
















































































































































































































































































































































































Floating-Point Arithmetic 

FLOATING-POINT ARITHMETIC (Optional Instructions) 

NOTE 

For the range of floating-point numbers, refer to "Number 
Representation" in section 2. 

FADD (000270). Floating-Point Add. The floating-point quantities in 
DC and BA are added in floating-point form. Both operands are 
deleted, and the two-word result is pushed onto the stack. Overflow 
is set if the result falls outside the range of floating-point 
numbers. Condition Code is set on the result. 

FSUB (000271). Floating-Point Subtract. The floating-point quantity 
in BA is negated, and then DC and BA are added in floating-point form. 
Both operands are deleted, and the result is pushed onto the stack. 
Overflow is set if the result falls outside the range of floating­
point numbers. Condition Code is set on the result. 

FMPY (000272). Floating-Point Multiply. The floating-point 
quantities in DC and BA are multiplied in floating-point form. Both 
operands are deleted, and the result is pushed onto the stack. 
Overflow is set if the result falls outside the range of floating­
point numbers. Condition Code is set on the result. 

FDIV (000273). Floating-Point Divide. The floating-point quantity in 
DC is divided in floating-point form by the floating-point quantity in 
BA. Both operands are deleted and the result is pushed onto the 
stack. Overflow is set if the result falls outside the range of 
floating-point numbers. Condition Code is set on the result. 

FNEG (000274). Floating-Point Negate. The floating-point quantity in 
BA (if not zero) is negated. The sign of BA is reversed from positive 
to negative or negative to positive, and the Condition Code reflects 
the final state of the sign (see Table A-3). 

FCMP (000275). Floating-Point Compare. The Condition Code is set 
according to the comparison of DC (operand 1) with BA (operand 2). 
(See Table A-3 for Condition Code the "a" states apply for 
comparisons.) Both operands are then deleted from the stack. 
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Floating-Point Arithmetic 

EXTENDED FLOATING-POINT ARITHMETIC (Optional Instructions) 

NOTE 

For the range of extended floating-point numbers, refer to 
"Number Representation" in section 2. 

EADD (000300). Extended Add. The extended floating-point quantities 
in HGFE and DCBA are added in extended floating-point form. Both 
operands are deleted and the result is pushed onto the stack. 
Overflow is set if the result falls outside the range of extended 
floating-point numbers. Condition Code is set on the result. 

ESUB (000301). Extended Subtract. The extended floating-point 
quantity in HGFE is negated, and then HGFE and DCBA are added in 
extended floating-point form. Both operands are deleted and the 
result is pushed onto the stack. Overflow is set if the result falls 
outside the range of extended floating-point numbers. Condition Code 
is set on the result. 

EMPY (000302). Extended Multiply. The extended floating-point 
quantities in HGFE and DCBA are multiplied in extended floating-point 
form. Both operands are deleted and the result is pushed onto the 
stack. Overflow is set if the result falls outside the range of 
extended floating-point numbers. Condition Code is set on the result. 

EDIV (000303). Extended Divide. The extended floating-point quantity 
in HGFE is divided in extended floating-point form by the extended 
floating-point quantity in DCBA. Both operands are deleted and the 
result is pushed onto the stack. Overflow is set if the result falls 
outside the range of extended floating-point numbers. Condition Code 
is set on the result. 

ENEG t{)O-O-Je-~)~ -Extende-d Negate -~ - The -exe-ena-ed-float-tng-..;;-p-otn-r--qa-anti ty 
in DCBA (if not zero) is negated. The sign of DCBA is reversed from 
positive to negative or negative to positive. Overflow is cleared, 
and the Condition Code reflects the final state of the sign. 

ECMP (000305). Extended Compare. The Condition Code is set according 
to the comparison of HGFE (operand 1) with DCBA (operand 2). Both 
operands are then deleted from the stack. 
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Floating-Point Arithmetic 

FLOATING-POINT CONVERSIONS (Optional Instructions) 

CEF (000276). Convert Extended to Floating. The four-word floating­
point quantity in DCBA is converted to a two-word floating-point 
quantity. DCBA is deleted, and the two-word result is pushed onto the 
stack. 

CEFR (000277). Convert Extended to Floating, Rounded. The four-word 
floating-point quantity in DCBA is converted to a two-word floating­
point quantity. The new quantity is rounded according to the contents 
of truncated bit 7 of C. DCBA is deleted, and the two-word result is 
pushed onto the stack. 

CFI (000311). Convert Floating to Integer. The floating-point 
quantity in BA is converted to a singleword signed integer. A is 
deleted, and the singleword result is pushed onto the stack. Overflow 
is set if the value of the operand was greater than 32767 or less than 
-32768. Condition Code is set on the result. 

CFIR (000310). Convert Floating to Integer, Rounded. The floating­
point quantity in BA is converted to a singleword signed integer, with 
rounding according to the contents of the most significant fractional 
bit. A is deleted, and the singleword result is pushed onto the 
stack. Overflow is set if the value of the operand was greater than 
32767 or less than =32768. Condition Code is set on the result. 

CFD (000312). Convert Floating to Double. The floating-point 
quantity in BA is converted to a doubleword signed integer in BA. 
Overflow is set if the value of the operand was greater than (2**31)-1 
or less than -(2**31). Condition Code is set on the result. 

CFDR (000313). Convert Floating to Double, Rounded. The floating­
point quantity in BA is converted to a doubleword signed integer in 
BA, with rounding according to the contents of the most significant 
fractional bit. Overflow is set if the value of the operand was 
greater than (2**31)-1 or less than -(2**31). Condition Code is set 
on the result. 

CED (000314). Convert 
point quantity in DCBA 
BA is deleted, and the 
Overflow is set if the 
or less than -(2**31). 
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Floating-Point Arithmetic 

CEDR (000315). Convert Extended to Double, Rounded. The extended 
floating-point quantity in DCBA is converted to a doubleword signed 
integer, with rounding according to the contents of the most 
significant fractional bit. BA is deleted, and the doubleword result 
is pushed onto the stack. Overflow is set if the value of the operand 
was greater than (2**31)-1 or less than -(2**31). Condition Code is 
set on the result. 

CEI (000337). Convert Extended to Integer. The extended floating­
point quantity in DCBA is converted to a singleword signed integer. 
CBA is deleted, and the singleword result is pushed onto the 
stack. Overflow is set if the value of the operand was greater than 
32767 or less than -32768. Condition Code is set on the result. 

CEIR (000316). Convert Extended to Integer, Rounded. The extended 
floating-point quantity in DCBA is converted"to a singleword signed 
quantity, with rounding according to the contents of the most 
significant fractional bit. CBA is deleted, and the singleword result 
is pushed onto the stack. Overflow is set if the value of the operand 
was greater than 32767 or less than -32768. Condition Code is set on 
the result. 

CFQ (000320). Convert Floating to Quadruple. The floating-point 
quantity in BA is converted to a quadrupleword integer in DCBA. 
Overflow is set if the value of the operand was greater than (2**63)-1 
or less than -(2**63). Condition Code is set on the result. 

CFQR (000321). Convert Floating to Quadruple, Rounded. The floating­
point quantity in BA is converted to a quadrupleword integer in DCBA, 
with rounding according to the contents of the most significant 
fractional bit. Overflow is set if the value of the operand was 
gr e_a t_er Hlan _ L2 ~ * 63) -1 Dr __ less __ than_ - (2~_:k_n1L .. ____ Condilio~ __ Code~_~-±'_ 
on the result. 

CEQ (000322). Convert Extended to Quadruple. The extended floating­
point quantity in DCBA is converted to a quadrupleword integer in 
DCBA. Overflow is set if the value of the operand was greater than 
(2**63)-1 or less than -(2**63). Condition Code is set on the result. 
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Floating-Point Arithmetic 

CEQR (000323). convert Extended to Quadruple, Rounded. The extended 
floating-point quantity in DCBA is converted to a quadrupleword 
integer in DCBA, with rounding according to the contents of the most 
significant fractional bit. Overflow is set if the value of the 
operand was greater than (2**63)-1 or less than -(2**63). Condition 
Code is set on the result. 

CFE (000325). Convert Floating to Extended. The floating-point 
quantity in BA is converted to an extended floating-point quantity. 
BA is deleted, and the four-word result is pushed onto the stack. 

CIF (000331). Convert Integer to Floating. 
is converted to a floating-point quantity. 
two-word result is pushed onto the stack. 

The signed integer in A 
A is deleted, and the 

CDF (000306). Convert Double to Floating. The doubleword signed 
integer in BA is converted to a floating-point quantity in BA, with 
truncation if the result exceeds 23 significant bits. 

CDFR (000326). Convert Double to Floating, Rounded. The doubleword 
signed integer in BA is converted to a floating-point quantity in BA, 
with rounding if the result exceeds 23 significant bits. 

CQF (000324). Convert Quadruple to Floating. The quadrupleword 
signed integer in DCBA is converted to a floating-point quantity, 
with truncation if the result exceeds 23 significant bits. DCBA is 
deleted, and the two-word result is pushed onto the stack. 

CQFR (000330). Convert Quadruple to Floating, Rounded. The 
quadrupleword signed integer in DCBA is converted to a floating-point 
quantity, with rounding if the result exceeds 23 significant bits. 
DCBA is deleted, and the two-word result is pushed onto the stack. 

CIE (000332). Convert Integer to Extended. The signed integer in A 
is converted to an extended floating-point quantity. A is deleted, 
and the four-word result is pushed onto the stack. 
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CDE (000334). Convert Double to Extended. The doubleword signed 
integer in BA is converted to an extended floating-point quantity. 
BA is deleted, and the four-word result is pushed onto the stack. 

CQE (000336). Convert Quadruple to Extended. The quadrupleword 
signed integer in DCBA is converted to an extended floating-point 
quantity in DCBA, with truncation if the result exceeds 55 significant 
bits. 

CQER (000335). Convert Quadruple to Extended, Rounded. The 
quadrupleword signed integer in DCBA is converted to an extended 
floating-point quantity in DCBA, with rounding if the result exceeds 
55 significant bits. 

FLOATING-POINT FUNCTIONALS (Optional Instructions) 

IDXl (000344). Calculate Index, 1 Dimension. For a one-dimensional 
array, lDXl compares the subscript value in B against lower and upper 
bounds in a two-word table in the current code segment starting at the 
address specified in A. If the value is in bounds, the element offset 
value is computed and is stored in register R[7]. If the subscript is 
out of bounds, overflow is set, R[7] receives the erroneous subscript, 
and CCL indicates too low or CCG indicates too high. BA is then 
deleted. 

IDX2 (000345). Calculate Index, 2 Dimensions. For a two-dimensional 
array, IDX2 compares the subscript values in Band C against lower and 
upper bounds in a 4-word table in the current code segment starting at 
the address in A. If the values are in bounds, the element offset 
value is computed and stored in register R[7]. If a subscript is out 
of bounds, overflow is set, R[7] receives the erroneous subscript, and 
CCL indicates too low or CCG indicates too high. CBA is then deleted. 

IDX3 (000346). Calculate Index, 3 Dimensions. For a three­
dimensional array, IDX3 compares the subscript values in B, C, and D 
against lower and upper bounds in a 6-word table in the current code 
segment starting at the address in A. If the values are in bounds, 
the element offset value is computed and stored in register R[7]. If 
any subscript is out of bounds, overflow is set, R[7] receives the 
erroneous subscript, and CCL indicates too low or CCG indicates too 
high. DCBA is then deleted. 
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IDXP (000347). Calculate Index, Code Space. For an n-dimensional 
array, IDXP compares the subscript values in n stack registers (B, C, 
D, etc.) against lower and upper bounds in a table in the current code 
segment (2n words) specified by a starting address in A. (The first 
word of the table in memory is the number of dimensions.) If the 
values are in bounds, the element offset value is computed and stored 
in register R[7]. If any subscript is out of bounds, overflow is set, 
R[7] receives the erroneous subscript, and CCL indicates too low or 
CCG indicates too high. All stack data used is deleted. 

IDXD (000317). Calculate Index, Data Space. For an n-dimensional 
array, IDXD compares the subscript values in n stack registers (B, C, 
D, etc.) against lower and upper bounds in a table in the current data 
segment (2n words) specified by a starting address in A. (The first 
word of the table in memory is the number of dimensions.) If the 
values are in bounds, the element offset value is computed and stored 
in register R[7]. If any subscript is out of bounds, overflow is set, 
R[7] receives the erroneous subscript, and CCL indicates too low or 
CCG indicates too high. All stack data used is deleted. 

REGISTER STACK MANIPULATION 

EXCH (000004). Exchange A and B. A and B of the Register Stack are 
interchanged, Condition Code is set on the reSlllt in A. 

DXCH (000005). Double Exchange BA with DC. The doubleword contained 
in DC is interchanged with the doubleword ~ontained in BA. Condition 
Code is set on the result in BA. 

DDUP (000006). Double Duplicate BA in DC. The doubleword in the top 
two registers of the stack is duplicated by pushing a copy of it onto 
the Register Stack. Condition Code is set. 
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Register Stack Manipulation 

NOTE 

For binary coding details of the following three instructions 
(STAR, NSAR, LORA), refer to Table A-7 in Appendix A. 

STAR (00011-). Store A in a Register. The A Register contents are 
stored in the register pointed to by the Register field of the 
instruction. A is then deleted from the stack. 

NSAR (00012-). Non-destructive Store A into a Register. The A 
Register is stored in the register pointed to by the Register field of 
the instruction. 

LORA (00013-). Load A from a Register. The contents of the register 
pointed to by the Register field of the instruction are pushed onto 
the stack. Condition Code is set. 

NOTE 

For binary coding details of the following three instructions 
(LOI, LOXI, LOLl), refer to Table A-4 in Appendix A. 

LOI (100---). Load Immediate Operand into A. The immediate operand 
is pushed onto the stack, with the sign bit propagating into the high­
order bits. Condition Code is set. 

LOXI (10----). Load Index Register with Immediate Operand. The index 
register specified by the "x" field of the instruction is loaded with 
the immediate operand, and the sign bit propagates into the high­
order bits. Condition Code is set. 

LOLl (005---). Load Left Immediate Operand into bits 0:7 of A. The 
immediate operand, shifted left eight places, is loaded into A, with 
the sign bits propagating into the low-order bits of A. Condition 
Code is set. 
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Boolean Operations 

BOOLEAN OPERATIONS 

Figure 3-2 illustrates the fundamental principles of boolean 
operations as performed by four of the instructions. Figure 3-3 shows 
the equivalent operations as performed on immediate operands. 

LAND (000010). Logical AND A with B. A and B are logically ANDed. 
The two words are deleted from the stack and the result pushed on. 
Condition Code is set. 

LOR (000011). Logical OR A with B. A and B are merged by a logical 
inclusive OR. A and B are deleted and the result pushed onto the 
stack. Condition Code is set. 

XOR (000012). Logical Exclusive OR A with B. The two words in A and 
B of the Register Stack are combined by a logical exclusive OR. The 
two words are then deleted and the result is pushed onto the stack. 
Condition Code is set. 

NOT (000013). One's Complement A. The word contained in Register A 
of thp ~tack is converted to its one's complement. Condition Code is 
set. 
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Boolean Operations 

LOGICAL AND 
LAND 

o + 0 = 0 
0+1 = 0 
1 + 0 = 0 
1 + 1 = 1 

LOGICAL OR 
LOR: 

0+0=0 
o + 1 = 1 
1 + 0 = 1 
1 + 1 = 1 

EXCLUSIVE OR 
XOR: 

o + 0 = 0 
0+1 = 1 
1 + 0 = 1 
1 + 1 = 0 

ONE'S COMPLEMENT 
NOT: 

0=1 

l//'iAo 1 

~~O 0 

W~O 0 

~~O 1 

~~do 0 

V///j 0 1 

l'?/mlo 1 

W/Z]O 0 

lV~o 1 

1 I 0 1 1 I OPERAND 1 

1 I 1 1 01 OPERAND 2 

1 I 0 1 01 RESULT 

1 I 0 1 1 1 OPERAND 1 

1 I 1 01 OPERAND 2 

1 I 1 1 1 RESULT 

1 I 0 1 1 I OPERAND 1 

1 I 1 01 OPERAND 2 

01 1 0 1 1 RESULT 

1 I 0 1 1 I OPERAND 

1 = 0 Vij//j 1 0 0 1 1 0 0 1 RESULT 

Figure 3-2. Boolean Operations 
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Boolean Operations 

NOTE 

For binary coding details of the following four instructions 
(ORRI, ORLI, ANRI, ANLI), refer to Table A-4 in Appendix A. 

ORRI (004---). OR Right Immediate Operand with A. The 8-bit 
immediate operand is merged with the A Register by a logical inclusive 
OR. The sign bit is not propagated, but is actually part of the 
instruction; see Figure 3-3. Condition Code is set. 

ORLI (004---). OR Left Immediate Operand with A. The 8-bit immediate 
operand is shifted left eight places and merged with A by a logical 
inclusive OR. The sign bit is not propagated, but is actually part of 
the instruction; see Figure 3-3. Condition Code is set. 

ANRI (006---). AND Right Immediate Operand to A. The 8-bit immediate 
operand is extended to 16 bits by propagating the sign into the high­
order bits, and the resulting integer is logically ANDed to A; see 
Figure 3-3. Condition Code is set. 

ANLI (007---). AND Left Immediate Operand with A. The 8-bit 
immediate operand is shifted left eight places, the sign bit is 
propagated into the low-order bits: and the resulting integer is 
logically ANDed to A; see Figure 3-3. Condition Code is set. 
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ORRI (OR RIGHT IMMEDIATE) 

~0:~0~0~91;J~q/~0~0~ 1 
\ 

THE IMMEDIATE IS 
TREATED AS: 

10 1 0 

ORLI (OR LEFT IMMEDIATE) 

THE IMMEDIATE IS 
TREATED AS: 

0 
/ 

01 0 0 o 1 0 1 

01 1 0 1 I 0 1 1J 
/ 

~ 
o 1 1 0 1 I 0 1 1 I OPERAND 1 

11 1 0 1 0 1 1 0 1 1 1 0 0 1 0 0 0 1 0 0 0 I OPERAND 1 

ANRI (AND RIGHT IMMEDIATE) 

THE IMMEDIATE IS 
TREATED AS: 

ANLI (AND LEFT IMMEDIATE) 

THE IMMEDIATE OPERAND IS 
TREATED AS: 

Figure 3-3. Boolean Instructions with Immediate Operands 
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BIT DEPOSIT AND SHIFT 

DPF (000014). Deposit Field in A. This instruction combines the 
words contained in registers A and C of the stack as a function of a 
mask word contained in register B of the stack. A logical OR 
operation is performed on the logical AND of Band C and the logical 
AND of not B and A, so that all bits in C corresponding to ones in B 
are deposited into corresponding bits in A. The original three words 
are deleted from the stack and the result pushed onto the stack. 
Condition Code is set. An example of this operation is shown in 
Figure 3-4. 

INT i : = % 023003 

i. \5:10) : = 5; 

VALUE IN REGISTER STACK DO ABOVE: 
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C 

B 

o 1 4 7 10 13 
l?-;Qa?:o?&:o?%o3?o: 0 0 I 0 1 0 I 1 ~oZo?fo~o?}oJ 

I , 
I 
I 

VALUE TO BE DEPOSITED: 5 

MASK CONTAINING "1" BITS 
IN POSITIONS SUBJECT TO 
DEPOSIT: (5:10) 

A RoJA0:(ZoXo~ 1 1 I 0 0 0 I 0 il:Z:o%OJ/101%1 OPERAND ACCEPTING DEPOSIT: 
I % 023003 
I 
I 
I 
I 

RESULT IN A I 0 I 0 1 0 I 0 0 0 I 0 1 0 I 1 0 0 I 0 1 1 I % 020243 

Figure 3-4. Deposit Field Example 



Bit Deposit and Shift 

LLS (0300--). Logical (unsigned) Left Shift. If the Shift Count 
field is zero, the word contained in B is shifted left by the count 
(modulo %377) contained in A. A is then deleted from the stack. 
However, if Shift Count is not zero, A is shifted left by that number. 
Condition Code is set. Figure 3-5 presents a comparison of logical 
(unsigned) shifts and arithmetic (signed) shifts. 

DLLS (1300--). Double Logical (unsigned) Left Shift. If the Shift 
Count field is zero, the doubleword contained in CB is shifted left by 
the count (modulo %377) contained in A. A is then deleted from the 
stack. However, if Shift Count is not zero, BA is shifted left by 
that number. Condition Code is set. 

LRS (0301--). Logical (unsigned) Right Shift. If the Shift Count 
field is zero, the word contained in B is shifted right by the count 
(modulo %377) contained in A. A is then deleted from the stack. 
However, if Shift Count is not zero, A is shifted right by that 
number. Condition Code is set. 

DLRS (1301--). Double Logical (unsigned) Right Shift. If the Shift 
Count field is zero, the doubleword contained in CB is shifted right 
by the count (modulo %377) contained in A. A is then deleted from the 
stack. However, if Shift Count is not zero, BA is shifted right by 
that number. Condition Code is set. 

ALS (0302--). Arithmetic (signed) Left Shift. If the Shift Count 
field is zero, the word contained in B is shifted left preserving the 
sign bit by the count (modulo %377) contained in A. A is then deleted 
from the stack. However, if Shift Count is not zero, A is shifted 
left, preserving the sign bit, by that number. Condition Code is set. 

DALS (1302--). Double Arithmetic (signed) Left Shift. If the Shift 
Count fJelg __ J~L_J:_ero_,th~ __ q_Q1JJ:~le_\"LQrQ. __ colltained_ in CB_i.s ____ ~hiftedleftL _____ ._ 
preserving the sign bit, by the count (modulo %377) contained in A. A 
is then deleted from the stack. However, if Shift Count is not zero, 
BA is shifted left, preserving the sign bit, by that number. 
Condition Code is set. 
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LEFT SHIFTS 

ALS 3 (ARITHMETIC LEFT SHIFT THREE POSITIONS) 

OPERAND IN A: 10 1 0 1 1 1 o 1 0 0 o I 1 1 I 0 0 1 I % 056071 

"- : ! 0 
,/ V 

1 

RESULT IN A: I 0 1 1 01 0 0 o 1 1 1 1 0 0 1 I 0 0 01 % 060710 

Y 
STATE OF SIGN BIT 
IS PRESERVED 

LLS 3 (LOGICAL LEFT SHIFT THREE POSITIONS) 

OPERAND IN A: 10 1 0 1 1 1 o 1 0 0 o 1 1 1 I 0 0 1 I % 056071 

"- / 

f 0 

/ ,,/ i 

" RESULT IN A: 11 I 01 0 0 o 1 1 1 I 0 0 1 1 0 0 o I % 160710 

RIGHT SHIFTS 

ARS 7 (ARITHMETIC RIGHT SHIFT SEVEN POSITIONS) 

OPERAND IN A: 11 : 1 1 I 0 0 1 I 1 Oi 0 0 o I 0 0 1 I % 171601 

~ 
/ 

! ! v \. 

RESUL T IN A: 11 1 1 1 1 1 1 1 1 1 1 1 0 o I 1 1 I % 177747 

"- / 

SIGN BIT IS PROPAGATED 
SEVEN POSITIONS 

LRS 7 (LOGICAL RIGHT SHIFT SEVEN POSITIONS) 

OPERAND IN A: 11 I 1 1 I 0 0 1 I 1 1 o I 0 0 010 0 1 I %171601 

'\ / 

0 ! 
/ 

t ,,/ \. 

RESULT IN A: I 0 1 0 0 010 0 o I 1 1 I 1 0 o I 1 1 I % 000747 

Figure 3-5. Arithmetic vs. Logical Shifts 
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ARS (0303--). Arithmetic (signed) Right Shift. If the Shift Count 
field is zero, the word contained in B is shifted right, propagating 
the sign bit, by the count (modulo %377) contained in A. A is then 
deleted from the stack. However, if Shift Count is not zero, A is 
shifted right, propagating the sign bit, by that number. Condition 
Code is set. 

DARS (1303--). Double Arithmetic (signed) Right Shift. If the Shift 
Count field is zero, the doubleword contained in CB is shifted right, 
propagating the sign bit, by the count (modulo %377) contained in A. 
A is then deleted from the stack. However, if Shift Count is not 
zero, BA is shifted right, propagating the sign bit, by that number. 
Condition Code is set. 

BYTE TEST 

BTST (000007). Byte Test A. The Condition Code is set on the value 
of the test byte in bits 8:15 of Ai CCL indicates ASCII numeric, CCE 
indicates ASCII alphabetic, and CCG indicates special ASCII character. 
A is deleted after the test. 

MEMORY TO/FROM REGISTER STACK 

NOTE 

For binary coding details of the first twelve instructions 
below (LWP through ADM), refer to Table A-3 in Appendix A. 

LWP (-2----). Load Word from Program (Code) Area into A. The 
contents of the address which is computed as a function of 
displacement (a signed 8-bit value), and optionally indexing and/or 
in9ixectionL is_PllsJte9. ontg the_R~is.t~.r._StgQ_~_ •.... _. __ CQn9.:l.tt . .Qn CQ(:I~ .. is set 
on the loaded word. Figure 3-6 illustrates the addressing operations 
for the LWP instruction. 
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Memory to/from Register Stack 

3-28 

INDIRECT, INDEXED 

~, 0 I~~O\O I 0 I 0 I 0 I 1 I 0 I 0 I 0)= ~== = 

I 
INDEX DISPLACEMENT 
REG 

CODE 
SEGMENT 

I------"""i 

t-""'~~~~~ 

- -- -- - --- --- - - --~-----1 
LWP 8.I.X 

- -- - - - - - - - - - - - - -+--------4 
-' 

p .... 1 __ 3-,72-,9_----11 / ./~ 

~ 

C[3433] 

C[3439] 

C[3728] 

+8 
'----------i-------'.-+ -304 C[3737] 

~-----1 

+ r - 3737---1 L _______ ..J 

~ -304 
+....-----' 

I ~ 
I I r - 3433- - -- l 

L I R~~~S~iR I 13439 L __ ~_ ru

-" 

R[S) S _______ S----Jt 

Figure 3-6. LWP Instruction Addressing 



Memory to/from Register Stack 

LBP (-2-4--). Load Byte from Program (Code) Area into A. The 
contents of the P-relative byte address which is computed as a 
function of displacement (a signed 8-bit value), and optionally 
indexing and/or indirection, is pushed onto the Register Stack. The 
high-order byte is set to zero. If the P Register currently indicates 
an address in the upper half of the code segment (bit 0 of P = 1), 
%100000 is added to the computed address, so that the address will 
always be relative to whichever half of the segment P currently 
indicates. The Condition Code is set on the value of the loaded byte 
in bits 8:15 of Ai CCL indicates ASCII numeric, CCE indicates ASCII 
alphabetic, and CCL indicates special ASCII character. Figure 3-7 
illustrates the addressing operations for the LBP instruction, 
assuming addresses in the first half of the code segment. 

LDX (-3----). Load Index Register from Data Space. The index 
register specified by the "x" field of the instruction is loaded with 
the contents of the effective memory address. Condition Code is set. 
Figure 3-8 shows the instruction word format for memory data reference 
instructions, such as LDX. 

NSTO (-34---). Nondestructive Store from A. The contents of the A 
Register are stored into effective address memory location. The 
Register Stack is not modified. 

LOAD (-40---). Load A from Data Space. The contents of the effective 
address memory location are pushed onto the stack. Condition Code is 
set. 

STOR (-44---). Store A into Data Space. The contents of the A 
Register are stored into the effective memory location. A is then 
deleted from the stack. 

___ J:~DB __ L~5- ... ~_~~ __ Load---.A __ wi th-__ B¥te £rQm Data __ .5Race __ L The-----.C_Qntents __ .nf_---±.he._ 
effective memory location are loaded into bits 8:15 of A. .The 
Condition Code is set on the value of the loaded byte in bits 8:15 of 
Ai CCL indicates ASCII numeric, CCE indicates ASCII alphabetic, and 
CCG indicates special ASCII character. 

STB (-54---). Store Byte from A to Data Space. The contents of the 
byte in bits 8:15 of A are stored in the effective memory location. 
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Memory to/from Register Stack 

LDD (-6----). Load Double from Data Space into BA. The doubleword 
integer contained in the effective memory location is pushed into the 
stack. Condition Code is set. Figure 3-9 illustrates the addressing 
methods for doubleword instructions. 

STD (-64---). Store Double from BA into Data Space. The contents of 
BA are stored in the effective memory location. BA is deleted. 

LADR (-7----). Load G-Relative Address of Variable into A. The 
G-relative address of the variable is pushed onto the stack. 

ADM (-74---). Add A to Variable in Data Space. The A Register is 
added in integer form to the contents of the effective memory location 
and the Condition Code is set on the sum. Overflow is set if the 
result is greater than 32767 or less than -32768. Carry can also be 
set. A is then deleted from the stack. 

NOTE 

For binary coding details of the following six instructions 
(PUSH through SBXX) , refer to Table A-5 in Appendix A. 

PUSH (024nrc). Push Registers to Data Space. This instruction 
transfers the contents of a specified number of elements in the 
Register Stack to the top of the data stack in memory. The "n" field 
of the instruction is the value to which RP will be set following the 
instruction: the "r" field specifies the last register stack element 
to be pushed: the "c" field is the number of registers minus one that 
will be pushed to memory. Following the PUSH instruction, the S 
Register points to the last element pushed onto the memory stack. If 
the resultant value of S is greater than %77777, a stack overflow trap 
occurs. Figure 3-10 illustrates the bit fields and the action of the 
PUSH instruction. 

POP (124nrc). Pop Data Space to Registers. This instruction loads 
the Register Stack with the top elements of the data stack (as 
indicated by the current S Register setting). The "n" field of the 
instruction indicates the value RP will have following the 
instruction: the "r" field specifies the last Register Stack element 
to be loaded from memory: the "c" field specifies the number of 
registers minus one that will be loaded. If the resultant value of S 
is greater than %77777, a stack overflow trap occurs. Figure 3-10 
illustrates the bit fields and the action of the POP instruction. 
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Memory to/from Register Stack 

LWXX (0254--, 0264--). Load Word Extended, Indexed. The word 
contained in a computed extended memory location is loaded onto the 
stack, replacing the prior contents of A. The extended memory address 
is obtained as follows. The displacement value (0 through 63) in bits 
10 through 15 of the instruction word is added to a base value which 
is either the current L Register value (coded 0254--) or G[O] (coded 
0264--); the data word so indicated is assumed to be the first word of 
a two-word extended memory pointer. The index value in A is shifted 
left one bit position (multiplication by 2, since this instruction 
requires word addressing rather than byte addressing) and is then 
added to the extended memory pointer to address the word that is to be 
loaded. Condition Code is set. 

SWXX (0255--, 0265--). Store Word Extended, Indexed. The word 
contained in B is stored into a computed extended memory location. 
The extended memory address is obtained as follows. The displacement 
value (0 through 63) in bits 10 through 15 of the instruction word is 
added to a base-value which is either the current L Register value 
(coded 0255--) or G[O] (coded 0265--); the data word so indicated is 
assumed to be the first word of a two-word extended memory pointer. 
The index value in A is shifted left one bit position (multiplication 
by 2, since this instruction requires word addressing rather than byte 
addressing) and is then added to the extended memory pointer to 
address the location that is to receive the word being stored. 

LBXX (0256--, 0266--). Load Byte Extended, Indexed. The byte 
contained in a computed extended memory location is loaded onto the 
stack, replacing the prior contents of A. The extended memory address 
is obtained as follows. The displacement value (0 through 63) in bits 
10 through 15 of the instruction word is added to a base value which 
is either the current L Register value (coded 0256--) or G [0] (coded 
0266--); the data word so indicated is assumed to be the first word of 
a two-word extended memory pointer. The index value in A is then 
added to the extended memory pointer to address the byte that is to be 
loaded. The Condition Code is set on the value of the loaded byte in 
bits 8:15 of A; CCL indicates ASCII numeric, CCE indicates ASCII 
alphabetic, and CCL indicates special ASCII character. 

SBXX (0257--, 0267--). Store Byte Extended, Indexed. The byte 
contained B.<8:15> is stored into a computed extended memory location. 
The extended memory address is obtained as follows. The displacement 
value (0 through 63) in bits 10 through 15 of the instruction word is 
added to a base value which is either the current L Register value 
(coded 0257--) or G[O] (coded 0267--); the data word so indicated is 
assumed to be the first word of a two-word extended memory pointer. 
The index value in A is then added to the extended memory pointer to 
address the location that is to receive the byte being stored. 
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LOAD AND STORE VIA ADDRESS ON REGISTER STACK 

ANS (000034). AND to SG Memory. The word in B is logically ANDed to 
a word in the System Data segment that is specified by a l6-bit 
address in A. The result remains in the System Data location, and 
A and B are deleted from the stack. If privileged mode is in effect 
when this instruction is executed, A refers to an address in the 
System Data segment. Otherwise data segment selection (system or 
user) is determined by the DS bit (bit 6) of the ENV Register. 
Condition Code is set. 

ORS (000035). OR to SG Memory. The word in B is logically ORed to a 
word in the System Data segment that is specified by a l6-bit address 
in A. The result remains in the System Data location, and A and Bare 
deleted from the stack. If privileged mode is in effect when this 
instruction is executed, A refers to an address in the System Data 
segment. Otherwise data segment selection (system or user) is 
determined by the DS bit (bit 6) of the ENV Register. Condition Code 
is set. 

ANG (000044). AND to Memory. The word in B is logically ANDed to a 
word in the current data segment that is specified by a l6-bit address 
in A. The result remains in the data segment location, and A and B 
are deleted from the stack. Condition Code is set. 

ORG (000045). OR to Memory. The word in B is logically ORed to a 
word in the current data segment that is specified by a l6-bit address 
in A. The result remains in the data segment location, and A and B 
are deleted from the stack. Condition Code is set. 

ANX (000046). AND to Extended Memory. The word in C is logically 
ANDed to a word in extended memory that is specified by a 32-bit 
address in BA. The result remains in the memory location, and A, B, 
and C are deleted from the stack. Condition Code is set. 

ORX (000047). OR to Extended Memory. The word in C is logically ORed 
to a word in extended memory that is specified by a 32-bit address in 
BA. The result remains in the memory location, and A, B, and Care 
deleted from the stack. Condition Code is set. 
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LWUC (000342). Load Word from User Code Space. A word in the user 
code segment, specified by a 16-bit address in A, is loaded onto the 
stack, replacing the prior contents of A. Condition Code is set. 

LWAS (000350). Load Word via A from System. The word contained in 
the effective memory location pointed to by the address in A is loaded 
onto the stack, replacing the prior contents of A. If privileged mode 
is in effect when this instruction is executed, A refers to an address 
in the System Data segment. Otherwise data segment selection (system 
or user) is determined by the DS bit (bit 6) of the ENV Register. 
Condition Code is set. 

LWA (000360). Load Word via A. The word contained in the effective 
memory location pointed to by the address in A is loaded onto the 
stack, replacing the prior contents of A. LWA accesses the current 
data segment only. Condition Code is set. 

SWAS (00035l). Store Word via A into System. The word contained in B 
is stored into the effective memory location pointed to by the address 
in A. Both words are then deleted from the stack. If privileged mode 
is in effect when this instruction is executed, A refers to an address 
in the System Data segment. Otherwise data segment selection (user or 
system) is determined by the OS bit (bit 6) of the ENV Register. 

SWA (000361). Store Word via A. The word contained in B is stored 
into the effective memory location pointed to by the address in A. 
Both words are then deleted from the stack. SWA accesses the current 
data segment only. 

LDAS (000352). Load Double via A from System. The doubleword 
contained in the effective memory locations starting at the location 
pointed to by the address in A is loaded into BA (after the address in 
A is deleted). I£.pr.ivilegedmode- is---in-effect--when -th-is---insu-uction 
is executed, A refers to an address in the System Data segment. 
Otherwise data segment selection (user or system) is determined by the 
OS bit (bit 6) of the ENV Register. Condition Code is set. 

LOA (000362). Load Double via A. The doubleword contained in the 
effective memory locations starting at the location pointed to by the 
address in A is loaded into BA (after the address in A is deleted). 
LOA accesses the current data segment only. Condition Code is set. 
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SDAS (000353). Store Double via A into System. The doubleword in CB 
is stored into the effective memory locations starting at the location 
pointed to by the address in A. CBA is then deleted. If privileged 
mode is in effect when this instruction is executed, A refers to an 
address in the System Data segment. Otherwise data segment selection 
(user or system) is determined by the DS bit (bit 6) of the ENV 
Register. 

SDA (000363). Store Double via A. The doubleword in CB is stored 
into the effective memory locations starting at the location pointed 
to by the address in A. CBA is then deleted. SDA accesses the 
current data segment only. 

LBAS (000354). Load Byte via A from System. The byte contained in 
the effective memory location pointed to by the byte address in A is 
loaded onto the stack, replacing the prior contents of A. If 
privileged mode is in effect when this instruction is executed, A 
refers to an address in the System Data segment. Otherwise data 
segment selection (user or system) is determined by the DS bit (bit 6) 
of the ENV Register. The Condition Code is set on the value of the 
loaded byte in bits 8:15 of Ai CCL indicates ASCII numeric, CCE 
indicates ASCII alphabetic, and CCL indicates special ASCII character. 

LBA (000364). Load Byte via A. The byte contained in the effective 
memory location pOinted to by the byte address in A is loaded onto the 
stack, replacing the prior contents of A. LBA accesses the current 
data segment only. The Condition Code is set on the value of the 
loaded byte in bits 8:15 of Ai CCL indicates ASCII numeric, CCE 
indicates ASCII alphabetic, and CCL indicates special ASCII character. 

SBAS (000355). Store Byte via A into System. The byte in B is stored 
into the effective memory location pointed to by the byte address in 
A. Both B and A are then deleted. If privileged mode is in effect 
when this instruction is executed, A refers to an address in the 
System Data segment. Otherwise data segment selection (user or 
system) is determined by the DS bit (bit 6) of the ENV Register. 
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SBA (000365). Store Byte via A. The byte in B is stored into the 
effective memory location pointed to by the byte address in A. Both B 
and A are then deleted. SBA accesses the current data segment only. 

DFS (000357). Deposit Field into System Data. Using the mask bits 
in register B, this instruction deposits the bits in register C into 
the location specified by the 16-bit address in A. A, B, and Care 
then deleted. (See Figure 3-4 and DPF description under "Bit Deposit 
and Shift" for further details on this operation.) If privileged mode 
is in effect, the destination is in the System Data segment; 
otherwise, the destination is in the current data segment. A, B, and 
C are then deleted. Condition Code is set. 

DFG (000367). Deposit Field in Memory. Using the mask bits in 
register B, this instruction deposits the bits in register C into the 
location specified by the 16-bit address in A. A, B, and C are then 
deleted. (See Fi~ure 3-4 and DPF description under "Bit Deposit and 
Shift" for further details on this operation.) DFG accesses the 
current data segment. Condition Code is set. 

LBX (000406). Load Byte Extended. The byte in the extended memory 
location specified by the 32-bit address in registers B and A is 
loaded onto the Register Stack (bits 8 through 15 of A), after the 
address in BA is deleted. The left byte is zero. The Condition Code 
is set on the value of the loaded byte in bits 8:15 of A; CCL 
indicates ASCII numeric, CCE indicates ASCII alphabetic, and CCL 
indicates special ASCII character. 

SBX (000407). Store Byte Extended. The byte in bits 8 through 15 of 
C is stored into the extended memory location specified by the 32-bit 
address in registers Band A. C, B, and A are then deleted. 

LWXn_LOOQ_4_1Ql_. ___ Load __ Word Exi:ended. The word.in--t.he extended--memoL¥----
location specified by the 32-bit address in registers B and A is 
loaded into register A (after the address in BA is deleted). 
Condition Code is set. 

SWX (000411). Store Word Extended. The word in register C is stored 
into the extended memory location specified by the 32-bit address in 
registers Band A. C, B, and A are then deleted. 
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LDDX (000412). Load Doubleword Extended. The doubleword starting at 
the extended memory location specified by the 32-bit address in 
registers B and A is loaded onto the register stack, replacing the 
prior contents of Band A. Condition Code is set. 

SDDX (000413). Store Doubleword Extended. The doubleword in 
registers D and C is stored into extended memory starting at the 
location specified by the 32-bit address in registers Band A. All 
four words are then deleted from the Register Stack. 

LQX (000414). Load Quadrupleword Extended. The quadrupleword 
starting at the extended memory location specified by the 32-bit 
address in registers B and A is loaded into registers DCBA of the 
Register Stack (after the address in BA is deleted). Condition Code 
is set. 

SQX (000415). Store Quadrupleword Extended. The quadrupleword in 
registers FE DC is stored into extended memory (8 bytes) starting at 
the location specified by the 32-bit address in registers Band A. 
All six words are then deleted from the Register Stack. 

DFX (000416). Deposit Field Extended. using the mask bits in 
register C, this instruction deposits the bits in register D into the 
extended memory location specified by the 32-bit address in registers 
Band A. All four words are then deleted from the Register Stack. 
(See Figure 3-4 and DPF description under "Bit Deposit and Shift" for 
further details on this operation.) Condition Code is set. 

scs (000444). Set Code Segment. Registers B and A are assumed to 
contain a 17-bit byte address. This instruction sets a logical 
segment number into the segment number field (bits 0 through 14 of B) 
to formulate a complete 32-bit address. Only two values may be set 
for this field: 3 (indicating current code segment) if either the CS 
or LS bit of the Environment Register contains a one; 2 (indicating 
User Code segment) if both of these bits are zero. 

LQAS (000445). Load Quadrupleword via A from SG. The quadrupleword 
contained in the four memory locations starting at the location 
pointed to by the address in A is loaded into DCBA (after the address 
in A is deleted). The address in A refers to an address in the System 
Data segment. Condition Code is set. This is a privileged 
instruction. 
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SQAS (000446). Store Quadrupleword via A to SG. The quadrupleword in 
registers EDCB is stored into the four memory locations starting at 
the location pointed to by the address in A. The address in A refers 
to an address in the System Data segment. All five words are then 
deleted from the Register Stack. This is a privileged instruction. 

BRANCHING 

NOTE 

For binary coding details of the following branch instructions, 
refer to Table A-6 in Appendix A. 

BIC (-100--). Branch if CARRY. If the carry bit (K) in the 
Environment Register is set (K = 1), then a direct or indirect branch 
is taken (depending on the "i" field of the instruction). If the 
condition is not met, then the next instruction is executed. Figure 
3-11 compares direct and indirect branching. 

BUN (-104--). Branch Unconditionally. A direct or indirect 
unconditional branch is taken (depending on the "i" field of the 
instruction) • 

BOX (-1-4--). Branch on X Less Than A and Increment X. If the index 
register as specified by the "x" field of the instruction is less than 
A, that index register is incremented and a direct or indirect branch 
is taken (depending on the "i" field of the instruction). If X is 
greater than or equal to A, then A is deleted from the stack and the 
next instruction is executed. 

BGTR (-11---). Branch if CC is Greater. If the Condition Code in the 
ENV Register is CCG (N = 0, Z = 0) then a direct or indirect branch is 
taken (depending on the "i" field of the instruction). If the 
condition is not met, then the next instruction is executed. 
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BEQL (-12---). Branch if CC is Equal. If the Condition Code in the 
ENV Register is CCE (N = 0, Z = 1), then a direct or indirect branch 
is taken (depending on the Hi" field of the instruction). If the 
condition is not met, then the next instruction is executed. 

BGEQ (-13---). Branch if CC is Greater or Equal. If the Condition 
Code in the ENV Register is CCG or CCE (N = 0) then a direct or 
indirect branch is taken (depending on the Hi" field of the 
instruction). If the condition is not met, then the next instruction 
is executed. 

BLSS (-14---). Branch if CC is Less. If the Condition Code in the 
ENV Register is CCL (N = 1) then a direct or indirect branch is taken 
(depending on the Hi" field of the instruction). If the condition is 
not met, then the next instruction is executed. 

BAZ (-144--). Branch on A Zero. If the A Register equals zero then a 
direct or indirect branch is taken (depending on the Hi" field of the 
instruction). If the A Register does not equal zero, then the next 
instruction is executed. In either case, A is deleted from the stack. 

BNEQ (-15---). Branch if CC is not equal. If the Condition Code in 
the ENV Register is not CCE (Z = 0) then a direct or indirect branch 
is taken (depending on the Hi" field of the instruction). If the 
condition is not met, then the next instruction is executed. 

BANZ (-154--). Branch on A Not Zero. If the A Register is non-zero 
then a direct or indirect branch is taken (depending on the Hi" field 
of the instruction). If the A Register equals zero, then the next 
instruction is executed. In either case, A is deleted from the stack. 

BLEQ (-16---). Branch if CC is Less or Equal. If the Condition Code 
in the ENV Register is CCL or CCE (N = 1 or Z = 1) then a direct or 
indirect branch is taken (depending on the Hi" field of the 
instruction). If the condition is not met, then the next instruction 
is executed. 
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BNOV (-164--). Branch if no OVERFLOW. If the overflow bit (V) in the 
ENV Register is not set (V = 0), then a direct or indirect branch is 
taken (depending on the Hi" field of the instruction). If the 
condition is not met, then the next instruction is executed. 

BNOC (-17---). Branch if no CARRY. If the carry bit (K) in the ENV 
Register is not set (K = 0), then a direct or indirect branch is taken 
(depending on the Hi" field of the instruction). If the condition is 
not met, then the next instruction is executed. 

BFI (000030). Branch Forward Indirect. The instruction expects an 
offset from the current P register setting to be contained in A. An 
indirect branch is then made through the location specified by P + A. 
Figure 3-12 illustrates the action of the BFI instruction. 

MOVES, COMPARES, SCANS, AND CHECKSUM COMPUTATIONS 

Figure 3-13 provides a comparison of ascending and descending moves, 
compares, and scans, as described in the following paragraphs. Bit 9 
of the instruction word specifies ascending (0) or descending (1). 
Interrupts can occur between words (or bytes) moved or compared on 
each of these instructions. 

MNGG (000226). Move Words While Not Duplicate. Register D is assumed 
to contain a destination address in the current data segment, and 
register C is assumed to contain a source address in the current data 
segment. The MNGG instruction moves words from the source to the 
destination while the count value in register B is not zero and the 
source word is not equal to the word in A. The word in A is always 
the previous word moved. The instruction stops on the first duplicate 
word or on zero count. After execution, the word in A is deleted, so 
that A then contains the count, B contains the source address, and C 
contains the destination address. 

CDG (000366). Count Duplicate Words. Beginning at the address (in 
the current data segment) specified in register C, and for a maximum 
count of words specified in register B, this instruction counts the 
number of duplicate words in the buffer. Register A is incremented on 
each duplicate found, and may contain an initial value. After execu­
tion, A contains the original A value plus the number of duplicate 
words, B contains a count of the words left in the buffer (zero if 
empty), and C contains the address of the first word that did not 
match its predecessor (or the word after the last word in the buffer). 
The comparison actually starts with the words specified by C and C-I. 
This instruction is intended to be used in conjunction with MNGG. 
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NOTE 

For binary coding details of the following six move 
instructions (MOVW, MOVB, COMW, COMB, SBW, SBU), refer 
to Table A-5 in Appendix A. 

MOVW (026---). Move Words. This instruction transfers a specified 
number of words from one area of memory to another. The instruction 
expects A to contain a word count, B to contain the source word 
address, and C to contain the destination word address. The source 
and destination maps to be used are specified by the Us" and "d" 
fields of the instruction and by the DS, CS, LS, and Privileged Bits 
of the ENV Register. The "m" field of the instruction (see format 
diagram at the top of Figure 3-13) determines whether the source and 
destination addresses will be incremented ("m" = 0) or decremented 
("m" = 1) after each move. The Un" field of the instruction is the 
value to which RP is set upon instruction end. The move is made one 
word at a time from the source to the destination. After each word 
transfer the addresses are decremented or incremented and A is 
decremented. If A is equal to zero the instruction ends; otherwise 
the next word is moved. Interrupts can occur after each compare. 

MOVB (126---). Move Bytes. This instruction transfers a specified 
number of bytes from one area of memory to another. The instruction 
expects A to contain a byte count, B to contain the source byte 
address, and C to contain the destination byte address. The source 
and destination maps to be used are specified by the Us" and "d" 
fields of the instruction and by the DS, CS, LS, and Privileged Bits 
of the ENV Register. The "m" field of the instruction determines 
whether the source and destination addresses will be incremented ("m" 
= 0) or decremented ("m" = 1) after each move. The Un" field of the 
instruction is the value to which RP is set upon instruction end. The 
move is made one byte at a time from the source to the destination. 
After each byte transfer the addresses are decremented or incremented 
and A is decremented. If A is equal to zero, the instruction ends; 
otherwise the next byte is moved. If the source is a code segment and 
the P Register currently indicates an address in the upper half of the 
code segment (bit 0 of P = 1), %100000 is added to the computed 
address, so that the source and destination addresses will always be 

--r: e 1 at i ve------to. wh i ch e1.l--e--r----ha-l-f----O-f---t-h-e---S-e-9me n t -----P cur r en t l-¥-- -i nd i cat e s • 
Interrupts can occur after each compare. 

COMW (0262--). Compare Words. This instruction compares one area of 
memory with another, a word at a time, until a miscompare occurs or 
until a specified number of comparisons have been made. The words 
being compared are treated as unsigned quantities. COMW expects A to 
contain a word count, B to contain a source word address and C to 
contain a destination word address. The source and destination maps to 
be used are specified by the Us" and "d" fields of the instruction and 
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by the DS, CS, LS, and Privileged bits of the ENV Register. The "m" 
field determines whether the source and destination addresses will be 
incremented ("m" = 0) or decremented ("m" = 1) after each comparison. 
The Un" field is the value to which RP will be set upon instruction 
termination. The instruction fetches the contents of source and 
destination addresses, compares them, increments or decrements the 
address by one according to the "m" field, and decrements the word 
count in A until either A = 0 or a noncomparison is reached. If 
termination is due to a noncomparison, CC indicates the results of the 
compare or CCE due to A going to zero. Interrupts can occur after 
each compare. 

COMB (1262--). Compare Bytes. This instruction compares one area of 
memory with another, a byte at a time, until the bytes are not equal 
or until a specified number of comparisons have been made. It expects 
A to contain a byte count, B to contain a source byte address and C to 
contain a destination byte address. The source and destination maps to 
be used are specified by the Us" and "d" fields of the instruction and 
by the DS, CS, LS, and Privileged bits of the ENV Register. If the 
source address is in a code segment, the byte address is taken to be 
in the same 64K half of the code space as the current P Register 
value. The "m" field determines whether the source and destination 
addresses will be incremented ("m" = 0) or decremented ("m" = 1) after 
each comparison. The Un" field is the value to which RP will be set 
upon instruction termination. The instruction fetches the contents of 
source and destination addresses, compares them, increments or 
decrements the address by one according to the "m" field, and 
decrements the byte count in A until either A = 0 or a noncomparison 
is reached. If termination is due to a noncomparison, CCG indicates 
that the byte at C is greater than the byte at B, or CCL indicates 
that the byte at C is less than the byte at B; A indicates the number 
of bytes left to compare. If termination is due to the count running 
out, CCE indicates that all bytes compared exactly, and C and B will 
point to the next locations not compared. Interrupts can occur after 
each compare. 

SBW (1264--). Scan Bytes While. The SBW instruction expects A to 
contain a comparison byte in bits 8:15 and B to contain the byte 
address of the string to be scanned. The map to be used is determined 
by the Us" field of the instruction and by the DS, CS, LS, and 
Privileged bits of the ENV Register. The "m" field of the instruction 
determines if the source address will be incremented ("m" = 0) or 
decremented «m> = 1) after each comparison. The scan is terminated 
when either a null byte is found in the string or a byte in the string 
does not match the test byte in A. When null byte termination occurs, 
the Carry (K) bit in the ENV Register is set. In either termination 
case, B points to the byte address that caused termination. RP is set 
to the "n" field of the instruction at instruction termination. 
Interrupts can occur after each compare. 
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SBU (1266--). Scan Bytes until. The SBU instruction expects A.<8:l5> 
to contain a test byte and B to contain the byte address of the string 
to be scanned. The map to be used is determined by the "s" field of 
the instruction and by the DS, CS, LS, and Privileged Bits of the ENV 
Register. The "m" field of the instruction determines if the scan 
address will be incremented ("m" = 0) or decremented «m> = 1) after 
each comparison. The scan is terminated when either a null byte is 
found in the string or the test byte matches a byte in the string. 
The Carry (K) bit is set in the ENV Register when null byte 
termination occurs. In either case, B points to the byte address that 
caused the scan to cease. RP is set to the "n" field of the 
instruction at termination. Interrupts can occur after each compare. 

MNDX (000227). Move Words While Not Duplicate, Extended. FE is 
assumed to contain a 32-bit destination address in extended memory, 
and DC is assumed to contain a 32-bit source address. The MNDX 
instruction moves words from the source to the destination while the 
count value in register B is not zero and the source word is not equal 
to the word in A. The word in A is always the previous word moved. 
The instruction stops on the first duplicate word or on zero count. 
After execution, the word in A is deleted, so that A then contains the 
count, CB contains the source address, and ED contains the destination 
address. Interrupts can occur after each compare. 

CDX (000356). Count Duplicate Words, Extended. Beginning at the 
32-bit address (in extended memory) specified in DC, and for a maximum 
count of words specified in B, this instruction counts the number of 
duplicate words in the buffer. A is incremented on each duplicate 
found, and may contain an initial value. After execution, A contains 
the original A value plus the number of duplicate words, B contains a 
count of the words left in the buffer (zero if empty), and DC contains 
the extended address of the first word that did not match its 
predecessor (or the word after the last word in the buffer). The 
comparison actually starts with the words specified by DC and DC-2. 
Interrupts can occur after each compare. This instruction is intended 
to be used in conjunction with MNDX. 

MVBX (000417). Move Bytes Extended. This instruction transfers a 
specified number of bytes from one area of extended memory to another. 
The instruction expects A to contain a byte count, CB to contain a 
32-bit source byte address, and ED to contain a 32-bit destination 
byte address. The move is made one byte at a time from the source to 
the destination. After each byte transfer the addresses are 
incremented and A is decremented. If A is equal to zero the 
instruction ends; otherwise the next byte is moved. All five words 
are deleted from the stack when the instruction ends. Interrupts can 
occur after each compare. 
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MBXR (000420). Move Bytes Extended, Reverse. This instruction 
transfers a specified number of bytes from one area of extended memory 
to another, using reverse (decrementing) addresses. The instruction 
expects A to contain a byte count, CB to contain a 32-bit source byte 
address, and ED to contain a 32-bit destination byte address. The 
move is made one byte at a time from the source to the destination. 
After each byte transfer the addresses are decremented and A is 
decremented. If A is equal to zero the instruction ends; otherwise 
the next byte is moved. All five words are deleted from the stack 
when the instruction ends. Interrupts can occur after each compare. 

MBXX (000421). Move Bytes Extended, and Checksum. This instruction 
transfers a specified number of bytes from one area of extended memory 
to another, and computes a checksum value after each byte is moved. 
The instruction expects A to contain a byte count, CB to contain a 
32-bit source byte address, ED to contain a 32-bit destination byte 
address, and F to contain the initial checksum value. The move is 
made one byte at a time from the source to the destination. After 
each byte transfer the addresses are incremented, A is decremented, 
and new checksum is entered in F. If A is equal to zero, the 
instruction ends; otherwise the next byte is moved. Five words are 
deleted from the Register Stack when the instruction ends, leaving the 
final checksum value in A. Interrupts can occur after each compare. 

CMBX (000422). Compare Bytes Extended. This instruction compares one 
area of extended memory with another, a byte at a time, until the 
bytes are not equal or until a specified number of comparisons have 
been made. It expects A to contain a byte count, CB to contain a 
32-bit source byte address and ED to contain a 32-bit destination byte 
address. The instruction fetches the contents of the source and 
destination addresses, compares them, increments the addresses by one, 
and decrements the byte count in A until either A = 0 or a 
noncomparison is reached. If termination is due to a noncomparison, 
CCG indicates that the byte at ED is greater than the byte at CB, or 
CCL indicates that the byte at ED is less than the byte at CB; A 
indicates the count of bytes left to compare. If termination is due 
to the count running out, CCE indicates that all bytes compared 
exactly; ED and CB point to the bytes after the last ones compared, 
and A is O. Interrupts can occur after each compare. 

XSMG (000343). Compute Checksum in Current Data. Starting at the 
address defined in register B, for a count of words defined in 
register A, the XSMG instruction exclusive-ORs each word into register 
C. When the count goes to zero, the two top words on the stack are 
deleted, leaving the final checksum in register A. The address in B 
refers to the current data segment only. 
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XSMX (000333). Compute Checksum Extended. Starting at the extended 
memory location defined by the 32-bit address in CB, for a count of 
words defined in register A, the XSMX instruction exclusive-ORs each 
word into register D. When the count goes to zero, the three 
top words on the stack are deleted, leaving the final checksum in 
register A. 

PROGRAM REGISTER CONTROL 

SETL (000020). Set L with A. The contents of the L Register, which 
points to the current stack marker, are replaced with the contents of 
register A. A is then deleted from the Register Stack. 

SETS (000021). Set S with A. The contents of the S Register, which 
points to the top word of the stack in memory, are replaced with the 
contents of register A. A is then deleted from the stack. A Stack 
Overflow trap occurs if the result is greater than 32767. 

SETE (000022) 0 Set ENV with A~ The least significant eight bits of 
the Environment Register (ENV) are replaced with the lower eight bits 
of the A Register. The most significant eight bits of the Environment 
Register are logically ANDed with the upper eight bits of the A 
Register. Thus this instruction may only clear the PRIV, DS, CS, and 
LS bits of the Environment Register, and may not set them. The 
programmer shoUld take care with this instruction on NonStop II 
systems, since it is possible to inadvertently clear the Library Space 
(LS) bit, ENV.<4>. 

SETP (000023). Set P with A. The contents of the Program Counter (P) 
are replaced with the contents of the A Register. A is deleted from 
the stack, and control is transferred to the new location indicated 
by P. 

RDE (000024). Read ENV into A. The contents of the Environment 
Register (ENV) are pushed onto the Register Stack. 

RDP (000025). Read Pinto A. The contents of the Program Counter (P) 
are pushed onto the Register Stack. 
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STRP (00010-). Set RP. The register pointer is set to the value in 
the Register field of the instruction. For binary coding details, see 
Table A-7 in Appendix A. 

ADDS (002---}e Add Immediate Operand to S. The signed immediate 
operand is added to the S register in integer form. If the resultant 
S is greater than 32767, then a Stack Overflow trap occurs. 

CCL (000015). Set Condition Code to Less. A Condition Code of CCL 
(N = 1 and Z = 0) is set into the ENV Register. 

CCE (000016). Set Condition Code to Equal. A Condition Code of CCE 
(N = 0 and Z = 1) is set into the ENV Register. 

CCG (000017). Set Condition Code to Greater. A Condition Code of CCG 
(N = 0 and Z = 0) is set into the ENV Register. 

ROUTINE CALLS AND RETURNS 

PCAL (027---). Procedure Call. Control is transferred to an 
instruction specified by an entry in the Procedure Entry Point l~~~J 
Table; the specific PEP entry is indicated by the PEP Number field 
of the instruction. First, a three word stack marker, consisting of 
the current P, ENV, and L, is stored on the top of the current stack. 
If the caller is not privileged, the PEP Number is checked against 
PEP[O] and PEP [1] to see if the call is legal. If the call is not 
legal, an instruction failure trap occurs. (If the caller is 
privileged no checks are made.) Land S are set to S + 3 to point to 
the base of a new local data area. The final value of S is then 
checked for a value greater than 32767; if it is, a stack overflow 
trap occurs. Finally, P is set from the PEP entry and control is 
transferred to the procedure. 

XCAL (127---). External Procedure Call. The XCAL instruction is used 
to invoke procedures that are outside the current code segment. 
Control is transferred to an instruction in the external segment by a 
three-step sequence: 1) a number in the XEP field of the instruction 
refers to an entry in the XEP table of the current code segment; 2) 
the ~EP entry specifies a PEP entry in one of the other three code 
segments that are currently mapped; 3) the PEP entry of the other code 
segment specifies a procedure entry point within that segment. See 
detailed description in Section 2 under the heading, "Calling External 
Procedures". 
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SCMP (000454). Set Code Map. This instruction is used to establish a 
code map number in register A for use by the DPCL instruction (next 
described). The instruction determines which code map defines the 
currently executing code (by examining the CS and LS bits of ENV) and 
loads the code map number into A.<0:3>. The code map number is equal 
to (LS*2 + CS + 2). In typical usage, succeeding instructions would 
pass this value to a procedure which would then issue the DPCL 
instruction. 

DPCL (000032). Dynamic Procedure Call. Control is transferred to an 
instruction specified by an entry in the Procedure Entry Point (PEP) 
table: the specific PEP entry is indicated by bits 7:15 of A in the 
Register Stack. Bits 0:3 of register A specify the code map to use (2 
= User Code, 3 = System Code, 4 = User Library, 5 = System Code 
Extension: any other value defaults to 2). First, a three word stack 
marker, consisting of the current P, ENV, and L, is stored on the top 
of the current stack. If the caller is not privileged, the PEP Number 
is checked to see i~ the call is legal. If the call is not legal, an 
Instruction Failure trap occurs. If the caller is privileged, no 
checks are made. Land S are set to S + 3 to point to the base of a 
new local data area. The final value of S is then checked for a value 
greater than 32767: if it is, a stack overflow trap occurs. Next, if 
the call is to a callable system procedure, the PRIV bit in the ENV 
Register is set. CS is set to 1 if A.<O:3> is 3 or 5; otherwise it is 
set to O. LS is set to 1 if A.<0:3> is 4 or 5; otherwise it is set to 
O. Finally, P is set from the PEP entry, transferring control to the 
procedure. 

EXIT (125---). Exit from Procedure. This instruction is used to 
return from a procedure called by a PCAL, XCAL, or DPCL instruction. 
EXIT assumes L[-2] to L[O] to contain a standard three-word stack 
marker consisting of P, ENV, and L. S is moved below the current 
stack marker and any parameters by setting it with the "S decrement" 
value subtracted from the current L Register setting. P is set to the 
return P value contained in L[-2] of the current stack marker. The 
caller's ENV Register value is set as follows: the mode (privileged or 
nonprivileged) and data area are reinstated to the lesser of the 
caller's and the current settings (e.g., a privileged caller can be 
made nonprivileged on the return, but not vice versa); the caller's CS 
(code space), LS (library space), T (traps), V (overflow), and K 
(carry) are reinstated from L[-l]; Z and N (Condition Code) and RP are 
set to those of the current procedure. L is moved back to the 
preceding stack marker, thereby reinstating the preceding local data 
area, by setting L with the contents of the L[O] of the current stack 
marker. 
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DXIT (000072). DEBUG Exit. This instruction is used to reestablish 
the environment present at the time the DEBUG procedure was called. 
P, ENV, and L are restored from the stack marker generated by the 
DEBUG call, and S is reset to its value at the time of the call to 
DEBUG. This is a privileged instruction. 

BSUB (-174--). Branch to Subprocedure. S is incremented by one and 
the return address (P) is saved in that location. Then a direct or 
indirect unconditional branch is taken (depending on the Hi" field of 
the instruction). For binary coding details, see Table A-6 in 
Appendix A. 

RSUB (025---). Return from Subroutine. This instruction is used to 
return from a subroutine called by a BSUB instruction. The 
instruction assumes that the return address is on the top of the 
memory stack (indicated by S) and returns control to that address. 
S is set to S - "S decrement". "S decrement" may be any number from 
o to 255; however, in order to delete the return address from the 
stack, it must be at least 1. For binary coding details, see Table 
A-5 in Appendix A. 

INTERRUPT SYSTEM 

RIR (000063). Reset Interrupt Register. This instruction is used by 
the operating system interrupt handlers to reset the appropriate INTA 
Register bit after an interrupt has occurred. Some interrupt bits 
must be reset (along with the clearing of a MASK bit) in order to 
allow fUrther interrupts through that SIV ·(System Interrupt Vector 
Table) entry. The instruction expects A to contain the number of the 
bit in the INTA Register that is to be reset. This is a privileged 
instruction. 

XMSK (000064). Exchange MASK with A. The contents of the MASK 
Register are interchanged with the contents of the A Register. This 
is a privileged instruction. 

IXIT (000071). Interrupt Exit. This instruction is used by the 
operating system interrupt procedures to return control to the 
interrupted process. At the time the interrupt occurred, a stack 
marker was generated at the L pointed to by the System Interrupt 
Vector Table (SIV) for the specific interrupt. This was a special 
five-word marker (see Figure 2-59) that consisted of the MASK, S, P, 
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ENV, and L at the time of the interrupt. This instruction 
reestablishes this environment (by loading the five registers with the 
values in the stack marker, and loading the Register Stack with the 
values in L+l through L+8) and resumes execution of the interrupted 
process. At the time this instruction is executed, the needed values 
in L-4 through L+8 must be present and DS must be equal to one. 
This is a privileged instruction. 

DISP (000073). Dispatch. This instruction sets bit IS of INTA, and 
also sets Vi.<lS> in the System Interrupt Vector (SIV) table entry for 
the Dispatcher interrupt. If bit 15 of MASK is set, a Dispatcher 
interrupt occurs immediately following this instruction (provided 
there are no interrupts of higher priority pending). Control is then 
transferred to the operating system Dispatcher whose location is 
pointed to by the SIV table entry. This is a privileged instruction. 

BUS COMMUNICATION 

TOTQ (0000S6). Test Out Queues. This instruction sets CCE if neither 
of the two Out Queues is full, or CCG if at least one Out Queue is 
full. 

SEND (000065). Send Data over Interprocessor Bus. The SEND 
instruction expects register A to contain a byte count and registers 
CB to contain the absolute extended address of the source buffer. 
Register D is the OUTQ Full Timer; the timeout value is computed as: 
(32768 - <timeout» times 0.8 specifies the time in microseconds for 
the specified bus to become ready (e.g., <timeout> of 0 = 32768 * 0.8 
microseconds). Register E bits 0:7 specify the sender cpu and 8:1S 
specify the destination cpu. Register F specifies a sequence number, 
and register G bit 15 specifies which bus is to be used (0 = X, 
1 = y) • 

Data in the buffer is transmitted in 16-word packets consisting of 26 
data bytes (13 words) plus three words for sequence number, sender and 
receiver cpu numbers, and checksum. Packets are transmitted until the 
byte count is zero. If the byte count is not a multiple of 26, then 
the last packet is padded with zeros to round the number of data bytes 
up to 26. Condition Code CCE indicates successful completion, and the 
Register Stack is marked empty. 

If a timeout condition occurs, a Condition Code of CCL is returned, 
and the instruction terminates. The Out Queue is cleared. 

SEND is a privileged instruction. 
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INPUT/OUTPUT 

RSW (000026). Read the Switch Register into A. The contents of the 
Switch Register are pushed onto the Register Stack. Condition Code is 
set. 

ssw (000027). Store A into Switch Register. The contents of the A 
Register are set in the Register Display and into sysstack[%122]. 
A is then deleted. 

EIO (000060). Execute Input/Output. The EIO instruction expects bits 
8:15 of A to contain the subchannel number, bits 0:7 of A to contain a 
command to its controller, and 0:15 of B to contain a parameter which 
is to be passed to that controller via the channel. The instruction 
first checks to see if tre channel is available. If not it loops, 
waiting for channel availability but testing for other interrupts. 
When the channel becomes available, the command and address are sent 
to the controller by the channel via the LAC (Load Address and 
Command) T-bus command and the parameter is sent to the controller 
which is now selected via the LPRM (Load Parameter) T-bus command. 
Device status is then read from the controller via the RDST (Read 
Device Status) T-bus command. RP is decremented by one, and if there 
were no channel errors, device status is placed in A, the controller 
is then deselected via the DSEL (Deselect) T-bus command, the 
Condition Code is set to CCE and the instruction terminates. If there 
was a channel error, the ABTI (Abort Instruction) T-bus command is 
issued to the controller, deselecting it and terminating its activity. 
The contents of IOD, although probably invalid due to the channel 
error, are placed in A for evaluation. The Condition Code is set to 
CCL and the instruction terminates. This is a privileged instruction. 

IIO (000061). Interrogate I/O. This instruction is used by the 
operating system interrupt handler to get the interrupt cause and 
interrupt status from a controller and to reset that interrupt. It 
first checks to see if the channel is available. If not it loops, 
waiting for channel availability but testing for other interrupts. 
When the channel is available, first rank 0 and then rank 1 of the i/o 
system are polled via the LPOL (Low Poll) T-bus command. The 
interrupting controller on the highest rank with the highest priority 
is then selected via the SEL (Select) T-bus command. The channel then 
loads the controller's interrupt cause into the C register, the 
interrupt status into the B register, and the channel status into the 
A register. Then the interrupt in the controller is cleared. If 
there were no channel errors indicated in A, and if interrupt status 
bits 0:3 are equal to zero, then CCE is set, and the instruction 
terminates. If there was a channel error then CCL is set, and the 
instruction terminates. CCG is set in the event of a device error or 
parity error. This is a privileged instruction. 
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HIIO (000062). High-Priority Interrogate I/O. This instruction is 
used by the operating system's high-priority interrupt handler to get 
the interrupt cause and status from a high-priority controller and to 
reset the corresponding interrupt. Execution is identical to the IIO 
instruction, except that HPOL (high priority polls) TBUS commands are 
issued and only controllers with the high-priority interrupt jumper 
installed can respond.' This is a privileged instruction. 

RCHN (000447). Reset I/O Channel. This instruction is used by the 
operating system to control the i/o channel in the event of a 
catastrophic error. If register A contains a value greater than or 
equal to zero, RCHN resets the i/o channel; if A contains a 
negative value, RCHN performs a lockup on the channel. Condition 
Code CCE indicates that the reset or lockup was performed, or CCL 
indicates that the channel was not available. This is a privileged 
instruction. 

MISCELLANEOUS 

NOP (000000). No Operation. 

RCLK (000050). Read Clock. This instruction reads the quadrupleword 
microsecond counter (located in the System Data segment), adds the 
instantaneous value of the l4-bit hardware microsecond counter to it, 
and pushes the result onto the Register Stack. Note that since the 
software counter is updated only every 10 microseconds (each time the 
hardware counter rolls over), adding the hardware count to it provides 
an accurate clock indication at the instant that RCLK is executed. 

RCPU (000051). Read CPU Number. This instruction reads this 
processor's cpu number from bits 0:7 of INTB and pushes this value 
onto the register stack. 

BPT (000451). Instruction Breakpoint Trap. This instruction, 
although necessarily nonprivileged, can be used only by system 
software (DEBUG); proper operation requires access to the Environment 
Register, which requires privileged capability. The instruction 
assumes that DEBUG has inserted the BPT instruction at some user­
specified point in the code, and has saved the instruction that 
formerly occupied that location in the Breakpoint Table in the System 
Data segment. When the code containing the BPT instruction is 
executed, BPT is normally executed twice--once when encountered 
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following the preceding instruction, and once again to resume program 
execution at the following instruction. A bit (1) in the Environment 
Register is used as a flag to differentiate the two functions. 

When BPT is first executed, bit 1 of the Environment Register is zero, 
which causes an interrupt to be generated (through SIV 19) to DEBUG. 
DEBUG sets ENV bit 1 to one and, after user debugging has been 
completed, returns to the interrupted code at the BPT instruction. 
This time, BPT first sets ENV bit 1 back to zero, then searches the 
Breakpoint Table, locates the saved instruction, loads that 
instruction into the Instruction (I) Register, and sets the microcode 
entry point for that instruction into the ROMA Register. Thus the 
breakpointed instruction gets executed, and execution proceeds 
normally to the succeeding instruction. 

OPERATING SYSTEM FUNCTIONS 

The following groups of instructions, most of them privileged, are 
used solely to implement certain operating system and diagnostic 
functions in firmware. These instructions are not intended for use in 
any user applications, and are listed here only for completeness. 

Resource Management 

XADD 
MXON 
MXFF 
SNDQ 
SFRZ 
DOFS 
DLEN 
HALT 
PSEM 
VSEM 
RPV 
WWCS 
VWCS 
RWCS 
FRST 
RSMT 
WSMT 
RIBA 
XSTR 
XSTP 
BCLD 
TPEF 
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(000033) 
(000040) 
(000041) 
(000052) 
(000053) 
(000057) 
(000070) 
(000074) 
(000076) 
(000077) 
(000216) 
(000400) 
(000401) 
(000402) 
(000405) 
(000436) 
(000437) 
(000440) 
(000442) 
(000443) 
(000452) 
(000453) 

XRAY Add 
Mutual Exclusion On 
Mutual Exclusion Off 
Signal a Send Is Queued 
System Freeze 
Disc Record Offset 
Disc Record Length 
Processor Halt 
"P" a Semaphore 
"V" a Semaphore 
Read PROM Version Numbers 
Write LCS 
Verify LCS 
Read LCS 
Firmware Reset 
Read from Operations and Service Processor (OSP) 
Write to Operations and Service Processor (OSP) 
Read INTB and INTA Registers 
XRAY Start Timer 
XRAY Stop Timer 
Bus Cold Load 
Test Parity Error Freeze Circuits 



Operating System Functions 

Memory Management 

MAPS (000042) 
UMPS (000043) 
RMAP (000066) 
SMAP (000067) 
CRAX (000423) 
RSPT (000424) 
WSPT (000425) 
RXBL (000426) 
SXBL (000427) 
LCKX (000430) 
ULKX (000431) 
CMRW (000432) 
RMEM (000434) 
WMEM (000435) 
SVMP (000441) 
BNDW (000450) 

List Management 

DLTE 
INSR 
MRL 
FTL 
DTL 

(000054) 
(000055) 
(000075) 
(000206) 
(000207) 

Map in a Segment 
Unmap a Segment 
Read Map 
Set Map 
Convert Relative to Absolute Extended Address 
Read Segment Page Table Entry 
write Segment Page Table Entry 
Read Extended Base and Limit 
Set Extended Base and Limit 
Lock Down Extended Memory 
Unlock Extended Memory 
Correctable Memory Error Read/Write 
Read Memory 
Write Memory 
Save Map Entries 
Bounds Test Words 

Delete Element from List 
Insert Element into List 
Merge onto Ready List 
Find Position in Time List 
Determine Time Left for Element 

Trace and Memory Breakpoint 

TRCE (000217) 
5MBP (000404) 

Add Entry to Trace Table 
Set Memory Breakpoint 
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APPENDIX A 

HARDWARE INSTRUCTION LISTS 

This appendix provides a number of reference tables pertaining to the 
instruction set of the NonStop II system. 

The first two tables list all instructions in the instruction set with 
their mnemonics and opcodes, first in alphabetical order and then 
grouped by type of instruction. The remaining tables provide binary 
coding details for most of the instructions, grouped according to the 
coding patterns of the fields of the instruction words. (For example, 
all memory reference instructions are listed together.) These tables 
break down each instruction, bit by bit, into its component parts, 
indicate the operands, results, and ENV register bit settings, and 
show relationships between similar instructions~ 

The following tables are included in this appendix: 

A-I. 
A-2. 
A-3. 
A-4. 
A-S. 
A-6. 
A-7. 
A-8. 
A-9. 

Alphabetical List of Instructions 
Categorized List of Instructions 
Binary Coding, Memory Reference Instructions 
Binary Coding, Immediate Instructions 
Binary Coding, Move/Shift/Call/Extended Instructions 
Binary Coding, Branch Instructions 
Binary Coding, Stack Instructions 
Binary Coding, Decimal Arithmetic Instructions 
Binary Coding, Floating-Point Instructions 

A key at the end of each table explains the symbols used. 

NOTE 

For some instructions, the six-digit opcode notation 
used in Tables A-I and A-2 cannot give complete 
information about the opcode. For instance, the 
distinctions between QUP and QDWN, ORRI and ORLI, 
and LWP and LBP cannot be clearly shown. For complete 
information, refer to the entries for these instructions 
in Tables A-3 through A-9. 

A-I 



Appendix A: Hardware Instruction Lists 

Table A-I. Alphabetical List of Instructions 

Description I Mnemonic I 
ADAR Add A to Register ••.•••••••••••••••..•••••••••• 
ADDI Add Immediate ••••.•••••.••.•••.••••••.••••.•.•• 
ADDS Add to S ••••••••••••••••••••••••••••••••••••••• 
ADM Add to Memor y ••••••••••••....•.••.•.••••••••••. 
ADRA Add Register to A ...•.••••••••••••••••••••••••• 
ADXI Add to Index Immediate .••.••••••.•..•.•..•.•••• 

A-2 

ALS Arithmetic Left Shift •••••••••••••••••••••.•••• 
ANG AND to Memor y ••••••••.•••••.••••••••••••••.•••. 
ANLI AND Left Immediate ••••••••••••••••••••••••••••• 
ANRI AND Right Immediate •••••••••..••••••••••••.•••• 
ANS AND to SG Memory •.•.•.•.••••••••••••••••••••••• 
ANX AND to Extended Memory •••••.•••••••••••.••••••• 
ARS Arithmetic Right Shift •••••••.•.••••••••••••••• 
BANZ Br anch on A •••••••..•••.••••••••••••••••••••••• 
BAZ Branch on A Zero ••••••••••••••••••••••••••••••• 
BCLD Bus Cold Load •••••••••••••••••••••••••••••••••• 
BEQL Branch if Equal ••••••.••••••••••••••••••••••••• 
BFI Branch Forward Indirect ••••••••...•••••••••.••• 
BGEQ Branch if Greater or Equal ••••••••••••.•••••••• 
BGTR Branch if Greater •.••.•.•.•.••••••••••••••..••• 
BIC Branch if Carry •••••...••••••••••••.••••.•••••• 
BLEQ Branch if Less or Equal ••••••••.••••••..•.••••. 
BLSS Branch if Less ••••.••••.•••••••••••.••••••.•••• 
BNDW Bounds Test Words •.••.••••.••.••.•.•••••.•••••• 
BNEQ Branch if Not Equal ....•••••••••••••••••••.•••• 
BNOC 
BNOV 
BOX 
BPT 
BSUB 
BTST 
BUN 
CAQ 
CAQV 
CCE 
CCG 
CCL 
CDE 
CDF 
CDFR 
CDG 
CDI 
CDQ 
CDX 
CED 
CEDR 

Branch if No Carry .••••..••••....••.........••• 
Branch if No Overflow ••••••..••••••••••••.•••.• 
Branch on X •••••••••••••••••••••••••••••••••••• 
Instruction Breakpoint Trap •••••••••••••••••••• 
Branch to Subprocedure ••••••••.••••••••...••••• 
Byte Tes t ..................................... . 
Br anch ..••....••.......•.••.....••...••••.••.•. 
Convert ASCII to Quad •••••••••••.•••••••••••••• 
Convert ASCII to Quad with Initial Value ••••••• 
Condition Code Equal to •••••••••••••••••••••••• 
Condition Code Greater than •••.•••••••••••••••• 
Condition Code Less than ••••••••••••••••••••••• 
Convert Doubleword to Extended Float ••••••••••• 
Convert Doubleword to Float •••••••••••••••••••• 
Convert Doubleword to Float (Round) •••••••••.•• 
Count Duplicate Words •••••••••••••••••••••••..• 
Convert Doubleword to Integer •••••••••••••••••• 
Convert Doubleword to Quad ••••••.•••••••••••••• 
Count Duplicate Words Extended ••••••••••••••••• 
Extended Float to Doubleword ••••••••••••••••••• 
Extended Float to Doubleword (Round) •• ~ ••.••••• 

Octal 
Code 

00016-
104---
002--­
-74---
00014-
104---
0302--
000044 
007---
006---
000034 
000046 
0303-­
-154--
-144--
000452 * 
-12---
000030 
-13---
-11---
-10---
-16---
-14---
000450 * 
-15---
-17---
-164--
-1-4--
000451 
-174--
000007 
-104--
000262 $ 
000261 $ 
000016 
000017 
000015 
000334 # 
000306 # 
000326 # 
000366 
000307 
000265 $ 
000356 
000314 # 
000315 # 
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Table A-I. Alphabetical List of Instructions (Continued) 

CEF 
CEFR 
CEI 
CEIR 
CEQ 
CEQR 
CFD 
CFDR 
CFE 
CFI 
CFIR 
CFQ 
CFQR 
CID 
CIE 
CIF 
CIQ 
CLQ 
CMBX 
CMPI 
CMRW 
COMB 
COMW 
CQA 
CQD 
CQE 
CQER 
CQF 
CQFR 
CQI 
CQL 
CRAX 
DADD 
DALS 
DARS 
DCMP 
DDIV 
DDUP 
DFG 
DFS 
DFX 
DISP 
DLEN 
DLLS 
DLRS 
DLTE 
DMPY 
DNEG 
DOFS 

Extended Float to Float .•••••.•••••.•••••••••.• 
Extended Float to Float (Round) ••••••••••••.••• 
Extended Float to Integer •••••••••••••••••.••.• 
Extended Float to Integer (Round) •••••••••••••• 
Extended Float to Quadrupleword •.••••••.••••••• 
Extended Float to Quadrupleword (Round) •••••.•• 
Floating to Doubleword ••••••••••••••.•••••••••• 
Floa ting to Doubleword (Round) ••.•..••••••••••. 
Floating to Extended Float •••••••••••••••.••••• 
Floating to Integer •••••••••••••••••••••••••.•• 
Floating to Integer (Round) •••••••••••••••••••• 
Floating to Quadrupleword •••••••••••••••••.•••• 
Floating to Quadrupleword (Round) •••••••••••••• 
Convert Integer to Doubleword •••••••••••••••••. 
Convert Integer to Extended Float ••.••••••••••• 
Convert Integer to Floating •••••••••••••••••••• 
Convert Integer to Quad .••••••••••••••••••••••• 
Convert Logical to Quad •••••••••••••••••••••••. 
Compare Bytes Extended ••••••••••••••••••.•••••• 
Compare Immediate ••••••.••••••••••• : •••••••••.• 
Correctable Memory Error Read/Write •••••••••••• 
Compare Bytes ••••••••••••.••••••••••••••••••••• 
Compare Words .................................. . 
Convert Quad to ASCII~~~555~&e~e~5e •• e.e •••••• 
Convert Quad to Doubleword ••••••••••••••••••••• 
Convert Quad to Extended •••••••.••••••••••••••• 
Convert Quad to Extended (Round) •••.••••••••••• 
Convert Quad to Floating ••••.•••••••••••••••••• 
Convert Quad to Floating (Round) ••••••••••••••• 
Convert Quad to Integer •••••••••••••••••••••••• 
Convert Quad to Logical ••.••••••••••••••••••••• 
Convert Relative to Absolute Extended ••••••••.• 
Double Add ••••••••••••••••••••••••••••••••••••• 
Double Arithmetic Left Shift ••••••••••••••••••• 
Double Arithmetic Right Shift •••••••••••••••••• 
Double Compar e ••••••••••••••••••••••••••••••••• 
Double Divide .................................. . 
Double Duplicate ••••••••••••••••••••••••••••••• 
Deposit Field in Memory •••••••••••••••••••••••• 
Deposit Field in System .••••••••••••••••••.•••• 
Deposit Field in Extended Memory ••••••••••••••• 
Dispatch ...................................... . 
Disc Record Length ••••••••••••••.•••••••••••••• 
Double Logical Left Shift •••••••••••••••••••••• 
Double Logical Right Shift .•••••••.••••••••.••• 
Delete from Linked List •••••••••••••••••••••••• 
Double Multiply •••••••••••••••••••••••••••••••• 
Double Negate ••••••••••••••••••••.••••••••••••• 
Disc Record Offset ••••••••••••••••••••••••••••• 

000276 # 
000277 # 
000337 # 
000316 # 
000322 # 
000323 # 
000312 # 
000313 # 
000325 # 
000311 # 
000310 # 
000320 # 
000321 # 
000327 
000332 # 
000331 # 
000266 $ 
000267 $ 
000422 
001---
000432 * 
1262--
0262--
000260 $ 
000247 $ 
000336 # 
000335 # 
000324 # 
000330 # 
000264 $ 
000246 $ 
000423 * 
000220 
1302--
1303--
000225 
000223 
000006 
000367 
000357 
000416 
000073 * 
000070 @ 
1300--
1301--
000054 * 
000222 
000224 
000057 @ 
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Table A-I. Alphabetical List of Instructions (Continued) 

A-4 

DPCL 
DPF 
DSUB 
DTL 
DTST 
DXCH 
DXIT 
EADD 
ECMP 
EDIV 
EIO 
EMPY 
ENEG 
ESUB 
EXCH 
EXIT 
FADD 
FCMP 
FDIV 
FMPY 
FNEG 
FRST 
FSUB 
FTL 
HALT 
HIIO 
IADD 
ICMP 
IDIV 
IDXl 
IDX2 
IDX3 
IDXD 
IDXP 
110 
IMPY 
INEG 
INSR 
ISUB 
IXIT 
LADD 
LADI 
LADR 
LAND 
LBA 
LBAS 
LBP 
LBX 
LBXX 

Dynamic Procedure Call ••••••••••••••••••••••.•• 
Deposi t Field ••••••.••••••••••••••••••••••••••• 
Double Subtract •••..••••••••••••••••••••••••••• 
Determine Time Left for Element •••••••••••••••• 
Double Test •••••.••••••••.••••••••••••••••••••• 
Double Exchange •••••••••••••••••••••••••••••••• 
DEBUG Exi t .................................... . 
Extended Floating-Point Add •••••••••••••••••••• 
Extended Floating-Point Compare •••••••••••••••• 
Extended Floating-Point Divide ••••••••••••••••• 
Execute I/O •••••••••••••••••••••••••••••••••••• 
Extended Floating-Point Multiply ••••••••••••••• 
Extended Floating-Point Negate ••••••••••••••••• 
Extended Floating-Point Subtract ••••••••••••••• 
Exchange .......................•.••..•......•.• 
Exi t Procedure •••••••.••••••••••••••••••••••••• 
Floating-Point Add ••••••••••••••••••••••••••••• 
Floating-Point Compare ••••••••••••••••.•••••••• 
Floating-Point Divide .••••••••••••••••••••••••• 
Floating-Point Multiply •••••••••••••••••••••••• 
Floating-Point Negate ••••••.•••••.••••••••••••• 
Firmware Reset •••••••.•••••.••••••••••••••••••• 
Floating-Point Subtract •••••••••••••••••••••••• 
Find Position in Time List ••.•••••••••••••••••• 
Processor Hal t .•••.••••.•.•..•••••••••••••••••• 
High-Priority Interrogate I/O •••••••••••.•••••• 
Integer Add ••••••••••••••••••••••••.•••.••••••• 
! n t e 9 ere om par e " ~ " ~ ~ .. ~ - - - - ~ ~ - - - - - - - .. - - - - .. .. .. • . . • 
Integer Divide •.••.••••...•••••••••••••.••••.•• 
Calculate Index, 1 Dimension ••••••••••••••••••• 
Calculate Index, 2 Dimension ••••••••••.•••••••• 
Calculate Index, 3 Dimension ••••••••••••••••••• 
Calculate Index, Bounds in Data Space •••••••••• 
Calculate Index, Bounds in Code Space •••••••••• 
Interrogate I/O .••••••••••••••••.•••••••••••.•• 
Integer Multiply ••••••••••••••••••••••••••••••• 
Integer Negate ••••.•••••••••••••••••••••••••••• 
Insert Element into Linked List •••••••••••••••• 
Integer Subtract ••••••••••••••••••••••••••••••• 
Interrupt Exit ••••••••••••••••••••••••••••••••• 
Log ical Add •••••••••••••••••••••••••••••••••••• 
Logical Add Immediate •••••••••••••••••••••••••• 
Lo a d Ad d res s • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Log ical AND •••••••••••••••••••••••••••••••••••• 
Load Byte via A •••••••••••••••••••••••••••••••• 
Load Byte via A from System ••••••.••••••.•••••• 
Load Byte from Program •••••••.•••••••••••••••.• 
Load Byte Extended ••••••••••••••••••••••••••••• 
Load Byte Extended, Indexed ••• ~ ••••••••••••••.• 

000032 
000014 
000221 
000207 * 
000031 
000005 
000072 * 
000300 # 
000305 # 
000303 # 
000060 * 
000302 # 
000304 # 
000301 # 
000004 
125---
000270 # 
000275 # 
000273 # 
000272 # 
000274 # 
000405 * 
000271 # 
000206 * 
000074 * 
000062 * 
000210 
000215 
000213 
000344 # 
000345 # 
000346 # 
000317 # 
000347 # 
000061 * 
000212 
000214 
000055 * 
000211 
000071 * 
000200 
003---
-7----
000010 
000364 
000354 
-2-4--
000406 
0256--, 
0266--
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Table A-I. Alphabetical List of Instructions (Continued) 

LCKX 
LCMP 
LDA 
LDAS 
LDB 
LDD 
LDDX 
LDI 
LDIV 
LDLI 
LDRA 
LDX 
LDXI 
LLS 
LMPY 
LNEG 
LOAD 
LOR 
LQAS 
LQX 
LRS 
LSUB 
LWA 
LWAS 
LWP 
LWUC 
LWX 
LWXX 

MAPS 
MBXR 
MBXX 
MNDX 
MNGG 
MOND 
MOVB 
MOVW 
MRL 
MVBX 
MXFF 
MXON 
NOP 
NOT 
NSAR 
NSTO 
ONED 
ORG 
ORLI 
ORRI 
ORS 

Lock Down Extended Memory •.••.•••••••.••••••••• 
Logical Compare ••••••.•..•••••••••••••••.•.•.•• 
Load Double v ia A •••••••••••••••.•••••.••••.••• 
Load Double via A from System •••••••••••.•••.•• 
Load Byte •••••.•••••••......•••••••••......•... 
Load Double •••••••••••••.•.•••••••.••.••••••.•• 
Load Double Extended ..•••••••.•.••••••.••••.••• 
Load Immed i ate •••••••••••..••••••••••••••••••.• 
Logical Divide ••••••••••••••••.•••••••••••••••• 
Load Left Immediate •••••••.•••••••••••••••••.•• 
Load Register to A •.•.•••••.••••••••••••••••..• 
Load x ........................................ . 
Load X Immed i ate ••••••••.•••••••••.•••.•••••••• 
Logical Left Shift •••••.•••.•••••••..•••••••••• 
Logical Multiply ••••••••.•••••••••••••.•••••••• 
Log i cal Neg ate • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • 
Load .••••••••••••••••••••••••••••.••••••••••••. 
Log i ca 1 OR ••••••••••••••••••••••••••••••••••••• 
Load Quadrupleword via A from SG ••••••••••••••• 
Load Quadrupleword Extended •••..••••••••••••..• 
Logical Right Shift .•••••••••••.•••••.•••.••••• 
Logi6al Subtract •••••..••.••••••••••••••••••••• 
Lo a d W 0 r d v i a A................................ 
Load Word via A from System •••••.••••••..••.••. 
Load Word from Program •••••••••••••••••••..•••• 
Load Word from User Code Space ••••••••••••••.•. 
Load Word Extended ••••••••••••••••••••••••••••• 
Load Word Extended, Indexed •••••••.•••••••••••• 

Map In a Segment .•••••••.••••••••••••••••••.••• 
Move Bytes Extended, Reverse ••••..••••••••••••• 
Move Bytes Extended, Checksum •••••.•••••••••••• 
Move Words while Not Duplicate, Extended •••••.• 
Move Words while Not Duplicate ••••••••••••••••• 
Minus One Double ••••••••••••••••••••••••••••••• 
Move Byte s ....•................................ 
Move Words •••••••••.••••••••••••••••••••••••••• 
Merge onto Ready List •••••••••••••••••••••••••• 
Move Bytes Extended .••••••••••••••••••••••••••• 
Mutual Exclusion Off •.••••••••••••••••••••••••• 
Mutual Exclusion On ••.••••••.•••••••••••••••••• 
No Ope rat ion •••••••••••••••••••.•••.••••••••••• 
Not ••••••.•.••.••.••••••.•••••......•••.•••••.• 
Non-Destructive Store A in a Register •••••••••• 
Non-Destructive Store •••.•••••.•••••••••••••••• 
One Double ••••••••••..••••••••••••••••••••••••• 
OR to Memor y ••••••.•••••.•••••••••••••••••••••• 
OR Left Immediate •••••••••••••••••••••••••••••• 
OR Right Immediate ••••••••••••••••••••••••••••• 
OR to SG Memory •••••••••••••••••••••••••••••••• 

000430 * 
000205 
000362 
000352 
-5----
-6----
000412 
100---
000203 
005---
00013-
-3----
10----
0300--
000202 
000204 
-4----
000011 
000445 * 
000414 
0301--
000201 
000360 
000350 
-2----
000342 
000410 
0254--, 
0264--
000042 * 
000420 
000421 
000227 
000226 
000001 
126---
026---
000075 * 
000417 
000041 * 
000040 * 
000000 
000013 
00012-
-34---
000003 
000045 
0044--
004---
000035 
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Table A-I. Alphabetical List of Instructions (Continued) 

A-6 

ORX 
PCAL 
POP 
PSEM 
PUSH 
QADD 
QCMP 
QDIV 
QDWN 
QLD 
QMPY 
QNEG 
QRND 
QST 
QSUB 
QUP 
RCHN 
RCLK 
RCPU 
RDE 
RDP 
RIBA 
RIR 
RMAP 
RMEM 
RPV 
RSMT 
'O~'Om .L"'..., .... ..L. 

RSUB 
RSW 
RWCS 
RXBL 
SBA 
SBAR 
SBAS 
SBRA 
SBU 
SBW 
SBX 
SBXX 

SCMP 
SCS 
SDA 
SDAS 
SDDX 
SEND 
SETE 
SETL 
SETP 

OR to Extended Memory •• 
Procedure Call •••. 
Pop from Stack ••.••••••• 
"PH a Semaphore ••••••••.•• 
Push to Stack ••• 
Quad Add ..•••••• 
Quad 
Quad 

Compar e •••••••.•••••••••••••••.••••••••••• 
Divide.................. • •••••••••• 

Quad Scale Down •••••••••. 
Quad Load •••••• 
Quad 
Quad 
Quad 

Multiply ••• 
Negate .• 
Round •••••. 

Quad Store ••••• 
Quad Subtract •• 
Quad Scale Up .••••••••••• 
Reset I/O Channel ••• 
Read Clock ••.••••••• 
Read Processor Number. 
Read 
Read 
Read 

E Register ••••••••••• 
P Register •••••..•••• 
INTA and INTB Registers ••••••••.• 

Reset Interrupt •.•••••••••••••••••••••••••••••• 
Read Map ••••.•.••••••••••• 
Read Memory •••••••••••••••••••••••••••••••••• 
Read PROM Version Numbers •••••••••••••••••••• 
Read from Operations and Service Processor •••.• 
Read Segment Page Table Entry. 
Return from Subprocedure. 
Read Switches ••.••••••••• 
Read LCS ••••••.•••••••••• 
Read Extended Base and Limit •. 
Store Byte via A ••••••••••••• 
Subtract A from a Register ••• 
Store Byte via A into System ••• 
Subtract Register from A. • •••••• 
Scan Bytes Until............. • ••••••••••••••• 
Scan Bytes While ••••••.•••••••••••••••••••••••• 
Store Byte Extended ••.•••.••••••••••••••••••••• 
Store Byte Extended, Indexed ••••••••••••••••••• 

Set Code Map •••••••••••••• 
Set Code Segment •••••••••• 
Store Double via A ••••••• 
Store Double via A into System •• 
Store Double Extended •• 
Send ••••••••••••••••••.••.••••.•••. 
Set ENV Register •••••• 
Set L Register ••••• 
Set P Register •••••••••••• 

000047 
027---
124---
000076 * 
024---
000240 
000245 $ 
000243 $ 
00025-
00023-
000242 $ 
000244 $ 
000263 $ 
00023-
000241 
00025-
000447 * 
000050 
000051 
000024 
000025 
000440 * 
000063 * 
000066 * 
000434 * 
000216 * 
000436 * 
000424 * 
025---
000026 
000402 * 
000426 * 
000365 
00017-
000355 
00015-
1266--
1264--
000407 
0257--, 
0267--
000454 
000444 
000363 
000353 
000413 
000065 * 
000022 
000020 
000023 
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Table A-I. Alphabetical List of Instructions (Continued) 

SETS 
SFRZ 
SMAP 
5MBP 
SNDQ 
SQAS 
SQX 
SSW 
STAR 
STB 
STD 
STOR 
STRP 
SVMP 
SWA 
SWAS 
SWX 
SWXX 

SXBL 
TOTQ 
TPEF 
TRCE 
ULKX 
UMPS 
VSEM 
VWCS 
WMEM 
WSMT 
WSPT 
WWCS 
XADD 
XCAL 
XMSK 
XOR 
XSMG 
XSMX 
XSTP 
XSTR 
ZERD 

Set S Register .•••••••••••••••.•••••••••••••••• 
Sys tern Fr ee ze .................................. . 
Set Map •••••••.••••••••••••••••••••.••••••••••• 
Set Memory Breakpoint •••.•.•••••••••••••••••••• 
Signal a Send Is Queued ..•••••••••.•••••••••... 
Store Quadrupleword via A to SG ••••••••••••.••• 
Store Quadrupleword Extended ••.•••••••••••••••. 
Set Switches ••••••••••••••••••••••••••••••••••• 
Store A in Register .•••••••••.••.•••••••••••••• 
Store Byte ••..••••••••••••••••••••••••••••••••• 
Stor e Double .•••••••••••••••••••••••••••••.•••• 
Store ......................................... . 
Se t RP ••••••••••••••••••••••••••••••••••••••••• " 
Save Map Entries ••••.•••••••••••••••••••••••••• 
Store Word via A ••••••••••••••••••••••••••••••• 
Store Word via A into System ••••••••••••••••••• 
Store Word Extended •••••••••••••••••••••••••••• 
Store-Word Extended, Indexed •••••••••••••••.••. 

Set Extended Base and Limit •• _ ••••••••••••••••• 
Tes t OUTQ •••••••••••••••••••••••••••••••••••••• 
Test Parity Error Freeze Circuits •••••••••••••• 
Add an Entry to the Trace Table •••••••.•••••••• 
Unlock Extended Memory ••••••••••••••••••••••••• 
Unmap a Segment •••••••••••••••••••••••••••••.•• 
11 V" a Semaphor e •••••••••••••••••••••••••••••.•• 
Verify LCS .•••••••••••.•••••••••••••••••••••.•• 
Wr i te to Memory •••••••••••••••••••••••••••••••• 
Write to Operations and Service Processor •••••• 
write Segment Page Table Entry ••••••••••••••••• 
Wr i te to LCS ••••••••••••••••••••••••••••••••.•• 
XRAY Add ••••••••••••••••••••••••••••••••••••••• 
External Call •••••••••••••••••••••••••••••••••• 
Exchange Mas k •••••••••••••••••••••••••••••••.•• 
Exclusive OR ••••••••••••••••••••••••••••••••••• 
Checksum Block ••••••••••••••••••••••••••••••.•• 
Checksum Block Extended •••••••••••••••••••••••• 
XRAY Stop Timer •••••••••••••••••••••••••••••••• 
XRAY Star t Timer ••••••••••••••••••••••••••.•••• 
Zero Double .................................... . 

000021 
000053 
000067 
000404 
000052 
000446 
000415 
000027 
00011-
-54---
-64---
-44---
00010-
000441 
000361 
000351 
000411 
0255--, 
0265--
000427 
000056 
000453 
000217 
000431 
000043 
000077 
000401 
000435 
000437 
000425 
000400 
000033 
127---
000064 
000012 
000343 
000333 
000443 
000442 
000002 

The one-character symbols immediately to the right of the 
instruction opcodes have the following meanings: 

* indicates a privileged instruction. 
@ indicates an instruction designated for 

operating system use only. 
$ indicates a decimal arithmetic optional instruction. 
# indicates a floating-point arithmetic optional 

instruction. 

* 
* 
* 
* 
* 

* 

* 
@ 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 

* 
* 
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Table A-2. Categorized List of Instructions 

l6-Bit Arithmetic (Top of Register Stack) 
IADD In tege r Add •••••••••••••••••••••••••••••••••• 
LADD Log ical Add •••.•..•.•••••••••••••••••• ~ ••••.• 
ISUB Integer Subtract ••••••••••••••••••••••••••••• 
LSUB Logical Subtract .••••••••••••••••••••••.••••• 
IMPY Integer Multiply ••••.•.••••••••••••.••••••••• 
LMPY Logical Multiply •••••..•••••.•••••••••••••••• 
IDIV Integer Divide .••••••••••••••••••••••••••. ~ •• 
LDIV Logical Divide ••••••••••••••••.••••.•.•••••.• 
INEG Integer Negate •••••••••••••••.•...••••••••••• 
LNEG Logical Negate ••••••••..••••••••••••••••••••• 
ICMP Integer Compare ..•••••••••••••••••••••••••••• 
LCMP Logical Compare .••••••••••.•••••••••••••••••• 
CMPI Integer Compare Immediate •••••••••••••••••••• 
ADDI Integer Add Immediate •••••••••••••••••.•••••• 
LADI Logical Add Immediate ...••••••••••••••••••••• 

32-Bit Signed Arithmetic 
CDI Convert Double to Integer •••••••••••.•••••••• 
CID Convert Integer to Double •••••••••••••••••..• 
DADD Double Add ..••••••••••••••••••••••••••••••••• 
DSUB Double Subtract •••.••.••••••••••••••••.•••... 
DMPY Double Multiply ••••.••••••••••••••••••••••••• 
DDIV Double Divide ••••••••••••••••••••••••••••••.• 
DNEG Double Negate ••••••••••••••••••••••••.•...••• 
DCMP Double Compare •.••.•••••••••••••••••••••••••• 
DTST Double Test •••••••••••••••••.••••••••••••.••• 
MOND 
ZERD 
ONED 

(Load) Minus One Double~.~~. __ ._ .•... ~.~~~~~~ 
(Load) Zero Double ••••••••••••••••••••••••••• 
(Load) One Double •••••••••••••••••••••••.•••• 

l6-Bit Signed Arithmetic (Register Stack Element) 
ADRA Add Register to A ••••••••••••••••••••••••••.• 
SBRA Subtract Register from A •.••••••••••••••••••• 
ADAR Add A to Reg ister ••••...•••••••••••••.••••••• 
SBAR Subtract A from Register ••••••.••••••••••.••• 
ADXI Add to Index Immediate ••••••.••••••••.•.••••• 

Decimal Arithmetic Load and Store 
QLD Quadruple Load •••••••••••••••••••••••••••.••• 
QST Quadruple Store •••••••••••••••••••••••••••••• 

Decimal 
QADD 
QSUB 
QMPY 
QDIV 
QNEG 
QCMP 

A-a 

Integer Arithmetic 
Quadruple Add •••••••••••••••••••••••••••••••• 
Quadruple Subtract ••••••••••••••••••••••••••• 
Quadruple Multiply .••••.••••••••••••••••••••• 
Quadruple Divide ••.••..••.•••••••••••••.•.••• 
Quadruple Negate •••••••.•••••••••••••••••.••• 
Quadruple Compare •.•.••••••••.•••••.••••••••• 

000210 
000200 
000211 
000201 
000212 
000202 
000213 
000203 
000214 
000204 
000215 
000205 
001---
104---
003---

000307 
000327 
000220 
000221 
000222 
000223 
000224 
000225 
000031 
000001 
000002 
000003 

00014-
00015-
00016-
00017-
104---

00023-
00023-

000240 
000241 
000242 $ 
000243 $ 
000244 $ 
000245 $ 
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Table A-2. Categorized List of Instructions (Continued) 

Decimal Arithmetic Scaling and Rounding 
QUP Quadruple Scale Up •••••••••••••••••••••..••.. 
QDWN Quadruple Scale Down ..••••••••••••.•.••••••.. 
QRND Quadr uple Round •••••••••••••••••.•••.•••••••. 

Decimal 
CQI 
CQL 
CQD 
CQA 
CIQ 
CLQ 
CDQ 
CAQ 
CAQV 

Arithmetic Conversions 
Convert Quad to Integer •••••..••••••••••••••• 
Convert Quad to Logical ••••..••••••••...••••• 
Convert Quad to Double •..••••••••••.••.•••••• 
Convert Quad to ASCII •••••••.••••••...•••••.. 
Convert Integer to Quad ••••.•••..••••••.•.••. 
convert Logical to Quad ••••••••.••••••••••..• 
Convert Double to Quad •..••••...••••.•••••••• 
Convert ASCII to Quad •••.•••••..••.••••••••.• 
Convert ASCII to Quad with Initial Value .•••• 

Floating-Point Arithmetic 
FADD Floating-Point Add .•.••••••••..••••••••.••••• 
FSUB Floating-Point Subtract ••••••••••..•••••••••. 
FMPY Floating-Point Multiply ••••••.••••••••.•••••• 
FDIV Floating-Point Divide •••••••••••••.••••••.•.• 
FNEG Floating-Point Negate ••.••••••••••...•••••..• 
FCMP Floating-Point Compare •••.•.•••.•••.••••••... 

Extended 
EADD 
ESUB 
EMPY 
EDIV 
ENEG 
ECMP 

Floating-Point Arithmetic 
Extended Floating-Point Add ••.••••.•••••••••. 
Extended Floating-Point Subtract •...•••••••.• 
Extended Floating-Point Multiply ••••••••••••• 
Extended Floating-Point Divide •••••.••••••.•• 
Extended Floating-Point Negate •..•••••••••••• 
Extended Floating-Point Compare •.•••.•••••••• 

Floating-Point Conversions 
CEF Convert Extended to Floating ••••••••••••••••• 
CEFR Convert Extended to Floating, Rounded •••••.•• 
CFI Convert Floating to Integer •••••••••••••••.•• 
CFIR Convert Floating to Integer, Rounded ••••.•••• 
CFD Convert Floating to Double ••••••••••.•••.•••• 
CFDR Convert Floating to Double, Rounded •••••••••• 
CED Convert Extended to Double ••••••.•.•••••••.•• 
CEDR Convert Extended to Double, Rounded •••••.•••• 
CEI Convert Extended to Integer •.•••••••••••••.•• 
CEIR Convert Extended to Integer, Rounded ••••••••. 
CFQ Convert Floating to Quad ••••••••••.•••••••••• 
CFQR Convert Floating to Quad, Rounded .••••••••••. 
CEQ Convert Extended to Quad •••••••••.••••••.•••• 
CEQR Convert Extended to Quad, Rounded •••••••••••• 

00025-
00025-
000263 $ 

000264 
000246 
000247 
000260 
000266 
000267 
000265 
000262 
000261 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 

000270 # 
000271 # 
000272 # 
000273 # 
000274 # 
000275 # 

000300 
000301 
000302 
000303 
000304 
000305 

# 
# 
# 
# 
# 
# 

000276 # 
000277 # 
000311 # 
000310 # 
000312 # 
000313 # 
000314 # 
000315 # 
000337 # 
000316 # 
000320 # 
000321 # 
000322 # 
000323 # 
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Table A-2. Categorized List of Instructions (Continued) 

CFE 
CIF 
CDF 
CDFR 
CQF 
CQFR 
CIE 
CDE 
CQE 
CQER 

Convert 
Convert 
Convert 
Convert 
Convert 
Convert 
Convert 
Convert 
Convert 
Convert 

Floating to Extended ••••••••••••••••• 
Integer to Floating •••••••••••••••••• 
Double to Floating ••••••••••••••••••• 
Double to Floating, Rounded •••••••••• 
Quad to Floa t i ng ••••••••••••••••••••• 
Quad to Floating, Rounded •••••••••••• 
Integer to Extended •••••••••••••••••• 
Double to Extended ••••••••••••••••••• 
Quad to Extended ••••••••••••••••••••• 
Quad to Extended, Rounded •••••••••••• 

Floating-Point Functionals 
IDXl Calculate Index, 1 Dimension ••••••••••••••••• 
IDX2 Calculate Index, 2 Dimensions •••••••••••••.•• 
IDX3 Calculate Index, 3 Dimensions •••••••••••••••• 
IDXP Calculate Index, Bounds in Code Space •••••••• 
IDXD Calculate Index, Bounds in Data Space •••••••• 

Register 
EXCH 
DXCH 
DDUP 
STAR 
NSAR 
LDRA 
LDI 
LDXI 
LOLT 

Stack Manipulation 
Exchange A with B •••••••••••••••••••••••••••• 
Double Exchange •••••••••••••••••••••••••••••• 
Double Duplicate ••••••••••••••••••••••••••••• 
Store A in a Register •••••••••••••••••••••••• 
Non-Destructive Store A in a Register •••••••• 
Load A from a Register ••••••••••••••••••••••• 
Load Immed i ate ••••••••••••••••••••••••••••••• 
Load Index Immediate ••••••••••••••••••••••••• 
Load Left Immediate •••••••••••••••••••••••••• 

Boolean 
LAND 
LOR 
XOR 
NOT 
ORRI 
ORLI 
ANRI 
ANLI 

Operations 

Bit Shift 
DPF 
LLS 
DLLS 
LRS 
DLRS 
ALS 
DALS 
ARS 
DARS 

A-IO 

Log ical AND •••••••••••••••••••••••••••••••••• 
Log ical OR ••••••••••••••••••••••••••••••••••• 
Exclusive OR ••••••••••••••••••••••••••••••••• 
NOT •••••••••••••••••••••••••••••••••••••••••• 
OR Right Immediate ••••••••••••••••••••••••••• 
OR Left Immediate •••••••••••••••••••••••••••• 
AND Ri gh t Immed i a te •••••••••••••••••••••••••• 
AND Le f t Immed i a te ••••••••••••••••••••••••••• 

and Deposit 
Deposit Field •••••••••••••••••••••••••••••••• 
Logical Left Shift ••••••••••••••••••••••••••• 
Double Logical Left Shift •••••••••••••••••••• 
Logical Right Shift •••••••••••••••••••••••••• 
Double Logical Right Shift ••••••••••••••••••• 
Ar i thmetic Left Shift •••••••••••••••••••••••• 
Double Arithmetic Left Shift ••••••••••••••••• 
Arithmetic Right Shift ••••••••••••••••••••••• 
Double Arithmetic Right Shift •••••••••••••••• 

000325 
000331 
000306 
000326 
000324 
000330 
000332 
000334 
000336 
000335 

000344 
000345 
000346 
000347 
000317 

000004 
000005 
000006 
00011-
00012-
00013-
100---
10----
005---

000010 
000011 
000012 
000013 
004---
0044--
006---
007---

000014 
0300--
1300--
0301--
1301--
0302--
1302--
0303--
1303--

# 
# 
# 
# 
# 
# 
# 
# 
# 
# 

# 
# 
# 
# 
# 



Appendix A: Hardware Instruction Lists 

Table A-2. Categorized List of Instructions (Continued) 

Byte Test 
BTST Byte Test ..••••.••••••••.•••••••••••....••••• 000007 

Memory Stack to/from Register Stack 
LWP Load Word from Program •••••.••.•..•••.•.•••.. 
LBP Load Byte from Program •••••••••••••..•••.•••• 
PUSH Push Registers to Memory •••••••••..•••••••••• 
POP Pop Memory to Registers •••.••••••..••.••••••. 
LWXX Load Word Extended, Indexed .•••••••..•••••••• 

SWXX 

LBXX 

SBXX 

LDX 
NSTO 
LOAD 
STOR 
LDB 
STB 
LDD 
STD 
LADR 
ADM 

Load and 
ANS 
ORS 
ANG 
ORG 
ANX 
ORX 
LWUC 
LWAS 
LWA 
SWAS 
SWA 
LDAS 
LDA 
SDAS 
SDA 
LBAS 
LBA 
SBAS 
SBA 
DFS 
DFG 

Store Word Extended, Indexed ••••••••••.•••... 

Load Byte Extended, Indexed •.•••••••••••••.•. 

Store Byte Extended, Indexed ••••••••••••••••. 

Load Inde x ••••••••••••••••••••••..••••••••••• 
Non~Destructive Store ••••••.••••..••.•.•••••• 
Load Word •••••••••••••••••••••.••••••.•••••.• 
Store Word .•••...•••••••••••••••••..••••••••• 
Load Byte ................................... . 
Store Byte .................................. . 
Load Double •••••••••••••.•••••••••..•••••••.• 
S tor e Do ubI e • . • • • • • • • • • • • • • • • • • • • . • • • • . • • • . • • 
Load Address of Variable •••••••••••..•.•..••• 
Add to Memor y •••••••.••••••••..•.•••••.••..•• 

Store via Address on Register Stack 
AND to SG Memor y •.••••••••••••••.•••.•••...•• 
OR to SG Memory ••.•.•••••••.••.•••.•••••••... 
AND to Current Data ..•.•••...•.••.•••••••.••• 
OR to Current Data •••.•••.•••....•••••••.•.•. 
AND to Extended Memory ••••.••.••.••••.•••.••• 
OR to Extended Memory •••••••••••••••••••••.•• 
Load Word from User Code Segment ..••••.•••.•. 
Load Word via A from System ••••••••••..•••.•• 
Load Word via A .•••.•••••.••••••••••••.•••.•. 
Store Word via A into System ••••••••••••••..• 
Store Word via A .••••••••.••••••••••••••••••• 
Load Double via A from System ••.•••.••.•••..• 
Load Double via A •••••••••••••••••••.•••••.•• 
Store Double via A into System .•••••••••.•••• 
Store Double via A .•••••••••••••••••••••••••• 
Load Byte via A from System •••.••••••••••••.• 
Load Byte via A •.••.•••••.•••••.••••••••••••• 
Store Byte via A into System •••••••••••.••••• 
Store Byte via A .•..•.••••••.•••..•••.••••••• 
Deposit Field into System Data •••.••••••••••• 
Deposit Field in Current Data •••••••••••••••• 

-2----
-2-4--
024---
124---
0254--, 
0264--
0255--, 
0265--
0256--, 
0266--
0257--, 
0267--
-3----
-34---
-4----
-44---
-5----
-54---
-6----
-64---
-7----
-74---

000034 
000035 
000044 
000045 
000046 
000047 
000342 
000350 
000360 
000351 
000361 
000352 
000362 
000353 
000363 
000354 
000364 
000355 
000365 
000357 
000367 
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Table A-2. Categorized List of Instructions (Continued) 

LBX 
SBX 
LWX 
SWX 
LDDX 
SDDX 
LQX 
SQX 
DFX 
SCS 
LQAS 
SQAS 

Branching 
BIC 
BUN 
BOX 
BGTR 
BEQL 
BGEQ 
BLSS 
BAZ 
BNEQ 
BANZ 
BLEQ 
BNOV 
BNOC 
BF! 

Load Byte Extended •..•••••••••••••••••••••••• 
Store Byte Extended •••••.•••••..•••.••••••••• 
Load Word Extended ..•••.••••••••••••••..••.•• 
Store Word Extended .••••••••••••••••••••••.•• 
Load Doubleword Extended ••••••••.•••••••••••• 
Store Doubleword Extended •••••••••••••••••••• 
Load Quadrupleword Extended •••••••••••••••••• 
Store Quadrupleword Extended ••••••••••••••.•• 
Deposit Field Extended •••••••••.•••••••.••••. 
Set Code Segment •••••••.•.•••••••••••••••••.• 
Load Quadrupleword via A from SG ••••••••••.•• 
Store Quadrupleword via A to SG ••••••••••.••• 

Branch if Carry •••••••••••••••••••••••••••••• 
Branch Unconditionally ••••••••••••••••••••••• 
Branch on Index •.•••••••••••••••••••••••••••• 
Branch if CC Greater .•••.•.••••.••••••••••••• 
Branch if CC Equal .••••••••••.••••••••••••••. 
Branch if CC Greater or Equal ••.••••.••••.••• 
Branch if CC Less ••••••..••.••••••••••••••••• 
Branch if A Zero ••.•.•••.••••••.••••••••••••• 
Branch if CC Not Equal ••••••••.••.••••••••••• 
Branch if A Not Zero •••••••••••.•••.••••••.•• 
Branch if CC Less or Equal •••.••••••••••••••• 
Branch if no Overflow •••••••••••••••••••••••• 
Branch if no Carry ••.•.••..•••••••.•••••••••• 
Branch Forward !ndirect~~~~~~.~.~ .........•.. 

Moves, Compares, and Scans 
MNGG Move Words While Not Duplicate ••••••••••••••• 
CDG Count Duplicate Words ••.••••••••••.•••••••••• 
MOVW Move Words •.•••••••••••••••••••••• ' •••.••••••• 
MOVB Move Byte s ••••••••..•••.••••••••••••••••••••• 
COMW Compare Words •••••••••••••••••••••••••••••••• 
COMB Compare Bytes •••••••••••••••••••••••••••••••• 
SBW Scan Bytes While ••••••••••••••••••••••••.•••• 
SBU Scan Bytes Until ••••••••••••••••••••••••••••• 
MNDX Move Words While Not Duplicate, Extended ••••• 
CDX Count Duplicate Words Extended ••••••.•••••••• 
MVBX Move Bytes Extended •••••••••••••••••••••••••• 
MBXR Move Bytes Extended Reverse •••••••••••••••••• 
MBXX Move Bytes Extended, and Checksum •••••••••••• 
CMBX Compare Bytes Extended •••••••••••••••.••••••• 

Program 
SETL 
SETS 
SETE 
SETP 

Register Control 
Set L Reg ister ••••••••••••••••••••••••••••••• 
Set S Register •••••••••••••••••••.••••••••••• 
Set ENV Reg ister ................................ . 
Set P Register ••••••••••••••••••••••••••••••• 

A-12 

000406 
000407 
000410 
000411 
000412 
000413 
000414 
000415 
000416 
000444 
000445 
000446 

-10---
-104--
-1-4--
-11---
-12---
-13---
-14---
-144--
-15---
-154--
-16---
-164--
-17---
000030 

000226 
000366 
026---
126---
0262--
1262--
1264--
1266--
000227 
000356 
000417 
000420 
000421 
000422 

000020 
000021 
000022 
000023 

* 
* 
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Table A-2. Categorized List of Instructions (Continued) 

RDE Read E Register •••••.•••••••••.••••••••.••••• 000024 
RDP Read P Register •••••••••••••••••••••••••••••. 000025 
STRP Set Register Pointer •••••••••••••••••••••..•• 00010-
ADDS Add to S Register ••••••••••••••••••.••••••••• 002---
CCL Set CC Less •••••••••••••••••••••••••••••••••• 000015 
CCE Set CC Equal ••••••••••••••••••••••••••••••••• 000016 
CCG Set CC Greater •••••••.••.••••••••••.••••••••. 000017 

Routine Calls/Returns 
PCAL Procedure Call ••••••••••••.•••••••••••••••••• 027---
XCAL External Procedure Call •••••••••••••••••••.•• 127---
SCMP Set Code Map ••••••••••••••••••••••••••••••••• 000454 
DPCL Dynamic Procedure Call ••••••••••••••••••.••.• 000032 
EXIT Exit from Procedure •••••••••••••••••••••••••• 125---
DXIT DEBUG Exi t •.•...••••.•.•••.•.•••.••••.•.••••. 000072 
BSUB Branch to Subprocedure ••••••••••••••••••••••• -174--
RSUB Return from Subprocedure ••••••••••••••••••••• 025---

Checksum Computation 
XSMG Compute Checksum in Current Data ••••••••••••• 000343 
XSMX Compute Checksum Extended ••••••••••••••••••• 000333 

Interrupt 
RIR 
XMSK 
IXIT 
DISP 
RIBA 

System 
Reset INT Register ••••••••••••••••••••••••••• 
Exchange MASK Register •••••••••••.••••••••••• 
Exit from Interrupt Handler •••••••••••••••.•• 
Dispatch ••••••••••••••••••••••••••••••••••••• 
Read INTA and INTB Registers ••••••••••••••••• 

Bus Communication 
TOTQ Test Out Queues •••••••••••••••••••••••••••••• 
SEND Send Packet •••••••••••••••••••••••••••••••••• 

Input/Output 
RSW Read Switch Register ••••••••••••••••••••••••• 
SSW Set Switch Register •••••••••••••••••••••••••• 
E 10 Execu te I/O •••••••••••••••••••••••••••••••••• 
110 Interrogate I/O .••••••••••••••••••••••••••••• 
HIIO High-Priority Interrogate I/O •••••••••••••••• 
RCHN Reset I/O Channel •••••••••••••••••••••••••••• 

Miscellaneous Nonprivileged 
NOP No Operation ••.•••••••••••••••••••••••••••••• 
RCLK Read Cloc k ••••••••••••••••••••••••••••••••••• 
RCPU Read Processor Number •••••••••••••••••••••••• 
BPT Instruction Breakpoint Trap •••••••••••••••••. 

000063 
000064 
000071 
000073 
000440 

000056 
000065 

000026 
000027 
000060 
000061 
000062 
000447 

000000 
000050 
000051 
000451 

* 

* 
* 
* 
* 
* 

@ 

* 

* 
* 
* 
* 
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Table A-2. Categorized List of Instructions (Continued) 

Resource 
XADD 
MXON 
MXFF 
SNDQ 
SFRZ 
DOFS 
DLEN 
HALT 
PSEM 
VSEM 
RPV 
WWCS 
VWCS 
RWCS 
FRST 
RSMT 
WSMT 
XSTR 
XSTP 
BCLD 
TPEF 

Management 
XRAY Add •••.••..•••••••••••••••••••..•••••••• 
Mutual Exclusion On •••••••••••••••••••••••••• 
Mutual Exclusion Off ••••••••••••••••••••••••• 
Signal a Send Is Queued ••••••••••••••••••••• ~ 
System Free ze ••••.•••••••••••.••••••••••••••• 
Disc Record Offset •••••.••••••••••••••••••••• 
Disc Record Length •••••..•••.•••••.••.••••••• 
Processor Halt ••.••.•.••••••••••..••••••••••• 
"P" a Semaphore ••.••••••.•••••••••••••••••••• 
"V" a Semaphor e .••••••••••••••••••••••••••••• 
Read PROM Version Numbers ••••••••••••••••.••. 
write LCS •••••••••••••••••••.•••••••••••••••• 
Ver ify LCS .•••.••••••••••.•••.••••••••••••••• 
Read LCS •..••••.••.•••••••••••••••••••••••••. 
Firmware Reset •.•...•.•••••.••••••••••••••••• 
Read from Operations and Service Processor ••• 
write to Operations and Service Processor •••• 
XRAY Start Timer •••..•••••••••••••••••••••••• 
XRAY Stop Timer •.•••..••••••••••.••..•••••••• 
Bus Cold Load •.••••••••••••.•••.••••••••••••• 
Test Parity Error Freeze Circuits •••••••••••• 

Memory Management 
MAPS Map In a Segmen t •••.•••••••••••••••••.•••••.• 
UMPS Unmap a Segment •••••••••••••••.•••.•••..••••• 
RMAP Read Map •.•••••••.••••••••••••••••••••••••••• 
SMAP 
CRAX 
RSPT 
WSPT 
RXBL 
SXBL 
LCKX 
ULKX 
CMRW 
RMEM 
WMEM 
SVMP 
BNDW 

Se t Map ~ '" ~ ~ " '" ? Z ~ " = = = " " ~ " " " ~ " ~ " " = " = .. ~ " ~ ~ = ~ " ., ., ., 
Convert Relative to Absolute Extended •••••••• 
Read Segment Page Table Entry •••••••••••••••• 
Write Segment Page Table Entry ••••••••••••••• 
Read Extended Base and Limit ••••••••••••••••• 
Set Extended Base and Limit ••••••• o •••••••••• 

Lock Down Extended Memory •••••• o ••••••••••••• 

Unlock Extended Memory ••••••••••••••••••••••• 
Correctable Memory Error Read/Write •••••••••• 
Read Memor y ••••.••••••••••••••••••••••••••••• 
Wr i te Memory ••••••••••••••••••••••••••••••••• 
Save Map Entries ••••••••••••••••••••••••••••• 
Bounds Test Words ••••••••••••••••••••.••••••• 

List Management 

A-14 

DLTE Delete Element from List •••••••••••.••••••••• 
INSR Insert Element into List ••••••••••••••••••••• 
MRL Merge onto Ready List ••••••••••••••.••••••••• 
FTL Find Position in Time List ••••••••••••••••••• 
DTL Determine Time Left for Element ••.••••••••••• 

000033 
000040 
000041 
000052 
000053 
000057 
000070 
000074 
000076 
000077 
000216 
000400 
000401 
000402 
000405 
000436 
000437 
000442 
000443 
000452 
000453 

000042 
000043 
000066 
000067 
000423 
000424 
000425 
000426 
000427 
000430 
000431 
000432 
000434 
000435 
000441 
000450 

000054 
000055 
000075 
000206 
000207 

* 
* 
* 
* 
* 
@ 
@ 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
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Table A-2. Categorized List of Instructions (Continued) 

Trace and Breakpoints 
TRCE Add Entry to Trace Table ••••••••••.••••••••.• 
5MBP Set Memory Breakpoint •••••••••••••.•••••••••• 

000217 * 
000404 * 

The one-character symbols immediately to the right of the 
instruction opcodes have the following meanings: 

* indicates a privileged instruction. 
@ indicates an instruction designated for 

operating system use only .. 
$ indicates a decimal arithmetic optional instruction. 
# indicates a floating-point arithmetic optional 

instruction. 
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Table A-3. Binary Coding, Memory Reference Instructions 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 vkcc 

2 0 I 0 +/- I I X X III P I LWP a 
I 2 0 X X 1 +/- p LBP b 
I 3 0 X X .. G,L,SG,S ~ LDX a 
I 3 1 X X .. G,L,SG,S ~ NSTO 
I 4 0 X X .. G,L,SG,S .. LOAD a 
I 4 1 X X IIIf G,L,SG,S .. STOR 
I 5 0 X X III! G,L,SG,S .. LDB b 
I 5 1 X X .. G,L,SG,S ~ STB 
I 6 0 X X III G,L,SG,S .. LDD a 
I 6 1 X X .. G,L,SG,S .. STD 
I 7 0 X X .. G,L,SG,S .. LA DR 
I 7 1 X X IIIf G,L,SG,S ~ ADM vk a 

P+ 0 · · · · · · · 0:177 
p- I · · · · · · · 0:177 

G+ 0 . · · · · · · · 0:377 
L+ 1 0 · · · · · · · 0:177 
SG 1 1 0 · · · · · · 0:77 
L- 1 1 1 0 · · · · · 0:37 
s- 1 1 1 1 · · · · · 0:37 

+/- (0/1) implies two's-complement notation; the sign is extended 
through bit 0 at execution. 

I (0/1) indicates direct or indirect address. 

v = Overflow 

k = Carry 

cc = Condition Codes: 
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a 
L (result < 0) or (oprl < opr2) 
E (result = 0) or (oprl = opr2) 
G (result > 0) or (oprl > opr2) 

L (ASCII numeric) 
b E (ASCII alpha) 

G (ASCII special) 

L (channel error or timeout)! 
c E (no error) 

G (unusual condition) I 

Note: oprl is first 
item pushed on 
stack; opr2 is 
second. 

I 
I 
I 



Appendix A: Hardware Instruction Lists 

Table A-4. Binary Coding, Immediate Instructions 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 vkcc 

1 0 0 +/- ~ OPERAND • LDI a 
1 0 0 X X +/- ~ OPERAND • LDXI a 
0 0 1 +/- ~ OPERAND • CMPI a 
0 0 2 +/- ~ OPERAND • ADDS a 
0 0 3 +/- ~ OPERAND • LADI k a 
0 0 4 0 ~ OPERAND • ORRI a 
0 0 4 1 ~ OPERAND • ORLI a 
1 0 4 +/- ~ OPERAND .. ADDI vk a 
1 0 1 X X +/- --+--- OPERAND • ADXI vk a 
0 0 5 +/- ~ OPERAND ~ LDLI a 
0 0 6 +/- --+--- OPERAND ~ ANRI a 
0 0 7 +/- --+--- OPERAND • ANLI a 

+/- (0/1) implies two's-complement notation; the sign is extended 
through bit 0 at execution. 

I (0/1) indicates direct or indirect address. 

vkcc: see Table A-3 footnote. 
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Appendix A: Hardware Instruction Lists 

Table A-5. Binary Coding, Move/Shift/Call/Extended Instructions 

0 

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

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

2 4 LAST COUNT-l I N I 
2 4 N LAST COUNT-l 
2 5 0 ....-- SDEC • 
2 5 0 ....-- SDEC • 
2 5/6 4 DISPLACEMENT 
2 5/6 5 DISPLACEMENT 
2 5/6 6 DISPLACEMENT 
2 5/6 7 DISPLACEMENT 
2 6 0 0 RL S S D RP 
2 6 0 1 RL S S D RP 
2 6 0 0 RL S S D RP 
2 6 0 1 RL S S D RP 
2 6 1 0 RL S S D RP 
2 6 1 1 RL S S D RP 
2 7 III PEP • 
2 7 III PEP ., 
3 0 0 ~ SHIFT COUNT ----.. 
3 0 0 ~ SHIFT COUNT ----.. 
3 0 1 ~ SHIFT COUNT ----.. 
3 0 1 -.- SHIFT COUNT ----.. 
3 0 2 -+- SHIFT COUNT ----.. 
3 0 2 ~ SHIFT COUNT~ 
3 0 3 ~ SHIFT COUNT~ 

3 0 3 ~ SHIFT COUNT~ 

RL (all) left-to-right (increasing addresses) 
right-to-left (decreasing addresses) 

SS (source map): 
00 Current Data 
01 System Data (Current Data if nonprivileged user) 
10 Current Code 
11 User Code 

D = (destination map), data only 
o Current Data 
1 System Data (Current Data if Nonprivileged User) 

PEP = Procedure Entry Point Table 

SDEC = stack S decrement 

vkcc: see Table A-3 footnote. 
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vkcc 

PUSH 
POP 
RSUB 
EXIT 
LWXX a 
SWXX 
LBXX b 
SBXX 
MOVW 
COMW a 
MOVB 
COMB a 
SBW k 
SBU k 
PCAL 
XCAL 
LLS a 
DLLS a 
LRS a 
DLRS a 
ALS a 
DALS a 
ARS a 
DARS a 

I 
I 



0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Appendix A: Hardware Instruction Lists 

Table A-6. Binary Coding, Branch Instructions 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 vkcc 

1 0 0 +/- p .. BIC 
1 0 4 +/- P • BUN 
1 0 X X 4 +/- p • BOX 
1 1 0 +/- P .. BGTR 
1 2 0 +/- P • BEQL 
1 3 0 +/- P • BGEQ 
1 4 0 +/- P • BLSS 
1 4 4 +/- P .. BAZ 
1 5 0 +/- p .. BNEQ 
1 5 4 +/- P .. BANZ 
1 6 0 +/- P .. BLEQ 
1 6 4 +/- P • BNOV 
1 7 0 +/- P • BNOC 
1 7 4 +/- P • BSUB 

+/- ( 0/1) implies two's-complement notation; the sign is extended 
through bit a at execution. 

I (0/1) indicates direct or indirect address. 

Note: since the Program Counter register holds the address of the 
next instruction, a branch-self instruction (Branch *) 
would be coded: BUN p-l. 

vkcc: see Table A-3 footnote. 
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Appendix A: Hardware Instruction Lists 

Table A-7. Binary Coding, Stack Instructions 

0 1 2 3 4 5 6 7 8 9 I 10 11 12 I 13 14 15 

0 0 0 ~ STACK OPERAND CODE ~I 

1 I 
7:15> vkcc <7:15> vkcc 

0 0 0 NOP 0 5 1 *RCPU 
0 0 1 MOND a 0 5 2 *SNDQ 
0 0 2 ZERO a 0 5 3 *SFRZ 
0 0 3 ONED a 0 5 4 *DLTE 
0 0 4 EXCH a 0 5 5 *INSR 
0 0 5 DXCH a 0 5 6 @TOTQ ! 
0 0 6 DDUP a 0 5 7 @DOFS c 
0 0 7 BTST b 0 6 0 *EIO c 
0 1 0 LAND a 0 6 1 *IIO c 
0 1 1 LOR a 0 6 2 *HIIO 
0 1 2 XOR a 0 6 3 *RIR 
0 1 3 NOT a 0 6 4 *XMSK 
0 1 4 DPF a 0 6 5 *SEND ! 
0 1 5 CCL a 0 6 6 *RMAP 
0 1 6 CCE a 0 6 7 *SMAP 
0 1 7 CCG a 0 7 0 @DLEN 
0 2 0 SETL 0 7 1 *IXIT 
0 2 1 SETS 0 7 2 *DXIT 
0 2 2 SETE ! ! a 7 3 *DISP 
0 2 3 SETP 0 7 4 *HALT 
0 2 4 RDE 0 7 5 *MRL 
0 2 5 RDP 0 7 6 *PSEM 
0 2 6 RSW a 0 7 7 *VSEM 
0 2 7 SSW 1 0 reg STRP 
0 3 0 BFI 1 1 reg STAR 
0 3 1 DTST a 1 2 reg NSAR 
0 3 2 DPCL 1 3 reg LORA a 
0 3 3 *XADD 1 4 reg ADRA vk a 
0 3 4 ANS a 1 5 reg SBRA vk 
0 3 5 ORS a 1 6 reg ADAR vk 
0 4 0 *MXON 1 7 reg SBAR vk a 
0 4 1 *MXFF 2 0 0 LADD k a 
0 4 2 *MAPS 2 0 1 LSUB k a 
0 4 3 *UMPS 2 0 2 LMPY v=Oa 
0 4 4 ANG a 2 0 3 LDIV v a 
0 4 5 ORG a 2 0 4 LNEG k a 
0 4 6 ANX a 2 0 5 LCMP a 
0 4 7 ORX a 2 0 6 *FTL 
0 5 0 RCLK 2 0 7 *DTL 
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Appendix A: Hardware Instruction Lists 

Table A-7. Binary Coding, Stack Instructions (Continued) 

0 1 2 3 4 5 6 7 8 9 J 10 11 12 I 13 14 15 

0 0 0 ~ STACK OPERAND CODE ~ 

I ! 
<7:15> vkcc <7:15> vkcc 

2 1 0 IADD vk a 4 0 5 *FRST 
2 1 1 ISUB vk a 4 0 6 LBX b 
2 1 2 IMPY v a 4 0 7 SBX 
2 1 3 IDIV v a 4 1 0 LWX a 
2 1 4 INEG vk a 4 1 1 SWX 
2 1 5 ICMP a 4 1 2 LDDX a 
2 1 6 *RPV 4 1 3 SDDX 
2 1 7 *TRCE 4 1 4 LQX a 
2 2 0 DADO vk a 4 1 5 SQX 
2 2 1 DSUB vk a 4 1 6 DFX a 
2 2 2 DMPY vk a 4 1 7 MVBX 
2 2 3 DDIV vk a 4 2 0 MBXR 
2 2 4 DNEG vk a 4 2 1 MBXX 
2 2 5 DCMP a 4 2 2 CMBX ! 
2 2 6 MNGG ! 4 2 3 *CRAX 
2 2 7 MNDX ! 4 2 4 *RSPT ! 
3 3 3 XSMX 4 2 5 *WSPT 
3 4 2 LWUC a 4 2 6 *RXBL 
3 4 3 XSMG" 4 2 7 *SXBL 
3 5 0 LWAS a 4 3 0 *LCKX ! 
3 5 1 SWAS 4 3 1 *ULKX ! 
3 5 2 LDAS a 4 3 2 *CMRW ! 
3 5 3 SDAS 4 3 4 *RMEM a 
3 5 4 LBAS b 4 3 5 *WMEM 
3 5 5 SBAS 4 3 6 *RSMT 
3 5 6 COX 4 3 7 *WSMT 
3 5 7 DFS a 4 4 0 *RIBA 
3 6 0 LWA a 4 4 1 *SVMP 
3 6 1 SWA 4 4 2 *XSTR 
3 6 2 LOA a 4 4 3 *XSTP 
3 6 3 SDA 4 4 4 SCS 
3 6 4 LBA b 4 4 5 *LQAS a 
3 6 5 SBA 4 4 6 *SQAS 
3 6 6 COG 4 4 7 *RCHN ! 
3 6 7 DFG a 4 5 0 *BNDW ! 
4 0 0 *WWCS ! 4 5 1 BPT 
4 0 1 *VWCS ! 4 5 2 *BCLD 
4 0 2 * RWCS 4 5 3 *TPEF 
4 0 4 *SMBP 4 5 4 SCMP 
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Table A-7. Binary Coding, Stack Instructions (Continued) 

* indicates a privileged instruction. 
@ indicates an instruction designated for operating 

system use only. 

vkcc: see Table A-3 footnote. 

= special vkcc meanings; see instruction definitions 
in Table B-1. 

Table A-a. Binary Coding, Decimal Arithmetic Instructions 

0 1 2 3 4 5 6 7 a 9 I 10 11 12 I 13 14 15 

0 0 0 ..- STACK OPERAND CODE ~ 

1 ! 
<7:15> vkcc <7:15> vkcc 

2 3 0 +QST I I 2 5 0 +QUP v a 
2 3 1 +QST x5 2 5 1 +QDWN v=Q 
2 2 6 2 5 ("" .J +QST x ,j. ~ +QUP ~) v a 
2 3 3 +QST x7 2 5 3 +QDWN(2) v=Oa 
2 3 4 +QLD a 2 5 4 +QUP(3) v a 
2 3 5 +QLD xS a 2 5 5 +QDWN (3) v=Oa 
2 3 6 +QLD x6 a 2 5 6 +QUP(4) v a 
2 3 7 +QLD x7 a 2 5 7 +QDWN (4) v=Oa 
2 4 0 +QADD vk a 2 6 0 CQA v a 
2 4 1 +QSUB vk a 2 6 1 CAQV v ! 
2 4 2 QMPY v a 2 6 2 CAQ v ! 
2 4 3 QDIV v a 2 6 3 QRND v=Oa 
2 4 4 QNEG vk a 2 6 4 CQI v 
2 4 5 QCMP a 2 6 5 CDQ 
2 4 6 CQL v 2 6 6 CIQ 
2 4 7 CQD v 2 6 7 CLQ 

+ indicates an instruction that is standard in all 
processors (not part of decimal option). 

CCE 1f ent1re str1ng 1S ASCII d1gits, CCG 1f not. 

vkcc: see Table A-3 footnote. 



Appendix A: Hardware Instruction Lists 

Table A-9. Binary Coding, Floating-Point Instructions 

0 1 2 3 4 5 6 7 8 9 I 10 11 12 1 13 14 15 

0 0 0 ...- STACK OPERAND CODE ~ 

1 1 
<7:15> vkcc <7:15> vkcc 

2 7 0 FAOO v a 3 1 6 CEIR a 
2 7 1 FSUB v a 3 1 7 IOXO a 
2 7 2 FMPY v a 3 2 0 CFQ a 
2 7 3 FOIV v a 3 2 1 CFQR a 
2 7 4 FNEG a 3 2 2 CEQ a 
2 7 5 FCMP a 3 2 3 CEQR a 
2 7 6 CEF a 3 2 4 CQF a 
2 7 7 CEFR a 3 2 5 CFE a 
3 0 0 EAOO v a 3 2 6 COFR a 
3 0 1 ESUB v a 3 2 7 +CIO a 
3 0 2 EMPY v a 3 3 0 CQFR a 
3 0 3 EOIV v a 3 3 1 CIF a 
3 0 4 ENEG a 3 3 2 CIE a 
3 0 5 ECMP a 3 3 4 CDE a 
3 0 6 COF a 3 3 5 CQER a 
3 0 7 +COI a 3 3 6 CQE a 
3 1 0 CFIR a 3 3 7 CEI a 
3 1 1 CFI a 3 4 4 IOXI a 
3 1 2 CFO a 3 4 5 IOX2 a 
3 1 3 CFOR a 3 4 6 IOX3 a 
3 1 4 CEO a 3 4 7 IOXP a 
3 1 5 CEOR a 

+ indicates an instruction that is standard in all 
processors (not part of floating-point option). 

vkcc: see Table A-3 footnote. 
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APPENDIX B 

INSTRUCTION SET DEFINITION 

This appendix consists of a table (B-1) giving brief definitions of 
all the instructions in the NonStop II instruction set, in numeric 
opcode order. A TAL-like notation is used for the definitions. 
This table is a specification of the instruction microcode, and is 
provided for those interested in microcode details such as the use 
of the register stack. 

Table B-2 is a key to the symbols used in the instruction definitions. 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Table B-1. Instruction Set Definition 

Note: The one-character symbols immediately to the 
right of the instruction opcodes have the following 
meanings: 

* 
@ 

$ 
# 

op(x) 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

indicates a privileged instruction. 
indicates an instruction designated for 

operating system use only. 
indicates a decimal arithmetic optional instruction. 
indicates a floating-point arithmetic optional 

instruction. 
indicates that an operation similar to that 

performed by the instruction ~op~ should be 
done using the value(s) ~x~. 

0 0 INOP Ino operation I 
0 1 MOND minus one double RP:=RP+2: cc(B:=A:=-l) 
0 2 ZERD zero double RP: =RP+2: cc(B:=A:=O) 
0 3 ONED one double RP:=RP+2: B:=O: cc (A:=l) 
0 4 EXCH exchange A:=:B: cc (A) 
0 5 DXCH double exchange BA:=:CD: cc(BA) 
0 6 DDUP double duplicate RP:=RP+2: cc(BA:=DC) 
0 7 BTST byte test ccb(A.<8:l5» : RP:=RP-l 
1 0 I LAND logical AND cc(B:=B&A); RP:=RP-l 
1 1 LOR logical OR cc(B:=BIA) ; RP:=RP-l 
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Appendix B: Instruction Set Definition 

Table B-1. Instruction Set Definition {Continued} 

B-2 

o 0 
o 0 
o 0 

o 0 
o 0 
o 0 
o 0 
a a 
a a 

a a 
a 0 
a a 
o a 
o 0 

o 0 

o a 
a a 

o a 

o a 

a a 

a a 
o a 
a a 

o a 

o 
a 
o 

o 
a 
o 
o 
o 
o 

o 
a 
o 
o 
o 

o 

o 
o 

o 

o 

o 

o 
a 
o 

o 

o 
o 
o 

o 
o 
o 
o 
a 
o 

o 
a 
o 
o 
a 
o 

o 
o 

o 

a 

o 

o 
a 
o 

o 

1 
1 
1 

1 
1 
1 
2 
2 
2 

2 
2 
2 
2 
2 

3 

3 
3 

3 

3 

3 

3 
3 
4 

4 

2 \XOR 
3 NOT 
4 DPF 

5 CCL 
6 CCE 
7 CCG 
o SETL 
1 SETS 
2 SETE 

exclusive OR 
logical NOT 
deposit field 

condo code less 
condo code equal 
condo code greater 
set L register 
set S register 
set ENV register 

3 SETP set P register 
4 \RDE \read ENV register 
5 RDP read P register 
6 RSW read switches 
7 SSW set switches 

a BFI branch forward 

\ 
indirect 

1 DTST double test 
2 DPCL dynamic procedure 

call 

3' IIXADD 1\· XRAY add 
D=value to add to 

I \ 
counter 

C=offset to cntr 
BA=extended addr 

of XRAY ptr 
4 ANS AND to SG memory 

5 IORS lOR to SG memory 

6 
7 
0* MXON mutual exclusion 

on 

I
A=<0:7> code size 

<8:l5>stack size 

1* MXFF mutual exclusion 
off 

cc(B:=B xor A); RP:=RP-l 
cc (A:= - A) 
cc(C:=(C&B I A&-B»; 
RP:=RP-2 
Z:=O; N:=l 
Z:=l; N:=O 
Z:=N:=O 
L:=A; RP:=RP-l 
S:=A; RP:=RP-l 
ENV.<0:7>:=ENV.<0:7>&A.<0:7>; 
ENV.<8:l5>:=A.<8:l5> 
P:=A; RP:=RP-l 
RP:=RP+l; A:=ENV 
RP:=RP+l; A:=P 
RP:=RP+l; cc(A:=SWITCHES) 
sysstack[%122] :=LIGHTS:=A; 
RP:=RP-l 
P:=P+A+code[P+A] ; 
RP:=RP-l 
cc(BA) 
stack[S+1:S+3] :=(P,ENV,L); 
m:=A.<0:3>; t:=A.<7:l5>; 
if m<2 or m>5 then m:=2; 
if - PRIV then 
{if t>=mem[m,O] then 
{if t>=mem[m,l] 
then priv trap; 
PRIV:=l 

} ~ 
L:=S:=S+3; 
LS:=(m-2) .<14>! 

iCs:=m.<15>; . 
P:=code[t]; RP:=7 
if (t:=xmem[BA])<>O then 

{a:=%40000 A{t+C)AO; 
xmem[a:a+3] :=xmem[a:a+3]+D; 
if D<O and xmem[a:a+l]<O 
then xmem[a:a+3] :=O}; 

RP:=RP-4 
cc(dest(A) :=dest(A) & B); 
RP:=RP-2 

Icc (dest (A) :=dest (A) 
RP:=RP-2 

*** undefined *** 

B) ; 

*** undefined *** 
chkp{stack[(L-20) max 0]); 
chkp(stack[S+A.<8:l5>]) ; 
if A.<0:7> 
then chkp (code [P+A. <0: 7>] ) ; 
stack [L+l] :=MASK; 
MASK:=MASK & %177640; 
RP:=RP-l 

IMASK:=staCk[L+l] 
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o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 
o 0 

o 0 

Appendix B: Instruction Set Definition 

Table B-1. Instruction Set Definition (Continued) 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

4 

4 

4 

4 

4 

4 

5 

5 
5 

5 

2* MAPS map in a segment 
B=segment number 
A=map number 

3* UMPS unmap a segment 
A=map number 

4 lANG lAND to memory 

5 ORG OR to memory 

6 ANX AND to extended 
memory 

7 IORX lOR to extended 
,memory 

o \RCLK\read clock 

1 RCPU read processor # 
2* SNDQ signal that a SEND 

is queued 
3*lsFRzlsystem freeze 

if CMSEG[A]<>B then 
{if CMSEG [A] <>-1 
then UMPS(A): 
j:=B*2: 
for i:=32 to 

$min(64,32+SEG[j].<9:15» 
do 
{if MAP[15,i].<0:14>=B then 

{ mem [ SEG [ j] • < 5 : 8> , 
SEG[j+l]+i-32+ 
MAP [ 15 , i] • < 15 > * 3 2 ] 

: = t : = MAP [ 15 , i - 3 2] ; 
MAP [ 15 , i] : = -l} } ; 

i:=O; 
while i<SEG[j] .<9:15> do 
{MAP [A, i] := 

mem [SEG [j] • <5: 8>, 
SEG [j + 1] + i] ; 

i := i+l}; 
while i <= 63 do 
{ MAP [A , i] : = 1: i: = i + l} ; 
SEG[j] .<0:4> .= A; 
CMSEG[A] .= B' 

} ; , 
RP:=RP-2: 
!!! Note!!! 
the page table must be 
in memory 
j:= SEG[CMSEG[A] *2] .<9:15>; 
m:= SEG[CMSEG[A] *2] .<5:8> 
p:= SEG[CMSEG[A] *2+1] ; 
for i := 0 to j-l do 

{ mem [m , p+ i] : = t : =MAP [A, i] ; 
SEG [CMSEG [A] *2] .<0:4>:=%37; 
CMSEG[A] := -1: 
RP:=RP-l 
!!! Note!!! 
the page table must be 
in memory 

Icc (stack [A] :=stack [A] & B) ; 
RP:=RP-2 
cc (stack [A] :=stack [A] B) : 
RP:=RP-2 
cc(xmem[BA] :=xmem[BA] & C); 
RP:=RP-3 
cc(xmem[BA] :=xmem[BA] C); 
RP:=RP-3 
RP :=RP+4: 
DCBA:=sysstack[%103:%106]+ 

microsecond counter 
RP:=RP+l: A:=processor # 
set dispatcher interrupt; 
sysstack[%1277].<14>:=1 
assert system freeze; halt 
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Table B-1. Instruction Set Definition (Continued) 

o 0 o o 

o 0 o o 

o 0 o o 

o 0 o o 

o 0 o o 

o 0 o o 

o 0 o o 

o 0 o o 

o 0 o o 

B-4 

5 

5 

5 

5 

6 

6 

6 

6 

6 

4* DLTE delete an element 
from a doubly 
linked, circular 
list 

A=element address 

5* INSR insert an element 
into a doubly 
linked, circular 
list 

B=list header 
A=list element 

7@ DOFS disc record offset 
A=record number 
on return, A holds 
offset into 
buffer of record 

0* EIO execute i/o 

1* 110 interrogate i/o 

2* HIIO high-priority 
interrogate i/o 

3* RIR reset interrupt 
register 

4* XMSK exchange mask 

if sysstack[A] <> 0 then 
{if sysstack[sysstack[A]+l] 

<> A or 
sysstack[sysstack[A+l]] 
<> A 

then Instruction Failure; 
f:=sysstack[A]; 
b:=sysstack[A+l]; 
sysstack[b]:=f; 
sysstack[f+l]:=b; 
sysstack[A]:=O; 
sysstack[A+l]:=O; 
} ; 

RP:=RP-l 
!!! Note!!! 
all memory locations accessed 
must be present 
if A=O or 

sysstack[sysstack[B]+l] 
<> B or 
sysstack[sysstack[B+l]] 
<> B 

then Instruction Failure; 
f:=sysstack[B]; 
sysstack[B] :=A; 
sysstack[A]:=f; 
sysstack[A+l] :=B; 
sysstack[f+l]:=A; 
RP:=RP-2 
!!! Note!!! 
all memory locations accessed 

\ITIU5l bli:: prli::5E:l1t 
N:=O; Z:=l; 
if either OUTQ full then Z:=O 
if A'>='512 or 

(A:=xmem[stack[L+2:3]-A*2]) 
'>='stack[L+4] . 

then {P:=stack[L+5]; RP:=7}; 

ioselect(A.subchannel) ; 
iocontrol(A.command,B) : 
B:='device status'; 
cc(A:='channel status') 
RP:=RP+3: 
C:='interrupt cause': 
B:='interrupt status'; 
cc(A:='channel status'): 
RP:=RP+3: 
C:='high-priority interrupt 

cause' ; 
B:='high-priority interrupt 

status'; 
cc(A:='channel status'); 
'clear interrupt' A.<12:15> 
RP:=RP-l 
MASK:=:A 
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Appendix B: Instruction Set Definition 

Table B-1. Instruction Set Definition (Continued) 

o o 6 

006 
006 

007 

007 

007 

007 

007 
007 

5*lsENDlsend 

G=<15> bus 

\ I F=sequence it 
E=<0:7> sender 

cpu it 
<8:15> receiver 

cpu it 
D=OUTQ full timer 
CB=buffer address 
A=byte count 

6* RMAP read map 
7* SMAP set map 

do 
{do until OUTQEMPTY or 

.8(32768-D) microsec; 
if OUTQEMPTY then 
{if A<>O then 

{bus:=G.<15> 
receiver:=E.<8:15>; 
OUTQ[bus,O] :=E; 
OUTQ[bus,l] :=F; 
for i:=4 to 29 do 
{if A <> 0 then 
{boq[bus,i] :=bxmem[CB] ; 
A:=A-l; CB:=CB+l} 

else boq [bus, i] : =O} ; 
OUTQ[bus,15]:=(-1) xor 

OUTQ[bus,O] 
••• OUTQ[bus,14]; 

D:=O; 
if (F:=F+l)=O then 
{done:=true; N:=O; Z:=l}; 

} else 
ldone:=true; N:=O; Z:=l 

1 else 
{done:=true; N:=l; Z:=O; 
OUTQEMPTY:=true 

} ; 
I} until done; 
RP:=RP-7 
!!! Note!!! 
xmem[CB:CB+A*2-1] must be 
in memory 

I
A:=MAP[A.<12:15>,A.<0:5>]i 
MAP[A.<12:15>,A.<0:5>] :=B; 
RP:=RP-2 

O@. DLEN disc record length if (A:=DOFS(A+l)-DOFS(A» < 0 
A=record number then {P:=stack[L+5]; RP:=7} 

1* IXIT interrupt exit (MASK,S,P,ENV,L) 

2* DXIT DEBUG exit 

\ 

3* DISP dispatch 

4* HALT processor halt 
5*\MRL merge onto ready 

list 
A=PCB address 

:=sysstack[L-4:L]; 

\
R[0:7] :=sysstack [L+l:L+8] 
!!! Note!!! 

I
sYSstaCk[L-4:L+8] must be 
present 
DS must be 1 

I
S:=L-3 i 
(P,ENV,L) :=stack [L-2:L]; 
if ENV.<O> 
then Instruction Breakpoint 
set dispatcher interrupt; 
sysstack [%1277] . <15>: =1 
halt 
t := sysstack[ %101]; 
while sysstack[t+2] .<8:15> < 

sysstack[A+2] .<8:15> 
do t:=sysstack[t+l]; 
if sysstack[CPCB+2].<8:15> < 

! sysstack[A+2] .<8:15> 

\
then DISP; 
insert A after t; RP:=RP-l 
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o 0 

o 0 

o 0 
o 0 
o 0 

o 0 
o 0 
o 0 

o 0 

o 0 

o 0 
o 0 
o 0 
o 0 

o 0 
o 0 
o 0 

o 0 

o 0 
o 0 
o 0 

o 0 

o 0 
o 0 
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Table B-1. Instruction Set Definition (Continued) 

o 0 7 6*IPSEM\"P" a semaphore 

I ICB=wait time 
I IA=semaPhore addr 

o 0 7 7* VSEM "V" a semaphore 

o 
o 
o 

o 
o 
o 

o 

o 

o 
o 
o 
o 

o 
o 
o 

o 

o 
o 
o 

o 

o 
o 

A=semaphore addr 

1 0 reg STRP set RP 
1 1 reg STAR store A in reg 
1 2 reg NSAR non-destructive 

store A in reg 
1 3 reg LDRA load register to A 
1 4 reg ADRA add register to A 
1 5 reg SBRA subtract register 

from A 
1 6 reg ADAR add A to register 

1 

2 
2 
2 
2 

7 reglSBARlsub~ract A from 
reglster 

o 0 LADD logical add 
o 1 LSUB logical subtract 
o 2 LMPY logical multiply 
o 3 LDIV loqical divide 

I r· 
I 1 

2 0 4 LNEG logical negate 
2 0 5 LCMP logical compare 
2 0 6* FTL find position in 

time list 

BA=time value 

2 0 7*\DTL \delete from time 
list 

210 
211 
212 

213 

A=element address 

IADD integer add 
ISUB integer subtract 
IMPY integer multiply 

IDIV integer divide 

2 1 
2' 1 

4 \INEGlinteger negate 
5 ICMP integer compare 

\
sysstack[A+2] :=sysstack[A+2] 

I -I: 
lif < then 

j

' {set dispatcher interrupt: 
sysstack [%1277] : = 

sysstack[%1277] I 5} 
else {C:=l: 

sysstack[A+3] :=CPCB}: 
RP:=RP-2 

!!! Note!!! 
sysstack must be resident 

sysstack[A+2] :=sysstack[A+2] 
+1: 

if <= then 
{set dispatcher interrupt: 

sysstack[%1277] .<12>:=1} 
else sysstack[A+3] :=0; 
RP:=RP-l 

!!! Note!!! 
sysstack must be resident 

RP:=reg 
R[reg] :=A: RP:=RP-l 
R[reg] :=A 

RP:=RP+l: cc(A:=R[reg]) 
ccn(A:=A+R[reg] ) 
ccn (A:=A-R[reg]) 

ccn (R[reg] :=R[reg] +A) : 
RP:=RP-l 

ICCn(R[reg ] :=R[reg]-A): 
RP:=RP-l 

I
CCl(B:=B+A): RP:=RP-l 
ccl(B:=B-A): RP:=RP-l 
cc(BA:=B~*~A): V:=O 

Iv:= (C~>=~A) : 
f fC B' .= fCB ~ d~ A CB~ /~A) 
l~c(B); RP:=R~~\ - 1 I --,; 

Iccl(A:=-A) 
cc(B~:~A): RP:=RP-2 
RP:=RP+l: BA:=CB: 
C:=sysstack[%107] ; 
while C<>%107 do 

{BA:=BA-sysstack[C+2:C+3] : 
if < then done: 
C:=sysstack[C]} 

!!! Note!!! 
sysstack must be resident 

a:=A: t:=sysstack[%107]; 
RP:=RP+l: 
BA:=sysstack[t+2:t+3] ; 
while a <> t do 

{t:=sysstack[t] : 
BA:=BA+sysstack[t+2:t+3] } 

!!! Note!!! 
sysstack must be resident 

Iccn{B:=B+A): RP:=RP-l 
ccn(B:=B-A): RP:=RP-l 
V:=-{-32768<=B*A<=32767) : 
cc{B:=B*A); RP:=RP-l 
V:=-{-32768<=B/A<=32767) : 

/
CC{B:=B/A): RP:=RP-l 
ccn(A:=-A) 

ICC(B:A): RP:=RP-2 



o 0 

o 0 
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o 0 

o 0 
o 0 
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o 0 

o 0 
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Table B-1. Instruction Set Definition (Continued) 

o 

o 

o 
o 
o 
o 

o 
o 
o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

2 

2 

2 
2 
2 
2 

2 
2 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

2 
2 
2 
2 

2 
2 
2 

2 

6*\RPV \read PROM version 
numbers 

7*\TRCE\add an entry to 
the trace table 
EDCBA=entry 

o \DADD\double 
1 DSUB double 
2 DMPY double 
3 DD1V double 

add 
subtract 
multiply 
divide 

4 \DNEG double negate 
S DCMP double compare 
6 MNGG move words while 

not duplicate 

D=destination 

\ \
c=source 
B=count 

I I
A=value<>to value 

of source 
7 MNDX move words while 

I I 
not duplicate 

FE=destination 
DC=source 
B=count 
A=value<>to value 

of source 
3 OXX\QST \qUad store 

3 4xx QLD quad load 

4 0 QADD quad add 

4 1 QSUB quad subtract 

4 2$ QMPY quad multiply 

4 3$ QD1V quad divide 

4 4$ QNEG quad negate 

4 S$!QCMPlquad compare 

RP:=RP+S: N:=O: Z:=li 
CBA:=cs prom numbers 
D:=ept pro~ numbers 
E:=i/o channel prom number 
if i/o channel not available 
then {N:=l: Z:=O} 
if TRBASE~<~TRL1M then 

{sysstack[TRACE:TRACE+4] := 
EDCBA; 

TRACE:=TRACE+Si 
if TRACE~>~TRL1M 
then TRACE:=TRBASE}; 

RP:=RP-S 
ccn(DC:=DC+BA); RP:=RP-2 
ccn(DC:=DC-BA)i RP:=RP-2 
ccn(DC:=DC*BA} i RP:=RP-2 
ccn(DC:=DC/BA); V:= BA=Oi 
RP:=RP-2 
ccn(BA:=-BA) 
cc(DC:BA}; RP:=RP-4 

while cc(B}<>"=" and 
stack [Cl<>A do 

{A:=stack[D] :=stack[C]; 
D:=D+li 
C:=C+l· 
B:=B-l}i 

RP:=RP-l 

while cC(B}<>"=" and 
xmem[DC]<>A do 

{A:=xmem[FE] :=xmem[DC] : 
FE:=FE+2; 
DC:=DC+2i 
B:=B-l}i 

RP:=RP-l 
adr:=(if 1=%230 then 0 

else R[I.<14:1S>+4])*4+A; 
stack[adr:adr+3] :=EDCB; 
RP:=RP-S 
adr:=(if 1=%234 then 0 

else R[1.<14:1S>+4])*4+A; 
RP:=RP+3: 
CC(DCBA:=stack[adr:adr+3]} 
ccn(HGFE:=HGFE + DCBA); 
RP:=RP-4 
ccn(HGFE:=HGFE - DCBA) ; 
RP:=RP-4 
V:=if 

-2**63<=HGFE*DCBA<=2**63-1 
then 0 else 1; 

HGFE:=HGFE * DCBA; 
cc(HGFE) ; 
R?:=RP-4 
V:=if DCBA=O then 1 else 0; 
HGFE:=HGFE / DCBA; 

I
CC (HGFE) : 
RP:=RP-4 
DCBA:=-DCBAi 

ICCn(DCBA} 
cc(HGFE:DCBA) 
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Appendix B: Instruction Set Definition 

Table B-1. Instruction Set Definition (Continued) 

0 0 0 2 4 6$/CQL Iconvert quad to IV:=if 0 <= DCBA <=2**16-1 
logical ! then 0 else 1; 

D:=A; 
RP: =RP-3 

0 0 0 2 4 7$ CQD convert quad to V:=if -2**31 <=DCBA<= 2**31-1 
double then 0 else 1· I 

DC:=BA; 
RP:=RP-2 

0 0 0 2 5 nnO QUP Iquad scale up !DCBA:=DBCA* 
10** (I.<13:14>+1); 

V:=if -2**63<=DCBA<=2**63-1 
then o else 1; 

cC(DCBA) 
0 0 0 2 5 nnl QDWN quad scale down DCBA:=DBCA/ 

10**(I.<13:14>+1) ; 
V:=O; cc(DCBA} ; 

0 0 0 2 6 0$ CQA convert quad to cc(FEDC} ; 
ASCII B:=B+Ai 

while A<>O do 
{B:=B-li 
bytedest(B} := 

%60+abs(FEDC) mod 10; 
FEDC:=FEDC/IO; 
A:=A-l} 

V:=if FEDC=O then 0 else 1; 
RP:=RP-6 

0 0 0 2 6 1$ CAQV convert ASCII to IV:=o, 
quad with initial N:=l; 
value while E<>O and V=O and N=l do 

{ccb(t:=bytedest(F» ; 
if N=l then 

{DCBA:=DCBA*lO + t&%17; 
V:=if DCBA<=2**63-1 

then 0 else 1· I 

F:=F+l· 
I 

__ .f1 
I I ~:=~-J..JJ 

I I 

iCC(El !cce if entire string 
! is ASCII digits. 
!ccg if not. 

I \ 

!Note: initial value (DCBA) 
should be positive. 

0 0 0 2 6 2$ CAQ convert ASCII to RP:=RP+4; 
quad DCBA:=O; 

V:=O; 
N:=l; 
W?ile E<>O and V=O and N=l do 

ccb(t:=bytedest(F» ; 
if N=l then 

{DCBA:=DCBA*lO + t&%17; 
V:=if DCBA<=2**63-1 

then 0 else 1· I 

F:=F+l· 
E:=E-11} 

jCC(El !cce if entire string 
lis ASCII digits. 
!ccg if not. 

0 0 0 2 6 3$ QRND quad round DCBA:=(if DCBA<O then DCBA-5 
else DCBA+5) / 10; 

V:=O; 
cc(DCBA) 

0 0 0 2 6 4$ CQI convert quad to IV:=if -2**15 <=DCBA<= 2**15-1 

\ 

integer then 0 else 1; 
D:=A; RP:=RP-3; 
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Appendix B: Instruction Set Definition 

Table B-1. Instruction Set Definition (Continued) 

0 0 0 2 6 5$\CDQ \convert double to I (t,u) :=BA; 
quad s:=if B<O 

then %177777 else 0; 
RP:=RP+2; 
DCBA:=(s,s,t,u) 

0 0 0 2 6 6$ CIQ convert integer to t:=A; 
quad s:=if A<O 

then %177777 else 0; 
RP :=RP+3; 
DCBA:=(s,s,s,t) 

0 0 0 2 6 7$ CLQ convert logical to t:=A;RP:=RP+3; 
quad DCBA:=(O,O,O,t) 

0 0 0 2 7 O*\FADD\floating add tl:=exponent{C} ; 
DC:=OC+BA t2:=exponent(A) ; 

if BA<>O and DC<>O 
and abs(tl-t2)<24 then 

{signl:=D.<O>; 
sign2:=B.<0>; 
D.<O>:=B.<O>:=l; 
exponent (C) :=0; 
exponent (A) :=0; 
~:=tl-t2; 
if s>=O then 

BA:=BA"'»"'s; 
else 

{DC:=DC"'»"'-s; 
DC:=:BA; 
tl:=t2} 

if signl=sign2 then 
{DC:=DC"'+"'BA; 
if carry then 

{DC:=DC"'»"'l; 
tl:=tl+l; 
D.<O>:=l}} 

else 
{DC:=DC"'-"'BA; 
if not carry then 

{DC:=-DC; 
signl:=-signl} 

if OC=O then 
tl:=signl:=O 

else 
while D.<O>=O do 

{DC:=DC"'«"'l; 
tl:=tl-l}} 

DC:=OC"'+"'%400; 
if carry then 

tl:=tl+l; 
if tl.<6>=1 then 

call overflow; 
D.<O>:=signl; 
exponent (C) :=tl} 

else 
if DC=O or tl-t2<=-24 then 

DC:=BA; 
cc (DC) ; RP:=RP-2 

0 0 0 2 7 lilFSUBlfloating subtract if BA<>O then 
DC:=DC-BA B.<O>:=-B.<O>; 

go to FADD 
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Table B-1. Instruction Set Definition (Continued) 

0 0 0 2 7 2# I FMPY I floating multiply lif DC=D or BA=D then 

\ 

\DC:=DC*BA DC:=O 
else 

{tl:=exponent(C) ; 
t2:=exponent(A) ; 
exp:=tl+t2-255; 
sign:=D.<O> xor B.<O>; 
D.<O>:=B.<O>:=I; 
exponent (C) :=0; 
exponent (A) :=0; 
DCBA:=DC'*""BA; 
norm(DC); 
DC:=DC""+'%400; 
if carry then 

exp:=exp+l; 
if exp.<6>=1 then 

call overflow; 
D.<O>:=sign; 
exponent (C) :=exp} 

cc(DC}; RP:=RP-2 
0 0 0 2 7 3# FDIV floating divide if BA=O then 

DC:=DC/BA call overflow; 
if DC<>O then 

{tl:=exponent(C) ; 
t2:=exponent(A) ; 
exp:=tl-t2+256; 
sign:=D.<O> xor B.<O>; 
D.<O>:=B.<O>:=I; 
exponent (C) : =0; 
exponent (A) :=0; 
DC:=DC""/""BA; 
norm (DC) ; 
DC:=DC'+""%400; 
if carry then 

exp:=exp+l; 
if exp.<6>=1 then 

call overflow; 
D.<O>:=sign; 
exponent (C) :=exp} 

cc(DC); RP:=RP-2 
0 0 0 2 7 4# FNEG floating negate if BA<>O then 

BA:=-BA B.<O>:=-B.<O>; 
cc(BA) 

0 0 0 2 7 5# FCMP floating compare if D.<O> <> B.<O> then 
DC:BA cC(D:B) 

else 
{sign:=D.<O>; 
D.<O>:=B.<O>:=O; 
tl:=exponent(C}; 
t2:=exponent(A) ; 
if tl<>t2 then 

if sign=O then 
cc(tl:t2) 

else cc(t2:tl) 
else 

if sign=O then 
cc(DC:BA) 

else cc(BA:DC) } 
RP:=RP-4 

0 0 0 2 7 6#[CEF \convert extended texponent(C) :=exponent(A); 
I to floating IRP:=RP-2 
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Table B-1. Instruction Set Definition (Continued) 

0 0 0 2 7 7#!CEFR\convert extended \sign:=D.<O>; D.<O>:=l; 
to floating with exp:=exponent(A) ; 
rounding DC:=DC"+"%400; 

if carry then 
{exp:=exp+l; 
if exp.<6> then V:=l} 

D.<O>:=sign; 
exponent (C) :=exp; 
RP:=RP-2 

0 0 0 3 0 0# EADD extended add tl:=exponent(E) ; 
HGFE:=HGFE+DCBA t2:=exponent(A) ; 

if DCBA<>O and HGFE<>O 
and abs(tl-t2)<56 then 

{signl:=H.<O>; 
sign2:=D.<0>; 
H.<O>:=D.<O>:=l; 
exponent (E) :=0; 
exponent (A) : =0; 
s:=tl-t2; 
if s>=O then 

DCBA:=DCBA"»"S; 
else 

{HGFE:=HGFE"»"-S; 
HGFE:=:DCBA; 
tl:=t2} 

if signl=sign2 then 
tHGFE:=HGFE"+"DCBA; 
if carry then 

{HGFE:=HGFE"»"l; 
tl:=tl+l· 
H.<O>:=lJ} 

else 
{HGFE:=HGFE"-"DCBA; 
if not carry then 

{HGFE:=-HGFE; 
signl:=-signl} 

if HGFE=O then 
tl:=signl:=O 

else 
while H.<O>=O do 

{HGFE:=HGFE"«"l; 
tl:=tl-l}} 

HGFE:=HGFE"+"%400; 
if carry then 

tl:=tl+l; 
if tl. <6>=1 then 

call overflow; 
H.<O>:=signl; 

\ exponent (E) :=tl} 
else 

if HGFE=O or tl-t2<=-56 
then HGFE:=DCBA; 

cc(HGFE); RP:=RP-4 
0 0 0 3 0 1# ESUB extended subtract if DCBA<>O then 

HGFE:=HGFE-DCBA I D.<O>:=-D.<O>; 
goto EADD 
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Table B-1. Instruction Set Definition (Continued) 

o 0 o 3 

o 0 o 3 

o 0 o 3 

o 0 o 3 

o 0 o 3 
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o 

o 

o 

o 

o 

2#\EMPY\extended multiply I IHGFE:=HGFE*DCBA 

I I 
\ \ 

3# EDIV extended divide 
HGFE:=HGFE/DCBA 

4# ENEG extended negate 
DCBA:=-DCBA 

5# ECMP extended compare 
HGFE:DCBA 

6# CDF convert double 
to floating 

\ 

\ 

lif HGFE=O or DCBA=O then 

I 
HGFE:=O 

else 

I 
{tl:=exponent(E); 
t2:=exponent(A) ; 
exp:=tl+t2-255; 

\ 
sign:=H.<O> xor D.<O>; 
H.<O>:=D.<O>:=l; 
exponent (E) :=0; 
exponent (A) :=0; 
HGFE:=HGFE~*~DCBA; 

norm (HGFE) ; 
HGFE:=HGFE~+~%400; 
if carry then 

exp:=exp+l; 
if exp.<6>=l then 

call overflow; 
H.<O>:=sign; 
exponent (E) :=exp} 

cc(HGFE); RP:=RP-4 
if DCBA=O then 

call overflow; 
if HGFE<>O then 

{tl:=exponent(E} ; 
t2:=exponent(A) ; 
exp:=tl-t2+256; 
sign:=H.<O> xor D.<O>; 
H.<O>:=D.<O>:=l; 
exponent (E) :=0; 
exponent (A) :=0; 
HGFE:=HGFE~/~DCBA; 
norm (HGFE) ; 
HGFE:=HGFE~+~%400; 

if carry then 
exp:=exp+l; 

if exp.<6>=l then 
call overflow; 

H.<O>:=sign; 
exponent(E} :=exp} 

cc(HGFE); RP:=RP-4 
if DCBA<>O then 

D.<O>:=-D.<O>; 
CC (DCBA) 
if H.<O> <> D.<O> then 

cc(H:D) 
else 

{sign:=H.<O>; 
H.<O>:=D.<O>:=O; 
tl:=exponent(E) ; 
t2:=exponent(A) ; 
if tl<>t2 then 

if sign=O then 
cc(tl:t2) 

else cc(t2:tl) 
else 

if sign=O then 
cc(HGFE:DCBA) 

else CC(DCBA:HGFE)} 
sign:=B.<O>; exp:=3l+256; 
if sign=l then BA:=-BA; 
if BA<>O then 

{norm (BA) ; 
exponent (A) :=exp; 
B.<O>:=sign} 
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Table B-1. Instruction Set Definition (Continued) 

0 0 0 3 0 7 ICDl \c:onvert double to if B+A.<O> <> 0 then V:=l; 
Integer B:=Ai RP:=RP-1 

0 0 0 3 1 0# CFlR convert floating t:=15+256-exponent(A) : 
to integer with sign:=B.<O>; 
rounding if -2**15 <= BA <= 2**15-1 

then {B.<O>:=l; 
BA:=BA"'»"'t; 
BA:=BA"'+"'%100000; 
if sign=l then B:=-B 
else if B.<O>=l then 

V:=l} 
else V:=l; 

l#\CFl 
cc(B); RP:=RP-1 

0 0 0 3 1 convert floating t:=15+256-exponent(A) ; 
to integer sign:=B.<O>; 

if -2**15 <= BA <= 2**15-1 
then {B.<O>:=l; 

BA:=BA"'»""t; 
B:=-B} if sign=l then 

else V:=l; 
cc(B) ; RP:=RP-1 

0 0 0 3 1 2# CFD convert floating t:=31+256-exponent(A) ; 
to double sign:=B.<O>; 

if -2**31 <= BA <= 2**31-1 

I 
then {B.<O>:=l; 

exponent (A) :=0; 
BA:=BA"'»""t; 
if sign=l then 

BA:=-BA} 
else V:=l; 

3#\CFDR 
cc(BA) 

0 0 0 3 1 convert floating t:=31+256-exponent(A) ; 
to double with sign:=B.<O>; 
rounding if -2**31 <= BA <= 2**31-1 

then {B.<O>:=l; 
exponent (A) :=0; 
BAs:=BAs""»""t; 
BAs:=BAs""+""%100000: 
if sign=l then 

BA:=-BA 
else if B.<O>=l then 

V:=l} 
\ else V:=l: 
cc(BA) 

0 0 0 3 1 4# CED convert extended t:=31+256-exponent(A) : 
to double sign:=D.<O>: 

if -2**31 <= DCBA <= 2**31-1 
then {D.<O>:=l; 

DC:=DC""»""t: 
if sign=l then 

DC:=-DC} 
else V:=l: 

ICC(DC): RP:=RP-2 
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Table B-1. Instruction Set Definition (Continued) 

0 0 0 3 1 Si!CEDR!COnvert extended t:=31+256-exponent(A) ; 
to double with sign:=D.<O>; 
rounding if -2**31 <-= DCBA <= 2**31-1 

I I then {D.<O>:=l; 
DCB:=(DCB'»'t) 

'+'%100000; 
if sign=l then 

DC:=-DC 
else if D.<O>=l then 

V:=l} 
else V:=l; 

cc(DC); RP:=RP-2 
0 0 0 3 1 6# CEIR convert extended t:=15+256-exponent(A) ; 

to integer with sign:=D.<O>; 
rounding if -2**15 <= DCBA <= 2**15-1 

\ 

then {D.<O>:=l; 
DC:=(DC'»'t) 

'+'%100000; 
if sign=l then D:=-D 
else if D.<O>=l then 

V:=l} I else V:=l, 
cc (D); RP: =RP-3 

0 0 0 3 1 7# IDXD calculate index t:=stack[A]; 
offset and test bc:=t.<O>; t.<O>:=O; 
indices for indv:=O; psize:=l; 
bounds violation s:=A; 

while t>O do 
(bounds table {lower:=stack[s:=s+l] ; 

Jin data space) upper:=stack[s:=s+l] ; 
if B<lower and bc=O then 

JH._', ". -no 
\ 

l Y • --.&.. , ... v, 
I cc (-1) ; R[7] :=B} 

\ 

if B>upper and bc=O then 
{V:=l; t =0· 
cc (1) ; R[7] :=B} 

size:=upper-1ower+1; 
B:=B-lower; 
indv:=indv+psize*B; 
psize:=psize*size; 
RP:=RP-1; t:=t-1} 

if v=O then 
{R[7] :=in1v; 
cc(R[7] ) 

RP:=RP-1 
0 0 0 3 2 O#\CFQ \convert floating \t:=63+256-exponent(A) ; 

to quad sign:=B.<O>; RP:=RP+2; 

I \ 

if -2**63 <= DC <= 2**63-1 
then {D.<O>:=l; 

I \ 

exponent (C) :=0; 
B:=A:=O; 
DCBA:=DCBA'»'t; 
if sign=l then 

DCBA:=-DCBA} 
else V:=l; 

cc(DCBA) 
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Table B-1. Instruction Set Definition (Continued) 

0 0 0 3 2 1# CFQR convert floating t:=63+256-exponent(A) ; 
to quad with sign:=B.<O>; RP:=RP+2; 
rounding if -2**63 <= DC <= 2**63-1 

then {D.<O>:=l; 
exponent (C) :=0; 
B:=A:=s:=O; 
DCBAs:=(DCBAs~»~t) 

~+~%100000; 

if sign=l then I DCBA:=-DCBA} 
else V:=l; 

cc(DCBA) 
0 0 0 3 2 2# CEQ convert extended t:=63+256-exponent(A) ; 

to quad sign:=D.<O>j 
if -2**63 <= DCBA <= 2**63-1 
then {D.<O>:=l; 

exponent (A) :=0; 
DCBA:=DCBA~»~t; 

if sign=l then 
DCBA:=-DCBA} 

else V:=l; 
cc(DCBA) 

0 0 0 3 2 3# CEQR convert extended t:=63+256-exponent(A) ; 
to quad with sign:=D.<O>; 
rounding if -2**63 <= DCBA <= 2**63-1 

then {D.<O>:=l; 
exponent (A) :=0; 
s:=O; 
DCBAs:=(DCBAs~»~t) 

~+~%100000; 

if sign=l then 
DCBA:=-DCBA} 

else V:=l; 
cc (DCBA) 

0 0 0 3 2 4# CQF convert quad sign:=D.<O>; exp:=63+256; 
to floating if sign=l then 

DCBA:=-DCBA; 
if DCBA<>O then 

{norm (DCBA) ; I exponent (C) :=exp; 
D.<O>:=sign} 

RP:=RP-2 
0 0 0 3 2 5# CFE convert floating G:=exponent(A) ; 

to extended exponent (A) :=0; 
H:=Oj 
RP:=RP+2 

0 0 0 3 2 6# CDFR convert double sign:=B.<O>; exp:=31+256; 
to floating with if sign=l then 
rounding BA:=-BA; 

if BA<>O then 
{norm (BA) ; 
BA:=BA~+~%400; 

if carry then 
exp:=exp+l; 

exponent (A) :=expi 

ICID 
I B.<O>:=sign} 

0 0 0 3 2 7 Iconvert integer /H:=Ai A .= A»15; RP: =RP+l 
to double 

B-1S 
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Table B-1. Instruction Set Definition (Continued) 

0 0 0 3 3 Oi CQFR convert quad sign:=D.<O>: exp:=63+256: 
to floating with if sign=l then 
rounding OCBA:-=-DCBA: 

if DCBA<>O then 
{norm (DCBA) : 
DC:=OC'+'%400; 
if carry then 

exp:=exp+l: 
exponent (C) :=exp: 

\ D.<O>:=sign} 
RP:=RP-2 

0 0 0 3 3 Ii ClF convert integer sign:=A.<O>: exp:=15+256: 
to floating if sign=l then A:=-A: 

if A<>O then 
{norm (A) : 
H:=exp: 
A. <0> :=sign} 

else H:=O: 
RP:=RP+l 

0 0 0 3 3 2i lClE convert integer sign:=A.<O>: exp:=15+256; 
to extended if sign=l then A:=-A; 

! 
H:=G:=O: 
if A<>O then 

! {norm (A) ; 
F:=exp: 
A.<O>:=sign} 

else F:=O: 
RP:=RP+3 

0 0 0 3 ; 3 3 XSMX checksum extended while A<>O do 
block {D:=D xor xmem[CB] : 
D=initial checksum A:=A-l: 
CB=block address CB:=CB+2}: 
A=("!(")llnt RP:='RP-1 

0 0 0 3 3 4~1"'T\t;' 'convert double Isign:=B.<O>: exp:=31+256 i 1t"1'-U~ 
to extended lif sign=l then BA:=-BAi 

H:=Oi 
if BA<>O then 

{norm(BA} : 
G:=exPi 

\else 
B.<O>:=sign} 

G:=O: 
RP:=RP+2 

0 0 0 3 3 5# CQER convert quad sign:=D.<O>: exp:=63+256; 
to extended with if sign=l then 
rounding DCBA:=-DCBA: 

if YCBA<>O then 
norm (DCBA) : 
DCBA:=DCBA'+'%400: 
if carry then 

exp:=exp+l: 
exponent (A) :=expi 
D.<O>:=sign} 

0 0 0 3 3 6# CQE convert quad sign:=D.<O>: exp:=63+256: 

I to extended if sign=l then 
DCBA:=-DCBA: 

I lif DCBA<>O then 
{norm (DCBA) ; 

I \ 
exponent (A) :=expi 
D.<O>:=sign} 
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Appendix B: Instruction Set Definition 

Table B-1. Instruction Set Definition (Continued) 

o 

o 
o 
o 

o 

o 

o 

3 

3 
3 
3 

3 

3 

3 

3 

4 
4 
4 

4 

4 

4 

7*\CEI \con~ert extended 
to Integer 

o 
1 
2 LWUC load word from 

user code space 
3 \XSMG\checksum block 

C=initial checksum 
B=block address 
A=count 

4* IDXl calculate index 

\
offset and test 
index bounds 
for 1 dimension 

(bounds table 
in code space) 

5* IDX2 calculate index 
offset and test 
index bounds 

I I 

for 2 dimensions 

(bounds table 
in code space) 

t:=15+256-exponent(A) i 
sign:=D.<O>; 
if -2**15 <= DCBA <= 2**15-1 
then {D.<O>:=l; 

D:=D"»"t; 
if sign=l then D:=-D} 

\ 
else V:=li 

cc(D); RP:=RP-3 
*** undefined *** 
*** undefined *** 

cc (A:=mem[2,A]) 

while A<>O do 
{C:=C xor stack[B]; 
A:=A-l; 
B:=B+l}; 

RP:=RP-2 
lower:=code[A] ; 
upper:=code[A+l] ; 
if B<lower then 

{V:=l: cc (-1) i 
R[7] :=B} 

if B>upper then 
{V:=l; cc(l); 

R[7] :=B} 
if v=o then 

I 
{R[7] :=B-lower: 
cc (R[7]) } 

RP:=RP-2 
lower:=code[A] : 
upper:=code[A+l] : 
if B<lower then 

{V:=l: cc (-1) ; 
R[7] :=B} 

if B>upper then 
{V:=l; cc(l); 
R [7] : =B} 

s:=upper-lower+l; 
B:=B-lower; 
lower:=code[A+2] ; 
upper:=code[A+3] ; 
if C<lower then 

\ 
{V:=l: cc(-l): 

R[ 7] : =C} 
if C>upper then 

{V:=l; cc(l); 
R [7] : =C} 

if V=O then 

I 
{R[7] :=(C-lower)*s+B: 
cc (R [7] ) } 

RP: =RP-3 
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Table B-1. Instruction Set Definition (Continued) 

0 0 0 3 4 6ilIDX3!Calculate index !indv:=O; psize:=l; 
offset and test Ifor i=l to 3 by 1 do 

,index bounds {lower:=code[AJ; 

I 
Ifor 3 dimensions I upper:=code[A:=A+ll, 

if B<lower then 
(bounds table {V:=l; 
in code space) I cc(-ll, R[71 :=BJ 

if B>upper then 
{V:=l; 
cc (1); R[7] :=B} 

size:=upper-lower+l; 
B:=B-lower; 
indv:=indv+psize*B; 
psize:=psize*size; 
B:=A+l; 
RP:=RP-l} 

if V=O then 
{R[7] :=indv; 
cc (R [7]) } 

RP:=RP-l 
0 0 0 3 4 7# IDXP calculate index t:=code[A] ; 

I 
offset and test bc:=t.<O>; t.<O>:=O; 
indices for indv:=O; psize:=l; 
bounds violation s:=A; 

while t>O do 
(bounds table {lower:=code[s:=s+l] ; 
in code space) upper:=code[s:=s+l] ; 

if B<lower and bc=O then 
{V:=l; t:=O; 
cc(-l); R[7] :=B} 

if B>upper and 
{V:=l; t:=O; 

bc=O then 

cc (1); R[ 7] : =B} 
size:=upper-lower+l; 
B:=B-lower; 

I i~nv~=innv+psize*B, , 
psize:=psize*size; 

I RP:=RP-l; t:=t-l} 
if V=O then I (R[71 :=indv, 

cc (R[7]) } 
RP:=RP-l 

0 0 0 3 5 0 LWAS load SG word via A cc(A:=dest(A» 
0 0 0 3 5 1 SWAS stor SG word via A dest (A) :=B; RP:=RP-2 
0 0 0 3 5 2 LDAS load SG double RP:=RP+l; 

via A cc(BA:=dest(B:B+l» 
0 0 0 3 5 3 SDAS store SG double dest(A:A+l) :=CB; 

via A RP:=RP-3; 
0 0 0 3 5 4 LBAS load SG byte via A ccb(A:=bytedest(A» 
0 0 0 3 5 5 \SBAS store SG byte bytedest(A) :=B; 

via A RP:=RP-2 
0 0 0 3 5 6 \CDX \count duplicate while B<>O and 

words extended xmem[DC]=xmem[DC-2] do 

! 
!DC=buffer address {A:=A+l; 
B=buffer size B:=B-l; 

\DFS 
A=duplicate count DC:=DC+2} 

0 0 0 3 5 7 deposit field in cc (dest (A) : = (dest (A) & -B) 

\ 

SG memory I (C & B» ; 
RP:=RP-3 

0 0 0 3 6 0 !LWA Iload word via A cc(A:=stack[A]) 
0 0 0 3 6 1 

I
SWA /store word via A \staCk[Al :=B, RP:=RP-2 

0 0 0 3 6 2 LDA Iload double via A RP:=RP+li 
cc(BA:=stack[B:B+l]) 
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Appendix B: Instruction Set Definition 

Table B-1. Instruction Set Definition (Continued) 

o 
o 

o 

3 
4 

4 

7 
o 

o 

7 
0* WWCS write WCS 

\ 

D=WCS address 
C=buffer map 
B=buffer address 

A=ucode word count 

1* VWCS verify WCS 
D=WCS address 
C=buffer map 
B=buffer address 

\A=ucode word count 

while A>O do 
{WCS[D] :=mem[C,B] Amem [C,B+l] 

Amem [C ,B+2] • <0: 3>; 
if (A:=A-l)=O 
then goto done; 
D:=D+l;B:=B+2i 
WCS[D] :=mem[C,B].<8:15> 

\ 
Amem(C,B+l] 
Amem [C,B+2] .<0:11>; 

D:=D+li B:=B+3i A:=A-li 
} i 
done: N:=Oi Z:=li RP:=RP-4 

!!! Note!!! 
all memory referenced must be 
present 
N:=OiZ:=li 
while Z and A>O do 
{if WCS[D] <>mem[C,B] 

"'mem[C,B+l] 
"'memJC,B+2].<0:3> 

then {N:=liZ:=O}i 
if N or (A:=A-l)=O 
then goto donei 
D:=D+liB:=B+2; 
if WCS[D]<>mem[C,B].<8:15> 

"'mem[C,B+l] 
"'mem[C,B+2] .<0:11> 

then {N:=liZ:=O} 
}~lse {D:=D+liB:=B+3;A:=A-l}i 

done: RP:=RP-4 
!!! Note I!! 

all memory referenced must be 
present 
bus packets may not be 
received correctly while a 
VWCS is executing 
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Table B-1. Instruction Set Definition (Continued) 

o 0 

o 0 
o 0 

o 0 

o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 

o 0 

a a 

o a 

o a 

o a 

B-20 

a 

a 
a 

o 

o 
o 
o 
o 
a 
a 
o 

o 

a 

a 

o 

a 

4 o 

4 a 
4 a 

4 0 

4 a 
4 a 
4 1 
4 1 
4 1 
4 1 
4 1 

4 1 

4 1 

4 1 

4 2 

4 2 

2*\RWCS\read WCS 
D=WCS address 

3 
4* 5MBP 

C=buffer map 
B=buffer address 
A=ucode word count 

set memory brkpt 
B.<O>=read flag 

.<l>=execute flag 

.<2>=write flag 

\ 
. <9: 15>=high­

order addr 
A=low-order addr 

\
while A>O do 
{mem[C,B] Amem[C,B+l] 

Amem[C,~+2].<O:3>:=WCS[D] : 
if (A:=A-l)=O then 
then goto done; 
D:=D+l;B:=B+2: 
mem[C,B].<8:l5>Amem [C,B+l]A 

mem[C,B+2] .<O:ll>:=WCS[D]: 
D:=D+l:B:=B+3:A:=A-l}: 

done: RP:=RP-4 
!!! Note!!! 

all memory referenced must be 
present 

*** undefined *** 
breakpointmode:=B.<O:2>: 
breakpointaddress:= 

B.<9:l5>AA: 
BPADDR:=BA: RP:=RP-2: 

!!! Note!!! 
the address is a physical 
memory address 
any and all combinations of 
access flags may be set 
BA=OD will disable the trap 

5*IFRSTlfirmware reset \reset ~nd stop instruction 
executIon 

6 LBX load byte extended ccb(B:=bxmem[BA]):RP:=RP-l 
7 SBX store byte extnd. bxmem[BA] :=C: RP:=RP-3 
a LWX load word extended cc(B:=xmem[BA]) :RP:=RP-l 
1 SWX store word extnd. xmem[BA] :=C: RP:=RP-3 
2 \LDDX load double extnd. cc(BA:=xmem[BA:BA+3]) 
3 SDDX store dbl. extnd. xmem[BA:BA+3] :=DC:RP:=RP-4 
4 I T.ny I, ,",.:arl rTl1.:arl <=>"I"t-onrlon ~p ~ ="RP+2 ~ I- x -- 1---- .,.--- ----------.\-_. - - . 

I 
I ICC(DCBA:=xmem[DC:DC+7]) 

5 SQX \store quad xmem[BA:BA+7] :=FEDC: 
extended RP:=RP-6 

6' \DFX \deposit field cc(xmem[BA] :=(xmem[BA] & 
extended -C I (D & C»); 

7 MVBX move bytes 
extended 
ED=destination 

\ 
address 

CB=source address 
A=byte count 

o MBXR move bytes 
extended reverse 
ED=destination 

\ 
address 

CB=source address 
A=byte count 

1 MBXX move bytes extnd. 
and checksum 
F=initial xsum 
ED=destination 

address 

\
CB=source address 
A=byte count 

RP:=RP-4': 
while A<>O do 

{bxmem[ED] :=bxmem[CB] : 
ED:=ED+l: 
CB:=CB+l: 
A:=A-l:}: 

RP:=RP-5: 
while A<>O do 

{bxmem[ED] : =bxmem[CB] : 
ED:=ED-l: 
CB:=CB-l: 
A:=A-l:}: 

RP: =RP-5: 
w1)ile A<>O do 

{bxmem[ED] :=t:=bxmem[CB] : 
F:=F xor t: 
ED:=ED+l: 
CB:=CB+l: 
A:=A-l:}; 

RP:=RP-5 
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Appendix B: Instruction Set Definition 

Table B-1. Instruction Set Definition (Continued) 

o 

o 

o 

o 

o 

o 

o 

4 

4 

4 

4 

4 

4 

4 

2 

2 

2 

2 

2 

2 

3 

2 \ CMBX \ compare bytes 
extended 
ED=destination 

address 
CB=source address 
A=byte count 

3* CRAX convert reI. to 
abs. ext. address 

4* RSPT read segment page 
table entry 

\BA=ext. address 

5* WSPT write segment page 
table entry 

C=entry 
BA=ext. address 

\ 

6* RXBL read extended base 
and limit 

7* SXBL set extended base 
and limit 

0* LCKX lock down extended 
memory 
D.<O>=lock only if 

already locked 
C=lock count 
BA=ext. address 

N:=O; Z:=l; 
while Z and A<>O do 

{cc(bxmem[ED] :bxmem[CB]); 
if Z then 

{A:=A-l;ED:=ED+l; 
CB : =CB+J; } } ; 

RP:=RP-5 
if B.<0:14>=0 then 

{B.<0:14>:=CMSEG[DS]} 
else if B.<0:14><=2 then 

{B.<0:14>:=CMSEG[B.<0:14>]} 
else if B.<0:14>=3 then 

{B.<0:14>:=CMSEG[cmap]} 
else if B.<O>=O then 

{BA:=BA+segment base}; 
B.<O>:=l; 
xa: =CRAX (BA) ; 
p:=xa.<15:20>; 
s:=xa.<2:14>; 
K:=O; 
if MAP[15,p mod 32+32] 

= s"p.<lO> then 
{B:=MAP[15,p mod 32]} 

else 
{if SEG[s*2].<0>=0 then 

B:=MAP [SEG [s*2] • <0: 4> ,p] 
else 
{if p<SEG[s*2] .<9:15> then 

B:=mem[SEG[s*2].<5:8>, 
SEG[s*2+1)+p] 

else {B:=l; K:=l}}}; 
RP:=RP-l 
xa : =CRAX (BA) ; 
p:=xa.<15:20>; 
s:=xa.<2:14>; 
if MAP[15,p mod 32+32] 

= s"p.<lO> then 
{MAP[15,p mod 32] :=C} 

else 
{if SEG[s*2].<0>=0 then 

MAP [SEG [s * 2] • < 0 : 4> , p] : =C 
else 
mem[SEG[s*2] .<5:8>, 

SEG[s*2+1]+p] :=C}; 
RP:=RP-3; 
RP:=RP+4; 
DCBA:=MAP[14,60:63] 
MAP[14,60:63] :=DCBA; 
RP:=RP-4 
m:=RSPT(BA) ; 
p:=m.<0:12>; 
if m.<15>=0 and (D.<O>=O 

or PHYSEG[p]<O) then 
{if PHYSEG[p] < 0 

then 
{PHYSEGfP] :=PHYSEG[p]-C; 
K := 0 

else 
{PHYSEG[p] :=-C; 

K := I} 
Z:=l; N:=O} 

else {Z:=O; N:=l}; 
RP:=RP-4 
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Table B-1. Instruction Set Definition (Continued) 

o 0 

o 0 

o 0 
o 0 

o 0 
o 0 
o 0 
o 0 

o 0 

o 0 

o 

o 

o 
o 

o 
o 
o 
o 

o 

o 

4 

4 

4 
4 

4 
4 
4 
4 

4 

4 

3 

3 

3 
3 

3 
3 
3 
4 

4 

4 

00044 

o 0 0 4 4 

o 0 0 4 4 

l*jULKX!unlock extended 
\ memory 
I ,D=map entry mask 

C=unlock count 
BA=ext. address 

2* CMRW CME read/write 
B.<0:3>=map 
A=word address 

3 
4* RMEM read mem 

5* WMEM write mem 
6* RSMT read from asp 
7* WSMT write to asp 
0* RIBA read INTB and INTA 

registers 
l*lsVMP\save map entries 

2*lxSTR XRAY start timer 
, 'n_~~~~h'~ &,~~ 

I IC:~ff;;t~t~~~~tr 

I \
BA=extended addr 

of XRAY ptr 

\ \ 

I I 

3*\XSTP XRAY stop timer 
D=disable flag 
C=offset to cntr 
BA=extended addr 

of XRAY ptr 

I
m:=RsPT(xa:=cRAX(BA» ; 
p:=m.<0:12>; 
if m.<15>=O and 

[x:=PHYSEG[p]+C)<=O then 
tif x<>O then PHYSEG[p] :=x 
else 

{PHYSEG[p] :=xa.<2:l4>; 
WSPT( BA, m&D )}; 

ccz (x) } 

\
else {Z:=O: N:=l}; 
RP:=RP-4 

IN:=O;Z:=l; 
if I/O locked out then 

{mem[B.<0:3>,A] 
:=mem[B.<0:3>,A] ; 

free I/O channel; 
if CME interru~t then Z:=O} 

else {N:=l; Z:=OS; 
RP:=RP-2 

*** undefined *** 
cc(B:=mem[B.<0:3>,A]) ; 
RP:=RP-l 
mem[B.<0:3>,A] :=C; RP:=RP-3 
enable read from asp 
write first character to asp 
RP:=RP+2; 
B:=INTB; A:=INTA 
m:=word:=O; 
while word<%2000 do 
{memory[2,word] := 

MAP[m.<12:l5>,m.<0:5>] 
m:=m+%2000; 
if alu carry then m:=m+l; 
word:=word+l} 

if (t:=xmem[BA])<>O then 
{a:-~4CCCC~(t+C)~O: 
if xmem[a)<>D then 

{xmem[a] :=xmem[al+l; 
a:=a+2; 
if (a+7) .<0:5> <> a.<0:5> 

then 
Instruction Failure; 

xmem[a:a+7] :=xmem[a:a+7] 
-sysstack[%103:%106] 
-microsecond counter}}; 

RP:=RP-4 
if (t:=xmem[BA])<>O then 
{a:=%40000~(t+C)~0; 
if xmem[a]<>D then 

{xmem[a] :=xmem[a]-l; 
a:=a+2; 
if (a+7) .<0:5> <> a.<0:5> 

then 
Instruction Failure; 

xmem[a:a+7] :=xmem[a:a+7] 

\ 
+sysstack[%103:%106] 
+microsecond counter}}; 

\ 
RP:=RP-4 

4 SCS set code segment if ENV.CS=l or ENV.LS=l 

I 
BA=byte address in then B.<0:14>:=3 

current code else B.<0:14>:=2; 
5*ILQASlload SG quad via A\RP:=RP+3; 

CC(DCBA:=sysstack[A:A+3]) 
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Table B-1. Instruction Set Definition {Continued} 

00044 

00044 

00045 

00045 

00045 

00045 

00045 

00045 

o 0 0 7 7 
001 
002 
003 

o 0 4 0-- -
o 0 4 4-- -
005 

006 

007 
1 0 0 
1 0 Oxx -
104 
1 0 4xx -
I 1 0 O .... ~ -

6*ISQASI~tore SG quad via 

7* RCHN reset I/O channel 
I
s y sstaCk[A:A+3] :=EDCB; 
RP:=RP-5 
if i/o channel available then 
{if A>=O 
then channel ioreset 
else channel lockup 

at %0777; 
N:=O; Z:=l} 

else {N:=l; Z:=O}; 
RP:=RP-l 

0* BNDW bounds test words if A'>' L then 
cc(C:=l) 

1 BPT 

C=word address in 
stack 

B=buffer size in 
words 

A=number of words 
of parameters 
and stack marker 

instruction 
breakpoint trap 

else 
if B=O or (C'<='L-A and 
C+B-l'<='L-A and C'<='C+B-l) 
or (C'>'L+350 and 
C'<='C+B-l and 
(C+B-l) • <0: 5> < 

SEG[CMSEG[0]*2].<9:15» 
then cc(C:=O) 
else cc(C:=l); 
RP:=RP-2 
if ENV.<l> = 0 
then interrupt via SIV #19 
ENV . < 1> . = 0; 
i:=BPBASE; 
do 

{if sysstack[i]=CMSEG[cmap] 
and sysstack[i+l]=P-l 

then {I:=sysstack[i+2]; 
roma:=EPT[I]}; 

i:=i+BPSIZE} 

2* BCLD bus cold load 

until i '>' BPLIM; 
Instruction failure 
simulate a bus cold load 
from the panel 

3*\TPEFltest par~ty ~rror 
freeze Clrcults 

RP:=RP+l; 
A .= if IPU error then 1 

4 

5 \ 

7 

SCMP set code map 

CMPI compare immediate 
ADDS add to S 
LADI logical add 

immediate 

else if MCB error then 2 
else if CCD error then 3 
else 0 

l

if A.<0:3>=0 
then A.<0:3>:=cmap 

I ..• undefined •• * 

cc(A:imm); RP:=RP-l; 
S:=S+imm 
ccl (A:=A'+'imm) 

ORRI OR right immediatelcc(A:=AII.<8:15» 
ORLI OR left immediate cc(A:=A (1.<8:15>'«'8» 
LDLI load left RP:=RP+l; 

immediate ICC(A:=imm rotate 8) 
ANRI AND right cc(A:=A&imm) 

immediate 
ANLI AND left immediate cc(A:=A&(imm rotate 8» 
LDI load immediate RP:=RP+l; cc(A:=imm) 
LDXI load x immediate cc(X:=imm) 
ADDlladd immediate ccn(A:=A+imm) 
ADXI add x immediate ccn(X:=X+imm) 
BIC branch if carry if K then branch 
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Table B-1. Instruction Set Definition (Continued) 

I 1 
I 1 
I 1 

I 1 
I 1 

I 1 

I 1 
I 1 

1 0-- -
2 0-- -
3 0--

4 0-- -
5 0-- -

6 0-- -

7 0-- -
o 4-- -

I 1 Oxx4-- -

I 1 
I 1 

I 1 

I 1 

4 4-- -
5 4-- -

6 4-- -

7 4-- -

I 2 OxxO-- -

I 2 Oxx4-- -

o 2 

1 2 

o 2 

1 2 

o 2 
o 2 
o 2 
o 2 
o 2 
o 2 
o 2 

4 n r 

4 n r 

5 0-- -

5 0-- -

5 4 
6 4 
5 5 
6 5 
5 6 
6 6 
5 7 
6 7 
5 4-- -

- IBGTRlbranch if greater lif -(N!Z) then branch 
BEQL branch if equal lif Z then branch 
BGEQ branch if greater if - N then branch 

or equal 
BLSS branch if less 
BNEQ branch if not 

equal 

if N then branch 
if - Z then branch 

BLEQ branch if less or if Nlz then branch 

c 

equal 
BNOe branch no carry 
BUN branch 

unconditional 
BOX branch on X 

BAZ branch on A zero 
BANZ branch on A 

BNOV 

BSUB 

LWP 

LBP 

nonzero 
branch if no 
overflow 
branch to 
subroutine 
load word from 
program 
load byte from 
program 

PUSH push to stack 

I I 
c lpop Ipop from stack 

I 

!
RSUB return from 

subroutine 
- \EXIT\exit procedure 

LWXX 

SWXX 

LBXX 

SBXX 

load word extended 
indexed 
store word extnded 
indexed 
load byte extended 
indexed 
store byte extnded 
indexed 

if - K then branch 
branch 

lif X<A then {X:=X+l~ branch} 
else RP:=RP-l 

if A=O then branch~ RP:=RP-l 
if A<>O then branch~ 
RP:=RP-l 
if - V then branch 

stack[S:=S+l) :=P~ branch 

RP:=RP+l~ 
cc(A:=code[branchadr+X) 
RP:=RP+l~ 
adr:=(if indirect then 

code [dba) else 0) 
+dba"'«"'l+Xi 

I A:~cOde[adr.<0:14> +(dba&%100000)]. 
<8*adr.<15>:8*adr.<15>+7>~ 

ccb(A) 
stack [S+l:S+c+l) 

: =R [ (r -c) mod 8: r] ~ . 
IRP:=n; S:=S+c+l 

" 

R [ (r -c) mod 8: r] 
: =stack [S-c: S] ~ 

RP:=n~ S:=S-c-l 
P:=stack [S] ~ 
S:=S-I.<8:15> 
( S , P , ENV , L) : = ( 

L-I.<8:15>, 
stack[L-2] , 
(t:=stack[L-l])&ENV&%173000 

I 
stack[L-l]&%4740 
ENV&%37, stack[L]) ~ 

if t.<O> 
then Instruction Breakpoint 
cc(A:=xmem[A«l+xbase]) 

xmem[A«l+xbase] :=Bi 
RP:=RP-2 
ccb(A:=bxmem[A+xbase]} 

bxmem[A+xbase) :=B~ 
RP:=RP-2 o 2 

1 2 
o 2 6 OOmssd n MOVW move words 

*** undefined *** 
while A>O do 

{dest (e) :=source (B) i 
A:=A-l~ B:=B+movestep; 

I e:=e+movestep}; 
IRP:=n 

1 



o 2 

1 2 

1 2 

1 2 

1 2 

o 2 

1 2 

0 3 

0 3 

0 3 

0 3 

0 3 

Appendix B: Instruction Set Definition 

Table B-1. Instruction Set Definition (Continued) 

6 02mssd n \ COMW I compare words 

6 OOmssd n \MOVB\move bytes 

6 02mssd n COMB compare bytes 

6 40mssd n SBW scan bytes while 

6 42mssd n SBU scan bytes until 

7 PCAL procedure call 

7 - \XCAL external call 

0 0 - ILLS Ilogical left shift 

0 1 LRS logical right 
shift 

0 2 ALS arithmetic left 
shift 

0 3 - lARS \arithmetic right 
shift 

0 4 ... - - - I I 

\
N:=O; Z:=l; 
while Z and A>O do 

{cc(dest(C)':'source(B» ; 
if Z then 
{A:=A-l; B:=B+movestep; 
C:=C+mov:estep}}; 

RP:=n 
while A>O do 

{bytedest(C) :=bytesource(B); 
A:=A-l; B:=B+~ovestep~ 
C:=C+movestepj; 

RP:=n 
N:=O; z:=l~ 
while Z and A>O do 

{cc(bytedest(C) : 
bytesource(B» ; 

if z then 
{A:=A-l; B:=B+movestep; 

\ 
c:=c+movestep}}; 

RP:=n 
while bytesource(B)<>O and 

bytesource(B)=A do 
B:=B+movestep 

K:=bytesource(B)=O; RP:=n 
while bytesource(B) <>0 and 

bytesource(B)<>A do 
B:=B+movestep 

K:=bytesource(B)=O; RP:=n 
stack[S+1:S+3] :=(P,ENV,L); 
t:=I.<7:15>, 
if - PRIV then 
{if t>=code[O] then 
{if t>=code[l] 
then priv trap~ 
PRIV:=l}}; 

L:=S:=S+3; 

I
P:=code[t]; RP:=7 
if CMSEG[CMAP] = -1 then 

priv trap; 
stack[S+1:S+3] :=(P,ENV,L); 
i:=SEG[CMSEG[CMAP] *2] 

.<9:15>*%2000-1; 

\
m:=«COde[i-I.<7:15>].<0:3> 

-2) mod 4)+2; 
t:=code[i-I.<7:15>] .<7:15>; 
if - PRIV then 
{if t>=mem[m,O] then 
{if t>=mem[m,l] 

\ 
then priv trap; 
PRIV:=l}}; 

L:=S:=S+3i 
LS:=(m-2)/2~ 
CS:=m.<15>; 
P:=code[t]; RP:=7 
computeshiftcounti 
CC(A:=A'«'shiftcount) 
computeshiftcount; 
cc(A:=A'»'shiftcount) 
computeshiftcount; 
CC(A:=A«shiftcount) 
computeshiftcounti 
cC(A:=A»shiftcount) 

*** undefined *** 
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Table B-1. Instruction Set Definition (Continued) 

1 3 0 0 - IDLLSldouble logical Icomputeshiftcounti 
left shift cc(BA:=BA'«'shiftcount) 

1 3 a 1 - !DLRSldouble logical computeshi~tcounti 

I Iright shift cc(BA:=BA'»'shiftcount) 
1 3 0 2 - DALS double arithmetic computeshiftcounti 

Ileft shift cc(BA:=BA«shiftcount) 
1 3 a 3 DARS double arithmetic computeshiftcounti 

right shift cc(BA:=BA»shiftcount) 
1 3 0 4-- - *** undefined *** 
I 3 Oxx - LDX load X cc(X:=word) 
I 3 4xx - NSTO nondestructive wordx:=A 

store 
I 4 Oxx - LOAD load RP:=RP+li cc(A:=wordx) 
I 4 4xx - STOR store wordx:=Ai RP:=RP-l 
I 5 Oxx - LDB load byte RP:=RP+li ccb(A:=bytex) 
I 5 4xx - STB store byte bytex:=A.<8:l5>i RP:=RP-l 
I 6 Oxx - LDD load double RP:=RP+2i cc(BA:=dwordx) 
I 6 4xx - -

i
STD store double dwordx:=BAi RP:=RP-2 

I 7 Oxx - LADR load address RP:=RP+li A:=address+X 
I 7 4xx - ADM add to memory ccn(wordx:=wordx+A) i RP :=RP-l 
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Appendix B: Instruction Set Definition 

Table B-2. Definitions of Symbols 

X&y= 
xlY= 

bitwise "and" of x and y 
bitwise "or" of x and y 

x xor y= 
x mod y= 

bitwise "exclusive or" of x and y 
x modulo y 

x= bitwise "complement" of x 
x«n= 
x»n= 
x'«'n= 
x'»'n= 

x arithmetically shifted left n bits 
x arithmetically shifted right n bits 
x logically shifted left n bits 

x rotate n= 
x:y= 

x logically shifted right n bits 
x'«'n + x.<O:n-l> 

x'<'y= 
x':'y= 

if x<y then -1 else if x=y then 0 else 1 
comparison of x and y as l6-bit unsigned numbers 
if x'<'y then -1 else if x=y then 0 else 1 

x max y= 
x:=:y= 
x"y= 

if x>y then x else y 
exchange x and y 
concatenate x and y 

R[RP] A= 
address= if indirect then mem[ memmap, dir.adr. ] else dir.adr. 

B= R[RP-l] 
BA.<0:31>= B.<0:15>"A.<0:15> 
binq[ bus,la ]= INQ[ bus, la.<0:14> ].byteflag 
boq[ bus,la ]= OUTQ[ bus, la.<0:14> ].byteflag 
BPADDR= sysstack[ %115:%116 ] 
BPBASE= sysstack[ %123 ] 
BPLIM= sysstack[ %125 ] 
BPSIZE= sysstack[ %124 ] 
branch= P:=branch address 
branch address= if indirect then code[dba] + dba else dba 
BRT= sysstack[ %1400:%1777 ] 
bxmem[ xaddr ]= the byte at xaddr 
byteaddress= if indirect then mem[memmap,dir.adr.]+X else 2*dir.adr.+X 
bytedest[ la ]= mem[ destmap,la.<0:14> ].byteflag 
byteflag= <8*la.<15>:8*la.<15>+7> 
bytesource[ la ]= mem[ srcmap, la.<0:14>+ 

(I.<10:11>=2)*P.<0>*%100000 ].byteflag 
bytex= mem[ memmap, byteaddress.<0:14> ].byteflag 

C= R[RP-2] 
CB.<0:31>= C.<0:15>"B.<0:15> 
cc(x)= Z:=(X=O)i N:=(x<O) 
ccb(x)= Z:=("A"<=x<="Z") or ("a"<=x<="z"); N:=("0"<=x<="9") 
CCE= N:=O; Z:=l 
CCG= N:=O; Z:=O 
CCL= N:=li Z:=O 
ccl(x)= cc(x) i K:=adder carry 
ccn(x)= ccl(X)i V:=adder overflow 
chkp(x)= if memory location "x" is absent then Page Fault 
CLOCK= sysstack[ %103:%106 ] 
cmap= LS*2+CS+2 
CMSEG= sysstack[ %1340:%1357 
code [ la]= mem[ cmap, la ] 
computeshiftcount= if I.<10:15>=0 then {shiftcount:=A.<8:15>; 

RP:=RP-l} else shiftcount:=I.<10:15> 
CPCB= sysstack[ %3 ] 
CS= ENV.<7> 
ccz(x)= Z:=(x=O); N:=O; 

D= R[RP-3] 
dba= P+I.<9:15>-128*I.<8> 
DC.<0:31>= D.<0:15>"C.<0:15> 
DCBA.<0:63>= D.<0:15>"C.<0:15>"B.<0:15>"A.<0:15> 
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Instruction Set Definition 

Table B-2. Definitions of Symbols (Continued) 

dest[ la]= mem[ destmap, la ] 
destmap= if I.<12>&PRIV then 1 else DS 
dir.adr.= if I.<7>=0 then I.<8:15> 'global variable' 

else (0:255) 
if I.<8>=0 then L+I.<9:15> 'local variable' 
else (0:127) 
if I.<9>=0 then I.<10:15> 'system global' 
else (0:63) 
if I.<10>=0 then L-I.<11:15> 'procedure parameter' 
else (0:31) 

S-I.<11:15>; 'subroutine parameter' 
(0:31) 

DS= ENV.<6> 
dwordx= mem[ memmap, address+2*X:address+2*X+l 

E= R[RP-4] 
ED.<0:31>= E.<0:15>AD.<0:15> 
ENV.<0:15>= environment register 
EPT= entry point table for instruction decoding 
extended address= segment A page A word A byte 

F= 
FE.<0:31>= 

G= 

R[RP-5] 
F.<0:15>AE .<0:15> 

R[RP-6] 

H= R[RP-7] 
HGFE.<0:63>= H.<0:15>AG.<0:15>AF .<0:15>AE.<0:15> 

I.<0:15>= instruction register 
imm= I.<8:15>-256*I.<7> 
indirect= I.<O> 
INQ[0:1,0:15] .<0:15>= interprocessor bus in queues 
INTA.<0:15>= interrupt register A 
INTB.<0:15>= interrupt register B 
IOC= sysstack[ %2000:%3777 ] 

K= ENV.<9> 

L.<0:15>= local data pointer=location of current stack marker 
LIGHTS.<0:15>= switch register output 
LS= ENV.<4> 

MAP[0:15,0:63] .<0:15>= memory map 
MASK.<0:15>= interrupt mask register 
mem[ m,a]= MEMORY [ MAP [ m,a.<0:5> ].<0:12>, a.<6:15> 
memmap= if I.<7:9>=6 and PRIV then 1 else DS 
MEMORY[0:8191,0:1023].<0:15>= physical memory 
movestep= if I.<9> then -1 else 1 

N= ENV.<ll> 

OUTQ[0:1,0:15] .<0:15>= interprocessor bus out queues 
P.<0:15>= program counter=l+location of current instruction 
PHYPAGE= mem[ %16, %150000:%167777 ] 
PHYSEG= mem[ %16, %130000:%147777 ] 
PRIV= ENV.<5> 
PRIV TRAP= cause an instruction failure interrupt 

RLIST= 
roma= 
RP= 

sysstack[ %100:%101 ] 
program counter for instruction microprocessor 
ENV.<13:15> 



Appendix B: Instruction Set Definition 

Table B-2. Definitions of Symbols (Continued) 

S.<0:15>= 
SO= 

stack pointer=location of last word of stack 
1PU scratch pad register. When the 1PU is in the idle 

SEG= 
segment 
segment 
S1V= 
source[ 
srcmap= 

loop, it will indicate the reason: 
%000000 HALT instruction 
%000014 bus cold load sequence error 
%000040 manual reset 
%000053 SFRZ instruction 
%000100 DDT halt interrupt 
%000115 asp memory access breakpoint 
%000200 halt interrupt 
%000377 bus cold load checksum error 
%001000 i/o channel timeout on a cold load 
%001154 memory dump completed 
%002000 power-on interrupt with invalid memory 
%177772 illegal cold load switch setting 
%177773 i/o channel timeout on a tape dump 
%177774 error during memory dump to tape 
%177775 interrupt during memory dump to 

%177776 
interprocessor bus 
uncorrectable memory error during map 
recovery following a power-on 

%177777 spurious interrupt 
mem[ 14, %70000:%127777 ] 

base= MAP[ 14, 60:61 ] 
limit= MAP[ 14, 62:63 ] 

sysstack[ %1200:%1337 ] 
la ]= mem[ srcmap, la ] 

if 1.<10> then {if 1.<11> then 2 else cmap} 
else if 1.<ll>&PR1V then 1 else OS 

stack [ la ] = mem[ OS, la ] 
SW1TCHES.<0:15>= switch register input 
sysstack[ la ]= mem[ 1, la ] 

T= ENV.<8> 
TL1ST= sysstack[ %107:%110 
TRACE= sysstack[ %121 ] 
TRBASE= sysstack[ %117 ] 
TRL1M= sysstack[ %120 ] 

UC= ENV.<O> 

V= ENV.<lO> 

word= mem[ memmap, address ] 
wordx= mem[ memmap, address+X 

X= if 1.<5:6>=0 then 0 else R[1.<5:6>+4] 
xaddr.<0:31>= a 32-bit extended address 
xQase= stack[ L*1.<5>+1.<10:15> : L*1.<5>+1.<lO:15>+l 
xmem[ xaddr ]= the word located at xaddr 

Z= ENV.<l2> 
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A Register 2-63 
Absent bit 2-145 
Absolute segment 2-143 

address 2-148 
number 2-143 

Address 
extended 
formats 
logical 
physical 

2--17, 2-143 
2-143 
2-17, 2-143 
2-17, 2-143 

Addressable memory size 2-17 
Addressing 

16-bit address 2-145 
32-bit address 2-145 

INDEX 

absolute segment 2-143, 2-148 
byte 2-32, 3-29 
byte, extended 2-148 
byte, indirect 2-55 
code segment 2-43, 2-44 
code, direct 2-45 
code, indirect 2-45 
data segment 2-47 
data, direct 2-47, 2-53 
data, indirect 2-47, 2-53 
displacement 2-44 
doubleword 2-34, 3-33 
G-relative mode 2-50 
i/o channel 2-130 
indexed 2-55 
L-minus-relative mode 2-50, 2-87 
L-plus-relative mode 2-50, 2-83 
LBP instruction 3-29 
LWP instruction 3-27 
map entry 2-145 
modes, data segment 2-50 
offset 2-45, 2-57 
quadrupleword 2-34 
relative segment 2-150 
S-minus-relative mode 2-50, 2-93 
SG-relative mode 2-52, 2-99 

Index-l 



INDEX 

table entry formats 2-143 
word 2-29 
word, indirect 2-53 

Alternate i/o path 2-9 
Arithmetic overflow 2-39, 2-40, 2-66, 2-70, 3-2 

interrupt 2-105, 2-117 
interrupt handler 2-39, 2-66 

ASCII characters 2-37 

B Register 2-63 
Backup process 2-1, 2-11, 2-15 
Battery power 2-6 
Bit deposit instructions 3-24 
Bit numbering convention 2-32 
Boolean operations 3-20 
Branching instructions 3-41 

table A-19 
Breakpoint 

instruction, interrupt 2-117 
memory access, interrupt 2-114 

BSUB instruction 3-54 
execution 2-90 

Buffers 

Bus 

bus receive (INQ X, INQ y) 2-20, 2-125 
i/o 2-130, 2-148 
i/o controller 2-18 

communication 2-117 
controllers 2-2 
instructions 3-55 
inte~facei interprocessor 2-2: 2-20 
transfer sequence 2-118, 2-121 

Bus Receive Table (BRT) 2-20, 2-101, 2-118, 2-119 
Byte 

addressing 2-32, 2-55, 2-148, 3-29 
data 2-32 
number range 2-37 
test instruction 2-69, 3-27 

C Register 2-63 
Cache 

extended address 2-146, 2-151 
map entry 2-151 

Call instructions, table A-18 
Cal1abi1ity 2-70, 2-75, 2-97 
Callable procedures 2-65, 2-73 
Calling procedures 2-75 

external 2-96 
Carry (K) bit 2-40, 2-66 
CC 2-40, 2-67 
CCE 2-67, 3-52 
CCG 2-67, 3-52 
CCL 2-67, 3-52 
Central processing unit (cpu) 2-2 

Index-2 



Checkpointing 2-1, 2-15 
Checksum computation instructions 3-50 
Checksum word, in SEND packet 2-20, 2-128 
Clock generator 2-22 
Code and data separation 2-25 
Code segment 2-17, 2-25, 2-41, 2-96 
Code Space (CS) bit 2-66, 2-96 
Compare instructions 3-44 

table A-18 
Condition Code (CC) 2-40, 2-67 

following a computation 2-67 
for a byte test or byte load 2-69 
for a comparison 2-68 
for input/output 2-135, 2-136, 3-56 
for IPB communication 2-121, 3-55 

Constants, program 2-41, 2-45 
Control panel 2-22 
Controllers, bus 2-2 
Controllers, i/o device 2-130 

buffering 2-18 
dual-port 1~5, 2-5, 2-139 
ownership of 1-5, 2-139 

Correctable memory error 2-17, 2-152 
interrupt 2-115 

CPU 2-2 
CS bit 2-66, 2-96 
Current Code segment 2-151 
Current Data segment 2-150 
Cycle time 

clock 2-22 
microinstruction 2-16 

D Register 2-63 
Data formats 2-29 
Data segment 2-17, 2-25, 2-41, 2-47, 2-96 

global area 2-49 
local area 2-49 
top-of-stack (sublocal) area 2-49 

Data segment, extended 2-143, 2-151 
Data Space (DS) bit 2-66, 2-96 
DDT 2-22 
Decimal arithmetic instructions 3-8 

conversions 3-10 
integer arithmetic 3-8 
scaling and rounding 3-9 
store and load 3-8 
table A-22 

Device controllers 2-130 
buffering 2-18 
dual-port 1-5, 2-5, 2-139 
ownership of 1-5, 2-139 

Diagnostic Data Transceiver (DDT) 2-22 
Direct addressing 

code segment 2-45 

INDEX 
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INDEX 

data segment 2-47, 2-53 
Direction for moves, compares, scans 3-44 
Directly addressable location 2-44 
Dirty bit 2-145 
Disc drives, dual-port 2-5 
Dispatcher interrupt 2-116 
Displacement, in code addressing 2-44 
Division by zero 2-39, 2-40 
Doubleword 

accessing 2-34 
addressing, diagram 3-33 
data format 2-34 
number range 2-37 

DS bit 2-66, 2-96 
Dual-bus data paths 2-2 
Dual-port device controllers 1-5, 2-5, 2-139 
Dual-port disc drives 2-5 

E Register 2-63 
EIO instruction 2-18, 3-56 

execution 2-134 
Environment 

program 2-41 
Register (ENV) 2-41, 2-63, 2-70 
saving during interrupt 2-107 
saving during procedure call 2-71, 2-75, 2-97 

Errors, memory 2-17, 2-152 
interrupts for 2-114, 2-115 

EXIT instruction 2-26, 2-73, 2-82, 2-99, 3-53 
execution 2-77 

Expandability 1-4 
Exponent overflow 2-40 
Exponent underflow 2-40 
Extended address 2-17, 2-143 

cache 2-146, 2-151 
instructions 2-152, A-18 

Extended data segment 2-143, 2-151 
Extended floating-point instructions 3-13 
Extended floating-point number range 2-39 
External Entry Point (XEP) Table 2-71, 2-97 
External procedures, calling 2-96 

F Register 2-63 
Fault tolerance 1-4, 2-1 
File System 2-8, 2-9 
Floating-point arithmetic errors 2-40 
Floating-point instructions 3-12 

arithmetic 3-12 
conversions 3-14 
extended arithmetic 3-13 
functionals 3-17 
table A-23 

Floating-point number ranges 2-39 
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G Register 2-63 
G-relative addressing mode 2-51 
Global data area 2-26, 2-49 
GUARDIAN operating system 1-5 

H Register 2-63 
Halt interrupt 2-107 
Hardware and software integration 1-5 
Hardware instructions 3-1 

reference tables A-I, B-1 
Hardware-only interrupts 2-107 
High-priority i/o 2-142 

completion interrupt 2-115 
HIla instruction 3-57 

execution 2-135 

I Register 2-43, 2-44, 2-51 
I'm alive messages 2-11 
I/O buffers 2-130, 2-148 
I/O channel 2-2, 2-18, 2-130 

addressing 2-130 
interrupts 2-142 

I/O completion interrupt 2-116 
I/O Control (laC) Table 2-18, 2-101, 2-130 
I/O controllers 2-130 

buffering 2-18 
dual-port 1-5, 2-5, 2-139 
ownership of 1-5, 2-139 

I/O paths, primary and alternate 2-9 
I/O sequence 2-137 
110 instruction 3-56 

execution 2-135 
Illegal arithmetic conversion 2-40 
Immediate instructions 

diagrams 3-5, 3-23 
table A-17 

Index registers 2-55 
Indexing 

code segment 2-45, 3-27, 3-29 
data segment 2-47, 2-55 

Indirect addressing 
byte operands 2-55 
code segment 2-45 
data segment 2-47, 2-53 

Input/output 
channel 2-2; 2-18, 2-130 
machine instructions 3-56 
sequence 2-137 

INQ X buffer 2-20, 2-125 
INQ Y buffer 2-20, 2-125 
Instruction breakpoint interrupt 2-105, 2-117 
Instruction categories 

16-bit arithmetic (top of Reg. Stack) 3-2 
16-bit signed arithmetic (stack element) 3-7 

INDEX 
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INDEX 

32-bit signed arithmetic 3-4 
bit deposit and shift 3-24 
boolean operations 3-20 
branching 3-41 
bus communication 3-55 
byte test 3-27 
decimal arithmetic conversions 3-10 
decimal arithmetic scaling & rounding 3-9 
decimal arithmetic store and load 3-8 
decimal integer arithmetic 3-8· 
extended floating-point arithmetic 3-13 
floating-point arithmetic 3-12 
floating-point conversions 3-14 
floating-point functionals 3-17 
input/output 3-56 
interrupt system 3-54 
load/store via address on Reg. Stack 3-36 
memory to/from Register Stack 3-27 
miscellaneous 3-57 
moves, compares, scans, and checksums 3-44 
operating system functions 3-58 
program register control 3-51 
Register Stack manipulation 3-18 
routine calls and returns 3-52 

Instruction failure interrupt 2-105, 2-114 
Instruction failure trap 2-65 
Instruction processing unit (IPU) 2-2, 2-15 
Instruction register 2-43, 2-44, 2-51 
Instruction set definition table A-I 
Instructions 2-15, 3-1, A-I, B-1 

ADAR ,,,,,,,'c , ? ..., 
\VVV.J..V-, ,J-, 

ADDI (104---) 3-4 
ADDS (002---) 3-52 
ADM (-74---) 3-32 
ADRA (00014-) 3-7 
ADXI (104---) 3-7 
ALS (0302--) 3-25 
ANG (000044) 3-36 
ANLI (007---) 3-22 
ANRI (006---) 3-22 
ANS (000034) 3-36 
ANX (000046) 3-36 
ARS (0303--) 3-27 
BANZ (-154--) 3-43 
BAZ (-144--) 3-43 
BCLD (000452) 3-58 
BEQL (-12--- ) 3-43 
BFI (000030) 3-44 
BGEQ (-13---) 3-43 
BGTR (-11---) 3-41 
BIC (-100--) 3-41 
BLEQ (-16---) 3-43 
BLSS (-14--- ) 3-43 
BNDW (000450) 3-59 
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INDEX 

BNEQ (-15--- ) 3-43 
BNOC (-17---) 3-44 
BNOV (-164--) 3-44 
BOX (-1-4--) 3-41 
BPT (000451) 3-57 
BSUB (-174--) 2-90, 3-54 
BTST (000007) 3-27 
BUN (-104-- ) 3-41 
CAQ (000262) 3-11 
CAQV (000261) 3-11 
CCE (000016) 3-52 
CCG (000017) 3-52 
CCL (000015) 3-52 
CDE (000334) 3-17 
CDF (000306) 3-16 
CDFR (000326) 3-16 
CDG (000366) 3-44 
CDI (000307) 3-6 
CDQ (000265) 3-11 
CDX (000356) 3-49 
CED (000314) 3-14 
CEDR (000315) 3-15 
CEF (000276) 3-14 
CEFR (000277) 3-14 
CEI (000337) 3-15 
CEIR (000316) 3-15 
CEQ (000322) 3-15 
CEQR (000323) 3-16 
CFD (000312) 3-14 
CFDR (000313) 3-14 
CFE (000325) 3-16 
CFI (000311) 3-14 
CFIR (000310) 3-14 
CFQ (000320) 3-15 
CFQR (000321) 3-15 
CID (000327) 3-6 
CIE (000332) 3-16 
CIF (000331) 3-16 
CIQ (000266) 3-11 
CLQ (000267) 3-11 
CMBX (000422) 3-50 
eMPI (001---) 3-4 
CMRW (000432) 3-59 
COMB (1262--) 3-48 
COMW (0262--) 3-47 
CQA (000260) 3-10 
CQD (000247) 3-10 
CQE (000336) 3-17 
CQER (000335) 3-17 
CQF (000324) 3-16 
CQFR (000330) 3-16 
CQI (000264) 3-10 
CQL (000246) 3-10 
CRAX (000423) 3-59 
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DADO (000220) 3-4 
DALS (1302--) 3-25 
OARS (1303--) 3-27 
DCMP (000225) 3-6 
DDIV (000223) 3-4 
DDUP (000006) 3-18 
DFG (000367) 3-39 
DFS (000357) 3-39 
DFX (000416) 3-40 
DISP (000073) 3-55 
OLEN (000070) 3-58 
DLLS (1300--) 3-25 
DLRS (1301--) 3-25 
DLTE (000054) 3-59 
DMPY (000222) 3-4 
DNEG (000224) 3-6 
DOFS (0000S7) 3-58 
DPCL (000032) 3-53 
DPF (000014) 3-24 
DSUB (000221) 3-4 
DTL (000207) 3-59 
DTST (000031) 3-6 
DXCH (000005) 3-18 
DXIT (000072) 3-54 
EADD (000300) 3-13 
ECMP (000305) 3-13 
EDIV (000303) 3-13 
EIO (000060) 2-18, 2-130, 2-134, 3-56 
EMPY (000302) 3-13 
ENEG (000304) 3-13 
ESUB (000301) 3-13 
EXCH (OOOO04) 3-18 
EXIT (125---) 2-26, 2-73, 2-77, 2-82, 2-99, 3-53 
FADD (000270) 3-12 
FCMP (000275) 3-12 
FDIV (000273) 3-12 
FMPY (000272) 3-12 
FNEG (000274) 3-12 
FRST (000405) 3-58 
FSUB (000271) 3-12 
FTL (000206) 3-59 
HALT (000074) 3-58 
HIla (000062) 2-130, 2-135, 3-57 
IADD (000210) 3-2 
ICMP (000215) 3-3 
IDIV (000213) 3-3 
IDX1 (000344) 3-17 
IDX2 (000345) 3-17 
IDX3 (000346) 3-17 
IDXD (000317) 3-18 
IDXP (000347) 3-18 
IIO (000061) 2-130, 2-135, 3-56 
IMPY (000212) 3-3 
INEG (000214) 3-3 
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INSR (000055) 3-59 
ISUB (000211) 3-2 
IXIT (000071) 2-112, 3-54 
LADD (000200) 3-2 
LAD I (003---) 3-4 
LADR (-7----) 3-32 
LAND (000010) 3-20 
LBA (000364) 3-38 
LBAS (000354) 3-38 
LBP (-2-4--) 3-29 
LBX (000406) 3-39 
LBXX (0256--) 3-35 
LCKX (000430) 3-59 
LCMP (000205) 3-3 
LDA (000362) 3-37 
LDAS (000352) 3-37 
LDB (-5---- ) 3-29 
LDD (-6----) 3-32 
LDDX (000412) 3-40 
LDI (100---) 3-19 
LDIV ( 00020~) 3-3 
LDLI (005---) 3-19 
LDRA (00013-) 3-19 
LDX (-3---- ) 3-29 
LDXI (10----) 3-19 
LLS (0300--) 3-25 
LMPY (000202) 3-3 
LNEG (000204) 3-3 
LOAD (-40---) 3-29 
LOR (000011) 3-20 
LQAS (000445) 3-40 
LQX (000414) 3-40 
LRS (0301--) 3-25 
LSUB (000201) 3-2 
LWA (000360) 3-37 
LWAS (000350) 3-37 
LWP (-2---- ) 3-27 
LWUC (000342) 3-37 
LWX (000410) 3-39 
LWXX (0254--) 3-35 
MAPS (000042) 3-59 
MBXR (000420) 3-50 
MBXX ( 000421) 3-50 
MNDX (000227) 3-49 
MNGG (000226) 3-44 
MOND (000001) 3-6 
MOVB (126---) 3-47 
MOVW (026---) 3-47 
MRL (000075) 1-5, 3-59 
MVBX (000417) 3-49 
MXFF (000041) 3-58 
MXON (000040) 3-58 
NOP (000000) 3-57 
NOT (000013) 3-20 
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NSAR (00012-) 3-19 
NSTO (-34---) 3-29 
ONED (000003) 3-6 
ORG (000045) 3-36 
ORLI (004---) 3-22 
ORRI (004---) 3-22 
ORS (000035) 3-36 
ORX (000047) 3-36 
PCAL (027---) 2-25, 2-73, 2-82, 3-52 
POP (124nrc) 2-83, 3-32 
PSEM (000076) 3-58 
PUSH (024nrc) 2-83, 3-32 
QADD (000240) 3-8 
QCMP (000245) 3 ... 9 
QDIV (000243) 3-9 
QDWN (00025-) 3-10 
QLD (00023-) 3-8 
QMPY (000242) 3-9 
QNEG (000244) 3-9 
QRND (000263) 3-10 
QST (00023-) 3-8 
QSUB (000241) 3-8 
QUP (00025-) 3-9 
RCHN (000447) 3-57 
RCLK (000050) 3-57 
RCPU (000051) 3-57 
RDE (000024) 3-51 
RDP (000025) 3-51 
RIBA (000440) 3-58 
RIR (000063) 3-54 
Rr4AP {OOOO66} 3~59 

RMEM (000434) 3-59 
RPV (000216) 3-58 
RSMT (000436) 3-58 
RSPT (000424) 3-59 
RSUB (025---) 2-93, 3-54 
RSW (000026) 3-56 
RWCS (000402) 3-58 
RXBL (000426) 3-59 
SBA (000365) 3-39 
SBAR (00017-) 3-7 
SBAS (000355) 3-38 
SBRA (00015-) 3-7 
SBU (1266--) 3-49 
SBW (1264--) 3-48 
SBX (000407) 3-39 
SBXX (0257--) 3-35 
SCMP (000454) 3-53 
SCS (000444) 3-40 
SDA (000363) 3-38 
SDAS (000353) 3-38 
SDDX (000413) 3-40 
SEND (000065) 2-20, 2-119, 3-55 
SETE (000022) 3-51 
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SETL (000020) 3-51 
SETP (000023) 3-51 
SETS (000021) 3-51 
SFRZ (000053) 3-58 
SMAP (000067) 3-59 
5MBP (000404) 3-59 
SNDQ (000052) 3-58 
SQAS (000446) 3-41 
SQX (000415) 3-40 
ssw (000027) 3-56 
STAR (00011-) 3-19 
STB (-54---) 3-29 
STD (-64---) 3-32 
STOR (-44---) 3-29 
STRP (00010-) 3-52 
SVMP (000441) 3-59 
SWA (000361) 3-37 
SWAS (000351) 3-37 
SWX (000411) 3-39 
SWXX (0255--) 3-35 
SXBL (000427) 3-59 
TOTQ (000056) 3-55 
TPEF (000453) 3-58 
TRCE (000217) 3-59 
ULKX (000431) 3-59 
UMPS (000043) 3-59 
VSEM (000077) 3-58 
VWCS (000401) 3-58 
WMEM (000435) 3-59 
WSMT (000437) 3-58 
WSPT (000425) 3-59 
WWCS (000400) 3-58 
XADD (000033) 3-58 
XCAL (127---) 2-97, 3-52 
XMSK (000064) 3-54 
XOR (000012) 3-20 
XSMG (000343) 3-50 
XSMX (000333) 3-51 
XSTP (000443) 3-58 
XSTR (000442) 3-58 
ZERD (000002) 3-6 

INTA Register 2-104 
INTB Register 2-104 
Interprocessor bus 2-2, 2-117 

communication 2-117 
controllers 2-2 
interface 2-2, 2-20 
receive interrupt 2-115 

Interrupt handlers 2-16, 2-107, 2-112 
Interrupt stack marker 2-104, 2-107 
Interrupt types 2-104, 2-114 

arithmetic overflow (18) 2-117 
correctable memory error (9) 2-115 
dispatcher (15) 2-116 
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halt 2-107 
hardware-only 2-107 
high-priority i/o completion (10) 2-115 
instruction breakpoint (19) 2-117 
instruction failure (3) 2-114 
interprocessor bus receive (11) 2-115 
manual reset 2-107 
memory access breakpoint (2) 2-114 
asp halt 2-107 
asp i/o completion (7) 2-115 
page fault (4) 2-115 
power fail (8) 2-115 
power on (16) 2-116 
special channel error (O) 2-114 
stack overflow (17) 2-116 
standard i/o completion (14) 2-116 
time list (13) 2-116 
uncorrectable memory error (I) 2-114 

Interruptible instructions 2-105 
Interrupts 2-16, 2-104 

i/o channel 2-142 
machine instructions for 3-54 
maskable 2-105 
preemptive 2-105 
priority 2-105 
sequence 2-110 

IPU 2-2, 2-15 
IXIT instruction 3-54 

execution 2-112 

K <Carry) bit 2-40; 2-66 
Kernel 2-9 

L Register 2-48, 2-52, 2-75, 2-79, 2-99 
L-minus-relative addressing mode 2-52 
L-plus-relative addressing mode 2-52, 2-83 
Library segments 2-96 
Library Space (LS) bit 2-63, 2-70, 2-96 
Load instructions 

decimal arithmetic 3-8 
from register 3-19 
onto Register Stack 3-27, 3-29, 3-32, 3-35 
via address on Register Stack 3-36 

Loadable Control Store (LCS) 1-5, 2-22, 2-116 
Local data area, memory stack 2-26, 2-49, 2-82 
Local variables 2-79, 2-82, 2-90 
Logical address 2-17, 2-143 
Logical instructions 2-37, 2-39, 3-2, 3-10 
Logical memory 2-93, 2-142 
Logical page 2-143 

number 2-143 
Logical segment 2-143 
LS bit 2-63, 2-70, 2-96 
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Machine instructions 3-1 
reference tables A-I, B-1 

Manual reset interrupt 2-107 
Map 2-17, 2-93, 2-146 
Map entry 2-145 
Map Entry Cache 2-146, 2-151 
MASK Register 2-104 
Mask word, for parameter passing 2-75 
Maskable interrupts 2-105 
Memory 2-2, 2-17 

absolute segment 2-143, 2-148 
access to 2-18 
addressable 2-17 
code segment 2-17, 2-25, 2-41~ 2-96 
Current Code segment 2-151 
Current Data segment 2-150 
data segment 2-17, 2-25, 2-41, 2-47, 2-96 
errors 2-17, 2-114, 2-115, 2-152 
extended address 2-17, 2-143 
Extended Address Cache 2-146, 2-151 
extended data segment 2-143, 2-151 
logical 2-93, 2-142 
logical address 2-17, 2-143 
logical page 2-143 
logical segment 2-93, 2-143 
map 2-17, 2-93, 2-146 
map entry 2-145 
Map Entry Cache 2-146, 2-151 
nonextended segment 2-143 
page 2-17, 2-143 
Page Table 2-146, 2-149 
physical 2-142 
physical address 2-143 
physical page 2-143 
relative segment 2-143, 2-150 
segment 2-143 
Segment Table 2-146, 2-149 
size 2-17 
stack 2-26, 2-47, 2-52, 2-79 
System Code Extension segment 2-93, 2-147 
System Code segment 2-93, 2-147 
System Data segment 2-93, 2-146, 2-150 
User Code segment 2-93, 2-147, 2-150 
User Data segment 2-93, 2-146 
User Library Code segment 2-93, 2-147 
virtual 1-4, 2-143 

Memory access breakpoint interrupt 2-114 
Memory Control unit 2-22 
Memory reference instructions 2-47, 2-50 

diagram 3-31 
table A-16 

Memory stack 2-23, 2-44, 2-52 
operation 2-79 

Memory to/from Register Stack 3-27 

INDEX 
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Merge Ready List (MRL) instruction 1-5, 3-59 
Message System 2-9, 2-11 
Microinstructions 2-15, 2-22 

cycle time 2-16 
Mirrored disc volume 2-1, 2-5 
Miscellaneous instructions 3-57 
Modern, of OSP 2-24 
Modular system design 1-4 
Move instructions 3-44 

table A-18 
Multiple-processor environment 1-2 
Multiprogramming environment 1-2 

Naming registers in the Register Stack 2-60 
Network-based environment 1-3 
Nonextended segment 2-143 
Nonprivileged mode 2-8, 2-16, 2-65, 2-79 
Nonprivileged procedure 2-73 
NonStop application 2-11 
NonStop operation 1-4, 1-5 
Notation 

bit 2-32 
element 2-29 
instruction set definition table A-27 
two's-complement binary 2-36 

Number range 
byte 2-37 
doubleword 2-37 
extended floating-point 2-39 
floating-point 2-39 
quadruplewcrd 2-38 
word 2-36 

Number representations 2-36 

Offset, in addressing 2-45, 2-57 
On-line repair 1-4 
Opcodes, instruction A-I, B-1 
Operating system functions 

machine instructions for 3-58 
Operations and Service Processor (OSP) 2-24 

halt interrupt 2-107 
i/o completion interrupt 2-115 

Optional machine instructions 2-16 
decimal 3-8 
floating-point 3-12 

OSP 2-24 
OUTQ X buffer 2-125 
OUTQ Y buffer 2-125 
Overflow, arithmetic 2-39, 2-40, 2-66, 2-70, 3-2 

interrupt 2-105, 2-117 
interrupt handler 2-39 

Overflow, exponent 2-40 
Overflow, stack, interrupt 2-116 
Ownership of i/o controllers 1-5, 2-139 
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P Register 2-41, 3-29 
Packet 2-20, 2-125 

timeout 2-128 
Page 2-17, 2-143 

fault interrupt 2-105, 2-115, 2-145, 2-150 
number, logical 2-143 
number, physical 2-143 

Page Table 2-146, 2-149 
Parameter 

access, memory stack 2-87 
passing, memory stack 2-26, 2-79, 2-85 
reference 2-85 
value 2-85 

peAL instruction 2-25, 2-73, 2-82, 3-52 
execution 2-75 

PEP Number 2-75 
PEP Table 2-71, 2-97 
Physical address 2-17, 2-143 
Physical memory 2-142 
Physical page 2-143 

number 2-143 
PMI 2-22 
POP instruction 3-32 

execution 2-83 
Power 

distribution 2-5 
fail interrupt 2-115 
failure recovery 2-6 
on interrupt 2-105, 2-116 
supplies 2-5 

Preemptive interrupts 2-102 
Primary i/o path 2-9 
Primary process 2-1, 2-11, 2-15 
PRIV bit 2-63, 2-96 
Privileged mode 2-8, 2-16, 2-63, 2-70, 2-79, 2-96, 2-101 
Privileged procedure 2-73 
Procedure 2-25, 2-41, 2-70 
Procedure attributes 

callable 2-73 
nonprivileged 2-73 
privileged 2-73 

Procedure calling 2-75 
external 2-96 
system 2-97 

Procedure Entry Point (PEP) Table 2-71, 2-97 
Process 1-4, 2-9 

backup 2-1, 2-11, 2-15 
primary 2-1, 2-11, 2-15 

Processes, system 2-9 
Processor halt interrupt 2-107 
Processor Maintenance Interface (PMI) 2-22 
Processor module 2-2 

checking 2-11 
components 2-15 

INDEX 
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Processor, of asp 2-24 
Program constants 2-41, 2-45 
Program counter 2-41 
Program execution environment 2-41 
Program register control instructions 3-51 
PUSH instruction 3-32 

execution 2-83 

Quadrup1eword 
accessing 2-34 
data format 2-34 
number range 2-38 

Reference bit 2-145 
Reference parameter 2-85 
Reference tables 

hardware instruction lists A-I 
instruction set definition B-1 

Register Stack 2-28, 2-41, 2-60, 3-2 
machine instructions 3-2, 3-18, 3-27, 3-36 
naming registers in 2-60 
operation 2-60 
Pointer (RP) 2-60, 2-69 
saving during interrupt 2-110 

Registers 
A through H (Register Stack) 2-28, 2-41, 2-60, 3-2 
Environment (ENV) 2-41, 2-63 
I 2-44 
INTA 2-104 
INTB 2-104 
L 2-75 
MASK 2-104 
P 2-41 
S 2-75 

Relative segment 2-143 
address 2-150 
number 2-143 

Returning a value 2-87 
Routine calls and returns 3-52 
Routing word, in SEND packet 2-20, 2-128 
RP 2-60, 2-69 
RSUB instruction 3-54 

execution 2-93 

S Register 2-48, 2-52, 2-75, 2-79, 2-99 
S-minus-relative addressing mode 2-52 
Saving environment 

during interrupt 2-107 
during procedure call 2-71, 2-75, 2-97 

Scan instructions 3-44 
table A-IS 

Segment 2-17, 2-143 
absolute 2-143, 2-148 
base 2-151 
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code 2-17, 2-25, 2-41, 2-96 
Current Code 2-151 
Current Data 2-150 
data 2-17, 2-25, 2-41, 2-47, 2-96 
extended data 2-143, 2-151 
i/o buffer 2-148 
limit 2-151 
logical 2-143 
number, logical 2-143 
number, physical 2-143 
relative 2-143, 2-150 
System Code 2-93, 2-147 
System Code Extension 2-93, 2-147 
System Data 2-93, 2-146, 2-150 
User Code 2-93, 2-147, 2-150 
User Data 2-93, 2-146 
User Library Code 2-93, 2-147 

Segment Table 2-146, 2-149 
Self-relative addressing 2-44 
SEND instruction 2-20, 2-118, 3-55 

execution 2-119 
Sequence word, in SEND packet 2-20, 2-128 
SG-relative addressing mode 2-52, 2-99 
Shift instructions 3-24 

table A-18 
Signed integer arithmetic 

16-bit 3-2, 3-7 
32-bit 3-4 

Signed numbers 2-36, 2-37 
Single-word data 2-29 
Single-word number range 2-36 
SIV Table 2-107 
Special channel error interrupt 2-114 
Stack 

instructions 3-2, 3-18, 3-27, A-20 
marker 2-75 
marker chain 2-90 
marker, interrupt 2-104, 2-107 
memory 2-26, 2-47, 2-52 
memory, operation of 2-79 
overflow interrupt 2-105, 2-116 
register 2-28, 2-41, 2-60 
register, operation of 2-60 

Standard i/o completion interrupt 2-116 
Store instructions 

decimal arithmetic 3-8 
from Register Stack 3-29, 3-32, 3-35 
into register 3-19 
via address on Register Stack 3-36 

Subchannel 2-18, 2-130 
Sublocal data area, memory stack 2-49, 2-93 
Subprocedure 2-71, 2-90 
System Code Extension segment 2-93, 2-147 
System Code segment 2-93, 2-147 
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System Data segment 2-93, 2-96, 2-146, 2-150 
contents 2-101 

System Interrupt Vector (SIV) Table 2-101, 2-107 
System procedures, calling 2-97 
System processes 2-9 
System tables 2-101 

Time 
clock cycle 2-22 
microinstruction cycle 2-16 

Time list interrupt 2-116 
Top-of-stack (sublocal) area, 

in data segment 2-49, 2-84, 2-93 
Transfer memory to/from Register Stack 3-27 
Trap Enable (T) bit 2-66, 2-105 

Uncorrectable memory error 2-17, 2-152 
interrupt 2-105, 2-114 

Underflow, exponent 2-40 
Unsigned integer arithmetic 3-2 
Unsigned numbers 2-36, 2-37 
User Code segment 2-93, 2-147, 2-150 
User Data segment 2-93, 2-146 
User Library Code segment 2-93, 2-147 

V (arithmetic overflow) bit 2-39, 2-40, 2-66, 2-70 
Value parameter 2-85 
Virtual memory 1-4, 2-143 

Word 
addressing 2-29, 2-53 
data 2-29 
number range 2-36 

X-bus 2-117 
XCAL instruction 2-26, 3-52 

execution 2-96 
XEP Table 2-71, 2-97 

Y-bus 2-117 

Zero divide condition 2-39, 2-40, 2-105 
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