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Notational Conventions

This document describes all instructions in the CRAY T90 series CPU
instruction set. The instruction descriptions use acronyms and
abbreviations that are defined in tinstruction Set OverviewThe
following information is included with each instruction description:

* Special cases

* 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

NXTOQO T UT—IT

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)

— — @ A V #H —

An expressiondgxp occupies thgk, nm, or pnmfield. Theh, i, j, andk
designators indicate the field of the machine instruction into which the
register designator constant or symbol value is placed.

10 Cray Research Proprietary HTM-119-A



Instruction 000000

Instruction Descriptions

Machine Instruction CAL Syntax Description
000000 ERR Error exit.
Special Cases
None.

Hold-issue Conditions

Execution Time

Description

HTM-119-A

Any previously issued instruction not completed.

Any of the following instructions issued in the previous 5 CPs: 0013,
0014 (except 0034), 0015, 0017 through 0026, 03 0237, 0272,
027j3, 073j1, or 0735.

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 instructicietsund 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.

Cray Research Proprietary 11



Instruction Descriptions

12

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).

Cray Research Proprietary HTM-119-A



Instruction Descriptions

Instructions 0010 through 0012

Machine Instruction CAL Syntax Description

001000 PASS Pass (no operation).

0010jk (jkz0)M CAAj Ak Set channel (Aj) CA register (Ak) and activate
channel.

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

0012j0M CLAj Clear interrupt flag and error flag for channel
(A)). Clear Device Master Clear (output
channels only). Enable channel interrupt.

0012/1M MC,Aj Clear interrupt flag and error flags for channel
(A)). Set Device Master Clear (output channels
only). Clear Ready Held (input channels only).
Enable channel interrupt.

0012/2M DLAJ Disable channel Ajinterrupt.

001231 ElLAf Enable channel Ajinterrupt.

M Monitor mode only.

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

Special Cases

HTM-119-A

Exceptfor 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 Ml 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
Instruction Set Overviewor more information.

The operation of instructions 0010 through 0012 (except 001000) is
modified by CPU configuration codes Q368rough 055

For instructions 003R and 001k in monitor mode:

e If j =0, the instruction performs no operation.
e Ifj#0andk=0, the CA or CL register is set to 1.

For instructions 003 and O01PL, if j = O, the instruction performs no
operation.

Cray Research Proprietary 13



Instruction Descriptions

Hold-issue Conditions

Execution Time

Description

14

Instructions 001 and 001}k :
* Register A or Ak reserved (except AO).
* Shared path reserved.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00j3), 0015, 0017 through 0026, 03
023j7, 021j2, 027j3, 073j1, or 0735.

Instructions 001j®, 00121, 00122, and 001[B:
* Register Areserved (except AO).
e Shared path reserved.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00/, 0015, 0017 through 0026, 03
023j7, 0272, 0213, 073j1, or 073 5.

Instruction issue: 1 CP.

Shared path ready: CPs undetermined.

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 0k)100
performs no operation.

Instructions 0010, 0011, and 0012 control operation of the LOSP and
VHISP 1/O channels. Registelj Aesignates the I/O channel. (Whenijthe
designator is 0, the instructions execute as no-op instructions.) These
instructions operate somewhat differently, depending on whether a LOSP
or VHISP channel is selected.

Instructions 001j& and 001k initiate a channel transfer. For LOSP
channels, instruction 00jKifirst transfers the contents of registes t&

the channel limit (CL) register of channeljjA Instruction 001jk then
transfers the contents of registet # the channel address (CA) register
of channel (4) and starts the transfer.

Cray Research Proprietary HTM-119-A



HTM-119-A

Instruction Descriptions

For VHISP channels, instruction 0Qk@nust be used twice, followed by
instruction 001jk. The first 001k instruction sets the starting block
address in the solid-state storage device (SSD). The secorjd 0010
instruction sets the channel address (CA) in the mainframe. ThgO0011
instruction sets the block length (BL) and starts the transfer.

Instructions 001 and 001PL 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, instructiofl0012
clears the Ready Held flag. For LOSP output channels, instructiop00012
clears the Device Master Clesignal; instruction 0032 sets Device

Master Clea

For VHISP channels, instruction 0J0Zlears the channel interrupt,
clears the channel sequence, clears the Error and Done flags, and enables
channel interrupts. Instruction 0¢14s not used.

Instructions 0012 and 0018 disable and enable, respectively, interrupts
for channel (4).

Cray Research Proprietary 15



Instruction Descriptions

Instruction 0013

Machine Instruction CAL Syntax Description
0013j0M XA Aj Transmit (Aj) to exchange address.
0013jANM Aji 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 C90 series systems).

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 Ml
flag sets, and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction. Refer to
thelnstruction Set Overviefor more information.

Execution of instruction 0013 is affected by the CPU set-up configuration.
Refer to PRN-0957Triton Maintenance Systerimr more information.

For instruction 004® in monitor mode: If = 0, the exchange address
(XA) register is cleared.

Instructions 001j® and 001RL:

* Register Areserved (including AO).
e Shared path reserved.

Cray Research Proprietary HTM-119-A



Instruction Descriptions

Execution Time

Instruction 001f0:

e Instruction issue: 1 CP.

* Shared path ready: CPs undetermined.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00j3), 0015, 0017 through 0026, 03
023j7, 027j2, 0273, 073j1, or 0735.

Instruction O014L:

e Instruction issue: 1 CP.

e Shared path ready: CPs undetermined.

* Register Aready: 6 CPs.

*  Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00j3), 0015, 0017 through 0026, 03
023j7, 02172, 02173, 073j1, or 0735.

Instruction 001302:

e 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 00j3), 0015, 0017 through 0026, 03
023j7, 027j2, 0273, 073j1, or 0735.

Instruction 001303:

e 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 00/, 0015, 0017 through 0026, 03
023j7, 0272, 027)3, 073j1, or 0735.

HTM-119-A Cray Research Proprietary 17



Instruction Descriptions

Description

18

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

Instruction 0018

Instruction 001D transmits bits 3hrough 20 of register j&o the
exchange address (XA) register.

Instruction 0018L

Instruction 001RL transmits the contents of the exchange address (XA)
register to bits 5 through 20 of register Arhe 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 MIl. (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 HTM-119-A



Instruction 0014

Instruction Descriptions

Machine Instruction CAL Syntax Description

0014j0M RT Sj Transmit (S)) to real-time clock.

0014/1M 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.

0014/4M PCI Sj Transmit (Sj) to programmable clock.

001405M CCl Clear programmable clock interrupt (clear PCI
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

HTM-119-A

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 M|
flag sets, and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction. Refer to
thelnstruction Set Overvievor more information.

For instruction 0014 in monitor mode:
e Ifj =0, the interrupt is sent to CPU 0.

* If a CPU attempts to interrupt itself, the instruction executes as a
no-op.

* If shared access is disabled (CPU configuration codg),0be
instruction executes as a no-op. Refer to Section 4 of PRN-0957,
Triton Maintenance Systerfor more information on configuration
codes.

For instruction 0018 in monitor mode: If = 0 or if (Aj) = 0, the cluster
number is cleared to 0. Cluster O idlanmycluster without registers.
Refer to the instruction description for more information.

Cray Research Proprietary 19



Instruction Descriptions

For instruction 0014} in monitor mode: If = 0, the programmable clock
IS cleared.

Hold-issue Conditions

Instructions 001 and 001:

* Register $reserved (except SO).

e Shared path reserved.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00j3), 0015, 0017 through 0026, 03
023j7, 027j2, 0273, 073j1, or 0735.

Instructions 0014 and 00148B:

* Reqgister Areserved (except AO).

* Shared path reserved.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00/3), 0015, 0017 through 0026, 03
023j7, 0272, 0273, 073j1, or 0735.

Instructions 001402, 00§38, 00146, and 001i4:
e Shared path reserved.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00j3), 0015, 0017 through 0026, 03
023j7, 0272, 0273, 073j1, or 0735.

Execution Time

Instruction 001{D:

e Instruction issue: 1 CP.

e 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 0%) Refer to Section 4 of PRN-0957,
Triton Maintenance Systerfor more information.
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Description

HTM-119-A

Instruction Descriptions

Instructions 0014, 001402, 0018, and 001yb:

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

Instruction 0014:

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

Instruction 001{b:

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

Instruction 00147:

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

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

Instructions 001¢

Instruction 00140 transmits the contents of regist¢t&the real-time
clock.

Instructions 0014

Instruction 00141 sends an inter-CPU interrupt request to the CPU
designated by registerj Alf 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.
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Instruction 001402

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

Instruction 00113

Instruction 00148 sets the cluster number to the contents of regigter A
Valid cluster numbers are 0 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 alummycluster without registers. An instruction that
attempts to read data from an SB, ST, or SM register of cluster O returns
all 0’s. An instruction that writes to an SB, ST, or SM register of cluster 0
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 001 transmits bits O through 31 of registg¢tdthe 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.
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Instruction Descriptions

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.
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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 series systems).

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 Mll
flag sets, and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction. Refer to
thelnstruction Set Overviefor 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-0957Triton Maintenance Systerfor more information.

Shared path reserved.

Any of the following instructions issued in the previous 5 CPs: 0013,
0014 (except 0038), 0015, 0017 through 0026, 03 023j7, 027) 2,
027j3, 0731, or 0735.
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Execution Time

Description

HTM-119-A

Instruction Descriptions

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 0 bit 47) is clear.

Instruction 001501 clears the performance monitor poirEgcept 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 0785 causes the PMBY bit to set and remain set. The only
way to clear the PMBY flag in this case is with instruction 001501.
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Instruction 0016

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

N New instruction (not available on CRAY C90 series systems).

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 Mll
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
051), instruction 0016 executes as a no-op. Refer to Section 4 of
PRN-0957 Triton Maintenance Systerfor more information on
configuration codes.

Shared path reserved.

Any of the following instructions issued in the previous 5 CPs: 0013,
0014 (except 0034), 0015, 0017 through 0026, 03 0237, 0272,
027j3,073j1, or 0735.

Instruction issue: 1 CP.

Shared path ready: CPs undetermined.
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HTM-119-A

Instruction Descriptions

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

Instructions 001600

Instruction 001600 enables 1/O interrupts to occur.

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

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 usermode 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 usemode 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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Instruction 0017

Machine Instruction CAL Syntax Description
0017,jkM BPRk Aj Transmit (A)) 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 M|
flag sets, and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction. Refer to
theInstruction Set Overvievor more information.

If k# 0 or 1, the result is undefined.
If j = 0, the selected breakpoint address is set to O.

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

Register Areserved (except AO).
Shared path reserved.

Any of the following instructions issued in the previous 5 CPs: 0013,
0014 (except 0034), 0015, 0017 through 0026, 08 0237, 0272,
027)3, 0731, or 0735.

Instruction issue: 1 CP.

Shared path ready: CPs undetermined.
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Instruction Descriptions

Instruction 001}k transmits the contents of registgrtd breakpoint
addres¥k, wherek is 0 or 1. Ifk = 0, the breakpoint base address is
loaded. Itk =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

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

S Special CAL syntax.

Special Cases

Hold-issue Conditions

Execution Time

30

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 thinstruction Set Overvievor more information.

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

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

Register A reserved (except AO).
Shared path reserved.
Any of the following instructions issued in the previous 5 CPs: 0013,

0014 (except 00308), 0015, 0017 through 0026, 08 023j7, 021) 2,
027j3, 073j1, or 0735.

Instruction issue: 1 CP.
Register VL ready: 1 CP.

Shared path ready: CPs undetermined.
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Description

HTM-119-A

Instruction Descriptions

Instruction 0020R transmits the contents of registek # the vector
length (VL) register. The vector length can be between 1 and 12§,(200
inclusive.

Although the VL register contains 8 bits (0 through 7), only the lower 7
bits (O through 6) of registerkfare transmitted to the VL register. Bit 7
of the VL register is automatically set if bits 0 through 6 ase it 7 is
automatically cleared if any of bits O through 6 are 1’s.
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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 Complete port reads (ports A and B).

002706 CPW Complete port writes (port C).

N New instruction (not available on CRAY C90 series systems).

Special Cases

32

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

The execution of instructions 0021 through 0027 is affected by the CPU
setup configuration. Refer to PRN-093Titon Maintenance Systerfor
more information.
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Hold-issue Conditions

Instruction Descriptions

Instructions 002100, 002200, 002300 through 002500, and 002600:

Shared path reserved.
Status register busy.
Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 00j3), 0015, 0017 through 0026, 03
023j7, 0272, 0214j3, 073j1, or 0735.

Instruction 002210:

Shared path reserved.
Status register busy.

Instructions 002501 and 002601

Shared path reserved.
Any memory activity in progress.
Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 00j3), 0015, 0017 through 0026, 03
023j7, 0272, 0214j3, 073j1, or 0735.

Instruction 002700:

Shared path reserved.

Port A, B, or C busy.

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

Instruction 002704

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

Instruction 002705:

HTM-119-A

Shared path reserved.
Port A or B busy.
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Instruction Descriptions

Execution Time

Description

34

Instruction 002706:

Shared path reserved.
Port C busy.

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

Instructions 002100 and 002200 set and clear the interrupt-on-
floating-point (IFP) error bit in the interrupt modes regisissuing 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 instructiong4 24
174Q5.

Instructions 002300 and 002400 set and clear the interrupt-on-operand
range (IOR) error bit in the interrupt modes 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.
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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
0030,0 VMO Sj Transmit (Sj) to VMO.
003000 VMO 0s Clear VMO.
00301 VM1 Sj Transmit (S)) to VM1.
003001 VM1 0s Clear VML1.
0030/2NT VMO Aj Transmit (Aj) to VMO.
0030/3NT VM1 Aj Transmit (Aj) to VM1,

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

Special Cases

Hold-issue Conditions

Execution Time

36

Instructions 0032 and 003(B are privileged to Triton mode. If these
instructions are executed in C90 mode, the results are undefined.

For instructions 0030 and 003[2: Ifj =0, register VMO is cleared.

For instructions 003@ and 003[B: Ifj = 0, register VM1 is cleared.

Instructions 003(® and O03{1.:

* Register preserved (except SO).

* VM busy. (For instruction 175, VM busy VL/2 + 8 CPs. For
instructions 0701, 146jk, 147jk, 005400 150, or 005400 1531,

VM busy 3 CPs.)

Instructions 0032 and 003(3:

* Register Areserved (except AO).

* VM busy. (Forinstruction 175, VM busy VL/2 + 8 CPs. For
instructions 0701, 146jk, 147jk, 005400 150, or 005400 1581,

VM busy 3 CPs.)

Instructions issue: 1 CP.
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Description

Instruction 003D transmits the contents of regist¢it&the lower vector
mask register (VMO0). Bit 63 of registej &rresponds to element O of the
vector mask; bit O corresponds to element 63.

Instruction 003{1 transmits the contents of regist¢it&the upper vector
mask register (VM1). Bit 63 of registey &rresponds to element 64 of
the vector mask; bit O corresponds to element 127.

Instruction 003(R transmits the contents of registgrté the lower vector
mask register (VMO0). Bit 63 of registelj Borresponds to element O of
the vector mask; bit O corresponds to element 63.

Instruction 003(B transmits the contents of registgrté the upper vector
mask register (VM1). Bit 63 of registef Borresponds 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 — 375).
0034jk (2 =1) SM,Ak  1,TS Test and set semaphore (AK).
0036jk (j2 =0) SMjk 0 Clear semaphore jk (jk = 0 — 375).
0036k (2 = 1) SMAkK 0 Clear semaphore (AK).
0037jk (j2 = 0) SMjk 1 Set semaphore jk (jk = 0 — 37g).
0037jk (j2=1) SM,Ak 1 Set semaphore (AK).

Special Cases

Hold-issue Conditions

38

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

For instructions 0034 through 0032 € 1): Ifk =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 0 so that
these instructions are no-ops.) Following execution, the Mll 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
Instruction Set Overviefor more information.

If shared access is disabled (CPU configuration codg),08&tructions

0034 through 0037 execute as no-ops. Refer to Section 4 of PRN-0957,
Triton Maintenance Systerfor more information on configuration codes.

Instructions 0034, 0036, and 0032 € 0):
e Shared path reserved.
* Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 00[®), 0015, 0017 through 0026, 03
023j7, 0272, 0214j3, 073j1, or 0735.
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Instructions 0034, 0036, and 0032 € 1):
* Shared path reserved.
* Register Ak reserved (except AO).

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00/3), 0015, 0017 through 0026, 03
023j7, 0272, 0273, 073j1, or 0735.

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 thej field is O, bits 1 and O of thefield are combined with all 3 bits of

thek field to select one of the lower 32 semaphores (0 through 31). If bit
2 of thej field is 1, thek field designates an A register. Bits 0 through 5 of
the designated A register select the semaphore; the remaining bits of the
designated A register are not used.

Instruction 003k tests and sets the semaphore designated Ipy fileéd

or by register A. 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 designatekl doy(AK).

Instruction 0037 sets the semaphore designatékl dny(Ak).

HTM-119-A Cray Research Proprietary 39



Instruction Descriptions

Instruction 004

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

V New version of CRAY C90 series instruction.

S Special CAL syntax.

Special Cases

Hold-issue Conditions

Execution Time

Description

40

If k=5, 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 5 CPs: 0013,
0014 (except 00308), 0015, 0017 through 0026, 08 023j7, 0217) 2,
027j3, 0731, or 0735.

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. Klield designates one of
five exit addresses (0 through 4). THeesld is not used. All instructions
issued before the 004 instruction are completed. The instructiterdouf
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 registér(EAK). The program address stored in the exchange
package is advanced one count from the address of the 004 instruction.
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Instruction Descriptions

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 evenik =5, 6, 0r7.)

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 026, 023j7, 0272, and 02§ 3 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
0050jk J Bjk Jump to Bjk.
0051jk° JINV Bjk Jump to Bjk (invalidate instruction buffers)

O Maintenance mode only.

Special Cases

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.

Hold-issue Conditions

Instruction 034 or 035 in progress.

Execution Time
Instruction issue: 1 CP.

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

Description

Instruction 0050 sets the P register to the address contained in the B
register specified bjk, causing the program to continue at that address.
(The address specified by registgk B 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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Instruction Descriptions

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 an@h2lusive)
of the code block.
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Instruction 006

0064jknm  (j2=0) JTSjk exp
0064jknm (j2=1) JTS,Ak exp

Machine Instruction CAL Syntax Description
006000nm J exp Jump to exp.
006100nmNT 1J exp Jump to address in exp.

Jump to exp if SMjk = 1; else set SMjk.
Jump to exp if SM(AK) = 1; else set SM(AK).

N New instruction (not available on CRAY C90 series systems).

T Triton mode only.

Special Cases

Instruction 0061s 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 00642 = 1): Ifk =0, semaphore 1 is addressed.

For instruction 0064: If the CPU is in IMI mode, the cluster number must
be 0 so that the instruction is a no-op. (If the cluster number is not 0, the
result is undefined.) The Ml flag sets and an exchange sequence occurs.
The P-register field of the exchange package points to the second parcel of

the instructionifr field). Refer to thénstruction Set Overvietor more

information.

For instruction 0064: If shared access is disabled (CPU configuration
code 05)), this instruction executes as a no-op. Refer to Section 4 of
PRN-0957,Triton Maintenance Systerfor more information on

configuration codes.

Hold-issue Conditions

Instructions 0060 and 0061:

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

44 Cray Research Proprietary HTM-119-A



Instruction Descriptions

Instruction 0064j@ = 0):
* Always hold issue 5 CPs.
* Shared path reserved.

* 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 00j3), 0015, 0017 through 0026, 03
023j7, 0272, 0214j3, 073j1, or 0735.

Instruction 0064 = 1):

* Always hold issue 5 CPs.

e Shared path reserved.

* Register A reserved.

* 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 00/3), 0015, 0017 through 0026, O
023j7, 0272, 0273, 073j1, or 0735.

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

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

HTM-119-A Cray Research Proprietary 45



Instruction Descriptions

Description
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Instruction 0060

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

Instruction 0061

Instruction 006100mis an indirect unconditional jump. The 32-bih

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 specifiedrbyis a word address, but the lower

32 bits of that word specify a parcel address where program execution
continues.

Instruction 0064

Instruction 006fknmis a conditional jump instruction that tests a
semaphore (SM) to determine whether or not to take the jump. If bit 2 of
thej field is O, bits 1 and 0 are combined with all 3 bits ofkfield to

select one of the lower 32 semaphores (0 through 31). If bit 2 pfidie

is 1, thek field designates an A register. Bits 0 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 bynm 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 series systems).

T Triton mode only

Special Cases

Hold-issue Conditions

Execution Time

Description

HTM-119-A

Instruction 0071s privileged to Triton mode. If this instruction is
executed in C90 mode, the result is undefined.

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.

Instruction 0070:
e Instruction issue: 3 CPs.

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

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.

Instruction 007008mis 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 specifiechiny causing program execution

to continue at that address. The address specifiatldy a parcel

address, not a word address.
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Instruction 007100mis an indirect return jump. It first stores the address
of the next sequential instruction in register BOO. The instruction then
uses the 32-bitmfield 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 specifiedrys 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 (A0) = 0.
011000nmP JAN exp Jump to exp if (A0) £ 0.
012000nmP JAP exp Jump to exp if (AO) =[D.
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

HTM-119-A

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 completion: 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 AQO (treated as a two’s-complement integer)
against a condition specified by thdield of the instruction. If the

condition is satisfied, the P register is set to the 32-bit parcel address (not
word address) specified by thenfield, 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 AO is 32 bits wide and bit 31 is the sign bit.
Instructions 010 and 011 test all 32 bits of register AO. Register A0 is
zero only if all 32 bits are 0’s; if one or more bits are 1, AO is honzero.
Instructions 012 and 013 test only the sign bit. If the sign bit is O, register
A0 is positive or zero. If the sign bitis 1, AO 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 AO. Register A0 is
zero only if all 64 bits are O’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
AO is positive or zero. If the sign bitis 1, AO is negative.
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Instructions 014 through 017

Machine Instruction CAL Syntax Description
014000nm JSz exp Jump to exp if (S0) = 0.
015000nm JSN exp Jump to exp if (SO) # 0.
016000nm JSP exp Jump to exp if (SO) = 0.
017000nm JSM exp Jump to exp if (S0O) < 0.
Special Cases
None.

Hold-issue Conditions

Execution Time

Description

HTM-119-A

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

Instruction issue: 3 CPs.

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

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 thdéield of the instruction. If the

condition is satisfied, the P register is set to the 32-bit parcel address (not
word address) specified by thenfield, 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 O, register SO is positive or zero. If the
sign bitis 1, SO is negative.
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Machine Instruction CAL Syntax Description

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

020i20nmNT Ai Afexp Transmit nm to Ai bits 0 — 31; AJ bits 32 — 63
unchanged.

020i40nmNT Ai exp:Ai Transmit nm to Ai bits 32 — 63; Aj bits 0 — 31
unchanged.

021/00nmP Ai exp Transmit not(nm) to Aj bits 0 — 31; A/ bits 32 —
63=1.

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

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

Special Cases

Instructions 02{20 and 02310 are privileged to Triton mode. If these
instructions are executed in C90 mode, the results are undefined.

Hold-issue Conditions

Instructions 020 and 021:
* Register Areserved.

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

Instruction 022: registeriAeserved.

Execution Time

Instructions 020 and 021;

] Instruction issue: 3 CPs.
* Register Aready: 1 CP.

Instruction 022:

e Instruction issue: 1 CP.
* Register Aready: 1 CP.
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Instruction Descriptions

Instructions 020 through 022 transmit constants to register A

Instruction 02€00 transmits themfield to bits O through 3af register
Ai. In Triton mode, bits 32 through 63 of registerake cleared to 0’s.

Instruction 02¢R0 (Triton mode only) transmits tmen field to bits O
through 31of register A. Bits 32 through 63 of register Are not
changed.

Instruction 02040 (Triton mode only) transmits timen field to bits 32
through 63 of register iA Bits 0 through 32 of registeri Are not
changed.

Instruction 02100 transmits the inverse (one’s complement) ofntine
field to bits O through 3af register A. In Triton mode, bits 32 through
63 of register Aare setto 1's.

Instruction 028k transmits theamfield to bits O through 5 of registen A
In C90 mode, bits 6 through 31 of registarake cleared to 0’s. In Triton
mode, bits 6 through 63 of register &e cleared to 0’s.

Note that the syntax “iPexpg’ can generate several possible machine
instructions, depending on the valueeap In general, the assembler
generates the smallest possible instruction for a gixen If expis
explicitly —1, instruction 005400 040 is generated. Hxpcan be
determined at assembly time to be between 0 agdnatruction 02§k is
generated.

In C90 mode, all other casesexfpcause instruction 0200nm or
021i00hmto be generated.

In Triton mode, the syntax ‘ifexp’ generates instruction 005400 6@

or 023k in the cases explained above. If one of these instructions cannot
be generated, beixpcan be determined at assembly time to be less than
or equal to 32 bits, instruction G2O@mnor 02100mnis generated. All

other cases axpcause two instructions to be generated: i2@0mand
02040mn
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Instruction 023

Machine Instruction CAL Syntax Description
023ijjoP Aj Sj Transmit (Sj) to Al
02301 Ai VL Transmit (VL) to Al
023jj6\M Ai EA,j Transmit exit address jto Ai.
023jj7\M Ai EAAj Transmit exit address (A)) to Ai.

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

M Monitor mode only.

Special Cases

Hold-issue Conditions

54

Instructions 0236 and 0287 are privileged to monitor mode.

If the CPU is in normal user mode, instructionsipand 0287 execute
as no-ops.

If the CPU is in IMI mode, instructions 028 and 0287 execute as

no-ops, the MIl flag sets, and an exchange sequence occurs. The
P-register field of the exchange package points to the parcel following the
instruction. Refer to thinstruction Set Overvievor more information.

For instruction 0280: If j = 0, register Ais cleared.

For instruction 027 in monitor mode: If = 0, the content of register
EAO is transmitted to registen A

Instruction 0280:

* Register $reserved (except SO).
* Register Areserved.

Instruction 02801: register Areserved.
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Instruction 02§6:
* Register Areserved.
e  Shared path busy.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00/3), 0015, 0017 through 0026, 03
023j7, 0272, 0273, 073j1, or 0735.

Instruction 028 7:
* Register Aor Aj reserved.
e  Shared path busy.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00/, 0015, 0017 through 0026, 03
023j7, 0272, 0214j3, 073j1, or 0735.

Execution Time

Instruction issue: 1 CP.
Instructions 0280 and 028)1: register Aready in 1 CP.
Instructions 026 and 02§7:

* Register Aready: CPs undetermined.
e Shared path ready: CPs undetermined.

Description

Instruction 023

Instruction 0280 transmits the contents of registé¢it®register A In
C90 mode, only bits 0 through 31 are transmitted; bits 32 through 63 are
ignored. In Triton mode, all 64 bits are transmitted.

Instruction 028L

Instruction 02801 transmits the contents of the vector length (VL) register
to register A. The value returned is between 1 and 128 (between 1 and

200,).
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Instruction 0286

Instruction 0286 transmits to registeriAhe contents of the exit address
(EA) register designated by théeld. Thej field must be between 0 and
4;ifj =5, 6, or 7, the data returned is undefined.

Instruction 0287

Instruction 028 7 transmits to registeriAhe contents of the exit address
(EA) register designated by bits 0 through 2 of regisferlregister A
designates register EA5, EAG6, or EA7, the data returned is undefined.
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Instructions 024 and 025

Machine Instruction CAL Syntax Description
024ijkP Aj Bjk Transmit (Bjk) to Ai.
025ijKkP Bj Ai Transmit (Aj) to Bjk.

D Difference in operation between Triton mode and C90 mode.

Special Cases

None.

Hold-issue Conditions

Instruction 024:

* Register Areserved.
e Instruction 034 or 035 in progress.
* Instruction 025 issued in the previous CP.

Instruction 025:

* Register Areserved.

e Instruction 034 or 035 in progress.
Execution Time

Instruction 024:

] Instruction issue: 1 CP.
* Register Aready: 3 CPs.

Instruction 025
e Instruction issue: 1 CP.

* Register Bready: 2 CPs.

Description

Instruction 024 transmits the contents of the regisjetd@register A In

C90 mode, only bits 0 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 registépAegister k. In
C90 mode, only bits 0 through 31 are transmitted; bits 32 through 63 are
undefined. In Triton mode, all 64 bits are transmitted.
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Instructions 026 jO through 026 jj3

Machine Instruction CAL Syntax Description
026if0 Ai PSj Transmit population count of (Sj) to Al
0261 Ai QSsj Transmit population count parity of (Sj) to Al
026ij2ND Ai PAj Transmit population count of (Aj) to Ai.
026/j3ND Ai QAj Transmit population count parity of (A)) to Ai.

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

Special Cases

If j =0, register Ais cleared to O.

Hold-issue Conditions

Instructions 0260 and 0261:

* Register $reserved (except SO).
* Register Areserved.
* Instruction 056 or 057 issued in the previous CP.

Instructions 0262 and 026 3:

* Register Areserved (except AO).
* Register Areserved.
* Instruction 056 or 057 issued in the previous CP.

Execution Time

Instruction issue: 1 CP.

Register Aready: 7 CPs.

Description

Instructions 0260 through 0263 use the scalar
population/parity/leading-zero count functional unit.

Instruction 020 counts the number of 1 bits in registgaBd transmits
the result to bits 0 through 6 of registar An C90 mode, bits 7 through
31 of register Aare cleared; bits 32 through 63 are undefined. In Triton
mode, bits 7 through 63 of register d&e cleared.
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Instruction 0261 counts the number of 1 bits in registgr 8 the number
of 1 bits is even, bit O of registei #s cleared to 0. If the number is odd,
bit O of register Ais 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 ifare cleared.

Instruction 022 counts the number of 1 bits in registgraidd transmits
the result to registeriA In C90 mode, bits 0 through 31 of registgrafe
counted. The result is transmitted to bits O through 5 of registeBifs 6
through 31 of register ifare cleared; bits 32 through 63 are undefined. In
Triton mode, bits 0 through 63 of register@e counted. The result is
transmitted to bits O through 6 of registar ABits 7 through 63 of register
Ai are cleared.

Instruction 02§ 3 counts the number of 1 bits in registgr An C90

mode, bits 0 through 31 of registey &e counted; in Triton mode, bits O
through 63 are counted. If the number of 1 bits is even, bit O of register A
is cleared to 0. If the number is odd, bit O of registeisAset to 1. In C90
mode, bits 1 through 31 of register &e cleared; bits 32 through 63 are
undefined. In Triton mode, bits 1 through 63 of registear® cleared.
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Instructions 026 ij4 through 026 jj7

Machine Instruction CAL Syntax Description
026j4P Ai SB,Aj,+1 Transmit (SB(A))) to Aj; increment (SB(A))) by 1.
026i5P Ai SBj,+1 Transmit (SB)) to Aj; increment (SBj) by 1.
026ij6P Ai SB,Aj Transmit (SB(A))) to Al
026ij7P Ai SBj Transmit (SBj) to Ai.

D Difference in operation between Triton mode and C90 mode.

Special Cases
For instructions 024 and 0266: If j = 0, register SBO is addressed.

If the cluster number (CLN) is 0 and IMI mode is not active, instructions
026j4 through 0257 clear register Ato 0.

If the CPU is in IMI mode, instructions 026 through 0267 return no

result to register A the previous register value is retained. (Normally, in
IMI mode, the cluster number should be 0.) If the cluster number is
nonzero, register iAis not changed, but instructions GRband 0245 do
increment register SBA(or SBf). Following execution, the Ml flag

sets and an exchange sequence occurs. The P-register field of the
exchange package points to the parcel following the instruction. Refer to
thelnstruction Set Overvieor more information.

If shared access is disabled (CPU configuration codg) @58l IMI mode
IS not active, instructions 0@ through 0257 clear register Ato O.
Refer to Section 4 of PRN-095Triton Maintenance Systerfor more
information on configuration codes.

Hold-issue Conditions
Instructions 0264 and 02§6:
* Register Areserved.
* Register Areserved (except AO).
* Shared path reserved.
* Any of the following instructions issued in the previous 5 CPs:

0013, 0014 (except 00j3), 0015, 0017 through 0026, 03
023j7, 0272, 0214j3, 073j1, or 0735.
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Instructions 0265 and 02 7:
* Register Areserved.
* Shared path reserved.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00/3), 0015, 0017 through 0026, 03
023j7, 0272, 0273, 073j1, or 0735.

Execution Time
Instruction issue: 1 CP.
Register Aready: CPs undetermined.

Shared path ready: CPs undetermined.

Description

Instructions 0264 through 0267 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 024 transmits to registeriAhe contents of the shared B
register designated by registey, fhen increments by 1 the contents of the
shared B register designated by register A

Instruction 025 transmits to registeriAhe contents of the shared B
register designated bhythen increments by 1 the contents of shared B
register designated by This instruction can address only the lower eight
SB registers (0 through 7).

Instruction 02§ 6 transmits to registeriAhe contents of the shared B
register designated by registey. ANo incrementing is performed.

Instruction 02§ 7 transmits to registeriAhe contents of the shared B
register designated By No incrementing is performed. This instruction
can address only the lower eight SB registers (0 through 7).
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Instruction 027 jj0 and 027 jj1

Machine Instruction CAL Syntax Description
027i/0 Ai ZSj Transmit leading zero count of (Sj) to Al
027ijANT Ai ZAj Transmit leading zero count of (A)) to Al

N New instruction (not available on CRAY C90 series systems).
T Triton mode only.
Special Cases

Instruction 0211 is privileged to Triton mode. If this instruction is
executed in C90 mode, the result is undefined.

If j =0, register Ais set to 64 (100.
For instruction 02ij0, if (§) = 0, register Ais set to 64 (1Q4).

For instruction 02i71, if (Aj) = 0, register Ais set to 64 (1Qf.

Hold-issue Conditions
Instruction 02§ 0:

* Register $reserved (except SO).
* Register Areserved.
* Instruction 056 or 057 issued in the previous CP.

Instruction 027 1:

* Register Areserved (except S0).
* Register Areserved.
* Instruction 056 or 057 issued in the previous CP.

Execution Time
Instruction issue: 1 CP.

Register Aready: 7 CPs.
Description

Instructions 02if0 and 021 use the scalar
population/parity/leading-zero count functional unit.
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Instruction 0210 counts the number of leading zeroes (the number of 0’s
to the left of the left-most 1 bit) in registey&hd transmits the result to

bits 0 through 6 of registeriA 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 ifare cleared.

Instruction 0211 (Triton mode only) counts the number of leading zeroes
(the number of O’s to the left of the left-most 1 bit) in registgamd
transmits the result to bits 0 through 6 of register Bits 7 through 63 of
register A are cleared.
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Instructions 027 jj2 and 027 ij3

Machine Instruction CAL Syntax Description
027ij2\M EAj Aj Transmit (Aj) to exit address j.
0273N\M EAAj Ai Transmit (Aj) to exit address (A)).

N New instruction (not available on CRAY C90 series systems).

M Monitor mode only.

Special Cases

Hold-issue Conditions

HTM-119-A

Instructions 002iy2 and 002if3 are privileged to monitor mode.

If the CPU is in normal user mode, instructions 0j22@&nd 002ij3
execute as no-ops.

If the CPU is in IMI mode, instructions 00§Z and 002if3 execute as
no-ops, the Mll flag sets, and an exchange sequence occurs. The
P-register field of the exchange package points to the parcel following the
instruction. Refer to thinstruction Set Overvievor more information on
monitor mode and IMI mode.

For instruction 0272, if j = 5, 6, or 7, the instruction executes as a no-op.

For instruction 02if3 in monitor mode: If = 0, the contents of register
Ai are transmitted to register EAO.

For instruction 02if3: If j # 0 and bits 0 through 2 of registej éontain
a value of 5, 6, or 7, the instruction executes as a no-op.

Instruction 02§ 2:

* Register Areserved.

e Shared path reserved.

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

0013, 0014 (except 00/3), 0015, 0017 through 0026, 03
0237, 0272, 02713, 073j1, or 073 5.
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Instruction 021 3:

* Register Areserved.

* Register Areserved (except AO).
e Shared path reserved.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00[®), 0015, 0017 through 0026, 03
023j7, 0272, 0273, 073j1, or 0735.

Execution Time

Instruction issue: 1 CP.

Shared path ready: CPs undetermined.

Description

Instructions 02if2 and 0213 are privileged to monitor mode. These
instructions transmit the contents of registétdan exit address (EA)
register There are five EA registers: EAO through EA4. The exit address
register is loaded from bits 5 to 20 of registeér Ahe remaining bits of
register A are ignored.

Instruction 027 2 transmits the contents of registdarté the EA register
designated by thgfield of the instruction.

Instruction 02§ 3 transmits the contents of registarté the EA register
designated by bits 0 through 2 of registgr A
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Instruction 027 jj6 and 027 jj7

Machine Instruction CAL Syntax Description
027ij6P SB,Aj Aj Transmit (Aj) to SB(A)).
027ij7P SBj Aj Transmit (AJ) to SBj.

D Difference in operation between Triton mode and C90 mode.

Special Cases

Hold-issue Conditions

HTM-119-A

Instructions 02if6 and 0217 execute as no-ops if the cluster number
(CLN) is 0.

For instruction 02if6: If j = 0, the content of register As transmitted to
register SBO.

If the CPU is in IMI mode, instructions 028 and 021 7 execute

normally. (Normally, in IMI mode, the cluster number should be 0 so that
these instructions are no-ops.) Following execution, the Ml 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
Instruction Set Overvievor more information about IMI mode.

If shared access is disabled (CPU configuration codg),0B&tructions

027j6 and 02| 7 execute as no-ops. Refer to Section 4 of PRN-0957,
Triton Maintenance Systeror more information on configuration codes.

Instruction 02§ 6:

* Register Areserved.

* Register Areserved (except AO).

* Shared path reserved.

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

0013, 0014 (except 00j3), 0015, 0017 through 0026, 03
023j7, 0272, 0214j3, 073j1, or 0735.
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Instruction 021 7:
* Register Areserved.
* Shared path reserved.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00/3), 0015, 0017 through 0026, 03
023j7, 0272, 0273, 073j1, or 0735.

Execution Time
Instruction issue: 1 CP.
Register SBready: CPs undetermined.

Shared path ready: CPs undetermined.

Description

Instructions 02if6 and 0217 transmit the contents of registerta a
shared B (SB) register. In C90 mode, the A and SB registers are 32 bits
wide. In Triton mode, they are 64 bits wide.

Instruction 0216 transmits the contents of registartd the SB register
designated by bits 0 through 3 of registg¢r Ahe remaining bits of
register A are ignored.

Instruction 02§ 7 transmits the contents of registartd the SB register
designated by thgfield of the instruction. This instruction can write to
registers SBO through SB7 only. Instruction 2 Tust 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 (AK) to Al
030/0kP Aj AKS Transmit (AK) to Ai.
030ijjob Ai Aj+1S Transmit integer sum of (Aj) and 1 to Al
031jjkP Ai AFAk Transmit integer difference (Aj) and (AK) to Al
031/0kP Ai -AkS Transmit inverse of (Ak) to Al
031jjoP Al Aj-1S Transmit integer difference (A)) 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=0andk=0, then 1 is transmitted to registerr A
e Ifj=0andk# 0, then (A) is transmitted to registeriA
e Ifj#0andk=0, then (A) + 1 is transmitted to registen A

For instruction 031;

e If j=0andk=0, then -1 is transmitted to registar A
e If j=0andk# 0, then —(A) is transmitted to registeriA
e Ifj£0andk=0, then (A) — 1 is transmitted to registeii. A

Hold-issue Conditions
Register A reserved.

Register A or Ak reserved (except AO).

Execution Time

Instruction issue: 1 CP.

Register Aready: 4 CPs.
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Description

70

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

Instruction 030 transmits to register the integer sum of the contents of
registers Aand Ak

Instruction 031 transmits to register the integer difference of the
contents of registersjAand 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 registerg @&d A are used as the

operands; bits 32 through 63 are ignored. The result is transmitted to bits
0 through 31 of registeriAbits 32 through 63 are undefined.

In Triton mode, the operands and result are 64 bits wide. Bits O through
63 of register Aand Ak are used as the operands. The result is
transmitted to bits O through 63 of registar A
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Instruction 032

Machine Instruction

CAL Syntax Description

032ijkP

Ai AfFAk Address multiply.

D Difference in operation between Triton mode and C90 mode.

Special Cases

Hold-issue Conditions

Execution Time

Description

HTM-119-A

If j =0, then O is transmitted to register. A

If | #0 andk = 0, then (A) is transmitted to registeriA

Register A reserved.

Register A or Ak reserved (except AO).

Instruction issue: 1 CP.

Register Aready: 8 CPs.

Instruction 032 uses the address multiply functional unit. The instruction
transmits the integer product of registeljsaAd Ak to register A

In C90 mode, the operands and result are 32 bits wide. Only bits O
through 31 of registersjfand A are used as the operands; bits 32
through 63 are ignored. The result is transmitted to bits 0 through 31 of
register A; bits 32 through 63 are undefined. Overflow is not detected.

In Triton mode, the operands and result are 48 bits wide. Only bits 0
through 47 of registersjfand A are used as the operands; bits 48

through 63 are ignored. The result is transmitted to bits O through 47 of
register A and sign-extended to bits 48 through 63. If an overflow
occurs, the address multiply interrupt (AMI) flag in the exchange package
sets.
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Instruction 033

Machine Instruction CAL Syntax Description
033/00PM Aj Cl Transmit channel number of highest-priority
interrupt request to Al
033ij0 (j£0)PM Ai CA A/ Transmit current address of channel (A)) to
register Al
033ij1 (j£0)PM Ai CE.Aj Transmit status/error word of channel (Aj)) to
register Al.

D Difference in operation between Triton mode and C90 mode.

M Monitor mode only.

Special Cases

After instruction 001D 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 instructioni033

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 A
the previous register value is retained. Following execution, the Ml 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 Instruction Set Overvietor 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
05Q; through 055 Refer to Section 4 of PRN-095I#jton Maintenance
Systemfor more information.

NOTE:

72

Although instruction 033 can be executed in C90 mode,
instructions 0380 (j #[0) and 0381 (j #[0) return data in the
upper 32 bits of registeriA Because these bits of registarate
not available in C90 mode, these instructions should be used
only in Triton mode.

Cray Research Proprietary HTM-119-A



Hold-issue Conditions

Execution Time

Description

HTM-119-A

Instruction Descriptions

Instruction 03800:
* Register Areserved.
* Shared path reserved.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00j3), 0015, 0017 through 0026, 03
023j7, 021j2, 027j3, 073j1, or 0735.

Instructions 0330 (j #[0) and 0381 (j # 0):
* Register Aor Aj reserved.
e Shared path reserved.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00/, 0015, 0017 through 0026, 03
023j7, 0272, 0213, 073j1, or 073 5.

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

Shared path ready: CPs undetermined.

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 A.

Instruction 0380

Instruction 03800 transmits to registeriAhe 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, instructioi®033
returns a value of 0.
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74

Instruction 033

Instruction 0380 ( £[0) transmits to registeriAhe contents of the

channel address (CA) register of the channel designated by register A

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 registebiés O through 34; bits

35 through 63 are forced to 0’s.

Instruction 033 1

Instruction 0381 (j #[0) transmits to registerifa status/error word from
the channel designated by registej)(AThe status/error word is different
for LOSP and VHISP channels. There are alseudochannelthat return
interrupt status information for groups of physical channels.

For LOSP channels, instruction 0@3returns 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 G@Breturns the following status/error
word:

Bit(s) Description

0-23 Remaining block length
24 - 41 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.

Cray Research Proprietary HTM-119-A



HTM-119-A

Instruction Descriptions

For the pseudochannels, 70, 72, 74, and 76, instructidjilQ@8urns 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. A

Pseudochannel
Ai
Bit Channel Type 70 72 74 76
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 105 125 145 165
6 LOSP In 106 126 146 166
7 LOSP Out 107 127 147 167
8 LOSP In 110 130 150 170
9 LOSP Out 1117 131 151 171
10 LOSP 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 LOSP In 116 136 156 176
15 LOSP Out 117 137 157 177
16  VHISP 020 024 030 034
17  VHISP 021 025 031 035
18  VHISP 022 026 032 036
19  VHISP 023 027 033 037
20 Support 060 062 064 066
21 Support 061 063 065 067
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Instructions 034 through 037

Machine Instruction CAL Syntax Description

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

034ijkP Bjk,Ai 0,A0S Transmit (Aj) words from common memory
starting at address (AO) to B registers starting
at register jk.

035ijkP A0 Bjk,Ai Transmit (AJj) words from B registers starting at
register jk to memory starting at address (AO).

035ijkP 0,A0 Bjk,AR Transmit (Aj) words from B registers starting at
register jkto memory starting at address (AO).

036ijkP TjkAl ,AO Transmit (Aj) words from memory starting at
address (AO) to T registers starting at register
Jjk.

036ijkP TjkAl 0,A0S Transmit (AJj) words from memory starting at
address (AO) to T registers starting at register
Jjk.

037ijkP ,AOQ Tjk,Al Transmit (Aj) words from T registers starting at
register jkto memory starting at address (AO).

037ijkP 0,A0 Tjk,AP Transmit (Aj) words from T registers starting at

register jk to memory starting at address (AO).

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 A. (The higher-order bits ofifare ignored.) The transfer count
is therefore between 0 and 3{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.

101g— 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 — 1005 registers are read twice and
written to two different common memory locations.

76 Cray Research Proprietary HTM-119-A



Instruction Descriptions

Hold-issue Conditions

Instruction 034:

* Register AO or Areserved.

Instruction 035 in progress.

Port A busy.

Port C busy and unidirectional memory mode.

Instruction 035

* Register A0 or Areserved.

e Instruction 034 in progress.

* Port C busy.

e Port A or port B busy and unidirectional memory mode.

Instruction 036

* Register AO or Areserved.

e Instruction 037 in progress.

* Port B busy.

e Port C busy and unidirectional memory mode.

Instruction 037:

* Register AO or Areserved.

e 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 orTregisters reserved for A+ 38 CPs.
* Port A or B busy for (A + 10 CPs.

Instructions 035 and 037:

* B orTregisters reserved for i(a+ 6 CPs.
e Port C busy for (& + 12 CPs.

NOTE: Memory conflicts can delay completion of instructions 034
through 037.
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Description

78

Instructions034 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 registeriAletermine the number of B or T registers
used in the data transfer.

Thejk 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
BOO 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 0 through 31 of register AO determine the
starting memory address; bits 32 through 63 are undefineditdm T

mode, bits 0 through 39 of register AO 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 O
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 0 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 to Sibits 0 — 31; Sibits 32 — 63 =
0.

040i20nm Si Siexp Transmit nmto S bits 0 — 31; Si bits 32 — 63
unchanged.

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

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

Special Cases
None.

Hold-issue Conditions

Execution Time

Description

HTM-119-A

Register 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 $ready: 1 CP.

Instructions 040 and 041 transmit constants to register S

Instruction 04000 transmits themfield to bits 0 through 3af register
Si. Bits 32 through 63 of register &e cleared to 0's.

Instruction 0220 transmits themfield to bits O through 3af register
Si. Bits 32 through 63 of register &e not changed.

Instruction 02040 transmits themfield to bits 32 through 63 of register
Si. Bits 0 through 32 of register 8re not changed.

Instruction 04100 transmits the inverse (one’s complement) oftine
field to bits O through 31 of register.SBits 32 through 63 of registen A
are setto 1's.
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80

Note that the syntax 1®x@g can generate several possible machine
instructions, depending on the valuesaf In general, the assembler
generates the smallest possible instruction for a gixgn For example, if
expis explicitly O, instruction 04i®0 is generated.

If expis explicitly 1 or —1, instruction 0427 or 04200 is generated. If
one of these instructions cannot be generateéxpdan be determined at
assembly time to be less than or equal to 32 bits, instructia6@A0or
041i00mnis generated. All other casesexfpcause two instructions to be
generated: 04@0nmand 0440mn

Cray Research Proprietary HTM-119-A



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 100g — exp.
042ijk Si #>exps Form zeroes mask in Si exp bits from left; jk
field gets exp.
04277 Si 1s Transmit 1 to S..
04200 Si -15 Transmit —1 to Si.
043ijk Si >exp Form ones mask in Si exp bits from left; jk field
gets exp.
043jjk Si #<exps Form zeroes mask in Si exp bits from right; jk
field gets 100g — exp.
04300 Si 0S Clear Si.
S Special CAL syntax
Special Cases
None.

Hold-issue Conditions

Execution Time

Description

HTM-119-A

Register Sreserved.

Instruction issue: 1 CP.

Register $ready: 1 CP.

Instruction 042 generates a mask of 8¢k 1's from right to left in
register & For example, ijk = 74, then 100—jk = 4. Register &hen
contains 1's in bits O through 3 and O’s in bits 4 through 63 {77,
only bit O of S is set to 1; all the other bits are cleared to 0’sk ¥ 0, all
bits of § are setto 1's.

Instruction 043 generates a maskkol’s from left to right in registeriS

For example, ifk = 4, then registeriontains 1's in bits 60 through 63
and 0’s in bits 0 through 59. jK = 0, all bits of $are cleared to 0's. jk
= 773, only bit O of $is cleared to 0; all the other bits are setto 1's.
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005400-Prefixed Instructions 042 and 043

Machine Instruction CAL Syntax Description

005400 042jjkNT Aj <exp Form ones mask in Ai exp bits from right; jk
field gets 100g — exp.

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

005400 042i00NT Ai -1S Transmit —1 to Ai.

005400 043jjkNT Aj >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 series systems).
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 Areserved.

Execution Time
Instruction issue: 2 CPs.

Register Aready: 1 CP.

Description

Instruction 005400 042 generates a mask of £§K 1's from right to left
in register A. For example, ijk = 74, then 1090—jk = 4. Register A
then contains 1's in bits 0 through 3 and 0’s in bits 4 through 68.=If
77, only bit O of Ais set to 1; all the other bits are cleared to 0'gk #
0, all bits of A are setto 1’s.
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Instruction 005400 043 generates a magk dfs from left to right in
register A. For example, ijk = 4, then register i*contains 1’s in bits 60
through 26 and O’s in bits 0 through 59.jkif= 0, all bits of A are cleared

to 0’s. Ifjk = 7%, only bit O of A 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 Sj&Sk Transmit logical product of (Sj) and (Sk) to Si.

0440 Si Sj&SBS Transmit sign bit of (S)) to S.

044ij0 Si SB&S/ Transmit sign bit of (S)) to Si (j# 0).

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

045ij0 Si #SB&S/S Transmit (Sj) with sign bit cleared to Si.

046k Si SjISk Transmit logical difference of (Sj) and (SK) to
Si.

046if0 Si SjISBS Transmit (Sj) with sign bit toggled to Si.

0460 Si SB\S/S Transmit (Sj) with sign bit toggled to Si (j # 0).

047ijk Si #SjISk Transmit logical equivalence of (Sj) and (SK) to
Si.

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

047i/0 Si #SjISBS Transmit (Sj) with all bits except sign bit
toggled to Si.

047i/0 Si #SB\S/5 Transmit (Sj) with all bits except sign bit
toggled to Si(j # 0).

047i00 Si #SBS Clear sign bit and set remaining bits of Si.

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

050if0 Si Sj1Si&SBS Merge (SJ) and sign bit of (S)) to Si.

051jk Si SISk Transmit logical sum of (Sj) and (Sk) to Si.

0510k Si SkS Transmit (SK) to Si.

051j0 Si Sj1SBS Transmit (Sj) with sign bit set to Si.

051j0 Si SBISfS Transmit (Sj) with sign bit set to Si (j # 0).

051/00 Si SBS Set sign bit and clear remaining bits of Si.

S Special CAL syntax.

Special Cases

HTM-119-A

If j =0, then (H =0.

If k=0, then (8) sign bit (bit 63) = 1; bits 0 through 62 = 0’s.
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Hold-issue Conditions

Execution Time

Description

84

Register Sreserved.

Register $or Kreserved (except SO).

Instruction issue: 1 CP.

Register $ready: 1 CP.

Instructions 044 through 051 use the scalar logical functional unit.

Instruction 044

Instruction 044 transmits the logical product (AND) of regisfeartal
register K to register § A bit of register 5is set to 1 only if the
corresponding bits of registerge®d % are both 1's, as shown in the
following example:

sj 1100
Sk 1010
Si 1000

Instruction 045

Instruction 045 transmits the logical product (AND) of regisiearsl the
one’s complement of registek ® register § A bit of register Sis set to
1 only if the corresponding bit of registgri$1 and the corresponding bit
of register K is 0, as shown in the following example:

Sj 1100
Sk 1010
Si 0100
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Instruction 046

Instruction 046 transmits the logical difference (exclusive OR) of register
S and register Sto register & A bit of register 8is set to 1 only if the
corresponding bits of registersehd K 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 $and register ISto register § A bit of register &is set to 1 only
if the corresponding bits of registersaBd % are the same, as shown in
the following example:

sj 1100
Sk 1010
Si 1001

Instruction 050

Instruction 050 merges the contents of regisjevith the contents of
register $and transmits the result to register §ach bit of the result is
taken from either the corresponding bit of regisjenrShe corresponding
bit of register § depending on the state of the corresponding bit in
register &. If the K bitis 1, $ data is used,; if thekDit is 0, $ data is
used.

Instruction 050 implements the function represented by the following
equation: $=9 Sk+ S K’; for example:

Si = 11001100
sj = 10101010
Sk = 11110000
Sj Sk = 10100000
SiSk = 00001100
SjSk+SiSKk = 10101100
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Instruction 051

Instruction 051 transmits the logical product (inclusive OR) of regigter S
and register to register § A bit of register 8is set to 1 if either of the
corresponding bits of registergse®d X is 1, as shown in the following

example:
Sj 1100
Sk 1010
Si 1110
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005400-Prefixed Instructions 044 through 051

Machine Instruction CAL Syntax Description

005400 044jKNT Aj AJ&Ak Transmit logical product of (Aj) and (AK) to Ai.

005400 045jjKNT Aj HAK&A] Transmit logical product of (Aj) and one’s com-
plement of (AK) to Al

005400 046/jKNT Ai AjlAk Transmit logical difference of (Aj) and (AK) to
Al

005400 047 jjkNT Aj #AjIAk Transmit logical equivalence of (Aj) and (AK) to
Al

005400 047/0KNT Ai #AKS Transmit one’s complement of (Ak) to Ai

005400 050//kNT Aj AJAIRAK Merge Aiand Ajto Aijusing (Ak) as mask.

005400 051 jjKNT Ai AjlAk Transmit logical sum of (Aj) and (AK) to Al

N New instruction (not available on CRAY C90 series systems).
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 (4) = 0.

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

Hold-issue Conditions
Register Areserved.

Register A or Akreserved (except SA).

Execution Time
Instruction issue: 2 CPs.

Register Aready: 2 CPs.
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Description

88

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 A
and register Kto register A A bit of register Ais set to 1 only if the
corresponding bits of registerg &nhd A 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 A
and the one’s complement of registdeta register A A bit of register

Ai is set to 1 only if the corresponding bit of registgrsAl and the
corresponding bit of registerkAs 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 A and register Ato register A A bit of register Ais set to 1

only if the corresponding bits of registergahd Ak are different, as

shown in the following example:

Aj 1100
Ak 1010
Ai 0110
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Instruction 005400 047

Instruction 005400 047 transmits the logical equivalence (exclusive NOR)
of register A and register Ato register A A bit of register Ais setto 1

only if the corresponding bits of registergahd 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 regigteuith the
contents of registerifand transmits the result to registar Aach bit of
the result is taken from either the corresponding bit of regigter the
corresponding bit of registeri Addepending on the state of the
corresponding bit in registerkA If the Ak bit is 1, A data is used; if the
Ak bit is 0, A data is used.

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

Ai = 11001100
Aj = 10101010
Ak = 11110000
Aj Ak = 10100000
Ai AK = 00001100
AjAK+AIAK = 10101100

Instruction 005400 051

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

Aj 1100
Ak 1010
Ai 1110
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Unprefixed Instructions 052 through 055

Machine Instruction CAL Syntax Description
052jjk SO Sikexp Shift (S)) left exp = jk places to SO.
053jjk SO Si>exp Shift (Si) right exp = 1005 — jk places to SO.
054ijk Si Sikexp Shift (Si) left exp = jk places to Si.
055ijk Si Si>exp Shift (Si) right exp = 100g — jk places to Si.

Special Cases

None.

Hold-issue Conditions

Instructions 052 and 053:

* Register $or SO reserved.
* Instruction 056 or 057 issued in previous CP.

Instructions 054 and 055:
* Register $reserved.

* Instruction 056 or 057 issued in previous CP.

Execution Time

Instructions 052 and 053:

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

Instructions 054 and 055:
e Instruction issue: 1 CP.

* Register $ready: 4 CPs.

Description

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

Instruction 052 shifts the contents of registele® jk bits and transmits
the result to register SO. The shift range is 0 through 63 bits.
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Instruction 053 shifts the contents of registele® 10Q — jk bits and
transmits the result to register SO. The shift range is 1 through 64 bits.

Instruction 054 shifts the contents of registele® jk bits and transmits
the result to registeri S The shift range is 0 through 63 bits.

Instruction 055 shifts the contents of registele® 10Q —jk bits and
transmits the result to registerr SThe shift range is 1 through 64 bits.

NOTE: Certain values oéxpcause the assembler to generate different
instructions.

* For the syntax i< exp if exp= 64, the assembler generates
instruction 053000, which clears register SO to O.

* For the syntax iIS> exp if exp= 0, the assembler generates
instruction 052000, which leaves register SO unchanged.

* For the syntax SO exp if exp= 64, the assembler generates
instruction 055000, which clears registert&O0.

* For the syntax SO exp if exp= 0, the assembler generates
instruction 054000, which leaves registeéuSchanged.
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005400-Prefixed Instructions 052 through 055

Machine Instruction CAL Syntax Description

005400 052jjkNT A0 Ai<exp Shift (Ai) left exp = jk places to AQ.

005400 053jjKNT A0 A>exp Shift (Aj) right exp = 1005 — jk places to AO.
005400 054 jkNT Ai Ai<exp Shift (Ai) left exp = jk places to A

005400 055/jKNT Ai A>exp Shift (Aj) right exp = 1005 — jk places to Al

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

Special Cases

Instructions 005400 052 through 005400 055 are privileged to Triton
mode. If they are executed in C90 mode, the results are undefined.

Hold-issue Conditions

Instructions 005400 052 and 053: registenAAO reserved.

Instructions 005400 054 and 055: registerdserved.

Execution Time

Instructions 005400 052 and 053:

e Instruction issue: 2 CPs.
* Register A0 ready: 5 CPs.

Instructions 005400 054 and 055:

e Instruction issue: 2 CPs.
* Register Aready: 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 regisidefjk bits and
transmits the result to register AO. The shift range is 0 through 63 bits.
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Instruction 005400 053 shifts the contents of registdef 10Q — jk bits
and transmits the result to register AO. The shift range is 1 through 64
bits.

Instruction 005400 054 shifts the contents of regisidefjk bits and
transmits the result to register.AThe shift range is 0 through 63 bits.

Instruction 005400 055 shifts the contents of regisidefA 10Q — jk bits
and transmits the result to registar A'he shift range is 1 through 64 bits.

NOTE: Certain values oéxpcause the assembler to generate different
instructions than those shown in the preceding table.

* For the syntax A< exp if exp= 64, the assembler generates
instruction 005400 053000, which clears register A0 to O.

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

* For the syntax AO exp if exp= 64, the assembler generates
instruction 005400 055000, which clears registeto?0.

* For the syntax A0 ®xp if exp= 0, the assembler generates
instruction 005400 054000, which leaves registenAchanged.
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Unprefixed Instructions 056 and 057

Machine Instruction CAL Syntax Description
056ijkP Si Si,Sj<Ak Shift (Si) and (S)) left (AK) places to Si.
056j0P Si Si,Sj<1S Shift (Si) and (S)) left one place to Si.
056i/0kP Si Si<AkS Shift (Si) left (AK) places to Si.
057ijkP Si Sj,S>Ak Shift (Sj) and (Si) right (AK) places to Si.
057ijoP Si Sj,Si>1S Shift (Sj) and (S)) right one place to Si.
057i0kP Si Si>AKS Shift (Si) right (AK) places to Si.

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

Special Cases
If j =0, then (§ =0.

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

Hold-issue Conditions
Register reserved.
Register $reserved (except SO).
Register A reserved (except A0).

Instruction 056 or 057 issued in previous CP.

Execution Time
Instruction issue: 1 CP.

Register $ready: 5 CPs.

Description

Instructions 056 and 057 use the scalar shift functional unit. All shifts are
end-off with zero fill. Register Rprovides the shift count. In C90 mode,
only bits 0 through 31 of registerkfare used; bits 32 through 63 are
ignored. In Triton mode, all 64 bits of registek &re used. All shift

counts are positive (or zero).
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Instruction 056 concatenates registerai®l $ to form a 128-bit value.
(Register $supplies bits 64 through 127; registgis8pplies bits 0

through 63.) It then left shifts the 128-bit value by the number of places
specified by register Kand transmits bits 64 through 127 of the result to
register & If the shift count is greater than 127, registeis®leared.

Instruction 057 concatenates registgra®l $ to form a 128-bit value.
(Register $supplies bits 64 through 127; registéis8pplies bits 0

through 63.) It then right shifts the 128-bit value by the number of places
specified by register Kand transmits bits 0 through 63 of the result to
register & If the shift count is greater than 127, registeis®leared.

NOTE: A circular left shift can be effected by using instruction 056 with
i =j and (A&) < 64. A circular right shift can be effected by
using instruction 057 with=j and (A) < 64.
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005400-Prefixed Instructions 056 and 057

Machine Instruction CAL Syntax Description

005400 056/jkNT Aj AP Aj<Ak Shift (Ai) and (A)) left (AK) places to Al
005400 056/ONT Aj AiAj<1S Shift (Aj) and (A)) left one place to Ai.
005400 056/0kNT Ai Ai<AKS Shift (A) left (AK) places to Al

005400 057 jjKNT Ai AjAB>AK Shift (Aj) and (AJ) right (AK) places to Ai.
005400 057jONT Aj AjA>1S Shift (Aj) and (AJ) right one place to Ai.
005400 057/0kNT Ai APAKS Shift (A right (AK) places to Ai.

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

Special Cases

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 (§ = 0.

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

Hold-issue Conditions
Register Areserved.

Register A or Ak reserved (except AO).

Execution Time
Instruction issue: 2 CPs.

Register Aready: 6 CPs.

Description

Instructions 005400 056 and 005400 057 use the scalar shift functional
unit. All shifts are end-off with zero fill. RegistekArovides the shift
count. All shift counts are positive (or zero).
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Instruction 005400 056 concatenates registerandl A to form a 128-bit
value. (Register Asupplies bits 64 through 127; registgrstipplies bits

0 through 63.) It then left shifts the 128-bit value by the number of places
specified by register Kand transmits bits 64 through 127 of the result to
register A. If the shift count is greater than 127, registeisicleared.

Instruction 005400 057 concatenates regist¢randl A to form a 128-bit
value. (Register Asupplies bits 64 through 127; registarstipplies bits
0 through 63.) It then right shifts the 128-bit value by the number of
places specified by registekand transmits bits 0 through 63 of the
result to register A If the shift count is greater than 127, registersA
cleared.

NOTE: A circular left shift can be effected by using instruction 005400
056 withi =j and (A&) < 64. A circular right shift can be
effected by using instruction 005400 057 withj and
(AK) < 64.
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Machine Instruction CAL Syntax Description
060ijk Si Sj+Sk Transmit integer sum of (Sj) and (SK) to Si.
061ijjk Si Sj-Sk Transmit integer difference of (Sj) 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 (§ =0.

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

Register $reserved.

Register $or Kreserved (except SO).

Instruction issue: 1 CP.

Register $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 06Qk transmits the integer sum of registg¢ra8d register IS
to register &

Instruction 06{jk transmits the integer difference of registeasd
register K to register §

Cray Research Proprietary HTM-119-A



Instruction Descriptions

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.
063k Si Sj-FSk Transmit floating-point difference of (Sj) and
(SK) to Si.
063/0k Si -FSks Transmit normalized negative of (Sk) to Si.

S Special CAL syntax.

Special Cases

Hold-issue Conditions

Execution Time

HTM-119-A

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

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

Register $reserved.
Register $or K 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.

Instruction issue: 1 CP.

Register $ready: 8 CPs.
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Instructions062 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 al(@bating-point
0); no flag is set. If overflow occurs, the result returned is as follows:
sign bit = 0, exponent = 600§)@&nd coefficient = as calculated. An
overflow also sets the floating-point error (FPE) flag in the exchange
package.

Instruction 063k transmits the normalized floating-point sum of register
S and register Sto register &

Instruction 068k transmits the normalized floating-point difference of
register $and register Sto register
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Instructions 064 through 067

Machine Instruction CAL Syntax Description

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

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

066ijk Si SRSk Transmit rounded floating-point product of (Sj)
and (SK) to Si.

067ijk Si SISk Transmit 2 — (S)) * (SK) to S/ (reciprocal
iteration).

Special Cases

Hold-issue Conditions

Execution Time

HTM-119-A

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

If k=0, then (&) sign bit (bit 63) = 1; bits 0 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, coé@tient = most-significant 48 bits of the 96-bit product.
Correct results are produced if the following conditions are satisfied:

* Both operand sign bits are O.

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

Register $reserved.
Register $or Sk reserved (except S0).

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 $ready: 8 CPs.
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Description
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Instructions064 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 al(@bating-point
0); no flag is set. If overflow occurs, the result returned is as follows:
sign bit = 0, exponent = 600§@&nd coefficient = as calculated. An
overflow also sets the floating-point error (FPE) flag in the exchange
package.

Instruction 064k transmits the floating-point product of regist¢ra8d
register K to register §

Instruction 06§k transmits the half-precision rounded floating-point
product of register jSand register ISto 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 066k transmits the rounded floating-point product of register

S and register Sto register & This instruction can be used in the
division algorithm.

Instruction 061k transmits two minus the floating-point product of
register $and register ISto register § This instruction can be used in
the reciprocal and division algorithms.
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Instruction 070 JjjO

Machine Instruction CAL Syntax Description
070if0 Si IHSj Transmit floating-point reciprocal
approximation of (Sj) to Si.

Special Cases

If j =0, then (§ =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.

Hold-issue Conditions

Register $reserved.
Register $reserved (except SO).

Floating-point reciprocal approximation functional unit bu¥ye
following instructions cause this functional unit to be busy for the
following intervals:

e Instruction 07§ 1: (highest 1-bit position in VM)/2 + 8 CPs
e Instruction 1740: VL/2 + 12 CPs
e Instructions 1741 through 1743: VL/2 + 5 CPs

Execution Time

Instruction issue: 1 CP.

Register $ready: 19 CPs.

Description

Instruction 0790 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 200Qar greater than 600Qlthe result returned is as follows:
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sign bit = 0, exponent = 600§@&nd coefficient = as calculated. An
overflow or underflow condition also sets the floating-point error (FPE)
flag in the exchange package.

Instruction 07@0 transmits the floating-point reciprocal approximation of
register $to register & 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 (0¥ and multiply (064k)
sequence.

Cray Research Proprietary HTM-119-A



Instruction Descriptions

Instruction 070 Jjj1

Machine Instruction CAL Syntax Description
070ijN Vi Cl,Sj&VM Transmit compressed index of (Sj) controlled
by (VM) to Vi.

N New instruction (not available on CRAY C90 series systems).

Special Cases

If j =0, then (9§ =0.

Hold-issue Conditions
Register Vreserved as operand or result.
Register $reserved (except SO).

Floating-point reciprocal approximation functional unit bu$ye
following instructions cause this functional unit to be busy for the
following intervals:

* Instruction 07¢0: 8 CPs
e Instruction 1740: VL/2 + 12 CPs
e Instructions 1741 through 1743: VL/2 + 5 CPs

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

. Instructions 146, 147, and 005400 153: 3 CPs
e |nstruction 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 Vready: (highest 1-bit position in VM)/2 + 13 CPs.
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Description
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Instruction 07§ 0 uses the floating-point reciprocal approximation
functional unit.

Instruction 0791 forms multiples of the contents of registg¢isgrting

with 0 (0, §,2%x §, 3% g, ...). 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:
§=2
VM =10010110... 0

Then M[0] =0
Vi[l] =6
Vi[2] =10
Vi[3] = 12

Vi[4] through \i[127] are not changed
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Instruction 070 ij6

Machine Instruction CAL Syntax Description
070ijeN Si S/#BT Transmit bit-matrix product of (Sj) and (BT) to
Si.

N New instruction (not available on CRAY C90 series systems).

Special Cases

If j =0, then (9§ =0.

Hold-issue Conditions
Register $reserved.
Register $reserved (except S0).
Bit-matrix multiply functional unit busy. Instructions 174Ghrough
174Q7 cause this functional unit to be busy for VL/2 + 5 CPs.
Execution Time
Instruction issue: 1 CP.

Register $ready: 9 CPs.

Description

Instruction 076 uses the bit-matrix multiply functional unit. This
functional unit contains a 64 word64 bit matrix called B.

Instruction 07@6 transmits to registen $e bit-matrix product of register
S and matrix B (matrix B transposed). The matrix B must have been
previously loaded with instruction 1ij4 or 174j5.
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Instruction 071

Machine Instruction CAL Syntax Description

071i0kP Si Ak Transmit (AK) with no sign extension to Si.

071i1kP Si +Ak Transmit (Ak) with sign extension to Si.

071i2kP Si +FAK Transmit (Ak) as unnormalized floating-point
number to Si.

071/30 Si 0.6 Transmit 0.75 x 248 as normalized floating-
point constant to Si.

071i40 Si 0.4 Transmit 0.5g as normalized floating-point
constant to Si.

071/50 Si 1.0 Transmit 1.0 as normalized floating-point
constant to Si.

071i60 Si 2.0 Transmit 2.0 as normalized floating-point
constant to Si.

071i70 Si 4.0 Transmit 4.0 as normalized floating-point
constant to Si.

D Difference in operation between Triton mode and C90 mode.

Special Cases
For instructions 070k and 071ik: If k=0, register Bis set to 1.
For instruction 07Rk: If k = 0, register Bis loaded as follows:
e Sign (bit 63): 0.

*  Exponent (bits 48 through 62): 40Q60
* Coefficient (bits O through 47): 1.

Hold-issue Conditions
Instructions 070k through 0712k:

* Register $reserved.
* Register A reserved (except AO).

Instruction 0713k through 071iK: register $reserved.

Execution Time
Instructions 070k and 0713k through 0717k:

e Instruction issue: 1 CP.
* Register Sready: 1 CP.
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Instruction 0711k:

e Instruction issue: 1 CP.
* Register $ready: 3 CPs.

Instruction 0712k;
e Instruction issue: 1 CP.

* Register $ready: 4 CPs.

Description

Instructions 07ik through 0712k

Instructions 070k through 0712k transmit the contents of registek o
register & These instructions operate somewhat differently, depending on
whether the CPU is operating in C90 mode (32-bit A registersiitonT

mode (64-bit A registers).

Instruction 0710k treats the contents of registek &s an unsigned integer
and transmits it to register @ithout sign extension. In C90 mode, the
contents of register ldare transmitted to bits 0 through 31 of regisier S
bits 32 through 63 of register &re cleared to 0's. In Triton mode, the
contents of register ldare transmitted to register Without modification.

Instruction 0711k treats the contents of registek As a signed (two’s
complement) integer and transmits it to regisiewi#h sign extension. In
C90 mode, the contents of registek @&e transmitted to bits 0 through 31
of register § bit 31 is copied to bits 32 through 63. In Triton mode, the
contents of register ldare transmitted to register Bithout modification.

Instruction 0712k treats the contents of registek As a signed (two’s
complement) integer and transmits it to regisiessSan unnormalized
floating-point number.

In C90 mode, instruction 072k loads registeriSas follows:
* The exponent (bits 48 through 62) is set to 4Q060
e The sign bit (bit 63) is copied from bit 31 of register A

* |If the sign bit is 0, the coefficient (bits O through 31) is copied from
register A; bits 32 through 48 are cleared to O’s. If the sign bitis 1,
the coefficient is the two’s complement of register Bits 32
through 48 are cleared to O’s.
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In Triton mode, instruction 072k loads register iSas follows:
* The exponent (bits 48 through 62) is set to 4Q060
e The sign bit (bit 63) is copied from bit 63 of registar A

» If the sign bit is 0, the coefficient (bits O through 47) is copied from
register A. If the sign bit is 1, the coefficient is the two’s
complement of registeriA Bits 48 through 68f register A 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 transmitS1to Al

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

e 062101 S1+FS1 normalize S1

Instructions 0780 through 0770

Instructions 0780 through 07170 transmit commonly used
floating-point constants to register. S

Instruction 07130 transmits the floating-point constant of 0x7Bit 48 to
register & (040060600000000000000 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:

* 071230 S20.6
* 061121 S1S2-S1
e 063121 S1S2-FS1

Instruction 07140 transmits the floating-point constantd)(@.5)
(040000400000000000009)Qo0 register &
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Instruction 07150 transmits the floating-point constant 1.0
(040001400000000000009)@o0 register &

Instruction 07160 transmits the floating-point constant 2.0
(040002400000000000009@o0 register &

Instruction 07170 transmits the floating-point constant 4.0
(040003400000000000009@o0 register &

HTM-119-A Cray Research Proprietary 111



Instruction Descriptions

Instruction 072 and 073

Machine Instruction CAL Syntax Description
072/00 Si RT Transmit real-time clock to Si.
072i02v Si SM Transmit semaphores to Si.
072i3 Si STj Transmit (ST)) register to Si.
072ij6Y Si STAj Transmit ST(A)) to Si.
073i00 Si VMO Transmit (VMO) to Si.
073110 Si VM1 Transmit (VM1) to Si.
073/20NT Ai VMO Transmit (VMO) to A..
073/30NT Ai VM1 Transmit (VM1) to Al
073ij1vM Si SRj Transmit (SR)) to Si
(monitor mode only for j=2 —7).
073i02v SM Si Transmit (Si) to semaphores.
073i3 STj Si Transmit (Si) to ST
073i05 SRO Si Transmit (S/) bits 48 — 52 to SRO.
073i25° SR2 Si Advance performance monitor pointer.
073/75V0 SR7 Si Transmit (SJ) to maintenance channel.
073ij6Y ST,Aj Si Transmit (Si) to ST(A)).

New instruction (not available on CRAY C90 series systems).
New version of CRAY C90 instruction.
Triton mode only.

o4z

Special Cases

112

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

Instructions 07D

If the CPU is in IMI mode, instruction 0@ executes normally.

Following execution, the Ml flag sets and an exchange sequence occurs.
The P-register field of the exchange package points to the parcel following
the instruction. Refer to thastruction Set Overvievor more

information about IMI mode.

Instructions 072, 072j3, and 0786

For instruction 07@6: Ifj = O, register STO is addressed.

If the cluster number (CLN) is 0 and IMI mode is not active, instructions
07202, 0723, and 0786 clear registeriSo O.

If the CPU is in IMI mode, instructions 02, 072} 3, and 0786 return
no result to registeriSthe previous register value is retained. (Normally,
in IMI mode, the cluster number should be 0.) Following execution, the
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MIl 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 Instruction Set Overvievor more information about IMI mode.

If shared access is disabled (CPU configuration codg) @58l IMI mode
IS not active, instructions OW®, 0733, and 0786 clear registerigo 0.
Refer to Section 4 of PRN-095¥Friton Maintenance Systerfor more
information on configuration codes.

Instructions 078 and 078L0

None.

Instructions 07120 and 0780

Instructions 0720 and 0780 are privileged to Triton mode. If these
instructions are executed in C90 mode, the results are undefined.

Instruction 0781 (j = 0)

If the CPU is in IMI mode, instruction 043 (j = 0) executes normally.
Following execution, the Ml flag sets and an exchange sequence occurs.
The P-register field of the exchange package points to the parcel following
the instruction. Refer to thastruction Set Overvievor more

information about IMI mode.

Instruction 0781 (j = 2 or 3)

Instruction 0781 (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 07j3.

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

If the CPU is in IMI mode, this instruction executes normally except that
the performance monitor pointer is prevented from advancing. Following
execution, the Mll 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 0781 ( = 4 through 7)

Instruction 0781 ( = 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 Qj/3

If the CPU is in normal user mode, instruction X 3eturns 0 to register
Si.

If the CPU is in IMI mode, this instruction returns O to register S

Following execution, the Ml flag sets and an exchange sequence occurs.
The P-register field of the exchange package points to the parcel following
the instruction. Refer to tHastruction Set Overvievor more

information about IMI mode.

Instructions 0712, 073j3, and 0786

Instructions 07®2, 0733, and 0786 execute as no-ops if the cluster
number (CLN) is 0.

For instruction 0786: If j =0, register STO is loaded.

If the CPU is in IMI mode, instructions Oil2, 0733, and 0786 execute
normally (Normally in IMI mode, the cluster number should be 0 so that
these instructions are no-ops.) Following execution, the Mll 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
Instruction Set Overvievor more information about IMI mode.

If shared access is disabled (CPU configuration codg),0B&tructions
07302, 0733, and 0786 execute as no-ops. Refer to Section 4 of
PRN-0957,Triton Maintenance Systerfor more information on
configuration codes.

Instruction 078

If the CPU is in IMI mode, instruction OB executes as a no-op, the Mll
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 Instruction Set Overvietor more information about IMI mode.
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Instruction 0785

Instruction 0785 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 0¥Zb executes normally (or as a
no-op if maintenance mode is not active). Following execution, the Mli
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 Instruction Set Overvietor more information about IMI mode.

Instruction 07875

Instruction 07875 is privileged to maintenance mode. If maintenance
mode is not active, the instruction executes as a no-op.

Before instruction 0735 is executed, register SRO bit 0 must be 1.
Instruction 07801 must be used to read the contents of this register.

If the CPU is in maintenance mode and IMI mode, instructiom7®73
executes normally. Following execution, it is trapped like other IMI-mode
instructions. However, as explained above, instruction0d7@ust be
executed first to test bit O of register SRO. Because instructia@Di&3
trapped (causing an exchange sequence) when IMI mode is active,
instruction 07875 should not be used when IMI mode is active.

Instructions 070, 07202, 0723, 07302, and 07B3:

* Register $reserved.

e Shared path reserved.

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

0013, 0014 (except 00/3), 0015, 0017 through 0026, 03
023j7, 0272, 0273, 073j1, or 0735.
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Instructions 0726 and 07§6:

* Register $reserved.

* Register Areserved (except AO).

e Shared path reserved.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00[®), 0015, 0017 through 0026, 03
023j7, 0272, 0273, 073j1, or 0735.

Instructions 0780 and 078L0:

* Register reserved.
* VM register busy.

Instructions 0720 and 07130:

* Register Areserved.
* VM register busy.

Instructions 0781, 07305, 07325, and 07&5:

* Register reserved.

e Shared path reserved.

*  Any floating-point functional unit busy.

*  Any memory port busy.

* Any of the following instructions issued in the previous 5 CPs:
0013, 0014 (except 00/3), 0015, 0017 through 0026, A3
023j7, 021j2, 027} 3, 073j1, or 0735.

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

. Instruction 175: VL/2 + 8 CPs.

e Instructions 071, 146, 147, 005400 158, or 005400 158L:
3 CPs.
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Instructions 0700, 07202, 0723, 072)6, and 0781:

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

Instructions 07®0 and 07BL0:

e Instruction issue: 1 CP.
* Register $ready: 3 CPs.

Instructions 07120 and 071380:

e Instruction issue: 1 CP.
* Register Aready: 3 CPs.

Instructions 07®2, 0733, 07305, 07325, 07375, and 07B6:

e 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 &

Instruction 07202 transmits the contents of all 64 semaphore (SM) bits to
register &

Instruction 0783 transmits the contents of register ¥ register

Instruction 0786 transmits to registen $he contents of the ST register
designated by registej A

Instructions 07®, 07310, 07320, and 0780

Instructions 07®0 and 07BLO transmit the contents of the lower and
upper vector mask registers (VMO and VM1), respectively, to register S

Instructions 0720 and 0780 transmit the contents of the lower and
upper vector mask registers (VMO and VM1), respectively, to register A
These instructions are privileged to Triton mode.
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Instruction 07§ 1

Instruction 0781 transmits the contents of status regis(&R) to
register &

Reading the status registers returns the following values:
SRO: General status information:

* Bit 63: Cluster number not equal to 0 (CEND)

e Bit57: Bit matrix loaded (BML)

* Bit52: Interrupt on breakpoint (IBP) mode

e Bit51: Floating-point error (FPE) flag

* Bit50: Interrupt on floating-point error (IFP) mode

* BIit 49: Interrupt on operand range error (IOR) mode
* Bit 48: Bidirectional memory mode (BDM)

e Bit47: Performance monitor busy (PMBY)

*  Bits 40 through 46: Processor number

e  Bits 32 through 39: Cluster number

* Bit0: CPU maintenance access available (monitor nxode
maintenance mode SR7 not busy)

SR1: Not used.

SR2: Bits Ghrough47: 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 Ghrough 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.
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SR4: Common memory error information:

* Bit47: Uncorrectable memory error (MEU) flag
* Bit46: Correctable memory error (MEC) flag

e Bits 32 through 45: Destination code

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 0 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 regigtarumniil

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 sectien buf
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 Translation (LAT) multiple-hit
error flags: ports D, C', C, B, B, A, A

* Bits 48 through 54: LAT miss error flags: ports D, C’, C, B’, B,
A, A

e Bit47: Register parity error (RPE) flag
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* Bit46: 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
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 07, 073j3, 0735, 07325, 07375, and 076

Instruction 07802 transmits the entire 64 bits of registetdsthe 64
semaphore (SM) bits.

Instruction 0783 transmits the contents of registeét&register SJI.

Instruction 07805 transmits the contents of registetdstatus register O
(SRO0). Only bits 48 through 52 of register SRO are loaded; the remaining
bits are read only.

e Bit52: Interrupt on breakpoint (IBP) mode

e Bit51: Floating-point error (FPE) flag

e Bit 50: Interrupt on floating-point error (IFP) mode

* Bit 49: Interrupt on operand range error (IOR) mode
e Bit 48: Bidirectional memory mode (BDM)

Instruction 0785 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 07875 transmits the contents of registétdsthe maintenance
channel. Before writing to this register, SRO bit 0 must be 1. Refer to
Section 4.4 of PRN-0957yiton Maintenance Systerfor more
information.

Instruction 0736 transmits the contents of registert&the ST register
designated by registej A
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Instructions 074 and 075

Machine Instruction CAL Syntax Description
074ijk Si Tjk Transmit (T/k) to Si.
075ijk Tjk Si Transmit (Si) to Tjk.

Special Cases

Hold-issue Conditions

Execution Time

Description

HTM-119-A

None.

Instruction 074:

* Register Sreserved.
e Instruction 036 or 037 in progress.
* Instruction 075 issued in the preceding 1 CP.

Instruction 075:

* Register $reserved.
e Instruction 036 or 037 in progress.

Instruction 074:

. Instruction issue: 1 CP.
* Register $ready: 3 CPs.

Instruction 075:

e Instruction issue: 1 CP.
* Register 7 ready: 2 CPs.

Instruction 074 transmits the contents of regisj&rnd register &

Instruction 075 transmits the contents of registaon$egister Jk.
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Instructions 076 and 077

Machine Instruction CAL Syntax Description
076ijk Si Vj,Ak Transmit (Vj element (AK)) to Si.
077ijk ViAk Sj Transmit (S)) to Vi element (AK).
07700k Vi, Ak 0S Clear register Vi element (AK)

S Special CAL syntax.

Special Cases

For instruction 076k: If k=0, the content of registerj élement 1
(second element) is transmitted to register S

For instruction 07ijk:

Hold-issue Conditions

If j =0 andk = 0, register Velement 1 (second element) is cleared
to O.

If j =0 andk £ 0, register Velement (A) is cleared to 0.

If j # 0 andk = 0, the content of registej 8 transmitted to register
Vk element 1 (second element).

Instruction 07@k:

Register A reserved (except AO).
Register Y reserved as operand or result.
Register Sreserved.

Instruction 071Kk:

122

Register A reserved (except AO).
Register Hreserved.
Register Vreserved as operand or result.
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Description
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Instruction 07gk:

e |nstruction issue: 1 CP.

*  \Vector issue ready: 4 CPs.

* Register $ready: 8 CPs.
Instruction 071k:

e |nstruction issue: 1 CP.

*  \ector issue ready: 4 CPs.

* Register Vready: 4 CPs.

Instruction Descriptions

Instructions 07k and 077k transmit data between an S register and an
element of a V register. Bits 0 through 6 of registkidasignate the
element; the remaining bits of registek &re not used.

Instruction 07§k transmits the contents of the designated element of

register \ to register §

Instruction 071k transmits the contents of registgrnt&the designated

element of registeriv
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Instructions 10h through 13h

Machine Instruction CAL Syntax Description

10hi00NmMP Ai exp,Ah Load Aifrom ((Ah) + exp).

10hi20nmNP Ai exp,Ah,BC Load Ajfrom ((Ah) + exp) bypassing data
cache and invalidating cache line.

10hi40pnmNT Ai exp,Ah Load Aifrom ((Ah) + exp).

10hi60pnmNT Aj exp,Ah,BC  Load Aifrom ((Ah) + exp) bypassing data
cache and invalidating cache line.

11hi00ONmMP exp,Ah  Ai Store (Ai) to ((Ah) + exp).

11hid0pnmNT exp,Ah  Ai Store (Ai) to ((Ah) + exp).

12hi00nm Si exp,Ah Load Sifrom ((Ah) + exp).

12hi20nmN 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.

13hi00Nm exp,Ah Si Store (S)) to ((Ah) + exp).

13hi40pnmNT exp,Ah  Si Store (Si) to ((Ah) + exp).

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

Special Syntax Note

In any instruction 18 through 18, the syntaxexpAh 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.

* The syntaxexp0 orexp is equivalent texpAO. The common
memory address Bxp

* The syntax ,Ais equivalent to 0,A The common memory address
is (Ah).
Special Cases
If h =0, then the referenced common memory addresqais
Instructions 16i40pnm 1Chi60pnm 11hi40pnm 1Zhi40nm, 12hi60pnm

and 13i40pnmare privileged to Triton mode. If these instructions are
executed in C90 mode, the results are undefined.
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Hold-issue Conditions

Instructions 18i00nmand 1®i40pnm
* Register A reserved (except AO).
* Register Areserved.

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

Instructions 10i20nmand 1®i60pnm

* Register A reserved (except AO).

* Register Areserved.

*  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 1hi0Onmand 1hi40pnm

* Register A reserved (except AO).
* Register Areserved.

e 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 1Ri0Onmand 1i40pnm
* Register A reserved (except AO).
* Register $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 1Ri20nmand 12i40pnm

* Register A reserved (except AO).

* Register $reserved.

e 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 1Bi00nmand 13i00pnm
* Register A reserved (except AO).
* Register $reserved.
e Cache miss in progress.
* If the second, third, or fourth parcel is not in a buffer, wait for the
instruction prefetch sequence to complete.
Execution Time

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

e Instructions 16i00nmand 1®i40pnm If cache hit, register iA
ready in CPs undetermined. If cache miss, registee@dy in CPs
undetermined.

e Instructions 18i20nmand 1®i60pnm register Aready in CPs
undetermined.

e Instructions 1Bi00nmand 1hi40pnm If cache hit, registeriSeady
in CPs undetermined. If cache miss, registee&dy in CPs
undetermined.

e Instructions 1Bi20nmand 1hi60pnm register $ready in CPs
undetermined.
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Instructions 18 through 18 transfer data between common memory (or
the data cache) and an A or S register.

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

Instruction 1h transfers data from register &6 common memory. In

C90 mode, data is transferred to bits O througbf3he common

memory; bits 32 through 63 are cleared to 0’s. In Triton mode, all 64 bits
are transferred.

Instruction 1 transfers data from common memory to register S
Instruction 18 transfers data from register 86 common memory.

The common memory address that is referenced is determined by adding
the contents of registeriAo the value oéxp an instruction field that

begins in the second parcel of the instruction. The lengtxmis

determined by bit &f thej field. If j bit 2is a 0,expis a 2-parcel (32-bit)
field. Ifitis a 1,expis a 3-parcel (48-bit) field.

In C90 modeexpmust be a 2-parcel field. The 32-bit contents of register
Ah are added to the 32-l@kpto produce a 32-bit logical memory
address.

In Triton modegxpcan be a 2- or 3-parcel field. dkpis 2 parcels, bits O
through 39f register A are added to the 32-lEkpto produce a 40-bit
logical memory addresseXpis right aligned and zero-filled for the
addition.) Bits 40 through 63 of registehAre not used.

If expis a 3-parcel field, bits 0 through 39 of registérake added to bits
0 through 39 o&xpto produce a 40-bit logical memory address. Bits 40
through 63 of register Ware not used.

For instructions 1@ and 12, 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

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

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

142ijk Vi S/Vk Transmit logical sums of (Sj) and
(Vk elements) to Vi elements.

1420k Vi VkS Transmit (Vk elements) to Vi elements.

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

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

145jjk Vi Vj\WVk Transmit logical differences of (Vj elements)
and (Vk elements) to Vi elements.

145ijk Vi 0S Clear Vi elements.

S Special CAL syntax.

Special Cases

Hold-issue Conditions

128

If j = 0, then (§ = 0.

Instructions 140, 142, and 144:

* Register $reserved.

* Register \kreserved as operand.

* Register Vreserved as operand or result.

* 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.

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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* Instruction 175 causes the full vector logical functional unit to
be busy for VL/2 + 6 CPs.

* Instructions 141, 143, and 145:
» Register \ reserved as operand.
* Register \kreserved as operand.
* Register Vreserved 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.

* 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.
* Register \kready: 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).

* Register Vready: VL/2 + 10 CPs (if no delays encountered).
Instructions 141, 143, and 145:
e Instruction issue: 1 CP.

* Registers Yand \k ready: VL/2 + 4 CPs (if no delays
encountered).
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e Secondvector logical or full vector logical functional unit ready:
VL/2 + 5 CPs (if no delays encountered).

* Register Vready: 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.

Description

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 O of the V registers and increment the element number
by 1 for each operation performed.

Instructions 140 through 145 use regist&rag one of the operands.
Instructions 140, 142, and 144 use regisjaasthe second operand. (The
functional unit holds a copy of register. STherefore, a subsequent
instruction can change registgri@mediately without affecting the vector
instruction.) Instructions 141, 143, and 145 use registas\the second
operand. All results are delivered to register V

Instructions 140 and 141

Instruction 140 transmits the logical products (AND) of regisieard
register \k elements to registeri élements.

Instruction 141 transmits the logical products (AND) of regisfer V
elements and registeik\élements to registeri élements.

A bit of an element of registeri 6 set to 1 only if the corresponding bits
of both operands are 1's, as shown in the following example:

Sj or Vj element 1100
Vk element 1010
Vi element 1000

Instructions 142 and 143

Instruction 142 transmits the logical sums (OR) of regist@nd register
Vk elements to registeri élements.
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Instruction 143 transmits the logical sums (OR) of regisfezl®ments
and register ¥ elements to registeri élements.

A bit of an element of registeri V6 set to 1 if the corresponding bit of
either operand is 1, as shown in the following example:

Sjor Vj element 1100
Vk element 1010
Vielement 1110

Instructions 144 and 145

Instruction 144 transmits the logical differences (exclusive OR) of register
S and register ¥ elements to registeri élements.

Instruction 145 transmits the logical differences (exclusive OR) of register
Vj elements and registeik\élements to registeri \élements.

A bit of an element of registeri V6 set to 1 if the corresponding bits of the
operands are different, as shown in the following example:

Sjor Vj element 1100
Vk element 1010
Vielement 0110
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Instructions 146 and 147

Machine Instruction CAL Syntax Description
146ijk Vi SIVK&VM Merge (S)) and (Vk elements) to Vi elements
using (VM) as mask.
14610k Vi H#VM&VKS Merge 0 and (Vk elements) to Vi elements
using (VM) as mask.
147ijk Vi VIVK&VM Merge (Vj elements) and (Vk elements) to Vi
elements using (VM) as mask.

S Special CAL syntax.

Special Cases

Hold-issue Conditions

132

If j =0, then (§ =0.

Instruction 146:

Register reserved.

Register K reserved as operand.

Register Vreserved 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 07)1 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.

. Instructions 146 and 147: VL/2 + 5 CPs.

. Instruction 175: VL/2 + 6 CPs.
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Instruction 147:

Register Y reserved as operand.

Register \k reserved as operand.

Register Vreserved 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 071 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.

. Instructions 146 and 147: VL/2 + 5 CPs.

. Instruction 175: VL/2 + 6 CPs.

Instruction 146:

Instruction issue: 1 CP.
VM register ready: 4 CPs.
Register \kready: VL/2 + 4 CPs (if no delays encountered).

Full vector logical functional unit ready: VL/2 + 5 CPs (if no delays
encountered).

Register Vready: VL/2 + 10 CPs (if no delays encountered).
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Description
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Instruction 147:
e Instruction issue: 1 CP.
* VM register ready: 4 CPs.

* Registers Yand \k ready: VL/2 + 4 CPs (if no delays
encountered).

*  Full vector logical functional unit ready: VL/2 + 5 CPs (if no delays
encountered).

* Register Vready: 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 0 of the V
registers and increment the element number by 1 for each operation
performed.

Instructions 146 and 147 use registérasg one of the operands.
Instruction 146 uses registey & the second operand. (The functional
unit holds a copy of registeij.STherefore, a subsequent instruction can
change registerj3mmediately without affecting the vector instruction.)
Instruction 147 uses registef &s the second operand. All results are
delivered to registeriv

Instruction 146 merges registgr\idith register \k and transmits the result
to register V. Each element of the result is taken from either regigter S
the corresponding element of registds, depending on the state of the
corresponding bit in the vector mask (VM) register. If the VM bitis 1,
register $data is used; if the VM bit is 0, registek Wata is used.
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Example:

VL
VM
S2
V6 element O
V6 element 1
V6 element 2
V6 element 3

I mnu
AP OWONREPLPNOM

Theresults of executing instruction 146726 (V7 S2'V6&VM) are:

V7 element O = 1
V7 element 1 = 7
V7 element 2 7
V7 element 3 = 4
V7 elements 4 — 127 = unchanged

Instruction 147 merges registej With register \k and transmits the result
to register V. Each element of the result is taken from the corresponding
element of register Mor the corresponding element of registét V
depending on the state of the corresponding bit in the vector mask (VM)
register. If the VM bit is 1, registerj\ata is used; if the VM bit is O,
register \k data is used.

Example:

VL

VM

S2

V2 element 0
V2 element 1
V2 element 2
V2 element 3
V3 element O
V3 element 1
V3 element 2
V3 element 3

=
=
o
o
N

oO~NOO O A, WNEPEPNODM

Theresults of executing instruction 147123 (V1 V2IV3&VM) are:

V1 element 0 5
V1 element 1 = 2
V1 element 2 = 3
V1 element 3 = 7
V1 elements 4 — 127 = unchanged
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Instructions 150 and 151

Machine Instruction CAL Syntax Description
150ijkP Vi Vj<Ak Shift (Vj elements) left (AK) places to Vi
elements.
150ij0P Vi Vj<1S Shift (Vj elements) left one place to Vi
elements.
005400 150i0 Vi Vj<V0 Shift (Vj elements) left (VO elements) places to
Vielements.
151jjkP Vi Vj>Ak Shift (Vj elements) right (AKk) places to Vi
elements.
151jj0P Vi Vj>1S Shift (Vj elements) right one place to Vi
elements.
005400 151j0 Vi Vj>V0 Shift (Vj elements) right (VO elements) places
to Vi elements.

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

Special Cases

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

Hold-issue Conditions
Unprefixed instructions:
* Register \J reserved as operand.
* Register Areserved (except AO).
* Register Vreserved as operand or result.
e 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:

* Register \ or VO reserved as operand.

* Register Vreserved 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 150 through 005400
152: VL/2 + 5 CPs.

. Instruction 005400 153: VL/2 + 9 CPs.

Execution Time

Unprefixed instructions:
e Instruction issue: 1 CP.
* Register \ready: VL/2 + 4 CPs (if no delays encountered).

* Vector shift functional unit ready: VL/2 + 4 CPs (if no delays
encountered).

* Register Vready: VL/2 + 12 CPs (if no delays encountered).
005400-prefixed instructions:
e Instruction issue: 2 CPs.

* Registers Yand VO ready: VL/2 + 4 CPs (if no delays
encountered).

e Vector shift functional unit ready: VL/2 + 4 CPs (if no delays
encountered).

* Register Vready: 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 Yegisters and increment the element number by 1 for
each operation performed.

Instruction 150 shifts elements of registgri&ft by the number of places
specified by register and transmits the results to elements of register
Vi. In C90 mode, if bits 6 through 31 of registdc @&e nonzero, the first
VL elements of registeri\are cleared to 0’s. In Triton mode, if bits 6
through 63 of register are nonzero, the first VL elements of register V
are cleared to O’s.

Instruction 151 shifts elements of registgrright by the number of places
specified by register Kand transmits the results to elements of register
Vi. In C90 mode, if bits 6 through 31 of registde @&e nonzero, the first
VL elements of registeri\are cleared to 0’s. In Triton mode, if bits 6
through 63 of register are nonzero, the first VL elements of register V
are cleared to O’s.

Instruction 005400 150 shifts elements of registelet by the number of
places specified by elements of registéravid transmits the results to
elements of registeriV If bits 6 through 63 of an element of registdr V
are nonzero, the corresponding elements of registaré/fleared to 0’s.

Instruction 005400 151 shifts elements of registeright by the number

of places specified by elements of regist&ravid transmits the results to
elements of registeriV If bits 6 through 63 of an element of registér V
are nonzero, the corresponding element of registes &eared to 0.
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Unprefixed Instructions 152 and 153

Machine Instruction CAL Syntax Description

152ijjk Vi VjVj<Ak Double shift (Vj elements) left (AK) places to Vi
elements.

1520 Vi VjVj<1S Double shift (Vj elements) left one place to Vi
elements.

153ijk Vi VjV>Ak Double shift (Vj elements) right (Ak) places to
Vielements.

153jj0 Vi VjVj>1S Double shift (Vj elements) right one place to Vi
elements.

S Special CAL syntax

Special Cases

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

Hold-issue Conditions

Register Y reserved as operand.

Register A reserved (except AO).

Register Vreserved 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.

Execution Time

Instruction 152:
e Instruction issue: 1 CP.

* Register \ready: VL/2 + 4 CPs (if no delays encountered).
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*  Vector shift functional unit ready: VL/2 + 5 CPs (if no delays
encountered).

* Register Vready: VL/2 + 13 CPs (if no delays encountered).
Instruction 153:

* Instruction issue: 1 CP.

* Register \ready: VL/2 + 4 CPs (if no delays encountered).

e Vector shift functional unit ready: VL/2 +5 CPs (if no delays
encountered).

* Register Vready: 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-of 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 0 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 V, shifts the result left by the number of places specified by
register A, and transmits the result to an element of registel’vC90
mode, if bits 6 through 31 of registekAre nonzero, the first VL

elements of register are cleared to 0. In Triton mode, if bits 6 through 63
of register A are nonzero, the first VL elements of registeaké cleared

to O’s.

The successive operations of instruction 152 work as follows. The first
operation concatenates elements 0 and 1 of regisi@eament 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 Y. The second operation concatenates elements 1 and 2 of
register V], shifts the result left, and transmits the upper bits to element 1
of register V. 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 Y. The last operation concatenates element VL -1 of regigter V
with a word of all 0's, shifts the result left, and transmits the upper bits to
element VL -1 of registeriV

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 ok 64 bits.
Instruction 152 simply shifts registelj \éft between 0 and 64
bits (with zero fill) and transmits the result to register V

Example:

VL
Al
V4 element O
V4 element 1
V4 element 2
V4 element 3

60000 0000 0000 0000 0005g
00000 0000 0000 0000 0006g
60000 0000 0000 0000 0007g

4
3
0 00000 0000 0000 0000 0007g
0
1
1

Theresults of executing instruction 152541 (V5 V4,V4<Al) are:

V5 element O
V5 element 1
V5 element 2
V5 element 3
V5 elements 4 — 127

0 00000 0000 0000 0000 0073g
0 00000 0000 0000 0000 0054
0 00000 0000 0000 0000 0067
0 00000 0000 0000 0000 0070g
unchanged

Instruction 153

Instruction 153 repeatedly concatenates two successive elements of
register \, shifts the result right by the number of places specified by
register A, and transmits the result to an element of registel’vC90
mode, if bits 6 through 31 of registekAre nonzero, the first VL

elements of registeri\are cleared to 0’s. In Triton mode, if bits 6 through
63 of register A are nonzero, the first VL elements of registeaké

cleared to O's.

The successive operations of instruction 153 are as follows: The first
operation concatenates a word of all 0’s with element O of regigighé/
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 0 of registar he second operation
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concatenates elements 0 and 1 of regisieshfts the result right, and
transmits the lower bits to element 1 of register Yhis process continues
for a total of VL operations. The next-to-last operation concatenates
elements VL -3 and VL -2 of register,\hifts the result right, and
transmits the lower bits to element VL -2 of register Vhe last

operation concatenates element VL -2 and VL —1 of regigteshifts the
result right, and transmits the lower bits to element VL -1 of register V

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 ok 84 bits.
Instruction 153 simply shifts registelj Yight between 0 and 64
bits (with zero fill) and transmits the result to register V

Example:

VL
A6
V2 element 0
V2 element 1
V2 element 2
V2 element 3

4
3
0
0
1
1

00000 0000 0000 0000 00174
60000 0000 0000 0000 00064
00000 0000 0000 0000 0006g
60000 0000 0000 0000 0007g

Theresults of executing instruction 153026 (VO V2,V2>A6) are:

VO element O
VO element 1
VO element 2
VO element 3
VO elements 4 — 127

0 00000 0000 0000 0000 0001g
1 66000 0000 0000 0000 0000g
1 50000 0000 0000 0000 0000g
1 56000 0000 0000 0000 0000g
unchanged
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005400-Prefixed Instructions 152 and 153

Machine Instruction CAL Syntax Description

005400 152jjk Vi Vj,Ak Transfer (Vj elements) starting at element (AK)
to Vielements.

005400 153jONT Vi Vj,[VM] Compress Vj by (VM) to Vi.

005400 153jANT Vi[VM] V) Expand Vj by (VM) to Vi.

N New instruction (not available on CRAY C90 series systems).

T Triton mode only.

Special Cases

Hold-issue Conditions

HTM-119-A

Instructions 005400 15® and 005400 15@3 are privileged to Triton
mode. If these instructions are executed in C90 mode, the results are
undefined.

For instruction 005400 152, kf= 0, then (K) = 1.

For instruction 005400 1%3, if i =j, then the instruction operates as a
no-op.

Instruction 005400 1581 does not support vector chaining to subsequent
instructions. That is, if the result register of a 005400Qj158struction is

the same as an operand register of a subsequent instruction, the subsequent
instruction does not begin processing elements until the 0054¢Q 153
instruction has processed all elements.

Instruction 005400 152:

* Register \ reserved as operand.

* Register A reserved (except AO).

* Register Vreserved 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 152: VL/2 + 5 CPs.
e Instruction 005400 153: VL/2 + 9 CPs.
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Instructions 005400 14® and 005400 153.:

Execution Time

Register Y reserved as operand.
Register Vreserved 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 071, 146, 147, and 005400 153: 3 CPs

* Instruction 175: VL/2 + 8 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
* Instruction 005400 153: VL/2 + 9 CPs.

NOTE: For instructions 005400 1§8 and 005400 15Q., X is the

number of bits in VM including and to the left of the right-most
1 bit.

Instruction 005400 152:

Instruction issue: 2 CPs.
Register Y ready: VL/2 + 5 CPs (if no delays encountered).

Vector shift functional unit ready: VL/2 + 6 CPs (if no delays
encountered).

Register Vready: VL/2 + 13 CPs (if no delays encountered).

Instruction 005400 15/0:

144

Instruction issue: 2 CPs.
VM register ready: 4 CPs.

Register \ ready: X/2 + 4 CPs (if no delays encountered).
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Instruction Descriptions

*  Vector shift functional unit ready: X/2 + 9 CPs (if no delays
encountered).

* Register Vready: X/2 + 13 CPs (if no delays encountered).
Instruction 005400 154L:

* Instruction issue: 2 CPs.

* VM register ready: 3 CPs.

* Register ready: X/2 + 8 CPs (if no delays encountered).

*  Vector shift functional unit ready: X/2 + 9 CPs (if no delays
encountered).

* Register Vready: 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.

Instructions 005400 152 and 005400 153 use the vector shift functional
unit.

Instruction 005400 15§k

Instruction 005400 15§ transmits the contents of elementk)#rough
VL -1 of register Y to elements 0 through VL —1 —kf\of register V.

Instruction 005400 158

Instruction 005400 15 compresses registef,Wising the VM register
as a mask, and transmits the result to register V

The operation of instruction 005400 1j%Bis as follows: First, two
element counters (one each for registarand \{) are initialized to zero.
The VM register is then scanned from right to left. For each 0 bit in VM,
the \j element counter is incremented and the scan continues with the
next bit. For each 1 bit in VM, an element is transmitted from regigter V
to register V (the element counters determine the position within each
register), and the element countersiothregisters are incremented.
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The element counter for register fdlls behind the counter for registej V
by one position for each 0 bit in register VM. If X is the number of 1 bits
in VM, only elements 0 through X —1 of registdarare written; elements

X through 127 are not changed.

Example:
VM = 10010...0,
V2 element 0 = 1
V2 element 1 = 2
V2 element 2 = 3
V2 element 3 = 4

Theresults of executing instruction 005400 153120 (V1 V2,[VM])

are:
V1 element O = 1
V1 element 1 = 4
V1 elements 2 — 127 = unchanged

Instruction 005400 1531

Instruction 005400 1581 expands registerjVusing the VM register as a
mask, and transmits the result to register V

The operation of instruction 005400 1)33is as follows: First, two

element counters (one each for registarand \{) are initialized to zero.

The VM register is then scanned from right to left. For each 0 bit in VM,
the M element counter is incremented and the scan continues with the next
bit. For each 1 bit in VM, an element is transmitted from registéo V
register Y (the element counters determine the position within each
register), and the element countersiothregisters are incremented.

The element counter for registey Mlls behind the counter for register V
by one position for each 0 bit in register VM. If X is the number of 1 bits
in VM, only elements 0 through X —1 of registerafe read; elements X
through 127 are not used.

Example:
VM = 10010... 0,
V1 element O = 1
V1 element 1 = 4
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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
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Instructions 154 through 157

Machine Instruction CAL Syntax Description

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

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

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

156/0k Vi -Vks Transmit two's complement of (Vk elements) to
Vielements.

157ijk Vi Vj-Vk Transmit integer differences of (Vj elements)
and (Vk elements) to Vi elements.

S Special CAL syntax.

Special Cases

For instructions 154 and 156: jI£ 0O, then (§ = 0.

Hold-issue Conditions

Instructions 154 and 156:

* Register $reserved (except SO).

* Register \kreserved as operand.

* Register Vreserved as operand or result.

* Instruction 076 or 077 issued in the preceding 2 CPs.

*  \ector add functional unit busy. Instruction 154 through 157 cause
this functional unit to be busy for VL/2 + 5 CPs.

Instructions 155 and 157:

* Register Y or VK reserved as operand.

* Register Vreserved as operand or result.

* Instruction 076 or 077 issued in the preceding 2 CPs.

*  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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Instructions 154 and 156:
e Instruction issue: 1 CP.
* Register \kready: VL/2 + 4 CPs (if no delays encountered).

e  Vector add functional unit ready: VL/2 + 5 CPs (if no delays
encountered).

* Register Vready: VL/2 + 9 CPs (if no delays encountered).
Instructions 155 and 157:
] Instruction issue: 1 CP.

* Registers Yand \k ready: VL/2 + 4 CPs (if no delays
encountered).

e Vector add functional unit ready: VL/2 + 5 CPs (if no delays
encountered).

* Register Vready: 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.

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 0 of the
V registers and increment the element number by 1 for each operation
performed.

Instructions 154 through 157 use regist&rag one of the operands.
Instructions 154 and 156 use registeaSthe second operand. (The
functional unit holds a copy of register. STherefore a subsequent
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instruction can change registgri@mediately without affecting the vector
instruction.) Instructions 155 and 157 use regisjeas/the second
operand. All results are delivered to register V

Instruction 154ransmits the integer sums of registeaBd elements of
register \k to elements of registen V

Instruction 158ransmits the integer sums of registgrelements and
register \k elements to registeri élements.

Instruction 15@ransmits the integer differences of registeai&d
elements of register kto elements of registenV

Instruction 15%ransmits the integer differences of registgeléments
and register ¥ elements to registeri élements.
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Instructions 160 through 167

Machine Instruction CAL Syntax Description

160ijjk Vi SFFVK Transmit floating-point products of (Sj) and
(Vk elements) to Vi elements.

161ijjk Vi VFVK Transmit floating-point products of (Vj
elements) and (Vk elements) to Vi elements.

162ijk Vi SfFHVK Transmit half-precision rounded floating-point
products of (Sj) and (Vk elements) to Vi
elements.

163ijk Vi VjHVk Transmit half-precision rounded floating-point
products of (Vj elements) and (Vk elements) to
Vielements.

164ijk Vi SFRVk Transmit rounded floating-point products of (S))
and (Vk elements) to Vi elements.

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

166ijkP Vi Sk Transmit integer products of (Sj) and
(Vk elements) to Vi elements.

167ijk Vi V*IVk Transmit 2 — (Vj elements) * (Vk elements) to
Vi elements (reciprocal iteration).

D Difference in operation between Triton mode and C90 mode.

Special Cases

For instructions 160, 162, 164, and 166j #0, then (§ = 0.

Hold-issue Conditions
Instructions 160, 162, 164, and 166:
* Register $reserved (except SO).
* Register \k reserved as operand.
* Register Vreserved as operand or result.
* Instruction 076 or 077 issued in the preceding 2 CPs.

*  Floating-point multiply functional unit busy. Instruction 160 through
167 cause this functional unit to be busy for VL/2 + 5 CPs.
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Execution Time

152

Instructions 161, 163, 165, and 167:

Register Y or Vk reserved as operand.
Register Vreserved 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 \kready: VL/2 + 4 CPs (if no delays encountered).

Floating-point multiply functional unit ready: VL/2 +5 CPs (if no
delays encountered).

Register Vready: VL/2 + 12 CPs (if no delays encountered).

Instructions 161, 163, 165, and 167:

Instruction issue: 1 CP.

Registers Yand \k ready: VL/2 + 4 CPs (if no delays
encountered).

Floating-point multiply functional unit ready: VL/2 +5 CPs (if no
delays encountered).

Register Vready: 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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Instructions160 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 ofsll 0’
(floating-point 0); no flag is set. If overflow occurs, the result returned is
as follows: sign bit = 0, exponent = 60@0&nd 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 registé&rag one of the operands.
Instructions 160, 162, 164, and 166 use regigtas3$he second operand.
(The functional unit holds a copy of registgr Sherefore, a subsequent
instruction can change registgri@mediately without affecting the vector
instruction.) Instructions 161, 163, 165, and 167 use regigtas the
second operand. All results are delivered to register V

Instructions 160 and 161

Instructions 160 and 161 perform floating-point multiplication without
rounding.

Instruction 16Gransmits the floating-point products of registgasd
elements of register kto elements of registen V

Instruction 16ltransmits the integer sums of registgreléements and
register \k elements to registeri élements.

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 162ransmits the half-precision rounded floating-point

products of registerjnd elements of registek¥o elements of register
Vi.
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Instruction 163ransmits the half-precision rounded floating-point
products of register Melements and registeik\élements to registeriV
elements.

Instructions 164 and 165

Instructions 164 and 165 perform rounded floating-point multiplication.
These instructions can be used in the division algorithm.

Instruction 164ransmits the rounded floating-point products of regisger S
and elements of registek\fo elements of registenV

Instruction 168ransmits the rounded floating-point products of register
V] elements and registeik\élements to registeri élements.

Instruction 166

Instruction166 performs integer multiplication. No overflow conditions
are reported.

In C90 mode, instruction 1@6ansmits 32-bit integer products of register

Sj and elements of registekk\o elements of registeriVThe $ operand

must be left shifted 31 places so that it is in bit positions 31 through 62;
bits 0 through 30 must be 0’'s. Thé& ¥perands must be left shifted 16

places so that they are in bit positions 16 through 47; bits 0 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 O’s.

In Triton mode, instruction 166 transmits the 40-bit integer products of
register $and elements of registek\¥o elements of registen Only

bits 0 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 registeik\élements to registeri\élements. 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 (Sj) and (Vk
elements) to Vi elements.

1700k Vi +FVKS Transmit normalized (Vk elements) to Vi
elements.

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

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

1720k Vi -FVKS Transmit normalized negatives of (Vk
elements) to Vi elements.

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

S Special CAL syntax.

Special Cases

For instructions 170 and 172: jIE O, then (§ = 0.

Hold-issue Conditions

Instructions 170 and 172:

* Register $reserved (except SO).

* Register kK reserved as operand.

* Register Vreserved as operand or result.

* 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:
* Register \ reserved as operand.

* Register kreserved as operand.

HTM-119-A Cray Research Proprietary 155



Instruction Descriptions

Execution Time

Register Vreserved as operand or result.
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 154 and 156:

Instruction issue: 1 CP.
Register \k ready: VL/2 + 4 CPs (if no delays encountered).

Vector add functional unit ready: VL/2 +5 CPs (if no delays
encountered).

Register Vready: VL/2 + 12 CPs (if no delays encountered).

Instructions 155 and 157:

Instruction issue: 1 CP.

Registers Yand \kready: VL/2 + 4 CPs (if no delays
encountered).

Vector add functional unit ready: VL/2 +5 CPs (if no delays
encountered).

Register Vready: VL/2 + 12 CPs (if no delays encountered).

NOTE: Vector instructions may or may not start execution immediately

156

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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Instructions170 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(fbating-point 0);
no flag is set. If overflow occurs, the result returned is as follows: sign
bit = 0, exponent = 600@0and 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 regist&rag one of the operands.
Instructions 170 and 172 use registeaSthe second operand. (The
functional unit holds a copy of register. STherefore, a subsequent
instruction can change registgri@mediately without affecting the vector
instruction.) Instructions 171 and 173 use regisjendthe second
operand. All results are delivered to register V

Instruction 17Gransmits the floating-point sums of regist¢raBd
elements of register kto elements of registenV

Instruction 17Xransmits the floating-point sums of registgrélements
and register ¥ elements to registeri élements.

Instruction 17Zransmits the floating-point differences of registpaid
elements of registerkto elements of registen V

Instruction 173ransmits the floating-point differences of registgr V
elements and registerk\élements to registeri \élements.

Cray Research Proprietary 157



Instruction Descriptions

Instruction 174 jjO

Machine Instruction CAL Syntax Description
1740 Vi IHV} Transmit floating-point reciprocal approxima-
tion of (Vj elements) to Vi elements.

Special Cases

Hold-issue Conditions

Execution Time

158

The operands must be normalized (bit 47 should be 1). If an operand is
not normalized, the result is invalid.

Register Y reserved as operand.

Register Vreserved as operand or result.

Instruction 0740 issued in the preceding 19 CPs.
Instruction 076 or 077 issued in the preceding 2 CPs.

Floating-point reciprocal approximation functional unit bu¥ye
following instructions cause this functional unit to be busy for the
following intervals:

* Instruction 07¢1: VL/2 + 10 CPs.
* Instruction 1740: VL/2 + 12 CPs.
e Instructions 1741 through 1743: VL/2 +5 CPs.

Instruction issue: 1 CP.
Register \ ready: VL/2 + 4 CPs (if no delays encountered).

Floating-point reciprocal approximation functional unit ready: VL/2 + 12
CPs (if no delays encountered).

Register Vready: 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 1740 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 20002 or greater than 600@1the result returned is as follows: sign
bit = 0, exponent = 600@0and 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 instructionjD7i4 determined

by the contents of the VL register. All operations start with element O of
the V registers and increment the element number by 1 for each operation
performed.

Instruction 1740 transmits the floating-point reciprocal approximation of
register \f elements to registeriélements. 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 iterationjkl@nd
multiply (160jk) sequence.
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Instructions 174 j1 through 174 jj3

Machine Instruction CAL Syntax Description
174i1 Vi PVj Transmit population count of (Vj elements) to
Vielements.
174i2 Vi Qvj Transmit population count parity of (Vj
elements) to Vi elements.
1743 Vi ZVj Transmit leading zero count of (Vj elements) to
Vielements.

Special Cases

For instruction 1743: If (Vj element) = 0O, then (\element) = 64.

Hold-issue Conditions
Register Y reserved as operand.
Register Vreserved as operand or result.
Instruction 0740 issued in the preceding 19 CPs.
Instruction 076 or 077 issued in the preceding 2 CPs.

Vector population/parity/leading-zero count functional unit buBye
following instructions cause this functional unit to be busy for the
following intervals:

e Instruction 07¢1: VL/2 + 10 CPs.
* Instruction 1740: VL/2 + 12 CPs.
e Instructions 1741 through 1743: VL/2 +5 CPs.

Execution Time
Instruction issue: 1 CP.
Register \ ready: 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 Vready: 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 1741 through 1743 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 1§4 through 1743. All operations start with
element O of the V registers and increment the element number by 1 for
each operation performed.

Instruction 1741 counts the number of 1 bits in elements of regisier V
and transmits the results to bits O through 6 of the corresponding elements
of register V. Bits 7 through 63 of thei\élements are cleared to 0’s.

Instruction 1742 counts the number of 1 bits in elements of regisier V
Bit O of each couns transmitted to bit O of the corresponding elements of
register V. Bits 1 through 63 of thei\élements are cleared to O’s.

Instruction 1743 counts the number of zeroes to the left of the
most-significant 1 bit in elements of registgrand transmits the results to
bits 0 through 6 of the corresponding elements of registeBis 7

through 63 of the Melements are cleared to 0’s.
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Instructions 1740 j4, 17405, and 174 ij6

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.
174ij6 Vi VBT Transmit bit-matrix product of (Vj) and (BT) to
Vi,

N New instruction (not available on CRAY C90 series systems).

Special Cases

Hold-issue Conditions

162

None.

Instructions 1743 and 174{b:

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

Bit-matrix multiply functional unit busy. Instructions 1740
174Q5, and 1746 cause this functional unit to be busy for VL/2 + 5
CPs.

Instruction 1746:

Register Y reserved as operand.

Register Vreserved as an operand or result.

Instruction 076 or 077 issued in the preceding 2 CPs.
Bit-matrix multiply functional unit busy. Instructions 1740

174Q5, and 1746 cause this functional unit to be busy for VL/2 + 5
CPs.
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Description
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Instructions 17413 and 174{b:
e Instruction issue: 1 CP.
* Register \ ready: VL/2 + 4 CPs (if no delays encountered).

e Bit-matrix multiply functional unit ready: VL/2 +5 CPs (if no
delays encountered).

Instruction 1746:
e Instruction issue: 1 CP.
* Register \ ready: VL/2 + 4 CPs (if no delays encountered).

e Bit-matrix multiply functional unit ready: VL/2 + 5 CPs (if no
delays encountered).

* Register Vready: 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 174§, 17405, and 1746 use the bit-matrix multiply
functional unit. This functional unit contains a 64 wer@4 bit matrix
called B.

Instruction 1744 transmits elements O through 63 of registetothe 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 174{b transmits elements 64 through 127 of regisfetoMhe
B matrix. It also sets the Bit Matrix Loaded (BML) bit in the status field
of the exchange package.

Instruction 1746 transmits to registeri\the bit-matrix product of the
contents of register Mand the contents of'/Ematrix B transposed). B
must have been previously loaded with instruction j#40 174¢5.
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Instruction 175

Machine Instruction CAL Syntax Description

1750/0 VM Vj,Z Set VM bit if (Vj element) = 0.

175041 VM Vj,N Set VM bit if (Vj element) # 0.

1750/2 VM Vj,P Set VM bit if (Vj element) > 0.

175043 VM VjM Set VM bit if (Vj element) < 0.

175i/4 Vi,VM Vj,Z Set VM bit if (Vj element) = 0 and store
compressed indices of Vj elements = 0 in Vi.

175i5 ViVM VJ,N Set VM bit if (Vj element) # 0 and store
compressed indices of Vjelements # 0 in Vi.

175ij6 ViVM Vj,P Set VM bit if (Vj element) = 0 and store
compressed indices of Vjelements = 0 in Vi.

175i7 ViVM VjM Set VM bit if (Vj element) < 0 and store
compressed indices of Vj elements < 0 in Vi.

Special Cases

Hold-issue Conditions

164

None.

Instructions 1780 through 1753:

Register Y reserved as operand.

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 071, 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.

. Instructions 146 and 147: VL/2 + 5 CPs.
. Instruction 175: VL/2 + 6 CPs.
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Instructions 1754 through 1757:

* Register \{ reserved as operand.

* Register Vreserved 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 071, 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.

. Instructions 146 and 147: VL/2 + 5 CPs.

. Instruction 175: VL/2 + 6 CPs.

Execution Time
Instructions 1780 through 1753:
* Instruction issue: 1 CP.
* Register \ready: 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 1754 through 1757:
e Instruction issue: 1 CP.
* Register \ ready: VL/2 + 4 CPs (if no delays encountered).

* VM register ready: VL/2 + 8 CPs (if no delays encountered).
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*  Full vector logical functional unit ready: VL/2 + 6 CPs (if no delays
encountered).

* Register Vready: 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

The 175 instructions use the full vector logical function 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 176 through 1743

Instructions 1780 through 1753 test the elements of registeyr gr 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 O’s.

Instruction 17§0 tests each Melement (up to element VL-1) for a zero
condition and sets VM accordingly. An element is zero if all bits are 0’s.

Instruction 17§1 tests each Melement (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 1742 tests each Melement (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 174 3 tests each Melement (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 1754 through 1757

Instructions 1784 through 1757 test the elements of registeyr fgr a
specified condition in exactly the same way as instructiong@ #rough
175ij3. In addition to loading the VM register, instructionsijl&5s
through 1747 generate a compressed index in registafthe element
that meets the test condition.

The compressed index is generated as follows. The number of the first
element of register Mhat meets the test condition is stored in element O

of register Y. The number of the second element that meets the test
condition is stored in element 1 of register he 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 registpthdt meet the test
condition. Elements X through 127 of registerye not changed.

Instruction 17§4 tests each \element (up to element VL-1) for a zero
condition. It sets VM accordingly and generates a compressed index in
register Y. An element is zero if all bits are 0’s.

Instruction 17§5 tests each Melement (up to element VL-1) for a
nonzero condition. It sets VM accordingly and generates a compressed
index in register ¥ An element is nonzero if one or more bits are 1.

Instruction 1746 tests each Melement (up to element VL-1) for a
positive or zero condition. It sets VM accordingly and generates a
compressed index in register. VAn element is positive or zero if its sign
bit (bit 63) is 0.

Instruction 17§ 7 tests each Melement (up to element VL-1) for a
negative condition. It sets VM accordingly and generates a compressed
index in register V An element is negative if its sign bit (bit 63) is 1.

Example:

VM

V2 element O
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 ... O,

OO0 oo PMMNOOUIOR
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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 element5 =
V1 elements 6 — 127 = unchanged

O Oo~NPWER
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Instructions 176 and 177

Machine Instruction CAL Syntax Description
1760k Vi ,AO0,Ak Load Vifrom memory starting at address (A0)
and incrementing by (AK).
176/00 Vi ,A0,15 Load Vifrom consecutive memory addresses
starting at (A0).
1761k Vi ,AO,Vk Load Vifrom memory using addresses (A0) +
(VK).
005400 176ijkNT ViVj JA0:AkVk Load Vifrom memory using addresses (A0) +
(VK) and load Vj from memory using addresses
(AK) + (VK).
1770jk JAQAk Store (V) to memory starting at address (A0)
and incrementing by (AK).
17700 ,AO0,1 V5 Store (V)) to consecutive memory addresses
starting at (A0).
1771jk AO VK Vi Store (V) to memory using addresses (A0) +
(VK).

N New instruction (not available on CRAY C90 series systems).

T Triton mode only.
S Special CAL syntax.

Special Cases

Hold-issue Conditions

HTM-119-A

For instructions 170k and 177§k: If k=0, (AK) = 0 and the address
increment is 1.

Instruction 17&0k:

* Register AO or A reserved.

* Register Vreserved as operand or result.

e Scalar load issued in the preceding 4 CPs.

e Cache miss sequence in progress.

e Ports A and B busy.

e Bidirectional memory (BDM) bit clear and port C busy.

Instruction 1761k:

* Register AO reserved.
* Register \kreserved as operand.
* Register Vreserved as operand or result.
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e Scalar load issued in the preceding 4 CPs.
 Ports A and B busy.
e Bidirectional memory (BDM) bit clear and port C busy.

Instruction 005400 17fk:

* Register AO or Areserved.

* Register \kreserved as operand.

* Register Vor V] reserved as operand or result.

e Scalar load issued in the preceding 4 CPs.

* Cache miss sequence in progress.

e Port A or B busy.

* Bidirectional memory (BDM) bit clear and port C busy.

Instruction 177{x:

* Register AO or A reserved.

* Register \ reserved as operand.

* Port C busy.

* Bidirectional memory (BDM) bit clear and port A or B busy.

Instruction 177}k:

* Register AO reserved.

Register Y or Vk reserved as operand.

Port C busy.

Bidirectional memory (BDM) bit clear and port A or B busy.

Execution Time

Instruction issue:

* Unprefixed instructions: 1 CP.
e 005400-prefixed instruction: 2 CPs.

Instruction 17&0k:

e PortAorBbusy: VL/2+5 CPs.

e Ata minimum, \f ready in VL/2 + 40 CPs (4-processor systems and
smaller), VL/2+ 57 CPs (8-processor systems and larger).
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Instruction 1761k and 005400 17fk:

e Port AorBbusy: VL/2 +10 CPs.

e Ata minimum, \f ready in VL/2 + 43 CPs (CRAY T94 and smaller
systems), VL/2+ 60 CPs (CRAY T98 and larger systems).

Instruction 177{kx:

* Register \ busy: VL/2 + 4 CPs.
e Port Cbusy: VL/2 +5 CPs.

Instruction 177k:

* Registers Yand \k busy: VL/2 + 4 CPs.
e Port C busy: VL/2 +10 CPs.

For instruction 176, additional time can be addeditacéess because of
memory conflicts. There can also be about 3 CPs of additional delay in
some cases because of system path-length differences and memory-timing
phases.

Description

Instructions 176 and 177 transfer blocks of data between common
memory and the V registers. The contents of the vector length (VL)
register determine the number of words transferred.

Instruction 17&

Instruction 1780k transfers data from common memory to regisier V
Register A0 contains the initial (base) address. Regi&teoAtains the
address increment (stride), which can be either positive or negative.

The first data word is transferred from memory address (AO) to element O
of register Y. Then the memory address is incremented &y &hd the
memory word at the new address is transferred to the next element of
register V. This process continues until (VL) words have been
transferred.

Instruction 1761k

Instruction 1761k transfers data from common memory to regisier V
Register A0 contains the initial (base) address. RegisteoNtains
address indexes. This is the gather instruction.
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For each element (word) transferred to regisiethé memory address is
the sum of (AO) and the corresponding element of regikerMius V0]
is loaded from address (AO) + KM]), Vi[1] is loaded from address (A0)
+ (VK[1)), etc.

Instruction 005400 17fk

Instruction 005400 17fk transfers data from common memory to

registers Yand \ in two separate data transfers that occur
simultaneously. Register AO contains the base address for the transfer to
register VY. Register A contains the base address for the transfer to
register \j. Register ¥ contains address indexes for both transfers. This
is the double gather instruction.

For each element (word) transferred to regisiethé memory address is
the sum of (AO) and the corresponding element of regikerMus \[0]
is loaded from address (AO) + K§]), Vi[1] is loaded from address (A0)
+ (VK[1]), etc.

For each element (word) transferred to registethe memory address is
the sum of (&) and the corresponding element of registkr Yhus \j[0]
is loaded from address KA+ (VK[O]), Vj[1] is loaded from address ki

+ (VK[1]), etc.

Instruction 177§k

Instruction 177{k transfers data from registef ¥ common memory.
Register A0 contains the initial (base) address. Regis&teoAtains the
address increment (stride), which can be either positive or negative.

The first data word is transferred from element O of regisitéo Yhemory
address (A0). Then the memory address is incrementedkpafél the

next element of registeri V6 transferred to the new address. This process
continues until (VL) words have been transferred.

Instruction 177}k

Instruction 177}k transfers data from registef ¥ common memory.
Register A0 contains the initial (base) address. RegisteoNtains
address indexes. This is the scatter instruction.

For each element (word) transferred from regisiethé memory address
is the sum of (AO) and the corresponding element of regi&teMus
Vi[0] is stored to address (AO) + Kj0]), Vi[1] is stored to address (A0) +
(VK[1]), etc.
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Common memory addressing

In C90 mode, for instructions 1i& and 177§k, the 32-bit contents of
register AO are added to the 32-bit contents of registdoAroduce
32-bit logical memory addresses. For instructiond 7617713k, and
005400 178k, the 32-bit contents of register AO (also registkrfdy
005400 178k) are added to bits 0 through 39 of registé&n® 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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