identieal,
ns output wiil be received from the Half Adder. If any two corresponding
digits are dissimilar, the resulting output from the Half Adder will inhibit
setting the fiip-fiop which produces the CT signai. Thus, the transfer of
contro’ tekes piace (as described for the T inatruction) if and only if il %wo

quantities are identical.

Agsuming o4 # wos then 23 < Wy and the Q instruction will have no
effect on C, For ?gis alternative, a blozk of raw data is to be read from
the tape on UNISERVO No. 2 {abbreviated Tz}, into memory iocations 120...179;
a second block of instructions from Ty is to be read into 060...119; o4 is to

be typed cut on the Supervisory Control printer: and the control is then to
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be transferred to the first word (060) of the new instruction block. At
the conclusion of the processing of the block of data by the instructions
in 060...119 (whatever they may be), the control is to be returned to line O23.

1%, Tape Instructions

The eight tape instructions are exscuted by the computer under the con-
trol of the Central Imput-~Output and Interlock Circuits, and either the
Input Synchronizer or the Output Synchronizeroﬂ Simplified block disgrams of

these circuits are shown as Figs. 1, 2, and 3, respectively.

Referring to Fig. 1, the tape instruction is assumed to be set up in
the Static Register. The first instruction digit is passed to the Main
" Function Table and also to the First Instruction Digit Auxiliary Function
Table. The latter table is designed to prbduce two of four possible signals.
If the digit is "4" or Jess, the "R" signal (for "read") is produced. The
digit "5" or greater produces the "W" sgignal (for "write"). If the digit is
odd, the "F® signal (for tepe to move forward) is emitted; an even digit pro-
duces the "B® signal (for tape to move backward). To execute the given tape
instruction, the first instruction digit, in conjunction with PC, produces
the FT signals required.

The second instruction digit passes from SR to the Second Instruction
Digit Auxiliary Function Table, from which a selector signal, "nS" is sent
to UNISERVO "n" (where "n" is 1, 2, 2..9, =). If the selected UNISERVO is
free (not engaged in a read, write, or rewind operation), the selector signal
is returned as an "FIR" signal, a "BIR"™ signal, or both. The FIR signal is
returned if the last instruction tcthat UNISERVO involved forward tape movement.
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The BIR signal denotes prior backward tape movement. The return of both
signals indicates that the tape is in the rewound condition.

The FIR, BIR, F and B signals are sent to the "Reversal Memory®. If the
combination of signals indicates that the tape is to move in the opposite
direction from its last movement, a delay of 0.6 second is interposed to
permit realignment of the tape-tensicning controls for the new direction of
movement. ‘

The FIR, BIR, R and W signals are sent to the "First Block Memory". Pre-
sencs of both FIR and BIR indicates that the block to be read is the first
block on the tape. In this case, a deley of 1.0 second is interposed pre~-
ceding the execuiion of a {forward) read instruction. The delay is 1.5
- asconds if the instruction is "write". In either case, the tgpe 1s started
at the regular time, but the reading or writing is held up until the end of

the delay period.

The R signal is sent to the "Read Interloeck®. If a previous read in-
struction is still in progress, action is delayed until its completion. Ths
W aignal is sent to the "Write Interlosk™, which delays executicn of the in-

struction, if necessary, uutil a previous write operation is conple%eﬁo

The "Interlock Release” produces the "IRP" signal as soon as the Read
Interlock or the Write Interlock permits. This signal is sent to the Conirol
Circuits to set Time Oﬁt and step PC, thus initiating the execution of the
tepe instruction. On the last stage of PC for the partisular tape instruction,
an ending pulse is produced, which clears PC, steps CY, sets Time Out, and
preparss SR for the next instruction. Although not accomplished in this mauner,
interlock Relsase may bs considered to produce the ending pulse 3.5 milliseconda
later than IRP,
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FRead Forward" is activated by the R and F signals, and the ending pulse
as soon as permitted ty the O.6-sec. or the l.0-sec. delay, if either is pre-
sent. "Read Backward"™ is similarly controlled by the R and B signals, and
the ending pulse and either delay. ®Write" is controlled by the W and F
signals, and the ending f.aulse subject‘ to the 0O.6-sec. or the l.5-sec. delays.

The two rewind instructions are subject to the Write Interlock and Re-
versal Memory. The other conirols for these instructions have been omitted
from Figo 10

16. The Read Instructions

Referring to Fig. 2, a "read" instruction energizes the Reading Heads
at the earliest time permitted by the interlock and delay controls. The
pulse combination (1-7 puises) ‘constituting each computer digit is transferred
to "Initial Digit Storage® as eaéh group of magnetic "spots” constituting the
digit passes under the Reading Heads. An eighth pulse, called the “sprocket
channel pulse®™ is present in each digit pulse group on the tape. This pulse
is delayed approximately one minor cycle after belng read from the tape, and
is then used as a control signal, TFPA. 'FPA causes the transfer of the
incoming digit from Initial Digit Storage to Final Digit Storage, and acti-
vates the Precessor. The Precessor is effoctively a one-word register con-
taining a single pulse. At the output of the Precessor, this pulse appears
as the TFPB signal at the proper instant to cause the transfer of each in-
coming digit from Fipal Digit Storage to one of the two Synchronizer Input
Registers (SYI3 or SYIy). These registers are used alternately, the alter-
mtion being produced by a Binary Counter. The first incoming digit is the
"sign" digit, and this is placed in the last digit position of the circula-
ting "word" in SYI. For each succeeding digit, the Precessor pulse is ad-
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vanced seven pulse times, so that the new digit is placed in SYI immediately
shead of its prodecessor. When all twelve digits have been accumulated, the
Precessor pulse has been advanced sufficiently to appear at a second output
of the Precessor to be released as the TFPC gignal. TFPC initiates the
transfor of the completely assembled word from the appropriate SYI to
Register I, and steps the Binary Counter to alternate the SYI registers.
(One SYI register is filling from the tape while the other transfers its word
to I.)

The channel and word position in I, which receives the incoming word
from SYI or S¥Iy, is determined by the reading of the Synchronizer Imput
Counter (SYIC) and the Input Tank Counter (ITC). Both counters are cleared
to decimal zero at the beginning of each read instruction. The TFPC signal,
indicating a word completely assembled in SIT, steps SYIC. The reading of
SYIC is compared with that of TSC (in the Memory Switch). On coincidence,
the word is transferred to that channel of I determined by the reading of
ITC., When ten words have been transferred, SYIC emits a carry pulse which
stepe ITC, and then clears SYIC itself. When the 59th word has been trans-
ferred to I, a speciel circuit is activated which terminates the read operation
{normally after the 60th word has been read) as soon as a period of one milli-
second elapses without a new digit being read. This eircuit produces a
signal, "RE", which stops the tape, de-energizes the Reading Heads, and,
after a delay of 7 milliseconds, resets the Read Interlock. The special
circult is also designed to produce an error indication and prevent the re-
setting of the Read Interlock if the 60th word is not completed or if a 721st
digit is read before the end of the block is reached.
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If a "read backward™ instruction is being exescuted, the Precessor timing
is altered to reverse the order in which incoming digits are accumulated in
SYI. The readings of SYIC and ITC are complemented on read-out, and thus
cause the incoming words to be assembled in 1 in the reverse order.

If a "3n" or "4n" inatruction is being executed, the previous contents

of I are emptied into the memory. This process is controlled by SYIC and ITC
for Register I and by the Control Register, Static Register and Memory Switch
for the Memory. Associated with CR is a timingbcircuit which causes "10" to
be added to the memory location number held by CR every eleventh minor cycle.
If CY 1s on Y , the left instruction is augmented; if CY is on & , the right

instruction is augmented. Actually, the word in CR is sent to the adder and
the sum returned to CR on every minor cyele. The timing circuit provides
declual zeros as the second addsr input on the first nine cycles of each ten,
and ®000010 0COO00" or ®0C0000 000010" (CY onY or 6 , respectively) as the
second adder input for every tenth minor cycle. Fach time SYIC reads "9", a
signal is sent to the Control Circuits to step PC, set TO, clear SR and set up
the modified tape instrudtion in SR, thus selecting the next memory channel to
roceive the ten words from the next I channel. When PC reads"8", the FT signals
calling for the transfer from I to memory are terminated, and the tape reading
begins. For a "30° or "40" instruction, the ending pulse terminates the entire

operation, as no tape reading is called for.

17. The Write Instruction

The write iustructions "5n" and ""n" bring about the recording of a block of
data on UNISERVO "n" at 100 or 20 pulses per inch, respectively, The six channels
of memory are selected by modification of the instruction in CR as described for
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the read instructions 3m and 4in. The channels in Register O are selected by
the Output Tank Selector OTC. When the Interlock Release (Fig. 1) produces the
IRG2 signal, the block of data is transferred from the memory to O, After all
six channels of O have been filled, the first word of the firat channel is
¢ransferred to SY0j. This word 1s then transferred to SYO; and the second word
to SY0;. (See Fig. 3).

A "Start Writing® signal is sent to the Output Synchronizer when the tape
has come uwp to its proper speed and the Hriting Heads have been energized. This
signal causes a series of pulses, callsd TFFD to be produced. For the 5n instruc-
tion, the TFPD pulses are produced once every two minor cycles (less 7 pulse- ’

. times), which produces a density of 105 pulses to am inch of tape, The 7n

instruction records at a rate cneo-fifth as faest.

The ¥Start Writing" signal starts the Precessor so that the Precessor
pulse will appear at one output (as a TFPF pulse) at the correct instent to
transfer the “sign" digit from SYO, to Digit Storage. The TFFF pulse re-enters
the Precessor so as to appear at this same output seven pulse-times earlier on
succeeding minor cycles. The Precessor pulse arrives at a second output (as a
TFPE pulse) after the completion of the writing of the digit (initiated as soon
as the digit was set up in Digit Storage), and resets the flip-flop in Digit
Storage preparatory to the receipt of the next digit. Thus, the twelve digits
of the word in SY0p are successively recorded by the Writing Heads. The 12th
TFFF pulse {called TFFG) restarts the Precessor for the next word, clears SY0p,
and initiates the transfer of the word in SYO; to SY0p and also the next word
from O to SY03. SYOC and OTC control the output of O to SYO2 in a manner

similar to the control of I by SYIC and ITC. The transfer of the last word from
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0 to SYO, initiates the generation of a "Write Ending” (WE) pulse, which is
sent to the Central Imput-Output Circuits {Fig. 1) to reset the Write Interlock
and provide the ending pulse to the Control Circuits to terminate the write

aperation.

18. The Read Tape Operations

Returning to the example and the coding on page 28, the left imstruction of
line 020 is "12 000", The first instruction digit, "1", causes the R and F
signals to be emitted from the First Instruction Digit Auxiliary #unction Talle
(see Fig. 1). In conjunction with PC-1, this digit also stimlates the FT signals
required to initiate the interlock tests prior to a read forward operation. The
second inatruction digit, "2%, causes the nogw signal to be sent to UNISERVO No. 2,
'which wo will assume iam in its rewound condition. Hence, both signals FIR and
BIR will be returned to the Central Input-Ouﬁput Circuits, and, together with
R, will activate the First Block Memory. The R signal finds the Read Interlock
reset, as no read operation is in progress, and hence, the IRP will be produced
and sent to the Control Circults to set TO and advance PC. Although not accom-
plished in this manner, the First Block Memory may be considered to delay the
preduction of the IRG2 signal for 1.0 second.

(n PC-2, further FT signals are produced to initiate the read forward
operation (ag soon as permitted by the 1.0 sec. delay) and to provide an ending
pulse to permit the computer to proceed to the next instruction. Since UNISERVO
No. 2 is free; the F signal starts the tape in motion. However, the Reading
Heads are not energized untll the end of the first-block delay. When this
delay has expired, the IRG2 signal, in donjunction with the R and F signals,
cause the Reading Heads to be energized and the read operation to be started.
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The block of data from T2 is now read into I, as already described.

Meanwhile, the right instruction "31 120" has been set up in SR at the
boginning of the & cycle. The first digit, "3%, together with FC-1, produces
the FT signals to initiate the interlock tests and the R and F signals. The
Read Interlock has not been reset, as the previous read instruction is still
in progross. The second digit, "1", causes the 1S signal to be sent to UNISERVO
No. 1, which returns the FIR signal only, since the first block of Ty has been
read. The Reversal Memory is not set, since the combination F end FIR indi-

cates no reversal is necessary for UNISERVO No. 1.

The Read Interlock prevents any further operation of the computer until the
completion of the previous read instruction. Eleven milliseconds after the RE
| signel is emitted by the Imput Synchronizer (denoting the completion of the
block), the Read Interlock is reset, and permits the present instruction to be

carried oute

The IRP now advances PC, whereupon new FT signals cause the contents of I
to be transferred to 120...179 in the Memory. PC is advanced each time a
¢hannel hag been transferred, so that the augmented instruction in CR will be
set up in SR to select the next Memory channel., This transfer requires 66 minor
cycleg or epproximately 2.4 milliseconds. PC is now reading "8", and a third
set of FT signales clear SYIC and ITC. The ending pulse initiates the execution
of the next instruction. A 3.5-ms delay, initiated on PC-2, is inserted prior
%o starting tape movements, to allow time for the relays in the selected UNISERVO
to pick up. Thus, the transfer from I to the Memory is completed bsfore the
tepe starts to move. A second delay of 6-ms is now inserted to allow the tape
to come up to spoed and then the Reading Heads are energized and the Input

Synchronizer is stimalated to read the block into 1.
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The chosen block of raw data is now in the memory, and the new bloeck of
instructione ie in I, The left instruction in line 021 (30 060) transfers the
block of instructions fram I to 060...119 in the Memory. Again, the Read
Interiock will delay the execution of this instruction until the completion of
the previous read. When "0O" is the second instruction digit, no "nS" selector
signal is present. JInstead, a signal is sent from the "O" line of the 2nd
Instruction Digit Auxiliary FT to the Interlock Release, which replaces the FIR
or BIR signal, and thus actuates the Interlock Release as soon as the Read

Interlock is reset.

19, Svperviscry Control Operation

The right instruction of line (21 (50 400) causes the contents of 400 to
be printed on the Supervisory Control. The "5" causes the lst Instruction Digit
Auxiliary FT to generate the W and F signals, and the "0" replaces the "nS"
asignal ag previously described. As this is the first write operation, the
Write Interlock is free and the IRP and IRG2 signals are produced by the Inter-
lock Release without delay.

The ®0" lins of the Auxiliary FT also controls the "XO0" line of the Main
FT, which, in conjunction with "5", produces FT signals which alter the normal
output sequence. HSB2 is connected directly to S¥0Og, and "eq™ from channel 40
is read to SY0p at TSC "0, The "Start Writing™ signal produces the initial TFFD,
and starts the Output Synchrenizer Precessor, which, in turn, sets up the "sign"
digit cf ej in the Digit Storage flip-flops. The TFPE signal from the Precessor
elears these flip-flopa, which have been supplying the digit pulse to the printer
decoding teble, from which the solenoid which actuates the selected type bar is
contrelled. Just before the type bar strikes the platen on the printer, a



U=300 - p.4l
February 1956

contact is elosed which produces a "Go-ahead" signal, which becomes the next
TFPD to stimulate the Precessor to produce a TFPF. This TFPF causes the next
digit from SI02 to be set up in Digit Storage. The printing proceeds through
the first 12 digits. When the ™Go ahead™ signal following the 12th digit is
roturned to the Synchronizer it causes a 13th digit (an "ignore™) to be set up
in Digit Storage. This is printed as an "x", if the switch on the printer is
set to "Check Print"; otherwise, the character has nc effect. After a (Ous
delay, a WE (Write Ending) eignal is given which terminates the operation.

Before the printing of ey had begun, an ending pulse was obtained from a
FT signal set up by PC-2 and "5", so that the computer could proceed with the
next instruction peir without waiting for the completion of the print operation.

20 Pecord Transfer of Control

Line 022 (R 119 - U 060) is a combination of particular usefulness in pro-
gramming. The R instruction causes the reading of C (now 023) to be placed in
memory location 119 as a U instruction (000000 U00023). This is accomplished
by reading out of C from two gates. The first, open during the first three
digit-times of the TS minor cycle, allows the tixree digits circulating in C
to reach HSB1A. The second, open for the entire minor cycle except the first
three and sixth digit-times, provides decimal zeros plus "U¥ in the sixth digit
position to HSBRA from CU. The U insiruction then transfers the digits "0607

to C, so that the next instruction selected will come from 060,

It is assumed that the linea 060-118 contain a routine which processes the
data contsined in 320...179, placing the results in 480...539. When line 119
is reached, the transfer instruction U will return control to line 023,
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21. The Write Operations

The left instruction of line 023 (55 480) causes the block of data begin-
ning with 480 to be recorded on Tg. If the Supervisory Control printer has not
completed the printing of ey, the Write Interlock will delay the IRP from the
Interiock Releage. Assuming UNISERVO No. 5 is rewound, the 5S signal will be
returned as both FIR and BIR, so that the First Block Memory will impose & 1.5-
second delay before the "Start Writing" signal is produced. The tape on UNISERVO
No. 5 will be started 3.5 milliseconds after the IRG2 signal is generated.
During this 3.5 milliseconds period, the six channels of memoz;y, 48-53, will be
transforred to Register O, controlled by SYOC and OTC. After stimulation by the
"Start Writing” signal, the Precessor will regulate the successive word transfers
- from O to SYO; and from SYO; to SYO», as well as the digit transfers from SYO, to
Digit Storage and from the latter to the Reading Heads. An odd-even check is made
during the final transfer. An even pulse count in any recorded digit will cause
an error neon on the Supervisory Control to be lighted, and will also prevent the

resotting of the Write Interlock.

Should a "bed spot" occur on the tape, 1ts presence is indicated by a
punched hole, which is detected by a photo-cell. This photocell is loecated,
with respeet to the Writing Heeds, so that the first diglt and last words may be
recorded without interference. The recording of any other word is delayed 0.1
sscord following the last hols detected.

When recording for tapes to be used in the tape-to-card device, a 10
millisecond delay is interposed after every ten recorded words. This delay is
centrolled by a selector button on the Supervisory Control.
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As previoualy explained, the 5a instruction produces density of approxi-
mately 100 pulses to an inch of tape. The 7n inatruction is executed ia the
samoe manner as the 5n instruction, but TFPD pulses are produced at a rate oaly
one-fifth as fast so that the tape mey be used with a UNIPRINTER to print out
its data. Hence, the right instruction of line 023 (76 480) records on Tg the
seme block just recorded on Ts, except for the lower pulse density. The execution
of this instruction is held up by the Write Interlock until the previous write
instruction haz been completed.

22, The Rewind Instruction

Line 02 (61 000 - 86 000) produces the rewinding of Ty and Tg. The
execution of the rewind instruction requires either the FIR or the BIR signal
. from the selected UNISERVO, (If both are received, the tape is considered
already revound.) In the present case Ty is free, but Tg is atill receiving
data from the 76 instruction of line 023,

23, The Breakpoint Imstruction

The instruction ",0 000" (breakpoint) is decoded as a "skip" if the Break-
point Switch on the Supervisory Centrol is set to "Normal”. When this switch
is set to “Breakpoint®, the computer will stop. The stop is effected by setting
the Stop flip-flop, vhich prevents the TO flip-flop from resetting. Thus, the
cemputer remains fa Time Out until the "Start” bar on the Supervisory Control

keyboard is depressed.

In the present example, the breakpoint was supplied to halt the computer
if no more data was to be processed. Assuming that such is not the case, the
Breakpoint Switch would be set at normal and the instruction is then interpreted

as a skip.
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24, Supervisory Control Input

The right instruction "10 043" calls for a word typed on the Supervisory
Control, to be placed in memory location 043. The Supervisory Control Input
(SCI) Switch is in its normal position. The Input Synchronizer serves the same
function, i.e., to assemble the digits of the typed word as it does for words
read from a tape. The "go ahead" signal from the keyboard becomes the TFPA to
initiate the reception of a digit. After twelve digits have been typed, the
Word Release key is depressed. This causes the printer to print a "period",
produces the RE signal, steps PC, and terminates the typing operation. On PC=3,
the word is transferred from SYI to the Memory (043), by-passing I, on the
following TS cycle. The RE signal initiates the same ending delays (4 ms and
7 ms) used in tape‘readinge

The left instruction of line 026 (10 026) is executed in a similar manner,
after the Read Interlock is reset at the conclusion of the previous 10 instruction.
A new value of y; would be typed into 043, and a new instruction pair (or the same
one) may be typed into 026. The new instruction pair will not be carried out at
this time, since the curremt pair is in CR, and hence the stop instruction,
"30 000", will mext be carried out. This instruction, like ",0", sets the Stop
flip-flop and prevents Time Out from ending until the Stop flip=flop is reset by
the Start bar on S.C.
25. Tape Reversal |

Returning to the test of line 018: If ¢y > wy, control is trensferred to
line 027. The instruction pair "23 000 -~ 40 120" causes T3 to read (the tape
running backward) into I, and then the contents of I are read into the Menory.
Assuming UNISERVO No. 3 had last operated in the forward direction, the combin-
ation of B (from "2") and FIR signals at Reversal Memory will interpose a 0.6

second delay before the tape motor is started. This time is required by the
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balancing eircuits which control the iensioning loops, in order that the correct
tension be applied to the tape for the new direction of movement. The "40"
instruction operates exactly as the "30" instruction, and is interchangeable
with 4t.

Line 028 (11 000 U OR1) causes the new block of instructions from T3 to be
read into I end then transfers control to 021 where these instructions are read
into the Memory. The main sequence of instructions is now carried out, as already
described. It would have been proper to use the instructiom "31 120", in place
of the two instructions, 40 120Y and "11 000". The same results would have been

achieveod, and in a shorter time interval.

Returning to the test of line 019: If ¢y ™ v, control is tranaferred to
line 029, where the next block of T; is read to 120...179, the new block of
instructions is read to I, and control is then transferred to the main routine

at line 021.

26, Checks

The computer is provided with several types of checks to detect and locate
camputer errors. The basic check is that of the oddness of the pulse count on
cach computer digit. Eight binary counters are employed for this purpose: one
on the minuend input of one of the duplicated Adders, one on the subtrahend input
of the other duplicated Adder, cne on cach of the duplicated High Speed Busses,
two cn the input flip-flops of the Input Synchronizer, and two on the output
flip-flops of the Output Synchronizer. Each counter is designed to energize
an error circuit should any computer digit sampled “be found to contain an even
number of pulses.
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There are a number of duplicated units in the computer, the pulse trains
of each of which are continuousiy compared in a like-unlike checking circuit.
The A,F,L and X Registers, the Adder, the comparator, HSB2A, and a portion of
the Cycling Unit ars duplicated. Many elements in the remaining units are
duplicated and error circuits are associated with them to stop the computer
and indicate the source of the error by lighting a neon on the Supervisory

Control.

The Function Tables are designed to decode the checking pulse, and hence
each output line requires an odd number of input lines to excite it. A even
pulse combinatién, therefore, results in no excited cutput line, and the computer
stalls. The stall is detected by a delay flop associated with CI, which recovers
" 1¢ no pulse is sent to advance CY during a 2-second interval. The stall is

indicated by a neon on the Supervisory Control.

The Memory contents are subjected to a Periodic Memory Check every three
soconds. Bach tank is read into the HSB, the HSB checker sempling each digit
to insure its oddness. The PMC occurs on 7 -time, thus interrupting the normal '
sequence of instructions until completed. The MQC is used to count the minor
cycles. By clearing MQC to binary zeros, the carry is deferred until the 13th
minor cyele, thus insuring that every digit in a channel is suljected to the

choek.



