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Figure 2-18. Multiplication of Two Binary Numbers, Principle of Operation 
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multiplication of binary number e = +1110 with a= +1011, which is the same 

as multiplying a with e. First it is shown how the multiplication can be carried 

out manually, and then by a computer similar to the AGC. The procedure is 

basically the same for both approaches but with two differen ces. With manual 

operation, the quantity e is shifted left each time it is multiplied by a digit of 

a, and the partial products are then all added at once. With the machine , only 

two numbers may be added at a time, therefore it is necessary to compute 

subtotals of the partial products. In the example, regist e rs Y, X, U, A, and 

LP each consist of six bit positions. At instant 4, quantity e is entered into 

register Y (the four value bits into positions 4 through l, the sign into positions 

5 and 6) because the lowest bit of multiplier a is a ONE. The quantity zero is 

fed into X at instant 5. At instant 6, the content of U (the sum of Y and X) is 

equal to e. At instant 8, the content of U is transferred to A and shifted onE:: 

place to the right. Bit 1 of U is moved into position 4 of LP at the same time. 

The quantity in A and LP 4 (bit position 4 of LP) represents the first subtotal. 

Positions 3, 2, and 1 of LP may contain any information used for other pur­

poses. Positions 5 and 6 of LP contain the same information as positions 5 

and 6 of A and are not shown. At instant 9, the content of A is transferred to 

Y. Quantity e is entered into X at instant 10 , because the second last bit of 

quantity a is a ONE. At instant 11, the sum is available in U. At instant 13, 

the content of LP 
4 

is moved to LP3 (by shifting the whole content of LP one 

position to the right). The quantity in U is shifted and entered into A and LP 4 

at instant 14. The quantity in A and LP 4 , 3 represents the second subtotal. 

During instants 15 through 20 no quantity e is added, because bit 3 of multi­

plier a is a ZERO. The third subtotal is contained in A and three bit positions 

of LP. During instants 21 through 26, quantity e is again added to the content 

of A be cause bit 4 of multiplier a is a ONE. The final product is contained in 

A and positions 4 through 1 of LP. 

2-56. Figure 2-19 illustrates the method of multiplication in more detaii, 

in particular how quantity a= +1011 is shifted in LP and used to decide whether 
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REGISTERS REGISTERS 

INSTANT FUNCTION 
Y,X,U,A A,LP 

6 I 5 I 4 I 3 I 2 I 
I 6 I 

5 
I 

4 
I 

3 
I 

2 
I 

I 

I c (A) = a 0 0 I 0 I I 

2 A- LP I I - I 0 I 

3 LP- A- l. I 0 I 0 I 

4 e -v 0 0 I I I 0 

5 0 -x 0 0 0 0 0 0 

6 u 0 0 I I I 0 

7 L-+LP l. I - 0 I 0 

8 u-A,LP4 0 0 0 I I I 0 

9 A-Y 0 0 0 I I I 

10 e - X 
0 0 I I I 0 

11 u 0 I 0 I 0 I 

12 LP- Al_ I I 0 0 I 0 

13 LP Q_ 0 - 0 0 I 

14 u-A,LP4 0 0 I 0 I 0 I 

15 A-Y 0 0 I 0 I 0 

16 o-x 0 0 0 0 0 0 

17 u 0 0 I 0 I 0 

18 LP_ Al_ 0 0 I 0 0 I 

19 LP _!_ I - I 0 0 

20 U -A,LP4 0 0 0 I 0 I 0 

21 A-Y 0 0 0 I 0 I 

22 e-x 0 0 I I I 0 

23 u 0 I 0 0 I I 

24 LP-A 7_ I I 0 J 0 0 

25 LP 0 0 - 0 I 0 

26 U -A,LP4 0 0 I 0 0 I I 

A , LP 0 0 I 0 0 I 0 0 I 0 I 0 

Figure 2-19. Multiplication of Two Binary Numbers, Method of Operation 
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or not quantity e = +1110 is to be added. At instant 1, the accumulator (A) 

contains quantity a, which is transferred to LP and cycled one position to the 

right at instant 2. Note that bits 5 and 6 of quantity a get lo st, that bit 1 of a 

is entered into bit positions 5 and 6 of LP, and that nothing is entered into bit 

position 4 of LP. At instant 3, the content of LP is transferred t o A. Bit 6 

contained in A is now used for decision-making as symbolized by an underline. 

Since bit 6 is a ONE, quantity e is e nt e red into Y at instant 4. Instants 4, 5, 

and 6 are the same as described for the principles of multiplication. At in­

stant 7, the content of A is again transferred to LP and cycled, as described 

for instant 2. Since bit position 6 of LP contains a ONE, the quantity e is 

entered into Y again at instant 10. Instants 8 through 11 are the same as des­

c ribed for the principles of multipli c ation. At instants 12 and 13, the content 

of LP is cycled once more. Since a ZERO is now in po s i tion 6, the quantity 

zero is entered into X at instant 16. At instant 22, quantity e is ente r e d into 

X, because bit position 6 of LP contains a ONE at instant 19. At instants 24 

and 25, the content of LP is cycled the last time. After instant 2 6, the final 

product is contained in registers A and LP. Note that sign bits 6 and 5 con­

tained in A and LP are identical. The value bits are contained in bit positions 

4 through 1 of A and LP. Having explained the principle of multiplication ap­

plied and the method of operation, the description of instruction MP K can be 

continued. 

2-57. Figures 2-20 through 2-25 illustrate the execution of MP 1032. 

Quantity a, contained in the accumulator (A), is to be multiplied by quantity e, 

located at K == 1032. The entire code of the instruction was entered into B 

during the execution of the pre ceding NDX instruction (B now contains b = 111032), 

and order code 11 was entered into register SQ. At Action 1 of subinstruction 

MP0 (figures 2-2 0 through 2-23), the address contained in B is transferred to 

S, and the selecti on logic gates location 1032 fo r re adout and write-in. At Ac­

tion 2, register G is cleared, quantity a (the multiplier) is transferred to B, 

and the sign bit of a is ent e red into the SQG by m eans of TSGN. At Action 3, 
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no transfer of data occurs unless the address in Sis smaller than 0020. If 

c(S) ~ 0017, control pulse RSC reads the selected flip-flop register into G. 

This arrangement makes it possible to transfer quantity a to G and to square 

quantity a. 

2-58. If the sign of quantity a was found (at Action 2) to be positive (figures 

2-20 and 2-21), a is written into LP (and cycled one position to the right, as .. -symbolized by a) at Action 4. At Action 5, quantity a is transferred to A. At 

Action 7, quantity e is entered into Y and P. A new parity bit (e
0

) is entered 

into G, and an alarm is caused in case of incorrect parity at Action 8. At 

Action 9, quantity e is transferred to B and the sign bit of e is entere d into 

the SQG by means of TSGN2. If the sign of e is positive (figure 2 -20), quan--tity a contained in A is transferred to LP (and cycled another position to the -right as symbolized by°!), at Action 10. Also at Action 10, bit 16 contained 

in A is entered into the SQG by means of another TSGN control pulse . 

2-59. . -If the sign of e is negative at Action 9 (figure 2-21), quantity a con-

tained in A is transferred to LP (and cycled a second time) at Action 10, and 

a ONE is entered into bit position 13 of LP at the same time . (This is equiv­

alent to ORing a ONE into bit position 3 of LP at instant 7 of figure 2-19.) 

Also at Action 10, bit 16 contained in A is entered into the SQG. The ONE 

entered into bit position 13 of LP will be moved later several times to the 

right and, finally, will appear in bit positions 16 and 15 of LP. Since e is 

negative, bit positions 16 and 15 of A will also contain ONEs at the end of the 

multiplication. This can be proved by repeating the example in figure 2-19 

with a negative quantity for e. 

2-60. If the sign of quantity a was found (at Action 2) to be negative (figures 

2-22 and 2-23), quantity a is written into LP (and cycled) at Action 4. At Ac-

tion 5, quantity a is transferr ed to A. At Action 7, quantity e is entered into 

B and P. A new parity bit (e
0

) is entered into G, and an alarm is caused in 
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case of incorrect parity, at Action 8. Furthermore, the quantity e is entered 

into Y and be comes available at U. At Action 9, quantity e is transferred to 

Band the sign bit of e is entered into the SQG by means of TSGN2. If the sign .... 
of e is positive (figur e 2-22), i.e. if e is negative, quantity a contained in A 

is transferred to LP (and cycled) at Action 10. Also at Action 10, bit 16 con­

tained in A is entered into the SQG. The above operation (Actions 4 through 

10) replaces negative quantity a by a positive quantity and negative quantity e 

by a positive quantity, after which the example in figure 2-22 is similar to the 

example in figur e 2-20, and the final product is positive. 

2-61. If the sign of e is negative at Action 9 (figure 2-23), i.e. if e is posi-

tive, quantity-: contained in A is transferred to LP (and cycled) and a ONE is 

entered into bit position 13 of LP, at Action 10. Also at Action 10, bit 16 con­

tained in A is entered into the SQG. This operation replaces negative quantity 

a by a positive quantity and positive quantity e by a negative quantity, after 

which the example in figure 2-23 is similar to the example in figure 2- 21, and 

th-= final product is negative. 

2-62. At Action 11 of figure 2-20, the accumulator (A) is cleared if bit 16 

of~ is a ZERO. If bit 16 is a ONE , quantity e is shifted and entered into A 

and bit position 14 of LP. (Compare with instant 8 of figure 2-19.) The:>... in 

figure 2-20 indicates that bit position 14 of LP has been filled. At Action 11 

of figure 2-21 , the quantity minus-zero (177777) is entered into A, if bit 16 of 

! is a ZERO. If bit 16 is a ONE, quantity e is shifted and entered into A and 

bit position 14 of LP. Action 11 of figure 2-22 is similar to Action 11 of 

figure 2-21 , and Action 11 of figure "2-23 is similar to Action 11 of figure 2-21. 

In all four figures the content of A at Action 12 is renamed a 1 , and the content 

of LP is called 1
1

. The upper index 1 means "containing parts of first sub­

total". The fir st subtotal is contained in A and bit position 14 of LP and is 

symbolized as (a 1 , 1 i4 ). Control pulse STl causes the SQG to execute -next 

subinstruction MPl. Tabl e 2-4 shows the conditions of registers A, L, B, P, 

and Z after the execution of MP0. 
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2-63. Figure 2 -24 illustrates the fir st execut ion of subinstruction MP 1. 

Registe r s A and LP contain parts of the fi r st s ubtotal befor e A c tion 1 . The 

next add r ess (z} is still contained in Z. In the case that MPl is executed afte r 

MP0 of the example in figure 2-20 o r 2-22 , the buffe r (B) contains the quantity 

e befo r e Action l , as shown in t able 2-4 and figure 2-24 . In the case that MPl 

follows MP0 of the example in figure 2- 21 o r 2- 2 3, B conta ins e instead of e. 

At Action l of MPl, quantity a 1 is ente r ed into Y. At Action 2, quantity 1 1 is 

transferred to A, and bit 16 of l is ent e r ed into the SQG . If bit 16 is a ZERO , 

no operation take s place at A ction 3 . If bit 16 is a ONE, quantity e is entere d 

into X (as at instant l 0 of figure 2-1 9 } a nd a dde d to a 1 . The quantity (al ) o r 

the sum (a 1 + e) is transfe rred to A and bit position 14 of LP a t Action 6 . 

( Compar e with instant 14 of figure 2- 19 .) Aft e r Action 6 the second subtotal 

(a 2 , l y4 _ 13 ) is containe d in A and bit positions 14 and 13 of LP . At Action 7 , 

t ·t 2 . d . Y quan 1 y a 1s entere into . At Action 4, the quantity 1 1 is transferred to 

LP (and cycled), and bit 16 of quantity 1
1 

is enter e d into the SQG a t Action 5 . 

If b.it 16 i s a ZERO , no operation takes place at Action 8. (At instant 16 of 

figu r e 2 - 19 the quantity zero wa s e nt e r ed into X .) If bit 16 is a O NE, q u antity 

e is ente r ed .into X and added to a 2 . At A ctions 9 and 10, quantity 12 is cycled 

and the content of the MPCTR (multiply counter, located in the SQG) is de ­

c r emented from six to five by m eans of cont rol puls e CTR. The quant i ty (a2 ) 

o r the sum (a 2 + e) is transferr e d to A and b i t position 14 of LP at Action 11. 

( Compare with instant 20 of figur e 2-1 9 .) After Action 11 , the third sub total 

(a 3 , 1 f 4 _ 12 ) i s contained in A and bit positions 14 through 12 of LP. 

2- 64 . C ontrol pulse STl (Action 11 of figure 2-24) causes the SQG to execut e -

next subinstruction MPl again, if the multiply counter (MPCTR) contains a 

fi ve, a .four, a t hr ee, a two, or a one. Therefore, MPl is executed six t i mes . 

The fifth s ubtotal (a 5 , 1 f 4_ 1
0

) is established afte r the second MPl. The 

seventh sub total (a7, q
4

_
8

) is established afte r the third MPl. The n i nth 

subtot a l (a 9 , 1 { 4 _6 ) is e stablished after the fourth MPl. The eleventh s ub­

t otal (a ll , l i!_
4

) is established after the fift h MPl, and the thirteenth subtotal 
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TABLE 2-4 

CONTENTS OF REGISTERS AT END OF MPO 

INITIAL c (A) c (L P) c ( B) c (Z) 
CONDITIONS 

a POSITIVE 000000 .. 
OR 

.. 
>. + a e z 

e POSITIVE .... 
8 

a POSITIVE 
177777 -OR ). V IQQQQ -+ a e z 

e NEGATIVE -e 

000000 -a NEGATIVE -OR >- +a e z 
e NEGATIVE -e 

177777 -a NEGATIVE -
e POSITIVE 

OR ). V 100000+0 e z -e 
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(a13 , 1 tl_ 2 ) is established after the sixth MPl. If the MPCTR contains the 

number zero, control pulse ST 1 causes the SQG to execute-next subinstruction 

MP3. 

2-65. Figure 2-25 illustrates the execution of subinstruction MP3. Before 

Action 1, register A contains quantity a 13 , LP contains l 
13

, B still contains 

- . 12 12 . . 
e (ore), U contains (a + e) or (a + 0), Z still contains "next" addres_s z, 

and order code 11 is still contained in register SQ. At Action l of MP3, "next" 

address z is entered into Sand Y, and is incremented by one in the Adder. 

The selection logic gates the location of next instruction f for readout and write­

in. At Action 2, bit 16 of 1
13 

is entered into the SQG. At Action 3, register 

G is cleared, as usual. At Action 4, quantity (z + 1) is transferred to Z. At 

Action 5, quantity a 
13 

is entered into Y. If bit 16 of 1 
13 

at Action 2 is a ZERO, 

no operation takes place at Action 6. If bit 16 is a ONE, quantity e is added to 

13 
a Actions 7 through 9 are very similar to the ST MIC; entering, testing, 

13 
and re storing £. The additional control pulses, RLP and WA, transfer l to 

A. At Action 10, quantity 1
13 

is transferred to LP (and cycled). At Action 11, 

quantity a 
13 

or (a 
13 

+ e) is shifted and entered into A and bit position 14 of LP 
. 14 14 

as described previously. The frnal product (a , 114 _ 1) is now established. 

Control pulse NISQ enters the order code (OCN) of the instruction to be exe­

cuted-next into the SQG at Action 12. 

2-66. 

2-67. 

INSTRUCTION DV K (Divide by Data at K, Order Code 5 with EXTEND 

Pre ceding) 

DV K means: divide the content of the accumulator (A) by the quantity 

located at K. K may be any legal address. The entire operation DV K (for 

0020 ~ K) can be formulated as follows: 

( 1) Set c(A) = b(A) + c(K) for I b(A) I < I c(K) I where b{A) does 

not contain an overflow or underflow {OV) bit. 

Set c(Q) = IRI (complemented quantity of the absolute value 

of the remainder). 
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Set c(LP) > 0, if quotient is positive. 

Set c(LP) < 0, if quotient is negative. 

FR-2-102A 

If I b(A) I = I c(K) I , then I c(A) I = 37777 and 

c(Q) = - lc(K)I 

If I b(A) I > I c(K) I , then I c(A)I= 37777 and c(Q) is 

meaningless. 

(2) Restore c(K) = b(K), if K < 1777, except for K = 0000, 0001, or 

0003. 

(3) Execute-next the instruction located at z = (L + 1). 

Performing a division requires the execution of Instruction NDX, subinstruc -

tion DV0 once, DVl fourteen times, and STD2 once. Instruction DV K is the 

only Regular Instruction (except TC) which uses register Q. Therefore, any 

program portion following a TC instruction, and including a DV instruction, 

must preserve the return address (normally contained in Q) somewhere else. 

2-68. Before discus sing the execution of instruction DV K, the principle of 

division applied should be explained. Figure 2-26 demonstrates the division 

of binary quantity a= +1011 bye= +1110. Approach 1 shows how the division 

can be carried out manually in a way commonly used. Since a< e, a binary 

point has to be set into the quotient first. Then the dividend (a) is rewritten, 

and a ZERO is added as a new lowest order bit. If the new number (absolute 

value, not quantity) formed (10110) is larger than the number e, e is subtracted 

from the new number (thereby establishing the first remainder, 100. 0) and a 

ONE is set into the quotient. A ZERO is added as a new lower order bit posi­

tion of the first remainder to again form a new number (10000). Since the new 

number is larger than e, e is subtracted again and a second ONE is set into 

the quotient. Quantity 00. 10 is the second remainder. Adding a ZERO to the 

second remainder leaves a new number (00100) still smaller thane. For this 

reason, a ZERO is set into the quotient and quantity 0. 100 becomes the third 

remainder . A ZERO is added to the third remainder, but again the new number 

(01000) is smaller thane. Therefore, a second ZERO is entered into the 
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Figure 2-26. Division of Binary Numbers, Principle of Operation 
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quotient and quantity 0. 1000 becomes the final remainder. Expressed in deci­

mal numbers, the resulting quotient is 3/4 and the remainder is 1/ 2. 

2-69. Approach 2 of figure 2-26 illustrates an operation which can be per-

formed more easily by a computer than by the mental process of comparing 

the divisor with the various remainders. Sign bit ZERO has been added as 

bit 5 for dividend a and divisor e. Starting with the divide operation (a-;- e), 

the dividend is cycled one position to the left which is the same as adding a 

ZERO as a new lowest order bit. The complement of the divisor (e) is added 

to the new number thereby establishing the first remainder (r
1 

). The crossed­

out numbers indicate the end around carry operation. If bit 5 of r
1 

is a ZERO 
1 

(indicating that r is still positive), as in the example, a ONE is entered into 
1 

the quotient. Then r 1s cycled, e is added again, and another ONE is entered 

into the quotient because the second remainder (r
2

) also contains a ZERO in 
2 

bit position 5. At the next instant, r is cycled, and e is added again. The 

third remainder (r
3

) contains a ONE in bit position 5, indicating that the last 

remainder was too small for a correct subtraction. C o nsequently, a ZERO is 
2 

entered into the quotient and r (the last correct remainder) is cycled again. 

Number e is added once more, and remainder r 
4 ll also incorrect. A second 

ONE is set into the quotient and r
2 

shifted twice (;!) is taken as the final re­

mainder (R). Setting a ONE into the quotient, if bit 5 of the last remainder 

contains a ZERO, or setting a ZERO, if bit 5 contains a ONE, leads to an 

error whenever a remainder happens to be a minus zero ( 11111 ). This is 

demonstrated by the example O 1001 + 01100, where the second remainder is 

minus zero, but a ONE has to be entered into the quotient since the remainder 

is not smaller than zero. A remainder is incorrect only if it is smaller than 

zero (either plus zero or minus zero). 

2-70. Approach 3 of figure 2-26 is free of the possibility for errors des-

cribed in approach 2. Instead of dividing a by e, the complement of a is used 

for cycling, and e is added to the various remainders. This operation is 
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indicated by three points (: ). Starting with the operation a: e, quantity a is 

cycled and e is added. Because remainder r 
1 

contains a ONE, a ONE has to 

be entered into the quotient. Whenever a remainder contains a ZERO (as for 

r
3 

and r 
4

) a ZERO is to be set into the quotient. The second example of ap­

proach 3 proves that this approach is also correct in case a remainder be­

comes minus zero. Approach 3 needs only the highest order bit of a remainder 

to decide a bit of the quotient and is relatively simple to instrument. Approach 3 

is applied for the AGC. Although the AGC uses two sign bits (SQ and US) in­

stead of one, this does not matter, as can be proved by performing 110100: 

001110. 

2-71. Figure 2-27 illustrates the method of operation for the divide instruc-

tion and is similar to figures 2-18 and 2-19. At instant 1, the complement of 

dividend a is entered into Q. After instant 2, a positive quantity is stored in 

LP for later use if the quotient is to be positive, or a negative quantity is 

stored in LP if the quotient is to be negative. At instant 3, a ONE is entered 

in bit position 1 of B. The content of B will be cycled to the left several times 

during the operation. When the ONE entered at instant 3 moves into the highest 

bit position, this indicates that the divide operation has been completed. At 

instants 4 and 5, the quantity contained in Q is cycled one position to the left, 

returned to Q and entered into Y. At the same time, a ONE (minus sign) is 

entered into bit position 6 of Q and Y to correct the cycle operation. (The CYL 

operation of the computer transfers the ZERO contained in bit position 4 to 

positions 5 and 6. The ONE entered into position 6 by a special control pulse 

has the same effect as transferring the ONE at position 5 to position 6. ) At 

instant 6, divisor e is entered into X and added to the quantity which was 

entered into Y. The sum is available at U at instant 7. Bit position 6 of U 

contains a ONE, therefore, as described for approach 3, the first remainder 

is correct, and the actions taken next are as shown for instants 8 and 9. The 

first remainder is transferred from U to Q for later use. The content of B is 

cycled to the left one place, and a ZERO is written into the quotient, which is 
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Figure 2-27. Division of Binary Numbe rs, Method of Operation 
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stored in complemented form in the bit positions following the ONE set into 

Bat instant 3. Instants 10 through 15 are a repetition of instants 4 through 9. 

Bit position 6 of U contained a ONE at instant 13, which indicates that the sec­

ond remainder is also correct. Instants 16 through 19 are identical in their 

actions to instants 10 through 13 and 4 through 7, but bit 16 of U now contains 

a ZERO . The ZERO indicates that the third remainder is incorrect. Fo r 

this reason, the content of Q (the last remainder cycled) is not replaced by 

the new remainder and a ONE is entered into B as its content is cycled. In­

stants 21 through 25 are a repetition of instants 16 through 20 because bit 6 of 

the fourth remainder is also a ZERO. As the content of B is cycled the fourth 

time, the ONE set at instant 3 now moves into bit positions 5 and 6 and this 

indicates that the divide operation is complete. At instant 26, the content of 

B is complemented to become the final quotient and is transferred to A. Q 

contains the comp lemented quantity of the absolute value of the final remainder. 

For the given example, the final remainder as contained in Q is 1000, but be ­

comes 0. l 000 when setting the binary point. Having explained the principle of 

division applied and the method of operation, the description of instruction 

DV K can be continued. 

2-72. Figures 2-28 through 2-33 illustrate the execution of DV 1125. Quan-

tity a contai ned in the accumulator (A) is to be divided by quantity e located at 

1125. The entire code of the instruction was entered into B during the exe ­

cution of the preceding NDX instruction (B now contains b = 121125), and ord er 

code 12 was entered into SQ. At Action 1 of subinstruction DV0 (figures 2 - 28 

through 2-31 ), the address contained in Bis transferred to Sand the selection 

logic gates location 1125 for readout and write-in. At Action 2, register G is 

cleared, dividend a is transferred to B, and the sign bit of a is entered into 

the SQG by means of pulse TSGN. At Action 3, no transfer takes place unless 

the address in Sis smaller than 0020. If c(S):;;;. 0017, control pulse RSC reads 

the selected flip-flop register into G. 
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Figure 2- 28. Subinstruction DVO (a and e Positive) 
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2-73. If the sign of dividend a was found (at Action 2) to be positive (figures 

2-28 and 2-29), quantity a is written from C into A at Action 4, and transferred 

to Q at Action 6. At Action 5, the quantity 000001 is transferred (and cycled) 

into LP and becomes 140000. At Action 7, divisor e is entered into Band P, 

and bit 16 of e is entered into the SQG. At Action 8, the divisor is transferred 

to A, an alarm ca1.1sed in case of incorrect parity, and a new parity bit of e is 

entered into G. If the sign of divisor e was found (at Action 7) to be positive 

(figure 2-28), the quantity located at LP and the quantity 00002 are written 

simultaneously (OR 1d) into B which contains 140002 after Action 9. The quan ­

tity 140002 is transferred to LP at Action 10 and becomes 000001, indicating 

that the quotient has to be positive. (Compare with instant 2 of figure 2-27.) 

At Action 11 , a ONE is entered into bit position 1 of B (as in figure 2-27) and 

used for shift counting. Control pulse STl causes the SQG to execute-next 

subinstruction DV 1. 

2-74 . If the sign of divisor e was found {at Action 7) to be negative (figure 2-29), 

no operation is performed at Action 9, and at Action 10, quantity e is tra·ns -

£erred from C to A. LP still contains 140000, indicating that the quotient is 

to be negative. Action 11 of figure 2-29 is identical to Action 11 of figure 2-28. 

2-75. If the sign of dividend a was found (at Action 2) to be negative (fi gures 

2-30 and 2-31), a is still in A at Action 4, and the quantity 000001 is written 

into LP at Action 5. At Action 6, dividend a is transferred to Q . The effects 

of Actions 7 and 8 in figures 2-28 through 2-31 are identical. If the sign of 

the divisor was found (at Action 7) to be positive (figure 2-30), the quantity 

located at LP and the quantity 00002 are written simultaneously into B, which 

contains 000003 after Action 9 . The quantity 000003 is transferred to LP at 

Action 10 and becomes 140001, indicating that the quotient has to be negative. 

The effect of Action 11 is identical for figures 2 - 28 through 2-31 . 

2 -7 6. If the sign of divisor e was found (at Action 7) to be negative (figure 2 - 31), 
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the effect of Actions 9 and 10 is identical to that indicated in figure 2-29. 

LP still contains 000001 indicating that the quotient has to be positive. The 

contents of registers A, Q, LP, and B after the execution of DV0 are renamed 

as listed in table 2-5. 

2-77. Figures 2-32 and 2-33 illustrate the first execution of subinstruction 

DVl. At Action 1, address 0022 is entered into register S and the selection 

logic sets the switch in front of the G register (figure 1-8) such that any word 

transferred from the write amplifiers to the G register is cycled one position 

to the left, as indicated by j CY L I and the dotted line. At Action 2, quan­

tity q 0 is cycled one position to the left and entered into G. At Action 3, the 

content of G is transferred to Q and Y simultaneously with a ONE which is 

entered (OR 'd) into position 16 of Q and Y ( similar to instants 4 and 5 of figure 

2-27). At Action 4, quantity e 0 is entered into X (as at instant 6 of figure 2-27) 

and the sum u = ( 100000 V q 0 ) + e 0 becomes available at U. At Action 5, bit 

16 of quantity 1 is entered into the SQG for later use. At Action 7, bit 16 of 

quantity u is entered into the SQG. If bit 16 of u is a ZERO (figure 2- 32), no 

operation is performed at Action 8. At Actions 9 and 10, quantities b 0 and 

100000 are cycled simultaneously (OR'd) and entered into B (as at instants 20 -and 25 of figure 2-27), and the new bit 16 (b16) is also entered into the SQG. 

If bit 16 of u is a O NE (figure 2-33) quantity u is transferred to Q (as at instants 

8 and 14 of figure 2-27). At Actions 9 and 10, only quantity b 0 is cycled and 

its new bit 16 entered into the SQG. Action 11 depends on bit 16 of b (entered -into the SQG at Action 10) and on bit 16 of 1 (entered at Action 5) . If b
16 

= 0, 

indicating that the division operation has not been completed yet (as at instants 

9, 15, and 20 of figure 2-27), control pulse STl is generated in order to exe-

cute -next subinstruction DV 1 again. The contents of registers Q and B after 

the first execution of DVl may be called 
1 1 

q and b ; after the second execution 

2 2 
q and b , etc. After 

14 
fourteen executions of DV 1, quantity b will contain a 

O NE in bit position 16 (indic a ting that the division operation has been completed 

as at instant 25) and control pulse ST2 causes the SQG to execute-next 
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TABLE 2-5 

CONTENTS OF REGISTERS AT END OF DV0 

INITI AL 
c (Al=e0 c(Q)=q • c(LP)=t• c(B)=b 0 c (Z) 

CONDITIONS 

a POS ITIVE 
e a 000001 000001 z 

e POSIT IVE 

a POSIT IV E e a 140000 000001 z 
e NEGATIVE 

a NEGATIVE 
e a 140001 000001 z 

e POS ITIVE 

a NEGATIVE e a 000001 000001 z 
e NEGATIVE 
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14 
transferred from C to A if ;_ 

1 6 
= 0 , or from B to A if 
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the quotient has to be 
14 

,' 
16 

= 1 . Subinstruc -

tion STD2 , executed r ig ht after the final DVl subinstruction, increments 

"next11 address z by one and i nitiates the execution of the subsequent instruc­

tion . 

2- 78 . SPECIAL CASES OF REGULAR INSTRUCTIONS 

2-79 . GENERAL 

2-80 . Paragraphs 2-6 through 2-77 deal with normal cases, i.e . inst ruc-

tions in which relevant address K refers to a location in the F or E memory. 

Instructions in which address K refers to flip-flop register A, Q . z . or LP 

are discussed in the following paragraphs t ogether with other special cases 

of NDX K instructions . For selection of the addressed flip-flop register and 

the operation of subinstruc tion STD2 , see figure 2 - 2 . 

2-81. 

2-82 . 

SPECIAL CASES OF B ASIC INSTRUCTIONS 

The special cases of instruction TC Kare : 

(1 ) TC A= XAQ whic h means : execute the instructions contained 

1n A . 

If c (A) = 000000 , this is a program trap . 

If A contains a TC K instruction, the transfer of control 

will be executed . 

If A contains an instruction other than TC K, the instruc­

tion contained in Q will be exe c uted after the instruction 

contained in A . 

(2 ) TC Q = RETURN which means : return program control to 

the instruction entered into Q at the time the last TC Kin­

struction was executed . Normally , Q contains a TC Kin­

struction as explained in paragraph 2-1 7 . (After the exe­

c c tion of this TC K instruction Q contains TC Z .) If Q 
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contains an instruction other than TC K, then TC Q is not a 

useful ope ration. 

(3) TC Z which is not a useful operation. 

( 4) TC LP which transfers control to LP, c(LP) 
e 

= b (LP). 

The special cases of instruction XCH K are: 

( 1) XCH A = NOOP: the instruction to be executed next is 

taken from (L + l), but c(Q) is preserved. TC (L + 1) is 

faster but changes c(Q). 

(2) XCH Z which transfers program control to the instruction 

which is located at the address contained in A. Similar to 

TS Z = TCAA. 

(3) XCH Q which replaces the return address. 

(4) XCH LP which results in c(LP) = be(A). 

The special cases of instruction CS K are: 

( 1) CS A = COM which means: complement contents of A, 

c(A) = b(A). 

(2) CS Q which results in c(A) = b(Q) and c(Q) = b(Q). 

(3) CS Z which results in c(A) = b(Z) and c(Z) = b(Z) + 1. 

(4) CS LP which results in c(A) = b(LP) and c(LP) = be(LP). 

The special cases of instruction TS K are : 

( 1) TS A= OVSK which means: overflow skip. 

If A contains no overflow or underflow, the instruction at 

z = L + 1 is executed next. If A contains overflow or 

underflow, the instruction at (L + 2) is executed next. 

TS A is very useful when used before executing an XCH 

instruction, in order to prevent loss of an overflow bit . 

(2) TS Q which enters a new return address. 
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(3) . TS Z = TCAA which means: transfer program control to the 

instruction which is located at the address stored in A. Q 

does not contain the same return address which woul d be 

entered by a TC K instruction. The first TC K instruction 

following a T CAA must not be a subroutine call, unless Z 

contains a TC K instruction. In this case, XAQ (TC A) is 

as fast and preferred, unless it is desired to save c(Q). 

( 4) TS LP which results in c(LP) = be(A). 

The special cases of instruction MSK K are: 

(1) MSK A= NOOP (No Operation). 

(2) MSK Q which results m c(Q) = b(A) AND c(Q) and c(Q) = b(Q). 

( 3) MSK Z which results m c(A) = b(A) AND b( Z) and c( Z) = b( Z) + 1. 

This is not a useful operation. 

(4) MSK LP which results in c(A) = b(A) AND b(LP) and c(LP) = b(LP). 

(No editing of b(LP) occurs.) 

The special cases of instruction AD Kare: 

(1) AD A = DOUBLE which results in c(A) = 2b(A). In case of 

overflow or underflow, OVCTR is incremented or decremented. 

(2) AD Q which results in c(A ) = b(A) + c(Q) and c(Q) = b(Q). 

(3) ADZ which results in c(A) = b(A) + b(Z) and c(Z) = b(Z) + 1. 

(4) AD LP which results in c(A) = b(A) + b(LP) and c(LP) = be(LP). 

The special cases of instruction NDX K are: 

(1) NDX A which results in c(B) = c(z) + c(A) with z = L + l ; 

c(A) = b(A). Register B contains the instruction executed 

next. 

(2) NDX Q which results m c(B) = c(z) + c(Q) with z = L + l; 

c(Q) = b(Q). 
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(3) NDX Z which results rn c(B) = 2b(Z) + 1 with z = L + l; 

c(Z) = b(Z) + 1. 

(4) NDX LP which results in c(B) = c(z} + b(LP} with z = L + 1; 

c(LP) = b e (LP). 

(5) NDX 5777 = EXTEND which is explained in paragraph 2-49. 

(6) NDX 0025 = RESUME which is explained in paragraph 2-102. 

(7) NDX 0017 = INHINT which is explained in paragraph 2-97 

(8) NDX 0016 = RELINT which is explained in paragraph 2-97 

The special cases of instruction CCS K are: 

( 1) CCS A which is very useful and very similar to CCS K as 

described in paragraph 2-40. 

(2) CCS Q, and CCS LP which might be useful; CCS Z is not a 

useful operation. 

SPECIAL CASES OF EXTRA CODE INSTRUCTIONS 

The special cases of instruction SU K are: 

SU A which puts 177777 into A but to do this takes four MCTs. 

SU Q, SU Z, and SU LP which are similar to AD Q, AD Z, and 

AD LP except that complemented quantities are added. 

The special cases of instruction MP K are: 
2 

MP A = SQUARE which results in c(A, LP} = I b(A) I . 
MP Q which ._results in c(A, LP} = b(A)· c(Q) and c(Q) = b(Q). 

MP Z which results in c(A, LP)= b(A)· b(Z) and c(Z) = b(Z) + 1. 

This is not a useful operation. 

MP LP which results in c(A, LP) = b(A)· c(LP) a nd c ( LP) = b( LP). 

The special cases of instruction DV K are: 

DV A which puts 037777 into A but to do this takes eighteen MCTs. 
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2-94. 

2-95. 

This is a useful test loop. 

DV Q, which results in c(A) = (A) :; b(A) -:- b(Q) and c(Q) = Rl. 

DV Z, which results rn c(A) = b(A) -:- b( Z), c( Z) = b( Z) + 1. 

This is not a useful operation. 

DV LP, whi ch results in c( A) = b(A) c(LP) and c(Q) + Rl. 

INVOLUNTARY INSTRUCTIONS 

GENERAL 

2-96. The Involuntary Instructions can b e divided into two groups: Priority 

Program Instructions (RPT and RSM) and Counter Instructions (PINC, MINC, 

SHINC, and SHANC). The interruption of a current program section in favor of 

a program section of higher priority was discussed in paragraphs 15-47 through 

15-49. There it was stated that certain inputs of the AGC are connected to the 

Interrupt Priority Control. At the time a signal arrives at one of these inputs 

(and no input signal of higher priority is pre sent), the Interrupt Priority Control 

does two things: (1) it signals the SQG to execute-next instruction RPT, and (2) it 

provides address 2000, 2004, 2010, 20 14, 2020, or 20 24 ( called RPT Transfer Rou­

tines, table 2-6) for initiating the execution of the requested program section. 

Execution of instruction RPT causes the last contents of registers Zand B to be 

transferred to register ZRUPT and BRUPT in the E memory (table 15-5) and pro­

gram control to be transferred to one of the six Transfer Routines. No matter to 

which of the six routines control is transferred, the contents of A and Qare first 

transferred to register ARUPT and QRUPT in E memory. Thereafter program 

control is transferred (by a TC instruction) to routine T 3RUPT, ERRUPT, T4RUPT, 

KEYRUPT, UPRUPT or DOWNRUPT (table 15-7). Each interrupting program sec­

tion has the responsibility of returning the contents of register ARUPT and QRUPT 

to registers A and Q and of initiating instruction RSM. Execution of instruction RSM 

causes the contents of registers ZRUPT and BRUPT to be transferred to Z 
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TABLE 2-6 

RPT and GO Transfer Routines& 

Location Content Subroutin~ Order Code Relevant Address 

2000 5 0026 0 TIME3RPT TS ARUPT 
2001 3 0001 0 XCH Q 

2002 3 0027 1 XCH QRUPT 
2003 0 21 31 0 TC T3RUPT 

2004 5 0026 0 ERRORRPT TS ARUPT 
2005 3 0001 0 XCH Q 

2006 3 0027 1 XCH QRUPT 
2007 0 2034 1 TC ERRUPT 

2010 5 0026 0 TIME4RPT TS ARUPT 
2011 3 0001 0 XCH Q 
2012 3 0027 1 XCH QRUPT 
2013 0 2427 1 TC T4RUPT 

2014 5 0026 0 KEYMARPT TS ARUPT 
2015 3 0001 0 XCH Q 
2016 3 00 27 1 XCH QRUPT 
2017 0 2467 0 TC KEYRUPT 

2020 5 0026 0 UPLINRPT TS ARUPT 
2021 3 0001 ,0 XCH Q 

2022 3 00 27 1 XCH QRUPT 
2023 0 7 300 0 TC UPRUPT 

2024 5 0026 0 DOWNLRPT TS ARUPT 
2025 3 0000 1 XCH Q 

2026 3 00 27 1 XCH QRUPT 
2027 0 2301 1 TC DOWNRUPT 

2030 2 0017 0 GO INHINT 
2031 3 2066 0 CAF PHASBANK 
2032 5 0015 0 TS BNK 
2033 0 6 774 0 TC GOPROG 

2034 0 2605 0 ERRUPT TC ALARM 
2035 011010 OCT 01101 
2036 0 2213 0 TC NBRESUME 

& As used in program SUNRSE33. 

ffi Symbols not used in program listings. 
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and Band causes the execution of the interrupted program section to continue. 

2-97. A program interruption (execution of RPT) may occur at the end of 

any instruction (not subinstruction) except when: 

(1) An interrupting program is m progress. 

(2) A program interruption has been inhibited by the execution of 

instruction INHINT (NDX 0017) and the inhibition has not been 

released by the execution of instruction RE LINT (NDX 0016). 

By executing INHINT and RELINT, the selection logic gates the 

Program Interrupt Priority Control to preve nt it from, or allow 

it to,send a command to the SQG. 

(3) The next instruction to be executed is an Extra Code Instruction. 

In this case, register B contains a quantity with underflow,and 

control pulse WOVI, at Action 11 of subinstruction NDXl, pre­

vents an interruption. 

(4) The accumulator contains a quantity with overflow or underflow. 

In this case, control pulse WOVI is normally provided at Action 

4, 10, or 11 to prevent program interruption. 

2-98. Incrementing , decrementing, or shifting the content of a counter 

was discuss ed in paragraph 1-80, where it was stated that all incremental 

input signals of the AGC are first stored in the Priority Control. At the 

time the incremental data arrive (and if no incremental data of higher pri­

ority are present), the Counter Increment Priority Control does two things: 

( 1) provides the address of the proper counter, and (2) it sends a signal to 

execute-next instruction PINC, MINC, SHINC, or SHANC. Dependent on 

the counter address provided, the increment or decrement is carried out 

with or without sign correction in case of overflow or underflow. Instruc­

tions PINC, MINC, SHINC, and SHANC can be executed after any Action 12. 
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2-99. INSTRUCTION RPT (Interrupt Program) 

2-100. RPT means: transfer control to the interrupting program section and 

store enough information of the interrupted program section in order to be able to 

continue it later. The entire operation RPT can be formulated as follows: 

( 1 ) Set c(ZRUPT) = b(Z) 

(2) Set c(BRUPT) = b(B) } Remember that bit 15 of b(Z) and b(B) gets 
lost, and bit 16 is moved into position 15 
of ZRUPT AND BRUPT, respectively. 

(3) Execute-next the instruction located at the address provided by the 
Program Interrupt Priority Control. 

(4) Inhibit interrupt until further notice. (This is accomplished by set­
ting the Interrupt-in-Progress Flip-Flop in the SQG.) 

(5) Reset Interrupt Priority Control. 

The RPT instruction consists of three subinstructions: RPTl, RPT3, and STD2. 

2-101. Figures 2- 34 and 2-35 illustrate the execution of RPT. The current 

program section is to be interrupted and subroutine ERRUPT is to be executed 

immediately. At Action 1 of RPTl, address 0024 is entered into S, and the 

selection logic gates location 0024 for readout and write -in. At the same time, 

address 0024 is also entered into Y, and a one is added to it. At Action 3 

register G is cleared as usual. At Action 9, the "next" address (z) of the program 

being interrupted is entered into G and transferred to location 0024 ( ZRUPT) at 

Action 10. Also at Action 10, quantity 0025 is entered into Z. Control pulses 

ST 1 and ST 2 together cause the SQG to execute-next subinstruction RPT 3. At 

Action 2, the address provided by the Priority Control (2004) is entered into Z. 

At Action 3, address 2004 is transferred to G and control pulse KRPT clears the 

Request Flip-Flop (in the Interrupt Priority Control) that initiated the program 

. interrupt. At Action 9 the content of B is entered into G and transferred to 
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location 0025 at Action 10. Control pulse ST2 causes the SQG to execute-next 

subinstruction STD2, in order to increment address 2 004, which is now the 

"next" address, and to initiate instruction TS ARUPT. 

2-102. INSTRUCTION RSM (Resume Program, Order Code 2, K = 0025) 

2-103. RSM means: resume the interrupted program section by entering into 

B and Z what was contained in B and Z at time of interruption. The entire opera­

tion RPT can be formulated as follows: 

(1) Set c(B) = c(BRUPT}. 

(2) Set c(Z) = c(ZRUPT}. 

(3) Execute-next the instruction now contained in B. 

(4) Release inhibition of program interruption. (This is accomplished 

by resetting the Interrupt-in-Progress Flip-Flop in the SQG. 

The RSM instruction consists of two subinstructions: NDX0 and RSM. 

2 -104. Figure 2 - 36 illustrates the execution of instruction RSM = NDX 0025. 

As subinstruction NDX0 is executed, the content of location 0025 (the instruc­

tion stored away by instruction RPT} is returned to B. At Action 10, control 

pulse TRSM causes the SQG to execute-next subinstruction RSM because 

c(S) = 0025. At Action 1 of RSM, address 0024 is entered into Sand the se­

lection logic gates location 0024, containing the " next " address (z} of the in­

terrupted program, for readout and write-in. At Action 3, register G is 

cleared, as usual. At Action 7, address z is returned to Z. At Action 12, 

the order code (OC) is entered into register SQ and the execution of the in­

struction contained in B is initiated. 

2-105. INSTRUCTION PINC (Increment Content of Addressed Counter) 

2-106. PINC means: increment by one the quantity contained in that counter 

of which the address is provided by the Increment Priority Control. The entire 
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operation of PINC can be formulated as follows : 

( l) Enter into S the address provided by the Increment Priority 

Control. 

(2) Set c(CTR) = b(CTR) + 000001. 

(3) In case of overflow, send signal to Priority Control (for operation 

carried out after overflow, see table 1-5) or reverse sign if CTR=41 or 

004 7 S:. CTR s_ 0056. 

(4) Reset Counter Priority Control. 

The PINC instruction consists of only one subinstruction, PINC. 

2-107. Figure 2-37 illustrates the execution of PINC which increments the 

content of counter 0044. At Action l, address 0044, provided by the Iner,~ -

ment Priority Control is entered into register S,and the selection logic gates 

location 0044 for readout and write-in. At Action 3, register G is cleared, 

as usual. At Action 4, quantity 00000 l is entered into Y. At Action 6, quan­

tity e of the addressed counter is transferred to X and P. At Action 7, an 

ala rm is caused in case of incorrect parity. At Action 8, register P is cleared. 

At Action 9, register G is cleared again,and the sum (e + 1) is written into P. 

At Action 10, control pulse Ru,:, reads the incremented quantity (e + 1) into 

the W As, and control pulse we ,:, writes the contents of the W As and the parity 

bit generated for quantity (e + l) into register G. The complete word (e + l) 
15-0 

is r e turned to location 0044 at Action 10. Control pulse WOVR transfers bits 

l ,S and 15 of (e + 1) into the SQG for test of overflow or underflow and resets 

the Counter Priority Control. In case of overflow, a signal is sent to the pri­

ority inputs. 

2-108. INSTRUCTION MINC (Decrem e nt Content of Addressed Counter) 

2-109. MINC means: decrement by one the quantity contained in that count e r 

of which the address is provided by the Increment Priority Control. Th e e ntir e 

operation MINC can be formulated as follows: 
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(1) Enter into S the address provided by the Increment Priority Control. 

(2) Set c(CTR) = b{CTR) + 177776. 

(3) In case of underflow, send signal to Priority Control (for operation 
carried out after underflow, see table 1-5) or reverse sign if CTR...- 41 
or 0047 <CTR< 0056. 

(4) R eset Counter Priority Control. 

The MINC instruction consists of only one subinstruction, MINC. 

2-110. Figure 2-38 illustrates the execution of MINC which decrements the con-

tent of counter 0044. Figure 2- 38 is very similar to figure 2-37 except that con­

trol pulse Rl at Action 4 is replaced by control pulse RlC, which reads quantity 

177776 into Y. The decremented quantity is (e - 1 ). In case of underflow of quan­

tity (e - 1), a signal is sent to the Counter Priority Control. 

2-111. INSTRUCTION SHINC (Shift Content of Addressed Counter) 

2-112. SHINC means: shift one position to the left the quantity contained in that 

counter of which the address is provided by the Increment Priority Control. In­

structions SHINC and SHANC are used to transform serial uplink and radar range 

data into parallel data. The entire operation SHINC can be formulated as follows: 

(1) Enter into S the address provided by the Increment Priority Control 

(2) Set c(CTR) = 2b(CTR) = b(CTR). 

(3) If bit 15 of the quantity located at 0041 or 0056 is a ONE, send a sig­
nal to the Program Interrupt Control at the time the quantity is 
transferred into the Adder to initiate the UPRUPT program. 

(4) In case of overflow, reverse bit 16 (as for addition of angular data) 
and prevent end-around carry. 

(5) Reset Counter Priority Control. 

The SHINC instruction consists of only one subinstruction, SHINC. 
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2-113. Figure 2- 39 illustrates the execution of SHINC which shifts the con-

tent of location 0041 one position to the left. At Action 1, address 0041, pro­

vided by the Increment Priority Circuit, is entered into Sand the selection 

logic gates location 0041 for readout and write-in. At Action 3, register G is 

cleared, as usual. At Action 4, registers X and Y are cleared. At Action 6, 

quantity e of the addressed counter is transferred to Y, X, and P and the sign 

bit is entered into the SQG. If bit position 16 of Y or X (i.e., bit position 15 

of location 0041) contains a ONE, a signal is sent to the Program Priority 

Circuit to initiate the UPRUPT program. At Action 7, an alarm is caused in 

case of incorrect parity. At Action 8, register Pis cleared. At Action 9, 

register G is cleared again and the sum (e + e) = 2e = 4e' is written into P. At ... 
Action 10 , control pulse Ru ,:, reads the shifted quantity (e) into the WAs and 

control pulse WG':' writes the contents of the WAs and the parity bit generated 

for quantity~ into register G. Al so at Action 10, the complete word~ 
15

_ 0 is 

returned to location 0041. Control pulse WOVR causes reversal of sign in 

case of overflow. 

2-114. Figure 2-40 demonstrates how the completion of an uplink word is 

signalled. In the example shown, several bits of the uplink word have already 

been received and the flag bit (the first bit of a word received via uplink) has 

moved into bit position 14 of location 0041. The flag bit is used to indicate 

the completion of the uplink word . At instant 1, the flag bit (_!_) is located at 

bit position 14 and bit positions 13 through 1 contain data. At instant 2, the 

quantity located at 0041 is entered into both Y and X, and U contains the sum 

with corrected sign (reversed sign) at instant 3. At instant 4, the shifted 

quantity is transferred from U to location 0041 and the flag bit is now contained 

in position 15. By shifting the content of location 0041 once more at instants 

5, 6, and 7 the data moves into bit positions 15 through 3 and the flag bit gets 

lost. 
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Figure 2-39. Subinstruction SHINC 
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LOCATION 0041 
INSTANT FUNCT ION 

,s 115 114 I 13 ! 12 ! 11 I 10 I 9 I 0 I 1 I 6 I 5 I 4 I 3 I 2 I I 
I 0041 0 ..!.. I 0 I I 0 I I I 0 I I I I 

2 0041-Y,X 0 0 I I 0 I I 0 I I I 0 I I I I 

NORMAL SUM 0 I I 0 I I 0 I I I 0 I I I I 0 

3 u I I I 0 I I 0 I I I 0 I I I I 0 

4 0041 J_ I 0 I I 0 I I I 0 I I I I 0 

5 0041-Y,X J_ J_ I 0 I I 0 I I I 0 I I I I 0 

NORMAL SUM I I 0 I I 0 I I I 0 I I I I 0 I 

6 u I I 0 I I 0 I I I 0 I I I I 0 0 

7 0041 I 0 I I 0 I I I 0 I I I I 0 0 

Figure 2-40. Completion of an Uplink Word 
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INSTRUCTION SHANC (Shift Content of Addressed Counter and Add 
One). 

SHANC means: shift one position to the left the quantity contained in 

that counter of which the address is provided by the Increment Priority Control, 

and add one to it. Instructions SHINC and SHANC a re used to transform serial 

uplink and radar range data into parallel data for use by the cornputer. The 

entire operation SHANC can be formulated as follows: 

( 1) Enter into S the address provided by the Increment Priority 

Control. ... 
(2) Set c(CTR) = 2b(CTR) + l = b(CTR) + 1. 

(3) If bit position 15 of location 0041 or 0056 contains a ONE, send a signal 

to the Program Interrupt Control to initiate the UPRUPT program. 

(4) In case of overflow or underflow, reverse bit 16 (as for addition 

of angular data) and prevent end-around carry. 

The SHANC instruction consists of only one subinstruction, SHANC. 

2-117. Figure 2-41 illustrat e s the execution of SHANC which shifts the con-

tent of location 0041 one position to the left and ente rs a ONE into the new bit 

position l. Figure 2-41 1s very similar to figure 2-39 except that cont rol 

pulse CI is added to Action 7 to add a one to the shifted quantity. 

2-118. MISCELLANEOUS INSTRUCTIONS 

2-119. GENERAL 

2-1 20. Miscellaneous instructions can be divided into two groups: Start In-

structions (GO and TCSA) and Display and Load Instructions (OINC and LINC). 

2-121. INSTRUCTION GO (Computer GO) 

2 - 122. GO means: get computer operating by executing-first the instruction 
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Figure 2 -41. Subinstruction SHA NC 
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situated at location 02030 (table 2-6). Instruction GO is identical with instruction 

TC (figure 2-3) except that control pulse RB at Action 1 is replaced by RSTRT 

(Read STRT). Pulse RSTRT transfers start address 02030 into register S, and 

the selection logic gates location 02030 start for readout. After the execution of 

GO the instruction stored at location 02030 is contained in B and its order code is 

in register SQ. 

2-123. INSTRUCTION TCSA (Start at Specified Address) 

2-124. TCSA means: start the execution of a program by executing-first the 

instruction located at SA where SA might be any Specified Address entered into 

the computer by means of the Computer Test Set. Instruction TCSA is identical 

with GO except that, at Action 1, RSA replaces RB instead of RSTRT. 

2-125. INSTRUCTION OINC (Display Content of Addressed Location) 

2-126. OINC stands for zero increment and means: read and display the con­

tent of the addressed location. Instruction OINC is used in conjuncti on with the 

Computer Test Set. By punching an address into the keyboard and pressing a 

READ button the content of the addressed location is displayed. Figure 2-42 

illustrates the execution of OINC for display of data e located at address 1. 

2-127. INSTRUCTION LINC (Load Addressed Location) 

2-128. LINC stands for load increment and means: write into the addressed 

location the data punched into the keyboard. Instruction LINC is also used in 

conjunction with the Computer Te st Set. By punching in both an address and 

data into the keyboard, then pressing a LOAD button, the data will be entered 

i nto the location selected. Figure 2-43 illustrates the execution of LINC for 

data d to be written into location 1. 
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