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k 

Application of the j designator (see Table 3-1) is described in detail, with an 
instruction where required. The general application of the k designator is shown 
in Table 3-2 and requires a knowledge of the class of instruction. The class of 
an instruction is shown in the repertoire of instructions, Appendix B, where 
necessary for k interpretation. 

Most instructions are Read class ,instructions. In descriptions of the instructions 
in this section, the k designator determines the source of an operand, Y, as per 
Read class instructions (Figure 4-1) unless otherwise specified. A Read class 
instruction usually reads an operand from primary storage and retains the result 
in a register. A Store class instruction usually obtains the operand from a register 
and writes ("stores") the result in primary storage. The interpretation of the k 
designator for Store class instructions is presented with each Store class instruction 
in this section. A Replace class instruction is a combination of both Read and 
Store classes; an operand is read from primary storage, and unless the Replace 
class instruction is immediately preceded by a Repeat (70) instruction, is then re­
placed in primary storage by the result of the instruction. The operand, Y, is read 
from primary storage in accordance with the k designator for Read class instructions 
(Table 4-1). The result is then stored in primary storage in accordance with the 
rules outlined in Table 4-2. If the Replace class instruction is operating in the 
Repeat mode, the storage is governed by the rules outlined in 4.8. For Replace 
instructions, k designators of 0, 4, and 7 are not used. 

DESIGiNATOR 

0* 

1 

2 

3 

4 

5 

6 

7 

OPERAND, Y 

Y u is all O's. Y L is effective operand, y+ (Bb), or y. 

Yu is all O's. YL is lower half of contents at 
relative address, (Y)L 

Yu is all O's. YL is upper half of contents at 
relative address, (Y)u 

Y is contents at relative address, (y). 

Y u is sign-filled-y 14' Y L is y. 

Y u is sign-filled-(y)14' Y L is ("Y)L' 

Y u is sign-filled-(y)29' Y L is (Y)u. 

Y is contents of accumulator, (A). 
�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�~�-�-�-�-�-�-�-�-�,�-�-�-�-�-�-�,�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�~� 
• For k = 0 and (Bb) = 17 bits, YL = 17 bits andYU = 13 bits 

Table 4-7. Operand Designation for Read Class Instructions 

k DESIGNATOR STORAGE OF Y 

1 or 5 �(�A�)�L�-�-�~�"�"�'�~�(�Y�)�L� with (Y)u unchanged 

2 or 6 (A)L - ..... (Y)u with (Y)L unchanged 

3 (A) --... (y) 
�~�_�_�_�_�_�_�_�_�_�_�_� __ _______________ , __ , ________________________ --10 

Note: L. k �d�e�s�i�~�n�a�t�o�r�s� of 0. 4, and 7 not usee'. 

2. �S�t�o�r�a�~�e� of Y is modified if this instn,lction is preceded by a Repeat (70) instruction. 

Table 4-2. Transfer of Y to Primary Storage for Replace Class Instructions 
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4.2. SHIFT INSTRUCTIONS 

Shift instructions move the contents of a selected register either to the right (lr left 
by as many positions as required. If the instruction calls for a right shift, all bits 
shifted out of the register are lost and all vacated positions are sign-filled. The 
term "logical right shift" is reserved for right shifts with zero-fill. A left shift is 
a circular shift. All bits shifted out of the register at the left are returned, in turn, 
at the right to fill the vacated positions. Except for the Scale Factor Shift (7730) 
instruction, the number of shifts (the "shift count") is the six-bit binary number 
which is the lowest order six bits of the operand, Y. A shift count greater tha.n 
5910 may not be used. The other bits of the operand are not used in the instruction. 

RIGHT SHIFT Q (01) 

Shift contents of Q register to the right the number of positions specified by the 
shift count. If the shift count is greater than 2810 and less than 6010, the Q register 
will be filled with the original sign bit (bit 29). 

RIGHT SHIFT A (02) 

Shift contents of the accumulator to the right the number of positions specified by 
the shift count. If the shift count is greater than 2810 and less than 6010 , the 
accumulator will be filled with the original sign bit. 

RIGHT SHIFT AQ (03) 

Shift contents of the AQ register to the right the number of positions specified by 
the shift count. If the shift count is 5910, the AQ register will be filled with the 
original sign bit (bit 59); if less than 5910 and greater than 28 10 ' the accumulator 
will be filled with the original sign bit. 

LEFT SHIFT Q (05) 

Shift contents of the Q register to the left the number of positions specified by the 
shift count. If the shift count is 3010' the final state of the Q register will be the 
same as its initial state. 

LEFT SHIFT A (06) 

Shift contents of the accumulator to the left the number of positions specified by 
the shift count. If the shift count is 3010' the final state of the accumulator will 
be the same as its initial state. 

LEFT SHIFT AQ (07) 

Shift contents of the AQ register to the left the number of positions specified by 
the shift count. If the shift count is 3010, the contents of accumulator and Q 
regis ter will be interchanged. 

LOGICAL RIGHT SHIFT Q (7751) 

Shift contents of the Q register to the right: by the number of positions specified 
in the shift count with zero-fill. 
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LOG I CAL R I GH T S HI F T A (7755) 

Shift contents of the A register to the right by the number of positions specified 
in the shift count with zero-fill. 

LOGICAL RIGHT SHIFT AQ (7756) 

Shift contents of the AQ register to the right by the number of positions specified 
in the shift count with zero-fill. 

SCALE FACTOR SHIFT (7730) 

Shift contents of the accumulator to the left until the two highest order bits are 
different, and record the number of snifts required in the Q register. When all 
bits in the accumulator are equal, a shift count of 2810 is recorded and the accumu-· 
lator remains unchanged. 

4.3. TRANSFER INSTRUCTIONS 

Transfer instructions are used to move data within the CPU. All transfers are non­
destructive in that the original source of data remains unchanged except in Replace 
class instructions. Transfers may consist of 60, 30, 1S bits, or in character packing 
and unpacking, 6 bits, as determined by the k designator or the instruction itself. 
In addition, transfers involving index registers may consist of 17 bits if the 17-bit 
index register mode is activated by the IFR. Normally, for worker programs, the 
1S-bit index register mode is activated. Use of the j designator is shown in Table 3-l. 
The operand, Y, is described in Table 4-1, except where otherwise specified. 

ENTER Q (10) 

Transfer the operand, Y, to the Q register. 

ENTER A (11) 

Transfer Y to the accumulator. If the k designator is 7, the accumulator remains 
unchanged. 

ENTER B j (12) 

Transfer Y to the active (executive or worker) index register (1-7) specified by the 
j designator (Table 3-1). This instruction may not be used immediately following 
an Enter IFR (7761) or Enter RIR (7766) instruction. Since the j designator speci­
fies an index re gis ter, it cannot be used to program a skip. The combination of j 
and k designators conditions operation as shown in the follow ing tabulation 
(Table 4-3). 

4 
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j 
DESIGNATOR 

j = 4, 

S,6, 

or 

7 

k 
DESIGNATOR 

o 17-bit Y-Bj 

RESULT 

1 IS-bit (Y)L--" B j with zero-fill at high end of Bj 

2 IS-bit (y)u-.. Bj with zero-fill at high end of Bj 

3 17-bit (Y)O-16 --_Bj 

4 1S-bit y-Bj with sign-extension 

S IS-bit (Y)L-" Bj with sign-extension 

6 IS-bit (y)U - Bj with sign-extension 

_____ -I-_. __ 7 ____ --4_1_7 __ -_b.l_·t __ (._A __ )O_-_1~6 ~=:--~ ___________ _ 
o 1S-bit Y -Bj 

1 IS-bit (Y)L-" Bj 

j = 1, 2 IS-bit (y)U -Bj 

2,or3 3 1S-bit (Y)O-14 ---B j 

4 IS-bit y -Bj 

S IS-bit (Y)L-.. Bj 

6 ~S-bit (y)U - .. Bj 

7 IS-bit (A)O-14 --Bj 
------------~-.----------~-------------

j = 0 NO OPERATION 

----------------------------------------- ----------------------

TobIe 4-·3. Enter Bj Instruction 

STORE Q (14) 

Store contents of Q register (or its ones complement) at Y. The k designator 
determines Y and the portion of the Q register contents to be stored, as follows: 

• k is 0: CP(Q)---+Q 

• k is 1: (Q)L ~(Y)L' (y)U remains undisturbed 

• k is 2: (Q)L • (y)u , (Y)L remains undisturbed 

• k is 3: (Q) • (y) 

• k is 4: (Q) ~(A) 

• k is S: CP(Q)L ---+(Y)L, (y)U remains undisturbed 

• k is 6: CP(Q)L -+(y)U' (Y)L remains undisturbed 

II k is 7: CP(Q) ----+(y) 
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STORE A (15) 

Store the contents of the accumulator (or its ones complement) at Y. The k 
designator determines Y and the portion of the accumulator contents to be stored 
as follows: 

• k is 0: (A) .(Q) 

• k is 1: (A)L • (Y)L' (y)U remains undisturbed 

• k is 2: (A)L • (y)U , (Y)L remains undis turbed 

• k is 3: (A) • (y) 

• k is 4: CP(A)---+(A) 

• k is 5: CP(A)L -+(Y)L, (y)U remains undisturbed 

• k is 6: CP(A)L --+(y)U ' (Y)L remains undisturbed 

• k is 7: CP(A)--+(y) 

STORE B j (16) 

Store the contents of an index register (1-7) at y. The j designator indicates the 
index register chosen (Table 3-1). If the j designator is 0, and k is 3, all O's will 
be stored at Y. If j is 0, and k is 7, all ones will be stored at Y. Before referring 
to the use of the k designator which determines the destination, a full-word (30-bit) 
transfer is necessary to store the contents of an active 17-bit Index register (refer 
to Index registers, Section 2). The b designator functions as usual and may result 
in a 17 -bit effective address, y. The k designator functions as follows: 

• If k is 0: (B j ) • (Q)L - lowest 15 or 17 -bit pos itions. Remainder of (Q) is 
filled with 0 's . 

• If k is 1: (Bj) • (Y)L - lowest 17-bit positions. (y)U remains undisturbed. 

• If k is 2: (Bj) • (Y)U - highest IS-bit positions. (Y)L remains undisturbed. 

• If k is 3: (B j ) ~ (Y)L - highest 15 or 17-bit positions. Remainder of (y) is 
filled with O's . 

• If k is 4: (Bj) .. (A)L - lowest 15 or 17 bits. Remainder of (A) is filled 
with O's. 

• If k is 5: CP(Bj)--+(Y)L - lowest 15 bits. Remaining 15 bits of (y) are un­
disturbed. 

• If k is 6: CP(Bj)-+(Y)U - highest 15 bits. Remaining 15 bits of (y) are un­
disturbed. 

• If k is 7: CP(Bj)'-" (Y)L - lowest 15 or 17 bits. Remainder of (y) is filled 
with bits similar to the highest order bit. 

6 
PAGE: 
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Transfer the 60-bit operand (y) and (y + 1) to the AQ register. Transfer (y) to A 
and (y + 1) to Q. 

STORE AQ (7725) 

Store the 60-bit contents of the AQ register at (y) and (y + 1). Store (A) as (y) and 
(Q) as (y + 1). 

CHARACTER PACK LOWER (7731) 

Transfer, into the accumulator, the six bits (00-05) in each of five successive 
primary storage locations so as to make up a full-word in the accumulator. (y)00-05---+ 

(A)24-29, nr + 1)00-05~(Ahs-23' (y + 2)00-05~(Ah2-17' (y+ 3)00-05 ----'(A) 06-11, 

(y + 4)00 -0 5 -+ (A)O 0 -0 5' This instruction is most useful when data is received from 
peripheral equipment as successive five or six-bit characters in successive buffer (primary 
storage) locations. The successive characters are then read into the accumulator to 
form a 30-bit word. 

CHARACTER PACK UPPER (7732) 

Transfer, into the accumulator, the six bits (15-20) in each of five successive primary 
storage locations so as to make up a full-word in the accumulator. CY)15-20--.(Ah4-29, 

(y + 1h5-20~(A)1S-23' (y + 2)15~20---'(Ah2-17' ('1 + 3h5-20 ---.(A)06-11, 

(y + 4)15-20---+,(A)00-05' This instruction is similar to the Character Pack Lower (7731) 
instruction except that the incoming five or six-bit characters must have been stored in 
the upper half of successive buffer locations. 

CHARACTER UNPACK LOWER (7735) 

Transfer, into bit positions 00-05 at each of five successive primary storage locations, 
the successive sets of six bits in the accumulator starting from the high end of the 

accumulatoJr. (Ah4-29~(Y)00-05' (Ahs-23-'(Y + 1)00-05, (A)12-17 ---+(y + 2)00-05, 

(A)06-11-+(Y + 3)00-05' (A)00-05 -+(y + 4)00-05' At each of the five successive 
primary storage locations, bits 06-14 are cleared to O's. This instruction is used 
principally to break up a 30-bit word into successive sets of 5 six-bit characters and 
load these characters into the low end of five successive output buffer locations. 

CHARACTER UNPACK UPPER (7736) 

Transfer, into bit positions 15-20 at each of five successive primary storage locations, 
the successive sets of six bits in the accumulator starJing from the high end of the 

accumulatolr. (Ah4-29---+(Vh5-20,(Ahs-23---+(y + 1)15·-20, (Ah2-17-+(Y + 2h5-20~ 

(A)06-11--+(Y + 3h5-20, (A)00-05 --+(y + 4hs-20' At each of the successive 
primary storage locations, bits 21- 29 are cleared to 0 's. This instruction is similar 
to the Character Unpack Lower instruction, except that the data is located in the 
upper half of successive output buffer locations. 

ENTER IFR AND RIR (7761) 

Transfer the 30-bit word at the relative address to the IF~~ and bits 06-16 of the 
next address (after the effective address) to the RIR. The contents of the RIR 
become effective for execution of the next instruction; the contents of the IFR 
are used fOIr the execution of the next instruction plus 1. 

4 7 
PAGE: 
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LOAD PLR (7762) 

Transfer the 30-bit word at the relative address to the PLR. The format for this 
transferred word is shown in Figure 3-2. This instruction is intended for executive 
routines. The program storage limits are deactivated by an interrupt and activated by 
the Enter IFR instruction to set the limits for the worker program operating under 
control of the executive routine. 

STORE IFR (7765) 

Transfer the contents of the IFR to the relative address. This instruction is used 
principally in executive routines to store the contents of the IFR in primary storage 
before a new word is transferred to the IFR. 

ENTER RIR (7766) 

Transfer bits 06-16 of the contents at the relative address to the RIR. This instruction 
is used principally in executive routines. The P register will not be biased by the new 
RIR value until a Jump instruction to the worker program is executed. Relative 
addressing is not used in an interrupt routine. The interrupt routine must enter the 
RIR before the RIR can become effective in the following worker program. 

ENTER B-WORKER (7771) 

Transfer the lowest order bits at each of seven successive primary storage locations 
(starting from the relative address y) to the seven worker index registers, in turn. 

('1)00-14 ---+B1, ('1 + 1)00-14 ---+B2, (y + 2)00-14 ---+B3, (y + 3)00-16 ----+ 
B4, (y + 4)00-16 ---+B5, (y + 5)00-16 ---+B6, (y + 6)00-16 -----'B7. 

STORE B-WORKER (7775) 

Transfer the contents of the worker index registers, in turn, to the low order bit 
positions of seven successive primary storage locations, starting from y. B 1---+('1), 
B2~(y + 1), etc. These transfers are 30-bit transfers with unused portions (either 
bits 15-29 for IS-bit registers or bits 17-29 for 17-bit registers) filled with O's. 

4.4. ARITHMETIC INSTRUCTIONS 

All arithmetic operations in the CPU use the 60-bit parallel adder shown in the 
block diagram, Figure 2-2. Subtraction, multiplication, and division are performed 
by this basic adder. As a result of internal processing, the results will conform 
to the common algebraic rules for each arithmetic operation. 

4.4 .1. Integer Addition and Subtraction 

The actual operations and examples of the addition and subtraction processes are 
described in Appendix B. The following characteristics of these operations are of 
interest to the programmer: 

• The programmer must guard against overflow conditions. For single precision 
operations, the absolute value of the operands and results may not exceed 
2 29 - 1; for double precision operations, 259 - 1. In the event of an overflow, 
the result will be incorrect. No indication is present for an overflow condition. 
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• A sum of negative zero cannot be generated unless both augend, (A), and 
addend, Y, are both negative zeros. A difference of negative zero cannot be 
generated unless the minuend, (A), is a negative zero and subtrahend, Y, is 
a positive zero. In all other cases involving negative zero, the same result 
will be obtained as if a positive zero were used. 

4.4 .2. Integer Multiplication and Division 

Integer multiplication and division are performed as a series of addition and/or sub­
traction processes. The results of interest to the programmer can be summarized as 
follows: 

• Multiplication results in the normal algebraic sign. Where the signs are like, 
the result will be positive; where the signs are different, the result will be 
negative. In division,except for division by zero, the quotient (which will be 
in the Q register) will have its sign algebraically determined; the remainder 
(in the accumulator) will have the same sign as the quotient. 

• In multiplication, the entire product will be in the Q portion of the AQ register if 
bit position (28-n) of the multiplier is a sign bit, where n is the most significant 
hit position of the multiplicand. The most significant bit of a positive number is a 
1; of a negative number, O. The entire plroduct may be in the Q portion if bit posi­
tion (28-n) of the multiplier is the most significant bit. The entire product will not 
be contained in the Q portion if bit position (29-n) of the multiplier does not contain 
a sign bit. 

• In division, the quotient is entered into the Q portion of the AQ register. An over­
flow will not occur if the dividend has no significant bits past bit position n + 28, 
where n is the most significant bit position of the divisor; overflow will occur if 
the dividend has a significant bit past bit position n + 29. An overflow may occur 
if the most significant bit of the dividend is in bit position n + 29. If overflow 
occurs, the quotient will appear as +0 (if divisor and dividend had like signs) or 
as -0 (if the signs were different). However, for j interpretation, Q w ill appear as 
-0 when there is an overflow. 

A negative zero in the A or Q portion of the AQ register may have an adverse effect 
on further calculations. Negative zero will result from the following conditions: 

• The dividend is an integral multiple of the divisor (within the limits of resolution), 
the signs of both are different, and both values are not 0 (+ or -). The quotient will 
be correct but A will be -0. For j-sensing, Q will appear as the absolute value of 
the quotient and A will be +0. 

• The absolute value of the divisor is greater than the absolute value of the dividend, 
signs are different, and both are nonzero. In this case, Q will be -0 and A will be 
the complement of the absolute value of the dividend. For j-sensing, Q is +0 and 
A is the absolute value of the dividend. 

9 
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Division by +0 or -0 has the following results: 

• If a positive number is divided by +0, Q will contain -0 and the remainder in A 
will be the initial Q value. For j-sensing, the final Q and A are used. 

• If a negative number is divided by +0, Q will be +0 and the remainder in A will 
be the initial Q value. For j-sensing, Q will be -0 and A will be the complement 
of initial Q. 

• If a positive number is divided by -0, Q will be +0 and the remainder in A will be 
the complement of initial Q. For j-sensing, Q will be -0, and A will be initial Q. 

• If a negative number is divided by -0, Q 'will be -0 and the remainder in A will be 
the complement of initial Q. For j-sensing, the final Q and A are used. 

[
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Figure 4-7. Basic Decimal Arithmetic 
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4.4.3. Exponential (Floating-Point) Arithmetic 

In exponential arithmetic, the following items are of interest to the programmer: 

• The floating-point overflow interrupt will be generated in ~ny part of an exponential 
operation where the exponent part of an operand exceeds 1.02310 or when division 
by a floating-point ± 0 is attempted. 

• The floating-point underflow interrupt will be generated if a floating-point number 
has an exponent part less than -1023 10 . 

4.4.4. Decimal Arithmetic 

Basic decimal operations (addition and subtraction) are performed as shown in the 
flowcharts of Figure 4-1. The following terms are used in the description of decimal 
arithmetic: the end-off carry is a carry generated by the addition at the highest order 
BCD digit positions, the nines complement of a BCD number is obtained by subtracting 
each BCD digit from 9, the tens complement of a BCD number is obtained by adding an 
arithmetic 1 to the nines complement (performing all carries). 

The following examples illustrate the use of the flowchart: 

(1) Addend = + 1234567890 
Augend = - 9123456789 

Since the signs are different, the tens complement of the augend is used. 

1234567890 
0876543211 

2111111101 

Since there is no end-off carry, the tens complement of this result is used. 

Sum = -7888888899, the sign being taken from the original augend. 

(2) Minuend = -3062918521 
Subtrahend = +9732802954 

-2795721475 True result since signs are different 

1 End-off carry, retained in the IFR for use in 
multiprecision decimal operations 

Multiprecil?ion decimal addition and subtraction differ from basic decimal arithmetic 
in that: (1) whenever it is necessary to generate a complement, the nines complement 
is used instead of the tens complement; and (2) the end-off carry from the previous 
add or subtract is introduced as a carry into the least significant decimal digit position. 

ADD A (20). (Integer, single preCision) 

Add the 30-bit operand, Y, to (A) and retain this sum as the final (A). The Q register 
remains unchanged. Wherever the j designator refers to (A), the final (A) is used. 

11 
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SUBTRACT A (21). (Integer, single precision) 

Subtract the 30-bit operand, Y, from (A) and retain this difference as the final (A). 
Where the k designator is 7, the final (A) will be +0. Where the j designator refers 
to (A), the final (A) is used. 

MULTIPLY (22). (Integer, single precision) 

PAGE: 

Multiply (Q) by the 3D-bit operand, Y, and retain this product as the final (AQ). The 
designator k of 7 may be used only if the initial (Q) is a positive number, otherwise, 
the product in (AQ) will be the ones complement of the true product. The least sig­
nificant portion of the product is always stored in the Q portion of the AQ register. 
If the product (including sign) exceeds the 30-bit capacity of the Q register, an over­
flow condition exists. The j designator defines a skip condition (see Table 3-1). 
Note that if a skip occurs on j = 4, it may be necessary to obtain the sign of the 
product from (A). 

DIVIDE (23). (Integer, single precision) 

Divide (AQ) by 30-bit operand, Y, and retain the quotient as (Q) and the remainder 
as (A). A k des ignator of 7 may not be used. The j designator is interpreted as 
shown in Table 3-1, and may use the presence of a remainder to condition program 
sequence. 

REPLACE A + Y (24). (Integer, single precision) 

Add 3D-bit operand, Y, to (A). Retain sum as (A) and replace operand as indicated 
in Figure 4-2. For the addition, the operand, Y, is determined by the k designator, 
as shown in Table 4-1. Wherever the j designator refers to (A), the final (A) is used. 

REPLACE A - Y (25). (Integer, single precision) 

Subtract the 3D-bit operand, Y, from (A). Retain difference as (A) and store it as 
indicated in Table 4-2. For the subtraction, the 3D-bit operand, y, is determined 
by the k designator, as shown in Table 4-1. Wherever the j designator refers to 
(A), the final (A) is used. 

ADD Q (26). (Integer, single precision) 

Add 30-bit operand, Y, to (Q). Retain sum as (Q). Wherever the j designator 
refers to (Q), the final (Q) is used. Refer to Table 3-1 for j interpretation. 

SUBTRACT Q (27). (Integer, single precision) 

Subtract 30-bit operand, Y, from (Q). Retain difference as (Q). Wherever the j 

designator refers to (Q), the final (Q) is used. Refer to Table 3-1 for j interpretation. 

ENTER Y + Q (30). (Integer, single precision) 

Add the 30-bit operand, Y, to (Q) and retain the sum as (A). The contents of the Q 
register remain unchanged. Wherever the j designator refers to (A), the final (A) 
is used. 

12 
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EN T E R Y - Q (31). (I n te g e r, sin g Ie pre Ie is ion) 

Subtract (Q) from the 30-bit operand, Y, and retain the difference as (A). The 
contents of the Q register remain unchanged. Wherever the j designator refers to 
(A), the final (A) is used. 

STORE A + Q (32). (Integer, single precision) 

Add the 30-bit (A) to the 30-bit (Q), retaining the result as the final (A) and (except 
when the k designator is 0 or 4) storing it: in primary storage. Except for the k 
designator of 0, the Q register remains unchanged. The k designator governs storage 
of the sum as follows: 

k = 0: Retain the sum also as the final (Q) 

k = 1: (A)L --+ (Y)L with (y)u remaining unchanged 

k = 2: (A)L ----+- (y)U with (Y)L remaining unchanged 

k= 3: (A)--+(y) 

k = 4: The sum is retained only as the final (A) 

k = 5: CP(A)L --+(Y)L with (y)U remaining unchanged 

k = 6: CP(A)L --+(y)U with (Y)L remaining unchanged 

k = 7: CP(A) --+(y) 

Wherever the j and k designators refer to (Q) and (A), the final (Q) and (A) are used. 

STORE A - Q (33). (Integer, single precision) 

Subtract the 30-bit (Q) from the 30-bit (A), retaining the difference as the final (A) 
and (except when the k designator is a 0 or 4) storing it in primary storage. The 
j and k designators are used in exactly the same manner as used in the Store 
A + Q (32) instruction previously described, except that the difference is u.sed 
instead of the sum. 

REPLACE Y + Q (34). (Integer, single precision) 

Add the 30-bit operand, Y, to (Q), retaining this sum as (A) and store it in primary 
"storage. Table 4-1 describes the 30-bit operand, y, and Table 4-2 describes the 
replacement operation. The Q register remains unchanged. The k designators of 
0,4, or 7 may not be used. 

REPLACE Y - Q (35). (Integer, single precision) 

Subtract the 30-bit (Q) from the 30-bit operand Y, retaining this difference as (A) 
and store it in primary storage. Table 4-·1 describes the 30-bit operand, Y, and 
Table 4-2 describes the storage operation. The Q register remains unchanged. 
The k designators of 0, 4, or 7 may not be used. 

13 
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f;!EPLACE Y + 1 (36). (Integer, single precision) 

Add an arithmetic 1 to the 30-hit operand, Y, retaining this sum as (A) and store 
it in primary storage. Table 4-,-1 describes the 30-bit operand, y, and Table 4-2 
describes the storage operation. The k designators of 0, 4, or T may not be used. 

REPLACE Y - 1 (37). (Integer, single precision) 

Subtract an arithmetic 1 from the 30-bit operand, Y, retaining this sum as (A) and 
store it in primary storage. Table 4-1 describes the 30-bit operand, y, and Table 
4-2 describes the storage operation. The k designators of 0, 4, or 7 may not be used. 

ADD AQ (7722). (Integer, double precision) 

Add the signed 60-bit (y, Y + 1) to the signed 60-bit (AQ) and retain the 60-bit sum 
as the final (AQ). 

COMPLEMENT AQ (7724). (Integer, double precision) 

Convert the 60-bit (AQ) to its ones complement (changing binary 1 's to O's and O's 
to 1 's) and retain the complement as the final (AQ). 

SUBTRACT AQ (7726). (Integer, double precision) 

Subtract the signed 60-bit ('1, y + 1) from the signed 60-bit (AQ) and retain the 60-bit 
difference as the final (AQ). The contents of y + 1 and the Q register are the least 
significant portions; the contents of y and the accumulator are the most significant 
portions. 

FLOATING·POINT ADD (770n. (Exponential) 

Add the signed floating-point number in (y, y + 1) to the signed floating-point number 
(AQ), and retain the normalized floating-point sum as the final (AQ). Floating-point 
operands need not be normalized for this instruction. Operation is checked for 
floating-point overflow and underflow. 

FLOATING.POINT SUBTRACT (7702). (Exponential) 

Subtract the signed floating-point number in (y, y + 1) from the signed floating-point 
(AQ), and retain the normalized difference as the final (AQ). Floating-point operands 
need not be normalized for this instruction. Operation is checked for floating··point 
overflow and underflow. 

FLOATING·POINT MULTIPLY (7703). (Exponential) 

Multiply the signed floating-point (AQ) by the signed floating-point number in 
(y;, y + 1) and retain this product as the final (AQ). This product, (AQ), will be 
normalized and correct only if the original operands were normalized. Operation 
is checked for floating-point overflow and underflow. 

FLOATING.POINT DIVIDE (7705). (Exponential) 

D iv ide the signed, normalized floating-point (AQ) by the signed, normalized floating­
point number in (y, Y + 1) and store the signed, normalized floating-point quotient 
as the final (AQ). Any remainder w'ill be discarded. Operation is checked for 
floating-point overflow and underflow. 
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FLOATING-POINT PACK (7706). (Expclnential) 

Pack the biased exponent in (Y)00-10 with the unnormalized fixed-point part, (AQ), 
to make up a floating-point operand. The 11 bits from (y) are treated as a positive 
number. The final floating-point operand thus formed as (AQ) is normalized and 
signed with its exponent adjusted for 'nolcmalization. 

FLOATING-POINT UNPACK (7707). (Exponential) 

Store the absolute magnitude of the exponent in AQ as (Y)OO-10 and fill (yh 1-14 
with O's. Extend the sign of the fixed-point part in (AQ) to fill the II-bit portion 
allotted to the exponent. 

DECIMAL TEST AQ (7710). (Decimal) 

Test the BCD number (AQ) for sign, ovelLflow, and/or comparison of signs as indi­
cated. in Table 4-4. Wherever a binary 1 is present in the instruction word, a test 
is made. If any, or all, of the test conditions are satisfied, the next sequential 
instruction is skipped. Bits 11-17 of the instruction word are not used. 

~.---------------.,----------------.-------.-

BIT POSITION 

o 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

CONDITION 

Skip if decimal overflow designator is set in IFR ,_ 

Skip if decimal overflow designator is clear in IFR. 

Skip if sign is +, sign test only. 

Skip if number is 0, disregarding sign. 

Skip if sign is -, sign test only. 

Skip if sixth decimal digit is unequal to O. 

Skip if seventh decimal digit is unequal to O. 

Skip if eighth decimal digit is unequal to O. 

Skip if ninth decimal digit is unequal to O. 

Skip if tenth decimal digit is unequal to O. 

Skip if (AQ) 1= 0 (neglect sign). 

NOTE: Bit positions 5-9 may be used by the programmer to detect a result that 
exceeds the normal data field length. 

Table 4-4. Decimal Test 

DECIMAL ADD (7711). (Fixed-point zoned BCD double precision) 

Add the zoned and signed 10-digit (AQ) to the zoned and signed 10-digit (y, y + 1). 
The BCD sum, the sign of the sum, and the zone bits originally in (AQ) will be re­
tained as the final 10-digit (AQ). This addition is performed as shown in Figure 4-1. 

DECIMAL SUBTRACT (7712). (Fixed·-point zoned BCD double precision) 

Subtract the zoned and signed 10-digit (:Y', y + 1) from the zoned and signed 10-digit 
(AQ). The BCD difference, the sign of the difference, and the zone bits originally 
in (AQ) will be retained as the final 10-digit (AQ). This subtraction is performed 
as shown in Figure 4-1. 

15 
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DECIMAL COMPLEMENT AQ (7714). (Fixed-point zoned BCD double precision) 

Convert the la-digit (AQ) to its decimal complement. Retain the original zone 
bits and sign. If y is odd, the decimal complement is the nines complement (each 
digit is replaced by its difference from 9). If Y is even, the decimal complement 
is the tens complement (the complete nines complement plus 1). 

DECIMAL ADD WITH CARRY (7715). (Decimal, multiprecision) 

PAGE: 

Add the zoned and signed la-digit (AQ) together with any end-off carry from the 
previous BCD addition to the zoned and signed la-digit (v, V + 1). The BCD sum, 
the sign of the sum, and the zone bits originally in (AQ) will be retained as the 
final 10~digit (AQ). This addition is similar to the addition shown in Table 4-1 
except that nines complements are used in place of tens complements. 

DECIMAL SUBTRACT WITH BORROW (7116). (Decimal, multiprecision) 

Subtract the zoned and signed la-digit (y, V + 1), together with any end-off borrow 
from a previous BCD subtraction, from the zoned and signed la-digit (AQ). The 
BCD difference, its sign, and the zone bits originally in (AQ) will be retained as 
the final (AQ). This subtraction is similar to the subtraction shown in Table 4-1 
except that the overflow is introduced as a carry into the least significant digit 
position during the addition performed directly after the sign comparison. In addi­
tion, where Figure 4-1 uses tens complements, this instruction us es nines comple­
ments. 

DECIMAL CONVERT LOWER (7733). (Decimal)* 

Convert the five-digit decimal number made up of the lowest BCD-coded digit (bits 
a through 3) in each of five successive memory locations (starting from y) to binary 
form and store the result at the low end of the AQ register. The maximum binary 
number that can be stored in the AQ register by this transformation is 

234 -1 (17,179,869,183 10 ). Therefore, precautions must be taken prior to using 
this instruction so this value is never exceeded. Assuming the AQ register wa:s 
initially cleared, 9999910 is the maximum number that can be converted and stored 
for one execution of the instruction. However, two successive instructions could 
be used since the maximum number thus converted and stored would be 9,999,999,999 
and this is less than the maximum permissible number. 

DECIMAL CONVERT UPPER (7734). (Decimal)* 

This instruction operates exactly as does the Decimal Convert Lower previously 
described, except that the five- digit decimal number to be converted and stored is 
taken from bits 15 through 18 at the five successive memory locations. 

* The nonsigni'ficant bits in Y through Y + 4 of the half-words to be converted (bits 6 to 14 for 7733 and bits 
21 to 29 for 7734) must be 0 prior to execution of the 7733 or 7734 instruction. The Character Unpack 
instruction will properly format the data to be corrected. 

16 
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4.5. LOGICAL INSTRUCTIONS 

Logical instructions provide the programmer with the means of operating upon specific 
bits of a word. These logical operations are the logical product (LP), the selective 
set, selective clear, selective complement, and the selective substitute. Except for 
the selective complement, two words are involved in a logical operation. The logical 
operation is performed upon the bits in the same corresponding bit positions of each 
of the words to form the resulting word. For all j interpretations which use the contents 
of a register to determine a skip, the final state of the register is always used. 

The logical product is generally used for umasking" (lifting the selected bits of a 
word and using 0 bits for unselected positions). This is accomplished by placing 
1 's in the mask to select bits and O's for the other bits. Wherever there is a 1 in 
the mask, the corresponding bit of the operand will appear in the logical product. 
Wherever there is a 0 in the mask, a 0 will appear in the logical product. Thus, the 
logical product corresponds to the AND function - the logical product is a 1 when 
the mask and the operand are both 1 's; otherwise, it is a O. The following example 
illustrates the logical product: 

Mask 

Operand 

LP 

111 000 001 010 011 100 101 110 111 000 

010 100 110 000 001 011 110 111 101 100 

010 000 000 000 001 000 100 110 101 000 

The selective set is used to force 1 's into selected bits of the accumulator. Where­
ever there is a 1 in the operand, a 1 is forced into the accumulator. If the accumulator 
bit is already a 1, it remains undisturbed. Wherever there is a 0 in the operand, the 
accumulator bit remains undisturbed. Thus, the selective set corresponds to the 
inc Ius ive OR function: the res uIt is a 1 if the accumulator bit is a 1 or the operands 
bit is a 1, or both. The following example illustrates operation of the selective set. 

Operand 010 100 110 000 001 011 110 111 101 100 

Accumulator (initial) 111 000 001 101 011 100 101 110 111 000 

Accumulator (final) 111 100 111 101 011 111 111 111 111 100 

The selective clear forces O's into selected bits of the accumulator. Wherever there 
is a 1 in the operand, a 0 will be forced into the accumulator. If the acc umulator bit 
is a 0, it remains undisturbed. Wherever there is a 0 in the operand, the accumulator 
bit remains undisturbed. The selective clear can also be regarded as a modified 
masking operation. Wherever there is a 0 in the operand (mask), the corresponding 
bit of the accumulator is lifted and placed in the final result. The following example 
illustrates operation of the selective clear: 

Operand 010 100 110 0100 001 011 110 111 101 100 

Accumulator (initial) 111 000 001 101 011 100 101 110 111 000 

Accumulator (final) 101 000 001 101 010 100 001 000 010 000 

17 
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The selective complement operates upon selected bits of the accumulator. Where­
ever there is a 1 in the operand, the accumulator bit is ones-complemented. The 
following example illustrates operation of the selective complement. 

Operand 010 100 110 000 001 011 110 111 101 100 

Accumulator (initial) 111 000 001 101 011 100 101 110 111 000 

Accumulator (final) 101 100 111 101 010 111 011 001 010 100 

The selective substitute replaces selected bits in the accumulator with the corre­
sponding bit of the operand. Selection is performed by the Q register - for each 
1 bit in the Q register, the substitution is made. The following example illustrates 
operation of the selective substitute: 

Q register 101 010 000 111 100 011 110 001 110 011 

Operand 010 100 110 000 001 011 110 111 101 100 

Accumulator (initial) 111 000 001 10l 011 100 101 110 111 000 

Accumulator (final) 010 000 001 000 011 111 111 111 101 000 

ENTER LOGICAL PRODUCT (40) 

In the accumulator, form and retain the logical product of the operand, Y, and the con-
tents of the Q register (Q). If the number of l's in (A) is even, a j designator of 2 
will cause a skip; if odd, a j designator of 3 will cause a skip (Table 3-2). 

ADD LOGICAL PRODUCT (41) 

Add the logical product of Y and (Q) to the contents of the accumulator and retain 
this sum in the accumulator. The contents of the Q register are not changed by this 
instruction. 

SUBTRACT LOGICAL PRODUC:T (42) 

Subtract the logical product of (Q) and Y from the contents of the accumulator and 
store this difference in the accumulator. The Q register remains unchanged. 

RE:PLACE LOGICAL PRODUC~' (44) 

Form the logical product of Q and Y in the accumulator and store the logical product 
in the location from which Y was obtained. The j designator is a skip indicator which 
may, when j = 2 or 3, indicate a skip depending upon the number (odd or even) of binary 
1 's in the logical product (Table 3-2). The operand Y is derived as shown in Table 4-1 
and the logical product is stored as shown in Table 4-2. The Q register remains unchanged 

by this instruction. 
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REPLACE A + LOGICAL PRODUCT (45) 

Add the logical prod uct of Y and (Q) to (A). Retain this sum as (A) and store it at Y. 
The operand, Y, is derived as shown in Table 4-1, and the sum is stored in primary 
storage as shown in Table 4-2. 

REPLACE A - LOGICAL PRODUCT (46) 

Subtract the logical product of Y and (Q) from (A). Retain this sum as (A) and store it 
in primary storage as indicated by the k designator. The operand, Y, is derived as 
shown in Table 4-1, and the difference is stored in primary storage as shown in 
Table 4-2. 

STORE LOGICAL PRODUCT (47) 

Store the logical product of (A) and (Q) at Y, as follows: 

k::::: 0: 
k ::::: 1: 

k ::::: 2: 

k == 3: 
k::::: 4: 

k::::: 5: 

k = 6: 

k::::: 7: 

SELECTIVE SET (50) 

LP --+(Q) with (A) undisturbed 
(LP)L---'(Y)L with (Q), (A), and (y)U undisturbed 

(LP)L--'(Y)U with (Q), (A), and (Y)L undisturbed 

LP --+(y) with (Q) and (A) undisturbed 
LP --+A, with (Q) undisturbed. The band y designators are 
not used. 
CP (LP)L ---"(Y)L with (Q), (A), and (y)U undisturbed 

CP (LP)L --+(y)U with (Q), (A), and (Y)L undisturbed 

Not used 

Force binary 1 's into (A) wherever there is a binary 1 in the operand Y, leaving the 
other bits of (A) undisturbed. A k designator of 7 may not be used. 

S E L E C TI V E C OM P L EM E N T (5 1) 

For every binary 1 in the operand Y, complement the corresponding bit in (A). For 
k == 7, (A) will become + O. 

SELECTIVE CLEAR (52) 

For every binary 1 in the operand Y, force a binary 0 into the corresponding bit 
position of (A). A k designator of 7 may not be used. 

SELECTIVE SUBSTITUTE (53) 

Wherever (Q) has a binary 1, replace the clOrrespondingbit in (A) with the 
corresponding bit of the operand, Y. A k designator of 7 may nlOt be used with 
this instruction. 

REPLACE SELECTIVE SET (54) 

Wherever the operand, Y, has a binary 1, set the corresponding bit in (A) to a binary 
1, leaving the other bits of (A) unchanged. I~etain the result as (A) and store it in 
primary storage. The operand, Y, is derived as shown in Table 4-1, and the result 
is stored in primary storage as shown in Table 4-2. 
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REPLACE SELECTIVE COMPLEMENT (55) 

Wherever the operand, Y, has a binary 1, complement the corresponding bit in (A), 
leaving the other bits of (A) unchanged, Retain the result as (A) and store it in primary 
storage, The operand, Y, is derived as shown in Table 4-1, and the result is stored 
as shown in Table 4-2. 

REPLACE SELECTIVE CLEAR (56) 

Wherever the operand, Y, has a binary 1, clear the corresponding bit of (A) to binary 
0, leaving the other bits of (A) unchanged. Retain the result as (A) and store it in 
primary storage. The operand, Y, is derived as described in Table 4-1, and the result 
is stored as shown in Table 4-2. 

REPLACE SELECTIVE SUBSTITUTE (57) 

Wherever (Q) has a binary 1, transfer the corresponding bit of Y to the corresponding 
position in (A), leaving the other bits of (A) unchanged. Retain the result as (A) and 
store it in primary storage. The operand, Y, is derived as shown in Table 4-1, and the 
result is stored as shown in Table 4-2. 

4.6. COMPARISON INSTRUCTIONS 

Comparisons may be performed, within a narrow range, for most read class instructions 
by means of the j designator to determine a skip condition (see Table 3-1). The 
following comparison instructions greatly extend the range of comparisons. Comparisons 
may be either alphanumeric or arithmetic, the difference being, that alphanumeric in­
structions perform absolute comparisons, treating the highest order bits as part of the 
absolute values being compared. Arithmetic comparisons are algebraic comparisons 
which recognize the sign bit so that a positive number is recognized as being greater 
than a negative number. Thus, in an alphanumeric comparison, -0 (all l's) is greater 
than +0 (all O's), but in an arithmetic comparison, -0 is less than +0 since a bina:ry 1 
is always greater than a binary 0 in alphanumeric comparisons. Alphanumeric compari­
sons are especially useful in sorting and collating programs where both numbers and 
characters are involved. 

MASI<ED ALPHANUMERIC EQUAL (7753) 

Wherever there is a binary 1 in (Q), compare the corresponding bits of Cy) and (A), 
using O's in the unselected bits of (A) and (y). If the masked accumulator word is 
equal to the masked primary storage word, skip the next sequential instruction; if 
unequal, execute the next sequential instruction. 

MASI<ED ALPHANUMERIC LESS (7757) 

Using (Q) as the mask, compare the masked (A) with the masked Cy). If the masked (A) 
is less, skip the next sequential instruction; if not, execute the next sequential 
instruction. 

COMPARE (04) 

Compare the signed Y with the signed (A) and/or (Q) and skip the next instruction as 
determined by the j designator (Ta ble 3-1). This comparison can be used on fixed­
point or floating-point binary operands, but may not be used for operands in the zoned 
BCD mode. 
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COMPARE MASKED (43) 

Subtract the logical product of Y and (Q) from (A) and skip the next sequential in­
struction if the condition specified by the j designator (Table 3-1) is satisfied. Both 
(Q) and (A) remain unchanged by this instI'w::tion. 

COMPARE AQ EQUAL (7723) 

Compare the signed (AQ) with (y), (y+l) and skip if equal; if unequal, perform the 
next sequential instruction. The sign and most significant portion of the double­
precision words will be in (A) and (y). The AQ register and the primary storage 
locations remain unchanged. This instruction is not intended for zoned BCD operands. 

COMPARE AQ LESS (7727) 

Compare the signed (AQ) with (y), (y+1) and skip if (AQ) is less. If (AQ) = (y), 
(y+l), perform the next sequential instruction. The sign and most significant portion 
of the double-precision words will be in (A) and (y). The AQ register and the primary 
storage locations remain unchanged. This instruction is not intended for zoned BCD 
operands. 

DECIMAL COMPARE EQUAL (7713) 

Compare the signed 10-digit zoned BCD number of (AQ) with the signed 10-digit zoned 
BCD number in (y), (y+l) and skip if equal; if unequal, perform the next sequential 
instruction. All zone bits (but not the sign bit) are ignored in the comparison. The AQ 
register and the primary storage locations remain unchanged. 

DECIMAL COMPARE LESS (7717) 

Compare the signed 10-digit zoned BCD number of (AQ) with the signed 10-digit zoned 
BCD number in (y), (y+l) and skip if the nu.mber in (AQ) is less; if equal, perform the 
next sequential instruction. All zone bits, but not the sign bit, are ignored in the 
comparison. The AQ register and the primary storage locations remain unchanged. 

4.7" JUMP INSTRUCTIONS 

A Jump instruction transfers control of the program from the next sequential instruction 
to the instruction at a programmed address, provided the conditions for the jum pare 
satisfied. Jump instructions conditioned by I/O operations are described in the 
subsequent paragraph on I/O instructions; this paragraph covers arithmetic and manual 
jumps, and those jumps which implement interrupt and executive routines by capture of 
P register values. 

In Jump instructions, the operand, Y, is the address of the next instruction to be 
executed or the address of a memory location which, in turn, contains the address of 
the next instruction to be executed if jump conditions are satisfied. The address is 
determined by the k designator and is the lower 15 or 17 bits of the operand shown in 
Table 4-1. The j designator Crable 3-1) sets up the requirements for the jump. 
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JUMP - ARITHMETIC (60) 

If the jump conditions specified by the j designator (Table 3-1) are satisfied, E~xecute 
instruction at address Y; otherwise, execute next sequential instruction. Conditions 
for this jump are determined by (A) or (Q). If the j designator is 0 or 1, the interrupt 
lockout will be cleared. The address is the lower 15 or 17 bits of the operand shown 
in Table 4-1. 

JUMP - MANUAL (61) 

If jump conditions, as determined by manually controlled switches and the j designator 
(Table 3-1) are satisfied 1 jump to address Y; otherwise, execute next sequential 
instruction. The instruction will cause a jump and stop if j values of 4, 5, 6, or 7 
are used. This will cause the CPU to halt with the P register set to Y. If j is 0, ~n 
unconditional jump to address Y will be executed. The address, Y, is the lower 15 or 
17 bits of the operand shown in Table 4-1. 

RETURN JUMP - ARITHMETIC (64) 

If jump conditions are satisfied, as determined by (Q) or (A), store the relative 
address of the next sequential instruction (P-RIR) in the lower half of address Y and 
jump to address Y + 1 for the next instruction to be executed; otherwise, execute the 
next sequential instruction. The address Y is the lower 15 bits of the operand shown 
in Table 4-1. If j = 0 or 1, the interrupt lockout will be set (see Interrupts, Section 2). 
The address that is stored at Y is relative address (P-RIR). If this relative address 
is 17 bits, the two highest-order bits w ill be lost. (To store a 17-bit re lative address, 
an Enter B and Jump instruction - 7744, 7745, 7746, or 7747 - must be used.) This 
instruction is usually the instruction stored at a fixed address, accessed by an 
interrupt. 

A typical use of this instruction in an interrupt routine is shown in Figure 4-2. 

(1) After execution of the second instruction in the main program, an interrupt 
sends the program to a Return Jump-Arithmetic instruction. 

(2) The Return Jump-Arithmetic instruction stores the relative address of the 
third instruction of the main program at y and jumps to y+l for the next 
instruction. 

(3) The interrupt subroutine is executed, starting from address y+ 1, and then a 
Jump-Manual (61) instruction is executed. 

(4) The Jump-Manual instruction sends the interrupt routine to (Y)L for the 
address of the next instruction to be executed. 

(5) This relative address is the relative address of the third instruction of the 
main program, and thus the main program is resumed after the interrupt. 

22 
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MAIN PROGRAM 

FIRST INSTRUCTION 

/\ddress (P-l) - RIR 

SECOND INSTRUCTION INTERRUPT 

Address y ------------'--c= --------~--P--R-IR---I~ 

Address P - R IR Address y + 1 

THIRD INSTRUCTION C~IRST INSTRUCTION -SUBROUTINE 

1 (3 

CLAST INSTRUCTION-SU BROUTIN E 

~Manual 

~ 1 __ ' _O ____ O ____ , __ y ________ ~ 

NOTE: KEYED NUMBERS INDICATE SEQUENCE OF OPERATION 

Figure 4-2. Operation of Typical RE~tU'rn Jump Instruction 
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RETURN JUMP - MANUAL (6!i) 

If jump conditions are satisfied, as determined by the j designator and settings of 
manual switches (Table 3-1), store the relative address of the next seque~tial 
instruction at the lower half of address Y and jump to address Y + 1 for the next 
instruction. If no jump occurs, execute the instruction immediately following the 
R,eturn jump-Manual instruction. Where a stop is to be executed, as determined by 
the j designator, the address of the next sequential instruction will be stored at 
address Y. When the program is again started, it will start with the instruction at 
address Y + 1. As in the Return jump-Arithmetic (64) instruction, a IS-bit relative 
address (P-RIR) is stored, and the same precautions should be observed for a 
17-bit relative address (P-RIR). The address Y is the lower IS bits of the operand 
shown in Table 4-1. 

EXECUTE REMOTE (7737) 

Execute the instruction located at memory address y. If the instruction in y is not a 
jump or skip instruction, return to the instruction immediately following the Execute 
Remote instruction. If the instruction in y is a jump instruction, execute the jump. 
If the instruction in y indicates a skip, skip the instruction immediately following 
the Execute Remote instruction and execute the next sequential instruction. 

Et~TER BO AND JUMP (7740) 

jump, unconditionally, to y. 

ENTER B1 AND JUMP (7741) 

Transfer P-RIR to B 1 and jump to y (using original contents of Bb)' This instruction 
can only be used for a IS-bit (P-RIR). If P-RIR is 16-17 significant bits, the 
highest order bits will be lost. 

ENTER B2 AND JUMP (7742) 

Transfer P-RIR to B2 and jump to y (using original contents of Bb)' This instruction 
can only be used for a IS-bit (P-RIR). If P-RIR is 16-17 significant bits, the 
highest order bits will be lost. 

E~ITER B3 AND JUMP (7743) 

Transfer P-RIR to B3 and jump to y (using original contents of Bb)' This instruction 
can only be used for a IS-bit (P-RIR). If P-RIR is 16-17 significant bits, the 
highest order bits will be lost. 

E"ITER B4 AND JUMP (7744) 

Transfer P-RIR to B4 and jump to y (using original contents of Bb)' This instruction 
will enter a 17-bit (P-RIR) regardless of IS-bit or 17-bit activation by the IFR and 
is used in place of a Return jump instruction. 

ENTER B5 AND JUMP (7745) 

Transfer P-RIR to BS and jump to y (using original contents of Bb)' This instruction 
w ill enter a 17 -bit (P-RIR) regardless of IS-bit or 17 -bit activation by the IFR and 
is used in place of a Return jump instruction. 
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ENTER B6 AND JUMP (7746) 

Transfer P-RIR to B6 and jump to y (using the original contents of Bb)' This 
instruction will enter a 17-bit (P-RIR) regardless of IS-bit or 17-bit activation by 
the IFR and is used in place of a Return Jump instruction. 

ENTER B7 AND JUMP (7747) 

Transfer P-RIR to B7 and jump to y (using original contents of Bb)' This instruction 
will enter a 17-bit (P-RIR) regardless of lS-bit or 17-bit activation by the IFR and 
is used in place of a Return Jump instruction. 

4.8. SEQUENCE - MODIFYING INSTRUCTIONS 

Sequence-modifying instructions can cause repeated execution of an instruction a 
specified number of times, and can cause a skip or a jump to another portion of the 
program. 

REPEAT (70) 

Execute the next sequential instruction Y (the repeat count) times successively and 
then proceed to the instruction immediately after the repeated instruction. The repeat 
count is the lower 15 or 17 bits of the operand defined by the k designator per 
Table 4-1, and may have a maximum of 17 significant bits. Just before the first 
execution, Y is stored in B7 as a 17-bit number, regardless of IS-bit or 17-bit: 
activation by the IFR. If a IS-bit number :is transferred, three O's will be added at 
the high order portion. With each ~xecution of the repeated instruction, the number 
stored in B 7 is decremented by 1. If this number is initially 0, or becomes 0 because 
of the repeated executions, the program proceeds to the second instruction after the 
Repeat instruction. Any repeated incrementation or decrementation of the instruction 
being repeated due to interpretation of the .i designator are stored in an intermediate 
register so that the instruction being repeated remains unchanged at its original 
address. The Repeat instruction may not immediately follow an Enter IFR (7'165) or 
Enter RIR (7766) instruction. 

There are several instruct~ons for which a repeat is not valid. When any of th.ese 
instructions is preceded by a Repeat instru.ction, it w ill be executed only once if 
the repeat count is initially unequal to 0 and the program will advance to the next 
sequential instruction; if the repeat count is initially 0, the· instruction will be 
skipped. The forbidden instructions are: 

• Illegal Instruction (00 or 7700) 

• Enter B j (12) 

• Send External Function (13) 

• Store Channel (17) 

• All Jump, Buffer Activation and Termination (60 through 76) 

• All 77 instructions 

25 
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The j des ignator of the Repeat instruction modifies the operqnd, Y, of the instruction 
being repeated, as shown in Table 4-5 ... 

------_._----_ .. -.--- - -----------------------_.----, 
OPERATION 

o or 4* Y remains unchanged with each execution of the instruction. 

1 or 5* Y is increased by one after each execution. 

2 or 6* Y is decreased by one after each execution. 

3 or 7* Y is increased by (Bb) after each execution. 

* Desi~nators of 4, 5, 6, or 7 are reserved for Replace class instructions. The result is stored 

at address Y+(B 6 ) where Y is the operand in effect when the instruction is executed. 

Table 4-5. Interpretation of j Des ignator for Repeat Instruction 

A Repeat instruction may be interrupted by either a Fault or I/O interrupt. If execution 
of the repeated instruction is interrupted, the value in the P register is decreased by 
1 so that the value is the address of the repeated instruction. This value can be captured 
by a Return Jump instruction or by an Enter Bx and Jump instruction. The f1 field of the 
IFR contains either an address or operand (see 4.3). If an I/O interrupt halts the Repeat 
instruction and field f1 of the IFR holds a relative address, the Repeat can be 
reinitiated. When the interrupt occurs, the value in the P register must be stored 
first, then the contents of the IFR must be stored. At the end of the interrupt routine, 
the sequence must be Enter IFR followed by a Jump to the value captured at the 
beginning of the routine. If a Fault interrupt halts the Repeat execution, the Repeat 
cannot be reinitiated. In this case, field f1 of the IFR holds an absolute address for 
use in error diagnosis. Bit 29 in the IFR must be cleared before the Ente:r IFR is 
executed at the end of the fault routine. When a repeat operation is interrupted by an 
I/O interrupt, the count value at the point of interrupt is retained in B7 for reinitiation 
of the repeat operation and must not be modified during the interrupt routine if correct 
reinitiation of the repeat operation is to occur. 

B SKIP ()N Bj (71) 

If the operand, Y, is not equal to the contents of the index register specified by the 
j designator (Bj), add 1 to (Bj), and execute the next sequential instruction; if equal 
to (Bj), clear (Bj), and skip the next sequential instruction. The number of bits in 
the index register (Bj) is determined by the j designator and the bit mode indicated by 
the IFR (see Register Formats, Section 3). However, if the k designator is 4, 5, or 
6, the B value for the comparison will be the lowest 15 bits in the index register 
with the 15th bit extended through bit 29, regardless of the IFR setting. The k 
designator, which determined Y, determines the bit length of Y to be used in the 
comparison as follows: 

k = 0, 3, or 7: The bit length of Y (starting from the lower end) w ill be 
matched to the bit length of (Bj). If (IFRh6 is a binary 1, 
and j = 4, 5, 6, or 7, Y w ill be 17 bits; if neither condition 
exists, Y will be 15 bits. 
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k = 4, 5, or 6: Y will be 30 bits, with bits 15-29 an extension of bit 14. 

k = 1 or 2: Y will be 15 bits. In this case, the programmer must ensure 
that (Bj) contains only 15 significant bits, or that j is a 1, 
2, or 3, or that (lFR)26 is a binary O. 

Since the j designator is used to specify the index register to be used for the com­
parison, it cannot be used for indicating a skip condition, except where j = 0 (see 
Table 3-1). If j = 0 and k = 0, skip the next sequential instruction. This instruction 
may not immediately follow an Enter IFR ('7765) or Enter RIR (7766) instruction. 

B JUMP ON Bj (72) 

If (B j):f + 0, subtract 1 from its contents and jump to Y for the next instruction; if 
(Bj) = + 0, or if the j designator is a 0, e~cecute the next sequential instruction. 
The significant number of bits in (Bj) is determined by (IFR)26, the j designator 
(Table 3-1), and the actual number in (8 i ). This instruction may not immediately 
follow an Enter IFR (7765) or Enter RIR ~7766) instruction. 

TEST AND SET (7752) 

Test the bit 14 at y. If this bit is a 0, sc~t bits 0 through 14 to 1 and proceed to the 
next sequential instruction; if the bit is a 1, generate the Test and Set interrupt which 
leads to an interrupt routine at a fixed address. This bit is a programmable "electronic 
switch" which can be turned either on or off, with its state conditioning further program 
action. 

EXECUTIVE RETURN (7754) 

Interrupt the program to a fixed address for an executive routine (see Executive 
Control, 2.5). 

4. 9. INPUT/OUTPUT INSTRUCTIONS 

Input/output instructions cause data and control signals to be transferred between 
the CPU and peripheral equipment through I/O channels controlled by a multilevel 
priority scale and through buffers assigned to the CPU according to the modl~ (ESI 
or lSI) of the transfer (see 2.4 for details of I/O operations). The instructions 
activate and terminate buffers and channels, and perform various functions for 
keeping the system informed of data availability, program status, and other activities. 

The following. typical examples illustrate lUse of the I/O instructions with the 
UNISERVO VI C: Magnetic Tape Subsystem (a detailed description of the instructions 
is furnished after the three following examples). A description of the required function 
codes and status words is presented in the manuals for the individual I/O dE~vices. 

Sample 1. Rewind unit 7 on channel 12 with interrupt. This requires two instructions: 
the Enter Channel Select register (7773) and the Send External Function 
(13) instructions. (In most cases, an Activate Output Buffer Without Moni­
tor (74) with a jdesignator of 1 can be substituted for the Send External 
Function (13) instruction.) 

27 
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Enter Channel Select Register: 7773027654 

The lowest order f!,ve bits at address 27654 are 01100, corresponding 
to a decimal 12 or octal 14. 

Send External Function: 1303012345 

The function code at address 12345 would appear as: 0000300007 

Instead of the Send External Function instruction, an Activate Output Buffer Without 
Monitor (74) could have been substituted as follows: 

Activate Output Buffer Without LVIonitor: 7407034567 

(Since four bits are allotted to J and two to k, the combination of J = 1 
/:'.. 

and k = 3 would appear as octal-coded 07, as shown above.) The buffer 
control word at address 34567 (loaded into the BCR) would be: 
0001012345 and the function code at address 12345 would be sent. 

Sample 2. Write on logical unit 11, channel 5 with interrupt. Three instructions are 
required: the Enter CSR, the Send External Function, and the Activate 
Output Buffer With Monitor (76). 

Enter Channel Select Register: 7773034567 

Send External Function: 1303001010 

The function code at address 01010 would be 0000500011. 

Activate Output Buffer With Monitor: 7603001020 

The buffer control word at address 01020 would be 1.0aded into the 
BCR and the successive transfers would take place until the buffer 
was emptied. 

Sample 3. Read forward 3778 words from logical unit 6, channel 6, starting from 
buffer address 20000, with interrupt. Three instructions are required: 
the Enter CSR, the Activate. Input Buffer Without Monitor (73), and the 
Send External Function. 

Enter Channel Select Register: 7773023456 

Activate Input Buffer Without Monitor: 7303001022 

The input BCR for channel 6 would be loaded with: 0377020000 

Send External Function: 1303001016 

The function code at address 01016 would contain: 0000600006. 

When the buffer is filled with the 3778 words, an interrupt will be generated 
within the central processor. The BCR will contain: 0000020400. 

NOTE: In the above examples, the Output Data Buffer was activated after the EXFCT 
for output while the Input Data Buffer was activated before the EXFCT for in­
put. This convention must be followed. 
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SEND EXTERNAL FUNCTION (13) 

Send the one function word (51) together with the External Function signal on the 
channel specified by the eSR. No Output Data Request from the peripheral device 
need be present for the function word to be sent. The J designator must be 0 
(therefore no skip condition can be programmed in this instruction) and the 'f{ 
designator must be 3, so that a 30-bit transfer can take place. If 'f{ f:. 3, no transfer 
can occur. If'f{ f 0, the operator's console audio signal is enabled if Y2 = 1 or 
disabled if Y3 = 1. (The instruction uses y + Bb bits if 'f{ = 0.) If 'f{ = 1 or 2, no 
operation results. Note that execution of this instruction is governed by I/O func­
tion priority. 

STORE CHANNEL (17) 

Store, as (y), the status word on the input data lines which accompanies the External 
Interrupt signal on the channel specified by the Interrupt Address Storage register. 
After the status word is stored in primary storage, send the Input Data Acknow ledge 
signal to the input device. The J designator must be 0, and the'f{ designator m1llst be 
3. If 1{ = 0, 1, or 2, no operation results. This instruction should be executed as 
soon as feasible after the External Interrupt. Note that execution of this instruction 
is governed by I/O function priority. 

JUMP ON ACTIVE INPUT BUFFER (62) 

Jump to Y for the address of the next instruction if the channel specified by the eSR 
is in an active input buffer state. A channel is in an active input buffer st~te if the 
input BCR associated with the channel is active. The j designator must be O. The 

1{ designator is interpreted as follows: 

k= 0: Y is y 

k= 1 or 3: Y is (Y)L 

k= 2: Y is (y)U 

JUMP ON ACTIVE OUTPUT BUFFER (63) 

Jump to Y for the address of the next instruction if the channel specified by the eSR 
is in an active output buffer state. A channel is in an active output buffer state if an 
output BeR associated with the channel is active. The t designator must be O. The 

A 
k designator is interpreted as follows: 

k = 0: Y is Y 

k 1 or 3: Y is (Y)L 

k 2: Y is (~;)U 

TERMINATE INPUT BUFFER (66) 

Terminate the active input buffer state of the channel specified by the CSR. Both 
J and k designators must be O. The band y designators have no effect in this 
instruction. Any input transfer in effect at the time of this instruction will be 
completed but further input transfers on this channel will be inhibited. No monitor 
interrupt will be generated, even though an input buffer may have been activated 
with monitor, and the buffer filled. 

29 
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TERMINATE OUTPUT BUFFER (67) 

Terminate the active output buffer state of the channel specified by the CSR. Both 
J and ~ designators are normally O. The band y designators have no effect in this 
instruction. Any output transfer currently in effect will be completed but further 
output transfers will be inhibited on this channel. No monitor interrupt will be 
generated, even though an output buffer on the channel may have been activated 
with monitor, and the buffer empties by the current transfer. A 67 instruction with 

A-
k :: 3 is a No Op in the 494 mode; in the 490 mode it is similar to the 7772 instruction. 

ACTIVATE INPUT BUFFER WITHOUT MONITOR (73) 

Activate an input buffer on the channel specified by the CSR. Because the input 
buffer is activated without monitor, no interrupt will be generated when the buffer is 
filled, even though the buffer is deactivated when the word count becomes O. There­
fore, this instruction is normally restricted to lSI input, since the ESI input operation 
requires an interrupt to store the ESI location address when the buffer is filled. The 
j designator is not used and is normally O. In the lSI mode, the k designator is 
normally 3 which causes transfer of a BCW into the input BCR for the channel when 
the input channel is activated. A k designator of 0 is used only for ESI operation 
but no BCW is moved. In this case, the band y designators are not used. (The BCW 
must have been loaded into the ESI location by a prior instruction.) This manner of 
ESI input operation requires that the peripheral equipment send an External Interrupt 
signal for storage of the ESI location address when the buffer is filled. Possible 

A 
variations for lSI operation are: a k designator of 1, (Y)OO-14 are transferred to bit 

A-
positions 00-14 of the input BCR; a k designator of 2, (Y)15-29 are transferred to bit 
positions 15-29 of the input BCR. 

ACTIVATE OUTPUT OR EXTERNAL FUNCTION BUFFER WITHOUT MONIIOR (74) 

Activate an output or External Function buffer on the channel specified by the CSR. 
Because the buffer is activated without monitor, no interrupt is generated when the 
buffer is deactivated (word count is 0) as the buffer is emptied. For lSI operation: 
an odd-valued J designator indicates an External Function buffer; an even-valued 
jdesignator, a data huffer. If an External Function buffer, an External Function 
signal is sent with the information on the data output lines; if a data buffer, the 
Output Data Acknowledge (aDA) signal accompanies the information on the data 
lines. For ESI operation, a j designator of 0 is required thereby preventing trans­
mission of ESI function codes with this instruction. This instruction is different 
from the Send External Function instruction (13) in that an ODR is required before 
the first function code can be sent and may be used for sending a chain of function 

A 
codes. In the lSI mode, a k designator of 3 is normally used to transfer a BCW from 
y to the output BCR. In the ESI mode, a ~ designator of 0 is required. No BeW is 

A-
moved in this case. Possible variations for lSI operation are: a k designator of 1, 
(Y)OO-14 is transferred to bit positions 00-14 of the output BCR; a i{ designator of 
2, (yh 5-29 is transferred to bit positions 15-29 of the output BCR. 

ACTIVATE INPUT BUFFER WITH MONITOR (75) 

This instruction is similar to the Activate Input Buffer Without Monitor except that 
when the buffer is filled and terminated (the address count in the BCR is 0), a 
monitor interrupt will be generated and control will be transferred to an interrupt 
routine for further processing, and therefore, it can be used in the ESI mode. 
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ACTIVATE OUTPUT BUFFER WITH MONITOR (76) 

This instruction is similar to the Activate Output Buffer Without Monitor except 
that when the buffer is emptied and terminated (the address count in the BCR is 0), 
a monitor interrupt will be generated upon Jreceipt of an ODR signal and control will 
be transferred to an interrupt routine for further processing. 

INITIATE SYNCHRONIZING INTERRUPT (7770) 

Send an interrupt signal to either of two collocated central processors working 
together. If bit 10 of the y designator is aI, send the interrupt on Synchronizing 
Interrupt #0 line (see Figure 2-1); if bit 1 of y + b is a 1, send the interrupt on 
Synchronizing Interrupt # 1 line. 

STORE CHANNEL NUMBER (7772) 

This instruction is valid only within an interrupt subroutine. When this instruc­
tion is used in the Buffer Control Word or )[/0 Data Parity Error subroutine, the 
channel number will be stored at y from the Parity Error Channel Storage register 
(PECSR). When this instruction is used in an External Interrupt subroutine, the 
channel number will be stored from the Interrupt Address Storage register (IASR). 
If the instruction is used outside of an interrupt subroutine, a value of 378 will be 
stored in Ya . 

ENTER CHANNEL SELECT REGISTER P773) 

Transfer the lowest order five bits of (y) to the Channel Select register (CSR). 

3: 
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A table of abbreviations and symbols used in this manual throughout the text is shown in 

Table A-l. 

ABBREVIATION 
OR 

SYMBOL. 

A 
AQ 
B 

BCD 
BCR 

BCW 
CP (x) 

CPU 

CSR 
DEC 

EI 

ESI 

EX 

EXFCT 
EXRN 
FP 

IASR 

IDA 

IDR 

I/O 
lSI 

IFR 
. ~ 
J or J 

kart 

LP(M and N) 
MSR 

NI 

ODA 
ODR 

P 
PECSR 

PLR 
Q 
Rd 

Ri 
RIR 

Rp 
St 
y 
y 

y 

(Z) 

(z)i 

(zlt 
(z)n 

MEAINING 

The 30-bit accumulator register 
The 60-bit AQ register - a combination of p, and Q registers 

Index register 
An ind icator in an instruction word, refen ing to an index register 

Binary-coded decimal number 
Buffer Control register 

Buffer Control Word 

The ones complement of the quantity within the parentheses 

Central Processor Unit 
Channe I Select register 

Decimal 
External Interrupt 

Externally specified index mode of chann'91 operation, generally used with multiplexed 

communication equipment 

Exponent portio n of a floating-point number wh ich cons ists of an exponent and a 
fixed-point part 

External Function 
Executive Return 

Fixed-point part of a floating-point number 
Interrupt Address Storage register 

Input Data Acknowledge 

Input Data Request 

Input/Output 

Internally specified index mode of channel operation, generally used with standard 
peripheral equipment such as drums, card readers, etc. 

Internal function register 
An instruction sequence modification indicator within an instruction word, generally 

specifying the conditions for a skip (j'used in I/O instruction word) 

An operand modification indicator within an instruction word, generally defi.ning the 

source and/or destination of the operand in the instruction (k'used in I/O instruction word) 

The logical product of (M) and (N); the nth bit is a binary 1 if (M)n and(N)n are both binary l's. 
Memory Select register 

Next Sequential Instruction 

Output Data Acknowledge 

Output Data Request 

Program register, containing the address of Hither the current or the next instruction 

Parity Error Channel Storage register 

Program Lock-In register 
Quotient register 
Read class instruction 

Relative index 
Relative index register 

Replace class instruction 

Store class instruction 

The low order 15 bits of an instruction word 
The sum of y and the contents of the index r'9gister specified by b. Depending upon the 
other contents of the instruction word, y may be a directly used effective operand or a 

relative address (containing the operand of the instruction). 
The operand of an instruction, from whatever source derived. This operand is determined 
by the instruction, y, and/or the k designator of the instruction. 

The contents of the regi ster or memory location denoted by z. 

The initial contents of z (before execution of instruction) 
The final contents of z (after execution of instruction) 
The nth bit of the contents of z, starting from 0 at the right or least significant position 
Direction of data tr ansfer 

'--________ L-_______________ ._. ________________________ _ 

Table A -7. Abbreviations and Symbols 
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w FUNCTION 
Q. 

CODE INSTRUCTION CLASS >-
t-

(OCTAL) 

01 Right Shift Q Rd 

02 Right Shift A Rd 

03 Right Shift AQ Rd 
t-
u. 05 Left Shift Q Rd 
:t: 06 Left Shift A Rd en 

07 Left Shift AQ Rd 

7751 Logical Right Shift Q -
7755 Logical Right Shift A -
7756 Logical Right Shift AQ -
7730 Scale Factor Shift -

10 Enter Q Rd 

11 Enter A Rd 

12 Enter Bj Rd 

I 14 Store Q St 

I 
15 Store A St 

16 Store B j St 

I 
7721 Enter AQ -
7725 Store AQ -
7731 I Character Pack Lower I -

a::: 
w 
U. 
en 7732 Character Pack Upper z 
-c 
a::: 
t-

7735 Character Unpack Lower 

7736 Character Unpack Upper 

7761 Enter I FR and RI R 

7762 Load Program Lock-In Register 

7765 Store IFR 

7766 Enter RIR 

7771 Enter B-Worker 

7775 Store B-Worker 

OPERATION 

Shift Q register right with sign-fill 

Shift A right with sign-fill 

Shift AQ right w'ith sign-fill 
by YOO-05 positions 

Circular-shift Q to left 

Circular-shift A to left 

Circular-shift AQ to left 

Shift Q to right with zero-fill 

Shift A to right with zero-fill 

Shift AQ to right with zero-fill 

Circular-shift A to left until bit 29., bit 28 

y---.Q 

Y---'A 

Y --. ~; if j = 0, no operation 

Q---'Y; if k = 0, CP(Q)~ Q 

A----'Y; if k = 4, CP(A) ~A 

(Bj)~Y; if j = 0, O's~Y 

(Y)---'A and (y+l)~Q 

A~(y) and Q~(y+l) 
- - - -(y )00.Q5--+A 24_29, (y+l)OO{!S~A18-23' (y+2)Oo-OS--..A12-17 , (y+3)00-{)5~A06~1l' I 

(y+4 )00-05 ~ A 00-05 

(y)15-20--+A24-29' (ytl)15-20--+AI8-23' (yt2)15-20~A12-17' (yt3)15-20---"'A06-11' 

(y+4 )15-20--+AOo-05 

A24-29~(Y)OO-05' A18-23 --+(y+l )00-05' AI2_17--+(yt2) 00-05' A 06-11--' (yt3)OO-Q5, 

AOO-o5--+ (y+4 )00-05 

A24-29 ---. (Y)15-20' A 18-23--' (ytl)15-20' A12-17~(yt2)15-20' A06-11 --+(yt3)15-20, 

AOO-DS--'{yt4)15-20 
(y)-.IFR, (ytl) --.. RIR (executive mode only) 

06-16 
{Y)--..... Program Lock-In Register (executive mode only) 

IFR---.(y) (executive mode only) 

(y)06-17---..RIR (executlve mode only) 

(y)L ---...B1, (yt1)L ~ B2, (yt2) L ~ 83, (yt3)L ----. B4, (y+4) L---...B5, (yt5) L---.B6, 

(YtG)L ....... B7 

Bl---",(y)L' B2--'(yt1)L' B3--.....(Yt2)L' B4---'(yt3) L,---'B5---.(Y+4)L' 

B6--.....(Yt5)L' B7---...(Yt6)L 

Table B-7. Repertoire of Instructions 
(Part 7 of 5) 
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FUNCTION 

TYPE , - CODE INSTRUCTION 

(OCTAL) 

I 
20 Add A 

21 Subtract A 

22 Multiply 

23 Divide 

24 Replace A -I- Y 

25 Replace A - Y 
z 26 Add Q 

I 
wQ 
..JV') 27 Subtract Q et: C)-

W z~ 30 Enter Y t Q 

I C) Viet: 
W Il.. 31 Enter Y - Q l-

I z 32 Store A + Q -
33 

I 
Store A - Q 

u 34 Replace Y + Q -
t- 35 Replace Y - Q 
w 36 Replace Y + 1 
~ 
:I: 37 Replace Y - 1 
t-

~.z 7722 Add AQ -
et: UlW~ 

7724 Complement AQ ;:)0::1.1) < 00..-o U 7726 Subtract AQ 

...I 7701 Floating-Point Add 
< 

7702 Floating-Point Subtr act ~ 
z 7703 Floating-Point Multiply w 
z 7705 Floating-Point Divide 
0 
Il.. 7706 Floating-Point Pack x 
w 7707 Floating-Point Unpack 

7710 Decimal Test 

...I 7711 Decimal Add 
< 7712 Decimal Subtract ~ 

u 7714 Decimal Complement AQ w 
0 7715 Decimai Add With Carry 

7716 Decimal Subtract With Borrow 

7733 Decimal Convert Lower 

7734 Decimal Convert Upper 

CLASS OPERA TlON 

Rd 

I 
Y + Ai --+- At 

Rd Y - Ai --+- Af 

Rd (Q) (Y) --+- AQ 

Rd (AQ)i /Y --+- (AQ)f; Quotient --+- Q, Remainder --.. A 

Rp Ai t Yi --.. Af and Yf 
Rp Ai : Yi --.. At and Yf 
Rd Qi + Y --. Qf 
Rd Qi - Y --+- Qf 
Rd Y+Q--..A 

Rd Y-Q~A 

St Ai + Q ~ Af and Y 
St Ai - Q --+- Af and Y 
Rp Yi + Q --+- Yf and A 

Rp Yi - Q ---.-Yf and A 

I Rp Yi t l~Yf and A 

Rp Yi - l~Yf and A 

- (AQ)i t (y, Y t 1) ---+-(AQ)f 

- CP(AQ)i --+- (AQ)f 
- (AQ)j - (y,ytl) ---'-(AQ)f 

- (AQ)i t (y, y+l )---..(AQ)f 

- (AQ)i Q (Y. ytl )---..(AQ)f 

- (AQ)i (y, ytl )---..(AQ)f 

- (AQ)i /(y, y+l)~(AQh with remainder discarded 

- Y EX and (AQ)F X P ~(AQ)f as floating-point number 

- (AQ)EX~Y 

- Sk.ip as indicated by BCD test 

- (AQ) i t (y, ytl)-----..(AQ)f 

- (AQ)i - (Yo itl) -----.. (AQ)f 

- Y even, tens CP(AQ)j • (AQ )t; y odd, nines CP(AQ)j 

- (AQ)j t (y, ytl) t previous carry ~(AQ)f 

- (AQ)j - (y, y+l) - previous borrow~(AQ)f 

- (Y)0-3' (Ytl)O_3'·· . , Cy+4 )0-3 BCD ~AQBINARY 

- (Y)15-l8' CYtl)15_l8'···' (yt4\5_18 BCD--+--AQBINARY 

Table B-1. Repertoire of Instructions 
(Part 2 of 5) 
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, . 
w FUNCTION 
a.. CODE >-.... (OCTAL) 

40 

41 

42 

44 

45 
46 
47 

..J 50 « 
u 51 
t5 
0 52 
..J 

53 I 

I 54 
I 
I 55 
! 
I 56 

I 57 

I 04 I 
43 

7713 w 
~ 7717 « 
a.. 7723 
~ 
0 7727 u 

7753 

7757 

INSTRUCTION CLASS OPERATION 

Enter Logical Product Rd LP(Y.Q)---+-A 

Add Logica I Product Rd A t LP(Y.Q)~A 

Subtract Logical Product Rd A - LP(Y.Q)~A 
Replace Logical Product Rp LP(Y.Q)~Y and A 

Replace A t Logical Product Rp A t LP(Y.Q)~Y and A 
Replace A - Logical Product Rp A ~ LP(Y.Q)~Y and A 
Store Logical Pr·oduct St LP(A.Q)~Y 

Selective Set Rd Set (A)n to 1 where (Y)n = 1 

Selective Complement Rd Ones-complement (A)n where (Y)n = 1 

Selective Clear Rd Clear (A)n to 0 where (Y)n = 1 

Selective Substitute Rd (Y)n~(A)n where (Q)n = 1 

Replace Selective Set Rp Set An= 1 where Yn = l;~ (Y}f and (A)f 

Replace Selective Complement Rp Ones-complement (A)n where (Y)n = 1 ;~Yf and (A)f 
Replace Selective Clear Rp Clear An to 0 where Yn= 1;~Yf and (A)f 
Replace Selective Substitute Rp Yn~An where Qn = 1;~Yf and (A)f 

Compare i Rd I Compare Y to A and lor Q to deteimine skip (algebraic) 

Compare Masked Rd Compare A to LP(Y.Q) to determine skip (algebraic) 

Decimal Compare Equal - Skip NI if (AQ) BCD = (y, ytl) BCD- neglecting zones (algebraic) 

Dec imal Compare Less - ·Skip NI if (AQ)BCD < (y, ytl) BCD neglecting zones (algebraic) , 
Compare AQ Equa I - Skip NI if AQ = (Y, ytl) (algebraic) 

Compare AQ Less - Skip NI if AQ < (Y, ytl) (algebraic) 

Masked Alphanumeric Equal - Skip NI if LP(A and Q) = LP(Y and Q) (alphanumeric sign not recognized) 
Masked Alphanumeric Less - Skip NI if LP(A and Q) < LP(Y and Q) (alphanumeric sign not recognized) 

Table 8-7. Repertoire of Instructions 
(Part 3 of 5) 
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I 

FUNCTION w 
Q. CODE INSTRUCTION >-... (OCTAL) 

60 Jump- Ar ithmetic 

61 jump-Manual 

64 Return Jump-Ar ithmetic 

65 Return Jump-Manual 

7737 Execute Remote 

7740 Unconditional Jump 
Q. 

~ 7741 Enter Bl and Jump 
:::l 
~ 7742 Enter B2 and Jump 

7743 Enter B3 and Jump 

7744 Enter B4 and Jump 

7745 Enter 65 and Jump 

I I 
7746 

I 
Enter 66 and Jump 

7747 Enter 67 and Jump 

. 70 Repeat 
We.!) 

71 6 Skip on 6 j UZ z-w>- 72 6 Jump on B j 
:::l~ 
00 7752 Test and Set 
wO 
V'I~ 7754 Executive Return 

CLASS OPERATION 

Rd Y'--" P ; if j = 0 or 1 release interrupt lockout (RIL) 

Rd y~ P ; dependent upon keys 

Rd (P - RIR)~ YL and jump to Y + 1 ; if j = 0 or 1 set interrupt lockout (SIL) 

Rd (P - RIR)---+--YL and jump to Y + 1 ; dependent upon keys 

- Execute instruction at y and then return to P + 1 (conditional) 

- Jump to Y 

- (P - RIR) ---. Bl and jump to Y 

- (P - RIR)---. B2 and jump to Y 

- (P - RIR)~B3 and jump to Y 

- (P - RIR)---+-- B4 and jump to Y 

- (P - RIR)~ B5 and jump to Y 

-

I 
(P - RIR)--.. 66 and jump to Y 

- (P - RIR)--.. B7 and jump to Y 

Rd Repeat NI (Y) times 

Rd If (Bj) = Y , ~kip NI and clear Bj; if (Bj) =1= Y, advance (Bj) and execute NI 

Rd Jump to Y if (Bj ) f. +0, (Bj)f = (Bj)i - 1; if (Bj ) = +0, execute N I 

- If switch is set, interrupt; if not set, then set and execute NI 

- Interrupt 

Table B-7. Repertoire of Instructions 
(Part 4 of 5) 
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FUNCTION 

CODE 

(OCTAL) 

13 

17 
62 
63 
66 
67 
73 
--
74 

75 
76 
7770 
7772 
7773 

INSTRUCTION 

Send External Function 

Store Channel 

Jump On Active Input Buffer 

Jump On Active Output Buffer 

Terminate Input Buffer 

Terminate Output Buffer 

Activate Input Buffer Without Monitor 
- -- - - -- . . ~ - ~ --Activate uutput tsuner Wltnout MOnitor 

Activate Input Buffer With Monitor 

Activate Output Buffer With Monitor 

Initiate Synchronizing Interrupt 

Store Channel Number 

Enter Channel Select Register 

CLASS OPERATION 

Rd (y)---.. external equipment with External Function signal 

St Status word ----.. Y 

Rd Y ~ PifChj active 

Rd y~ P ifChj active 

Rd Terminate buffer 

Rd Terminate buffer 

Rd Activate buffer 
-- . 

Ra Activate Duffer 

Rd Activate buffer 

Rd Activate buffer 

Send interrupt (Executive mode only) 

IASR or PECSR ~ Y (Executive mode only) 

Y ~ (Channel Select Register) (Executive mode only) 

Table B-7. Repertoire of Instructions 
(Part 5 of 5) 
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CENTRAL PROCESSOR UNIT 

1 Appendix C I 
__ --~ ___________ ~SE_C_T_I_O_N_: ___ ~._E_:..._ ___ _ 

APPE~DIX C. INTEGER ADDITIOr\l 
ANC) SUBTRACTION 

The following description of integer addition and subtrac:tion in the UNIVAC 494 CPU is included 
for interest to the programmer. 

C. L INTEGER ADDITION 

The adder uses subtractive-type logic internally ac:cepting operands (A) and Y directly 
for addition. The result is formed by two half-subtracts. The first half-subtract results 
in a ones-complemented difference and (possibly) a borrow which is propagated until 
it is "satisfied" by a stage where (A)n = Y n. A borrow is generated only at a stage 
where (A)n = Y n is equal to O. If the borrow is not satisfied or if a borrow is generated 
at the highest order bit positions, the borrow becomes an end-around borrow and is 
propagated from the lowest order bit positions until satisfied. If it cannot be satisfied, 
it is propagated around back to the point where it: was generated. The following truth 
table describes generation of the complemented difference and generation of a borrow 
at each bit position for the first half-subtract: 

Yn 
COMPILEMENTED 

BORROW (A)n 
DIFFERENCE 

0 0 1 1 
0 1 0 0 
1 0 0 0 
1 1 1 0 

.. --------_._----

The second half-subtract subtracts all borrows from the result of the first half-subtract. 
It is a bit-by-bit subtract, generating only a difference (no borrow). The following 
examples illustrate the operation of the addition IProcess (using nine-bit numbers with 
highest order bit reserved for sign): 

1. (A) = +3438 
Y = - 1158 

+2268 

2. (A) = -3348 
Y = +2628 

-0528 

(A) 0 1 1 
Y 110 

100 
110 

011 
010 

01010 1 110 
1;++ 1-

010 010 110 

100 1 0 0 
o 1 0 1 1 0 

011 
010 

00110 1 110 
r+-+ 1--i- 1- 1-+-. 
• I 
I I 

Sum I 1 1 1 0 1 0 1 0 1 I 
~------------------------~ 

Complemented difference 
Propagated borrows 

Second half-subtract and 
final sum 
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C.2. 

I 

Appendix C 
• SECTION: PAGE: 

2 UNIVAC 494 
CENTRAL PROCESSOR UNIT 

INTEGER SUBTRACTION lj' 
Integer subtraction is similar to integer addition except that the operand Y is first ones-
complemented before being inserted into the adder in place of Y. The same truth table 
governs operation except that CP(Y)n is used in place of Y n' The following examples 
illustrate operation of the subtraction process: 

1. (A) = +000 (A) 0 0 0 0 0 0 0 0 0 
Y = +000 CP(Y) = 1 1 1 1 1 1 1 1 1 

+000 0 0 0 0 0 0 0 0 0 First half-subtract 
(N 0 borrows) 

0 0 0 0 0 0 0 0 0 Difference 

2. (A) = +3438 (A) 0 1 1 1 0 0 0 1 1 
Y = +1158 CP(Y) 1 1 0 1 1 0 0 1 0 

+2268 0 1 0 1 0 1 1 1 0 First half-subtract 
1 1 1 Borrows 

----.-
0 1 0 0 1 0 1 1 0 Difference 

3. (A) = -251.8 (A) 1 0 1 0 1 0 1 1 0 
Y = -2418 CP(Y) 0 1 0 1 0 0 0 0 1 

-0108 0 0 0 0 0 1 0 0 0 First half-subtract 

I 1 1 1---4--1-1- 1 1 1 1 Borrows 
I ----I I 

1 : Difference I 1 1 1 1 o 1 1 1 ~ ________________________ J 



FUNCTION 

CODE 

01 

02 

03 

04 

05 

06 

07 

10,11 

12 

I 13 

I 14, 15, 16 
I 

17 

20,21 

2 ~ ,23 

24;25 
I ?I=: ?, ~n '<1 I _v.;~:~;.v. 
34,35,36,37 

40 

41 

42 

43 

44,45 

46 

47 

50,51,52,53 

54,55,56,57 

60,61 

MODIFYING CONDITIONS 

(j1'4,5)/0=4,5) 

014,5)/(j=4,5 and first test 
determines skip or no skip) 

U=4,5 and both tests required to 
I determine skip or no skip 

I 
! 
I 
I 

I 

01'2,3 )/0=2,3) 

(j 1'6,7)/0=6,7) 

Bj=O or Bj;::(Bb of NI) 

BlO and Bj=(~ of N I) 

k=3/k13 

(j;i 6,7 )/(j=6, 7) 

(j #6 ,7 ) / (j =6 , 7 ) 

0;::2,3)/0=2,3) 

01'6,7)/0=6,7) 

(j =0, 1,2,3 )/(j=4 ,5,6,7) 

Jump satisfied: k=0,4;t0,4 

Jump not satisfied 

NOTE: All time in nanoseconds. 

AL TERNATE BANK SAME BANK TIME 

T!ME k=0,4 ! k=7 

750 750 750 

750/964 750/964 750/964 

964 964 964 

750/857 750/857 750/857 

964 964 964 

I 
750/857 750/857 750/857 

750/857 750/857 750/857 

1071 1071 1071 

750 750 750 

750 750 750 

857 857 857 

2889 min./750 2889 min./750 2889 min./750 

750 750 1500 

2889 min. 2889 min. 2889 min. 

750/857 750/857 750/857 

7277 7277 7277 

1500 1500 1500 

750/857 750/857 750/857 

1500 1500 

1500 1500 1500 

750/1071 750/1071 750/1071 

750/857 750/857 750/857 

964 964 964 

750/964 750/964 750/964 

1500 1500 1500 

1607 1607 1607 

750 750 

750 750 750 

1500 1500 1500 

750/1500 750 1500 

750 1500 750 

Table D-7. Instruction Execution Time 
(Part 7 of 3) 

k=1,3,5,6 

1500 

1500/1714 

1714 

1500/1607 

1714 

1500/1607 

1500/1607 

1821 

1500 

1500 

1500 

2889 min./750 

1500 

2889 min. 

1500/1607 

8027 

2250 

! 1500/1607 

i 2250 

2250 

1500/1820 

1500/1607 

1714 

1500/1714 

2250 

1

4357 

1500 
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2250 
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FUNCTION 
CODE 

MODIFYING CONDITIONS 

... 
62,63 Chj active:k=O/~O 

Chj inactive 

64,65 Jump satisfied: k=0,4/"i 0,4 

Jump not satisfied 

66,67 

70 k=0,4,7/k~0,4,7 

71 

72 Jump satisfied: k=0,4HO,4 

I Jump not satisfied 

I 73,74,75,76 k=0/k=3 

7701,7702 

I 
Sum=±O/sum~±O 

7703 

7705 I I mantissalAQ'::: Imant~ Y ,Y +1 

I 
Imant·IAQ < Imant.1 Y, Y +1 

ly,y+lI=o 

7706 (AQ)=!O/(AQ)#O 

7707,7710 

7711 Like signs/un like signs 

7712 Unl ike signs /Iike signs 

7713 

7714 

7715 Like signs OR AQ < Iy ,Y +11 

Unlike signs AND AQ .:::Iy ,Y+11 

7716 Unlike signs OR AQ < (Y ,Y+1) 

Like signs AND AQ .::: (Y,Y+1) 

NOTE: All time in nanoseconds. 

I 

I 

AL TERNATE BANK 
TIME k=0,4 

... 
750/1500 750(no k=4) 

750 1500 

1500/2250 1500 

750 1500 

750 750 

11285/1500 1285 

I 750 750 

I 750/1500 750 

750 1500 I 750/1500 
... 

750 (no k=4) 

I 2356/2998 

112093 I 
12200 

12414 

1607 

857/1500 

750 

2035/2249 

2035/2249 

1500 

1285 

2035 

2249 

2035 

2249 

Table D-l. Instruction Execution Time 
(Part 2 of 3) 

SAME BAN K TIME 
k=7 

no k=7 

2250 

750 

750 

1285 

750 

1500 

750 

no k=7 

2991/3641 

12843 I 
12950 

13164 

2357 

1607/2250 

1500 

2785/2999 

2785/2999 

2250 

1500 

2785 

2999 

2785 

2999 

k= 1 ,3,5,6 

... 
1500 (no k=5,6) 

1500 

2250 

1500 

750 

1500 

1500 

1500 

1500 ... 
2250 (k=3 on Iy) 
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FUNCTION 

CODE 

7717,7721, 

7722,7723 

7724 

7726,7727 

7730 

7731,7732, 
7733,7734, 
7735,7736 

7737,7740, 
7741,7742, 
7743,7744, 
7745,7746, 

7747 

7751 

7752 

775.3 

7754 

7755 

7756 

7757 

7761 

7762,7765,7766 

7770 

7771 

7772,7773 

7775 

MODIFYING CONDITIONS 
AL TERNATE BANK 

TIME 

1500 

750 

1500 

857 

3750 

750 

750 

1821 

750 

1285 

750 

857 

750 

1500 

750 

750 

5250 

750 

5250 

NOTE: A II time in nanoseconds. 

Table D-7. Instruction Execution Time 
(Part 3 of 3) 

SAME BANK TIME 

2250 

1500 

2250 

1607 

4500 
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~\)VV 

1285 
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6000 
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