






















































































































































































































































































































































































































































































































































































































































































CRAY Y-MP C90 System Programmer Reference Manual CPU Instructions

Instructions 0034, 0036, and 0037
Machine
Mode [ Instruction CAL Syntax Description
0034k SMjk 1,TS Test and set semaphore jk, 0 <jk <3149 (j2=0).
0034;k SM,Akx 1,TS | Test and set semaphore (Ak), 0 < (Ak) < 3149 (j2=1).
0036jk SMjk 0 Clear semaphore jk, 0 < jk < 3149 (j2=0).
0036jk SM,Ax 0 Clear semaphore (Ak), 0 < (Ak) < 3149 (j2 = 1).
0037k SMjk 1 Set semaphore jk, 0 < jk <3119 (j2=0).
0037jk SM,Ak 1 Set semaphore (Ak), 0 < (Ak) <3149 (2=1).

Special Cases

Instructions 0034jk, 0036k, and 0037jk perform no operation if CLN = 0.

Hold Issue Conditions
Instruction 0034jk has the following hold issue conditions:

* Ifj2 =1and Ak is reserved (except AO), the instruction holds issue.

®  If the current cluster number = 0, and SMjk is set (j2 = 0) or SM,Ak
is set (j2 = 1), the instruction holds issue until a CPU in the same
cluster clears the semaphore register.

*  This instruction holds issue for 5 CPs and continues to hold issue if
a shared register access conflict occurs with another CPU. Refer to

“Shared Paths Access Priority” in Section 2 for more information.

Instructions 0036jk and 0037jk have the following hold issue conditions:

* Ifj2 =1 and Akis reserved (except AQ), these instructions hold
issue.

*  These instructions hold issue for 3 CPs and continue to hold issue
if a shared paths access conflict occurs with another CPU.
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Execution Time

Description

Instructions 0034 through 0037 each issue in 1 CP.

There are thirty-two 1-bit semaphore (SM) registers, numbered SMO
through SM37g; SMO is the most significant semaphore register.
Instructions 0034jk through 0037jk designate a particular SM register
using either the combined jk fields of the instruction or (Ak). If bit 22 of
the j field = 0, then the combined jk fields select the semaphore register;
if bit 22 of the j field = 1, then the contents of the Ak register select the
semaphore register. The highest SM register that can be selected by the
Jjk fields of the instruction is 37g. A number higher than 37g entered into
the jk fields sets bit 22 of the j field, causing (Ak) to select the semaphore
register.

Instruction 0034k tests and sets the SM register designated either by the
combined jk fields of the instruction or by the contents of Ak. If the
designated SM register is clear, instruction 0034jk issues and sets the SM
register. If the designated SM register is set, the instruction holds issue’
until another CPU clears that SM register; the instruction then issues and
sets the SM register. If all CPUs in a given cluster are holding issue on a
test and set instruction, the deadlock (DL) flag is set in the exchange
package (if not in monitor mode), and an exchange occurs.

While a 0034k instruction is holding in the CIP register, the
waiting-on-semaphore (WS) bit in the status field of the exchange
package is set. If an interrupt occurs, the CIP and NIP registers are
cleared, the P register is set to the address of the 0034k instruction, and
an exchange occurs.

Instruction 0036jk clears the SM register designated by either the
combined jk fields of the instruction or by the contents of Ax.

Instruction 0037jk sets the SM register designated by either the combined
jk fields of the instruction or by the contents of Ak.

Cray Research Proprietary CSM-0500-000



CRAY Y-MP C90 System Programmer Reference Manual CPU Instructions

instruction 004000

Machine
Mode | Instruction CAL Syntax Description
004000 EX Normal exit from the operating system.

Special Cases

There are no special cases.

Hold Issue Conditions

Instruction 004000 holds issue if any A, S, or V register is reserved or if
an instruction fetch is in progress.

Execution Time

Instruction 004000 issues in 1 CP. Following the instruction issue, 62
CPs are required for an exchange sequence (35 CPs) and a fetch
operation (27 CPs). Memory conflicts during the exchange sequence or
fetch operation cause additional delays.

Description

Instruction 004000 is used to call a monitor program from a user
program or to transfer control from a monitor program to another
program. If the FNX mode is set when instruction 004000 issues, the
normal exit (NEX) interrupt flag is set. An exchange sequence begins,
invalidating the contents of the instruction buffers. All instructions
issued before instruction 004000, however, run to completion.
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Instructions 0050 and 0051
Machine
Mode | Instruction CAL Syntax Description
0050jk J Bjk Jump to (Bjk). |
0051,k Jinv Bjk Jump to (Bjk). (Maintenance only: invalidates instruction
buffers.)

Special Cases

Instructions 0050 and 0051 execute as 2-parcel instructions. The parcel
following the single parcel of these instructions is not used; however, a
delay occurs if this second parcel is not in the instruction buffer.

Hold Issue Conditions

Execution Time

7-36

Instruction 0050 and 0051 hold issue for any of the following conditions:
*  Instruction 034 or 035 is in progress.
*  Instruction 025 was issued in the preceding CP.

®  The second parcel of the instruction is in another buffer (a 3-CP
delay occurs).

*  The second parcel of the instruction is not in an instruction buffer
(a 26-CP delay occurs).

Instruction 0051 also holds issue if a fetch is active.

If the instruction parcel and the following parcel are in the same buffer,
and the branch address is in a buffer, the issue time is 8 CPs.

If the instruction parcel and the following parcel are both in a buffer, and

the branch address is not in a buffer, the issue time is 31 CPs. Additional
time is required if a memory conflict exists.
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Description

Instructions 0050 and 0051 set the P register to the 32-bit (24-bit if in
Y-MP mode) parcel address contained in the B register specified by jk,
causing the program to continue at that address. These instructions are
used to exit a subroutine and return to the calling program.

Instruction 0051 also clears the buffer valid bits, invalidating any data
stored in the buffers and forcing a fetch to occur.
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Instruction 006

Machine
Mode | Instruction CAL Syntax Description
B 006ijkm J exp Jump to exp.
A 006000 rnm J exp Jump to exp.
A 0064k nm JTSjk exp Branch to exp if (SMjk) = 1; else set SMjk (j2 = 0).
A 0064jk nm JTS,Ak exp Branch to exp if (SM,(A%)) = 1, else set SM,(Ak)} (j2 =1).

Special Cases

For instruction 006ijkm, the high-order bit of the i-designator (i2) must

be 0.

Hold Issue Conditions

Execution Time

7-38

Instruction 006 holds issue for any of the following conditions:

The second parcel of the instruction is in another buffer (a 3-CP
delay occurs).

The third parcel (of instructions 006000 nm through 0064) is in
another buffer (a 4-CP delay occurs).

The second and/or third parcel of the instruction is not in an
instruction buffer (a 26-CP delay occurs).

Instruction 0064 holds issue for 5 CPs and continues to hold if a shared

paths

access conflict exists with another CPU. Refer to “Shared Paths

Access Priority” in Section 2 for more information.

Instruction 0064jk nm with j2 = 1 holds issue if Ak is reserved.

The issue times for instruction 006 are as follows:

If all parcels of the instruction are in the same buffer, and the
branch address is in a buffer, the issue time is 6 CPs.

Cray Research Proprietary CSM-0500-000




CRAY Y-MP C90 System Programmer Reference Manual CPU Instructions

Description
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®  If all parcels of the instruction are in the same buffer, and the
branch address is not in a buffer, the issue time is 29 CPs.
Additional time is required if a memory conflict exists.

Instruction 006ijkm is a 2-parcel unconditional jump instruction used in
Y-MP mode. It sets the P register to the parcel address specified by the
24 Jow-order bits of the exp (ijkm) field. Program execution continues at
that address.

Instruction 006000 nm is a 3-parcel unconditional jump instruction used
in C90 mode. It sets the P register to the parcel address specified by the
32 low-order bits of the exp (nm) field. Program execution continues at
that address.

Instruction 0064;jk nm is a 3-parcel instruction that causes program
execution to branch to the address specified in parcels 2 and 3 (nm field)
if the semaphore register specified by the jk field is set to 1. If the
selected semaphore register contains a 0, the semaphore register is set to
1, and the next instruction is executed. This instruction performs in this
manner if the contents of its combined jk field range from 0 through 37.

If bit 22 of the j field is set (the combined jk fields contain a number

greater than 37g), the 0064jk nm instruction uses the value contained in
the A register specified by & to select a semaphore register.
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Instruction 007

Machine
Mode | Instruction CAL Syntax Description
B 007ijkm R exp Return jump to exp and set register B0O to (P) + 2.
A 007000 nm R exp ‘ Return jump to exp and set register BOO to (P) + 3.

Speclal Cases

There are no special cases.

Hold issue Conditions

Execution Time

7-40

Instruction 007 holds issue for any of the following conditions:

Instruction 034 or 035 is in progress.
Instruction 025 was issued in the previous 2 CPs.

The second parcel of the instruction is in another buffer (a 3-CP
delay occurs).

The second and/or third parcel of the instruction is not in an
instruction buffer (a 26-CP delay occurs).

3

The issue times for instruction 007 are as follows:

If all parcels of the instruction are in the same buffer, and the
branch address is in a buffer, issue time is 6 CPs.

If all parcels of the instruction are in the same buffer, and the
branch address is not in a buffer, issue time is 29 CPs. Additional
time is needed if a memory conflict exists.
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Description

CSM-0500-000

Instruction 007ijkm is a 2-parcel return jump instruction used in Y-MP
mode. It sets register BOO to the address of the parcel following the
second parcel of the instruction, and sets the P register to the parcel
address specified by the 24 low-order bits of the exp (ijkm) field.
Program execution continues at that address.

Instruction 007000 nm is a 3-parcel return jump instruction used in C90
mode. It sets register BOO to the address of the parcel following the third
parcel of the instruction and sets the P register to the parcel address
specified by the 32 bits of the exp (nm) field. Program execution
continues at that address.

This instruction provides return links for subroutine calls. The
subroutine is entered through a return jump. The subroutine can return to
the caller at the instruction following the call by executing a jump to the
contents of register BOO (005000).
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Instructions 010 through 013
Machine
Mode | Instruction CAL Syntax Description
B | 010ijkm JAZ exp Jump to exp if (A0) =0 (i2 = 0).
A | 010000 mm | JAZ exp Jump to exp if (A0) = 0.
B | O11ijkm JAN exp Jump to exp if (AQ) = 0 (i2 = 0).
A | 011000nm | JAN exp Jump to exp if (AO) = 0.
B 012ijkm JAP exp Jump to exp if (AQ) is positive; (A0) =0 (i2 = 0).
A 012000 nm JAP exp Jump to exp if (AQ) is positive; (A0) = 0.
B | 013ijkm JAM exp Jump to exp if (AO) is negative (2 = 0).
A 013000 nm JAM exp Jump to exp if {AO) is negative.

Special Cases
Special cases for instructions 010 through 013 are as follows:
*  (AQ) = 0is interpreted as (A0) positive.
*  The high-order bit of the i designator (i2) must be 0.
*  Register A0 is 32 bits wide and 23! is the sign bit.

Hold Issue Conditions

Instructions 010 through 013 hold issue for any of the following
conditions:

*  Register A0 is busy in any one of the previous 3 CPs.

*  The second and/or third parcel of the instruction is in another
buffer (a 3-CP delay occurs).

*  The second and/or third parcel of the instruction is not in an
instruction buffer (a 26-CP delay occurs).
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Execution Time

The following issue times are for instructions 010 through 013 if the
branch is taken (if the jump conditions are satisfied):

If all parcels of the instruction are in the same buffer, if the branch
is taken, and if the branch address is in a buffer, the issue time is 6
CPs.

If all parcels of the instruction are in the same buffer, if the branch
is taken, and if the branch address is not in a buffer, the issue time
is 29 CPs.

If the second or third parcel of the instruction is in another buffer, if
the branch is taken, and if the branch address is in a buffer, the
issue time is 9 CPs.

If the second or third parcel of the instruction is in another buffer, if
the branch is taken, and if the branch address is not in a buffer, the
issue time is 32 CPs.

If the second or third parcel of the instruction is not in a buffer, if
the branch is taken, and if the branch address is in a buffer, the
issue time is 32 CPs.

If the second or third parcel of the instruction is not in a buffer, if
the branch is taken, and if the branch address is not in a buffer, the
issue time is 53 CPs.

The following instruction issue times are for instructions 010 through
013 if the branch is not taken (if the jump conditions are not satisfied):

CSM-0500-000

If all parcels of the instruction are in the same buffer, if the branch
is not taken, and if the next instruction is in the same buffer, the
issue time is 2 CPs.

If all parcels of the instruction are in the same buffer, if the branch
is not taken, and if the next instruction is in another buffer, the
issue time is 5 CPs.

If all parcels of the instruction are in the same buffer, if the branch
is not taken, and if the next instruction is not in a buffer, the issue
time is 29 CPs.

If the second or third parcel of the instruction is in another buffer,
and if the branch is not taken, the issue time is 5 CPs.
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Description
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*  If the second or third parcel of the instruction is not in a buffer, and
if the branch is not taken, the issue time is 27 CPs.

NOTE: Memory conflicts may cause a delay whenever a fetch operation
occurs.

In Y-MP mode, the 2-parcel instructions 010 through 013 test the
contents of the A0 register for the condition specified by the 4 field. If
the condition is satisfied, the P register is set to the parcel address
specified by the 24 low-order bits of the exp (ijkm) field, and execution
continues at that address. The high-order bit (i2) of the ijkm field must
be 0. If the condition is not satisfied, execution continues with the
instruction that follows the branch instruction.

In C90 mode, the 3-parcel instructions 010 through 013 test the contents
of the AO register for the condition specified by the 4 field. If the
condition is satisfied, the P register is set to the parcel address specified
by the 32 bits of the exp (nm) field, and execution continues at that
address. If the condition is not satisfied, execution continues with the
instruction that follows the branch instruction.
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Instructions 014 through 017
Machine

Mode | Instruction CAL Syntax Description

B 014ijim JSZ exp Jump to exp if (S0) =0 (i2 = 0).

A | 014000 nm | JSZ exp Jump to exp if (SO) = 0.

B 015ijkm JSN exp Jumptoexpif (SO)= 0 (i2=0).

A 015000 nm JSN exp Jump to exp if (SO) = 0.

B 016ijkm JSP exp Jump to exp if (SO) is positive; (S0) =0 (i2 = 0).
A 016000 nm JSP exp Jump to exp if (SO) is positive; (S0) = 0.

B 017ijkm JSM exp Jump to exp if (S0) is negative (i2 = 0).

A 017000 nm JSM exp Jump to exp if (S0) is negative.

Special Cases
Special cases for instructions 014 through 017 are as follows:
®  (S0) = 0is interpreted as (SO) positive.

*  The high-order bit of the i designator (i2Z) must be 0.

Hold Issue Conditions

Instructions 014 through 017 hold issue for any of the following
conditions:

®  Register SO is busy in any one of the previous 5 CPs.

®  The second and/or third parcel of the instruction is in another
buffer (a 3-CP delay occurs).

*  The second and/or third parcel of the instruction is not in an
instruction buffer (a 26-CP delay occurs).
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Execution Time

The following issue times are for instructions 014 through 017 if the
branch is taken (if the jump conditions are satisfied):

e  If all parcels of the instruction are in the same buffer, if the branch
is taken, and if the branch address is in a buffer, the issue time is 6
CPs.

e If all parcels of the instruction are in the same buffer, if the branch
is taken, and if the branch address is not in a buffer, the issue time
is 29 CPs.

¢  If the second or third parcel of the instruction is in another buffer, if
the branch is taken, and if the branch address is in a buffer, the
issue time is 9 CPs.

*  If the second or third parcel of the instruction is in another buffer, if
the branch is taken, and if the branch address is not in a buffer, the
issue time is 32 CPs.

*  If the second or third parcel of the instruction is not in a buffer, if
the branch is taken, and if the branch address is in a buffer, the
issue time is 32 CPs.

*  If the second or third parcel of the instruction is not in a buffer, if
the branch is taken, and if the branch address is not in a buffer, the
issue time is 53 CPs.

The following issue times are for instructions 014 through 017 if the
branch is not taken (if the jump conditions are not satisfied):

* . If all parcels of the instruction are in the same buffer, if the branch
is not taken, and if the next instruction is in the same buffer, the
issue time is 2 CPs.

e If all parcels of the instruction are in the same buffer, if the branch
is not taken, and if the next instruction is in another buffer, the
issue time is 5 CPs.

e If all parcels of the instruction are in the same buffer, if the branch
is not taken, and if the next instruction is not in a buffer, the issue
time is 29 CPs.

*  If the second or third parcel of the instruction is in another buffer,
and if the branch is not taken, the issue time is 5 CPs.
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Description
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*  If the second or third parcel of the instruction is not in a buffer, and
if the branch is not taken, the issue time is 27 CPs.

NOTE: Memory conflicts may cause a delay whenever a fetch operation
occurs.

In Y-MP mode, the 2-parcel instructions 014 through 017 test the
contents of the SO register for the condition specified by the & field. If
the condition is satisfied, the P register is set to the parcel address
specified by the 24 low-order bits of the exp (ijkm) field, and execution
continues at that address. The high-order bit (i2) of the ijkm field must
be 0. If the condition is not satisfied, execution continues with the
instruction that follows the branch instruction.

In C90 mode, the 3-parcel instructions 014 through 017 test the contents
of the SO register for the condition specified by the & field. If the
condition is satisfied, the P register is set to the parcel address specified
by the 32 bits of the exp (nm) field, and execution continues at that
address. If the condition is not satisfied, execution continues with the
instruction that follows the branch instruction.
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Instructions 020 through 022
Machine
Mode | Instruction CAL Syntax Description
020:00 nm Ai exp Transmit exp (nm) to Ai.
02100 nm Ai exp Transmit one's complement of exp (rum) to Ai.
022ijk Al exp Transmit exp (jk) to Ai.

Special Cases

There are no special cases.

Hold Issue Conditions

Instructions 020 through 022 hold issue for any of the following
conditions:

*  The Airegister is reserved.

®  The second and/or third parcel of the instruction is not in an
instruction buffer (a 26-CP delay occurs).

*  An A register access conflict exists; therefore, one of the following
is true:

Instruction 030 or 031 is in CP 1.

Instruction 026 or 027, with k=0or 1, is in CP 5.
Instruction 026, with k = 4 through 7, is in CP 7.
Instruction 033 is in CP 18.

Execution Time

The following instruction issue times apply to instructions 020 through
022:

® Register Aiisready in1 CP.
*  For instructions 020 and 021, issue time is 2 CPs.

*  For instruction 022, issue time is 1 CP.
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*  If parcel O is in a different buffer than parcels 1 and 2, issue time is
5 CPs.

*  If parcel 2 is in a different buffer than parcels 0 and 1, issue time is
6 CPs.

Instructions 020 through 022 transmit a value determined by exp into the
Al register. The syntax of these instructions differs from most CAL
symbolic instructions in that the assembler generates one of these three
Cray Research machine instructions depending on the form, value, and
attributes of the exp.

The assembler generates instruction 022ijk if all of the following
conditions are true, and if the jk fields contain the 6-bit value of exp.

®*  The value of the expression is positive and less than 100g.
*  All symbols (if any) within the expression are previously defined.
*  The expression has an absolute relative attribute. :

If any of the previous three conditions is not true, the assembler
generates one of the 3-parcel instructions 02000 nm or 021i00 nm
according to the criteria listed below. The nm fields contain the 32-bit
value of exp.

*  If the exp value is positive and greater than 77 or has either a
relocatable or external relative attribute, instruction 020i00 nm is
generated.

*  If the exp value is negative (not explicitly —1) and has an absolute
relative attribute, instruction 02100 nm is generated, with the one’s
complement of exp entered into the nm field. If the value of exp is
explicitly -1, instruction 03100 is generated.
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Instruction 023

Machine
Mode | Instruction CAL Syntax Description
02350 Ai Sj Transmit (Sj) to Ai.
02301 Ai VL Transmit (VL) to Ai

Special Cases

For instruction 023ij0, if j = O then a value of 0 is transmitted to Ai.

For instruction 023i01, two special cases occur:

In C90 mode, if the 7 low-order bits of the VL register are 0, bit 27
in the VL register is set to 1. If any of the 7 low-order bits of the
VL register are not 0, bit 27 is forced to 0.

In Y-MP mode, if the 6 low-order bits of the VL register are 0, bit
26 in the VL register is set to 1. If any of the 6 low-order bits of the
VL register are not 0, bit 26 is forced to 0.

The following examples illustrate the special case for C90 mode.

Hold Issue Conditions

In C90 mode, if (A1) = 0, the following CAL sequence results in
(A2) = 2003,

VL Al
A2 VL

In C90 mode, if (A1) = 723g, the above CAL sequence results in
(A2) = 1234,

Instruction 023 holds issue for any of the following conditions:

7-50

The Ai register is reserved.

An A register access conflict exists; therefore, one of the following
is true:

*  Instruction 030 or 031 is in CP1.
*  Instruction 026 or 027, with k=0 or 1,is in CP 5.
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Execution Time

Description
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¢  Instruction 026, with £ = 4 through 7, is in CP 7.
e  Instruction 033 is in CP 18.

*  Instruction 0020xx was issued in the preceding CP.

Instruction 0230 holds issue if the Sj register is reserved (except SO).

Instruction 023 issues in 1 CP.
For instruction 023ij0, the Ai register is ready in 3 CPs.

For instruction 02301, the Ai register is ready in 1 CP.

Instruction 02340 transmits the 32 low-order bits of the contents of the Sj
register to the Ai register. The high-order bits of the Sj register are
ignored. Register Ai receives the value of 0 if the j designator is 0.

Instruction 023i01 transmits the contents of the VL register to the Ai
register.
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Instructions 024 and 025

Machine
Mode | Instruction CAL Syntax Description
024ijk Ai Bjk Transmit (Bjk) to Ai.
025ijk Bjk Ai Transmit (Ai) to Bjk.

Special Cases

There are no special cases.

Hold Issue Conditions

Execution Time

Description

7-52

Instructions 024 and 025 hold issue for any of the following conditions:

Instruction 034 or 035 is in progress.
Register Ai is reserved.

Instruction 024 holds issue if instruction 025 was issued in the preceding
CP, or if an A register access conflict exists; therefore, one of the
following is true:

Instruction 030 or 031 is in CP1.

Instruction 026 or 027, with k=0 or 1, is in CP 5.
Instruction 026, with k = 4 through 7, is in CP 7.
Instruction 033 is in CP 18.

Instructions 024 and 025 issue in 1 CP.

For instruction 024, the Ai register is ready in 1 CP.

Instruction 024ijk transmits the contents of the B register specified by jk

to the

Ai register.

Instruction 025ijk transmits the contents of the Ai register to the B
register specified by jk.
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Instruction 026

Machine
Mode | Instruction CAL Syntax Description
0260 Ai PSj Transmit the population count of (Sj) to Ai.
026ij1 Ai QSj Transmit the population count parity of (Sj) to Ai.
026ij4 Ai SB,Aj,+1 Transmit (SB) designated by (Aj) to Ai, and increment
(SB,Aj) by 1.
026ij5 Ai SBj,+1 Transmit (SBj) to Ai, and increment (SBj) by 1.
026ij6 Ai SB,Aj Transmit (SB) designated by (Aj) to Ai.
026i7 Ai SBj Transmit (SBj) to Ai.

Special Cases

For instructions 0260 and 026ij1, if j = 0, then (Ai) = 0.

For instructions 026ij4 through 026ij7, if the CLN = 0, then (Ai) = 0.

For instructions 02614 and 026j6, if j = 0, then (SBO) is transmitted to

Ai.

Hold Issue Conditions

CSM-0500-000

Instruction 026 holds issue if the Ai register is reserved.

Instructions 026ij0 and 026ij1 hold issue if the Sj register is reserved
(except SO) or if there is an A register access conflict; therefore, one of
the following is true: '

®  One of the instructions from 026ij4 through 026ij7 is in CP 2.
*  Instruction 033 is in CP 13.

Instructions 026ij4 through 026ij7 hold issue for 3 CPs and continue to
hold if a shared paths access conflict occurs with another CPU. Refer to
“Shared Paths Access Priority” in Section 2 for more information.

Instructions 026ij4 and 026ij6 hold issue if the Aj register is reserved.
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Execution Time

Description
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Instruction 026 issues in 1 CP.
For instructions 026ij0 and 026ij1, the Ai register is ready in 6 CPs.

For instructions 026ij4 through 026ij7, the Ai register is ready in 8 CPs.

Instructions 026ij0 and 026ij1 are executed in the population/leading
zero count functional unit.

Instruction 026ij0 counts the number of 1 bits in the (Sj) register and
enters the result into the 7 low-order bits of the Ai register. The
high-order bits of the Ai register are cleared. If the Sj register equals 0,
then the value in the A register is cleared to 0.

Instruction 026ij1 enters a 0 into the Ai register if the (Sj) register has an
even number of 1 bits. If the (Sj) register has an odd number of 1 bits, a
1 is entered into the Ai register. The high-order bits of the Ai register are
cleared. The actual population count is not transferred.

Instruction 026ij4 reads from Aj the address of a specific SB register. It
transmits the contents of that SB register to Ai, and then increments the
contents of that SB register by 1. The Aj register must be set to a value
corresponding to the number of the desired SB register before instruction
026ij4 is issued.

Instruction 026ij5 transmits the contents of the SBj register to Ai, and
then increments the contents of that SB register by 1.

Instruction 026ij6 reads from Aj the address of a specific SB register. It
transmits the contents of that SB register to Ai. No incrementing occurs.
The Aj register must be set to a value corresponding to the number of the
desired SB register before instruction 026ij6 is issued.

Instruction 0267 transmits the contents of the SBj register to the Ai
register. No incrementing occurs.
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CPU Instructions

instruction 027

Machine
Mode | Instruction CAL Syntax Description
0270 Ai ZSj Transmit leading zero count of (Sj) to Ai.
027ij6 SB,Aj Ai Transmit (Ai) to SB designated by (Aj).
027ij7 SBj Ai Transmit (Ai) to SBj.

Special Cases

Hold Issue Conditions

Execution Time

CSM-0500-000

For instruction 0270, there are two special cases:

* Ifj=0, the Ai register receives the value 64.
* If Sjis negative, the Ai register is cleared to 0.

For instruction 027ij6, if j = 0, (Ai) is transmitted to SBO.

For instructions 027ij6 and 027ij7, if CLN = 0, the instructions perform
no operation.

Instruction 027 holds issue if the Ai register is reserved.

Instruction 0270 holds issue if the Sj register is reserved (except SO) or
if an A register access conflict occurs; therefore, one of the following is
true:

®  One of the instructions from 026ij4 through 026ij7 is in CP 2.
* Instruction 033 is in CP 13.

Instructions 027ij6 and 027ij7 hold issue for 3 CPs and continue to hold
if a shared paths access conflict occurs with another CPU. Refer to
“Shared Paths Access Priority” in Section 2 for more information.

Instruction 027ij6 holds issue if the Aj register is reserved.

Instruction 027 issues in 1 CP.

For instruction 027ij0, the Ai register is ready in 6 CPs.
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For instructions 027ij6 and 027ij7, the SBj register is ready in 1 CP.

Description

Instruction 0270 counts the number of leading 0’s in the Sj register and
enters the result into the 7 low-order bits of the Ai register. All bits
above bit 28 in the Ai register are cleared. The Al register is set to 64 if
the j designator is O or if the contents of the Sj register are 0. Instruction
027ij0 executes in the population/leading zero count functional unit.

Instruction 027ij6 transmits the contents of the Ai register to the SB
register designated by the contents of Aj.

Instruction 027ij7 transmits the contents of the Ai register to the SBj
register.
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Instructions 030 and 031
Machine
Mode | Instruction CAL Syntax Description
030ijk Ai Aj+ Ak Transmit the integer sum of (Aj) and (A%) to Ai.
030i0k Ai Ak § | Transmit (Ak) to Ai.
03050 Ai Aj+1 § | Transmit the integer sum of (Aj) and 1 to Ai.
031ijk Ai Aj— Ak Transmit the integer difference of (Aj) and (Ak) to Ai.
031:00 A -1 § | Transmit—1 to Ai.
031i0k Al —Ak  § | Transmit the negative of (Ak) to Ai.
03140 Ai Aj -1 § | Transmit the integer difference of (Aj) and 1 to Ai.

Special Cases
The special cases for instruction 030 are as follows:
* Ifj=0and k= 0, then (Ai) = (Ak).
* Ij=0andk=0,then (A =1.
® Ifjw0andk=0,then (Ai)=(Aj) +1.
The special cases for instruction 031 are as follows:
* Ifj=0and k=0, then (Ai) = —(Ak).
* Ifj=0andk=0,then (A =-1.
* Ifjw0andk=0, then (Ai) = (Aj)-1.
Hold Issue Conditions
Instructions 030 and 031 hold issue for any of the following conditions:
*  The Ai register is reserved.

*  The Aj or Ak register is reserved (except A0).

*  An A register access conflict occurs; therefore, one of the
following is true:

*  Instruction 02640, 026ij1, or 02750 is in CP 4.

*  One of the instructions from 026ij4 through 026ij7 is in CP 6.
* Instruction 033 is in CP 17.
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Execution Time
Instructions 030 and 031 issue in 1 CP.

The Ai register is ready in 2 CPs.

Description

Instructions 030 and 031 execute in the address add functional unit.
Overflow is not detected by either instruction.

Instruction 030 forms the integer sum of the contents of the Aj and Ak
registers and enters the result into the Ai register.

Instruction 031 forms the integer difference of the contents of the Aj and

Ak registers and enters the result into the Al register. Instruction 03100
is generated in place of instruction 020 if the operand is explicitly —1.
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Instruction 032

Machine
Mode | Instruction CAL Syntax Description
032ijk Ai Aj* Ak Transmit the integer product of (Aj) and (Ak) to Ai.

Special Cases

Hold Issue Conditions

Execution Time

Description

CSM-0500-000

The two special cases for instruction 032 are as follows:

e Ifj=0,then (A =0.
* Ifj=0and k=0, then (Ai) = (A)).

Instruction 032 holds issue if the Ai register is reserved or if either the Aj
or the Ak (except AQ) register is reserved.

Instruction 032 issues in 1 CP.

The Ai register is ready in 4 CPs.

Instruction 032 forms the integer product of the contents of the Aj and
Ak registers and enters the 32 low-order bits of the result into the Ai
register. Instruction 032 executes in the address multiply functional unit
with no overflow detected.
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instruction 033

Machine :
Mode | Instruction CAL Syntax Description
033:00 Ai Cl Transmit to Ai the channel number of the highest priority
channel requesting an interrupt.
- 033ij0 Ai CAAj Transmit the current address of channel (Aj) to Ai (j = 0).
033ij1 Ai CEAj Transmit channel status word for channel (Aj) to Ai (j = 0).

Special Cases

The special cases for instruction 033 are as follows:

Hold Issue Conditions

Execution Time

7-60

If the program is not in monitor mode and IMI mode is set, this
instruction causes an exchange.

If j = 0, then (Ai) = the channel number of the highest priority
channel causing an interrupt.

Valid LOSP channel numbers for instructions 633:]0 and 033ij1 are
3g, 78, 133, 178, 233, 278, 338, and 37;.

If j » 0 and k = 0, then (Ai) = current address of channel (A)).
If j » 0 and & = 1, then (Ai) = I/O error flag of channel (Aj).

After instruction 0012;0 issues, 1 CP must elapse before the correct
channel number of the interrupting channel can be read by
instruction 033:00.

Instruction 033 holds issue if the Ai or Aj (except AOQ) register is
reserved.

Instruction 033 holds issue for 3 CPs and continues to hold issue if a
shared register access conflict occurs with another CPU. Refer to
“Shared Paths Access Priority” in Section 2 for more information.

Instruction 033 issues in 1 CP.
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Description
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The Ai register is ready in 19 CPs.

Instruction 033 enters channel status information into the Ai register.
The j and k designators and the contents of register Aj determine the
information transmitted. Instruction 033 does not interfere with normal
channel operation and is not restricted to monitor mode.

Instruction 033i00 enters the channel number of the highest priority
channel causing an interrupt into the Ai register.

Instruction 033ij0 reads from Aj the address of a specific channel. It
then transmits the contents of the CA register for that channel to the Ai
register. The Aj register must be set to a value corresponding to the
number of the desired channel before instruction 03330 is issued.

Instruction 033ij1 reads from Aj the address of a specific channel. It
then transmits a 32-bit channel status word from that channel to the Ai
register. Bit assignments for the status word are listed in Table 7-3. The
Aj register must be set to a value corresponding to the number of the
desired channel before instruction 033ij1 is issued.

Table 7-3. Channel Status Word
Bit Position Description
20 228 Block length (BL) register bits 20 — 217,

224 _225 Not used (forced to 0).
2% Channel transfer in progress.
227 Block length error.
228 Uncorrectable (double-bit) error in SSD.
229 Uncorrectable (double-bit) error in mainframe.
2% Fatal error.
281 Complement of done flag.

Bit 23! of the status word is the complement of the done flag.
Incorporating the complement into the hardware allows software to test
for the done condition by using a jump on positive instruction (012).
This test works because 23! = 0 (a positive number) means the data
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transmission is done, and 23! = 1 (denoting a negative number) means the
data transmission is not done. Software can also test for error conditions
by using a jump on nonzero instruction (011) since all bits of the status
word are 0 if the channel is done and no errors have occurred. Testing
for either condition can be done without manipulating the status word.

Once the internal channel error flag is set, it can only be cleared in
monitor mode by instruction 0012.
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Instructions 034 through 037
Machine
Mode | Instruction CAL Syntax Description

034ijk Bjk,Ai ,AO Read (Ai) words from memory starting at address (AQ) +
(DBA) to B registers starting at register jk.

034ijk Bjk,Ai 0,A0 § [ Read (Ai) words from memory starting at address (A0) +
(DBA\) to B registers starting at register jk.

035ijk ,AOQ Bjk,Ai Wirite (Ai) words from B registers starting at register jk to
memory starting at address (AO) + (DBA).

035ijk 0,A0 Bjk,Ai § | Write (Ai) words from B registers starting at register jk to
memory starting at address (A0) + (DBA).

036ijk Tjk,Ai ,AO -Read (Ai) words from memory starting at address (AQ) +
(DBA) to T registers starting at register jk.

036ijk Tjk,Ai 0,A0 § | Read (Ai) words from memory starting at address (AQ) +
(DBA) to T registers starting at register jk.

037ijk A0 Tjk,Ai Wirite (Ai) words from T registers starting at register jk to
memory starting at address (AQ) + (DBA).

037ijk 0,A0 Tjk,Ai § | Write (Ai) words from T registers starting at register jk to
memory starting at address (AO) + (DBA).

Special Cases

There are three special cases, which are determined by the value stored in
the Ai register:

*  If (AP register =0, no words are transferred.

*  If (Ai) register is greater than 100g and less than 200g, a
wrap-around condition occurs, in which some B or T registers are
either read out twice or are overwritten with new memory data.

*  If (Ai) register is greater than 177, bits 27 through 2% are
truncated, and the block length is equal to the value stored in bits
20 through 26.

Only bits 2° through 2% of the A0 register are used in memory address

calculations. Refer to “Absolute Memory Address Calculating” in
Section 2 for additional information.
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Hold Issue Conditions

7-64

Instructions 034 through 037 hold issue for any of the following
conditions:

*  Either the A0 or the Ai register is reserved.
*  Ascalar reference is in CP 1 through CP S.
®  The status register is busy.

Instruction 034 holds issue for any of the following conditions:
*  Instruction 035 is in progress.
®  Port A is busy.

®  Port Cis busy and bidirectional memory (BDM) mode is not
enabled.

Instruction 035 holds issue for any of the following conditions:
*  Instruction 034 is in progress.
*  Port Cis busy.

*  Port A or port B is busy and bidirectional memory (BDM) mode is
not enabled.

Instruction 036 holds issue for any of the following conditions:
®  Instruction 075 was issued in the preceding CP.
*  Instruction 037 is in progress.
®  Port B is busy.

®  Port Cis busy and bidirectional memory (BDM) mode is not
enabled.

Instruction 037 holds issue for any of the following conditions:
®  Instruction 075 was issued in the preceding CP.
*  Instruction 036 is in progresks.
®  Port Cis busy.

*  Port A or port B is busy and bidirectional memory (BDM) mode is
not enabled.
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Execution Time

Description

CSM-0500-000

Instructions 034 through 037 each issue in 1 CP.

The following conditions apply to instruction 034 and 036:

* If (Ai) O, the B or T registers are reserved for (Ai)/2 +26 CPs.
*  If (Ai) =0, the B or T registers are reserved for 9 CPs.

* If (Ai) = 0, port A or B is busy for (Ai)/2 + 6 CPs.

* If(A) =0, port A or B is busy for 5 CPs.

The following conditions apply to instruction 035 and 037:

* If (Ai) =0, the B or T registers are reserved for (Ai)/2 +8 CPs.
e If (Ai) =0, the B or T registers are reserved for 7 CPs.

* If (Ai) =0, port C is busy for (Ai)/2 + 6 CPs.

* If(Ai) =0, port Cis busy for 5 CPs.

Instructions 034 through 037 perform block transfers between central
memory and the B or T registers. Instruction 034ijk transfers words from
central memory directly into the B registers. Instruction 035ijk stores
words from B registers directly into central memory. Instruction 036ijk -
transfers words from central memory directly into T registers.

Instruction 037ijk stores words from T registers directly into central
memory.

Instructions 034 through 037 process the B and T registers in circular
fashion. The first register involved in the transfer is specified by the jk
fields. The 7 low-order bits of the Ai register specify the number of
words transmitted. Successive word transfers involve successive B or T
registers until B77 or T77 is reached. Register BOO is processed after
B77 and register TOO is processed after T77 if the count in the contents
of the Ai register is not exhausted.

The first memory location referenced by the transfer instruction is
specified by the contents of register AO. The contents of register AQ are
not altered by execution of the instruction. The memory address
referenced is incremented by 1 after each word is transferred.

For transfers of B register data to central memory, each 32-bit value is
right justified in the memory location, and the 32 high-order bits are
cleared. In a transfer from memory to the B registers, only the 32
low-order bits are transmitted; the high-order bits are ignored.
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If the contents of the Ai register equal 0, no words are transferred. If i =
0, the contents of register A0 are used for both the block length and the
starting memory address. The CAL assembler issues a warning message
when i =0.

NOTE: Instruction 034 uses port A, instruction 036 uses port B, and
instructions 035 and 037 use port C for block transfers.
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Instructions 040 and 041
Machine
Mode | Instruction CAL Syntax Description
040i00 nm Si exp Transmit nm to Si, bits 20 — 231 (bits 232 — 263 are set to 0).
040i20 nm Si Siexp Transmit nm to Si, bits 20 — 231 (bits 232 — 263 unchanged).
040i40 nm Si exp:Si Transmit nm to Si, bits 232 — 263 (pits 20 — 231 unchanged).
041i00 nm Si exp Transmit one’s compliement of nm to Si.

Special Cases

There are no special cases.

Hold Issue Conditions
Instructions 040 and 041 hold issue for any of the following conditions:
®  The Si register is reserved.

*  An S register access conflict exists; therefore, one of the following
is true:

e Instruction 071 is in CP 1.

*  One of the instructions from 052 through 055 or instruction
060 or 061 is in CP 2.

*  Instruction 056 or 057 is in CP 3.

*  The second and third parcels of the instruction are in another buffer
(a 3-CP delay occurs).

®  The third parcel of the instruction is in another buffer (a 4-CP delay
occurs).

¢  The second and/or third parcel of the instruction is not in a buffer
(a 26-CP delay occurs).

CSM-0500-000 Cray Research Proprietary 7-67



CPU Instructions CRAY Y-MP C90 System Programmer Reference Manual

Execution Time

The issue times for instructions 040 and 041 are as follows:
*  If both parcels are in the same buffer, the issue time is 2 CPs.

®  If parcel 0 is in a different buffer than parcels 1 and 2, the issue
time is 5 CPs.

¢  If parcels 0 and 1 are in a different buffer than parcel 2, the issue
time is 6 CPs.

The Si register is ready in 1 CP.

Description

These 3-parcel instructions transmit a value to the Si register. The
assembler generates either an 040i00 nm or an 04100 nm instruction,
depending on the value and attributes of the exp (nm) field.

If the expression has a positive value or either a relocatable or external
relative attribute, the assembler generates instruction 040i00 nm.

If the expression has a negative value and an absolute relative attribute,
the assembler generates instruction 041i00 nm.

Instruction 040i20 nm transmits the exp contained in the combined nm
fields of the instruction to bit positions 20 through 23! of the Si register.
Bits 232 through 293 of the Si register are unchanged by this instruction.

Instruction 040i40 nm transmits the exp contained in the combined nm

fields of the instruction to bit positions 232 through 263 of the Si register.
Bits 20 through 231 of the Si register are unchanged by this instruction.
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instructions 042 and 043

Machine
Mode | Instruction CAL Syntax Description

042ijk Si <exp Form ones mask in Si exp bits from the right; the jk field
contains the value 100g — exp.

042ijk Si #>exp § | Form zeroes mask in Si exp bits from the left; the jk field
contains the value exp.

042i77 Si 1 § | Transmit 1 to the Si register.

042i00 Si -1 § | Transmit —1 to the Si register.

043ijk Si >exp Form ones mask in Si exp bits from the left; the jk field
contains the value exp.

043ijk Si #<exp § | Form zeroes mask in Si exp bits from the right; the jk field
contains the value 100g — exp.

043i00 Si 0 § | Clear the Si register.

Special Cases

There are no special cases.

Hold Issue Conditions

CSM-0500-000

Instructions 042 and 043 hold issue for any of the following conditions:

®  The Siregister is reserved.

*  An S register access conflict exists; therefore, one of the following
is true:

Instruction 071 isin CP 1.

One of the instructions from 052 through 055 or instruction
060 or 061 is in CP 2.

Instruction 056 or 057 is in CP 3.
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Execution Time

Description

7-70

Instructions 042 and 043 issue in 1 CP.

The Si register is ready in 1 CP.

Instructions 042 and 043 execute in the scalar logical functional unit.

Instruction 042 generates a mask of 1003~ jk 1’s from right to left in the
Si register. For example, if jk = 0, the Si register contains all 1 bits
(integer value = 1), and if jk = 77, the Si register contains 0’s in all but
the low-order bit (integer value = 1).

Instruction 043 generates a mask of jk 1°s from left to right in the Si
register. For example, if jk = 0, the Si register contains all 0 bits (integer
value = 0) and if jk = 77s, the Si register contains 1’s in all bits except
the low-order bit (integer value = -2).
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Instructions 044 through 051

Machine
Mode | Instruction CAL Syntax Description

044ijk Si Sj&Sk Transmit the logical product of (Sj) and (Sk) to Si.

044ij0 Si Sj&SB  § | Transmit the sign bit (bit 253) of (Sj) to Si.

044ij0 Si SB&Sj § | Transmit the sign bit (bit 283) of (Sj) to Si (j = 0).

045ijk Si #Sk&Sj Transmit the logical product of (Sj) and the complement of
(Sk) to Si.

045ij0 Si #SB&S;j § | Transmit (Sj) with sign bit cleared to Si.

046ijk Si Sj\Sk Transmit the exclusive OR of (Sj) and (Sk) to Si.

046ij0 Si Sj\SB § | Toggle the sign bit of (Sj), and transmit the result to Si.

046ij0 Si SB\Sj § '(l)‘;)ggle the sign bit of (Sj), and transmit the result to Si (j =

047ijk Si #Sj\Sk Transmit the logical equivalence of (Sj) and (Sk) to Si.

047i0k Si #Sk § | Transmit the one’s complement of (Sk) to Si.

047ij0 Si #Sj\SB  § | Transmit the logical equivalence of (Sj) and the sign bit to Si.

047ij0 Si #SB\Sj  § | Transmit the logical equivalence of (Sj) and the sign bit to Si
(j =0).

047i00 Si #SB § | Transmit the one’'s complement of the sign bit to Si.

050ijk Si SjISi&Sk Transmit the logical product of (Si) and (Sk) complement
ORed with the logical product of (Sj) and (Sk) to Si; merge
(Si) and (Sj) into Si using (Sk) as the mask.

050ij0 Si SjISi&SB § 'g(ansmit the scalar merge of (Si) and the sign bit of (Sj) to

l.

051ijk Si SjlSk Transmit the logical sum of (Sj) and (Sk) to Si.

051i0k Si Sk § | Transmit (Sk) to Si.

05150 Si SjISB § | Transmit the logical sum of (Sj) and the sign bit to Si.

051ij0 Si SBISj § | Transmit the logical sum of (Sj) and the sign bitto Si (j = 0).

051i00 Si SB § (| Transmit the sign bit to Si.
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Special Cases

Hold Issue Conditions

Execution Time

Description

7-72

The following special cases apply to instructions 044 through 051: -

* Ifj=0,then(S))=0.
* Ifk=0, then (Sk) has all bits cleared to 0 except bit 263,

Instructions 044 through 051 hold issue for any of the following
conditions:

*  The Siregister is reserved.
*  The Sj or Sk register is reserved (except S0).

Instructions 044 through 051 issue in 1 CP.

The Si register is ready in 1 CP.

Instructions 044 through 051 execute in the scalar logical functional unit.

Instruction 044 forms the logical product (AND) of the contents of the Sj
and Sk registers and enters the results into the Si register. Bits of the Si

register are set to 1 when corresponding bits of the values stored in the Sj
and Sk registers are 1, as shown in the following example: ‘

I (S) =1100
And (SK) =1010
Then (Si) = 1000

The contents of the Sj register are transmitted to the Si register if thej
and k& designators have the same nonzero value. The Si register is cleared
if the j designator is 0. The sign bit of the contents of the Sj register is
transmitted to the Si register if the j designator is nonzero and the &
designator is 0. The two spécial CAL forms of instruction 044ij0

perform the same function. In the second CAL form, however, j must

not equal 0, which causes an assembly error.

Instruction 045 forms the logical product (AND) of the Sj register

contents and the complement of the Sk register contents and enters the
results into the Si register. Bits of the Si register are set to 1 when
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corresponding bits of the values stored in the Sj register and the
complement of the Sk register are 1, as shown in the following example,
where (Sk)’ = complement of the Sk register contents:

If (Sk)=1010,
And (Sj) =1100

(Sky=0101
Then (Si) =0100

Si is cleared if the j and k designators have the same value or if the j
designator is 0. The contents of the Sj register with the sign bit cleared
are transmitted to the Si register if the j designator is nonzero and if the &
designator is 0. The special CAL form of instruction 0450 also
performs this function.

Instruction 046 forms the exclusive OR of the contents of the Sj and Sk
registers and enters the results into the Si register. Bits of the Si register
are set to 1 when corresponding bits of the Sj register and the Sk register
are different, as shown in the following example:

¥ (S) =1100
And (SK) =1010
Then (Si) =0110

Si is cleared if the j and k designators have the same nonzero value. The
Sk register contents are transmitted to the Si register if the j designator is
0 and the k designator is nonzero. The sign bit of the Sj register contents
is complemented, and the result is transmitted to the Si register if the j
designator is nonzero and the k designator is 0. The two special CAL
forms of instruction 0460 also perform the same function. In the

second CAL form, however, j must not equal 0, which causes an
assembly error.

NOTE: Although the \ symbol is used in mathematical logic to denote
the logical difference, it is used in CAL to denote the exclusive
OR (XOR) operation.

Instruction 047 forms the logical equivalence of the contents of the Sj
and Sk registers and enters the results into the Si register. Bits of the Si
register are set to 1 when corresponding bits of the Sj register and the Sk
register are the same, as shown in the following example:

I (S) =1100
And (SK) =1010
Then (Si) =71001

Siis set to all 1’s if the j and k designators have the same nonzero value.
The one’s complement of the Sk register contents is transmitted to the Si
register if the j designator is 0 and the k designator is nonzero (the same

as instruction 047i0k).
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7-74

The special CAL form of instruction 047i0k performs this same function.
All bits except the sign bit of the Sj register contents are complemented
and the result is transmitted to the Si register if the j designator is
nonzero and the k designator is 0. The result is the same as the one’s
complement of the result generated by instruction 046ij0. The two
special CAL forms of instruction 047j0 also perform the same function.
In the second CAL form, however, j must not equal 0, which causes an
assembly error.

Instruction 050 merges the contents of the Si and Sj registers according
to the bit locations of the ones mask stored in Sk; the result is entered
into the Si register. The bits of the resultant Si register equal the bits of
the initial Si register when the corresponding bits of the Sk mask are 0,
and the bits of the resultant Si register equal the bits of the Sj register
when the corresponding bits of the Sk mask are 1. The operation,
defined by the Boolean equation (Si) = (Sj)(Sk) + (Si) (Sk)’, is shown in
the following example:

K(Sk)=11110000,

(Sk’=00001111
And (S =11001100
And (Sj) =10101010
Then (Si) =10101100

If the j designator is O and the k designator is nonzero, bits of the Si
register are cleared when the corresponding bits of the Sk register are 1.
If the j designator is nonzero and the & designator is 0, the sign bit of the
Sj register contents replaces the sign bit of the Si register. The special
CAL form of instruction 050ij0 performs this same function. The sign
bit of the Si register is cleared if the j and k designators are both 0.

Instruction 051 forms the logical sum (inclusive OR) of the contents of
the Sj and Sk registers and enters the result into the Si register. Bits of
the Si register are set when one of the corresponding bits of either the Sj
or Sk register or both is set, as in the following example:

¥ (S) =1100
And (Sk) =1010
Then (Si) =1110

The contents of the Sj register are transmitted to the Si register if the j
and k designators have the same nonzero value. The Sk register contents
are transmitted to the Si register if the j designator is O and the &
designator is nonzero. The Sj register contents, with the sign bit set to 1,
are transmitted to the Si register if the j designator is nonzero and the &
designator is 0. The two special CAL forms of instruction 051ij0 also
perform the same function. In the second CAL form, however, j must
not equal 0, which causes an assembly error.
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A ones mask consisting of only the sign bit is entered into the Si register
if the j and k designators are both 0. The special CAL form of instruction
051i00 performs this same function.

NOTE: For instructions 044 through 051, the abbreviation SB
designates the sign bit, not a shared address register.
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Instructions 052 through 055

Machine
Mode | Instruction CAL Syntax Description
052ijk SO Si<exp Shift (Si) left exp places to S0; exp = jk.
053ijk SO Si>exp Shift (Si) right exp places to SO; exp = 100g — jk.
054ijk Si Si<exp Shift (Si) left exp places to Si; exp = jk.
055ijk Si Si>exp Shift (Si) right exp places to Si; exp = 100g — jk.

Special Cases

Hold Issue Conditions

Execution Time

Description

7-76

There are no special cases.

Instructions 052 through 055 hold issue if the Si register is reserved.

Instructions 052 and 053 also hold issue if the SO register is reserved.

Instructions 052 through 055 issue in 1 CP.
For instructions 052 and 053, the SO register is ready in 3 CPs.

For instructions 054 and 055, the Si register is ready in 3 CPs.

Instructions 052 through 055 execute in the scalar shift functional unit.
The instructions cause values in an S register to be shifted by an amount
specified by exp (jk field). All shifts are end-off with zero fill, meaning
that data that is shifted out of a register, either to the right or the left, is
lost, and that the trailing edge of the data is replaced in the register with
Zeroes.

Instruction 052 shifts the Si register contents left jk places and enters the
result into the SO register; the shift range is 0 through 63, left. If the shift
count is 64, instruction 053000 is generated and the SO register is
cleared. '
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Instruction 053 shifts the Si register contents right 100g — jk places and
enters the result into the SO register; the shift range is 1 through 100g,
right. If the shift count is 0, instruction 052000 is generated and the
contents of the SO register are not altered.

Instruction 054 shifts the Si register contents left jk places and enters the
result into the Si register; the shift range is 0 through 77g, left. If the shift
count is 100g, instruction 055i00 is generated and the Si register is
cleared.

Instruction 055 shifts the Si register contents right 100g — jk places and
enters the result into the Si register; the shift range is 1 through 100g,
right. If the shift count is 0, instruction 054i00 is generated and the
contents of the Si register are not altered.
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Instructions 056 and 057
Machine
Mode | Instruction CAL Syntax Description
056ijk Si Si,Sj< Ak Shift (Si) and (Sj) left (A%) places to Si.
056ij0 Si Si,Sj<1 § | Shift (Si) and (S)) left one place to Si.
056i0k Si Si<Ak § | Shift (Si) left (A%) places to Si.
057ijk Si S;,Si> Ak Shift (Sj) and (Si) right (Ak) places to Si.
057ij0 Si §5,Si>1 § | Shift (Sj) and (Si) right one place to Si.
057i0k Si Si>Ak § | Shift (Si) right (Ak) places to Si.

Special Cases
Special cases for instructions 056 and 057 are as follows:
e Ifj=0,then(Sj)=0.
e Ifk=0,then (Ak)=1.

®  Perform a circular shift if i = j » 0 and (Ak) is between 0 and 64
inclusive.

®*  Hold issue for 1 CP after instruction 056 or 057 is issued.

Hold Issue Conditions

Instructions 056 and 057 hold issue if the Si register is reserved or if
either the Sj or the Ak register is reserved (except SO and/or AQ).

Execution Time
Instructions 056 and 057 issue in 1 CP.

The Si register is ready in 4 CPs.
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Description

Instructions 056 and 057 execute in the scalar shift functional unit. The
instructions shift 128-bit values formed by logically joining two S
registers. Shift counts are obtained from the Ak register; all shift counts
are considered positive, and all 32 bits of the Ak register contents are
used for the shift count.

In CAL, replacing the Ak register reference with 1 is the same as setting
the k designator to 0 (instruction 056ij0 or 057ij0) because a reference to
register AO provides a shift count of 1. Omitting the Sj register reference
in CAL is the same as setting the j designator to 0 (instruction 0560k or
057i0k). In this case, the Si register contents are concatenated to a word
of 0’s.

The shifts are circular if the shift count does not exceed 64 and if the i
and j designators are equal and nonzero. For shifts greater than 64, the
shift is end-off with zero fill, meaning that data that is shifted out of the
combined registers, either to the right or the left, is lost, and that the
trailing edge of the data is replaced in the registers with zeroes.

The Sj register contents are unchanged if i = j. If i = j and the shift count
is greater than 64, the result produced in the Si register is the same as
would be obtained by issuing instruction 054 or 055 with a shift count 64
less than that used for instruction 056 or 057.

Instruction 056 forms a 128-bit value by concatenating the Si and Sj
register contents, by shifting the resulting value to the left by an amount
specified by the 7 low-order bits of the Ak register contents, and by
entering the 64 high-order bits of the result into the Si register. The Si
register 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. This same function is performed by
the special CAL form of the instruction, 056i0k%.

Instruction 057 forms a 128-bit value by concatenating the Sj and Si
register contents, by shifting the resulting value to the right by an amount
specified by the 7 low-order bits of the Ak register contents, and by
entering the 64 low-order bits of the result into the Si register. The Si
register 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. This same function is performed by
the special CAL form of the instruction, 057i0k.
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Instructions 060 and 061
Machine
Mode | Instruction CAL Syntax Description
060ijk Si Sj+ Sk Transmit the integer sum of (Sj) and (Sk) to Si.
060i0k Si Sk\ § | Transmit (Sk) to Si.
060ij0 Si Sj+ S0 § | Transmit the integer sum of (Sj) and 263 to Si.
061ijk Si §j—-Sk Transmit the integer difference of (Sj) and (Sk) to Si.
061i0k Si -Sk § | Transmit the negative of (Sk) to Si.
061ij0 Si Sj—S0 § | Transmit the integer difference of (Sj) and 263 to Si.

Special Cases
Special cases for instructions 060 and 061 are as follows:
* Ifj=0and k=0, then (Si) = 263,
Special cases for instruction 060 are as follows:

e Ifj=0and k=0, then (Si) = (SK).
* Ifjw=0and k=0, then (Si) = (Sj) with bit 263 complemented.

Special cases for instruction 061 are as follows:
* Ifj=0andkw=0, then (Si) = —(Sk).
* Ifjw0and k=0, then (Si) = (Sj) with bit 26> complemented.
Hold Issue Conditions
Instructions 060 and 061 hold issue if the Si register is reserved or if
either the Sj or Sk register is reserved (except SO).
Execution Time
Instructions 060 and 061 issue in 1 CP.

The Si register is ready in 3 CPs.
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Description
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Instructions 060 and 061 execute in the scalar add functional unit.

Instruction 060ijk forms the integer sum of the Sj and Sk register
contents and enters the result into the Si register; no overflow is
detected. The high-order bit of the Si register is set, and all other bits of
the Si register are cleared if the j and k designators are both 0. The Sk
register contents are transmitted to the Si register if the j designator is 0
and the k designator is nonzero. The Sj register contents with the sign bit
complemented are transmitted to the Si register if the k designator is 0
and the j designator is nonzero.

Instruction 061ijk forms the integer difference of the contents of the Sj
and Sk registers and enters the result into the Si register; no overflow is
detected. The high-order bit of the Si register is set, and all other bits of
the Si register are cleared when the j and k designators are both 0. The
negative (two’s complement) of the Sk register contents is transmitted to
the Si register if the j designator is 0 and the k designator is nonzero. The
Sj register contents with the sign bit complemented are transmitted to the
Si register if the k designator is 0 and the j designator is nonzero.

Instruction 061i0k is a special CAL form of instruction 061 that transmits
the negative (two’s complement) of the Sk register contents to the Si
register. If the k designator is also 0, the high-order bit of the Si register
is set, and all other bits of the Si register are cleared.
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Instructions 062 and 063

Machine
Mode | Instruction CAL Syntax Description
062ijk Si Sj+ FSk | Transmit the floating-point sum of (Sj) and (Sk) to Si.
062i0k Si + FSk § | Transmit the normalized (Sk) to Si.
063ijk Si Sj—FSk | Transmit the floating-point difference of (Sj) and (Sk) to Si.
063i0k Si —FSk § | Transmit the normalized negative of (Sk) to Si.

Special Cases

Special cases for instruction 062 are as follows:

If the exponent in (Sk) is valid and if j = 0 and & = 0, then (Si) =
(Sk) normalized.

If the exponent in (Sj) is valid and if j » 0 and k = 0, then (Si) = (S))
normalized.

Special cases for instruction 063 are as follows:

Hold Issue Conditions

7-82

If the exponent in (Sk) is valid and if j = 0 and k = 0, then (Si) =
—(Sk) normalized. The sign of (Si) is the opposite of the sign of
(Sk) if (Sk) = 0.

If the exponent in (Sj) is valid and if j » 0 and & = 0, then (Si) = (Sj)
normalized.

Instructions 062 and 063 hold issue for any of the following conditions:

The Si register is reserved.
The Sj or Sk register is reserved (except S0).
The status register is busy.

Instructions 170 through 173 are in progress. In this case, the
functional unit stays busy for (VL)/2 + 4 CPs.
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Execution Time
Instructions 062 and 063 issue in 1 CP.

The Si register is ready in 6 CPs.

Description

Instructions 062 and 063 execute in the floating-point add functional
unit. Operands sent to the functional unit should be in floating-point
format; the result is normalized even if the operands are unnormalized.
If the k designator is 0, the operand sent to the functional unit is 253, In
floating-point format, this operand is a negative number with a
coefficient of 0 and an exponent of 0, and it is regarded by the functional
unit as —0. However, this anomaly is resolved within the circuitry of the
floating-point add functional unit, and any O result is entered into the Si
register as 0.

Instruction 062ijk forms the floating-point sum of the Sj and Sk register
contents and enters the normalized result into the Si register. The Sk
register contents are normalized and transmitted to the Si register if the j
designator is 0, if the k designator is nonzero, and if the exponent in (Sk)
is valid. The Sj register contents are normalized and transmitted to the Si
register if the j designator is nonzero, if the k designator is 0, and if the
exponent of the Sj register contents is valid.

Instruction 062i0k is a special CAL form of instruction 062 that transmits
the normalized Sk register contents to the Si register.

Instruction 063ijk forms the floating-point difference of the Sj and Sk
register contents and enters the normalized result into the Si register. The
Sk register contents are normalized, and the negative (two’s complement)
of this quantity is transmitted to the Si register if the j designator is 0, if
the k designator is nonzero, and if the exponent of the Sk register
contents is valid. The Sj register contents are normalized and transmitted
to the Si register if the j designator is nonzero, if the k designator is 0,
and if the exponent of the Sj register contents is valid.

Instruction 063i0k is a special CAL form of instruction 063 that transmits

the negative (two’s complement) of the floating-point quantity in the Sk
register to the Si register as a normalized floating-point number.

CSM-0500-000 Cray Research Proprietary 7-83



CPU Instructions

CRAY Y-MP C90 System Programmer Reference Manual

Instructions 064 through 067

Machine
Mode | Instruction CAL Syntax Description

064ijk Si Sj*FSk Transmit the floating-point product of (Sj) and (Sk) to Si.

065ijk Si Sj*HSk Transmit the half-precision rounded floating-point product of
(Sj) and (Sk) to Si.

066ijk Si Sj*RSk | Transmit the rounded floating-point product of (Sj) and (Sk)
to Si.

067ijk Si Sj*ISk Transmit the reciprocal iteration 2 — (Sj) * (Sk) to S..

Special Cases

If j =0, then (Sj) =0.

Ifk=

0, then (SK) = 263,

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

Both operand sign bits are 0.

The combined total number of 0 bits to the right of the least
significant 1 bit in the two operands is greater than or equal to 48.
For example, if the j operand has 36 trailing 0’s and the k operand
has 12 trailing O’s, then a correct integer multiplication is

- performed.

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

Hold Issue Conditions
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Instructions 064 through 067 hold issue for any of the following
conditions:

The Si register is reserved.
Either the Sj or the Sk register is reserved (except S0).

The status register is busy.
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Execution Time

Description
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* Instructions 160 through 167 are in progress. In this case, the
functional unit is busy for (VL)/2 + 4 CPs.

*  Instructions 140 through 145 are in progress. In this case, the
second vector logical functional unit is busy for (VL)/2 + 4 CPs.

Instructions 064 through 067 issue in 1 CP.

The Si register is ready in 6 CPs.

Instructions 064 through 067 execute in the floating-point multiply
functional unit. Operands sent to the functional unit should be in
floating-point format; the result may not be normalized if the operands
are not normalized.

Instruction 064ijk forms the floating-point product of the Sj and Sk
register contents and enters the result into the Si register.

Instruction 065ijk forms the half-precision rounded floating-point
product of the Sj and Sk register contents and enters the result into the Si
register. The 19 low-order bits of the result are cleared. This instruction
can be used in the division algorithm when only 30 bits of accuracy are
required.

Instruction 066ijk forms the rounded floating-point product of the Sj and
Sk register contents and enters the result into the Si register. This
instruction is used in the reciprocal approximation sequence.

Instruction 067ijk forms the quantity of 2 minus the floating-point

product of the Sj and Sk register contents and enters the result into the Si
register.
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Instruction 070

Machine
Mode | Instruction CAL Syntax Description
070ij0 Si /HSj Transmit the floating-point reciprocal approximation of (Sj) to

Si.

Special Cases

If j = 0, then (Sj) =0.

If the

Sj register contents are 0, a range error occurs and the result is

invalid.

The Si register contents are invalid if the Sj register contents are not
normalized. A normalized value is indicated when bit 247 of the Sj
register contents equals 1. This bit is not tested to determine its value.

Hold Issue Conditions

Execution Time

7-86

Instruction 070 holds issue for any of the following conditions:

The Si register is reserved.
The Sj register is reserved (except S0).
The status register is busy.

Instruction 174 is in progress, making the functional unit busy for
(VL)/2 + 4 CPs.

Instruction 070 issues in 1 CP.

The Si register is ready in 10 CPs.
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Description

Instruction 070 executes in the reciprocal approximation functional unit.
Instruction 070 forms an approximation to the reciprocal of the
normalized floating-point quantity in the Sj register and enters the result
into the Si register. The result is invalid if the contents of the Sj register
are not normalized or are equal to 0.

The reciprocal approximation instruction produces a result of 30
significant bits; the 18 low-order bits are 0’s. The number of significant
bits can be increased to 48 by using the reciprocal iteration instruction
and a multiplication operation.
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Instruction 071
Machine
Mode | Instruction CAL Syntax Description
071i0k Si Ak Transmit (Ak) to Si with no sign extension.
071i1k Si + Ak Transmit (Ak) to Si with sign extension.
071i2k Si + FAk Transmit (Ak) to Si as an unnormalized floating-point number.
07130 Si 0.6 Transmit 0.75 x 248 to Si as a normalized floating-point
constant.
071i40 Si 0.4 Transmit 0.4 to Si as a normalized fioating-point constant.
07150 Si 1.0 Transmit 1.0 to Si as a normalized floating-point constant.
071i60 Si 20 Transmit 2.0 to Si as a normalized floating-point constant.
071i70 Si 40 ¢ Transmit 4.0 to Si as a normalized fioating-point constant.

Special Cases
Special cases for instruction 071 are as follows:

* Ifk=0,then (Ak) =1.

* If j=0, then (Si) = (AK).

* If j=1, then (5i) = (Ak) with the sign extended.
* If j=2, then (Si) = (Ak) unnormalized.

* If j=3, then (Si) = 0.6 x 250 (octal).

e If j =4, then (Si) = 0.4 x 20 (octal).

* If j=S5, then (Si) = 0.4 x 2! (octal).

* If j =6, then (Si) = 0.4 x 22 (octal).

* If j=7,then (Si) = 0.4 x 23 (octal).

Hold Issue Conditions
Instruction 071 holds issue for any of the following conditions:

*  The Si register is reserved.
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Execution Time

Description
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*  An S register access conflict exists; therefore, one of the following
is true:

*  One of the instructions from 053 through 055 or instruction
060 or 061 is in CP 1.

¢ Instruction 056 or 057 is in CP 2.

Instructions 071:0k through 071i2k hold issue if the Ak register is
reserved (except AO).

Instruction 071 issues in 1 CP.

The Si register is ready in 2 CPs.

Instruction 071 transmits either a variation of the Ak register contents or
one of five floating-point constants to the Si register, depending on the
value of the j designator.

Instruction 071i0k transmits the 32-bit value in the Ak register to the
low-order bits of the Si register; the high-order bits of the Si register are
filled with zeroes. The value is treated as an unsigned integer. A value
of 1 is entered into the Si register when the k designator is 0.

Instruction 071i1k transmits the 32-bit value in the Ak register to the
low-order bits of the Si register. The sign bit of the Ak register is
extended through the high-order bits of the Si register. The value is
treated as a signed integer. A value of 1 is entered into the Si register
when the k designator is 0.

Instruction 071i2k transmits the 32-bit value in the Ak register to Si as an
unnormalized floating-point quantity. The exponent in bits 262 through
248 of Si is set to 40060g, and the Ak register contents are entered as the
coefficient of Si in bits 247 through 20. If the sign bit of the Ak register
contents is set, the two’s complement of the Ak register contents is
entered into the Si register as the coefficient. The sign of the coefficient
(bit 263) is the same as the sign of the Ak register contents. To normalize
the quantity in Si, use instruction 062i0k to send the quantity as the k
operand through the floating-point add functional unit.

A sequence of instructions is used to convert an integer whose absolute
value is less than 32 bits to floating-point format.
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The following CAL code is an example of this instruction sequence:

CAL code: Al S1
S1 +FAl
S1 +FS1 (11 CPs required)

Instructions 07130 through 071:70 are initially recognized by the
assembler as the symbolic instruction Si exp. The assembler then checks
the expression for any of the constant values (explained in following
paragraphs). If it finds one of the instructions in the exact syntax shown,
it generates the corresponding Cray Research machine instruction. If
none of the indicated constant values are found, instruction 04000 nm or
041i00 nm is generated. These constant values generate more efficient
instructions when commonly used values are entered into Si.

Instruction 07130 transmits the floating-point constant of 0.75 x 248
decimal or 0.6 x 2% octal (0400606000000000000000g) to Si. This
constant is used to convert integers with an absolute value of less than 47
bits to floating-point numbers. A sequence of instructions is used for the
conversion. The following CAL code is an example of this instruction
sequence; it shows the conversion of an integer stored in S1to a
floating-point number.

CAL code: S2 0.6
S1 S2-S1
S1 S2-FS1 (11 CPs required)

Instruction 071i40 transmits the floating-point constant 0.4
(0400004000000000000000¢) to the Si register.

Instruction 071i50 transmits the floating-point constant 1.0
(04000140000000000000003) to the Si register.

Instruction 071i60 transmits the floating-point constant 2.0
(04000240000000000000003) to the Si register.

Instruction 071:70 transmits the floating-point constant 4.0
(04000340000000000000003) to the Si register.
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Instruction 072

Machine
Mode | Instruction CAL Syntax Description
072i00 Si RT Transmit (RTC) to Si.
072i02 Si SM Transmit (SM) to Si.
0723 Si STj Transmit (STj) to Si.
072ij6 Si STAj Transmit (ST) designated by (Aj) to Si.

Special Cases

For instruction 07200, the RTC register is valid 8 CPs after instruction
0014;0 issues.

For instructions 07202 through 072ij6, if CLN = 0, then (Si) = 0.

Hold Issue Conditions

CSM-0500-000

Instruction 072 holds issue if the Si register is reserved.

Instruction 07200 holds issue if an S register access conflict exists;
therefore, one of the following is true:

Instruction 076 is in CP 4.

An instruction from 026ij4 through 026ij7 or an instruction from
072i02 through 072ij6 is in CP 7. '

Instruction 033 is in CP 18.

Instruction 07302 or instruction 0014;3 is in CP 7 of any CPU in
the same cluster.

LOAD EX CLN is in CP 7 of any CPU in the same cluster.

Instructions 072i02 through 072ij6 hold issue for 3 CPs and continue to
hold if a shared paths access conflict occurs with another CPU. Refer to
“Shared Paths Access Priority” in Section 2 for more information.

Instruction 072ij6 holds issue if the Aj register is reserved.
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Execution Time
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Instruction 072 issues in 1 CP.
For instruction 072i00, the Si register is ready in 1 CP.

For instructions 072i02 through 072ij6, the Si register is ready in 8 CPs.

Instruction 072i00 transmits the 64-bit value of the real-time clock (RTC)
to the Si register. The RTC increments by 1 each CP and can be set only
by the monitor with instruction 0014;0.

Instruction 072i02 transmits the values of all the semaphore registers into
the Si register. The thirty-two 1-bit SM registers are left-justified in the
Si register with SM0O occupying the sign bit.

Instruction 072ij3 transmits the ST} register contents to the Si register.

Instruction 072ij6 transmits the ST register contents designated by the Aj
register contents to Si.
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instruction 073

Machine
Mode | Instruction CAL Syntax Description
073i00 Si VM Transmit (VM) to Si.
073i02 SM Si Transmit (Si) to SM.
A 073i10 Si VM1 Transmit (VM1) to Si.
C 073i21 Si SR2 Read PM counters 00 - 17 and increment pointer.
Cc 073i25 SR2 Si Issue PM maintenance advance.
C 073i31 Si SR3 Read PM counters 20 — 37 and increment pointer.
Cc 073i75 SR7 Si Transmit (Si) to Maintenance Mode register.
073ij1 Si SRj Transmit (SRj) to Si.
073ij3 STj Si Transmit (Si) to STj.
073:05 SRO Si Transmit (Si) to SRO.
073ij6 STAj Si Transmit (Si) to ST designated by (Aj).

Special Cases

Instructions 073i02, 0733, and 073ij6 perform no operation if CLN = 0.

Instructions 073i21 and 073i31 should not be issued while the
performance monitor is busy. Bit 247 of status register 0 is set when the
performance monitor is busy.

Hold Issue Conditions
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Instruction 073 holds issue if the Si register is reserved.

For instructions 07300 and 07310, the following apply:

The instruction holds issue if an S register access conflict exists;
therefore, one of the following is true:

Instruction 071 is in CP 1.

An instruction from 052 through 055 or instruction 060 or
061 is in CP 2.
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Executioh Time

Description

*  Instruction 056 or 057 is in CP 3.

* Ifinstruction 14x or 175 is in progress in the full vector logical
functional unit, the VM is busy for (VL)/2 + 5 CPs.

*  Ifinstruction 003 is in progress, the VM is busy for 3 CPs.

Instructions 07321, 073i31, and 073ij1 hold issue for 1 CP and continue
to hold if a floating-point instruction was issued during the previous 13
CPs.

Instructions 073:02, 0733, and 073ij6 hold issue for 3 CPs and continue
to hold if a shared paths access conflict occurs with another CPU. Refer
to “Shared Paths Access Priority” in Section 2 for more information.

Instructions 073ij1 and 073i05 hold issue if the status register is busy.

Instruction 0736 holds issue if the Aj register is reserved.

Instruction 073 issues in 1 CP.

For instructions 073i00, 07310, 073i21, 07331, and 073ij1, the Si
register is ready in 1 CP.

For instruction 07305, the status register remains busy for 5 CPs plus 2
CPs after the following conditions are satisfied:

®  No scalar memory references are in CP 1 through CP S.
* Ports A, B, and C are not busy.
®  No floating-point instructions were issued in the previous CP.

Instruction 073i00, when executed in Y-MP mode, transmits the 64-bit
contents of the VM register to the Si register. The VM register is usually
read after being set by instruction 175.

Instruction 073i00, when executed in C90 mode, transmits the 64-bit
contents of VM register 0 (lower) to the Si register. These 64 bits
represent elements 0 through 63.

Instruction 073i02 loads the semaphore registers from the 32 high-order

bits of the Si register. SM0O receives bit 263 of the contents of the Si
register.
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Instruction 07310 transmits the 64-bit contents of VM register 1 (upper)
into the Si register. These 64 bits represent elements 64 through 127.

Instruction 073i21 reads consecutive 16-bit segments of performance
monitor (PM) counters 0 through 17 into bits 232 through 247 of the Si
register. Instruction 07331 reads consecutive 16-bit segments of PM
counters 20g through 37g into bits 232 through 247 of the Si register.
Neither of these instructions should be issued if the PM is busy (if bit 247
of status register 0 is set).

Each PM counter is 48 bits wide and is divided into three 16-bit
segments. A performance counter pointer selects the 16-bit segment to
be read into the S register. This pointer is cleared on entry to or exit from
monitor mode or by instruction 001500. Each successive execution of
instruction 073i21 or 073i31 advances the pointer, enabling the next
instruction of the same type to read the next 16-bit segment of the

-appropriate PM counter. A 3-CP delay must occur between successive

PM reads for the data to be valid. The read sequences for the PM
counters are shown below.

Instruction 07321 reads PM counters O through 17:
*  First read returns counter 00 (bits 20 — 215) to Si (bits 232 — 247),
*  Second read returns counter 00 (bits 216 — 231) to Si (bits 232 - 247),
*  Third read returns counter 00 (bits 232 — 247) to Si (bits 232 — 247).

*  Fourth read returns counter 01 (bits 20 — 215) to Si (bits 232 — 247)
(48 reads return the pointer to counter 00).

Instruction 073i31 reads PM counters 20g through 37s:
*  First read returns counter 20 (bits 20 - 215) to Si (bits 232 - 247),
*  Second read returns counter 20 (bits 216 — 231) to'Si (bits 232 — 247),
*  Third read returns counter 20(bits 232 - 247) to Si (bits 232 — 247),

*  Fourth read returns counter 21 (bits 2° — 215) to Si (bits 232 ~ 247)
(48 reads return the pointer to counter 20).

For more information on the performance monitor, including a
description of the hardware events monitored by each counter, refer to
“Performance Monitor” in Section 3.

Instruction 07325 is used in conjunction with instruction 073i75 to

perform maintenance on the PM counters. Instruction 073i25 causes a
PM maintenance advance if the CPU is in maintenance mode and if the
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PM maintenance bit (bit 262) is set in the maintenance modes register.
Refer to “Testing Performance Counters” in Section 3 for more
information on PM maintenance.

Instruction 07375 transmits bits 254 through 263 of the Si register
contents to the maintenance modes register if the CPU is in maintenance
mode. If the CPU is not in maintenance mode, all values in the
maintenance modes register are forced to 0. Table 7-4 shows the
functions of the bits in the maintenance modes register.

Table 7-4. Maintenance Modes Register Bits
Bit Position Function

54 Enables instruction buffer parity maintenance.

55 Enables B/T/V/PM parity maintenance.

56 Enables shared register parity maintenance
(forced to O if no SR or I/O access is allowed).

57 Enables memory / vector register parity
maintenance.

58 Maintenance parity value.

59 Disables error correction (forced to 0 if no SR or
/O access is allowed).

60 Enables VO to check byte for 1771x0 (,A0,1 V).

61 Moves read check byte to data field (forced to 0 if
no SR or I/O access is allowed).

62 Enables PM maintenance.

63 Disables PM.

Instruction 073ij1 transmits status register SRj contents to Si. Instruction
073ij5 transmits the Si register contents to SRj. The 8 status registers in
the CRAY Y-MP C90 mainframe are organized as shown in Figure 7-7.
For a detailed description of the the status registers, refer to “Status
Registers” in Section 3. Bits 248 through 252 of SRO are the only bits that
can be written to while the system is in user mode; this is done with

instruction 073i05.
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Read / Write Monitor Mode Read Only
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
1 1] LR I i 1 1 1 | I i 1 I 1 1 1 ¥ I ] i { I 1 I 1 1 L i

Cc P I FI 1 B|lP Processor Cluster Number
sro| L S B PFOD|M

N P SPRM|B 03 020100 04 03 02 01 00

‘o * * % %* % Y
SR1 Undefined Undefined

Performance Monitor Counters 00— 17
1514 13 12 11 10 09 08 07 06 05 04 03 02 01 00

SR2 Undefined 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

Performance Monitor Counters 20 — 37

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
SR3 Undefined 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

Uuc Error Type Read
SR4 Undefined MM Port Mode
EE 02 01 00 02 01 00| -
Error Syndrome -
SRS Undefined 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
Error Address
SR6 Undefined S
n CS09 08 07 06 05 04 03 02 01 00
RB RPE Chip Number
SR7 Undefined P R
EE 05 04 03 02 01 00
| N N T U N U S N O N T R AN T | 1=t ¢ 0t et
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 30 38 37 36 35 34 33 32
* Written by instruction 073i05. A-9410

Figure 7-7. Status Registers
Instruction 0733 transmits the Si register contents to the STj register.

Instruction 07336 transmits the ST register contents designated by the Aj
register contents to Si.
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Instructions 074 and 075

Machine
Mode | Instruction CAL Syntax Description
074ijk Si Tjk Transmit (Tjk) to Si.
075ijk Tjk Si Transmit (Si) to Tjk.

Special Cases

There are no special cases.

Hold Issue Conditions

Execution Time

Description

7-98

Instructions 074 and 075 hold issue if either instruction 036 or instruction
037 is in progress.

Instruction 074 holds issue if instruction 075 was issued in the preceding

CP.

Instructions 074 and 075 issue in 1 CP.

For instruction 074, the Si register is ready in 1 CP.

Instruction 074 transmits the T register contents specified by jk to the Si
register.

Instruction 075 transmits the Si register contents to the T register
specified by jk.

Cray Research Proprietary
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Instructions 076 and 077

Machine
Mode | Instruction CAL Syntax Description
076ijk Si Vj,Ak Transmit (V) element (Ak)) to Si.
077ijk Vi,Ak Sj Transmit (Sj) to Vi element (Ak).
077i0k Vi,Ak 0 § | Clear element (Ak) of register Vi.

Special Cases

Hold Issue Conditions

Execution Time

Description

CSM-0500-000

If j = 0, then (Si) = 0.

If k£ = 0, then (Ak) = 1.

Instructions 076 and 077 hold issue if the Ak register is reserved (except
AO0).

Instruction 076 holds issue if the Si register is reserved or if the Vj
register is reserved as an operand or a result.

Instruction 077 holds issue if the Sj register is reserved or if the Vi
register is reserved as an operand or a result.

Instructions 076 and 077 issue in 1 CP.
For instruction 076, the Si register is ready in 5 CPs.

For instruction 077, the Vi register is ready in 4 CPs.

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

Instruction 076ijk reads the address of a specific vector element from the

7 low-order bits of Ak (6 bits in Y-MP mode). It then transmits the
contents of that element of register Vj to register Si.
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Instruction 077ijk transmits the contents of register Sj to the element of
register Vi that is specified by the 7 low-order bits of Ak. Element 1 (the
second element of register Vi) is selected if the k designator is 0.

Instruction 077i0k enters zeroes into the element of register Vi that is
specified by the 7 low-order bits (6 bits in Y-MP mode) of Ak. The
second element of register Vi (element 1) is cleared if the k designator
is 0. '
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Instructions 10h through 13h

Machine
Mode | Instruction CAL Syntax Description
10400 nm Ai exp,Ah Read from memory address ((Ak) + exp + (DBA)) to Ai.

10000 nm Ai exp,0 § | Read from memory address (exp + (DBA)) to Ai.

100i00 nm Ai exp, § | Read from memory address (exp + (DBA)) to Ai.
104i00 00 A JAh § | Read from memory address ((Ar) + (DBA)) to Ai.
11400 nm exp,Ah Ai Write (Ai) to memory address ((Ah) + exp + (DBA)).

110i00 nm exp0 Ai  § | Write (Ai) to memory address (exp + (DBA)).

110i00 nm exp, Ai § | Write (Ai) to memory address (exp + (DBA)).
11400 00 AR A § | Write (Ai) to memory address ((Ah) + (DBA)).
12ki00 nm Si exp,Ah Read from memory address ((Ah) + exp + (DBA)) to Si.

120:00 nm Si exp,0 § | Read from memory address (exp + (DBA)) to Si.

120i00 nm Si exp, § | Read from memory address (exp + (DBA)) to Si.
12hi00 00 Si Ah § | Read from memory address ((Ak) + (DBA)) to Si.
13hi00 nm exp,Ah Si Write (Si) to memory address ((Ah) + exp + (DBA)).

130i00 nm exp,0 Si  § | Write (Si) to memory address (exp + (DBA)).

w»

130i00 nm exp, Si Write (Si) to memory address (exp + (DBA)).

13ki00 00 AR Si § | Write (Si) to memory address ((Ak) + (DBA)).

Special Cases

If h=0, then Ah=0.

Hold Issue Conditions

Instructions 10A through 13h hold issue for any of the following
conditions:

*  Port A, B, or Cis busy.
®*  Register Ah is reserved, 2 = 0.
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Execution Time

Description

7-102

*  Three instructions between 104 and 134 are in CP 1, CP 3, and CP
4, and there is a memory conflict with the instruction in CP 4.

*  The status register is busy.

¢ The second and/or third parcel of the instruction is not in a buffer
(a 26-CP delay occurs).

*  Aiisreserved (Instructions 10/ and 114 hold issue).

*  Siisreserved (Instructions 124 and 134 hold issue).

The issue times for instructions 10k through 134 are as follows:
*  If all parcels are in the same buffer, the issue time is 2 CPs.

®  If parcel O is in one buffer and parcels 1 and 2 are in another buffer,
the issue time is 5 CPs.

®  If parcels 0 and 1 are in one buffer and parcel 2 is in another buffer,
the issue time is 6 CPs.

For instruction 104, the Ai register is ready in 24 CPs.
For instruction 124, the Si register is ready in 23 CPs.

A subsection is ready for the next scalar read or write operation in 7 CPs
if no conflicts occur.

After issuing an instruction between 10k and 134, an attempt to issue an
instruction between 034 and 037 or instruction 176 or 177 causes ports
A, B, or C to be considered busy for 5 CPs (plus additional CPs if there
are conflicts).

Instructions 10/ through 13 transmit data between memory and an A
register or an S register.

For these instructions, only the value of the expression is used if the 4
designator is 0 or if a 0 or blank field is used in place of Ah. Only the
contents of Ah are used if the expression is omitted. An expression with
a parcel-address attribute causes an assembly error.
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Instructions 10Ai00 nm through 104i00 00 read the 32 low-order bits of a
memory word directly into an A register. The memory address is
determined by adding the address in the Ah register to the value of the
expression in the nm field.

Instructions 114i00 nm through 114i00 00 write 32 bits from register Ai
directly into memory. The high-order bits of the memory word are
cleared. The memory address is determined by adding the address in the
Ah register to the value of the expression in the nm field.

Instructions 124i00 nm through 12400 00 read the contents of a memory
word directly into an S register. The memory address is determined by
adding the address in the Ah register to the value of the expression in the
nm field.

Instructions 13400 nm through 13400 00 write the contents of register
Si directly into memory. The memory address is determined by adding
the address in the Ak register to the value of the expression in the nm
field.
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Instructions 140 through 147

Machine
Mode | Instruction CAL Syntax Description

140ijk Vi Sj&Vk Transmit the logical products of (Sj) and (Vk elements) to
Vi elements.

141ijk Vi Vj&Vk Transmit the logical products of (Vj elements) and (Vi
elements) to Vi elements.

142jjk Vi SjiVk Transmit the logical sums of (Sj) and (Vi elements) to Vi
elements.

142i0k Vi Vk § | Transmit (Vk elements) to Vi elements.

143ijk Vi VjIVk Transmit the logical sums of (Vj elements) and (Vk
elements) to Vi elements.

144ijk Vi Sj\Vk Transmit the exclusive ORs of (S} and (Vk elements) to Vi
elements.

145ijk Vi Vj\Vk Transmit the exclusive ORs of (Vj élements) and (Vk
elements) to Vi elements.

145iij Vi o § | Clear the elements of Vi.

146ijk Vi SjiVk&VM Transmit (Sj) if VM bit = 1, or (Vi element) if VM bit = 0, to
Vi elements.

146i0k Vi #/M&Vk § | Transmit the vector merge of (Vk elements) and 0 to Vi
elements.

147ijk Vi VjlV k&M Transmit (Vj elements) if VM bit = 1, or (Vk elements) if

VM bit = 0, to Vi elements.

Special Cases

Ifj =0, then (S)) = 0.

Hold Issue Conditions

7-104

Instructions 140 through 147 hold issue for any of the following

conditions:

*  The Vkregister is reserved as an operand.

®  The Viregister is reserved as an operand or as a result.

*  Instruction 0020xx was issued in the preceding CP.

*  Instruction 076 or 077 was issued during the previous 3 CPs.

Cray Research Proprietary
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Instructions 140, 142, 144, and 146 hold issue if the Sj register is
reserved.

Instructions 141, 143, 145, and 147 hold issue if the Vj register is
reserved as an operand.

Instructions 146 and 147 hold issue if instruction 14x or instruction 175
is in progress or if instruction 003 was issued in the preceding CP. For
these conditions, the full vector logical functional unit is busy for (VL)/2
+4 CPs.

Instructions 140 and 145 hold issue if the second vector logical
functional unit is disabled and if instruction 14x or instruction 175 is in
progress. In this condition, the full vector logical functional unit is busy
for (VL)/2 + 4 CPs.

Instructions 140 and 145 hold issue for the following conditions if the
second vector logical functional unit is enabled:

®  Aninstruction between 140 and 145 or instruction 16x is in
progress in the second vector logical/floating-point multiply
functional unit. In this condition, the second vector logical
functional unit is busy for (VL)/2 + 4 CPs.

®*  An instruction between 140 and 147 or instruction 175 is in ,
progress in the full vector logical functional unit, or instruction 003
was issued in the preceding CP. For these conditions, the full
vector logical functional unit is busy for (VL)/2 + 4 CPs.

Instructions 140 through 147 issue in 1 CP.
If data is available, register Vj or Vk is ready in (VL)/2 + 3 CPs.
If data is available, the functional unit is ready in (VL)/2 + 4 CPs.

If data is available for the full vector logical functional unit or for the
second vector logical functional unit, register Vi is ready in (VL)/2 + 5
CPs.

NOTE: Vector instructions may or may not execute immediately; they
execute as data becomes available. In particular, a memory
conflict that slows execution of some elements of a vector read
from memory can cause delays in all instructions in the
operation chain, starting with that read.
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Description

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
registers and increment the element number by 1 for each operation
performed. All results are delivered to register Vi.

Instructions 140 through 145 can be executed in either the full vector
logical or the second vector logical functional 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. Instructions 146 and 147 execute in the full vector
logical unit only.

For instructions 140, 142, 144, and 146, a copy of (Sj) is delivered to the
functional unit. The copy is held as one of the operands until the
operation is complete. Therefore, (Sj) can be changed in the next
instruction 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 results 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 example:

If (SHor(Vjelement) = 1100
And (Vk element) = 1010
Then (Vi element) =

Instructions 142 and 143 form the logical sums (inclusive OR) of
operand pairs and deliver the results to Vi. Bits of an element of Vi are
set to 1 when at least one of the corresponding bits of (Sj) or (Vj
element) and (V& element) is 1, as in the following example:

If (Sj)or(Vjelement) = 1100
And (Vkelement) = 1010
Then (Vielement) = 1110

Instructions 144 and 145 form the exclusive ORs of operand pairs and
deliver the results to Vi. Bits of an element of Vi are set to 1 when the
corresponding bits of (Sj) or (Vi element) are different from (Vk
element), as in the following example:

If (S)or(Vjelement) = 1100
And (Vkelement) = 1010
Then (Vi element) = 0110
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Instructions 146 and 147 transmit selected bits of each operand to Vi
depending on the contents of the vector mask register. The VM register
stores the vector mask in Y-MP mode, and the VM and VM1 registers
together store the vector mask in C90 mode. Operand pairs used for the
selection depend on the instruction. For instruction 146, the first operand
is always (Sj), and 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 VM register is 1, the corresponding bit of the
first operand is selected; if bit » of the VM register is 0, the
corresponding bit of the second operand, (Vk element), is selected. The
following two examples illustrate these points.

Example 1:

The following registers are initialized as shown:

VD) =4
(VM) = 0600000000000000000000
52) =-1

(V6, 00) = 1

(V6,01) =2

(V6,02) = 3

(V6, 03) = 4

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

(V7,00)=1
(V7,01) =-1
(V7,02) =-1
(V7,03) = 4

The remaining elements of V7 are not altered.
Example 2:

The following registers are initialized as shown:

VL) =4
(VM) = 06000000000000000000000
(V2,00)=1 (V3,00)=-1

(V2,01) =2 (V3,01)=-2

(V2,02) =3 (V3,02)=-3
(V2,03)=4 (V3,03)=—4
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Instruction 147123 is executed. Following execution, the first four
elements of V1 contain the following values:

(V1,00) =—1
(V1,01)=2
(V1,02)=3
(V1,03) =—4

The remaining elements of V1 are not altered.

7-108 : Cray Research Proprietary CSM-0500-000



CRAY Y-MP C90 System Programmer Reference Manual

CPU Instructions

Instructions 150 and 151

Machine
Mode | Instruction CAL Syntax Description
150ijk Vi Vj < Ak Shift (Vj elements) left (Ak) places to Vi elements.
150450 Vi Vi<1 § | Shift (Vj elements) left one place to Vi elements.
151ijk Vi Vj> Ak Shift (Vj elements) right (Ak) places to Vi elements.
15140 Vi Vi>1 § | Shift (Vj elements) right one place to Vi slements.
005400 Vi Vj <V0 Shift (Vj elements) left (VO) places to Vi elements.
150ij0
005400 Vi Vj>V0 Shift (Vj elements) right (VO) places to Vi elements.
1510
Special Cases
If k = 0, then (Ak) = 1.

Hold Issue Conditions

Execution Time

CSM-0500-000

Instructions 150 and 151 hold issue for any of the following conditions:

The Vj register is reserved as an operand.

The Vi register is reserved as an operand or as a result.

The Ak register is reserved (except A0).

Instruction 0020xx was issued in the preceding CP.
Instruction 076 or 077 was issued during the previous 3 CPs.

Instructions 005400 150 and 005400 151 hold issue if VO is reserved.

If instructions 150 through 153 are in progress, the vector shift functional
unit is busy for (VL)/2 + 4 CPs.

The following execution times apply if data is available:

The Vj register is ready in (VL)/2 + 3 CPs.
The Vi register is ready in (VL)/2 + 7 CPs.
The functional unit is ready in (VL)/2 + 4 CPs.
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Description

7-110

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

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 the element specified by (VL) — 1.

All shifts are end-off with zero fill, meaning that data shifted out of a
register, either to the right or the left, is lost, and that the trailing edge of
the data is replaced in the register with zeroes. Unlike shift instructions
052 through 055, instructions 150 and 151 obtain the shift count from
(Ak), rather than from the jk fields of the instruction, and all 32 bits of
(AKk) are used for the shift count. The elements of Vi are cleared if the
shift count exceeds 63. All shift counts obtained from (Ak) are
considered positive.

Instruction 150ijk shifts the contents of the elements of register Vj to the
left by the amount specified by (Ak) and enters the results into the
elements of Vi. The special CAL form of this instruction shifts the
contents of the elements of Vj one place to the left and enters the results
into Vi.

Instruction 151ijk shifts the contents of the elements of register Vj to the
right by the amount specified by (Ak) and enters the results into the
elements of Vi. The special CAL form of this instruction shifts the
contents of the elements of Vj one place to the right and enters the results
into Vi.

Instruction 005400 150ij0 shifts the contents of the elements of register
Vj to the left by the amount specified by (elements of VO0) and enters the
results into the elements of Vi. The 6 low-order bits of each element of
the VO register contain the shift counts for the corresponding elements of
Vj. If bits 26 through 252 of an element of VO are not equal to 0, a 0
result is entered into the corresponding element of Vi.

Instruction 005400 1510 shifts the contents of the elements of register
Vj to the right by the amount specified by the contents of the elements of
VO and enters the results into the elements of Vi. The 6 low-order bits of
each element of the VO register contain the shift counts for the
corresponding elements of Vj. If bits 26 through 293 of an element of VO
are not equal to 0, a 0 result is entered into the corresponding element of
Vi.
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Instructions 152 and 153
Machine
Mode { Instruction CAL Syntax Description
152ijk Vi Vj,Vj < Ak Double shift (Vj elements) left (Ak) places to Vi elements.
152ij0 Vi Vj,Vj<1 § | Double shift (Vj elements) left one place to Vi elements.
005400 Vi Vj,Ak Transfer VL—(Ak) elements of Vj starting at element (Ak) to
152ijk Vi starting at element 0. ((Ak) < VL)
153ijk Vi Vj,Vj> Ak Double shift (Vj elements) right (Ak) places to Vi
elements.
1530 Vi ViVj>1 §& | Double shift (Vj elements) right one place to Vi elements.

Special Cases

If k = 0, then (Ak) = 1.

Hold Issue Conditions
Instructions 152 and 153 hold issue for any of the following conditions:
*  The Vjregister is reserved as an operand.
*  The Viregister is reserved as an operand or a result.
®  The Akregister is reserved (except AQ).
¢ Instruction 0020xx was issued in the preceding CP.

* Instruction 076 or instruction 077 was issued during the previous
3 CPs.

If instructions 150 through 153 are in progress, the vector shift functional
unit is busy for (VL)/2 + 4 CPs.

Execution Time
Instructions 152 and 153 issue in 1 CP.

If data is available, the Vj register is ready in (VL)/2 + 3 CPs.
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If data is available, the functional unit is ready in (VL)/2 + 4 CPs.

For the 152 instruction, if data is available, the Vi register is ready in
(VL)/2 + 8 CPs.

For the 153 instruction, if data is available, the Vi register is ready in
(VL)/2 + 7 CPs.

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

Description

Instructions 152 and 153 execute 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. All shifts are end-off with zero fill, meaning that data shifted out of
the combined registers, either to the right or the left, is lost, and that the
trailing edge of the data is replaced in the registers with zeroes. Shift
counts are obtained from the Ak register. The number of operations is
determined by the VL register contents.

Instruction 152 performs left shifts. The operation starts with element 0
of Vj. If (VL) = 1, 64 bits of 0’s are concatenated to element 0, and the
resulting 128-bit quantity is then left shifted by the amount specified by
(Ak). The 64 high-order bits remaining in element O of Vj after the shift
are transmitted to element O of Vi. Only this operation is performed.

If (VL) > 1, the operation begins by concatenating element 1 of Vj to
element 0 of Vj, and by left shifting the resulting 128-bit quantity by the
amount specified by (Ak). The 64 high-order bits remaining after the
shift are transmitted to element 0 of Vi. Figure 7-8 shows this operation.
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2% 20 2% 20
(Element 0) of Vj (Element 1) of Vj
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-~ e -7
// // //
257 28-AY 2 728 284440 2 7
(Element 0) of Vj (Element 1) of Vj - (AK)
\2 v 2°J
64-bit Result Transmitted to Element 0 of Vi AB412
Figure 7-8. Vector Left Double Shift, First Element, (VL)>1
The operation continues by concatenating element 2 (if (VL) > 2) to
‘element 1, and by left shifting the resulting 128-bit quantity by the
amount specified by (Ak). The 64 high-order bits remaining after the
shift are transmitted to element 1 of Vi. Figure 7-9 shows this operation.
28 20 2% 20
(Element 1) of Vj (Element 2) of Vj
—
e -~ el
” < 7~ < Pl -
-~ -~ -~
257 25 20 2% 254440 20 7
(Element 1) of Vj (Element 2) of Vj -— (AL)
z ) ?
64-bit Result Transmitted to Element 1 of Vi A-D414

Figure 7-9. Vector Left Double Shift, Second Element, (VL)>2

If (VL) = 2, 64 bits of 0’s are concatenated to element 1, and the resulting
128-bit quantity is left shifted by the amount specified by (Ak). The 64
high-order bits remaining in element 1 of Vj after the shift are
transmitted to element 1 of Vi. Only these two operations are performed.
In general, the last element of Vj, as determined by (VL), has 64 bits of
0’s concatenated to it before the final shift is performed. Figure 7-10
shows this operation.
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28 20 28 20
(Element (VL) — 1) of Vj 000........ 0
s e —
// ”~ - //
Pl i P
P g -~
28~ 258-AY) 20 798 254-AB 2 7
(Element (VL) — 1) of Vj 000........ 0] - (AK)
Ca ) 2
64-bit Result Transmitted to Element (VL) — 1 of V; A-B415

Figure 7-10. Vector Left Double Shift, Last Element

If (Ak) is greater than or equal to 128, the resulting elements of Vi
contain all 0’s. If (Ak) is greater than 64 but less than 128, each element
of the Vi register contains at least (Ak) — 64 zeroes.

The following example shows a vector left double shift. The registers

are initialized as shown:
(VL) =4
(A1) =3
(V4,00) = 000000 0000 0000 0000 0007
(V4,01) = 060000 0000 0000 0000 0005
(V4,02) = 1 00000 0000 0000 0000 0006
(V4,03) = 160000 0000 0000 0000 0007

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

(V5,00) = 000000 0000 0000 0000 0073
(V5,01) = 000000 0000 0000 0000 0054
(V5,02) = 000000 0000 0000 0000 0067
(V5,03) = 000000 0000 0000 0000 0070

Instruction 153 performs right shifts. The operation starts with element 0
of Vj, which is first concatenated to 64 bits of 0’s. The resulting 128-bit
quantity is then right shifted by the amount specified by (Ak). The 64
low-order bits remaining in element 0 of Vj after the shift are transmitted
to element 0 of Vi. If (VL) = 1, this is the only operation performed.
Figure 7-11 shows this operation.
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2% 20 288 20
000........ 0 (Element 0) of Vj
~ N ~
~ ~ - ~ ~ % ~ ~ <
SN N S~
~ ~ ~
SN 28 24k 20 28 24 SN2
(Ak) —» 000........ o] (Element 0) of Vj
& ] %
64-bit Result Transmitted to Element 0 of Vi A-5440

Figure 7-11. Vector Right Double Shift, First Element

If (VL) > 1, the operation continues by concatenating element 1 of Vj to
element 0 of Vj, and by right shifting the resulting 128-bit quantity by
the amount specified by (Ak). The 64 low-order bits remaining in
element 1 after the shift are transmitted to element 1 of Vi. Figure 7-12
shows this operation.

26 20 28 20
(Element 0) of Vj (Element 1) of Vj
~ RS ~
\\\ \\\ \\\
S NG SN
~ : ~ ~
- 2AR-1 2N 2% 20y SN2
(Ak) —» (Element 0) of Vj (Element 1) of Vj
Lzea v 20)
64-bit Result Transmitted to Element 1 of Vi A-9417

Figure 7-12. Vector Right Double Shift, Second Element, (VL)>1

The last operation performed by instruction 153 concatenates the last
element of Vj, as determined by the contents of VL, to the preceding
element before performing the right shift. The 64 low-order bits
remaining in the last element after the shift are transmitted to the
corresponding element of Vi. Refer to Figure 7-13.

CSM-0500-000 Cray Research Proprietary 7-115



CPU Instructions

CRAY Y-MP C90 System Programmer Reference Manual

7-116

263 20 288 20

[Element (VL) — 2] of Vj [Element (VL) — 1] of Vj
~ \\\ \\\\ \\\\
\\\ \\\ \\\
SN2 20881 20 28 208 SN2
(Ak) —»= [Element (VL) — 2] of Vj [Element (VL) — 1] of Vj
\283 201

v

64-bit Result Transmitted to Element (VL) — 1 of Vj AB418

Figure 7-13. Vector Right Double Shift, Last Operation

The following example shows a vector right double shift. The registers
are initialized as shown:

(VL) =4
(A6) =3
(V2, 00) = 0 00000 0000 0000 0000 0017
(V2, 01) = 0 60000 0000 0000 0000 0006
(V2, 02) = 1 60000 0000 0000 0000 0006
(V2, 03) = 1 60000 0000 0000 0000 0007

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

(V0, 00) = 0 00000 0000 0000 0000 0001
(V0, 01) = 1 66000 0000 0000 0000 0000
(V0, 02) = 1 50000 0000 0000 0000 0000
(V0, 03) = 1 56000 0000 0000 0000 0000

The remaining elements of register VO are not altered.

Instruction 005400 152ijk performs a vector word shift. This operation
transfers the contents of elements (Ak) through (VL) - 1 of Vjto
elements 0 through [(VL) — 1 — (Ak)] of Vi. (VL)~(Ak) elements are
transferred. If (Ak) = (VL), no elements are transferred. Figure 7-14
shows an example of a vector word shift, in which the registers are
initialized as shown, and instruction 005400 152123 is executed.
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(A3) =4
VL) =7
Vector Shift
V2 Functional Unit \Al
Element 0 | 17— 7 - = 0—0 17—7|0
1l17—7 0o—0 s > 17—7 0—0] 1
2l 0o—o0 17— 7 : A »! 52 52| 2
3| o0 0 L 3
|
4l 0—o0 17—7 o - : 4
5117—7 o ob—t+--4 5
6 |52 52 f—of- - - -4 6
A-8834

Figure 7-14. Vector Word Shift
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Instructions 154 through 157

Machine
Mode | Instruction CAL Syntax Description

154ijk Vi Sj +Vk Transmit the integer sums of (Sj) and (Vk elements) to Vi
elements.

155ijk Vi Vj+ Vk Transmit the integer sums of (Vj elements) and (Vi
elements) to Vi elements.

156ijk Vi Sj-Vk Transmit the integer differences of (Sj) and (Vk elements) to
Vi elements.

1560k Vi -Vk § | Transmit the two’s complement of (Vk elements) to Vi
elements.

157ijk Vi Vj-Vk Transmit the integer differences of (V; elements) and (Vi

elements) to Vi elements.

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) = (Vi
element).

Hold Issue Conditions

7-118

Instructions 154 through 157 hold issue for any of the following
conditions:

*  The Vkregister is reserved as an operand.

*  The Viregister is reserved as an operand or a result.

*  Instruction 0020xx was issued in the preceding CP.

°  Instruction 076 or 077 was issued in the previous 3 CPs.

Instructions 154 and 156 hold issue if the Sj register is reserved (except
S0).

Instructions 155 and 157 hold issue if the Vj register is reserved as an
operand.

If an instruction between 154 and 157 is in progress, the vector shift
functional unit is busy for (VL)/2 + 4 CPs.
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Execution Time

Description
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Instructions 154 through 157 issue in 1 CP.
The following execution times apply if data is available:

*  The Vj or Vkregister is ready in (VL)/2 + 3 CPs.
*  The Viregister is ready in (VL)/2 + 7 CPs.
*  The functional unit is ready in (VL)/2 + 4 CPs.

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

Instructions 154 through 157 execute in the vector add functional unit.
Instructions 154 and 155 perform integer addition; instructions 156 and
157 perform integer subtraction. No overflow is detected. 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.

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

Instruction 154ijk adds the contents of the Sj register to the contents of
each element of Vk and enters the results into the elements of Vi. The
elements of Vk are transmitted to Vi if the j designator is 0.

Instruction 155ijk adds the contents of the elements of Vj to the contents
of the corresponding elements of Vk and enters the results into the
elements of Vi.

Instruction 156ijk subtracts the contents of each element of Vk from the

“contents of the Sj register and enters the results into the elements of Vi.

Instruction 156i0k transmits the negative (two’s complement) of each
element of Vk to Vi.

Instruction 157ijk subtracts the contents of the elements of Vk from the

contents of corresponding elements of Vj and enters the results into the
elements of Vi.
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Instructions 160 through 167

Machine
Mode | Instruction CAL Syntax Description

160ijk Vi Sp*FVk Transmit the floating-point products of (Sj) and (Vk elements)
to Vi elements.

161ijk Vi Vj*FVk Transmit the floating-point products of (Vj elements) and (Vi
elements) to Vi elements.

162ijk Vi Sj*HVk Transmit the half-precision rounded fioating-point products of
(Sj) and (Vk elements) to Vi elements.

163ijk Vi Vj*HVk Transmit the half-precision rounded fioating-point products of
(Vj elements) and (Vk elements) to Vi elements.

164ijk Vi S]*RVk Transmit the rounded fioating-point products of (Sj) and (Vk
elements) to Vi elements.

165ijk Vi Vj*RVk Transmit the rounded floating-point products of (Vj elements)
and (Vk elements) to Vi elements.

166ijk Vi S*Vk Transmit the 32-bit integer products of (Sj) and (Vk
elements) to Vi elements.

167ijk Vi Vi*Vk Transmit the reciprocal iterations 2 — (Vj elements) * (Vk

elements) to Vi elements.

Special Cases

If j = 0, then (Sj) = 0.

Hold Issue Cdnditions

7-120

Instructions 160 through 167 hold issue for any of the following
conditions:

The Vk register is reserved as an operand.

The Vi register is reserved as an operand or as a result.
Instruction 0020xx was issued in the preceding CP.
Instruction 076 or 077 was issued during the previous 3 CPs.
The status register is busy.

Instructions 160, 162, 164, and 166 hold issue if the Sj register is
reserved (except SO).
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Execution Time

Description

CSM-0500-000

Instructions 161, 163, 165, and 167 hold issue if the Vj register is
reserved as an operand.

If an instruction between 140 and 145 is in progress in the second vector
logical functional unit or if instruction 16x is in progress, the
floating-point multiply functional unit is busy for (VL)/2 + 4 CPs.

Instructions 160 through 167 issue in 1 CP.
The following execution times apply if data is available:

*  The Vj and Vk registers are ready in (VL)/2 + 3 CPs
¢ The Viregister is ready in (VL)/2 + 10 CPs
¢  The functional unit is ready in (VL)/2 + 4 CPs

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

Instructions 160 through 167 execute 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.

The functional unit assumes that operands are in floating-point format.
Instructions 160, 162, 164, and 166 send a copy of the contents of the Sj
register to the functional unit, where the copy is retained as one of the
operands until the vector operation is completed. 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 transmitted to the elements of Vi. If one of the operands is
not normalized, the products may or may not be normalized. If neither
operand is normalized, the products are not normalized.

Instruction 160ijk forms the floating-point products of the contents of the

Sj register and of each element of Vk, and it enters the results into the
elements of Vi.
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Instruction 161ijk forms the floating-point products of the contents of the
elements of Vj and the contents of the corresponding elements of Vk, and
it enters the results into the elements of Vi.

Instruction 162ijk forms the half-precision rounded floating-point
products of the contents of the Sj register and the contents of each
element of the Vk register, and it enters the results into the elements of
Vi. This instruction can be used in a division algorithm when the result
only needs to be accurate to 30 bits.

Instruction 163ijk forms the half-precision rounded floating-point
products of the contents of the elements of V;j and of the corresponding
elements of Vk, and it enters the results into the elements of Vi. This
instruction can be used in a division algorithm when only 30 bits of
accuracy is required.

Instruction 164ijk forms the rounded floating-point products of the
contents of the Sj register and of each element of Vk, and it enters the
results into the elements of Vi.

Instruction 165ijk forms the rounded floating-point products of the
contents of the elements of Vj and of the corresponding elements of Vk,
and it enters the results into the elements of Vi.

Instruction 166ijk forms the 32-bit integer products of the contents of the
Sj register and of each element of Vk, and it enters the results into the
elements of Vi. The Sj operand must be left shifted by 31,¢ places, and
the Vk operand must be left shifted by 1619 places before instruction 166
is executed.

Instruction 167ijk forms the quantity of 2 minus the floating-point
products of the contents of the elements of Vj and V&, and it enters the
results into the elements of Vi. This instruction is used in the division
operation sequence of instructions.
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Instructions 170 through 173
Machine
Mode | Instruction CAL Syntax Description

170ijk Vi Sj+FVk Transmit the floating-point sums of (Sj) and (Vk elements)
to Vi elements.

170i0k Vi + FVk  § | Transmit the normalized (Vk elements) to Vi elements.

171ijk Vi Vj+FVk Transmit the floating-point sums of (Vj elements) and (Vk
elements) to Vi elements.

172ijk Vi Sj—-FVk Transmit the floating-point differences of (Sj) and (Vk
elements) to Vi elements.

172i0k Vi — FVk § | Transmit the normalized negatives of (Vk elements) to Vi
elements.

173ijk Vi Vj-FVk Transmit the floating-point differences of (Vj elements) and
(Vk elements) to Vi elements. ’

Special Cases

Ifj =0, then (§j) = 0.

Hold Issue Conditions

CSM-0500-000

Instructions 170 through 173 hold issue for any of the following

conditions:

®  The Vkregister is reserved as an operand.

*  The Viregister is reserved as an operand or as a result.

*  Instruction 0020xx was issued in the preceding CP.

°  Instruction 076 or 077 was issued during the previous 3 CPs.
®  The status register is busy.

Instructions 170 and 172 hold issue if the Sj register is reserved (except

S0).

Instructions 171 and 173 hold issue if the Vj register is reserved as an

operand.

If instructions 170 through 173 are in progress, the floating-point add
functional unit is busy for (VL)/2 + 4 CPs.
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Execution Time

Description

7-124

Instructions 170 through 173 issue in 1 CP.
The following execution times apply if data is available:

*  The Vjand Vk registers are ready in (VL)/2 + 3 CPs.
*  The Viregister is ready in (VL)/2 + 10 CPs.
®  The functional unit is ready in (VL)/2 + 4 CPs.

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

Instructions 170 through 173 execute 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
the contents of the VL register. All operations start with element O of the
V registers and increment the element number by 1 for each operation
performed. All results are normalized and transmitted to Vi whether or
not the operands are normalized.

Instructions 170 and 172 transmit a copy of the contents of the Sj register
to the functional unit, where the copy is retained as one of the operands
until the vector operation is completed. The other operand is an element
of Vk. For instructions 171 and 173, both operands are obtained from V
registers.

Instruction 170ijk forms the floating-point sums of the contents of the Sj
register and the contents of each element of Vk, and it enters the results
into the elements of Vi.

Instruction 170i0k is a special CAL form of instruction 170; it normalizes
the contents of the elements of Vk and enters the results into the elements
of Vi.

Instruction 171ijk forms the floating-point sums of the contents of the
elements of Vj and the contents of the corresponding elements of Vk, and
it enters the results into the elements of Vi.

Instruction 172ijk forms the floating-point differences of the contents of

the Sj register and the contents of each element of Vk, and it enters the
results into the elements of Vi.
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Instruction 172i0k is a special CAL form of instruction 172; it forms the
normalized negatives (twos complements) of the contents of the elements
of Vk and enters the results into the elements of Vi.

Instruction 173ijk forms the floating-point differences of the contents of

the elements of Vj and the contents of the corresponding elements of Vk,
and it enters the results into the elements of Vi.
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Instruction 174ij0

Machine
Mode | Instruction CAL Syntax Description
174ij0 Vi [HVj Transmit the floating-point reciprocal approximation of (Vj

elements) to Vi elements.

Special Cases

If the contents of a particular element of Vj are not normalized, the
contents of the corresponding element of Vi are invalid. Fora
floating-point number to be normalized, bit 247 must be set to 1. This bit
is not tested.

Hold Issue Conditions

Execution Time

7-126

Instruction 174 holds issue for any of the following conditions:

®  The Vjregister is reserved as an operand.

®  The Viregister is reserved as an operand or as a result.

*  Instruction 0020xx was issued in the preceding CP.

*  Instruction 076 or 077 was issued during the previous 3 CPs.
*  The status register is busy.

If instruction 174 is in progress, the reciprocal approximation functional
unit is busy for (VL)/2 + 4 CPs.

Instruction 174 issues in 1 CP.

The following execution times apply if data is available:

®  The Vj register is ready in (VL)/2 + 3 CPs.
®  The Viregister is ready in (VL)/2 + 14 CPs.
®  The functional unit is ready in (VL)/2 + 4 CPs.

NOTE: Vector instructions may or may not execute immediately; they
execute as data becomes available. In particular, a memory
conflict that slows execution of some elements of a vector read
from memory can cause delays in all instructions in the
operation chain, starting with that read.
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Description
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Instruction 174ij0 executes 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
results into the elements of Vi. The number of elements for which
approximations are found is determined by contents of the VL register.

Instruction 174ij0 is used in the division sequence to compute the
quotients of floating-point quantities. This instruction produces results
with 30 significant bits. The next 3 low-order bits are not necessarily
accurate, and the remaining 15 low-order bits are 0’s. The number of
significant bits can be extended to 48 by using the reciprocal iteration
instruction (167ijk) and a multiplication instruction.
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Instructions 174ij1 through 174i/3

Machine
Mode | Instruction CAL Syntax Description
174ij1 Vi PVj Transmit the population count of (Vj elements) to Vi elements.
174ij2 Vi Qvj Transmit the population count parity of (Vj elements) to Vi
elements.
174i3 Vi 2Vj Transmit the leading zero count of (Vj elements) to Vi

elements.

Special Cases

The following special cases apply to instruction 174ij3:

Hold Issue Conditions

Execution Time

7-128

If (Vj elements) = 0, then (Vi elements) = 64g.
If (Vj elements) < 0, then (Vi elements) = 0.

Instructions 174ij1 through 174ij3 hold issue for any of the following
conditions:

The Vj register is reserved as an operand.

The Vi register is reserved as an operand or as a result.
Instruction 0020xx was issued in the preceding CP.
Instruction 076 or 077 was issued during the previous 3 CPs.

If instruction 174ij0 is in progress, the vector population/parity
functional unit is busy for (VL)/2 + 6 CPs.

If instruction 174ij1, 174ij2, or 174ij3 is in progress, the vector
population/parity functional unit is busy for (VL)/2 + 4 CPs.

If instruction 070 is in progress, the vector population/parity functional
unit is busy for 5 CPs. :

Instructions 174ij1 through 174ij3 issue in 1 CP.
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The following execution times apply if data is available:

*  The Vj register is ready in (VL)/2 + 3 CPs.
*  The Viregister is ready in (VL)/2 + 8 CPs.
*  The functional unit is ready in (VL)/2 + 4 CPs.

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

Description

Instructions 174ij1 through 174ij3 execute in the vector
population/parity/leading zero functional unit, which also shares some
logic with the reciprocal approximation functional unit. The number of
operations performed by one of these instructions 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.

Instruction 174ij1 counts the number of bits set to 1 in each element of
Vj and enters the results into the corresponding elements of Vi. The
results are entered into 7 the low-order bits of each element of Vi; the
remaining high-order bits of each element of Vi are cleared.

Instruction 174ij2 counts the number of bits set to 1 in each element of
Vj. The least significant bit of each count tells whether an odd or an
even number of 1 bits is set in each element. Only this least significant
bit of each count is transferred to the least significant bit position of the
corresponding element of register Vi. The remaining 63 bits of the
element are set to 0’s. The actual population count results are not
transferred.

Instruction 174ij3 counts the number of leading 0’s in each element of Vj
and enters the counts into the 7 low-order bits of the corresponding
elements of Vi. The remaining bits of each element of Vi are set to 0’s.
If the contents of a particular element of Vj equal 0, then a value of 643 is
transmitted to the corresponding element of Vi. If the contents of a
particular element of Vj are negative, then the corresponding element of
Viissetto 0.
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Instruction 175

Machine
Mode | Instruction CAL Syntax Description

175050 VM V;,Z Set VM bit if (Vj element) = 0.

1750j1 VM Vj,N Set VM bit if (Vj element) = 0.

175052 VM Vj,P Set VM bit if (Vj element) = 0.

1750j3 VM Vj,M Set VM bit if (Vj element) < 0.

175ij4 Vi\VM Vj,Z2 Set VM bit if (Vj element) = 0; also, store the compressed
indices of the Vj elements = 0 in the Vi elements.

175ij5 Vi,VM Vj,N Set VM bit if (Vj element) = 0; also, store the compressed
indices of the Vj elements = 0 in the Vi elements.

175ij6 Vi,VM Vj,P Set VM bit if (Vj element) = 0; also, store the compressed
indices of the Vj elements = 0 in the Vi elements.

17557 ViVM Vj,M Set VM bit if (Vj element) < 0; also, store the compressed

indices of the Vj elements < 0 in the Vi elements.

Special Cases

7-130

The following special cases apply to instruction 175:

If Vjelementn =0 and k= 0 or 4, then VM bitn = 1.
If Vjelementnm Qand k=1or5, then VM bitn=1.
If Vjelement n = 0 and k = 2 or 6, then VM bitn = 1.
If Vjelementn < 0 and k=3 or 7, then VM bit n = 1.

If Vj element = 0 and k = 4, then the compressed index stored in
Vi=n.

If Vj element n » 0 and & = 5, then the compressed index stored in
Vi=n.

If Vj element n = 0 and k = 6, then the compressed index stored in
Vi=n.

If Vj element n < 0 and k = 7, then the compressed index stored in

Vi=n.
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Hold Issue Conditions

Execution Time

Description
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Instruction 175 holds issue for any of the following conditions:

The Vj register is reserved as an operand.

*  Instruction 003 was issued during the preceding 2 CPs.
Instruction 0020xx was issued in the preceding CP.
Instruction 076 or 077 was issued during the previous 3 CPs.

Instructions 175ij4 through 175ij7 hold issue if the Vi register is reserved
as an operand or as a result.

If instruction 14x or 175 is in progress, the vector logical functional unit
is busy for (VL)/2 + 4 CPs.

Instruction 175 issues in 1 CP.

The following execution times apply if data is available:
®  The Vjregister is ready in (VL)/2 + 3 CPs.

*  The VM register is ready for use by all instructions except
instruction 073 in (VL)/2 + 4 CPs.

*  The VM register is ready for use by instruction 073 in (VL)/2 + 5
CPs.

*  The Viregister is ready for use by instructions 175ij4 through
175ij7 in (VL)/2 + 9 CPs.

If no test conditions are true for instructions 175ij4 through 175ij7, then
(VM) = 0, no write operations to Vi registers occur, and the elements of
Vi are unchanged by the instruction.

The full vector logical functional unit executes the vector mask and
compressed index instruction 175. Instructions 175050 through 175053
create a mask in the vector mask registers VM and VM1. The 64 bits of
the VM register correspond to elements 0 through 63 of Vj, and the 64
bits of the VM1 register correspond to elements 64 through 127 of Vj.
The elements of Vj are tested for the condition specified by the & field of
the instruction. If the condition is true for an element, the corresponding
bit is set to 1 in the VM register. If the condition is not true, the bit is set
to 0.
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Instructions 175ij4 through 175ij7 create a vector mask identical to that
of instructions 175070 through 1750j3. However, they also create a
compressed index list in register Vi based on the results of testing the
contents of the elements of register Vj.

The number of elements tested is determined by the contents of the VL
register; however, the VM and VM1 registers are cleared before the
elements of Vj are tested. Element 0 corresponds to bit 0, element 1 to
bit 1, and so on, from left to right in the register.

The type of test made by the instruction depends on the 2 low-order bits
of the k designator. The high-order bit of the k designator is used to
select the compressed index option.

For instruction 175050, if the contents of the element of Vj equal 0, the
VM bit is set to 1. If the contents of the element of Vj are not 0, the VM
bit is set to 0.

For instruction 175051, if the contents of the element of Vj are not 0, the
VM bit is set to 1. If the contents of the element of Vj equal 0, the VM
bit is set to 0.

For instruction 175052, if the contents of the element of Vj are = 0, the
VM bit is set to 1. If the contents of the element of Vj are negative, the
VM bit is set to 0.

For instruction 175053, if the contents of the element of Vj are negative,
the VM bit is set to 1. If the contents of the element of Vj are = 0, the
VM bit is set to 0.

Instructions 175ij4 through 175ij7 are compressed index instructions.
These instructions test for zero, nonzero, positive (= 0), and negative
elements, respectively. A vector mask is generated, along with a vector
containing the indices of those elements of the tested vector that satisfied
the tested condition. These stored indices are referred to as compressed
indices, because the element pointer for the Vi register is advanced only
when the tested condition is satisfied and an index needs to be stored,
resulting generally in a Vi register of shorter vector length than that of
the register tested.

For instruction 175ij4, if the contents of the element of Vj equal 0, the
VM bit is set to 1, and the compressed element of Vi is set to the index of
the element of Vj. If the contents of the element of Vj are not 0, the VM
bit is set to 0, the element pointer for the Vi register does not advance,
and nothing is written to Vi. Refer to Figure 7-15 for an example of
instruction 175ij4.
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Vj Register Vj Register
(Tested) (Tested)

VL Register -1 01,

145 0 —J I———— 03g

5 > 04,

0 > 07g

0 > 10g

-15 11g

| 24 13g
VM ]010110011101 ... g
VM1 0
-17

VM Registers 1 ol
A-9420

Figure 7-15. Compressed Index Example for Instruction 175ij4

For instruction 175ij5, if the contents of the element of Vj are not 0, the
VM bit is set to 1, and the compressed element of Vi is set to the index of
the element of Vj. If the contents of the element of Vj equal 0, the VM
bit is set to 0, the element pointer for the Vi register does not advance,
and nothing is written to Vi.

For instruction 175ij6, if the contents of the element of Vj are = 0, the
VM bit is set to 1, and the compressed element of Vi is set to the index of
the element of Vj. If the contents of the element of Vj are negative, the
VM bit is set to 0, the element pointer for the Vi register does not
advance, and nothing is written to Vi.

For instruction 175ij7, if the contents of the element of Vj are negative,
the VM bit is set to 1, and the compressed element of Vi is set to the
index of the element of Vj. If the contents of the element of Vj are = 0,
the VM bit is set to 0, the element pointer for the Vi register does not
advance, and nothing is written to Vi.

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

The vector mask instructions, 175ij0 through 175ij3, and the compressed

index instructions, 175ij4 through 175ij7, are vector counterparts to the
scalar conditional branch instructions.
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Instructions 176 and 177

Machine
Mode | Instruction CAL Syntax Description

176i0k Vi ,A0,Ak Read (VL) words from memory to Vi starting at address (AQ)
+ (DBA), incrementing by (Ak).

176i00 Vi ,A0,1 § | Read (VL) words from memory to Vi starting at address (A0)
+ (DBA), incrementing by 1.

176i1k Vi ,A0,Vk Read (VL) words from memory to Vi using memory
addresses ((A0Q) + (Vk) + (DBA)).

17705k ,A0,Ak Vj Write (VL) words from (Vj) to memory starting at address
(AO) + (DBA), incrementing by (Ak).

17700 A01 Vi § | Write (VL) words from (Vj) to memory starting at address
(A0) + (DBA), incrementing by 1.

1771jk ,AO,Vk Vj Write (VL) words from (Vj) to memory using memory

addresses ((AO) + (Vk) + (DBA)).

Special Cases

7-134

An instruction in CIP holds issue for 1 CP after instruction 176 or
instruction 177 issues.

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

For instructions 176i0k and 1770jk, if k=0, the memory increment is 1.

For instructions 176i0k and 1770jk, (Ak) determines the memory
increment. Successive addresses are located in successive subsections.
References to the same subsection can be made every 7 CPs or more.
Incrementing (Ak) by 64 puts successive memory references in the same
subsection, so a word is transferred at least every 7 CPs. If the address is
incremented by 32, every other reference is to the same subsection, and
words can transfer no faster than two per 7 CPs. If an addressing
increment allows 7 CPs to pass before addressing the same subsection,
two words can transfer each CP.

Memory conflicts slow reading or writing of individual vector elements.

The elements are read or written in order, so a delay for any element
delays all succeeding elements.
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For instruction 176, if there is an instruction using its destination register
as a source of operands, the execution of that instruction is delayed
whenever there is a delay in the result data for instruction 176.

Hold Issue Conditions

Instructions 176 and 177 hold issue for any of the following conditions:

®  The AO register is reserved.

*  Instruction 0020xx was issued in the preceding CP.

®  Instruction 076 or 077 was issued during the previous 3 CPs.

® A scalar reference occurredin CP 1, CP 2, CP 3, CP 4, or CP 5.
®  The status register is busy.

Instruction 176 holds issue for any of the following conditions:
®  Ports A and B are busy.
*  The Viregister is reserved as an operand or as a result.

¢ The program is not in bidirectional memory mode and port C is
busy.

Instruction 177 holds issue for any of the following conditions:
*  Port Cis busy.
*  The Viregister is reserved as an operand.

®  The program is not in bidirectional memory mode and ports A and
B are busy.

Instructions 176i0k and 17707k hold issue if Ak is reserved, where k=1
through 7.

Instructions 176i1k and 1771k hold issue for any of the following
conditions:

*  Another instruction 176i1k or 1771jk is in progress.

®  The Vkregister is reserved as an operand or the Ak register is
reserved, where k equals 1 through 7.
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Execution Time

Description

7-136

The following execution times apply to instruction 176i0k:

®  The instruction issues in 1 CP.
®  The Viregister is ready in (VL)/2 + 26 CPs, if memory is available.
*  Port A or port B is busy for (VL)/2 + 6 CPs.

The following execution times apply to instruction 1770jk:

®  The instruction issues in 1 CP.
®  The Vj register is ready in (VL)/2 + 3 CPs, if data is available.
*  Port Cis busy for (VL)/2 + 6 CPs.

The following execution times apply to instruction 176ilk:

*  The instruction issues in 1 CP.

®  The Viregister is ready in (VL)/2 + 30 CPs, if memory is available.
*  The Vkregister is ready in (VL)/2 + 3 CPs, if data is available.

®  Port A or port B is busy for (VL)/2 + 10 CPs.

*  Instruction 176ilk is busy (VL)/2 + 11 CPs.

The following execution times apply to instruction 1771jk:
¢  The instruction issues in 1 CP.

*  The Viand Vk registers are ready in (VL)/2 + 3 CPs, if data is
available.

*  Port Cis busy for (VL)/2 + 10 CPs.

*  Instruction 1771jk is busy for (VL)/2 + 11 CPs.

Instructions 176 and 177 transfer blocks of data between V registers and
memory. Instruction 176 reads data from memory to elements of register
Vi. Instruction 177 writes data from elements of register Vj to memory.
The number of elements transferred is determined by the contents of the -
VL register.

Instructions 176i0k and 176i00 read words directly from memory and
enter them into the elements of the Vi register. AQ contains the starting
32-bit memory address. This address is incremented by the contents of
the Ak register for each word transmitted. The contents of Ak can be
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VL Register

positive or negative, allowing both forward and backward streams of
references. If the k designator is 0, or if 1 replaces Ak in the operand
field of the instruction, the address is incremented by 1.

Instruction 176i1k gathers words from nonsequential memory locations
and enters them into sequential elements of the Vi register. The Vk and
AO registers generate the nonsequential memory addresses. The
low-order bits of each element of Vk contain a signed integer, which is
added to the contents of AQ to obtain the 32-bit memory address.
Figure 7-16 shows an example of the 176i1k instruction.

In Figure 7-16, the VL register is set to 4, resulting in a transfer of 4
elements. Instruction 176i1k adds the contents of AQ to the contents of
each element of register Vk to form a memory address. The contents of
that address are then read and entered into the Vi register. Because (A0Q)
= 100 and (element O of V) =4, the contents of address 104 are entered

into element O of Vi. Similarly, (AO) + (element 1 of Vk) = 102, and the

contents of memory location 102 are entered into element 1 of Vi. This
process continues until the number of elements transferred equals the

(VL).

A0

100

CSM-0500-000

Vk Register Vi Register Memory

(Index) (Result) Contents/Address
4 600 = 200 100

2 400 = 300 101

7 250 400 102

0 200 |= 500 103

600 104

700 105

100 106

250 107

350 108

A-8421

Figure 7-16. Gather Instruction Example

Instructions 1770jk and 177050 write words from the elements of the Vj
register directly into memory. AQ contains the starting memory address.
This address is incremented by the contents of the Ak register for each
word transmitted. The contents of Ak can be positive or negative
allowing both forward and backward streams of references. If the k
designator is 0, or if 1 replaces Ak in the result field of the instruction,
the address is incremented by 1.
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Instruction 1771jk writes words from the elements of the Vj register to
nonsequential memory locations. The Vk and AOQ registers generate the
nonsequential memory addresses. The low-order bits of each element of
Vk contain a signed integer, which is added to the contents of AQ to
generate a 32-bit memory address. Figure 7-17 shows an example of the

1771jk instruction.

Vk Register Vj Register Memory
(Index) (Store Data) Contents/Address
VL Register 4 200 ! 500 100
4 2 300 l X 101
7 400 1 300 102
0 500 X 103
1 200 104
100 X 106
=1 400 107
b4 110

A-9422

Figure 7-17. Scatter Instruction Example

In Figure 7-17, the VL register is set to 4, resulting in a transfer of 4
elements. Instruction 1771jk adds the contents of A0 to the contents of
each element of register Vk to generate a memory address. The contents
of an element of Vj are then entered into the resulting memory address.
Because (AQ) = 100 and (element O of Vk) = 4, the contents of element 0
of Vj are entered into memory address 104. Similarly, (AQ) + (element 1
of Vk) = 102, and the contents of element 1 of Vj are entered into
memory location 102. This process continues until the number of
elements transferred equals the (VL).
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Absolute memory address calculating, central
memory, 2-12
Access time, register, 2-18
Add functional unit
floating point, 4-45
scalar, 4-41
vector, 4-43
Adding coefficients, 4-58
Addition algorithm, floating point, 4-58--4-59
Address add (integer) functional unit. See also
Integer arithmetic
general, 4-40
instruction summary, 4-40, 7-12.
Adadress bit
functions, 2-12
memory error, 3-35
Address functional units. See also specific
functional units
A register functions, 4-5
general, 4-40, 4-42
Address multiply functional units. See also
Integer arithmetic
general, 4-41
(integer) instruction summary, 7-12
Address range checking, central memory,
2-13--2-14
Algorithms, floating point
addition, 4-58--4-59
division, 4-61--4-65
multiplication, 4-59--4-61
Approximation iterations, Newton’s, 4-63
Approximating roots, Newton’s method, 4-62
Architecture, central memory, 2-5
A registers. See also Absolute memory address
calculating, B registers, Instruction
descriptions, and Instruction formats
exchange package, 3-2
fields, 3-3, 3-11
functions, 4-3--4-5
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general, 4-1, 4-2, 4-3

instructions, 4-6--4-10

special values, 4-5

troubleshooting, 4-12--4-13
Arithmetic. See Floating-point or Integer
Autotasking, 5-1, 5-6--5-7

Backslash symbol, 7-73
Bank-busy conflict, 2-11
BDM mode
disable and enable instructions, 2-2, 2-3
general, 2-7, 3-3, 3-10
Biased and unbiased exponent ranges,
4-52--4-53
BiCMOS, 2-1
Bidirectional memory mode. See BDM
Bipolar metal oxide semiconductor chips. See
BiCMOS
Block diagrams
A and B register troubleshooting, 4-13
A register, 4-3
CRAY Y-MP C90, 1-3
instruction fetch hardware, 3-16
instruction issue, 3-20
shared registers, 2-41
S and T register troubleshooting, 4-24
vector register troubleshooting, 4-37
V register, 4-26
Block
reference instruction port increment rules,
29
transfers, 2-2, 2-3
Block length (BL) register VHISP data transfer,
2-27
BPI interrupt flag, 3-3, 3-8
Branching to minimize fetches, 3-18--3-19
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B registers. See also Instruction formats and
Status registers
exchange package, 3-2
general, 4-1, 4-2, 4-10--4-11
instructions, 4-11
troubleshooting, 4-12--4-13
Broadcast commands, 6-2
Buffers, instruction, 3-16--3-17, 3-20
Bypass
instruction timing, 4-6
path, 4-5

Cabinet
FEI 1-6
I0S/SSD, 1-1
CAL syntax, special forms, 7-10
CA register, 2-21
Calculating
absolute memory address, 2-12
reciprocal approximation, 4-2
Central memory
address range checking, 2-13--2-14
architecture, 2-5
conflicts, and vector chaining, 4-28
as a functional unit, 4-39
index calculation, 4-2
logical organization, 2-4--2-11
mainframe, 1-2, 1-3
maximum data transfer rates, 2-18
memory instructions, 2-1--2-3
performance summary, 2-18
Chaining
general, 1-1, 4-27
vector, 4-32--4-33
Channel. See also Maintenance channel
adapters, EIOP, 1-4
address register, 2-21
assignments, CPU 1/O, 2-19
control, HISP, 2-26
control, LOSP, 2-20--2-21
control, VHISP, 2-26--2-27
errors, LOSP, 2-24--2-26
limit register, 2-21
maximum transfer rates, 2-19
programming, LOSP, 2-21--2-24
programming, VHISP, 2-27--2-28
status word (instruction 033) bit
assignments, 7-61
Check-bit generation, 2-16--2-17
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Checkbyte, 2-15, 2-16
CIP register. See also Reservations and hold
conditions :
instruction issue, 3-21
instruction issue sequence summary, 3-28
CLN field, 2-30, 3-10
CL register, 2-21
Cluster number (CLN) field, 2-30, 3-10
Clusters
interprocessor communication section,
2-30--2-31
I/0O, 1-4,1-5
C90 mode, 3-3, 3-10. See also Y-MP and C90
mode differences
Coefficients, adding, 4-58
Commands
broadcast, 6-2
individual CPU, 6-2
system, 6-2
Compressed index example, instruction 175ij4,
7-133
Computation section
CPU, 1-2,1-3
EIOP, 1-4
Conditions, exchange special case, 3-11, 3-12.
See also Hold issue conditions
Configuration
CRAY Y-MP C90 minimum, 1-4, 1-5
mainframe, 1-2--1-3
Conflict resolution, 2-8--2-11
Conflicts. See also Hold issue conditions
bank-busy, 2-11
exchange sequence execution, 3-12
instruction fetch timing, 3-19
1-parcel instruction holding 1 CP (CPn + 3),
3-24
2-parcel instruction holding 1 CP (CPn + 5),
3-25
3-parcel instruction holding 1 CP (CPn + 8),
3-27
section, 2-8--2-9, 2-11
shared paths access 2-37--2-38
simultaneous subsection access, 2-10, 2-11
subsection, 2-9, 2-11 -
vector processing, 4-27--4-28
V register, 4-27, 4-28
write bank-busy, 2-11
Control section
CPU, 1-2, 1-3
EIOP, 1-4
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Control Subsystem Network, 1-7
Converting floating-point numbers to decimal,
4-52
CPU
block diagram, 1-3
computation section, 4-1--4-65
conflict resolution, 2-8--2-11
deadstart sequence, 3-12--3-14
functional units, 1-2, 1-3
individual commands, 6-2
instruction descriptions, 7-10--7-138
I/O channel assignments, 2-19
makeup, 1-2, 1-3
master clear signal, 3-12--3-13
memory paths, 2-4, 2-5
memory ports, 2-5--2-8, 2-6
memory references, 2-5
ports, 2-1
priority matrix, 2-10
shared resources, 2-1--2-41
S registers, 4-14
status read format (parcel 0), 6-10
and system status read formats (parcels 1
through 3), 6-11
CPU instructions
descriptions, 7-10--7-138
formats, 7-2--7-5
monitor mode instructions, 7-10
notational conventions, 7-1
special CAL syntax forms, 7-10
special register values, 7-9
Y-MP and C90 mode differences, 7-6--7-9
CRAY Y-MP C90 overview, 1-1--1-7
Current instruction parcel register. See CIP

Data base address register. See DBA
Data flow, 4-1
Data format
floating-point, 4-51--4-52
integer, 4-49
Data limit address register. See DLA
Data transfer rates, maximum central memory,
2-18
DBA register. See also Absolute memory
address calculating
contents, 2-14
general, 2-13
memory instructions, 2-1
DCU overview, 1-6
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Deadlock flag. See DL

Deadstart sequence, 3-12--3-14

Diagrams. See Block diagrams

Disk controller unit. See DCU

Disk drive configuration, 1-2

Disk storage units. See DSUs

Division. See Reciprocal approximation

Division algorithm, floating-point, 4-61--4-65

Division, alternate method, 4-64--4-65

Division operation, integer. See Floating-point
division algorithm

DLA register, 2-13, 2-14

DL interrupt flag, 2-35, 3-3, 3-8

Documentation. See Publications

Double-precision numbers, 4-65

DSUs, 1-6

Dual functional units, 5-3

EEX interrupt flag, 3-3, 3-8
EIM flag, 2-29, 3-5

EIOPs, 1-4
Equalizing exponents, 4-58
Error detection and correction, central memory,
2-14--2-17
Errors, LOSP channel, 2-24--2-26
ESL
bit, 4-44
mode, 3-3, 3-10
Ethernet, 1-7
Exchange

initiation, 3-12
management, 3-14--3-15
package, 3-1--3-11
package format, 3-2, 3-3
sequence, 3-11--3-14
timing, 3-11
Exchange address register field. See XA
Exchange package fields
A register, 3-3, 3-11
cluster number, 3-3, 3-10
DBA register, 3-3, 3-4
DLA register, 3-3, 3-4--3-5
exchange address (XA) register, 3-3, 3-10
IBA register, 3-2, 3-3
ILA register, 3-3, 3-4
interrupt flags, 3-3, 3-6--3-8
interrupt modes, 3-3, 3-5--3-6
modes, 3-3, 3-9, 3-10
P register, 3-2, 3-3
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S register, 3-3, 3-11
status, 3-3, 3-9
vector length (VL) register, 3-3, 3-10
Execution time, exchange sequence, 3-12. See
also specific instructions
Exit instructions, exchange sequence initiation
3-14
Exponents
equalizing, 4-58
matrix, 4-56
ranges, 4-52--4-53
Expression (exp), 7-11
External master clear sequence, LOSP channel
2-24

FEIs
configuration, 1-2
overview, 1-6
Fetch
operation, instruction, 3-17--3-19
sequence, instruction, 3-15--3-19
timing, 3-19
FEX interrupt mode, 3-3, 3-5
Fiber-optic link, 1-6 ‘
Fields. See Exchange package fields
Fixed-point operations. See Integer arithmetic
Floating-point
addition algorithm, 4-58, 4-59
constants, 4-15
instructions, 4-2
multiplication algorithm, 4-59--4-61
numbers converted to decimal, 4-52
Floating-point add functional unit
instruction summary, 7-12
normalized floating-point numbers, 4-53
range errors, 4-54--4-55
Floating-point arithmetic
add functional unit range errors, 4-54--4-55
addition algorithm, 4-58, 4-59
data format, 4-51--4-52
decimal conversion, 4-52
division algorithm, 4-61--4-65
double-precision numbers, 4-65
exponent ranges, 4-52--4-53
multiplication algorithm, 4-59--4-61
multiply functional unit exponent matrix,
4-56
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multiply functional unit range errors,
4-55--4-57
multiply partial-product sums pyramid, 4-60
normalized floating-point numbers, 4-53
reciprocal approximation functional unit
range errors, 4-57--4-58
Floating-point functional units
add functional unit, 4-45
general, 4-45
multiply functional unit, 4-46
reciprocal approximation functional unit,
4-46--4-47
vector/scalar operations, 4-28
Floating-point multiply functional unit. See also
Integer Arithmetic
24-bit integer multiply, 4-50
32-bit integer multiply, 4-50
exponent matrix, 4-56
instruction summary 7-12
normalized floating-point number, 4-53
range errors, 4-55 A
Floating-point reciprocal approximation
functional unit range errors, 4-57--4-58
Floating-point reciprocal functional unit
instruction summary, 7-12
FNX interrupt mode, 3-3, 3-6
FOL-3, 1-6
Formats, instruction
1-parcel with combined j and k fields,
7-3--7-4
1-parcel with discrete j and £ fields,
7-2--7-3
2-parcel with combined i, j, k, and m fields,
7-4
3-parcel with combined m and # fields,
7-4--7-5
Fortran and vector processing, 4-25
FPE, 3-3, 3-7
FPS status field bit assignments, 3-3, 3-9
Front-end interfaces.. See FEIs
Full vector logical functional unit, 4-43--4-44
Functional unit. See also specific functional
units
general, 4-39--4-47
independence, 5-1, 5-5
instruction characters, 7-11
instruction summary, 7-12
operation, 4-47--4-65
reservations, 3-29
time, 4-39
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Functional units. See also specific functional
units
CPU, 1-2,1-3
dual, 5-3

Gather instruction
example, 7-137
port increment rates, 2-9
Gather memory references, 2-2--2-3

Heat exchange unit (HEU), 1-2
Highest physical processor number. See PPNO
HIPPI channel, 1-4
HISP
central memory access, 2-20
channel control, 2-26
channels, 2-26
CPU I/O channel assignments, 2-19
minimum configuration, 1-5

Hold conditions, exchange sequence, 3-11, 3-12.

See also Hold issue conditions
Hold issue conditions, 3-29--3-30. See also
Instruction descriptions, Shared paths
access priority, and specific instructions
Hardware
instruction fetch, 3-16--3-17
instruction issue, 3-19--3-21

IBA register
contents, 2-14
field, 3-2
IBAR
instruction buffers, 3-16--3-17
instruction fetch, 3-18
IBP interrupt mode, 2-2, 2-3, 3-3, 3-6
ICM interrupt mode, 2-15, 3-3, 3-6
ICP interrupt flag, 2-36, 3-3, 3-8
IDL interrupt mode, 3-3, 3-6
IFP interrupt mode, 3-3, 3-5
1O interrupt mode, 2-29, 3-3, 3-6
IIP interrupt mode, 2-36, 3-3, 3-6
II register, 3-31, 4-15
ILA register
contents, 2-14
field, 3-4
IMC interrupt mode, 3-3, 3-6
IMI interrupt mode, 3-3, 3-6
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Index
calculation, 4-2
generation, 4-5
registers, 4-3
Individual
CPU commands, 6-2
CPU status read format (parcel 0), 6-10
and system CPU status read formats (parcels
1 through 3), 6-11
Instruction. See also CPU instructions and
Instructions
buffers, 1-3, 3-16--3-17, 3-20
fetch operation, 3-17--3-19
fetch sequence, 3-15--3-19
fetch timing, 3-19
flow through issue registers (CP), 3-23
flow through issue registers (CPn + 1), 3-23
flow through issue registers (CPa + 2), 3-24
flow through issue registers (CPn + 4), 3-25
flow through issue registers (CPn + 6), 3-26
flow through issue registers (CPn + 7), 3-26
flow through issue registers (CPn + 9), 3-28
formats, 7-2--7-5
issue, 3-19--3-30
issue sequence summary, 3-28
1-parcel, holding 1 CP for conflict
(CPn + 3), 3-24
1-parcel issue, 3-21
2-parcel issue, 3-22
3-parcel issue, 3-22
2- parcel, holding 1 CP for conflict
(CPn + 5), 3-25
3-parcel, holding 1 CP for conflict
(CPn + 8), 3-27
reservations and hold issue conditions
3-29--3-30
timing for bypass operation, 4-6
Instruction base address register. See IBA
Instruction limit address. See ILA
Instructions. See also Instruction, CPU
instructions, and Pipelining and
segmentation
floating-point, 4-2
functional unit characters, 7-11
functional unit summary, 7-12
gather example, 7-137
interprocessor interrupt, 2-35
mode letter codes, 7-12
monitor mode, CPU, 7-10
program exit, 3-14
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programmable clock, 3-31
reciprocal approximation, 4-2
scatter example, 7-138
set, 4-2
vector mask, 4-34
VHISP channel, 2-27--2-28
Integer arithmetic
address functional units, 4-40
general, 4-1--4-2, 4-48--4-51
Integer data formats, 4-49
Integer division operation. See Floating-point
division algorithm
Inter-CPU conflicts. See Conflict resolution
Interfaces, network and front-end, 1-6
Intermediate operating registers, 4-2. See also
specific registers
Internal representation of a floating-point
number, 4-52
Interprocessor
communication section, 1-2, 1-3, 2-29--2-36
interrupt instructions, 2-35
Interrupt
flags, 3-3, 3-6--3-8
modes, 3-3, 3-5--3-6
modes field, 3-5
Interrupt-on-breakpoint. See IBP
Interrupt-on-operand range error. See IOR
Interrupts. See also Programmable clock
exchange sequence initiation, 3-14
interprocessor, 2-35
Intra-CPU conflicts. See Conflict resolution
I/0 channel assignments, 2-19
IOI interrupt flag, 2-22, 2-29, 3-3, 3-8
/O interrupts, 2-29. See also 101 ’
IOR interrupt mode. See also Address range
checking
DLA register, 2-13
exchange package format, 3-3
general, 3-5
set and clear, 2-2, 2-3
IOR mode, 3-4
IOS-E, 1-1
I/O section
CPU ports, 2-1
EIOP, 1-4
mainframe, 1-2, 1-3, 2-19--2-29
IOS system configuration, 1-4
I/O subsystem overview, 1-4
IPC interrupt mode, 3-3, 3-6, 3-31--3-32
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IPR interrupt mode, 3-3, 3-5

IPR mode, 3-4

IRP interrupt mode, 3-3, 3-5

IRT interrupt mode, 3-3, 3-6

IUM interrupt mode, 2-15, 3-3, 3-§

LIP registers
instruction issue, 3-21
instruction issue sequence summary, 3-28
Logical functional unit, scalar, 4-41
Logical operations, functional unit, 4-47--4-48
Logical organization
conflict resolution, 2-8--2-11
memory paths, 2-4--2-5
memory ports, 2-5--2-8
Logic, functional unit, 4-39
Loopback operation, 6-3
Loop-control variable, 4-27
LOSP
central memory access, 2-20
CPU block diagram, 1-3
CPU 1/O channel assignments, 2-19
initiation sequence, 2-23
minimum configuration, 1-5§
LOSP channel. See also I/O interrupts
auxiliary operations, 2-23
control sequence, 2-20--2-21
control signals, 2-20, 2-21
error flag settings, 2-25
errors, 2-24--2-26
external master clear sequence, 2-24
instructions, 2-22
I/0 interrupts, 2-29
maintenance channel, 6-1
programming, 2-21--2-24
registers, 2-21 ‘
Lower instruction parcel register. See LIP

Mainframe
channel types, 2-19
deadstart sequence, 3-12--3-14
general, 1-1
interprocessor communication section, 2-29
--2-36
I/O section, 2-19--2-29
overview, 1-2--1-3
shared resources, 1-2, 1-3
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Maintenance channel
CPU deadstart, 3-13
data formats, 6-8--6-11
diagnostic monitor, 6-11
functions, 6-1, 6-3--6-7
individual status read format (parcel 0),
6-10
MWS write data format, 6-8
system and individual status read formats
(parcels 1 through 3), 6-11
system status read format, 6-9
theory of operation, 6-1--6-3
Maintenance, hardware, using MWS-E, 1-7
Maintenance modes register bits, 7-96
Maintenance workstation. See MWS-E
Mass storage devices. See Disk drives, Tape
drives, and FEIs
Master clear signal, CPU, 3-12--3-13
Maximum data transfer rates, central memory
2-18
MCU interrupt flag, 3-3, 3-8
MEC interrupt flag, 2-15, 3-3, 3-8
ME maintenance diagnostic software release,
1-6
Memory
addressing, central memory, 2-12
error address bits, 3-35
instructions, 2-2--2-3, 2-12
paths, 2-4--2-5
Memory conflicts. See also Conflict
resolution
exchange sequence execution, 3-12
general, 2-11
instruction fetch timing, 3-19
Memory ports
A, B,and C, 2-7--2-8
allocation of references, 2-6
D, 2-8
overview, 2-5--2-7
Memory references. See also Exchange
mechanism, Instruction fetch sequence,
and 1/O section
indirect, 2-1
simultaneous, 2-5
out-of-sequence, 2-7
overlapping, 2-5
synchronizing, 2-7
Memory (scalar) functional unit, instruction
summary, 7-12
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Memory (vector) functional unit, instruction
summary, 7-12

Memory section

EIOP, 1-4

paths, 2-4, 2-§
MEU interrupt flag, 2-15, 3-3, 3-7
MGS, 1-2
Microtasking, 5-5--5-6
MII interrupt flag, 3-3, 3-8
MM mode, 3-3, 3-10
Mode

field, 3-3, 3-9, 3-10

instruction letter codes, 7-12
Monitor

mode instructions, 7-10

performance, 3-37--3-39
Monitoring using MWS-E, 1-7
Multiplication algorithm, 4-59--4-61
Multiply

24-bit, 4-50

32-bit, 4-50

functional unit, floating-point, 4-46
Multiprocessing, 1-1, 5-1, 5-5--5-6
Multitasking, 1-1, 5-1, 5-5, 5-6
MWS

maintenance channel, 6-1--6-11

write data format, 6-8
MWS-E overview, 1-6--1-7

Network interfaces, overview, 1-6
Newton’s method for approximating roots,
4-61--4-63
NEX interrupt flag, 3-3, 3-8
NIP register
instruction issue, 3-21
instruction issue sequence summary, 3-28
Normalized floating-point numbers, 4-53
Normalizing results, 4-58--4-59
Notational conventions for instructions, 7-1

OpenWindows, 1-6

Operating modes, 3-3, 3-9, 3-10
Operating registers, 1-2, 1-3, 4-2--4-37
Operator workstation. See OWS
Optional IOS-E, 1-4

ORE interrupt flag, 2-13, 3-3, 3-7
Out-of-sequence memory references, 2-7
Overhead, multitasking, 5-6
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OWS-E PPNO, 2-38
overview, 1-6--1-7 P register
software release, 1-6 exchange sequence, 3-17
field, 3-2
general, 3-1
Parallel IBAR address formats, 3-17

processing features, 5-1--5-7
vector operations, 4-27
Parameters, initial, 3-2
Parity error bits, register, 3-36
Partial-product sums pyramid, 4-60
Path
access priority, 2-37--2-41
bypass, 4-5--4-6
input to S registers, 4-16
PCI
interrupt flag, 3-3, 3-8
request, 3-31--3-32
Performance
central memory, 2-18
degradation, 2-18--2-19
events, selecting and reading, 3-38--
3-39
monitor, 3-37--3-39
Pipelining and segmentation
general, 5-1, 5-2--5-4
scalar example, 5-2
vector example, 5-4
Pipes
allocation of memory references, 2-6
CPU, 2-5, 2-6, 2-7
1/O section, 2-19
vector functional units, 4-42
V register, 4-25
PM counters
reading, 3-38
testing, 3-39
PM maintenance mode, 3-39
Population/parity/leading zero functional unit
scalar, 4-42
vector, 4-44--4-45
Port
designator bits, 3-33--3-34
priority rules, 2-8--2-9
reservations, 3-29
Ports. See also Conflict resolution
A, B, and C, 2-7--2-8
Cpry, 2-1
D, 2-8
I/O section, 2-19
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instruction issue, 3-20

instruction issue sequence summary, 3-28
PRE interrupt flag, 3-3, 3-4, 3-8
Primary operating registers, 4-2. See also

specific registers

Priority

matrix, CPU, 2-10

rules, port, 2-8--2-9

~ Processor number field, 3-3

Program code retrieval. See Instruction fetch
operation

Program exit instructions, 3-14

Programmable clock, 3-30--3-32, 4-15

Programming, LOSP channel, 2-21--2-24

PS status field bit assignments, 3-3, 3-9

Publications, MWS-E/OWS-E, 1-7

Quotient of floating-point numbers, 4-61

RAM, 2-1
Range errors. See Floating-point arithmetic
RCU, 1-2
Read mode bits, 3-33--3-34
Read operations, 6-9
Read references. See Exchange package
Real-time clock. See RTC
Reciprocal approximation, 4-2
Reciprocal approximation functional unit
floating-point range errors, 4-54
general, 4-46--4-47
normalized floating-point numbers, 4-53
Reduced instruction set computer architecture,
1-6
Registers. See also specific registers and Shared
paths access priority
CPU block diagram, 1-3
CPU operating, 1-2, 1-3
exchange package format, 3-3
interprocessor communication section
cluster, 2-30--2-31
LOSP channel, 2-21
operating, 4-2--4-38
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parity error bits, 3-36
reservations, 3-29
semaphore, 2-31, 2-32--2-34
shared, 2-31--2-32
special values, 7-9
Remote support using MWS-E, 1-7
Reservations. See Hold issue conditions
RISC architecture, 1-6
RPE, 3-35
RPE interrupt flag, 3-3, 3-7
RTC
determining run time, 2-37
general. 2-36--2-37, 4-15
instructions, 2-36
mainframe, 1-2, 1-3
troubleshooting, 2-39--2-41
RTI interrupt flag, 3-3, 3-8
Run time instruction sequence, 2-37

SB as sign bit, 7-75
SBCDBD, 2-14, 2-15, 3-34
SB registers, 2-30, 2-31--2-32, 3-2
Scalar. See also Integer arithmetic
add functional unit, 4-41
add functional unit instruction summary
7-12
data, 4-1
functional units, general, 4-40
logical functional unit, 4-41
memory references, 2-2, 2-3
merge operation, 4-48
operations, floating-point arithmetic,
4-45
population/parity/leading zero functional
unit, 4-42, 7-12
processing, 1-1
segmentation and pipelining example, 5-2
shift functional unit, 4-41, 7-12
Scalar instructions hold issue conditions, 3-30.
See also Floating-point arithmetic
Scalar logical functional unit instruction
summary, 7-12. See also Logical
operations
Scatter
instruction example, 7-138
instruction port increment rules, 2-9
memory references, 2-2, 2-3
SECDED, 2-26
Second vector logical functional unit, 4-44, 7-12
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Section conflict, 2-8--2-9, 2-11
Segmentation. See also Pipelining and
segmentation
functional unit, 4-39
vector precessing, 4-27
Self-modifying code, 3-19
Semaphore registers, 2-31, 2-32--2-34. See
also SM
Shared path reservations and hold issue
conditions, 3-29
Shared paths access priority. See also hold
issue conditions for specific instructions
arbitration scheme, 2-38
general, 2-37--2-39
shared registers block diagram, 2-41
Shared register request signal. See SR
request signal
Shared registers. See also Shared paths access
priority and Status registers
instructions, 2-32
interprocessor communication section,
2-31--2-32
troubleshooting, 2-39--2-41
Shared resources
CPU, 2-1--2-41
mainframe, 1-2, 1-3
Shift, functional unit
scalar, 4-41
vector, 4-43
SIE flag
general, 2-22
I/O interrupts, 2-29
Signals, LOSP control, 2-20--2-21
Simultaneous subsection access conflict, 2-10,
2-11
SM register
clusters, 2-30, 2-31
CPU synchronization example, 2-34
exchange package, 3-2
general, 4-15
instructions, 2-33
relation to S register bits, 2-33
Special CAL syntax forms, 7-10
Special case conditions, exchange sequence,
3-12. See also specific instructions
Special cases. See specific instructions
Special register values, 7-9
S registers. See also Address range checking,
Instruction descriptions, Instruction
formats, Scalar functional units, and
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T registers
block diagram, 4-14
exchange package, 3-2
fields, 3-3, 3-11
functions, 4-14--4-15
general, 4-1, 4-2, 4-14
instructions, 4-16--4-22
special values, 4-15--4-16
troubleshooting, 4-23--4-24
SR request signal, 2-37
SSD-E
general, 1-1
overview, 1-4
Status
bit assignments, 3-3, 3-9
field, 3-9
read data, 6-9
Status registers
data fields, 3-32
organization, 3-33
Status word, VHISP channel, 2-28
Storage. See SSD-E
ST registers
clusters, 2-30
exchange package, 3-2
general, 2-31--2-32, 4-15
Stride
memory references, 2-2, 2-3
reference instruction port increment rules,
2-9
Subsection conflict, 2-9, 2-11
SunOS 4.1.1 operating system, 1-6--1-7
Sun 4/370 SPARCstation, 1-6
Support equipment, 1-2
Swapping. See Exchange sequence
Synchronizing memory references, 2-2, 2-3
Syndrome code, 2-15
Syntax. See CAL
System and individual CPU status read formats
(parcels 1 through 3), 6-11
System commands, 6-2
System diagram, 1-2
System status read format (parcel 0), 6-9

Tape drives, configuration, 1-2
Timing
instruction fetch, 3-19
instruction, for bypass, 4-6
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Transfer rates
maximum central memory data, 2-18
maximum channel, 2-19
T registers. See also Instruction formats
exchange package, 3-2
general, 4-1, 4-2, 4-22
instructions, 4-23
troubleshooting, 4-23--4-24
Troubleshooting
A and B register block diagram, 4-13
Diagnostic monitor, 6-11
RTC, 2-39--2-41
shared register, 2-39--2-41
V register, 4-35--4-37

Unbiased exponent ranges, 4-53
UNIX, 1-7
Upgrades using the OWS-E, 1-7

Vector. See also Instruction formats,
Instruction descriptions, Pipelining and
segmentation, and V registers

block diagram, 4-37

chaining, 4-32--4-33

control registers, 4-33--4-35

data, 4-1

left double shift, first element, (VL) > 1
7-113

left double shift, last element, 7-114

left double shift, second element, (VL) > 2
7-113

mask bits convention, 7-1

mask instructions, 4-34

merge operation, 4-48

operations, floating-point arithmetic, 4-45

processing, 1-1, 4-25--4-27, 5-1

registers troubleshooting, 4-35

right double shift, first element, 7-115

right double shift, second element (VL) >1
7-115

right double shift, last operation, 7-116

segmentation and pipelining example, 5-4

word shift, 7-117

Vector functional units. See also Integer

arithmetic
add, 4-43
add, instruction summary, 7-12
general, 4-42
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full vector logical, 4-43--
4-44
logical instruction summary, 7-12

population/parity instruction summary, 7-12
population/parity/leading zero, 4-44--4-45

second vector logical, 4-44
shift, 4-43
shift instruction summary, 7-12
Vector instructions. See also Floating-point
arithmetic
general, 4-28, 4-29--4-32, 4-45, 5-2
hold issue conditions, 3-30
Vector length register. See VL
Vector stride instructions, performance
degradation, 2-18--2-19
VHISP
central memory access, 2-20
CPU block diagram, 1-3
CPU /O channel assignments, 2-19
data transfer, 2-20
minimum configuration, 1-5
VHISP channel
initiation sequence, 2-28
instructions, 2-27--2-28
/O interrupts, 2-29
programming, 2-27--2-28
status word, 2-28
VL registers
and A register functions, 4-4
field, 3-10
general, 4-33
VME bus, 1-6
VM registers
exchange package, 3-2
general, 4-15, 4-33--4-34
VNU status field bit assignments, 3-3, 3-9
V registers. See also Vector, Status registers
block diagram, 4-26
exchange package, 3-2
functional unit use, 4-45
functions, 4-27--4-28
general, 4-1, 4-2, 4-25
instructions, 4-28, 4-29, 4-32
troubleshooting, 4-35--4-37
vector processing, 4-25--4-27
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Write
bank-busy conflict, 2-11
hang, 6-3
operations, 6-9

Write references. See Exchange sequence

WS status field bit assignments, 3-3, 3-9

XA
register field, 3-3, 3-10
registers and A register functions, 4-4

Y-MP and C90 mode differences, 7-6--7-9. See

also C90 mode
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