






























































































































































































































































































































INSTRUCTIONS 044 - 051 (continued) 

(Sj) is transmitted to si if the j and k designators have the 
same nonzero value. (Sk) is transmitted to si if the j designator 
is 0 and the k designator is nonzero. (Sj) with the sign bit set to 
1 is transmitted to si if the j designator is nonzero and the k 
designator is O. A ones mask consisting of only the sign bit is entered 
into Si if the j and k designators are both O. 

HOLD ISSUE CONDITIONS: si reserved 

EXECUTION TIME: 

SPECIAL CASES: 

HR-0032 

sj or sk reserved (except SO) 

Instruction issue, 1 CP 

si ready, 1 CP 

(sj)=O if j=O. 

(Sk)=263 if k=O. 
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INSTRUCTIONS 052 - 055 

CAL Syntax Description Octal Code 

SO si<exp Shift (Si) left exp=jk places to SO o 52i:jk 

SO si>exp Shift (Si) right e~64-jk places to SO o 53i;jk 

si Si<exp Shift (Si) left exp=jk places to si 054ijk 

si si>exp Shift (Si) right e~64-jk places to si 055ilk 

Instructions 052 through 055 are executed in the Scalar Shift functional 
unit. They shift values in an S register by an amount specified by 
JK.All shifts are end off with zero fill. 

Instruction 052 shifts (Si) left jk places and enters the result into 
SO. Shift range is 0 through 63 left. 

Instruction 053 shifts (Si) right by 64-JK places and enters the 
result into so. Shift range is 1 through 64 right. 

Instruction 054 shifts (Si) left JK places and enters the result into 
si. Shift range is 0 through 63 left. 

Instruction 055 shifts (Si) right by 64-jk places and enters the 
result into si. Shift range is 1 through 64 right. 

HOLD ISSUE CONDITIONS: Instruction 056, 057, 060, or 061 issued in 
previous CP 

si reserved 

For instructions 052 and 053, SO reserved 

EXECUTION TIME: Instruction issue, 1 CP 

For instructions 052 and 053, SO ready, 2 CPs 

For instructions 054 and 055, si ready, 2 CPs 

SPECIAL CASES: None 
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INSTRUCTIONS 056 - 057 

CAL Syntax Description Octal Code 

si Si,Sj<Ak Shift (Si) and (Sj) left by (Ak) places to si 056ijk 

si Si,Sj<lt Shift (Si) and (Sj) left one place to si 056ijO 

si Si<Akt Shift (Si) left (Ak) places to 8i 056iok 

si sj,si>Ak Shift (sj) and (Si) right by (Ak) places to 8i 057ijk 

si Sj,Si>lt Shift (Sj) and (Si) right one place to si 057ijO 

si Si>Akt Shift (Si) right (Ak) places to si 057iok 

Instructions 056 and 057 are executed in the Scalar Shift functional 
unit. They shift 128-bit values formed by logically joining two S 
registers. Shift counts are obtained from register Ak. All shift 
counts, (Ak), are considered positive and all 24 bits of (Ak) are 
used for the shift count. A shift of one place occurs if the k 
designator is O. If j=O, the shifts function as if the shifted value 
were 64 bits rather than 128 bits since the Sj value used is o. 

The shifts are circular if the shift count does not exceed 64 and the i 
and j designators are equal and nonzero. For instructions 056 and 057, 
(sj) is unchanged, provided i~j. For shifts greater than 64, the 
shift is end off with zero fill. If i=j and the shift is greater 
than 64, the shift is the same as if the respective instruction 054 or 
055 was used with a shift count 64 less. 

Instruction 056 performs left shifts of (8i) and (Sj). with (Si) 
initially the most significant bits of the double register. The 
high-order 64 bits of the result are transmitted to Si. Si is 
cleared if the shift count exceeds 127. Instruction 056 produces the 
same result as instruction 054 if the shift count does not exceed 63 and 
the j designator is o. 

Instruction 057 performs right shifts of (sj) and (Si) with (sj) 
initially the ~st significant bits of the double register. The 
low-order 64 bits of the result are transmitted to Si. si is cleared 
if the shift count exceeds 127. Instruction 057 produces the same result 
as instruction 055 if the shift count does not exceed 63 and the j 
designator is o. 

t Special CAL syntax 
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INSTRUCTIONS 056 - 057 (continued) 

BOLD ISSUE CONDITIONS: si reserved 

EXECUTION TIME: 

SPECIAL CASES: 

HR-0032 

sj or Ak reserved (except SO and/or AO) 

Instruction issue, I CP 

si ready, 3 CPs 

(sj)=O if j=O. 

(M)=l if k=O. 

Circular shift if i=j10 and Ak greater 
than or equal to 0 and less than or equal to 64. 
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INSTRUCTIONS 060 - 061 

CAL Syntax Description Octal Code 

si Sj+sk 

si Sj-Sk 

Integ;r sum of (Sj) and (Sk) to si 

Integer difference of (sj) and (Sk) to si 

Transmit negative of (Sk) to si 

060ijk 

06lijk 

06liOk 

Instruction 060 forms the integer sums of (Sj) and (Sk) and enters 
the result into si. No overflow is detected. 

Instruction 061 forms the integer difference of (Sj) and (Sk) and 
enters the result into si. No overflow is detected. 

Instructions 060 and 061 are executed in the Scalar Add functional unit. 

HOLD ISSUE CONDITIONS: si reserved 

EXECUTION TIME: 

SPECIAL CASES: 

t Special CAL syntax 

HR-0032 

sj or sk reserved (except SO) 

si ready, 3 CPs 

Instruction issue, 1 CP 

(Si)=2 63 if j=O and k=O. 

For instruction 060: 
(Si)=(Sk) if j=O and k~O. 
(Si)=(Sj) with 2 63 complemented if 
j~O and k=o. 

For instruction 061: 
(Si)= -(Sk) if j=O and k~O. 
(Si)=(Sj) with 2 63 complemented if 
j~O and k=o. 
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INSTRUCTIONS 062 - 063 

CAL Syntax Description Octal Code 

si Sj+FSk 

si +FSkt 

si sj-FSk 

si -Fskt 

Floating-point sum of (Sj) and (Sk) to si 

Normalize (Sk) to si 

Floating-point difference of (Sj) and (Sk) 
to si 

Transmit normalized negative of (Sk) to si 

o 62iJI< 

062iok 

063ijk 

063iok 

Instructions 062 and 063 are performed in the Floating-point Add 
functional unit. Operands are assumed to be in floating-point format. 
The result is normalized even if the operands are not normalized. 

Instruction 062 forms the sum of the floating-point quantities in Sj 
and sk and enters the normalized result into si. 

Instruction 063 forms the difference of the floating-point quantities in 
Sj and sk and enters the normalized result into si. 

Overflow conditions are described in section 4. For floating-point 
operands with the sign bit set (bit=l), zero exponent~and zero 
coefficient are treated as 0 (that is, all 64 bits=O).tt 

HOLD ISSUE CONDITIONS: si reserved 

EXECUTION TIME: 

t Special CAL syntax 

Sj or sk reserved (except SO) 

Instructions 170 through 173 in process, unit 
busy (VL) + 4 CPs 

Instruction issue, 1 CP 

si ready, 6 CPs 

tt Considered -0. No floating-point unit generates a -0 except the 
Floating-point Multiply functional unit if one of the operands was a 
-0. Normally, -0 occurs in logical manipulations when a sign is 
attached to a number~ that number can be O. 
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SPECIAL CASES: 

HR-0032 

INSTRUCTIONS 062 - 063 (continued) 

For instruction 062: 
(Si)=(Sk) normalized if (Sk) exponent is 
valid, j=O and k~O. 
(Si)=(Sj) normalized if (Sj) exponent is 
valid, j~O and k=O. 

For instruction 063: 
(Si)= -(Sk) normalized if (Sk) exponent is 
valid, j=O and k~O. Sign of (Si) is 
opposite that of (Sk) if (Sk)~O. 
(Si) = (sj) normalized if (sj) exponent is 
valid, j~O and k=O. 
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INSTRUCTIONS 064 - 067 

CAL Syntax Description Octal Code 

si Sj*FSk Floating-point product of (Sj) and (Sk) to si o 64ijk 

si Sj*HSk Half-precision rounded floating-point 065iJK 
product of (sj) and (Sk) to si 

si sj*RSk Rounded floating-point product of (sj) and 066iJK 
(Sk) to si 

si sj*Isk Reciprocal iteration1 2-(sj)*(Sk) to si 067ijk 

Instructions 064 through 067 are executed in the Floating-point Multiply 
functional unit. Operands are assumed to be in floating-point format. 
The result is not guaranteed to be normalized if the operands are not 
normalized. 

Instruction 064 forms the product of the floating-point quantities in 
Sj and sk and enters the result into si. 

Instruction 065 forms the half-precision rounded product of the 
floating-point quantities in Sj and sk and enters the result into 
si. The low-order 19 bits of the result are cleared. 

Instruction 066 forms the rounded product of the floating-point 
quantities in Sj and sk and enters the result into si. 

Instruction 067 forms two minus the product of the floating-point 
quantities in Sj and sk and enters the result into si. This 
instruction is used in the divide sequence as described in section 4 
under Floating-point Arithmetic. 

In the evaluation C = 2-B*A, B must be a reciprocal of A of less than 47 
significant bits and not the exact reciprocal, otherwise C will be in 
error., The reciprocal produced by the reciprocal approximation 
instruction meets this criterion. 

HOLD ISSUE CONDITIONS: si reserved 

HR-0032 

Sj or sk reserved (except SO) 

Instructions 160 through 167 in process, unit 
busy (VL) + 4 CPs 

For mainframes with a Second Vector Logical 
unit: instructions 140 through 145 in process, 
unit busy (VL) + 4 CPs. 
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EXECUTION TIME: 

SPECIAL CASES: 

HR-0032 

INSTRUCTIONS 064 - 067 (continued) 

Instruction issue, 1 CP 

si ready, 7 CPs 

(sj)=O if j=O. 

(Sk)=263 if k=O. 

If both exponent fields are 0, an integer 
multiply is performed. Correct integer multiply 
results are produced if the following conditions 
are met: 

• Both operand sign bits are o. 

• The sum of the 0 bits to the right of the 
least significant 1 bit in the two operands 
is greater than or equal to 48. 

The integer result obtained is the high-order 48 
bits of the 96-bit product of the two operands. 
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INSTRUCTION 070 

CAL Syntax Description Octal Code 

si /BSj Floating-point reciprocal approximation 
of (sj) to si 

070ijO 

Instruction 070 is executed in the Reciprocal Approximation functional 
unit. 

Instruction 070 forms an approximation to the reciprocal of the 
normalized floating-point quantity in Sj and enters the result into 
si. This instruction occurs in the divide sequence to compute the 
quotient of two floating-point quantities as described in section 4 under 
Floating-point Arithmetic. 

The reciprocal approximation instruction produces a result of 30 
significant bits. The low-order 18 bits are zeros. The number of 
significant bits can be extended to 48 using the reciprocal iteration 
instruction and a multiply. 

HOLD ISSUE CONDITIONS: si reserved 

Sj reserved (except SO) 

Instruction 174 in process, unit busy (VL) + 4 CPs 

EXECUTION TIME: 

SPECIAL CASES: 

HR-0032 

si ready, 14 CPs 

Instruction issue, 1 CP 

(Si) is meaningless if (Sj) is not 
normalized; the unit assumes that bit 247 of 
(Sj)=l; no test is made of this bit. 

(Sj) =0 produces a range error; the result is 
meaningless. 

(Sj) =0 if j=O. 
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INSTRUCTION 071 

CAL Syntax Description Octal Code 

si Ak Transmit (Ak) to si with no sign extension 07liOk 

si +Ak Transmit (Ak) to si with sign extension 07lilk 

si +FAk Transmit (M) to si as unnormalized 07li2k 
floating-point number 

si 0.6 Transmit constant 0.75 x 248 to Si 07li30 

si 0.4 Transmit constant 0.5 to si 07li40 

si 1. Transmit constant 1.0 to si 07li50 

si 2. Transmit constant 2.0 to si 07li60 

si 4. Transmit constant 4.0 to si 071i70 

Instruction 071 performs functions that depend on the value of the j 
designator. The functions are concerned with transmitting information 
from an A register to an S register and with generating frequently used 
floating-point constants. 

When the j designator is 0, the 24-bit value in Ak is transmitted to 
si. The value is treated as an unsigned integer. The high-order bits 
of si are zeros. 

When the j designator is 1, the 24-bit value in Ak is transmitted to 
si. The value is treated as a signed integer. The sign bit of Ak is 
extended through the high-order bit of si. 

When the j designator is 2, the 24-bit value in Ak is transmitted to 
si as an unnormalized floating-point quantity (the result is then added 
to 0 to normalize). For this instruction, the exponent in bits 
262 through 248 is set to 400608. The sign of the coefficient is 
set according to the sign of Ak. If the sign bit of Ak is set, the 
twos complement of Ak is entered into si as the magnitude of the 
coefficient and bit 263 of si is set for the sign of the coefficient. 

A sequence of instructions is used to convert an integer whose absolute 
value is less than 24 bits to floating-point format: 

CAL code: 

HR-0032 

Al 
SI 
SI 

Sl 
+FAl 
+FSI 9 CPs required 
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INSTRUCTION 071 (continued) 

When the j designator is 3, the floating-point constant of 0.75 x 24S 

is entered into si (0 40060 6000 0000 0000 OOOOS). This constant is 
used to create floating-point numbers from integer numbers (positive and 
negative) whose absolute value is less than 47 bits. A sequence of 
instructions is used for conversion of an integer in Sl: 

CAL code: S2 0.6 
Sl S2-Sl 
Sl S2-FSI 11 CPs required 

When the j designator is 4, the floating-point constant 0.5 
(= 0 40000 4000 0000 0000 OOOOS) is entered into si. 

When the j designator is 5, the floating-point constant 1.0 
(= 0 40001 4000 0000 0000 OOOOS) is entered into si. 

When the j designator is 6, the floating-point constant 2.0 
(= 0 40002 4000 0000 0000 OOOOS) is entered into si. 

When the j designator is 7, the floating-point constant 4.0 
(= 0 40003 4000 0000 0000 OOOOS) is entered into si. 

HOLD ISSUE CONDITIONS: si reserved 

EXECUTION TIME: 

SPECIAL CASES: 

HR-0032 

Ak reserved (except AO); applies to all forms 
of the instruction, that is, j designators 0 
through 7. 

Instruction issue, 1 CP 

si ready, 2 CPs 

(M)=l if k=o. 

(Si) = (Ak) if j=O. 

(Si) = (Ak) sign extended if j=l. 

(Si) = (Ak) unnormalized if j=2. 

(Si)=0.6 x 260 (octal) if j=3. 

(Si) =0. 4 x 20 (octal) if j=4. 

(Si) =0. 4 x 21 (octal) if j=5. 

(Si) =0. 4 x 22 (octal) if j=6. 

(Si)=0.4 x 23 (octal) if j=7. 
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INSTRUCTIONS 072 - 075 

CAL Syntax Description Octal Code 

si RT 

si 8M 

si STj 

si VM 

t 

t 

t 

si SRj 

SM si 

STj si 

si Tjk 

Transmit (RTC) to si 

Read semaphores to si 

Read (STj) register to Si 

Transmit (VM) to si 

Read performance counter into si 

Increment performance counter 

Clear all maintenance modes 

Transmit (SRj) to si; j=O 

Load semaphores from si 

Load (STj) register from si 

Transmit (Tjk) to si 

Transmit (Si) to Tjk 

072iOO 

072io2 

072ij3 

073ioO 

073ill 

073i21 

073i31 

073ijl 

073io2 

073ij3 

074iJK. 

075ijk 

Instruction 072iOO enters the 64-bit value of the real-time clock (RTC) 
into si. The clock is incremented by 1 each CP. The RTC can be set 
only by the monitor through use of instruction 0014jO. 

Instruction 072io2 enters the values of all of the semaphores into 
si. The 32-bit SM register is left justified in si with SMOO 
occupying the sign bit. 

Instruction 072ij3 enters the contents of STj into si. 

Instruction 073ioo enters the 64-bit value of the VM register into 
si. The VM register is usually read after being set by instruction 175. 

Instruction 073ill is used for performance monitoring and is privileged 
to monitor mode. Each execution of the 073ill instruction advances a 
pointer and enters either the high- or low-order bits of a performance 
counter into the high-order bits of si. See Appendix C for information 
on performance monitoring. 

t Not supported at present time 
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Instructions 073i2l and 073i3l are part of the SECDED maintenance 
mode functions and are executed only if the maintenance mode switch on 
the mainframe's control panel is on. Instruction 073i2l enables 
certain data bits to replace the 8 check bits used for SECDED as they are 
written into memory for any subsequent write to memory (except for I/O 
write to memory). Instruction 073i3l clears all three SECDED 
maintenance mode instructions: 001501, 001521, and 001531. See Appendix 
D for complete information on the SECDED maintenance modes. 

Instruction 073ijl enters the contents of the Status register SRj 
into si. Instruction 073iOl returns the following status to the 
high-order bits of si: 

si Bit 

263 
257 
251 
250 
249 
248 
240t 

233t 
232t 

Description 

Clustered, CLN i 0 (CL) 
Program state (PS) 
Floating-point error occurred (FPS) 
Floating-point interrupt enabled (IFP) 
Operand range interrupt enabled (lOR) 
Bidirectional memory enabled (BDM) 
Processor number bit 0 (PNO) 
Cluster number bit 1 (CLNl) 
Cluster number bit 0 (CLNO) 

Instruction 073i02 sets the semaphores from 32 high-order bits of 
si. SMOO receives the sign bit of si. 

Instruction 073ij3 enters the contents of Si into STj. 

Instruction 074 enters the contents of Tjk into si. 

Instruction 075 enters the contents of si into Tjk. 

HOLD ISSUE CONDITIONS: si reserved 

For instructions 074 and 075, instructions 036 
through 037 in process 

For instruction 074, instruction 075 issued in 
the previous CP 

For instruction 073iOO: 
Instruction l4x or 175 in process, VM busy 
for (VL) + 5 CPs 
Instruction 003 in process, VM busy for 1 CP 

I t These bit positions return a value of 0 if not executed in monitor mode. 
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I 

INSTRUCTIONS 072 - 075 (continued) 

HOLD ISSUE CONDITIONS: For instructions 072ij3, 073ij3 and 73i02, 
(continued) hold issue 1 CP, then 2+t CP more after si 

not reserved. Minimum 3 CP hold. 

EXECUTION TIME: 

SPECIAL CASES: 

Instruction issue, 1 CP 

Result register ready 1 CP 

For 073i02, SM ready, 1 CP 

For instructions 072i02 and 072ij3, (Si)=o 
if CLN=O. 

Instructions 073i02 and 073ij3 are no-ops if 
CLN=O. 

There must be a 2 CP delay between sequential 
073ill instructions. 

t If more than one CPU attempts to access semaphores or shared 
registers in the same clock period, a scanner will resolve the 
conflict. See shared register explanation in section 2. 
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INSTRUCTIONS 076 - 077 

CAL Syntax Description Octal Code 

si vj,Ak Transmit (vj element (Ak» to si 

vi,Ak sj Transmit (sj) to vi element (Ak) 

Vi,Ak ot Clear vi element (Ak) 

076ijk 

o 77i;jk 

077iok 

Instructions 076 and 077 transmit a 64-bit quantity between a V register 
element and an S register. 

Instruction 076 transmits the contents of an element of register Vj to 
si. 

Instruction 077 transmits the contents of register Sj to an element of 
register vi. 

The low-order 6 bits of (Ak) determine the vector element for either 
instruction. 

HOLD ISSUE CONDITIONS: Ak reserved (except AO) 

For instruction 076, si reserved or vj 
reserved as operand or as result 

For instruction 077, vi reserved as operand or 
as result or sj reserved 

EXECUTION TIME: 

SPECIAL CASES: 

t Special CAL syntax 

HR-0032 

Instruction issue, 1 CP 

For instruction 076, si ready, 4 CPs 

For instruction 077, vi ready, 1 CP 

(Sj) =0 if j=O. 

(Ak) =1 if k=o. 
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INSTRUCTIONS lOh - l3h 

CAL Syntax Description Octal Code 

Ai e~,Ah Read from ( (Ah) + jkm) to Ai lOhilkm 

Ai exp,ot Read from (jkm) to Ai lOOijkm 

Ai exp,t Read from (jkm) to Ai lOOijkm 

Ai ,Afl Read from (M) to Ai lOhioO 0 

e~,Ah Ai Store (Ai) to (M) + jkm llhijkm 

exp,O Ait Store (Ai) to jkm 110ijkm 

exp, Ait Store (Ai) to exp 110ijkm 

,Ah Ait Store (Ai) to (Ah) llhioo 0 

si e~,Ah Read from ( (Ah) + jkm) to Si l2hilkm 

si exp,ot Read from (exp) to si l20ijkm 

Si exp,t Read from (exp) to si 1 2 Oijkm 

Si ,Aht Read from (Ah) to Si l2hioo 0 

exp,Ah si Store (Si) to (M) + jkm l3hilkm 

exp,O sit Store (Si) to exp l30iikm 

exp, sit Store (Si) to exp l30iJK.m 

,Ah sit Store (si) to (Ah) l3hioo 0 

The 2-parcel instructions lOh through l3h transmit data between 
memory and an A register or an S register. The content of Ah (treated 
as a 22-bit signed integer) is added to the 'signed 22-bit integer in the 
jkm field to determine the memory address. If h is 0, (M) is 0 
and only the jkm field is used for the address. The address arithmetic 
is performed by an address adder similar to but separate from the Address 
Add functional unit. 

t Special CAL syntax 

HR-0032 5-62 A 



INSTRUCTIONS loh - l3h (continued) 

Instructions loh and Ilh transmit 24-bit quantities to or from A 
registers. When transmitting data from memory to an A register, the 
high-order 40 bits of the memory word are ignored. On a store from Ai 
into memory, the high-order 40 bits of the memory word are zeroed. 

Instructions l2h and 13h transmit 64-bit quantities to or from 
reg ister si. 

HOLD ISSUE CONDITIONS: Port A, B, or C busy 

EXECUTION TIME: 

SPECIAL CASES: 

HR-0032 

Ah reserved or busy previous CP 

For instructions loh and llh, Ai reserved 

For instructions l2h and l3h, si reserved 

Instructions lOx through l3x in CP 2 and CP 
3 and conflict 

Second parcel not in a buffer 

Second parcel in different buffer, 2 CP 

Instruction issue: 
Both parcels in same buffer, 2 CPs 
For instruction lOh, Ai ready, 14 CPs 
For instruction l2h, si ready, 14 CPs 
Bank ready for next scalar read or store, 4 CPs 

NOTE 

After issuing instructions lOh through l3h, 
attempting to issue instructions 034 through 037, 
176, or 177 causes Ports A, B, or C to be 
considered busy for 4 CPs (plus additional CPs if 
there are conflicts). 

None 
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CAL Syntax 

vi Sj&Vk 

vi vj&Vk 

vi sj!Vk 

vi vkt 

vi vj!Vk 

vi Sj\Vk 

vi Vj\Vk 

vi ot 

INSTRUCTIONS 140 - 147 

Description 

Logical products of (Sj) and (Vk elements) 
to vi elements 

Logical products of (vj elements) and 
(vk elements) to vi elements 

Logical sums of (Sj) and (Vk elements) 
to vi elements 

Transmit (vk elements) to vi elements 

Logical sums of (Vj elements) and 
(Vk elements) to vi elements 

Logical differences of (Sj) and 
(Vk elements) to vi elements 

Logical differences of (Vj elements) and 
(Vk elements) to vi elements 

Clear vi elements 

vi Sj~Vk&VM If VM bit=l, transmit (Sj) to the corres­
ponding element in vi 
If VM bit=O, transmit the (corresponding 
Vk element) to the (corresponding vi element) 

vi tVM&Vk t If VM bit=l, transmit (0) to the corres­
ponding element in vi 
If VM bit=O, transmit the (corresponding 
Vk element) to the (corresponding vi element) 

vi vj:Vk&VM If VM bit=l, transmit the (corresponding vj 
element) to the (corresponding vi element) 
If VM bit=O, transmit the (corresponding vk 
element) to the (corresponding vi element) 

Octal Code 

l40ijk 

l42ijk 

l42iok 

l43ijk 

l44ijk 

l45ijk 

l45iii 

l46ijk 

l46iok 

l47ijk 

On mainframes equipped with Second Vector Logical functional units, 
instructions 140 through 145 can be executed in either the Full Vector or 
the Second Vector Logical units, provided the Second Vector Logical unit 
is enabled. If the Second Vector Logical unit is disabled, instructions 
140 through 145 can be executed only in the Full Vector Logical unit. 

t Special CAL syntax 
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INSTRUCTIONS 140 - 147 (continued) 

I Instructions 146 and 147 execute in the Full Vector Logical unit only. 
The number of operations performed is determined by the contents of the 
VL register. All operations start with element 0 of the vi, Vj, or 
vk register and increment the element number by 1 for each operation 
performed. All results are delivered to vi. 

For instructions 140, 142, 144, and 146, a copy of the content of sj is 
delivered to the functional unit. The copy of the content is held as one 
of the operands until completion of the operation. Therefore, Sj can 
be changed immediately without affecting the vector operation. For 
instructions 141, 143, 145, and 147, all operands are obtained from V 
registers. 

Instructions 140 and 141 form the logical products (AND) of operand pairs 
and enter the result into vi. Bits of an element of vi are set to 1 
when the corresponding bits of (sj) or (vj element) and (Vk element) 
are 1 as in the following: 

(Sj) or (vj element) = 1 1 0 0 
= 1 0 1 0 
= 1 0 0 0 

(Vk element) 
(Vi element) 

Instructions 142 and 143 form the logical sums (inclusive OR) of operand 
pairs and deliver the results to vi. Bits of an element of vi are 
set to 1 when one of the corresponding bits of (sj) or (vj element) 
and (Vk element) is 1 as in the following: 

(sj) or (vj element) = 1 1 0 0 
(Vk element) = 1 0 1 0 
(Vi element) = 1 110 

Instructions 144 and 145 form the logical differences (exclusive OR) of 
operand pairs and deliver the results of vi. Bits of an element are 
set to 1 when the corresponding bit of (sj) or (vj element) is 
different from (Vk element) as in the following: 

(Sj) or (vj element) = 1 1 0 0 
(Vkelement) = 1 0 1 0 
(Vi element) = 0 1 1 0 

Instructions 146 and 147 transmit o~erands to vi depending on the 
contents of the VM register. Bit 2°3 of the mask corresponds to 
element 0 of a V register. Bit 20 corresponds to element 63. Operand 
pairs used for the selection depend on the instruction. For instruction 
146, the first operand is always (Sj), the second operand is (Vk 
element). For instruction 147, the first operand is (vj element) and 
the second operand is (Vk element). If bit n of the vector mask is 
1, the first operand is transmitted; if bit n of the mask is 0, the. 
second operand, (Vk element), is selected. 
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INSTRUCTIONS 140 - 147 (continued) 

Examples: 

1. If instruction 146 is to be executed and the following register 
conditions exist: 

(VL) = 4 
(VM) = 0 60000 0000 0000 0000 0000 
(52) = -1 
(V600) = 1 
(V601) = 2 
(V602) = 3 
(V603) = 4 

Instruction 146726 is executed. Following execution, the first four 
elements of V7 contain the following values: 

(V700) = 1 
(V70l) = -1 
(V702) = -1 
(V703) = 4 

The remaining elements of V7 are unaltered. 

2. If instruction 147 is to be executed and the following register 
conditions exist: 

(VL) = 4 
(VM) = 0 600000 0000 0000 0000 0000 
(V200) = 1 (V300) = -1 
(V20l) = 2 (V30l) = -2 
(V202) = 3 (V302) = -3 
(V203) = 4 (V303) = -4 

Instruction 147123 is executed. Following execution, the first four 
elements of VI contain the following values: 

(V100) = -1 
(VIOl) = 2 
(Vl02) = 3 
(Vl03) = -4 

The remaining elements of VI are unaltered. 

HOLD ISSUE CONDITIONS: 

HR-0032 

Vk reserved as operand 

vi reserved as operand or result 

For instructions 140, 142, 144, and 146, Sj 
reserved 
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INSTRUCTIONS 140 - 147 (continued) 

HOLD ISSUE CONDITIONS: 
(continued) 

EXECUTION TIME: 

SPECIAL CASES: 

FOr instructions 141, 143, 145, and 147, Vj 
reserved as operand 

FOr instructions 146 and 147, or instructions 140 
through 145 with Second vector Logical 
disabled: tt 

Instruction l4x or 175 in process, Full vector 
Logical unit busy (VL) + 4 CPs 

FOr instructions 140 through 145 with Second 
vector Logical unit enabled: tt 

See discussion on Second Vector Logical issue in 
section 4 

Instructions 140 through 145 or l6x in process 
in Second Vector Logicaltt/Floating-point 
Multiply unit, Second Vector Logical unit busy 
(VL) + 4 CPs 

Instruction 140 through 147 or 175 in process in 
Full Vector Logical unit, Full Vector Logical unit 
busy (VL) + 4 CPs 

Instruction issue, 1 CP 

Vj or VI<. ready in (VL) + 3 CPs if data 
availablet 

If data available,t Vi ready in (VL) + 7 
CPs if Full vector Logical unit is used, 9 CPs if 
Second Vector Logical unit is used. tt 

Unit ready, (VL) + 4 CPs if data availablet 

(Sj)=O if j=O. 

t Vector instructions mayor may not start execution immediately; they 
execute as data becomes available. In particular, a memory conflict 
that slows execution of some elements of a vector load can cause 
delays in all instructions in the operation chain starting with that 
load. 

tt Only on mainframes equipped with Second vector Logical functional 
units 
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INSTRUCTIONS 150 - 151 

CAL Syntax Description Octal Code 

vi vj<Ak. Shift (vj) elements left by (Ak) places l50ilk 
to vi elements 

vi Vj<lt Shift (VJ1 elements left one place to l50ijO 
vi elements 

vi vj>Ak Shift (VJ1 elements right by (Ak) places l5lijk 
to vi elements 

vi Vj>lt Shift (vj) elements right one place to l5lijO 
vi elements 

Instructions 150 and 151 are executed in the Vector Shift functional 
unit. The number of operations performed is determined by the contents 
of the VL register. Operations start with element 0 of the vi and Vj 
registers and end with elements specified by (VL)-l. 

All shifts are end off with zero fill. The shift count is obtained from 
(Ak) and all 24 bits of Ak are used for the shift count. Elements of 
vi are cleared if the shift count exceeds 63. All shift counts (Ak) 
are considered positive. 

Unlike shift instructions 052 through 055, these instructions receive the 
shift count from Ak, rather than the jk fields. 

HOLD ISSUE CONDITIONS: vj reserved as operand 

t Special CAL syntax 

vi reserved as operand or result 

Ak reserved (except AO) 

Instructions 150 through 153 in process, unit 
busy (VL) + 4 cPstt 

tt Vector instructions mayor may not start execution immediately; 
they execute as data becomes available. In particular, a memory 
conflict that slows execution of some elements of a vector load can 
cause delays in all instructions in the operation chain starting with 
that load. 
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INSTRUCTIONS 150 - 151 

EXECUTION TIME: vj ready in (VL) + 3 CPs if data availablet 

vi ready in (VL) + 8 CPs if data availablet 

Unit ready, (VL) + 4 CPs if data availablet 

SPECIAL CASES: (Ak)=l if k=O. 

t Vector instructions mayor may not start execution immediately; they 
execute as data becomes available. In particular, a memory conflict 
that slows execution of some elements of a vector load can cause 
delays in all instructions in the operation chain starting with that 
load. 
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INSTRUCTIONS 152 - 153 

CAL Syntax Description Octal Code 

vi Vj,Vj<Ak Double shifts of (Vj elements) left (Ak) l52ijk 
places to vi elements 

vi vj,Vj<lt Double shifts of (vj elements) left one l52ijO 
place to vi elements 

vi Vj,Vj>Ak Double shifts of (vj elements) right (M) 1 53i3"'1< 
places to vi elements 

vi Vj,Vj>lt Double shifts of (vj elements) right one l53ijO 
place to vi elements 

Instructions 152 and 153 are executed in the Vector Shift functional 
unit. The instructions shift l2S-bit values formed by logically joinin9 
the contents of two elements of the Vj re9ister. The direction of the 
shift determines whether the high-order bits or the low-order bits of the 
result are sent to vi. Shift counts are obtained from register Ak. 

All shifts are end off with zero fill. 

The number of operations is determined by the contents of the VL re9ister. 

Instruction 152 performs left shifts. The operation starts with element 
o of vj. If (VL) is 1, element 0 is joined with 64 bits of 0, and the 
resultin9 l2S-bit quantity is then shifted left by the amount specified 
by (M). Only the one operation is performed. The 64 high-order bits 
remaining are transmitted to element 0 of vi. 

If (VL) is 2, the operation starts with element 0 of Vj being joined 
with element 1, and the resulting l2S-bit quantity is then shifted left 
by the amount specified by (Ak). The high-order 64 bits remainin9 are 
transmitted to element 0 of vi. Figure 5-7 illustrates this operation. 

If (VL) is greater than 2, the operation continues by joining element 1 
with element 2 and transmitting the 64-bit result to element 1 of vi. 
Figure 5-S illustrates this operation. 

If (VL) is 2, element 1 is joined with 64 bits of 0 and only two 
operations are performed. In genera1, the last element of Vj as 
determined by (VL) is joined with 64 bits of zeros. Figure 5-9 
illustrates this operation. 

t Special CAL syntax 
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INSTRUCTIONS 152 - 153 (continued) 

20 263 263 

I (element 0) of vj I (element 1) of vj I 
", ,... 

~~~------------
of V 

,..., 
263- (Ak) 

;;> 

264- (Ak) 

j 

64-bit result to element 0 of vi 

.... ---- (Ak) 

Figure 5-7. Vector left double shift, first element, 
VL greater than 1 

....... --

~~I ______ (e_l_e_m_e_n_t __ l_) __ O_f __ V_j ______ ~>~I _____ (_e_l_e_m_e_n_t __ 2_)_O_f __ V_J_· ______ ~=_~1 -
of .... 111(~-- (Ak) 

64-bit result to element 1 of vi 

Figure 5-8. Vector left double shift, second element, 
VL greater than 2 

---

_~I-----(-e-l-e-m-e-n-t--(VL--)---l-t-)--O-f-V~j~7~1-------0_0_0_._._ •• _._._._._._0 ________ ~~1 -
63 ,.. --2 ......... 

2
0 
----------..,.... 

----
(element (VL)-l .... f----- (A k) 

64-bit result to element (VL)-lt of Vj 

Figure 5-9. Vector left double shift, last element 

t Elements are numbered 0 through 63 in the V registers: therefore, 
element {VL)-l refers to the VLth element. 
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INSTRUCTIONS 152 - 153 (continued) 

If (Ak) is greater than or equal to 128, the result is all zeros. If 
(Ak) is greater than 64, the result register contains at least (Ak) - 64 
zeros. 

Examples: 

1. If instruction 152 is to be executed and the following register 
conditions exist: 

(VL) = 4 
(AI) = 3 
(V400) = 0 00000 0000 0000 0000 0007 
(V401) = o 60000 0000 0000 0000 0005 
(V402) = 1 00000 0000 0000 0000 0006 
(V403) = 1 60000 0000 0000 0000 0007 

Instruction 152541 is executed. Following execution, the first four 
elements of V5 contain the following values: 

(V500) = 0 00000 0000 0000 0000 0073 
(V50l) = 0 00000 0000 0000 0000 0054 
(V502) = 0 00000 0000 0000 0000 0067 
(V503) = 0 00000 0000 0000 0000 0070 

Instruction 153 performs right shifts. The original element 0 of 
Vj is joined with 64 high-order bits of 0 and the l28-bit quantity 
is shifted right by the amount specified by (Ak). The 64 
low-order bits of the result are transmitted to element 0 of vi. 
Figure 5-10 illustrates this operation. 

~1, ____ o_o_o_._._._._ .. _._._._o __________ ~I~< _____ (_e_l_e_m_e_n_t __ O_) __ O_f_V_J_· ______ ~l , " , , 
'", 263 2 (Ak)~l 2°263 

~----------------~ 
(Ak)~ 000 ••••••••• 

64-bit result to 
element ° of vi 

, 
2 (Ak) 

Figure 5-10. Vector right double shift, first element 

If (VL)=l, only one operation is performed. In general, however, 
instruction execution continues by joining element 0 with element 1, 
shifting the l28-bit quantity by the amount specified by (Ak), and 
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INSTRUCTIONS 152 - 153 (continued) 

transmitting the result to element 1 of vi. This operation is 
shown in figure 5-11. 

I (element 0) of vj I (element 1) of vj I 
~,,~------------------------~<-,----------------------------~, 

(Ak) (element 0) 

64-(Ak) bits 

"- "-
2 (Ak)-l' 

64-bit result to 
element 1 of vi 

Figure 5-11. Vector right double shift, second eleaent, 
VL greater. than 1 

The last operation performed by the instruction joins the last 
element of Vj as determined by (VL) with the preceding element. 
Figure 5-12 illustrates this operation. 

element (VL)-2) of vj 

(Ak) (element (VL)-2) 0 

(element (VL)-lt) of Vj 

64-bit result to 
element (VL)-l of Vj 

Figure 5-12. Vector right double shift, last operation 

2. If an instruction 153 is to be executed and the following register 
conditions exist: 

t Elements are numbered 0 through 63 in the V registers; therefore, 
element (VL)-l refers to the VLth element. 
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(VL) 
(A6) 
(V200) 
(V201) 
(V202) 
(V203) 

= 4 
= 3 

INSTRUCTIONS 152 - 153 (continued) 

= a 00000 0000 0000 0000 0017 
= a 60000 0000 0000 0000 0006 
= 1 00000 0000 0000 0000 0006 
= 1 60000 0000 0000 0000 0007 

Instruction 153026 is executed and following execution, register va 
contains the following values: 

(VOOO) = a 00000 0000 0000 0000 0001 
(Vaal) = 1 66000 0000 0000 0000 0000 
(V002) = 1 50000 0000 0000 0000 0000 
(V003) = 1 56000 0000 0000 0000 0000 

The remaining elements of va are unaltered. 

HOLD ISSUE CONDITIONS: vj reserved as operand 

EXECUTION TIME: 

SPECIAL CASES: 

vi reserved as operand or result 

Ak reserved (except AO) 

Instructions 150 through 153 in process, unit 
busy (VL) + 4 cPst 

Instruction issue, 1 CP 

vj ready in (VL) + 3 CPs if data availablet 

For instruction 152, vi ready in (VL) + 9 CPs 
if data availablet 

Instruction 153, vi ready in (VL) + 8 CPs if 
data availablet 

Unit ready, (VL) + 4 CPs if data availablet 

(Ak)=l if k=O. 

t Vector instructions mayor may not start execution immediately; they 
execute as data becomes available. In particular, a memory conflict 
that slows execution of some elements of a vector load can cause 
delays in all instructions in the operation chain starting with that 
load. 
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INSTRUCTIONS 154 - 157 

CAL Syntax Description Octal Code 

vi Sj+VI< 

vi Vj+VI< 

vi sj-VI< 

vi -Vkt 

vi Vj-V'k 

Integer sums of (Sj) and (Vk elements) to 
vi elements 

Integer sums of (Vj elements) and 
(Vk elements) to vi elements 

Integer differences of (Sj) and (Vk elements) 
to vi elements 

Transmit negative of (Vk elements) to vi 
elements 

Integer differences of (Vj elements) and 
(VI< elements) to vi elements 

l54ijk 

l55ijk 

l56ijk 

l56iok 

Instructions 154 through 157 are executed in the Vector Add functional 
unit. 

Instructions 154 and 155 perform integer addition. Instructions 156 and 
157 perform integer subtraction. The number of additions or subtractions 
performed is determined by the contents of the VL register. All 
operations start with element 0 of the V registers and increment the 
element number by 1 for each operation performed. All results are 
delivered to elements of vi. No overflow is detected. 

Instructions 154 and 156 deliver a copy of (sj) to the functional unit 
where the copy is retained as one of the operands until the vector 
operation completes. The other operand is an element of Vk. For 
instructions 155 and 157, both operands are obtained from V registers. 

HOLD ISSUE CONDITIONS: vk reserved as operand 

t Special CAL syntax 

HR-0032 

vi reserved as operand or result 

Instructions 154 through 157 in process, unit 
busy (VL) + 4 cPst 

For instructions 154 and 156, Sj reserved 
(except SO) 

For instructions 155 and 157, Vj reserved as 
operand 
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EXECUTION TIME: 

SPECIAL CASES: 

INSTRUCTIONS 154 - 157 (continued) 

Instruction issue, 1 CP 

Vj or Vk ready in (VL) + 3 CPs if data 
availablet 

vi ready in (VL) + 8 CPs if data availablet 

Unit ready, (VL) + 4 CPs if data availablet 

For instruction 154, if j=O, then (Sj)=O and 
(Vi element) = (Vk element). 

For instruction 156, if j=O, then (Sj)=O and 
(Vi element)= -(Vk element). 

t Vector instructions mayor may not start execution immediately; they 
execute as data becomes available. In particular, a memory conflict 
that slows execution of some elements of a vector load can cause 
delays in all instructions in the operation chain starting with that 
load. 
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INSTRUCTIONS 160 - 167 

CAL Syntax Description Octal Code 

vi Sj*Fvk Floating-point products of (Sj) and l60ijk 
(Vk elements) to vi elements 

vi vj*FVk Floating-point products of (Vj elements) l6lijk 
and (Vk elements) to vi elements 

vi Sj*HVk Half-precision rounded floating-point products l62ijk 
of (sj) and (Vk elements) to vi elements 

vi vj*HVk Half-precision rounded floating-point products l63ijk 
of (vj elements) and (Vk elements) to 
vi elements 

vi sj*Rvk Rounded floating-point products of (sj) and 1 64iJK. 
(Vk elements) to vi elements 

vi vj*Rvk Rounded floating-point products of 1 65iJ1<. 
(vj elements) and (Vk elements) to vi elements 

vi sj*Ivk Reciprocal iterations; 2 - (sj) * (Vk elements) 1 66iJK. 
to vi elements 

vi vj*Ivk Reciprocal iterations; 2 - (vj elements) * l67iJ1<. 
(Vk elements) to vi elements 

Instructions 160 through 167 are executed in the Floating-point Multiply 
functional unit. The number of operations performed by an instruction is 
determined by the contents of the VL register. All operations start with 
element 0 of the V registers and increment the element number by 1 for 
each successive operation. 

Operands are assumed to be in floating-point format. Instructions 160, 
162, 164, and 166 deliver a copy of (Sj) to the functional unit where 
the copy is retained as one of the operands until the completion of the 
operation. Therefore, Sj can be changed immediately without affecting 
the vector operation. The other operand is an element of vk. For 
instructions 161, 163, 165, and 167, both operands are obtained from V 
registers. 

All results are delivered to elements of vi. If either operand is not 
normalized, there is no guarantee that the products will be normalized. 
If neither operand is normalized, the product will not be normalized. 

Out-of-range conditions are described in section 4. 
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INSTRUCTIONS 160 - 167 (continued) 

Instruction 160 forms the products of the floating-point quantity in 
Sj and the floating-point quantities in elements of Vk and enters 
the results into vi. 

Instruction 161 forms the products of the floating-point quantities in 
elements of Vj and Vk and enters the results into vi. 

Instruction 162 ~orms the half-precision rounded products of the 
floating-point quantity in Sj and the floating-point quantities in 
elements of vk and enters the results into vi. The low-order 19 
bits of the result elements are zeroed. 

Instruction 163 forms the half-precision rounded products of the 
floating-point quantities in elements of Vj and Vk and enters the 
results into vi. The low-order 19 bits of the result elements are 
zeroed. 

Instruction 164 forms the rounded products of the floating-point 
quantity in Sj and the floating-point quantities in elements of Vk 
and enters the results into vi. 

Instruction 165 forms the rounded products of the floating-point 
quantities in elements of Vj and Vk and enters the results into vi. 

Instruction 166 forms for each element, two minus the product of the 
floating-point quantity in Sj and the floating-point quantity in 
elements of vk. It then enters the results into vi. See the 
description of instruction 067 for more details. 

Instruction 167 forms for each element pair, two minus the product of 
the floating-point quantities in elements of Vj and Vk and enters 
the results into vi. See the description of instruction 067 for more 
details. 

HOLD ISSUE CONDITIONS: Vk reserved as operand 

vi reserved as operand or result 

Instruction l6x in process, unit busy 
(VL) + 4 cPst 

t vector instructions mayor may not start execution immediately; they 
execute as data becomes available. In particular, a memory conflict 
that slows execution of some elements of a vector load can cause 
delays in all instructions in the operation chain starting with that 
load. 
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I 
HOLD CONDITIONS: 
(continued) 

EXECUTION TIME: 

SPECIAL CASES: 

INSTRUCTIONS 160 - 167 (continued) 

On mainframes equipped with Second Vector 
Logical unit: instructions 140 through 145 in 
process in Second Vector Logical unit. Unit 
busy (VL) +4 CPs. 

For instructions 160, 162, 164, and 166, Sj 
reserved (except SO) 

For instructions 161, 163, 165, and 167, Vj 
reserved as operand 

Instruction issue, 1 CP 

Vj and Vk ready in (VL) + 3 CPs if data 
availab1e f 

vi ready in (VL) + 12 CPs if data 
availablef 

Unit ready, (VL) + 4 CPs if data avai1ab1ef 

(Sj)=O if j=O. 

t Vector instructions mayor may not start execution immediatelY1 they 
execute as data becomes available. In particular, a memory conflict 
that slows execution of some elements of a vector load can cause 
delays in all instructions in the operation chain starting with that 
load. 
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INSTRUCTIONS 170 - 173 

CAL Syntax Description 

vi Sj+FVk Floating-point sums of (Sj) and 
(Vk elements) to vi element 

vi +FVkt Transmit normalized (Vk elements) to vi 
elements 

vi Vj+F~ Floating-point sums of (Vj elements) and 
(Vk elements) to vi elements 

vi Sj-FVk Floating-point differences of (Sj) and 
(Vk elements) to vi elements 

vi -FVkt Transmit normalized negatives of 
(Vk elements) to vi elements 

vi vj-FVk Floating-point differences of (vj elements) 
and (Vk elements) to vi elements 

Octal Code 

170ijk 

170iok 

171ijk 

172ijk 

172iok 

Instructions 170 through 173 are executed in the Floating-point Add 
functional unit. Instructions 170 and 171 perform floating-point 
addition; instructions 172 and 173 perform floating-point subtraction. 
The number of additions or sUbtractions performed by an instruction is 
determined by contents of the VL register. All operations start with 
element 0 of the V registers and increment the element number by 1 for 
each operation performed. All results are delivered to vi normalized 
and results are normalized even if the operands are not normalized. 

Instructions 170 and 172 deliver a copy of (Sj) to the functional unit 
where it remains as one of the operands until the completion of the 
operation. The other operand is an element of vk. For instructions 
171 and 173, both operands are obtained from V registers. Out-of-range 
conditions are described in section 4. 

HOLD ISSUE CONDITIONS: Vk reserved as operand 

vi reserved as operand or result 

t Special CAL syntax 
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INSTRUCTIONS 170 - 173 (continued) 

HOLD ISSUE CONDITIONS: Instructions 170 through 173 in process, unit 
(continued) busy (VL) + 4 cPst 

EXECUTION TIME: 

SPECIAL CASES: 

For instructions 170 and 172, Sj reserved 
(except SO) 

For instructions 171 and 173, Vj reserved as 
operand 

Instruction issue, 1 CP 

Vj and Vk ready in (VL) + 3 CPs if data 
availablet 

vi ready in (VL) + 11 CPs if data availablet 

Unit ready, (VL) + 4 CPs if data availablet 

(Sj) =0 if j=O. 

t Vector instructions mayor may not start execution immediately; they 
execute as data becomes available. In particular, a memory conflict 
that slows execution of some elements of a vector load can cause 
delays in all instructions in the operation chain starting with that 
load. 
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INSTRUCTION 174 

CAL Syntax Description Octal Code 

Floating-point reciprocal approximation of 
(vj elements) to vi elements 

l74ijO 

Instruction 174 is executed in the Reciprocal Approximation functional 
unit. The instruction forms an approximate value of the reciprocal of 
the normalized floating-point quantity in each element of Vj and enters 
the result into elements of vi. The number of elements for which 
approximations are found is determined by the contents of the VL register. 

Instruction 174 occurs in the divide sequence to compute the quotients of 
floating-point quantities as described in section 4 under floating-point 
arithmetic. 

The reciprocal approximation instruction produces results of 30 
significant bits. The low-order 18 bits are zeros. The number of 
significant bits can be extended to 48 using the reciprocal iteration 
instruction and a multiply. 

HOLD ISSUE CONDITIONS: vi reserved as operand or result 

EXECUTION TIME: 

SPECIAL CASES: 

vj reserved as operand 

Instruction 174 in process, unit busy for 
(VL) + 4 cPst 

Instruction issue, 1 CP 

vj ready in (VL) + 3 CPs if data availablet 

vi ready in (VL) + 19 CPs if data 
available t 

Unit ready, (VL) + 4 CPs if data availablet 

(vi element) is meaningless if (Vj element) 
is not normalizedl the unit assumes that bit 
247 of (Vj element) is 11 no test of this 
bit is made. 

t Vector instructions mayor may not start execution immediatelYI they 
execute as data becomes available. In particular, a memory conflict 
that slows execution of some elements of a vector load can cause 
delays in all instructions in the operation chain starting with that 
load. 
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INSTRUCTIONS 174ijl - 174ij2 

CAL Syntax Description Octal Code 

Population count of (Vj elements) to vi 
elements 

Population count parity of (Vj elements) to 
vi elements 

174ijl 

l74ij2 

Instructions 174ijl and 174ij2 are executed in the Vector 
Population/Parity functional unit, sharing some logic with the Reciprocal 
Approximation functional unit. 

Instruction l74ijl counts the number of bits set to I in each element 
of vj and enters the results into corresponding elements of vi. The 
results are entered into the low-order 7 bits of each vi element, the 
remaining high-order bits of each vi element are zeroed. 

Instruction 174ij2 counts the number of bits set to I in each element 
of vj. The least significant bit of each element result shows whether 
the result is an odd or even number. Only the least significant bit of 
each element is transferred to the least significant bit position of the 
corresponding element of register vi. The remainder of the element is 
set to zeros. The actual population count results are not transferred. 

HOLD ISSUE CONDITIONS: vi reserved as operand or result 

vj reserved as operand 

Instructions 174xxl and 174xx2 in process, 
unit busy for (VL) + 4 cPst 

Instruction 174~0 in process, unit busy for 
(VL) + 9 cPst 

Instruction 070 in process, unit busy (070 issue 
time) + 7 cPst 

t Vector instructions mayor may not start execution immediately; they 
execute as data becomes available. In particular, a memory conflict 
that slows execution of some elements of a vector load can cause 
delays in all instructions in the operation chain starting with that 
load. 
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INSTRUCTIONS l74ijl - l74ij2 (continued) 

EXECUTION TIME: Instruction issue, 1 CP 

vj ready in (VL) + 3 CPs if data avallablet 

vi ready in (VL) + 10 CPs if data availablet 

Unit ready, (VL) + 4 CPs if data avallablet 

t Vector instructions mayor may not start execution immediately; they 
execute as data becomes available. In particular, a memory conflict 
that slows execution of some elements of a vector load can cause 
delays in all instructions in the operation chain starting with that 
load. 

HR-0032 5-84 A 



I 

INSTRUCTION 175 

CAL Syntax Description Octal Code 

VM vj,Z 

VM Vj,N 

VM vj,P 

VM vj,M 

VM=l when (Vj element)=O 

VM=l when (vj element)~O 

VM=l when (vj element) positive, 
(bit 263=0), includes (vj e1ement)=0 

VM=l when (vj element) negative, 
(bit 263=1) 

l750jO 

1750j1 

1750j2 

1750j3 

Vector mask instruction 175 is executed in the Full Vector Logical 
functional unit. 

Instruction 1750JK creates a vector mask in VM based on the results of 
testing the contents of the elements of register vj. Each bit of VM 
corresponds to an element of vj. Bit 263 corresponds to element 0; 
bit 20 corresponds to element 63. 

The type of test made by the instruction depends on the low-order 2 bits 
of the k designator. The high-order bit of the k designator is not 
used. 

If the k designator is 0, the VM bit is set to 1 when (vj element) is 
o and is set to 0 when (vj element) is nonzero. 

If the k designator is 1, the VM bit is set to 1 when (Vj element) is 
nonzero and is set to 0 when (vj element) is o. 

If the k designator is 2, the VM bit is set to 1 when (Vj element) is 
positive and is set to 0 when (vj element) is negative. A zero value 
is considered positive. 

If the k designator is 3, the VM bit is set to 1 when (Vj element) is 
negative and is set to 0 when (vj element) is positive. A zero value 
is considered positive. 

The number of elements tested is determined by the contents of the VL 
register. VM bits corresponding to untested elements of Vj are zeroed. 

Vector mask instruction 175 provide a vector counterpart to the scalar 
conditional branch instructions. 
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INSTRUCTION 175 (continued) 

HOLD ISSUE CONDITIONS: Vj reserved as operand 

EXECUTION TIME: 

SPECIAL CASES: 

Instruction 14~ in process, unit busy 
(VL) + 4 cPst 

Instruction 175 in process, unit busy 
(VL) + 4 cPst 

Instruction issue, 1 CP 

vj ready, (VL) + 3 CPs if data availablet 

Except for instruction 073, VM ready (VL) + 4 CPs 
if data availablet 

For instruction 073, VM ready (VL) + 5 CPs if 
data availablet 

k=O or 4, VM bit :=:=1 if (Vj element :ex)=0. 

k=l or 5, VM bit ~x=l if (Vj element :ex)~0. 

k=2 or 6, VM bit ~x=l if (vj element :ex) is 
positive; 0 is a positive condition. 

k=3 or 7, VM bit ~x=l if (vj element:ex) is 
negative. 

t Vector instructions mayor may not start execution immediately; they 
execute as data becomes available. In particular, a memory conflict 
that slows execution of some elements of a vector load can cause 
delays in all instructions in the operation chain starting with that 
load. 
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INSTRUCTIONS 176 - 177 

CAL Syntax Description Octal Code 

vi ,AO,Ak 

vi ,AO,lt 

,AO,Ak Vj 

AO 1 VJ·t , , 

Transmit (VL) words from memory to vi 
elements starting at memory address (AO) 
and incrementing by (Ak) for successive 
addresses 

Transmit (VL) words from memory to vi 
elements starting at memory address (AO) 
and incrementing by 1 for successive 
addresses 

Transmit (VL) words from Vj elements to 
memory starting at memory address (AO) and 
incrementing by (Ak) for successive 
addresses 

Transmit (VL) words from Vj elements to 
memory starting at memory address (AO) and 
incrementing by 1 for successive addresses 

l76iOk 

l76ioo 

l770lk 

l770jO 

Instructions 176 and 177 transfer blocks of data between V registers and 
memory. 

Instruction 176 transfers data from memory to elements of register vi. 

Instruction 177 transfers data from elements of register vj to memory. 

Register elements begin with 0 and are incremented by 1 for each 
transfer. Memory addresses begin with (AO) and are incremented by the 
contents of Ak. Ak contains a signed 22-bit integer which is added 
to the address of the current word to obtain the address of the next 
word. The 2 high-order bits of (Ak) are ignored. Ak can specify 
either a positive or negative increment allowing both forward and 
backward streams of reference. 

The number of words transferred is determined by the contents of the VL 

register. 

HOLD ISSUE CONDITIONS: For instruction 176 if Ports A and B busy 

For instruction 177 if Port C busy 

AO reserved 

t Special CAL syntax 
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INSTRUCTIONS 176 - 177 (continued) 

BOLD ISSUE CONDITIONS: Ak reserved where k=l through 7 
(continued) 

EXECUTION TIME: 

SPECIAL CASES: 

HR-0032 

Scalar reference in CP1, CP2, CP3, or CP4 

For instruction 176, V register i reserved as 
operand or result 

For instruction 177, V register j reserved as 
operand 

If not bidirectional memory mode, then 
instruction 176 holds on Port C busy and 
instruction 177 holds on Port A or B busy. 

For instruction 176: 
Instruction issue, 1 CP 
vi ready, (VL) + 17 CPs if memory is available 
Port A or B busy, (VL) + 5 CPs 

For instruction 177: 
Instruction issue, 1 CP 
Vj ready, (VL) +3 CPs if data is available 
Port C busy, (VL) + 6 CPs 

Increment (AO)=l if k=o. 

Instruction 176 uses Port B. If Port B is busy 
at issue time, instruction 176 uses Port A. 
Instruction 177 uses Port C. 

(Ak) determines the memory increment. 
Successive addresses are located in successive 
banks. References to the same bank can be made 
every 4 CPs or more. Incrementing (Ak) by 32 
places successive memory references in the same 
bank, so a word is transferred every 4 CPs or 
more. If the address is incremented by 16, every 
other reference is to the same bank, and words 
can transfer no faster than one every 2 CPs. 
With any address incrementing that allows 4 CPs 
before addressing the same bank, the words can 
transfer each CP. 

Memory conflict can slow loading or storing of 
individual vector elements. The elements are 
loaded or stored in order, so any delay for any 
element delays all succeeding elements. 

5-88 A 



SPECIAL CASES : 
(continued) 
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For instruction 176, if there is an instruction 
using its destination register as a source, the 
execution of that instruction is delayed whenever 
there is a delay in instruction 176 results. 
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INSTRUCTION SUMMARY FOR 
CRAY X-MP MODELS 22 AND 24 

A 

CRAYX-MP CAL 

000000 ERR 
ttoolOjk CA,Aj Ak 

ttOOlljk CL,Aj Ak 

ttOO12jO CI,Aj 

ttOO12jl MC,Aj 

ttOO13jO XA Aj 
ttOO14jO RT Sj 
ttOO140l IP 1 
ttOO1402 IP 0 
ttOO1403 CLN 0 
ttOO14l3 CLN 1 
ttOO1423 CLN 2 
ttOO1433 CLN 3 
ttOO14j4 PCI Sj 
ttOO1405 CCI 
ttOO1406 ECI 
ttOO1407 DCI 
ttOO15jO ttt 

ttOO150l ttt 

ttOO15ll ttt 
ttOO152l ttt 

ttOO153l ttt 
00200k VL Ak 

t002000 VL 1 
002100 EFI 

002200 DFI 

002300 ERI 

t Special syntax form 
tt Privileged to monitor 
ttt Not supported at this 

HR-0032 

UNIT 

mode 
time 

A-I 

DESCRIPTION 

Error exit 
Set the channel (Aj) current 
address to (Ak) and begin the I/O 
sequence 
Set the channel (Aj) limit address 
to (Ak) 
Clear Channel (Aj) Interrupt flag; 
clear device master-clear (output 
channel). 
Clear Channel (Aj) Interrupt flag; 
set device master-clear (output 
channel); clear device ready-held 
(input channel) • 
Enter XA register with (Aj) 
Enter RTC register with (sj) 
Set interprocessor interrupt 
Clear interprocessor interrupt 
Enter CLN register with 0 
Enter CLN register with 1 
Enter CLN register with 2 
Enter CLN register with 3 
Enter II register with (Sj) 
Clear PCI request 
Enable PCI request 
Disable PCI request . 
Select performance monitor 
Set maintenance read mode 
Load diagnostic check byte with Sl 
Set maintenance write mode 1 
Set maintenance write mode 2 
Transmit (Ak) to VL register 
Transmit 1 to VL register 
Enable interrupt on floating-point 
error 
Disable interrupt on floating-point 
error 
Enable operand range interrupts 

A 



CRAY X-MP 

002400 
002500 
002600 
002700 
0030jO 

t003000 
0034jk 
0036jk 
0037jk 
004000 
0050jk 
o06ijkm 
007iJK.m 
oloijkm 
Ollijkm 
Ol2ijkm 

Ol3iJKm 

Ol4ijkm 
Ol5iJK.m 
Ol6iJKm 

Ol7iJKm 

020iJKm 
02liJKm 

o 22ijk 
023ijO 
023iol 
024ijk 
o 25iJK 
026ijO 
o 26ijl 

026ij7 
027ijO 
027ij7 
030ijk 

t030iok 
t030ijo 
03lijk 

DRI 
DBM 
EBM 
CMR 
VM Sj 
VM 0 
SMJK l,TS 
sMjk 0 
SMJK 1 
EX 
J Bjk 
J e:cp 
R exp 
JAZ e:cp 
JAN exp 
JAP Up 

JAM exp 

JSZ exp 
JSN exp 
JSP exp 

JSM exp 

Ai exp 
Ai e:cp 

Ai exp 
Ai Sj 
Ai VL 
Ai Bjk 
Bjk Ai 
Ai psj 
Ai Qsj 

Ai SBj 
Ai zSj 
SBj Ai 
Ai Aj+Ak 

Ai Ak 
Ai Aj+l 
Ai Aj-Ak 

t Special syntax form 

HR-0032 

Pop/LZ 
Pop/LZ 

Pop/LZ 

A Int Add 

A Int Add 
A Int Add 
A Int Add 

A-2 

DESCRIPTION 

Disable operand range interrupts 
Disable bidirectional memory transj 
Enable bidirectional memory transf~ 
Complete memory references 
Transmit (Sj) to VM register 
Clear VM register 
Test & set semaphore jk in SM 
Clear semaphore jk in SM 
Set semaphore jk in SM 
Normal. exit 
Jump to (Bjk) 
Jump to e:cp 
Return jump to e~p; set BOO to P. 
Branch to exp if (AO)=O (i2=O) 
Branch to exp if (AO)~O (i2=O) 
Branch to e:cp if (AO) positive; 0 
is positive (i2=0). 
Branch to e:cp if (AO) negative 
( i 2=0) 
Branch to exp if (SO)=O (i2=O) 
Branch to exp if (SO)~O (i2=O) 
Branch to exp if (SO) positive; 0 
is positive (i2=0). 
Branch to e:cp if (SO) negative 
(i2=0) 
Transmit e~=jkm to Ai 
Transmit exp=ones complement of 
J7<.m to Ai 
Transmi t e~p=jk to Ai 
Transmit (Sj) to Ai 
Transmit (VL) to Ai 
Transmit (Bjk) to Ai 
Transmit (Ai) to Bjk 
Population count of (Sj) to Ai 
Population count parity of (sj) 
to Ai 
Transmit (SBj) to Ai 
Leading zero count of (Sj) to Ai 
Transmit (Ai) to SBj 
Integer sum of (Aj) and (Ak) to 
Ai 
Transmit (Ak) to Ai 
Integer sum of (Aj) and 1 to Ai 
Integer difference of (Aj) less 
(Ak) to Ai 
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CRAY X-MP CAL 

t03liOO 
t03liOk 

t03lijO 

o 32ijk 

033ioo 
033ijO 

033ijl 

034ijk 

t034ijk 

035iJI<. 

t035iJI<. 

036ijk 

t036ijk 

037iJI<. 

t037ijk 

040ijkm 
04lijkm 

042ijk 

t042iJI<. 

t042i77 
t042ioo 
043ijk 

t043ijk 

t043ioo 
044ijk 

Ai -1 
Ai -Ak 

Ai Aj-l 

Ai Aj*Ak 

Ai CI 
Ai CA,Aj 

Ai CE,Aj 

Bjk,Ai ,AO 

Bjk,Ai O,AO 

,AO BJI<.,Ai 

O,AO BJI<.,Ai 

Tjk,Ai ,AO 

Tjk,Ai O,AO 

,AO Tjk,Ai 

o ,AO TJI<.,Ai 

si up 
si exp 

si <exp 

si '>exp 

si 1 
si -1 
si >exp 

si '<exp 

si 0 
si sj&Sk 

t Special syntax form 
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DESCRIPTION 

A Int Add Transmit -1 to Ai 
A Int Add Transmit the negative 

of (Ak) to Ai 
A Int Add 

A Int Mult 

Memory 

Memory 

Memory 

Memory 

Memory 

Memory 

Memory 

Memory 

S Logical 

S Logical 

S Logical 
S Logical 
S Logical 

S Logical 

S Logical 
S Logical 

A-3 

Integer difference of (Aj) less 
1 to Ai 
Integer product of (Aj) and 
(Ak) to Ai 
Channel number to Ai ( j=O) 
Address of channel (Aj) to Ai 
(iJiO; k=O) 
Error flag of channel (Aj) to Ai 
(ijlO; k=l) 
Read (Ai) words to B register 
jk from (AO) 
Read (Ai) words to B register 
jk from (AO) 
Store (Ai) words at B register 
jk to (AO) 
Store (Ai) words at B register 
jk to (AO) 
Read (Ai) words to T register 
jk from (AO) 
Read (Ai) words to T register 
jk from (AO) 
Store (Ai) words at T register 
jk to (AO) 
Store (Ai) words at T register 
jk to (AO) 
Transmit jkm to Si 
Transmit exp=ones complement of 
jkm to si 
Form ones mask exp bits in si from 
the right; jk field gets 64-exp. 
Form zeros mask exp bits in si from 
the left; jk field gets 64-exp. 
Enter 1 into si 
Enter -1 into si 
Form ones mask exp bits in si from 
the left; jk field gets exp. 
Form zeros mask exp bits in si 
from the right; JI<. field gets 
64-exp. 
Clear si 
Logical product of (sj) and 
(Sk) to si 
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CRAY X-MP 

t044ijO 
t044ijO 
045ijk 

t045ijO 
046iik 

t046ijO 

t046ijO 

047ijk 

t047iok 

t047ijo 

t047ijO 

t047ioo 

050ijk 

t050ijO 

05lijk 
tosliok 
toslijO 

tOSlijO 

toslioo 
OS2ijk 

OS3ijk 

OS4ijk 
OS5ijk 

OS6ijk 

tOS6ijO 

~ 

si Sj&SB 
si SB&Sj 
si tSk&Sj 

si fSB&Sj 
si Sj\sk 

si Sj\sB 

si SB\Sj 

si fSj\Sk 

si Isk 

si fSj\SB 

si tSB\Sj 

si iSB 

si sj:Si&sk 

si Sj:Si&SB 

si sj:sk 
si sk 
si Sj:SB 

si SB!Sj 

si SB 
so si<e:cp 

so si>e:cp 

si Si<e:cp 
si si>e:cp 

si Si,Sj<Ak 

si Si,Sj<l 

t Special syntax form 
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S Logical 
S Logical 
S Logical 

S Logical 
S Logical 

S Logical 

S Logical 

S Logical 

S Logical 

S Logical 

S Logical 

S Logical 

S Logical 

S Logical 

S Logical 
S Logical 
8 Logical 

S Logical 

8 Logical 
S Shift 

S Shift 

8 Shift 
S Shift 

S Shift 

8 Shift 

A-4 

DESCRIPTION 

Sign bit of (Sj) to si 
Sign bit of (8j) to 8i (~O) 
Logical product of (8J1 and ones 
complement of (8k) to 8i 
(Sd) with sign bit cleared to si 
Logical difference of (SJ1 and 
(Sk) to 8i 
Toggle sign bit of 8j, then enter 
into 8i 
Toggle sign bit of Sj, then enter 
into 8i (j~O) 
Logical equivalence of (8k) and 
(Sj) to 8i 
Transmit ones complement of (Sk) 
to 8i 
Logical equivalence of (SJ1 and 
sign bit to si 
Logical equivalence of (Sj) and 
sign bit to si (j~O) 

Enter ones complement of sign bit 
into si 
Logical product of (Si) and (Sk) 
complement ORed with logical product 
of (Sj) and (Sk) to si 
Scalar merge of (Si) and sign bit 
of (Sj) to si 
Logical sum of (sj) and (8k) to si 
Transmit (8k) to si 
Logical sum of (sj) and sign bit 
to si 
Logical sum of (Sj) and sign bit 
to si (j~O) 
Enter sign bit into si 
Shift (8i) left exp=jk places 
to SO 
Shift (Si) right exp=64-jk 
places to SO 
Shift (8i) left exp=jk places 
Shift (Si) right e~64-jk 
places 
Shift (8i and 8j) left (Ak) 
places to si 
Shift (Si and Sj) left one 
place to 8i 
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CRAY X-MP CAL 

tos6iOk si si<Ak 

OS7ijk si sj,Si>Ak 

tos7ijO si Sj,Si>l 

tos7iok si si>Ak 

060ijk 

06lijk 

t06liok 

062ijk 

t062iok 
063ijk 

t063iOk 

064ijk 

06Siik 

066ijk 

067ijk 

070ijO 

07liok 

07lilk 

07li2k 

07li30 
07li40 
07lisO 
07li60 

si sj+Sk 

si sj-Sk 

si -sk 

si sj+FSk. 

si +Fsk 
si sj-Fsk 

si -Fsk 

si sj*Fsk 

si sj*HSk 

si Sj*RSk 

si sj*Isk 

si /HSj 

si Ak 

si +Ak 

si +FAk 

si 0.6 
si 0.4 
si 1. 
si 2. 

t Special syntax form 
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.Y!!£! 

S Shift 

S Shift 

S Shift 

S Shift 

DESCRIPTION 

Shift (Si) left (Ak) places 
to si 
Shift (Sj and Si) right (Ak) 
places to si 
Shift (Sj and Si) right one 
place to si 
Shift (Si) right (Ak) places 
to si 

s Int Add Integer sum of (Sj) and (Sk) 
to si 

S Int Add 

S Int Add 

Fp Add 

Fp Add 
Fp Add 

Fp Add 

Fp Mult 

Fp Mult 

Fp Mult 

Fp Mult 

Fp Rcpl 

A-S 

Integer difference of (Sj) and 
(Sk) to si 
Transmit negative of (Sk) 
to si 
Floating-point sum of (Sj) and 
(Sk) to si 
Normalize (Sk) to Si 
Floating-point difference 
of (Sj) and (Sk) to si 
Transmit normalized negative 
of (Sk) to si 
Floating-point product of (sj) 
and (Sk) to si 
Half-precision rounded 
floating-point product of (Sj) 
and (Sk) to si 
Full-precision rounded 
floating-point product of (Sj) 
and (Sk) to si 
2-floating-point product of (sj) 
and (Sk) to si 
Floating-point reciprocal 
approximation of (Sj) to si 
Transmit (Ak) to si with no 
sign extension 
Transmit (Ak) to Si with sign 
extension 
Transmit (Ak) to Si as 
unnormalized floating-point number 
Transmit constant 0.75*2**48 to Si 
Transmit constant 0.5 to si 
Transmit constant 1.0 to Si 
Transmit constant 2.0 to si 
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CRAY X-MP CAL ~ DESCRIPTION 

07li70 si 4. Transmit constant 4.0 to si 
072ioO si RT Transmit (RTC) to Si 
072i02 si SM Transmit (SM) to si 
o 72ij3 Si STj Transmit (STj) to Si 
073ioO si VM Transmit (VM) to si 

I 
073ill tt Read performance counter into si 
073i2l tt Increment performance counter 

(maintenance) 
073i3l tt Clear all maintenance modes 
073ijl si SRj Transmit (SRj) to si (j=O) 
073i02 SM Si Transmit (Si) to SM 
073ij3 STj si Transmit (Si) to STj 
o 74ijk Si Tjk Transmit (Tjk) to Si 
075ijk Tjk si Transmit (Si) to Tik. 
o 76iik. si Vj,Ak Transmit (Vj, element (Ak) ) 

to si 
o 77ijk vi,Ak sj Transmit (sj) to vi element (Ak) 

t077iok vi,Ak 0 Clear vi element (Ak) 
10hiJKm Ai e:x:p,Ah Memory Read from «Ah) +e:x:p) to Ai 

(AO=O) 
tlOOijkm Ai exp,O Memory Read from (exp) to Ai 
tlOOijkm Ai e:cp, Memory Read from ( e:cp) to Ai 
tlohioO 0 Ai ,Ah Memory Read from (Ah) to Ai 
llhijkm exp,Ah Ai Memory store (Ai) to (Ah)+e:cp (AO=O) 

tllOijkm exp,O Ai Memory Store (Ai) to e:x:p 
tllOiJKm exp, Ai Memory Store (Ai) to e:cp 
tllhiOO 0 ,Ah Ai Memory Store (Ai) to (Ah) 
l2hijkm si e:cp,Ah Memory Read from «Ah) +exp) to si 

(AO=O) 
t120ijkm si exp,O Memory Read from exp to Si 
t120ijkm si e:cp, Memory Read from e:cp to S i 
t12hiOO 0 si ,Ah Memory Read from (Ah) to Si 

l3hiJKm exp,Ah si Memory Store (Si) to (Ah)+exp (AO=O) 
t130ijkm exp,O si Memory Store (Si) to e:x:p 
t130ijkm exp, si Memory Store (Si) to e:cp 
t13hiOO 0 ,Ah si Memory Store (Si) to (Ah) 

l40iJK vi sj&vk v Logical Logical products of (Sj) and 
(Vk) to vi 

l4lijk vi vj&vk V Logical Logical products of (vj) and 
(Vk) to vi 

l42ijk vi Sj:vk v Logical Logical sums of (sj) and (Vk) 
to vi 

t142iok vi vk V Logical Transmit (vk) to vi 
l43ijk vi Vj!Vk V Logical Log ical sums of (Vj) and (Vk) 

to vi 
l44ijk vi Sj\Vk V Logical Logical differences of (Sj) and 

(Vk) to vi 

t Special syntax form 

I tt Not supported at this time 
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CRAY X-MP 

l45ijk 

tl45iii 
l46i:lk 

tl46iok 

l47ijk 

l50ijk 

tl50ijO 
l5lijk 

tl5lijO 
l52iik 

tl52ijO 

l53ijk 

tl53ijO 

l54ijk 

l55ijk 

l56ijk 

tl56iok 

l57ijk 

l60ijk 

l6lijk 

l62ijk 

l63ijk 

l64ijk 

CAL 

vi Vj\Vk 

vi 0 
vi Sj!Vk&VM 

vi IVM&vk 

vi vj:Vk&VM 

vi Vj<Ak 

vi vj<l 
vi Vj>Ak 

vi Vj>l 
vi vj,vj<Ak 

vi Vj,Vj<1 

vi vj,Vj>Ak 

vi vj,vj>l 

vi sj+vk 

.vi vj+vk 

vi sj-vk 

vi -vk 

vi vj-vk 

vi sj*FVk 

vi vj*FVk 

vi sj*HVk 

vi Vj*HVk 

vi sj*RVk 

t Special syntax form 
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v Logical 

v Logical 
V Logical 

V Logical 

v Logical 

v Shift 

v Shift 
V Shift 

v Shift 
v Shift 

v Shift 

v Shift 

v Shift 

V Int Add 

DESCRIPTION 

Logical differences of (Vj) and 
(Vk) to Vi 
Clear vi 
Transmit (Sj) if VM bit=IJ 
(Vk) if VM bit=O to vi. 
Vector merge of (Vk) and 
o to vi 
Transmit (vJ1 if VM bit=l; 
(Vk) if VM bit=O to vi. 
Shift (vj) left (Ak) places 
to vi 
Shift (Vj) left one place to vi 
Shift (Vj) right (Ak) places 
to vi 
Shift (Vj) right one place to vi 
Double shift (Vj) left (Ak) 
places to vi 
Double shift (Vj) left one place 
to vi 
Double shift (vj) right (Ak) 
places to vi 
Double Shift (vj) right one 
place to vi 
Integer sums of (sj) and (vk) 
to vi 

V Int Add Integer sums of (vj) and (Vk) 
to vi 

v Int Add Integer differences of (sj) and 
(Vk) to vi 

v Int Add Transmit negative of (Vk) 
to vi 

v Int Add Integer differences of (vj) and 
(Vk) to vi 

Fp Mult Floating-point products of (Sj) 
and (Vk) to vi 

Fp Mult Floating-point products of (Vj) 
and (Vk) to vi 

Fp Mult 

Fp Mult 

Fp Mult 

A-7 

Half-precision rounded 
floating-point products of (Sj) 
and (Vk) to vi 
Half-precision rounded 
floating-point products of (Vj) 
and (Vk) to vi 
Rounded floating-point products 
of (Sj) and (Vk) to vi 
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l65ijk 

l66ijk 

l67ijk 

l70ijk 

tl7oiok 
l7lijk 

l72ijk 

tl72iok 

l73ijk 

l74ijO 

l74ijl 
l74ij2 

l750jO 
l750jl 
l750j2 

l750j3 
l76iok 

tl76ioo 

l770jk 

tl770jO 

£!!! 

vi Vj*RYk. 

vi sj*IVk 

vi vj*IVk 

vi sj+Fvk 

vi +Fvk 
vi vj+Fvk 

vi sj-FVk 

vi -FVk 

vi vj-FVk 

vi /HVj 

vi pvj 
vi QVj 

VM vj,z 
VM Vj,N 
VM vj,P 

VM Vj,M 
vi ,AO,Ak 

vi ,AO,l 

,AO,Ak Vj 

,AO,l vj 

t Special syntax form 
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Fp Mult 

Fp Mult 

Fp Mult 

Fp Add 

Fp Add 
Fp Add 

Fp Add 

Fp Add 

Fp Add 

Fp Rcpl 

v Pop 
V Pop 

V Logical 
V Logical 
V Logical 

V Logical 
Memory 

Memory 

Memory 

Memory 

A-a 

DESCRIPTION 

Rounded floating-point products 
of (vj) and (Vk) to vi 
2-floating-point products of (Sj) 
and (Vld to vi 
2-floating-point products of (Vj) 
and (Vk) to vi 
Floating-point sums of (Sj) and 
(Vk) to vi 
Normalize (Vk) to vi 
Floating-point sums of (vj) and 
(Vk) to vi 
Floating-point differences of 
(Sj) and (Vk) to vi 

Transmit normalized 
negatives of (Vk) to vi 
Floating-point differences of 
(Vj) and (Vk) to vi 
Floating-point reciprocal 
approximations of (Vj) to vi 
Population counts of (vj) to vi 
Population count parities of (Vj) 
to vi 
VM=l where (Vj)=O 
VM=l where (vj)~O 
VM=l if (Vj) positive; 0 is 
positive. 
VM=l if (Vj) negative 
Read (VL) words to vi from 
(AO) incremented by (Ak) 
Read (VL) words to vi from (AO) 
incremented by 1 
Store (VL) words from Vj to (AO) 
incremented by (Ak) 
Store (VL) words from Vj to (AO) 
incremented by 1 
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6 MBYTE PER SECOND CHANNEL 
DESCRIPTIONS 

INTRODUCTION 

B 

Each input or output 6 Mbyte per second channel directly accesses Central 
Memory. Input channels store external data in memory and output channels 
read data from memory. A primary task of a channel is to convert 64-bit 
Central Memory words into l6-bit parcels or l6-bit parcels into 64-bit 
Central Memory words. Four parcels make up one Central Memory word with 
bits of the parcels assigned to memory bit positions (see section 2 of 
this publication). 

Each input or output channel has a data channel (4 parity bits, 16 data 
bits, and 3 control lines), a 64-bit assembly or disassembly register, a 
channel Current Address (CA) register, and a channel Limit Address (CL) 
register. 

Three control signals (Ready, Resume, and Disconnect) coordinate the 
transfer of parcels over the channels. In addition to the three control 
signals, the output channel of the pair has a Master Clear line. 

This appendix describes the signal sequence of a 6 Mytes per second input 
channel and an output channel. 

6 MBYTE PER SECOND INPUT CHANNEL SIGNAL SEQUENCE 

A general view of a 6 Mbyte per second input channel signal sequence is 
illustrated in table B-1. The data bits, parity bits, and each signal in 
the sequence are described below. 

DATA BITS 20 THROUGH 215 

Data bits 2°, 21, ••• , 215 are signals carrying the l6-bit parcel 
of data from the external device to Central Memory. The data bits must 
all be valid within 25 nanoseconds after the leading edge of the Ready 
signal. Data bit signals must remain unchanged on the lines until the 
corresponding Resume signal is received by the external device. 
Normally, data is sent coincidentally with the Ready signal and is held 
until the subsequent Ready signal. 
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Table B-1. Input channel signal exchange 

Central Memory Channel External Equipment 

1. Activate channel 
(set CL and CA). 

2. t .. Data 263 - 248 with Ready 

3. Resume .. 
4. t( Data 247 - 232 with Ready 

5. Resume .. 
6. t( Data 231 - 216 with Ready 

7. Resume .. 
8. t( Data 215 - 20 with Ready 

9. Write word to memory 
and advance 
current address. 

lOa. Resume .. 
lOb. If (CA) = (CL) , 

go to 13. 

11. If more data, go to 2. 

12. .. Disconnect (ignored if 
CA=CL or if channel 
not active). 

13. Set interrupt and 
deactivate channel. 

t Step 2 can initially precede step l~ that is, the first parcel and 
ready signal can arrive before requested. 

PARITY BITS 0 THROUGH 3 

Parity bits 0, 1, 2, and 3 are each assigned to a 4-bit group of data bits. 
The parity bits are set or cleared to give the bit group odd parity. Bit 
assignments follow. 
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Parity bit 

o 
1 
2 
3 

Data bits 

Parity bits are sent from the external device to Central Memory at the 
same time as data bits and are held stable in the same way as the data 
bits. 

READY SIGNAL 

The Ready signal sent to Central Memory indicates a parcel of data is 
being sent to the Central Memory input channel and can be sampled. A 
Ready signal is a pulse 50 ~lO nanoseconds wide (at 50% voltage points). 
The leading edge of the Ready signal at Central Memory begins the timing 
for sampling the data bits. 

RESUME SIGNAL 

The Resume signal is sent from Central Memory to the external device 
showing the parcel was received and Central Memory is ready for the next 
data transmission. A Resume signal is a pulse 50 ~8 nanoseconds wide (at 
50% voltage points). 

DISCONNECT SIGNAL 

The Disconnect signal is sent from the external device to Central Memory 
and indicates transmission from the external device is complete. The 
Disconnect signal is sent after the Resume signal is received for the 
last Ready signal. A Disconnect signal is a pulse 50 ±lO nanoseconds 
wide (at the 50% voltage points). 

6 MBYTE PER SECOND OUTPUT CHANNEL SIGNAL SEQUENCE 

A general view of a 6 Mbyte per second output channel signal sequence is 
illustrated in table B-2. The data bits, parity bits, and each signal in 
the sequence are described following the table. 
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Table B-2. Output channel signal exchange 

Central Memory Channel External Equipment 

1. Activate channel 
(set CL and CA). 

2. Read word from 
memory and advance 
current address. 

3. Data 263 _ 248 

with Ready .. 
4. • Resume 

5. Data 247 _ 232 
with Ready • 

6. 11( Resume 

7. Data 231 - 216 
with Ready .. 

8. ... Resume 

9. Data 215 - 20 
with Ready • 

10. iI( Resume 

11. If (CA);I(CL), 
go to 2. 

12. Disconnect. • 
13. Set interrupt and 

deactivate channel. 

DATA BITS 20 THROUGH 215 

Data bits 2°, 21, ••• , 215 are signals carrying a l6-bit parcel of 
data from Central Memory to an external device. The data bits are sent 
concurrently within 5 nanoseconds of the leading edge of the Ready 
signal. Data bit signals remain steady on the lines until the Resume 
signal is received. 
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PARITY BITS 0 THROUGH 3 

Parity bits 0, 1, 2, and 3 are each assigned to a 4-bit group of data 
bits. The parity bits are set or cleared to give the bit group odd 
parity. Bit assignments follow: 

Parit~ bit Data bits 

0 20 - 23 

1 24 - 27 
2 28 _ 211 

3 212 _ 215 

parity bits are sent from Central Memory to the external device at the 
same time as the data bits and are held stable in the same way as the 
data bits. 

READY SIGNAL 

The Ready signal sent from Central Memory to the external device 
indicates data is present and can be sampled. A Ready signal is a pulse 
50 +8 nanoseconds wide (at 50% voltage points). The leading edge of the 
Ready signal can be used to time data sampling in the external device. 

RESUME SIGNAL 

The Resume signal is sent from the external device to Central Memory 
showing the parcel was received and the external device is ready for the 
next parcel transmission. A Resume signal is a pulse 50 ±10 nanoseconds 
wide (at 50% voltage points). 

DISCONNECT SIGNAL 

The Disconnect signal is sent from Central Memory to the external device 
and indicates transmission from Central Memory is complete. The 
Disconnect signal is sent after Central Memory receives the Resume signal 
from the last Ready signal. A Disconnect signal is a pulse 50 ±8 
nanoseconds wide (at 50% voltage points). 
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PERFORMANCE MONITOR 

INTRODUCTION 

The system contains a set of eight performance counters to track certain 
hardware related events that can be used to indicate relative 
performance. The events that can be tracked are the number of specific 
instructions issued, hold issue conditions, the number of fetches, 
references, etc. and are selected through instruction OOISjO. Table 
C-I lists all operations that can be monitored. 

C 

Performance monitoring instructions allow you to select specific hardware 
related events for monitoring, read the results of the performance 
monitors into a scalar register, and test the operation of the 
performance counters. 

The instructions used for performance monitoring are: 

OOlsjO Select performance monitor 

073ill Read performance counter into si 

073i21 Increment performance counter (maintenance) 

All instructions are executed in monitor mode. 

SELECTING PERFORMANCE EVENTS 

Instruction OOISjO selects for monitoring one of the four groups of 
hardware related events shown in table C-I and clears all performance 
monitors. The low-order 2 bits of the j field selects the group. 

During each CP in non-monitor (user) mode, the performance counters 
advance their totals according to the number of monitored events that 
occur. Each of the performance counters can increment at a maximum rate 
of +3 per CP. This allows a counter to continuously monitor for 
approximately 62 hours before it is reset. 

Performance events are monitored only while operating in user 
(non-monitor) mode. Entering monitor mode disables advancing of the 
performance counters. 
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Monitor 
Function 

j=O 

j=l 

j=2 

j=3 

HR-0032 

Table C-l. Performance counter group descriptions 

Performance 
Counter 

o 
1 
2 
3 
4 
5 
6 
7 

o 
1 
2 
3 
4 
5 
6 
7 

o 
1 
2 
3 
4 
5 
6 
7 

o 
1 
2 
3 
4 
5 
6 
7 

Description 

Number of: 
Instructions issued 
CPs holding issue 
Fetches 
I/O references 
CPU references 
Floating-point add operations 
Floating-point multiply operations 
Floating-point reciprocal operations 

Hold issue conditions: 
Semaphores 
Shared registers 
A registers 
S registers 
V registers 
V functional units 
Scalar memory 
Block memory 

Number of: 
Fetches 
Scalar references 
Scalar conflicts 
I/O references 
I/O conflicts 
Block references 
Block conflicts 
Vector memory references 

Number of: 
000 - 017 instuctions 
020 - 137 instructions 
140 - 157, 175 instructions 
160 - 174 instructions 
176, 177 instructions 
Vector integer operations 
Vector floating point operations 
Vector memory references 

C-2 

Increment 
Per CP 

+1 
+1 
+1 
+1 
+3 max 
+1 
+1 
+1 

+1 
+1 
+1 
+1 
+1 
+1 
+1 
+1 

+1 
+1 
+1 
+1 
+1 
+3 max 
+3 max 
+3 max 

+1 
+1 
+1 
+1 
+1 
+3 max 
+3 max 
+3 max 
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READING PERFORMANCE RESULTS 

Performance counter totals can be read using instruction 073ill, which 
transmits either the high-order or low-order bits of a performance 
counter to the high-order bits of scalar register si according to the 
contents of the performance counter pointer. 

Entering monitor mode disables advancing of all performance counters and 
clears the performance counter pointer. The first execution of a 
073ill instruction reads the low-order bits of counter 0 into si and 
increments the performance counter pointer. The second 073ill 
instruction reads the high-order bits of counter 0 into si and again 
increments the pointer. After each 073ill instruction, the performance 
counter pointer is advanced by 1. Even values of the pointer select the 
low-order bits of a performance counter to be read into si; odd values 
of the pointer select the high-order bits of the performance counter to 
be read. 

Low-order bits 0 through 25 of the performance counter are read into bits 
32 through 57 of si. High-order bits 26 through 45 of the performance 
counter are read into bits 38 through 57 of si. 

A sequence for reading a set of performance counters appears as follows 
(there must be a 2 CP delay between sequential 073ill instructions): 

073ill 
2 CP delay 
073ill 
2 CP delay 
073ill 
2 CP delay 
073ill 
2 CP delay 

Low-order bits of counter 0 to si 

High-order bits of counter 1 to si 

Low-order bits of counter 1 to si 

High-order bits of counter 2 to si 

TESTING PERFORMANCE COUNTERS 

Instruction 073i2l is used to test the operation of the performance 
counters by incrementing the value stored in the counter while in monitor 
mode. 

Entering monitor mode disables advancing of all performance counters by 
user programs and clears the performance counter pointer. This pointer 
determines which performance counter, and which bits in that counter, 
will be incremented. Even values of the pointer increment bits 0 arid 6 
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of the performance counter when instruction 073i21 is executed, odd 
values of the pointer increment bit 26. The pointer is advanced from 
even to odd and to the next counter through instruction 073ill. 

There must be a I CP delay between sequential 073i21 instructions. 

Execution of instruction 073i21 loads register si with all ones as a 
side effect of the basic 073 instruction. 

HR-0032 C-4 A 



I 

SECDED- MAINTENANCE MONITOR 

INTRODUCTION 

Modules involved with generating and interpreting the a-bit check byte 
used for SECDED include logic that can be used for verifying check bit 
storage, check bit generation, and error detection and correction. 

The instructions used for these maintenance mode functions are: 

001501 Set maintenance read mode 

001511 Load diagnostic check byte with Sl 

001521 Set maintenance write mode 1 

001531 Set maintenance write mode 2 

073i3l Clear all maintenance modes 

D 

These instructions are all executed in monitor mode, and for instructions 
0015xx, the maintenance mode switch (located on the mainframe's control 
panel) must be on or the instructions become no-ops. 

VERIFICATION OF CHECK BIT STORAGE 

To verify the storage ability of the SECDED check bits without moving 
memory modules, two instructions are used: 001501 and 001521. 

The maintenance write mode 1 instruction, 001521, replaces the a check 
bits generated by the SECDED circuitry with specific bits of a data word 
as it is written into memory. The maintenance read mode instruction, 
001501, complements the write instruction by replacing the same bits of a 
data word with the 8 check bits as it is read from memory. 

By using the instructions together (and with error correction disabled 
through the switch on the mainframe's control panel), specified bits of a 
data word are stored and read back through the check bit storage paths 
and verification of SECDED check bit storage operation is accomplished. 
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Instruction 001521, maintenance write mode 1, and 001501, maintenance 
read mode, replace data bits with check bits and vice versa as shown 
below. 

Data bit 
46 

Check bit 
o 

47 1 
62 2 
63 Read-----~ 3 
14 ~---Write 4 
15 5 
30 6 
31 7 

VERIFICATION OF CHECK BIT GENERATION 

The maintenance read mode instruction, 001501, is used to verify the 
correct generation of SECDED check bits for a word of data. 

When the instruction is executed, the 8 check bits for SECDED replace 
specific data bits as the word is read into memory, as shown above. A 
test program can easily extract these check bits and verify their 
correctness, thus checking the accuracy of the SECDED check bit circuitry. 

Since the CPU replaces the data bits with check bits on all reads to 
memory until instruction 073i31 is executed (including fetch, scalar 
and vector reads, and I/O for the CPU), the test program should initially 
rewrite all of memory using the 001501 instruction to set up the SECDED 
check bits for a subsequent read by fetch or I/O. 

Error correction must be disabled during this test. 

VERIFICATION OF ERROR DETECTION AND CORRECTION 

The maintenance write mode 2 instruction, 001531, and the load diagnostic 
check byte with Sl instruction, 001511, are used to verify operation of 
the SECDED circuitry. 
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To verify operation, a diagnostic check byte is initially loaded with the 
high-order bits of register 81 through instruction 001511 as shown below: 

Sl bit 
56 
57 
58 
59 
60 
61 
62 
63 

Diagnostic 
check bit 

o 
1 
2 
3 
4 
5 
6 
7 

This diagnostic check byte is then written into memory in place of the 
normal SECDED check bits on any subsequent CPU write to memory (writes 
from I/O through this CPU are not affected). With error correction 
enabeled (through the switch on the mainframe's control panel), a 
subsequent read of the memory location allows different paths within the 
error detection and correction circuitry to be checked out. 

The diagnostic check byte retains its value until a new one is entered. 

CLEARING MAINTENANCE MODE FUNTIONS 

Instruction 073i3l, clear all maintenance modes, clears the following 
maintenance mode instructions: 

001501 Set maintenance read mode 

001521 Set maintenance write mode 1 

001531 Set maintenance write mode 2 

A Master Clear also clears the instructions. 

As a side effect of the 073i31 instruction, si is loaded with all 
ones. 
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INDEX 

I-Parcel instruction format 
with combined j and k fields, 5-2 
with discrete j and k fields, 5-1 

100 Mbyte per second channel, 2-16 
1250 Mbyte channel, 2-14 
16-bank phasing, 2-8 
2-Parcel instruction format 

with combined i, j, k, and m fields, 5-3 
with combined j, k, and m fields, 5-2 

6 Mbyte per second channels, 2-16, B-1 
I/O interrupts, 2-18 
I/O program flowchart, 2-19 
data bits, B-1 
descriptions, B-1 
input channel error conditions, 2-20 
input channel programming, 2-19 
input signal sequence, B-1 
instructions, 2-16 
multi-CPU programming, 2-17 
operation, 2-18 
output channel programming, 2-20 
output signal sequence, B-3 
word assembly/disassembly, 2-18 

8-bit status register, 4-8 
A registers, see Address registers 
Access conflicts, shared registers, 2-13 
Access prior~ties for memory, 2-7 
Access time, memory, 2-1 
Active exchange package, 3-13 
Addition algorithm, 4-27 
Addition, floating-point, 4-28 
Address Add "functional unit, 4-15 
Address assembly, 2-3 
Address functional units, 4-14 
Address Multiply functional unit, 4-15 
Address processing, 4-1 
Address registers, 4-3 
Addressing, memory, 2-3, 2-4 
Algorithm 

addition, 4-27 
derivation of division, 4-31 
division, 4-22 
multiplication, 4-28 

AND function, 4-35 
Arithmetic operations 4-21 
Auxiliary I/O processor (XIOP), 1-9 

B registers, see Intermediate registers 
Beginning address registers, 3-3 
Bank phasing, 2-2, 2-8 
Bidirectional Memory Mode flag, 3-10 
Bidirectional memory references, 2-5 
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Block reads and writes, concurrent, 2-5 
Block transfer references, 2-5 
Branching within buffers, 3-4 
Buffer I/O processor (BIOP), 1-9 
Buffers, instruction, 3-3 

CA register, see Cu~rent Address register 
Central Memory 

access, 2-4 
access priorities, 2-7 
access time, 2-1 
addressing l2-column mainframe, 2-4 
addressing, 6-column mainframe, 2-3 
banks, 2-1 
cycle time, 2-1 
error correction, 2-8 
I/O access priority, 2-7 
inter-CPU access priority, 2-7 
organization, 2-2 
ports, 2-4 
reference, 2-6 
size, 1-1 
transfer rates, 2-1 
word size, 2-1 

Central Processing Unit 
computation section characteristics, 4-2 
control and data paths, 1-6 
input/output section, 2-14 
instruction format, 5-1 
instructions, 5-1 
overview, 1-5 
shared resources, 2-1 
speed, 1-3 

Channel 
100 Mbyte per second, 2-16, B-1 
1250 Mbyte, 2-14 
6 Mbyte per second, 2-16 
features, 2-15 
groups, 2-24 
I/O control, 2-22 
input/output data paths, 2-23 
numbers, 2-24 
types, 2-14 

Channel Limit register (CL), 2-16 
Channels for I/O, 2-6 
Characteristics of system, 1-3 
Check bits, 2-9 
CIP register, see Current Instruction 

Parcel register 
CL register, See Channel Limit register 
Clear programmable clock interrupt request, 

3-20 
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CLN register, see C1uster Number register 
Clock 

programmable, 3-19 
real-time, 2-10 

Clock period, 1-4 
Cluster number register (CLN), 2-11 
Communication, inter-CPU, 2-11 
Computation section, 4-1 
Concurrent reads and writes, block, 2-5 
Condensing units, 1-13 
Configurations of system, 1-16 
Conflict, memory access, 2-7 
Control and data paths of CPU, 1-6 
Control, inter-CPU, 2-11 
Conventions, notational, 1-4 
Correctable Memory Error Mode flag, 3-10 
CP, see clock period 
CPU, see Central Processing Unit 
CPO operating registers 

A registers, 4-3 
address registers, 4-3 
B registers, 4-5 
S registers, 4-6 
scalar registers, 4-6 
T registers, 4-8 
V registers, 4-9 
Vector ~egisters, 4-9 

CSB - read address, 3-8 
Current Address register (CA), 2-16 
Current Instruction Parcel register (CIP), 

3-2 
Cycle time, memory, 2-1 

Data Base Address register (DBA), 3-18 
Data formats 

integer, 4-22 
floating-point, 4-23 

Data Limit Address register (DLA), 3-18 
DBA register, see Data Base Address register 
Deadstart sequence, 3-21 
Derivation of the division algorithm, 4-31 
Disk control unit, 1-11 
Disk I/O processor (DIOP), 1-9 
Disk storage units, 1-11 
Division algorithm, 4-22, 4-30 
DLA register, see Data Limit Address 

register 
Double-precision numbers, 4-27 

E - error type, 3-8 
Error correction, see SECDED 
Exchange 

initiated by deadstart sequence, 3-14 
initiated by interrupt flag set, 3-14 
initiated by program exit, 3-14 
sequence issue conditions, 3-15 
sequence, 3-13 

Exchange Address (XA) register, 3-5 
Exchange mechanism, 3-5 
Exchange package, 3-5 

active, 3-13 
assignments, 3-7 
contents, 3-5 
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Exchange package, (continued) 
enable Second Vector Logical, 3-8 
management, 3-15 
memory error data, 3-8 
processor number, 3-7 
vector not used (VNU), 3-7 

Exchange package registers 
A registers, 3-12 
Cluster Number register, 3-12 
Exchange Address register, 3-9 
Flag register, 3-11 
Memory Field registers, 3-13 
Mode register, 3-9 
Program Address register, 3-13 
Program State register, 3-12 
S registers, 3-12 

Exchange request, memory ports, 2-6 
Exclusive NOR function, 4-36 
Exclusive OR function, 4-36 
Execution interval, 3-13 
Exponent matrix for floating-point multiply 

unit, 4-25 
External Interrupts flag, 3-10 

F register, see Flag register 
Fetch 

following scalar store, 2-6 
request, 2-6 

Flag register, exchange package, 3-11 
Flags 

Bidirectional Memory Mode, 3-10 
Correctable Memory Error Mode, 3-10 
Exchange register flags, 3-11 
External Interrupts, 3-10 
Floating-point Error Mode, 3-10 
Monitor Mode, 3-10 
Operand Range Error Mode, 3-10 
Operand Range Error, 3-18 
Program Range Error, 3-18 
Semaphore, 3-9 
Uncorrectable Memory Error Mode, 3-10 

Floating-point 
Add functional unit, 4-20 
add functional unit range error, 4-24 
addition, 4-28 
arithmetic, 4-22 
data format, 4-23 
Error Mode flag, 3-10 
exponent matrix, 4-25 
functional units, 4-20 
integer multiply, 4-27 
Multiply functional unit, 4-20 
multiply functional unit out-of-range 

conditions, 4-25 
multiply partial-product sums pyramid, 

4-29 
normalized numbers, 4-24 
range errors, 4-24 
range overflow, 4-24 
reciprocal approximation functional 

unit range error, 4-27 
subtraction, 4-27 
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Floating-point arithmetic, 4-22 
exponent range, 4-23 
underflow, 4-23 

Functional units, 4-14 
address, 4-14 
Address Add, 4-15 
Address Multiply, 4-15 
Floating-point, 4-20 
Floating-point Add, 4-20 
Floating-point Multiply, 4-20 
Full vector Logical, 4-18 
Reciprocal Approximation, 4-21 
scalar, 4-15 
Scalar Add, 4-15 
Scalar Logical, 4-16 
Scalar Population/parity/Leading Zero, 

4-16 
Scalar Shift, 4-16 
Second Vector Logical, 4-18 
vector, 4-16 
Vector Add, 4-17 
vector Population/parity, 4-19 
Vector Shift, 4-17 
vector reservation, 4-17 

g field, 5-1 
Group descriptions, performance counter, C-2 

h field, 5-1 

i field, 5-1 
I/O channels, 2-6 
I/O memory 

access, 2-21 
access priority, 2-7 
addressing, 2-25 
conflicts, 2-24 
lockout, 2-24 
request conditions, 2-25 

I/O processors, types of, 1-9 
I/O Subsystem, data transfer, 2-16 
IBA register, see Instruction Base Address 
register 
IOl, see Interrupt Countdown counter 
II register, see Interrupt Interval register 
lLA register, see Instruction Limit Address 
register· 
In-buffer condition, 3-4 
Inclusive OR function, 4-36 
Instruction 

descriptions, 5-6 
issue, 5-5 
sUDllD8ry, A-l 

Instruction Base Address register, 3-17 
Instruction buffers, 3-3 
Instruction fetch 

following scalar store, 2-6 
request, 2-6 

Instruction format 
l-Parcel with combined j and k fields, 

5-2 
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Instruction format (continued) 
I-Parcel with discrete j and k fields, 

5-1 
2-Parcel with combined i, j, k, and m 

fields, 5-3 
2-Parcel with combined j, k, and m 

fields, 5-2 
Instruction issue 

and control elements, 3-1 
to memory ports, 2-5 

Instruction Limit Address register (ILA), 
3-17 

Instruction parcel, 3-1 
Instructions, general form for, 5-1 
Integer arithmetic, 4-21 
Integer data formats, 4-22 
Inter-CPU 

communication and control, 2-11 
memory access priority, 2-7 

Interfaces, 1-7 
Intermediate registers, 4-3 
Interrupt Countdown Counter (IOl), 3-20 
Interrupt Interval register (II), 3-19 
Issue, 3-2 

j field, 5-1 

k field, 5-1 

Logical operations 
AND function, 4-35 
exclusive NOR function, 4-36 
exclusive OR function, 4-36 
inclusive OR function, 4-36 
mask, 4-36 

Lower Instruction Parcel register (LIP), 3-3 

m field, 5-1 
M register, see Mode register 
Managing Exchange package, 3-5 
Mask operation, 4-36 
Mass storage, 1-11 
Master Clear sequence, to external device, 

2-21 
Master I/O processor (MIOP), 1-9 
Memory, see Central Memory 
Memory access conflicts 

bank busy, 2-7 
section access, 2-7 
simultaneous bank, 2-7 

Memory bank conflicts, 2-24 
Memory data path with SECDED, 2-8 
Memory error data fields, 3-8 
Memory field protection, 3-16 
Memory reference conflict resolution, 2-7 
Mode register (M), 3-8 
Monitor Mode flag, 3-10 
Motor-generator units, 1-15 
Multi-CPU programming of 6 Mbyte per second 

channels, 2-17 
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Multiplication algorithm, 4-28 
Multiply pyramid, 4-28 

Newton's method, 4-30 
Next Instruction Parcel register (NIP), 3-2 
Normalized floating-point numbers, 4-23 
Notation conventions, 1-4 

Operand 
range error, 3-19 
Range Error flag, 3-19 
Range Error Mode flag, 3-10 

Operating registers, see CPU operating 
registers 

Organization of system, 1-5 
Organization, memory, 2-2 
Out-of-buffer condition, 3-4 

P register, see Program Address register 
Parallel vector operations, 4-11 
Parity error, 2-20 
Performance counter group descriptions, C-2 
Performance events, selecting, C-l 
Performance monitor, 3-20 

instructions, C-l 
Physical dimensions of system, 1-3 
PN, see Processor number 
Power distribution units, 1-14 
Processor Number (PH), 3-7 
Program 

Address register (P), 3-2 
range error, 3-18 
Range Error flag, 3-18 
State register (PS), 3-11 

Programmable clock, 3-19 
Programmed Master Clear to external device, 

2-21 

R - read mode, 3-8 
Read address, 3-8 
Read mode, 3-8 
Reading performance results, C-3 
Real-time clock, 2-10 
Real-time Clock register (RTC), 2-10 
Reciprocal Approximation functional unit, 

4-21 
Reciprocal Approximation functional unit 

iterations, 4-33 
References, memory, 2-5 
Registers 

8-bit status, 4-8 
Address (A), 4-3 
Beginning Address, 3-3 
Channel Limit (CL), 2-16 
Cluster Number (CLN), 2-11 
Current Address (CA), 2-16, 2-25 
Current Instruction Parcel (CIP), 3-2 
Data Base Address, 3-18 
Data Limit Address, 3-18 
Exchange Address (XA), 3-5 
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Registers (continued) 
Exchange, see Exchange registers 
Flag (F), 3-11 
Instruction Base Address, 3-17 
Instruction Limit Address, 3-17 
Intermediate, 4-3 
Interrupt Interval, 3-19 
Limit Address (CL), 2-16, 2-25 
Lower Instruction Parcel (LIP), 3-3 
Mode (M), 3-8 
Next Instruction Parcel (NIP), 3-2 
operating, see CPU operating registers 
Program Address, 3-2 
Program State (PS), 3-12 
Real-time Clock register, 2-10 
scalar registers (5), 4-6 
Semaphore, 2-12 
shared, 2-11 
Shared Address, 2-12 
Shared Scalar, 2-12 
Vector Length, 4-13 
Vector Mask, 4-13 

RTC register, see Real-time Clock register 

S - syndrome, 3-8 
S registers, see Scalar registers 
SB registers, see Shared Address registers 
Scalar 

Add functional unit, 4-15 
functional units, 4-15 
Logical functional unit, 4-16 
memory references, 2-5 
registers (S), 4-6 
Population/Parity/Leading Zero 

functional unit, 4-16 
Shift functional unit, 4-16 

SECDED, 2-8 
SECDED maintenance functions 

instructions, D-1 
verification of check bit storage, D-l 
verification of check bit generation, 

D-2 
verification of error detection and 

correction, D-2 
Second Vector Logical unit enable/disable, 

4-18 
Second Vector Logical/Floating-point 

Multiply input, output data paths, 4-19 
Selecting performance events, C-l 
Semaphore flag, 3-9 
Semaphore registers, 2-12 
Shared 

address registers, 2-12 
register access conflicts, 2-13 
registers, 2-11 
resources of CPU, 2-1 
scalar registers, 2-12 

SM registers, see Semaphore registers 
Solid-state Storage Device, 1-12 

data transfer, 2-15 
Special register values, 5-4 
ST registers, see Shared Scalar registers 
Status register, 4-8 
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Syndrome, 2-9, 3-8 
System 

basic organization, 1-5 
characteristics, 1-3 
configurations, 1-16 
physical dimensions of, 1-3 

T registers, see Intermediate scalar 
registers 
Testing performance counters, C-3 
Time slot, 2-21 
Transfer rates, memory, 2-1 
Twos complement integer arithmetic, 4-22 

Uncorrectable Memory Error Mode flag, 3-10 
Unexpected Ready signal, 2-20 

V registers, see Vector registers 
V register reservations and chaining, 4-12 
Vector 

Add functional unit, 4-17 
Length register, 4-13 
logical functional units, 4-16 
Mask register (VM), 4-13 
Population/Parity functional unit, 4-19 
processing, 4-1 
register as result and operand 

register, 4-13 
regist~r parallel operations, 4-11 
Shift functional unit, 4-17 

VL register, see Vector Length register 
VM register, see Vector Mask register 
VNU - vector not used, 3-7 

Word assembly/disassembly for 6 Mbyte per 
second channel, 2-18 

Word size, memory, 2-1 

XA register, see Exchange Address register 
XIOP, see Auxiliary I/O processor 
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PREFACE 

This publication describes the CRAY X-MP Series Model 48 Computer 
System. It is written to assist programmers and engineers and assumes a 
familiarity with digital computers. 

The manual describes the overall computer system, its configurations, and 
equipment. It also describes the operation of the Central Processing 
Units that execute instructions, provide memory protection, report 
hardware exceptions, and provide interprocessor communications within the 
system. 

Details of the I/O Subsystem, the disk storage units, and the Solid-state 
Storage Device are given in the following publications: 

HR-0030 
HR-0630 
HR-003l 

I/O Subsystem Hardware Reference Manual 
Mass Storage Subsystem Hardware Reference Manual 
Solid-state Storage Device (SSD®) Reference Manual 

HR-0097 

/////////////////////////////////////////////////////// 

WARNING 

This equipment generates, uses, and can radiate radio 
frequency energy and if not installed and used in 
accordance with the instructions manual, may cause 
interference to radio communications. It has been 
tested and found to comply with the limits for a Class 
A computing device pursuant to Subpart J of Part 15 of 
FCC Rules, which are designed to provide reasonable 
protection against such interference when operated in a 
commercial environment. Operation of this equipment in 
a residential area is likely to cause interference in 
which case the user at his own expense will be required 
to take whatever measures may be required to correct 
the interference. 

/////////////////////////////////////////////////////// 
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SYSTEM DESCRIPTION 

INTRODUCTION 

The CRAY X-MP model 48 Computer System is a powerful, general purpose 
machine that contains four central processing units (CPOs). Like all 
CRAY X-MP multiprocessor systems, it is able to achieve extremely high 
multiprocessing rates by efficiently using the scalar and vector 
capabilities of all CPUs combined with the system's random-access 
solid-state memory (RAM) and shared registers. 

Vector processing is the performance of iterative operations on sets of 
ordered data. When two or more vector operations are chained together, 
two or more operations can be executing each 9.5-nanosecond clock period, 
greatly exceeding the computational rates of conventional scalar 
processing. Scalar operations complement the vector capability by 
providing solutions to problems not readily adaptable to vector 
techniques. 

The machine has very high performance levels, and equipment options allow 
systems to be configured for a particular use. Central Memory of the 
4-processor mainframe is 8 million 64-bit words (see table 1-1). The 
system is compatible with all existing models of the Cray I/O Subsystem 
and its associated mass storage subsystem. In addition, an optional 
high-performance Cray Solid-state Storage Device (SSD) can be attached to 
the mainframe. Figure 1-1 illustrates the mainframe with a Cray I/O 
Subsystem and an SSD. 

This section describes system components and configurations. Table 1-1 
gives overall system characteristics. 

CONVENTIONS 

The following conventions are used in this manual. 

ITALICS 

Italicized lowercase letters, such as J~, indicate variable information. 
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Table 1-1. CRAY X~P 4-processor system characteristics 

Configuration - Mainframe with 4 Central Processing Units (CPOs) 
- I/O Subsystem with 2, 3, or 4 I/O Processors 

CPU speed 

Memory 

- Optional Solid-state Storage Device (SSD) 

- 9.5 ns CPU clock period 
- 105 million floating-point additions per second per CPU 
- 105 million floating-point multiplications per second 

per CPU 
- 105 million half-precision floating-point divisions per 

second per CPU 
- 33 million full-prectsion floating-point divisions per 

second per CPU 
- Simultaneous floating-point addition, multiplication, 

and reciprocal approximation within each CPU 

- Mainframe has 8 million (model 48) 64-bit words in 
Central Memory 

Input/Output - Two 1250 Mbyte per second channel pairs for interface 
to Solid-state Storage Device (SSD) 

Physical 

- Four 100 Mbyte per second channel pairs for interface 
to I/O Subsystem 

- Four 6 Mbyte per second channel pairs 

- 64 sq ft floor space for mainframe 
- 15 sq ft floor space for I/O Subsystem 
- 15 sq ft floor space for SSD 
- 5.65 tons, mainframe weight 
- 1.5 tons, I/O Subsystem weight 
- 1.5 tons, SSD weight 
- Liquid refrigeration of each chassis 
- 400 Hz power from motor-generators 

REGISTER CONVENTIONS 

Parenthesized register names are used frequently in this manual as a form 
of shorthand notation for the expression "the contents of register ---." 
For example, -Branch to (P)" means "Branch to the address indicated by the 
contents of register P." 
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CENTRAL PROCESSING UNITS 

Each CPU has independent control and computation sections. All CPOs share 
Central Memory and the inter-CPU communication and I/O sections. (CPU 
sections are described in later sections.) Figure 1-2 shows the mainframe 
chassis. Figure 1-2 illustrates the basic organization of the computerJ 
figure 1-3 illustrates the components and control and data paths of each 
CPU in the system. 

CPU COMMUNICATION 
CONTROL SECTION SECTION CONTROL SECTION 

• Instruction • Shared registers • Instruction 
buffers buffers 

• Semaphore 

• Control registers • Control 
registers registers 

• Real-time Clock 

• Exchange register • Exchange 
mechanism mechanism 

- • Interrupt / ~ • Interrupt ---
• Programmable COMPUTATION COMPUTATION • Programmable 

clock SECTION SECTION clock 

• Status ~ • Registers • Register - • Status 
register register 

• Functional • Functional 
units units 

t-------
MEMORY SECTION 

8 million 
64-bit words 

r-----
CONTROL SECTION CONTROL SECTION 

• Instruction • Instruction 
buffers buffers 

• Control • Control 
registers registers 

• Exchange • Exchange 
mechanism mechanism 

• Interrupt • Interrupt 

• Programmable COMPUTATION COMPUTATION • Programmable 
clock SECTION SECTION clock 

• Status ---- • Registers • Register f---- • Status 
register register 

• Functional • Functional 
units units 

I I/O SECTION I 
• Four 6 Mbyte per second channel pairs 

• Two 1250 Mbyte per second channel pairs 

• Four 100 Mbyte per second channel pairs 

Figure 1-2. Basic organization of the 4-processor system 
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INTERFACES 

The Cray system is designed ~or use with front-end computers in a 
computer network. A front-end computer system is self contained and 
executes under the control of its own operating system. 

Standard interfaces connect the Cray mainframe's I/O channels to channels 
of front-end computers, providing input data to the Cray system and 
receiving output from it for distribution to peripheral equipment. 
Interfaces compensate for differences in channel widths, machine word 
size, electrical logic levels, and control signals. (The Master I/O 
Processor of the I/O Subsystem communicates with the mainframe through a 
6 Mbyte per second channel pair to a channel adapter module in the Cray 
mainframe.) Communication continues through a front-end interface, to 
the front-end computer typically through a front-end computer I/O channel. 

The front-end interface is housed in a stand-alone cabinet (figure 1-4) 
located near the host computer. Its operation is invisible to the 
front-end computer user and the Cray user. 

A primary goal of the interface is to maximize the use of the front-end 
channel connected to the Cray system. Since the MIOP channel connected 
to the interface is faster than any front-end channel connected to the 
interface, the burst rate of the interface is limited by the maximum rate 
of the front-end channel. 

Interfaces to front-end computers allow the front-end computers to 
service the Cray Computer System in the following ways: 

• As a master operator station 

• As a local operator station 

• As a local batch entry station 

• As a data concentrator for multiplexing several other stations 
into a single Cray channel 

• As a remote batch entry station 

• As an interactive communication station 

Peripheral equipment attached to the front-end computer varies depending 
on the use of the Cray system. 
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The Master I/O Processor ~MIOP) controls the front-end interfaces and the 
standard group of station peripherals. The Peripheral Expander 
interfaces the station peripherals to one direct memory access (DMA) port 
of the MIOP. The MIOP also connects to Buffer Memory and to the 

Figure 1-5. I/O Subsystem chassis 

t The term station means both hardware and software. Station is the 
link to the front end or can act as a limited front end (as the MIOP). 
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Each DSU has two accesses for connecting it to controllers. The second 
independent data path to each DSU exists through another Cray Research, 
Inc., controller. Reservation logic provides controlled access to each 
DSU. Dynamic sharing of devices is not supported by the Cray Operating 
System (COS) software. Further information about the mass storage 
subsystem is included in the I/O Subsystem Reference Manual, CRI 
publication HR-0030, and the Mass Storage Subsystem Hardware Reference 
Manual, CRI publication HR-0630. 

Figure 1-6. DD-49 Disk Storage Unit 

SOLID-STATE STORAGE DEVICE 

The Solid-state Storage Device (SSD) shown in figure 1-7 is used for 
temporary data storage and transfers data to and from the mainframe's 
Central Memory. The transfer speed is dependent on the SSD memory size 
and configuration as described in the Solid-state Storage Device (SSD) 
Reference Manual, CRI publication HR-003l. The maximum speed attained 
from the SSD to Central Memory is 1250 Mbytes per second for each 1250 
Mbyte channel. 
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