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This document describes all instructions in the CRAY T90 series CPU
instruction set. The instruction descriptions use acronyms and
abbreviations that were defined in the CRAY T90 Series Instruction Set
Overview. The following information is included with each instruction

description:

e  Special cases

e Hold-issue conditions
e  Execution time

e  Description

In some instructions, register designators are prefixed by the following
letters that have special meaning to the assembler. The letters and their
meanings are listed as follows:

Letter Description

Floating-point operation
Half-precision floating-point operation
Reciprocal iteration

Population count

Parity count

Rounded floating-point operation
Leading-zero count

NTOW—~TT

The following list defines some of the notations used in the instruction set:

+  Arithmetic sum

— Arithmetic difference

Arithmetic product

Reciprocal approximation

Use one’s complement

Shift value or form mask from left to right
Shift value or form mask from right to left
Logical product (AND)

Logical sum (inclusive OR)

Logical difference (exclusive OR)

— @ AV #H > o«

7~

An expression (exp) occupies the jk, nm, or pnm field. The h, i, j, and k
designators indicate the field of the machine instruction into which the
register designator constant or symbol value is placed.

10 Cray Research Proprietary Pub number and revision
Preliminary Information September 9, 1994



| /,‘

CRAY T90 Series Instruction Set Instruction Descriptions

Instruction 000000
Machine Instruction CAL Syntax Description
000000 ERR Error exit.

Special Cases

Hold-issue Conditions

Execution Time

Description

None.

Any previously issued instruction not completed.

Any of the following instructions issued in the previous 5 CPs: 0013,
0014 (except 00140), 0015, 0017 through 0026, 023ij6, 023ij7, 027ij2,
027ij3, 073ij1, or 073ij5.

Instruction fetch operation in progress.

Instruction issue: 1 CP.

This instruction causes an exchange and a fetch operation. The time of
completion is undetermined.

Instruction 000 initiates an exchange sequence. All instructions issued
before the 000 instruction are completed. The instruction buffers and data
cache are voided.

When all previously issued instructions have completed, an exchange
sequence occurs to the exchange package designated by the exchange
address (XA) register. The program address stored in the exchange
package is advanced one count from the address of the 000 instruction.

If the Enable Flag on Error Exit (FEX) bit (in the interrupt modes field of
the exchange package) is set, instruction 000 sets to 1 the Error Exit
(EEX) bit (in the interrupt flags field of the exchange package). If the
FEX bit is not set, it clears the EEX bit to 0.

Pub number and revision Cray Research Proprietary 11
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If an exchange (interrupt) request occurs at the same time as a 000
instruction, the exchange request takes precedence and causes an
exchange to the exchange address (XA). The EEX flag is not set, and the
program address stored in the exchange package points to the 000
instruction.

The 000 instruction is treated as an error condition; it is not generally used
in program code. The instruction stops execution of an incorrectly coded
program that branches to an unused area of memory (if memory was
backgrounded with zeroes) or into a data area (if data is positive integers,
right justified ASCII, or floating-point zeroes).

12 Cray Research Proprietary Pub number and revision
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Instructions 0010 through 0012

Machine Instruction CAL Syntax Description

001000 PASS Pass (no operation).

0010jk (jkzO)M CAAj Ak Set channel (Aj) CA register (Ak) and activate
channel.

0011 kM CL,Aj Ak Set channel (Aj) CL register (AK).

0012/0M CLAj Clear interrupt flag and error flag for channel
(Aj). Clear Device Master Clear (output
channels only). Enable channel interrupt.

0012j1M MC,Aj Clear interrupt flag and error flags for channel
(Aj). Set Device Master Clear (output channels
only). Clear Ready Held (input channels only).
Enable channel interrupt.

0012/2M DLAj Disable channel Aj interrupt.

0012/3M ELAj Enable channel Ajinterrupt.

M Monitor mode only.

1 Description applies to LOSP channels. Refer to the text for descriptions of VHISP channel instructions.

Special Cases

Except for instruction 001000, instructions 0010 through 0012 are
privileged to monitor mode.

If the CPU is in normal user mode, instructions 0010 through 0012
execute as no-ops.

If the CPU is in interrupt-on-monitor-instruction (IMI) mode, instructions
0010 through 0012 (except 001000) execute as no-ops, the MII flag sets,
and an exchange sequence occurs. The P-register field of the exchange
package points to the parcel following the instruction. Refer to the

CRAY T90 Series Instruction Set Overview for more information.

The operation of instructions 0010 through 0012 (except 001000) is
modified by CPU configuration codes 050; through 055;.

For instructions 0010jk and 0011k in monitor mode:

e If j=0, the instruction performs no operation.
e [Ifj#0and k=0, the CA or CL register is setto 1.

For instructions 001270 and 0012/1, if j = 0, the instruction performs no
operation.

Pub number and revision Cray Research Proprietary 13
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Hold-issue Conditions

Instructions 0010jk and 0011k :
e  Register Aj or Ak reserved (except AO).
e  Shared path reserved.

e  Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 0014;0), 0015, 0017 through 0026, 0236,
023i57, 02752, 02753, 073ij1, or 073ij5.

Instructions 00120, 00121, 0012;2, and 0012;3:
e Register Ajreserved (except AO).
e  Shared path reserved.

e Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 0014/0), 0015, 0017 through 0026, 023ij6,
023i57, 027ij2, 027ij3, 073ij1, or 073ij5.

Execution Time
Instruction issue: 1 CP.

Shared path ready: CPs undetermined.

Description

Except for instruction 001000, instructions 0010 through 0012 are
privileged to monitor mode and provide operations useful to the operating
system. Instruction 001000 (or any instruction of the form 00100k)
performs no operation.

Instructions 0010, 0011, and 0012 control operation of the LOSP and
VHISP I/O channels. Register Aj designates the I/O channel. (When the j
designator is O, the instructions execute as no-op instructions.) These
instructions operate somewhat differently, depending on whether a LOSP
or VHISP channel is selected.

Instructions 0010k and 0011 jk initiate a channel transfer. For LOSP
channels, instruction 0011k first transfers the contents of register Ak to
the channel limit (CL) register of channel (Aj). Instruction 00105k then
transfers the contents of register Ak to the channel address (CA) register
of channel (Aj) and starts the transfer.

14 Cray Research Proprietary Pub number and revision
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For VHISP channels, instruction 00107k must be used twice, followed by
instruction 0011jk. The first 0010k instruction sets the starting block
address in the solid-state storage device (SSD). The second 00105k
instruction sets the channel address (CA) in the mainframe. The 0011k
instruction sets the block length (BL) and starts the transfer.

Instructions 00120 and 00121 clear an I/O channel before or after a
transfer. For LOSP channels, both instructions operate almost identically.
They clear the channel interrupt, clear the Error and Done flags, and
enable channel interrupts. For LOSP input channels, instruction 0012;1
clears the Ready Held flag. For LOSP output channels, instruction 0012;0
clears the Device Master Clear signal; instruction 0012;1 sets Device
Master Clear.

For VHISP channels, instruction 00120 clears the channel interrupt,
clears the channel sequence, clears the Error and Done flags, and enables
channel interrupts. Instruction 0012;1 is not used.

Instructions 00122 and 001253 disable and enable, respectively, interrupts
for channel (Aj).

Pub number and revision Cray Research Proprietary 15
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Instruction 0013

Machine Instruction CAL Syntax Description
0013/0M XA A Transmit (Aj) to exchange address.
0013j1NM Aj XA Transmit exchange address to Aj.
001302M EMI Enable monitor interrupt mode (set EIM to 1).
001303M DMI Disable monitor interrupt mode (clear EIM
to 0).

N New instruction (not available on CRAY C80 system).

M Monitor mode only.

Special Cases

Hold-issue Conditions

16

Instruction 0013 is privileged to monitor mode.
If the CPU is in normal user mode, instruction 0013 executes as a no-op.

If the CPU is in IMI mode, instruction 0013 executes as a no-op, the MII
flag sets, and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction. Refer to
the CRAY T90 Series Instruction Set Overview for more information.

Execution of instruction 0013 is affected by the CPU setup configuration.
Refer to PRN-0957, Triton Maintenance System, for more information.

For instruction 00130 in monitor mode: If j = 0, the exchange address
(XA) register is cleared.

Instructions 001370 and 0013j1:

e  Register Ajreserved (including A0).
e  Shared path reserved.

Cray Research Proprietary HTM-xxx-0
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Execution Time

Instruction 0013;0:

Instruction issue: 1 CP.

Shared path ready: CPs undetermined.

Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 0014;0), 0015, 0017 through 0026, 023ij6,
023ij7, 027i52, 027ij3, 073ij1, or 073ij5.

Instruction 0013;1:

Instruction issue: 1 CP.
Shared path ready: CPs undetermined.

Register Ajready: 6 CPs.

Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 0014;0), 0015, 0017 through 0026, 023ij6,
023ij7, 027ij2, 027ij3, 073ij1, or 073ij5.

Instruction 001302:

Instruction 001303:

Pub number and revision
September 9, 1994

Instruction issue: 1 CP.
Shared path ready: CPs undetermined.

Interrupts enabled: CPs undetermined.

Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 001470), 0015, 0017 through 0026, 0236,
023if7, 027i12, 0273, 073ij1, or 073ij5.

Instruction issue: 1 CP.
Shared path ready: CPs undetermined.

Interrupts disabled: CPs undetermined.

Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 0014;0), 0015, 0017 through 0026, 023ij6,
023if7, 027ij2, 027i3, 073ijl, or 073ij5.

Cray Research Proprietary
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Description

18
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Instruction 0013 is privileged to monitor mode and provides operations
useful to the operating system.

Instruction 0013j

Instruction 001350 transmits bits 5 through 20 of register Aj to the
exchange address (XA) register.

Instruction 0013;1

Instruction 00131 transmits the contents of the exchange address (XA)
register to bits 5 through 20 of register Aj. The remaining bits of register
Aj are cleared.

Instructions 001302 and 001303

Instructions 001302 and 001303 enable and disable, respectively, monitor
interrupt mode. Monitor interrupt mode is controlled by the EIM bit.

If the CPU is in monitor mode and EIM = 0, only the following interrupts
are enabled: PRE, EEX, and NEX. The following interrupts are held
until EIM = 1: RPE, MEU, FPE, ORE, BPI, MEC, MCU, RTI, and AMI.

If the CPU is in monitor mode and EIM = 1, all interrupts are enabled
except DL and MII. (ICP and PCI).

If the CPU is in user mode, EIM is always 1. All interrupts are enabled.

The EIM bit is set to 1 upon exchange to user mode. It cannot be changed
while the CPU is in user mode.

The EIM bit is cleared to 0 upon exchange to monitor mode. Instructions
0013102 and 001303 can be used to toggle the EIM bit when the CPU is
in monitor mode.

Cray Research Proprietary Pub number and revision
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Instruction Descriptions

Instruction 0014

; Machine Instruction CAL Syntax Description

0014,0M RT Sj Transmit (S)) to real-time clock.

00141M SIPI Aj Send inter-CPU interrupt to CPU (A)).

001401M SIPis Send inter-CPU interrupt to CPU 0.

001402M CIPi Clear inter-CPU interrupt.

001431 CLN Aj Transmit (Aj) to cluster number register.

0014j4M PCI Sj Transmit (Sj) to programmable clock.

001405M CCl Clear programmable clock interrupt (clear PClI
to 0).

001406M ECI Enable programmable clock interrupt (set IPC
to 1).

001407M DCI Disable programmable clock interrupt (clear
IPC to 0).

M Monitor mode only.

S Special CAL syntax.

Special Cases

R
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Instruction 0014 is privileged to monitor mode.

If the CPU is in normal user mode, instruction 0014 executes as a no-op.

If the CPU is in IMI mode, instruction 0014 executes as a no-op, the MII
flag sets, and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction. Refer to
the CRAY T90 Series Instruction Set Overview for more information.

For instruction 00141 in monitor mode:

e Ifj=0, the interrupt is sent to CPU 0.

e Ifa CPU attempts to interrupt itself, the instruction executes as a

no-op.

e If shared access is disabled (CPU configuration code 051g), the
instruction executes as a no-op. Refer to Section 4 of PRN-0957,
Triton Maintenance System, for more information on configuration

codes.

For instruction 0014;3 in monitor mode: If j =0 or if (Aj) = 0, the cluster
number is cleared to 0. Cluster O is a dummy cluster without registers.
Refer to the instruction description for more information.

Cray Research Proprietary 19
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CRAY T90 Series Instruction Set

For instruction 00144 in monitor mode: If j = 0, the programmable clock
is cleared.

Hold-issue Conditions

Instructions 001450 and 0014j4:

Register Sj reserved (except S0).
Shared path reserved.
Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 0014;0), 0015, 0017 through 0026, 023ij6,
023ij7, 027ij2, 027ij3, 073ij1, or 073ij5.

Instructions 001451 and 0014;3:

Register Aj reserved (except A0).
Shared path reserved.

Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 001450), 0015, 0017 through 0026, 023ij6,
023ij7, 027ij2, 027ij3, 073ij1, or 073ij5.

Instructions 001402, 00145, 00146, and 0014;7:

Execution Time

Shared path reserved.

Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 0014;0), 0015, 0017 through 0026, 023ij6,
023ij7, 027ij2, 027ij3, 073ij1, or 073ij5.

Instruction 0014;0:

20

Instruction issue: 1 CP.

Shared path ready: CPs undetermined.

Real-time clock valid: CPs undetermined (normal operation)
Real-time clock valid: CPs undetermined (shared access disabled —

CPU configuration code 0515.) Refer to Section 4 of PRN-0957,
Triton Maintenance System, for more information.

Cray Research Proprietary Pub number and revision
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CRAY T90 Series Instruction Set Instruction Descriptions

Instructions 001451, 001402, 001453, and 0014;5:

¢ Instruction issue: 1 CP.
e  Shared path ready: CPs undetermined.

Instruction 0014;j4:

e Instruction issue: 1 CP.
e  Shared path ready: CPs undetermined.

Instruction 0014;6:

Instruction issue: 1 CP.
e  Shared path ready: CPs undetermined.
e Programmable clock interrupt enabled: CPs undetermined.

Instruction 0014;7:

e Instruction issue: 1 CP.
e  Shared path ready: CPs undetermined.
e  Programmable clock interrupt disabled: CPs undetermined.

Description

Instruction 0014 is privileged to monitor mode and provides operations
useful to the operating system.

Instructions 0014j

Instruction 001450 transmits the contents of register Sj to the real-time
clock.

Instructions 0014;1

Instruction 001451 sends an inter-CPU interrupt request to the CPU
designated by register Aj. If the receiving CPU has its IIP bit set and its
EIM bit set, its ICP flag sets and an exchange sequence occurs. The
program that begins executing as a result of the exchange sequence must
be in monitor mode and must execute instruction 001402 to clear the ICP
flag. If instruction 001402 is not executed, the ICP flag initiates another
exchange sequence whenever the EIM bit sets (either by instruction
001302 or by exchange to user mode).

If the receiving CPU does not have its IIP bit set or does not have its EIM
bit set, it ignores inter-CPU interrupt requests. '

Pub number and revision Cray Research Proprietary 21
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Instruction 001402

Instruction 001402 clears an inter-CPU interrupt request. It must be used
after each inter-CPU interrupt.

Instruction 001453

Instruction 0014;3 sets the cluster number to the contents of register Aj.
Valid cluster numbers are O through n, where n is the number of the
clusters in the system.

The number of clusters is dependent on the system type and system
configuration. CRAY T94 and CRAY T916 systems contain 18 clusters
and can be configured with 9 or 18 clusters. CRAY T932 systems contain
36 clusters and can be configured with 9, 18, or 36 clusters.

Cluster 0 is a dummy cluster without registers. An instruction that
attempts to read data from an SB, ST, or SM register of cluster 0 returns
all 0’s. An instruction that writes to an SB, ST, or SM register of cluster O
or that tests a semaphore executes as a no-op.

Clusters 1 through n are valid clusters.

A cluster number larger than the number of valid clusters produces
undefined results.

Instruction 00144

Instruction 0014j4 transmits bits O through 31 of register Sjto the interrupt
interval register of the programmable clock. If the IPC bit is set, an
interrupt is generated once every n CPs, where n is the value loaded into
the interrupt interval register.

Every n CPs, if the CPU has its IPC bit set and its EIM bit set, its PCI flag
sets and an exchange sequence occurs. The program that begins executing
as a result of the exchange sequence must be in monitor mode and must
execute instruction 001405 to clear the PCI flag. If instruction 001405 is
not executed, the PCI flag initiates another exchange sequence whenever
the EIM bit sets (either by instruction 001302 or by exchange to user
mode).

If the CPU does not have its IPC bit set or does not have its EIM bit set, it
ignores programmable clock interrupt requests.

Instruction 001405

Instruction 001405 clears a programmable clock interrupt request. It must
be used after each programmable clock interrupt.

22 Cray Research Proprietary Pub number and revision
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Instructions 001406 and 001407

Instructions 001406 and 001407 enable and disable, respectively,
programmable clock interrupts. Instruction 001406 sets the IPC bit to 1.
Instruction 001407 clears the IPC bit to 0.

The IPC bit must be set and the EIM bit must be set to enable
programmable clock interrupts.

Pub number and revision Cray Research Proprietary 23
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CRAY T90 Series Instruction Set

instruction 0015

Machine Instruction CAL Syntax Description
001500M —X Clear all performance monitor counters.
001501N™ —X Clear performance monitor pointer.

N New instruction (not available on CRAY C90 system)

T Triton mode only.
M Monitor mode only.
X Not supported by CAL.

Special Cases

Hold-issue Conditions

24

Instruction 0015 is privileged to monitor mode.
If the CPU is in normal user mode, instruction 0015 executes as a no-op.

If the CPU is in IMI mode, instruction 0015 executes as a no-op, the MII
flag sets, and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction. Refer to
the CRAY T90 Series Instruction Set Overview for more information.

Instruction 001501 is privileged to Triton mode. If this instruction is
executed in C90 mode, the result is undefined.

Except in maintenance mode, instruction 0015 should not be issued until
the performance monitor is not busy (PMBY status register O bit 47 clear).
If this instruction is issued with PMBY set, the result is undefined.

Execution of instruction 0015 is affected by the CPU setup configuration.
Refer to PRN-0957, Triton Maintenance System, for more information.

Shared path reserved.

Any of the following instructions issued in the previous 5 CPs: 0013,
0014 (except 0014;0), 0015, 0017 through 0026, 023ij6, 023i;7, 027ij2,
027ij3, 073ij1, or 073ij5.

Cray Research Proprietary HTM-xxx-0
Preliminary Information September 23, 1994
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CRAY T80 Series Instruction Set

Execution Time

Description

Instruction issue: 1 CP.
Shared path ready: CPs undetermined.

Performance monitor ready: 36 to 68 CPs.

Instruction 001500 clears all performance monitor counters and the
performance monitor pointer. This instruction should not be issued until
the PMBY flag (status register O bit 47) is clear.

Instruction 001501 clears the performance monitor pointer. Except in
maintenance mode, this instruction should not be issued until the PMBY
flag (status register O bit 47) is clear. In maintenance mode, issuing
instruction 073i25 causes the PMBY bit to set and remain set. The only
way to clear the PMBY flag in this case is with instruction 001501.

Pub number and revision Cray Research Proprietary
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Instruction 0016

Machine Instruction CAL Syntax Description
001600M ESI Enable system I/O interrupts (set SEl to 1).
001640NM BCD Broadcast cluster detach.

N New instruction (not available on CRAY C90 system).

M Monitor mode only.

Special Cases

Hold-issue Conditions

Execution Time

26

Instruction 0016 is privileged to monitor mode.
If the CPU is in normal user mode, instruction 0016 executes as a no-op.

If the CPU is in IMI mode, instruction 0016 executes as a no-op, the MII
flag sets, and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction.

In monitor mode, if shared access is disabled (CPU configuration code
0515), instruction 0016 executes as a no-op. Refer to Section 4 of
PRN-0957, Triton Maintenance System, for more information on
configuration codes.

Shared path reserved.
Any of the following instructions issued in the previous 5 CPs: 0013,

0014 (except 0014;0), 0015, 0017 through 0026, 023ij6, 0237, 027ij2,
0273, 073ij1, or 073ij5.

Instruction issue: 1 CP.

Shared path ready: CPs undetermined.

Cray Research Proprietary Pub number and revision
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Description

Instruction 0016 is privileged to monitor mode and provides operations
useful to the operating system.

Instructions 001600

Instruction 001600 enables I/O interrupts to occur.

When a CPU receives an I/0 interrupt, subsequent I/O interrupts are
disabled for the entire system. The CPU that receives an 1/O interrupt
should, after servicing the interrupt, execute instruction 001600 to
re-enable /O interrupts for the system.

NOTE: If the receiving CPU executes instruction 001600 before clearing
the interrupt request, the request causes another interrupt.

Instructions 001640

Instruction 001640 releases all cluster assignments previously established
by user-mode programs running in the particular CPU. This instruction is
normally used only in Triton mode; in C90 mode, cluster assignments are
automatically released on every exchange.

When a user-mode program exchanges in, the cluster number (CLN) field
in its exchange package specifies the shared register cluster to which it is
assigned. If the user-mode program exchanges out to a monitor-mode
program and a new user is to be brought into the CPU, the monitor
program will execute instruction 001640 to release the old cluster
assignment.

If a user-mode program exchanges out to another user-mode program, the
cluster assignment is not released. The new cluster assignment takes
precedence, but the old assignment is still active. Thus, when a
monitor-mode program starts, several cluster assignments can be active.
Instruction 001640 releases all these assignments.

Shared module configuration functions can enable and disable the
capability of having multiple cluster assignments active simultaneously.
Refer to Section 4.6.1.1 of PRN-0957 for more information.
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CRAY T90 Series Instruction Set

Instruction 0017

Machine Instruction

CAL Syntax Description

0017 jkM

BP,k Aj Transmit (Aj) to breakpoint address k (k=0
or 1).

M Monitor mode only.

Special Cases

Hold-issue Conditions

Execution Time

28

Instruction 0017 is privileged to monitor mode.
If the CPU is in normal user mode, instruction 0017 executes as a no-op.

If the CPU is in IMI mode, instruction 0017 executes as a no-op, the MII
flag sets, and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction. Refer to
the CRAY T90 Series Instruction Set Overview for more information.

If £+ 0 or 1, the result is undefined.
If j = 0, the selected breakpoint address is set to 0.

Execution of instruction 0017 is affected by the CPU setup configuration.
Refer to PRN-0957, Triton Maintenance System, for more information.

Register Aj reserved (except A0).
Shared path reserved.

Any of the following instructions issued in the previous 5 CPs: 0013,
0014 (except 0014;0), 0015, 0017 through 0026, 0236, 023ij7, 027i;2,
027i53, 073ij1, or 073ij5.

Instruction issue: 1 CP.

Shared path ready: CPs undetermined.

Cray Research Proprietary HTM-xxx-0
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Description

Instruction 0017k transmits the contents of register Aj to breakpoint
address k, where kis O or 1. If k = O, the breakpoint base address is
loaded. If k=1, the breakpoint limit address is loaded.

A breakpoint interrupt occurs if a common memory write reference is
made to a physical address within the breakpoint range (that is, to a
physical address equal to or greater than the breakpoint base address and
less than the breakpoint limit address). The breakpoint compare is done
on bits 0 through 34 of the address; the higher-order bits are ignored. If
the limit address is less than or equal to the base address, breakpoint
interrupts do not occur.

Because a breakpoint interrupt occurs only when a write reference is made
to a physical address less than the breakpoint limit address, it is

impossible to have a breakpoint interrupt occur on the highest physical
memory address.

Breakpoint interrupts do not occur on read references.

A breakpoint interrupt can occur only if the IBP bit (in the interrupt modes
field of the exchange package) is set and the EIM bit is set. If the IBP bit
is clear, breakpoint interrupt requests are ignored. If the IBP bit is set and
the EIM bit is clear, a breakpoint interrupt request is held until the EIM bit
sets.

NOTE: Breakpoint addresses are not part of the exchange package.
When an exchange sequence occurs, the hardware does not
automatically load or save the breakpoint addresses.
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Instruction 0020

CRAY T90 Series Instruction Set

Machine Instruction CAL Syntax Description
00200k VL Ak Transmit (AK) to vector length register.
002000 VL 18 Transmit 1 to vector length register.

S Special CAL syntax.

Special Cases

Hold-issue Conditions

If the CPU is in IMI mode, instruction 0020 executes normally. Following
execution, the MII flag sets and an exchange sequence occurs. The
P-register field of the exchange package points to the parcel following the
instruction. Refer to the CRAY T90 Series Instruction Set Overview for

more information.

If k = 0, the vector length is set to 1.

If k£ # 0 and (Ak) = 0O, the vector length is set to 128.

Register Ak reserved (except AO).

Shared path reserved.

Any of the following instructions issued in the previous 5 CPs: 0013,
0014 (except 001450), 0015, 0017 through 0026, 023ij6, 023ij7, 027ij2,
027ij3, 073ij1, or 073ij5.

Execution Time

Instruction issue: 1 CP.

Register VL ready: 1 CP.

Shared path ready: CPs undetermined.

30
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Description

Instruction 00200k transmits the contents of register Ak to the vector
length (VL) register. The vector length can be between 1 and 128 (2005)
inclusive.

Although the VL register contains 8 bits (0 through 7), only the lower 7
bits (0 through 6) of register Ak are transmitted to the VL register. Bit 7
of the VL register is automatically set if bits O through 6 are 0’s. Bit 7 is
automatically cleared if any of bits 0 through 6 are 1°s.

Pub number and revision Cray Research Proprietary
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CRAY T90 Series Instruction Set

Instructions 0021 through 0027

Machine Instruction CAL Syntax Description

002100 EFI Enable interrupt on floating-point error (set IFP
to 1).

002200 DFI Disable interrupt on floating-point error (clear
IFP to 0).

002210 CBL Clear bit matrix loaded bit (clear BML to 0).

002300 ERI Enable interrupt on operand range error (set
IOR to 1).

002301 EBP Enable interrupt on breakpoint (set IBP to 1).

002400 DRI Disable interrupt on operand range error (clear
IOR to 0).

002401 DBP Disable interrupt on breakpoint (clear iBP to 0).

002500 DBM Disable bidirectional memory transfers (clear
BDM to 0).

002501N ESC Enable scalar cache (set SCE to 1).

002600 EBM Enable bidirectional memory transfers (set
BDM to 1).

002601N DSC Disable and invalidate scalar cache (clear SCE
to 0).

002700 CMR Complete memory references.

002704 CPA Complete port reads and writes (ports A, B,
and C).

002705 CPR Compilete port reads (ports A and B).

002706 CPW Complete port writes {port C).

N New instruction (not available on CRAY C90 system)

Special Cases

32

If the CPU is in IMI mode, instructions 0021 through 0026 execute as
no-ops, the MII flag sets, and an exchange sequence occurs. The
P-register field of the exchange package points to the parcel following the
instruction. Refer to the CRAY T90 Series Instruction Set Overview for
more information.

The execution of instructions 0021 through 0027 is affected by the CPU
setup configuration. Refer to PRN-0957, Triton Maintenance System, for
more information.

Cray Research Proprietary HTM-xxx-0
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Hold-issue Conditions

Instructions 002100, 002200, 002300 through 002500, and 002600:
e  Shared path reserved.

e  Status register busy.

®  Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 0014;0), 0015, 0017 through 0026, 0236,
023if7, 027ij2, 0273, 073ij1, or 073ij5.

Instruction 002210:

e  Shared path reserved.
e  Status register busy.

Instructions 002501 and 002601:
e  Shared path reserved.

¢ Any memory activity in progress.

e Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 001450), 0015, 0017 through 0026, 023ij6,
023i57, 027152, 027i53, 073ij1, or 073ij5.

Instruction 002700:

e  Shared path reserved.

e Port A, B, or C busy.

®  Scalar instruction issued in previous CPs undetermined.
e Block instruction issued in previous CPs undetermined.

Instruction 002704:

e  Shared path reserved.
e Port A, B, or C busy.

Instraction 002705:

e  Shared path reserved.
e Port A or B busy.

Pub number and revision _ Cray Research Proprietary
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Execution Time

Description

34

Instruction 002706:

Shared path reserved.
Port C busy.

Instruction issue: 1 CP.
Shared path ready: CPs undetermined.

Instructions 002100 and 002200 set and clear the interrupt-on-
floating-point (IFP) error bit in the interrupt modes register. Issuing either
of these instructions also clears the floating-point error flag.

Instruction 002210 clears the bit matrix loaded (BML) bit in the status

field of the exchange package. This bit is set by instructions 174054 and
174055.

Instructions 002300 and 002400 set and clear the interrupt-on-operand
range (IOR) error bit in the interrupt modcs register.

Instructions 002301 and 002401 set and clear the interrupt-on-breakpoint
(IBP) bit in the interrupt modes register. When instruction 002401 is
issued, the IBP mode becomes effective after all previously issued
memory or floating-point operations can no longer cause interrupts.

Instructions 002500 and 002600 clear and set the bidirectional memory
(BDM) bit in the mode register. When the BDM bit is set, block read and
write operations can operate concurrently. When the BDM bit is clear,
block read and write operations cannot operate concurrently; however two
block read operations can operate concurrently if one uses port A and the
other uses port B.

NOTE: The operating system can override the BDM bit by setting the
bidirectional disable (BDD) bit, which is also in the mode
register. If the BDD bit is set, bidirectional memory transfers
are disabled regardless of the state of the BDM bit.

Instructions 002501 and 002601 set and clear the scalar cache enable
(SCE) bit in the mode register. Instruction 002601 also invalidates cache
data.

Cray Research Proprietary Pub number and revision
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Instruction 002700 ensures completion of all memory references within
the CPU issuing the instruction. Instruction 002700 does not issue until
all memory references before this instruction will be able to complete in a
fixed number of CPs. For example, a CPU is ensured of receiving
updated data when it issues a data load instruction after a 002700
instruction. The 002700 instruction, used in conjunction with semaphore
instructions, synchronizes memory references between processors.

Instructions 002704 through 002706 can be used to ensure sequential
memory referencing within a CPU. These instructions do not issue until
previous memory references are at a stage of execution in which their
completion is guaranteed to occur before any memory references issued
after these instructions. The 002704 instruction ensures that all reads and
writes are at this stage. The 002705 instruction ensures that only reads
occur at this stage. The 002706 ensures that only writes occur at this
stage.
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Instruction 0030

Machine Instruction CAL Syntax Description
00300 VMO Sj Transmit (Sj) to VMO.
003000 VMO 0 Clear VMO.
0030/ VM1 Sj Transmit (S)) to VM1.
003001 VM1 08 Clear VM1.
00302NT VMO Aj Transmit (Aj) to VMO.
00303NT VM1 Aj Transmit (A)) to VM1.

N New instruction (not available on CRAY C90 system)
T Triton mode only
S Special CAL syntax

Special Cases

Instructions 003052 and 0030;3 are privileged to Triton mode. If these
instructions are executed in C90 mode, the results are undefined.

For instructions 0030;0 and 0030;72: If j = 0, register VMO is cleared.

For instructions 003051 and 0030;3: If j = 0, register VM1 is cleared.

Hold-issue Conditions
Instructions 0030;0 and 0030;1:
e Register Sj reserved (except SO).

® VM busy. (For instruction 175, VM busy VL/2 + 8 CPs. For
instructions 070ij1, 146ijk, 147ijk, 005400 153i;0, or 005400 153ij1,
VM busy 3 CPs.)

Instructions 003052 and 0030;3:
e  Register Ajreserved (except A0).

e VM busy. (For instruction 175, VM busy VL/2 + 8 CPs. For
instructions 070ij1, 146ijk, 147ijk, 005400 15330, or 005400 153ij1,
VM busy 3 CPs.)

Execution Time

Instructions issue: 1 CP.

36 Cray Research Proprietary Pub number and revision
Preliminary Information September 9, 1994



CRAY T90 Series Instruction Set Instruction Descriptions

Description

Instruction 0030;0 transmits the contents of register Sj to the lower vector
mask register (VMO). Bit 63 of register Sj corresponds to element O of the
vector mask; bit O corresponds to element 63.

Instruction 0030;1 transmits the contents of register Sj to the upper vector
mask register (VM1). Bit 63 of register Sj corresponds to element 64 of
the vector mask; bit O corresponds to element 127.

Instruction 003052 transmits the contents of register Aj to the lower vector
mask register (VMO). Bit 63 of register Aj corresponds to element O of
the vector mask; bit O corresponds to element 63.

Instruction 0030;3 transmits the contents of register Aj to the upper vector
mask register (VM1). Bit 63 of register Aj corresponds to element 64 of
the vector mask; bit O corresponds to element 127.
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Instruction 0034 through 0037

Machine Instruction CAL Syntax Description
0034jk (2 =0) SMjk 1,TS Test and set semaphore jk (jk = 0 — 37g).
0034jk (2 =1) SM,Ak 1,TS Test and set semaphore (AK).
0036jk (2 = 0) SMjk 0 Clear semaphore jk (jk = 0 — 373).
0036jk (2 = 1) SM,AkK 0 Clear semaphore (AK).
0037jk (2 = 0) SMjk 1 Set semaphore jk (jk=0- 37g).
0037jk (2 =1) SM,Ak 1 Set semaphore (Ak).

Special Cases

Instructions 0034 through 0037 execute as no-ops if the cluster number
(CLN)is 0.

For instructions 0034 through 0037 (j2 = 1): If k = 0, semaphore 1 is
addressed.

If the CPU is in IMI mode, instructions 0034 through 0037 execute
normally. (Normally in IMI mode, the cluster number should be O so that
these instructions are no-ops.) Following execution, the MII flag sets and
an exchange sequence occurs. The P-register field of the exchange
package points to the parcel following the instruction. Refer to the

CRAY T90 Series Instruction Set Overview for more information.

If shared access is disabled (CPU configuration code 051s), instructions
0034 through 0037 execute as no-ops. Refer to Section 4 of PRN-0957,
Triton Maintenance System, for more information on configuration codes.

Hold-issue Conditions
Instructions 0034, 0036, and 0037 (;2 = 0):
e  Shared path reserved.

¢  Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 0014;0), 0015, 0017 through 0026, 023i)6,
023ij7, 027ij2, 027ij3, 073ij1, or 073ij5.
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Instructions 0034, 0036, and 0037 (j2 = 1):
e  Shared path reserved.
e Register Ak reserved (except AO).

¢  Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 0014,0), 0015, 0017 through 0026, 023ij6,
023ij7, 027ij2, 027ij3, 073ij1, or 073ij5.

Execution Time
Instructions issue: 1 CP.

Shared path ready: CPs undetermined.

Description

Instructions 0034 through 0037 operate on the semaphores (SMs). If bit 2
of the j field is O, bits 1 and 0 of the j field are combined with all 3 bits of
the k field to select one of the lower 32 semaphores (0 through 31). If bit
2 of the j field is 1, the k field designates an A register. Bits O through 5 of
the designated A register select the semaphore; the remaining bits of the
designated A register are not used.

Instruction 0034k tests and sets the semaphore designated by the jk field
or by register Ak. If the designated semaphore is clear, the instruction
issues immediately. If it is set, the instruction holds issue until another
CPU in the same cluster clears the semaphore. When the instruction
issues, the semaphore is set.

If all CPUs in a cluster are holding issue on instruction 0034, the
Deadlock (DL) flag is set and an exchange occurs in all CPUs in the
cluster that have the interrupt on deadlock (IDL) bit set and are in user
mode.

If an interrupt occurs while instruction 0034 is holding issue, the waiting
on semaphore (WS) bit in the status field of the exchange package sets
and an exchange is initiated with the P register pointing to the 0034
instruction.

Instruction 0036 clears the semaphore designated by jk or (Ak).

Instruction 0037 sets the semaphore designated by jk or (Ak).
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Instruction 004

Machine Instruction CAL Syntax Description
00400KY EXk Exit k.
004000 EXS Exit 0 (normal exit).

V New version of CRAY C90 instruction.

S8 Special CAL syntax.

Special Cases

Hold-issue Conditions

Execution Time

Description

40

Ifk=35, 6, or 7, the exit is to the exchange address instead of an exit
address.

Any previously issued instruction not completed.

Any of the following instructions issued in the previous S CPs: 0013,
0014 (except 0014;0), 0015, 0017 through 0026, 023ij6, 023ij7, 027ij2,
027ij3, 073ij1, or 073ij5.

Instruction fetch operation in progress.

Instruction issue; 1 CP.

Following instruction issue, an additional CPs undetermined are required,;
this time allows for an exchange sequence (CPs undetermined) and fetch
operation (CPs undetermined). Memory conflicts during the exchange
sequence or fetch operation cause additional delays.

Instruction 004 initiates an exit sequence. The £ field designates one of
five exit addresses (0 through 4). The j field is not used. All instructions
issued before the 004 instruction are completed. The instruction buffers
and data cache are voided.

When all previously issued instructions have completed, an exchange
sequence occurs to the exchange package designated by the contents of
exit address register k (EAk). The program address stored in the exchange
package is advanced one count from the address of the 004 instruction.
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If the FNX bit (in the interrupt modes field of the exchange package) is
set, instruction 004 sets the NEX flag (in the interrupt flags field of the
exchange package to 1). Otherwise it clears the NEX flag to 0. (This is
true evenif j=5, 6, or 7.)

If an exchange (interrupt) request is active when a 004 instruction issues,
the exchange request takes precedence and causes an exchange to the
exchange address (XA). The NEX flag is not set, and the program address
stored in the exchange package points to the 004 instruction.

Instructions 023ij6, 023ij7, 027ij2, and 027ij3 read from and write to the
exit address registers.

Instruction 004 issues a monitor request from a user program or transfers
control from a monitor program to another program.
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Instruction 005

Machine Instruction CAL Syntax Description
0050/k J Bjk Jump to Bjk.
0051,k° JINV Bjk Jump to Bjk (invalidate instruction buffers)

O Maintenance mode only.

Special Cases

Hold-issue Conditions

Execution Time

Description

42

Instruction 0051 is privileged to maintenance mode. If this instruction is
executed in nonmaintenance mode, the result is equivalent to instruction
0050 (the instruction buffers are not invalidated).

There are several restrictions on using instruction 0051 in maintenance
mode. For more information, refer to the following description.

Instruction 034 or 035 in progress.

Instruction issue: 1 CP.

Jump completion: 12 CPs. Additional time is required if the destination
address is not in the instruction buffer.

Instruction 0050 sets the P register to the address contained in the B
register specified by jk, causing the program to continue at that address.
(The address specified by register Bjk is a parcel address, not a word
address.) In C90 mode, all 32 bits of the specified B register are used. In
Triton mode, only the lower 32 bits are used; the upper 32 bits are
ignored. This instruction is used to return from a subroutine.

In maintenance mode, instruction 0051 operates similarly to instruction
0050 except that it invalidates the instruction buffers, forcing an
out-of-buffer jump to occur. In nonmaintenance mode, instruction 0051
operates identically to instruction 0050.
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In maintenance mode, there are restrictions on the 32-word block of code
containing a 0051 instruction that gets loaded into a single instruction
buffer. If these restrictions are not met, the results are undefined.

The program flow must enter the code block at word 0, either through
straight-line code or from a jump to any parcel in word 0.

Words 0 though 3 of the code block must not contain jump instructions.

The 0051 instruction must be located between words 4 and 20, (inclusive)
of the code block.
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Instruction 006

Machine Instruction CAL Syntax Description
006000nm J exp Jump to exp.
006100nmNT IJ exp Jump to address in exp.
0064jknm (R2=0) JTSjk exp Jump to exp if SMjk = 1; else set SMjk.
0064jknm (2=1) JTS,Ak exp Jump to exp if SM(AK) = 1; else set SM(AK).

N New instruction (not available on CRAY C90 system).

T Triton mode only.

Special Cases

Hold-issue Conditions

44

Instruction 0061 is privileged to Triton mode. If this instruction is
executed in C90 mode, the result is undefined.

Instruction 0064 executes a no-op if the cluster number (CLN) is 0. (The
jump is not taken.)

For instruction 0064(;2 = 1): If k = 0, semaphore 1 is addressed.

For instruction 0064: If the CPU is in IMI mode, the cluster number must
be O so that the instruction is a no-op. (If the cluster number is not O, the
result is undefined.) The MII flag sets and an exchange sequence occurs.
The P-register field of the exchange package points to the second parcel of
the instruction (m field). Refer to the CRAY T90 Series Instruction Set
Overview for more information.

For instruction 0064: If shared access is disabled (CPU configuration
code 0515), this instruction executes as a no-op. Refer to Section 4 of
PRN-0957, Triton Maintenance System, for more information on
configuration codes.

Instructions 0060 and 0061:

If the second or third parcel is not in a buffer, wait for the instruction
prefetch sequence to complete.
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Instruction 0064 (j2 = 0):
e  Always hold issue 5 CPs.
e  Shared path reserved.

e If the second or third parcel is not in a buffer, wait for the instruction
prefetch sequence to complete.

®  Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00140), 0015, 0017 through 0026, 0236,
023ij7, 027ij2, 027ij3, 073ij1, or 073ij5.

Instruction 0064 (j2 = 1):

e  Always hold issue 5 CPs.

e  Shared path reserved.

e Register Ak reserved.

e If the second or third parcel is not in a buffer, wait for the instruction
prefetch sequence to complete.

®  Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 0014;0), 0015, 0017 through 0026, 023i;6,
023if7, 027ij2, 027ij3, 073ij1, or 073ij5.

Execution Time
Instruction 0060;
e Instruction issue: 3 CPs.

e  Jump completion: 7 CPs. Additional time is required if the
destination address is not in the instruction buffer.
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Description

46

Instruction 0060

Instruction 006000xm is an unconditional jump. It sets the P register to
the 32-bit address specified by nm, causing program execution to continue
at that address. The address specified by nm is a parcel address, not a
word address.

Instruction 0061

Instruction 006100nm is an indirect unconditional jump. The 32-bit nm
field specifies a common memory address. The lower 32 bits of the
contents of that address are transferred to the P register, causing program
execution to continue at that point. The instruction buffers are
invalidated. The address specified by nm is a word address, but the lower
32 bits of that word specify a parcel address where program execution
continues.

Instruction 0064

Instruction 0064jknm is a conditional jump instruction that tests a
semaphore (SM) to determine whether or not to take the jump. If bit 2 of
the j ficld is O, bits 1 and 0 are combined with all 3 bits of the & field to
select one of the lower 32 semaphores (0 through 31). If bit 2 of the j field
is 1, the £ field designates an A register. Bits O through 5 of the
designated A register select the semaphore; the remaining bits of the
designated A register are not used.

The designated semaphore is tested to determine whether or not to take the
jump. If the semaphore is clear, the semaphore is set and program
execution continues with the next sequential instruction. If the semaphore
is set, the P register is set to the 32-bit parcel address (not word address)
specified by nm, and program execution continues at that point.
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Instruction 007

Machine Instruction CAL Syntax Description
007000nm R exp Return jump to exp; set BOO to (P)+3.
007100nmNT IR exp Return jump to address in exp; set BOO to
: (P)+3.

N New instruction (not available on CRAY C90 system)
T Triton mode only

Special Cases
Instruction 0071 is privileged to Triton mode. If this instruction is
executed in C90 mode, the result is undefined.
Hold-issue Conditions
Instruction 034 or 035 in progress.
If the second or third parcel is not in a buffer, wait for the instruction
prefetch sequence to complete.
Execution Time
Instruction 0070:
e Instruction issue: 3 CPs.
e Jump completion: 7 CPs. Additional time is required if the
destination address is not in the instruction buffer.
Description

Instructions 0070 and 0071 are return jump instructions. They operate

similarly to the normal jump instructions (0060 and 0061), except that the
address of the next sequential instruction is stored in register BOO before

the jump occurs. The intended function of these instructions is to call
subroutines. When the subroutine completes, instruction 005000 can be
used to return to the calling program.
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Instruction 007000nm is a return jump. It first stores the address of the
next sequential instruction in register BOO. The instruction then sets the P
register to the 32-bit address specified by nm, causing program execution
to continue at that address. The address specified by nm is a parcel
address, not a word address.

Instruction 007100nm is an indirect return jump. It first stores the address
of the next sequential instruction in register BOO. The instruction then
uses the 32-bit nm field to specify a common memory address. The lower
32 bits of the contents of that address are transferred to the P register,
causing program execution to continue at that point. The instruction
buffers are invalidated. The address specified by nm is a word address,
but the lower 32 bits of that word specify a parcel address where program
execution continues.
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Instructions 010 through 013

Machine Instruction CAL Syntax Description
010000nmP JAZ exp Jump to exp if {AQ) =
011000nmP JAN exp Jump to expif (AQ) # 0.
012000nmP JAP exp Jump to expif (A0) = 0.
013000nmP JAM exp Jump to exp if (A0) < 0.

D Difference in operation between Triton mode and C90 mode.

Special Cases

Hold-issue Conditions

Execution Time

Description

None.

If the second or third parcel is not in a buffer, wait for the instruction
prefetch sequence to complete.

Instruction issue: 3 CPs.

Jump completlon 7 CPs. Additional time is required if the destination
address is not in the instruction buffer.

Instructions 010 through 013 are conditional jump instructions. Each
instruction tests register AQ (treated as a two’s-complement integer)
against a condition specified by the 4 field of the instruction. If the
condition is satisfied, the P register is set to the 32-bit parcel address (not
word address) specified by the nm field, causing program execution to
continue at that address. If the condition is not satisfied, program
execution continues with the next sequential instruction.

In C90 mode, register A0 is 32 bits wide and bit 31 is the sign bit.
Instructions 010 and 011 test all 32 bits of register AO. Register AQ is
zero only if all 32 bits are 0’s; if one or more bits are 1, A0 is nonzero.
Instructions 012 and 013 test only the sign bit. If the sign bit is O, register
AOQ is positive or zero. If the sign bit is 1, AQ is negative.
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In Triton mode, register AO is 64 bits wide and bit 63 is the sign bit.
Instructions 010 and 011 test all 64 bits of register AQ. Register A0 is
zero only if all 64 bits are 0’s; if one or more bits are 1, AO is nonzero.
Instructions 012 and 013 test only the sign bit. If the sign bit is O, register
AQ is positive or zero. If the sign bit is 1, A0 is negative.
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Instructions 014 through 017

) Machine Instruction CAL Syntax Description
014000nm JSZ exp Jump to expif (S0) = 0.
015000nm JSN exp Jump to expii (S0) = 0.
016000nm JSP exp Jump to exp if (S0) = 0.
017000nm JSM exp Jump to exp if (S0) < 0.

Special Cases

None.

Hold-issue Conditions
If the second or third parcel is not in a buffer, wait for the instruction
prefetch sequence to complete.

Execution Time
Instruction issue: 3 CPs.

Jump completion: 7 CPs. Additional time is required if the destination
address is not in the instruction buffer.

N e

s ?

Description
Instructions 014 through 017 are conditional jump instructions. Each
instruction tests register SO (treated as a two’s-complement integer)
against a condition specified by the # field of the instruction. If the
condition is satisfied, the P register is set to the 32-bit parcel address (not
word address) specified by the nm field, causing program execution to
continue at that address. If the condition is not satisfied, program
execution continues with the next sequential instruction.
Register SO is 64 bits wide and bit 63 is the sign bit. Instructions 014 and
015 test all 64 bits of register SO. Register SO is zero only if all 64 bits are
0’s; if one or more bits are 1, SO is nonzero. Instructions 016 and 017 test
only the sign bit. If the sign bit is 0, register SO is positive or zero. If the
sign bit is 1, SO is negative.
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Instructions 020 through 022

Machine Instruction CAL Syntax Description

020/00nmP Ai exp Transmit nm to Aibits 0 — 31; Aibits 32 — 63 =
0.

02020nmNT Ai Aiexp Transmit nm to Ai bits 0 — 31; Aibits 32 — 63
unchanged.

02040nmNT Ai exp:Ai Transmit nm to Aj bits 32 — 63; Ai bits 0 — 31
unchanged.

02100nmP Ai exp Transmit not(nm) to Ai bits 0 — 31; Ajbits 32 —
63 =1.

022ijk Ai exp Transmit jk to Aibits 0 — 5; Aibits 6 — 63 = 0.

N New instruction (not avaitable on CRAY C90 system).
T Triton mode only.
D Difference in operation between Triton mode and C90 mode.

Special Cases

Instructions 02020 and 020i40 are privileged to Triton mode. If these
instructions are executed in C90 mode, the results are undefined.

Hold-issue Conditions

Instructions 020 and 021:

e  Register Ai reserved.

e If the second or third parcel is not in a buffer, wait for the instruction

prefetch sequence to complete.

Instruction 022: register Ai reserved.

Execution Time

Instructions 020 and 021:

e Instruction issue: 3 CPs.
e  Register Aiready: 1 CP.

Instruction 022:

e  Instruction issue: 1 CP.
e  Register Ai ready: 1 CP.
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Description

Instructions 020 through 022 transmit constants to register Ai.

Instruction 020i00 transmits the nm field to bits O through 31 of register
Ai. In Triton mode, bits 32 through 63 of register Ai are cleared to 0’s.

Instruction 020i20 (Triton mode only) transmits the nm field to bits O
through 31 of register Ai. Bits 32 through 63 of register Ai are not
changed.

Instruction 020i40 (Triton mode only) transmits the nm field to bits 32
through 63 of register Ai. Bits O through 32 of register Ai are not
changed.

Instruction 021700 transmits the inverse (one’s complement) of the nm
field to bits 0 through 31 of register Ai. In Triton mode, bits 32 through
63 of register Ai are setto 1’s.

Instruction 022ijk transmits the nm field to bits O through 5 of register Ai.
In C90 mode, bits 6 through 31 of register Ai are cleared to 0’s. In Triton
mode, bits 6 through 63 of register Ai are cleared to 0’s.

Note that thc syntax “Ai exp” can generate several possible machine
instructions, depending on the value of exp. In general, the assembler
generates the smallest possible instruction for a given exp. If exp is
explicitly —1, instruction 005400 042i00 is generated. If exp can be
determined at assembly time to be between 0 and 775, instruction 022ijk is
generated.

In C90 mode, all other cases of exp cause instruction 020i00nm or
021i00nm to be generated.

In Triton mode, the syntax “Ai exp” generates instruction 005400 04200
or 022ijk in the cases explained above. If one of these instructions cannot
be generated, but exp can be determined at assembly time to be less than
or equal to 32 bits, instruction 020i00mn or 021i00mn is generated. All
other cases of exp cause two instructions to be generated: 020i20nm and
020i40mn.
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instruction 023

Machine Instruction CAL Syntax Description
023i0P Ai Sj Transmit (S)) to Ai.
02301 Ai VL Transmit (VL) to Al
023N Ai EAj Transmit exit address jto Ai
023jj7\M Ai EAAj Transmit exit address (A)) to Ai.

N New instruction (not available on CRAY C90 system).
D Difference in operation between Triton mode and C90 mode.

M Monitor mode only.

Special Cases

Hold-issue Conditions

54

Instructions 023ij6 and 023ij7 are privileged to monitor mode.

If the CPU is in normal user mode, instructions 0236 and 023i;7 execute
as no-ops.

If the CPU is in IMI mode, instructions 02356 and 023i;7 execute as
no-ops, the MII flag sets, and an exchange sequence occurs. The
P-register field of the exchange package points to the parcel following the
instruction. Refer to the CRAY T90 Series Instruction Set Overview for
more information.

For instruction 023ij0: If j =0, register Ai is cleared.

For instruction 02357 in monitor mode: If j= 0, the content of register
EAQ is transmitted to register Ai.

Instruction 023i50:

e Register Sj reserved (except S0).
® Register Ai reserved.

Instruction 023i01: register Ai reserved.
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Execution Time

Description

Instruction 023ij6:

e  Register Ai reserved.

e  Shared path busy.

e  Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 0014;0), 0015, 0017 through 0026, 023ij6,
023ij7, 027ij2, 027ij3, 073ij1, or 073ij5.

Instruction 023ij7:

e Register Ai or Aj reserved.

e  Shared path busy.

e  Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 001470), 0015, 0017 through 0026, 023i/6,
023ij7, 027ij2, 027ij3, 073ij1, or 073ij5.

Instruction issue: 1 CP.
Instructions 023ij0 and 023i01: register Ai ready in 1 CP.
Instructions 023ij6 and 023i;7:

e Register Ai ready: CPs undetermined.
e  Shared path ready: CPs undetermined.

Instruction 023ij

Instruction 02350 transmits the contents of register Sj to register Ai. In
C90 mode, only bits O through 31 are transmitted; bits 32 through 63 are
ignored. In Triton mode, all 64 bits are transmitted.

Instruction 023il

Instruction 023i01 transmits the contents of the vector length (VL) register
to register Ai. The value returned is between 1 and 128 (between 1 and
2005).
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Instruction 023ij6

Instruction 023ij6 transmits to register A the contents of the exit address
(EA) register designated by the j field. The j field must be between 0 and
4;if j=15, 6, or 7, the data returned is undefined.

Instruction 023i;7

Instruction 023ij7 transmits to register Ai the contents of the exit address
(EA) register designated by bits 0 through 2 of register Aj. If register Aj
designates register EAS, EA6, or EA7, the data returned is undefined.
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Instructions 024 and 025
Machine Instruction CAL Syntax Description
024 jjkP Aj Bjk Transmit (Bjk) to Ai
025ijkP Bj Aj Transmit (Aj) to Bjk.

D Difference in operation between Triton mode and C90 mode.

Special Case

None.

Hold-issue Conditions
Instruction 024:

e Register Ai reserved.
e Instruction 034 or 035 in progress.
e  Instruction 025 issued in the previous CP.

Instruction 025:

e  Register Ai reserved.

e Instruction 034 or 035 in progress.
Execution Time

Instruction 024:

e Instruction issue: 1 CP.
e Register Aiready: 3 CPs.

Instruction 025:

e Instruction issue: 1 CP.
e Register Bjready: 2 CPs.

Description
Instruction 024 transmits the contents of the register Bjk to register Ai. In
C90 mode, only bits O through 31 are transmitted; bits 32 through 63 are
undefined. In Triton mode, all 64 bits are transmitted.
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Instruction 025 transmits the contents of the register Ai to register Bjk. In
C90 mode, only bits O through 31 are transmitted; bits 32 through 63 are
undefined. In Triton mode, all 64 bits are transmitted.
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Instructions 0260 through 0263

Machine Instruction CAL Syntax Description
026i0 Ai PSj . Transmit population count of (Sj) to Ai
026ij1 Aj QSj Transmit popuiation count parity of (Sj} to Ai.
0262ND Ai PAj Transmit population count of (Aj) to Al
026i{3ND Ai QAj Transmit population count parity of (Aj) to Ai.

D Difference in operation between Triton mode and C90 mode.
N New instruction (not available on CRAY C90 system).

Special Cases

If j = 0, register Ai is cleared to O.

Hold-Issue Conditions

Instructions 026i;0 and 026ij1:

e  Register Sjreserved (except SO).
e  Register Aireserved.
e Instruction 056 or 057 issued in the previous CP.

Instructions 026i;2 and 026i;3:

e  Register Ajreserved (except AO).
e  Register Aireserved.
e Instruction 056 or 057 issued in the previous CP.

Execution Time
Instruction issue: 1 CP,

Register Ai ready: 7 CPs.

Description

Instructions 026i;0 through 026i;3 use the scalar
population/parity/leading-zero count functional unit.

Instruction 026ij0 counts the number of 1 bits in register Sj and transmits
the result to bits O through 6 of register Ai. In C90 mode, bits 7 through

31 of register Ai are cleared; bits 32 through 63 are undefined. In Triton
mode, bits 7 through 63 of register Ai are cleared.
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Instruction 026ij1 counts the number of 1 bits in register Sj. If the number
of 1 bits is even, bit O of register Ai is cleared to 0. If the number is odd,
bit 0 of register Ai is set to 1. In C90 mode, bits 1 through 31 of register
Ai are cleared; bits 32 through 63 are undefined. In Triton mode, bits 1
through 63 of register Ai are cleared.

Instruction 026ij2 counts the number of 1 bits in register Aj and transmits
the result to register Ai. In C90 mode, bits O through 31 of register Aj are
counted. The result is transmitted to bits O through 5 of register Ai. Bits 6
through 31 of register Ai are cleared; bits 32 through 63 are undefined. In
Triton mode, bits O through 63 of register Aj are counted. The result is
transmitted to bits O through 6 of register Ai. Bits 7 through 63 of register
Ai are cleared.

Instruction 026ij3 counts the number of 1 bits in register Aj. In C90
mode, bits O through 31 of register Aj are counted; in Triton mode, bits O
through 63 are counted. If the number of 1 bits is even, bit 0 of register Ai
is cleared to 0. If the number is odd, bit O of register Aiis setto 1. In C90
mode, bits 1 through 31 of register Ai are cleared; bits 32 through 63 are
undefined. In Triton mode, bits 1 through 63 of register Ai are cleared.
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Instructions 026ij4 through 026ij7

Machine Instruction CAL Syntax Description
026ij4P Ai SB,Aj+1 Transmit (SB(Aj)) to Aj; increment SB(A)) by 1.
026i5° Ai SBj+1 Transmit (SBj) to Aj; increment (SBj) by 1.
026i6P Ai SB,Aj Transmit (SB(Aj)) to Ai
02670 Aj SBj Transmit (SBj) to Al

D Difference in operation between Triton mode and C90 mode.

Special Cases

Hold-issue Conditions

HTM-xxx-0
September 23, 1994

For instructions 026ij4 and 026ij6: If j = 0, register SBO is addressed.

If the cluster number (CLN) is 0 and IMI mode is not active, instructions
026ij4 through 026i;7 clear register Ai to 0.

If the CPU is in IMI mode, instructions 026ij4 through 026i;7 return no
result to register Ai; the previous register value is retained. (Normally, in
IMI mode, the cluster number should be 0.) If the cluster number is
nonzero, register Ai is not changed, but instructions 026ij4 and 024i;5 do
increment register SBA(j) or SBj.) Following execution, the MII flag sets
and an exchange sequence occurs. The P-register field of the exchange
package points to the parcel following the instruction. Refer to the

CRAY T90 Series Instruction Set Overview for more information.

If shared access is disabled (CPU configuration code 0515) and IMI mode
is not active, instructions 026ij4 through 026ij7 clear register Ai to 0.

Refer to Section 4 of PRN-0957, Triton Maintenance System, for more
information on configuration codes.

Instructions 026ij4 and 026ij6:

e  Register Ai reserved.

e Register Ajreserved (except A0).

e  Shared path reserved.

e  Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 0014;0), 0015, 0017 through 0026, 023ij6,
023ij7, 0272, 027j3, 073ij1, or 073ij5.
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Execution Time

Description
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Instructions 026ij5 and 026ij7:
e  Register Ai reserved.
e  Shared path reserved.

e  Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 0014;0), 0015, 0017 through 0026, 0236,
023i57, 027ij52, 027ij3, 073ij1, or 073ij5.

Instruction issue: 1 CP.
Register Aiready: CPs undetermined.

Shared path ready: CPs undetermined.

Instructions 026ij4 through 026i;7 transmit data from a shared B (SB)
register to an A register. All CPUs assigned to the same cluster share a set
of 16 SB registers; each CPU has an independent set of eight A registers.
If a CPU is in C90 mode, bits 32 through 63 of the receiving A register are
undefined.

Instruction 026ij4 transmits to register Ai the contents of the shared B
register designated by register Aj, then increments by 1 the shared B
register designated by register Aj.

Instruction 026ij5 transmits to register Ai the contents of the shared B
register designated by j, then increments by 1 the shared B register
designated by j. This instruction can address only the lower eight SB
registers (0 through 7).

Instruction 026ij6 transmits to register Ai the contents of the shared B
register designated by register Aj. No incrementing is performed.

Instruction 026ij7 transmits to register Ai the contents of the shared B
register designated by j. No incrementing is performed. This instruction
can address only the lower eight SB registers (0 through 7).
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Instruction 027ij0 and 027ij1

Machine Instruction CAL Syntax Description
027i00 Ai ZSj Transmit leading zero count of (S)) to Al
027 jjINT Aj ZAj Transmit leading zero count of (A)) to Ai

N New instruction (not available on CRAY C90 system).
T Triton mode only.

Special Cases

Instruction 027ij1 is privileged to Triton mode. If this instruction is
executed in C90 mode, the result 1s undefined.

If j = 0, register Ai is set to 64 (100s).
For instruction 02730, if (Sj) = 0, register Ai is set to 64 (100s).

For instruction 027ij1, if (Aj) = 0, register Ai is set to 64 (100g).

Hold-issue Conditions
Instruction 027ij0:

e Register Sjreserved (except SO).
e  Register Ai reserved.
e Instruction 056 or 057 issued in the previous CP.

Instruction 027ij1:

Register Aj reserved (except SO).
e  Register Ai reserved.
¢ Instruction 056 or 057 issued in the previous CP.

Execution Time
Instruction issue: 1 CP.

Register Ai ready: 7 CPs.

Description
Instructions 027ij0 and 027ij1 use the scalar
population/parity/leading-zero count functional unit.
Pub number and revision Cray Research Proprietary
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Instruction 027ij0 counts the number of leading zeroes (the number of 0’s
to the left of the left-most 1 bit) in register Sj and transmits the result to
bits O through 6 of register Ai. In C90 mode, bits 7 through 31 of register
Ai are cleared; bits 32 through 63 are undefined. In Triton mode, bits 7
through 63 of register Ai are cleared.

Instruction 027ij1 (Triton mode only) counts the number of leading zeroes
(the number of O’s to the left of the left-most 1 bit) in register Ajand
transmits the result to bits O through 6 of register Ai. Bits 7 through 63 of
register Ai are cleared.
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Instructions 0272 and 027ij3

Machine Instruction CAL Syntax Description
027i2\M EAj Aj Transmit (Aj) to exit address |
027i3NM EAAj Ai Transmit (A)) to exit address (A).

N New instruction (not available on CRAY C90 system).
M Monitor mode only.

Special Cases
Instructions 0027ij2 and 0027ij3 are privileged to monitor mode.

If the CPU is in normal user mode, instructions 0027ij2 and 0027i;3
execute as no-ops.

If the CPU is in IMI mode, instructions 0027ij2 and 0027ij3 execute as
no-ops, the MII flag sets, and an exchange sequence occurs. The
P-register field of the exchange package points to the parcel following the
instruction. Refer to the CRAY T90 Series Instruction Set Overview for
more information on monitor mode and IMI mode.

For instruction 027ij2, if j = 5, 6, or 7, the instruction executes as a no-op.

For instruction 027ij3 in monitor mode: If j =0, the contents of register
Ai are transmitted to register EAQ.

For instruction 027ij3: If j # 0 and bits O through 2 of register Aj contain
a value of 5, 6, or 7, the instruction executes as a no-op.
Hold-issue Conditions
Instruction 027ij2:
e  Register Ai reserved.
e  Shared path reserved.

e  Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 001470), 0015, 0017 through 0026, 0236,
023ij7, 027ij2, 027ij3, 073ij1, or 073ij5.
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Execution Time

Description

66

Instruction 027i;3:

e  Register Ai reserved.

e Register Aj reserved (except A0).
e  Shared path reserved.

¢  Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 0014;0), 0015, 0017 through 0026, 023ij6,
023i57, 02752, 02753, 073ij1, or 073ij5.

Instruction issue: 1 CP.

Shared path ready: CPs undetermined.

Instructions 027ij2 and 027ij3 are privileged to monitor mode. These
instructions transmit the contents of register Ai to an exit address (EA)
register. There are five EA registers: EAQ through EA4. The exit address
register is loaded from bits 5 to 20 of register Ai. The remaining bits of
register Ai are ignored.

Instruction 027ij2 transmits the contents of register Ai to the EA register
designated by the j field of the instruction.

Instruction 027ij3 transmits the contents of register Ai to the EA register
designated by bits O through 2 of register Aj.

Cray Research Proprietary HTM-xxx-0
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Instruction 0276 and 027ij7

Machine Instruction CAL Syntax Description
027iP SB,Af Ai Transmit (Aj) to SB(A)).
027ij7P® SBj Ai Transmit (Aj) to SBj.

D Difference in operation between Triton mode and C90 mode.

Special Cases

Instructions 027ij6 and 027ij7 execute as no-ops if the cluster number
(CLN) is 0.

For instruction 027ij6: If j = 0, the content of register Ai is transmitted to
register SBO.

If the CPU is in IMI mode, instructions 027ij6 and 027i;7 execute
normally. (Normally, in IMI mode, the cluster number should be O so that
these instructions are no-ops.) Following execution, the MII flag sets and
an exchange sequence occurs. The P-register field of the exchange
package points to the parcel following the instruction. Refer to the

CRAY T90 Series Instruction Set Overview for more information about
IMI mode.

If shared access is disabled (CPU configuration code 051g), instructions

027ij6 and 027ij7 execute as no-ops. Refer to Section 4 of PRN-0957,
Triton Maintenance System, for more information on configuration codes.

Hold-issue Conditions
Instruction 027ij6:
e Register Ai reserved.
e Register Ajreserved (except AO).
e  Shared path reserved.
e  Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 0014j0), 0015, 0017 through 0026, 023ij6,
023ij7, 027ij2, 027ij3, 073ij1, or 073ij5.

N’
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Instruction 027i;7:
e  Register Ai reserved.
e  Shared path reserved.

e  Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00140), 0015, 0017 through 0026, 02316,
023ij7, 027ij2, 027i53, 073ij1, or 073ij5.

Execution Time
Instruction issue: 1 CP.

Register SBj ready: CPs undetermined.

Shared path ready: CPs undetermined.

Description

Instructions 027ij6 and 027ij7 transmit the contents of register Ai to a
shared B (SB) register. Tn C90 mode, the A and SB registers are 32 bits
wide. In Triton mode, they are 64 bits wide.

Instruction 027ij6 transmits the contents of register Ai to the SB register
designated by bits 0 through 3 of register Aj. The remaining bits of
register Aj are ignored.

Instruction 027ij7 transmits the contents of register Ai to the SB register
designated by the j field of the instruction. This instruction can write to
registers SBO through SB7 only. Instruction 027ij6 must be used to write
to registers SB8 through SB15.
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Instructions 030 and 031

Machine Instruction CAL. Syntax Description
030ijkP Ai Aj-Ak Transmit integer sum of (Aj) and (AKk) to Ai.
030/0kD Ai AKS Transmit (AK) to Al
030j° Ai Aj+18 Transmit integer sum of (Aj) and 1 to Al
031ijkP Ai AfFAKk Transmit integer difference (Aj) and (AK) to Al
0310kP Ai -AKkS Transmit inverse of (Ak) to Al
031j0P Ai AF18 Transmit integer difference (Aj) and 1 to Al

D Difference in operation between Triton mode and C90 mode.
S Special CAL syntax.

Special Cases
For instruction 030:

e Ifj=0and k=0, then 1 is transmitted to register Ai.
e Ifj=0andk+0, then (Ak) is transmitted to register Ai.

e Ifj#0andk=0,then (Aj) + 1 is transmitted to register Ai.

For instruction 031:

e Ifj=0and k=0, then -1 is transmitted to register Ai.
If j= 0 and &k # O, then —(Ak) is transmitted to register Ai.

e Ifj#0andk=0,then (Aj) — 1 is transmitted to register Ai.

Hold-issue Conditions
Register Ai reserved.

Register Aj or Ak reserved (except AO).

Execution Time
Instruction issue: 1 CP.

Register Ai ready: 4 CPs.

Pub number and revision Cray Research Proprietary
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Description

70

CRAY T90 Series Instruction Set

Instructions 030 and 031 use the address add functional unit. This
functional unit does not detect overflow.

Instruction 030 transmits to register Ai the integer sum of the contents of
registers Aj and Ak.

Instruction 031 transmits to register Ai the integer difference of the
contents of registers Aj and Ak.

The operation of both instructions depends on whether the CPU is in C90
mode or Triton mode. In C90 mode the operands and result are all 32 bits
wide. Only bits O through 31 of registers Aj and Ak are used as the
operands; bits 32 through 63 are ignored. The result is transmitted to bits
0 through 31 of register Ai; bits 32 through 63 are undefined.

In Triton mode, the operands and result are 64 bits wide. Bits O through
63 of register Aj and Ak are used as the operands. The result is
transmitted to bits O through 63 of register Ai.

Cray Research Proprietary Pub number and revision
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Instruction 032

Machine Instruction CAL Syntax Description

032ijkP Aj Aj Ak Address multiply.

D Difference in operation between Triton mode and C90 mode.

Special Cases
If j= 0, then O is transmitted to register Ai.

If j# 0 and k = 0, then (A)) is transmitted to register Ai. -

Hold-issue Conditions
Register Ai reserved.

Register Aj or Ak reserved (except AO).

Execution Time
Instruction issuc: 1 CD.

Register Ai ready: 8 CPs.

Description

Instruction 032 uses the address multiply functional unit. The instruction
transmits the integer product of registers Aj and Ak to register Ai.

In C90 mode, the operands and result are 32 bits wide. Only bits O
through 31 of registers Aj and Ak are used as the operands; bits 32
through 63 are ignored. The result is transmitted to bits O through 31 of
register Ai; bits 32 through 63 are undefined. Overflow is not detected.

In Triton mode, the operands and result are 48 bits wide. Only bits O
through 47 of registers Aj and Ak are used as the operands; bits 48
through 63 are ignored. The result is transmitted to bits O through 47 of
register Ai and sign extended to bits 48 through 63. If an overflow occurs,
the address multiply interrupt (AMI) flag in the exchange package sets.

Pub number and revision Cray Research Proprietary 71
September 9, 1994 Preliminary information



Instruction Descriptions
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Instruction 033

Machine Instruction CAL Syntax Description
033/000M Ai Cl Transmit channel number of highest-priority
interrupt request to A/,
033if0 (=0)DM Ai CAAj Transmit current address of channel (A)) to
register Ai.
033if1 (#£0)PM Ai CE,Aj Transmit status/error word of channel (Aj) to
register Al

D Difference in operation between Triton mode and G390 mode.

M Monitor mode only.

Special Cases

72

After instruction 001250 or 00121 issues (to clear a channel interrupt
flag), an undetermined number of CPs must elapse before the
correct-priority channel number is available for instruction 033:00.

If the CPU is in normal user mode, instruction 033 executes as a no-op.

If the CPU is in IMI mode, instruction 033 returns no result to register Ai;
the previous register value is retained. Following execution, the MII flag
sets and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction. Refer to
the CRAY T90 Series Instruction Set Overview for more information about
IMI mode.

If a CPU reads status from a non-existent channel or a channel to which it
does not have access, a word of all 1’s is returned.

The operation of instruction 033 is modified by CPU configuration codes
0505 through 055;. Refer to Section 4 of PRN-0957, Triton Maintenance
System, for more information.

NOTE: Although instruction 033 can be executed in C90 mode,
instructions 033ij0 (j # 0) and 033ij1 (j # 0) return data in the
upper 32 bits of register Ai. Because these bits of register Ai are
not available in C90 mode, these instructions should be used
only in Triton mode.

Cray Research Proprietary HTM-xxx-0
Preliminary Information September 23, 1994



CRAY T90 Series Instruction Set Instruction Descriptions

Hold-issue Conditions
) Instruction 033:00:
e  Register Ai reserved.
e  Shared path reserved.

e Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 0014;0), 0015, 0017 through 0026, 023ij6,
023ij7, 027152, 027ij3, 073ij1, or 073ij5.

Instructions 03370 (j # 0) and 033ij1 (j # 0):
e  Register Ai or Ajreserved.
e  Shared path reserved.

e  Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 001450), 0015, 0017 through 0026, 0236,
023ij7, 027ij2, 027ij3, 073ij1, or 073ij5.
Execution Time
) Instruction issue: 1 CP.

Register Aiready: CPs undetermined.

Shared path ready: CPs undetermined.

Description

Instruction 033 is privileged to monitor mode and enables the operating
system to monitor the operation of the I/O channels. Data is returned to
register Ai.

Instruction 033i0

Instruction 03300 transmits to register Ai the number of the
highest-priority channel with an interrupt request. Channel priority is
determined by channel number; the lowest-numbered channel has the
highest priority. If no channel has an interrupt request, instruction 03300
returns a value of 0.
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Instruction 033ij

Instruction 033ij0 (j # 0) transmits to register Ai the contents of the
channel address (CA) register of the channel designated by register Aj.
The CA register indicates the current common memory address being used
by the channel; it increments as each word is transferred to or from
common memory. Data is returned to register Ai bits O through 34; bits

35 through 63 are forced to 0’s.

Instruction 033ij1

Instruction 033ij1 (j # 0) transmits to register Ai a status/error word from
the channel designated by register (Aj). The status/error word is different
for LOSP and VHISP channels. There are also pseudochannels that return
interrupt status information for groups of physical channels.

For LOSP channels, instruction 033ij1 returns the following status/error

word:
Bit(s) Description
0-28 0
29 Parity error (input channels only)
30 Error
31 Not Done
32 -63 0

For VHISP channels, instruction 033ij1 returns the following status/error

word:
Bit(s) Description
0-23 Remaining block length
0
42 Transfer in progress
43 Block-length error +
44 Double-bit error in SSD ¥
45 Double-bit error in mainframe +
46 Fatal error +
47 Not Done &
48 — 62 0
63 Not Done %
¥ If bit 46 is set and bits 43 through 45 are clear, the SSD is offline.
¥ The Not Done bit is duplicated for programming convenience.
74 Cray Research Proprietary Pub number and revision
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Instruction Descriptions

For the pseudochannels, 70, 72, 74, and 76, instruction 033ij1 returns the

pending interrupt flags for groups of I/O channels. This is shown in the
table below. Reading the status of a pseudochannel returns the interrupt

flags of 16 LOSP channels (8 input and 8 output), 4 VHISP channels, and
2 support channels to register Ai.

Pseudochannel
Ai Channel Type 70 72 74 76
Bit
0 LOSP In 100 120 140 160
1 LOSP Out 101 121 141 161
2 LOSP In 102 122 142 162
3 LOSP Out 103 123 143 163
4 LOSP In 104 124 144 164
5 LOSP Out 106 125 145 165
6 LOSP In 106 126 146 166
7 LOSP Out 107 127 147 167
8 LOSP In 110 130 150 170
9 LOSP Out 111 131 151 171
10 LLOSP In 112 132 152 172
11 LOSP Out 113 133 153 173
12 LOSP In 114 134 154 174
13 LOSP Out 115 135 155 175
14  LOSPIn ’ 116 136 156 176
16 LOSP OQut 117 137 167 177
16  VHISP 020 024 030 034
17 VHISP 021 025 031 035
18 VHISP 022 026 032 036
19  VHISP 023 027 033 087
20  Support 060 062 064 066
21 Support 061 063 065 067

Cray Research Proprietary
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Instructions 034 through 037

Machine Instruction CAL Syntax Description

034ijkP Bjk,Ai LAO Transmit (Aj) words from common memory
starting at address (A0) to B registers starting
at register jk.

034jkP BjkAi 0,A08 Transmit (Aj) words from common memory
starting at address (AQ) to B registers starting
at register jk.

035ijkP ,AO Bjk,Ai Transmit (Aj) words from B registers starting at
register jk to memory starting at address (AQ).

035ijkD 0,A0 Bjk,AB Transmit (Aj) words from B registers starting at
register jkto memory starting at address (AQ).

036jkP Tik,Ai ,AO Transmit (Ai) words from memory starting at
address (A0) to T registers starting at register

_ jk.

036ijkP Tjk,Af 0,A0S Transmit (Aj) words from memory starting at
address (A0) to T registers starting at register
jk.

037ijkP LAD TjkAi Transmit (A)) words from T registers starting at
register jkto memory starting at address (A0O).

037ijkP 0,A0 TjkAP Transmit (Ai) words from T registers starting at
register jkto memory starting at address (A0).

D Difference in operation between Triton mode and C90 mode.
S Special CAL syntax.

Special Cases

The number of words transferred is determined by bits O through 6 of
register Ai. (The higher-order bits of Ai are ignored.) The transfer count
is therefore between 0 and 177; (0 and 127,,). Two conditions can occur,
depending on the value of the transfer count, as shown in the following

table.
Transfer Operation
Count (N)
0-—100g N words are transferred. No wrap-around condition occurs.

1015 - 1775 N words are transferred. Because there are only 100gBor T
registers, a wrap-around condition occurs. For instruction
034 or 036, N — 1005 registers are written twice with data
from two different common memory locations; the second
write operation overwrites the data from the first. For instruc-
tions 035 and 037, N — 1004 registers are read twice and
written to two different common memory locations.
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Hold-issue Conditions

Instruction 034:

e Register AO or Ai reserved.

e Instruction 035 in progress.

e  Port A busy.

e  Port C busy and unidirectional memory mode.

Instruction 035:

Register AO or Ai reserved.

Instruction 034 in progress.

Port C busy.

Port A or port B busy and unidirectional memory mode.

Instruction 036:

Register AO or Ai reserved.

Instruction 037 in progress.

Port B busy.

Port C busy and unidirectional memory mode.

Instruction 037:

Register AQ or Ai reserved.

Instruction 036 in progress.

Port C busy.

Port A or port B busy and unidirectional memory mode.

Execution Time
Instruction issue: 1 CP.

Instructions 034 and 036:

® B or T registers reserved for (Ai) + 38 CPs.
e  Port A or B busy for (Ai) + 10 CPs.

Instructions 035 and 037:

e B or T registers reserved for (Ai) + 6 CPs.
e  Port C busy for (Ai) + 12 CPs.

NOTE: Memory conflicts can delay completion of instructions 034
through 037.
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CRAY T90 Series Instruction Set

Instructions 034 through 037 perform block transfers between common
memory and the B or T registers. Instruction 034 transfers data from
common memory to the B registers using port A. Instruction 035 transfers
data from the B registers to common memory using port C. Instruction
036 transfers data from common memory to the T registers using port B.
Instruction 035 transfers data from the T registers to common memory
using port C.

Bits O through 6 of register Ai determine the number of B or T registers
used in the data transfer.

The jk field of the instruction specifies the first register addressed. The B
or T registers are addressed sequentially as far as necessary until register
B77 or T77 is reached. If the transfer is not complete at this point, register
BO0O0 or TOO is addressed next and then addressing continues sequentially.

Register AO determines the first common memory address used in the data
transfer. The memory address is incremented by 1 after each word is
transferred. In C90 mode, bits O through 31 of register AO determine the
starting memory address; bits 32 through 63 are undefined. In Triton
mode, bits 0 through 39 of register AQ determine the starting memory
address; bits 40 through 63 are ignored.

In C90 mode, the B registers are 32 bits wide. For instruction 034, bits 0
through 31 of each common memory word are transmitted to the B
registers; bits 32 through 63 of the B registers are undefined. For
instruction 035, bits O through 31 of each B register are transmitted to
common memory; bits 32 through 63 of the receiving memory locations
are cleared to O’s. :

In Triton mode the B registers are 64 bits wide. Instructions 034 and 035
transmit complete 64-bit words between common memory and the B
registers.

In both C90 and Triton modes, the T registers are 64 bits wide.
Instructions 036 and 037 transmit full 64-bit words between common
memory and the B registers.
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Instructions 040 and 041
Machine Instruction CAL Syntax Description

040i00nm Si exp Transmit nm toc Sibits 0 — 31; Sibits 32 - 63 =
0.

040i20nm Si Siexp Transmit nm to Sibits 0 — 31; Sibits 32 — 63
unchanged.

040i40nm Si exp:Si Transmit nm to Sibits 32 — 63; S/ bits 0 — 31
unchanged.

041i00nm Si exp Transmit inverse (nm) to Sibits 0 — 31; Sibits
32-63=1.

Special Cases

Hold-issue Conditions

Execution Time

Description

None.

Register Si reserved.

If the second or third parcel is not in a buffer, wait for the instruction
prefetch sequence to complete.

Issue time: 3 CPs.

Register Si ready: 1 CP.

Instructions 040 and 041 transmit constants to register Si.

Instruction 040i00 transmits the nm field to bits O through 31 of register
Si. Bits 32 through 63 of register Si are cleared to 0’s.

Instruction 020:20 transmits the nm field to bits O through 31 of register
Si. Bits 32 through 63 of register Si are not changed.

Instruction 020i40 transmits the nm field to bits 32 through 63 of register
Si. Bits O through 32 of register Si are not changed.

Instruction 04100 transmits the inverse (one’s complement) of the nm
field to bits O through 31 of register Si. Bits 32 through 63 of register Ai
are setto 1’s.
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Note that the syntax “Si exp” can generate several possible machine
instructions, depending on the value of exp. In general, the assembler
generates the smallest possible instruction for a given exp. For example, if
exp is explicitly 0, instruction 04300 is generated.

If exp is explicitly 1 or -1, instruction 042i77 or 042i00 is generated. If
one of these instructions cannot be generated but exp can be determined at
assembly time to be less than or equal to 32 bits, instruction 040i00mn or
041i00mn is generated. All other cases of exp cause two instructions to be
generated: 040i20nm and 040i40mn.
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Instruction Descriptions

Unprefixed Instructions 042 and 043

Machine Instruction CAL Syntax Description

042ijk Si <exp Form ones mask in Si exp bits from right; jk
field gets 1005 — exp.

042ijk Si #>exp® Form zeroes mask in Si exp bits from left; jk
field gets exp.

042i77 Si 18 Transmit 1 to Si.

042100 Si -18 Transmit —1 to Si.

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

043ijk Si #<expS Form zeroes mask in Si exp bits from right; jk
field gets 1005 — exp.

043000 Si 0s Clear S..

S Special CAL syntax

Special Cases

None.

Hold-issue Conditions

Register Si reserved.

Execution Time

Instruction issue: 1 CP.

Register Si ready: 1 CP.

Description

Instruction 042 generates a mask of 1003 — jk 1’°s from right to left in
register Si. For example, if jk = 74, then 1005 — jk = 4. Register Si then
contains 1’s in bits O through 3 and O’s in bits 4 through 63. If jk = 77,
only bit O of Si is set to 1; all the other bits are cleared to 0’s. If jk =0, all
bits of Si are set to 1°s.

Instruction 043 generates a mask of jk 1°s from left to right in register Si.
For example, if jk = 4, then register Si contains 1°s in bits 60 through 63
and O’s in bits O through 59. If jk = 0, all bits of Si are cleared to 0’s. If jk
=775, only bit 0 of Si is cleared to O; all the other bits are set to 1°s. '

Pub number and revision
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005400-Prefixed Instructions 042 and 043

Machine Instruction CAL Syntax Description

005400 042 jjKNT Ai <exp Form ones mask in Ai exp bits from right; jk
field gets 1005 — exp.

005400 042 jjkNT Ai #>exps Form zeroes mask in Ai exp bits from left; jk
field gets exp.

005400 042i00NT Ai -18 Transmit —1 to A

005400 043jjKNT Ai >exp Form ones mask in Ai exp bits from left; jk field
gets exp.

005400 043jjKNT Ai #<exps Form zeroes mask in Ai exp bits from right; jk
field gets 100g — exp.

N New instruction (not available on CRAY C90 system).
T Triton mode only. ’
S Special CAL syntax.

Special Cases

Instructions 005400 042xxx and 005400 043xxx are privileged to Triton
mode. If these instructions are executed in C90 mode, the results are
undefined.

Hold-issue Conditions

Register Ai reserved.

Execution Time
Instruction issue: 2 CPs.

Register Ai ready: 1 CP.

Description

Instruction 005400 042 generates a mask of 100; — jk 1’s from right to left
in register Ai. For example, if jk = 74, then 100; — jk = 4. Register Ai
then contains 1°s in bits 0 through 3 and 0’s in bits 4 through 63. If jk =
775, only bit O of Ai is set to 1; all the other bits are cleared to 0’s. If jk =
0, all bits of Ai are set to 1’s.
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Instruction 005400 043 generates a mask of jk 1’s from left to right in
register Ai. For example, if jk = 4, then register Ai contains 1’s in bits 60
through 26 and 0’s in bits O through 59. If jk = 0, all bits of Ai are cleared
to 0’s. If jk = 77, only bit O of Ai is cleared to O; all the other bits are set

to 1’s.
Unprefixed Instructions 044 through 051
Machine Instruction CAL Syntax Description

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

044i0 Si Sj&SBS Transmit sign bit of (S)) to Si.

044i0 Si SB&SS Transmit sign bit of (S)) to Si (j= 0).

045ijk Si #SK&Sj Transmit logical product of (Sj) and one’s
complement of (Sk) to Si.

045if0 Si  #SBa&Sf Transmit (S)) with sign bit cleared to Si.

046ijk Si SjiISk Transmit logical difference of (Sj) and (Sk) to
Si.

0460 Si SjisBs Transmit (Sj) with sign bit toggled to Si.

046i0 Si SB\S/S Transmit (Sj) with sign bit toggled to Si (j = 0).

047 ijk Si #Sj1Sk Transmit logical equivalence of (Sj) and (Sk) to

: Si.

0470k Si #SKS Transmit one’s complement of (Sk) to Si.

047i0 Si #S/iISBS Transmit (Sj) with all bits except sign bit
toggled to Si.

0470 Si #SB\SP Transmit (Sj) with all bits except sign bit
toggled to Si(j=0).

047100 Si #SBS Clear sign bit and set remaining bits of Si.

050ijk Si SASi&Sk Merge (Si) and (S)) to Siusing (Sk) as mask.

050if0 Si SjSi&SBS Merge (Si) and sign bit of (Sj) to Si.

051ijk Si SiSk Transmit logical sum of (Sj) and (SK) to Si.

0510k Si Sk8 Transmit (Sk) to Si.

051i0 Si . §jsBs Transmit (Sj) with sign bit set to Si.

051i0 Si SBISfS Transmit (Sj) with sign bit set to Si(j= 0).

05100 Si SBS Set sign bit and clear remaining bits of Si.

S Special CAL syntax.

Special Cases
If j=0, then (Sj) = 0.
If k = 0, then (Sk) sign bit (bit 63) = 1; bits 0 through 62 =0’s.
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Hold-issue Conditions

Execution Time

Description

CRAY T90 Series Instruction Set

Register Si reserved.

Register Sj or Skreserved (except SO).

Instruction issue: 1 CP.

Register Si ready: 1 CP.

Instructions 044 through 051 use the scalar logical functional unit.

Instruction 044

Instruction 044 transmits the logical product (AND) of register Sj and
register Sk to register Si. A bit of register Si is set to 1 only if the
corresponding bits of registers Sjand Sk are both 1°s, as shown in the
following example:

sj 1100
Sk 1010
Si 1000

Instruction 045

84

Instruction 045 transmits the logical product (AND) of register Sj and the
one’s complement of register Sk to register Si. A bit of register Si is set to
1 only if the corresponding bit of register Sjis 1 and the corresponding bit
of register Sk is 0, as shown in the following example:

Sj 1100
Sk 1010
Si 0100

Cray Research Proprietary Pub number and revision
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Instruction 046

Instruction 046 transmits the logical difference (exclusive OR) of register
Sj and register Sk to register Si. A bit of register Si is set to 1 only if the
corresponding bits of registers Sjand Sk are different, as shown in the
following example:

sj 1100
Sk 1010
Si 0110

Instruction 047

Instruction 047 transmits the logical equivalence (exclusive NOR) of
register Sj and register Sk to register Si. A bit of register Si is set to 1 only
if the corresponding bits of registers Sjand Sk are the same, as shown in
the following example:

Sj 1100
Sk 1010
Si 100 1

Instruction 050

Instruction 050 merges the contents of register Sj with the contents of
register Si and transmits the result to register Si. Each bit of the result is
taken from either the corresponding bit of register Sj or the corresponding
bit of register Si, depending on the state of the corresponding bit in
register Sk. If the Sk bit is 1, Sj data is used; if the Sk bit is 0, Si data is
used.

Instruction 050 implements the function represented by the following
equation: Si=Sj Sk + Si Sk’;

For example:
Si = 11001100
Sj = 10101010
Sk = 11110000
SjSk = 10100000
SiSk = 00001100
SjSk+SiSk = 10101100
HTM-xxx-0 Cray Research Proprietary 85
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Instruction 051

Instruction 051 transmits the logical product (inclusive OR) of register Sj
and register Sk to register Si. A bit of register Si is set to 1 if either of the
corresponding bits of registers Sjand Sk is 1, as shown in the following

example:
Sj 1100
Sk 1010
Si 1110
86 Cray Research Proprietary Pub number and revision
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CRAY T90 Series Instruction Set

Instruction Descriptions

005400-Prefixed Instructions 044 through 051

Machine Instruction CAL Syntax Description

005400 044 jjKNT Aj Aj&Ak Transmit logical product of (Aj) and (Ak) to Ai.

005400 045jjKNT Aj H#AKBA] Transmit logical product of (Aj) and one’s com-
plement of (AK) to Ai

005400 046iKNT Ai AfAk Transmit logical difference of (Aj) and (AK) to
Ai

005400 047 jjkNT Ai #Aj\Ak Transmit logical equivalence of (A)) and (AK) to
Ai.

005400 047 OKNT Ai #AKS Transmit one’s complement of (AK) to Ai

005400 050jjkNT Ai AJABAK Merge Aiand Ajto Ai using (AK) as mask.

005400 051 jjkNT Ai AjAk Transmit logical sum of (Aj) and (AK) to Ai.

N New instruction (not availabie on CRAY C20 system).

T Triton mode only
S Special CAL syntax

Special Cases

Instructions 005400 044 through 005400 051 are privileged to Triton
mode. If they are executed in C90 mode, the results are undefined.

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

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

Hold-issue Conditions

Register Ai reserved.

Register Aj or Akreserved (except SA).

Execution Time

Instruction issue; 2 CPs.

Register Ai ready: 2 CP.

Pub number and revision
September 9, 1994
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Description
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CRAY T90 Series Instruction Set

Instructions 005400 044 through 005400 051 use the scalar logical
functional unit.

Instruction 005400 044

Instruction 005400 044 transmits the logical product (AND) of register Aj
and register Ak to register Ai. A bit of register Ai is set to 1 only if the
corresponding bits of registers Ajand Ak are both 1, as shown in the
following example:

Aj 1100

Ak 1010

Ai 1000
Instruction 005400 045

Instruction 005400 045 transmits the logical product (AND) of register Aj
and the one’s complement of register Ak to register Ai. A bit of register
Ai is set to 1 only if the corresponding bit of register Ajis 1 and the
corresponding bit of register Ak is 0, as shown in the following example:

Aj 1100
Ak 1010
Ai 0100

Instruction 005400 046

Instruction 005400 046 transmits the logical difference (exclusive OR) of
register Aj and register Ak to register Ai. A bit of register Aiis setto 1
only if the corresponding bits of registers Ajand Ak are different, as
shown in the following example:

Aj 1100
Ak 1010
Ai 0110

Cray Research Proprietary Pub number and revision
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Instruction 005400 047

Instruction 005400 047 transmits the logical equivalence (exclusive NOR)
of register Aj and register Ak to register Ai. A bit of register Aiis set to 1
only if the corresponding bits of registers Ajand Ak are the same, as
shown in the following example:

Aj 1100
Ak 1010
Ai 1001

Instruction 005400 050

Instruction 005400 050 merges the contents of register Aj with the
contents of register Ai and transmits the result to register Ai. Each bit of
the result is taken from either the corresponding bit of register Aj or the
corresponding bit of register Ai, depending on the state of the
corresponding bit in register Ak. If the Ak bitis 1, Aj data is used; if the
Ak bit is 0, Ai data is used.

Instruction 050 implements the function represented by the following
equation: Ai=Aj Ak + Ai Ak’;

For example:
Aj = 11001100
Aj = 10101010
Ak = 11110000
AjAk = 10100000
AiAK = 00001100
AjAk+AiAK = 10101100

Instruction 005400 051

Instruction 005400 051 transmits the logical product (inclusive OR) of
register Aj and register Ak to register Ai. A bit of register Ai is set to 1 if
either of the corresponding bits of registers Ajand Ak is 1, as shown in the
following example:

Aj 1100
Ak 1010
Aj 1110
Pub number and revision Cray Research Proprietary 89
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Unprefixed Instructions 052 through 055

Machine Instruction CAL Syntax Description
052ijk S0 Skcexp Shift (S)) left exp = jk places to SO.
053k S0 Skexp Shift (S)) right exp = 1003 — jk places to SO.
054 ijk Si Skexp Shift (Si) left exp = jk places to Si.
055ijk Si Si>exp Shift (Sj) right exp = 100g — jk places to Si.
Special Cases
None.
Hold-issue Conditions
Instructions 052 and 053:

Execution Time

Description

90

.. 'Registér Si or SO reserved.
e Instruction 056 or 057 issued in previous CP.

* . Instructions 054 and 055:

e  Register Si reserved.
e  Instruction 056 or 057 issued in previous CP.

Instructions 052 and 053:

e Instruction issue: 1 CP.
e  Register SO ready: 4 CPs.

Instructions 054 and 055:

Instruction issue: 1 CP.
e  Register Si ready: 4 CPs.

Instructions 052 through 055 use the scalar shift functional unit. All shifts
are end-off with zero fill.

Instruction 052 shifts the contents of register Si left jk bits and transmits
the result to register SO. The shift range is O through 63 bits.

Cray Research Proprietary Pub number and revision
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Instruction 053 shifts the contents of register Si left 1005 — jk bits and
transmits the result to register SO. The shift range is 1 through 64 bits.

Instruction 054 shifts the contents of register Si left jk bits and transmits
the result to register Si. The shift range is 0 through 63 bits.

Instruction 055 shifts the contents of register Si left 100; — jk bits and
transmits the result to register Si. The shift range is 1 through 64 bits.

- %NOTE: Certain values of exp cause the assembler to generate different

@ instructions.
s Q Si < exp, if exp = 64, the assembler generates
O ds , which clears register SO to 0.
° ;kp = 0, the assembler generates
. ¥ibn g5 i l_e% rggister SO unchanged.
’ / ol ) ler generates
instruction 055000, wiARh}l gist & :
e  For the syntax SO > exp, if exp = % bler te
instruction 054000, which leaves regis %jcd.
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005400-Prefixed Instructions 052 through 055

Machine Instruction CAL Syntax Description

005400 052ifKNT A0 Akexp Shift (A)) left exp = jk places to AQ.

005400 053ifKNT A0 Aexp Shift (Aj) right exp = 100g — jk places to AQ.
005400 054 jjKNT Ai Akexp Shift (Aj) left exp = jk places to Ai.

005400 055jjKNT Ai Abexp Shift (Aj) right exp = 100g — jk places to A

N New instruction (not available on CRAY C90 system).
T Triton mode only.

Special Cases

Instructions 005400 052 through 005400 055 are pnv11eged to Triton
mode. If they are exP,cuted ih C90 mode the results are undefined.

Hold-issue Condmons

R 'Instructlons 005400 052 and 053: register Ai or AO reserved.

. Instructlons 005400 054 and 055: register Ai reserved.

v

Execution Times
'

Instructions 005400 052 and 053:

e Instruction issue: 2 CPs.
e Register AOready: 5 CPs.

Instructions 005400 054 and 055:

e Instruction issue: 2 CP.
e  Register Ai ready: 5 CPs.

Description
Instructions 005400 052 through 005400 055 use the scalar shift
functional unit. All shifts are end-off with zero fill.
Instruction 005400 052 shifts the contents of register Ai left jk bits and
transmits the result to register AQ. The shift range is O through 63 bits.
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Instruction 005400 053 shifts the contents of register Ai left 100; — jk bits
and transmits the result to register AQ. The shift range is 1 through 64
bits.

Instruction 005400 054 shifts the contents of register Ai left jk bits and
transmits the result to register Ai. The shift range is O through 63 bits.

Instruction 005400 055 shifts the contents of register Ai left 100z — jk bits
and transmits the result to register Ai. The shift range is 1 through 64 bits.

NOTE: Certain values of exp cause the assembler to generate different
_instructions than those shown in the preceding table.

e  For the syntax Ai < exp, if exp = 64, the assembler generates
instruction 005400 053000, which clears register A0 to 0.

e  For the syntax Ai > exp, if exp =0, the assembler generates
instruction 005400 052000, which leaves register AO unchanged.

e  For the syntax AO < exp, if exp = 64, the assembler generates
instruction 005400 055000, which clears register Ai to O.

e  For the syntax AO > exp, if exp = 0, the assembler generates
instruction 005400 054000, which leaves register Ai unchanged.
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CRAY T90 Series Instruction Set

Unprefixed Instructions 056 and 057

Machine Instruction CAL Syntax Description
056ijkD Si Si,S<Ak Shift (S)) and (S)) left (Ak) places to Si.
056i00P Si Si 818 Shift (Si) and (S)) left one place to Si.
056/0kP Si SkAkS Shift (Si) left (AK) places to Si.
057 jjkP Si SjSi>Ak Shift (S)) and (S)) right (Ak) places to Si.
057ifP Si Sj,S&18 Shift (Sj) and (S)) right one place to Si.
057 0k Si SBAKS Shift (S)) right (AK) places to Si.

D Difference in operation between Triton mode and C90 mode.

S Special CAL syntax.

| Special Cases

Hold-issue Conditions

Execution Time

Description

94

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

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

-~

Register Si reserved.
Register Sj reserved (except SO).
Register Ak reserved (except AQO).

Instruction 056 or 057 issued in previous CP.

Instruction issue: 1 CP.

Register Siready: 5 CPs.

Instructions 056 and 057 use the scalar shift functional unit. All shifts are
end-off with zero fill. Register Ak provides the shift count. In C90 mode,
only bits O through 31 of register Ak are used; bits 32 through 63 are
ignored. In Triton mode, all 64 bits of register Ak are used. All shift
counts are positive (or zero).

Cray Research Proprietary Pub number and revision
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Instruction 056 concatenates registers Si and Sj to form a 128-bit value.
(Register Si supplies bits 64 through 127; register Sj supplies bits O
through 63.) It then left shifts the 128-bit value by the number of places
specified by register Ak and transmits bits 64 through 127 of the result to
register Si. If the shift count is greater than 127, register Si is cleared.

Instruction 057 concatenates registers Sj and Si to form a 128-bit value.
(Register Sj supplies bits 64 through 127; register Si supplies bits O
through 63.) It then right shifts the 128-bit value by the number of places
specified by register Ak and transmits bits O through 63 of the result to
register Si. If the shift count is greater than 127, register Si is cleared.

NOTE: A circular left shift can be effected by using instruction 056 with
i =jand (Ak) < 64. A circular right shift can be effected by
using instruction 057 with i = j and (Ak) < 64.
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CRAY T90 Series Instruction Set

005400-Prefixed Instructions 056 and 057

Machine Instruction CAL Syntax Description

005400 056ijKNT Ai AiAAk Shift (Aj) and (A)) left (Ak) places to Ai
005400 056i0ONT Ai AiAK1S Shift (Aj) and (A)) left one place to Al
005400 0560KNT Ai Ai<AKS Shift (Aj) left (AK) places to Al

005400 057 jjkNT Ai AjABAK Shift (Aj) and (A)) right (Ak) places to Ai.
005400 057 ONT Aj AjAB18 Shift (Aj) and (Aj) right one place to Al
005400 057 OKNT Aj ABAKS Shift (A right (AK) places to Al

N New instruction (not available on CRAY C90 system).

T Triton mode only.
S Special CAL syntax.

Special Cases

Hold-issue Conditions

Execution Time

Description

96

Instructions 005400 056 and 005400 057 are privileged to Triton mode. If
they are executed in C90 mode, the results are undefined.

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

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

Register Ai reserved.

Register Ai or Ak reserved (except AO).

Instruction issue: 2 CPs.

Register Aiready: 6 CPs.

Instructions 005400 056 and 005400 057 use the scalar shift functional
unit. All shifts are end-off with zero fill. Register Ak provides the shift
count. All shift counts are positive (or zero).
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Instruction 005400 056 concatenates registers Ai and Aj to form a 128-bit
value. (Register Ai supplies bits 64 through 127; register Aj supplies bits
0 through 63.) It then left shifts the 128-bit value by the number of places
specified by register Ak and transmits bits 64 through 127 of the result to

register Ai. If the shift count is greater than 127, register Ai is cleared.

Instruction 005400 057 concatenates registers Aj and Ai to form a 128-bit
value. (Register Aj supplies bits 64 through 127; register Ai supplies bits
0 through 63.) It then right shifts the 128-bit value by the number of
places specified by register Ak and transmits bits O through 63 of the
result to register Ai. If the shift count is greater than 127, register Ai is
cleared.

NOTE: A circular left shift can be effected by using instruction 005400
056 with i = j and (Ak) < 64. A circular right shift can be
effected by using instruction 005400 057 with i = j and
(Ak)<64.
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CRAY T90 Series Instruction Set

Instructions 060 and 061
Machine Instruction CAL Syntax Description
060ijk Si Si+Sk Transmit integer sum of (S)) and (Sk) to Si.
061ijk Si SfSk Transmit integer difference of (S)) and (Sk) to
Si.
0610k Si -SkS Transmit negative of (SK) to Si.

S Special CAL syntax.

Special Cases

Hold-issue Conditions

Execution Time

Description

98

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

If k = 0, then (Sk) sign bit (bit 63) = 1, bits 0 through 62 = 0.

Register Si reserved.

Register Sj or Skreserved (except SO).

Instruction issue: 1 CP.

Register Si ready: 4 CPs.

Instructions 060 and 061 use the scalar add functional unit. This
functional unit performs two’s complement arithmetic. It does not detect
overflow.

Instruction 060ijk transmits the integer sum of register Sj and register Sk
to register Si.

Instruction 061ijk transmits the integer difference of register Sj and
register Sk to register Si.

Cray Research Proprietary Pub number and revision
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Instructions 062 and 063
Machine Instruction : CAL Syntax Description

062ijk Si Sj+FSk Transmit floating-point sum of (Sj) and (SK) to
Si.

0620k Si +FSkS Transmit normalized (SK) to Si.

063ijk Si SiFSk Transmit floating-point difference of (Sj) and
(SK) to Si.

0630k Si -FSKS Transmit normalized negative of (Sk) to Si.

S Special CAL syntax.

Special Cases
If j=0, then (Sj) = 0. This is the floating-point representation of 0.
If k = 0, then (Sk) sign bit (bit 63) = 1; bits O through 62 = 0. This is the
floating-point representation of —0, which is treated the same as 0.
Hold-issue Conditions
Register Sireserved.
Register Sjor Sk reserved (except SO).
Floating-point add functional unit busy. Instructions 170 through 173
cause this functional unit to be busy for VL/2 + 8 CPs.
Execution Time
Instruction issue: 1 CP.

Register Si ready: 8 CPs.
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CRAY T90 Series Instruction Set

Instructions 062 and 063 use the floating-point add functional unit. The
operands of this functional unit must be in (unnormalized) floating-point
format; this functional unit returns results in normalized floating-point
format. It detects both underflow and overflow conditions.

If underflow occurs, the result returned is a word of all 0’s (floating-point
0); no flag is set. If overflow occurs, the result returned is as follows:
sign bit = 0, exponent = 60000z, and coefficient = as calculated. An
overflow also sets the floating-point error (FPE) flag in the exchange
package.

Instruction 062ijk transmits the normalized floating-point sum of register
Sj and register Sk to register Si.

Instruction 063ijk transmits the normalized floating-point difference of
register Sj and register Sk to register Si.

Cray Research Proprietary Pub number and revision
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Instructions 064 through 067

Machine Instruction CAL Syntax Description

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

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

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

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

Special Cases

Hold-issue Conditions

Execution Time

If j = 0, then (Sj) = 0. This is the floating-point representation of 0.

If k = O, then (Sk) sign bit (bit 63) = 1; bits O through 62 = 0. This is the
floating-point representation of -0, which is treated the same as 0.

If the exponent fields of both operands are 0, an integer multiplication
operation is performed. The result returned is as follows: sign bit =0,
exponent = 0, coefficient = most-significant 48 bits of the 96-bit product.
Correct results are produced if the following conditions are satisfied:

e  Both operand sign bits are 0.

e X +Y 2 48, where X is the number of O bits to the right of the least
significant 1 bit in the first operand and Y is the number of 0 bits to
the right of the least significant 1 bit in the second operand.

Register Sireserved.
Register Sjor Sk reserved (except SO).

Floating-point multiply functional unit busy. Instructions 160 through 167
cause this functional unit to be busy for VL/2 + 8 CPs.

Instruction issue: 1 CP.

Register Si ready: 8 CPs.
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CRAY T90 Series Instruction Set

Instructions 064 through 067 use the floating-point multiply functional
unit. This functional unit must be in floating-point format and returns
results in floating-point format. (A result is normalized only if both
operands are normalized.) The functional unit detects both underflow and
overflow conditions.

If underflow occurs, the result returned is a word of all 0’s (floating-point
0); no flag is set. If overflow occurs, the result returned is as follows:
sign bit = 0, exponent = 60000g, and coefficient = as calculated. An
overflow also sets the floating-point error (FPE) flag in the exchange
package.

Instruction 064ijk transmits the floating-point product of register Sj and
register Sk to register Si.

Instruction 065ijk transmits the half-precision rounded floating-point
product of register Sj and register Sk to register Si. The least significant
19 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 transmits the rounded floating-point product of register
Sj and register Sk to register Si. This instruction can be used in the
division algorithm.

Instruction 067ijk transmits two minus the floating-point product of
register Sj and register Sk to register Si. This instruction can be used in
the reciprocal and division algorithms.

Cray Research Proprietary Pub number and revision
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Instruction 070/0
Machine Instruction CAL Syntax Description
070§ Si HSj Transmit floating-point reciprocal

approximation of (S)) to Si.

Special Cases

Hold-issue Conditions

Execution Time

Description

If j=0, then (Sj) = 0. This is the floating-point representation of 0. A
range error occurs.

The operand is assumed to be normalized (bit 47 assumed to be 1). If the
operand is not normalized, the result is invalid.

Register Sireserved.
Register Sjreserved (except SO).

Floating-point reciprocal approximation functional unit busy. The
following instructions cause this functional unit to be busy for the
following intervals:

Instruction 070ij1: (highest 1-bit position in VM)/2 + 8 CPs
e Instruction 174i0: VL/2 + 12 CPs
e Instructions 174ijl through 174ij3: VL/2 +5 CPs

Instruction issue: 1 CP.

Register Si ready: 19 CPs.

Instruction 070ij0 uses the floating-point reciprocal approximation
functional unit. The operands of this functional unit must be in
normalized floating-point format; this functional unit returns results in
normalized floating-point format. The functional unit handles overflow
and underflow conditions identically. If the exponent of the operand is
less than 200025 or greater than 600013, the result returned is as follows:
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sign bit = 0, exponent = 60000, and coefficient = as calculated. An
overflow or underflow condition also sets the floating-point error (FPE)
flag in the exchange package.

Instruction 070ijO transmits the floating-point reciprocal approximation of
register Sj to register Si. The result is accurate to 30 significant bits. The
lower 18 bits are 0’s. The number of significant bits can be increased to
48 by performing a reciprocal iteration (067ijk) and multiply (064ijk)
sequence.
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Instruction 070ij1
Machine Instruction CAL Syntax Description
07041N Vi Cl,Sj&vM Transmit compressed index of (Sj) controlled
by (VM) to Vi.

N New instruction (not available on CRAY C90 system).

Special Cases

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

Hold-issue Conditions
Register Vireserved as operand or result.
Register Sj reserved (except SO).

Floating-point reciprocal approximation functional unit busy. The
following instructions cause this functional unit to be busy for the
following intervals:

¢ Instruction 070ij0: 8 CPs
e Instruction 174ij0: VL/2 + 12 CPs
e Instructions 174ijl through 174ij3: VL/2+5 CPs

VM register busy. The following instructions cause this register to be
busy for the following intervals:

e Instructions 146, 147, and 005400 153: 3 CPs
e Instruction 175: VL/2 + 8 CPs
Execution Time
Instruction issue: 1 CP.
VM register free: 4 CPs.

Floating-point reciprocal approximation functional unit ready: (highest
1-bit position in VM)/2 + 10 CPs.

Register Vi ready: (highest 1-bit position in VM)/2 + 13 CPs.
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CRAY T90 Series Instruction Set

Instruction 070ij0 uses the floating-point reciprocal approximation
functional unit.

Instruction 070ij1 forms multiples of the contents of register Sj starting
with 0 (0, Sj, 2 X Sj, 3 x §j, ...). It stores multiples corresponding to each
1 bit in the vector mask (VM) register in successive elements of register
Vi (beginning at element 0). The instruction terminates when all the
unused bits of VM are 0’s or all of VM is used.

An example is shown below:
Sj=2
VM =10010110 ... 0

Then Vi[0] =0

Vi[l]=6
Vi[2] =10
Vi[3] =12

Vi[4] through Vi[127] are not changed
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Iinstruction 0706
) Machine Instruction CAL Syntax Description
070ipBN Si S/BT Transmit bit-matrix product of (Sj) and (BT) to
Si.

N New instruction (not available on CRAY C90 system)

Special Cases

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

Hold-issue Conditions
Register Sireserved.
Register Sj reserved (except SO).
Bit-matrix multiply functional unit busy. Instructions 1740j4 through
1740j7 cause this functional unit to be busy for VL/2 + 5 CPs.
Execution Time
) Instruction issue: 1 CP.

Register Si ready: 9 CPs.

Description

Instruction 070ij6 uses the bit-matrix multiply functional unit. This
functional unit contains a 64 word X 64 bit matrix called B.

Instruction 070ij6 transmits to register Si the bit-matrix product of register
Sj and matrix BT (matrix B transposed). The matrix B must have been
previously loaded with instruction 174ij4 or 174ij5.
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Instruction 071

Machine Instruction CAL Syntax Description

0710k Si Ak Transmit (Ak) with no sign extension to Si.

0711 KP Si +Ak Transmit (Ak) with sign extension to Si.

0712KP Si +FAk Transmit (AK) as unnormalized floating-point
number to Si.

07130 Si 0.6 Transmit 0.75 x 248 as normalized floating-
point constant to Si.

07140 Si 04 Transmit 0.4g as normalized floating-point
constant to Si.

07150 Si 1.0 Transmit 1.0 as normalized floating-point
constant to Si.

07160 Si 2.0 Transmit 2.0 as normalized floating-point
constant to Si.

071i70 Si 40 Transmit 4.0 as normalized floating-point

constant to Si.

D Difference in operation between Triton mode and C90 mode.

Special Cases
For instructions 071i0k and 071i1k: If k =0, register Si is set to 1.
For instruction 071i2k: If k = 0, register Si is loaded as follows:

e  Sign (bit 63): 0.

e  Exponent (bits 48 through 62): 400605.

o  (Coefficient (bits O through 47): 1.
Hold-issue Conditions

Instructions 071i0k through 071:2k:

®  Register Si reserved.
e Register Ak reserved (except AO).

Instruction 071i3% through 071i7k; register Si reserved.

Execution Time
Instructions 071i0k and 071i3k through 071i7k:

e Instruction issue: 1 CP.
e  Register Siready: 1 CP.
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Instruction 071:1k%:

e Instruction issue: 1 CP.
e Register Si ready: 3 CPs.

Instruction 071i2k:
e Instruction issue: 1 CP.

e Register Si ready: 4 CPs.

Description

Instructions 07 1ik through 071i2k

Instructions 071i0k through 0712k transmit the contents of register Ak to
register Si. These instructions operate somewhat differently, depending on
whether the CPU is operating in C90 mode (32-bit A registers) or Triton
mode (64-bit A registers).

Instruction 071i0k treats the contents of register Ak as an unsigned integer
and transmits it to register Si without sign extension. In C90 mode, the
contents of register Ak are transmitted to bits O through 31 of register Si;
bits 32 through 63 of register Si are cleared to 0’s. In Triton mode, the
contents of register Ak are transmitted to register Si without modification.

Instruction 071i1k treats the contents of register Ak as a signed (two’s
complement) integer and transmits it to register Si with sign extension. In
C90 mode, the contents of register Ak are transmitted to bits 0 through 31
of register Si; bit 31 is copied to bits 32 through 63. In Triton mode, the
contents of register Ak are transmitted to register Si without modification.

Instruction 0712k treats the contents of register Ak as a signed (two’s
complement) integer and transmits it to register Si as an unnormalized
floating-point number.

In C90 mode, instruction 071i2k loads register Si as follows:
e  The exponent (bits 48 through 62) is set to 40060s.
e The sign bit (bit 63) is copied from bit 31 of register Ai.

e If the sign bit is 0, the coefficient (bits O through 31) is copied from
register Ai; bits 32 through 48 are cleared to 0’s. If the sign bit is 1,
the coefficient is the two’s complement of register Ai. Bits 32
through 48 are cleared to 0’s.
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In Triton mode, instruction 071i2k loads register Si as follows:
e  The exponent (bits 48 through 62) is set to 40060s.
e  The sign bit (bit 63) is copied from bit 63 of register Ai.

e If the sign bit is O, the coefficient (bits O through 47) is copied from
register Ai. If the sign bit is 1, the coefficient is the two’s
complement of register Ai. Bits 48 through 62 of register Ai are
ignored.

The following instruction sequence converts a two’s complement integer
in register S1 to normalized floating-point format. Register S1 must
initially contain a two’s complement integer whose coefficient is less than
31 (C90 mode) or 48 (Triton mode).

e 023110 Al1S1 transmit S1to Al

e (071121 S1+FA1l transmit Al as unnormalized floating-point
number to S1

e (062101 S1+FS1 normalize S1

Instructions 071i30 through 07170

Instructions 071i30 through 071i70 transmit commonly used
floating-point constants to register Si.

Instruction 071i30 transmits the floating-point constant of 0.75 X bit 48 to
register Si. (0400606000000000000000s). This constant is used to create
floating-point numbers from two’s complement integers whose absolute
value is less than 46. The following instruction sequence converts a two’s
complement integer in register S1 to normalized floating-point format:

e 071230 S20.6
e 061121 Si1 S2-S1
e 063121 S1S2-FS1

Instruction 071i40 transmits the floating-point constant 0.45 (0.5,0)
(04000040000000000000005) to register Si.

110 Cray Research Proprietary Pub number and revision
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Instruction 071i50 transmits the floating-point constant 1.0
(04000140000000000000005) to register Si.

Instruction 071i60 transmits the floating-point constant 2.0
(04000240000000000000005) to register Si.

Instruction 071i70 transmits the floating-point constant 4.0
(04000340000000000000005) to register Si.
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Instruction 072 and 073

Machine Instruction CAL Syntax Description
072100 Si RT Transmit real-time clock to Si.
072102V Si SM Transmit semaphores to Si.
0723 Si STj Transmit (ST)) register to Si.
072ipVY Si STAj Transmit ST(A)) to Si.
07300 Si VMO Transmit (VMO) to Si.
073i10 Si VM1 Transmit (VM1) to Si.
073R20NT Ai VMO Transmit (VMO) to Ai.
073/30NT Ai VM1 Transmit (VM1) to Ai.
073ifiVM Si SRj Transmit (SRj) to Si {(monitor mode only for j =
2-7).
073102V SM Si Transmit (Si) to semaphores.
073i3 STj  Si Transmit (Si) to STj.
073105 SRO Si Transmit (S)) bits 48 — 52 to SRO0.
0731259 SR2 Si Advance performance monitor pointer.
073i75V0 SR7 Si Transmit (S/) to maintenance channel.
0736V STAJ Si Transmit (S) to ST(A).

o=z HA< Z

New instruction (not available on CRAY C90 system).

New version of CRAY C90 instruction.
Triton mode only.

Monitor mode only for some values of j.
Maintenance mode only.

Special Cases

112

Instructions 072i0

If the CPU is in IMI mode, instruction 072i00 executes normally.
Following execution, the MII flag sets and an exchange sequence occurs.
The P-register field of the exchange package points to the parcel following
the instruction. Refer to the CRAY T90 Series Instruction Set Overview
for more information about IMI mode.

Instructions 072i2, 072i;3, and 072ij6

For instruction 072ij6: If j = 0, register STO is addressed.

If the cluster number (CLN) is 0 and IMI mode is not active, instructions
072i02, 072ij3, and 072ij6 clear register Si to 0.
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If the CPU is in IMI mode, instructions 072i02, 072i;3, and 072ij6 return
no result to register Si; the previous register value is retained. (Normally,
in IMI mode, the cluster number should be 0.) Following execution, the
MII flag sets and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction. Refer to
the CRAY T90 Series Instruction Set Overview for more information about
IMI mode.

If shared access is disabled (CPU configuration code 051g) and IMI mode
is not active, instructions 073i02, 073i;3, and 073ij6 clear register Si to 0.
Refer to Section 4 of PRN-0957, Triton Maintenance System, for more
information on configuration codes.

Instructions 073i0 and 07310

None.

Instructions 07320 and 07330

Instructions 07320 and 07330 are privileged to Triton mode. If these
instructions are executed in C90 mode, the results are undefined.

Instruction 073ij1 (j = 0)

If the CPU is in IMI mode, instruction 073ij1 (j = 0) executes normally.
Following execution, the MII flag sets and an exchange sequence occurs.
The P-register field of the exchange package points to the parcel following
the instruction. Refer to the CRAY T90 Series Instruction Set Overview
for more information about IMI mode.

Instruction 073ij1 (j =2 or 3)

Instruction 073ij1 (j =2 or 3) is privileged to monitor mode. The PMBY
bit should be clear. If the CPU is in monitor mode and PMBY is set, the
results are undefined. For more information on the PMBY bit, refer to the
description of instruction 073ij1.

If the CPU is in normal user mode, this instruction returns 0 to register Si.

If the CPU is in IMI mode, this instruction executes normally except that
the performance monitor pointer is prevented from advancing. Following
execution, the MII flag sets and an exchange sequence occurs. The
P-register field of the exchange package points to the parcel following the

“instruction.
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Instruction 073ij1 (j = 4 through 7)

Instruction 073ij1 (j = 4 through 7) is privileged to monitor mode. The
PMBY bit should be clear. If the CPU is in monitor mode and PMBY is
set, the results are undefined. For more information on the PMBY bit,
refer to the description of instruction 073ij1.

If the CPU is in normal user mode, instruction 073ij1 returns O to register
Si.

If the CPU is in IMI mode, this instruction returns O to register Si.
Following execution, the MII flag sets and an exchange sequence occurs.
The P-register field of the exchange package points to the parcel following
the instruction. Refer to the CRAY T90 Series Instruction Set Overview
for more information about IMI mode.

Instructions 073i2, 073i/3, and 073ij6

Instructions 073i02, 07353, and 073ij6 execute as no-ops if the cluster
number (CLN) is 0.

For instruction 073ij6: If j = 0, register STO is loaded.

If the CPU is in IMI mode, instructions 073i02, 073ij3, and 073ij6 execute
normally. (Normally in IMI mode, the cluster number should be O so that
these instructions are no-ops.) Following execution, the MII flag sets and
an exchange sequence occurs. The P-register field of the exchange
package points to the parcel following the instruction. Refer to the

CRAY T90 Series Instruction Set Overview for more information about
IMI mode.

If shared access is disabled (CPU configuration code 0513), instructions
073i02, 073ij3, and 073ij6 execute as no-ops. Refer to Section 4 of
PRN-0957, Triton Maintenance System, for more information on
configuration codes.

Instruction 073i5

If the CPU is in IMI mode, instruction 07305 executes as a no-op, the MII
flag sets, and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction. Refer to
the CRAY T90 Series Instruction Set Overview for more information about
IMI mode.
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Hold-issue Conditions

HTM-xxx-0
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Instruction 073i25

Instruction 073425 is privileged to maintenance mode. If maintenance
mode is not active, the instruction executes as a no-op.

If the CPU is in IMI mode, instruction 073i25 executes normally (or as a
no-op if maintenance mode is not active). Following execution, the MII
flag sets and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction. Refer to
the CRAY T90 Series Instruction Set Overview for more information about
IMI mode.

Instruction 073i75

Instruction 073i75 is privileged to maintenance mode. If maintenance
mode is not active, the instruction executes as a no-op.

Before instruction 07375 is executed, register SRO bit O must be 1.
Instruction 07301 must be used to read the contents of this register.

If the CPU is in maintenance mode and IMI mode, instruction 073i75
executes normally. Following execution, it is trapped like other IMI-mode
instructions. However, as explained above, instruction 073i01 must be
executed first to test bit 0 of register SRO. Because instruction 073i01 is
trapped (causing an exchange sequence) when IMI mode is active,
instruction 073i75 should not be used when IMI mode is active.

Instructions 072i00, 072i02, 072ij3, 073i02, and 073i;3:

e  Register Si reserved.

e  Shared path reserved.

e  Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 0014;0), 0015, 0017 through 0026, 023ij6,
023if7, 0272, 027ij3, 073ij1, or 073ij5.
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Instructions 072ij6 and 073i6:

e  Register Si reserved.

e Register Aj reserved (except A0).

e  Shared path reserved.

e  Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 0014;0), 0015, 0017 through 0026, 023ij6,
023ij7, 027ij2, 027i;3, 073ij1, or 073ij5.
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Instructions 073i00 and 073i10:;

e  Register Si reserved.
® VM register busy.

Instructions 073i20 and 073i30:

e  Register Ai reserved.
e VM register busy.

Instructions 073ij1, 073i05, 073i25, and 073i75:

e  Register Si reserved.

Shared path reserved.
e  Any floating-point functional unit busy.
e Any memory port busy.

e Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 001450), 0015, 0017 through 0026, 0236,
023ij7, 027ij2, 02753, 073ij1, or 073ij5.

The following instructions cause the VM register to be busy for the
following intervals:

e Instruction 175: VL/2 + 8 CPs.
e Instructions 070ij1, 146, 147, 005400 153i;0, or 005400 153ij1:
3 CPs.
Execution Time
Instructions 072i00, 072i02, 072ij3, 072ij6, and 073ij1:

e  Instruction issue: 1 CP.
e  Register Si ready: CPs undetermined.
e  Shared path ready: CPs undetermined.

Instructions 073i00 and 073i10:

e Instruction issue: 1 CP.
e  Register Si ready: 3 CPs.
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Instructions 073:20 and 073i30:

e [Instruction issue: 1 CP.
e  Register Ai ready: 3 CPs.

Instructions 073i02, 0733, 073i05, 073i25, 073i75, and 073ij6:

¢ Instruction issue: 1 CP.
e  Shared path ready: CPs undetermined.

Instruction 072

Instruction 07200 transmits the contents of the real-time clock (RTC) to
register Si.

Instruction 072i02 transmits the contents of all 64 semaphore (SM) bits to
register Si.

Instruction 07253 transmits the contents of register STj to register Si.

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

Instructions 0730, 073i10, 073i20, and 073i30

Instructions 073/00 and 073i10 transmit the contents of the lower and
upper vector mask registers (VMO0 and VM1), respectively, to register Si.

Instructions 073i20 and 073i30 transmit the contents of the lower and
upper vector mask registers (VMO and VM1), respectively, to register Ai.
These instructions are privileged to Triton mode.

Instruction 073ij1

Instruction 073ij1 transmits the contents of status register j (SRj) to
register Si.
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Reading the status registers returns the following values:
SRO: General status information:

e Bit 63: Cluster number not equal to O (CLN = 0)

e Bit 57. Bit matrix loaded (BML)

e Bit 52: Interrupt on-breakpoint (IBP) mode

e Bit51: Floating-point error (FPE) flag

e Bit 50: Interrupt on floating-point error (IFP) mode
® Bit49: Interrupt on operand range error (IOR) mode
e Bit 48: Bidirectional memory mode (BDM)

e Bit 47: Performance monitor busy (PMBY)

e  Bits 40 through 46: Processor number

e  Bits 32 through 39: Cluster number

e Bit0: CPU maintenance access available (monitor mode X
maintenance mode X SR7 not busy)

SR1: Not used.

SR2: Bits O through 47: performance monitor counter O through 17. (The
performance monitor pointer advances automatically after reading SR2 or
SR3). Reading this register is privileged to monitor mode. The PMBY bit
should be clear.

SR3: Bits O through 47: performance monitor counter 20 through 37.
(The performance monitor pointer advances automatically after reading
SR2 or SR3). Reading this register is privileged to monitor mode. The
PMBY bit should be clear.

SR4: Common memory error information:

e Bit 47: Uncorrectable memory error (MEU) flag

e Bit 46: Correctable memory error (MEC) flag

e Bits 32 through 45: Destination code

Pub number and revision Cray Research Proprietary 119
September 9, 1994 Preliminary Information



Instruction Descriptions

120

CRAY T90 Series Instruction Set

Reading this register is privileged to monitor mode.

SR5: Bits 32 through 43: common memory error syndrome. Reading
this register is privileged to monitor mode.

SR6: Bits 32 through 44: common memory error address. Reading this
register is privileged to monitor mode.

NOTE: Because the hardware writes data to registers SR4 through SR6
as a group, all three registers should be read as a group. (The
order in which the registers are read is not important.) When a
memory error occurs, the hardware writes the error data to
registers SR4 through SR6. The data remains in these registers
until all three registers are read. Then all three registers are
cleared to O and are ready to receive another error.

If a second memory error occurs before the first memory error has been
read, the data from the second error is held in a status register buffer until
SR4 through SR6 (containing the first error data) are read. As soon the
third register is read, the data from the second error is immediately loaded
into SR4 through SR6.

If a third (fourth, etc.) memory error occurs, the data is held in a memory
section buffer until space is available for it in the status register buffer. It
requires about 60 CPs to transfer the data from the memory section buffer

to the status register buffer. If a third read sequence occurs during this
60-CP interval, the data read is all O’s.

SR7: Miscellaneous error information:

e  Bits 55 through 61: Logical Address Translate (LAT) multiple-hit
error flags: ports D,C’,C,B’,B, A’, A

e  Bits 48 through 54: LAT miss error flags: ports D, C’, C,B’, B,
ALA

e Bit 47: Register parity error (RPE) flag
e Bit 46: Shared register read error (SRRE) flag
e Bits 32 through 43: Register parity error chip number

e Bits 24 through 31: Shared register read error chip number
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Reading this register is privileged to monitor mode.

NOTE: Register SR7 is automatically cleared to O after it is read. The
following errors are captured if they occur after SR7 is cleared:
the first LAT error, the first register parity error, and the first
shared register read error. Errors are buffered in a manner
similar to SR4 through SR6 (described previously) except that
the transfer interval is much shorter (10 CPs).

Instructions 073i2, 073i;3, 073i5, 073i25, 073i75, and 073ij6

Instruction 073i02 transmits the entire 64 bits of register Si to the 64
semaphore (SM) bits.

Instruction 073ij3 transmits the contents of register Si to register STj.

Instruction 07305 transmits the contents of register Si to status register 0
(SRO). Only bits 48 through 52 of register SRO are loaded; the remaining
bits are read only.

Bit 52: Interrupt on breakpoint (IBP) mode

Bit 51: Floating-point error (FPE) flag

Bit 50: Interrupt on floating-point error (IFP) mode
Bit 49: Interrupt on operand range error (IOR) mode
Bit 48: Bidirectional memory mode (BDM)

Instruction 073i25 advances the performance monitor pointer. It also
causes the PMBY bit (status register O bit 47) to set and remain set. (The
only way to clear the PMBY bit in this case is with instruction 001501.)
This instruction is privileged to maintenance mode.

Instruction 073i75 transmits the contents of register Si to the maintenance
channel. Before writing to this register, SRO bit O must be 1. Refer to
Section 4.4 of PRN-0957, Triton Maintenance System, for more
information.

Instruction 073ij6 transmits the contents of register Si to the ST register
designated by register Aj.
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Instructions 074 and 075

Machine Instruction CAL Syntax Description
074 jk Si Tik Transmit (Tjk) to Si.
075ijk Tk Si Transmit (Si) to Tjk.
Special Case
None.
Hold-issue Conditions
Instruction 074:

Execution Time

Description

122

e  Register Si reserved.
e Instruction 036 or 037 in progress.
e Instruction 075 issued in the preceding 1 CP.

Instruction 075:

e  Register Si reserved.
¢ Instruction 036 or 037 in progress.

Instruction 074:

e Instruction issue: 1 CP.
e  Register Si ready: 3 CPs.

Instruction 075:

e Instruction issue: 1 CP.
e  Register Tij ready: 2 CPs.

Instruction 074 transmits the contents of register Tjk to register Si.

Instruction 075 transmits the contents of register Si to register Tjk.
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Instructions 076 and 077

Machine Instruction CAL Syntax Description
076ijk Si VjAk Transmit (Vj element (AK)) to Si.
077ijk ViAk Sj Transmit (S)) to Vi element (AK).
07710k ViAk 0s Clear register Vielement (Ak)

S Special CAL syntax.

Special Cases

Hold-issue Conditions

For instruction 076ijk: If k = 0, the content of register V; element 1
(second element) is transmitted to register Si.

For instruction 077ijk:

If j =0 and k = 0, register Vi element 1 (second element) is cleared to
0.

If j=0and k # 0, register Vi element (Ak) is cleared to 0.

If j # 0 and k = 0, the content of register Sj is transmitted to register
Vk element 1 (second element).

Instruction 076ijk:
e Register Ak reserved (except A0).
e Register Vjreserved as operand or result.
e  Register Si reserved.
Instruction 077ijk:
e Register Ak reserved (except AO).
e Register Sj reserved.
e Register Vi reserved as operand or result.

Pub number and revision
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Execution Time

Instruction 076ijk:

¢ Instruction issue: 1 CP.
e  Vector issue ready: 4 CPs.
e  Register Si ready: 8 CPs.

Instruction 077ijk:

e Instruction issue: 1 CP.
e  Vector issue ready: 4 CPs.
e Register Viready: 4 CPs.

Description

Instructions 076ijk and 077ijk transmit data between an S register and an
element of a V register. Bits 0 through 6 of register Ak designate the
element; the remaining bits of register Ak are not used.

Instruction 076ijk transmits the contents of the designated element of
register Vj to register Si.

Instruction 077ijk transmits the contents of register Sj to the designated
element of register Vi.
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Instructions 10h through 13h

Machine Instruction CAL Syntax Description

10h00nmP Ai exp,Ah Load Aifrom ((Ah) + exp).

10h20nmND Ai exp,Ah,BC Load Aifrom ((Ah) + exp) bypassing data
cache and invalidating cache line.

10h40pnmNT Ai exp,Ah Load Aifrom ((Ah) + exp).

10hB0pNMNT Ai exp,Ah,BC Load Aifrom ((Ah) + exp) bypassing data
cache and invalidating cache line.

11h00NMP exp,Ah Ai Store (Al to ((Ah) + exp).

11 hidOpnmNT exp,Ah Ai Store (Ai) to ((Ah) + exp).

12h00nm Si exp,Ah Load Sifrom ((Ah) + exp).

12h20nmN Si exp,Ah,BC Load Sifrom ((Ah) + exp) bypassing data
cache and invalidating cache line.

12hid0pnmNT Si exp,Ah Load Sifrom ((Ah) + exp).

12hi60pnmNT Si exp,Ah,BC Load Sifrom ((Ah) + exp) bypassing data
cache and invalidating cache line.

13hR00nm exp,Ah Si Store (Si) to ((Ah) + exp).

13hid0pnmNT exp,Ah Si Store (Si) to ((Ah) + exp).

N New instruction (not available on CRAY C90 system).
T Triton mode only.
D Difference in operation between Triton mode and C90 mode.

Special Syntax Note

In any instruction 104 through 134, the syntax exp,Ah can be replaced by
any one of three special syntax forms. These special forms are not
included in the above table because of space constraints.

e The syntax exp,0 or exp, is equivalent to exp,A0. The common
memory address is exp.

e  The syntax ,Ah is equivalent to 0,As. The common memory address
is (Ah).
Special Cases
If h =0, then the referenced common memory address is exp.

Instructions 10hi40pnm, 10hi60pnm, 11hi4d0pnm, 12hid0nm, 12hi60pnm,
and 134i40pnm are privileged to Triton mode. If these instructions are
executed in C90 mode, the results are undefined.
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Instructions 10#i00nm and 10hi40pnm:

Register Ak reserved (except A0).
Register Ai reserved.

If the second, third, or fourth parcel is not in a buffer, wait for the
instruction prefetch sequence to complete.

Instructions 10Ai20nm and 10Ai60pnm:

Register Ah reserved (except AO).
Register Ai reserved.
Waiting for Memory Resume Signal.

If the second, third, or fourth parcel is not in a buffer, wait for the
instruction prefetch sequence to complete.

Instructions 114i00nm and 11hi40pnm:

Register Ak reserved (except A0).
Register Ai reserved.
Cache miss in progress.

If the second, third, or fourth parcel is not in a buffer, wait for the
instruction prefetch sequence to complete.

Instructions 124i00nm and 124i40pnm:

126

Register Ak reserved (except AO).
Register Si reserved.

If the second, third, or fourth parcel is not in a buffer, wait for the
instruction prefetch sequence to complete.
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Instructions 12hi20nm and 12hi40pnm:

e  Register Ah reserved (except A0).

e  Register Si reserved.

e  Waiting for Memory Résume Signal.

e [f the second, third, or fourth parcel is not in a buffer, wait for the
instruction prefetch sequence to complete.

Instructions 134i00nm and 134i00pnm:
e Register Ak reserved (except AO).
®  Register Si reserved.
e  Cache miss in progress.
e f the second, third, or fourth parcel is not in a buffer, wait for the
instruction prefetch sequence to complete.
Execution Time

e Instruction issue: 3 CPs for 3-parcel instructions, 4 CPs for 4-parcel
instructions.

e Instructions 104i00nm and 10hid0pnm: If cache hit, register Ai
ready in CPs undetermined. If cache miss, register Ai ready in CPs
undetermined.

e Instructions 104i20nm and 10ki60prm: register Ai ready in CPs
undetermined.

e Instructions 12Ai00nm and 12hi40pnm: If cache hit, register Si ready
in CPs undetermined. If cache miss, register Si ready in CPs
undetermined.

e Instructions 124i20nm and 12ki60pnm: register Si ready in CPs
undetermined.
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Instructions 104 through 13 transfer data between common memory (or
the data cache) and an A or S register.

Instruction 10/ transfers data from common memory to register Ai. In
C90 mode, bits 0 through 31 of the common memory word are
transferred; bits 32 through 63 are ignored. In Triton mode, all 64 bits are
transferred.

Instruction 114 transfers data from register Ai to common memory. In
C90 mode, data is transferred to bits O through 31 of the common
memory; bits 32 through 63 are cleared to 0’s. In Triton mode, all 64 bits
are transferred.

Instruction 124 transfers data from common memory to register Si.
Instruction 134 transfers data from register Si to common memory.

The common memory address that is referenced is determined by adding
the contents of register Ai to the value of exp, an instruction field that
begins in the second parcel of the instruction. The length of exp is
determined by bit 2 of the j field. If jbit 2is a 0, exp is a 2-parcel (32-bit)
field. Ifitis a 1, exp is a 3-parcel (48-bit) field.

In C90 mode, exp must be a 2-parcel field. The 32-bit contents of register
Ah are added to the 32-bit exp to produce a 32-bit logical memory
address.

In Triton mode, exp can be a 2- or 3-parcel field. If exp is 2 parcels, bits O
through 39 of register Ak are added to the 32-bit exp to produce a 40-bit
logical memory address. (exp is right aligned and zero-filled for the
addition.) Bits 40 through 63 of register Ah are not used.

If exp is a 3-parcel field, bits O through 39 of register Ak are added to bits
0 through 39 of exp to produce a 40-bit logical memory address. Bits 40
through 63 of register Ah are not used.

For instructions 10/ and 124, j field bit 1 determines whether the data
cache is used. If this bit is a 0, data is taken from the cache if possible. If
this bit is a 1, the cache is bypassed; if the cache contains a copy of the
requested data, the corresponding cache line is invalidated and no new line
is requested.
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Instructions 140 through 145

Machine Instruction CAL Syntax Description

140ifk Vi Sj&Vk Transmit logical products of (S)) and (Vk
elements) to Vielements.

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

142ijk Vi SpVk Transmit logical sums of (S)) and (Vk
elements) to Vielements.

1420k Vi VKS Transmit (Vk elements) to Vielements.

143ijk Vi ViVk Transmit logical sums of (Vj elements) and (Vk
elements) to Vielements.

144ijk Vi Sj\Vk Transmit logical differences of (Sj) and (Vk
elements) to Vielements.

145ifk Vi VjlVk Transmit logical differences of (Vjelements)
and (Vk elements) to Vielements.

145jij Vi 0s Clear Vielements.

S Special CAL syntax.

Special Cases

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

Hold-issue Conditions

Instructions 140, 142, and 144:

Pub number and revision
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Register Sj reserved.

Register Vk reserved as operand.

Register Vi reserved as operand or result.
Instruction 076 or 077 issued in the preceding 2 CPs.

Second vector logical functional unit busy or disabled and full vector
logical functional unit busy.

¢ Instructions 140 through 145 cause the second vector logical
functional unit (if available) or the full vector logical functional
unit to be busy for VL/2 + 5 CPs.

¢ Instructions 146 and 147 cause the full vector logical functional
unit to be busy for VL/2 + 5 CPs.
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e Instruction 175 causes the full vector logical functional unit to
be busy for VL/2 + 6 CPs.

e Instructions 141, 143, and 145:
e Register Vjreserved as operand.
e  Register Vk reserved as operand.
e  Register Vireserved as operand or result.
e Instruction 076 or 077 issued in the preceding 2 CPs.

e  Second vector logical functional unit busy or disabled and full
vector logical functional unit busy.

e Instructions 140 through 145 cause the second vector logical
functional unit (if available) or the full vector logical functional unit
to be busy for VL/2 + 5 CPs.

e [Instructions 146 and 147 cause the full vector logical functional
unit to be busy for VL/2 + 5 CPs.

e Instruction 175 causes the full vector logical functional unit to
be busy for VL/2 + 6 CPs.

Execution Time

Instructions 140, 142, and 144:
e Instruction issue: 1 CP.
e  Register Vkready: VL/2 + 4 CPs (if no delays encountered).

e  Second vector logical or full vector logical functional unit ready:
VL/2 + 5 CPs (if no delays encountered).

e  Register Viready: VL/2 + 10 CPs (if no delays encountered).
Instructions 141, 143, and 145:
e Instruction issue: 1 CP.

e Registers Vjand Vkready: VL/2 + 4 CPs (if no delays
encountered).
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Description

e  Second vector logical or full vector logical functional unit ready:
VL/2 + 5 CPs (if no delays encountered).

e  Register Viready: VL/2 + 10 CPs (if no delays encountered).

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

Instructions 140 through 145 use the second vector logical unit if it is
enabled and free. If it is disabled or busy, these instructions use the full
vector logical functional unit. The contents of the VL register determine
the number of operations performed by these instructions. All operations
start with element 0 of the V registers and increment the element number
by 1 for each operation performed.

Instructions 140 through 145 use register Vk as one of the operands.
Instructions 140, 142, and 144 use register Sj as the second operand. (The
functional unit holds a copy of register Sj. Therefore, a subsequent
instruction can change register Sj immediately without affecting the vector
instruction.) Instructions 141, 143, and 145 use register Vj as the second
operand. All results are delivered to register Vi.

Instructions 140 and 141

Instruction 140 transmits the logical products (AND) of register Sj and
register Vk elements to register Vi elements.

Instruction 141 transmits the logical products (AND) of register Vj
elements and register V& elements to register Vi elements.

A bit of an element of register Vi is set to 1 only if the corresponding bits
of both operands are 1’s, as shown in the following example:

Sjor Vjelement 1100
Vk element 1010
Vielement 1000

Instructions 142 and 143

Instruction 142 transmits the logical sums (OR) of register Sj and register
Vk elements to register Vi elements.
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Instruction 143 transmits the logical sums (OR) of register Vj elements
and register Vk elements to register Vi elements.

A bit of an element of register Vi is set to 1 if the corresponding bit of
either operand is 1, as shown in the following example:

Sjor Vjelement 1100
Vk element 1010
Vielement 1110

Instructions 144 and 145

Instruction 144 transmits the logical differences (exclusive OR) of register
Sj and register Vk elements to register Vi elements.

Instruction 145 transmits the logical differences (exclusive OR) of register
Vj elements and register Vk elements to register Vi elements.

A bit of an element of register Vi is set to 1 if the corresponding bits of the
operands are different, as shown in the following example:

Sjor Vjelement 1100
Vk element 1010
Vielement 0110
132 Cray Research Proprietary Pub number and revision
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Instructions 146 and 147

) Machine Instruction CAL Syntax Description
146ijk Vi SAVK&VM Merge (S)) and (Vk elements) to Vielements
using (VM) as mask.
14610k Vi #VMAVKS Merge 0 and (Vk elements) to Vi elements us-
ing (VM) as mask. -
147 ijk Vi VAVKEVM Merge (Vj elements) and (Vk elements) to Vi
elements using (VM) as mask.

S Special CAL syntax.

Special Cases

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

Hold-issue Conditions
Instruction 146:
®  Register Sjreserved.
e  Register Vk reserved as operand.
e Register Vi reserved as operand or result.
e Instruction 076 or 077 issued in the preceding 2 CPs.

e VM register busy. The following instructions cause this register to
be busy for the following intervals:

¢ Instructions 070ij1 and 005400 153: 3 CPs.
e Instruction 175: VL/2 + 8 CPs.

e  Full vector logical functional unit busy. The following instructions
cause this functional unit to be busy for the following intervals:

¢ Instructions 140 through 145 (if second vector logical
functional unit unavailable): VL/2 + 5 CPs.

e Instructions 146 and 147: VL/2 + 5 CPs.

e Instruction 175: VL/2 + 6 CPs.
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Instruction 147:

Execution Time

Register Vj reserved as operand.

Register Vk reserved as operand.

Register Vi reserved as operand or result.

Instruction 076 or 077 issued in the preceding 2 CPs.

VM register busy. The following instructions cause this register to
be busy for the following intervals:

¢ Instructions 070ij1 and 005400 153: 3 CPs.

e Instruction 175: VL/2 + 8 CPs.

Full vector logical functional unit busy. The following instructions
cause this functional unit to be busy for the following intervals:

¢ Instructions 140 through 145 (if second vector logical
functional unit unavailable): VL/2 + 5 CPs.

e Instructions 146 and 147; VL/2 + 5 CPs.

e Instruction 175: VL/2 + 6 CPs.

Instruction 146;

134

Instruction issue: 1 CP.
VM register ready: 4 CPs.
Register Vk ready: VL/2 + 4 CPs (if no delays encountered).

Full vector logical functional unit ready: VL/2 + 5 CPs (if no delays
encountered).

Register Vi ready: VL/2 + 10 CPs (if no delays encountered).
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Description

Instruction 147:
e Instruction issue: 1 CP.
® VM register ready: 4 CPs.

e Registers Vjand Vkready: VL/2 + 4 CPs (if no delays
encountered).

e  Full vector logical functional unit ready: VL/2 + 5 CPs (if no delays
encountered).

e Register Viready: VL/2 + 10 CPs (if no delays encountered).

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

Instructions 146 and 147 use the full vector logical functional unit. The
contents of the VL register determine the number of operations performed
by these instructions. All operations start with element O of the V
registers and increment the element number by 1 for each operation
performed.

Instructions 146 and 147 use register Vk as one of the operands.
Instruction 146 uses register Sj as the second operand. (The functional
unit holds a copy of register Sj. Therefore a subsequent instruction can
change register Sj immediately without affecting the vector instruction.)
Instruction 147 uses register Vj as the second operand. All results are
delivered to register Vi.

Instruction 146 merges register Sj with register Vk and transmits the result
to register Vi. Each element of the result is taken from either register Sj or
the corresponding element of register Vk, depending on the state of the
corresponding bit in the vector mask (VM) register. If the VM bitis 1,
register Sj data is used; if the VM bit is O, register Vk data is used.
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Example:

VL
VM
82
V6 element O
V6 element 1
V6 element 2
V6 element 3

V7 element 0
V7 element 1
V7 element 2
V7 element 3

V7 elements 4 — 127

A WON-=2NOM

CRAY T90 Series Instruction Set

110... 0,

The results of executing instruction 146726 (V7 S2!V6& VM) are:

BN

unchanged

Instruction 147 merges register V;j with register Vk and transmits the result
to register Vi. Each element of the result is taken from the corresponding
element of register Vj or the corresponding element of register V&,

depending on the state of the corresponding bit in the vector mask (VM)
register. If the VM bit is 1, register Vj data is used; if the VM bit is 0,

register Vk data is used.

Example:

136

VL

VM

S2

V2 element 0
V2 element 1
V2 element 2
V2 element 3
V3 element 0
V3 element 1
V3 element 2
V3 element 3

V1 element 0
V1 element 1
V1 element 2
V1 element 3

V1 elements 4 — 127

Cray Research Proprietary
Preliminary Information

ONOOPARWNLNObN

—
—
o
&

The results of executing instruction 147123 (V1 V2!V3&VM) are:

~NWwWw O

unchanged
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Instructions 150 and 151

Machine Instruction CAL Syntax Description
150ijkP \'/j Vj<Ak Shift (Vj elements) left (Ak) places to Vi
elements.
150jj0D Vi V<18 Shift (Vj elements) left one place to Vi
elements.
005400 1500 Vi Vi<V0 Shift (Vj elements) left (VO elements) places to
Vi elements.
151jjkP Vi ViAk Shift (Vj elements) right (Ak) places to Vi
elements.
151j0D Vi V18 Shift (Vj elements) right one place to Vi
elements.
005400 1510 Vi ViEVO0 Shift (Vj elements) right (VO elements) places
to Vielements.

D Difference in operation between Triton mode and C90 mode.

S Special CAL syntax.

Special Cases

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

Hold-issue Conditions

Unprefixed instructions:

Pub number and revision
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Register Vj reserved as operand.

Register Akreserved (except A0O).

Register Vireserved as operand or result.

Instruction 076 or 077 issued in the preceding 2 CPs.

Vector shift functional unit busy. The following instructions cause
this functional unit to be busy for the following intervals:

¢ Instructions 150 through 153 and 005400 150 through 005400
152: VL/2+ 5 CPs.

¢ Instruction 005400 153: VL/2 + 9 CPs.
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005400-prefixed instructions:

e Register Vjor VO reserved as operand.

e Register Vireserved as operand or result.

e Instruction 076 or 077 issued in the preceding 2 CPs.

e  Vector shift functional unit busy. The following instructions cause
this functional unit to be busy for the following intervals:

e Instructions 150 through 153 and 005400 150 through 005400
152: VL/2+5 CPs.

¢ Instruction 005400 153: VL/2 + 9 CPs.

Execution Time
Unprefixed instructions:
e Instruction issue: 1 CP.
e Register Vjready: VL/2 + 4 CPs (if no delays encountered).

®  Vector shift functional unit ready: VL/2 + 4 CPs (if no delays
encountered).

e Register Viready: VL/2 + 12 CPs (if no delays encountered).
005400-prefixed instructions:
e Instruction issue: 2 CPs.

e Registers Vjand VO ready: VL/2 + 4 CPs (if no delays
encountered).

e  Vector shift functional unit ready: VL/2 + 4 CPs (if no delays
encountered).

e Register Viready: VL/2 + 12 CPs (if no delays encountered).

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

Instructions 150 and 151 (unprefixed and 005400) use the vector shift
functional unit. All shifts are end-off with zero fill. A result element is
cleared to zero if the shift counts exceeds 63.

The number of operations performed by instructions 150 and 151 is
determined by the contents of the VL register. Operations start with
element O of the Vregisters and increment the element number by 1 for
each operation performed.

Instruction 150 shifts elements of register Vj left by the number of places
specified by register Ak and transmits the results to elements of register
Vi. In C90 mode, if bits 6 through 31 of register Ak are nonzero, the first
VL elements of register Vi are cleared to 0’s. In Triton mode, if bits 6
through 63 of register Ak are nonzero, the first VL elements of register Vi
are cleared to 0’s.

Instruction 151 shifts elements of register V;j right by the number of places
specified by register Ak and transmits the results to elements of register
Vi. In C90 mode, if bits 6 through 31 of register Ak are nonzero, the first
VL elements of register Vi are cleared to 0’s. In Triton mode, if bits 6
through 63 of register Ak are nonzero, the first VL elements of register Vi
are cleared to O’s.

Instruction 005400 150 shifts elements of register Vj left by the number of
places specified by elements of register Vk and transmits the results to
elements of register Vi. If bits 6 through 63 of an element of register Vk
are nonzero, the corresponding elements of register Vi are cleared to 0’s.

Instruction 005400 151 shifts elements of register Vj right by the number
of places specified by elements of register Vk and transmits the results to
elements of register Vi. If bits 6 through 63 of an element of register Vk

are nonzero, the corresponding element of register Vi is cleared to O.
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Unprefixed Instructions 152 and 153

Machine Instruction CAL Syntax Description

152ijk Vi VjVi<Ak Double shift (Vj elements) left (Ak) places to Vi
elements.

152i0 Vi Vj V18 Double shift (Vj elements) left one place to Vi
elements.

153k Vi ViViEAk Double shift (Vj elements) right (Ak) places to
Vielements.

153i0 Vi VjVp18 Double shift (V) elements) right one place to Vi
elements.

S Special CAL syntax

Special Cases

Hold-issue Conditions

Execution Time

140

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

Register Vj reserved as operand.

Register Ak reserved (except AO).

Register Vireserved as operand or result.

Instruction 076 or 077 issued in the preceding 2 CPs.

Vector shift functional unit busy. The following instructions cause this
functional unit to be busy for the following intervals:

e Instructions 150 through 153 and 005400 152: VL/2 + 5 CPs.

e Instruction 005400 153: VL/2 + 9 CPs.

Instruction 152:
e Instruction issue: 1 CP.

e  Register Vjready: VL/2 + 4 CPs (if no delays encountered).
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e  Vector shift functional unit ready: VL/2 + 5 CPs (if no delays
encountered).

e Register Viready: VL/2 + 13 CPs (if no delays encountered).
Instruction 153:

¢ Instruction issue: 1 CP.

e Register Vjready: VL/2 + 4 CPs (if no delays encountered).

e  Vector shift functional unit ready: VL/2 + 5 CPs (if no delays
encountered).

e Register Viready: VL/2 + 12 CPs (if no delays encountered).

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

Description

Instructions 152 and 153 use the vector shift functional unit. All shifts are
end-off with zero fill. A result element is cleared to zero if the shift count
exceeds 127.

The contents of the VL register determine the number of operations
performed by instructions 152 and 153. Operations start with element O of
the Vregisters and increment the element number by 1 for each operation
performed.

Instruction 152

Instruction 152 repeatedly concatenates two successive elements of
register Vjj, shifts the result left by the number of places specified by
register Ak, and transmits the result to an element of register Vi. In C90
mode, if bits 6 through 31 of register Ak are nonzero, the first VL
elements of register are cleared to 0. In Triton mode, if bits 6 through 63
of register Ak are nonzero, the first VL elements of register Vi are cleared
to 0’s.

The successive operations of instruction 152 work as follows. The first
operation concatenates elements 0 and 1 of register Vj (element O provides
the most significant 64 bits, element 1 the least significant 64 bits), shifts
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the result left, and transmits the most significant 64 bits to element O of
register Vi. The second operation concatenates elements 1 and 2 of
register Vj, shifts the result left, and transmits the upper bits to element 1
of register Vi. This process continues for a total of VL operations. The
next-to-last operation concatenates elements VL —2 and VL -1 of register
Vj, shifts the result left, and transmits the upper bits to element VL -2 of
register Vi. The last operation concatenates element VL —1 of register Vj
with a word of all 0’s, shifts the result left, and transmits the upper bits to
element VL -1 of register Vi.

NOTE: If the shift count is less than or equal to 64, the function of
instruction 152 can be viewed as follows. Consider each V
register to be a single, large word consisting of 64 X VL bits.
Instruction 152 simply shifts register V;j left between O and 64
bits (with zero fill) and transmits the result to register Vi.

Example:
VL = 4
At = 3
V4 element 0 = 0 00000 0000 0000 0000 0007
V4 element 1 = 0 60000 0000 0000 0000 0005g
V4 element 2 = 1 00000 0000 0000 0000 0006g
V4 element 3 = 1 60000 0000 0000 0000 0007

The results of executing instruction 152541 (V5 V4,V4<Al) are:

V5 element 0 = 0 00000 0000 0000 0000 0073g
V5 element 1 = 0 00000 0000 0000 0000 0054
V5 element 2 = 0 00000 0000 0000 0000 0067g
V5 element 3 = 0 00000 0000 0000 0000 0070g

V5 elements 4 — 127 unchanged

Instruction 153

Instruction 153 repeatedly concatenates two successive elements of
register Vj, shifts the result right by the number of places specified by
register Ak, and transmits the result to an element of register Vi. In C90
mode, if bits 6 through 31 of register Ak are nonzero, the first VL
elements of register Vi are cleared to 0’s. In Triton mode, if bits 6 through
63 of register Ak are nonzero, the first VL elements of register Vi are
cleared to 0’s.

The successive operations of instruction 153 are as follows: The first
operation concatenates a word of all 0’s with element O of register Vj (the
word of all 0’s provides the most significant 64 bits, element O the least
significant 64 bits), shifts the result right, and transmits the least
significant 64 bits to element O of register Vi. The second operation
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concatenates elements O and 1 of register Vj, shifts the result right, and

Instruction Descriptions

transmits the lower bits to element 1 of register Vi. This process continues

for a total of VL operations. The next-to-last operation concatenates
elements VL -3 and VL -2 of register Vj, shifts the result right, and

transmits the lower bits to element VL -2 of register Vi. The last
operation concatenates element VL -2 and VL -1 of register Vj, shifts the
result right, and transmits the lower bits to element VL —1 of register Vi.

NOTE: If the shift count is less than or equal to 64, the function of
instruction 153 can be viewed as follows. Consider each V
register to be a single large word consisting of 64 X VL bits.

Instruction 153 simply shifts register Vj right between O and 64
bits (with zero fill) and transmits the result to register Vi.

Example:

VL
AB
V2 element 0
V2 element 1
V2 element 2
V2 element 3

The results of executing instruction 153026 (VO V2,V2>A6) are:

VO element 0
VO element 1
VO element 2
VO element 3
VO elements 4 — 127

non

4
3

0 00000 0000 0000 0000 0017g
0 60000 0000 0000 0000 0006g
1 00000 0000 0000 0000 0006g
1 60000 0000 000G 0000 0007g

unchanged

Cray Research Proprietary
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0 00000 0000 0000 0000 0001g
1 66000 0000 0000 0000 0000g
1 50000 0000 0000 0000 0000g
1 56000 0000 0000 0000 0000g
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005400-Prefixed Instructions 152 and 153

Machine Instruction CAL Syntax Description

005400 152ijk Vi Vj,Ak Transfer (Vj elements) starting at element (Ak)
to Vielements.

005400 153jONT Vi Vj,[VM] Compress Vjby (VM) to Vi

005400 153ifINT Vi[VM] Vj Expand Vjby (VM) to Vi.

N New instruction (not available on CRAY C30 system).

T Triton mode only.

Special Cases

Hold-issue Conditions

144

Instructions 005400 1530 and 005400 153ij1 are privileged to Triton
mode. If these instructions are executed in C90 mode, the results are
undefined.

For instruction 005400 152, if k = 0, then (Ak) = 1.

For instruction 005400 153ij1, if i = j, then the instruction operates as a
no-op.

Instruction 005400 153ij1 does not support vector chaining to subsequent
instructions. That is, if the result register of a 005400 153ij1 instruction is
the same as an operand register of a subsequent instruction, the subsequent
instruction does not begin processing elements until the 005400 153ij1
instruction has processed all elements.

Instruction 005400 152;

e Register Vjreserved as operand.

Register Ak reserved (except AO).
e Register Vireserved as operand or result.
e Instruction 076 or 077 issued in the preceding 2 CPs.

e  Vector shift functional unit busy. The following instructions cause
this functional unit to be busy for the following intervals:

e Instructions 150 through 153 and 005400 152: VL/2 + 5 CPs.
e  Instruction 005400 153: VL/2 + 9 CPs.
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Instructions 005400 153ij0 and 005400 153ij1:

e Register Vjreserved as operand.

e  Register Vireserved as operand or result.

e Instruction 076 or 077 issued in the preceding 2 CPs.

e VM register busy. The following instructions cause this register to
be busy for the following intervals:

e Instructions 070ij1, 146, 147, and 005400 153: 3 CPs
e Instruction 175: VL/2 + 8 CPs.

e  Vector shift functional unit busy. The following instructions cause
this functional unit to be busy for the following intervals:

e Instructions 150 through 153 and 005400 152: VL/2 +5 CPs
e Instruction 005400 153: VL/2 + 9 CPs.

Execution Time
NOTE: For instructions 005400 15370 and 005400 153ij1, X is the
number of bits in VM including and to the left of the right-most
1 bit.
Instruction 005400 152:
e Instruction issue: 2 CPs.

e Register Vjready: VL/2 + 5 CPs (if no delays encountered).

e  Vector shift functional unit ready: VL/2 + 6 CPs (if no delays
encountered). :

e Register Viready: VL/2 + 13 CPs (if no delays encountered).
Instruction 005400 153i50:

¢ Instruction issue: 2 CPs.

e  VMregister ready: 4 CPs.

e Register Vjready: X/2 + 4 CPs (if no delays encountered).
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e  Vector shift functional unit ready: X/2 + 9 CPs (if no delays
encountered).

e Register Viready: X/2 + 13 CPs (if no delays encountered).
Instruction 005400 153ij1:

e Instruction issue: 2 CPs.

e VM register ready: 3 CPs.

e Register Vjready: X/2 + 8 CPs (if no delays encountered).

e  Vector shift functional unit ready: X/2 + 9 CPs (if no delays
encountered).

e Register Viready: X/2 + 16 CPs (if no delays encountered).

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

Description

Instructions 005400 152 and 005400 153 use the vector shift functional
unit,

Instruction 005400 152ijk

Instruction 005400 152ijk transmits the contents of elements (Ak) through
VL -1 of register Vj to elements O through VL -1 —(Ak) of register Vi.

Instruction 005400 153ij

Instruction 005400 153{j0 compresses register Vj, using the VM register
as a mask, and transmits the result to register Vi.

The operation of instruction 005400 15350 is as follows: First, two
element counters (one each for registers Vi and Vj) are initialized to zero.
The VM register is then scanned from right to left. For each 0 bit in VM,
the Vj element counter is incremented and the scan continues with the
next bit. For each 1 bit in VM, an element is transmitted from register Vj
to register Vi (the element counters determine the position within each
register), and the element counters for both registers are incremented.
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The element counter for register Vi falls behind the counter for register Vj
by one position for each 0 bit in register VM. If X is the number of 1 bits
in VM, only elements O through X -1 of register Vi are written; elements
X through 127 are not changed.

Example:

VM

V2 element 0
V2 element 1
V2 element 2
V2 element 3

The results of executing instruction 005400 153120 (V1 V2,[VM])

are:
V1 element 0 = 1
V1 element 1 = 4
V1 elements 2 — 127 = unchanged

Instruction 005400 153ij1

Instruction 005400 153ij1 expands register Vj, using the VM register as a
mask, and transmits the result to register Vi.

The operation of instruction 005400 153ij1 is as follows: First, two
element counters (one each for registers Vi and Vj) are initialized to zero.
The VM register is then scanned from right to left. For each O bitin VM,
the Vi element counter is incremented and the scan continues with the next
bit. For each 1 bit in VM, an element is transmitted from register Vj to
register Vi (the element counters determine the position within each
register), and the element counters for both registers are incremented.

The element counter for register V; falls behind the counter for register Vi
by one position for each 0 bit in register VM. If X is the number of 1 bits
in VM, only elements O through X —1 of register V;j are read; elements X
through 127 are not used.

Example:
VM = 10010... 0,
V1 element 0 = 1
V1 element 1 = 4
Pub number and revision Cray Research Proprietary 147
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The results of executing instruction 005400 153211 (V2,[VM] V1)

are:
V2 element 0 = 1
V2 element 1 = unchanged
V2 element 2 = unchanged
V2 element 3 = 4
V1 elements 4 — 127 = unchanged
148 Cray Research Proprietary Pub number and revision
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Instructions 154 through 157

Machine Instruction CAL Syntax Description

154k Vi SiVk Transmit integer sums of (Sj) and (Vk
elements) to Vi elements.

155ijk Vi ViVk Transmit integer sums of (Vjelements) and (Vk
elements) to Vi elements.

166ijk Vi SFVk Transmit integer differences of (S)) and (Vk
elements) to Vi elements.

15610k Vi -Vk® Transmit two’s complement of (Vk elements) to
Vielements.

157 ik Vi ViVk Transmit integer differences of (Vj elements)
and (Vk elements) to Vielements.

S Special CAL syntax.

Special Cases

For instructions 154 and 156: If j = 0, then (Sj) = 0.

Hold-issue Conditions
Instructions 154 and 156:
e Register Sjreserved (except S0).
®  Register Vk reserved as operand.
e  Register Vi reserved as operand or result.
e Instruction 076 or 077 issued in the preceding 2 CPs.

e  Vector add functional unit busy. Instruction 154 through 157 cause
this functional unit to be busy for VL/2 + 5 CPs.

Instructions 155 and 157:

e Register Vj or Vk reserved as operand.

e  Register Vi reserved as operand or result.

¢ Instruction 076 or 077 issued in the preceding 2 CPs.

e  Vector add functional unit busy. Instructions 154 through 157 cause
this functional unit to be busy for VL/2 + 5 CPs. '
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Execution Time

Instructions 154 and 156:
e Instruction issue: 1 CP.
e  Register Vkready: VL/2 + 4 CPs (if no delays encountered).

e  Vector add functional unit ready: VL/2 + 5 CPs (if no delays
encountered).

e Register Viready: VL/2 + 9 CPs (if no delays encountered).
Instructions 155 and 157:
e Instruction issue: 1 CP.

e Registers Vjand Vkready: VL/2 + 4 CPs (if no delays
encountered).

e  Vector add functional unit ready: VL/2 + 5 CPs (if no delays
encountered).

e  Register Viready: VL/2 + 9 CPs (if no delays encountered).

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

Description

Instructions 154 through 157 use the vector add functional unit. This
functional unit performs two’s complement arithmetic. It does not detect
overflow.

The contents of the VL register determine the number of operations
performed by these instructions. All operations start with element O of the
V registers and increment the element number by 1 for each operation
performed.

Instructions 154 through 157 use register Vk as one of the operands.
Instructions 154 and 156 use register Sj as the second operand. (The
functional unit holds a copy of register Sj. Therefore a subsequent

150 Cray Research Proprietary Pub number and revision
Preliminary information September 9, 1994



CRAY T90 Series Instruction Set Instruction Descriptions

instruction can change register Sj immediately without affecting the vector
instruction.) Instructions 155 and 157 use register V; as the second
operand. All results are delivered to register Vi.

Instruction 154 transmits the integer sums of register Sj and elements of
register Vk to elements of register Vi.

Instruction 155 transmits the integer sums of register Vj elements and
register Vk elements to register Vi elements.

Instruction 156 transmits the integer differences of register Sj and
elements of register Vk to elements of register Vi.

Instruction 157 transmits the integer differences of register V;j elements
and register Vk elements to register Vi elements.
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Instructions 160 through 167

Machine Instruction CAL Syntax Description

160ik Vi SjFVk Transmit floating-point products of (Sj) and (Vk
elements) to Vi elements.

161k Vi ViFVk Transmit floating-point products of (V
elements) and (Vk elements) to Vi elements.

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

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

164k Vi Sj*RVk Transmit rounded floating-point products of (S))
and (Vk elements) to Vielements.

165ijk Vi . V/RVk Transmit rounded floating-point products of (Vj

’ elements) and (Vk elements) to Vi elements.

166/kD Vi Sj*Vk Transmit integer products of (S)) and (Vk
elements) to Vi elements.

167 ik Vi Vi IVk Transmit 2 — (Vj elements) * (Vk elements) to
Vjelements (reciprocal iteration).

D Difference in operation between Triton mode and C90 mode.

Special Cases

For instructions 160, 162, 164, and 166: If j = 0, then (Sj) =0.

Hold-issue Conditions
Instructions 160, 162, 164, and 166:
e  Register Sjreserved (except SO).
e  Register Vk reserved as operand.
e  Register Vi reserved as operand or result.
® Instruction 076 or 077 issued in the preceding 2 CPs.

e  Floating-point multiply functional unit busy. Instruction 160 through
167 cause this functional unit to be busy for VL/2 + 5 CPs.

152 Cray Research Proprietary Pub number and revision
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Instructions 161, 163, 165, and 167:

Execution Time

Register Vj or Vk reserved as operand.
Register Vi reserved as operand or result.
Instruction 076 or 077 issued in the preceding 2 CPs.

Floating-point multiply functional unit busy. Instructions 160
through 167 cause this functional unit to be busy for VL/2 + 5 CPs.

Instructions 160, 162, 164, and 166:

Instruction issue: 1 CP.
Register Vk ready: VL/2 + 4 CPs (if no delays encountered).

Floating-point multiply functional unit ready: VL/2 + 5 CPs (if no
delays encountered).

Register Viready: VL/2 + 12 CPs (if no delays encountered).

Instructions 161, 163, 165, and 167:

Instruction issue: 1 CP.

Registers Vj and Vkready: VL/2 + 4 CPs (if no delays
encountered).

Floating-point multiply functional unit ready: VL/2 + 5 CPs (if no
delays encountered).

Register Viready: VL/2 + 12 CPs (if no delays encountered).

NOTE: Vector instructions may or may not start execution immediately

Pub number and revision
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Description

Instructions 160 through 167 use the floating-point multiply functional
unit. Except for instruction 166, this functional unit uses operands that are
in floating-point format and returns results in floating-point format. (A
result is normalized only if both operands are normalized.) Except for
instruction 166, the functional unit detects both underflow and overflow
conditions. If underflow occurs, the result returned is a word of all O’s
(floating-point 0); no flag is set. If overflow occurs, the result returned is
as follows: sign bit = 0, exponent = 600003, and coefficient = as
calculated. An overflow also sets the floating-point error (FPE) flag in the
exchange package.

The contents of the VL register determine the number of operations
performed by these instructions. All operations start with element O of the
V registers and increment the element number by 1 for each operation
performed.

Instructions 160 through 167 use register Vk as one of the operands.
Instructions 160, 162, 164, and 166 use register Sj as the second operand.
(The functional unit holds a copy of register Sj. Therefore, a subsequent
instruction can change register Sj immediately without affecting the vector
instruction.) Instructions 161, 163, 165, and 167 use register Vj as the
second operand. All results are delivered to register Vi.

Instructions 160 and 161

Instructions 160 and 161 perform floating-point multiplication without
rounding.

Instruction 160 transmits the floating-point products of register Sj and
elements of register Vk to elements of register Vi.

Instruction 161 transmits the integer sums of register Vj elements and
register Vk elements to register Vi elements.

Instructions 162 and 163

Instructions 162 and 163 perform half-precision rounded floating-point
multiplication. The least significant 19 bits of each result are cleared.
These instructions can be used in the division algorithm when only 30 bits
of accuracy are required.

Instruction 162 transmits the half-precision rounded floating-point
products of register Sj and elements of register Vk to elements of register
Vi.
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Instruction 163 transmits the half-precision rounded floating-point
products of register Vj elements and register Vk elements to register Vi
elements.

Instructions 164 and 165

Instructions 164 and 165 perform rounded floating-point multiplication.
These instructions can be used in the division algorithm.

Instruction 164 transmits the rounded floating-point products of register Sj
and elements of register Vk to elements of register Vi.

Instruction 165 transmits the rounded floating-point products of register
Vj elements and register Vk elements to register Vi elements.

Instruction 166

Instruction166 performs integer multiplication. No overflow conditions
are reported.

In C90 mode, instruction 166 transmits 32-bit integer products of register
Sj and elements of register Vk to elements of register Vi. The Sj operand
must be left shifted 31 places so that it is in bit positions 31 through 62;
bits O through 30 must be 0’s. The Vk operands must be left shifted 16
places so that they are in bit positions 16 through 47; bits O through 15
must be 0’s. The results are transmitted to bits 0 through 31 of the register
Vi elements; bits 32 through 63 are cleared to 0’s.

In Triton mode, instruction 166 transmits the 40-bit integer products of
register Sj and elements of register Vk to elements of register Vi. Only
bits O through 39 of the operands are used; bits 40 through 63 are ignored.
The result is stored in bit positions 0 through 39 and sign-extended to bits
40 through 63.

Instruction 167

Instruction 167 transmits two minus the floating-point product of register
Vj elements and register Vk elements to register Vi elements. This
instruction can be used in the reciprocal and division algorithms.
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Instructions 170 through 173

Machine Instruction CAL Syntax Description

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

1700k Vi +FVKS Transmit normalized (Vk elements) to Vi
elements.

171ifk Vi ViFVk Transmit floating-point sums of (Vj elements)
and (Vk elements) to Vi elements.

172ifk Vi SFFVK Transmit floating-point differences of (Sj) and
(Vk elements) to Vielements.

1720k Vi -FVKS Transmit normalized negatives of (Vk
elements) to Vi elements.

173ifk Vi VFFVk Transmit floating-point differences of (Vj

elements) and (Vk elements) to Vielements.

S Special CAL syntax.

Special Cases

Hold-issue Conditions

166

For instructions 170 and 172: If j = 0, then (Sj) = 0.

Instructions 170 and 172;

e  Register Sjreserved (except SO).

e Register Vk reserved as operand.

e  Register Vi reserved as operand or result.

e Instruction 076 or 077 issued in the preceding 2 CPs.

¢ Floating-point add functional unit busy. Instructions 170 through
173 cause this functional unit to be busy for VL/2 + 5 CPs.

Instructions 171 and 173:

e  Register Vjreserved as operand.

e Register Vk reserved as operand.

Cray Research Proprietary
Preliminary Information

Pub number and revision
September 9, 1994



CRAY T390 Series Instruction Set Instruction Descriptions

e Register Vi reserved as operand or result.

e Instruction 076 or 077 issued in the preceding 2 CPs.

e  Floating-point add functional unit busy. Instructions 170 through
173 cause this functional unit to be busy for VL/2 + 5 CPs.

Execution Time
Instructions 154 and 156:
e Instruction issue: 1 CP.
e Register Vkready: VL/2 + 4 CPs (if no delays encountered). |

e  Vector add functional unit ready: VL/2 + 5 CPs (if no delays
encountered).

e Register Viready: VL/2 + 12 CPs (if no delays encountered).
Instructions 155 and 157:
e Instruction issue: 1 CP.

e Registers Vjand Vkready: VL/2 + 4 CPs (if no delays
encountered).

e  Vector add functional unit ready: VL/2 + 5 CPs (if no delays
encountered).

e Register Viready: VL/2 + 12 CPs (if no delays encountered).

NOTE: Vector instructions may or may not start execution immediately
and may or may not execute continuously; they execute as data
becomes available. In particular, a memory conflict that slows
execution of some elements of a vector load can cause delays in
all instructions in the operation chain, starting with that load.
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Instructions 170 through 173 use the floating-point add functional unit.
For this functional unit, operands must be in floating-point format; this
functional unit returns results in normalized floating point-format. The
functional unit detects both underflow and overflow conditions. If
underflow occurs, the result returned is a word of all 0’s (floating-point 0);
no flag is set. If overflow occurs, the result returned is as follows: sign
bit = 0, exponent = 60000s, and coefficient = as calculated. An overflow
also sets the floating-point error (FPE) flag in the exchange package.

The contents of the VL register determine the number of operations
performed by instructions 170 through 173. All operations start with
element O of the V registers and increment the element number by 1 for
each operation performed.

Instructions 170 through 173 use register Vk as one of the operands.
Instructions 170 and 172 use register Sj as the second operand. (The
functional unit holds a copy of register Sj. Therefore, a subsequent
instruction can change register Sj immediately without affecting the vector
instruction.) Instructions 171 and 173 use register Vj as the second
operand. All results are delivered to register Vi.

Instruction 1'/0 transmits the floating-point sums of register Sj and
elements of register Vk to elements of register Vi.

Instruction 171 transmits the floating-point sums of register Vj elements
and register Vk elements to register Vi elements.

Instruction 172 transmits the floating-point differences of register Sj and
elements of register Vk to elements of register Vi.

Instruction 173 transmits the floating-point differences of register Vj
elements and register Vk elements to register Vi elements.
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Instruction 174ij0

Machine Instruction CAL Syntax Description
174i0 Vi /HVj Transmit floating-point reciprocal approxima-
tion of (Vj elements) to Vielements.

Special Cases

The operands must be normalized (bit 47 should be 1). If an operand is
not normalized, the result is invalid.

Hold-issue Conditions
Register Vj reserved as operand.
Register Vi reserved as operand or result.
Instruction 070ij0 issued in the preceding 19 CPs.
Instruction 076 or 077 issued in the preceding 2 CPs.

Floating-point reciprocal approximation functional unit busy. The
following instructions cause this functional unit to be busy for the
following intervals:

e Instruction 070ij1: VL/2 + 10 CPs.
e Instruction 174ij0: VL/2 + 12 CPs.
e Instructions 174ij1 through 174ij3: VL/2 +5 CPs.

Execution Time -
Instruction issue: 1 CP.
Register Vjready: VL/2 + 4 CPs (if no delays encountered).

Floating-point reciprocal approximation functional unit ready: VL/2 + 12
CPs (if no delays encountered).

Register Viready: VL/2 + 19 CPs (if no delays encountered).

NOTE: Vector instructions may or may not start execution immediately
and may or may not execute continuously; they execute as data
becomes available. In particular, a memory conflict that slows
execution of some elements of a vector load can cause delays in
all instructions in the operation chain, starting with that load.
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Instruction 174ij0 uses the floating-point reciprocal approximation
functional unit. This functional unit assumes that operands are in
normalized floating-point format and returns results in normalized
floating-point format. The functional unit handles overflow and
underflow conditions identically. If the exponent of the operand is less
than 200025 or greater than 60001, the result returned is as follows: sign
bit = 0, exponent = 60000s, and coefficient = as calculated. An overflow
or underflow also sets the floating-point error (FPE) flag in the exchange
package.

The number of operations performed by instruction 174ij0 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 174ij0 transmits the floating-point reciprocal approximation of
register Vj elements to register Vi elements. The result is accurate to 30
significant bits. The lower 18 bits are 0’s. The number of significant bits
can be increased to 48 by performing a reciprocal iteration (167ijk) and
multiply (160ijk) sequence.
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Instructions 174ij1 through 174i3

Machine Instruction CAL Syntax Description
174if1 Vi PVj Transmit population count of (Vj elements) to
Vi elements.
17402 Vi QVj Transmit population count parity of (Vj
elements) to Vielements.
174i3 Vi ZVj Transmit leading zero count of (Vj elements) to
Vielements.

Special Cases

For instruction 174ij3: If (Vjelement) = 0, then (Vi element) = 64.

Hold-issue Conditions
Register Vj reserved as operand.
Register Vi reserved as operand or result.
Instruction 07040 issued in the preceding 19 CPs.
Instruction 076 or 077 issued in the preceding 2 CPs.

Vector population/parity/leading-zero count functional unit busy. The
following instructions cause this functional unit to be busy for the
following intervals:

e Instruction 070ij1: VL/2 + 10 CPs.
e Instruction 174ij0: VL/2 + 12 CPs.
e  Instructions 174ij1 through 174ij3: VL/2 + 5 CPs.

Execution Time
Instruction issue: 1 CP.

Register Vjready: VL/2 + 4 CPs (if no delays encountered).

Vector population/parity/leading-zero count functional unit ready: VL/2 +
12 CPs (if no delays encountered).

Register Viready: VL/2 + 9 CPs (if no delays encountered).
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NOTE: Vector instructions may or may not start execution immediately
and may or may not execute continuously; they execute as data
becomes available. In particular, a memory conflict that slows
execution of some elements of a vector load can cause delays in
all instructions in the operation chain, starting with that load.

Instructions 174ij1 through 174i;3 use the vector population/parity/
leading-zero count functional unit. This functional unit shares some logic
with the floating-point reciprocal approximation functional unit.

The contents of the VL register determine the number of operations
performed by instructions 174ij1 through 174ij3. All operations start with
element O of the V registers and increment the element number by 1 for
each operation performed.

Instruction 174ij1 counts the number of 1 bits in elements of register Vj
and transmits the results to bits 0 through 6 of the corresponding elements
of register Vi. Bits 7 through 63 of the Vi elements are cleared to 0’s.

Instruction 174ij2 counts the number of 1 bits in elements of register Vj.
Bit O of each countis transmitted to bit O of the corresponding elements of
register Vi. Bits 1 through 63 of the Vi elements are cleared to 0’s.

Instruction 174ij3 counts the number of zeroes to the left of the
most-significant 1 bit in elements of register Vj and transmits the results to
bits O through 6 of the corresponding elements of register Vi. Bits 7
through 63 of the Vi elements are cleared to 0s.

Cray Research Proprietary Pub number and revision
Preliminary Information September 9, 1994



CRAY T90 Series Instruction Set Instruction Descriptions

Instructions 1740j4, 17405, and 174ij6

Machine Instruction CAL Syntax Description
17404 BMM LVj Transmit Vj elements 0 — 63 to B matrix.
1740/5N BMM uvj Transmit Vj elements 64 — 127 to B matrix.
1740 Vi VBT Transmit bit-matrix product of (Vj) and (BT) to
Vi

N New instruction (not available on CRAY C90 system).

Special Cases

None.

Hold-issue Conditions
Instructions 174074 and 1740j5:
e Register Vjreserved as operand.
e Instruction 076 or 077 issued in the preceding 2 CPs.
¢ Bit-matrix multiply functional unit busy. Instructions 17404,
174075, and 174ij6 cause this functional unit to be busy for VL/2 + 5
CPs.
Instruction 174ij6:
e Register Vjreserved as operand.
® Register Vi reserved as an operand or result.
e  Instruction 076 or 077 issued in the preceding 2 CPs.
e  Bit-matrix multiply functional unit busy. Instructions 174054,

174055, and 174ij6 cause this functional unit to be busy for VL/2 + 5
CPs.
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Execution Time

Description

164

Instructions 174074 and 1740;5:
e Instruction issue: 1 CP.
e Register Vjready: VL/2 + 4 CPs (if no delays encountered).

e  Bit-matrix multiply functional unit ready: VL/2 + 5 CPs (if no
delays encountered).

Instruction 174ij6:
e Instruction issue: 1 CP.
e Register Vjready: VL/2 + 4 CPs (if no delays encountered).

e  Bit-matrix multiply functional unit ready: VL/2 + 5 CPs (if no
delays encountered).

e Register Viready: VL/2 + 8 CPs (if no delays encountered).

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

Instructions 174054, 1740j5, and 174ij6 use the bit-matrix multiply
functional unit. This functional unit contains a 64 word x 64 bit matrix
called B.

Instruction 1740j4 transmits elements O through 63 of register Vj to the B
matrix. It also sets the Bit Matrix Loaded (BML) bit in register SRO. This
bit is saved in the exchange package (status field bit 0).

Instruction 174055 transmits elements 64 through 127 of register Vj to the
B matrix. It also sets the Bit Matrix Loaded (BML) bit in the status field
of the exchange package.

Instruction 174ij6 transmits to register Vi the bit-matrix product of the
contents of register Vj and the contents of BT (matrix B transposed). B
must have been previously loaded with instruction 17404 or 1740/5.

Cray Research Proprietary Pub number and revision
Preliminary Information September 9, 1994



CRAY T90 Series Instruction Set Instruction Descriptions

Instruction 175

N -

Machine Instruction CAL Syntax Description

17500 VM VjZ Set VM bit if (Vj element) = 0.

175011 VM VjN Set VM bit if (Vj element) = 0.

17502 VM VjP Set VM bit if (Vj element) = 0.

175043 VM ViM Set VM bit if (Vj element) < 0.

175if4 ViVM VjZ Set VM bit if (Vj element) = 0 and store
compressed indices of Vjelements = 0 in Vi.

175i5 ViVM VjN Set VM bit if (Vj element) = 0 and store
compressed indices of Vjelements # 0 in Vi.

1756 ViVM VjP Set VM bit if (Vj element) > 0 and store
compressed indices of Vjelements > 0 in Vi

175if7 ViiVM ViM Set VM bit if (Vj element) < 0 and store
compressed indices of Vjelements <0in Vi,

Special Cases

None.

Hold-issue Conditions

) Instructions 175i;0 through 175i;3:

e  Register Vjreserved as operand.

e Instruction 076 or 077 issued in the preceding 2 CPs.

e VM register busy. The following instructions cause this register to
be busy for the following intervals:
o Instructions 070ij1, 146, 147, and 005400 153: 3 CPs.
e Instruction 175: VL/2 + 8 CPs.

e  Full vector logical functional unit busy. The following instructions
cause this functional unit to be busy for the following intervals:

e Instructions 140 through 145 (if second vector logical
functional unit unavailable): VL/2 + 5 CPs.

o Instructions 146 and 147: VL/2 + 5 CPs.
e Instruction 175: VL/2 + 6 CPs.
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Instructions 175ij4 through 175i;7:

Execution Time

Register Vj reserved as operand.
Register Vi reserved as operand or result.
Instruction 076 or 077 issued in the preceding 2 CPs.

VM register busy. The following instructions cause this register to
be busy for the following intervals:

e Instructions 070ij1, 146, 147, and 005400 153: 3 CPs.
e Instruction 175: VL/2 + 8 CPs.

Full vector logical functional unit busy. The following instructions
cause this functional unit to be busy for the following intervals:

e Instructions 140 through 145 (if second vector logical
functional unit unavailable): VL/2 +5 CPs.

e Instructions 146 and 147; VL/2 + 5 CPs.

e Instruction 175; VL/2 + 6 CPs.

Instructions 175ij0 through 175i3:

Instruction issue: 1 CP.
Register Vjready: VL/2 + 4 CPs (if no delays encountered).
VM register ready: VL/2 + 8 CPs (if no delays encountered).

Full vector logical functional unit ready: VL/2 + 6 CPs (if no delays
encountered).

Instructions 175ij4 through 175ij7:

166

Instruction issue: 1 CP.
Register Vjready: VL/2 + 4 CPs (if no delays encountered).

VM register ready: VL/2 + 8 CPs (if no delays encountered).

Cray Research Proprietary Pub number and revisioh
Preliminary Information September 9, 1994

“ .



CRAY T90 Series Instruction Set Instruction Descriptions

Description

e  Full vector logical functional unit ready: VL/2 + 6 CPs (if no delays
encountered).

e Register Viready: VL/2 + 12 CPs (if no delays encountered).

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

The 175 instructions use the full vector logical function unit. The contents
of the VL register determin the number of operations performed by these
instructions. All operations start with element O of the V registers and
increment the element number by 1 for each operation performed.

Instructions 175ij through 1753

Instructions 1750 through 175ij3 test the elements of register Vj for a
specified condition. If the condition is true, the corresponding bit of the
VM register is set to 1. If the condition is false, the corresponding bit of
the VM register is cleared to 0. The number of elements tested is
determined by the VL register; bits (VL) through 127 of VM are cleared
to 0’s.

Instruction 175ij0 tests each Vj element (up to element VL~1) for a zero
condition and sets VM accordingly. An element is zero if all bits are O’s.

Instruction 175ij1 tests each Vj element (up to element VL-1) for a
nonzero condition and sets VM accordingly. An element is nonzero if one
or more bits are 1.

Instruction 175ij2 tests each Vj element (up to element VL~1) for a
positive or zero condition and sets VM accordingly. An element is
positive or zero if its sign bit (bit 63) is 0.

Instruction 175ij3 tests each Vj element (up to element VL-1) for a
negative condition and sets VM accordingly. An element is negative if its
sign bit (bit 63) is 1.
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Instructions 175ij4 through 175i;7

Instructions 175ij4 through 175ij7 test the elements of register Vj for a
specified condition in exactly the same way as instructions 17540 through
175iij3. In addition to loading the VM register, instructions 175ij4
through 175ij7 generate a compressed index in register Vi of the element
that meets the test condition.

The compressed index is generated as follows. The number of the first
element of register V; that meets the test condition is stored in element 0
of register Vi. The number of the second element that meets the test
condition is stored in element 1 of register Vi. The number of the final
element that meets the test condition is stored in element X-1 of register
Vi, where X is the number of elements in register V;j that meet the test
condition. Elements X through 127 of register Vi are not changed.

Instruction 175ij4 tests each Vj element (up to element VL-1) for a zero
condition. It sets VM accordingly and generates a compressed index in
register Vi. An element is zero if all bits are 0’s.

Instruction 175ij5 tests each Vj element (up to element VL-1) for a
nonzero condition. It sets VM accordingly and generates a compressed
index in register Vi. An element is nonzero if one or more bits are 1.

Instruction 175ij6 tests each Vj element (up to element VL~1) for a
positive or zero condition. It sets VM accordingly and generates a
compressed index in register Vi. An element is positive or zero if its sign
bit (bit 63) is 0.

Instruction 175ij7 tests each Vj element (up to element VL~1) for a
negative condition. It sets VM accordingly and generates a compressed
index in register Vi. An element is negative if its sign bit (bit 63) is 1.

Example:

VM

V2 element 0
V2 element 1
V2 element 2
V2 element 3
V2 element 4
V2 element 5
V2 element 6
V2 element 7
V2 element 8
V2 element 9

0101100111010 ... 02

OO0 AODOONO =
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The results of executing instruction 174124 (V1,VM V2,Z) are:

V1 element 0 =
V1 element 1
V1 element 2
V1 element 3
V1 element 4
V1 element 5
V1 elemenis 6 - 127 = unchanged

[]
© 00~ A W

Cray Research Proprietary
Preliminary Information

Instruction Descriptions

169



Instruction Descriptions CRAY T90 Series Instruction Set

Instructions 176 and 177

Machine Instruction CAL Syntax Description
1760k Vi ,AQ,Ak Load Viirom memory starting at address (AQ)
and incrementing by (Ak).
176000 Vi ,A0,18 Load Vifrom consecutive memory addresses
starting at (A0). )
176itk Vi ,AQ,Vk Load Vi from memory using addresses (AQ) +
(VK.
005400 176ijKkNT ViVj ,AO0:Ak VK Load Vi from memory using addresses (AQ) +
(Vk) and load Vj from memory using addresses
(AK) + (VK).
1770jk AO0AK V) Store (Vj) to memory starting at address (AQ)
and incrementing by (AK).
17700 ,AO,1 \7 Store (V)) to consecutive memory addresses
, starting at (A0).
1771k AO VK Vj Store (Vj) to memory using addresses (A0} +
' (VK).

N New instruction (not available on CRAY C90 system).
T Triton mode only.
S Special CAL syntax.

Special Cases

For instructions 176i0k and 1770jk: If k =0, (Ak) = 0 and the address
increment is 1.

Hold-issue Conditions

Instruction 176i0k;

Register AO or Ak reserved.

Register Vi reserved as operand or result.

Scalar load issued in the preceding 4 CPs.

Cache miss sequence in progress.

Ports A and B busy.

Bidirectional memory (BDM) bit clear and port C busy.

Instruction 176ilk:

Register A0 reserved.
e Register Vk reserved as operand.
e  Register Vi reserved as operand or result.
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e  Scalar load issued in the preceding 4 CPs.
e Ports A and B busy.
e Bidirectional memory (BDM) bit clear and port C busy.

S

Instruction 005400 176ijk:

Register AO or Ak reserved.

Register Vk reserved as operand.

Register Vi or Vj reserved as operand or result.

Scalar load issued in the preceding 4 CPs.

Cache miss sequence in progress.

Port A or B busy.

Bidirectional memory (BDM) bit clear and port C busy.

Instruction 1770jk:

Register AO or Ak reserved.

Register Vj reserved as operand.

Port C busy.

Bidirectional memory (BDM) bit clear and port A or B busy.

Instruction 1771jk:

Register AO reserved.

Register Vj or Vk reserved as operand.

Port C busy.

Bidirectional memory (BDM) bit clear and port A or B busy.

Execution Time

Instruction issue:

e  Unprefixed instructions: 1 CP.
e  (005400-prefixed instruction: 2 CPs.

Instruction 176i0k:

e Port A or B busy: VL/2 + 5 CPs.

e Ata minimum, Vi ready in VL/2 + 40 CPs (four processor and
smaller systems), VL/2+ 57 CPs (eight processor and larger
systems).

HTM-xxx-0 Cray Research Proprietary 171
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Common memory addressing

In C90 mode, for instructions 176i0k and 1770jk, the 32-bit contents of
register AQ are added to the 32-bit contents of register Ak to produce
32-bit logical memory addresses. For instructions 176ilk , 1771jk, and
005400 176ijk, the 32-bit contents of register AO (also register Ak for
005400 176ijk) are added to bits O through 39 of register Vk to produce
40-bit logical addresses.

In Triton mode, the A and V registers are all 64 bits wide. Only bits O
through 39 are used for common memory addressing, producing 40-bit
logical addresses.
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