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• If the magnitude of the resultant is too large for A to hold, that is, the difference 
exceeds the range -3777777777778 to +3777777777778, the result is incorrect 
and the overflow designator is set. The state of the overflow designator is 
tested by either the SKIP ON OVERFLOW instruction (f = 5052) or the SKIP 
ON NO OVERFLOW instruction (f = 5053). The execution of either of these 
two instructions clears the overflow designator. 

23 ADD N EGA TIVE L Y TO A (ANA *) 

Operation: [(A) - (y + (B) -1, y + (B)] �~� A 

Execution Time: 3.00 usec. 

y = Up or USR + U11-0 

The borrow designator is cleared to zero. 

This instruction is executed by combining the AU and AL registers into a 36-bit 
accumulator, the A register. The contents of y + (B) - 1 and y + (B) are treated 
as one 36-bit word, a double-length signed binary number. The contents of 
y + (B)-I, y + (B) are subtracted from the contents of A and the resultant, 
DIFFERENCE, is placed in A. 

The contents of y + (B)-I, y == (B) remain unchanged and in y + (B)-I, y + (B). 
(y + (B)-I, y + (B»f = (y + (B)-I, y + (B) \ 

NOTES: 

• The least significant half of the 36-bit number is in y + (B); the most signi­
ficant half of the 36-bit number is in y + (B)-I. The sign of the 36-bit double­
length number is indicated by the most significant bit of (y + (B)-I). 

• The operating characteristics of double-length arithmetic operations are the 
same as those for single-length arithmetic operations, except that any borrow 
for AL comes from AU. 

• If an end-around borrow for AU is required, it is inhibited, and the borrow 
designator is set indicating that the result left in A is too large by 1 and must 
be corrected. This condition is tested by the TEST NO BORROW instruction 
(f = 5051). The borrow designator is cleared only by the execution of another 
ADD TO A or ADD NEGATIVELY TO A instruction. 

/I If the contents of A is negative 0 and the contents of y + (B)-I, y + (B) is 
positive 0, the result of the subtraction is ne8ative O. (A)f = 1 's if (A)i :.1 's 
and (y-l,y) = O's . 

• The results of subtraction involving all other possible combinations of positive 
and negative 0 are positive O. 

ill If the magnitude of the resultant is too large for A to hold, th a t is, the difference 
exceeds the range -3777777777778 to �+�3�7�7�7�7�7�7�7�7�7�7�7�~�;� the result is incorrect 
and the overflow designator is tested by either the SKIP ON OVERFLOW instruc­
tion (f = 5052) or the SKIP ON NO OVERFLOW instruction (f = 5053). The 
execution of either of these two ins tructions clears the overflow designator. 
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24 MULTIPLY(M) 

Operation: [(AL) x (y)] ~ A 

Execution Time: 6.50 usec. - Numbers of like signs 
7.375 usec. - Numbers of unlike signs 

y = Up or USR + U 11 -0 

6 
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This instruction multiplies the contents of AL by the contents of y and the resultant, 
PRODUCT, is placed in the 36-bit accumulator, the A register, consisting of AU 
and AL. 

The contents of y remain unchanged and in y. (Y)f = (y)i 

NOTES: 

• The results of multiplication involving all possible combinations of positive 
and negative 0 are positive O. 

• If the most Significant half of the product is 17 bits or smaller, it is contained 
in AL with leading O's in cases of positive products and leading 1 's in cases 
of negative products. AL17 contains the proper sign. 

Examples: 

Positive Product 

(AL) 000003 8 = +3 

(y) 0000048 = +4 

(A) (AU) + (AL) = 0000008 + 0000148 

Negative Product 

(AL) = 7777748 = -3 

(y) 0000048 = + 4 

(A) (AU) + (AL) = 7777778 + 7777638 

• If the most significant half of the product is exactly 18 bits long, it fills AL 
and the sign is carried by AU. For positive products, AU contains all O's; for 
negative products, A U contains all 1 'so AL17 does not contain the proper sign 
but, rather, the most significant bit of the product. 

Examples: 

Positive Product 

(AL) 0007258 
(y) 0007418 

(A) (AU) + (AL) = 0000008 + 670465
8 

Negative Product 

(AL) = 7770528 = -7258 
(y) 0007418 

(A) (AU) + (AL) = 7777778 + 1073128 

• No overflow is possible with this instruction because the number of bits in 
the product cannot exceed the number of bits in the multiplicand plus the 
number of bits in the multiplier. 

14 
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25 MUL TIPLY (M*) 

Operation: [(AL) x (y + (8»] ~ A 

Execution Time: 6.50 usec. - Numbers of like signs 
7.375 usec. - Numbers of unlike signs 

y = Up or USR + UI1-0 

6 
SEC TION: PAGE: 

This instruction multiplies the contents of AL by the contents of y + (8) and the 
resultant, PR ODUCT, is placed in the 36-bit accumulator, the A register, consisting 
of AU and AL. 

The contents of y + (8) remain unchanged and in y + (8). (y + (8»f ='= (y + (B)\ 

NOTES: 

• The res ults of multiplication involving all possible combinations of positive 
and nega tive 0 are positive O. 

• If the most significant half of the product is 17 bits or smaller, it is contained 
in AL with leadin gO's in cases of pos itive products and leading l' s in cases 
of negative products. AL17 contains the proper sign. 

• If the most significant half of the product is exactly 18 bits long, it fills AL 
and the sign is carried by AU. For positive products, AU contains all O's; for 
negative products, AU contains all 1 'So AL17 does not contain the proper sign 
but, rather, the most significant bit of the product. 

• No overflow is possible with this instruction because the number of bits in the 
product cannot exceed the number of bits in the multiplicand plus the number of 
bits in the multiplier. 

26 DIVIDE (D) 

Operation: [(A) -;- (y)] ~ AL; Remainder -> AU 

Execution Time: 6.50 usec. - Numbers of like signs 
7.375 usec. - Numbers of unlike signs 

y = Up or USR + U11 -0 

This instruction divides the contents of A by the contents of y. The QUOTIENT 
is placed in AL and the REMAINDER is placed in AU. 

The con ten ts of y remain unchanged and in y. (Y)f :. (Y)i 

15 
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NOTES: 

• The results of division involving all possible combinations of positive and 
negative 0 are positive O. 

• The remainder always bears the sign of the dividend with the results satisfying 
the relationship: DIVIDEND = QUOTIENT x DIVISOR + REMAINDER 

• If the dividend and the divisor have like signs, the quotient is positive. If 
they have unlike signs, the quotient is negative. 

Examples: 

Divisor Dividend Quotient Remainder 

+4 +5 +1 +1 
-4 +5 -1 +1 
+4 -5 -1 -1 
-4 -5 +1 -1 

II If the magnitude of the quotient is too large for AL to hold, that is, the quotient 
exceeds the range -3777778 to +3777778 , the result is incorrect and the overflow 
designator is set. The state of the overflow designator is tested by either the 
SKIP ON OVERFLOW instruction (f = 5052) or the SKIP ON NO OVERFLOW 
instruction (f = 5053). The execution of either of these two instructions clears 
the overflow des ignator. 

27 0 I V .0 E (D * ) 

Operation: [(A) -:- (y + (B ))] -? AL; Remainder -? AU 

Execution Time: 6.50 usec. - Numbers of like signs 
7.375 usec. - Numbers of unlike signs 

y == Up or U SR + U 11-0 

This instruction divides the contents of A by the contents of y + (B). The 
QUOTIE NT is placed in AL and the REMAINDER is placed in AU. 

The contents of y remain unchanged and in y. (y + (B))f == (y + (B))i 

NOTES: 

• The results of division involving all possible combinations of positive and 
negative 0 are positive O. 

• The remainder always bears the sign of the dividend with the results satisfying 
the relationship: DIVIDEND = QUOTIENT x DIVISOR + REMAINDER 

• If the dividend and the divisor have like signs, the quotient is positive. If they 
have unlike signs, the quotient is negative. 

16 
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Examples: 

Divisor Dividend Quotient Remainder 

+4 +5 +1 +1 
-4 +5 -1 +1 
+4 -5 -1 -1 
-4 -5 +1 -1 

• If the magnitude of the quotient is too large for AL to hold, that is, the quotient 
exceeds the range -3777778 to +3777778, the result is incorrect and the overflow 
designator is set. The state of the overflow designator is tested by either the 
SKIP ON OVERFLOW instruction (f = 5052) or SKIP ON NO OVERFLOW instruc­
tion (f = 5053). The execution of either of these two instructions clears the 

ove rflow des igna tor. 

30 STORE LOCATION AND JUMP INDIRECT (SLJI) 

Operation: [(P) + 1] ~ (y); [(y) + 1] ~ P 

Execution Time: 2.25 usec. 

y = Up + U11 -0 

This in struction s to res the current program address + 1 at the address defined by 
the contents of y. The contents of yare increased by 1, and the new address is 
transferred to the P register. 

Example of an indirect return jump executed from address 0020008 : 

INITIAL FINAL 
ADDRESS CONTENTS CONTENTS EXPLANATION 

0020008 30 65008 30 65008 Execute subroutine from main program 

0065008 71 74208 71 74208 Constant defining location of desired 
subrou tine 

3174208 37 21648 00 2001 8 Subroutine exit address 

3174218 ------- 00 20018 Subiou tine en trance address (control 
is transferred here from indirect return 
jump) 

The effect of the above sequence upon execution of the indirect return jump at 
address 0020008 is to transfer control to the subroutine starting at 174218, while 
at the same time letting the subroutine know where to return control. 

NOTE: 

This instruction together with the jump indirect instruction provides the means 
needed for jumping to and from subroutines. 

17 
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31 STORE LOCATION AND JUMP INDIRECT (SLJI*) 

Operation: [(P) + 1] 4 (y + (B»; [(y + (B» + 1] 4 P 

Execution Time: 2.25 usec. 

y =Up + U11 -0 

6 
SECTION: 

This instruction stores the current program address + 1 at the address defined by 
the contents of y + (B). Then the contents 0 f yare increased by 1 and the new 
address is transferred to P. 

NOTE: 

This instruction together with the jump indirect instruction provides the means 
needed for jumping to and from subroutines. 

32 LOAD B REGISTER (LB) 

Operation: (y) 4 B 

Execution Time: 1.50 usec. 

y = Up or USI~ + U11 -0 

This instruction transfers the contents of y to B specified by IRP. The full 
18 bits 0 f yare transferred to B. 

The contents of y remain unchanged and in y. (Y)f = (y)i 

33 LOAD B REGISTER (LB*) 

Operation: (y + (B» 4 B 

Execution Time: 1.50 usec. 

y = Up or USR + UI1-0 

This instruction transfers the contents of y + (B) to B specified by IRP. The full 
18 bits of y + (B) are transferred to B. 

The contents of y remain unchanged and in y. (y + (B »f = (y + (B»i 

34 JUMP (J) 

Operation: y -~ P 11 -0 

Execution Time: 0.75 usec. 

y = Up + UI1-0 

This instruction passes program control unconditionally to the location specified 
by y. 

Since only the word address is specified by y and the storage segment address is 
specified by P 16-12 , program control remains within the current storage segment. 

18 
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Example: 

P16-12 = 03 8 and y = 67128 

When the instruction is executed, P =:: 0367128 , and control passes to location 
036712. 

35 JUMP (J*) 

Operation: y + (B) ~ PI1-0 

Execution Time: 0.75 usec. 

y = Up + UII-0 

This instruction passes program control unconditionally to the location specified 
by y + (B). 

Since the word address is specified by y + (B), the storage segment address 
specified by P 16-12 could be modified causing program control to pass to a new 
location in another storage segment. 

36 LOAD B REGISTER WITH "·KONSTANT" (LBK) 

Operation: y ~ B 

Execution Time: 0.75 usec. 

y = U (sign extended to 18 bits) 

This ins truction transfers the contents of y to B specified by the index register 
pointer (IRP). The contents of y is the low-order 12 bits of this instruction U 11-0 
extended to 18 bits by the repetition of bit 11 in bit positions 17 through 12. 

Example: 

U11 -0 :::: 7701 8 
(B)i :::: any value 

(B)f = 7777018 

NOTE: 

U11 -0 is the 12-bit number contained within the instruction; it does not refer to 
an address. 

37 LOAD B REGISTER WITH "KONSTANT" (LBK*) 

Operation: y + (B) ~ B 

Execution Time: 0.75 usec. 

y = U (sign extended to 18 bits) 

This instruction transfers the contents of y ± (B) to B specified by IRP. The 
contents of yare the low-order 12 bits of this instruction, UII-0' extended to 
18 bits by the repetition of bit 11 in bit positions 17 through 12. 

19 
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The effect of this instruction is to change the contents of B by incrementally 
increas in g or decreas ing B. 

NOTE: 

U11 -0 is the 12-bit number contained within the instruction; it does not refer 
to an address. 

40 CLEAR Y (CY) 

Operation: 0 -c' y 

Execution Time: 1.50 usec. 

y = Up or USR + U 11 -0 

This instruction stores an 18-bit word of O's at storage address y. 

41 CLEAR Y (CY*) 

Operation: 0 --) y + (B) 

Execution Time: 1.50 usec. 

y = Up or U SR + U 11 -0 

This instruction stores an 18-bit word of O's at storage address y + (B). 

42 STORE B REGISTER (S8) 

Operation: (B) --) Y 

Execution Time: 1.50 usec. 

y = Up or USR + UII-0 

This instruction transfers the contents of B, specified by IRP, to the storage 
address y. 

The contents of B, specified by IRP, remain unchanged and in B. (B)f = (B)i 

43 STORE B REGISTER (S8*) 

Operation: (B) --) y + (B) 

Execution Time: 1.50 usec. 

y = Up or U SR + UI1-0 

This instruction transfers the contents of B, specified by IRP, to the storage 
address y + (B). 

The contents of B, specified by IRP, remain unchanged and in B. (B)f = (B)i 

20 
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44 STORE AL (SL) 

Operation: (AL) ~ y 

Execution Time: 1.50 usec. 

y = Up or USR + U11 -0 

This instruction transfers the contents of AL to the storage address y. The contents 
of AL remain unchanged and in AL. (AL)f = (AL)i 

45 STORE AL (SL*) 

Operation: (AL) ~ y + (B) 

Execution Time: 1.50 usec. 

y = Up or USR + UII-0 

This instruction transfers the contents of AL to the storage address y + (B). The 
contents of AL remain unchanged and in AL. (AL)f = (AL)i 

46 STORE AU (SU) 

Operation: (A U) ~ y 

Execution Time: 1. 50 usec. 

This instruction transfers the contents of AU to the storage address y. The contents 
of AU remain unchanged and in AU. (AU)f = (AU)i 

47 STORE AU (SU*) 

Operation: (A U) ~ y + (B) 

Exec ution Tim e: 1.50 usec. 

y = Up or USR + UII-0 

This instruction transfers the contents of AU to the storage address y + (B). 

The contents of AU remain unchanged and in AU. (AU)f = (AU)i 

51 INCLUSIVE OR (OR) 

Operation: [(AL) [$1 (y)] ~ AL 

Execution Time: 1.50 usec. 

y = Up + U 11 -0 

Each bit in y is logically added to corresponding bits in AL and the 18 independent 
logical sums are placed in AL. This is a bit-by-bit INCLUSIVE OR. For each bit 
in y that equals 1, set the corresponding bit in AL to 1. For each bit that equals 0, 
the corresponding bit in AL is left as it is. 

21 



UP-7S99 
Rev. 1 UNIVAC 418-111 RTOS ASSEMBLER 

The contents of y remain unchanged and in y. (Y)f = (Y)i 

Example: 

(AL)i = 1234568 
(y) = 0000778 

(AL)f = 1234778 

NOTES: 

I SECTION, 6 

• The INCLUSIVE OR function is defined in the following table: 

(y) 

(AL) 

LOGICAL SUM 

• This instruction is sometimes called selective set. 

52 AND (AND) 

Operation: [(AL) rJml (y)] ~ AL 

Execution Time: 1.50 usec. 

y = Up + UII-0 

Each bit in y is logically multiplied by corresponding bits in AL and the 18 
independent logical products are placed in AL. This is a bit-by-bit AND. For 
each bit in y that equals 0, clear the corresponding bit in AL to O. For each 
bit in y that equals 1, the corresponding bit in AL is left as it is. 

The contents of y remain unchanged and in y. (Y)f = (Y\ 

Example: 

(AL)i = 123456 

(y) = 707070 

(AL)f = 103050 

NO TES: 

• The AND function is defined in the following table: 

(y) 0 0 1 1 

(AL) 0 1 0 1 

LOGICAL PRODUCT 0 0 0 1 

• This instruction is sometimes called selective clear. 

22 
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53 EXCLUSIVE OR (XOR) 

Operation: (A L) OOE (y) ~ AL 

Execution Time: 1.50 usec. 

Each bit in y is logically subtracted from corresponding bits in AL and the 18 
independent logical differences are placed in AL. This is a bit-by-bit EXCLUSIVE 
OR. For each bit in y that equals 1, complement the corresponding bit in AL. For 
each bit in y that equals 0, the corresponding bit in AL is left as it is. 

The contents of y remain unchanged and in y. (Y)f = (y)i 

Example: 

(AL)i = 123456 

(y) = 070007 

(AL)f = 153451 

NOTES: 

• The EXCLUSIVE OR function is defined in the following table: 

(y) 0 0 1 1 

(AL) 0 1 0 1 

LOGICAL DIFFERENCE 0 1 1 0 

• The instruction is sometimes called selective complement. 

54 ENABLE INTERRUPTS AND JUMP INDIRECT (EJI) 

Operation: (y) ~ the P register, and remove interrupt lockout 

Execution Time: 1.50 usec. 

y = Up + U11-0 

This instruction removes interrupt lockout, enables interrupts and passes program 
control to the address which is specified by the contents of y. 

NO TES: 

• Interrupt lockout is set by all interrupts received from the 10M. 

• An applica tion of this instruction is the termination of a subroutine activated 
by an in terrupt. 

• This ins truction gives the same result as executing the two instructions, clear 
interrupt lockout (f = 5030) and jump indirect (f = 55), in succession. 

• Interrupts are inhibited for one instruction time following the execution of this 
instruction. 

23 
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55 JUMP INDIR EeT (JI) 

Operation: (y) ~ P 

Execution Time: 1.50 usec. 

y = Up + U11-0 

This instruction passes program control unconditionally to the location specified 
by the contents of y. 

56 TEST B REGISTER FOR EQUALITY (TB) 

Operation: IF (B) = (y); SKIP NI, [(P) + 2 ~ p] 
IF (B) ::J (y); ADVANCE B BY ONE [(B) + 1 ~ B] 

EXECUTE NI [(P) + 1 ~ p] 

Execution Time: 2.50 usec. 

This instruction compares the contents of B, specified by IRP, with the contents 
of y. If they are equal, the next instruction is skipped. If (B) = (y), then (P) + 2 ~ P. 
If they are not equal, the contents of B are incremented by 1 and the computer 
executes the next instruction. If (B) =I (y), then (B) + 1 ~ Band (P) + 1 ~ P. 

57 TEST ANY LOCATION FOR ZERO (TZ) 

Operation: IF (y) = 0, SKIP NI, [(P) + 2 ~ p] 
IF (y) f 0, DECREMENT (y) BY ONE [(y) - 1 ~ y] 

EXECUTE NI, [(P) + 1 ~ p] 

Execution Time: 2.25 usec. 

y = Up + U 11-0 

If the contents of yare 0, the next instruction is skipped. If (y) = 0, then (P) + 2 ~ P. 
If they are not 0, they are decremented by 1 and the processor executes the next 
instruction. If (y) ::J 0, then (y) - 1 ~ y and (P) + 1 -7 P. 

24 
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60 JUMP ON AU ZERO (JUZ) (Compare designator not set) 

Operation: IF (AU) = +0, y --) P 

IF (AU) f- +0, (P) + 1 --) P 

Execution Time: 0.75 usec. 

y = Up + U11-0 

The COMPARE stage of the compare designator is not set. 

If the contents of AU equals positive 0, program control passes to the location 
specified by y.1f (AU) = +0, then y --) P. 

If the contents of AU does not equal positive 0, the processor executes the next 
instruction. If (A U) f- +0, then (P) + 1 --) P. 

NOTE: 

Negative 0 acts as not O. 

60 JUMP ON EQUAL (JE) (Compare designator set) 

Operation: IF (AL) = M, y --) P 

IF (AL) =I M, (P) + 1 ~ P 

IF [(AL) rJn!l (AU)] = M, y --) P 

IF [(AL) mm (AU)] f- M, (P) + 1 --) P 

Execution Time: 0.75 usec. 

y = Up + U1 1 -O 

The COMPARE stage of the compare designator is set. 

If the EQUAL stage of the compare designator is set, program control passes to 
the location specified by y. 

IF (AL) = M, then y --) P 
IF (AL) fJllil (AU)] = M, then y ~ P 

If the EQUAL stage of the compare designator is not set, the next instruction is 
executed. 

IF (AL) f- M, then (P) + 1 --) P 
IF [(AL) mm (AU) f- M, then (P) + 1 ~ P 

NOTES: 

• Negative 0 acts as not O. 

• Execution of this instruction does not clear the compare designator. 

25 
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61 JUMP ON AL ZERO (JLZ) (Compare designator not set) 

Operation: (AL) = +0, y ~ P 
(AL) i +0, (P) + 1 ~ P 

Execution Time: 0.75 usec. 

y = Up + U11 -0 

The C OMP AR E stage of the compare designator is not set. 

If the contents of AL equal positive 0, program control passes to the location 
spec ified by y. IF (AL) = +0, then y ~ P 

PAGE: 

If the contents of AL does not equal positive 0 (contains any 1 bits) the processor 
executes the next instruction. IF (AL) i 0, then (P) + 1 ~ P 

NOTE: 

Negative 0 acts as not O. 

61 JUMP ON EQUAL (JE) (Compare designator set) 

Operation: IF (AL) = M, y ~ P 
IF (AL) i M, (P) + 1 -) P 
IF [(AL) flml (AU)] = M, y -) P 
IF [(AL) l.JIDl (AU)] i M, (P) + 1 -) P 

Execution Time: 0.75 usec. 

The COMP ARE stage of the compare designator is set. 

If the EQUAL stage of the compare designator is set, program control passes to 
the location specified by y. 

IF (AL) = M, THEN y -> P 
IF [(AL) mI!J (AU)] = M, then y ~ P 

If the EQUAL stage of the compare designator is not set, the processor executes 
the next instruction. 

IF (AL) i M, then (P) + 1 ~ P 
IF [(AL) mE (AU)] f M, then (P) + 1 ~ P 

NOTE: 

Execu tion of this instruction does not clear the compare designator. 

26 
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62 JUMP ON AU NONZERO (JUNZ) (Compare designator not set) 

Operation: IF (AU) .f +0, y ~ P 
IF (AU) == +0, (P) + 1 ~ P 

Execution Time: 0.7S usec. 

y == Up + U 11-0 

The COMPARE stage of the compare designator is not set. 

6 
SECTION: 

If the contents of AU does not equal positive 0 (contains any 1 bits) program 
control passes to the location specified by y. IF (AU) .f +0, then y ~ P. 

PAGE: 

If the contents of AU equals positive 0, the processor executes the next instruction. 
IF (AU) == +0, then (P) + 1 ~ P 

NOTE: 

Negative 0 acts as not O. 

62 J UM P ON NOT EQUAL (IN E) (Compa re des ignator set) 

Operation: IF (AL).f M, y ~ P 
IF (A L) == M, (P) + 1 -) P 
IF [(AL) mm (AU)] ~ M, y ~ P 
IF [(AL) tm!l (AU)] = M, (P)+ 1 ~ P 

Execution Time: 0.7S usec. 

y = Up + U 11 -0 

The COMPARE stage of the compare designator is set. 

If the EQUAL stage of the compare designator is not set, the processor passes 
control to the location specified by y. 

IF (AL) ~ M, then y ~ P 
IF [(AL) mrn (AU)] .f M, then y ~ P 

If the EQUAL stage of the compare designator is set, the processor executes the 
next ins truction. 

IF (AL) == M, then (P) + 1 ~ P 
IF [CAL) mID (AU)] == M, then (P) + 1 ~ P 

NOTE: 

Execution of this instruction does not clear the compare designator. 

27 
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63 JUMP ON AL NONZERO (JLNZ) (Compare designator not set) 

Operation: IF (AL) f +0, y --> P 
IF (AL) = +0, (P) + 1 --> P 

Execution Time: 0.75 usec. 

y = Up + U11 -0 

The COMPARE stage of the compare designator is not set. 

6 
SECTION: 

If the contents of AL does not equal positive 0, program control passes to the 
location specified by y. IF (AL) f +0, then y -~ P 

PAGE: 

If the contents of AL equals positive 0, the processor executes the next instruction. 
IF (AL) = +0, then (P) + 1 --> P 

NOTE: 

Negative 0 acts as not O. 

63 JUMP ON NOT EQUAL (JNE) (Compare designator set) 

Operation: IF (AL) f. M, y --> P 
IF (AL) = M, (P) + 1 --> P 
IF [(AL) fJlli) (AU),J M, y --> P 
IF [(AL) DID) (AU)] = M, (P) + 1 -~ P 

Execution Time: 0.75 usec. 

y = Up + U11 -0 

The COMPARE stage of the compar~ designator is set. 

If the EQUAL stage of the compare designator is not set, the processor passes 
control to the location specified by y. 

IF (AL) f M, then y --> P 
IF [(AL) mE (AU)] f. M, then y --> P 

If the EQUAL stage of the compare designator is set, the processor executes the 
next instruction. 

IF (AL) = M, then (P) + 1 --> P 
IF [(AL) rJ.mJ (AU)] = M, then (P) + 1 --> P 

NOTE: 

Execution of this instruction does not clear the compare designator. 
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64 JUMP ON AU POSITIVE (JUP) (Compare designator not set) 

Operation: IF (AU) POSITIVE, y ~ P 
IF (A U) NOT POSITIVE, (P) + 1 ~ P 

Execution Time: 0.75 usec. 

y :=- Up + U11 -0 

The COMPARE stage of the compare designator is not set. 

6 
SECTION: 

If the sign of AU is positive, program control passes to the location specified 
by y. IF (AU17) = 0, then y ~ P 

If the sign of AU is negative, the processor executes the next instruction. IF 
(AU 17) = 1, then (P) + 1 --) P 

64 JUMP ON NOT LESS (JNLS) (Compare designator set) 

Operation: IF (AL) ~ M, y ~ P 
IF (AL) < M, (P) + 1 ~ P 
IF [CAL) mID (AU)] ::::. M, y ~ P 
IF [(AL) r.l'lliJ (AU)] < M, (P) + 1 -~ P 

Execution Time: 0.75 usec. 

y = Up + U11 -0 

The COMPARE stage of the compare designator is set. 

If the LESS THAN stage of the compare designator is not set, program control 
passes to the location specified by y. 

IF (AL) ::::. M, then y .~ P 
IF [(AL) rJlliJ (AU)] ~ M, then y-) P 

If the LESS THAN stage of the compare designator is set, the processor executes 
the next instruction. 

IF (AL) < M, (P) + 1 --) P 
IF [(AL) mJ!J (AU)] < M, (P) + 1 ~ P 

NOTE: 

Execution of this instruction does not clear the compare designator. 
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65 JUMP ON AL POSITIVE (JLP) (Compare designator not set) 

Operation: IF (A L) POSITIVE, y -) P 
IF (AL) NEGATIVE, (P) + 1 -) P 

Execution Time: 0.75 usec. 

y = Up + U11 -0 

The COMPARE stage of the compare designator is not set. 

If the sign of AL is positive, program control passes to the location specified 
by y. IF (AL17)= 0, then y -) P 

If the sign of AL is negative, the processor executes the next instruction. IF 
(ALI7)= 1, then (P)+ 1-) P 

65 JUMP ON NOT LESS (JNLS) (Compare designator set) 

Operation: IF (AL) ~ M, y 4 P 
IF (AL) < M, (P) + 1 -) P 
IF [(AL) r..ru!l (AU)] ~ M, y -) P 
IF [(AU) rJ:lli] (AU)] < M, (P) + 1 -) P 

Execution Time: 0.75 usec. 

y :oc Up + UII-0 

The COMPARE stage of the compare designator is set. 

If the LESS THAN stage of the compare designator is not set, program control 
passes to the location specified by y. 

IF (AL) ~ M, then y7 P 
IF [(AL) mr!.l (AU)J?: M, then y 4 P 

PAGE: 

If the LESS THAN stage of the compare designator is set, the processor executes 
the next ins truction. 

IF (AL) < M, (P) + 1 -) P 
IF [(AL) fJlliJ (AU)] > M, (P) + 1 -) P 

NOTE: 

Execution of this instruction does not clear the compare designator. 
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66 JUMP ON AU NEGATIVE (JUN) (Compare designator not set) 

Operation: IF (AU) NEGATIVE, J --) P 
IF (AU) POSITIVE, (P) + 1 --) P 

Execution Time: 0.75 usec. 

y = Up + U11 -0 

The COMPARE stage of the compare designator is not set. 

6 
SEC TION: 

If the sign of AU is negative, program control passes to the location specified 
by y. 

IF (A U 1 7) = 1, then y --) P 

If the sign of AU is positive, the processor executes the next ins truction. 
IF (AU 17) = 0, then (P) + 1--) P 

66 JUMP ON LESS (JLS) (Compare designator set) 

Operation: IF (AL) < M, y --) P 
IF (AL) ~ M, (P) + 1 --) P 
IF [(AL) fJTh) (A U)] < M, y --) P 
IF [(A L) rJ:llil (A U») ~ M, (P) + 1 --) P 

Execution Time: 0.75 usec. 

y = Up + U11 -0 

The COMPARE stage of the compare designator is set. 

If the LESS THAN stage of the compare designator is set, program control passes 
to the location specified in y. 

IF (AL) < M, then y --) P 
IF [(AL) rJll!J (AU)] < M, then y --) P 

If the LESS THAN stage of the compare designator is not set, the processor 
executes the next instruction. 

IF (AL) ~ M, then (P) + 1 --) P 
IF [(AL) ~ (AU)] ~ M, then (P) + 1 --) P 

NOTE: 

Execution of this instruction does not clear the compare designator. 
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67 JUMP ON AL NEGATIVE (JLN) (Compare designator not set) 

Operation: IF (AL) NEGATIVE, y ~ P 
IF (AL) POSITIVE, (P) + 1 ~ P 

Execution Time: 0.75 usec. 

y = Up + U 11-0 

The COMPARE stage of the compare designator is not set. 

6 
SECTION: 

If the sign of AL is negative, program control passes to the location specified 
by y. 

If (AL17) = 1, then y -> P 

If the sign of AL is positive, the processor executes the next instruction. IF (AL) 
= 0, then (P) + 1 --) P 

67 JUMP ON LESS (.JLS) (Compare designator set) 

Operation: IF (AL) < M, y --) P 
IF (AL) ~ M, (P) + 1 ~ P 
IF [(AL) mE (AU)] < M, y ~ P 
IF [(AL) mrn (AU)] ~ M, (P) + 1 --) P 

Execution Time: 0.75 usec. 

y = Up + U 11-0 

The COMPARE stage of the compare designator is set. 

If the LESS THAN stage of the compare designator is set, program control 
passes to the location specified by y. 

IF (AL) < M, then y ~ P 
IF [(AL) mE (AU)] ,< M, then y --) P 

If the LESS THAN stage of the compare designator is not set, the processor 
executes the next instruction. 

IF (AL) ~ M, then (P) + 1 ~ P 
IF [CAL) mE (AU)] ~ M, then (P) + 1 ~ P 

NOTE: 

Execution of this instruction does not clear the compare designator. 
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70 LOAD AL WITH "KONSTANT" (LLK) 

Operation: y ~ A L 

Execution Tim e: 1.00 usec. 

y = U (sign extended to 18 bits) 

The contents of yare the lower-order 12 bits of this instruction extended to 18 
bits by the repetition of bit 11 in bit positions 17 through 12. This expanded 
18-bit num b er is placed in AL. 

Examples: 

70 0001 8 , Y = 0001 8 , LOAD AL WITH "KONSTANT" + 1 

(AL)i = any value 

(AL)f = 0000018 

70 77758, y = 77758' LOAD AL WITH "KONSTANT" - 1 

(AL)i = any value 

(AL)f = 7777758 

NOTES: 

• The LOAD AL WITH "KONSTANT" instruction itself remains unchanged by 
the operation. 

• U is the 12-bit number contained within the instruction; it does not refer to 
an address. 

• The c onstan t, U, may range in value from -37778 to +37778 , 
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71 ADD "KONSTANT" TO AL (ALK) 

Operation: (A L) + y ~ AL 

Execution Time: 1.00 usec. 

y == U (sign extended to 18 bits) 

The contents of yare the lower-order 12 bits of this instruction, extended to 
18 bits by the repetition of bit 11 in bit positions 17 through 12. This 18-bit 
number is then added to the contents of AL and the resultant, SUM, is placed 
in AL. 

Examples: 

71 00028 , y = 00028 , ADD "KONSTANT" + 2 TO AL 

(AL)i == 0577778 

(AL)f == 0600018 

71 77758 , y == 77758 , ADD "KONSTANT" - 2 TO AL 

(AL)i == 0670558 
(AL)f = 067053 8 

NOTES: 

• The ADD "KONSTANT" TO AL instruction itself remains unchanged by the 
operation. 

• U is the 12-bit number contained within the instruction; it does not refer to an 
address. 

• The constant, U, may range in value from -37778 to +37778 , 

• If the contents of AL is negative 0 and y is negative 0, the result of the 
addition is negative O. 

(AL)f = l's if (AL)i = l's and y = l's 

• The results of addition involving all other possible combinations of positive 
and negative 0 are positive O . 

• If the magnitude of the resultant is too large for AL to hold, the result is 
incorrect and the overflow designator is set. The state of the overflow 
designator is tested by either the SKIP ON OVERFLOW instruction (f = 5052) 
or the SKIP ON NO OVERFLOW instruction (f = 5053). The execution of 
either of these two instructions clears the overflow designator. 
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72 STORE INDEX REGISTER (SIR) 

Operation: IRP3 _0 ~ Y3-0 

O'S ~ Y5-4 

Execution Time: 3.00 usec. 

Y = Up + U 11 -0 

I SECTION, 6 

This instruction replaces the six low-order bits of the contents of y with a six-
bit value in wh ich the contents of IRP3 _0 replaces the contents of Y3-0 and zeros 
replace the contents of Y5-4' Bits 17 through 6 of the contents of Y remain unchanged. 
T.he resultant is stored at storage location y. 

NOTES: 

• If the contents of IRP equals 0, bit 3 of the contents of y is set. If the contents 
of IRP does not equal 0, bit 3 of the contents of y is cleared. That is, IRP 
points to storage address 108 when loaded with 008 , 

IF (IRP) = 0 (Y3) = 1 

IF (IRP) f. 0 (Y3) = 0 

• Since this instruction effects a partial transfer, the 12 high-order bits of Y 
remain unchanged. 

73 JUMP IF B REGISTER NONZERO (JBNZ) 

Operation: IF (8) +0, (8) - 1 ~ Band y ~ P 

IF (B) +0, (P) + 1 ~ P 

Execution Time: 1.75 usec. 

y = Up + U 11-0 

If the contents of B, specified by IRP, are not positive 0, the con ten ts of Bare 
decremented by 1 and program control passes to the location specified by y. If 
the contents of B, specified by IRP, are positive 0, the processor executes the 
next instruction. 

IF (B) +0, then (B) - 1 ~ Band y ~ P 
IF (B) +0, then (P) + 1 ~ P 

NOTES: 

• Negative 0 acts as not O. 

• Since B is a one's complement number and can take values less than zero, the 
B JUMP is effective for program loops only when the contents of 8 is initially 
positive. 
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6 
SEC TION: 

74 STORE ADDRESS OF AL (SAD) 

Operation: (ALll_O) ~ Yll-O 

Execution Time: 3.00 usec. 

Y = Up + Ull-O 

The low-order 12 bits of the contents of AL, (ALll _O)' replace the corresponding 
low-order 12 bits of the contents of Y, (Yll-0)' The high-order six bits of the 
contents of Y (Y17-l2) remain unchanged. 

The contents of AL remain unchanged and in AL. 

Example: 

(AL)i = 7625048 
(y\ = S677778 
(Y)f = S62S048 

NOTE: 

Since this instruction effects a partial transfer, the six high-order bits of Y 
remain unchanged. 

75 STORE SPECIAL REGISTER (SSR) 

Operation: (SRS_O) 4 YS-O 

Execution Time: 3.00 usec. 

Y = Up + Ul1 -0 

The contents of the special register replace the 6 low-order bits of the contents 
of Y (YS-O). Bit 4 of the special register, SR4 , is cleared to O. The contents of 
SR3_0,S bits 0 through 3 and bit S, and the contents of Y17-6 bits 17 through 6, 
remain unch anged by the operation. 

NO TES: 

PAGE: 

• Since the instruction effects a partial transfer, bits 17 through 6 of the con tents 
of Y (Y17 -6) remain unchanged . 

• This instruction deactivates the special register as the control bit, bit 4, is 
cleared. 
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76 STORE LOCA TION AND JUMP (SLJ) 

Operation: (P) + 1 ~ y and y + 1 ~ P 

Execution Time: 2.00 usec. 

y = Up + U11 -0 

The address of the next instruction in st~rage replaces the contents of the 
location specified by y; that is, the current program address plus 1 is stored in 
y. Program control passes to the location following the location specified by y; 
that is, jump to y plus 1. 

NOTES: 

• This ins truction transfers a full IS-bit word to y. 

• The lower 17 bits are (P) + 1; the upper bit is set to O. 

6.4. TYPE III INSTRUCTIONS 

The following are type III instructions. Each requires a function code of 50 and a 
minor function code in the range of OOS through 77 S. The 50 function code identifies 
the instruction as type III; the minor function code determines the operation to be 
performed. 

6.4.1. Type III-b Ins tructions 

Most of the type III-b instructions are the optional floa ting-point instructions. In 
processors not equipped with this feature, floating-point commands are considered 
as faults and generate a supervisor call interrupt. 

5002 FLOATING-POINT ADD (FA) and (FA*) 

Operation: (FA) 
[(A)+ (y-1,y)] ~ A 
(FA*) 
[(A) + (y-1 + (B), y + (B»] ~ A 

Execution Time: (4.35 + number of shifts/S) usec. 

y =~ Up or USR + U11 -0 

This instruction causes the signed floating-point number contained in the main 
storage addresses specified by y-I (most significant half) and y (least signi­
ficant half) to be added to the signed floating-point number contained in the 
A register. The sign is indicated by the most significant bit of y-1. The 
characteristics are compared and the fixed-point part and exponent in the 
floating-point number with the smallest exponent are adjusted until the two 
exponents are the same. The fixed-point parts are added, the sum is normalized, 
and the result is placed in the A register in the floating-point format. AUI7 
con tains the resultant sign. AU 16-9 contains the resultant exponen t and AU S-O 
and AL17 -0 contain the resultant fixed-point part. 
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NOTES: 

• If the resultant exponent is less than zero and the resultant fixed-point part 
is nonzero, the operation is completed by normalizing the fixed-point part 
and decrementing the exponent past.zero, packing the result in A, and causing 
an underflow interrupt to location 348 , 

• If the resultant exponent is greater than 3778 and the resultant fixed-point 
part is nonzero, the operation is completed by normalizing the fixed-point 
part (shift right one place), incrementing and truncating the exponent (which 
results in a zero exponent), packing the result in A, and causing an overflow 
interrupt to location 358 , 

• If the resultant fixed-point part is a plus or minus 0, a plus 0 is placed in the 
A register and no interrupt is generated. 

5003 FLOATING-POINT SUBTRACT (FS) AND (FS*) 

Operation: (FS) 
[(A) - (y-1,y)J ~ A 
(FS*) 
[(A) - (y-1 + (B), y + (B))] -> A 

Execution Time: (4.35 t number of shifts/8) usec. 

y = Up or U SR + U 11 -0 

This instruction causes the signed floating-point number contained in the main 
storage addresses specified by y-1 (most significant half) and y (least significant 
half) to be subtracted from the signed floating-point number contained in the A 
regis ter. The sign is indicated by the most significant bit of y-1. The exponents 
are compared and the fixed-point part and exponent in the floating-point number 
with the smallest exponent are adjusted until the two exponents are the same. 
After subtraction, the difference is normalized and the result is contained in 
the A register in the floating-point format. 

AU 17 contains the resultant sign. AU 16_9 contains the resultant exponent and 
AUS_O and AL17-0 contain the resultant fixed-point part. 

NOTES: 

• If the resultant exponent is less than zero and the resultant fixed-point part 
is nonzero, the operation is completed by normalizing the exponent and 
decrementing the fixed-point part past zero, packing the result in A, and 
causing an underflow interrupt to location 348 , 

• If the res ultant exponent is greater than 377 S and the resultant fixed-point 
part is nonzero, the operation is completed by normalizing the fixed-point 
part (sh ift right one place), incrementing and truncating the exponent (which 
res ults in a zero exponent), packing the result in A, and causing an overflow 
interrupt to location 358 , 

• If the resultant fixed-point part is a plus or minus 0, a plus 0 is placed in the 
A register and no interrupt is generated. 
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5004 FLOATING-POINT MUL TIPLY (FM) and (FM*) 

Operation: (FM) 
[(A) x (y-l ,y)] ~ A 

(FM*) 
[(A) >< (y-1 +- (B), y + (B»] ---) A 

Execution Time: 12.00 usec. 

y == Up or USR +- U11 -O 

6 
SECTION: 

This instruction causes the signed floating-poin t number contained in the 

PAGE: 

A register to be multiplied by the contents of the signed floating-point number 
contained in the main storage address specified by y - 1 (most significant 
half) and y (least significant half), with the product contained in the A 

register in the floating-point format. AU 17 contains the resultant sign. AU 16-9 
contains the resultant exponent and AU 8-0 and A L17 -0 contain the resultant 
fixed-point part. 

NOTES: 

• If the resultant exponent is less than zero, the operation is completed by 
placing the resulting exponent (which is truncated to 8 bits) and the 
normalized fixed-point part (shifted zero or one place left, since operands 
are assumed to be normalized) in A, then causing an interrupt to location 
348 , 

• If the resultant exponent is greater than 3778 , the operation is completed 
by placing the resulting exponent (truncated to 8 bits) and the normalized 
fixed-poin t part in A, then causing an interrupt to location 358 , 

5005 FLOATING-POINT DIVIDE (FD) AND (FD*) 

Opera tion: (FD) 
[(A) + (y-l,y)] ~ A 

(FD*) 
[(A) + (y-l + (B), y + (B»] -~ A 

Exec ution Time: 12.00 usec. 

y == Up or USR + UI 1-O 

This instruction causes the signed floating-point number contained in the A 
register to be divided by the contents of the signed floating-point number 
contained in the main storage addresses specified by y-l (most significant 
half) and y (least significant half), with the quotient contained in the A register 
in the floating-point format. The remainder is not saved. AU17 contains the 
resultant sign. AU16-9 contains the resultant exponent and AU8 _0 and AL17_0 
contain the resultant fixed-pO-jnt part. 
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SECTION: 

NOTES: 

• If division is attempted with an unnormalized divisor or a divisor of plus 
or minus 0, the operation is suppressed (contents of A is unchanged), the 
overflow designator is set, and an exponent overflow interrupt occurs to 
location 358' 

PAGE: 

• If the resultant exponent is less than 0, the operation is completed by 
placing the resulting exponent (truncated to 8 bits) and the normalized fixed­
point part in A, then causing an interrupt to location 348 , 

• If the resultant exponent is greater than 3778 , the operation is completed by 
placing the resulting exponent (truncated to eight bits) and the normalized 
fixed-point part (right shift of zero or one place) in A, then causing an 
interrupt to location 358 , 

5006 FLOATING-POINT PACK (FP) AND (FP*) 

Operation: (FP) 

(A35) -) A35 -27 
Normalized (A35-0) -) A26-0 

[(Y 7 -0) ± 'actual shift count] OOID A34 -27 -) A34 -27 
(FP*) when bit position 12 of the second word = 1, 

([ y+(B)7 -0] ± actual shift coun tI OOID A34-27 -) A34 -27 

Execution Time: (3.5 + number of shifts/8) usec. 

y = Up or USR + U 11 -0 

The contents of the A register (the fixed-point part) is normalized by shifting 
the contents of A left or right until the most significant bit of the number is 
in bit position 26. The sign bit, A35, is extended through bit positions 35-27. 
The contents of bit positions 7 through 0 of the main storage address specified 
by Y (the exponent part) plus the number of right shifts or minus the number of 
left shifts necessary for the normalization is exclusively ORed into bit positions 
34-27. 

Examples: 

(1) (AU) i = 000000 (AL)i = 000001 (y)i = 000233 
(AU) f = 201400 (AL)f = 000000 (y)f = 000233 

(2) (AU) i = 777777 (AL)i == 777773 (y)i = 000233 
(AU) f = 575377 (AL)f = 777777 (y)f = 000233 

(3) (AU)i = 123456 (AL)i = 712345 (y)i = 000233 
(AU)£ =~ 242516 (AL)f = 273451 (y)£ = 000233 

(4) (AU)i = 100000 (A L)i = 000000 (y)i = 000000 
(AU)f = a07400 (AL)£ = 000000 (y)£ = 000000 

NOTES: 

• If the contents of the A register are initially plus or minus 0, the result 
is plus O. 
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SECTION: PAGE: 

• Overflow and underflow are handled the same as in F A and FS (see notes 
given with FA and FS instructions), except that a right shift of eight places 
may cause the exponent to overflow past O. 

• The contents of the operand address are norma lly 02338 (bias + 271 0) for a 
float operation. For example, to tloat an integer value given in (AL): 

SLA 18 Put sign into (AU) 
SRA 18 Restore (AL) 
FP (0200+27) Float 

5007 FLOATING·POINT UNPACK (FU) and (FU*) 

C 

Operation: (FU) 

If (A35) = 0, (A34-27) ~ Y7-0 
If (A35) = 1, (A34 -27)- ~ Y7 -0 and 0 's ~ Y17 -8(A35) ~ A34-27 
(FU *) If bit position 12 of the second word = 1, 

(A34 -27) or (A34 -27 ) ~ [y + (B)]7-0 

Execu tion Time: 3.50 usec. 

y = Up or USR + U11 -0 

The contents of the absolute value of the exponent (that is, if S = 1, complement 
the exponent) in the A register bit positions 34 through 27 are transferred into 
bit positions 7 through 0 of the main storage address specified by y. If A35 is 
a 1 the exponent is complemented before storing. Zeros are put into Y17-8' The 
content of bit position 35 of the A register is put into bit positions 34 through 
27 of the A register. Bit positions 26 through 0 of the A register are unchanged. 

27 26 o 

M 

27 26 0 
'-,..... 

L "-- ~ s 

I 
~ 

y h --------------- ~ 17 C 

01 

- - --~ ~ -- - ---
M 

41 



UP·7599 
Rev. 1 UNIVAC 418·111 RTOS ASSEMBLER I SECTION, 6 

5010 READ AND SET (RS) and (RS*) 

Operation: (y) ~ AL or [y + (B)] d AL 

(Y16-0) -) Y16-0 and 1 ~ Y17 or [y + (B)]16-0 ~ [y + (B)]16-0 and 
1 ~ [y + (B)1 17 

Execution Time: 2.50 usec. 

y == Up or Us R + U 11-0 

This instruction transfers the contents of y, bits 17 through 0, into AL. Then 
bits 16 through 0 are restored to y, and bit 17 of y is set to 1. 

If bit 12 of (P + 1) is set, then the address is B modified. 

6.4.2. Type III-a Instructions 

5011 LOAD INPUT CHANNEL (LIC) - Privileged 

Operation: Load I/O channel K from (P) + 1 and (P) + 2. 
Initiate input, ( P) +- 3 ~ P. 

Execution Time: 5.30 usec minimum. 

Execu tion of this instruction activates the input channel specified by the K 
portion of the instruction and causes the two succeeding addresses to be 
stored in the input buffer control word addresses for the designated channel, 

PAGE: 

(P) + 1 == terminal buffer control word and (P) + 2 == present buffer control word. 
The processor then resumes normal operation by passing program control to the 
location immediately following the buffer control words, (P) + 3 ~ P. The contents 
of the two storage registers following the instruction remain unchanged by the 
operation. 

NOTES: 

• On ESI channels, the two words following a load input channel instruction 
are ignored since buffer control addresses are obtained from the communications 
line terminal (eL T) . 

• K must be odd for paired channel, 36-bit operation. 
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5012 LOAD OUTPUT CHANNEL (LOC) - Privileged 

Opera tion: Load I/O channel K from (P) -I- 1 and (P) + 2. 
Initiate output, (P)+ 3 .. ~ P. 

Execution Time; 5.30 usec minimum. 

6 
SECTION: PAGE: 

Execution of this instruction activates the output channel specified by the K 
portion of the instruction and causes the two succeeding addresses to be stored 
in the ou tput buffer control word addresses for the designated channel, (P) 
+ 1 = terminal buffer control word and (P) + 2 = present buffer control word. 
The processor then resumes normal operation by passing program control to 
the location immediately following the buffer control word, (P) + 3 ~ P. The 
contents of the two storage registers following the instruction remain unchanged 
by the operation. 

NOTES: 

• On ESI channels, the two words following a load output channel instruction 
are ignored since buffer control addresses are obtained from the communica­
tions line terminal (eL T). 

• K must be odd for paired channel, 36-bit operation. 

5013 LOAD EXT E RNAL FUNCTION CHANN E L (L FC) - Privi leged 

Operation; Load I/O channel K from (P) + 1 and (P) + 2. 
Initiate external function, (P) + 3 ~ P. 

Execution Time: 5.60 usec minimum. 

Execution of this instruction activates the input channel specified by the K 
portion of the instruction and causes the two succeeding addresses to be 
stored in the input buffer control word addresses for the designated channel, 
(P) -I 1 == terminal buffer control word and (P) + 2 occ present buffer control 
word. The processor then resumes normal operation by passing program con­
trol to the location immediately following the buffer control words, (P) + 3 ~ P. 
The contents of the 2 storage registers following the instruction remain un­
changed by the operation. 

NOTES: 

• K must be odd for paired channel, 36-bit operation. 

• K must be even for channels in ESI mode. 
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SEC TION: 

5015 STOP INPUT ON CHANNEL (STIC) - Privileged 

Operation: Stop input on channel K. 

Execution Time: 2.15 usec minimum. 

Execution of this instruction stops all input activity on the channel specified 
by the K portion of the instruction. 

NOTE: 

K should be odd for paired, 36-bit channel operation. 

5016 STOP OUTPUT ON CHANNEL (STOC) - Privileged 

Operation: Stop output or external function on channel K. 

Execution Time: 2.15 usec minimum. 

Execution of this instruction stops all output or external function activity on 
the channel specified by the K portion of the instruction. 

NOTE: 

K should be odd for paired, 36-bit channel operation. 

5017 STORE SPECIAL DESIGNATORS (SSD) 

Operation: Store the contents of SR and of the borrow and overflow designators 
in to the address specified by (P)+ 1; (P)+2 -) P. 

Execution Time: 2.50 usec. 

The designator settings and the SR contents will be stored in the following 
format: 

o o SR 

B is set to 1 if the borrow designator is set; 0 if it is not. 
OV is set to 1 if the overflow designator is set; 0 if it is not. 

5020 LOAD SPECIAL DESIGNATORS (LSD) 

Operation: Load the SR register and set the borrow and overflow designators 
with the contents of the address specified by (P)+ 1; (P)+2 -) P. 

Execution Time: 2.50 usec. 

The SR is loaded with bits 5-0 of the word specified at (P)+1. The borrow and 
overflow designators are set with the values of bit positions 11 and 10 of the 
word specified by (P)+ 1. 
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SECTION: 

5021 TEST INPUT CHANNEL (TIC) - Privileged 

Operation: If input channel K is idle (P) -I 2 -) P 
If input channel K is active (P) + 1 -) P 

Execution Time: 1.00 usec. 

This instruction tests for input activity on the channel specified by the K 
portion of the instruction. If there is no input activity on channel K, the next 
instruction is skipped. If there is activity on channel K, the next instruction 
is executed; (P) + 1 -) P. 

NOTE: 

K should be the same as in the load input channel instruction, 5011. 

5022 TEST OUTPUT CHANNEL (TOC) - Privileged 

Operation: If output channel K is idle (P) + 2 -) P 
If output channel K is active (P) + 1 -) P 

Execution Time: 1.00 usec. 

This instruction tests for output activity or external function activity on the 
channel specified by the K portion of the instruction. If there is no output 
activity or external function activity on channel K, the next instruction is 
skipped; (P) + 2 -) P. If there is output activity on channel K, the next instruc­
tion is executed; (P) + 1 -) P. 

NOTE: 

K should be the same as in the load output channel instruction, 5012. 

5023 TEST FUNCTION CHANNEL (TFC) - Privileged 

Operation: If external function channel K is idle (P) + 2 -) P 
If external function channel K is active (P) -\- 1 -) P 

Execution Time: 1.00 usec. 

This instruction tests for external function activity on the channel specified 
by the K portion of the instruction. If there is no external function activity on 
channel K, the next instruction is skipped; (P) + 2-) P. If there is external 
function activity on channel K, the next instruction is executed; (P) 1- 1 -~ P. 

NOTE: 

K should be the same as in the load external function channel instruction, 
5013. 
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5024 WAIT FOR INTERRUPT (WFI) - Privileged 
or 

5025 

Operation: Stop cia section, but not I/O transmission until the occurrence of 
an interrupt. 

Execution Time: 1.00 usec. 

This instruction stops the main program operation, but lets I/O activity con­
tinue normally. When an interrupt of any type occurs, the interrupt is processed, 
and main program operation is resumed. K is ignored. 

5026 NO OPERATION (NOP) 

Operation: (P) -j 1. P 

Execution Time: 1.00 usec. 

The execution of this instruction increments the contents of P by 1, (P) + 1 ~ P. 
No other operation occurs as a result of this instruction. 

5030 ALLOW ALL INTERRUPTS (AAI) 
or 

5031 

Operation: I~emove I/O interrupt lockout. 

Execution Time: 1.00 usec, 

This instruction perm its all I/O interrupts to be honored after having been 
locked out by the prevent all interrupts instruction, 5034 or 5035, or by the 
occurrence of an interrupt. K is ignored. Interrupts are inhibited for one instruc­
tion tim e fo llow in g the execution of this instruction. 

5034 PREVENT ALL INTERRUPTS (PAl) 
or 

5035 

Operation: Locks out I/O interrupts, 

Execution Time: 1.00 usec. 

This instruction prevents all I/O interrupts from being honored. K is ignored. 

NOTES: 

• This instruction stops interrupts from the delta clock and day clock but 
allows updating of them while preventing all I/O interrupts . 

• This instruction has the same effect as the occurrence of an interrupt. 
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SEC T ION: 

5041 RIGHT SHIFT AU (SRU) 

Operation: Shift (AU) right K bit positions. 

Execution Time: (1.00 -+ number of shifts/8) usec. 

The contents of A U are shifted to the right by the num ber of bit positions 
specified by the K portion of the instruction. The original sign bit of AU, 
the con tent of AU 17' at the time the shift begins is filled in at the left end 
of AU. In all cases, this is an end-off shift; the lower-order bits of AU, 
specified by K, are lost off the right end of AU. 

Example: 

K c-c 2 and the contents of A U are positive 
(A U\ =-c 3700008 

First Shift 
(AU) = 1740008 

Second Shift 
(AU)f cc· 0760008 

K 2 and the contents of AU are negative 
(AU)i ~ 4000008 

First Shift 
(AU) c. 6000008 

Second Shift 
(A U)f = 7000008 

5042 RIGHT SHIFT AL (SRL) 

Operation: Shift (AL) right K bit positions. 

Execution Time: (1.00 + number of shifts/8) usec. 

The contents of AL are shifted to the right by the number of bit positions 
specified by the K portion of the instruction. The original sign bit of AL, the 
contents of AL17 , at the time the shift begins is filled in at the left end of 
AL. In all cases, this is an end-off shift; the low~order bits of AL, specified 
by K, are lost off the right end of AL. 

5043 RIGHT SHIFT A (SRA) 

Operation: Shift (A) right K bit positions. 

Execution Time: (1.00 + number of shifts/8) usec. 

The contents of A are shifted to the right by the number of bit positions 
specified by the K portion of the instruction. The low-order bit of AU, the 
contents of AU O' becomes the high-order bit or sign bit of AL, the contents 
of AL17 . The original sign bit of A, the contents of A35 , at the time the shift 
begins is filled in at the left end of A. In all cases, this is an end-off shift; 
the low-order bits of A, specified by K, are lost off the right end of A. 
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Example: 

K = 2 and the contents of A is positive 
(A)i = 370000 OOOOOOS 

First Shift 
(A) = 174000 OOOOOOS 

Second Shift 
(A)f = 076000 OOOOOOS 

K =, 2 and the contents of A is negative 
(A)i = 400000 OOOOOOS 

First Shift 
(A) = 600000 OOOOOOS 

Second Shift 
(A)f = 700000 OOOOOOS 

5044 SeAL E A (SeA) 

6 
SEC TION: 

Operation: Shift (A) left circularly by K bit positions or until (A) is normal­
ized; K less the actual shift count (location 000017 S). 

Execution Time: (2.00 t number of shifts/S) usec. 

PAGE: 

If the K portion of the instruction is less than or equal to the shift count needed 
to normalize the contents of A, the contents of A are shifted left by the number 
of bit positions specified by K and positive 0 is stored at storage location 
000017 S' 

If the K portion of the instruction is greater than the shift count needed to 
normalize the contents of A, the contents of A become normalized and the 
number of bit positions that the contents of A are actually shifted is sub­
tracted from K and the difference is stored in storage location 000017 S. The 
contents of A become normalized by shifting the contents of A left until the 
most significant bit of the number is in bit position 34, A34' In the case of a 
positive number, the content of A34 equals 1, and in the case of a negative 
number, the content of A34 equals O. The content of A35 cannot equal the 
content of A34 for a normalized num ber. 

Example: 

A 

4S 
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SECTION: 

K= 7 
(A)i = 170000 0000008 (positive and not normalized) 

First Shift 
(A)f c-c 360000 0000008 (positive and normalized) 

The processor senses that the contents of A are normalized and stores the 
quantity K minus the shift count, (0000078-000001 8) = (0000068), at storage 
add res s 0000178 , 

K=3 
(A)i '-' 600000 0000008 (negative and not normalized) 

First Shift 
(A)f =-= 400000 0000018 (negative and normalized) 

When the contents of A is normalized, the quantity K minus the shift count is 
stored; (0000038) - (000001 8 ) ccc (0000028), at storage address 0000178 , 

K : .. 1 
(A\ = 070000 0000008 (positive and not normalized) 

First Shift 
(A)f = 160000 0000008 (positive and not normalized) 

When the number of bit positions specified by K have been shifted, the quantity 
0000008 is stored at storage address 0000178' The contents of A are only par­
tially normalized. 

NOTE: 

This instruction is useful in the conversion of numbers to a floating-point 
format. 

5045 LEFT SHIFT AU (SLU) 

Operation: Shift (A U) left K bit positions. 

Execution Time: (1.00 + number of shifts/8) usec. 

The contents of A U are shifted to the left by the number of bit positions speci­
fied by the K portion of the instruction. The high-order bits that are shifted out 
through the left end of AU fill in the low-order bit positions of AU. No bits are 
lost as a result of the operation. 

Example: 

K=2 
(A U\ = 3000008 

First Shift 
(A U) = 6000008 

Second Shift 
(AU)f = 400001 8 
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5046 LEFT SH I FT AL (SLL) 

Operation: Shift (AL) left K bit positions. 

Execution Tim e: (1. 00 -+ num ber of shifts/8) usee. 

The contents of AL are shifted to the left by the number of bit positions speci­
fied by the K portion of the instruction. The high-order bits that are shifted out 
through the left end of A L fill in the low-order bit positions of AL. No bits are 
lost as a result of the operation. 

5047 LEFT SHIFT A (SLA) 

Operation: Shift (A) left K bit positions. 

Execution Time: (1.25 -t number of shifts/8) usee. 

The contents of A are shifted to the left by the number of bit positions speci­
fied by the K portion of the instruction. The high-order bits that are shifted 
out through the left end of A fill in the low-order bit positions of A. No bits 
are lost as a result of the operation. 

Example: 

K=2 
(A)i 300000 0000008 

First Shift 
(A) = 600000 0000008 

Second Shift 
(A)f == 400000 0000018 

5050 TEST KEYS (TK) 

Operation: If keys designated by K are set, (P) -+ 2·~ P 

Execution Time: 1.00 usee. 

There are five skip keys on the UNIVAC 418-111 maintenance panel and console 
which, together with this instruction, permit external control of program branch­
ing. Bits 4 through 0 of the K portion of this instruction correspond to skip keys 
4 through 0 on the maintenance panel and console. For every bit in K4_0 that is 
set to 1, the corresponding skip key is examined. If any of the examined keys are 
set, the next ins tructions are skipped; (P) +- 2 ~ P. If K equals 0 or if all the 
examined keys are not set, the next instruction is executed; (P) + 1 ~ P. If 
K5 equals 1, the state of K4_0 is ignored, and the next instruction is skipped; 
(P) +- 2 ~ P. 

Example: 

K = 01 (bit 0) skip if skip key 0 is set. 
K = 02 (bit 1) skip if skip key 1 is set. 
K = 04 (bit 2) skip if skip key 2 is set. 
K c-: 10 (bit 3) skip if skip key 3 is set. 
K = 20 (bit 4) skip if skip key 4 is set. 
K = 40 (bit 5) skip unconditionally. 
K = 03 (bits 1,0) skip if skip key 1 or 0 is set. 



UP-7S99 
Rev. 1 UNIVAC 418·IIIRTOS ASSEMBLER I SECTION, 6 

NOTE: 

All combinations of octal codes 00 through 77 are valid codes for K. 

5051 TEST NO BOR ROW (TN B) 

Operation: If borrow designator is not set (P) + 2 -'J> P 
If borrow designator is set (P) + 1 -".> P 

Execution Time: 1.00 usec. 

This instruction tests the condition of the borrow designator and passes 
program control accordingly. If a double-length add or subtract required a 
borrow, the next instruction is skipped; (P) + 2 -) P. K is ignored. If a skip 
does not occur, a correction of the contents of A is needed. The contents of 
A will be too large by a factor of 1. The correcting instruction is ADD NEGA­
TIVEL Y TO A. This allows a correcting instruction to be inserted to save 
program steps. 

5052 TEST OVERFLOW (TOF) 

Operation': If overflow designator is set (P) + 2 -".> P 
If overflow designator is not set (P) + 1 -".> P 

Execution Time: 1.00 usec. 

PAGE: 

This instruction tests the condition of the overflow designator and passes 
program control accordingly. If an overflow condition occurred on an arithmetic 
instruction with the overflow designator set, the next instruction is skipped; 
(P) + 2 -".> P and the overflow designator is cleared. If an overflow condition 
did not occur on an arithm etic instruction with the overflow designator not 
set, the next instruction is executed. K is ignored. 

5053 TEST NO OVE RF LOW (TNO) 

Operation: If overflow designator is not set (P) + 2 -".> P 
If overflow designator is set (P) + 1 -".> P 

Execution Time: 1.00 usec. 

This instruction tests the condition of the overflow designator and passes 
program control accordingly. If an overflow condition did not occur on an arith­
metic instruction with the overflow designator not set, the next instruction is 
skipped; (P) + 2 -".> P. If a~ overflow condition did occur on an arithmetic in­
struction with the overflow designator set, the next instruction is executed; 
(P) + 1 -".> P, and clears the overflow designator. 

Sl 
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5054 T EST ODD PARI TY (TOP) 

Operation: 1£ sum of ones in [(AU) rJID] (AL)] 
is odd, (P) I- 2 ~ P 
If sum of ones in [(A U) mrn (AL)] 
is even, (P) + 1 --) P 

Execution Time: 2.40 usec minimum (see NOTE) 

6 
SEC TION: 

The contents of AU are logically multiplied with the contents of AL and the 
number of binary l's in the result is checked for parity. 1£ the number of l's 
is odd, the next instruction is skipped; (P) + 2 ~ P. 1£ the num ber of l' s is 
even, the next instruction is executed; (P) + 1 ~ P. K is ignored. 

The contents of AL and A U remain unchanged and in AL and AU. 
(AU)f = (AU)i and (AL)f =-: (AL)i 

Example: 

(AU) = 0000778 - Mask 

(AL) = 1277238 
[(AU) mrn CAL)] = 0000238 
Bit Sum = 3 

Since the bit sum is odd, the next instruction is skipped. 

NOTE: 

IOM-ItO is used in the execution of this instruction; therefore, the execution 
time of this instruction is dependent upon queuing within the 10M. 

5055 T EST EVE N PAR I T Y (T E P) 

Operation: If sum of ones in [(AU) fJ3!l (AL)] 
is even, (P) + 2 --') P 
If sum of ones in [(AU) r.m!l (AL)] 
is odd, (P) -+ 1 -> P 

Execution Time: 2.40 usee minimum. 

The contents of AU are logically multiplied with the contents of AL and the 
num ber of binary l' s in the result is checked for parity. If the num ber of l' s 
is even, the next instruction is skipped; (P) + 2 --') P. If the number of l' s is 
odd, the next instruction is executed; (P) + 1 --) P. K is ignored. 

The contents of AL and AU remain unchanged and in AL and AU. 
(A U)f =- (A U)i and (AL)f = (A L)i 

NOTE: 

IOM-ItO is used in the execution of this instruction; therefore, the execution 
time of this instruction is dependent upon queuing within the 10M. 
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5056 STOP ON KEY SETTING (SK) - Privileged 

Operation: Stop if keys designated by K are set. 

Execution Time: 1.00 usee. 

There are five stop keys on the UNIVAC 418-111 maintenance panel and console 
which, together with this instruction, permit external control of program stops. 
Bits 4 through 0 of the K portion of this instruction correspond to stop keys 
4 through 0 on the maintenance panel and console. For every bit in K4_0 that 
is set to 1, the corresponding stop key is examined. If any of the examined 
keys are set, the c/ a section stops. If K equals 0 or if all the examined keys 
are not set, the next instruction is executed; (P) + 1 -7 P. If K5 equals 1, the 
state of K4_0 is ignored and processing stops. 

Example: 

K = 01 (bit 0) stop if stop key 0 is set. 
K = 02 (bit 1) stop if stop key 1 is set. 
K = 04 (bit 2) stop if stop key 2 is set. 
K = 10 (bit 3) stop if stop key 3 is set. 
K = 20 (bit 4) stop if stop key 4 is set. 
K = 40 (bit 5) stop unconditionally. 
K == 03 (bits 1,0) stop if stop key 1 or 0 is set. 

NOTES: 

• All combinations of octal codes 00 through 77 are valid codes for K. 

• This instruction is treated as a no operation while in guard mode. 
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5060 ROUND A (RNO) 

Operation: If (A) is positive and (AL I7) = 1, (AU) + 1 ~ AL 
If (A) is negative and (AL I7 )= 0, (AU) - I ~ AL 
If otherwise, (AU) ~ (AL) 

Execution Time: 1.625 usec. 

6 
SECTION: 

The purpose of this instruction is to round off double-length arithmetic results 
to single-length. If AL contains a significant bit, the significant bit being 1 
for positive numbers and 0 for negative numbers, the magnitude of the AU 
portion of the double-length result is increased by 1 and the AL portion is 
discarded. In all cases, whether rounding takes place or not, the contents of 
AU replace the contents of AL. K is ignored. 

The contents of AU remain unchanged and in AU. 
The contents of AL are destroyed. 

Example: 

(A) = 120201 6533758 
(A U) = 1202018 
(AL)i -_"C 6533758 
(AL)f = 1202028 

NOTE: 

If the contents of AU equal positive 3777778 and the contents of AL17 equal 
1, or if the contents of AU equal negative 3777778 and the contents of ALl7 
equal 0 and the ROUND A instruction is executed, overflow occurs and the 
overflow designator is set. The state of the overflow designator is tested by 
either the SKIP ON OVERFLOW instruction (f = 5052) or the SKIP ON NO 
OVERFLOW instruction (f = 5053). The execution of either of these two in-
structions clears the overflow designator. 

5061 COMPLEMENT AL (CPL) 

Operation: (AL) ~ AL 

Execution Time: 1.00 usec. 

The contents of AL are complemented and the result is placed in AL. K is 
ignored. 

NOTES: 

• This instruction effects a bit-by-bit complement of the contents of AL. 

• If the contents of A L are all 0' s, the result of the complement is all 0' s. 
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5062 COMPL EM EN T AU (CPU) 

Operation: (AU) -~ AU 

Execution Time: 1.00 usec. 

The contents of AU are complemented and the result is placed in AU. K is 
ignored. 

NOTES: 

• This instruction effects a bit-by-bit complement of the contents of AU. 

• If the contents of AU are all zeros, the result of the complement is all 
zeros. 

5063 COM P L EM EN T A (C P A) 

Operation: (A) ~ A 

Execution Time: 1.875 usec. 

The contents of A are complemented and the result is placed in A. K is 
ignored. 

NOTES: 

• This instruction effects a bit-by-bit complement of the contents of A. 

• If the contents of A are all D's, the result of the complement is all D's. 

5065 LOAD GUA RD MODE (LGM) - Privi leged 

Operation: Load the lower and upper storage registers with ((P) + 1)8_0 
and ((P) + 1)17-9 and set guard mode designator active; (P) + 2 
~ P. 

Execution Time: 1.75 usec. 

5066 SET AUDIBLE ALARM (SAA) - Privileged 

Execution Time: 1.00 usee. 

This instruction initiates the console audible alarm. This alarm must be 
manually reset with the audio reset switch on the console. K is ignored. 
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5067 ENABLE ESIINTERRUPTS (EEl) - Privileged 

Operation: Remove ESl interrupt lockout. 

Execution Time: 1.00 usec. 

This instruction clears the ESl interrupt lockout designator which is set by 
the generation of an ESl "hard" interrupt. If the K portion of the instruction 
is any octal code 00 through 17, lOMita is selected; and if the K portion is 
any octal code 20 through 37, 10M Ttl is selected. 

(P) [ JI sis ~I 
\Or 

f 17-12 
m
ll

_
6 KS-O 

NOTES: 

• The 10M does not notify the arithmetic section of interrupts tabled while 
the ESl interrupt lockout designator is set. 

• After the execution of this instruction, the next ESl interrupt which is 
received by the specified 10M generates a "hard" interrupt in addition to 
being tabled. 

• This instruction does not clear the interrupt lockout in the command/arith­
metic section but clears only the ESl interrupt lockout in the 10M specified 
by the K portion of the instruction. 

• ESl interrupts are inhibited for one instruction time following the execution 
of this instruction. 

5070 BLOCK TRANSFER (BT) 

Operation: If K I- 0, (AU) 7 (AL); (AU) + 1 7 AU; (AL) + 1 ~ AL. 
The sequence is repeated K times. 

Execution Time: (1.750 + 1.5 x number of words in block) usec. 

This instruction transfers the number of words specified by the K portion of 
the instruction from an initial address specified by the contents of A U to an 
initial address specified by the contents of AL. The contents of AU equal 
the source address and the contents of AL equal the destination address. The 
contents of AU and AL are incremented by 1 with each word transferred. 

NOTES: 

• The maximum number of words that can be transferred with a single instruc­
tion is limited by the K portion of the instruction, 77 octal words. 

• If an interrupt is generated during the block transfer, it is not honored until 
the completion of the BLOCK TRANSFER instruction. 

• If K equals 0, no data is transferred, and the contents of AU and AL remain 
unchanged. 
(A U)f = (A U)i and (A L)f = (AL)i 
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SECTION: 

5072 LOAD INDEX REGISTER POINTER (LIR) 

Operation: K2_0 ~ IRP 

Execution Time: 2.50 usec. 

The execution of this instruction causes the present contents of the B "hard" 
register to be stored at the address specified by the present contents of IRP. 
IRP is then loaded with the low-order three bits, bits 2 through 0, specified 
by the K portion of the instruction. The contents of storage, specified by the 
new contents of IRP, are loaded into B. 

NOTES: 

• The constant K is contained within the instruction and does not refer to an 
address. 

• IRP points to storage address 109 when it is loaded with OOg. 

• The index registers, storage addresses 01 g through 109, may be loaded 
during an initial load operation. 

5073 LOAD SPECIAL REGISTER (LSR) 

Operation: y ~ SR5_0 

Execution Time: 1.00 usec. 

PAGE: 

The execution of this instruction causes the low-order six bits of the instruction, 
specified by K, to replace the contents of the special register. The special register 
is activated only if bit 4 is set. Bit 5 and hits 3 through 0 define the storage seg­
ment to be addressed. 

57 



UP-7599 
Rev. 1 UNIVAC 418·111 RTOS ASSEMBLER ISECT,oN, 6 I PAGE, 58 

5074 DECIMAL TO BINARY CONVERSION (DB) 

Operation: [CAUO-3,6-9,12-1S)]lO ~ [AL 9 _O]2 

Execution Time: 7.735 usec. 

01 

This instruction causes a three-character BCD number, packed in a six-bit 
field in AU, to be converted into a binary number. The resultant binary number 
is the content of AL. The maximum decimal number to be converted must not 
exceed [9991 10. 

02 03 

[ X X N N N N X X N N N N X X N N N NI AU; 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 AUf 

1 X X X X X X X X X X X X X X X X X xl AL; I 0 0 0 0 0 0 0 01 N N N N N N N N N N 1 ALf 

17 10 9 

Dl, D2, D3 are assumed to be unbiased, positive BCD digits. XX bits are 
ignored CDI = MSC). 

NOTES: 

• No test is made for invalid BCD characters; that is, greater than 9. 

• This instruction should be useful in program conversion of longer fields 
by a convert, multiply by ION, add, process. 

o 

• In processors not equipped with this feature, convert commands are considered 
a fault and generate a supervisor call interrupt. 
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5075 BINARY TO DECIMAL CONVERSION (BD) 

Operation: [(AL9_0)12 ~ [AUO-3 ,6-9,12-15]10 

Execution Time: 8.250 usec. 

This instruction causes a binary number which mus t not exceed 99910 to be 
converted to BCD. The binary number contained in AL is converted to BCD 
and is placed in AU in three six-bit characters. The first two bits of each 
packed character are to be ignored and the next 4 bits contain the BCD code. 
The most significant character appears at bits AU17 through AU12' 

o 0 0 0 0 0 

°IN 
NNNNNNNN NI ALi Ix XXXXXXXXXXXXXXXX 

01 02 03 

00000 0 0 000 000 000 01 ALf Ix X N N N N X X N N N N X X N N N 

AU17 AU12 

NOTES: 

• Larger binary numbers should be converted by a divide by 103 , convert, 
store sequence • 

• In systems not equipped with this feature, the convert commands are con­
sidered a fault and generate a supervisor call interrupt. 

xl 

NI 

59 

AU, 

AUf 
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SECTION: 

APPENDIX A. INSTRUCTION 
REPERTOIRE 
SUMMARY 

OPERATION TIMING 

CODE 
MNEMONIC INSTRUCTION DESCRIPTION IN /-1 

SECONDS 

ARITHMETIC COMMANDS 

5060 RND Round A If (A) is positive and 1.625 
(ALl7 ) = 1, AU+-l-)AL; If 

(A) is negative and (ALl7 )= 

0, (AU) -14AL; otherwise 
(AU)--)AL. 

14 AL Add to Lower (AL)I (Y) >AL 1.50 

15 AL* Add to Lower 1.50 

16 ANL Add Negative Iy to Lower (AL)-(Y) >AL 1.50 

17 ANL* Add Negative Iy to Lower 1.50 

20 AA Add to A (A)+ (Y -1, Y) ) A 3.0 

21 AA* Add to A 3.0 

22 ANA Add Negatively to A (A)-(Y-l, Y) >A 3.0 

23 ANA* Add Negative Iy to A 3.0 

24 M Multiply (AL). (Y) >A 6.5 CD 
7.37 r;fJ) 

25 M* Multiply 6.5CD 

26 0 Divide (AL)-;-(Y) >AL; Remainder>AU 
®7.375@ 

6.5 3 
®7.37S@) 27 0* Divide 6.5 3 

71 Add to Lower A "Konstant" (AL)-I Z->AL 1.0 
7.3750 

ALK 

FLOATING-POINT ARITHMETIC COMMANDS 

5002 ** FA Floating Point Add (A)+ (Y -1, Y»A 4 .35+x 

5003 ** FS Floating Point Subtract (A)-(Y-l,Y)->A 4.35+x 

5004 ** FM Floating Point Multiply (A).(Y-1,Y»A 12.0 

5005 ** FD Floating Point Divide (A)-'- (Y -1, Y»A 12.0 

5006 ** FP Floating Point Pack Normalize (A),pack with 3.5+x 
biased character istic from (Y), 
and store in A. 

5007** FU Floating Point Unpack Unpack A, leave mantissa 3.5 
in A. Store character istic in Y. 

BINARY /DECIMAL CONVERSION COMMANDS 

5074 DB Dec ima I-to-Binary Conversi on (AU15_ 12 9-6 3-O)~ AL (Binary) 7.375 
f , 

5075 BD Binary-to-Decimal Conversion AL --') (AU15_ 12, 9-6, 3-0) (Decimal) 8.250 

1 
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OPERATION 
CODE 

MNEMONIC INSTRUCTION 

LOGICAL COMMANDS 

51 OR Inclusive OR 

52 AND Logical AND 

53 XOR Exclusive OR 

5061 CPL Complement A Lower 

5~2 CPU Complement A Upper 

5063 CPA Complement A 

TRANSFER COMMANDS 

10 LU Load A Upper 

11 LU* Load A Upper 

12 LL Load A Lower 

13 LL* Load A Lower 

44 SL Store A Lower 

45 SL* Store A Lower 

46 SU Store A Upper 

47 SU* Store A Upper 

70 LLK Load A Lower with" Konstant" 

04 MSL Masked Selective Load 

05 MSL* Masked Selective Load 

32 LB Load Index Register 

33 LB* Load Index Register 

42 SB Store Index Register 

43 SB* Store Index Register 

36 LBK Load Index Register with 
" Konstant" 

37 LBK* Load Index Register with 
•• Konstant" 

74 SAD Store Address of A Lower 

5072 LlR Load Index Register Pointer 

5073 LSR Load Spec ia I Regis ter 

72 SIR Store Index Register Pointer 

75 SSR Store Special Register and 

Inactivate 

40 CY Clear Y 

41 Cy* Clear Y 

5070 BT Block Transfer 

5017 SSD Store Special Designators 

5020 LSD Load Spec ia I Des ignators 

Appendix A 2 
SECTION: PAGE: 

TIMING 
DESCRIPTION IN 11 

SECONDS 

(ALl l!l3 (Y)--'>AL 1.50 

(AL) tim] (Y)--'>AL 1.50 

(AL) IBI(Y)--'>AL 1.50 

The complement of (AL)--'>AL 1.0 

The complement of (AU)--'> AU 1.0 

The complement of (A)--'> A 1.875 

(y)--,> AU 1.50 

1.50 

(Y)--'>AL 1.50 

1.50 

(AL)--'>Y 1.50 

1.50 

(AU)--'>Y 1.50 

1.50 

Z--'>AL 1.0 

(YN)--,>AL for (AUN)=l 1.50 

1.50 

(Y)--'>IR 1.5 

1.5 

(IR)~Y 1.50 

1.50 

Z--'>IR 0.75 

0.75 

(AL11-0)--'>Y11-0 3.0 

K2 -0--'> IRP 2.5 

K5 - O--'>SR 1.0 

(IRP)~ Y {If (IRP)~O. } 3.0 2 -0 OOl--'>Y 
5-3 

If (IRP)*O, 

000--'>Y5_ 3 
(SR)--,>Y5_

0
,0--,>SR

4 3.0 

O--'>Y 1.50 

1.50 

Transfer K words from 1.750+1.5n 

ADRAU--'>ADRAL 

(SO) -t IAR+1 2.5 

(IAR+1)-tSD 2.5 
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OPERATION 
CODE MNEMONIC 

SHIFT COMMANDS 

5041 SRU 

5042 SRL 

5043 SRA 

5044 SCA 

5045 SLU 

5046 SLL 

5047 SLA 

LOOP CONTROL COMMANDS 

73 JBNZ 

56 TB 

57 TZ 

COMPARE COMMANDS 

INSTRUCTION 

Shift Right A Upper 

Shift Right A Lower 

Shift Right A 

Sca Ie A 

Sh ift Left A Upper 

Shift Left A Lower 

Shift Left A 

Jump and Mod ify if Index 
Register Non-Zero 

Test B-Register for Equa I ity 

Test Any Location for Zero 

Appendix A 
SECTION: 

DESCRIPTION 

Shift AU right (END-OFF) 

K bit pOSitions 

Shift AL right (END-'OFF) 
K bit pOSitions 

Shift A right (END-OFF) 

K bit pos itions 

Shift A left (END AROUND) 
K places or until normalized 
K less shift~000178 

Shift AU left (END AROUND) 

K bit pOSitions 

Shift AL left (END AROUND) 

K bit pOSitions 

Shift A left (END AROUND) 
K bit pos it ions 

If (I R) :t 0, (I R) - 1 -~ I Rand 

Y->IAR 

If (IR)=O, (IAR) + l-~IAR 

If(IR)=Y, (IAR)+2-) IAR 

If( IRJ.iY,( IR) \ 1 )IR 

If(Y)o{),(IAR)12-) IAR 
If(Y)lO,(Y)-l-)Y 

TIMING 
IN 11 

SECONDS 

1+x 

1 \ X 

1 + x 

2+x 

1 +x 

1 +-x 

1.75 

2.5 

2.25 

~--------~-----------~----------------------~--------------.--------~------~ 
02 

03 

06 

07 

CL 

CL* 

CLM 

CLM* 

Compare A Lower 

Compare A Lower 

Compare A Lowel Masked by 

A Upper 

Compare A Lower Masked by 
A Upper 

COMPARISON JUMP COMMANDS (COMPARE DESIGNATOR SET) 

(AL): (Y) set CD accordingly 

[(AU) r..nrn (AL)] : [(AU) 

rJllil (Y)]; set CD accordingly 

1.50 

1.50 

2.0 

2.0 

r----------.------------~----------------------._----------------------~---------
0.75 60,61 JE 

62,63 JNE 

64,65 JNLS 

66,67 JLS 

Jump on Equa I 

Jump on Not Equa I 

Jump on Not Less 

Jump on Less 

If CD equal condition set, 
Y>IAR 

If CD equal condition clear, 

Y>IAR 

If CD not less than condition, 
Y,IAR 

If CD less tllan condItion, 
Y->IAR 

0.75 

0.75 

0.75 

3 
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SECTION: 

OPERATION 
CODE 

MNEMONIC INSTRUCTION DESCRIPTION 

ARITHMETIC JUMP COMMANDS (COMPARE DESIGNATOR NOT SET) 

60 JUZ Jump on A Upper Zero If (AU)=O, Y ~IAR 

61 JLZ Jump on A Lower Zero If (AL)=O, V--?IAR 

62 

63 

64 

65 

66 

67 

JUNZ 

JLNZ 

JUP 

JLP 

JUN 

JLN 

Jump on A Upper Non-Zero 

Jump on A Lower Non-Zero 

Jump on A Upper Pas itive 

Jump on A Lower Pas itive 

Jump on A Upper Negative 

Jump on A Lower Negative 

UNCONDITIONAL JUMP COMMANDS 

34 

35 

55 

30 

31 

76 

SKIP COMMANDS 

5050 

5051 

5052 

5053 

5054 

5055 

J 

J* 

JI 

SLJI 

SLJI* 

SLJ 

TK 

TNB 

TOF 

TNO 

TOP 

TEP 

Jump 

Jump 

Jump Indirect 

Store Location and Jump 

Ind irect 

Store Lecation and Jump 
Ind irect 

Store Location and Jump 

Test Keys 

Test No Borrow 

Test Overflow 

Test No Overflow 

Test Odd Parity 

Test Even Parity 

EXECUTIVE COMMANDS (INTERRUPT CONTROL) 

5024 } 
5025 

5030 
5031 

5034 
5035 

54 

5067 

} 
} 

WFI 

AAI 

PAl 

EJI 

EEl 

Wa it for Interrupt 

A Ilow A II Interrupts 

Prevent A II Interrupts 

Enable Interrupts and 
Jump Ind irect 

Enable ESI Interrupt 

If (AU)fO, V~IAR 

If (AL) +-0, V -7IAR 

If (AU) is positive, V -> IAR 

If (AL) is positive, V->IAR 

If \AU) is negative, V -> IAR 

If (AL) is negative, V-> IAR 

V>IAR 

(V16 _ O)->IAR 

(IARH 1. Location in (V); 
(V)+ 1 > IAR 

Skip if keys designated by K 
are set. (IA R) 1- 2 ->JAR 

If borrow indicator off, 
(iAR)+ 2-.IAR 

If overflow indicator on, 

(IAR)+ 2-> IAR 

If overflow indicator off, 
(IAR)+2-.IAR 

If sum of l's in (AU) tuI!l 
(AL) is ODD, (IAR)+2->IAR 

If sum of l's in (AU) rJml 
(AL) is EVEN, (IAR)+2 ~ IAR 

Stop CIA Unit (not I/O) 
unti I Interrupt 

Allow all Interrupts 

Prevent a II Interrupts 

(V1S-o)--JIAR; enables 

Interrupts 

If K=O lows ESI Interrupts, 

10M 11:0; If K =20
8

, allow ESI 

Interrupts 10M #1 

TIMING 
IN j1 

SECONDS 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

1.50 

2.25 

2.25 

2.0 

1.0 

1.0 

1.0 

1.0 

2.4 

minimum 

2.4 

minimum 

1.0 

1.0 

1.0 

1.50 

1.0 

4 
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OPERATION 
CODE 

MNEMONIC INSTRUCTION 

EXECUTIVE COMMANDS 0/0) 

5011 LlC Load Input. Channe I 

5012 LOC Load Output Channe I 

5013 LFC Load External Function 
Channel 

5015 STIC Stop Input on Channel 

5016 STOC Stop Output on Channel 

5021 TIC Test Input on Channel 

5022 TOe Test Output on Channel 

5023 TFC Test Externa I Funct ion 

on Channel 

EXECUTIVE COMMANDS (STORAGE PROTECTION) 

5065 LGM Load Guard Mode 

EXECUTIVE COMMANDS (STOP) 

5056 SK Stop on Key Settings 

(if not in Guard 
Mode) 

EXECUTIVE COMMAND (SPECIAL) 

5010** RS Read and Set 

5026 NOP No Operation 

5066 SAA Set Audible Alarm 

SUPERVISOR CALL COMMANDS 

00 Superv isor Ca II 

01 Supervisor Call 

n Supervisor Call 

5000 Supervisor Call 

5001 Supervisor Call 

50n Supervisor Call 

Appendix A 5 
SECTION: PAGE: 

TIMING 
DESCRIPTION IN /1 

SECONDS 

Load I/O Channel K from 5.3 
(IAR)+ 1 and (IAR)+2, initiate minimum 
input; then (IAR)+3.IAR 

Same as LlC except that 5.3 
output is initiated minimum 

Same as LlC except that 5.6 
Externa I Function is initiated minimum 

Stop Input on Channel K 2.15 
minimum 

Stop Output on Channe I K 2.15 
minimum 

If Input Channel K idle, 1.0 
(IAR)+2--,IAR 

If Output Channel K idle, 1.0 
(IAR) +- 2 ) IAR 

If Externa I Function Channe I 1.0 

K idle, (IAR)+- 2· IAR 

((IAR)+1)17_9 ---. Upper Limit 1. 75 

((lAR)-tl)8_0 --'> Lower Limit, 

G u a r d Mod e iss eta n d 
(IAR)+2 --+ IAR 

Stop, if keys designated 1.0 

by K are set; if in Guard 

Mode, (IAR)+l>IAR 

(Y)->AL,l ) Y17 2.5 

1.0 

1.0 

0.75 

0.75 

0.75 

1.0 

1.0 

1.0 
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LEGEND FOR INSTRUCTION REPERTOIRE 

Subscripts specify bit positions in the register or quantity subscripted. 
N represents each bit position. 

Appendix A 
SECTION: 

* = To index an assembler instruction, prefix operand with *(asterisk). The assembler adds 1 to 
octal operation code, or set 212 = 1 of IAR + 1. 

x "- number of shifts /1 seconds 
8 

n = number of words in the block 

** = IR-sensitive if 212 of IAR + 1 is set to 1; indexing is indicated by prefixing the operand with an 
asterisk (*). 

AL = Lower accumulator 

AU = Upper accumulator 

A = Upper and lower accumulators acting as one register 

IR = The active index register 

IAR :;.; Instruction address register 

CD =- Compare designator 

Y = On the left of the ~ symbol, the storage address in the low~order 12 bits of the instruction (bits 
11-0); on the right of the ~ symbol, the storage location specified by that address. 

K = The unsigned integer or bit configuration in the low-order 6 bits of the instruction (bits 5-0). 

Z = The low-order 12 bits of the instruction p extended to 18 bits by repetition of bit 11 in bit positions 
17-12, and treated as a constant in the range -3777 to +3777 octal. 

( ) = Contents of the register named in the parentheses; that is p (Y) = contents of Y. 

=.: Rep laces the contents of 

= Compare algebraically the quantities on either side of this symbol. 

EIilil = Exclusive OR 

rJIDl = Logical AND 

[i]J C" .• Logical OR 

CD Multiplying numbers of like signs. 

o Multiplying numbers of unlike signs. 

® Dividing positive numbers. 

® Dividing numbers of unlike signs or negative signs. 

6 
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SECTION: 

A sample of each operand type follows. To index an instruction in the assembly language, 
prefix the operand with an asterisk. The assembler adds a 1 bit to the octal op-code of 
single word instructions, or sets bit 12 of the second word of two-word instructions (op­
codes 5002 through 5010 and 5064). 

-------------------------------------_ .• _ .• 
LABEL OPERATION OPERAND COMMENTS 

F=========-~-=_=_=_=1~O=============~20~=============3~O===============40~=============5=0==_===== .====-~6~O=====_=_=_=_=_=_=_=_~7~ 
n."'I~ I 
W'~~II<.J 
f1E.IMIP I 

I l!;lQ,uJ ._"-- [ I 

j JL 1+,0, J.I 
'.1. 1 L 1 1 j I 1 

rL 

1 J I _ ~ _ LJILEJ!L 1 .LJ. J L L llt91-'l._LLJ-1 .. L..LL LJ , j _ '.L LJ ~ .. 1 .L_1-.i 

J LL I J 1 j 

[ I. J 1 ! I 1 L I 

1 __ 1 _L.1 L . ..1 L. [ I 1 _J _ i L III 1 iii 

,.-'---Ll:t-,QL.L.L_LLLJ.lJ-'-L£U~_'___J?tlLI_J'.lTL[I?J~lR,rLLJ_~ ,_I.Ll [L [ II 

~~l~,Xu,~' ~~-L~I_I~+~,O~I ~1~,~~I~,~I~,~I_·~'~'lF~,r~'Dx~le~,~O~,~'LP~,~~I~I~,N~,T~I~,LP~,A~!nR~,TWI~!JI_L~~'_L' J.'-L.L-LJ.I_'LJ.I~'~~_~~~_L-'---l_ 

eL)(p, I I 1 Ll±t~, . .l j 

'ILALLJUtE'L L J laE~l 

ILL I J 1 L '-., 

[ 1 1 

1..LJ-'LJ.e1~e~J'hE[~Ti_'L~. .-,--L.1 i_ 

L4LPJ L . .L 1 1 .L.L [_1..L.1...1 L I L~ 

,1 [ 1 

J 1.~ j 11 I L 

L I l __ ~ I __ J 1 

J 1 I I LL_L.L ! LL_J_ 1 J 

L L J l I i 

L I J I L ,l I I J I I i J ! I 1 I 

11, ( J i 

'--1 I I I I 

~~-L~LJ.-L..i-~~~~LJ.-L~LJ~~~LJ.-L~~-L~L-~~O~~,P~IEillnR~IA~1uN~IP~I-LI_ILJ.I-L1 ~1-L~~~_L~~-L..J.I-LI~~i_ILJ._L' ~I-LL~ 
L 1 , L I L 

, 1.1 

~,I£M[PL 

ITLW,O': 1 

I- LJl:~J)L~~dYL_Le'I2LUh~Njh I 

1 kl j~[ 1~P.£.£~~lt!JD1.1 L [.1 L.l j 1 1.1 

is,\"j , [ 1 I\.I,~H~,KJ , J 1 - [ _.LV L ,o:P,e:.S.L~J"1P [ , , I 

lS,L[L[ 1 L I LllLL LL'_.L~~P_IEl.R,AtN10Ll.L-'-1 

111 

1,1 , i 

, I I I 

1 I 

I--'_-'--'--L_L..L_L~.LI ~1S!S~IL"jI--L-'ILJ.' _LI -L1-LJI~I$!JI..!:+.l!1 2.!oJIL-J.-L~L.J.I_J..1 -11-=.,-",-, ..JIL!Y-'-I _1L!f!JClCIP~,EclIR~Ip..lIIN!.!!l!IO~ILJ.1 -LI ~1-L-L..L.l-L1 ~1-1-1 _LI -L-l-L-LI .JI--,-~,---,-I -L-'--L-"I_LL..L.L...L.L 

, I l J 1 1 I IJ'I J L1..1 leJ'1IJJT L1 1 [ 'L.L1-'-1 81 [~lPJe.IRIA[N10l_L I [ 11 1 I 1 1 I , I I L ,1.1 [ I 

l1 j l [ I_I I J , 1 111.1 I L 

11 J J L .LJ J L I I 1 1_11 1 L[ 

, LLJ 1 

_1...L.L1.. 

_ L 1 L L.' 1 L..1. L_,. 1. L L.1. 1 L I I I 

.1..1._[ ._1 L L_1._1..L.L..L-L.'L.1_~ _ L L 

I I , L_I_I 111 

ILl I j 1 1 I I I [ 

I' I , I 1 h IF[~,~ ~EL~,CH l"-IF, I'LtllE.'l lFjL.L~~,TLI[\lttG!, IPJ~JIlI\l1T, LrJ~SJT ,R,1U,CIT1'tle,NLS, 
I I I , , I i_LL.LL...Ll.LLLI !oJ ,TIHE, ,A,SSIEIMIBIL,E,R I ,<ilIENIE IBIA,T IE IS, ITIW10', ILt,N,ES, IO'IF I ICI~OIE"1 I , 

J III 

j I 

1 l L i 1 1 

1..1 -1 I 

1 [ 1 1 I 

1'_1 

J lL:U, 1 

L1.L l t.L.J _1 

lE&\. 

l~lI')(i-d.LL' .1 I 1 1 1.1._1.. J. j 1 

[.!F,:,XLXt ~ .. L 1.1 .J [ .C. L. 1 : I I ! 1 ; 

! I ! 

I I i 

1 L: 

, j 

, I 

I I 

I I I! ! I I I I , I I I IFIAI , I , I 

J.E~J)l i _1 .1 .1 

I*NIA,LIUltl 1'1 ICI~N,T,EINITISI IO'IF I NIAILIUIE'I II'1IU,SIT~LLLJ.. 

L L 1 1 1 -'-_1 [ 1 l LL1 I J'_.1 .j_::J;l.NL,fJ,.,~fuTI tF_[O'lR1J't\A,T'L I Ii, I 1 I ! I 

l I [ , 1 l L I , 111 , I , 111 , i 

I I 1.J' J 1 , ,1 
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