


























































































































































































































































































































































































































INSTRUCTIONS 010 - 013 (continued)

EXECUTION TIME: Second parcel of instruction not in a buffer,

(continued) branch taken, and branch address in a buffer;
18 CPs for a 32-bank machine, 20 CPs for a

l6-bank machine.

Second parcel of instruction not in a buffer,
branch taken, and branch address not in buffer;

l 29 CPs for a 32-bank machine, 33 CPs for a
l6~bank machine.

Instruction issue for branch not taken:
Both parcels of instruction in the same buffer,
branch not taken, and next instruction in the
same instruction buffer, 2 CPs

Both parcels of instruction in the same buffer,
branch not taken, and next instruction in
different instruction buffer, 4 CPs

Both parcels of instruction in the same buffer
and branch not taken with next instruction in
I memory; 16 CPs for a 32-bank machine, 18 CPs
) for a 16-bank machine.

Both parcels of instruction in different
buffers and branch not taken; 4 CPs.

Second parcel of instruction not in a buffer
and branch not taken; 15 CPs for a 32-bank
machine, 17 CPs for a l6-bank machine.

NOTE

Whenever a fetch occurs, memory conflicts may produce a

delay.
SPECIAL CASES: (A0)=0 is considered a positive condition.
I High-order bit of ¢ designator (7,) must be
0.
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INSTRUCTIONS 014 - 017

CAL Syntax Description Octal Code
JSZ exp Branch to ijkm if (S50)=0 (%,=0) 0147 jkm
JSN exp Branch to ijkm if (S0)#0 (,=0) 0154 jkm
JSP exp Branch to ijkm if (S0) positive, includes 0164 jkm

(50)=0 (i2=0)

JSM exp Branch to ijkm if (S0) negative (1,=0) 0171 jkm

The 2-parcel instructions 014 through 017 test the contents of S0 for the
condition specified by the #» field. If the condition is satisfied, the
P register is set to the parcel address specified by the low-order 24
bits of the ijkm field and execution continues at that address. The
high-order bit of the ijkm field must be 0. If the condition is not
satisfied, execution continues with the instruction following the branch
instruction.

HOLD ISSUE CONDITIONS: SO busy in any one of the previous 3 CPs
Second parcel in a different buffer, 2 CP delay
Second parcel not in a buffer

EXECUTION TIME: Instruction issue for branch taken:
Both parcels of instruction in the same
buffer, branch taken, and branch address in a
buffer, 5 CPs

Both parcels of instruction in the same
buffer, branch taken, and branch address not
in a buffer; 16 CPs for a 32-bank machine, 18
CPs for a l6-bank machine. Additional time is
needed if a memory conflict exists. The time
to resolve a memory conflict is indeterminate.

Both parcels of instruction in different
buffers, branch taken, and branch address in a
buffer; 7 CPs.

Both parcels of instruction in different
buffers, branch taken, and branch address not
in a buffer; 18 CPs for a 32-bank machine, 20
CPs for a 1l6-bank machine.
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INSTRUCTIONS 014 - 017 (continued)

EXECUTION TIME: Second parcel of instruction not in a buffer,
{(continued) branch taken, and branch address in a buffer;
18 CPs for a 32-bank machine, 20 CPs for a
l 16-bank machine.

Second parcel of instruction not in a buffer,
branch taken, and branch address not in buffer;

I 29 CPs for a 32-bank machine, 33 CPs for a
l6-bank machine.

Instruction issue for branch not taken:
Both parcels of instruction in the same buffer,
branch not taken, and next instruction in the
same instruction buffer, 2 CPs

Both parcels of instruction in the same buffer,
branch not taken, and next instruction in
different instruction buffer, 4 CPs

Both parcels of instruction in the same buffer
and branch not taken with next instruction in
memory; 16 CPs for a 32-bank machine, 18 CPs

l for a 1l6-bank machine.

Both parcels of instruction in different
buffers and branch not taken; 4 CPs.

Second parcel of instruction not in a buffer
and branch not taken; 15 CPs for a 32-bank
I machine, 17 CPs for a l6-bank machine.

NOTE

Whenever a fetch occurs, memory conflicts may produce a
delay.

SPECIAL CASES: (S0)=0 is considered a positive condition.

i High-order bit of i designator (i) must be 0.

HR-0032 5-26 A



INSTRUCTIONS 020 - 021

CAL Syntax Description Octal Code
Al exp Transmit jkm to A1 0204 jkm
Al exp Transmit ones complement of jkm to Ai 0214 jkm

The 2-parcel instruction 020 enters a 24-bit value into Ai composed of
the 22-bit jkm field and 2 high-order bits of 0.

The 2-parcel instruction 021 enters a 24-bit value that is the complement
of a value formed by the 22-bit jkm field and 2 high-order bits of 0

into Ai. The complement is formed by changing all 1 bits to 0 and all

0 bits to 1. Thus, for instruction 021, the high-order 2 bits of Ai

are set to 1. The instruction provides a means of entering a negative
value into Ai. However, if the instruction is used to enter a negative

number, the positive number used in the jkm field must be one smaller
than the absolute value of the expected final negative number.

HOLD ISSUE CONDITIONS: A1 reserved

Second parcel not in a buffer

EXECUTION TIME: Instruction issue:
Both parcels in same buffer, 2 CPs

Both parcels in different buffers, 4 CPs
A1l ready, 1 CP

SPECIAL CASES: None
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INSTRUCTION 022

CAL Syntax Description Octal Code

Al exp Transmit jk to At 02214k

Instruction 022 enters the 6-bit quantity from the jk field into the
low-order 6 bits of Ai. The high-order 18 bits of Ai are zeroed. No

sign extension occurs.

HOLD ISSUE CONDITIONS: A1 reserved
EXECUTION TIME: Instruction issue, 1 CP

A1 ready, 1 CP

SPECIAL CASES: None
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INSTRUCTION 023

CAL Syntax Description Octal Code
Al SF Transmit (Sj) to A1l 023740
A1 VL Read vector length 0237201

Instruction 023150 enters the low-order 24 bits of (Sj) into Ai. The
high-order bits of (5;j) are ignored.

Instruction 023101 enters the content of the VL register into Aif.

HOLD ISSUE CONDITIONS: A+l reserved

For instruction 023{j0, Sj reserved
(except S0)

EXECUTION TIME: Instruction issue, 1 CP
A1l ready, 1 CP
SPECIAL CASES: (85)=0 if j=0.

If (Al)=0, the sequence:
VL Al
A2 VL
leaves (A2)=100g

If (Al)=23g, the sequence:
VL Al
A2 VL
leaves (A2)=238

If (Al)=123g, the sequence:
VL Al
A2 VL
leaves (A2)=23g

The 2% bit in the VL is a 1 if the low-order 6
bits are 0; otherwise, the 26 bit is a 0.
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INSTRUCTIONS 024 - 025

CAL Syntax Description Octal Code
A1 Bjk Transmit (Bjk) to At 02414k
Bjk A1 Transmit (At) to Bjk 02517k

Instruction 024 enters the contents of Bjk into Af.

Instruction 025 enters

HOLD ISSUE CONDITIONS:

EXECUTION TIME:

For instruction 024ijk,
issued in previous CP

A1 reserved

Instruction issue, 1 CP

SPECIAL CASES: None

HR-0032

the contents of Ai into Bgk.

Instruction 034 or 035 in process

For instruction 024, A{ ready, 1 CP

5~-30
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INSTRUCTION 026

CAL Syntax Description Octal Code
A1 PSj Population count of (Sj) to A1 02610
A1 QSj Population count parity of (Sj) to Ai 026741
A1 SBj Transfer (SBj) to Ai 026147

Instruction 026750 counts the number of bits set to 1 in (Sj) and
enters the result into the low-order 7 bits of Ai. The high-order 17
bits of A7 are zeroed. If (Sj)=0, then (A1)=0.

Instruction 026271 counts the number of bits set to 1 in (Sj). Then,
the low-order bit, showing the odd/even state of the result is
transferred to the low-order bit position of the Ai register. The
high-order 23 bits are cleared. The actual population count is not
transferred.

Instructions 026770 and 0267j1 are executed in the Population/
Leading Zero Count functional unit.

Instruction 0261j7 transfers the contents of the SBj register shared
between the CPUs to At.
HOLD ISSUE CONDITIONS: A1 reserved
SJj reserved (except S0)
For instruction 026477, hold issue 1 CP, then
2+7 CP more after Ai not reserved.
Minimum 3 CP hold.

EXECUTION TIME: Instruction issue, 1 CP

For instructions 026140 and 0261j1, Al
ready 4 CPs

For instruction 026147, Ai ready 1 CP

+ 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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SPECIAL CASES:

HR-0032

For instructions 0261j0 and 0261j1, (A1)=0 if
J=0.

For instruction 026157, (At)=0 if CLN=0.

For instruction 0261j7:
If instruction 0271j7, write SBj, has just
been issued within the previous 2 CPs, then the
original value (instead of new value) of (SBj)
is delivered to A1 as a result of this
instruction.
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INSTRUCTION 027

CAL Syntax Description Octal Code
A1 287 Leading zero count of (Sj) to Ai 0277440
SBj A1l Transfer (A1) to SBj 027147

Instruction 027150 counts the number of leading zeros in Sj and enters
the result into the low-order 7 bits of Ai. The high-order 17 bits of
A1 are zeroed. Instruction 027140 is executed in the Population/Leading
Zero Count functional unit.

Instruction 027{j7 stores (Ai) to the SBj register, which is shared
between the CPUs in the same cluster.
HOLD ISSUE CONDITIONS: For instruction 027740, instruction 033 issued
in CP 2
A1 reserved
SJj reserved (except SO0)
For instruction 027{j7, hold issue 1 CP, then
2+7 CP more after Ai not reserved. Minimum
3 CP hold.
EXECUTION TIME: Instruction issue, 1 CP
For instruction 027147, SBj ready 1 CP
For instruction 027140, Ai, ready 3 CPs

SPECIAL CASES: For instruction 027440, (A{)=64 if j=0.

For instruction 027140, (Ai)=0 if (Sj) is
negative.

Instruction 027¢j7 is a no-op if CLN=0.

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 030 - 031

'CAL Syntax Description Octal Code
A1 Aj+Ak Integer sum of (Aj) and (Ak) to A1 03014k
ai ak’ Transmit (Ak) to At 03020k
ai aj+1’ Integer sum of (Aj) and 1 to A{ 030770
Ai Aj-Ak 1Integer difference (Aj) less (Ak) to Al 03114k
ai -17 Transmit -1 to A1 031200
ai -ak’  fTransmit the negative of (Ak) to A1 031170k
ai Aj-1" 1Integer difference (Aj) less 1 to Ai 031140

Instruction 030 forms the integer sum of (Aj) and (Ak) and enters the
result into Ai. No overflow is detected.

Instruction 031 forms the integer difference of (Aj) and (Ak) and
enters the result into Ai. No overflow is detected.

Instructions 030 and 031 are executed in the Address Add functional unit.

HOLD ISSUE CONDITIONS: A7 reserved
Aj or Ak reserved (except AO0)
EXECUTION TIME: Instruction issue, 1 CP
Ai ready, 2 CPs
SPECIAL CASES: For instruction 030:
(A1)=(Ak) if 7=0 and k#0.
(A1)=1 if j=0 and k=0.
(a1)=(aj) + 1 if j#0 and k=0.
For instruction 031:
(A1)= -(Ak) if j=0 and k#0.

(Af)= -1 if j=0 and k=0.
(Af)=(Aj) - 1 if j#0 and k=0.

7 Special CAL syntax
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INSTRUCTION 032

CAL Syntax Description Octal Code

Ai Aj*ak Integer product of (Aj) and (Ak) to A1 03214k

Instruction 032 forms the integer product of (Aj) and (k) and enters
the low-order 24 bits of the result into Ai. No overflow is detected.

Instruction 032 is executed in the Address Multiply functional unit.

HOLD ISSUE CONDITIONS: A1 reserved

Aj or Ak reserved (except AO0)
EXECUTION TIME: Instruction issue, 1 CP

Ai ready, 4 CPs
SPECIAL CASES: (A1)=0 if Jj=0.

(Ak)=1 if k=0.
Thus, (Ai)=(AJ) if j#0 and k=0.
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INSTRUCTION 033

CAL Syntax Description Octal Code

Al CI Channel number of highest priority interrupt 033700
request to A<{

Ai{ CA,Aj Current address of channel (3j) to A7 033740

A1 CE,Aj Error flag of channel (Aj) to A1 033741

Instruction 033 enters channel status information into Ai{. The j and
k designators and the contents of Aj define the desired information.
The channel number of the highest priority interrupt request is entered
into Ai when the j designator is 0. The contents of Aj specify a
channel number when the j designator is nonzero. The value of the
Current Address (CA) register for the channel is entered into Ai when
the k designator is 0. The error flag for the channel is entered into
the low-order bit of A7 when the % designator is 1. The high-order
bits of A1 are cleared. The error flag can be cleared only in monitor
~mode using instruction 0012.

Instruction 033 does not interfere with channel operation and is not
protected from user execution.
HOLD ISSUE CONDITIONS: A1 reserved
Aj reserved (except AO0)
EXECUTION TIME: Instruction issue, 1 CP
Ai ready, 4 CPs

SPECIAL CASES: (A1) =Highest priority channel causing interrupt
if (Aj)=0.

(A1) =Current address of channel (Aj) if
(A7) #0 and k=0.

(A1) =I/0 error flag of channel (Aj) if
(a7)#0 and k=1.

(a)=0 if (aj)=1.
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SPECIAL CASES:
(continued)

HR-0032

INSTRUCTION 033 (continued)

2 CPs must elapse after instruction 00120 issues
before issuing instruction 033700

If instruction 033 issues every 10 CPs (in a loop),
the same results may be returned to A(Z).

When k=1:

Bits 212 through 220 contain the remaining
block length.

Bit 218 indicates a request in progress.

Bit 219 will return a O.

Bit 220 indicates a block length error.

Bit 221 indicates either an SSD double-bit
memory error (during a read SSD operation) or an
SSD double-bit channel error (during a write SSD
operation) .

Bit 222 jndicates a CPU double-bit memory error.

Bit 223 indicates a fatal error (if bit 220,
221, or 222 jg set).
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INSTRUCTIONS 034 - 037

CAL Syntax

Description

Octal Code

Bjk Al ,A0
. . t
BJjk,A1 0,A0
+A0 Bjk,Al
. lf

0,A0 Bjk,Al

Tjk,Al ,A0
. . t
Tjk,A71 0,A0
(A0 Tgk,Al

r
0,A0 TgJk,Atl

Block transfer (Ai) words from memory
starting at address (AO) to B registers
starting at register jk

Block transfer (A1) words from memory
starting at address (A0) to B registers
starting at register jk

Block transfer (A1) words from B registers
starting at register jk to memory starting
at address (A0)

Block transfer (A1) words from B registers
starting at register jk to memory starting
at address (A0)

Block transfer (Ai) words from memory
starting at address (AQ0) to T registers

starting at register jk

Block transfer (A1) words from memory
starting at address (A0) to T registers
starting at register jk

Block transfer (A%) words from T registers
starting at register jk to memory starting
at address (AOQ)

Block transfer (A1) words from T registers
starting at register jk to memory starting
at address (AO0)

03414k

0341k

035ijk

03517k

03614k

03617k

03714k

03717k

Instructions 034 through 037 perform block transfers between memory and B
or T registers.

In all the instructions, the amount of data transferred is specified by

the low-order 7 bits of (A1).

See special cases for details.

The first register involved in the transfer is specified by Jk.
Successive transfers involve successive B or T registers until B77 or T77
Since processing of the registers is circular, BOO is
processed after B77 and T00 is processed after T77 if the count in (A7)
is not exhausted.

is reached.

t Special CAL syntax
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INSTRUCTIONS 034 - 037 (continued)

The first memory location referenced by the transfer instruction is

specified by (A0). The A0 register contents are -not altered by execution
of the instruction. Memory references are incremented by 1 for

successive transfers.

For transfers of B registers to memory, each 24-bit value is right
adjusted in the word, high-order 40 bits are zeroed. When transferring
from memory to B registers, only low-order 24 bits are transmitted;
high-order 40 bits are ignored.

HOLD ISSUE CONDITIONS: A0 reserved
Al reserved
Scalar reference in CPl, CP2, or CP3

For instruction 034, Port A busy or instruction
035 in process or uni-directional memory mode and
Port C busy

For instruction 035, Port C busy or instruction
034 in process or uni-directional memory mode and
Port A or Port B busy

For instruction 036, Port B busy or instruction
037 in process or uni-directional memory mode and
Port C busy

For instruction 037, Port C busy or instruction
036 in process or uni-directional memory mode and
Port A or Port B busy

EXECUTION TIME: Instruction issue, 1 CP

For instruction 034 or 036:
B or T register reserved 16 CPs + (A1) if
(A1)#0; 6 CPs. if (A1)=0.
Port A or B busy for (Ai) + 5 CPs if
(A1)#0; 4 CPs if (aA1)=0.

For instruction 035 or 037:
B or T register reserved 5 CPs + (A1) if
(A2)#0; 4 CPs if (A1)=0.
Port C busy for (A1) + 5 CPs if (A{)#0; 4
CPs if (A1)=0.
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INSTRUCTIONS 034 - 037 (continued)

SPECIAL CASES: (A1) =0 causes a zero-block transfer.

(A7) in the range greater than 100g and less
than 200g causes a wrap-around condition.

If (A7) is _greater than 177g, bits 27
through 223 are truncated. The block length is

equal to the value of 20 through 26,

NOTE

Instruction 034 uses Port A, instruction 035 uses Port
C, instruction 036 uses Port B, and instruction 037

uses Port C.
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INSTRUCTIONS 040 - 041

CAL Syntax Description Octal Code
Si exp Transmit jkm to Si 040< jkm
Si exp Transmit complement of jkm to Si- 0411 jkm

The 2-parcel instructions 040 and 041 enter immediate values into an S
register.

Instruction 040 enters a 64-bit value composed of the 22-bit jkm field
and 42 high-order bits of 0 into Si.

Instruction 041 enters a 64-bit value that is the complement of a value
formed by the 22-bit jkm field and 42 high-order bits of 0 into Si.

The complement is formed by changing all 1 bits to 0 and all 0 bits

to 1. Thus, for instruction 041, the high-order 42 bits of Si are set
to 1's. The instruction provides for entering a negative value into
Si. Since the register value is the ones complement of jkm, to get

the twos complement jkm should be 0 to get -1, 1 to get -2, 3 to get
-4, etc.

HOLD ISSUE CONDITIONS: Si reserved
Second parcel not in a buffer
EXECUTION TIME: Instruction issue:
Both parcels in same buffer, 2 CPs
Both parcels in different buffers, 4 CPs

Si ready, 1 CP

SPECIAL CASES: None
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INSTRUCTIONS 042 - 043

CAL Syntax Description Octal Code

Si <exp Form exp bits of ones mask in Si from 04274k
right; jk field gets 64-exp.

Si #>exp’ Form exp bits of zeros mask in Si from 04214k
left; gk field gets exp.

si 1t Enter 1 into Si 042177

si -1t Enter -1 into Si 042100

Si >exp Form exp bits of ones mask in Si from 0431 jk

left; jk field gets exp.

si #<exp’ Form exp bits of zeros mask in Si from 0437 gk
right; jk field gets 64-exp.

si o Clear Si 04300

Instruction 042 generates a mask of 64-jk ones from right to left in
Si. For example, if jk=0, Si contains all 1 bits (integer value= -1)
and if jk=77g, Si contains zeros in all but the low-order bit
(integer value=l).

Instruction 043 generates a mask of jk ones from left to right in St.

For example, if jk=0, Si contains all 0 bits (integer value=0) and if
Jk=177g, S1 contains ones in all but the low-order bit (integer value= -2).
Instructions 042 and 043 are executed in the Scalar lLogical functional
unit.

HOLD ISSUE CONDITIONS: Si reserved

EXECUTION TIME: Instruction issue, 1 CP

Si ready, 1 CP

SPECIAL CASES: None

1 Special CAL syntax

HR-0032 5-42 A



INSTRUCTIONS 044 - 051

CAL Syntax Description Octal Code
Si Sj&Sk Logical product of (Sj) and (Sk) to Si 0441 jk
si sjssB? Sign bit of (Sj) to Si 044140
si sB&SjT  Sign bit of (Sj7) to Si (j#0) 0444140
Si #Sk&Sj Logical product of (Sj) and complement of 0451 jk
(Sk) to si
si #sBsSjT  (sj) with sign bit cleared to Si 045140
Si SJ Sk Logical difference of (Sj) and (Sk) to Si 0461 jk
si sj sBf  Toggle sign bit of (Sj), then enter into Si 046440
Si SB SjT Toggle sign bit of (Sj), then enter into Si 0461 j0
(7#0)
si #SJ sk Logical equivalence of (Sk) and (Sj) to Si 0471 gk
si #sk’ Transmit ones complement of (Sk) to Si 04710k
si #Sj gg? Logical equivalence of (Sj) and sign bit to Si 04710
Si #SB ij Logical equivalence of (Sj) and sign 0471 40
bit to Si (j#0)
si #sB’ Enter ones complement of sign bit into Si 0474200
Si Sj!Si&Sk Scalar merge 05014k
si sj:si&SBf Scalar merge of (Si) and sign bit 050140
of (Sj) to Si
Si sjisk Logical sum of (SJj) and (Sk) to S< 05174k
si sk’ Transmit (Sk) to Si 0510k
si sjisp’ Logical sum of (Sj) and sign bit to Si 051440
si sBisj’ Logical sum of (Sj) and sign bit to Si (j#0) 051140
si s’ Enter sign bit into Si 051700

t Special CAL syntax
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INSTRUCTIONS 044 - 051 (continued)

NOTE

For instructions 044 through 051, SB with no register
designator is the sign bit, not Shared Address register.

Instructions 044 through 051 are executed in the Scalar logical
functional unit.

Instruction 044 forms the logical product (AND) of (Sj) and (Sk) and
enters the result into Si. Bits of Si are set to 1 when
corresponding bits of (Sj) and (Sk) are 1 as in the following example:

(S4) =1100
(sk) =1010
(i) =1 000

(S84) is transmitted to Si if the j and k designators have the
same nonzero value. Si is cleared if the j designator is 0. The
sign bit of (Sj) is transmitted to S1 if the j designator is
nonzero and the k designator is 0.

Instruction 045 forms the logical product (AND) of (Sj) and the
complement of (Sk) and enters the result into Si. Bits of S1 are
set to 1 when corresponding bits of (Sj) and the complement of (Sk)
are 1 as in the following example where (Sk') = complement of (Sk):

if (Sk) =1010

(85 =1100
(k') =0101
(i) =0100

Si1 is cleared if the j and k designators have the same value or if
the j designator is 0. (Sj) with the sign bit cleared is transmitted
to St if the j designator is nonzero and the k designator is 0.

Instruction 046 forms the logical difference (exclusive OR) of (Sj) and
(Sk) and enters the result into Si. Bits of Si are set to 1 when
corresponding bits of (Sj) and (Sk) are different as in the following

example:

() =1100
(k) =1010
(i) =0110
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INSTRUCTIONS 044 - 051 (continued)

S1 is cleared 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. The sign bit of (Sj) is complemented and
the result is transmitted to Si if the j designator is nonzero and

the k designator is 0.

Instruction 047 forms the logical equivalence of (Sj) and (Sk) and
enters the result into Si. Bits of Si are set to 1 when corresponding
bits of (Sj) and (Sk) are the same as in the following example:

(84) =1100
(8k) =1010
(i) =100 1

S1 is set to all ones if the j and k designators have the same

nonzero value. The complement of (Sk) is transmitted to Si if the

J designator is 0 and the k designator is nonzero. All bits except
the sign bit of (Sj) are complemented and the result is transmitted to
Si if the j designator is nonzero and the k designator is 0. The
result is the complement produced by instruction 046.

Instruction 050 merges the contents of (Sj) with (Si) depending on

the ones mask in Sk. The result is defined by the following Boolean
equation where Sk' is the complement of Sk as illustrated:

(si) = (S7) (Sk) + (Si) (Sk")

if (Sk) =11110000

(k') =00001111
(1) =11001100
(85 10101010
(i) =10101100

Instruction 050 is intended for merging portions of 64-bit words into a
composite word. Bits of Si are cleared when the corresponding bits of
Sk are 1 if the j designator is 0 and the k designator is nonzero.

The sign bit of (Sj) replaces the sign bit of Si if the j designator

is nonzero and the k designator is 0. The sign bit of Si is cleared if
the j and k designators are both 0.

Instruction 051 forms the logical sum (inclusive OR) of (SJj) and (Sk)
and enters the result into Si. Bits of Si are set when 1 of the
corresponding bits of (Sj) and (Sk) is set as in the following
example:

(s§) =1100
(Sk) =1010
(si) =1110
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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 0. A ones mask consisting of only the sign bit is entered
into si if the j and k designators are both 0.

HOLD ISSUE CONDITIONS: S<i reserved

Sj or Sk reserved (except S0)
EXECUTION TIME: Instruction issue, 1 CP

Si ready, 1 CP
SPECIAL CASES: (sj)=0 if j=0.

(Sk)=263 if k=o0.
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INSTRUCTIONS 052 - 055

CAL Syntax Description Octal Code
S0 Si<exp Shift (Si) left exp=jk places to SO 0521 jk
S0 Si>exp Shift (Si) right exp=64-jk places to S0 053ijk
Si Si<exp Shift (5i) left exp=jk places to Si 0541 jk
Si Si>exp Shift (Si) right exp=64-jk places to Si 05514k

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

Instruction 052 shifts (Si) left jk places and enters the result into
S0. Shift range is 0 through 63 left.

Instruction 053 shifts (Si) right by 64-jk places and enters the
result into S0. 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, S0 reserved
EXECUTION TIME: Instruction issue, 1 CP

For instructions 052 and 053, SO0 ready, 2 CPs

For instructions 054 and 055, Si1 ready, 2 CPs

SPECIAL CASES: None
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INSTRUCTIONS 056 - 057

CAL Syntax Description Octal Code

Si S1,Sj<Ak  Shift (Si) and (Sj) left by (Ak) places to Si  0564jk
si si,sj<1? shift (si) and (Sj) left one place to Si 056770
si si<ak’ Shift (Si) left (Ak) places to Si 05670k
St Sj,S1>Ak Shift (Sj) and (Si) right by (Ak) places to Si 057ijk
Si Sj,s1>17  Shift (Sj) and (Sf) right one place to Si 057150

si si>ak’ Shift (Si) right (ak) places to Si 05770k

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 0. If j=0, the shifts function as if the shifted value
were 64 bits rather than 128 bits since the Sj value used is 0.

The shifts are circular if the shift count does not exceed 64 and the 7
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 (Si) and (Sj) with (S7)
initially the most significant bits of the double register. The
high-order 64 bits of the result are transmitted to Si. 81 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 0.

Instruction 057 performs right shifts of (Sj) and (Si) with (Sj)
initially the most 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 0.

t Special CAL syntax
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INSTRUCTIONS 056 - 057 (continued)
HOLD ISSUE CONDITIONS: Si reserved
Sj or Ak reserved (except SO and/or A0)
EXECUTION TIME: Instruction issue, 1 CP
Si ready, 3 CPs
SPECIAL CASES: (8f)=0 if j=0.
(Ak)=1 if k=0.

Circular shift if i=j#0 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 Integer sum of (Sj) and (Sk) to Si 06074k
Si Sj-Sk Integer difference of (Sj) and (Sk) to Si 06114k
si -sk’ Transmit negative of (Sk) to Si 06170k

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
Sj or Sk reserved (except S0)
EXECUTION TIME: Si ready, 3 CPs
Instruction issue, 1 CP
SPECIAL CASES: (81)=293 if j=0 and k=0.
For instruction 060:
(8i)=(8k) if j=0 and k#O.
(81)=(S7) with 263 complemented if
J#0 and k=0.
For instruction 061:
(8i)= -(Sk) if j=0 and k#O.

(8i)=(87) with 293 complemented if
J#0 and k=0.

1 Special CAL syntax
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INSTRUCTIONS 062 - 063

CAL Syntax Description Octal Code

Si Sj+Fsk  Floating-point sum of (Sj) and (Sk) to St 06214k

si +Fsk’  Normalize (Sk) to Si 06270k

si Sj-Fsk Floating-point difference of (84) and (Sk) 0631k
to S1

si -Fsk’ Transmit normalized negative of (Sk) to S1i 06310k

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=1l), zero exponent-and zero
coefficient are treated as 0 (that is, all 64 bits=0).77

HOLD ISSUE CONDITIONS: Si reserved

Sj or Sk reserved (except S0)

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

EXECUTION TIME: Instruction issue, 1 CP

Si ready, 6 CPs

+  Special CAL syntax

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 0.
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INSTRUCTIONS 062 - 063 (continued)

SPECIAL CASES: Por instruction 062:
(S1)=(Sk) normalized if (Sk) exponent is

valid, j=0 and k#0.
(s1)=(SJj) normalized if (Sj) exponent is

valid, Jj#0 and k=0.

For instruction 063:
(81)= ~(Sk) normalized if (Sk) exponent is
valid, j=0 and k#0. Sign of (S%) is
opposite that of (Sk) if (Sk)#0.
(S£)=(SJ) normalized if (Sj) exponent is
valid, j#0 and k=0.
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INSTRUCTIONS 064 - 067

CAL Syntax Description Octal Code

Si Sj*FSk Floating-point product of (Sj) and (Sk) to Si 0641ijk

Si Sj*HSk Half-precision rounded floating-point 0651k
product of (Sj) and (Sk) to Si

S1 Sj*RSk Rounded floating-point product of (Sj) and 0661 jk
(sk) to Si

S1 SJ*ISk Reciprocal iteration; 2-(Sj)*(Sk) to St 06714k

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 St.

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 St.

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
SJ or Sk reserved (except S0)

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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INSTRUCTIONS 064 - 067 (continued)
EXECUTION TIME: Instruction issue, 1 CP
Si ready, 7 CPs
SPECIAL CASES: (84)=0 if j=0.
(sk)=263 if k=o0.
If both exponent fields are 0, an integer
multiply is performed. Correct integer multiply

results are produced if the following conditions
are met:

e Both operand sign bits are 0.

® 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 /HSjF Floating-poin£ reciprocal approximation 0701450
of (8J) to Si

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 S0)

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

EXECUTION TIME: Si ready, 14 CPs

Instruction issue, 1 CP

SPECIAL CASES: (St) is meaningless if (Sj) is not
normalized; the unit assumes that bit 247 of
(87)=1; no test is made of this bit.

(S57) =0 produces a range error; the result is
meaningless.

(S7)=0 if j=0.
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INSTRUCTION 071

CAL Syntax Description Octal Code
S1 Ak Transmit (Ak) to S with no sign extension 07110k
Si +Ak Transmit (Ak) to Si with sign extension 07171k
Si +FAk Transmit (Ak) to Si as unnormalized 07112k
floating-point number :
si 0.6 Transmit constant 0.75 x 248 to s{ 071430
St 0.4 Transmit constant 0.5 to Si 071740
si 1. Transmit constant 1.0 to Si 071450
si 2. Transmit constant 2.0 to S% 071160
si 4. Transmit constant 4.0 to Si 071470

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 Si1 are zeros.

When the j designator is 1, the 24-bit value in AKX 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
S71 as an unnormalized floating-point quantity (the result is then added
to 0 to normalize). For this instruction, the exponent in bits

252 through 248 is set to 40060g. 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: Al Sl

Sl +FAl
sl +FS1 9 CPs required
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INSTRUCTION 071 (continued)
When the j designator is 3, the floating-point constant of 0.75 x 248
is entered into Si (0 40060 6000 0000 0000 0000g). 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 s2-81
81 S2-Fsl 11 CPs required

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

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

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

When the j designator is 7, the floating-point constant 4.0
(= 0 40003 4000 0000 0000 0000g) is entered into Si.
HOLD ISSUE CONDITIONS: Si reserved
Ak reserved (except AQ); applies to all forms
of the instruction, that is, j designators 0
through 7.
EXECUTION TIME: Instruction issue, 1 CP
Si ready, 2 CPs
SPECIAL CASES: (Ak)=1 if k=0.
(si)=(ak) if j=0.
(S1)=(Ak) sign extended if j=1.
(S1)=(Ak) unnormalized if j=2.
(5i)=0.6 x 290 (octal) if j=3.
(s1)=0.4 x 20 (octal) if j=4.
(81)=0.4 x 21 (octal) if j=5.
(54)=0.4 x 22 (octal) if j=6.

(54)=0.4 x 23 (octal) if j=7.
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INSTRUCTIONS 072 - 075

CAL Syntax Description Octal Code
Si RT Transmit (RTC) to Si 072400
Si SM Read semaphores to Si 072102
Si STj Read (STj) register to Si 072143
Si W Transmit (VM) to St 073100
t Read performance counter into Si 073411
L4 Increment performance counter 073121
t Clear all maintenance modes 073431
Si SRj Transmit (SRj) to Si; j=0 073141
SM st Load semaphores from St 073102
STj Si Load (STj) register from Si 073143
si Tk Transmit (Tgk) to Si 07414k
Tjk S1i Transmit (Si) to Tjk 0751k

Instruction 072700 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 0014j0.

Instruction 072702 enters the values of all of the semaphores into
Si. The 32-bit SM register is left justified in S{ with SMOO
occupying the sign bit.

Instruction 0727j3 enters the contents of STj into Sti.

Instruction 073700 enters the 64-bit value of the VM register into
Si. The VM register is usually read after being set by instruction 175.

Instruction 073711 is used for performance monitoring and is privileged
to monitor mode. Each execution of the 073711 instruction advances a
pointer and enters eithér 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.

1+ Not supported at present time
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Instructions 073121 and 073131 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 073121 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/0
write to memory). Instruction 073131 clears all three SECDED

maintenance mode instructions: 001501, 001521, and 001531. See Appendix
D for complete information on the SECDED maintenance modes.

Instruction 073171 enters the contents of the Status register SRj

into Si. Instruction 073101 returns the following status to the
high~order bits of S1i:

Si Bit Description

263 Clustered, CLN # 0 (CL)

257 Program state (PS)

251 Floating-point error occurred (FPS)
250 Floating-point interrupt enabled (IFP)
249 Operand range interrupt enabled (IOR)
248 Bidirectional memory enabled (BDM)
2407 Processor number bit 0 (PNO)

2337 Cluster number bit 1 (CLN1)

2327 Cluster number bit 0 (CLNO)

Instruction 073102 sets the semaphores from 32 high-order bits of
Si. SMO0 receives the sign bit of Si.

Instruction 073143 enters the contents of Si into STj.
Instruction 074 enters the contents of Tjk into S<.
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 073200:

Instruction l4x or 175 in process, VM busy
for (VL) + 5 CPs
Instruction 003 in process, VM busy for 1 CP

t+ These bit positions return a value of 0 if not executed in monitor mode.
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INSTRUCTIONS 072 - 075 (continued)

HOLD ISSUE CONDITIONS:
(continued)

EXECUTION TIME:

SPECIAL CASES:

For instructions 072173, 073153 and 73102,
hold issue 1 CP, then 2+7 CP more after si
not reserved. Minimum 3 CP hold.
Instruction issue, 1 CP

Result register ready 1 CP

For 073702, SM ready, 1 CP

For instructions 072702 and 072173, (Si)=0
if CLN=0.

Instructions 073102 and 073173 are no-ops if
CLN=0.

There must be a 2 CP delay between sequential
073111 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 St 07614k
vi,Ak Sj Transmit (Sj) to Vi element (Ak) 0771 gk
vi,Ak 07 Clear Vi element (Ak) 077410k

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 A0)

For instruction 076, Si reserved or Vj
reserved as operand or as result

For instruction 077, Vi reserved as operand or
as result or SJj reserved

EXECUTION TIME: Instruction issue, 1 CP
For instruction 076, Si ready, 4 CPs
For instruction 077, Vi ready, 1 CP
SPECIAL CASES: (57)=0 if j=0.

(Ak)=1 if k=0.

t Special CAL syntax
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INSTRUCTIONS 104 -~ 13h

CAL Syntax Description Octal Code
Ai exp,Ah Read from ((Ah) + jkm) to A{ '10h1jkm
Ai exp,07 Read from (jkm) to AL 100i 5km
Ai exp,”  Read from (jkm) to Ai 1004 jkm
ai ,an’ Read from (Ah) to Af 104700 0
exp,Ah A1 Store (A1) to (Ah) + jkm 11higkm
exp,0 ai’  Store (ai) to jkm 1104 jkm
exp, ai’  store (ai) to exp 1101 jkm
,Ah  ail Store (Ai) to (Ah) 114100 ©
Si exp,Ah Read from ((Ah) + jkm) to Si 12hijkm
Si exp,0T Read from (exp) to Si 1201 jkm
si exp,’ Read from (exp) to Si 1207 jkm
si ,an’ Read from (Ah) to Si 121100 ©
exp,Ah Si  Store (Si) to (Ah) + jkm 13hijkm
exp,0 si’ Store (Si) to exp 1304 jkm
exp, si!’  store (si) to exp 1307 jkm
,ah sif Store (Si) to (Ah) 134400 0

The 2-parcel instructions 10k through 13} transmit data between

memory and an A register or an S register. The content of A% (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 A is 0, (Ah) is O

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
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INSTRUCTIONS 104 - 13% (continued)

Instructions 10k and 11/ 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 12A and 134 transmit 64-bit quantities to or from

register Si.

HOLD ISSUE CONDITIONS:

EXECUTION TIME

SPECIAL CASES:

HR-0032

Port A, B, or C busy

A% reserved or busy previous CP

For instructions 104 and 11k, A1 reserved
For instructions 12/ and 13%, Si reserved

Instructions 10x through 13x 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 104, Ai ready, 14 CPs
For instruction 12k, S1 ready, 14 CPs
Bank ready for next scalar read or store, 4 CPs

NOTE

After issuing instructions 10% through 133,
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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INSTRUCTIONS 140 - 147

CAL Syntax Description Octal Code

Vi Sj&Vk Logical products of (Sj) and (Vk elements) 14074k
to Vi elements

Vi Vj&Vk Logical products of (Vj elements) and 14114k
(Vk elements) to Vi elements

Vi Sj!Vk Logical sums of (Sj) and (Vk elements) 14244k
to Vi elements

vi vkt Transmit (VK elements) to Vi elements 14210k

Vi VjiVk Logical sums of (Vj elements) and 14314k
(Vk elements) to Vi elements

Vi Sj\Vk Logical differences of (Sj) and 14414k
(Vk elements) to Vi elements

vi Vj\Vk Logical differences of (Vj elements) and 145{ 4k
(Vk elements) to Vi elements

vi of Clear Vi elements 145111

Vi SjiVk&VM If VM bit=1l, transmit (Sj) to the corres- 1461k

ponding element in Vi
If W bit=0, transmit the (corresponding
Vk element) to the (corresponding Vi element)

vi #VM&ka If VM bit=1, transmit (0) to the corres- 14670k
ponding element in Vi
If VM bit=0, transmit the (corresponding
Vk element) to the (corresponding Vi element)

Vi VJ!VksVM If VM bit=1, transmit the (corresponding Vj 14714k
element) to the (corresponding Vi element)
If VM bit=0, transmit the (corresponding Vk
element) to the (corresponding Vi element)

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.

+ Special CAL syntax
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INSTRUCTIONS 140 - 147 (continued)

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:

(8j) or (Vj element) = 1100
(Vk element) =1010
(Vi element) 1000

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:

(8j) or (Vj element) = 1100
(Vk element) =1010
(Vi element) =1110

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) = 1100
(Vk element) =1010
(Vi element) =0110

Instructions 146 and 147 transmit operands 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

l, the first operand is transmitted; if bit 7 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:

4 :
0 60000 0000 0000 0000 0000
-1

(VL)
(W)
(s2)
(V600)
(V601)
(ve02)
(V603)

oW

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

(Vv700) =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

(v201) = 2 (v3ol) = -2

(v202) = 3 (v302) = -3

(v203) = 4 (V303) = -4

Instruction 147123 is executed. Following execution, the first four
elements of V1 contain the following values:

(V100) = -1
(viol) = 2
(V102) = 3
(V103) = -4

The remaining elements of V1 are unaltered.

HOLD ISSUE CONDITIONS: 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:’"
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:
See discussion on Second Vector Logical issue in
section 4

Instructions 140 through 145 or 16x in process
in Second Vector Logicalff/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 Vk ready in (VL) + 3 CPs if data
available’

If data ava11able,r Vi ready in (VL) + 7
CPs if Full Vector Logical unit is used, 9 CPs 1f
Second Vector Logical unit is used.’?

Unit ready, (VL) + 4 CPs if data available’

(87)=0 if j=o0.

+  Vector instructions may or may not start execution immediately; they
execute as data becomes available. 1In 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.

#7 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 15074k
to Vi elements

vi Vj<17 Shift (Vj) elements left one place to 150240
Vi elements

Vi Vj>Ak Shift (V) elements right by (Ak) places 15114k
to Vi elements

vi vj>1"T  shift (Vj) elements right one place to 151140
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)-1.

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
Vi reserved as operand or result
Ak reserved (except A0)

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

+ Special CAL syntax

11t Vector instructions may or 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 déta available!
Vi ready in (VL) + 8 CPs if data available’
Unit ready, (VL) + 4 CPs if data available’

SPECIAL CASES: (Ak)=1 if k=0.

t Vector instructions may or may not start execution immediately; they
execute as data becomes available. 1In 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<aAk Double shifts of (Vj elements) left (Ak) 15274k
places to Vi elements

vi v7,vj<1’ Double shifts of (Vj elements) left one 152140
place to Vi elements

Vi Vj,Vj>Ak Double shifts of (Vj elements) right (Ak) 15314k
places to Vi elements

Vi Vj,vj>1T Double shifts of (Vj elements) right one 153740
place to Vi elements

Instructions 152 and 153 are executed in the Vector Shift functional
unit. The instructions shift 128-bit values formed by logically joining
the contents of two elements of the Vj register. 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 register.

Instruction 152 performs left shifts. The operation starts with element
0 of Vj. If (VL) is 1, element 0 is joined with 64 bits of 0, and the
resulting 128-bit quantity is then shifted left by the amount specified
by (Ak). 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 128-bit quantity is then shifted left
by the amount specified by (Ak). The high-order 64 bits remaining 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 5-8 illustrates this operation.

If (VL) is 2, element 1 is joined with 64 bits of 0 and only two
operations are performed. In general, 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)

263 . 0 563 20
(element 0) of VJ (element 1) of Vj

~
63 -~ 263-(Ak) 0 263 _ ~ 264-(2k) 0 __ —

263 20

64-bit result to element 0 of Vi

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

263 20 263 20

(element 1) of VJj (element 2) of VJ

-
263~ — 263-(Ak) ;0 ;63 ~ 264-(ak) 50 _ —
(element 1) of V"

64-bit result to element 1 of Vi

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

263 20 263 50

(element (VL)—lr) of V7 000..cc0ces.0

-
- —
// - —

63— (AK) 0 .63 -~ 64-(Ak) 0 -

263// —

e

(elément (VL) -1

263 20

64-bit result to element (VL)-17 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)-1 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
(Al) =3
(v400) = 0 00000 0000 0000 0000 0007
(v401) = 0 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
(v501) = 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 128-bit gquantity
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.
263 20 763 20
000cceeeaeee (element 0) of Vj
N N \
N ~N \
~N N \
N 263 2(Ak) 1 20263 2(Ak) 20
(AK) —> 000.eceee...C

263 ' o 20

64-bit result to
element 0 of Vi

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

If (VL)=1, only one operation is performed. In general, however,
instruction execution continues by joining element 0 with element 1,
shifting the 128-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.

263 20 263 20
(element 0) of Vj (element 1) of Vj
AN
> ~ \\\~ N
N
~ 263 2(Ak)-l\ 20 263 2(Ak) \20'

(Ak) (element 0) of

&3 : 5 2,0

64~ (Ak) bits 64-bit result to
element 1 of Vi

Figure 5-11. Vector right double shift, second element,
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.

263 20 263 20

element (VL)-2) of Vj (element (VL)-1T) of vj

~ 63

~ 2

(Ak) —>| (element

64-bit result to
element (VL)-1 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:

1 Elements are numbered 0 through 63 in the V registers; therefore,
element (VL)-1 refers to the VLth element.
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INSTRUCTIONS 152 - 153 (continued)

(Vi) =4
(A6) =3
(vV200) = 0 00000 0000 0000 0000 0017
{(Vv201) = 0 60000 0000 0000 0000 0006
(Vv202) = 1 00000 0000 0000 0000 0006
(V203) = 1 60000 0000 0000 0000 0007

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

(v0o0o0) = 0 00000 0000 0000 0000 0001
(Vvool) = 1 66000 0000 0000 0000 0000
(voo2) = 1 50000 0000 0000 0000 0000
(vo03) = 1 56000 0000 0000 0000 0000

The remaining elements of V0 are unaltered.

HOLD ISSUE CONDITIONS: Vj reserved as operand
Vi reserved as operand or result
Ak reserved (except A0)

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

EXECUTION TIME: Instruction issue, 1 CP
Vj ready in (VL) + 3 CPs if data available’

For instruction 152, Vi ready in (VL) + 9 CPs
if data available’

Instruction 153, Vi ready in (VL) + 8 CPs if
data available!

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

SPECIAL CASES: (ak)=1 if k=0.

t Vector instructions may or 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 S8j+Vk Integer sums of (Sj) and (Vk elements) to 15414k
Vi elements

Vi Vj+Vk  Integer sums of (Vj elements) and 15514k
(Vk elements) to Vi elements

Vi 8j-Vk Integer differences of (Sj) and (Vk elements) 1561jk
to Vi elements

vi -vk' Transmit negative of (VK elements) to Vi 15610k
elements
Vi Vj-Vk  Integer differences of (Vj elements) and 1571 jk

(Vk elements) to Vi elements

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

Vi reserved as operand or result

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

For instructions 154 and 156, Sj reserved
(except S0)

For instructions 155 and 157, Vj reserved as
operand

+ Special CAL syntax
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INSTRUCTIONS 154 - 157 (continued)
EXECUTION TIME: Instruction issue, 1 CP

Vj or VK ready in (VL) + 3 CPs if data
available’

Vi ready in (VL) + 8 CPs if data available’
Unit ready, (VL) + 4 CPs if data available’

SPECIAL CASES: For instruction 154, if j=0, then (Sj)=0 and
(Vi element) = (Vk element).

For instruction 156, if j=0, then (Sj)=0 and
(Vi element)= -(Vk element).

t Vector instructions may or 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 16074k
(Vk elements) to Vi elements

Vi Vj*FVk Floating-point products of (Vj elements) 1611k
and (Vk elements) to Vi elements

Vi Sj*HVk Half-precision rounded floating-point products 162ijk
of (S4) and (Vk elements) to Vi elements

Vi Vj*HVk Half-precision rounded floating-point products 163%jk
of (Vj elements) and (Vk elements) to
Vi elements

Vi SJ*RVK Rounded floating-point products of (SJj) and 1641 jk
(Vk elements) to Vi elements

vi VJj*RVk Rounded floating-point products of 1651k
(Vj elements) and (Vk elements) to Vi elements

Vi Sgj*IVk Reciprocal iterations; 2 - (Sj) * (Vk elements) 166ijk
to Vi elements

Vi Vjg*IVk Reciprocal iterations; 2 - (VJj elements) * 1671 gk
(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 forms the half-precision rounded products of the
floating-point quantity in Sj and the floating-point quantities in
elements of VXK 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 V4.

Instruction 165 forms the rounded products of the floating-point
quantities in elements of Vj and Vk and enters the results into V7.

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 1l6x in process, unit busy
(vi) + 4 cps’

t Vector instructions may or 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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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 S0)

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
available

Vi ready in (VL) + 12 CPs if data
available

Unit ready, (VL) + 4 CPs if data available’

(85)=0 if j=0.

t Vector instructions may or may not start execution immediately; they
execute as data becomes available. 1In 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 Octal Code
Vi Sj+FVk Floating-point sums of (Sj) and 17014k
(VK elements) to Vi element
vi +FVkT Transmit normalized (Vk elements) to Vi 17070k
elements
Vi Vj+FVk Floating-point sums of (Vj elements) and 171i 4k

(Vk elements) to Vi elements

Vi 8j-FVk Floating-point differences of (Sj) and 17214k
(Vk elements) to Vi elements

Vi -Fvk’ Transmit normalized negatives of 17210k
(Vk elements) to Vi elements

Vi Vj-FVk Floating-point differences of (Vj elements) 1731 jk
and  (Vk elements) to Vi elements

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:
(continued)

EXECUTION TIME:

SPECIAL CASES:

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

For instructions 170 and 172, Sj reserved
(except S0)

PFor instructions 171 and 173, Vj reserved as
operand

Instruction issue, 1 CP

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

Vi ready in (VL) + 11 CPs if data available’

Unit ready, (VL) + 4 CPs if data available’

(87)=0 if j=0.

t Vector instructions may or 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

vi /HVj Floating-point reciprocal approximation of 174140
(Vj elements) to Vi elements

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

Vj reserved as operand

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

EXECUTION TIME: Instruction issue, 1 CP
Vj ready in (VL) + 3 CPs if data available’

Vi ready in (VL) + 19 CPs if data
available?

Unit ready, (VL) + 4 CPs if data available’

SPECIAL CASES: (Vi element) is meaningless if (Vj element)
is not normalized; the unit assumes that bit
247 of (Vj element) is 1; no test of this
bit is made.

1 Vector instructions may or may not start execution immediately; they
execute as data becomes available. 1In 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 174ij1 - 174ij2

CAL Syntax Description Octal Code

Vi PVj Population count of (Vj elements) to Vi 1747241
elements

Vi QVj Population count parity of (Vj elements) to 174152

Vi elements

Instructions 174i¢j1 and 174152 are executed in the Vector
Population/Parity functional unit, sharing some logic with the Reciprocal
Approximation functional unit.

Instruction 1741j1 counts the number of bits set to 1 in each element
of V7 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 1741j2 counts the number of bits set to 1 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 cps?

Instruction 174xx0 in process, unit busy for
(VL) + 9 cps’

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

t Vector instructions may or may not start execution immediately; they
execute as data becomes available. 1In 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 174ij1 - 174ij2 (continued)
EXECUTION TIME: Instruction issue, 1 CP
Vj ready in (VL) + 3 CPs if data available’
Vi ready in (VL) + 10 CPs if data available’

Unit ready, (VL) + 4 CPs if data available’

t Vector instructions may or 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 175

CAL Syntax Description Octal Code

VM Vj,2 VM=1 when (Vj element)=0 175040

VM Vj,N VM=l when (Vj element)#0 175041

WM Vj,P VM=1 when (Vj element) positive, 1750452
(bit 263=0), includes (Vj element)=0

M Vj,M VM=1 when (VJj element) negative, 175043
(bit 263=1)

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
0 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 (VJj element) is 0.

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 (V;j 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

Instruction l4x in process, unit busy
(VL) + 4 cps?

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

EXECUTION TIME: Instruction issue, 1 CP
Vj ready, (VL) + 3 CPs if data available’

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

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

SPECIAL CASES: k=0 or 4, VM bit xx=1 if (Vj element xx)=0.
k=1 or 5, VM bit xx=1 if (Vj element xx)#0.

k=2 or 6, VM bit xx=1 if (Vj element xx) is
positive; 0 is a positive condition.

k=3 or 7, VM bit xx=1 if (Vj element xx) is
negative.

t Vector instructions may or 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 ,A0,Ak Transmit (VL) words from memory to Vi 17610k
elements starting at memory address (AO0)
and incrementing by (Ak) for successive
addresses

vi ,a0,17 Transmit (VL) words from memory to Vi 176100
elements starting at memory address (A0)

and incrementing by 1 for successive

addresses

+A0,Ak Vj Transmit (VL) words from Vj elements to 17704k
memory starting at memory address (A0) and
incrementing by (Ak) for successive
addresses
(A0,1 VJ Transmit (VL) words from Vj elements to 177050
memory starting at memory address (A0) and
incrementing by 1 for successive addresses

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 VJj to memory.
Register elements begin with 0 and are incremented by 1 for each
transfer. Memory addresses begin with (A0) 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

A0 reserved

1+ Special CAL syntax
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INSTRUCTIONS 176 - 177 (continued)

HOLD ISSUE CONDITIONS:
(continued)

EXECUTION TIME:

SPECIAL CASES:

HR-0032

Ak reserved where k=1 through 7
Scalar reference in CPl, 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)=1 if k=0.

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.
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SPECIAL CASES: For instruction 176, if there is an instruction

(continued) 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 A
CRAY X-MP MODELS 22 AND 24

CRAY X-MP CAL
000000 ERR
++00104k CA,Aj Ak
1100114k CL,Aj Ak
1001250 CI,Aj
001241 MC,Aj
#+001340 XA Aj
+10014 50 RT Sj
##001401 P 1
#1001402 iPp 0
#+001403 CLN 0
##001413 CIN 1
##001423 CLN 2
1001433 CIN 3
+1+001454 PCI Sj
#1001405 ccI
#+001406 ECI
++001407 DCI
++001540 t1t
##001501 L
+#001511 rr
#1001521 ttt
+1001531 ttt
00200k VL ak
002000 VL 1
002100 EFI
002200 DFI
002300 ERI
t Special syntax form

UNIT

t+ Privileged to monitor mode
17+ Not supported at this time

HR-0032

A-1

DESCRIPTION

Error exit

Set the channel (Aj ) current
address to (Ak) and begin the I/0O
sequence

Set the channel (A7) 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 (S;)

Clear PCI request

Enable PCI request

Disable PCI request

Select performance monitor

Set maintenance read mode

Load diagnostic check byte with S1
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



CRAY X-MP CAL UNIT DESCRIPTION

002400 DRI - Disable operand range interrupts
002500 DBM - Disable bidirectional memory transi
002600 EBM - Enable bidirectional memory transfe
002700 CMR - Complete memory references
0030450 VM Ssj - Transmit (Sj) to VM register
7003000 VM O - Clear VM register
00344k SMjk 1,TS - Test & set semaphore jk in SM
0036k SMjk O - Clear semaphore Jjk in SM
00374k SMjk 1 - Set semaphore jk in SM
004000 EX - Normal exit
00504k J Bjk - Jump to (Bjk)
0061 jkm J exp - Jump to exp
0071 jkm R exp - Return jump to exp; set B0O to P.
010ijkm  JAZ exp - Branch to eap if (A0)=0 (%,=0)
0114 jkm JAN exp - Branch to exp if (A0)#0 (i,=0)
0121 5km JAP exp - Branch to exp if (A0) positive; 0
is positive (1,=0).
0131 jkm JAM exp - Branch to exp if (A0) negative
(2=0)
0147 5km JSZ exp - Brgnch to exp if (50)=0 (1,=0)
015i5km JSN exp - Branch to exp if (S0)#0 (£,=0)
0161 jkm JSP exp - Branch to exp if (S0) positive; 0
is positive (1,=0).
017<ijkm JSM exp - Branch to exp if (S0) negative
(1,=0)
0201 jkm Al exp - Transmit exp=jkm to A{
021ijkm Al exp - Transmit exp=ones complement of
Jkm to A1
02274k A1 exp - Transmit exp=jk to Al
023140 AL Sj - Transmit (Sj) to A{
023701 A1 VL - Transmit (VL) to A<
0241k A1 Bjk - Transmit (Bjk) to Ai
0251k Bjk A1 - Transmit (A1) to Bjk
026140 A1 PSj Pop/L3Z Population count of (Sj) to Al
026741 A1 QSj Pop/LZ Population count parity of (Sj)
to A1
026157 A1 SBj - Transmit (SBj) to Ai
027140 A1 28 Pop/LZ Leading zero count of (Sj ) to Ai
027147 SBj A1 - Transmit (A1) to SBj
03074k A1 AJ+Ak A Int Add Integer sum of (Aj) and (Ak) to
A1
103070k A1 Ak A Int Add Transmit (Ak) to A{
1030140 Ai A+l A Int Add Integer sum of (AJ) and 1 to A1l
0311k A1 Aj-Ak A Int Add Integer difference of (Aj) less
(Ak) to A1

t Special syntax form
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CRAY X-MP CAL UNIT DESCRIPTION

1031100 Al -1 A Int Add Transmit -1 to Al
103110k Ai -Ak A Int Add Transmit the negative
of (Ak) to A{
1031140 Ai Aj-1 A Int Add Integer difference of (AJ) less
1 to AL
03214k A1 Aj*ak A Int Mult Integer product of (Aj) and
(Ak) to A1
033100 A1 CI - Channel number to A% (J=0)
033140 Ai CA,Aj - Address of channel (Aj) to A{
(j#0; k=0)
0337141 Ai CE,Aj - Error flag of channel (Aj) to A{
(Jj#0; k=1)
03414k Bjk,A1 ,A0 Memory Read (A1) words to B register
Jjk from (A0)
103414k Bjk,Ai 0,A0 Memory Read (A1) words to B register
Jk from (A0)
03514k A0 Bjk,Al Memory Store (A7) words at B register
jk to (A0)
103514k 0,A0 Bjk,At Memory Store (A1) words at B register
Jk to (A0)
03614k Tjk,A1 ,A0 Memory Read (A1) words to T register
Jk from (A0)
103614k Tjk,A1 0,A0 Memory Read (A1) words to T register
Jk from (A0)
0371k A0 Tjk,At Memory Store (A1) words at T register
jk to (A0)
10371k 0,A0 Tjk,A1 Memory Store (A1) words at T register
jk to (A0)
0401 jkm Si exp - Transmit jkm to S<
0411 jkm Si exp - Transmit exp=ones complement of
Jjkm to Si
0421k Si <exp S Logical Form ones mask eXp bits in S% from
the right; jk field gets 64-ecxp.
104214k Si #>exp S Logical Form zeros mask eXp bits in S1 from
the left; jk field gets 64-exp.
1042177 si 1 S Logical Enter 1 into Si
17042100 si -1 S Logical Enter -1 into Si
04314k S1 >exp S Logical Form ones mask exp bits in Si from
the left; jk field gets exp.
104314k Si #<exp S Logical Form zeros mask exp bits in S
from the right; jk field gets
64-exp.
1043100 si 0 S Logical Clear Si
0441k S1 SjsSk S Logical Logical product of (SJj) and
(sk) to Si

t Special syntax form
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CRAY X-MP CAL

1044140
1044150
0457 jk

+045150
0461 jk

1046140
1046140

0471k
104710k
1047150
1047140
+047400

0507 jk

70501450

051ijk
105110k
1051150
1051140

1051200
05214k

05317k

05415k
05514k

05675k

+056440

si
si
si

Si
si

Sj&SB
SB&SJ
#Sk&sg

#SB&Sj
sj\sk

sj\sB
sB\sj
#s7\sk
#sk
#s7\sB
#sB\sj
#sB

sjlsis&sk

Sj!si&SB

i s5!sk
. Sk

Sj!SB
SB!Sj

SB
Si<exp

Si>exp

Si<exp
Si>exp

Si,Sj<ak

S%,84<1

t Special syntax form

HR-0032
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nonn

UNIT

Logical
Logical
Logical

Logical
Logical

Logical
Logical
Logical
Logical
Logical
Logical
Logical
Logical

Logical
Logical
Logical
Logical
Logical

Logical
Shift

Shift

Shift
Shift

Shift

Shift

DESCRIPTION

Sign bit of (Sj) to St

Sign bit of (Sj) to Si (j#0)
Logical product of (Sj) and ones
complement of (Sk) to Si

(S7) with sign bit cleared to St
Logical difference of (Sj ) and
(Sk) to si

Toggle sign bit of Sj, then enter
into s1i

Toggle sign bit of Sj, then enter
into Si (j#0)

Logical equivalence of (Sk) and
(S7) to si

Transmit ones complement of (Sk)
to 81

Logical equivalence of (Sj) and
sign bit to Si

Logical equivalence of (Sj) and
sign bit to Si (j#0)

Enter ones complement of sign bit
into Si

Logical product of (S%) and (Sk)
complement ORed with logical product
of (Sj) and (Sk) to S1i

Scalar merge of (S<) and sign bit
of (Sj) to si

Logical sum of (Sj) and (Sk) to Si
Transmit (Sk) to Si

Logical sum of (Sj) and sign bit
to S7

Logical sum of (Sj) and sign bit
to Si (Jj#0)

Enter sign bit into S<

Shift (Si) left exp=jk places

to SO

shift (Si) right exp=64-jk

places to SO

shift (Si) left exp=jk places
shift (Si) right exp=64-jk
places

Shift (Si and Sj) left (Ak)
places to Si

shift (Si and Sj) left one

place to Si



CRAY X-MP CAL UNIT DESCRIPTION

105610k Si Si<Ak S shift Shift (Si) left (Ak) places
to Si
05714k Si S84.,81>4k S Shift shift (Sj and Si) right (Ak)
places to Si
1057140 Si 8j,81>1 S shift shift (Sj and Si) right one
place to St
105710k St Si>Ak S Sshift shift (Si) right (Ak) places
to s1i
06014k Si Sj+sk S Int Add Integer sum of (Sj) and (Sk)
to S1i
0617k si Sgj-sk S Int Add Integer difference of (Sj) and
(sk) to si
106110k si =Sk S Int Add Transmit negative of (Sk)
to S1i
06214k S1 SJj+Fsk Fp Add Floating-point sum of (Sj) and
(Sk) to Ssi
106210k Si +FSk Fp Add Normalize (Sk) to Si
0631k S1 8j-Fsk Fp Add Floating-point difference
of (Sj) and (Sk) to Si
106310k Si -Fsk Fp Add Transmit normalized negative
of (Sk) to Si
0641 jk 81 Sj*Fsk Fp Mult Floating~point product of (SJ)
and (Sk) to 81
06514k S1 Sj*HSk Fp Mult Half-precision rounded

floating-point product of (Sj)
and (Sk) to st

06617k Si Sj*RSk Fp Mult Full-precision rounded
floating-point product of (S;)
and (Sk) to St

0671jk Si Sj*1isk Fp Mult 2-floating-point product of (S/)
and (Sk) to Si

070140 si /HSJ Fp Rcpl Floating-point reciprocal
approximation of (Sj) to S1i

07110k S1 Ak - Transmit (Ak) to Si with no
sign extension

07171k Si +Ak - Transmit (Ak) to Si with sign
extension

071722k Si +FAk - Transmit (Ak) to S as
unnormalized floating-point number

071230 Si 0.6 - Transmit constant 0.75%2**48 to Si

071740 Si 0.4 - Transmit constant 0.5 to Si

071150 si 1. - Transmit constant 1.0 to S{

071160 si 2. - Transmit constant 2.0 to Si

1 Special syntax form
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CRAY X-MP CAL

071470
072100
072702
072143
073100
07311
073i21

073131
073141
073702
073143
0744 jk
07514k
07614k

077ijk
107710k
10htjkm

+10045km
11001 5km
+10K100 O

11higkm
+1104jkm
11101 5km
+11h100 O

12hijkm

+12045km
1201 5km
+121100 O
13hijkm
11301 5km
11301 5km
+137100 0
14014k

14115k
14214k

+14210%
143i4k

14444k

si 4.
Si RT
Si SM
St S8Tj
si WM
tt

tt

t+

Si SRj
SM Si
STj si
si Tjk
Tjk Si
si Vj,Ak

Vi, Ak Sj
vi,Ak 0
Al exp;Ah

Al exp,0
A1l exp,

A1 LAh
exp,Ah A1
exp,0 A1
exp, Al
Ah AL
Si exp,Ah

Si exps 0
si exp,
Si ,Ah
exp,Ah S1i
exp,0 S1i
exp, S1i
An Si

Vi Sjs&Vk

Vi VjaVk
Vi Sglvk

vi Vk
Vi Vjlvk

vi 8j7\vk

2 Special syntax form

7+ Not supported at this time

HR-0032

UNIT

Memory

Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory

Memory
Memory
Memory
Memory
Memory
Memory
Memory
V Logical

V Logical
V Logical

V Logical
V Logical

V Logical

DESCRIPTION

Transmit constant 4.0 to S<
Transmit (RTC) to Si
Transmit (SM) to Si

Transmit (STj) to St
Transmit (VM) to Si

Read performance counter into S
Increment performance counter
{(maintenance)

Clear all maintenance modes
Transmit (SRj) to Si (j=0)
Transmit (S{i) to SM

Transmit (S1) to STj
Transmit (Tjk) to Si
Transmit (Si) to Tjk
Transmit (Vj, element (Ak))
to si

Transmit (Sj) to Vi element (Ak)
Clear Vi element (Ak)

Read from ((Ah)+exp) to At
(A0=0)

Read from (exp) to A{

Read from (exp) to At

Read from (Ah) to A1

Store (A7) to (Ah)+exp (A0=0)
Store (Ai) to exp

Store (A1) to exp

Store (Ai) to (Ahn)

Read from ((Ah)+exp) to Si
(A0=0)

Read from exp to S{

Read from exp to Si

Read from (Ah) to Si

Store (Si) to (Ah)+exp (A0=0)
Store (Si) to exp

Store (Si) to exp

Store (Si) to (An)

Logical products of (S;j) and
(Vk) to Vi

Logical products of (VJj) and
(Vk) to Vi

Logical sums of (SJ) and (Vk)
to Vi

Transmit (Vk) to Vi

Logical sums of (Vj) and (Vk)
to Vi

Logical differences of (Sj) and
(Vk) to Vi



CRAY X-MP CAL

14514k

114511
14614k

+14610k
14735k
15044k

+150150
15134k

1511450
15214k

+152150

15314k
+153150
15415k
1554k
15614k
+15610k
15744k
16014k
16114k

162ijk

16314k

16414k

Vi

vi

Vi
Vi

Vi
Vi

vi
Vi
vi

Vi

vi
Vi
vi
vi
vi

vi

Vi

i

vi\vk
0

i SF!Vk&vM

#MsVk
Vi ivk&vM
Vj<ak

Vi<l
Vj>Ak

vj>1
V3, Vi<ak

Vi, Vi<l
Vi, Vj>ak
Vi, Vji>1l
Sj+vk
Vji+Vk
Sj-vk
-vk
vj-vk
SJ*Fvk
VJ*Fvk

Sj*HVk

Vj*HVE

SJ*RVk

t Special syntax form
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UNIT

V Logical

V Logical
V Logical

V Logical
V Logical
V Shift

V Shift
VvV shift

Shift
Shift

V shift
V shift
V shift
V Int Add
V Int Add
V Int Add
V Int Add
V Int Add
Fp Mult
Fp Mult

Fp Mult

Fp Mult

Fp Mult

DESCRIPTION

Logical differences of (Vj) and
(Vk) to Vi

Clear Vi

Transmit (Sj) if VM bit=1;

(Vk) if VM bit=0 to Vi.

Vector merge of (Vk) and

0 to Vi

Transmit (VJj) if VM bit=1;

(Vk) if VM bit=0 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

Integer sums of (Vj) and (Vk)
to Vi

Integer differences of (S;7) and
(Vk) to Vi

Transmit negative of (Vk)

to Vi

Integer differences of (VJj) and
(Vk) to Vi

Floating-point products of (Sj)
and (Vk) to Vi

Floating-point products of (Vj)
and (Vk) to Vi

Half-precision rounded
floating-point products of (Sj)
and (Vk) to Vi

Half-precision rounded
floating-point products of (V)
and (Vk) to Vi

Rounded floating-point products
of (S4) and (Vk) to Vi



CRAY X-MP CAL
165ijk Vi Vj*RVk
16614k Vi Sj*IVk
1674k Vi Vj*IVk
17014k Vi SG+FVk

17010k Vi +FVK
1711k Vi Vj+FVk
17214k Vi 8j-FVk

717210k Vi ~FVk
17314k Vi Vj-FVk
174140 Vi /HVj
174741 Vi PVJ
174142 Vi QVj
175040 W™ Vj,z
175041 VM Vj,N
175052 W™ Vj,P
175043 VM Vj,M
17610k vi ,A0,Ak

176100 vi ,A0,1
17704k +A0,Ak Vj

177050 +A0,1 Vi

t Special syntax form
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UNIT
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

DESCRIPTION

Rounded floating-point products
of (Vj) and (Vk) to Vi
2-floating-point products of (Sj)
and (Vk) 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 (VJj) to Vi
Population count parities of (Vj)
to Vi

VM=1 where (Vj)=0

VM=1 where (VJ)#0

VM=l if (Vj) positive; 0 is
positive.

wM=1l if (Vj) negative

Read (VL) words to Vi from

(A0) incremented by (Ak)

Read (VL) words to Vi from (A0)
incremented by 1

Store (VL) words from Vj to (AO)
incremented by (Ak)

Store (VL) words from Vj to (AO)
incremented by 1



6 MBYTE PER SECOND CHANNEL B
DESCRIPTIONS

INTRODUCTION

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 16-bit parcels or 1l6-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-1l. The data bits, parity bits, and each signal in
the sequence are described below.

paTA BITS 20 THROUGH 215

Data bits 20, 21, coey 215 are signals carrying the 16-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

13. Set interrupt and
deactivate channel.

Central Memory Channel External Equipment
1. Activate channel
(set CL and Ca).
2. t - — Data 263 - 248 with Ready
3. Resume —
4, S —— Data 247 - 232 with Ready
5. Resume —_—
6. <«——— | pata 231 - 216 yith Ready
7. Resume —
8. <«——— | pata 215 - 20 yith Ready
9. Write word to memory
and advance
current address.
l10a. Resume —
10b. If (Cca)=(CL),
go to 13.
11. If more data, go to 2.
12. <«——— | Disconnect (ignored if

CA=CL or if channel
not active).

* Step 2 can initially precede step 1; 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.

assignments follow.

HR-0032




Parity bit Data bits

WO
[ V]
-9
1
LY
~

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 +10 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 +10 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

l. Activate channel
(set CL and CA).

2. Read word from

memory and advance
current address.

3. Data 23 - 248
with Ready —_——

4, <«———— | Resume

5. Data 247 - 232
with Ready ——

6. <«——— | Resume

7. Data 231 - 216
with Ready —_—

8. - ——— Resume

9. Data 215 - 20
with Ready ——

10. <«———— | Resume

11. If (CA)#(CL),
go to 2.

12. Disconnect. —

13. Set interrupt and
deactivate channel.

pAaTA BITS 20 THROUGH 215

Data bits 20, 21, ccey 215 are signals carrying a 16-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 v

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:

Parity bit Data bits
()} 20 - 23
1 24 - 27
2 28 - o1l
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 C

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 0015j0. Table

C-1 lists all operations that can be monitored. '

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:

001550 Select performance monitor
073711 Read performance counter into Si
073121 Increment performance counter (maintenance)

All instructions are executed in monitor mode.

SELECTING PERFORMANCE EVENTS

Instruction 001550 selects for monitoring one of the four groups of
hardware related events shown in table C-1 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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Table C-1. Performance counter group descriptions
Monitor Performance Description Increment
Function Counter Per CP
Number of:
0 Instructions issued +1
1 CPs holding issue +1
2 Fetches +1
Jj=0 3 I/0 references +1
4 CPU references +3 max
5 Floating-point add operations +1
6 Floating-point multiply operations +1
7 Floating-point reciprocal operations +1
Hold issue conditions:
0 Semaphores +1
1 Shared registers +1
2 A registers +1
J=1 3 S registers +1
4 V registers +1
5 Vv functional units +1
6 Scalar memory +1
7 Block memory +1
Number of:
0 Fetches +1
1 Scalar references +1
2 Scalar conflicts +1
Jj=2 3 1/0 references +1
4 I/0 conflicts +1
5 Block references +3 max
6 Block conflicts +3 max
7 Vector memory references +3 max
Number of:
0 000 - 017 instuctions +1
1 020 - 137 instructions +1
2 140 - 157, 175 instructions +1
J=3 3 160 - 174 instructions +1
4 176, 177 instructions +1
5 Vector integer operations +3 max
6 Vector floating point operations +3 max
7 Vector memory references +3 max
| Er-0032 Cc-2 A




READING PERFORMANCE RESULTS

Performance counter totals can be read using instruction 073711, 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

0731711 instruction reads the low-order bits of counter 0 into Si and
increments the performance counter pointer. The second 073711
instruction reads the high-order bits of counter 0 into Si and again
increments the pointer. After each 073111 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 073711 instructions):

073111 Low-order bits of counter 0 to S7
2 CP delay
073211 High-order bits of counter 1 to Si
2 CP delay
073111 Low~order bits of counter 1 to S%
2 CP delay
073711 High-order bits of counter 2 to Si
2 CP delay

TESTING PERFORMANCE COUNTERS

Instruction 073721 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 and 6

HR-0032 C-3 A



of the performance counter when instruction 073121 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 073711.

There must be a 1 CP delay between sequential 073721 instructions.

Execution of instruction 073721 loads register Si with all ones as a
side effect of the basic 073 instruction.
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'SECDED MAINTENANCE MONITOR D

INTRODUCTION

Modules involvedeith generating and interpreting the 8-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 S1

001521 Set maintenance write mode 1

001531 Set maintenance write mode 2

073131 Clear all maintenance modes
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 8 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 Check bit
46 0
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 073131 is executed (including fetch, scalar

and vector reads, and I/0 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 1/0.

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 S1 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 S1 through instruction 001511 as shown below:

Diagnostic

Sl bit check bit
56 0
57 1
58 2
59 3
60 4
61 5
62 6
63 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/0 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 073131, 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 073131 instruction, Si is loaded with all
ones.
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INDEX

l1-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/0 interrupts, 2-18
I/0 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 priorities 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/0 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/0 processor (BIOP), 1-9
Buffers, instruction, 3-3

CA register, see Current Address register

Central Memory
access, 2-4
access priorities, 2-7
access time, 2-1
addressing 12-column mainframe, 2-4
addressing, 6-column mainframe, 2-3
banks, 2-1
cycle time, 2-1
error correction, 2-8
I/0 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
1/0 control, 2-22
input/output data paths, 2-23
numbers, 2-24
types, 2-14
Channel Limit register (CL), 2-16
Channels for 1/0, 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



CLN register, see Cluster 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
CPU 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 registers, 4-9
CSB - read address, 3-8
Current Address register (CaA), 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),
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

3-7

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



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 aAdd, 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
1/0 channels, 2-6
I/0 memory
access, 2-21
access priority, 2-7
addressing, 2-25
conflicts, 2-24
lockout, 2-24
request conditions, 2-25
1/0 processors, types of, 1-9
1/0 Subsystem, data transfer, 2-16
IBA register, see Instruction Base Address
register
ICD, see Interrupt Countdown counter
II register, see Interrupt Interval register
ILA register, see Instruction Limit Address
register -
In-buffer condition, 3-4
Inclusive OR function, 4-36
Instruction
descriptions, 5-6
issue, 5-5
summary, A-1
Instruction Base Address register, 3-17
Instruction buffers, 3-3
Instruction fetch
following scalar store, 2-6
request, 2-6
Instruction format
1-parcel with combined j and k fields,
5-2
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Instruction format (continued)
1-Parcel with discrete j and k fields,
5-1
2-parcel with combined %, 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 (ICD), 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/0 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



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-1
Performance monitor, 3-20
instructions, C-1
Physical dimensions of system, 1-3
PN, see Processor number
Power distribution units, 1-14
Processor Number (PN), 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 (S), 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-1
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-1
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



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
register 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/0 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/0O Subsystem, the disk storage units, and the Solid-state
Storage Device are given in the following publications:

HR-0030 I/0 Subsystem Hardware Reference Manual
HR-0630 Mass Storage Subsystem Hardware Reference Manual
HR-0031 solid-state Storage Device (SSD®) Reference Manual

LI111117777777777777777777777777777/7/7777/77777/7//777

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.

LI11177707777777777777777777777777777777777777777/7//7/
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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 (CPUs). 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/0 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/0
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 jk, indicate variable information.
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Table 1-1. CRAY X-MP 4-processor system characteristics

Mainframe with 4 Central Processing Units (CPUs)
- I/0 Subsystem with 2, 3, or 4 I/O Processors
- Optional Solid-state Storage Device (SSD)

Configuration

CPU speed - 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-precision floating-point divisions per
second per CPU

- Simultaneous floating-point addition, multiplication,

" and reciprocal approximation within each CPU

Memory - 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)
- Four 100 Mbyte per second channel pairs for interface
to I/0 Subsystem
- Four 6 Mbyte per second channel pairs

Physical - 64 sq ft floor space for mainframe
- 15 sq £t floor space for I/O Subsystem
- 15 sq £t floor space for SSD
- 5.65 tons, mainframe weight
- 1.5 tons, I/0 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."

HR-0097 1-3




CENTRAL PROCESSING UNITS

Each CPU has independent control and computation sections.

All CPUs 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 computer;
figure 1-3 illustrates the components and control and data paths of each
CPU in the system.

CONTROL SECTION

e Instruction
buffers

e Control
registers

® Exchange
mechanism

e Interrupt

e Programmable
clock

® Status
register

CPU COMMUNICATION
SECTION

e Shared registers

® Semaphore
registers

® Real-time Clock
register

COMPUTATION
SECTION

® Registers

e Functional

COMPUTATION
SECTION

® Register

e Functional

CONTROL SECTION

® Instruction
buffers

e Control
registers

o Exchange
mechanism

e Interrupt

® Programmable
clock

® Status
register

CONTROL SECTION

e Instruction
buffers

e Control
registers

e Exchange
mechanism

e Interrupt

® Programmable
clock

e Status
register

units units
MEMORY SECTION
8 million
64-bit words
COMPUTATION COMPUTATION
SECTION SECTION
® Registers ® Register
® Functional e Functional
units units

CONTROL SECTION

e Instruction
buffers

e Control
registers

® Exchange
mechanism

® Interrupt

e Programmable
clock

1/0 SECTION

e Four 6 Mbyte per second channel pairs
e Two 1250 Mbyte per second channel pairs

Figure 1-2,
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Basic organization of the 4-processor system




INTERFACES

The Cray system is designed for 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 1/0
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. 1Its 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:

e 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 1/0 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. 1I/0 Subsystem chassis

+ 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/0 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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