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Record of Revision

March 1996

Original printing.

Revision A: February 1996

Updated to add user-mode vector instruction timing and issue Tadiiee (29
and to correct inaccuracies in instruction hold issue conditions.

Revision B: April 1997

Updated to add information for the CRAY J90se™ series and a quick-reference
table for all CPU instructiond &ble 30.
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Descriptions of Changes in this Revision

NOTE: In this document, the terms “CRAY J90 Classic” and “CRAY J90
System (J90)” refer to the same product. Additionally, references to
the “CRAY J90 series” also apply to the CRAY J90se series,
hereafter referred to as J90se.

Scalable Input/Output Subsystem (S10) Overview

This revision adds an overview of the J90se SIO and GigaRing™ channel.

GigaRing I/O Section

This section adds information on the GigaRing I/O to supplement the “VME 1/O
Section” information.

This section describes the following related topics:

* MPN

* IPN

* FCN

* HPN-1 and HPN-2
* BMN

* ESN

* FOX

* Error Handling and Reporting

Exchange Package Diagram

Figure 6now reflects the addition of 2 ID bits that indicate the CPU type. The
2 left-most bits in word 7 changdeigure 6adds a table that indicates processor

type.

CSM-0301-0B0O Cray Research Proprietary 11
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Real-time Clock
The“Real-time Clock’description adds the following note:

NOTE: Onthe J90se CPU, the real-time clock increments at the system
clock rate, not the CPU clock rate (twice the system clock rate).
Therefore, on a J90se CPU, two successivédl7iRstructions that
issue during the same system clock period will return the same
value.

Programmable Clock
The“Programmable Clocktlescription adds the following note:

NOTE: On the J90se CPU, the programmable clock operates at the CPU
clock rate (twice the system clock rate).

Cache Memory
The“Cache Memory’description adds the following note:

NOTE: On aJ90se CPU, the cache read latency remains unchanged at 7 CPs
(3.5 system CPs).

CPU Instructions

Quick Reference Table of CPU Instructions ( Table 30)

This revision adds a quick reference table of all J90 CPU instrucliah&e(30).

Instruction Note

The following note was added to the instructions 0010-0012,;0008141,
00143, 00161, 0020, 0027, 0030, 0034, 0036, 0037,ijJ2034-037, 0730,
07302, 0733, 076, 077, 1§13h, 140-147, 150-151, 152-153, 154-155,
160-167, 170-173, 174, 175, and 176-177:

NOTE: OnaJ90se CPU, instructi@must be synchronized with the system
clock, which runs at half the rate of the CPU clock. Therefore, a
1-CP hold issue may occur for clock alignment.

12 Cray Research Proprietary CSM-0301-0B0O
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Instructions 0050, 0070, 024 and 025

The following additions and deletions were made to the “Hold Issue Conditions”
for instructions 0050, 0070, 024 and 025:

Additions Deletions

Classic CPU: Instruction 034 in Instruction 034 or 035 in progress.
progress.

J90se CPU: Instruction 034 in

progress with block length less than

or equal to 109and register & not
yet written.

J90se CPU: Instruction 034 in
progress with block length greater
than 10@.

Instruction 035 in progress.

Instructions 034 and 036

The following note was added under “Execution Time” for instructions 034 and
036:

NOTE: On the J90se CPU, instructions 034 and 036 with a block
length of less than or equal to j0@lease the B or T registers
individually as they are written. This is different from the J90
classic CPU, where all the B or T registers are reserved until
the last register is written.

Instruction 072 00

The following note was added to instruction @2

NOTE: On the J90se CPU, the real-time clock increments at the system
clock rate, not the CPU clock rate (twice the system clock rate).
Therefore, on a J90se CPU, two successiveé0l7iRstructions that
issue during the same system clock period will return the same
value.

CSM-0301-0B0O Cray Research Proprietary 13
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Instructions 074 and 075

Instructions 074 and 075 were separated from instruction 073. Also, the
following additions and deletions were made to the “Hold Issue Conditions” for
instructions 074 and 075:

Additions Deletions

Classic CPU: Instruction 036 in Instruction 036 or 037 in progress.
progress.

J90se CPU: Instruction 036 in
progress with block length less than
or equal to 109and register jk not
yet written.

J90se CPU: Instruction 036 in
progress with block length greater
than 10@.

Instruction 037 in progress.

14 Cray Research Proprietary CSM-0301-0B0O
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CRAY J90 System Overview

This section provides a general, technical description of the CRAY J90 Classic
and CRAY J90se computer hardware architecture.

CRAY J90 Classic System

Cray Research refers to the original CRAY J90 systems that were delivered
between March 1995 and fall of 1996 as CRAY J90 Classic systems. These
systems were installed with CRAY J90 Classic processor modules and use the
CRAY J90 Classic VME 1/O. It is possible to add new CRAY J90se processor
modules to these systems and benefit from their increased performance and yet
continue to use the CRAY J90 Classic VME 1/0O. It is also possible to upgrade
a CRAY J90 Classic system to a CRAY J90se system if desired. This upgrade
requires that all CRAY J90 Classic processor modules be replaced with

CRAY J90se processor modules and that the CRAY J90 VME 1/O be replaced
with the Cray scalable 1/0 subsystem and GigaRing channels.

CRAY J90se System

The CRAY J90se system is a refinement of the CRAY J90 Classic system. Al
CRAY J90se systems use only the new CRAY J90se processor module and the
scalable I/0 subsystem (SIO) with the Cray GigaRing channel. The CRAY J90
series GigaRing interface is based on the scalable 1/O architecture. This design
uses a dual counter-rotating ring-based interconnect and associated protocol for
communication among Cray Research mainframes and peripherals.

Scalar performance in the J90se series increased approximately 40% over that
of the J90 Classic with the inclusion of a redesigned PC ASIC, which is called
the PC+ ASIC. The PC+ ASIC operates at twice the clock rate of other ASICs.

CSM-0301-0B0O Cray Research Proprietary 15
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Mainframe Overview

16

The CRAY J90 series mainframe contains CPUs, an interprocessor
communication section, a real-time clock, and central memory. A processor
module contains 4 CPUs. Each CPU has a computation section that consists of
operating registers, functional units, and a control section. The control section
determines instruction issue and coordinates the three types of processing
(vector, scalar, and address). The 1/O section, interprocessor communication
section, real-time clock, and central memory are shared by the CPUs and are
calledshared resources

Figure lis a block diagram of a CRAY J90 series mainframe. It shows the
internal organization of the CPU, with paths to central memory and 1/O, and
registers that are distributed among all CPUs within a cluster.

Central memory, which holds program code and data, is shared among all CPUs
in the mainframe. It is available in various sizes and configurations. The 1/0
section provides high-speed data transfers to and from the IOS™. The
interprocessor communication section enables each CPU to synchronize
operation and transfer data to and from other CPUSs.

The balanced CPU architecture enables efficient computation and memory
access for both vector and scalar operations. Separate registers and functional
units for vector and scalar operations support both integer and floating-point
operations. Vector processing uses a single instruction to perform a repeated
operation on sets of ordered data. Scalar processing uses one instruction to
perform one operation and produce one result.

Sequential vector instructions cause sequential portions of each operation to
occur simultaneously. Therefore, the computational rate for vector processing
greatly exceeds that of scalar processing. Scalar operations complement vector
capability by providing solutions to problems not readily adaptable to vector
techniques. Because the start-up time for vector operations is short, vector
processing is more efficient than scalar processing for vectors that contain as
few as two elements.

Multiple-processor systems enable multiprocessing and multitasking
techniques. Multiprocessing allows several programs to run concurrently on
multiple CPUs within the mainframe. Multitasking allows two or more parts of

a program to run in parallel in separate CPUs and to share a common memory
space.

Cray Research Proprietary CSM-0301-0B0O
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Figure 1. CRAY J90 Series Mainframe Block Diagram
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A Control and/or data from other processors.

The second vector logical functional unit shares
hardware with the floating-point multiply functional unit.

The vector pop/parity functional unit shares
hardware with the floating-point
reciprocal approximation functional unit.

CSM-0301-0B0O Cray Research Proprietary 17
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VME-based I/O Subsystem Overview

18

The CRAY J90 series 10S uses a VME 64-bit bus architecture for data transfers
from central memory to the peripherals. The VME 64-bit bus is a
high-performance industry standard backplane that can connect
vendor-compatible 1/0O controllers to the 10S. RefeFitgure 2for a block

diagram of the IOS and examples of the optional peripheral devices that may be
included in a CRAY J90 series system.

Figure 2. 10S Block Diagram
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Controller Disk Drive Option
Colr?tlrscln(ller Disk Drive Option
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COTna;E)(;a”er Tape Drive Option
CoTr;’j;E;Iler Tape Drive Option

The 10S provides fast data transmission between central memory and peripheral
devices and networks. Data travels from a peripheral device across a data channel
to the device controller, then from the device controller to the input/output buffer
board (IOBB) across the VMEbus. From the I/O buffer board, data travels to
mainframe memory through the Y1 50-Mbyte/s data channel. There are four Y1
channels for each processor module.

The 10S input/output processor (IOP) is the CPU for the I0S. The IOP performs
I/0 functions for the 1/0O controllers, processes external interrupts and CPU 1/O
requests, and executes peripheral driver routines.

Cray Research Proprietary CSM-0301-0B0O
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The VME controller boards enable the 10S to support the following operations
and devices:

e System console operation
¢ Disk subsystems

* Tape subsystem

* Network subsystem

A CRAY J90 series system can contain up to 16 I0Ss, and each processor module
can handle up to four IOSs each. Each of the four possible peripheral cabinets
may contain one to four 10Ss.

Each 10S can support either two or four I/O controllers, plus two required boards:
the IOP and IOBB. The number of controllers that are supported depends on the
type of VME backplane.

NOTE: Each J90se series processor module contains a new channel adapter
board that provides one GigaRing node chip. A new channel adapter
(client interface) and a GigaRing interface board replace the existing
CRAY J90 series channel adapter. This eliminates Y1 channel and
memory HIPPI I/O capability. The GigaRing channel includes a
single-purpose node that supports the HIPPI channel.

Scalable Input/Output Subsystem (SIO) Overview

The CRAY J90se series supports the scalable 1/0O subsystem. This is a
high-performance standard-based 1/O architecture that Cray Research uses on
all new systems.

SIO is a single-cabinet or multicabinet subsystem that provides
high-performance, high-resilience 1/0 support; it is a collection of 1/0O nodes in
which each node is an independent unit that connects to a GigaRing channel.

CSM-0301-0B0O Cray Research Proprietary 19
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GigaRing Overview

The GigaRing channel allows for high-speed communication among Cray
Research mainframes and peripherals, as well as direct interconnect between all
Cray products.

The GigaRing channel incorporates a pair of unidirectional, counter-rotating
rings to support multiple nodes. Each of the two rings has a maximum transfer
rate of 500 Mbytes/s, which provides an effective total bandwidth of 1,000
Mbytes/s. The redundancy (two rings) and counter-rotation enable the GigaRing
channel to operate during a link or node failure at a reduced data rate; the rings
can be folded to map out faulty nodes or channel connections. The
counter-rotating rings also enable shortest-path communication.

A GigaRing channel consists of two or more GigaRing node chips that are
connected and that use GigaRing protocol. Based on the Scalable Coherent
Interface (SCI) standards, GigaRing protocol supports direct memory access,
peer-to-peer messaging, and remote memory data transfers. I/O data and control
information messages pass among mainframes and nodes via the GigaRing
channelFigure 3shows two possible GigaRing channel configurations.

Figure 3. CRAY J90se Four-node GigaRing Channel Configuration

Client
Client Port
GlgaRlng
ﬁ Interface 4—'

. __ GigaRing GigaRing __ .
Client Interface Interface Client
‘—> GigaRing J
Interface
Client

The GigaRing node chip implements the logical layer of the GigaRing channel
and supports the 1/O protocol. A GigaRing node chip contains a client port
interface, incoming and outgoing positive links, and incoming and outgoing
negative linksFigure 4shows a CRAY J90se I/O node. The node chips use a
packet-based protocol and balance the communication loads of the devices
automatically.

20 Cray Research Proprietary CSM-0301-0B0O
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Figure 4. CRAY J90se I/O Node
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NOTE: Each J90se series processor module contains a new channel adapter
board that provides one GigaRing node chip. The new channel
adapter (client interface) and the GigaRing interface board replace
the existing CRAY J90 series channel adapter. This eliminates Y1
channel and memory HIPPI I/O capability. The GigaRing channel
includes a single-purpose node that supports the HIPPI channel.

Communication between nodes occurs when the source node sends packets of
information to a target node. When a client transmits a packet, the packet is
placed in the send buffer of its local interface.This client and its local interface
become the source node. The source node then transmits the packet around the
ring until the packet reaches its target node. Each transfer is protected by a CRC
checksum.
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Network Interfaces

A CRAY J90 series system is designed to communicate easily with front-end
computer systems and computer networks and can function as a stand-alone
system or can be networked into an existing computing environment. The system
can be connected to a multiple-system network with an Ethernet connection or
a fiber-distributed data interface (FDDI) local area network using Transmission
Control Protocol/Internet Protocol (TCP/IP). CRAY J90 series systems also
support asynchronous transfer mode (ATM) protocol (UNICOS 8.0.4.2 release
or above).

Maintenance Platform

The CRAY J90 series maintenance platform consists of amodem and an optional
Telebif® NetBlazef PN dial-up router. The system console is a
SPARCstatiofi 5 Workstation.
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CPU Shared Resources

All CPUs in the CRAY J90 series mainframe share the following resources:

¢ Central Memory
* Interprocessor Communication
* Real-time Clock

Central Memory

Central memory consists of solid-state, dynamic random-access memory
(DRAM) that is shared by all the CPUs and the I/O section. Each memory word
consists of 72-bits: 64 data bits and 8 error-correction bits. These 8 bits are for
single-error correction/double-error detection (SECDED). DRAM chips provide
storage for data and correction bits. The DRAM chips have a 70-ns access time.
In order to improve memory access speed, central memory has multiple banks
that can be active simultaneously. Each central memory bank can be accessed
once every 14 clock periods.

In each CPU, the operating registers, instruction buffers, and exchange package
have access to central memory through memory ports. Each CPU has two ports,
port A and port B, to allow two simultaneous memory references from each CPU
(two memory reads or one read and one write). Another port, port D, is used for
I/0 and instruction fetch operations.
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Memory Instructions

Table 1shows the CPU memory instructions that transfer data between CPU
registers and central memory, or that affect memory operation. The contents of
the database address (DBA) register are added to instruction-generated memory
addresses to form absolute memory addresses.

Table 1. CPU Memory Instructions

Types of

Machine Memory
Instruction CAL Syntax Description References
10hi00mn Ai exp,Ah Read ((Ah) + exp + (DBA)) to Ai exp = nm Scalar
11hi00mn exp,Ah Ai Write (Ai) to ((Ah) + exp + (DBA)) exp = nm
12hi00mn Siexp,Ah Read from ((Ah) + exp + (DBA)) to Siexp=nm
13hi00mn exp,Ah Si Write (Si) to ((Ah) + exp + (DBA)) exp = nm

034ijk Bjk, Ai, AO Read (A/) words from (AO + (DBA)) to Bjk Block

035ijk AO Bjk, Ai Write (Ai) words to (A0 + (DBA)) from Bjk

036ijk Tjk, Ai, AO Read (A/) words from (AO + (DBA)) to Tjk

037ijk AO Tjk, Ai Write (Ai) words to (AO + (DBA)) from Tjk

176i0k Vi, A0,Ak Read (VL) words from (A0 + (DBA)) incremented Stride

by (Ak) to Vi
1770jk AO,Ak Vj Write (VL) words to (AO + (DBA)) incremented by
(Ak) from Vj

176ilk Vi ,A0,Vk Read (VL) words from ((A0) + (Vk) + (DBA)) to Vi Gather

1771jk AO,VK, Vj Write (VL) words to ((AO) + (Vk) + (DBA)) from Vj Scatter
002300 ERI Enable operand range error interrupts None
002400 DRI Disable operand range error interrupts

002500 DBDM Disable bidirectional memory transfers

002600 EBDM Enable bidirectional memory transfers

002700 CMR Complete memory references

Instructions 18i00 through 1Bi00 perform scalar references; each instruction
causes only 1 word to be transferred to or from memory. Instructions 034 through
037 perform block transfers. Each instruction transfers a block of 1 or more
words to or from consecutive memory locations. InstructionfOkahd 177(k
perform stride references. From 1 to 64 words are transferred to or from memory
locations that are separated by a constant increment (stride). Instructidiks 176
and 177§k perform gather and scatter references. These instructions transfer 1
to 64 words to or from randomly programmable locations in memory.
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Instructions 002300 through 002700 affect memory operation. Instructions
002300 and 002400 set and clear the interrupt-on-operand range (IOR) error bit
in the exchange package mode register. Instructions 002500 and 002600 clear
and set the bidirectional memory (BDM) bit in the mode register. Instruction
002700 performs no operation, but it holds issue until all previously issued
instructions complete all memory references. RefePtort‘Utilizatiort for an
explanation of the BDM bit and the 002700 instruction.

In addition to direct memory references that are generated by CPU machine
instructions, there are three ways that memory references are generated
indirectly. First, a no-coincidence condition in a CPU causes an instruction fetch
sequence to begin, which causes 32 consecutive words to be read from central
memory into an instruction buffer. Second, an exchange sequence in a CPU
causes 16 words to be read from central memory and 16 words to be written into
central memory. The third indirect memory reference method occurs when an
I/O transfer to or from an external device causes a block of words to be read
from or written into central memory. Refer tdME I/O Sectiori for details on

I/O transfers.

Logical Organization

Figure 5shows a CPU’s memory ports and paths to central memory. Refer to
this figure while you read the following paragraphs. Central memory is divided
into eight sections. Each memory section is divided into subsections. The number
of subsections depends on the memory configuration of the customer’s system.
Each subsection contains 16 banks (pseudobanks). This arrangement permits
simultaneous memory references by all CPUs in the system. Smaller systems
also have eight sections of memory but have a correspondingly reduced number
of subsections per section of memory.

Each memory section processes the requests from all processor boards in the
system. Each memory section buffers the requests as required by bank busy
signals and requests activity from all CPUs in the system. A memory section
guarantees order for the request from a single CPU but not between CPUs.
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Figure 5. CPU Central Memory Architecture
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Port Utilization

CSM-0301-0B0

Each CPU has two ports: A and B. These ports correspond closely to the port
operations on the CRAY Y-M@’system so that programs written for a
CRAY Y-MP system also run on CRAY J90 series systems.

Ports A and B are both read and write ports that have only one write operation
active at a time (refer tbable 2. This enables a read on port A and a write on
port B or the opposite (a write on port A and a read on port B) if the BDM
(bidirectional memory) mode bit is set in the exchange package. Both ports can
also be active with a read operation.

Table 2. Port Specifications

Type of
Port Reference Port Usage
A Read or Write A registers (10h, 11h instructions)

S registers (12h, 13h instructions)
B registers (034, 035 instructions)
V registers (176, 177 instructions)
Exchange (Read)

B Read or Write T registers (036, 037 instructions)
V registers (176, 177 instructions)
Exchange (Write)

D Read and Write | Fetch
I/O Write Memory and/or
I/O Read Memory

Each processor module can handle nine read references and five write references.
These fourteen references must share eight section paths to memory. A total of
ten references can be active simultaneously. Simultaneous references to the same
section are not permitted because each processor module has only one memory
path into each memory section. Simultaneous and overlapping memory
references from different processor modules are permitted within a section on a
memory module.

The exchange sequence uses ports A and B. Before an exchange can occur, all
CPU and memory activity for that CPU must go inactive. The exchange package
contains 16 words. A new exchange package is read via port A, while the current
exchange package is written to memory via port B. When the fetch address is
generated from the initial exchange package, the fetch operation uses port D
while the exchange completes.

Ensure that the exchange and fetch do not overlap memory loc&iigms 6
shows a CRAY J90 series exchange package. Note the additional mode bit that
is called CE (cache enabled).
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Figure 6. Exchange Package

Hardware | Bits 63 56 55 48 47 41 37 32 31 0
Numbering PN Program Address Register 20
X X X 4321 0121 20 19 18 17 16 12 8 4 32 1 0 -1 -2
Syndrome Instruction Base Address
Al
7 6 54 3 2 1 0|31 24 20 16 12 10 | X X
Memory Error Address Instruction Limit Address A
7 6 5 4 3 2 10|31 10 [x X
Data Base Address
A3
X X X X X X 9 8|31 10 | X X
Error Port ~ Read Data Limit Address
Type Mode Ad
UC|A B D |1 0|X |31 10 | X X
XA VL CLN A5
X X X X X X[1312 11 4 (6 O|X X X 5 4 3 2 1 0
Status Flags E Modes
\% | DbP MFOPMIEN|sPFDB I 1 1 | S I M
N W CLCCPRREOETE|ySPDOTFU C E M M A6
US XX X X X X|XP I UEE E I' X XL SMRPMMX I M
Proc
Type A7
0O DX X X XX XXX X XX X XX XXX X XXX XXX XX X X X CE
«—— Write Only ———> SO
S1
S2
S3
S4
S5
S6
Soft S7
oftware
Numbering_>| 0 63
Read Mode Proc Type
Bit  Bit Port D Bit Bit
1 0 Port A Port B Channel 31 30 Type
0 0 EX Fetch A n+1 0 0 CRAY J90
0 1 B T n+3 0 1 | CRAYJ90se
1 0 Vector Vector n+5
1 1 AIS Fetch B n+7

n = Processor board number X 10 + 20

NOTE: Two exchange package bits designate the processor type, which is
either a CRAY J90 processor module or a CRAY J90se processor
module. Exchange bits in word 7 (bits 30 and 31) are saved in bit
positions 62 and 63 of the full word that is stored to memory. In the
CRAY J90 series systems, both bits are 0’s. In CRAY J90se series
systems, bit 63 is 0 and bit 62 is 1.

UNICOS® compensates for the differences in performance between
CRAY J90 processor modules and CRAY J90se processor modules.
Also, some library routines have been altered to accommodate the
differences in processor performance.
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A fetch operation reads 32 words from memory and loads the data into one of
eight instruction buffers. The fetch operation must complete as soon as possible
to ensure that instructions continue to issue. A fetch uses port A during one cycle
to make a fetch request to the vector array (VA) ASIC, which is an interface to
memory. The VA sends the fetch references to memory through port D. The VA
generates 32 references when it receives a fetch request. The vector array read
data (VB) ASIC is notified of the fetch request. The VB can buffer 4 words of
fetch read data from each of the eight sections of memory per CPU. The first
fetch request that is sent to memory is flagged in the VB. The VB sends the fetch
read data to the CPU in a fixed order beginning with the first requested data
(caused by the stride of 1). The VB uses either port A or port B (depending on
which is available), to send fetch data to the CPU or to the PC ASIC. The PC
retains the address of the first fetch request to properly address data in the
instruction buffer.

The 1/0O and instruction fetch operations use a shared port D control for access
to memory. 1/O is controlled by the channel interface (CI) ASIC. When the I/O
port D requests arrive at the VA ASIC, they have the lowest priority when they
conflict with the other processor ports for the same section. A lockout counter
keeps track of how often port D is denied access (per section). When a limit is
reached, port D receives the highest priority for one cycle. A configuration file
controls the lockout count value. This lockout count is set at the initial start-up
of the system. A separate lockout counter exists for each section of memory.

Conflict Resolution

CSM-0301-0B0

A memory conflict occurs whenever a memory port tries to access a part of
memory that is in use, or whenever two or more ports try to access the same part
of memory at the same time. Intra-CPU conflicts involve ports in the same CPU.
Inter-CPU conflicts involve ports in different CPUs. In both cases, conflict
resolution logic uses a predefined priority scheme to sequence the conflicting
memory references and to maximize overall machine throughput.

There are four types of memory conflicts: section, bank busy, pseudobank busy,
and subsection busy. The following paragraphs explain each type of conflict and
how the conflict is resolved.

Each processor module contains four CPUs and an I/O channel. A section
conflict can be caused by either an intra-CPU conflict or an inter-CPU conflict.
An inter-CPU section conflict occurs when two or more CPUs or two or more
I/O processors try to access the same section of memory. To resolve the
inter-CPU section conflict, a four-slot priority is used in which access to the next
higher-numbered section of memory receives one of four requesting processors
during each cycle. The four slots have a rotating priority through the eight
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sections of memory with two-section spacing between the slots. Two sections
are grouped together to accommodate the four slots. The two-section separation
is required because requests are sent to memory in a read/write pair grouping
that requires two cycles for transmission of write data to memory. In the absence
of a write request, a second read request can be sent. The maximum request
transmission rate across the backplane for a processor board is eight requests
per cycle. This transmission rate can consist of eight reads or a combination of
reads and writes, with a maximum of four write requests per cycle.

The four slots (each a two-section group) have a rotating priority through the
eight sections of memory with two-section spacings between slots. Each slot has
top priority to one section of memory during each cycle. This is the slot’s natural
priority. A natural slot priority that is not in use can be borrowed by another slot;
the three non-natural slots use a priority scheme for borrowing. 1/O is unslotted
and uses any available slot. The user can configure I/O priority from lowest to
highest priority, depending on system requirements. All read and write requests
to memory are handled on a slot basis in which CPU 0 ports A and B share slot
0, CPU 1 ports A and B share slot 1, CPU 2 ports A and B share slot 2, and CPU
3 ports A and B share slot 3, ef@able 3shows this priority scheme.

Table 3. Memory Priority Scheme

Slot Number Groups
Priority 1 234 1234 1 234 1234
Natural slot 1000 0100 0010 0001
Borrowed first 0010 0001 1000 0100
Borrowed second 0100 0010 0001 1000
Borrowed third 0001 1000 0100 0010
Slot number 0 1 2 3

An intra-CPU section conflict occurs when two ports in the same CPU
simultaneously attempt to access the same memory section. Again, a section
conflict occurs because there is only one path to a given section.

A processor board has an independent path into each memory section. Ports A
and B of a CPU have parallel access to these eight paths to the memory sections.
Port priority for a CPU, as determined in the preceding paragraphs, is applied
to ports A and B. If both ports have requests for the same section of memory,
the port with priority has its request sent first (if both are read requests). If one
request is a read and the other is a write, the read request is honored first. (The
default is a result of hardware design.) Thus, a read/write instruction issue
sequence that addresses the same area of memory (same address, same stride)
always has the read request sent to a section of memory before the write request.
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For a single CPU, the order in which requests are sent to a section of memory
is the same order in which those requests are processed in any given bank of
memory.

Forrequests from different CPUs on the same processor board as well as different
processor boards, the order of access to a shared memory bank can be unrelated
to the order in which these requests were sent to the section of memory.

The memory system ensures that memory requests are ordered between the two
CPU ports on a section-by-section basis. Memory requests that issue to the VA
option from the two CPU ports move through the VA buffers and section registers
simultaneously. A request issued by port B may not bypass a request issued by
port A or vice versa. This feature allows for sequential vector and block transfers
with no wait states required. Scalar-to-vector and vector-to-scalar requests may
also be issued in sequence with no delay. Scalar and fetch requests always initiate
from CPU port A. Port B is used only by vector or block transfers. However,
both CPU port A and port B may make simultaneous requests during vector and
block memory transfers.

The VA interface for each memory section has 14 port registers that may hold
pending requests. The VA priority logic determines which of the 14 has highest
priority for that particular cycle. The priority network rotates among the CPUs
and is updated every other cycle. If the highest-priority CPU has no pending
requestto be issued, the priority network checks the CPU that has the next highest
priority for any pending requests. It continues traversing the priority tree until

it finds a request to issue that cycle.

Fetch requests to a section always have highest priority; the 1/0 ports normally
have lowest priority. To prevent an I/O port from being locked out during intense
CPU memory request activity, an 1/0O lockout counter gives the 1/0 request
highest priority (except for fetch) until the request is issued. This count is
configurable so that systems with a high rate of I/O activity can obtain better
memory bandwidth. If a CPU issues simultaneous memory requests to the same
section for both port A and port B, the port A memory request is issued during
cycle 1 of the slot and the port B memory request is issued during cycle 2. An
exception is a write request for port A, because write requests are always issued
during slot cycle 2.

Fetch operations have priority over CPU and I/O activity on a processor board.
A single-cycle fetch request uses port A of a CPU even if itis reserved. The 32
fetch requests that follow have priority over any other CPU memory activity on
the processor board.

A processor module sends a reference to one of eight sections of memory. This
is true for all eight processor modules. Within a section, the reference is routed
to one of eight subsections. In a subsection, the bank that is referenced is checked
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against the 16 banks within a subsection. The reference is held as long as the
requesting bank remains busy. The memory arbiter (MAR) ASIC tracks two
bank busy situations. One situation is called primary bank busy; this is the
situation in which a bank that is referenced remains busy. The other bank busy
situation is pseudobanking, in which a pair of banks shares an address and data
bus. The time during which the pseudobank uses the bus is called the pseudobank
busy time and is considerably shorter than the primary bank busy time.

Memory conflicts are resolved on a subsection basis. Eachldackplane
configuration memory section contains 4 subsections; each subsection contains
16 pseudobanks if fully populated and 8 banks if half populated. A system with

a 2X 2 backplane contains 2 memory subsections. Eight paths from the MAR
ASIC lead to the 8 memory subsections, one path to each subsection. When more
than one reference attempts to use the same subsection within the same clock
period, a subsection conflict occurs. A rotating priority scheme establishes
priority across the processor modules. When all processor modules are active,
each processor module receives access to a subsection once every four cycles.

Guaranteeing Memory Access Order

32

As discussed earlier, each CPU contains two ports: port A and port B. Both ports
can be used for a read or write operation of memory. However, only one of the
ports can be active with a write operation at a time.

When the CPUs and memory must be synchronized, the complete memory
reference (CMR) instruction must be issued. The CMR instruction holds issue
until all references from that CPU are granted bank access. This is important in
a multitasking environment in which a write operation must be complete before
a write reservation is dropped. Other methods (for example, tracking port
reservations or register reservations) ensure that the order of memory
reservations for one CPU is correct, but they do not guarantee that the data
reached memory.

Clearing the BDM bit in the exchange package mode register prevents
out-of-sequence memory references. When the BDM bit is cleared, a memory
read and write cannot occur simultaneously for that CPU. The memory read
instruction holds issue until all write instruction requests are sent to the memory
sections, and the memory write instruction holds issue until all read requests are
sent to memory. The BDM bit has no effect on operations among CPUs.

A zero-length B- or T-register memory write instruction can be used to ensure
the correct order of a write instruction and a subsequent read instruction issued
by one CPU. When the zero-length B- or T-register memory write instruction is
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issued between the write and read instructions, subsequent reads of the same
memory words do not occur ahead of the write. It does not guarantee that the
write data is in memory.

In the CRAY J90 series system, only one gather or scatter instruction can be
active at atime because there is only one address-generation path from the vector
unit (VU) ASIC to the PC ASIC for (K+ AO).

Any active block transfer (B/T) or vector transfer prevents a scalar reference
from issuing. The scalar reference issues when all ports are quiet. The hardware
must ensure that all reads are complete before it grants write requests to memory
with the same starting address and the same stride. A write operation before a
read operation is not ensured.

Calculating Absolute Memory Address

CPU memory reference instructions (listed'able 1) calculate absolute
memory addresses by adding combinations of the following values:

* Aregister contents

* Vregister contents

* DBA register contents

e  3-parcel instructiommfield contents

Each time an instruction makes a memory reference, the memory address that
the instruction generates is added to the content of the DBA register to form the
absolute memory address.

Only the following elements are used to calculate memory addresses: bits O
through 31 of the A register, the V register, DBA register, and 3-parcel
instructionnmfield contents. When the full address is used to address 4 GW of
memory, memory wraparound occurs.
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Address Range Checking

Four registers in the exchange package place a program’s data and instruction
areas in specific locations in memory and allocate specific amounts of memory
to the areas. These registers allow all programs to be relocated. When a program
is written, the programmer does not need to know the memory location of the
instruction and data areas. These registers also enable the programmer to restrict
certain parts of memory from any program. A program may halt if it tries to
perform an instruction outside its allowed instruction area, or if it tries to read

or write data outside its allowed data area. When more than one program
occupies memory at the same time, programs may not be able to perform
instructions or operate on data that belongs to other programs.

The DBA register determines where in memory a program’s data area begins.
Addresses generated by memory reference instructions are relative to the DBA
register.

Each time an instruction makes a memory reference, the memory address that
the instruction generates is added to the contents of the DBA register to form
the absolute memory address. Refer agairatae 1for a list of memory

reference instructions.

The data limit address (DLA) register determines the highest absolute memory
address that the program can use for reading or writing data. Each time an
instruction makes a memory reference, the absolute memory address that the
instruction generates is compared to the DLA and DBA registers. If the absolute
memory address is less than the DLA register and equal to or greater than the
DBA register, the reference proceeds. If the absolute memory address is equal
to or greater than the DLA register or less than the DBA register, an out-of-range
condition exists and the memory reference is aborted by disabling all chip selects
and write enables in the referenced memory bank. The result is that for a memory
write reference, no write operation is performed; for a memory read reference,
all bits are set to 0's.

If the interrupt-on-operand range error (IOR) bit in the mode register of the
exchange package is set, the out-of-range condition sets the operand range error
(ORE) flag in the exchange package flag register and causes an exchange
sequence to begin. If the IOR bit is clear, the program continues to run.

The instruction base address (IBA) register functions similarly to the DBA
register, except that it operates on a program’s instruction area. Each time an
instruction fetch sequence takes place, absolute memory addresses are formed
by adding the relative addresses that are generated by the fetch control logic to
the contents of the IBA register.
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The instruction limit address (ILA) register functions similarly to the DLA
register, except that it operates on a program’s instruction area and has no
provision for continuing program execution when an out-of-range condition
occurs. Ifan absolute memory address generated by an instruction fetch sequence
is less than the ILA register and equal to or greater than the IBA register, the
fetch sequence proceeds. If the absolute memory address is equal to or greater
than the ILA register or less than the IBA register, an out-of-range condition
exists. An out-of-range condition sets the program range error flag in the
exchange package and causes an exchange sequence to begin.

The DBA, DLA, IBA, and ILA registers contain only address bits 10 and above.
Bits 0 through 9 are always 0; therefore, the content of these registers is always
a multiple of 2000 (octal) (1024 decimal). The data and instruction areas must
begin on a 2000 (octal) word boundary and must be a multiple of 2000 (octal)
words.

Address range checking does not occur during exchange sequences and I/O
transfers. Memory addresses that are generated by these operations are absolute
memory addresses.

Error Detection and Correction

Single-error correction/double-error detection (SECDED) circuitry monitors
central memory for data errors. Memory errors that involve only 1 bit in each
data word (single-bit errors) can be detected and corrected by the hardware.
Double-bit errors can be detected but cannot be corrected. Errors that involve
more than 2 bits cannot be reliably detected.

When a 64-bit word (bits O through 63) is written to memory, an 8-bit checkbyte

is generated and stored in memory with the data word. The check bits are
numbered 0 through 7 and are stored as data bits 64 through 71. When the word
is read from memory, a checkbyte is again generated and compared with the
original checkbyte, using an exclusive OR (XOR) operation. The result of the
comparison is called a syndrome code. If all the bits in the syndrome code are
0, the 2 checkbytes are identical and no memory error occurred.

If the syndrome code contains one or more 1 bits, some type of memory error
occurred. The type of memory error (single-bit or double-bit) can be determined
by interpreting the syndrome code. If a single-bit error occurs, the syndrome
indicates the bit in error and the SECDED logic toggles the incorrect bit to its
correct value. If a double-bit error occurs, the syndrome code indicates that there
is an error, but it cannot determine the incorrect bits. Errors that involve more
than 2 bits produce unpredictable results. In some cases, errors produce unique
syndrome codes that can be detected by the SECDED logic. In other cases, the
syndrome code appears to be a no-error condition or a single- or double-bit error.
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Table 4shows the data bits that are used to generate each bit in the checkbyte.
All data bits that are marked with an X contribute to the corresponding check
bit. The parity of all data bits that are marked with an X determines the state of
the check bit. If the parity is even, the check bit is set to 0. If it is odd, the check
bit is set to 1. For example, the data bits that make up check bit 0 are bits 1
through 29 (odd) and 31 through 55 (all). If an even number of these bits is 1,
check bit O is set to logic 0; otherwise, it is set to logic 1.

If a syndrome code other than all O’s is generated, memory error information is
recorded to help isolate the hardware failure. A nonzero syndrome code may
also initiate an exchange sequence, depending on the state of 2 bits in the
exchange package mode register. If the interrupt-on-correctable memory error
(ICM) bit is set, a single-bit (correctable) memory error sets the memory error
flag in the exchange package flag register and starts an exchange sequence. If
the interrupt-on-uncorrectable memory error (IUM) bit is set, a double-bit or
detectable multiple-bit (uncorrectable) error sets the memory error flag and starts
an exchange sequence. If either the ICM or the IUM bit is clear, the
corresponding memory error does not start an exchange sequence and does not
set the memory error flag.

In a CRAY J90 series system, all data that is written to memory must pass
through the VU ASIC so that the VU can create the 8 check bits. When memory
is read, both the VU and PC ASIC perform SECDED. During a scalar read
reference, the PC performs SECDED and reports any errors. During a vector
read reference, the VU and PC both perform SECDED, in which case the PC
reports the error and the VU corrects single-bit errors.

Cray Research Proprietary CSM-0301-0B0O



System Programmer Reference Central Memory

Table 4. Check-bit Generation

Data Bits Data Bits

63 62 61 60 59 58 57 56|55 54 53 52 51 50 49 48
Check Bit 0 X X X X X X X X
Check Bit 1 X X X X X X X X
Check Bit 2 X X X X X X X X X X X X X X
Check Bit 3 X X X X X X X X X X X X X X X X
Check Bit 4 X X X X X X X X
Check Bit 5 X X X X X X X X
Check Bit 6 X X X X X X X X
Check Bit 7 X X X X X X X X

47 46 45 44 43 42 41 40|39 38 37 36 35 34 33 32
Check Bit 0 X X X X X X X X X X X X X X X X
Check Bit 1 X X X X X X X X X X X X X X X X
Check Bit 2 X X X X X X X X
Check Bit 3 X X X X X X X X
Check Bit 4 X X X X X X X X
Check Bit 5 X X X X X X X
Check Bit 6 X X X X X X X
Check Bit 7 X X X X X X X X

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16
Check Bit 0 X X X X X X X X
Check Bit 1 X X X X X X X
Check Bit 2 X X X X X X X
Check Bit 3 X X X X X X X X
Check Bit 4 X X X X X X X X
Check Bit 5 X X X X X X X X
Check Bit 6 X X X X X X X X X X X X X X X X
Check Bit 7 X X X X X X X X X X X X X X X

15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
Check Bit 0 X X X X X X X X
Check Bit 1 X X X X X X X X
Check Bit 2 X X X X X X X X
Check Bit 3 X X X X X X X X
Check Bit 4 X X X X X X X X X X X X X X X X
Check Bit 5 X X X X X X X X X X X X X X
Check Bit 6 X X X X X X X X
Check Bit 7 X X X X X X X X
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Central Memory Performance Summary

Access time is the time an instruction requires to transfer one or more operands
from central memory to an operating register. Access time depends on the type
of register that receives the operand(s) and the number of operands that are
transferred. If no memory conflicts occur, each register type has the following
access times:

NOTE: The times in the following lists are system CPs, not CPU CPs.

e 34 clock periods (CPs) for A registers

* 34 CPs for S registers

e 35 plus block length CPs for B and T registers

e 37 plus vector length CPs for V register stride references
e 42 plus vector length CPs for V register gather references

The maximum central memory data transfer rate equals the number ok@PUs
ports per CPW 1 word per port per CP. The maximum data transfer rates within
a CPU are as follows:

* 1 word (read or write) per 2 CPs for A and S registers

e 2 words (1 read and 1 write) per CP for B, T, and V registers
e 2 words (2 reads) per CP for B, T, and V registers

e 1 word (read) per CP for an instruction fetch

e 2 words (read and write) per CP for an exchange sequence
e 2 words (read and write) per CP for an 1/O transfer

If memory conflicts occur, access times increase and data transfer rates decrease,
which degrades program performance.
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VME 1/O Section

A wide selection of peripherals can interface with the system through the 64-bit
architecture VME 10S, which communicates with the CPU through a Y1
channel. Each processor board supports four Y1 channel pairs. The I/O section
uses port D in each processor board to transfer data between central memory
and 1/0 channelslable 5shows each CPU and its associated 1/0 channels.

The CC ASIC controls all channel activity. There are 2 CC ASICs on each
processor board. Each CC ASIC controls 2 paddle cards/slots; CCO controls
J1:J2 and CC1 controls J2:J3.

Table 5. Processor Modules and Associated Y1 Channel Numbers

CCo CC1
nggilseor Y1 Channels Y1 Channels Y1 Channels Y1 Channels
Number Input Output Input Output Input Output Input Output
0 20 21 22 23 24 25 26 27
1 30 31 32 33 34 35 36 37
2 40 41 42 43 44 45 46 47
3 50 51 52 53 54 55 56 57
4 60 61 62 63 64 65 66 67
5 70 71 72 73 74 75 76 77
6 100 101 102 103 104 105 106 107
7 110 111 112 113 114 115 116 117

NOTE: All channel numbers listed are octal numbers.

Y1 Channel Pairs

CSM-0301-0B0

Each Y1 channel has two registers that can be loaded from any CPU. The channel
address (CA) register contains the address of the next word in central memory
to be transferred. When an 1/O transfer begins, the CA register contains the
address of the first word to be transferred. After the first word is transferred, the
CA register increments. The next word is transferred and the CA register
increments again. This process continues until all words are transferred.

The contents of the channel limit (CL) register determine the address of the last
word in central memory to be transferred. An I/O transfer completes when the
contents of the CA register equal the contents of the CL register. The word at
address (CL) is not transferred; address (CL) - 1 contains the last word
transferred.
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Channel Programming

Any CPU thatis in monitor mode can initiate data transfers through a Y1 channel.
Once a transfer is initiated, the transfer operates as a background activity and
the CPU may resume other processing. When the transfer completes, the channel
sets an I/O interrupt request (10I) flag in a CPU. The CPU that receives the
interrupt request is not necessarily the same CPU that initiated the transfer.

Table 6lists all the instructions that are applicable to the Y1 channels.
Instructions 001& through 001PL perform channel control and can be executed
only by a CPU that is in monitor mode. There is no hardware interlock between
CPUs; the programmer must ensure that two CPUs do not try to control the same
channel at the same time. InstructionsiO83hrough 0331 transmit I/O status
information to register A These instructions are not limited to monitor mode,
and any number of CPUs can execute them simultaneously.

Table 6. Y1 Channel Instructions

Machine

Instructions CAL Syntax Description

0010/k? CAAj Ak Set channel (Aj) CA register to (Ak) and
begin 1/0 sequence

0011/k2 CLAj Ak Set channel (Aj) CL register to (Ak)

001202 CLAj Clear channel (Aj) interrupt and error flags
Clear device master clear (output channel)

0012j12 MC,Aj Clear channel (A)) interrupt and error flags
Set device master clear (output channel)
Clear device ready held (input channel)

033,00 Ai CI Transmit interrupting channel number to Aj

033jj0 Ai CAAJ/ Transmit (CA) of channel (A)) to Aj

033jj1 Ai CEAj Transmit channel (Ay) error flag to Aj

& This instruction is privileged to monitor mode.
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Channel Operations

CSM-0301-0B0

The following sequence of instructions initiates a data transfer through a Y1
channel.

Machine
Step Instruction CAL Comment
1 0011k CL,Aj Ak Sets the CL register to K&\ where A
contains the address of the last word to be
transferred.
2 0010k CA,Aj Ak Sets the CA register to kK where A

contains the address of the first word to
be transferred.

This sequence starts the 1/O transfer and increments the CA register after each
data word transfers to or from the mainframe. On an output channel, the transfer
stops when the contents of CA equal the contents of CL. On an input channel,
the transfer stops when the contents of the CA register equal the contents of the
CL regqister.

It is important to remember two characteristics of the Y1 channels when you
program an I/O transfer. First, the CL register must be loaded before the CA
register; the transfer begins when the CA register is loaded regardless of the
contents of the CL register. Second, the CA register must be loaded with a value
that is less than the contents of the CL register; if the CA register is loaded with
a value that is equal to or greater than the CL register contents, unpredictable
results occur.

The system has two types of logical channels: command and data. CPU
instructions control command input and command output channels. The CPU
uses command output channels to send commands to the IOS; it uses command
input channels to receive status from the I0S. The 10S uses data channels to
transfer data between mainframe memory and I/O buffer board (IOBB) memory.

The multiplexer 1/0 processor (MIOP) initiates all of the actual channel
operations as /O task control blocks (IOTCBs). The MIOP must set up an
IOTCB in IOBB memory for every transfer between mainframe memory and
the IOBB (a maximum of seven outstanding IOTCBs is allowed). There are two
types of IOTCBs: I/0 IOTCBs (S = 0) and console IOTCBs (S Fitjure 7
andFigure 8show the formats of the IOTCBs.
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Figure 7. 1/0 IOTCB Format

Bits31 30 29 28 27 26 25 24 23 22 21 20 19 0

IOTCBptr CMD | R XX S I0BB Memory Address
IOTCBptr + 1
IOTCBptr + 2 )
|OTCBptr + 3 Mainframe Memory Address

XX Block Length

Parity Test | Test Parity Bits Next IOTCBptr
Code
rr = reserved All xx’s can be 1 or 0.

CMD = 00: Input command channel

01: Output command channel
10: Data channel input (from IOS to mainframe CPU)
11: Data channel output (from mainframe CPU to 10S)
R= 0: No retry (always set to zero by software)
1: Automatic hardware retry, one time

Figure 8. Console IOTCB Format

Bits31 30 29 28 27 26 25 24 23 22 21 20 19 0
I0TCBptr xX| WR| R | CCEX XX S I0BB Memory Address
IOTCBptr +1
IOTCBptr +2
IOTCBptr + 3 Data 1
Data 2 Block Length (Valid if Ex = 1)
MC # CMD Next IOTCBptr

MC# = 00: Command is for MC ASIC of processor number 0
01: Command is for MC ASIC of processor number 1
10: Command is for MC ASIC of processor number 2
11: Command is for MC ASIC of processor number 3

CC = 1: Local operation (local to CC), no need to
initiate any console bus cycles
EX = 1: Extra data; the following fields are valid:

IOBB memory address - starting address
length - number of 32-bit words transferred
WR =0 - write from I0BB
WR =1 - write to |IOBB
R = 0: No retry (same as I/O I0TCB)
1: Automatic hardware retry, one time

IOBB Memory Address

The IOBB memory address is the starting address in IOBB memory from which
data should be read or to which data should be written. The IOBB address must

be divisible by 32 (that is, bits 0 through 4 = 00000) for a 32-, 64-, and 128-word
burst.
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Mainframe Memory Address

The mainframe I/O memory address is a starting address in mainframe memory
from which data should be read or to which data should be written. This field is
ignored by the CC ASIC if CMD = Ox.

Block Length

The number of 32-bit words to be transferred is limited by the total amount of
memory on the IOBB. The length must be even (that is, the CC ASIC ignores
bit 0). This field is ignored by the CC ASIC if CMD = Ox.

Next IOTCBptr

The next IOTCBptr (IOTCB pointer) is the IOBB memory address where the
next IOTCB resides.

NOTE: The Next IOTCBptr signal is a 32-bit word address and must be
divisible by 4 (that is, bits 1 and 0 = 00).

If the block length is 0, a no-operation instruction occurs (data

channel only); however, the IOTCBptr is loaded and a completion
interrupt is generated normally.

Command Input Channel

Five registers in the CC ASIC correspond to each input channel:

¢ Channel address (CA): the starting memory address in mainframe
memory

Channel limit (CL): the ending memory address in mainframe memory

Channel error flag (CE)

Channel interrupt flag (ClI)

¢ Channel number (C#)

The operating sequence of an input channel is as follows:
1. The CPU loads the CL register.

2. The CPU loads the CA register; the corresponding input channel (C#) is
opened.
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The CC ASIC sends a Ready to Receive Return Status Block (RSB)
interrupt signal to the MIOP through the 10BB.
The MIOP sets up an RSB in IOBB memory.

The MIOP sets up an IOTCB (CMD = 00; IOBB memory address =
starting address for RSB to be read).

The MIOP sends an IOTCB Pending interrupt signal to the CC ASIC
through the IOBB.

The CC ASIC fetches IOTCB (designated by IOTCBptr), picks up the
IOBB memory address, uses the CA and CL registers instead of the
mainframe memory address from the IOTCB, and completes the transfer.

The CC ASIC interrupts the CPU when CA = CL.

The CC ASIC sends an IOTCB Done interrupt signal to the MIOP
through the IOBB.

Command Output Channel
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Five registers in the CC ASIC correspond to each output channel:

Channel address (CA): the starting memory address in mainframe
memory

Channel limit (CL): the ending memory address in mainframe memory
Channel error flag (CE)
Channel interrupt flag (Cl)

Channel number (C#)

The following steps describe the operating sequence of an output channel:

1.

2.

The CPU sets up a control block (CB) in mainframe memory.
The CPU loads the CL register.

The CPU loads the CA register; the corresponding output channel (C#) is
opened.

The CC ASIC sends a CB Pending interrupt signal to the MIOP through
the IOBB.
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5. The MIOP sets up an IOTCB (CMD = 01; IOBB memory address =
starting address for loading CB).

6. The MIOP sends an IOTCB Pending interrupt signal to the CC ASIC
through the IOBB.

7. The CC ASIC fetches IOTCB (designated by IOTCBptr), picks up the
IOBB memory address, uses the CA and CL registers instead of the
mainframe memory address from IOTCB, and completes the transfer.

8. The CC ASIC interrupts the CPU when CA = CL.

9. The CC ASIC sends an IOTCB Done interrupt signal to the MIOP
through the IOBB.

Data Channels (Input and Output)

The following steps describe the operating sequence of a data channel:
1. The MIOP sets up an IOTCB (CMD =10o0r 11, ...).

2. The MIOP sends an IOTCB Pending interrupt signal to the CC ASIC
through the IOBB.

3. The CC ASIC fetches IOTCB (designated by IOTCBptr), interprets all
parameters from IOTCB, and completes the transfer.

4. The CC ASIC sends an IOTCB Done interrupt signal to the MIOP
through the IOBB.

Error Handling

Error detection is applicable to parity across the data bus portion of the Y1 bus.
Data as well as address and control are multiplexed into the 32-bit data bus.
Therefore, all errors are parity errors that occur at different instances across the
Y1 bus.

Two types of parity errors occur: those associated with IOTCB fetch and those
associated with IOTCB execution. If a parity error occurs while an IOTCB is
fetched, the IOTCB does not execute. The IOTCB controller clears its IOTCB
pending queue, resets IOTCBptr to zero, and sends an IOTCB Fetch Error
Interrupt signal to the MIOP through I0BB, which is the default beginning of
the IOTCB chain.
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Two types of parity errors occur during IOTCB execution: command channel
errors (CMD = 0x) and data channel errors (CMD = 1x). In both cases, when a
parity error is detected, the IOTCB execution continues. When the entire transfer
is finished, if the retry bit in the IOTCB is set, hardware automatically retries
once. If successful, IOBB receives a normal IOBB Done interrupt signal, and a
scan-only flip-flop indicates that a successful retry occurred. If the retry is not
successful, an IOTCB Execution Error interrupt signal is sent to the MIOP
through the IOBB. The MIOP must then take appropriate actions. The IOTCB
controller then fetches the next IOTCB if one is pending. In addition, if the
IOTCB in error is command-channel related, the corresponding channel error
(CE) flag does not set. The QRBinstruction reads the status of the CE flag.

High Performance Parallel Interface (HIPPI)
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The High Performance Parallel Interface (HIPPI) is a 100-Mbyte/s channel that
transfers data between data-processing equipment on multiple twisted-pairs of
copper cable at distances up to 82 ft (25 m).

The HIPPI signal protocol is designed to be independent of distance; it therefore
enables the average data rate to approach the peak data rate, even at distances
longer than specified for the HIPPI channel.

The following list describes other characteristics of the HIPPI interface:

e The HIPPI is a simplex interface; it can transfer data in one direction only.
Two HIPPIs may be used to implement a full-duplex interface.

¢ Data transfers are performed and flow controlled in increments of bursts;
each burst normally contains 256 words.

e Signals and control sequences are simple, and a look-ahead flow control
enables average transfer rates for large file transfers to approach the peak
transfer rate, even at distances longer than specified for HIPPI cables.

* The HIPPI provides support for low-latency, real-time, and variable-size
packet transfers.

* The HIPPI is also designed to transmit multiple packets after a connection
is established. No round-trip cable delays are required between packets.
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HIPPI Channel Operational Overview

The following paragraphs describe the seven channel instructions. All
instructions except the O&®, 0330, and 0381 instructions are privileged to
monitor mode.

Load Control Registers and Start Channel (0010/k)

The content of Aspecifies the channel number, and the contentk aféloaded

into the next register in the sequence. This sequence is specified by the bit map
register, and processing occurs from the right to the left, or from the
least-significant bit (LSB) to the most-significant bit (MSB).

This instruction is used to load the control word, D1 address, D1 block length,
D2 address, D2 block length, and connection control information registers. This
instruction is executed multiple times, once for each register that is to be loaded.
The bit map register is used to specify how many and which registers are to be
loaded. The channel operationis started when the last specified register is loaded,
unless bit 15 of the bit map register is set, which inhibits channel activation.
There is no time limit in which to complete the loading. If the bit map register

is reloaded, then this becomes the new load sequence and the previous sequence
is ignored.

Load Register Bit Map (0011/K)

The content of Aspecifies the channel number and the contenka$ foaded

into the bit map register for that channel. This specifies the load and read
sequence for the remaining registers. This instruction should be executed before
each sequence of 0Jk@nd 03§0 instructions because the register is cleared
during processing. Each time this register is loaded, a new sequence is started.

Clear Pending Interrupt (0012/0)

The content of Aspecifies the channel number for a clear pending interrupt and
sets an error flag. This instruction clears the pending interrupt, error flags, and
real-time status register and advances the sequence of operation in the channel
control word to the next field. It also restarts the channel if processing was
discontinued during a normal interrupt.
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Reset Channel (0012/1)

The content of Aspecifies the channel number for this instruction. This
instruction resets the corresponding HIPPI channel. The interrupt is cleared if
one is pending; any error flags are reset, and all channel operations are
terminated. The channel returns to its initial state.

This instruction executes before the channel is used for the first time and after
any sequence that places the channel into a test mode configuration. After some
channel error conditions, a resetis required before the channel can be reactivated.

Read Highest Priority Interrupting Channel Number (033/00)

The channel number of the interrupting channel that has the highest priority is
placed into A This instruction operates in the same manner as it does on the
Y1 interface channels.

Read Control Registers (033/j0)

The content of Aspecifies the channel number aridsAoaded from the register
specified by the bit map register. The bit map register must be loaded for each
new register selection. No sequencing is provided for read operations.

This instruction is used to read the control word, D1 address, D1 block length,
D2 address, D2 block length, connection control information, real-time status,
LLRC, operational status, sequence error idle (SEI) disable status, flow status
word 1, and flow status word 2 registers (if they exist for that channel). This
instruction is executed multiple times, once for each register that is to be read
from. The bit map register specifies which register is to be read from.

If this instruction is executed with no bits set in the bit map register, then the
channel address of the currently processing data area is returned. Execution of
this instruction in non-monitor mode should return the current data area address.
The bit map register should be cleared before user mode is entered.

The RT status register is read if this is the first channel operation after a reset
operation. (001j4)

Read Channel Error Flag (033ij1)

48

The content of Aspecifies the channel numbers, andsAoaded with the error

flag for the specified channel. Bit Ois the error flag; if itis equal to 1, that indicates
an error was detected. If no error was detected, theomtains 0’'s for all bit
locations.
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HIPPI Channel Configurations
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Table 7shows the possible input/output channel configurations for the Y1
channel, the HIPPI input channel (HI-1), and the HIPPI output channel (HI-O).
There is a physical limitation on the configuration because HIPPI channels and
Y1 channels cannot be combined on the same CC ASIC.
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Table 7. HIPPI or Y1 Channel Configurations

Proc Mod Proc Mod | Proc Mod | Proc Mod | Proc Mod | Proc Mod Proc Mod Proc Mod
0 1 2 3 4 5 6 7

Paddle Card Slot J1

*20/21, Y1 | *30/31, Y1 | 40/41, Y1 | 50/51, Y1 | 60/61, Y1 | 70/71, Y1 | 100/101, Y1 | 110/111, Y1
*30, HI-I 40, HI-l 50, HI-I 60, HI-I 70, HI-I 100, Hi-l 110, HI-I

Paddle Card Slot J2

*22/23,Y1 | *32/33, Y1 | 42/43,Y1 | 52/53, Y1 | 62/63, Y1 | 72/73, Y1 | 102/103, Y1 | 112/113, Y1
*33, HI-O | 43, HI-O 53, HI-O 63, HI-O 73, HI-O 103, HI-O 113, HI-O

Paddle Card Slot J3

24/25,Y1 34/35, Y1 44/45, Y1 | 54/55, Y1 | 64/65, Y1 | 74/75, Y1 | 104/105, Y1 | 114/115, Y1

24, HI-I 34, HI-I 44, HI-1 54, HI-I 64, HI-I 74, HI-l 104, HI-I 114, HI-I

Paddle Card Slot J4

26/27,Y1 36/37, Y1 46/47,Y1 | 56/57,Y1 | 66/67,Y1 | 76/77,Y1 | 106/107, Y1 | 116/117, Y1

27, HI-O 37, HI-O 47, HI-O 57, HI-O 67, HI-O 77, HI-O 107, HI-O 117, HI-O

*  Either paddle card O or paddle card 1 can be configured as the deadstart channel.
By default, paddle card 0, Y1 channel 20/21, is configured as the deadstart channel.

I/O Interrupts
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I/O interrupts originate at the interrupting channel. The Cl ASIC passes the

necessary information to the global JS ASIC logic. When an I/O interrupt occurs,
the Cl sends an 1/O interrupt command to the JS ASIC along with the number
of the interrupting channel. Then, this information is sent over the JS/JS bus to

the global JS logic on each shared resources JS ASIC.

The global JS logic routes the interrupt information to the 1/0O interrupt handling
logic. There, the appropriate bit in the I/O interrupt register is set. An interrupt

to one of the PC ASICs is generated according to the following rules:

1.

2.

If any processor is in monitor mode, no interrupt is generated.

If all processors are in user mode and any processor has its SEI bit set, the
interrupt is directed to the lowest-numbered processor that has its SEI bit

set.

If all processors are in user mode, none of them have the SEI bit set, and a

processor is waiting on semaphore, the interrupt is directed to the
lowest-numbered processor that is waiting on semaphore.

If all processors are in user mode, none have SEI set, and none are waiting
on semaphore, then the interrupt is directed to the last processor to clear
an 1/0 channel. The interrupt is directed to the last processor that cleared

any channel.
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I/O Memory Errors
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Once the software determines which processor to interrupt, the JS associated
with that processor sends the I/O interrupt command over the PC/JS bus. If one
of the processors is in monitor mode and no interrupt is generated, it is assumed
that the processor in monitor mode will handle 1/O interrupts before it exchanges
into user mode. Itis possible that an I/O interrupt could arrive after the processor
in monitor mode has finished handling 1/O interrupts but before it exchanges
back to user mode. In that case, the 1/O interrupt logic on the JS senses that none
of the processors are in monitor mode and /O interrupts are still pending. The
criteria listed above are applied, and an 1/O interrupt is posted to one of the
processors.

A processor handles 1/O interrupts by issuingiO83nstructions until A= 0.
When a 0380 instruction is executed, the PC sends the command to the local
JS ASIC. The local JS ASIC determines the channel number of the
highest-priority interrupting channel and returns it to the originating PC on the
PC/JS bus.

When a processor clears a channel, the processor sends the clear channel
command to the local JS. The local JS passes it on to the other JS ASICs on the
JS/JS bus. This command is then forwarded to the CI, which handles the channel
clear operation, and to the I/O interrupt logic, which clears the interrupt flag for
that channel in its I/O interrupt register.

For each channel, there is a single priority bit that indicates whether it is a high-
or low-priority channel. When a processor requests the highest priority channel,
that channel access is determined as follows:

1. If any high-priority channels have an interrupt pending, the
lowest-numbered channel is the one returned.

2. If no high-priority channels have an interrupt pending, the
lowest-numbered, low-priority channel with an interrupt pending is
returned.

The priority is set via the joint test action group (JTAG) control of the system.
Normally, this priority scheme is configured at system power-up, but it is
possible to change it while the system is running.

Memory errors that occur during 1/0O operations present a challenge for
CRAY J90 series systems. Onthe CRAY Y-MP system, each I/O channel shares
a memory port with a specific processor. When a memory error occurs, the
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associated processor is notified. On the CRAY J90 series system, the I/O
channels do not share memory ports with specific processors. Each I/O channel
is loosely associated with the four processors that share its processor board.

One of the processors is selected to handle 1/O memory errors by using JTAG.

When a memory error occurs on I/O, the Cl passes the error information to the

local JS. The JS then posts the memory error to one of the four local processors
that are configured to handle the I/O memory errors.
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GigaRing I/0 Section

Peripherals are connected to the CRAY J90se system via the GigaRing 1/0O
system. GigaRing technology defines a standard that enables a system integrator
to connect various devices on aring topology. Refer t@ilygmRing Overview”

section for more information about the GigaRing channel and its operation.

The GigaRing node contains client logic, a GigaRing node chip, and a fully
duplexed, bidirectional client-port interface. The GigaRing node chip, a single
application-specific integrated circuit (ASIC), contains an input and an output
link for both the positive and negative rings and a bidirectional client-port
interface. The data path is 32 bits wide on each of the counter-rotating rings and
64 bits wide on the client port. The client port may be configured to operate in
half-width mode (32 bits) for clients that do not require the bandwidth of the
64-bit interface.

A single-purpose node (SPN), a Cray Research mainframe computer system, or
a multipurpose node (MPN-1) is referred to as a client node on the GigaRing
channel. Each client node contains its own client logic and a GigaRing node
chip. Each client node communicates with the other client nodes through the
GigaRing node chip. (The client nodes are referred to hereafter as clients.)

The“GigaRing 1/0 Section’addresses the following related topics:

* MPN

* IPN

* FCN

¢ HPN-1 and HPN-2
* BMN

* ESN

e FOX

e Error Handling and Reporting
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MPN-1 Functional Overview

The multipurpose node (MPN) connects specific industry standard SBus-based
I/O peripherals or proprietary channels to the GigaRing channel to provide 1/0
services for the mainframe node.

The MPN logic components and SBus controllers reside inside the multipurpose
node subrack (MPN-1). The MPN-1 provides forced-air cooling and supplies
power to the MPN logic and SBus controllers.

Up to eight industry standard SBus controllers or Cray Research proprietary
channels can reside within the MPN-1. The MPN-1 supports the following SBus
controllers:

¢ Small computer system interface (SCSI) disk and tape drive interface
* Ethernet network interface

* Asynchronous transfer mode (ATM) network interface

* Fiber distributed data interface (FDDI) network interface

* Cray Research proprietary supervisory channel

The MPN-1 subrack and all associated MPN-1 peripheral subracks (such as SCSI
disk or tape) reside in the PC-10 cabinet.

All GigaRing based systems require one MPN-1 subrack to be configured with
one SBus Ethernet and one SBus SCSI disk interface. In addition, an MPN-1
that is installed on a CRAY T90 series system requires one SBus supervisory
channel to connect to the CRAY T90 series 1002 module.

All peripheral and GigaRing channel cable connections occur at the rear of the
MPN-1. The front of the MPN-1 displays various MPN-1 messages and node
activity.

MPN-1 Operation Overview
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The MPN-1 is based on a memory-mapped bridge architecture that enables the
SBus Peripheral Interface (SPYypelSPARC™ processor to address the
memory of other IONs on the GigaRing channel.

The SBus controller takes information from its 1/O peripheral device and places
itonthe SPI's SBus when requested. The SBus controller manages the peripheral
data transfer. The SPI controls the SBus. The SPI converts the SBus data into
MBus data and places it on the MBus. The MBus interface follows the level 1
device specification, which identifies how MBus transactions (MBus read or
write operations) are performed. The MBus interface controls the data that is
transferred to and from the translation windows and between the SPI and SSB.
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ThehypelSPARC processor opens enough translation windows to store the data
from the peripheral device and generates the tag that each translation will use.

The tag is made up of the command tag and the address tag. The command tag
contains the transfer type, transfer size, target node address, information used to
manage the MBus translation, and GigaRing channel control information. The
address tag contains the memory address of the target node to be accessed.

The event and receive processors generate or decode the GigaRing packet header
and control the flow of information between the translation windows and the
FIFOs to the GigaRing node chip. The processors also use parts of the tag to
form the GigaRing packet header. This header is used by the GigaRing node
chip to send or receive data from another node.

When the transfer is complete, thgelSPARC processor closes the translation
windows, which allows them to be reused for another transfer.
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IPN-1 Functional Overview

IPN-1 Components
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The intelligent peripheral node interface (IPN-1) provides an interface between
the GigaRing channel and the single-disk or disk array devices that support level
2 intelligent peripheral interface (IPI-2) protocol. Functionally, the IPN-1 is
identical to five DCA-2 disk controllers, or to one DCA-3 disk controller that is
installed with Cray Research I0OS model E systems.

The IPN-1 allows existing Cray Research intelligent peripheral interface (IP1-2)
products to connect to the GigaRing architecture. The IPN-1 supports the
following single-drive configurations:

e DD-301 (1.377 Gbytes and 8.2 Mbytes/s)
e DD-302 (1.8 Gbytes and 9.3 Mbytes/s)
e DD-60 (1.96 Ghytes and 20 Mbytes/s)
e DD-62 (2.73 Gbytes and 8.1 Mbytes/s)

The IPN-1 node does not support the DD-61 disk drive.

The IPN-1 supports the following RAID 3 (4 data units + 1 parity unit)
configurations:

* DA-301 (5.5 Gbytes and 32.8 Mbytes/s)
e DA-302 (7.2 Gbytes and 37.0 Mbytes/s)
* DA-60 (7.84 Gbytes and 80.0 Mbytes/s)
* DA-62 (10.92 Gbytes and 32.5 Mbytes/s)

The IPN-1 attaches to existing disk enclosures such as the DE-60 and DE-100.

The following paragraphs describe the major components of the IPN-1 GigaRing
interface PCB (motherboard).

* The GigaRing option supports the data connection between the IPN-1 and
the GigaRing channel.

¢  The motherboard uses two buses to transfer data between the various

options. The SBus operates at 25 MHz. The IBus operates at 100 MHz.
Neither bus has data protection.
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* The client interface option (CLI) manages the data connection from the
GigaRing option to the IPI-2 channel PCB. The CLI option also transfers
data and control between the GigaRing node chip and the channel and
SPARC® support option (CSS) via the IBus.

¢ The microSPARC™ microprocessor chip is responsible for all control
functions within the node. It communicates with the CSS option via the
SBus.

* The microSPARC DRAM consists of 2 banks of 1, 4, or 16 Mbytes of
memory mounted on single inline memory modules (SIMMS).

* The CSS option transfers data and control between the SBus and the IBus.
The CSS also buffers information between the microSPARC chip and the
rest of the IPN-1. The CSS controls the IPI logic and supports the
microSPARC boot RAM, RS-232 interface, and SBus-to-channel
memory.
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FCN-1 Functional Overview

The fibre channel node (FCN-1) is an interface between a GigaRing channel and
up to five fibre channel arbitrated loops (FC-AL). The FCN-1 uses the standard
node/client interface that all GigaRing channel single-purpose nodes (SPNs)
support.

FC-AL is an ANSI-standard serial communications channel that provides a peak
bandwidth of 100 Mbytes/s. The ANSI FC-AL standard specifies aloop topology
that supports up to 126 devices on a copper or a fiber-optic ring.

The Cray Research implementation of the FC-AL uses a copper connection and
supports a maximum of 80 disk devices on each fibre channel (40 primary path,
40 alternate path). An FCN-1 has connections for five FC-ALS; this provides a
total peak bandwidth of 500 Mbytes/s.

The FCN-1 supports the following disk configurations:

e DD-308 single-spindle device (9.4-Gbyte data capacity and
8- to 12-Mbyte/s peak transfer rate)

e DD-308 serial RAID 1 mirror device (9.4 Gbytes and 8 to 12 Mbytes/s)
* DA-308 serial RAID 3 (4+1) array (37.6 Gbytes and 32 to 48 Mbytes/s)

* DA-308 serial RAID 5 (3+1 through 8+1) arrays (28.2 to 75.2 Gbytes and
24 to 96 Mbytes/s)

The FCN-1 attaches to the DSF-1 subrack. The DSF-1 can contain a maximum
of ten DD-308 disk drives. Up to eight DSF-1 subracks can be attached to a
single FC-AL.

FCN-1 Hardware Description
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FCN-1 modules plug into any one of the four I/O node slots in the scalable 1/0O
(S10) node subrack (NSR-1). GigaRing and FC-AL cables attach to the front
panel of the module.

The FCN-1 contains three printed-circuit boards (PCBs) that are enclosed in a
metal canister. These three PCBs include the following components:

*  Power supply board
* GigaRing interface board (motherboard)
* Fibre channel client board (daughter board)
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The FCN-1 hardware supports cyclic redundancy checksum (CRC) generation,
parity data generation, and data reconstruction for RAID 3 and RAID 5
configurations. These features support the error-recovery functions of the disk
devices that are attached to the fibre channel loop.
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HPN Functional Overview

The HPN-1 and HPN-2 are single-purpose nodes (SPNs). They provide an
interface between the GigaRing channel and the networks and network disk
arrays that support HIPPI data transmission. The HPN-1 and HPN-2 support
HIPPI networks and switched networks.

The HPN-1 transfers data at 100 Mbytes/s and provides two 32-bit input/output
channels (one input and one output connection per channel with a total of two
input and two output connections). An HPN-1 can simultaneously support a
HIPPI network on one input/output channel and network disks on the other.

The HPN-2 transfers data at 200 Mbytes/sec and provides one 64-bitinput/output
channel (2 input and 2 output connections). The HPN-2 can be configured as a
single 32-bit, 100-Mbyte/s input/output channel with one input and one output
connection.

NOTE: The HPN-2 can be configured either as a single 200-Mbyte/s
channel or a single 100-Mbyte/s HIPPI channel but not both
simultaneously.

Network Disk Arrays

Network disk array systems provide a large amount of data storage in a small
area. The HPN-1 and HPN-2 support the following network disk arrays:

* ND-12 network disk array
¢ ND-14 network disk array
* ND-30 network disk array
* ND-40 network disk array

The HPN-1 and HPN-2 support HIPPI networks and switched networks.
Additionally, the HPN-1 and HPN-2 attach to network disk array system
enclosures.

Hardware Description
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HPN-1 and HPN-2 modules plug into any of the four SPN slots in the scalable
I/0 (SIO) node subrack (NSR-1). GigaRing and HIPPI cables attach to the front
panel of the module.

The HPN-1 and HPN-2 consist of three printed circuit boards (PCBs) that are
enclosed in a metal canister.
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These three PCBs include the following components:

e Power supply board
* GigaRing interface board (motherboard)
* HIPPI channel board (daughter board)

The HPN-1 and HPN-2 hardware supports odd-byte parity and
length/longitudinal redundancy checkword (LLRC) error detection.
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BMN-1 Functional Overview

The BMN-1 node is a single-purpose node (SPN) that is located in the node
subrack (NSR-1) in the PC-10 cabinet.

The BMN-1 node connects systems on a GigaRing channel to mass-storage
magnetic tape devices. The BMN-1 supports the Federal Information Processing
Standards (FIPS) 60 interface specification. The BMN-1 has two independent
tape channels. Each of the two channels supports the following transfer modes:

¢ Interlock mode

e 1.5-Mbyte/s high-speed mode

e 200-ft offset interlock mode

¢ 3-Mbyte/s data streaming mode

* 4.5-Mbyte/s data streaming mode

The BMN-1 node supports any tape drive system that supports the FIPS 60
specification, which includes the following devices and tape library robots:

e IBM™ 3480 (18-track)

e STK™ 4480 (18-track)

* IBM 3490 (36-track)

e STK 4490 (36-track)

e O-track reel tapes (3420 compatible)

e STK 4400
e STK9310
e STK 9360

BMN-1 Hardware Description

BMN-1 modules plug into any of the four I/0O node slots in the scalable 1/0 (SIO)
node subrack (NSR-1). GigaRing and tape channel cables attach to the front
panel of the module.

The BMN-1 module contains three printed circuit boards (PCBs), which are
enclosed in a metal canister:

*  Power supply board
* GigaRing interface board (motherboard)
¢ Tape channel board (daughter board)
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ESN-1 Functional Overview

The ESN-1 connects the mainframe node on a GigaRing channel to mass-storage
magnetic tape devices via an Enterprise System Connection Architecture
(ESCONP) interface.

The ESN-1 provides an optical-fiber communication link between channels and
control units that implement the ESCON Architecture/390 specification. The
ESN-1 has four independent ESCON channels. Each ESCON channel has a
bandwidth of 17 Mbytes/s.

The ESN-1 supports the following tape devices:

IBM 3490E (36-track enhanced tape device)
STK 4490 (36-track tape device)

STK 9490 (TimberLine™)

STK SD-3 (RedWood™)

IBM 3590 (Magstar™)

The ESN-1 supports the following libraries and robots:

IBM 3494
IBM 3495
STK 4400
STK 9310
STK 9360

ESN-1 Hardware Description

ESN-1 modules plug into any of the four I/O node slots in the scalable 1/0 (SI10)
node subrack (NSR-1). GigaRing and tape channel cables attach to the front
panel of the module.

The ESN-1 module contains three printed circuit boards (PCBs), which are
enclosed in a metal canister:

e Power supply board
* GigaRing interface board (motherboard)
* Tape channel board (daughter board)
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FOX Overview

The FOX-1 is a transparent and nodeless extension to the standard GigaRing
channel. The FOX-1 extends the distance between nodes on the GigaRing
channel to 656 ft (200 m). The standard copper-based distance limit is 36 ft
(11 m).

The FOX-1 can extend the length of the channel for any of the GigaRing
interconnected nodes that reside within or communicate with the SIO
architecture. The FOX-1 physically connects to the GigaRing channel like any
node, but does not interface directly with any of the GigaRing channel protocol.

A subrack houses the FOX-1 hardware. The FOX-1 subrack usually resides
inside a PC-10 cabinet; however, for mainframe nodes, the FOX-1 subrack can
be located outside the PC-10.

GigaRing Implementation

Two FOX-1 subracks complete the optical extension of the GigaRing channel.
Standard GigaRing channel copper cables bring data into and out of the FOX-1
just as they do for other GigaRing interconnected nodes. Eight-fiber ribbon
cables establish the optical link between FOX-1 subracks.

GigaRing Configurations

Hardware Overview
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The FOX-1 subrack functions as a transparent node, even when the GigaRing
channelis reconfigured. The FOX-1 does not affect the information flow in either
a folded or masked ring.

The FOX-1 hardware resides in a 2-SU 19-in. rackmount enclosure. This subrack
contains the necessary power supplies and cooling hardware needed to ensure
reliable operation of the FOX-1.

The FOX-1 receives GigaRing information over standard copper GigaRing
cables. The FOX-1 converts the information from an electrical format to an
optical format, and then retransmits the information onto a fiber-optic cable to
a receiving FOX-1, where the process is reversed. The FOX-1 uses an array of
optical transceivers and supporting circuitry to convert the information that is
transmitted on the GigaRing channel.
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Error Reporting and Handling

CSM-0301-0B0

Each GigaRing interface maintains an error monitor that any node on the ring
can access. This feature enables error monitor software to access all nodes on a

GigaRing I/O Section

given ring and provide a cumulative status of the sysierle 8provides a
description for each MMR that is associated with error reporting.

Table 8. Error Reporting MMRs

Bits
Add. in
(Octal) | Field Field Name Description Access

30 24 | ERROR_COUNTER Counter for ring and GR RAZ
client errors

31 19 | NEG_RING_ERRORS Ring error bit map GR RAZ

32 19 | POS_RING_ERRORS Ring error bit map GR RAZ

33 8 CLIENT_ERRORS Client error bit map GR RAZ

36 32 | NEG_BUFFER_PE_STATUS | Bit map of buffer parity | GR RAZ
errors

37 32 | POS_BUFFER_PE_STATUS | Bit map of buffer parity | GR RAZ
errors

40 32 | CRC_CAPTURE CRC and sendtag of GR RAZ
send packet with CRC
error
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Interprocessor Communication

Clusters

The interprocessor communication section of the mainframe possesses three
features that enable data and control information to transfer between CPUs:

e Shared registers
* Semaphore registers
* Interprocessor interrupts

Shared registers pass data between CPUs. Semaphore (SM) registers enable
synchronization of programs that are operating in different CPUs. Interprocessor
interrupts allow a CPU to initiate an exchange sequence in other CPUs. These
features are especially useful in multitasking environments.

The shared and semaphore registers are arranged in groups called clusters. The
following paragraphs explain clusters, the shared and semaphore registers, test
and set control, and interprocessor interrupts.

The shared and semaphore registers are divided into (number of CPUs +1)
identical clusters. A CPU can reference only one cluster at a time. The cluster
number (CLN) register in the exchange package determines to which cluster a
CPU is assigned. Clusters are numbered beginning with 1 (octal). A CLN value
of 0 prevents a CPU from accessing all shared and semaphore registers.

There are two ways to load the CLN register: automatically during an exchange
sequence or by executing instruction g@hen the CPU is in monitor mode.

Shared Registers
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Shared registers provide a way to transfer data between operating registers in
different CPUs; one CPU loads a shared register from its own operating registers.
Other CPUs can then transfer the data from the shared register to their own
operating registers. There are two types of shared registers: shared address (SB)
and shared scalar (ST).

Each cluster contains eight 32-bit SB registers, numbered SBO through SB7.

Data is transmitted between the SB registers, and the A registers in each CPU
are assigned to the cluster.
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Each cluster contains eight 64-bit ST registers, numbered STO through ST7. Data
is transmitted between the ST registers and the S registers in each CPU that is
assigned to the cluster.

Table 9lists all instructions that transmit data to or from the shared registers. In
a CPU where the contents of the CLN register equal 0, instructioi3 @2l
072j3 return a value of 0, and instructions )2and 0783 perform no
operation.

Table 9. Shared Register Instructions

Machine CAL

Instruction Syntax Description
02657 Ai SBj Transmit (SBj) to Aj
027ij7 SBj Ai Transmit (A/) to SBj
072jj3 Si STj Transmit (STj) to Si
073jj3 STj Si Transmit (S/) to STj

Semaphore Registers

SM registers allow a CPU to temporarily suspend program operation in order to
synchronize operation with other CPUs. Each cluster contains thirty-two 1-bit
SM registers numbered SMO through SM37 (octal). Each CPU that is assigned
to the cluster can set or clear each SM register and can perform a test and set
instruction, which is explained in the following paragraph. Each CPU in the
cluster can also transmit the contents of all 32 SM registers to or from an S
register. CPUs use the shared paths to set and clear semaphore registers.

Table 10ists all machine instructions that use the SM registers. ThelO@34

and set instruction tests the state of thgk3tister. If the content of the $i
register is 0, the instruction executes immediately. If the content of tile SM
register is 1, the instruction holds issue until another CPU that is assigned to the
same cluster clears the §dvtegister. When the instruction issues, it sets the
SMjk register. Instructions 0086and 003jk clear and set the §kiregister.

Table 10. SM Register Instructions

CAL
Machine Instruction Syntax Description
0034k SMjk 1,TS Test and set semaphore jk
0036k SMjk 0 Clear semaphore jk
0037jk SMjk 1 Set semaphore jk
072i02 Si SM Transmit (SM) to Si
073i02 SM Si Transmit (S/) to SM
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SM Registers | SMOg | SM15 | o o o [SM37 |
A A

Instructions 0702 and 0782 transmit the SM register contents to or from the
upper half of the S register (the lower half of the S register is not &sgde 9
shows the relation between the SM registers and the bits of an S register.

Figure 9. Relation between SM Registers and S Register Bits

A Instruction 07202 sets these bits to 0.
Instruction 073/02 does not use these bits.

N
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If a CPU is not assigned to any cluster (that is, CLN = 0), instructiongk)034
0036k, 0037k, and 0782 perform no operation. Instruction 002 sets register
Si to 0.

The following example shows how an SM register is used to synchronize the
operation of two CPUs in a multitasking program. In this example, CPU 0
computes a partial result needed by CPU 1 while CPU 1 computes a second
partial result. CPU 1 then uses the two partial results as operands for further
processing.

In Step 1, CPU 0 begins processing by setting register SMO, which indicates that
it has not yet computed its partial result. In Steps 2 and 3, CPUs 0 and 1 begin
to compute the partial results. At the end of Step 3, CPU 1 places its partial result
in register S1. CPU 1 needs CPU 0’s partial result before it can proceed. In Step

4, CPU 1 performs a test and set instruction on register SMO. Because register

SMO is already set, CPU 1 holds issue.

CPUDO CPU 1
1. SMO 1 (003700)
2. Compute partial result 3. Compute partial result
X X
X X
X Place partial result in S1
X
X 4. SMO 1, TS (003400)

X
Place patrtial result in S1
5. STO S1 (073103)
6. SMO 0 (003600)
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CPUO CPU 1
7. Continue processing 8.S2 STO (072203)
X
X 9. Continue processing
X X
X X
X X

CPU 0 continues its computations and transfers its partial result to the S1 register.
CPU 0 then transfers the partial result from S1 to register STO (Step 5). In Step
6, CPU 0 indicates that the partial result is ready in register STO by clearing
register SMO. In Step 7, CPU 0 can now continue with other processing. SMO
is now cleared and the test and set instruction in CPU 1 issues, setting register
SMO. CPU 1 then transfers CPU 0’s partial result from register STO to register
S2 (Step 8). CPU 1 now has its own patrtial result in register S1 and CPU 0’s
partial result in register S2 and can continue processing (Step 9).

Test and Set Control

CSM-0301-0B0

The test and set control logic handles QR3dstructions for the processors.

When a processor executes a QR@#struction, it sends a test and set command

to the JS, which then passes it to the global logic via the interprocessor JS/JS
bus. This command is passed to the global test and set control. The test and set
command that is passed to the global JS logic is a 1-word command. It uses the
JS/JS bus for 1 CP, after which the JS/JS bus is available for commands from
other PC ASICs.

The global test and set logic contains the following information about each
processor:

¢ Whether it is doing a 008dinstruction
*  Cluster number
* Semaphore register number

When the test and set command gets to the test and set logic, the logic checks
the semaphore register to determine whether it is set. If the register is not set,
the logic sets it and returns a completion command to the originating processor.
If it is set, it enters a waiting-on-semaphore state and notifies the originating
processor.
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Deadlock
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Whenever a 003K (clear SM) or 07192 (load SM) instruction is executed, the
status module for each CPU checks to determine whether the semaphore it is
waiting on was cleared. If so, it requests to set it. One of the requesting CPUs
receives access, sets the SM, and natifies its requesting CPU that it has
completed.

Simultaneously, the processor that originated thej@@8HKolding issue. It holds
issue until it receives a response from the JS. If the JS returns a completion
command to the processor, then the O&Eues and execution continues. If
the JS returns a deadlock command, the P register decrements and the processor
exchanges with a deadlock flag set.

A deadlock condition occurs when all CPUs that are assigned to a cluster are
holding issue on a test and set (G&B#hstruction; that is, each CPU within the
cluster is waiting for another CPU to clear an SM register. When this condition
occurs, no further execution is possible in any of the CPUs assigned to the cluster;
each CPU waits for another CPU to clear an SM register.

Deadlock occurs in two situations:
e All CPUs in the same cluster hold issue on a test and set instruction.

* Asingle CPU holds issue on a test and set instruction and there are no
other CPUs in the same cluster. This situation can occur in either of two
ways:

* Only one CPU is assigned to a particular cluster, and that CPU

issues a test and set instruction for an SM register that is currently
set.

e Several CPUs are assigned to the same cluster, one of which is
holding on a test and set instruction. Then, all the other CPUs
exchange to new programs with different cluster numbers.

To resolve the deadlock condition, a deadlock interrupt occurs. This interrupt
sets the deadlock (DL) flag in the current exchange package of each CPU that
is assigned to the cluster in which the deadlock has occurred. This causes each
affected CPU that is not in monitor mode to perform an exchange sequence. A
deadlock chain passes the WS bit and CLN of each CPU to all of the CPU status
modules.
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Interprocessor Interrupts

Interprocessor interrupts allow a CPU to interrupt program execution in other
CPUs.Table 11shows the two instructions that involve interprocessor
interrupts. These instructions can be executed only by a CPU in monitor mode .

Table 11. Interprocessor Interrupt Instructions

Machine CAL
Instruction Syntax Description
004112 SIPI Aj Set interprocessor interrupt
request to CPU (A))
0014022 CIPI Clear interprocessor interrupt
request

&  These instructions are privileged to monitor mode.

When a CPU executes instruction OfI14he interrupt-from-internal CPU (ICP)
request flag sets in the CPU that is designated by the contents of repister A
this CPU is not in monitor mode, it begins an exchange sequence. The program
that begins running as the result of the exchange sequence should be in monitor
mode and should execute instruction 001402 to clear the ICP flag. If this
instruction is not executed, the ICP flag initiates another exchange sequence
when the monitor mode program exits to a nonmonitor mode program.

There is one special case involving the Q@idstruction. If instruction 0034

is executed with the contents of regist¢edual to the number of the CPU that

is executing the instruction (that is, if a CPU tries to interrupt itself), the
instruction performs no operation. The interprocessor interrupt logic is part of
the global logic on the JS. It routes interprocessor interrupts to the correct CPU.
When a processor issues a QQ1&IPI) instruction, it sends a SIPI command

to the local JS, which then passes it to the other JS ASICs via the interprocessor
bus. The JS/JS bus interface logic in the global logic routes the SIPI to the correct
processor.
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Real-time Clock

Each JS contains a copy of the global real-time clock (RTC). When the RTC is
written, all global copies are updated at the same time. Each individual JS is then
responsible for updating the copies of the RTC that are local to each PC ASIC.
This is done by requesting access to the PC/JS bus and sending a copy to the PC.
When a processor reads the RTC, it reads from the local copy on the PC ASIC.
The PC does not check whether a change to the RTC is pending. If one processor
is changing the RTC at about the same time another is reading the RTC, the
processor that is reading the RTC may not get the new value.

When the global RTC unit receives a load RTC command, it causes all other JS
activity to halt. When all has gone quiet, the new RTC value is transferred to all
PC ASICs at the same time.

Table 12shows the two instructions that write data to and read data from the
RTC.

Table 12. RTC Instructions

Machine CAL

Instruction Syntax Description
001402 RT Sj Transmit (Si) to RTC®
072i00 SIiRT Transmit (RTC) to S/

@ This instruction is privileged to monitor mode.

b RTC bits 0-63 are forced to 0's.

Instruction 001D can be issued only by a CPU in monitor mode; the CPU that
issues this instruction updates the value of the local clocks on all other CPUs.
Two or more CPUs should not execute this instruction simultaneously because
there is no hardware to detect this condition, and unpredictable results can occur.
The programmer must avoid this situation. Instruction@¥2nay be issued
simultaneously by any number of CPUs.

NOTE: Onthe J90se CPU, the real-time clock increments at the system
clock rate, not the CPU clock rate (twice the system clock rate).
Therefore, on a J90se CPU, two successiveé0l7iRstructions that
issue during the same system clock period will return the same
value.
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The RTC is normally used to determine the running time of a program or a
segment of program code. The following example shows an instruction sequence
that is used to determine the running time of a program.

Machine
Step Instruction CAL Comment
1 072100 S1RT Load S1 with starting time.
2 - - Insert code to be timed here. Code
must not use S1.
3 072200 S2RT Load S2 with ending time.

4 061121 S1 S2-S1 Load S1 with difference between
ending and starting time.

At the end of this sequence, if no interrupts occur, register S1 equals 1 plus the
number of CPs required to execute Step 2.
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CPU Control

Exchange sequences, fetch sequences, and issue sequences are closely related.
When an initial deadstart program or a new program runs, an exchange sequence
occurs. An exchange sequence brings several important parameters of the
program into some of the central processing unit's (CPU’s) operating registers.

A fetch sequence begins immediately after the exchange sequence. A fetch
sequence transfers a block of instructions from memory to an instruction buffer.
The issue sequence then selects the instruction that is indicated by the program
address (P) register, decodes it, and passes it on to be executed.

As the instruction executes, the P register increments, which causes new
instructions to move through the issue sequence. When a desired address is not
currently in an instruction buffer, another fetch sequence occurs. This overall
process continues until the program either terminates or is interrupted, at which
time another exchange sequence occurs and the entire process starts over.

This section describes the exchange mechanism, the instruction fetch sequence,
and the instruction issue sequence, which are unique to each CPU. It also briefly
describes the programmable clock, the status register, and the performance
monitor.

Exchange Mechanism

CSM-0301-0B0

Each CPU uses an exchange mechanism to switch instruction execution from
program to program. This exchange mechanism uses blocks of program
parameters called exchange packages and a CPU operation called an exchange
sequence.

The following subsections explain the exchange package and the exchange
sequence in more detail.
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Exchange Package

The exchange package is a 16-word block of data in memory that is associated
with a particular computer program. The exchange package contains the basic
parameters that provide continuity when a program stops one section of the
program and starts the next.

The exchange package holds the contents of the address (A) and scalar (S)
registers. The contents of the intermediate address (B), intermediate scalar (T),
vector (V), vector mask (VM), shared B (SB), shared T (ST), and semaphore
(SM) registers are not saved in the exchange package. Data in these registers
must be stored and replaced as required by the program supervising the object
program or by any program that needs this data.

Refer again té-igure 6for the format of the exchange packagable 13lists
the exchange package assignments. The following subsections define and
explain the fields of the exchange package.

NOTE: The exchange package bits are numbered from left to right with bit O
assigned to bit position 63 for software. For hardware, exchange
package bits are numbered from right to left with bit 63 assigned to
bit position 0.

Processor Number Field

The contents of the processor number (PN) field indicate which CPU performed
the exchange sequence. This value is inserted into the exchange package from
the configuration file bits (14 through 10) that are located on the PC ASIC.

P Register Field

The program address (P) register contents are stored in the program address
register field of the exchange package. The instruction that is stored at this
location is the first instruction to issue when the program that corresponds to the
exchange package begins execution.

Memory Error Data Fields

Memory error data, which consists of six fields of information, is valid only if
one of two conditions is met. The first condition is that the
interrupt-on-correctable memory (ICM) bit is set in the mode (M) register and
a correctable memory error is detected. The second condition is that the
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interrupt-on-uncorrectable memory (IUM) bit is set in the M register and an
uncorrectable memory error is detected. The following subsections describe the
memory error data fields.

Syndrome Field

The 8-bit syndrome field defines the syndrome code that is generated by
SECDED logic for a memory read operation or an I/O channel transfer.

Memory Error Address

If an error occurs during a memory read operation, the number of the bank that
is being read when the error occurred is stored in the 10-bit read address bank
field. The bank number is contained in bits O through 9 of the read address.

The memory error address contains address bits O through 7, and the memory
error address (continued) contains overflow bits 8 and 9.

Read Error Type Field

The 2-bit read error type field determines the type of memory or 1/O error that
occurred: bit O sets if the error is uncorrectable, and bit 1 sets if the error is

correctable.
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Read Mode Field

The read mode bits are used with the port bits to determine what kind of read
operation was in progress when the memory error occuradde 13shows the
read mode and port value translations.

Table 13. Exchange Package Read Mode and Port Translations

Type of Transfer
when Error
Port Value | Mode Value Occurred Explanation
4=A 0 EX Error occurred while reading the exchange package
4=A 1 B Error occurred during a read to the B registers
4=A 2 \% Error occurred during a vector read from memory
4=A 3 A'S Error occurred during a memory read to the Aor S
registers
2=B 0 Fetch A Error occurred during an instruction fetch operation on
port A
2=B 1 T Error occurred during a block transfer to the T
registers
=B \% Error occurred during a vector read from memory
=B Fetch B Error occurred during an instruction fetch operation on
port B
1=D 0 Y1 or SECDED error occurred during a memory read for
HIPPI channel (n) output
1=D 1 Y1 or SECDED error occurred during a memory read for
HIPPI channel (n + 3) output
1=D 2 Y1 or SECDED error occurred during a memory read for
HIPPI channel (n + 5) output
1=D 3 Y1 or SECDED error occurred during a memory read for
HIPPI channel (n + 7) output

n = Processor board number

Memory Register Fields

Four registers test the area limits for memory references: the data base address
(DBA) register, the data limit address (DLA) register, the instruction base
address (IBA) register, and the instruction limit address (ILA) register.
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Data Base Address Register Field

The DBA register holds the base address of the user’s data area (the location in
memory where a program’s data area begins). Each time an instruction in the
program makes a memory reference, the memory address that is generated by
the instruction is added to the contents of the DBA register to form the absolute
memory address.

The DBA address is in bits 10 through 31; bits 0 through 9 are always 0.
Therefore, the content of this register is always a multiple of 2000 (octal)
(1024 decimal).

Data Limit Address Register Field

The DLA register holds the limit address of the user’s data area, which is used
to determine the highest absolute memory address that the program can use for
reading or writing data. Each time an instruction makes a memory reference, the
absolute memory address that the instruction generates is compared to the
address inthe DLA register. If the absolute memory address is less than the DLA
register, the reference proceeds. If the absolute memory address is equal to or
greater than the DLA register, an out-of-range condition exists. If the
interrupt-on-operand range error (IOR) flag in the mode register is set, the
out-of-range condition sets the operand range error (ORE) flag in the flag
register, which initiates an exchange sequence.

A memory read reference that is beyond the limits of the assigned area issues
and completes, but a zero value is transferred from memory. A memory write
reference that is beyond the assigned area issues, but no write operation occurs.

The DLA address is in bits 10 through 31; bits 0 through 9 are always 0.
Therefore, the content of this register is always a multiple of 2000 (octal) (1024
decimal). The highest absolute memory address that can be referenced for data
by a program is defined by [(DLA) x 2 exp10] - 1 memory range.

Instruction Base Address Register Field
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The IBA register holds the base address of the user’s instruction area (the location
in memory where a program'’s instruction area begins). During an instruction
fetch sequence, an absolute memory address is formed by adding the relative
address that is generated by the fetch control logic to the contents of the IBA
register.
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The absolute memory address for an instruction fetch is formed by adding the
IBA register to the higher-order 22 bits of the P register. The ILA address is in

bits 10 through 31; bits 0 through 9 are always 0. Therefore, the content of this
register is always a multiple of 2000 (octal) (1024 decimal).

Instruction Limit Address Register Field

The ILA register holds the limit address of the user’s instruction area, which is
used to determine the highest absolute memory address that can be accessed
during an instruction fetch sequence.

If the absolute memory address used in an instruction fetch sequence is not
between the area of addresses contained within the IBA and ILA registers of the
active exchange package, the CPU generates a program range error interrupt.
The ILA address s in bits 10 through 31; bits 0 through 9 are always 0. Therefore,
the content of this register is always a multiple of 2000 (octal) (1024 decimal).
The highest absolute instruction address of a program is defined by (I2A)
exp10]-1 memory range.

Exchange Address Register Field

The 10-bit exchange address (XA) register specifies the first word address of a
16-word exchange package that is loaded by an exchange sequence. The XA
register contains the higher-order 10 bits of a 14-bit area that specifies the
absolute memory address. The low-order bits of the area are always 0; an
exchange package must begin on a 16-word boundary. The 14-bit limit requires
that the absolute memory address be in the lower 40000 (octal) words of memory.
(The DBA is not added to the XA register.) The exchange sequence exchanges
the contents of the registers with the contents of the exchange package at the
beginning XA register in memory.

Vector Length Register Field

The 7-bit vector length (VL) register specifies the length of all vector operations
that are performed by vector instructions and the number of elements that are
held in the V registers. The value in the VL register can be changed during
program execution by using the 002000 instruction.

Cluster Number Register Field
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The cluster number (CLN) register determines the CPU'’s cluster. There are 17
clusters of SB, ST, and SM registers (17 clusters for the largest system). A value
of 1 (octal) through 41 (octal) in the CLN register determines which cluster the

CPU can access. If the content of the CLN register is 0, then the CPU does not
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have access to any SB, ST, or SM register. The contents of the CLN register in
all CPUs are also used to determine a deadlock interrupt condition. The formula
for determining the number of the cluster for the various CRAY J90 series
configurations is the number of CPUs + 1.

Vector Not Used Field

The state of the vector not used (VNU) bit in the exchange package indicates
whether instruction 077 or instructions 140 through 176 were issued during the
execution intervals. The VNU bit is set if none of the instructions issued; it is
not set if one or more of the instructions issued.

Waiting for Semaphore Field

Flag Register Field

CSM-0301-0B0

The waiting for semaphore (WS) bit in the exchange package is set to indicate
that the CPU exchanged when the test and set instruction was holding in the
current instruction parcel (CIP) register.

The flag (F) register contains 11 flags for the active program. The setting of a
flag can initiate an exchange sequence. The monitor program analyzes the flag
to identify the cause of an exchange sequence. Before the monitor program
exchanges back to the program, it must clear the flags in the F register area of
the exchange package. If any flag remains set, another exchange occurs
immediately. The contents of the F register are stored in memory with the rest
of the exchange package.

Some of the F register flags are disabled when a program is running in monitor
mode or interrupt in monitor mode (refer to the following “Mode Register Field”
subsection in this section for more information on the MM and IMM bits). If a
flag is disabled and the conditions for setting the flag are present, the flag remains
clear and no exchange sequence is initiated.
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The F register contains the following flags:

Bit Position
8/55
9/54

10/53

11/52

12/51

13/50

14/49

15/48

16/47

17/46

18/45

19/44

82

Flag Description
Register parity error (RPE) - (not used)

Interrupt-from-internal CPU (ICP) - is set when another
CPU issues instruction 0014

Deadlock (DL) - is set when all CPUs in a common
cluster are holding issue on a test and set instruction.

Programmable clock interrupt (PCI) - is set when the
interrupt countdown counter in the programmable clock
equals 0.

MCU interrupt (MCU) - is set when the MCU Interrupt
signal is active. This signal is part of /0O channel 20.

Floating-point error (FPE) - is set when a floating-point
range error occurs in any of the floating-point functional
units and when the interrupt-on-floating-point error
(IFP) bit in the M register is set.

Operand range error (ORE) - is set when a data
reference is made outside the boundaries of the DBA
and DLA registers and when the interrupt-on-operand
range error bit in the M register is set.

Program range error (PRE) - is set when an instruction
fetch is made outside the boundaries of the IBA or ILA
registers.

Memory error (ME) - is set when a correctable or
uncorrectable memory error occurs and the
corresponding interrupt-on-correctable memory error
(ICM) bit or interrupt-on-uncorrectable memory error
(IUM) bit in the M register is set.

I/O interrupt (IOI) - is set when a 6-Mbyte/s or
1000-Mbyte/s channel completes a transfer.

Error exit (EEX) - is set by an error exit (000)
instruction if the program is not in monitor mode or the
interrupt-in-monitor mode (IMM) is set.

Normal exit (NEX) - is set by a normal exit (004)
instruction if the program is not in monitor mode.
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Mode Register Field

The mode (M) register contains 10 user-selectable bits for the active program;
it also contains 2 status bits: program state and floating-point error status. The
M register contains the following bits:

Bit Position Flag Description

20/43 Enable second vector logical (ESVL) - when set, this bit
enables the second vector logical functional unit.
Instructions 140 through 145 use the second vector logical
functional unit if it is enabled and not reserved by another
instruction.

21/42 Program state (PS) - is set by the operating system to denote
whether a CPU concurrently processing a program with
another CPU is the master or slave in a multitasking
situation.

22/41 Floating-point error status (FPS) - when set, this bit indicates
that a floating-point error occurred, regardless of the state of
the floating-point error flag.

23/40 Bidirectional memory (BDM) - when set, this bit indicates
that block read and write operations can operate
concurrently. The BDM bit can be set or cleared during a
program by using instructions 002600 (enable bidirectional
memory transfers) and 002500 (disable bidirectional
memory transfers).

24/39 Interrupt-on-operand range error (IOR) - when set, this bit
enables interrupt-on-operand address range errors. The IOR
bit can be set or cleared during the execution interval of a
program by using instructions 002300 (enable
interrupt-on-operand range error) and 002400 (disable
interrupt-on-operand range error).

25/38 Interrupt-on-floating-point error (IFP) -when set, this bit
enables interrupts on floating-point errors. The IFP bit can be
set or cleared during the execution interval of a program by
using instructions 002100 (enable interrupt-on-floating-point
error) and 002200 (disable interrupt-on-floating-point error).

26/37 Interrupt-on-uncorrectable memory error (IUM) - when set,
this bit enables interrupts on uncorrectable memory data
errors and/or register parity errors.

27136 Interrupt-on-correctable memory error (ICM) - when set, this
bit enables interrupts on correctable memory data errors.

28/35 Extended addressing mode (EAM) - (not used) A CRAY J90
series system always operates in Y-mode and cannot execute
X-mode instructions.
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Bit Position

29/34

30/33

31/32

The FPS and PS bits indicate the state of the CPU at the time of the exchange

System Programmer Reference

Flag Description

Selected for external interrupts (SEI) - when set, this CPU is
preferred for 1/O interrupts. When an I/O channel completes
a transfer, the channel can interrupt only one CPU. The CPU
with this bit set gets the interrupt. Refer to “I/O Interrupts”
for more information on 1/O interrupts.

Interrupt in monitor mode (IMM) - this bit is used only when
the MM bit is set; this bit then enables the DL, FPE, ORE,
and PRE interrupts along with interrupts allowed when MM
Is also set.

Monitor mode (MM) - when set, this bit allows access to
privileged monitor mode instructions and inhibits all
interrupts except ME, NEX, and EEX.

sequence. The remaining bits are not altered during the execution interval for

the exchange package and can be altered only when the exchange package is

inactive in memory.

The FPS, PS, BDM, IOR, and IFP bits can be read to an S register with instruction

07301.

Each PC ASIC contains a 128-word cache that is enabled for use when this CE

mode bit is setto a 1.

The current contents of all A registers are stored in bits 0 through 31 of words
0 through 7 during an exchange sequence.

The current contents of all S registers are stored in bits 0 through 63 of words 8

through 15 during an exchange sequence.
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Exchange Sequence

The exchange sequence moves an inactive exchange package from memory into
the operating registers. Simultaneously, the exchange sequence moves the active
exchange package from the operating registers back into memory. This swapping
operation occurs in a fixed sequence when all computational activity associated
with the active exchange package stops.

The exchange sequence involves 16 memory read references and 16 memory
write references. A single 16-word block of memory is the source of the inactive
exchange package and the destination of the active exchange package. Word O
of the active exchange package is swapped with word 0 of the inactive exchange
package. The location of this block is specified by the contents of the XA register
and is a part of the active exchange package.

Exchange Sequence Timing

Hold Conditions

Execution Time

The following subsections define the hold conditions, execution time, and
special case conditions for an exchange sequence.

The following conditions can delay the start of an exchange sequence:

* Incomplete memory references
* Any active A, S, or V registers within the CPU

An exchange takes a minimum of 83 CPs: 40 CPs for the exchange sequence
and 39 CPs for a fetch operation. (This time is longer when memory conflicts
occur.) Memory conflicts are possible during an exchange sequence and a fetch
operation.

Special Case Conditions
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If the test and set instruction is holding in the CIP register, both the CIP and next
instruction parcel (NIP) registers are cleared. The exchange occurs with the WS
flag set and the P register pointing to the address of the test and set instruction.
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Initiating an Exchange Sequence

The exchange sequence can be initiated by a deadstart sequence, a program exit,
or an interrupt. The following subsections describe conditions that cause an
exchange sequence and the results of the exchange.

Deadstart Sequence

86

The deadstart sequence starts a program in the mainframe after a
power-off/power-on operation or whenever the operating systemis re-initialized
in the mainframe. All control latches, words in memory, and the contents of all
registers are invalid after a power-off/power-on operation. During the power-on
sequence, the reset logic is asserted automatically to all flip-flops (FF options)
in the system. JTAG control logic loads all of the configuration registers using
JTAG scan circuitry and then enables the Reset and Stopclk signals. Next, JTAG
control disables Reset and Stopclk; the system is now synchronized and idle.
Memory can now be loaded through I/0O channel 20 (octal).

The external device then loads an initial exchange package and monitor program.
Because a deadstart sequence forces the contents of the XA register to 0, this
initial exchange package must be located at memory address 0.

Through JTAG, the processor is chosen to do the deadstart exchange by forcing
an interrupt on that CPU. These actions cause an exchange sequence that issues
the exchange package at memory address 0. This exchange package then moves
into the operating registers and initiates a program that uses these parameters.

The exchange package that was originally used as the deadstart sequence is
swapped back into memory address 0 and is indeterminate because of the
deadstart operation. New data is entered into this exchange package in
preparation for deadstarting subsequent CPUs by an interprocessor interrupt.
When instruction 001401 is issued in the first CPU, the next CPU exchanges to
memory address 0. This sequence continues until all CPUs are deadstarted.

Each exchange package resides in an area that was defined during system
deadstart. The defined area must be in the lower 4,096 (10000 (octal)) words of
memory. The package at memory address 0 is the deadstart monitor’s exchange
package. Only the monitor has a defined area so that it can access all of memory,
including exchange package areas. This area allows the monitor to define or alter
all exchange packages other than its own when it is the active exchange package.
Other exchange packages provide for object programs and other monitor tasks
and are located outside of the program’s instruction and data areas.
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Program Exit Instructions

Interrupts

Two program exit instructions initiate an exchange sequence: error exit (000)
and normal exit (004). The two instructions enable a program to request its own
termination. A program usually uses the normal exit instruction to exchange
back to the monitor program. The error exit instruction allows termination of an
object program if an abnormal condition occurs; the exchange address selected
is the same address that is used for a normal exit instruction.

Depending on which instruction issues, either an error exit or normal flag is set
in the F register, which forces an interrupt. (Refé&lag Register Fieltbr more
information on the flags.) The appropriate flag is set only if the active exchange
package is not in monitor mode. The inactive exchange package that is sent
during the exchange sequence normally has its monitor mode bit set.

An exchange sequence can also be initiated by setting any of the interrupt flags
in the F register (refer telag Register Fieléor more information on the flags).
Setting one or more flags causes a Request Interrupt signal to initiate an exchange
sequence.

Exchange Package Management
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Exchange package management dictates that a user program always exchanges
back to the monitor that caused the non-monitor program to start execution. This
exchange back to the monitor ensures that the program information is always
exchanged into its proper exchange package.

For example, a monitor begins an execution interval following a deadstart
sequence. No interrupts (except memory) can terminate its execution interval
because it is in monitor mode. Before the monitor program exits, the monitor
sets the contents of the XA register to point to a user program’s exchange
package, so that a user program runs next. Then, the monitor sets the contents
of the XA register in the user program’s exchange package to the appropriate
location in the monitor program. The monitor voluntarily exits by issuing a
normal exit instruction (004).

The exchange sequence moves the inactive exchange package (in this case, the
user program’s) from memory into the operating registers and at the same time,
moves the active exchange package (in this case, the monitor’s) from the
operating registers into memory. The contents of the XA register in the user
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program’s exchange package point to the monitor that originally allowed the
user program to exchange. When the exchange is complete, the user program
begins to run.

If an interrupt occurs while the user program is running, an exchange sequence
is initiated. Because the contents of the XA register in the user’s program
exchange package point to the monitor, the exchange is back to the monitor.
(Note that a user program cannot alter the contents of the XA register.)

When the exchange back to the monitor is complete, the monitor determines
which interrupt caused the exchange and sets the contents of the XA register to
call the proper interrupt-processing program to run. To do this, the monitor sets
the XA register to point to the exchange package for the relevant
interrupt-processing program. The monitor then clears the interrupt and executes
a normal exit (004) instruction, causing the interrupt-processing program to run.
Depending on the operating task, the interrupt-processing program can run in
monitor mode or user mode.

NOTE: There is no interlock between an exchange sequence in a CPU and
memory transfers in another CPU; therefore, avoid modifying
exchange packages used by other CPUs except under
software-controlled situations.
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Instruction Fetch Sequence

An instruction fetch sequence retrieves program code from memory and places
it in an instruction buffer. The program code is held in the instruction buffer
before itis delivered to the instruction issue registers. The following subsections
describe the hardware associated with the instruction fetch sequence and define
the fetch operation.

Instruction Fetch Hardware

Instruction Buffers
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A CRAY J90 series system uses the P register to initiate an instruction fetch
sequence; it uses eight instruction buffers to store the instructions retrieved from
central memorykigure 10shows the P register and instruction buffers.

Figure 10. Instruction Fetch Block Diagram
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Each of the eight instruction buffers (IBO through IB7) holds 40 (octal) (00
through 37 octal) words. Each word contains four 16-bit instruction parcels;
therefore each buffer holds 128 parcels. Instruction parcels are held in the buffers
before they are delivered to the issue registers.

The firstinstruction parcel in a buffer always has a word address that is a multiple
of 40 (octal). This word address allows the entire area of addresses for
instructions in a buffer to be defined by the high-order 17 bits of the P register.

Each instruction buffer has an associated instruction buffer address register
(IBAR). The IBAR contains the high-order 17 bits of the P register and an IBAR
valid bit. When set, the IBAR valid bit indicates that the buffer contains valid
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data. During an exchange sequence, the IBAR valid bit is cleared to invalidate
the previous program’s instructions and to force the CPU to fetch new
instructions. Once the fetch operation begins, the appropriate IBAR is loaded
with the upper 16 bits of the P register, and its valid bit isgtre 11shows

the IBAR.

Figure 11. IBAR

Bits 21 5

Valid Bit Word Address

Program Address Register

The 24-bit P register indicates the next parcel of program code to enter the NIP
register. As shown iRigure 12 the high-order 22 bits of the P register indicate
the word address of the program code in memory relative to the base address.
The low-order 2 bits indicate the parcel within the word. Because 22 bits specify
the word address, the maximum program length is approximately 4 Mwords with
approximately 16 million parcels.

Figure 12. P Register

Bits 21 0 -1 -2

Parcel

Word Address Select

Under normal circumstances, the P register increments sequentially as
instructions issue. For 1- and 2-parcel instructions, the P register increments by
1; for 3-parcel instructions, the P register increments by 2. These increments
allow both 2- and 3-parcel instructions to issue in 2 CPs. Branch instructions
can load the P register with any value. When the program exchanges out, the
saved P register contains the address of the instruction immediately after the last
instruction that executed.

Instruction Fetch Operation

An instruction fetch operation refers to the series of steps that move program
code from memory to an instruction buffer. Refdfigure 13for an illustration
of the P Register and IBAR Address Formats.

90 Cray Research Proprietary CSM-0301-0B0O



System Programmer Reference Instruction Fetch Sequence

CSM-0301-0B0

Figure 13. P Register and IBAR Address Formats

P Register
Bits 21 5 4 0 -1 -2
; ; Selects Word Parcel
Upper 17 Bits of Instruction Word Address within Buffer Select
IBAR
Bits 21 5
Valid Bit Upper 17 Bits of Instruction Word Address

The P register always contains the parcel address of the next instruction to be
decoded. The fetch operation is based on a comparison check of the P register
against the values held in the eight IBARSs; this comparison is done each clock
period (CP). If the content of one of the IBARS is equal to the upper 17 bits in
the P register and the IBAR valid bit is set, an in-buffer (or coincidence) condition
exists.

If the high-order 17 bits of the P register do not match any IBARS, or the valid
bit is not set, an out-of-buffer (or no-coincidence) condition exists and the
instruction fetch sequence starts.

Once the instruction buffers are loaded, or if the comparison between the P and
IBAR registers produced a coincidence condition, the proper instruction parcel
is selected from the instruction buffer. The instruction parcel is sent to the NIP
register and then to the CIP register, from which the instruction issues.
Instruction issue is explained later in this section.

The instruction fetch sequence uses memory port D to transfer 32 words
(128 parcels) from memory into the instruction buffer (refer to “Port Utilization”
for more information on memory ports). One word is transferred during each CP.

The buffers are filled circularly: 128 parcels fill the first instruction buffer; then
another fetch sequence occurs to fill the second instruction buffer with 128
parcels, and so on, until all eight buffers are filled. If the program code exceeds
1,024 parcels, the ninth fetch reloads the first instruction buffer.

The first word delivered to the instruction buffer always contains the next
instruction that is required for execution. For example, if the P register contained
the address 124-2 (parcel 2 of word 124) when the fetch operation started, the
first word delivered to the instruction buffer would be from memory address 124.

Although optimizing the length of code segments for instruction buffers is not
a prime consideration when programming a CPU, the number and size of the
buffers and the capability for forward and backward branching can be used to
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minimize fetches. Large loops that contain up to 1,024 consecutive instruction
parcels can be maintained in the eight buffers. An alternative is that a main
program sequence in one or two of the buffers makes repeated calls to short
subroutines in the other buffers. The program and subroutines remain
undisturbed in the buffers as long as no out-of-buffer condition or exchange
causes reloading of a buffer.

Forward and backward branches are possible within buffers. Branching does not
cause reloading of an instruction buffer if the address to which the instruction
branches is within one of the buffers. Multiple copies of instruction parcels
cannot occur in the instruction buffers.

Because instructions are held in instruction buffers before issue and until the
buffer is reloaded, self-modifying code should not be used. Self-modifying code
may be impossible because of independent data and instruction memory
protection. As long as the address of the unmodified instruction is in an
instruction buffer, the modified instruction in memory is not loaded into an
instruction buffer.

Instruction Fetch Timing

92

During an instruction fetch sequence, instructions are moved from memory to
an instruction buffer at the rate of 1 word per CP. It takes 36 CPs for the first
word to arrive at the instruction buffer and an additional 3 CPs for the first
instruction to arrive in the current instruction parcel (CIP) register. Instruction
issue can run concurrently with the fetch operation as long as the required
instruction parcel is in the instruction buffer. If no memory conflicts occur, the
instruction buffer is filled in 67 CPs (36 CPs for the first word and 31 CPs for
remaining words). Memory conflicts can lengthen the fetch sequence.
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Instruction Issue

An instruction issue sequence is the series of steps that are performed to move
an instruction from an instruction buffer through the issue registers and into
execution.

Instruction Issue Hardware

The CRAY J90 series system uses four registers to issue instruEigune 14
shows the registers and buffers, and the general flow of the instruction parcels
through them. CPU instructions are 1-, 2-, or 3-parcel instructions; refer to
“Instruction Formats’for information on instruction parcels.

Vector instructions are locally issued and dispatched to the vector unit for final
issue. The vector unit can queue five such vector instructions, which are then
issued in the order received. The vector issue unit checks for vector register and
functional unit conflicts before issuing these instructions. Vector register and
functional unit reservations are made by the vector issue unit upon final issue of
the instructions.

Figure 14. Instruction Issue Block Diagram — General Flow

| IB7
Instruction | IB6 b
Buffers | IB5
| IB4 |_ 142
| IB3
| IB2
| IB1 Read-out FYe—>| NIP |>| ciP |>
1BO —>| Registers
00 » LIP [» [ Issue
. : *
37 LIP 1

Instruction Buffers

CSM-0301-0B0

The instruction buffers hold the program code after it is retrieved from memory
and before it is passed to the issue registers. The instruction buffers have two
associated read-out registers to streamline the flow of instructions from the

buffers to the next instruction parcel (NIP) register. Even-numbered words are
loaded into the even read-out register, while odd-numbered words are loaded
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into the odd read-out register. Bit O of the P register determines which read-out
register is used, and bits -1 and -2 of the P register select the parcel to be sent to
the NIP register.

Program Address Register

The 24-bit P register indicates the next parcel of program code to enter the NIP
register. The high-order 22 bits of the P register indicate the word address for

the program code in memory relative to the base address. The low-order 2 bits
indicate the parcel within the word. Under normal circumstances, the P register
increments sequentially as instructions issue. For 1- and 2-parcel instructions,
the P register increments by 1; for 3-parcel instructions, it increments by 2. This
allows both 2- and 3-parcel instructions to issue in 2 CPs. Branch instructions

and exchange sequences can load the P register with any value.

Next Instruction Parcel Register

The 16-bit NIP register receives an instruction parcel from one of the instruction
buffer read-out registers. While the parcel of program code is held in the NIP
register, it is decoded to determine whether the instruction is a 1-, 2-, or 3-parcel
instruction. The parcel is then passed to the CIP register.

The NIP register cannot be master cleared. An undetermined instruction can
issue during the master clear sequence, before an interrupt condition blocks data
entry into the NIP register.

Current Instruction Parcel Register

The 16-bit CIP register receives the parcel of program code from the NIP register
and holds the instruction until it issues. Issue of an instruction that is held in the
CIP register can be delayed until conflicting operations are completed (refer to
“Reservations and Hold Issue Conditijns

The issue control hardware associated with the CIP register is master cleared,;
the register itself is not. An undetermined instruction can issue during the master
clear sequence.

Lower Instruction Parcel and Lower Instruction Parcel 1 Registers

94

The 16-bit lower instruction parcel (LIP) register holds the second parcel of a
2-parcel instruction (the first parcel of this instruction is always held in the CIP
register). The 16-bit LIP1 register holds the third parcel of a 3-parcel instruction
(again, the first parcel is held in the CIP register, and the second parcel of this
instruction is held in the LIP register).
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Instruction Issue Operation

CSM-0301-0B0

Control logic associated with the NIP register determines whether the instruction
is a 1-, 2-, or 3-parcel instruction and steers subsequent parcels to the correct
register. The general sequences for the three types of instructions are described
in the following paragraphs; specific examples of 1-, 2-, and 3-parcel instructions
are provided on the following pages.

For 1-parcel instructions, the P register sends the instruction parcel to the NIP
register. From the NIP register, the instruction moves to the CIP register. If there
are no conflicts, the instruction executes.

For a 2-parcel instruction, the P register sends the first parcel to the NIP register.
Then the first parcel is sent to the CIP register, while the second parcel goes
directly to the LIP register. When the two registers are properly loaded with the
correct parcels and there are no conflicts, the first parcel issues from the CIP
register and the second parcel issues from the LIP register at the same time.
When the parcels of the 2-parcel instruction move from the CIP and LIP registers
to execution, the NIP register sends a blank parcel to the CIP register. The control
logic decodes this blank parcel as a no-operation instruction when it issues from
the CIP register. While this blank parcel is loaded into the CIP register, a new
parcel is loaded into the NIP register, and the control logic determines whether
the instruction is a multiparcel instruction. During this sequence, a delay can
occur if the new instruction is in a different buffer than the previous instruction
or if a fetch operation is required.

For a 3-parcel instruction, the P register sends the first parcel to the NIP register.
Then the first parcel is sent to the CIP register, while the second parcel goes
directly to the LIP register and the third parcel goes directly to the LIP1 register.
When the three registers are properly loaded with the correct parcels and there
are no conflicts, the first parcel issues from the CIP register, the second parcel
issues from the LIP register, and the third parcel issues from the LIP1 register
at the same time. When the parcels of the 3-parcel instruction move from the
CIP and LIP registers to execution, the NIP register sends a blank parcel to the
CIP register. The control logic decodes this blank parcel as a no-operation
instruction when itissues from the CIP register. While this blank parcel is loaded
into the CIP register, a new parcel is loaded into the NIP register and the control
logic determines whether it is a multiparcel instruction. Delays can occur if the
new instruction is in a different buffer than the previous instruction or if a fetch
operation is required.

Figure 15throughFigure 24and the following paragraphs show the steps that
occur as 1-, 2-, and 3-parcel instructions are steered in sequence through the
issue registers. The sequence assumes a 1-CP delay and is numbénesl@QR
CPn+9. An instruction buffer with its two read-out registers, the P register, and
the relevant issue registers are shown for each CP.
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Figure 15shows parcels 20-0 through 21-3 being held in an instruction buffer
and read-out registers. The P register is pointing to parcel 20-0 as the next parcel
to be read into the NIP register.

Figure 15. Instruction Issue Block Diagram — Parcels Held

Read-out Registers

P Register

Ep

NIP CIP

Instruction Buffer Even odd
4 0
. 20-0 21-0
. 20-1 21-1
% 20-0 | 20-1 | 20-2 | 20-3 202 21-2
Words < 20-3 21-3
21| 21-0 | 21-1| 212 | 21-3
22 A A
.
\_37 |

Figure 16shows parcel 20-0 in the NIP register. The P register incremented by
1 and is pointing to parcel 20-1 to read out as the next parcel. While parcel 20-0
is in the NIP register, the issue hardware determines whether itis a 1-, 2- or

3-parcel instruction.

Figure 16. Instruction Flow through Issue Registers (CPn + 1)

Instruction Buffer

Read-out Registers

20-0| 20-1
Words< 20

20-2

20-3

21| 210 21-1

21-2

21-3

Even Odd
20-0 21-0
20-1 21-1
20-2 21-2
20-3 21-3

P Register

I

NIP CIP

{20 ] [ ]

Because parcel 20-0 is a 1-parcel instruction, the logic steers parcel 20-0 into
the CIP register and parcel 20-1 into the NIP register. The P register increments

by 1 (refer taFigure 17.
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Figure 17. Instruction Flow through Issue Registers (CPn + 2)
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While the parcel in the NIP register is decoded to determine whether itis a 1-,
2-, or 3-parcel instruction, the issue hardware checks for any conflicts that might
prevent the instruction in the CIP register from issuing. If there are conflicts,
both the CIP and NIP registers hold their parcels, and the P register does not
increment (refer té-igure 18§.

Figure 18. 1-parcel Instruction Holding 1 CP for Conflict (CPn + 3)

Words <

o

17
20

21
22

\37

Instruction Buffer

Read-out Registers
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| 20-1
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This holding state is maintained until the conflict is resolved. If there are no
conflicts, orwhenthe conflictis resolved, parcel 20-0 issues from the CIP register
(refer toFigure 19.
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Figure 19. Instruction Flow through Issue Registers (CPn + 4)

Read-out Registers

~ Instruction Buffer Even odd P Register
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Because parcel 20-1 is the first parcel of a 2-parcel instruction, the logic steers
parcel 20-2 into the LIP register and parcel 20-1 into the CIP register. Also, a
blank parcel is generated in the NIP register. The P register increments by 1 to
point to the next parcel (in this case, parcel 20-3). Issue hardware checks for
conflicts. If any conflicts are found, the CIP, LIP, and NIP registers hold their
parcels and the P register does not increment (refégtoe 20.
Figure 20. 2-parcel Instruction Holding 1 CP for Conflict (CPn + 5)
Read-out Registers
~ Instruction Buffer Even oOdd P Register
0
. 200 210
. 20-1 21-1

17 - -
20| 200 | 201 | 202 | 20-3 20-2 21-2

Words 20-3 21-3

< 21| 210 | 21-1| 21-2 | 21-3
22
. NIP cIP
: | Blank | 20-1

37 t 1

LIP

This holding state is maintained until the conflict is resolved. If there are no
conflicts, or when the conflict is resolved, parcels 20-1 and 20-2 issue together
in the next CP (refer tBigure 2).
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Figure 21. Instruction Flow through Issue Registers (CPn + 6)

Read-out Registers
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32 NIP cip
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As the 2 parcels move from the CIP and LIP registers to issue, parcel 20-3 is
loaded into the NIP register and a blank parcel is loaded into the CIP register.
The P register increments by 1 and points to the next parcel (in this case, parcel
21-0). Because the P register no longer points to a parcel in word 20, a new word
is loaded into the even read-out register during the next CP. The blank parcel in
the CIP register is decoded as a no-operation instruction when it issues during
CPn+7 (refer toFigure 23.

Figure 22. Instruction Flow through Issue Registers (CPn + 7)

Read-out Registers

~ Instruction Buffer Even oOdd P Register
0
L]
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Words < 223 21-3
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22
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N LIP

.

Operation
LIP 1

Because parcel 20-3 is the first parcel of a 3-parcel instruction, the logic steers
parcel 21-1 into the LIP1 register, parcel 21-0 into the LIP register, and parcel
20-3 into the CIP register. A blank parcel is generated in the NIP register. The
P register increments by 2 and points to the next parcel (in this case, parcel 21-2).
Issue hardware checks for conflicts. If any conflicts are found, or when the
conflict is resolved, the issue registers hold their parcels, and the P register does
not increment (refer tbigure 23.
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Figure 23. 3-parcel Instruction Holding 1 CP for Conflict (CPn + 8)
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This holding state is maintained until the conflict is resolved. If there are no
conflicts, parcels 20-3, 21-0, and 21-1 issue together in the next CP (refer to
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Figure 29.
Figure 24. Instruction Flow through Issue Registers (CPn + 9)
Read-out Registers
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100

LIP Issue
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e
21-1)
LIP 1
[ )

As the 3 parcels move from the CIP, LIP, and LIP1 registers to execution, parcel
21-2 enters the NIP register, and a blank parcel enters the CIP register. The P
register increments by 1 to point to the next parcel (in this case, parcel 21-3).
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Instructions continue to flow through the issue registers until the program code
exits normally or is interrupted. In either case, an exchange sequence and a fetch
operation bring new code into the instruction buffers and a new value into the P
register, and the issue sequence starts over again.

Table 14shows the issue sequence that is explained and illustrated in the
previous paragraphs. This chart shows the movement of the instruction parcels
at each CP as they pass through the issue registers.

Table 14. Instruction Issue Sequence

CPN n+1 n+2 n+3 n+4 n5 n+6 n+7 n+8 n+9
P reg 20-0 | 20-1 | 20-2 | 20-2 | 20-3 20-3 21-0 21-2 21-2 21-3
NIP 20-0 | 20-1 | 20-1 | Blank | Blank | 20-3 Blank | Blank | 21-2
CIP 20-0 | 20-0 | 20-1 20-1 Blank | 20-3 20-3 Blank
LIP 20-2 20-2 21-0 21-0
LIP1 21-1 21-1

Reservations and Hold Issue Conditions

CSM-0301-0B0

When the first parcel of an instruction is in the CIP register, hardware determines
whether any conflicts are preventing the instruction from executing. These
conflicts are referred to as hold issue conditions and cause the instruction to be
held in the issue registers until the conflict is resolved. Once the instruction
issues, reservations are immediately placed on the local appropriate registers,
paths, ports, or functional units as needed. These reservations are usually held
a few CPs before the instruction finishes execution; the exact timing depends on
the type of instruction.

Register reservations are placed in the following cases:

* A and Sregisters are reserved as result registers, but not as operand
registers.

* Access to the B or T registers is reserved during block transfers.

* Input paths are reserved for the CP during which the data is expected to
enter the A or S registers.
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Port reservations are placed when the following conditions occur:

* Port Ais reserved for memory reads to the B registers.

* Port B is reserved for memory reads to the T registers.

* Port A or port B is reserved for memory reads to the V registers.

* For a write to memory, if port A or port B is busy with a write reference,
or if ports A and B are busy.

Conflicts also occur when more than one CPU tries to access the shared path at
the same time. The shared path is used by all shared and semaphore registers,
and by /O instructions, interprocessor interrupt signals, and the real-time and
programmable clocks.

For a detailed description of the hold issue conditions for each instruction, refer
to the ‘CPU Instruction Descriptiofisection of this document for more
information. In several cases, these conditions are limited to a specific instruction
or instruction sequence. The following list describes a few generalized hold issue
conditions.

Scalar instructions hold issue if one of the following conditions occurs:

* The A or S register needed for a result is reserved.

* The input path is reserved for the CP during which incoming data enters
the register.

* The instruction references memory, and port A or port B is reserved.
Vector instructions hold issue if the following condition occurs:

* The instruction references memory and the needed port is reserved. Five
vector instructions have been dispatched to the vector unit and await issue
there.

For B and T register block transfers, a hold issue condition exists if the needed
port is reserved. For multiparcel instructions, a hold issue condition exists if the
second or third parcel of the instruction is in a different buffer (2-CP delay) or
not in any buffer.

Cray Research Proprietary CSM-0301-0B0O



System Programmer Reference Programmable Clock

Programmable Clock

Each CPU has a programmable clock that generates periodic interrupts at specific
preset intervals. Available intervals range between 9 &nd ZPs. Intervals
shorter than 100 msec are not practical because of the monitor overhead involved
in processing the interrupable 15lists the monitor mode instructions used to
enable and disable the programmable clock.

Table 15. Programmable Clock Instructions

CAL Code Octal Code Description
PCI Sj 0014j4 Enter interrupt interval register with (Sy)
CClI 001405 Clear PCI request
ECI 001406 Enable PCI request
DCI 001407 Disable PCI request

NOTE: On the J90se CPU, the programmable clock operates at the CPU
clock rate (twice the system clock rate).

Interrupt Interval Register

Operation

CSM-0301-0B0

The 32-bit interrupt interval (Il) register is loaded with the number of CPs that
elapse between programmable clock interrupt requests. Instructio 0014
transfers the low-order 32 bits of the&gister into the Il register. Bit 3 is always
forced to a logical 1 for instruction 0G#4 The binary value entered into the Il
register is the number of CPs. The interval is actually one more than the value
in the Il register. For example, if 8quals 0, the Il register equals 8 (because
bit 3 is always forced set), and the interval equals 9.

This value is held in the Il register and is transferred to the programmable clock
each time the counter reaches 0 and generates an interrupt request. The contents
of the Il register are changed only by another POi#struction.

The 32-bit programmable clock is preset to the value that the Il register contains
when instruction 0034 executes. This clock runs continuously and decrements
by 1 at each CP until the content of the clock is 0. The programmable clock then
sets the programmable clock interrupt (PCI) request and reads the interval value
that is held in the Il register. The programmable clock repeats the countdown
cycle and sets the PCI request at the intervals that the contents of the Il register
determine.
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A PClI request can set only if it is enabled (by instruction 001406) and remains
set until instruction 001405 executes and clears the request. The PCI request
causes an interrupt only if the system is not in monitor mode. A request set in
monitor mode is held until the system exchanges out of monitor mode.

Following a deadstart sequence, the monitor program ensures the state of the

PCI request by issuing instructions 001405 and 001407 to clear and disable the
PCI request.

Status Register

The status register holds the status of several flags and bits. The contents of the
status register can be sent to the high-order bits of an S register with instruction
07301.Table 16shows the bit position and describes the bits and flags in the S
register.

Instruction 0781 sets the low-order 32 bits to 1's and returns the status bits to
the high-order bits of thei 8egister. The 07481 instruction is not privileged to
monitor mode; the processor number and cluster number bit position return a
value of 0 if the instruction is not executed in monitor mode. The processor
number is derived from the configuration register bits (bits 14 through 10) on
the PC ASIC.
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The PN and CLN flags return a value of O if the system is not in monitor mode
when instruction 0781 executes. The UME and CME flags are cleared during
an exchange or when any 073 instruction is issued.

Table 16. Si Bit Positions and Bit Descriptions

Si Bit Position Description

63 Clustered, CLN not equal to zero (CL)

57 Program state (PS)

53 Uncorrectable memory error occurred (UME)
52 Correctable memory error occurred (CME)
51 Floating-point error occurred (FPS)

50 Floating-point interrupt enabled (IFP)

49 Operand range interrupt enabled (IOR)

48 Bidirectional memory enabled (BDM)

44 Processor number bit 4 (PN4)

43 Processor number bit 3 (PN3)

42 Processor number bit 2 (PN2)

41 Processor number bit 1 (PN1)

40 Processor number bit 0 (PNO)

37 Cluster number bit 5 (CLN5)

36 Cluster number bit 4 (CLN4)

35 Cluster number bit 3 (CLN3)

34 Cluster number bit 2 (CLN2)

33 Cluster number bit 1 (CLN1)

32 Cluster number bit 0 (CLNO)
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Performance Monitor

106

The performance monitor tracks groups of hardware-related events. These
results can be used to indicate the relative performance of a program. The
performance monitor contains eight performance counters that track four groups
of hardware-related events. Because of architectural differences, performance
monitoring in the CRAY J90 series system differs from that in the CRAY Y-MP
system.

Performance events are monitored only when the CPU is operating in
nonmonitor mode. Entering monitor mode disables the performance counters.
The groups are selected by jtieeld in instruction 001f®; refer toTable 17for
events that are tracked in each group.

Refer to the CPU Instruction Descriptiofisection for more information on the
instructions. Two types of instructions are used with the performance monitor:
user instructions and maintenance instructions. The user instructions allow the
user to select and read the performance monitor. The maintenance instructions
test the logic of the performance monitor. The following subsections explain
how these instructions are used with the performance monitor.
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Table 17. Performance Counter Group Descriptions

Performance Functions on
Group Counter Monitored Event Incremented CRAY Y-MP system
Number of:
0 0 Instruction issued +1 Same
0 1 Clock period holding issue +1 Same
0 2 Instruction fetches +1 Same
0 3 Floating-point add operation +1, +v1 Same
0 4 Floating-point multiply operation +1, +v1 Same
0 5 Floatin_g—point reciprocal +1, +vl Same
operation
0 6 CPU Memory references +1, +v1, +ai | Same
0 7 Cache hits +1 I/O memory reference
Holding issue on:
1 0 A registers +1 Semaphores
1 1 S registers +1 Shared registers
1 2 V registers +1 A registers
1 3 B, T registers +1 S registers
1 4 V functional units +1 V registers
1 5 Shared registers +1 V functional units
1 6 Memory ports +1 Scalar memory reference
1 7 Miscellaneous +1 Block memory reference
Number of:
2 0 Instruction fetches +1 Same
2 1 Cache hits +1 Fetch memory conflicts
2 2 Scalar memory writes +1 I/O memory references
2 3 B, T memory references +ai I/0 memory conflicts
2 4 Scalar memory references +1 Same
2 5 CPU memory writes +1, +vl, +ai | Same
2 6 CPU memory references +1, +v1, +ai | Same
2 7 CPU memory conflicts +1 Same
Number of:
3 0 000 — 017 instructions +1 Same
3 1 020 — 077 instructions +1 Same
3 2 100 — 137 instructions +1 Same
3 3 140 - 157, 174 (k # 0) +1 Same
instructions
3 4 160-173, 174 (k=0) +1 Same
instructions

CSM-0301-0B0
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Table 17. Performance Counter Group Descriptions (continued)

Performance Functions on
Group Counter Monitored Event Incremented CRAY Y-MP system
3 176, 177 instructions +1 Same
3 Vector integer operation +vl Same
(from #3)
3 Vector floating-point operation +vl Same
(from #4)

Selecting and Reading Performance Events

Table 18lists the two user instructions that select and read the performance
monitor. The primary function of instruction 0g@35s to select one of the four
groups of performance events to be tracked. It also clears the performance
counters and the performance counters’ pointer (explained later in this
subsection). After instruction 00jbselects a group, the performance counters
advance their totals according to the number of monitored events that occur. The
performance counters can continuously monitor events for approximately 156
hours before they must be reset. Fifty CPs must elapse before another
performance monitor instruction issues.

Table 18. Performance Monitor User Instructions

Octal
Instruction Primary Function Secondary Functions
0015502 Selects the performance monitor. The jfield | Clears all performance counters and
selects the group to be monitored. clears the performance counter
pointer.
073i112 Reads 16 bits of the performance counter Reads 16 bits of status register into
into Si. Siand increments the performance

counter pointer.

a8 This instruction is privileged to monitor mode.
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Instruction 078L1 is used for performance monitoring and is privileged to
monitor mode. Each execution of the IZ3advances a pointer. Instruction
07311 performs two functions. Its primary function is to read 16-bit segments
of the performance counters into bits 32 through 47 of an S registérefsr

to Figure 25. Its secondary function is to read bits 42 through 63 of the status
register into bits 48 through 63 of the same S register.
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Figure 25. Contents of an S Register During Execution of 073i11 Instruction

Bits 63 48 47 32 31 0
63 through 48 of the ) )
Status Register Selected PC 16-bit Segment Unpredictable Results
Each performance counter is 48 bits wide and is divided into three 16-bit
segments. A performance counter pointer selects which 16-bit segment to read
into the S register. The performance counter pointer is cleared either on entry
from or exit to monitor mode, or by instruction 0¢A.5r 07331.
The following example shows a sequence for reading a set of performance
counters:
Step Octal Code Description

1 07311 Bits O through 15 of counter 0 to(8ts 32 through 47.

2 4-CP delay

3 07311 Bits 16 through 31 of counter O tolfits 32 through 47.

4 4-CP delay

5 07311 Bits 32 through 47 of counter O tols#ts 32 through 47.

6 4-CP delay

7 07311 Bit O through 15 of counter O to §its 32 through 47.

8 4-CP delay

n 07311 Read bits 32 through 47 of counter n to thee§ister.

CSM-0301-0B0

In Step 1, instruction 0781 reads bits 0 through 15 of counter O into the S
register and increments the performance counter pointer. In Step 3, instruction
07311 reads bits 16 through 31 of counter O into the@ster and increments

the performance counter pointer. In Step 5, instructionld7%ads bits 32
through 47 of counter 0 inta 8nd increments the performance counter pointer.

In Step 7, the process begins again, transferring the three 16-bit segments of
counter 1 into theiSegister. After each O7BL instruction, the performance
counter pointer advances by 1; a 4-CP delay must occur between sequential
issues of instruction OTB1.
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Testing Performance Counters
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Instructions 0721, 07331, and 071 test the operation of the performance
counter. Instruction 0731 adds 4000020000000 (octal) to the contents of the
performance counter by injecting 1's at bit positions 22 and 38. Each of these
bit positions contains bit 7 of the middle parcel and bit 7 of the most significant
parcel. The performance counter pointer is advanced to the next counter. This
instruction also reads the status register into thredsster.

Instruction 07831 clears the performance counter pointer and clears all
maintenance modes. It also reads the status registeninto S

Instruction 0781 increments the selected performance counter by adding 1 to
bit position 0. Instruction 0781 also reads status register bits 32 through 63 to
a selected S reqister.
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Cache Memory

CSM-0301-0B0

The concept of a cache memory allows operations of the main memory address
space to be mapped into a small high-speed memory, usually in the CPU. The
cache is split into a number of lines, or groups, of data words, which represent
contiguous chunks of main memory locations.

Each cache line has a tag that identifies the main memory address that the line
represents. The cache may be directly mapped, where a given memory address
is mapped to only one position in the cache (a portion of the memory address
directly addresses the cache); or associatively mapped, where the memory
address may be found anywhere in the cache. A completely associative cache is
not practical; a completely direct-mapped cache allows no flexibility for
collisions in the part of the memory address used to address the cache. A
combination of these mapping techniques is the most practical and is called
set-associativen such a cache, a portion of the memory address maps directly
to a set of lines. Any one of these lines may be chosen to represent that portion
of memory.

If there aren lines in a set, then the cache is termeagay set-associativa he
desired line in a set is the one whose address tag matched the corresponding
portion of the memory address. If no valid matching tag is found, then one of
the lines must be allocated. A common technique is to allocate the line that was
least recently used (LRU) and therefore is least likely to be used again in the
future.

The mainframe cache uses the JQlifstruction, which enables a processor in
monitor mode to invalidate another processor’s cache.

Instruction CAL Description
00141 IVC Aj Invalidate cache in processorjjA

The mainframe cache is a 128-word, 2-way set-associative cache. The line size
is 1 word; therefore, the cache contains 128 lines in 64 sets of 2 lines each. The
line replacement algorithm is LRU, on a per-set basis.

Only scalar references (A and S references) are cached. Vector references (B,
T, and V references) are not cached. Vector writes cause invalidation of matching
lines in the cache. The entire cache is invalidated on an exchange or cache flush
operation. The cache is not affected in any way by a fetch. The cache is a
write-through cache; if a line can be allocated or already exists in the cache, the
write data is stored in the cache as well as the main memory. Scalar references
always make exactly one memory request, because the line size is 1 word. A
scalar read reference that hits a valid word in the cache makes a memory request,
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which is later aborted; this is necessary to minimize the latency of the memory
request logic. The cache read latency is 7 CPs, from CPO of the issuing
instruction, to CPO of the following instruction, if it depends upon the data read.

NOTE: On aJ90se CPU, the cache read latency remains unchanged at 7 CPs

(3.5 system CPs).

Table 19summarizes the general cache operation. The following steps describe
this operation:

1.

Scalar reads that encounter a valid cache word do make memory requests,
but these are redundant and are later aborted.

Only scalar misses (read and write) allocate cache lines.

Memory returns for scalar reads update the cache and pass the return data
to the CPU.

Scalar writes store through the cache.
Vector writes invalidate matching cache lines.

An exchange or flush invalidates the entire cache.

Cray Research Proprietary CSM-0301-0B0O



System Programmer Reference Cache Memory

Table 19. CRAY J90 Series Cache Operations

Invalidate
Operand/ Read/ Make MM Referenced Update Update
Operation Write Hit/Miss Request | Allocate Lines on Return | on Write
Fetch - - X
Scalar Read Hit X (a)
Miss X X X
Write Hit X X
Miss X X X
Vector Read - X
Write - X X
Exchange - - X X (b)
Flush - - X (b)

(a) Redundant — data is supplied by the cache

(b) Invalidate entire cache

Detailed Operation of Cache Memory

CSM-0301-0B0

Figure 26shows the physical organization of the cache. Each cache line consists
of an address tag and a tag valid bit, and 1 word of data that has a requested bit.
The key concepts concerning the operation of the cache are as follows:

To mark a cache word as valid, its request bit is cleared.

A cache line is considered requested only when its word is marked
requested.

A cache line can be allocated only when it is not requested.

A cache line can be hit only when its tag valid bit is set and a tag match
exists.

When a cache line is invalidated, the tag valid bit is cleared, and only the tag
valid bit is affected. When a cache line is allocated, the tag is updated, the tag
valid bit is set, and the word is marked valid for a write, or marked requested
for a read.

For a scalar write to the cache that results in a hit or allocate, the referenced word
is updated. For a scalar read to the cache that results in a hit, the referenced word
is read and sent immediately to the CPU. A scalar read or write that misses the
cache and cannot allocate a new cache line makes a normal memory request and
does not affect the cache.
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When a scalar read request is made, its cache address is stored in the port queue,
along with a return-to-cache bit that indicates whether the return data should be
written to the cache, and a return-to-register bit that indicates whether the return
data should be written to the CPU destination register. For a scalar memory
return, the cache address and return bits are read from the port queue, and if the
return-to-cache bit is set and the cache word is marked as requested, the cache
word is updated; the cache word is unaffected if it is already valid.

Figure 26. 1-word Line, 2-way Associative 128-word Cache

Address
31 6 54 3 2 10
Tag Set
Group O Group 1
(Set) >0 0 0 0 Set 0
Tags \Y Tags \Y
63 63 ) 63 63 || Set63
(Set) >0 Word 0 0 Word 0 Set 0
Data R Data R
233 Word 0 6.3 Word 0 Set.63

Tags (2) 64 x 26 21-port GRAs
Data (4) 64 x 32 4-port GRAs
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CPU Computation

CSM-0301-0B0

Each central processing unit (CPU) is an identical, independent computation
section that consists of operating registers, functional units, and an instruction
control network. The operating registers and functional units are associated with
three types of processing: address, scalar, and vector.

Address processing operates on internal control information, such as addresses
and indexes. The address (A) registers, intermediate address (B) registers, and
two functional units are dedicated solely to address processing.

Scalar processing is sequential and uses one operand or operand pair to produce
asingle result. Scalar processing uses the scalar (S) registers and the intermediate
scalar (T) registers. Scalar processing also uses four functional units that are
dedicated to scalar processing; three floating-point functional units are similarly
dedicated.

Vector processing allows a single operation to be performed concurrently on a
set (or vector) of operands, repeating the same function to produce a series of
results. Vector processing uses the vector (V) registers. Vector processing also
uses functional units that are dedicated to vector processing, including three
floating-point functional units.

Data flow in a computation section is from central memory to registers and from
registers to functional units. Results flow from functional units to registers and
from registers to central memory or back to functional units. Depending on the
instruction sequence, data flows along either the scalar or vector path.

The computation section performs integer or floating-point arithmetic
operations. Integer arithmetic is performed in two’s complement mode;
floating-point quantities have signed magnitude representation.

Integer (or fixed point) operations are integer addition, integer subtraction, and
integer multiplication. No integer division instruction is provided; the operation
is accomplished through a software algorithm using floating-point hardware.

Floating-point instructions allow addition, subtraction, multiplication, and
reciprocal approximation operations. The reciprocal approximation instructions
provide a floating-point division operation that uses a multiple instruction
sequence.
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The instruction set includes logical operations for AND, inclusive OR, exclusive
OR, exclusive NOR, and mask-controlled merge operations. Shift operations
allow the manipulation of either 64-bit or 128-bit operands to produce 64-bit
results. With the exception of 32-bit integer arithmetic, most operations are used
in vector or scalar instructions.

The 32-bit integer product is a scalar instruction that is designed for index
calculation. A full-indexing capability is possible throughout central memory in
either scalar or vector modes. The index can be positive or negative in either
mode. Indexing allows matrix operations in vector mode to be performed on
rows or on the diagonal as well as allowing conventional column-oriented
operations.

The following subsections describe the operating registers and their associated
functional units.
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Operating Registers

Each CPU has three primary and two intermediate sets of operating registers.
The primary sets of operating registers are the address (A), scalar (S), and vector
(V) registers. These registers are considered primary because functional units
and central memory can access them directly.

For the A and S registers, an intermediate level of registers exists; they are not
accessible to the functional units, but they act as a buffer for the primary registers.
To reduce the number of memory reference instructions for scalar and vector
operations, block transfers are possible between these intermediate registers and
central memory. The intermediate address (B) registers support the A registers,
while the intermediate scalar (T) registers support the S registers. The V registers
do not have intermediate registers.

Address (A) Registers

CSM-0301-0B0

Figure 27shows the eight A registers and their associated CPU hardware. The
A registers are designated AO through A7.

The A registers operate in Y-mode; the A registers and address functional units
run at a full 32-bit width and the instruction set includes 3-parcel instructions.
The following subsections explain A register functions, special uses, and
instructions.
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NOTE: * Control and/or data from

™

other CPUs.

Figure 27. A Register Block Diagram
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A Register Functions
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The A registers serve as address registers for memory references and as index
registers. A registers transfer and receive 32 bits. Ref@atiatilating Absolute
Memory Addressfor additional information. The A registers index the base
address for scalar memory references and provide both a base address and an
address increment for vector memory references. The A registers also provide
values for shift counts, loop control, and channel 1/0O operations [setting the
channel limit (CL) and current address (CA) registers] and serve as result
registers for the scalar population/parity/leading zero functional unit.

The A registers are connected to the vector length (VL) and exchange address
(XA) registers. The VL register is loaded by the 002 instruction. The XA register
is loaded by the 00]@instruction only while the system is operating in monitor
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mode. Refer to theVector Length Registésection for more information on
the VL register. Refer to thé&kchange Address Register Fiedeéction for more
information on the XA register.

Data either moves between central memory, a 128-word cache, and the A
registers, oritis placed in the B registers. The B registers buffer the data between
A registers and central memory. Data can also be transferred between A and S
registers and between A registers and shared address (SB) registers.

The following list summarizes the functions of the A registers:

* Generate addresses for memory references and function as index
registers.

e Setthe CA and CL registers (I/O control).
* Provide values for shift counts and loop controls.

* Serve as result registers for the scalar population/parity/leading zero
functional unit.

* Set the XA register (exchange control).
* Set and read the VL register (vector control).
¢ Transfer data between the A and S registers.

* Transfer data between the A and SB registers.

The address functional units support address and index generation by performing
32-bit (Y-mode) integer arithmetic on operands obtained from A registers and
by delivering the results to A registers. Refer to theédress Functional Units
section for more information on the address functional units.
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Special A Register Values

If register AO is referenced in tiej, ork fields of an instruction, the contents

of the register are not used; instead, a special operand is generated. The special
value is available regardless of existing AO register reservations (they are not
checked in this instance, and this special value does not alter the actual value of
the AO registerTable 20shows the special AO register values.

Table 20. Special A0 Register Values

Field Operand Value
Ah,h=0 0
Ajj=0 0
Ak, k=0 1

If thei field equals O, then the contents of register AO are used fiEfedis not
used as a special case.

A Register Instructions

Only one result per CP can be transferred to the A registers. When an instruction
that delivers new data to an A register issues, a reservation is set for that register.
The reservation prevents the issue of instructions that use the register until the
new datais delivered. Instructions reference Aregisters by specifying the register
number as thh, i, j, ork designator (refer to theristruction Formatssection

for more information on instruction fields). AO is the only A register that can be
referenced when it is not specified in one of the instruction fields.

Table 21lists A register instructions and provides octal and CAL codes. The
content of the DBA register is added to instruction-generated memory addresses
to form absolute memory addresses. Refer to@lagculating Absolute Memory
Address$ section. Refer to theCPU Instruction Descriptiofisection for

complete information on these instructions.

There is only one input path to the A registers; therefore, all instructions that

write data into the A registers must reserve the path for the CP when data arrives.
The issue hardware determines which CP to reserve the path for the instruction,
and it reserves the path for that CP. If the path is already reserved, the instruction
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holds issue. The instruction continues to hold issue until the A register path is
available inthe CP when the data arrives. The instruction then issues and reserves
the path for that CP.

Table 21. A Register Instructions

Machine
Instruction CAL Syntax Description Type of Instruction
020/00mn | Aiexp Transmit nm to Aj Register entry
021/00mn | Aiexp Transmit one’s complement of exp to Ai exp
=nm
022ijk Ai exp Transmit jk to Ai
03100 Ai-1 Transmit -1 to Ai
10hi00mMN Ai exp,Ah Read from ((Ah) + exp) to Ai exp = nm Memory transfer
100i00mn | Aiexp,0 Read from nmto Aj (Load)
100hi00mn | Ai exp Read from nmto Ai
10hi0000 Ai Ah Read from (Ah) to Ai
11hi00mMn exp,Ah Aj Write (Af) to ((Ah) + exp) exp = nm Memory transfer
110i00mn | exp,0 Ai Write Aito nm (Store)
110/00mn exp, Ai Write Aito nm
11hi0000 Ah Aj Write (Af) to (Ah)
0013/0 XA Aj Transmit (Aj) to XA register Interregister transfer
001443 CLN Aj Transmit (Aj) to CLN register
00200k VL Ak Transmit (Ak) to VL register
023jj0 Ai Sj Transmit (Sj) to Aj
023i01 AiVL Transmit (VL) to Ai
024ijk Ai Bjk Transmit (Bjk) to Aj
025ik Bjk Ai Transmit (A/) to Bjk
030i/0k Ai Ak Transmit (Ak) to Ai
031/0k ARFAK Transmit the negative of (Ak) to Aj
071i0k Ai Ak Transmit (Ak) to Siwith no sign extension
071ilk Si+ Ak Transmit (Ak) to Siwith sign extension
071i2k Ai+ FAk Transmit (Ak) to Sias unnormalized
floating-point number
030jjk Ai Aj+ Ak Transmit integer sum of (Aj) and (Ak) to Ai | Interger operation
030/j0 AiAj+ 1 Transmit integer sum of (Aj) and 1 to Aj
031jjk Ai Aj-Ak Transmit integer difference of (Aj) and (Ak)
to Ai
031jj0 AiAj1L Transmit integer product of (Aj) and 1 to Aj
032k Ai Aj* Ak Transmit integer product of (Aj) and (Ak) to
Ai
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Table 21. A Register Instructions (continued)

Machine
Instruction CAL Syntax Description Type of Instruction
010/jkm JAZ exp Jump to exp if (A0) =0 (i2 = 0) Conditional jump
011ijkm JAN exp Jump to expif (A0) 0 (i2 =0)
012ijkm JAP exp Jump to expif (A0) -0 (i2=0)
013ijkm JAM exp Jump to exp if (A0) 0 (i2=0)
026ij0 AiPSj Transmit population count of (Sj) to Aj Bit count
026jj1 Ai QSj Transmit population count parity of (Sj) to
Ai
027ij0 Ai ZSj Transmit leading zero count of (Sj) to Ai
03300 AiCl Transmit channel number of highest priority | Register channel
interrupt request to Aj (j=0)
033jj0 Ai CAAj Transmit current address of channel (Aj) to
Ai(j=0,k=1)
033jj1 Ai CE,Aj Transmit error flag of channel (Aj) to Ai (j =
0,k=1)
001441 SIPI Aj Send interprocessor interrupt request to Interrupt
CPU (A))

Intermediate Address (B) Registers

122

Sixty-four 32-bit B registers are designated BO (octal) through B77 (octal). The

B registers serve as intermediate storage registers for the A registers. B registers
typically contain data to be referenced repeatedly over a long time, which makes
it inefficient to retain the data in either A registers or in central memory.
Examples of data that B registers store are loop counts, variable array base
addresses, and dimensions.

Instructions reference B registers by specifying the B register numberjin the
field. Refer to fnstruction Formatsfor more information on instruction fields.

Data transfers between an A and B register take 1 CP. A block of data transfers
between B registers and central memory at a maximum rate of one register per
CP. During these block transfers, a reservation is made on all B registers that
are used in the block transfer.

Thejk fields of the instruction specify the first register that is involved in a block
transfer; the low-order 7 bits of the contents of registesp&cify the number

of words that are transmitted. Successive transfers involve successive B registers
until B77 is reached. Register BOO is processed after register B77 if the count in
register A is not exhausted. Other instructions can issue while a block of B
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registers is transferred to or from central memory. BOO is the only B register that
can be referenced when itis not specified in one of the instruction Tiakls. 22
lists the B register instructions.

Table 22. B Register Instructions

Machine
Instructions CAL Syntax Description Type of Instruction
024ijk Ai Bjk Transmit (Bjk) to Ai Interregister transfer
025jjk Bjk Ai Transmit (Ai) to Bjk
034ijk Bjk,Ai ,AO Read (A/) words from memory starting at Block transfer
address (AO) to B registers starting at
register jk
034ijk Bjk,Ai 0,A0 Read (A/) words from memory starting at
address (A0) to B registers starting at
register jk
035jjk A0 Bjk,Ai Write (Ai) words from B registers starting
at register jkto memory starting at address
(A0)
035ijk 0,A0 Bjk,Ai Write (Af) words from B registers starting
at register jkto memory starting at address
(A0)
0050jk J Bjk Jump to (Bjk) Jump
007ijkm R exp Return jump to exp; set BOO to (P) + 2
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Scalar (S) Registers

Figure 28shows the eight S registers and their associated hardware. The S
registers (SO octal through S7 octal) are 64 bits wide. They are the principal
scalar registers for a CPU and serve as the source and destination for operands
that perform scalar arithmetic and logical operations. The following subsections
explain S register functions, special uses, and instructions.

Figure 28. Scalar Register Block Diagram
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S Register Functions

Constant values can be furnished by S registers. Single-word transmissions of
data between an S register and an element of a V register are also possible. S
registers can set or read the vector mask (VM) register or real-time clock (RTC)
register; S registers can also set the interrupt interval (1) register in the
programmable clock.

Data moves directly between central memory and S registers or is placed in the
T registers. The T registers buffer scalar operands between S registers and central
memory. Data is also transferred between S and A registers, between S and
shared scalar (ST) registers, and between S and semaphore (SM) registers.

The S registers can also read the contents of the status register; instruggiion 073
sets the low-order 32 bits to 1's and returns certain status register bits to the
high-order bits of theiSegister. For more information on the gk 3nstruction,

refer to ‘CPU Instruction Descriptioris

The S registers are primarily used for scalar operations. The following list
summarizes other functions of the S registers:

* Provide a constant value for vector operations.

* Set/read the RTC and VM registers.

e Set the Il register.

* Transfer data between A and S registers.

* Transfer data between S registers and ST or SM registers.
* Read the contents of the status register.

The scalar functional units support the S registers by performing both integer

and floating-point arithmetic operations. Refer$&zalar Functional Unitdor
more information on the scalar functional units.
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Special S Register Values

S Register Instructio
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If register SO is referenced in therk fields of an instruction, the contents of

the register are not used; instead a special operand is generated. The special value
is available regardless of the existing SO register reservations (they are not
checked in this instance). This use does not alter the actual value of the SO
register.Table 23shows the special SO register values.

Table 23. Special SO Register Values

Field Operand Value
Sj,j=0 0
Sk, k=0 263

If the i field equals 0O, then the contents of the SO register are usedfidldas
not used as a special case.

ns

Only one result per CP can be transferred to the S registers. When an instruction
that delivers new data to an S register issues, a reservation is set for that register.
This reservation prevents the issue of instructions that read the register until the
new data is delivered. Instructions reference S registers by specifying the register
number as thg j, ork designator. Refer tdristruction Formatsfor more
information on instruction fields. SO is the only S register that can be referenced
when it is not specified in one of the instruction fields.

Table 24iists S register instructions and provides the octal and CAL codes. Refer
to “CPU Instruction Descriptiofisor complete information on these

instructions. The contents of the DBA register are added to instruction-generated
memory addresses to form physical memory addresses. Refeidiess Range
Checking”

There is only one input path to the S registers; therefore, all instructions that
write data into the S registers must reserve the path for the CP in which data
arrives. The issue hardware determines the proper CP and reserves the path for
that CP. If the path is already reserved, the instruction holds issue until the
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reservation is cleared. The instruction continues to hold issue until the A register
path is available during the CP in which the data arrives. The instruction then
issues and reserves the path for that CP.

Table 24. S Register Instructions

Machine Type of
Instructions CAL Syntax Description Instruction
040/00mn Siexp Transmit exp to Si exp = nm Register entry
041/00mn Siexp Transmit one’s complement of exp to Siexp = nm
042ijk Si<exp Form ones mask 100 - exp bits from right in Si; jk
field gets exp
042ijk Si#<exp Form zeroes mask exp bits from left in Si; jk field
gets 100g exp
042i77 Sil Transmit 1 into S/
04200 Si-1 Transmit -1 into Si
043ijk Si>exp Form ones mask in Si exp bits from left; jk field
gets exp
043ijk Si#<exp Form zeroes mask 100 - exp bits from right in Si;
Jjk gets 100g exp
043i0k Si 0 Clear S/
047i00 Si #SB Transmit one’s complement of sign bit into Si
07130 Si0.6 Transmit 0.75 as normalized floating-point
constant into Si
071i40 Si04 Transmit 0.5 as normalized floating-point constant
into Si
071/50 Sil. Transmit 1.0 as normalized floating-point constant
into Si
071/60 Si2. Transmit 2.0 as normalized floating-point constant
into Si
07170 Si4. Transmit 4.0 as normalized floating-point constant
into Si
12hi00mn Siexp, Ah Read from ((Ah) + exp) to Si(h#0) exp=nm Memory transfer
120/00mn Siexp, 0 Read from (exp) to Si exp = nm (Load)
120/00mn Si exp, Read from (exp) to Si exp = nm
12hi000 Si,Ah Read from (Ah) to Si
12hi0000
13hijkm exp,Ah Si Write (Si) to (Ah) + exp Memory transfer
13hi00mn exp=mn (Store)
130ijkm exp,0 Si Write (Si) to nm
130/00mn
130ijkm exp, Si Write (Si) to nm
130i00mn
13hi000 Ah Si Write (Si) to (Ah)
13hi0000
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Table 24. S Register Instructions (continued)

Machine Type of
Instructions CAL Syntax Description Instruction
023ijj0 Ai Sj Transmit (Sj) to Aj Interregister
047i0k Si #Sk Transmit one’s complement of (Sk) to Si transfer
051/0k SiSk Transmit (Sj) to S/
072i00 Si RT Transmit (RTC) to S/
072i02 Si SM Read semaphores to Si
072jj3 Si STj Transmit (STj) to Si
073i00 Si VM Transmit (VM) to Si
073i11 Read performance counter into Si
07301 Si SRO Transmit (SRO) to S/
073i02 SM Si Load semaphores from S
073j3 STj Si Transmit (S/) to ST/
074ijk Si Tik Transmit (Tjk) to Si
075ijk Tjk Si Transmit (S/) to Tjk
076ijk Si VjAk Transmit (Vj element (Ak)) to Si
077ijk ViAkSj Transmit (Sj) to Vielement (Ak)
146ijk Vi SjIVK&VM | Transmit (Sj) if VM bit = 1, or (VKk) if VM bit = 0, to
Vi
060ijk Si Sj+ Sk Transmit integer sum of (Sj) to S/ Integer operation
061ijk Si Sj-Sk Transmit integer difference of (Sj) and (Sk) to Si
061/0k Si -Sk Transmit the negative of (Sk) to Si
154jjk Vi Sj+Vk Transmit integer sum of (Sj) and (Vk) to Vi
156ijk Vi Sj-Vk Transmit integer difference of (Sj) and (Vk) to Vi
166ijk Vi Sj*Vk Transmit 32-bit integer product of (Sj) and (Vk
elements) to Vi elements
062ijk Si Sj+ FSk | Transmit floating-point sum of (Sj) and (Sk) to Si Floating-point
062i0k Si+FSk Transmit normalized (Sk) to Si operation
063jjk Si Sj-FSk Transmit floating-point difference of (Sj) and (Sk)
to Si
0630k Si-FSk Transmit normalized negative of (Sk) to Si
064ijk Si Sj*FSk 1S'ransmit floating-point product of (Sj) and (Sk) to
i
065ijk Si Sj*HSk | Transmit half-precision rounded floating-point
product of (Sj) and (Sk) to Si
066/jk Si Sj*RSk | Transmit rounded floating-point product of (Sj) and
(Sk) to Si
067ijk Si Sj*ISk Transmit two minus the floating-point product of
(Sj) and (Sk) to Si
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Table 24. S Register Instructions (continued)

Operating Registers

to Vi elements

Machine Type of
Instructions CAL Syntax Description Instruction
070ij0 Si /HSj Transmit floating-point reciprocal approximation of | Floating-point
(Sj) to Si operation (cont.)
071/0k Si Ak Transmit (AK) to Siwith no sign extension
071ilk Si +Ak Transmit (AK) to Siwith sign extension
071i2k Si +FAk Transmit (AK) to Sias unnormalized floating-point
number
160ijjk Vi Sj*FVk Transmit floating-point products of (Sj) and (Vk
elements) to Vi elements
162ijk Vi Sj*HVk | Transmit half-precision rounded floating-point
products of (Sj) and (Vk elements) to Vi elements
170jjk Vi Sj+FVk | Transmit floating-point sums of (Sj) and (Vk
elements) to Vi elements
172ijk Vi Sj-FVk Transmit floating-point differences of (Sj) and (Vk
elements) to Vi elements
044ijk Si Sj&Sk Transmit logical product of (Sj) and (Sk) to Si Logical operation
044ij0 Si Sj&SB Transmit sign bit of (S)) to Si
044ij0 Si SB&Sj Transmit sign bit of (S)) to Si
(j#0)
045ijk Si #SkK&Sj Transmit logical product of (Sj) and complement of
(Sk) to Si
0450 Si #SB&Sj | Transmit (Sj) with sign bit cleared to Si
046ijk Si S\Sk Transmit logical difference of (Sj) and (Sk) to Si
046ij0 Si S)\SB Toggle sign bit of (Sj), then transmit to S/ (j # 0)
046/j0 Si SB\Sj Toggle sign bit of (Sj), then transmit to Si (j # 0)
047ijk Si #S\Sk Transmit logical equivalence of (Sk) and (Sj) to Si
047ij0 Si #S\SB Transmit logical equivalence of (Sj) and sign bit to
Si
0470 Si #SB\Sj Transmit logical equivalence of (Sj) and sign bit to
Si(j#0)
050ijk Si Sj!Si&Sk | Transmit logical product of [(S/) and (SK)
complement] ORed with logical product of [(Sj) and
(SK)] to Si(scalar merge)
050450 Si Sj!'SI&SB | Transmit scalar merge of (S/) and sign bit of (Sj) to
Si
051jjk Si Sj'Sk Transmit logical sum of (Sj) and (Sk) to Si
051j0 Si SjISB Transmit logical sum of (S)) and sign bit to S/
051j0 Si SBI!Sj Transmit logical sum of (Sj) and sign bit to S/ (j # 0)
140ijk Vi Sj&Vk Transmit logical product of (Sj) and (Vk elements)

CSM-0301-0B0
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Table 24. S Register Instructions (continued)

Machine Type of
Instructions CAL Syntax Description Instruction
142ijk Vi SjIVk Transmit logical sum of (Sj) and (Vk elements) to Logical operation
Vielements (cont.)
144jjk Vi S\Vk Transmit logical difference of (Sj) and (Vk
elements) to Vi elements
052jjk SO0 Si<exp | Shift (Si) left exp places to SO; exp = jk Register shift
053jjk SO0 Si>exp | Shift (Si) right exp places to SO; exp = 100g -jk
054ijk Si Si<exp Shift (S/) right exp places to Si; exp = jk
055ijk Si Si>exp Shift (Si) right exp places to Si; exp = 100g -jk
056ijk Si Si, Sj< Ak | Shift (Si) and (Sj) left by (AKk) places to Si
056j0 Si Si, Sj<1 | Shift (Si) and (Sj) left one place to S/
056i/0k Si Si<Ak Shift (Si) left (AK) places to Si
057ijk S;‘(Sj, Si> Shift (Sj) and (Si) right by (Ak) places to Si
A
057jj0 Si Sj, Si>1 | Shift (Sj) and (SK) right one place to Si
057i0k Si Si>Ak Shift (Si) right (Ak) places to Si
014ijkm JSZ exp Jump to expif (S0) = 0 (ibit 2 =0) Conditional jump
015ijkm JSN exp Jump to expif (S0) # 0 (ibit 2 = 0)
016ijkm JSP exp Jump to exp if (S0) > (ibit 2 = 0)
017ijkm JSM exp Jump to expif (SO0) <0 (ibit 2 =0)
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Intermediate Scalar (T) Registers

Sixty-four 64-bit T registers are designated TO through T77 octal. The T registers
are used as intermediate storage registers for the S registers. Data transfers
between T and S registers and between T registers and central memory. A data
transfer between a T register and an S register takes 1 CP.

Instructions reference T registers by specifying the T register numberjin the
designator. Refer tdAstruction Formatsfor more information on instruction
fields.

A block of T registers transfers to or from central memory at a maximum rate
of one 64-bit register location per CP. Tkdields specify the first T register

that is used in the block transfer; the low-order 7 bits of the contents of register
Ai specify the number of words that are transmitted. Successive transfers involve
successive T registers until T77 is reached. Register TOO is processed after
register T77 if the content of register i& not exhausted. During these block
transfers, a reservation is made on all T registers that are used in the block
transfer. Other instructions can issue while a block of T registers is transferred
to or from central memoryl.able 25summarizes the T register instructions.

Table 25. T Register Instructions

Machine
Instructions CAL Syntax Description Type of Instruction
074ijk SiTjk Transmit (Tjk) to Si Interregister
075ijk Tjk Si Transmit (Si) to Tjk transfer
0364k Tjk, Ai, AO Read (Af) words from memory starting at (AO) to T | Block transfer
registers starting at jk
036ijk Tjk,Ai 0,A0 Read (Af) words from memory starting at (AO)to T
registers starting at jk
037ijk AO Tjk.Ai Write (Ai) words from T registers starting at jk to
memory starting at (AO)
037ijk 0,A0 TjkAi Write (Ai) words from T registers starting at jk to
memory starting at (AO)

Vector (V) Registers

CSM-0301-0B0

Figure 29shows the eight V registers and their associated hardware. The V
registers are designated VO through V7. Each V register has 64 elements that
are 64 bits wide. The V registers are used for vector processing. The following
subsections explain vector processing, the V register functions, the V register
instructions, and vector chaining.
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Vector Processing

Vector processing increases processing speed and efficiency by allowing an
operation to be performed sequentially on a set (or vector) of operands by using
a single instruction.

A vector is an ordered set of elements; each element is represented as a 64-bit
word. A vector is distinguished from a scalar, which is a single 64-bit word.
Examples of structures in Fortran that can be represented as vectors are
one-dimensional arrays and rows, columns, and diagonals of multidimensional
arrays. Vector processing occurs when arithmetic or logical operations are
applied to vectors; it is distinguished from scalar processing in that it operates
on many elements rather than on one.

In vector processing, successive elements are provided each CP; as each
operation is completed, the result is delivered to a successive element of the
result register. The vector operation continues until the number of operations
performed by the instructions equals the count specified by the vector length
(VL) register.

Parallel vector operations allow the generation of two or more results per CP.
Parallel vector operations can be processed by the following methods:

* Using different functional units and different V registers.
* Using the result stream from one vector register as the operand of another

operation using a different functional unit; this process is known as
chainingand is explained later in this subsection.
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Figure 29. V Register Block Diagram
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A Control and/or data from other processors.

The second vector logical functional unitshares
hardware with the floating-point multiply
functional unit.

The vector pop/parity functional unit shares
hardware with the floating-point
reciprocal approximation functional unit.
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Advantages of Vector Processing

In general, vector processing is faster and more efficient than scalar processing.
Vector processing reduces the overhead associated with maintenance of the
loop-control variable (for example, incrementing and checking the count). In
many cases, loops that process vectors are reduced to a simple sequence of
instructions without branching backwards. Vector processing reduces central
memory access conflicts. It also exploits functional unit segmentation processing
because results from the units can be obtained at the rate of one result per CP.

Vectorization typically speeds up a code segment by approximately a factor of
ten. If a segment of code that previously used 50% of a program’s run time is
vectorized, the overall run time is 55% of the original run time (50% for the
unvectorized portion plus 0X.50% for the vectorized portion). Vectorizing

90% of a program reduces the run time to 19% of the original execution time.

V Register Functions

134

The V registers are used for vector processing. Unlike the A and S registers that
have secondary functions, the V registers are used only for vector processing.
Vector processing allows a single instruction to sequentially perform a specified
operation on a set (vector) of operands, to produce a series of results. Examples
of these sets or vectors may be rows or columns of a matrix or elements of a table.

Vector instructions reference V registers by specifying the register number as
thei, j, ork designator. Refer to “Instruction Formats” for information about
instruction fields. Vector registers always start with element 0. Individual
elements of a V register are designated by octal numbers that range from 00
through 77. These numbers appear as subscripts to vector register references.
For example, V6 (octal) refers to element 27 of V register 6.

Single-word data transfers can be made between an S register and an element of
a V register. In block transfers, the contents of a V register are transferred to or
from central memory by specifying a first word address in central memory, an
increment or decrement value for the central memory address, and a vector
length. The transfer begins with the first element of the V register at a maximum
rate of 1 word per clock period (CP); this rate can be affected by central memory
conflicts. A central memory conflict interrupts the vector data stream and can
occur in chained operations (although they do not inhibit chaining). Any
interruption in the vector data stream adds proportionally to the total execution
time of vector operations.
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Vector Instructions

All vector instructions are dispatched to the vector unit, which finally issues
these instructions after conflict checks. Vector instructions reserve V registers

as either operands or results. If the register is reserved as an operand, it cannot
be used as an operand until the operand reservation clears. A vector register can
be used as both an operand and result register for the same vector instruction. If
a register is reserved as a result, it can be used as an operand through a process
calledchaining Refer to ¥ector Chaining for more information on chaining.

A register that is reserved as an operand may be used as a result register by a
later instruction, if conditions permit, through a process cadiggating.

No reservation is placed on the VL register during vector processing. If a vector
instruction uses an S register as an operand, no reservation is placed on the S
register. Conflicts can occur between vector and scalar operations that access
memory. With the exception of these operations, the functional units are always
available for scalar operations. The S and VL registers can be modified after the
vector instruction issues without affecting the vector operation. The AOland A
registers in a vector memory reference can also be modified after the instruction
issues.

Instructions reference V registers by specifying the register numberiag, the

or k designator. Refer tdristruction Formatsfor more information about the
instruction fields. Because most transfers to or from registers are done in blocks
of data, instructions that transfer data between V registers and central memory
reserve a port, and functional unit instructions reserve the appropriate functional
unit.

Table 26summarizes the types of V register instructions and provides the
machine instruction, the CAL code, a description of the instruction, and the type
of instruction. Refer toCPU Instruction Descriptiofifor a detailed description

of these instructions.
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Table 26. V Register Instructions

Machine Type of
Instructions CAL Syntax Description Instruction
076ijk SiVj,Ak Transmit (Vj element (AK)) to Si Register entry
077ijk ViAk Sj Transmit (Sj) to Vielement (AK)
077i0k Vi,Ak O Clear element (AK) of register Vi
176i0k Vi ,AQ,Ak Read from memory starting at (AO) increased by Memory transfer

(AK) and load into Vi (Load)
176/00 Vi A0, 1 Read from consecutive memory addresses
starting with (AO) and load into Vi
17641k Vi ,AQ,Vk Read from memory using memory address (AO) +
(VK) and load into Vi
1770jk AO0,Ak Vj Write (Vj) to memory starting at (AO) increased by Memory transfer
Ak (Store)
1770j0 AO,1 Vj Write (V) to memory in consecutive addresses
starting with (AO)
1771jk A0, VK Vj Write (Vj) to memory using memory address (A0)
+ (VK
154ijk ViSj+ Vk Transmit integer sums of (Sj) and (Vk elements) to Integer
Vielements operation
155jjk Vi Vj+Vk Transmit integer sums of (Vj elements) and (Vk
elements) to Vi
156ijk Vi Sj-Vk Transmit integer differences of (Sj) and (Vk
elements) to Vielements
157jjk Vi Vj-Vk Transmit integer differences of (V) elements) and
(Vk elements) to Vi elements
160ijk Vi Sj*FVk Transmit floating-point products of (Sj) and (Vk Floating-point
elements) to Vielements operation
161jjk Vi Vj*FVk Transmit floating-point products of (Vj elements)
and (Vk elements) to Vi elements
162ijk Vi Sj*HVk Transmit half-precision rounded floating-point
products of (Sj) and (Vk elements) to Vi elements
163jjk Vi Vj*HVk Transmit half-precision rounded floating-point
products of (V) elements) and (Vk elements) to Vi
elements
164ijk Vi Sj*RVk Transmit rounded floating-point products of (Sj)
and (Vk elements) to Vi elements
165jjk Vi Vj*RVk Transmit rounded floating-point products of (Vj
elements) and (Vk elements) to Vi elements
166ijk Vi Sj*IVk Transmit 32-bit integer product of (Sj) and (Vk
elements) to Vi elements
167ijk Vi Vj*IVk Transmit two minus the products of (V) elements)
and (Vk elements) to Vielements
170ijk Vi Sj+ FVk Transmit floating-point sums of (Sj) and (Vk
elements) to Vi elements
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Table 26. V Register Instructions (continued)

Machine Type of
Instructions CAL Syntax Description Instruction
170i0k Vi+FVk Transmit normalized (Vk elements) to Vielements Floating-point
171ijk Vi Vj+FVk Transmit floating-point sums of (Sj) and (Vk operation (cont.)
elements) to Vi elements

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

172i0k Vi -FVk Transmit normalized negative of (Vk elements) to
Vielements

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

174ij0 Vi [HVj Transmit floating-point reciprocal approximation of Logical
(Vj elements) to Vi elements operation

140ijk Vi Sj&Vk Transmit logical product of (Sj) and (Vk elements)
to Vielements

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

142ijk Vi Sj!'Vk Transmit logical sums of (S)) and (Vk elements) to
Vielements

142i0k ViVk Transmit (VK) to Vi

143ijjk Vi VjIVk Transmit logical sums of (V) elements) and (Vk
elements) to Vi elements

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

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

146ijk Vi SjIVK&VM | Transmit to Vi

(S if VM bit=1 or
(VK) if VM bit=0

146i0k Vi #VM&Vk Transmit vector merge of (Vk) and O to Vi

147ijk Vi VjIVK&VM | Transmit to Vi
(V)) if VM bit=1or
(VK)if VM bit=0

150ijk Vi Vj< Ak Shift (Vj elements) left by (AK) places to Vi Register shift
elements

150ij0 Vi Vj<1 Shift (Vj elements) left one place to Vielements

151jjk Vi Vj> Ak Shift (Vj elements) right by (AK) places to Vi
elements

151jj0 Vi Vj>1 Shift (Vj elements) right one place to Vielements

152jjk Vi VjVj< Ak Transmit double shift of (V) elements) left (AK)

places to Vi elements
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Table 26. V Register Instructions (continued)

Machine Type of
Instructions CAL Syntax Description Instruction
153jjk Vi VjVj>Ak | Transmit double shift of (Vjelements) right (AK) Register shift

places to Vi elements (cont.)
153jj0 Vi Vj,Vj>I1 Transmit double shift of (Vj elements) right one
place to Vi elements

Vector Instruction Issue Timing

The CIP is the central issue point for all instructions. Instructions that require
use of the vector unit are issued to the vector unit instruction queue. The vector
issue register (VIR) issues these vector instructions in the order it receives them.
The vector unit instruction queue (VIQ) can buffer a maximum of five
instructions issued to it by the CIP. CIP issue of any additional vector instructions
must wait until the queue count is less than five.

The CIP issues vector instructions to the VIR instruction queue without checking
for a vector functional unit conflict or vector register busy condition. These
conflicts delay issue of the instruction from the VIR.

Vector instruction issue timing has two categories:

* Issue from the CIP directly to the appropriate vector unit, via the VIR,
when no conflicts exist to delay issue

* Issue from the VIR after a delay caused by vector register conflicts,
functional unit conflicts, or vector instruction queuing

The execution time for vector instructions that issue directly from the CIP to the
functional unit (through the VIR) is 3 CPs longer than instructions waiting to
issue from the VIR.

Vector Instruction Issue Conflict Timing

The general rules that apply to the next vector instruction (NVI) issue from the
VIR are as follows:

For Functional Unit Busy

¢ Functional unitis ready in (VL) + 1 CP (except for a Pop/Parity following
a Reciprocal, or a 140 — 145 instruction following a 146 — 147 or a 175
instruction).
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Vector Chaining

CSM-0301-0B0

For Vector Register Busy

* Viisready for Vuse in (VL) + 2 CPs.

* Viisready for Y or Vk use immediately (due to chaining).
* VjorVkisready for Yor Vkuse in (VL) + 2 CPs.

e VjorVkisready for Vuse in (VL) + 2 CPs.

* Vjor Vkis ready for Vuse immediately whenj\and \k are not involved
in chaining or in use by a 176 or 177 instruction.

NOTE: Chaining cannot occur unless the data is already available in V

A vector register that is reserved for results can become the operand register of
a succeeding instruction. This process, called chaining, allows a continuous
stream of operands to flow through the vector registers and functional units.
Even when a vector load operation pauses because of memory conflicts, chained
operations may proceed as soon as data is available. A vector register has a 1-CP
bypass and also includes a 2-CP bypass option.

This chaining mechanism allows chaining to begin at any point in the result
vector data stream. The amount of concurrency in a chained operation depends
on the relationship between the issue time of the chaining instruction and arrival
time of the result data stream. For full chaining to occur, the chaining instruction
must issue and be ready to use element 0 of the result at the same time that
element O arrives at the V register. Partial chaining occurs if the chaining
instruction issues after the arrival of element O of the result vector data stream.

Elements are loaded into register V0. As soon as the first element arrives from
central memory into register VO, it is added to the first element of vector register
V1. Subsequent elements are pipelined through the segmented functional unit,
so that a continuous stream of results is sent to the destination register, which is
register V2. As soon as the first element arrives at register V2, it becomes the
operand for the shift operation. The results are sent to register V3, which
immediately becomes the source of one of the operands necessary for the logical
operation between registers V3 and V4. The results of the logical operation are
then sent to register V5.
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Figure 30shows how the results of four instructions are chained together. The
instruction chaining sequence performs the following operations:

Figure 30. Vector Chaining Example

176000
Memor V1 Register V4 Register
Y VO Register V2 Register v3 Register V5 Register
A A A A
Memory Path Vector Add Vector Shift Vector Logical

Functional Unit Functional Unit Functional Unit

1. Read a vector of integers from central memory to register VO (176000
instruction).

2. Add the contents of register VO to the contents of register V1 and send the
results to V2 (155210 instruction).

3. Shift the results obtained in Step 2 and send the results to register V3
(150327 instruction).

4. Form the logical product of the shifted sum obtained in Step 3 with the
contents of register V4 and send the results to register V5 (141543
instruction).

Elements are loaded into register V0. As soon as the first element arrives from
central memory into register VO, it is added to the first element of vector register
V1. Subsequent elements are pipelined through the segmented functional unit,
so that a continuous stream of results is sent to the destination register, which is
register V2. As soon as the first element arrives at register V2, it becomes the
operand for the shift operation. The results are sent to register V3, which
immediately becomes the source of one of the operands necessary for the logical
operation between registers V3 and V4. The results of the logical operation are
then sent to register V5.
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Vector Tailgating

The mainframe design also incorporates vector register tailgating. Tailgating is
the process of writing the next instruction into a vector register after that location
has been read by the previous instruction. In any tailgating, caution must be used
to ensure validity of the data. The CRAY J90 series system does not permit
tailgating to a vector register if the operand mate for that register is involved in
chaining. This always ensures that the vector register read occurs without delay.
Vector registers that are read for a vector write to memory, or the index register
for a scatter or gather, are automatically designated for chaining to prevent
tailgating to these registers. RefelRigure 31for a vector tailgating example.

Figure 31. Vector Tailgating Example

V2 V5 V8

V1 V3 V4 V6 V7

Vector Add Vector Logical Vector Shift Vector Logical 2
Functional Unit Functional Unit Functional Unit Functional Unit

Figure 31shows the results of three instructions that are tailgating their results
into a previously issued instruction. The instruction sequence performs the
following operation:

1. \Vector integer add (155321 instruction) of V1 and V2 to V3, starts the
sequence.

2. \Vector logical (141145 instruction) of V4 and V5, puts the results into
V1. The read of V1 will remain ahead of the write to V1 because V1 is
not connected to memory.

3. Vector shift (150465 instruction) of V6, puts the results into V4.

4. Vector logical 2 (141670 instruction) of V7 and VO, puts the results into
V6.
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The vector length (VL) register and vector mask (VM) register provide control
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information that is needed to perform vector operations. The following

subsections describe the VL and VM regist@eble 27lists the vector mask
instructions and provides octal and CAL codes. Refer toRbactional Units

Instruction Summaryfor complete information on these instructions.

Table 27. VVector Mask Instructions

compressed indices of the Vj elements <0 in Vi.

Machine
Instructions | CAL Syntax Description Type of Instruction
0030/0 VM Sj Transmit (Sj) to VM register Register entry
003000 VM 0 Clear M register
073i00 SiVM Transmit (VM) to Si
146ijk ViSVK&VM | Transmit to Vi Logical operation
(Sj) if VM bit=1or
(VK)if VM bit=0
146i0k Vi#M&Vk Transmit vector merger of (VK) and 0 to Vi
147ijk Vi VjIVK&VM | Transmit to Vi
(Vj) if VM bit=1or
(VK)if VM bit=0
175040 VM Vj, Z SetVM =1,if (Vj) =0
175051 VM Vj, N SetVM =1,if (Vj) #£0
175042 VM Vj, P Set VM =1, if (V) = 0 (positive)
175043 VM Vj, M Set VM =1, if (Vj) <0 (negative)
175ij4 Vi, VM V), Z Set VM bit = 1, if (Vj element) = 0, and store the
compressed indices of the Vj elements =0 in Vi.
175i5 Vi, VM Vj, N | Set VM bit = 1, if (Vj element) # 0, and store the
compressed indices of the Vjelements # 0 in Vi.
175ij6 Vi, VM Vj,M | Set VM bit =1, if (Vjelement) = 0, and store the
compressed indices of the Vj elements =20 in V..
1757 Vi, VM Vj,M | Set VM bit =1, if (Vjelements) < 0, and store the

Vector Length Register

142

The 7-bit VL register is set from 1 through 100 octal (VL = 0 gives VL = 100)

to specify the length of all vector operations performed by vector instructions
and the length of the vectors held by the V registers. The VL register controls
the number of operations performed by instructions 140 through 177. The VL
register is loaded and its contents are saved by an exchange sequence. The VL

register is set by instruction 0020 and is read by instructioi®023
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Vector Mask Register

The VM register has 64 bits; each bit corresponds to a word element in a vector
register. Bit 63 corresponds to element 0, and bit O corresponds to element 63.
The mask is used with vector merge and test instructions to allow operations to
be performed on individual vector elements.

The VM register can be set from an S register through instruction 003 or can be
created by testing a vector register for a condition using instruction 175. The
mask controls element selection in the vector merge instructions (146 and 147).
Instruction 073 reads the contents of the VM register to an S register.

User Mode Vector Instruction Timing

Table 28describes the user mode vector instruction issue and execution
information. The following definitions apply fbable 28

CSM-0301-0B0

The current instruction parcel (CIP) is the same instruction issue register
that was used in previous Cray Research designs.

The CIP dispatches vector instructions to the vector instruction queue
(VIQ). The VIQ can hold up to five vector instructions.

The vector issue register (VIR) is the fifth stage of the VIQ. The VIR
issues vector instructions in the order in which they are received from the
CIP. The VIR checks for the “busy” conditions in the vector unit that hold
issue in the VIR. The CIP does not monitor these “vector unit only” busy
conditions.

The timings shown are relative to a vector instruction issued from the

VIR. An instruction issued from the CIP through a nonbusy VIR is 3 CPs
longer.
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Functional Units

CSM-0301-0B0

Functional units perform instructions other than simple transfers or control
operations. Functional units have independent logic, except for the reciprocal
approximation, vector population count, floating-point multiply, and second
vector logical units (described later in this section), which share some logic. All
functional units can operate simultaneously. For more information, refer to the
“Functional Unit Independentsection.

A functional unit receives operands from registers, performs an operation, and
delivers the result to a register after the function is performed. Functional units
operate in three-addressing mode, with source and destination addressing limited
to register designators.

All functional units perform operations in a fixed amount of time; delays are
impossible once the operands are delivered to the unit. The time from delivery
of the operands to the functional unit until completion of the calculation is called
thefunctional unit timeand is measured in CPs.

Functional units are fully segmented. This means a new set of operands for
unrelated computation can enter a functional unit in each CP even though the
functional unit time can be more than 1 CP. RefeiPipélining and
Segmentatiohfor more information about segmentation.

There are four groups of functional units: address, scalar, vector, and
floating-point. The address, scalar, and vector functional units operate with one
of the primary register types (A, S, and V) to support address, scalar, and vector
processing. The floating-point functional units support either scalar or vector
operations and accept operands from or deliver results to the S or V registers.
The scalar and vector units do not share any functional units. For timing purposes,
central memory can also act as a functional unit for vector operations.
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The following subsections define the function, the functional unit time, and the
instructions that each functional unit executes. Refer to the following sections
and subsections for additional information on functional units:

1. The"Pipelining and Segmentatior@nd the‘Functional Unit
Independence8ubsections contain detailed information on functional
unit segmentation/independence.

2. The"Functional Unit Operationssubsection contains detailed
information on integer arithmetic, floating-point arithmetic, normalized
floating-point numbers, floating-point range errors, addition, algorithm,
multiply algorithm, and the division algorithm.

3. The"CPU Instruction DescriptionsSubsection contains detailed
information on the instructions and instruction formats.

Address Functional Units

The address functional units operate in Y-mode. In Y-mode, address functional
units run at a full 32-bit width.

Address functional units perform integer arithmetic on operands that are
obtained from A registers and deliver the results to an A register. The address
functional units use two’s complement arithmetic.

Address Add Functional Unit

The address add functional unit performs 32-bit (Y-mode) or integer addition
and subtraction. The unit executes instructions 030 (addition) and 031
(subtraction). The subtraction operation uses two’s complement arithmetic. The
Ak operand is complemented and then added tojtopdsand. A 1 is added to

the low-order bit position of the result. The address add functional unit does not
detect overflow conditions.

The address add functional unit time is 2 CPs. This functional unit time is
measured from instruction issue to when the result is available.

Address Multiply Functional Unit

The address multiply functional unit performs 32-bit (Y-mode) multiplication.
The unit executes instruction 032, which forms a 32-bit integer product from
two operands. No rounding is performed. The result consists of the least
significant 32 bits (in Y-mode) of the product. The address multiply functional
unit does not detect overflow conditions.
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The address multiply functional unit time is 4 CPs. This functional unit time is
measured from instruction issue to when the result is available.

Scalar Functional Units

Scalar functional units perform operations on 64-bit operands that are obtained
from S registers and usually deliver the 64-bit results to an S register. The
exceptionis the population/parity/leading zero count functional unit that delivers
its 7-bit result to an A register.

The following subsections describe the four functional units that are exclusively
associated with scalar operations. Three floating-point functional units are used
for both scalar and vector operations. When a scalar instruction uses a
floating-point functional unit, it must first determine whether any vector registers
have that functional unit reserved. If the functional unit is reserved, the scalar
instruction holds issue until the reservation is cleared. Refé&ildating-point
Functional Units for more information about these units.

Scalar Add Functional Unit

The scalar add functional unit performs 64-bit integer addition and subtraction.
It executes instructions 060 (addition) and 061 (subtraction). The subtraction
operation uses two’s complement arithmetic. Thegrand is complemented,
then added to thej $perand. A 1 is added to the low-order bit position of the
result. The scalar add functional unit does not detect overflow conditions.

The scalar add functional unittime is 2 CPs. This functional unittime is measured
from instruction issue to when the result is available.

Scalar Shift Functional Unit

CSM-0301-0B0

The scalar shift functional unit shifts the entire 64-bit contents of an S register
(single shift) or shifts the 128-bit contents of two concatenated S registers
(double shift). For a single shift (instructions 052 through 055), the shift count
is specified by thgk field. For a double shift (instructions 056 and 057), tke A
register contains the shift count; only the lower 7 bits of the contents okthe A
register are used. Any bits that are set in the upper positions cause the result
register $to be zeroed out.

All single shifts and some double shifts are end-off with zero fill. A circular shift
occurs if the shift count does not exceed 64 anddhdj designators are equal
and nonzero.
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Single-shift instructions have a functional unit time of 3 CPs, and double-shift
instructions have a functional unit time of 3 CPs. These functional unit times are
measured from instruction issue to when the result is available.

Scalar Logical Functional Unit

The scalar logical functional unit performs bit-by-bit manipulations of 64-bit
guantities that are obtained from S registers. It executes instructions 042 through
043 (mask) and 044 through 051 (logical operations).

The scalar logical functional unit time is 1 CP. This functional unit time is
measured from instruction issue to when the result is available.

Scalar Population/Parity/Leading Zero Functional Unit

This functional unit performs instructions 026 (population count and population
count parity) and 027 (leading zero count). Instructionj02®unts the number

of bits in the $register that have a value of 1 in the operand and returns a 7-bit
result to the Aregister; the maximum count is 100 octal (64 decimal), and the

minimum count is 0.

Instruction 02§ 1 counts the number of bits in thedperand that have a value
of 1, but returns only a 1-bit parity count to thierégister. If the Soperand has
an even number of bits set, a 0 is returned to thedister. If the Soperand
has an odd number of bits set, a 1 is returned to thegister.

The functional unit time for the population count parity is 4 CPs. This functional
unit time is measured from instruction issue to when the result is available.

Instruction 0210 counts the number of O bits that precede a 1 bit in the operand.
For these instructions, the 64-bit operand is obtained from an S register, and the
7-bit result is delivered to an A register.

The functional unit time for the leading zero count is 4 CPs. This functional unit
time is measured from instruction issue to when the result is available.

Vector Functional Units

150

Most vector functional units perform operations on operands that are obtained
from one or two vector registers or from a vector and an S register. The shift and
population/parity functional units, which require only one operand, are
exceptions. Results from a vector functional unit are delivered to a vector
register.
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Successive operand pairs are transmitted each CP to a functional unit. The
corresponding result emerges from the functionalu@iPs later, whera is

the functional unit time and is constant for a given functional unit. The VL
register determines the number of operand pairs to be processed by a functional
unit.

The functional units described in this section are exclusively associated with
vector operations.

Vector Add Functional Unit

The vector add functional unit performs 64-bit integer addition and subtraction
for a vector operation and delivers the results to elements of a V register. The
unit executes instructions 154 and 155 (addition), and 156 and 157 (subtraction).
Instructions 154 and 156 use scalar register operands. The subtraction operation
uses two’s complement arithmetic. Thie &perand is complemented and then
added to the poperand. A 1 is added to the low-order bit position of the result.
The vector add functional unit does not detect overflow conditions.

The vector add functional unit time is 2 CPs. This time is measured from 1 CP
before the instruction enters the functional unitto 1 CP after the instruction leaves
the functional unit.

Vector Shift Functional Unit

The vector shift functional unit shifts the entire 64-bit contents of a vector register
element (single-shift) or the 128-bit value formed from two consecutive elements
of a V register (double shift). Shift counts are obtained from an A register and
are end-off with zero fill. All shift counts are considered positive unsigned
integers. If any bit higher than bit 6 is set, the shifted result is all 0’s.

The vector shift functional unit executes instructions 150 and 151 (single shift)
and instructions 152 and 153 (double shift). The functional unit times are 3 CPs
for instruction 152 and 2 CPs for instructions 150, 151, and 153. These times
are measured from 1 CP before the instruction enters the functional unitto 1 CP
after the instruction leaves the functional unit.

Full Vector Logical Functional Unit

CSM-0301-0B0

The full vector logical functional unit performs a bit-by-bit manipulation of the
64-bit quantities for instructions 140 through 147. The full vector logical
functional unit also performs the logical operations that are associated with the
vector mask (175) instruction.
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The full vector logical functional unit time is 2 CPs. This time is measured from
1 CP before the functional unit to 1 CP after the functional unit.

Second Vector Logical Functional Unit

The second vector logical functional unit can be enabled or disabled by setting
the enable second vector logical (ESVL) bit in the exchange package. When
enabled, the second vector logical functional unit performs the same bit-by-bit
manipulations of the 64-bit quantities that the full vector logical functional unit
performs for instructions 140 through 145.

The second vector logical and floating-point multiply functional units cannot be
used simultaneously because they share input and output data paths. In addition,
because these two units have shared paths, some codes that rely on floating-point
products may run slower if the second vector logical functional unit is enabled.

If the floating-point multiply unit is busy and the full vector logical unit is not
busy, a vector logical instruction uses the full vector logical functional unit.

The second vector logical functional unitis disabled through software by clearing
bit 20 of word 6 in the flag register of the user’s exchange package or by clearing
bit 43 in the hardware exchange package of word 6. When the second vector
logical unitis disabled, all 140 through 145 instructions use the full vector logical
unit.

The second vector logical functional unit time is 1 CP. This time is measured
from 1 CP before the instruction enters the functional unit to 1 CP after the
instruction leaves the functional unit.

Vector Population/Parity Functional Unit

The vector population/parity functional unit performs population counts and
parity for vector operations. It executes instructiongj17@&ector population
count) and 1742 (vector population count parity). This functional unit shares
some logic with the reciprocal approximation functional unit. Thereforek the
field must be nonzero for the instructions to be recognized as population/parity
instructions.

Instruction 1741 counts the 1 bits in each element of theagister and returns
this number to the Mfegister; the total number of 1 bits is the population count.
This population count can be an odd or an even number, as indicated by its
low-order bit.

Instruction 1742 counts the number of 1 bits in each element of {redister

and returns a 1-bit parity result to thier®gister. Parity can be odd (signified by
a 1) or even (signified by a 0).
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The vector population/parity functional unittime is 4 CPs. This time is measured
from 1 CP before an element enters the functional unit to 1 CP after the element
leaves the functional unit.

Floating-point Functional Units

Three scalar and three vector floating-point functional units perform
floating-point arithmetic for scalar and vector operations. When a scalar
instruction executes, operands are obtained from S registers and results are
delivered to an S register. When most vector instructions execute, operands are
obtained from pairs of V registers, or from an S register and a V register. Results
are delivered to a vector register. When a floating-point functional unit is used
for a vector operation, the general description of vector functional units applies.
The two sets of floating-point functional units are completely independent.

Floating-point Add Functional Unit

The individual floating-point add functional units perform addition and
subtraction of 64-bit operands in floating-point format. They execute
instructions 062 (scalar add), 063 (scalar subtract), and 170 through 173 (vector
add and subtract). A result is normalized even when operands are unnormalized.
The floating-point add functional unit detects overflow and underflow
conditions; only overflow conditions are flagged.

The scalar floating-point add functional unit time is 6 CPs. This functional unit
time is measured from instruction issue to when the result is available.

Floating-point Multiply Functional Unit

CSM-0301-0B0

The individual floating-point multiply functional units perform full- and
half-precision multiplication of 64-bit operands in floating-point format. They
execute instructions 064 through 067 (scalar multiplication) and instructions 160
through 167 (vector multiplication). The half-precision product is rounded; the
full-precision product can be rounded or not rounded.

The vector floating-point multiply functional unit also executes instruction
166ijk. This instruction computes the 32-bit product of the contents ofjithe S
register and the elements of thk Mgister and transmits the results to the V
register.

The vector floating-point multiply and second vector logical functional units
cannot be used simultaneously because they share control hardware. If one of
these functional units is reserved, the other functional unit is also reserved.
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Input operands must be normalized; the floating-point multiply functional unit
delivers a normalized result only if both input operands are normalized. The
floating-point multiply functional unit detects overflow and underflow
conditions; only overflow conditions are flagged.

The scalar floating-point multiply functional unit time is 8 CPs. This functional
unit time is measured from instruction issue to when the result is available.

The floating-point multiply functional unit recognizes both operands with zero
exponents as a special case and performs an integer multiply operation. The
result is considered an integer product, is not normalized, and is not considered
out of range. This case provides a fast method of computing a 48-bit integer
product, although the operands in this case must be shifted before the multiply
operation. Refer to theriteger Arithmeti¢ subsection for more information on
integer multiplication.

Reciprocal Approximation Functional Unit

The individual reciprocal approximation functional unit finds the approximate
reciprocal of a 64-bit operand in floating-point format. These units execute
instructions 070 and 11§@. Because the vector population/parity functional unit
shares some logic with this unit, tkéeld must be O for the instruction to be
recognized as a reciprocal approximation instruction.

The input operand must be normalized; the floating-point reciprocal
approximation functional unit delivers a correct result only if the input operand
is normalized. The high-order bit of the coefficient is not tested, but it is assumed
to be a 1. The floating-point reciprocal approximation functional unit detects
overflow and underflow conditions; both conditions are flagged.

The scalar reciprocal approximation functional unit time is 14 CPs. This
functional unit time is measured from instruction issue to when the result is
available.
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Functional Unit Operations

Functional units in a CPU perform logical operations, integer arithmetic, and
floating-point arithmetic. Integer and floating-point arithmetic are performed in
two’s complement. The following subsections explain the logical operations,
the integer arithmetic, and the floating-point arithmetic used by the system.

Logical Operations

Scalar and vector logical functional units perform bit-by-bit manipulation of
64-bit quantities. Instructions are provided for forming logical products, sums,
differences, equivalences, and merges.

A logical product is the AND function. The following example shows an AND
function.

Operand1l: 1010
Operand2: 1100
Result: 1000

A logical sum is the inclusive OR function. The following example shows an
inclusive OR function.

Operand1l: 1010
Operand2: 1100
Result: 1000

Alogical difference is the exclusive OR function. The following example shows
an exclusive OR function.

Operand1: 1010
Operand2: 1100
Result: 1110

A logical equivalence is the exclusive NOR function. The following example
shows an exclusive NOR function.

Operand1l: 1010
Operand2: 1100
Result: 1001
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The merge operation uses two operands and a mask to produce results. The
following example shows a merge operation. The bits of operand 1 pass where
the mask bit is a 1. The bits of operand 2 pass where the mask bit is a 0.

Operand1l: 10101010
Operand2: 11001100
Mask: 11110000
Result: 10101100

Integer Arithmetic

All integers, whether 32 or 64 bits, are represented in the registers as shown in
Figure 32 The address add and address multiply functional units perform 32-bit
arithmetic in Y-mode. The scalar add and vector add functional units perform
64-bit arithmetic.

Figure 32. Integer Data Formats

Two's Complement Integer (32 bits in Y-mode)
Bits 31 30 0

Sign

Bits 63 62 Two’s Complement Integer (64 bits)

Sign

Multiplication of two scalar (64-bit) integer operands is done using the
floating-point multiply instruction and one of two multiplication methods. The
method used depends on the magnitude of the operands and the number of bits
available to contain the product. The following paragraphs explain the 32-bit
integer multiply operation and the method that is used for operands greater than
24 bits.

32-bit Integer Multiplication

156

The floating-point multiply functional unit recognizes a condition in which both
operands have zero exponents as a special case; it is treated as an integer
multiplication operation. A complete multiplication operation is performed with
no truncation as long as the total number of bits in the two operands does not
exceed 48 bit positions. To multiply two integer numbers, set the exponent of
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each operand (bits 48 through 62) equal to 0 and place each 32-bit integer value
in bit positions 24 through 47 of the operand’s coefficient field. To ensure
accuracy, the least significant 24 bits must be O’s.

When the floating-point multiply functional unit performs the operation, it
returns the high-order 48 bits of the product as the result coefficient and leaves
the exponent field as 0. The result is a 48-bit quantity in bit positions 0 through
47; no normalization shift of the result is performed.

As shown irFigure 33 if operand 1 is 4 (octal) and operand 2 is 6 octal, a 48-bit
result of 30 octal is produced. Bit 63 follows the rules for multiplying signs and
the resultis a signed-magnitude integer. Bits 63 of operands 1 and 2 are combined
with an XOR function to derive the sign of the result. The format of integers
expected by both the hardware and software is two’s complement, not signed
magnitude; therefore, negative products must be converted to two’'s complement
form.

Figure 33. 24-bit Integer Multiply Performed in a Floating-point Multiply
Functional Unit

Bits 63 62 48 47 24 23 0

0 0 04 Must be Oto ensure
correct product

Operand 1| |0

Bits 63 62 48 47 24 23 0

0 0 06 Must be O to ensure

Operand2 | |0
P correct product

Bits 63 62 48 47 0

Result 0 0 0 030

If the 24 least significant bits of the operand coefficients are not shifted so that
they are nonzero, the low-order 48 bits of the product could be nonzero, and the
high-order 48 bits (the returned part) could be one larger than expected. This is
caused by the truncation compensation constant that is added during a multiply.
The truncation compensation constant is discussed in more detail in the
“Floating-point Multiplication Algorithm”section orpage 167
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Multiplication of Operands Greater than 24 Bits

The second multiplication method is used when the operands are more than 24
bits long; multiplication is done by software that forms multiple partial products
and then shifts and adds the partial products.

A second integer multiplication operation performs a 32-bit multiplication
operation on thej®perand and the Roperand and puts the result in the V
register. The operands must be shifted left before the operation beging. The S
operand must be shifted left 31 decimal places, leaving the operand in bit
positions 62 through 31; bit positions 30 through 0 must be equal to O to ensure
accuracy (refer teigure 394. The \k operand must be shifted left 16 decimal
places, leaving the operand in bit positions 16 through 47; bit positions 0 through
15 must be equal to 0 to ensure accuracy. Bits 48 through 63 are zero filled. The
result of the multiply is right justified into bit positions 0 through 31, while bit
positions 32 through 63 are zero filled.

Although no integer division operation is provided, integer division can be
carried out by converting the numbers to the floating-point format and then using
the floating-point functional units. For more information on integer division,
refer to the Floating-point Division Algorithriisubsection.

Figure 34. 32-bit Integer Multiply Performed in a Floating-point Multiply
Functional Unit

Bits 63 62 31 30 0

) | |« Operand > Must be 0 to ensure
- ” correct product

Bits 63 62 48 47 16 15 0

Must be 0 to ensure

VK —_ D S — — >
(VK | o 0 Operand correct product

Bits 63 32 31 0

Result 0 0 Result ——— >

A
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Floating-point Arithmetic

The scalar and vector instructions use floating-point arithmetic. The following
subsections explain floating-point arithmetic:

* Floating-point data format

* Exponent ranges

* Normalized floating-point numbers

* Floating-point range errors

* Floating-point addition

e Multiplication and division algorithms
* Double-precision numbers

Floating-point Data Format

CSM-0301-0B0

Floating-point numbers are represented in a standard format throughout the
CPU;Figure 35shows this format, which has three fields: coefficient sign,
exponent, and coefficient.

Figure 35. Floating-point Data Format

Binary Point
Bits 63 62 48 y 47 0

Coefficient Exponent Coefficient
Sign

This format is a packed representation of a binary coefficient and an exponent
(power of two). The coefficient sign is located in bit position 63 and is separated
from the rest of the coefficient. If this bit is equal to 0, the coefficient is positive;

if this bit is equal to 1, the coefficient is negative. The exponent is represented
as a biased integer number in bit positions 62 through 48; each exponent is biased
by 40000 (octal). Bit 61 is the sign of the exponent; a 0 indicates a positive
exponent, and a 1 indicates a negative exponent. Bit 62 is the bias of the exponent.

The coefficient is a 48-bit signed fraction; the sign of the coefficient is located
in bit position 63. Because the coefficient is in signed-magnitude format, it is
not complemented for negative values. A normalized floating-point number has
a 1 in bit position 47, and an unnormalized floating-point number has a 0 in this
bit position (normalized numbers are discussed in more detail later in this
section).
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160

Figure 36and the following steps show the relationship between the biased
exponent and the coefficient. The following steps convert a floating-point
number to its decimal equivalent.

Figure 36. Internal Representation of a Floating-point Number

Binary Point
Bits 63 62 48 47 0
0 400114 5632000000000000g
Coefficient Exponent Normalized Coefficient

Sign

1. Subtract the bias from the exponent to get the integer value of the
exponent:

40011 (octal)
-40000 (octal)
11 (octal) = 9 (decimal)

2. Multiply the normalized coefficient by the power of 2 indicated in the
exponent to get the result:

0.5634 (octal) x 2 (exp 9) = 563.40 (octal) = 371.5 (decimal)

A zero value or an underflow result is not biased and is represented as a word
of all 0’s. A negative 0 is not generated by any floating-point functional unit,
except the case in which a negative 0O is one operand going into the floating-point
multiply or floating-point add functional unit.
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Exponent Ranges

The exponent portion of the floating-point format is represented as a biased
integer in bits 48 through 62. The bias added to the exponents is 40000 (octal),
which represents an exponent of 2 (expgFijure 37shows the biased and
unbiased exponent ranges.

Figure 37. Biased and Unbiased Exponent Ranges

Biased Exponent Range

Negative Range Positive Range

200004 40?008 577775
«— | >
2720000, 50 217777,
Unbiased Exponent Range

In terms of decimal values, the floating-point format of the system allows the
accurate expression of numbers to about 15 decimal digits in the approximate
decimal range of 10 exp. -2466 through 10 exp +2466.

Normalized Floating-point Numbers

CSM-0301-0B0

A nonzero floating-point number is normalized if the most significant bit of the
coefficient (bit 47) is nonzero. This condition implies that the coefficient was
shifted as far left as possible and that the exponent adjusted accordingly;
therefore, a normalized floating-point number has no leading 0’s in its
coefficient. The exception is a normalized floating-point 0, which is all 0’s.

When a floating-point number is created by inserting 40060 (octal) into the
exponent and a 48-bit integer into the coefficient, normalize the result before
using it in a floating-point operation. Normalization is accomplished by adding
the unnormalized floating-point operand to 0. Because SO provides a 64-bit zero
when used in thejSield of an instruction, an operand ik IS normalized with

the 0620k instruction. § which can be the same register kscéntains the
normalized result.

The reciprocal approximation functional unit must have normalized numbers to
produce correct results; using unnormalized numbers produces inaccurate
results. The floating-point multiply functional unit does not require normalized
numbers to get correct results; however, more accurate results occur when
normalized numbers are used.

The floating-point add functional unit does not require normalized numbers to
get correct results. The floating-point add functional unit does, however,
automatically normalize all its results; unnormalized floating-point numbers
may be routed through this functional unit to take advantage of this process.

Cray Research Proprietary 161



Functional Unit Operations System Programmer Reference

Floating-point Range Errors

To ensure that the limits of the functional units are not exceeded, a range check
for overflow and underflow conditions is made on the exponent of each
floating-point number as it enters the functional unit. In the floating-point add
and floating-point multiply functional units, bits 61 and 62 are checked,; if both
are equal to 1, the exponent is equal to or greater than 60000 (octal) and an
overflow condition is detected.

In the reciprocal approximation functional unit, the exponent is complemented
and the value of 2 is added before the operation proceeds. When the check is
made in a reciprocal approximation operation, the exponent must be equal to or
greater than 60002 (octal) for an overflow condition to occur.

When an overflow condition is detected, an interrupt occurs only if the
interrupt-on floating-point error (IFP) bit is set in the mode register and the
system is not in monitor mode. The IFP bit can be set or cleared by a user mode
program; the Cray Research COS operating system, or UNICOS, keeps a bit in
the exchange package to indicate the condition of this mode bit. System software
manipulates the mode bit and uses the exchange package bit to indicate how the
mode is left to the user.

To check for an underflow condition in the floating-point add and multiply
functional units, bits 61 and 62 are checked; if both are equal to 0, then the
exponent is less than or equal to 17777 (octal), and an underflow condition is
detected. No flag is set, but the exponent and coefficient are both set to 0’s.

Because the reciprocal approximation operation complements and adds 2 to a
floating-point number, the result exponent must be less than or equal to 20001
(octal) for an underflow condition to occur. The underflow condition in the result
exponent signals an overflow condition on the original exponent and forces the
original exponent to 60000 (octal) and bit 47 to O.

Floating-point Add Functional Unit Range Errors

162

A floating-point add range-error condition occurs in scalar operands when the
larger incoming exponentis greater than or equal to 60000 (octal). This condition
sets the floating-point error (FPE) flag in the flag register, and an exponent of
6000@; is sent to the result register along with the computed coefficient (refer
to Figure 39. If a floating-point addition or floating-point subtraction operation
generates an exponent of less than 20000 (octal) or a coefficient of O, the
condition is considered an underflow. No fault is generated, and the word
returned from the functional unit consists of all O bits.
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Figure 38. Floating-point Add and Floating-point Multiply Range Errors

Bits 63 62 48 47 0
Overflow 0 60000 Calculated
Sign Exponent Coefficient, Flag Set
Bits 63 62 48 47 0
Underflow 0 0——=0 |0 0
Sign Exponent Coefficient, No Flag Set

Floating-point Multiply Functional Unit Range Errors

CSM-0301-0B0

The floating-point multiply functional unit has the same range error conditions
as the floating-point add functional unit (refeFigure 39. The only exception

is when both exponents are equal to 0; the multiply is allowed to proceed as an
integer multiply, leaving the exponent and sign bits equal to 0.

Out-of-range conditions are tested before normalization in the floating-point
multiply functional unit. The way in which the out-of-range conditions are
handled can be determined by using the exponent matrix shdviguire 39

The exponent of the result, for any set of exponents, falls into one of the following
seven zones. Only zones 6 and 7 generate floating-point errors.

In Figure 39 a zone number is represented by a number inside of a circle. Octal
number exponents of the two operands are represented by a number inside of a
square.

A list of zones and their descriptions immediately folldvwigure 39
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Figure 39. Exponent Matrix for a Floating-point Multiply Functional Unit

Exponent of Operand 1

/oFc ~ o ~|o ~|o A
HE Klg & SEE 3k S
S8 ¢« ¢ v v v v v NIR K. o 0 o 2 S 2 B Be o o o o o o o W N
(00000 | 1
00001 3
17777

20000
20001

Exponentof ) 37777
Operand 2< 40000

40001

57777
60000

7T

NOTE: In Figure 39, a zone number is represented by a number inside of a circle. Octal
number exponents of the two operands are represented by a number inside of a
square.
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Zone Description
1 Zone 1 indicates a simple integer multiply; no fault is possible.

2 Exponents in Zone 2 result in an underflow condition; the result
is set to +0. (Multiply by O is in this group.)

3 An underflow condition may occur on this boundary in Zone 3.
When a normalized shift is required, the underflow is not
detected, and the coefficient and the exponent are not zeroed out.
The exponent used before the shift is 2000 (octal); the exponent
used after the shift is 1774 7An underflow condition is detected
on the exponent used for an unshifted product coefficient.

4 The use of an operand with an underflow exponent in Zone 4 is
allowed if the final result is within the range 20000 (octal) to
57777 (octal).

5 Zone 5 is the normal operand range; normal results are produced.

6 An overflow condition is flagged on this boundary in Zone 6. If a
normalized shift is required, the value should be within bounds if
the exponent is 57777 (octal). Because overflow is detected, a
60000 (octal) is inserted in the product as the final exponent
when the exponent for the unnormalized shift condition is used.

7 Within Zone 7, an overflow fault is flagged and the product
exponent is set to 60000 (octal).

Floating-point Reciprocal Approximation Functional Unit Range Errors

For the floating-point reciprocal approximation functional unit, an incoming
operand with an exponent less than or equal to 20001 (octal) or greater than or
equal to 60002 (octal), causes a floating-point range error. The error flag is set
and an exponent of 60000 (octal) and the computed coefficient with bit 47 set
to O are sent to the result register (refefigure 40.

Figure 40. Floating-point Reciprocal Approximation Range Errors

Bits 63 62 48 47 0
Overflow 0 60000 Calculated
Sign Exponent Coefficient, Bit 47 = 0, Flag Set
Bits 63 62 48 47 0
Underflow 0 60000 Calculated
Sign Exponent Coefficient, Bit 47 = 0, Flag Set
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Floating-point Addition Algorithm

166

Floating-point addition or subtraction is performed in a 49-bit register to allow
for a sum that carries an additional bit position. The algorithm performs three
operations: it equalizes exponents, adds coefficients, and normalizes results.

To equalize the exponents, the larger of the two exponents is retained. The
coefficient of the smaller exponent is shifted right by the difference of the two
exponents or until both exponents are equal. Bits shifted out of the register are
lost; no roundup occurs. Because the coefficient is only 48 bits, any shift beyond
48 bits causes the smaller coefficient to become 0’s.

After the two coefficients are equalized, they are added. Two conditions are
analyzed to determine whether an addition or subtraction operation occurs. The
two conditions are the sign bits of the two coefficients and the type of instruction
(an add or subtract) issued. The following list shows how the operation is
determined:

¢ If the sign bits are equal and an add instruction is issued, an addition
operation is performed.

¢ If the sign bits are not equal and an add instruction is issued, a subtraction
operation is performed.

e If the sign bits are equal and a subtract instruction is issued, a subtraction
operation is performed.

¢ If the sign bits are not equal and a subtract instruction is issued, an
addition operation is performed.

The last operation normalizes the results. To normalize the result, the coefficient
is shifted left by the number of leading 0’s (the coefficient is normalized when
bit 47 is a 1). The exponent must also be decremented accordingly. If a carry
operation across the binary point occurs during an addition operation, the
coefficient is shifted right by 1 and the exponent increases by 1.

The normalization feature of the floating-point add functional unit is used to
normalize any floating-point number. Simply pair the number with a zero
operand and send both through the floating-point add functional unit.

Arange check is performed on the result of all additions; ref&ldating-point
Range Errorsfor more information on how the result is checked.
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Floating-point Multiplication Algorithm

CSM-0301-0B0

The floating-point multiply functional unit receives two 48-bit floating-point
operands from either an S or V register as input into a multiply pyramid (refer
to Figure 4). Multiplication is commutative, that is, AB = BX A. The signs

of the two operands are exclusively ORed, the exponents are added, the bias is
subtracted, and the two 48-bit coefficients are multiplied. If the coefficients are
both normalized, multiplying them produces a full product of either 95 or 96
bits. A 96-bit product is normalized as it is generated, but a 95-bit product
requires a left shift of 1 to generate the final coefficient. If the shift is done, the
final exponent is reduced by 1 to reflect the shift.

Because the result register (an S or V register) can hold only 48 bits in the
coefficient, only the upper 48 bits of the 96-bit result are used. The lower 48 bits
are never generated. The following paragraphs describe the truncation process
that is used to compensate for the loss of bits in the product. It assumes that no
shift was required to generate the final product; power-of-two designators are
used.

The floating-point multiply functional unit truncates part of the low-order bits

of the 96-bit product. To adjust for this truncation, a constant is unconditionally
added above the truncation. The average value of this truncation s 2°25

which was determined by adding all carries produced by all possible
combinations that could be truncated and dividing the sum by the number of
possible combinations. Nine carries are injected at bit position -56 to compensate
for the truncated bits.

The effect of the truncation without compensation is at most a result coefficient
1 smaller than expected. With compensation, the results range from 1 too large
to 1 too small in bit position -48. Approximately 99% of the values have zero
deviation from the result if a full 96-bit product was present. Rounding is
optional, but truncation compensation is not. The rounding method adds a
constant so that the result is 50% high [0x2Z5*® (high)] 38% of the time, and

25% low [0.125x 28 (low)] 62% of the time, which results in a near-zero
average rounding error. In a full-precision rounded multiplication operation, 2
rounding bits are entered into the summation at bit positions -50 and -51 and are
allowed to propagate.

For a half-precision multiplication operation, rounding bits are entered into the
summation at bit positions -32 and -31. A carry bit that results from this entry
is allowed to propagate upward, and the 29 most significant bits of the normalized
result are transmitted back.
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Product Bit
Designation:

If shift is needed to
normalize coefficient.

If shift is not needed to —» IBits-l

normalize coefficient.

168

The result variations caused by this truncation and rounding are in one of the
following ranges:

-0.23x 28to + 0.57x 248
or
-8.17x 10'¢to + 20.25x 1016

With a full 96-bit product and rounding equal to one-half the least significant
bit, the following result variation is expected:

-0.5Xx 24810 + 0.5x 248

Figure 41. Floating-point Multiply Partial-product Sums Pyramid

k Multiplier . .
J Multiplicand

[
|I |
I ]
—>: Bits -1
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| i I
1 [ | 1
|-31 |-41
I

I
11 21 T -31 -41

[ ——
'
[
[
1
N
[

i Product

hh = 11, for half-precision round, 00, for full-precision rounded or full-precision
unrounded multiplication operation.

ff = 11, for full-precision round, 00, for half-precision rounded or full-precision
unrounded multiplication operation.

Truncation compensation constant; 1001, used for all multiplication operations.

Used only for 32-bit integer multiplication operation with instruction 166/jk. Summations
for any other instructions are blocked.

>
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Floating-point Division Algorithm

A CRAY J90 series computer system does not have a single functional unit
dedicated to the division operation. Rather, the floating-point multiply and
reciprocal approximation functional units together carry out the algorithm. The
following paragraphs explain the algorithm and how it is used in the functional
units.

Finding the quotient of two floating-point numbers involves two steps. For
example, to find the quotient A/B, first the B operand is sent through the
reciprocal approximation functional unit to obtain its reciprocal, 1/B. Second,
this result along with the A operand is sent to the floating-point multiply
functional unit to obtain the productXA1/B.

The reciprocal approximation functional unit uses an application of Newton’s
method for approximating the real root of an arbitrary equation F(x) = 0 to find
reciprocals.

To find the reciprocal, the equation F(x) = 1/x - B = 0 must be solved. To do
this, a number, A, must be found so that F(A) = 1/A - B = 0. That is, the number
A is the root of the equation 1/x - B = 0. The method requires an initial
approximation (or guess, which is shown ggwFigure 43 sufficiently close

to the true root (which is shown asixFigure 43. xg is then used to obtain a
better approximation; this is done by drawing a tangent line (lin€igume 43

to the graph of y = F(x) at the poingPE(Xg)]. The x-intercept of this tangent
line becomes the second approximation,Dhis process is repeated, using
tangent line 2 to obtain,xand so on.

The following iteration equation is derived from this process:
X(i+1) = 2% - X4B = X; (2 - XB)

In the equation, 1) is the next iteration ;s the current iteration, and B is the
divisor. Each ¥, 1y is a better approximation thantz the true value,xThe

exact answer is generally not obtained at once because the correction term is not
exact. The operation is repeated until the answer becomes sufficiently close for
practical use.
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Figure 42. Newton’s Method of Approximation

y
y=F()
[Xo. F(xo)]
(X1, F(x1)] <«—— 1 Tangent Line
& / Tangent Line 2
| X5 X1 X0 ;
Xt

The mainframe uses this approximation technique based on Newton’s method.
A hardware look-up table provides an initial guegswith an accuracy of 8 bits
to start the process. The following iterations are then calculated.

Iteration Operation Description

1 X1 = Xo(2 - xB) The first approximation is done in the
reciprocal approximation functional unit and
is accurate to 16 bits.

2 Xo =X%1(2 - xB) The second approximation is done in the
reciprocal approximation functional unit and
is accurate to 30 bits.

3 X3 = Xo(2 - %B) The third approximation is done in the
floating-point multiply functional unit to
calculate the correction term.

The reciprocal approximation functional unit calculates the first two iterations,
while the floating-point multiply functional unit calculates the third iteration.
The third iteration uses a special instruction within the floating-point multiply

170 Cray Research Proprietary CSM-0301-0B0O



System Programmer Reference Functional Unit Operations

functional unit to calculate the correction term. This iteration is used to increase
accuracy of the reciprocal approximation functional unit's answer to full
precision (the floating-point multiply functional unit can provide both full- and
half-precision results).

The reciprocal iteration is designed for use once with each half-precision
reciprocal that is generated. If the third iteration (the iteration performed by the
floating-point multiply functional unit) results in an exact reciprocal, or if an
exactreciprocal is generated by some other method, performing another iteration
results in an incorrect final reciprocal. A fourth iteration should not be done.

The following example shows how the floating-point multiply functional unit
provides a full-precision result, computing the value of S1/S2.

Step Operation Unit
1 S3=1/S2 Reciprocal approximation functional unit
2 S4=[2-(S3*S2)] Floating-point multiply functional unit
3 S5=54*S3 Floating-point multiply functional unit

using full-precision; S5 now equals 1/S2
to 48-bit accuracy

4 S6=S5*S1 Floating-point multiply functional unit
using full-precision rounding

The reciprocal approximation in Step 1 is correct to 30 bits. By Step 3, it is
accurate to 48 bits. This iteration answer is applied as an operand in a
full-precision rounded multiplication operation (Step 4) to obtain a quotient
accurate to 48 bits. Additional iterations may produce erroneous results.

When 29 bits of accuracy are sufficient, the reciprocal approximation instruction
is used with the half-precision multiply to produce a half-precision quotient in
only two operations, as shown in the following example.

Step Operation Unit
1 S3=1/S2 Reciprocal approximation functional unit
2 S6 =S1*S3  Floating-point multiply functional unit in

half-precision

The 19 low-order bits of the half-precision multiply results are returned as 0's
with a rounding applied to the low-order bit of the 29-bit result.
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Another method of computing division follows:

Step Operation Unit
1 S3=1/S2 Reciprocal approximation functional unit
2 S5=S1*S3 Floating-point multiply functional unit
3 S4=[2-(S3*S2)] Floating-point multiply functional unit
4 S6 =S4 *S15 Floating-point multiply functional unit

With this method, the correction to reach a full-precision reciprocal is done after
the numerator is multiplied by the half-precision reciprocal rather than before
the multiplication.

The coefficient of the reciprocal produced by this alternative method can be
different by as much asX2248 from the first method described for generating
full-precision reciprocals. This difference can occur because one method can
round up as much as twice, while the other method may not round at all. One
rounding can occur while the correction is generated and the second rounding
can occur when producing the final quotient. Therefore, use the same method to
compare the reciprocals each time they are generated. The Cray Research Fortran
CFT and CFT77 compilers use a consistent method to ensure that the reciprocals
of numbers are always the same.

Double-precision Numbers

The CPU does not provide special hardware for performing double- or
multiple-precision operations. Double-precision computations with 95-bit
accuracy are available through software routines that Cray Research provides.
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Parallel Processing Features

A CRAY J90 series computer system has several special features that enhance
the parallel processing capabilities inherent in the system. The following
subsections discuss two types of parallel processing that

CRAY J90 series systems use:

e Parallel processing within a single CPU
e Parallel processing among two or more CPUs

Parallel processing features within a single CPU include instruction pipelining
and segmentation, functional unit independence, and vector processing
(vectorization). The first two features are inherent hardware features of the
system; a programmer has little control over these features. However, the vector
processing feature can be manipulated by the programmer to provide optimum
throughput. Refer toVVector Processirigor more information on vector
processing.

Parallel processing among two or more CPUs is called multiprocessing, which
is the capability of several programs to run concurrently on multiple CPUs of a
single mainframe. Included in this category are multitasking and the Autotasking
feature of the CF77 Fortran compiling system. Multitasking is the capability to
run two or more parts (or tasks) of a single program in parallel on different CPUs
within a mainframe. The Autotasking feature provides automatic
multiprocessing; it automatically partitions user programs among multiple CPUs
without user interface.

Because the intent of this document is to present programmers with system
hardware information, the following subsections focus on the parallel processing
features that are most closely related to the hardware (the parallel processing
features that execute within a single CPU of a mainframe). A basic definition
and explanation of multiprocessing, multitasking, and the Autotasking feature
is included.
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Pipelining and Segmentation

174

Pipelining is the process in which an operation or instruction begins before a
previous operation or instruction completes. Pipelining requires fully segmented
hardware. Segmentation is the process by which an operation is divided into a
discrete number of sequential steps, or segments. Fully segmented hardware uses
this feature to perform one segment of the operation during a single clock period
(CP).

At the beginning of the next CP, the partial results are sent to the next segment
of the hardware for processing in the next step of the operation. During this CP,
the previous hardware segment processes the next operation. Without segmented
hardware, an entire operation or instruction must complete before another
operation or instruction starts. In the CRAY J90 series system, all hardware is
fully segmented.

Therefore, pipelining occurs during all hardware operations such as exchange
sequences, memory references, instruction fetch sequences, instruction issue
sequences, and functional unit operations. The pipelining and segmentation
features are critical to the execution of vector instructions.

Figure 43shows how a set of elements is pipelined through a segmented vector
functional unit. In the first CP, element 1 of register V1 and element 1 of register
V2 enter the first segment of the functional unit. During the next CP, the partial
result is moved to the second segment of the functional unit, and element 2 of
both vector registers enters the first segment. This process continues each CP
until all elements are completely processed.
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Figure 43. Segmentation and Pipelining Example

Vector Register V1

Element 1 Vector Register V3
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. Functional Unit Element 1
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In this example, the functional unit is divided into five segments; the functional
unit can process up to five pairs of elements simultaneously. After 5 CPs, the
first result leaves the functional unit and enters vector register V3; subsequent
results are available at the rate of one result per CP.
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Functional Unit Independence

The specialized functional units in the system handle the arithmetic, logical, and
shift operations. Most functional units are fully independent; any number of
functional units can process instructions concurrently. Functional unit
independence enables different operations such as multiplications and additions
to proceed in parallel.

For example, the equation A = (B + €D X E could be run as follows. If
operands B, C, D, and E are loaded into the S registers, three instructions are
generated for the equation: one that adds B and C, one that multiplies D and E,
and one that multiplies the results of these two operations. The multiplication of
D and E is issued first, followed by the addition of B and C. The addition and
the multiplication proceed concurrently; because the addition takes less time to
run than the multiplication, they complete at the same time. The addition
operation is essentially hidden in that it occurs during the same time interval as
the multiplication operation. The results of these two operations are then
multiplied to obtain the final result.

Multiprocessing and Multitasking

176

Users canincorporate parallel processing features known as multiprocessing and
multitasking; this category also includes microtasking.

Parallel processing among two or more CPUs is called multiprocessing, which

is the capability of a program to run concurrently on multiple CPUs of a single
mainframe. Applying more than one processor to a single job implies that the
job has software tasks (parts) that can run in parallel. Such a job can be logically
or functionally divided to allow two or more parts of the work to run
simultaneously (that is, in parallel). One example of multiprocessing is a
weather-modeling job in which the northern hemisphere calculation is one part
and the southern hemisphere another part. Distinct code segments are not needed,;
the same code runs on multiple processors simultaneously, with each processor
acting on different data.

Multitasking is the capability to run two or more tasks of a single program in
parallel on different CPUs within a mainframe. The multitasking theory is that
a program that runs on a dedicated system in wall clock tarebe multitasked

to run in a time as short &g, if modified to usen or more parallel tasks on a
machine wittn CPUs.
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In practice, however, a speedup facton @ not quite attainable. In some
instances, multitasking can actually increase a program’s execution time if the
multitasking overhead decreases performance more than parallel execution time
improves it. The following factors can limit the maximum improvement for a
program:

* Not all parts of a program can be divided into parallel tasks.

* Those parts that can be multitasked may depend on one another so that, at
run time, one or more tasks must wait until others complete some
operation.

e Use of the multitasking features incurs overhead that cannot be recovered.

The CFT compiler on the system automatically uses the vector hardware to
perform operations on inner DO loops that have no data dependencies. Once
such optimizing is complete, a single processor can work no faster, but more
than one processor could operate on separate parts of the data simultaneously to
achieve results faster. Microtasking permits multiple processors to work on a
Fortran program at the DO-loop level. The namerotaskingwas chosen

because multiprocessing is efficient even at a DO-loop level where the task size,
or granularity, may be small.

Microtasking also works well when the number of processors available is
unknown or may vary during the program’s execution. This means that
microtasked jobs do not require a dedicated system, although they perform best
in a dedicated environment with no competing jobs.

Advanced programming skills and tools are needed to successfully use
multiprocessing, multitasking, and microtasking concepts in order to promote
more efficient programs. These features are thoroughly discussed and explained
in Cray Research software publications.

CSM-0301-0B0O Cray Research Proprietary 177



Autotasking Feature

System Programmer Reference

Autotasking Feature

178

System analysts and programmers can use the Autot&stongponent of the

CF77 Fortran compiling system, which uses automatic multitasking, to
automatically detect whether portions of their programs can be run in parallel.
The Autotasking feature is an extension of multiprocessing and microtasking
and is designed to make parallel processing easier to use. The Autotasking feature
alters a Fortran program to allow it to run simultaneously on multiple CPUs.
Refer to theAutotasking User’'s Guidgublication number SN-2088, for more
detailed information on the Autotasking feature.
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Maintenance Mode

The maintenance mode feature of a CRAY J90 series system allows a
programmer to write programs that assist in locating hardware failures in central
memory. By using maintenance mode, a programmer can disable memory error
correction and replace check bits with data bits.

Enabling and Disabling the Maintenance Mode

A maintenance mode enable bit for each central processing unit (CPU) is located
in the configuration register for each CPU. Setting the maintenance bit enables
the maintenance mode in the CPU. Maintenance functions can then be set and
cleared by machine instructions.

Clearing the maintenance mode enable bit in the configuration register disables
the maintenance mode of a CPU. With maintenance mode disabled, existing
maintenance functions are cleared, and machine instructions cannot set any new
maintenance functions.

Using Maintenance Mode

Two instructions set and clear all maintenance functions within the maintenance
mode. Instructions operate only in a CPU in monitor mode; they execute as
no-operation (no-op) instructions in a CPU that is not in monitor mode.
Instruction 001fL enables one of six maintenance functions. These instructions
must be entered in machine code; Cray Assembly Language (CAL) does not
support them. Allow 10 clock periods (CPs) for maintenance functions to be set
or cleared. Ensure that no memory reference that may be affected by the
maintenance functions can occur within 10 CPs after aj0@i®7331

instruction issues.
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Table 29lists the maintenance functions that the §Q1i8struction sets for all
values ofl. Multiple maintenance functions can be set by executing thg D015
instruction more than once with different valueg @&fll maintenance functions
remain set until they are cleared by ai@Z3nstruction or until the maintenance
mode is disabled.

Table 29. 0051j1 Instruction Operation

Maintenance Code Description
001501 Disable port A error correction.
001511 Disable port B error correction.
001521 Disable port D error correction.
001541 Replace check bits with data bits on memory writes.

Replace data bits with check bits on memory reads.
Replacement bits:

Data Bit Check Bit
0 64
8 65
16 66
24 67
32 68
40 69
48 70
56 71
001551 Replace check bits with Vk data bits on the path to the VA

ASIC during execution of 1771jk instructions.
Replacement bits:

Data Bit Check Bit

64
65
66
67
68
69
70
71

~NO UM WNEFO

NOTE: These instructions are privileged to monitor mode.

Instructions 001501 and 001511 disable error correction during memory read
operations that use ports A and B. After one of these instructions is executed,
memory read data passes through the error-correction logic without being
corrected, regardless of the state of the check bits. Error detection and reporting
continue as usual. The mode register bits can still enable or disable error
interrupts.
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Instruction 001541 allows the programmer to define the check bits that are stored
with a data word, instead of allowing the check-bit generation logic to determine
the check bits. It also allows the programmer to read the check bits (refer to
Figure 49. After the 001541 instruction is executed, all memory write references
cause data bits 0, 8, 16, 24, 32, 40, 48, and 56 to be stored as check bits 0 through
7.Memory read references cause check bits 0 through 7 to replace the appropriate
data bits.

Figure 44. Instruction 001541 Operation

Central Memory

Write Data Bits 0, 8, 16, - Read Data Bits 0, 8, 16,
24, 32, 40, 48, 56 Data Bits 24,32, 40, 48, 56
> 0, 8, 16, 24, >
32, 40, 48, 56
All Other Write Data Bits All Other Read Data Bits

»| Other Data Bits

Y

Check Bits
. 0 through 7

Instruction 001551 modifies the operation of instruction jk After

instruction 001551 executes, the 1jKitstruction no longer performs a scatter
operation, but instead performs a stride operation similar to thgkl770
instruction. Register AO contains the base addres#h@address increment,
and f the data to be written to memory. Regist&ri&/no longer used for
addressing. Instead k\data bits O through 7 are written to memory as check bits
0 through 7. ¥ data bits 8 through 63 are not used.

Instructions 001531 and 001561 are not used. Instruction 001571 is reserved for
future use.

Instruction 0781 clears all maintenance functions set by the 1015
instructions, transfers the contents of the status register to regjsted 8lears
the performance monitor pointer.
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CPU Instructions

The following subsections explain the instruction formats and special register
values that the computer system uses. A central processing unit (CPU)

instruction summary is included as well as a quick reference table of all CPU
instructions.
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Quick Reference Table of CPU Instructions

Table 30. Quick Reference Table of CPU Instructions

Machine Instruction CAL Syntax Description

000000 ERR Error exit

0010jk? CAAj Ak Set the CA register for the channel indicated by (Aj)
to (Ak) and activate the channel.

001000 PASS This is a no-operation instruction.

0011jk3 CL,Aj Ak Set the CL register for the channel indicated by (A))
to (Ak) address.

001202 CLLAj Clear the interrupt flag and error flag for the channel
indicated by (Aj); clear device master clear (output
channels only).

0012j12 MC,Aj Clear the interrupt flag and error flag for the channel
indicated by (Ay); set device master clear (output
channels only); clear device ready-held (input
channels only).

001302 XA Aj Transmit (Aj) to the XA register.

0014,02 RT Sj Load the RTC register with (Sj).

001412 SIP Aj Send an interprocessor interrupt request to CPU (A)).

0014012 SIPI Send an interprocessor interrupt request to CPU 0.

0014022 CIPI Clear the interprocessor interrupt.

001432 CLN Aj Load the CLN register with (Aj).

0014/j42 PCI Sj Load the Il register with (Sj).

0014052 CCl Clear the programmable clock interrupt request.

0014062 ECI Enable the programmable clock interrupt request.

0014072 DCI Disable the programmable clock interrupt request.

0016/1° IvVC Send invalidate cache request to CPU (A)).

00150 ¢ Select performance monitor.

001501& ¢ Disable port A error correction.

001511&¢ Disable port B error correction.

001521& ¢ Disable port D I/O error correction.

001541%¢ Enable replacement of checkbyte with data on ports
for writes and the replacement of data with
checkbytes on ports for reads.

001551& ¢ Replace check bits with Vk data bits on the path to
the VA ASIC during execution of instruction 1771jk.

002100 EFI Enable interrupt on floating-point error.

002200 DFI Disable interrupt on floating-point error.

002300 ERI Enable interrupt on operand range error.

002400 DRI Disable interrupt on operand range error.
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Table 30. Quick Reference Table of CPU Instructions (continued)

Machine Instruction CAL Syntax Description
002500 DBM Disable bidirectional memory transfers.
002600 EBM Enable bidirectional memory transfers.
002700 CMR Complete memory references.
003050 VM Sj Transmit (Sj) to VM register.
003000 VM 0 Clear VM register.
0034k SMjk1, TS Test and set semaphore jk, 0 <jk <31,,.
0036k SMjk 0 Clear semaphore jk, 0 <jk <314.
0037k SMjk 1 Set semaphore jk, 0 <jk <314,
004000 EX Normal exit from the operating system.
005000 J Bjk Jump to (BJK).
006/jkm Jexp Jump to exp.
007ijjkm R exp Return jump to exp and set register BOO to (P) + 2.
010ijkm® JAZ exp Jump to exp if (A0) = 0 (i, = 0).
011jjkmd JAN exp Jump to exp if (AO) # 0 (i, = 0).
012ijjkm"° JAP exp Jump to exp if (AO) positive; (AO) = 0 (i, = 0).
013ijkm® JAM exp Jump to exp if (AO) negative (i, = 0).
014ijkm¢ JSZ exp Jump to exp if (SO) = 0 (i, = 0)
015ijkm¢ JSN exp Jump to exp if (S0) # 0 (i, = 0)
016ijkm° JSP exp Jump to exp if (SO) positive; (i, = 0)
017ijkmA JSM exp Jump to exp if (SO) negative (i, = 0)
020/00mn® Ai exp Transmit exp into Ai (020 or 022) or transmit one’s

or complement of exp into Ai (021).
021/00mn
or
022ijk®
023jj0 Ai Sj Transmit (Sj) to Al
023i01 AiVL Transmit (VL) to Al
024ijk Ai Bjk Transmit (Bjk) to Ai.
025ijk Bjk Ai Transmit (A/) to Bjk.
026/j0 AiPSj Transmit the population count of (Sj) to Al
026i1 AiQSj Transmit the population count parity of (Sj) to Ai
0267 Ai SBj Transmit (SBj) to Al
027ij0 Ai ZSj Transmit leading zero count of (Sj) to Al
027ij7 SBj Ai Transmit (A/) to SBj.
030jjk AiAj+ Ak Transmit the integer sum of (Aj) and (Ak) to Al
030i0K" Ai Ak Transmit (Ak) to Ai.
030jj0° AiAj+1 Transmit the integer sum of (Aj) and 1 to Ai.
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Table 30. Quick Reference Table of CPU Instructions (continued)

Machine Instruction CAL Syntax Description

031ijjk Ai Aj-Ak Transmit the integer difference (Aj) and (Ak) to Al

031/00° Ai-1 Transmit -1 to Ai.

031/0kP Ai-Ak Transmit the negative of (Ak) to Al

031jj0° Ai-Aj-1 Transmit the integer difference (Aj) and 1 to Ai

032ijk Ai Aj*Ak Transmit the integer product of (Aj) and (Ak) to Al

033,00 Ai Cl Transmit the channel number of the highest priority
interrupt request to Ai (j = 0).

033jj0 Ai CAAj Transmit the current address of the channel (Aj) to Ai
(%0, k=0).

033jj1 Ai CE,Aj Transmit the error flag of channel (Aj) to Ai (j# 0,
k=1).

034ijk Bjk, A, ,AOQ Load (A/) words from memory starting at address
(AO) to B registers starting at register jk.

034ijk° Bjk,Ai 0,A0 Load (A/) words from memory starting at address
(A0) to B registers starting at register jk.

035jjk ,AO Bjk,Ai Store (Ai) words from B registers starting at register
Jkto memory starting at address (AO).

035ijk° 0,A0 Bjk,Ai Store (Ai) words from B registers starting at register
Jkto memory starting at address (AO0).

036ijk Tjk,Ai 0,A0 Load (A/i) words from memory starting at address
(AO) to T registers starting at register jk.

036ijk° Tjk,Ai 0,A0 Load (A/) words from memory starting at address
(AOQ) to T registers starting at register jk.

037ijk ,AO Tjk,Ai Store (Ai) words from T registers starting at register
Jkto memory starting at address (AO0).

037ijk° 0,A0 Tjk,Ai Store (Ai) words from T registers starting at register
Jkto memory starting at address (A0).

040/00mn Siexp Transmit exp into S/ (040) or transmit one’s

or complement of exp into Si (041).

041/00mn

042ijk Si<exp Form ones mask in Si exp bits from right; the jk field
gets 100g - exp

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

042i77° Si 1 Enter 1 into Siregister.

042i00P Si-1 Enter -1 into S register.

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

043ijk° Si#<exp Form zeroes mask in Si exp bits from right; the jk field
gets 100g exp.

043i00° Si0 Clear the Siregister.

044ijk SiSj&Sk Transmit the logical product of (Sj) and (Sk) to Si.
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Table 30. Quick Reference Table of CPU Instructions (continued)

Machine Instruction CAL Syntax Description
044jjob SiSj&SB Transmit the sign bit of (Sj) to Si.
044ijoP Si SB&Sj Transmit the sign bit of (Sj) to Si (j # 0).
045ijk Si#Sk&Sj Transmit the logical product of (Sj) and complement
of (Sk) to Si.
045jj0P Si#SB&Sj Transmit the (Sj) with sign bit cleared to Si.
046ijk SiS)\Sk Transmit the logical difference of (Sj) and (Sk) to Si.
046jjoP SiSjISB Toggle the sign bit of (Sj), then enter into Si.
046ij0° SiSBIS/ Toggle the sign bit of (Sj), then enter into Si (j # 0)
047ijk Si#S)\Sk Transmit the logical equivalence of (Sk) and (Sj) to
Si.
047i0K° Si#Sk Transmit the one’s complement if (Sk) to Si.
047ij0° Si#S/\SB 'gransmit the logical equivalence of (Sj) and sign bit to
i.
047ijjob Si #SB\Sj Transmit the logical equivalence of (Sj) and sign bit to
Si(j#0).
047i00P Si #SB Transmit the one’s complement of sign bit into Si.
050ijk Si Transmit the logical product of (S/i) and (Sk)
S/!Si&Sk complement ORed with the logical product of (Sj)
and (Sk) to Si.
050ij0° Si Transmit the scalar merge of (S/) and sign bit of (Sj)
Sj!Si&SB to Si.
051jjk Si SjISk Transmit the logical sum of (Sj) and (Sk) to Si.
051/0kP Si Sk Transmit the (Sk) to Si.
051jj0° Si Sj!'SB Transmit the logical sum of (Sj) and sign bit to Si.
051jjoP Si SBISj Transmit the logical sum of (Sj) and sign bit to S/
(j#0).
051/00P Si SB Transmit the sign bit into Si.
052ijk S0 Si<exp Shift (Si) left exp places to SO; exp = jk.
053jjk SO0 Si>exp Shift (Si) right exp places to SO; exp = 100g-jk.
054ijk SiSi<exp Shift (SJ) left exp places to Si; exp = jk.
055ijk SiSi >exp Shift (Si) right exp places to Si; exp = 100g-jk.
056ijk SiSi,Sj <Ak Shift (Si) and (Sj) left by (AK) places to Si.
056ij0° SiSiSj<1 Shift (Si) and (Sj) left one place to Si.
056/0kP SiSi<Ak Shift (Si) left (Ak) places to Si.
057ijk SiSj,Si>Ak Shift (Sj) and (S/) right by (Ak) places to Si.
057ij0° SiSj,Si>1 Shift (Sj) and (S/) right one place to Si.
057i0kP SiSi>Ak Shift (Si) right (Ak) places to Si.
060ijk SiSj+Sk Transmit the integer sum of (Sj) and (Sk) to Si.
061ijjk SiSj-Sk Transmit the integer difference of (Sj) and (Sk) to Si.
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Table 30. Quick Reference Table of CPU Instructions (continued)

Machine Instruction CAL Syntax Description

061/0Kk° Si-Sk Transmit the negative of (Sk) to Si.

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

062/0kP Si+FSk Transmit the normalized (Sk) to Si.

063ijk Si Sj-FSk Transmit the floating-point difference of (Sj) and (Sk)
to Si.

063i0K° Si-FSk Transmit the normalized negative of (Sk) to Si.

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

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

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

067ijk SiSj*ISk Transmit the reciprocal iteration: 2-(Sj) to Si.

070ijj0 Sj/HSj Transmit the floating-point reciprocal approximation of
(Sj) to Si.

071i0k SiAk Transmit (Ak) to Siwith no sign extension.

071i1k Si +Ak Transmit (Ak) to Siwith sign extension.

071i2k Si+FAk Transmit (Ak) to Sias unnormalized floating-point
number.

071i30 Si0.6 Transmit 0.75 x 248 as normalized floating-point
constant into Si.

071i40 Si0.4 Transmit 0.5 as normalized floating-point constant
into Si.

071i50 Si1.0 Transmit 1.0 as normalized floating-point constant
into Si.

071/60 Si2.0 Transmit 2.0 as normalized floating-point constant
into Si.

071i70 Si4.0 Transmit 4.0 as normalized floating-point constant
into Si.

072i00 SIRT Transmit (RTC) to Si.

072i02 SiSM Transmit (SM) to Si.

072j3 SiSTj Transmit (STj) to Si.

07300 Si VM Transmit (VM) to Si.

073i11&°¢ Read the performance counter into Si.

073i212¢ Increment upper performance counter.

073i31&°¢ Clear all maintenance modes.

073i61& ¢ Increment current performance counter (lower).

073i01 Si SRO Transmit (SRO) to Si.

073i02 SM Si Transmit (S/) to SM.

073ij3 STj Si Transmit (S/) to STj.
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Table 30. Quick Reference Table of CPU Instructions (continued)

Machine Instruction CAL Syntax Description

074ijk Si Tjk Transmit (Tjk) to Si.

075ijk Tjk Si Transmit (S/) to Tjk.

076ijk SiVj,Ak Transmit (V) element (Ak)) to Si.

077ijk Vi,Ak Sj Transmit (Sj) to Vielement (Ak).

077i0k? Vi,Ak O Clear element (Ak) of register Vi.

10hi00mn Ai exp,Ah Load from ((Ah) + exp) to Al

100/00mn Aiexp,0 Load from (exp) to Al

100/00mn Ai exp, Load from (exp) to Al

10hi0000 Ai ,Ah Load from (Ah) to Al

11hi00mn exp,Ah Ai Store (Ai) to (Ah) + exp.

110/00mn exp,0 Ai Store (AJ) to exp.

110/00mn exp, Ai Store (Ai) to exp.

11hi0000 AR A Store (A/) to (Ah).

12hi00mMn Siexp,Ah Load from ((Al) + exp) to Si.

120/00mn Siexp,0 Load from (exp) to Si.

120i00mn Siexp Load from (exp) to Si.

12hi0000 Si,Ah Load from (Ah) to Si.

13hi00mn exp,Ah Si Store (Si) to (Ah) + exp.

130/00mn exp,0 Si Store (S/) to exp.

130/00mn exp, Si Store (S/) to exp.

13hi0000 AhSi Store (Si) to (Ah).

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

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

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

142i0Kk° Vi Vk Transmit (Vk elements) to Vi elements.

143ijjk Vi Vj'Vk Transmit logical sums of (V) elements) and (Vk
elements) to Vi elements.

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

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

145iii® Vi 0 Clear Vielements.

146ijk Vi SjIVK&VM Transmit (Sj) if VM bit = 1; (Vk) if VM bit =0 to Vi.

146i0Kk° Vi #VM&Vk Transmit vector merge of (Vk) and 0 to Vi.

147ijk Vi VjIVK&VM Transmit (Vj) if VM bit = 1; (Vk) if VM bit = 0 to Vi.
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Table 30. Quick Reference Table of CPU Instructions (continued)

Machine Instruction CAL Syntax Description

150ijk ViVj<Ak Shift (Vj elements) left by (Ak) places to Vielements.

1504j0° Vi Vj<1 Shift (Vj elements) left one place to Vielements.

151jjk SVi Vj>Ak Shift (V) elements) right by (Ak) places to Vi
elements.

151jj0° Vi Vj>1 Shift (Vj elements) right one place to Vielements.

152ijk ViVjVj<Ak Double shift (Vj elements) left (Ak) places to Vi
elements.

152jj0° Vi VjVj<1 Double shift (Vj elements) left one place to Vi
elements.

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

153ij0P Vi VjVj>1 Double shift (Vj elements) right one place to Vi
elements.

154ijk 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 Vielements.

156/0k° Vi -Vk Transmit two’s complement of (Vk elements) to Vi
elements.

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

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

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

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

163ijk ViVj*HVk Transmit half-precision rounded floating-point
products of (Vjelements) and (Vk elements) to Vi
elements.

164ijk Vi Sj*RVk Transmit rounded floating-point products of (Sj) and
(Vk elements) to Vielements.

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

166ijk ViSj*Vk Transmit 32-bit integer product of (Sj) and (Vk
elements) to Vi elements.

167ijk ViVj*Vk Transmit reciprocal iterations: 2-(Vj elements)*(Vk
elements) to Vi elements.

170ijk ViSH+FVk Transmit floating-point sums of (Sj) and (Vk

elements) to Vi elements.
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Table 30. Quick Reference Table of CPU Instructions (continued)

Machine Instruction CAL Syntax Description

170i0k° Vi +FVk Transmit normalized (Vk elements) to Vi elements.

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

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

172i0Kk° Vi -FVk Transmit normalized negative of (Vk elements) to Vi
elements.

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

174ij0 Vi[HVj Transmit floating-point reciprocal approximation of (Vj
elements) to Vi elements.

174i1 ViPVj Transmit population count of (Vj elements) to Vi
elements.

1742 Vi QVj Transmit population count parity of (Vjelements) to Vi
elements.

175040 VM Vj,Z Set VM bit if (Vj element) = 0.

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

175042 VM V)P Set VM bit if (Vj element) > 0.

175043 VM VjM Set VM bhit if (Vj element) < 0 (Vjis negative).

175ij4 Vi, VM Vj,Z Set VM bit if (Vj elements) = 0; also, the compressed
indices of the Vjelement = 0 are stored in Vi.

175i/5 Vi, VM Vj,N Set VM bhit if (Vj elements) # 0; also, the compressed
indices of the Vj element # 0 are stored in V.

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

175ij7 Vi, VM VjM Set VM bit if (Vj elements) < 0; also, the compressed
indices of the Vj element < 0 are stored in V.

176i0k Vi,A0,Ak Load from memory starting at (AO) increased by (Ak)
and load into Vi.

176/00 Vi,A0,1 Load from consecutive memory addresses starting
with (A0) and load into Vi.

176ilk Vi ,A0,Vk Load from memory using memory address ((AO) +
(Vk)) and load into Vi.

1770jk JAOQ,Ak Vj Store (Vj) to memory starting at (AO) increased by
(AK).

177040 ,AO0,1 Vj Store (V) to memory in consecutive addresses
starting with (A0).
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Table 30. Quick Reference Table of CPU Instructions (continued)

Machine Instruction

CAL Syntax Description

1771jk

A0 VK Vj Store (V) to memory using memory address ((A0) +
(VK)).

8 These instructions are privileged to monitor mode.

Special CAL syntax.

¢ These instructions are not supported by CAL Version 2.

d  Bit 2 of the ifield is equal to 0.

€ These instructions are generated depending on the value of the exponent.

Notational Conventions

This section uses the following conventions:

CSM-0301-0B0

All numbers are decimal numbers unless otherwise indicated.
Letters X or x o represent an unused value.

Register bits are numbered from right to left.

The letter n represents a specified value.

The value in parentheses () specifies the contents of a register or memory
location as designated by value.

Variable parameters areitalic type.

Vector mask bit 63 corresponds to vector element 0, and bit 0 corresponds
to vector element 63.
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Instruction Formats

Instructions can be 1 parcel (16 bits), 2 parcels (32 bits), or 3 parcels (48 bits)
long. Instructions are packed 4 parcels per word and parcels are numbered 0
through 3 from left to right. Any parcel position can be addressed in branch
instructions. A 2- or 3-parcel instruction begins in any parcel of a word and can
span a word boundary. For example, a 2-parcel instruction that begins in parcel
3 of a word ends in parcel O of the next word. No padding of word boundaries
is requiredFigure 45shows the general instruction format.

Figure 45. General Instruction Format

First Parcel Second Parcel Third Parcel
A A A
“9 h i j k7 m N n " Fields
4 (33|33 16 16 Number of
Bits

The first parcel contains five fields, and the second and third parcels each contain
a single field. Four variations of this format use the fields differently. The
following subsections describe the formats of the following variations:

* 1-parcel instruction format with discrgtandk fields

e 1-parcel instruction format with combingdndk fields

e 2-parcel instruction format with combined, k, andm fields
e  3-parcel instruction format with combinedandn fields

1-parcel Instruction Format with Discrete  jand k Fields

The most common of the 1-parcel instruction formats uses|jthendk fields

as individual designators for operand and result registers (refeyuce 44.
Thegandhfields define the operation code, tfield designates a result register,
and thg andk fields designate operand registers. Some instructions ignore one
or more of the, j, andk fields.

The following types of instructions use this format:

e Arithmetic

e Logical

*  \ector shift

e Scalar double-shift

* Floating-point constant
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Figure 46. 1-parcel Instruction Format with Combined j and k Fields

g h i k Fields

4 3 3 3 3 Number of
Bits

%_J
Operation  Register
Code Designators

1-parcel Instruction Format with Combined  j and k Fields

Some 1-parcel instructions use jlaandk fields as a combined 6-bit field (refer

to Figure 47. Theg andh fields contain the operation code, anditfield is
usually a destination register. The combipeddk fields usually contain a
constant or an intermediate address (B) or intermediate scalar (T) register
designator. The 005 branch instruction and the following types of instructions
use the 1-parcel instruction format with combipeadk fields:

*  6-bit constant

* B or T register block memory transfer

* B or T register data transfer with address (A) or scalar (S) register
e Scalar single-shift

e Scalar mask

Figure 47. 1-parcel Instructions with j and k as a Combined 6-bit Field

g h i Jjk Fields
4 3 3 6 Numper
of Bits
Y
Operation | constant or

Code Register

Designators
Result Register

2-parcel Instruction Format with Combined I, J, k, and m Fields
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This 2-parcel format uses the combingdk, andm fields to contain a 24-bit
address that allows branching to an instruction parcel (refégtoe 43. A
7-bit operation codegh) is followed by anjkm field. The high-order bit of the
i field is equal to 0.
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Figure 48. 2-parcel Instruction Format with Combined i, j, k, and m Fields

First Parcel Second Parcel
A A
e , , N7 N
g h i Ji k m Fields
4 3 3 3 3 1 2 Number of Bits
Operation Code Address
High-order Bit =0 Parcel Select

3-parcel Instruction Format with Combined m and n Fields

The format for a 32-bit immediate constant uses the combirsetin fields to
hold the constant. The 7-lgtandh fields contain an operation code, and the
3-biti field designates a result register; jtandk fields are a constant 0. The
instructions that use this format transfer the 32dnconstantto an Aor S
register.

NOTE: Themfield of the 3-parcel instruction contains bits 0 through 15 of
the expression, while threfield contains bits 16 through 31 of the
expression. When the instruction is assembledythgeld is
reversed and actually appears asiimdield when used as an
expression.

When 3-parcel instructions are used to generate memory addresses, bits 31
through 0 of thexmfield are used to calculate memory addresses. Refer to
“Calculating Absolute Memory Addréser additional information. This

format uses the 4-bgfield for an operation code, the 3-hifield to designate

an address index register, and the 3-béld to designate a source or result
register.

Figure 49shows the two applications for the 3-parcel instruction format with

combinedm andn fields. Remember that tme andn fields are reversed when
a 3-parcel instruction is assembled.
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Figure 49. 3-parcel Instruction Format with Combined m and n Fields

First Parcel Second Parcel Third Parcel
A A A
4 . B N7 )
g h i k m n Fields
Number of
4 |3 3 |3 3 16 16 Bits
%{_j %—/
Operation Code| Value e
. Always =0 Constant
Result Register.
First Parcel Second Parcel Third Parcel
4 /A B A N A\ N
g h i k m n Fields
Number of
4 |3 3 |3 3 16 4 12 Bits
Operation Code value
Address Register _ Not Used
Always =0 .
Used as Index Address or Displacement
Source or Result Register (28 Bits)
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Special Register Values

If the SO and AO registers are referenced imtheor k fields of certain

instructions, the contents of the respective register are not used; instead, a special
operand is generated. The special operand is available regardless of existing A0
or SO reservations (and in this case is not checked). This special operand does
not alter the actual value of the SO or AO register. If registers SO or AO are used
in thei field as the operand, the actual value of the register is provided.

Cray Assembly Language (CAL) issues a caution-level error message for AO or
S0 when 0 does not apply to iffesld. Table 31lists the special register values.

Table 31. Special Register Values

Field Operand Value
Ah, h=0 0
Aj,j=0 0
Ak, k=0 1
Sj,j=0 0
Sk, k=0 Bit63=1

Monitor Mode Instructions

The monitor mode instructions (channel control, set real-time clock,
programmable clock interrupts, and so on) perform specialized functions that
are useful to the operating system. These instructions run only when the CPU is
operating in monitor mode. If a monitor mode instruction issues while the CPU
is not in monitor mode, it is treated as a no-operation instruction.
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Special CAL Syntax Forms

CSM-0301-0B0

Certain machine instructions can be generated from two or more different CAL
instructions. Any of the operations performed by special instructions can be
performed by instructions in the basic CAL instruction set.

Forexample, the following CAL instructions generate instruction 002000, which
enters a 1 into the vector length (VL) register:

VL AO
VL1

The first instruction is the basic form of the enter VL instruction, which takes
advantage of the special case where Al if k= 0. The second instruction is

a special syntax form that provides the programmer with a more convenient
notation for the special case.

In several cases, a single CAL syntax can generate several different machine

instructions. These cases are used for entering the value of an expression into
an A register or an S register, or for shifting S register contents. The assembler
determines which instruction to generate from characteristics of the expression.

The following subsection identifies CAL instructions that have a special syntax
form.
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CPU Instruction Descriptions

This subsection describes all the instructions that the mainframe uses. The
instruction descriptions use acronyms and abbreviations that are defined in
previous sections. The following information is included with each instruction

description:

* Special cases

* Hold issue conditions
e Execution time

¢ 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

as follows:

Letter Description
F Floating-point operation
H Half-precision floating-point operation
I Reciprocal iteration
P Population count
Q Parity count
R Rounded floating-point operation
Z Leading-zero count

The following list defines some of the notations that the instruction set uses:

Character Description

+ Arithmetic sum of specified registers

- Arithmetic difference of specified registers
Arithmetic product of specified registers
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 of specified registers
Logical sum of specified registers
\ Logical difference of specified registers

*

— R AV H ~
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An expressiondxp occupies thegk, jkm, ijkm, ormnfield. Theh, i, j, andk
designators indicate the field of the machine instruction into which the register
designator constant or symbol value is placed.

Functional Units Instruction Summary
Instructions other than simple transmit or control operations are performed by

specialized hardware known as functional units. The following instructions are
performed by each of the functional units.

Functional Unit Instructions

Address add (integer) 030, 031

Address multiply (integer) 032

Scalar add (integer) 060, 061

Scalar logical 042 through 051

Scalar shift 052 through 057

Scalar pop/parity/leading zero 026, 027

Vector add (integer) 154 through 157

Vector logical 140 through 147, 175
Second vector logical 140 through 153

Vector shift 150 through 153

Vector pop/parity 17411, 174j2

Floating-point add 062, 063, 170 through 173
Floating-point multiply 064 through 067, 160 through 167
Floating-point reciprocal 070, 19

Memory (scalar) 100 through 130

Memory (vector) 176, 177
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Instruction 000000

Machine Instruction CAL Syntax Description

000000

ERR Error exit

Special Cases

There are no special cases.

Hold Issue Conditions

Execution Time

Description

200

The instruction holdsissue ifany A, S, or V register is reserved or if an instruction
fetch operation is in progress.

The 000 instruction issues in 1 CP. Following the instruction issue, an additional
83 CPs are required for an exchange sequence (44 CPs) and a fetch operation
(39 CPs). Memory conflicts during the exchange sequence cause additional
delays.

The 000 instruction is treated as an error condition, and an exchange sequence
occurs when the instruction is issued. The contents of the instruction buffers are
voided by the exchange sequence. If the monitor mode is not in effect, the error
exit flag in the F register is set. All instructions issued before this instruction are
completed.

When the results of previously issued instructions arrive at the operating
registers, an exchange occurs to the exchange package that is designated by the
contents of the XA register. The program address that is stored during the final
exchange sequence is the contents of the P register advanced by one count (the
address of the instruction following the error exit instruction).

Instruction 000 is not generally used in program code. This instruction stops
execution of an incorrectly coded program that branches to an unused area of
memory (if memory was backgrounded with 0’s) or into a data area (if data is
positive integers, right justified ASCII, or floating-point 0's).
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Instructions 0010 through 0013

Machine Instruction CAL Syntax Description

0010jk? CAAj Ak Set the CA register for the channel indicated by (A)) to (AK)
and activate the channel.

001000 PASS This is a no-operation instruction.

0011jk2 CL,Aj Ak Set the CL register for the channel indicated by (A)) to (AK)
address.

0012502 CLAj Clear the interrupt flag and error flag for the channel
indicated by (A)); clear device master clear (output channels
only).

001212 MC,Aj Clear the interrupt flag and error flag for the channel
indicated by (A)); set device master clear (output channels
only); clear device ready-held (input channels only).

001302 XA Aj Transmit (A)) to the XA register.

&  These instructions are privileged to monitor mode.

Special Cases

The following special case exists for instructions 0010 through 0012:

* OnaJ90se CPU, instructions 0010 through 0012 must be synchronized
with the system clock, which runs at half the rate of the CPU clock.
Therefore, a 1-CP hold issue may occur for clock alignment.

The following special cases exist for instructions 0010 through 0013:

If the program is not in monitor mode, these instructions become
no-operation instructions with alljAr Ak register hold issue conditions
remaining effective.

For instructions 0010, 0011, and 0013,# 0, the instruction performs
no operation.

For instructions 0010, 0011, and 001X # O, the CA or CL register is
setto 1.

Valid channel numbers are Y1 channel numbers 20 through 117 on the
largest system.

For instruction 0013, if= O, the XA register is cleared.
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Hold Issue Conditions

Execution Time

Description

202

The instructions hold issue when theragister is reserved (except AO).

Instructions 0010 through 0011 hold issue when tkeefister is reserved
(except AO); instructions 0010 through 0012 hold issue when there is a shared
register access conflict or if the JS ASIC buffer is full.

The instruction issue time for instructions 0010 through 0013 is 1 CP.

NOTE: In monitor mode, the software must ensure that only one CPU at a
time is servicing an 1/0O channel.

Instructions 0010 through 0013 are privileged to monitor mode and provide
operations that are useful to the operating system. Functions are selected through
thei designator. Instructions are treated as pass instructions if the monitor mode
bit is not set. A monitor program activates a user job by initializing the XA
register to point to the user’s job exchange package and then executing a normal
exit instruction.

When thg designator is O, the functions are executed as pass instructions. When
thek designator is 0, the CA register or CL register is set to 1. Valid channel
numbers are 20 through 117 for Y1 channels on the largest systems.

Instructions 0010, 0011, and 0012 control operation of the 1/0O channels. Each
Y1 channel has a CA and a CL register to direct channel activity. The CA register
contains the address of the current channel word; the CL register specifies the
limit address. When the channel is programmed, the CL register is initialized
first and then the CA register is set, which activates the channel. As the transfer
continues, the CA register increments toward the CL register. When the contents
of the CA register are equal to the contents of the CL register, the transfer is
complete for all words from the initial contents of the CA register through the
contents of the CL register minus 1.

The 001¢k instruction sets the CA register for the channel that is indicated by
the contents of the jAegister to the value in thekAegister. The 003&

instruction sets the CL register for the channel that is indicated by the contents
of the A register to the address that is specified in theefyister. The 003k
instruction is usually issued before the Q@lifistruction is issued.
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Instruction 001JD clears the interrupt and error flags for the channel that is
indicated by the contents of theg #egister. If the contents of thg Pegister
represent an output channel, the device master clear is cleared.

Instruction 001PL also clears the interrupt and error flags for the channel that

is indicated by the contents of th¢ ikgister. If the contents of thg Pegister
represent an output channel, the device master clear is set. If the contents of the
Aj register represent an input channel, the device ready flag is cleared.

Instruction 001 transmits bits 13 through 4 of thgr&gister to the XA register.
The XA register is cleared when thdesignator is 0.
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Machine Instruction CAL Syntax Description
001402 RT Sj Load the RTC register with (Sj).
001412 SIP Aj Send an interprocessor interrupt request to CPU (Aj).
0014012 SIPI Send an interprocessor interrupt request to CPU 0.
0014022 CIPI Clear the interprocessor interrupt.
001432 CLN Aj Load the CLN register with (Aj).
001442 PCI S/ Load the Il register with (Sj).
0014052 CCl Clear the programmable clock interrupt request.
0014062 ECI Enable the programmable clock interrupt request.
0014072 DCI Disable the programmable clock interrupt request.
0016/1° IvC Send invalidate cache request to CPU (A)).

8 This instruction is privileged to monitor mode.

b

Special Cases

Special CAL syntax.

204

The following special cases exist for instructions 0014 and 0016:

If the program is not in monitor mode, these instructions perform no

operation, and alljSr Aj register hold issue conditions remain in effect.

The RTC register will not be ready for some indeterminate number of

cycles.

The following code ensures that RTC is ready:

RT Sj
SBj A0
JAZ label
label Si  RT

Instruction 0014D is a global instruction, and instruction §Z7s a local
instruction. All local instructions are held in the JS ASIC until all global
instructions are completed.
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The following special case exists for instructions §0,1@0141, 00143, and
00141:

* OnaJ90se CPU, instructions 01,200141, 00143, and 0014 must be
synchronized with the system clock, which runs at half the rate of the
CPU clock. Therefore, a 1-CP hold issue may occur for clock alignment.

Hold Issue Conditions

Execution Time

Description

CSM-0301-0B0

The instruction holds issue for any of the following conditions:

¢ Instructions 001, 00141, 00144, and 0014 hold issue when thejA
register is reserved (except AO).

* Instructions 001, 00141, and 001 hold issue when thg 8egister is
reserved (except S0).

* Instructions 0014, 00141, 00143, and 0014 hold issue when a shared
register access conflict occurs or if the JS ASIC buffer is full.

¢ Instruction 001fL holds issue until an acknowledgment is received,
which indicates that the cache in CPU)(& invalid.

The 0014 or 0016 instructions issue in 1 CP.

The 0014 instruction performs specialized functions for managing the real-time
and programmable clocks. These functions process interprocessor interrupt
requests and cluster number operations. Instruction 0014 is privileged to monitor
mode and is treated as a pass instruction if the monitor mode bit is not set.

The 00140 instruction loads the contents of theegjister into the RTC register.
The RTC register is set to 0 when jhaesignator is 0.

The 00141 instruction sets the CPU interrupt request in the CPU that is specified
by the contents of thejAegister. If the CPU named in the contents of the A
register attempts to interrupt itself, the instruction performs no operation. If the
other CPU is not in monitor mode, the interrupt-from-internal CPU flag sets in
the F register, which causes an interrupt. The request remains until it is cleared
when the receiving CPU issues instruction 001402. Instruction 001401 performs
the same function, except that it sets the internal CPU interrupt request in CPU 0.
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Instruction 001402 clears the internal CPU interrupt request that is set by another
CPU.

The 001483 instruction sets the cluster number to the contents ofjtheghster

to make 1 of 41 cluster selections (17 clusters for CRAY J90 series systems). A
cluster number of O causes all shared and semaphore register operations to be
no-operation instructions (except SB, ST, or SM register reads, which return a
zero value to the ifor 9 register). A nonzero cluster has a separate set of SM,
SB, and ST registers. A cluster number larger than 91 (octal) produces undefined
results.

The 00144 instruction loads the low-order 32 bits from theegister into the
interruptinterval (Il) register and programmable clock. The programmable clock
is a 32-bit counter that decrements by 1 each CP until the contents of the counter
equal 0. The programmable clock interrupt request is then set. The counter is
then set to the interval value held in the Il register and the counter repeats the
countdown to 0. When a programmable clock interrupt request is set, it remains
set until a 001405 instruction is executed. Refer to the “Interrupt Interval
Register” subsection for more information about the Il register.

The 001405 instruction clears the programmable clock interrupt request if the
request is set previously when the interrupt countdown (ICD) counts down to O.

The 001406 instruction enables repeated programmable clock interrupt requests
at a rate determined by the value stored in the Il register.

The 001407 instruction disables repeated programmable clock interrupt requests
until a 001406 instruction is executed to enable the requests.

The 00161 instruction invalidates the cache in the CPU that is specified by the
contents of the Aregister. If the CPU named in the contents of thesgister
attempts to invalidate its own cache, the instruction performs no operation.
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Instructions 0015 through 001551

Machine Instruction CAL Syntax Description

0015j0&¢ Select performance monitor.

001501%¢ Disable port A error correction.

001511&¢ Disable port B error correction.

001521%¢ Disable port D I/O error correction.

001541&¢ Enable replacement of checkbyte with data on ports for
writes and the replacement of data with checkbytes on ports
for reads.

001551%¢ Replace check bits with Vk data bits on the path to the VA
ASIC during execution of instruction 1771jk.

8 These instructions are privileged to monitor mode.

¢ These instructions are not supported by CAL Version 2.

Special Cases

The following special case exists for instruction 0015.

* If the program is not in monitor mode (or if the maintenance mode
configuration bit [7] is not set for instruction 091} these instructions
perform no operation, and all hold issue conditions remain in effect.

Hold Issue Conditions

The instruction holds issue when anyrégister is reserved (except A0).

Execution Time

The 0015 instruction issues in 1 CP.

Description

All 0015 instructions are privileged to monitor mode. Instruction D4élects
one of four groups of hardware-related events to be monitored by the
performance counters and clears all performance counter pointers. Allow a
50-CP delay before issuing another performance monitor instruction.

Instruction 001541 allows certain bits to be replaced in either the checkbyte or
data field. During write operations, bits in the checkbyte are replaced with
corresponding data bits. During read operations, the data bits are replaced with
corresponding checkbyte bits.
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208

Instruction 001541 allows certain bits to be replaced in either the checkbyte or
data field. During write operations, bits in the checkbyte are replaced with
corresponding data bits. During read operations, the data bits are replaced with
corresponding checkbyte bits. The following list shows how the bits are replaced:

Data Bit Checkbyte Bit

0 64

8 65
16 66
24 67
32 68
40 69
48 70
56 71

Instruction 001551 allows certain bits to be replaced in the checkbyte Wwith V
data during the execution of instruction 1jK7 Instruction 177jk executes in
the same manner as instruction 1jK7the content of the Kregister is the
increment value, and thek\data is not used as the address. The following list
shows which ¥ data bit replaces each checkbyte bit:

Data Bit Checkbyte Bit
0 64

65

66

67

68

69

70

71

~N O OB WODN B
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Instruction 0020

Machine Instruction CAL Syntax Description
00200k VL Ak Transmit (AK) to VL register.
002000 VL1 Transmit 1 to VL register.

b Special CAL syntax.

Special Cases

The following special cases exist for instruction 0020:

* The maximum vector length is 64 bits.

If k=0, (AK) = 1.

If k'!=0 and (A) = 0 or a multiple of 100 (octal), then register
VL =100 (octal).

On a J90se CPU, instruction 0020 must be synchronized with the system
clock, which runs at half the rate of the CPU clock. Therefore, a 1-CP
hold issue may occur for clock alignment.

Hold Issue Conditions

The instruction holds issue under any of the following conditions:

* The Akregister is reserved (except A0).

A 035 or 037 instruction is in progress.

A 077 instruction issued in the previous CP.
The vector instruction queue is full.

VIR Hold Issue Conditions

This instruction issues without delay.

Execution Time

The instruction issue time for the 0020 instruction is 1 CP.

The VIR instruction issue time for the 0020 is 3 CPs.

CSM-0301-0B0O Cray Research Proprietary 209



CPU Instruction Descriptions

Description

System Programmer Reference

The low-order 6 bits of the contents of thk rkgister are entered into the VL
register; the seventh bit of the VL register is set if the 6 low-order bits of the
contents of the Rregister equal 0. For example, if the contents of theegister
equal 0 or a multiple of 100 (octal), then VL = 100 (octal). The contents of the
VL register will always be between 1 and 100 (octal).

Instruction 002000 transmits the value of 1 to the VL register.

Instruction 0021 through 0027

Machine Instruction CAL Syntax Description
002100 EFI Enable interrupt on floating-point error.
002200 DFI Disable interrupt on floating-point error.
002300 ERI Enable interrupt on operand range error.
002400 DRI Disable interrupt on operand range error.
002500 DBM Disable bidirectional memory transfers.
002600 EBM Enable bidirectional memory transfers.
002700 CMR Complete memory references.

Special Cases

The following special case exists for instruction 0027:

Hold Issue Conditions

On a J90se CPU, instruction 0027 must be synchronized with the system
clock, which runs at half the rate of the CPU clock. Therefore, a 1-CP
hold issue may occur for clock alignment.

Instructions 002100 and 002200 hold issue if the floating-point functional units
are busy or if the VU ASIC is not quiet.

Instructions 002300 through 002400 hold issue under any of the following
conditions:

210

Ports A or B are busy.

Scalar memory reference in CPs is 1 to 5.
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Execution Time

Description
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¢ Instruction 002700 holds issue if ports A or B are busy and if memory is
busy; the hold issue lasts for 18 CPs after the reference is dropped. This
instruction also holds issue if a scalar reference occurs in CPs 0 through
22 and memory is busy.

Instructions 0021 through 0027 issue in 1 CP.

Instructions 002100 and 002200 set and clear the interrupt-on-floating-point
(IFP) error bit in the M register. When the IFP bit is set, it enables interrupts on
floating-point range errors. These two instructions do not check the previous
state of the flag. Either of these instructions also clears the floating-point error
status bit.

Instructions 002300 and 002400 set and clear the interrupt-on-operand range
(IOR) error bitin the M register. These two instructions do not check the previous
state of the IOR bit. When set, the IOR error bit enables interrupts on operand
range errors.

Instructions 002500 and 002600 disable and enable the bidirectional memory
mode. When this mode is enabled, block read and write operations can operate
concurrently. When it is disabled, only block read operations can operate
concurrently.

Instruction 002700 ensures completion of all memory references within the CPU
that issues the instruction. Instruction 002700 does not issue until all previous
memory references are confirmed to be complete. For example, a CPU is certain
to receive updated data when it issues a data load instruction after a 002700
instruction. The 002700 instruction synchronizes memory references between
processors in conjunction with semaphore instructions.
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Instructions 0030, 0034, 0036, and 0037

Machine Instruction CAL Syntax Description
003040 VM Sj Transmit (S)) to VM register.
003000 VM 0 Clear VM register.
0034k SMjk1, TS Test and set semaphore jk, 0 <jk <314q.
0036k SMjk 0 Clear semaphore jk, 0 <jk <314.
0037jk SMjk 1 Set semaphore jk, 0 <jk <31,
b

Special CAL syntax.

Special Cases
The following special cases exist for instructions 0030, 0034, 0036, or 0037:
* Forinstruction 003, if j = 0 then (§ = 0.
¢ Instructions 0034, 0036k, and 003jk perform no operation if CLN = 0.

* OnaJ90se CPU, instructions 0030, 0034, 0036, and 0037 must be
synchronized with the system clock, which runs at half the rate of the
CPU clock. Therefore, a 1-CP hold issue may occur for clock alignment.

Hold Issue Conditions
Instruction 003{D holds issue under any of the following conditions:

* The § register is reserved (except SO).

e 077 instruction was issued in the previous CP.
* 035 or 037 instruction is in progress.

* The vector instruction queue is full.

VIR Hold Issue Conditions
Instruction 003D holds issue at the VIR under any of the following conditions:

* The primary vector logical unit is busy with 140-147 instructions.
* The primary vector logical unit is busy with 175 instruction.
e The VIR issued a 0030 instruction less than 5 CPs earlier.
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Execution Time

Description
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Instruction 003k has the following hold issue conditions:

¢ This instruction holds issue when a shared register access conflict occurs
or when the shared operation buffer is full.

¢ When the current cluster number = 0 andjiSM set, this instruction
holds issue until a CPU in the same cluster clears the semaphore register.

Instructions 003 and 003k have the following hold issue conditions:

* These instructions hold issue when a shared path access conflict occurs or
if the shared operation buffer is full.

Instructions 0030, 0034, 0035, and 0036 issue in 1 CP. The vector mask register
is busy for 4 CPs for a OOgDinstruction.

Instruction 003D transmits the contents of thier&gister into the VM register.
The VM register is cleared if thedesignator is 0 in instruction 003000. These
instructions are used with the vector merge instructions (146 and 147), which
perform operations that are determined by the contents of the VM register.

Instruction 003k tests and sets the semaphore (SM) register that is designated
by thejk fields. There are thirty two 1-bit SM registers numbered SMO through
SM37 (octal); SMO is the most significant semaphore register. If the SM register
designated by thg fields is set, this instruction holds issue until another CPU
clears that SM register. If the SM register that is designated iy fiedds is

clear, the instruction issues and sets the SM register. If all CPUs in a cluster are
holding issue on a test and set instruction, the deadlock flag is set in the exchange
package (if the system is not in monitor mode) and an exchange occurs.

If an interrupt occurs while a test and set instruction is holding in the CIP register,
the waiting-on-semaphore bit in the exchange package sets, the CIP and NIP
registers clear, and an exchange occurs with the P register pointing to the test
and set instruction.

Instruction 003§k clears the SM register that is designated bykifields.

Instruction 003jk sets the SM register that is designated byktfiields.
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Instruction 0040

Machine Instruction CAL Syntax Description

004000

EX Normal exit from the operating system.

Special Cases

There are no special cases.

Hold Issue Conditions

Execution Time

Description

214

The 0040 instruction holds issue when any A, S, or V register is reserved or if
an instruction fetch is in progress.

The 0040 instruction issues in 1 CP. Following the instruction issue, 83 CPs are
required for an exchange sequence (44 CPs) and a fetch operation (39 CPs).
Memory conflicts during the exchange sequence or fetch operation cause
additional delays.

Instruction 004 initiates an exchange sequence, which voids the contents of the
instruction buffers. If the system is not in monitor mode, the normal exit flag in
the F register sets. All instructions that issued before the 004 instruction are
completed. Instruction 004 issues a monitor request from a user program or
transfers control from a monitor program to another program.

When all results arrive at the operating registers of previously issued instructions,
an exchange sequence occurs to the exchange package that is designated by the
contents of the XA register. The program address that is stored in the exchange
package advances one count from the address of the normal exit instruction.
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Instruction 0050

Machine Instruction

CAL Syntax Description

005000

J Bjk Jump to (BJK).

Special Cases

A special case occurs when instruction JR®&8ecutes as a 2-parcel instruction.
The parcel that follows the single parcel of the gR%fstruction is not used,;
however, a delay occurs if the second parcel is not in the instruction buffer.

Hold Issue Conditions

The 0050 instruction holds issue if any one of the following conditions occur:

Execution Time

A 025 instruction was issued in the previous CP.

The second parcel is in a different buffer (a 3-CP delay occurs).
The second parcel is not in an instruction buffer.

For a Classic CPU: Instruction 034 is in progress

For a J90se CPU: Instruction 034 in progress with block length less than
or equal to 109and register fx had not been written

For a J90se CPU: Instruction 034 is in progress with block length greater
than 10@.

Instruction 035 is in progress.

The instruction issue times for the 0050 instruction are as follows:

CSM-0301-0B0

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

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

the branch address is not in a buffer, the issue time is 43 CPs. Additional
time is required if a memory conflict exists.
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Description

nstruction 005 sets the P register to the 24-bit parcel address specified by the

contents of the R register, which causes the program to continue at that address.
The instruction is used to return from a subroutine.

Instruction 0060

Machine Instruction

CAL Syntax Description

006ijkm

J exp Jump to exp.

Special Cases

There are no special cases.

Hold Issue Conditions

The 006 instruction holds issue if either one of the following conditions occurs:

Execution Time

Description

* The second parcel is in a different buffer (the instruction holds issue for
3 CPs).

* The second parcel is not in a buffer.

nstruction issue times for the 006 instruction are as follows:

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

¢ If both parcels of the instruction are in the same buffer and the branch
address is not in a buffer, the issue time is 41 CPs. Additional time is
required if a memory conflict exists.

The 00@km instruction is a 2-parcel unconditional jump instruction. It sets the
P register to the parcel address that is specified by the low-order 24 bits of the
exp(ijkm field). The program continues at that address.

216
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Instruction 0070

Machine Instruction

CAL Syntax Description

007ijkm R exp Return jump to exp and set register BOO to (P) + 2.

Special Cases

There are no special cases.

Hold Issue Conditions

The instruction holds issue under any of the following conditions:

Execution Time

The

CSM-0301-0B0

A 025 instruction was issued in the previous 2 CPs.

The second parcel is in a different buffer (a 3-CP delay occurs).
The second parcel is not in a buffer.

Classic CPU: Instruction 034 is in progress.

J90se CPU: Instruction 034 is in progress with block length less than or
equal to 109 and register & has not been written.

J90se CPU: Instruction 034 in progress with block length greater than
10Gs.

Instruction 035 is in progress.

issue times for the 007 instruction are as follows:

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

If both parcels of the instruction are in the same buffer and the branch

address is not in a buffer, the instruction issue time is 41 CPs. Additional
time is needed if a memory conflict exists.
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Description

The 2-parcel 00j)km instruction sets register BOO to the address of the parcel
that follows the second parcel of the instruction. The P register is then set to the
parcel address that is specified by the low-order 24 bits @xh@km field).
Execution continues at that address.

This instruction provides return links for subroutine calls. The subroutine is
entered through a return jump. The subroutine can return to the caller at the
instruction following the call by executing a jump to the contents of register BOO
(005000).

Instructions 010 through 013

Machine Instruction CAL Syntax Description
010ijjkm? JAZ exp Jump to exp if (AO) = 0 (i, = 0).

011ijjkm? JAN exp Jump to exp if (AO) # 0 (i, = 0).

012jjkm? JAP exp Jump to exp if (AO) positive; (AO) = 0 (i, = 0).
013ijjkm? JAM exp Jump to exp if (AO) negative (i, = 0).

a8 Bit 2 of the /field is equal to 0.

Special Cases
The following special cases exist for instructions 010 through 013:

* (A0) =0 is a positive condition.
* The high-order bit of thedesignatorig) must be 0.
* Register A0 is 32 bits wide and bit 31 is the sign bit.

Hold Issue Conditions
Instructions 010 through 013 hold issue under any of the following conditions:
* Register A0 is busy in any one of the previous 3 CPs.
* The second parcel of the instruction is not in a buffer.

* The second parcel of the instruction is in a different buffer (holds issue for
3 CPs).
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Execution Time

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

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

If both parcels of the instruction are in the same buffer, the branch is
taken, and the branch address is not in a buffer, the issue time is 41 CPs.

If each parcel of the instruction is in a different buffer, the branch is taken,
and the branch address is in a buffer, the issue time is 9 CPs.

If each parcel of the instruction is in a different buffer, the branch is taken,
and the branch address is not in a buffer, the issue time is 44 CPs.

If the second parcel of the instruction is not in a buffer, the branch is
taken, and the branch address is in a buffer, the issue time is 44 CPs.

If the second parcel of the instruction is not in a buffer, the branch is
taken, and the branch address is not in a buffer, the issue time is 79 CPs.

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

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

If both parcels of the instruction are in the same buffer, the branch is not
taken, and the next instruction is in a different instruction buffer, the issue
time is 5 CPs.

If both parcels of the instruction are in the same buffer, the branch is not
taken, and the next instruction is in memory, the issue time is 41 CPs.

If each parcel of the instruction is in a different buffer and the branch is
not taken, the issue time is 5 CPs.

If the second parcel of the instruction is not in a buffer and the branch is
not taken, the issue time is 40 CPs.

NOTE: Memory conflicts may produce a delay whenever a fetch operation

CSM-0301-0B0

Ooccurs.
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Description

The 2-parcel 010 through 013 instructions test the contents of the AO register
for the condition specified by tindield. If the condition is satisfied, the P register

is set to the parcel address that is specified by the low-order 24 bitseapthe
(ilkm field) and execution continues at that address. The high-orde;) lf (
theijkm field must be 0. If the condition is not satisfied, execution continues
with the instruction that follows the branch instruction.

Instructions 014 through 017

Machine Instruction CAL Syntax Description
014ijkm? JSZ exp Jump to exp if (S0) = 0 (i, = 0)
015jjkm? JSN exp Jump to exp if (SO) 2 0 (i, = 0)
016ijkm? JSP exp Jump to exp if (SO) positive; (i, = 0)
017jjkm? JSM exp Jump to exp if (SO) negative (i, = 0)
a

Bit 2 of the /field is equal to 0.

Special Cases
The following special cases exist for instructions 014 through 017:

* (S0) =0 is a positive condition.
* The high-order bit of thedesignatorig) must be 0.

Hold Issue Conditions
Instructions 014 through 017 hold issue under any of the following conditions:
* Register SO is busy in any one of the previous 3 CPs.

* The second parcel of the instruction is in a different buffer (holds issue for
3 CPs).

* The second parcel is not in a buffer.
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Execution Time

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

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

If both parcels of the instruction are in the same buffer, the branch is
taken, and the branch address is not in a buffer, the issue time is 41 CPs.

If each parcel of the instruction is in a different buffer, the branch is taken,
and the branch address is in a buffer, the issue time is 9 CPs.

If each parcel of the instruction is in a different buffer, the branch is taken,
and the branch address is not in a buffer, the issue time is 44 CPs.

If the second parcel of the instruction is not in a buffer, the branch is
taken, and the branch address is in a buffer, the issue time is 44 CPs.

If the second parcel of the instruction is not in a buffer, the branch is
taken, and the branch address is not in a buffer, the issue time is 79 CPs.

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

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

If both parcels of the instruction are in the same buffer, the branch is not
taken, and the next instruction is in a different instruction buffer, the issue
time is 5 CPs.

If both parcels of the instruction are in the same buffer, the branch is not
taken, and the next instruction is in memory, the issue time is 41 CPs.

If each parcel of the instruction is in a different buffer and the branch is
not taken, the issue time is 5 CPs.

If the second parcel of the instruction is not in a buffer and the branch is
not taken, the issue time is 40 CPs.

NOTE: Memory conflicts produce delays when a fetch operation occurs.

CSM-0301-0B0
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Description

The 2-parcel 014 through 017 instructions test the contents of the SO register for
the condition specified by thefield. If the condition is satisfied, the P register

is set to the parcel address that is specified by the low-order 24 bitseapthe
(ilkm field) and execution continues at that address. The high-ordey) wf (i
theijkm field must be 0. If the condition is not satisfied, execution continues
with the instruction that follows the branch instruction.

Instructions 020 through 022

Machine Instruction CAL Syntax Description
020/00mn® Ai exp Transmit exp into Ai (020 or 022) or transmit one’s
or complement of exp into Ai (021).
021/00mn
or
022ijkd

4 These instructions are generated depending on the value of the exponent.

Special Cases

There are no special cases.

Hold Issue Conditions

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

* The A register is reserved.
* The second or third instruction parcel is not in a buffer.

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

* Register Aisready in 1 CP.

For instructions 020 and 021, the instruction issue time is 2 CPs.

For instruction 022, the instruction issue time is 1 CP.

If parcel O is in a different buffer than parcels 1 and 2, the instruction issue
time is 5 CPs.
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Description
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* If parcel 2 is in a different buffer than parcels 0 and 1, the instruction issue
time is 6 CPs.

Instructions 020 through 022 transmit a value that is determinexidiyto the

Ai register. The syntax differs from most CAL symbolic instructions in that the
assembler generates any of the previous Cray Research machine instructions
depending on the form, value, and attributes otttpe

The assembler generates the instructionj#2all of the following conditions
are true (thgk fields contain the 6-bit value ekp:

* The value of the expression is positive and less than 77 (octal).
¢ All symbols (if any) within the expression are previously defined.
* The expression has an absolute relative attribute.

If any one of the previous three conditions is not true, the assembler generates
one of the following instructions:

e 3-parcel 02D0mnor 02100mninstruction

If the exphas a positive value greater than 77 (octal) or either a relocatable or
external relative attribute, the following condition occurs:

* Instruction 02€00mnis generated. Thexpvalue is entered in the 32-bit
mnfield.

If the expvalue is negative and has an absolute relative attribute, the following
condition occurs:

Instruction 02i00mnis generated. The one’s complement ofekgvalue is
entered into the 32-bihnfield unless thexpvalue is -1. If theexpis -1,
instruction 03100 is generated.
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Instruction 023

Machine Instruction CAL Syntax Description
023ij0 Ai Sj Transmit (Sj) to Al
023i01 Ai VL Transmit (VL) to Al

Special Cases

The following special cases exist for instruction 023:

e Ifj=0then $=0.

* If the low-order 6 bits of the VL register are 0, bit 6 in the VL register = 1.
* If any of the low-order 6 bits of the VL register are not 0, bit 6 = 0.

If (A1) = 0, the following CAL sequence produces (A2) = 100 (octal):

e VLAl
e A2VL

If (A1) = 23 (octal), the following CAL sequence produces (A2) = 23 (octal):

e VLAL
e A2VL

If (A1) = 123 (octal), the following CAL sequence produces (A2) = 23 (octal):

e VLAL
e A2VL

Hold Issue Conditions

The 023 instruction holds issue under any of the following conditions:

* The A register is reserved.
¢ Instruction 0028x is issued in the previous CP.

The 0230 instruction holds issue if thg &gister is reserved (except S0).
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Execution Time

Description

The instruction issue times are as follows:

The instruction issue time is 1 CP.
The Al register is ready in 1 CP.

Instruction 028§ 0 transmits the low-order 32 bits of the contents of jinedgister
into the A register. The high-order bits of thger8gister are ignored. Register

Ai

= 0 if thej designator is 0. Instruction 023 transmits the contents of the

VL register into the Aregister.

Instructions 024 through 025

Machine Instruction CAL Syntax Description
024ijk AiBjk Transmit (Bjk) to Al
025ijk Bjk Ai Transmit (A/) to Bjk.

Special Cases

Hold Issue Conditions

CSM-0301-0B0

There are no special cases.

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

Register Ais reserved.
Instruction 02§k was issued in the previous CP (for instructionijg24
Classic CPU: Instruction 034 is in progress.

J90se CPU: Instruction 034 is in progress with block length less than or
equal to 109 and register & has not been written.

J90se CPU: Instruction 034 is in progress with block length greater than
100;.

Instruction 035 is in progress.
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Execution Time

The issue times for instructions 024 and 025 are as follows:

* Register Ais ready in 1 CP after issuing a 024 instruction.
* Instruction issue time is 1 CP.

Description

Instruction 024 transmits the contents of thleBgister into the Aregister, and
instruction 025 transmits the contents of thedyister into the [& register.

Instruction 026

Machine Instruction CAL Syntax Description

026/j0 AiPSj Transmit the population count of (Sj) to Al
02641 AiQSj Transmit the population count parity of (Sj) to Ai.
0267 Ai SBj Transmit (SBj) to Al

Special Cases

The following special cases exist for instruction 026:

* Forinstructions 02f0 and 0261, if j = 0 then (A) = 0.
* For instruction 027, if CLN = O then (A) = 0.

Hold Issue Conditions

Instruction 026 holds issue under any of the following conditions:

* The A register is reserved.

* Forinstructions 0280 and 0261 when the Bregister is reserved (except
S0).

* Forinstruction 0267 when a shared path conflict occurs or the shared
operation buffer is full.
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Execution Time

Description

Instruction 027

Instruction issue times for the 026 instruction are as follows:

* The instruction issue time is 1 CP.
* Forinstructions 0200 and 0261, register Ais ready in 4 CPs.
* Forinstruction 027, register Ais ready in 13 CPs.

Instruction 020 counts the number of 1 bits in ther&gister and enters the
result into the low-order 7 bits of the Pegister. The high-order bits of the A
register are cleared. If thg &qister equals 0, then the value in theeyister
equals 0.

Instruction 02§ 1 enters a 0 in theiAegister if the fregister has an even number
of 1 bits. If the $register has an odd number of 1 bits, a 1 is entered inithe A
register. The high-order bits of the #egister are cleared. The actual population
count is not transferred.

Instructions 0260 and 0261 are executed in the population/leading zero count
functional unit.

Instruction 02§ 7 transmits the contents of the j3Bgister to the Aregister.
The SB register is shared between the CPUs in the same cluster.

Machine Instruction CAL Syntax Description
027ij0 Ai ZSj Transmit leading zero count of (Sj) to Al
027ij7 SBj Ai Transmit (Af) to SBj.

Special Cases

CSM-0301-0B0

The following special cases exist for instruction 027:

e If j =0 for instruction 02iy0, register A= 64.
e If S§j is negative for instruction 049, Ai = 0.
¢ If CLN = 0 for instruction 02ij7, the instruction performs no operation.
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The following special case exists for instruction ip27

* OnaJ90se CPU, instruction @Z7must be synchronized with the system
clock, which runs at half the rate of the CPU clock. Therefore, a 1-CP
hold issue may occur for clock alignment.

Hold Issue Conditions

Execution Time

Description
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The 027 instruction holds issue under any of the following conditions:
* The A register is reserved.
¢ For 0270 instruction when thej3egister is reserved (except S0).

* Forinstruction 02if7 when a shared path access conflict occurs or if the
shared operations buffer is full.

The instruction issue times for instruction 027 are as follows:

* The instruction issue time is 1 CP.
* Forinstruction 02if0, the A register is ready in 4 CPs.
* Forinstruction 02if7, the SB register is ready in 1 CP.

Instruction 0210 counts the number of leading 0’s in theejister and enters
the result into the low-order 7 bits of the register. All bits above bit 8 in the
Al register are cleared. The fegister is set to 64 if tHedesignator is 0, or if
the content of thejSegister is 0. Instruction 0§0 executes in the
population/leading zero count functional unit. Instructionijd2#ansmits the
contents of the Aregister to the SBegister. The SBregister is shared between
the CPUs in the same cluster.
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Instructions 030 through 031

Machine Instruction CAL Syntax Description

030ijk Ai Aj+ Ak Transmit the integer sum of (Aj) and (AK) to Ai.
030i0k? Ai Ak Transmit (Ak) to Ai.

030jjoP AiAj+1 Transmit the integer sum of (Aj) and 1 to Al
031jjk Ai Aj-Ak Transmit the integer difference (Aj) and (AK) to Al
031/00° Ai-1 Transmit -1 to Ai.

031/0kP Ai-Ak Transmit the negative of (AK) to Al

031jj0° Ai-Aj-1 Transmit the integer difference (Aj) and 1 to Al

b Special CAL syntax.

Special Cases

The following special cases exist for instruction 030:

e |Ifj=0andk!=0, then A=Ak
e Ifj=0andk=0,then A=1.
e |Ifj!1=0andk=0, then A=Aj + 1.

The following special cases exist for instruction 031.:

e Ifj=0andk!=0, then A= -Ak.

e |Ifj=0andk=0, then A=-1.

e |Ifj!=0andk=0,then A=Aj-1.
Hold Issue Conditions

Instructions 030 and 031 hold issue under any of the following conditions:

e The A register is reserved.
* The A or Ak register is reserved (except AO).

Execution Time

The issue times for instructions 030 and 031 are as follows:

e The instruction issue time is 1 CP.
* Register Ais ready in 2 CPs.
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Description

Instructions 030 and 031 execute in the address add functional unit, overflow is

not detected by either instruction.

Instruction 030 forms the integer sum of the contents of jlaad A registers
and enters the result into the register.

Instruction 031 forms the integer difference of the contents of jttaad A
registers and enters the result into theadyister. Instruction 03Q0 is generated
in place of instruction 02{Bm if the operand is -1.

Instruction 032

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

Special Cases

The following special cases exist for instruction 032:

e Ifj=0, (A)=0.
e Ifk=0, (A = 1.
e Ifj!=0andk=0, (A) = (A)).

Hold Issue Conditions

The 032 instruction holds issue under any of the following conditions:

* The A register is reserved.
* The A or Ak register is reserved (except AO).

Execution Time

The instruction issue times are as follows:

e The instruction issue time is 1 CP.
* Register Ais ready in 4 CPs.
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Description

Instruction 033

Instruction 032 forms the integer product of the contents of jrané A
registers and enters the low-order 32-bit result into theedister. Instruction
032 executes in the address multiply functional unit, and overflow conditions
are not detected.

Machine Instruction CAL Syntax Description

033,00 AiCl Transmit the channel number of the highest priority
interrupt request to Ai (j = 0).

033jj0 Ai CAAj Transmit the current address of the channel (Aj) to Ai(j# 0,
k=0).

033jj1 AiCE,Aj Transmit the error flag of channel (Aj) to Ai (j#0, k= 1).

Special Cases

The following special cases exist for instruction 033:

e If (Aj) =0, then (A) = highest priority channel causing an interrupt.
* If (Aj) 20 andk= 0, then (A) = current address of channelYA

e If (Aj) 20 andk=1, then (A) = I/O error flag of channel (A

e After instruction 001D issues, 0380 issues immediately because the
JS ASIC ensures that all local instructions are held until all global
instructions are completed.

All 033ij1 instructions return a 1-bit channel error flag, regardless of the type of
channel.

Hold Issue Conditions
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The 033 instruction holds issue under any of the following conditions:

* The A or Aj (except AO) register is reserved.
* A shared register conflict occurs or the shared operation buffer is full.
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Execution Time

Description

232

The instruction issue times for instruction 033 are as follows:
e The instruction issue time is 1 CP.
* For 03300, register Ais ready in 8 CPs.

* For 0330, register Ais ready in 39 CPs if no conflicts occur with
other CPUs.

* For 033j1, register Ais ready in 41 CPs if no conflicts occur with
other CPUs.

Instruction 033 enters channel status information into tlredister. Th¢ and

k designators and the contents of registed&ine the information. Instruction
033 does not interfere with channel operation and is not protected from user
execution.

Instruction 0380 enters the channel number of the highest priority interrupt
request into the Aregister. For each channel, there is a single priority bit that
indicates whether itis a high- or low-priority channel. When a processor requests
the highest-priority channel, that channel is determined as follows:

1. If any channel marked as high priority has an interrupt pending, the
lowest-numbered, high-priority channel is the one returned.

2. If no channels marked as high priority have an interrupt pending, the
lowest-numbered, low-priority channel with an interrupt pending is
returned.

Instruction 0380 enters the contents of the CA register for the channel that is
specified by the contents of the #egister into the Aregister.

Instruction 0381 enters the error flag for the channel that is specified by the
contents of the Pregister into the low-order bit of the Pegister. The high-order
bits of the A register are cleared. The error flag can be cleared only in monitor
mode by using the 0012 instruction.
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Instructions 034 through 037

CPU Instruction Descriptions

Machine Instruction CAL Syntax Description

034ijk Bjk, Ai, ,AO Load (A/) words from memory starting at address (AO) to B
registers starting at register jk.

034ijk° Bjk,Ai 0,A0 Load (A/i) words from memory starting at address (AO) to B
registers starting at register jk.

035jjk ,AO Bjk,Ai Store (Ai) words from B registers starting at register jk to
memory starting at address (AO).

035ijk° 0,A0 Bjk,Ai Store (Ai) words from B registers starting at register jk to
memory starting at address (A0).

036ijk Tjk,Ai 0,AO Load (A/) words from memory starting at address (AO)to T
registers starting at register jk.

036ijk° Tjk,Ai 0,AO Load (A/) words from memory starting at address (AQ) to T
registers starting at register jk.

037ijk JAO Tik,Ai Store (Ai) words from T registers starting at register jk to
memory starting at address (AO).

037ijk° 0,A0 Tjk,Ai Store (AJi) words from T registers starting at register jk to
memory starting at address (A0).

b

Special Cases

Special CAL syntax.

The following special cases exist for instructions 034 through 037:

e If (Ai) register = 0, initiate a zero-block transfer.

e If (Ai) register is in a range greater than 100 (octal) and less than 200

(octal), a wrap-around condition occurs.

e If (Ai) register is greater than 177 (octal), bits 7 through 23 are truncated

and the block length is equal to the value of 0 through 6.

* OnaJ90se CPU, instructions 034 through 037 must be synchronized with
the system clock, which runs at half the rate of the CPU clock. Therefore,

a 1-CP hold issue may occur for clock alignment.

Hold Issue Conditions

CSM-0301-0B0

The 034 through 037 instructions hold issue under any of the following

conditions:

* The AO register is reserved.
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Execution Time
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The

The A register is reserved.

Instruction 034 holds issue if port A is busy, when instruction 035 is in
progress or in unidirectional memory mode, or there are any uncompleted
07300 or 076 instructions and a block write (035, 037, 177) is busy.

Instruction 035 holds issue when a block write (035, 037, 177) is busy or
when instruction 034 is in progress or in unidirectional memory mode and
port A or port B is busy.

Instruction 036 holds issue if port B is busy, when instruction 037 is in
progress or in unidirectional memory mode, or when there are any
uncompleted 07480 or 076 instructions and a block write (035, 037, 177)
is busy.

Instruction 037 holds issue when a block write (035, 037, 177) is busy,
when instruction 036 is in progress or in unidirectional memory mode, or
when there are any uncompleted @MBor 076 instructions and port A or
port B is busy.

instruction issue times are as follows:

The instruction issue time is 1 CP.

For instruction 034 or 036,

* If (Ai)!=0, B or T registers are reserved for)A 36 CPs.
* If (Ai) =0, B or T registers are reserved for 4 CPs.

e If (Ai)!=0, port A or B is busy for (A + 7 CPs,
if Ai=4 Ai + (4-7) CPs.

e If (Ai) =0, port Aor B is busy for 5 CPs.

NOTE: On the J90se CPU, instructions 034 and 036 with a block
length of less than or equal to }0@lease the B or T registers

individually as they are written. This is different from the J90
classic CPU, where all the B or T registers are reserved until
the last register is written.
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Description

CSM-0301-0B0

e  For instruction 035 or 037,

If (Ai) =0, B or T registers are reserved for (Ai) + 4 CPs.

If (Ai) =0, B or T registers are reserved for 4 CPs.

If (Ai) I= 0, port A or port B is busy for (Ai) + 8 CPs,
if Ai 3 Ai+ (5-8)CPs.

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

Instructions 034 through 037 perform block transfers between central memory
and B or T registers. Instruction Ofdtransfers words from central memory
directly into the B registers. Instruction 0fB5stores words from B registers
directly into central memory.

Instruction 03§k transfers words from central memory directly into T registers.
Instruction 031k stores words from T registers directly into central memory.

For the 034 through 037 instructions, processing of B and T registers is circular.
The first register involved in the transfer is specified byjkHelds; the

low-order 7 bits of the contents of the register specify the number of words
transmitted. Successive transfers involve successive B or T registers until B77
or T77 is reached. Register BOO is processed after B77 and register TOO is
processed after T77 if the count in the content of ilredister is not exhausted.

The first memory location that is referenced by the transfer instruction is
specified by the contents of register AO. The contents of register AO are not
altered by execution of the instruction. Memory references are incremented by
1 for successive transfers.

For transfers of B registers to central memory, each 32-bit value is right adjusted
in the word; the high-order 32 bits are cleared. When transferring from memory
to B registers, only the 32 low-order bits are transmitted; the 32 high-order bits
are ignored.

If the contents of the iregister equal 0, no words are transferred=ID, the
contents of register AO are used for the block length and the starting memory
address. The CAL assembler issues a warning message widen

NOTE: Instruction 034 uses port A, instructions 035 and 037 use either ports
A or B, and instruction 036 uses port B for block transfers.
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Instruction 040 through 041

Machine Instruction CAL Syntax Description

040i00mn Siexp Transmit exp into Si(040) or transmit one’s complement of
or exp into Si (041).

041/00mn

Special Cases

There are no special cases.

Hold Issue Conditions

Instructions 040 through 041 hold issue under any of the following conditions:

* Siregister is reserved.
* The second or third parcel is not in a buffer.

Execution Time

The instruction issue times for instructions 040 and 041 are as follows:

If both parcels are in the same buffer, the issue time is 2 CPs.

If parcel O is in a different buffer than parcels 1 and 2, the issue time
is5 CPs.

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

The S register is ready in 1 CP.

Description

These instructions transmit a quantity into theegister. Depending on the
instructionexpvalue, either the 0400mn or the 04100mninstruction is

generated. If the expression has a positive value, or either a relocatable or external
relative attribute, the following instruction is generated.

* Instruction 04@00mnis generated with the 32-bitnfield containing the
expression value.
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If the expression has a negative value and an absolute relative attribute, the

CPU Instruction Descriptions

following instruction is generated:

Instruction 04100mnis generated with the 32-minfield containing the
one’s complement of the expression value.

Instructions 042 through 043

Machine Instruction CAL Syntax Description

042ijk Si<exp Form ones mask in Si exp bits from right; the jk field gets
100g - exp

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

042i77° Si 1 Enter 1 into Si register.

042i00P Si-1 Enter -1 into Si register.

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

043jkP Si#<exp Form zeroes mask in Si exp bits from right; the jk field gets
100g exp

043j00P Si0 Clear the Siregister.

b Special CAL syntax.

Special Cases

There are no special cases.

Hold Issue Conditions

Instructions 042 through 043 hold issue when thee@ster is reserved.

Execution Time

The issue times for instructions 042 and 043 are as follows:

The instruction issue time is 1 CP.

Description

CSM-0301-0B0

* Register Sis ready in 1 CP.

Instruction 042 generates a mask of 100 (ocfil)l:s from right to left in the

Si register. For example,ji = 0, the $register contains all 1 bits (integer value
=-1) and ifik = 77 (octal), the Sregister contains 0’s in all but the low-order bit
(integer value = 1).
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Instruction 043 generates a maskkoi’s from left to right in the Sregister.

For example, ifk = 0, the $register contains all 0 bits (integer value = 0) and
if jk =77 (octal), the Sregister contains 1’s in all bits except the low-order bit
(integer value = -2).

System Programmer Reference

The scalar logical functional unit executes instructions 042 and 043.

Instructions 044 through 051

Machine Instruction CAL Syntax Description
044ijk SiSj&Sk Transmit the logical product of (Sj) and (Sk) to Si.
044ijjob Si Sj&SB Transmit the sign bit of (Sj) to Si.
044ijoP SiSB&Sj Transmit the sign bit of (Sj) to Si (j#0)
045ijk Si#Sk&Sj TraSr1§mit the logical product of (Sj) and complement of (Sk)
to S1.
045jjoP Si#SB&Sj Transmit the (Sj) with sign bit cleared to Si.
046ijk SiSASk Transmit the logical difference of (Sj) and (Sk) to Si.
046ijoP SiSjISB Toggle the sign bit of (Sj), then enter into Si.
046ijoP Si SBISj Toggle the sign bit of (Sj), then enter into Si (j % 0)
047ijk Si#S\Sk Transmit the logical equivalence of (Sk) and (Sj) to Si.
047i0K° Si#Sk Transmit the one’s complement if (Sk) to Si.
047ijjob Si#S\SB Transmit the logical equivalence of (Sj) and sign bit to Si.
047ij0? Si #SB\Sj zlirar})s;mit the logical equivalence of (Sj) and sign bit to Si
z0).
04700 Si #SB Transmit the one’s complement of sign bit into Si.
050ijk Si Transmit the logical product of (Si) and (Sk) complement
Sj1Si&Sk ORed with the logical product of (Sj) and (SK) to Si.
050ij0° Si Transmit the scalar merge of (S/) and sign bit of (S)) to Si.
Sj!Si&SB
051ijk Si Sj!'Sk Transmit the logical sum of (Sj) and (Sk) to Si.
051/0kP Si Sk Transmit the (Sk) to Si.
051jjoP Si Sj'SB Transmit the logical sum of (Sj) and sign bit to Si.
051jjoP Si SBISj Transmit the logical sum of (Sj) and sign bit to Si (j # 0).
051/00P Si SB Transmit the sign bit into Si.

b

238

Special CAL syntax.

NOTE: For instructions 044 through 051, the abbreviation SB in the CAL

syntax refers to the sign bit, not a shared address register.
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Special Cases

The following special cases exist for instructions 044 through 051:
e Ifj=0,(8) =0.
e Ifk=0, (X) =63.

Hold Issue Conditions

Instructions 044 through 051 hold issue under the following conditions:

* The S register is reserved.
e The § or Kregister is reserved (except SO).

Execution Time

The issue times for instructions 044 through 051 are as follows:

e  The instruction issue time is 1 CP.
* Register Sis ready in 1 CP.

Description

The scalar logical functional unit executes instructions 044 through 051.

Instruction 044 forms the logical product (AND) of the contents of fhegsster

and the contents of th& &gister and enters the result into theegister. Bits

of the S register are set to 1 when corresponding bits of thegsster and the
Sk register are 1, as in the following example:

(S) =1100
(S =1010
(S) =1000

The contents of thej $egister are transmitted to ther8gister if thg andk
designators have the same nonzero value. Thegiter is cleared if the
designator is 0. The sign bit of the contents of fhee@ster is transmitted to
the S register if thg designator is nonzero and thdesignator is 0. The two
special forms of instruction 048 perform the same function; however, in the
second formj must not equal 0. [fequals 0, an assembly error results.
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Instruction 045 forms the logical product (AND) of the contents of thegsster
and the complement of thé gister and enters the result into theegister.
Bits of the $register are set to 1 when corresponding bits of tnegsster and
the complement of thekSegister are 1, as in the following example in which
the contents of I8= the complement of the contents & S

if (S =1010
(S) =0101
(SK) =0101
(S) =0100

Si is cleared if th¢ andk designators have the same value or if tthesignator

is 0. The content of thg gister with the sign bit cleared is transmitted to the
Si register if thg designator is nonzero and tkidesignator is 0. Instruction
0450 performs the identical function.

Instruction 046 forms the logical difference (exclusive OR) of the contents of
the § register and the contents of tHer8gister and enters the result into the S
register.

Bits of the $register are set to 1 when corresponding bits of jthegsster and
the X register are different, as in the following example:

(S) =1100
(S =1010
(S) =0110

Siis cleared if th¢ andk designators have the same nonzero value. The contents
of the X register are transmitted to thier8gister if thg designator is 0 and the

k designator is nonzero. The sign bit of the contents ofjthegiter is
complemented and the result is transmitted to thredsster if thg designator

is nonzero and thiedesignator is 0. The two special forms of instructionj®46
perform the same function; however, in the second fpmust not equal 0. If

j equals 0, an assembly error results.

Instruction 047 forms the logical equivalent of the contents ofjtregter and
the contents of thek3egister, and enters the result into theegister.

Bits of the $register are set to 1 when corresponding bits of jthegister and
the X register are the same as in the following example:
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(S) =1100
(S =1010
(S) =1001

Si is set to all 1's if th¢ andk designators have the same nonzero value. The
complement of the contents of thier8gister is transmitted to the I®gister if

thej designator is 0 and thkedesignator is nonzero. All bits except the sign bit
of the contents of thg $egister are complemented, and the result is transmitted
to the $register if thg designator is nonzero and th@esignator is 0. The result

is the complement produced by instruction 046. The two special forms of
instruction 0410 perform the same function; however, in the second form,
must not equal 0. ifequals 0, an assembly error results.

Instruction 0410k forms the one’s complement of the contentskodi&l enters
the value into B

Instruction 050 merges the contents of thee§ister with the contents of the S
register, depending on the ones maskirT8e result is defined by the following
Boolean equation in whichkSis the complement ofI§ as shown in the
following example:

(S) = (S)(SK) + (3) ()
if(Skk =11110000
(K) =10101010
(S)y =11001100
(S) =11110000
(S)y =10101100

Instruction 050 is used for merging portions of 64-bit words into a composite
word. Bits of the Bregister are cleared when the corresponding bits ofkkthe S
register are 1 if thedesignator is 0 and tlkadesignator is nonzero. The sign bit
of the contents of thej $egister replaces the sign bit of ther&jister if thg
designator is nonzero and thdesignator is 0. The sign bit of ther8gister is
cleared if thg andk designators are both O.

Instruction 051 forms the logical sum (inclusive OR) of the contents ofithe S
register and the contents of thier8gister. Bits of theiSegister are set when
one of the corresponding bits of thier&gister and thelkJegister are set, as in
the following example:
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(S) =1100
(k) =1010
(S) =1110

The contents of thej $egister are transmitted to ther8gister if thg andk
designators have the same nonzero value. The contents &fringisSer are
transmitted to thei$egister if thg designator is 0 and thelesignator is nonzero.
The contents of thej $egister with the sign bit set to 1 are transmitted to the S
register if thg designator is nonzero and thdesignator is 0. A ones mask that
consists of only the sign bit is entered into thee§ister if thg andk designators
are both 0.

Instructions 052 through 055

Machine Instruction CAL Syntax Description

052ijk S0 Si<exp Shift (Si) left exp places to SO; exp = jk.
053jjk SO0 Si>exp Shift (Si) right exp places to SO; exp = 100g-jk.
054ijk SiSi<exp Shift (Si) left exp places to Si; exp = jk.

055jjk Si Si >exp Shift (Si) right exp places to Si; exp = 100g-jk.

Special Cases

There are no special cases.

Hold Issue Conditions

Instructions 052 through 055 hold issue under any of the following conditions:

* The S register is reserved.
* For instructions 052 and 053, when the SO register is reserved.

Execution Time

The issue times for instructions 052 through 055 are as follows:

* The instructions issue time is 1 CP.
* Forinstructions 052 and 053, register SO is ready in 3 CPs.
* For instructions 054 and 055, registeisSready in 3 CPs.
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Description
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The scalar shift functional unit executes instructions 052 through 055. The
instructions shift values in an S register by an amount specifiexiagi field);
all shifts are end-off with zero fill.

Instruction 052 shifts the contents of theejisteljk places to the left and enters
the result into the SO register; the shift range is 0 through 63 left. If the shift
count is 64, instruction 053000 is generated and register SO is cleared.

Instruction 053 shifts the contents of thea&jister to the right by 100 (octal)

- jk places and enters the result into the SO register; the shift range is 1 through
100 (octal) right. If the shift count is 0, then instruction 052000 is generated and
the contents of register SO are not altered.

Instruction 054 shifts the contents of theejister to the lefk places and enters
the result into theiSegister; the shift range is 0 through 77 (octal) left. If the
shift count is 100 (octal), instruction BB is generated and ther8gister is
cleared.

Instruction 055 shifts ($to the right by 100 (octal)jk places and enters the
result into the Bregister; the shift range is 1 through 100 (octal) right. If the
shift count is 0, then instruction G840 is generated and the contents of the S
register are not altered.

Instructions 056 through 057

Machine Instruction CAL Syntax Description

056ijk SiSi,Sj <Ak Shift (Si) and (Sj) left by (AK) places to Si.
056ij0° SiSiSj<1 Shift (Si) and (Sj) left one place to Si.
056/0kP SiSi<Ak Shift (Si) left (AK) places to Si.

057ijk SiSj,Si>Ak Shift (S/) and (S/) right by (AK) places to Si.
057ij0? SiSjSi>1 Shift (Si) and (S/) right one place to Si.
057/0k? SiSi>Ak Shift (SJ) right (AK) places to Si.

b

Special Cases

CSM-0301-0B0

Special CAL syntax.

The following special cases exist for instructions 056 through 057:
e Ifj=0,(8) =0.

e Ifk=0, (AK) = 1.
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* Perform a circular shift if=j '= 0 and A is greater than or equal to O,
and less than or equal to 64.

Hold Issue Conditions

Execution Time

Description

244

Instructions 056 through 057 hold issue under any of the following conditions:

* The S register is reserved.
* The § or Akregister is reserved (except SO and/or AO).

The instruction issue times are as follows:

e The instruction issue time is 1 CP.
* Register Sis ready in 3 CPs.

The scalar shift functional unit executes instructions 056 and 057. The instruction
shifts 128-bit values formed by logically joining two S registers. Shift counts
are obtained from thekiregister. All shift counts are considered positive and

all 32 bits of the contents of thekAegister are used for the shift count.

Replacing the Kregister reference with 1 is the same as settingydbsignator
to 0; areference to register AO provides a shift count of 1. Omitting thgiSter
reference is the same as setting thesignator to O; the contents of theegjister
are concatenated with a word of O’s.

The shifts are circular if the shift count does not exceed 64, anduti
designators are equal and nonzero. For instructions 056 and 057, the contents of
the § register are unchanged, provided . For shifts greater than 64, the shift

is end-off with zero fill. Instruction 056 produces a 128-bit quantity by
concatenating the contents of thea&jister and the contents of ther&gister.

This instruction shifts the resulting value to the left by an amount specified by
the low-order bits of the Kregister and enters the high-order bits of the result
into the $register. The Sregister is cleared if the shift count exceeds 127.
Instruction 056 produces the same result as instruction 054 if the shift count does
not exceed 63 and thelesignator is 0. The special forms of 056 perform the
same function.

Instruction 057 produces a 128-bit quantity by concatenating the contents of the
S register and the contents of the&ister. This instruction shifts the resulting
value to the right by an amount specified by the low-order 7 bits of the contents
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of the Akregister and enters the low-order bits of the result intoitheg&ter.

The Sregister is cleared if the shift count exceeds 127. Instruction 057 produces
the same result as instruction 055 if the shift count does not exceed 63 and the
j designator is 0. The special forms of 057 perform the same function.

Instructions 060 through 061

Machine Instruction CAL Syntax Description

060ijk SiSj+Sk Transmit the integer sum of (Sj) and (SkK) to Si.
061jjk SiSj-Sk Transmit the integer difference of (Sj) and (SK) to Si.
061i0K° Si-Sk Transmit the negative of (Sk) to Si.

b

Special Cases

Special CAL syntax.

The following special cases exist for instruction 060 or 061:

Hold Issue Conditions

CSM-0301-0B0

If j = 0 andk = 0, then (§ = bit 63.

For instruction 060, if = 0 andk != 0, then (9 = (X).

For instruction 060, if '= 0 andk = 0, then (8 = (§) with bit 63
complemented.

For instruction 061, if = 0 andk != 0, then (9 = -(X).

For instruction 061, if '= 0 andk = 0, then (§ = (§) with bit 63
complemented.

Instructions 060 through 061 hold issue under any of the following conditions:

The S register is reserved.
The § or Kregister is reserved (except S0).

Cray Research Proprietary

245



CPU Instruction Descriptions System Programmer Reference

Execution Time

Description
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The instruction issue times are as follows:

* Register Sis ready in 2 CPs.
e The instruction issue time is 1 CP.

The scalar add functional unit executes instructions 060 and 061. Instruction
060jk forms the integer sum of the contents of thee§ister and the contents
of the KXregister, and enters the result into thee§ister; no overflow conditions
are detected. The contents of ther&gister are transmitted to ther8gister if

thej designator is 0 and tlkedesignator is nonzero. The sign bit is entered in
the S register and all other bits of the 18gister are cleared if theandk
designators are both 0.

Instruction 06k forms the integer difference of the contents of ghe@ister
and the contents of thé& &egister, and enters the result into thee§ister; no
overflow is detected. The high-order bit of thee&ister is set and all other bits
of the S register are cleared when thendk designators are both O.

Instruction 0610k transmits the negative (two’s complement) of the contents of
the XK register into the iSegister. The sign bit is set if thalesignator is 0.
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Instructions 062 through 063

Machine Instruction CAL Syntax Description

062ijk SiS+FSk Transmit the floating-point sum of (Sj) and (Sk) to Si.
062i0kP Si+FSk Transmit the normalized (Sk) to Si.

063jjk SiSj-FSk Transmit the floating-point difference of (Sj) and (Sk) to Si.
063i0K° Si-FSk Transmit the normalized negative of (Sk) to Si.

b Special CAL syntax.

Special Cases

The following special cases exist for instruction 062:

* If (SK) exponent is valid,= 0 andk != 0, then (§ = () normalized.
* If (Sj) exponent is valid, != 0 andk = 0, then (§ = (§) normalized.

The following special cases exist for instruction 063:

* |If (SKk) exponent is valid,= 0 andk != 0, then (9 = -(Sk) normalized.
The sign of (3 is opposite of (B if (Sk) !=0.

* If (Sj) exponent is valid, != 0 andk = 0, then (§ = (§) normalized.

Hold Issue Conditions

The 062 through 063 instructions hold issue under any of the following
conditions:

* The S register is reserved.
e The § or Kregister is reserved (except SO).

Execution Time

The instruction issue times are as follows:

e The instruction issue time is 1 CP.
* Register Sis ready in 7 CPs.
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Description

The floating-point add functional unit executes instructions 062 and 063. The
functional unit considers all operands to be in floating-point format; the result
is normalized even if the operands are unnormalizedk besignator is

normally nonzero. In the special forms, jleesignator is assumed to be 0 so
that the normalized contents &f&e entered inta 3-or floating-point operands

with the sign bit set (bit = 1), a 0 exponent and 0 coefficient are treated as O (all
64 bits = 0, which is considered -0). However, no floating-point unit generates
a 0 except the floating-point multiply functional unit if one of the operands was
a 0. Normally, -0 occurs in logical manipulations when a sign is attached to a
number; that number can be O.

Instruction 068k produces the floating-point sum of the contents of the S
register and contents of th& fgister and enters the normalized result into the
Si register. Instruction 06@k transmits the normalized contents of tkec<gjister

to the $register.

Instruction 068k produces the floating-point difference of the contents of the
S register and contents of th& &gister and enters the normalized result into
the S register. Instruction 068k transmits the negative (two’s complement) of
the floating-point quantity in thekSegister to the iSegister as a normalized
floating-point number.

Instructions 064 through 067

Machine Instruction CAL Syntax Description

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

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

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

067ijk SiSj*I1Sk Transmit the reciprocal iteration: 2-(Sj) to Si.

Special Cases

248

The following special cases exist for instructions 064 through 067:

e 1fj=0,(3)=0.
e Ifk=0, (X) = bit 63.
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If both exponent fields are 0, an integer multiplication operation is performed.
Correct integer multiplication results are produced if any of the following
conditions occurs:

* Both operand sign bits are 0.

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

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

Instructions 064 through 067 hold issue under any of the following conditions:

e The S register is reserved.
* The § or Kregister is reserved (except S0).

Execution Time

The issue times for instructions 064 through 067 are as follows:

¢ The instruction issue time is 1 CP.
* Register Sis ready in 8 CPs.

Description

The floating-point multiply functional unit executes instructions 064 through
067 and considers all operands to be in floating-point format. The result may
not be normalized if the operands are not normalized.

Instruction 064k forms the floating-point product of the contents of the S
register and contents of th& fgister and enters the result into theegister.

Instruction 06§k forms the half-precision rounded floating-point product of the
contents of the jSand % registers and sends the result to thee§ister. The
low-order 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 06k forms the rounded floating-point product of the contents of
the § and & registers and sends the result to thee§ister. This instruction is
used in the reciprocal approximation sequence.
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Instruction 061k forms two minus the floating-point product of the contents of
the XK register and contents of thgr8gister and enters the result into the S

register.
Instruction 070
Machine Instruction CAL Syntax Description
070ijj0 SjIHSj Transmit the floating-point reciprocal approximation of (Sj)
to Si.

Special Cases

The following special cases exist for instruction 070:

e (9)isinvalid if (§) is not normalized. A normalized value is indicated by
bit 47 of (§) = 1. No test is made of this bit to determine its value.

e If (S)) =0, arange error occurs and the result is invalid.

e Ifj=0,(9) =0.

Hold Issue Conditions

The 070 instruction holds issue under any of the following conditions:

* The S register is reserved.
* The § register is reserved (except SO).
Execution Time

The issue times for the 070 instruction are as follows:

* Register Sis ready in 15 CPs.
¢ The instruction issue time is 1 CP.

Description

The reciprocal approximation functional unit executes instruction 070.
Instruction 070 forms an approximation to the reciprocal of the normalized
floating-point quantity in thej3egister and enters the result into theegister.
The result is invalid if the contents of ther8gister are not normalized or are
equal to 0.
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The reciprocal approximation instruction produces a result of 30 significant bits.
The low-order 18 bits are 0’s. The number of significant bits is increased to 48
using the reciprocal iteration instruction and a multiplication operation.

Instruction 071

Machine Instruction CAL Syntax Description

071i0k SiAk Transmit (AK) to Siwith no sign extension.

071ilk Si+Ak Transmit (AK) to Siwith sign extension.

071i2k Si+FAk Transmit (AK) to Sias unnormalized floating-point number.

07130 Si0.6 Transmit 0.75 x 2% as normalized floating-point constant
into Si.

07140 Si0.4 Transmit 0.5 as normalized floating-point constant into Si.

071/50 Sil1.0 Transmit 1.0 as normalized floating-point constant into Si.

071i60 Si2.0 Transmit 2.0 as normalized floating-point constant into Si.

07170 Si4.0 Transmit 4.0 as normalized floating-point constant into Si.

Special Cases

The following special cases exist for instruction 071.:

e Ifk=0, (Ak) =1.

If j =0, (S) = (AK).

If j =1, () = (AK) sign extended.
If j =2, (3) = (AK) unnormalized.
If j =3, (8) =0.6x 2%° (octal).

If j =4, (S) =0.4x 2° (octal).

If j =5, () =0.4x 2t (octal).

If j =6, (8) =0.4x 22 (octal).
Ifj=7,(8) =0.4x 22 (octal).

Hold Issue Conditions

The 071 instructions hold issue under any of the following conditions:
* The S register is reserved.

* The Akregister is reserved (except A0). This hold issue condition applies
when thg designators equal 0 through 7.
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Execution Time

The issue times for the 071 instruction are as follows:

* Instruction issue time is 1 CP.
* Register Sis ready in 2 CPs.

Description

Instruction 071 performs functions that depend on the value ptigmgnator.
These functions transmit information from an A register to an S register and
generate frequently used floating-point constants.

Instruction 0710k transmits the 32-bit value in th&kfegister to the low-order
bits of the $register; the high-order bits of therBgister are zeroed. The value
is treated as an unsigned integer. A value of 1 is entered intordgas$er when
thek designator is 0.

Instruction 0711k transmits the 32-bit value in thekAegister to the low-order

bits of the $register. The value is treated as a signed integer. The sign bit of the
Ak register is extended through the high-order bits of tmedsster. A value of

1 is entered into thei $egister when thk designator is 0.

Instruction 0712k transmits the 32-bit value inkXo 3 as an unnormalized
floating-point quantity. For this instruction, the exponent in bits 62 through 48
is set to 40060 (octal). The sign of the coefficient is set according to the sign of
the contents in thel&register. If the sign bit is set, the two’s complement of the
contents of the Rregister is entered into thé 1®gister as the magnitude of the
coefficient, and bit 63 of thei $egister is set for the sign of the coefficient.

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

CAL code: Al1S1
S1 +FA1
S1 +FS1 12 CPs required

Instructions 0780 through 07il70 are initially recognized by the assembler as
the symbolic instructioni®xp. The assembler then checks the expression for
any of the constant values (explained in following paragraphs). If it finds one of
the instructions in the exact syntax shown, it generates the corresponding Cray
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Research machine instruction. If none of the indicated constant values are found,
instruction 04@km or 041jkm is generated. These constant values enable more
efficient instructions when entering commonly used values into S

Instruction 07130 transmits the floating-point constant of OX73* into 9
(0400606000000000000000 (octal)). This constant is used to create
floating-point numbers from integer numbers (positive and negative) whose
absolute value is less than 47 bits. A sequence of instructions is used for
conversion of an integer in S1. The following CAL code is an example of this
instruction sequence.

CAL code: S20.6
S1S2-S1
S1 S2-FS1 12 CPs required

Instruction 07140 transmits a floating-point constant 0.4
(0400004000000000000000 (octal)) into theegjister.

Instruction 07150 transfers the floating-point constant 1.0
(0400014000000000000000 (octal)) into theegister.

Instruction 07160 transfers the floating-point constant 2.0
(0400024000000000000000 (octal)) into theegister.

Instruction 07170 transfers the floating-point constant 4.0
(0400034000000000000000 (octal)) into theegjister.
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Machine Instruction CAL Syntax Description
072i00 SIiRT Transmit (RTC) to Si.

072i02 SiSM Transmit (SM) to Si.

072jj3 Si STj Transmit (STj) to Si.

073i00 Si VM Transmit (VM) to Si.

073i11& ¢ Read the performance counter into Si.
07321 ¢ Increment upper performance counter.
073i31& ¢ Clear all maintenance modes.
073i61& ¢ Increment current performance counter (lower).
07301 Si SRO Transmit (SRO) to S..

073i02 SM Si Transmit (S/) to SM.

073ij3 STj Si Transmit (S/) to STj.

& These instructions are privileged to monitor mode.

¢ These instructions are not supported by CAL Version 2.

Special Cases

The following special cases exist for instructions 072 through 075:

254

Instructions 072 and 0783, (3) = 0 if CLN = 0.

Instructions 07®2 and 0733 perform no operation if CLN = 0.

Instruction 07800 transmits the real-time clock (RTC) to $he RTC
will not be ready for some indeterminate number of cycles; the following
code ensures that the RTC is ready:

RT S (00140)
SBj A0 (0021 7)
JAZ label (01@km)

label 3 RT (07200)

The 00140 is a global instruction, and the 0Z7is a local instruction.
All local instructions are held in the JS ASIC until all global instructions
are completed.
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The following special case exists for instructionsiO@307302, and 0733:
¢ OnaJ90se CPU, instructions @0@ 07302, and 0783 must be

synchronized with the system clock, which runs at half the rate of the
CPU clock. Therefore, a 1-CP hold issue may occur for clock alignment.

Hold Issue Conditions

The 072 through 073 instructions hold issue under any of the following
conditions:

* The S register is reserved.

e Instructions 0702, 0723, 073j3, and 0782 hold issue when a shared
register access conflict occurs or when the shared operation buffer is full.

* For instruction 0790, hold issue if vector instruction queue is full.

VIR Hold Issue Conditions

The 07300 instruction holds issue at the VIR under any of the following
conditions:

* Forinstruction 0790, when instruction 146/147 is in progress, the VM is
busy for (VL) + 7 CPs.

* For instruction 0790, when instruction 175 is in progress, the VM is
busy for (VL) + 6 CPs.

*  When instruction 003 is in progress, VM is busy for 4 CPs.

e After VIR 076 instruction issues, the Q@8 issue from the VIR is
delayed 6 CPs.

Execution Time

The issue times for instructions 072 through 073 are as follows:
* Instruction issue time is 1 CP.

* Forinstruction 07®2, if the SM register is ready, the 0@B#struction
issues in 11 CPs.

* Forinstructions 07P0 and 07BL1, the $register is ready in 1 CP.
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* Forinstructions 07P2 and 0783, the $register is ready in 15 CPs.
* For instruction 03i00, the $register is ready in 6 CPs.

¢ Forinstruction 07®0, the $register is ready in 4 CPs from the VIR
issue.

Description

Instruction 07800 transmits the 64-bit value of the real-time clock (RTC) into
the S register. The RTC increments by 1 each CP and can be set only by the
monitor through use of instruction 0904

NOTE: On the J90se CPU, the real-time clock increments at the system
clock rate, not the CPU clock rate (twice the system clock rate).
Therefore, on a J90se CPU, two successiveé0l7iastructions that
issue during the same system clock period will return the same
value.

Instruction 07802 transmits the values of all the semaphores intoi tregySter.
The 32-bit SM register is left-justified in the I®gister with SM0OO occupying
the sign bit.

Instruction 0783 transmits the contents of thej3&gister into the iSegister.

Instruction 07800 transmits the 64-bit contents of the VM register into the S
register. The VM register is usually read after it is set by instruction 175. This
instruction takes 2 CPs to transfer the contents of the VM over the 32-bit bus.

Instruction 078L1 is used for performance monitoring and is privileged to
monitor mode. Each execution of the QIZBinstruction advances a pointer and
enters 16 bits of a performance counter into bit positions 32 through 47. It also
enters 16 bits of the status register into bit positions 48 through 63 df the S
register.

Instruction 0781 is used to test the operation of the performance counters by
incrementing the value stored in the counter while the CPU is in monitor mode.
When instruction 0721 executes, the value of the performance counter
increments at bits 22 and 38. There must be an 8-CP delay betwee@l 073
instruction and other performance monitor instructions. Instructior2Q &so
loads $register bits 32 through 63 with status and advances the performance
monitor pointer to the next counter.
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Instruction 07831 is used for performance monitoring and is privileged to
monitor mode. Instruction OY3L clears all maintenance modes that are set by
the 001%1 instruction; allow 10 CPs for the maintenance mode to become
ineffective. It also clears the performance monitor pointer. Instructioil3D73
also reads status to bits 32 through 63 of thedster.

Instruction 0781 advances the current counter at bit position 0. This instruction
also reads status to bits 32 through 63 of the@ster. For a 0781 instruction,
a carry does not propagate beyond bit 15.

Instruction 0781 sets the low-order 32 bits to 1’s and returns the following
status bits to the high-order bits of&gister. The 0781 instruction is privileged

to monitor mode; the processor number and cluster number bit positions return
a value of 0 if the instruction is not executed in monitor mode. The encoded
processor number for bit positions 44 through 42 is defined in word 0 of the
exchange package.

Si Bit Position  Description

63 Clustered, CLN not equal to zero (CL)

57 Program state (PS)

53 Uncorrectable memory error occurred (UME)
52 Correctable memory error occurred (CME)
51 Floating-point error occurred (FPS)

50 Floating-point interrupt enabled (IFP)

49 Operand range interrupt enabled (IOR)

48 Bidirectional memory enabled (BDM)

44 Processor number bit 4 (PN4)

43 Processor number bit 3 (PN3)

42 Processor number bit 2 (PN2)

41 Processor number bit 1 (PN1)

40 Processor number bit 0 (PNO)

37 Cluster number bit 5 (CLN5)

36 Cluster number bit 4 (CLN4)

35 Cluster number bit 3 (CLN3)

34 Cluster number bit 2 (CLN2)

33 Cluster number bit 1 (CLN1)

32 Cluster number bit 0 (CLNO)
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Instruction 07802 sets the semaphore registers from 32 high-order bits of the
Si register. SMOO receives the sign bit of the contents ofithegiter.

Instruction 0783 transmits the contents of ther8gister into the STregister.

Instructions 074 through 075

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

Special Cases

There are no special cases.

Hold Issue Conditions

The 074 through 075 instructions hold issue under any of the following
conditions:

* The S register is reserved.

Instruction 07§k issued in previous CP (for instruction gK3

Classic CPU: Instruction 036 in progress.

J90se CPU: Instruction 036 in progress with block length less than or
equal to 109 and register jk has not been written.

J90se CPU: Instruction 036 in progress with block length greater than
100;.

Instruction 037 in progress.

Execution Time

The issue times for instructions 074 through 075 are as follows:
* Instruction issue time is 1 CP.

e Forinstruction074k, the $ register is ready in 1 CP.
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Description

Instruction 074 transmits the contents of thierégister into the iSegister.

Instruction 075 transmits the contents of thee§ister into the jk register.

Instructions 076 through 077

Machine Instruction CAL Syntax Description
076ijk SiVj,Ak Transmit (Vj element (AK)) to Si.
077ijk Vi,Ak Sj Transmit (Sj) to Vielement (AK).
077i0K° Vi,Ak O Clear element (AK) of register Vi.

b Special CAL syntax.

Special Cases

The following special cases exist for instructions 076 through 077:
e |Ifj=0then(§ =0.
* |If k=0then (&) = 1.

* OnaJ90se CPU, instructions 076 and 077 must be synchronized with the
system clock, which runs at half the rate of the CPU clock. Therefore, a
1-CP hold issue may occur for clock alignment.

Hold Issue Conditions

The instructions hold issue under any of the following conditions:

* The Akregister is reserved (except AO) or the vector instruction queue is
full.

For instruction 076, registei & reserved.

For instruction 077, j9s reserved.

A 077 instruction was issued in the previous CP.

A 035 or 037 instruction is in progress.
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VIR Hold Issue Conditions

Execution Time

Description

260

* Viand ) registers are reserved.

The instruction issue times are as follows:
¢ For instruction 076, issue time is 1 CP.
e For instruction 077, issue time is 2 CPs.

* For the instruction 076, register iS ready in 8 CPs from VIR issue,
11 CPs from CIP issue if no delay occurred in execution.

* For the instruction 077, register i ready in 3 CPs.

For instruction 077, when followed by any other instruction, there is a 3-CP
delay between the two instructions, caused by the PC sendangl 3k values
to the VU.

For instruction 076, when followed by any other instruction, there is a 2-CP
delay between the two instructions, caused by the PC sending tredug& to
the VU.

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

Instruction 07§k transmits the contents of an element of regisjeh&t is
indicated by the contents of the low-order 6 bits kfté\register §

Instruction 071k transmits the contents of registg¢it&an element of register
Vi as determined by the low-order 6 bits of the contents of kivedister.
Element 1 (the second element of registi¢iid/selected if th& designator is 0.

Instruction 0770k zeroes element (4 of register V. The low-order 6 bits of
Ak determine which element is cleared. The second element of register V
cleared if thek designator is O.
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Machine Instruction CAL Syntax Description
10hi00mMn Ai exp,Ah Load from ((Ah) + exp) to Al
100/00mn Ai exp,0 Load from (exp) to Al
100/00mn Al exp, Load from (exp) to Al
10hi0000 Ai ,Ah Load from (Ah) to Ai.
11hi00mn exp,Ah Ai Store (Ai) to (Ah) + exp.
110/00mn exp,0 Ai Store (Ai) to exp.

110/00mn exp, Ai Store (Ai) to exp.

11hi0000 AR Ai Store (A/F) to (Ah).
12hi00mn Siexp,Ah Load from ((A/) + exp) to Si.
120/00mn Siexp,0 Load from (exp) to Si.
120i00mn Siexp Load from (exp) to Si.
12hi0000 Si,Ah Load from (Ah) to Si.
13hi00mn exp,Ah Si Store (Si) to (Ah) + exp.
130/00mn exp,0 Si Store (S/) to exp.

130/00mn exp, Si Store (S/) to exp.

13hi0000 JAh Si Store (Si) to (Ah).

Special Cases

The following special case exists for instructionk ftrough 18:

* OnaJ90se CPU, instructionshtrough 18 must be synchronized with
the system clock, which runs at half the rate of the CPU clock. Therefore,
a 1-CP hold issue may occur for clock alignment.

The following special case exists for instructionkiQ@Omn, 11hi0O0mn,
12hi00mn,and 13i00mn

*  Only bits 0 through 31 of thelAregister and theanfield are used to
calculate the memory address. Refer to tbalCulating Absolute
Memory Addresssubsection for additional information.

Hold Issue Conditions

The instructions hold issue under any of the following conditions:

* Ports A or B busy.
* Ahisreserved ih!=0.
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Execution Time

Description

262

e For instructions 1@and 1h, Ai is reserved.
¢ For instructions 12 and 13, S is reserved.
¢ If the second or third parcel is not in a buffer, a 3-CP delay occurs.

The instruction issue times for thehlthirough 18 instructions are as follows:

* If parcel O is in one buffer and parcels 1 and 2 are in a different buffer, the
issue time is 5 CPs.

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

If all parcels are in the same buffer, the issue time is 2 CPs.

For instruction 18, register A is ready in 34 CPs.

For instruction 18, register &is ready in 34 CPs.

For instructions 10or 12h, register Aor S is ready in 7 CPs if the data
is in the cache and the cache is enabled

A bank is ready for the next scalar read or store operation in 15 CPs.

Instructions 1@ through 18 transmit data between memory and an A register
or an S register.

For these instructions, only the value of the expression is usedhifidsggnator

is 0 or if a 0 or blank field is used in place di.fOnly the contents of are

used if the expression is omitted. An assembly error occurs if an expression has
a parcel-address attribute.

Instructions10i00mnthrough 1®i0000 load the low-order 32 bits of a memory
word directly into an A register. The memory address is determined by adding
the address in thelregister to the expression valuer(field). Only the value

of the expression is used if thalesignator is 0, or a 0 or blank field is used in
place of A. Only the contents of hare used if the expression is omitted. An
assembly error occurs if an expression has a parcel-address attribute.
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Instructions 1hi0Omnthrough 1hi0000 store 32 bits from register éirectly

into memory. The high-order bits of the memory word are cleared. The memory
address is determined by adding the address inltliegister to the expression
value (nfield).

Instructions 1Rijkmthrough 12i000 and 18i00mn through 120000 load the
contents of a memory word directly into an S register. The memory address is
determined by adding the address in registetoAthe expression valuef

field). Only the value of the expression is used ifitdesignator is 0, otherwise

a zero or blank field is used in place of the contents of registeDAly the
contents of registerare used if the expression is omitted. An assembly error
occurs if an expression has a parcel-address attribute.

Instructions 18ijkmthrough 18i000 and 18i00mn through 1180000 store the
contents of register Sirectly into memory. The memory address is determined
by adding the address in thé fegister to the expression valuer(field).
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Instructions 140 through 147

Machine Instruction CAL Syntax Description

140ijk ViSj&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 Vielements.

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

142i0Kk° Vi Vk Transmit (Vk elements) to Vi elements.

143ijjk Vi VjIVk Transmit logical sums of (V) elements) and (Vk elements) to
Vielements.

144jjk Vi SjVk Transmit logical differences of (Sj) and (Vk elements) to Vi
elements.

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

145iiP Vi 0 Clear Vielements.

146ijk Vi SjIVK&VM Transmit (Sj) if VM bit = 1; (VK) if VM bit = 0 to Vi.

146i0k° Vi #VM&Vk Transmit vector merge of (V) and O to Vi.

147ijk Vi VjIVK&VM Transmit (Vj) if VM bit = 1; (VK) if VM bit = 0 to Vi.

b

Special Cases

Special CAL syntax.

The following special cases exist for instructions 140 through 147:

Hold Issue Conditions

If j =0, then (§ =0.

On a J90se CPU, instructions 140 through 147 must be synchronized with
the system clock, which runs at half the rate of the CPU clock. Therefore,
a 1-CP hold issue may occur for clock alignment.

Instructions 140 through 147 hold issue under any of the following conditions:

264

For instructions 140, 142, 144, and 146,jif&ister is reserved
(except S0).

For instructions 140, 142, 144, and 146 of a 077 instruction was issued in

the previous CP, or a 035 or 037 is in progress, or the vector instruction
queue (VIQ) is full.
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VIR Hold Issue Conditions

Instructions 140 and 147 hold issue at the VIR under any of the following
conditions:

* Viand WK (Vj for 141, 143, 145, and 147) registers are reserved unless
chaining or tailgating is permitted.

* Available functional units are busy.

Execution Time

The execution time for vector instructions that are issued directly from CIP to
the functional unit through the vector issue register (VIR) is 3 CPs longer than
the execution time of the instruction that is waiting to issue in the VIR. The issue
times for instructions 140 through 147 from the VIR are as follows:
¢ For Functional Unit Busy
* The functional unit is ready in (VL) + 1 CP (except for a 140
through 145 instruction following a 146 through 147 instruction or a
175 instruction).
* For Vector Register Busy
* Viisready for Vuse in (VL) + 2 CPs.
* Viisready for Y or Vk use immediately (due to chaining).
e VjorVkisready for Yor Vkuse in (VL) + 2 CPs.
e VjorVWKisready for Vuse in (VL) + 2 CPs.

* Vjor Vkis ready for Vuse immediately whenj\and \k are not
involved in chaining or in use by a 176 or 177 instruction.

* Vector logical (140 through 147) execution time is (VL) + 1 CP until the
data is available for use by the next instruction.

* Unit busy time between the floating-point multiply and second vector
logical functional units is (VL) + 1 CP.

e Unit busy time between the second vector logical and floating-point
multiply functional units is (VL) + 1 CP.
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Description
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Vector instructions may or may not start execution immediately; they execute
as data becomes available. In particular, a memory conflict that slows execution
of some elements of a vector load can cause delays in all instructions in the
operation chain, starting with that load.

The contents of the VL register determine the number of operations that are
performed. All operations start with element O of theW, or Vk registers and
increment the element number by 1 for each operation that is performed. All
results are delivered to registear V

Instructions 140 through 145 can be executed in either the full vector logical or
the second vector logical functional units, provided the second vector logical
unit is enabled. If the second vector logical unit is disabled, instructions 140
through 145 can be executed only in the full vector logical unit. Instructions 146
and 147 execute in the full vector logical unit only.

Forinstructions 140, 142, 144, and 146, a copy &f&livered to the functional

unit. The copy is held as one of the operands until completion of the operation.
Therefore, $can be changed immediately without affecting the vector operation.
For instructions 141, 143, 145, and 147, all operands are obtained from V
registers.

Instructions 140 and 141 form the logical products (AND) of operand pairs and
enter the results intoiVBits of an element ofi\are set to 1 when the
corresponding bits ofj®r (Vj element) and (Kelement) are 1, as shown in the
following example:

(§)or(Vjelement) =1100
(Vk element) =1010
(Vi element) =1000

Instructions 142 and 143 form the logical sums (inclusive OR) of operand pairs
and deliver the results ta \MBits of an element of\are set to 1 when one of

the corresponding bits of jjSor (Vj element) and (Kelement) is 1, as shown

in the following example:

(§)or(Vjelement) =1100
(Vk element) =1010
(Vi element) = 1110
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Instructions 144 and 145 form the logical differences (exclusive OR) of operand
pairs and deliver the results to. Bits of an element are set to 1 when the
corresponding bit of the contents gfd (M element) is different from (&
element), as shown in the following example:

(§)or(Vjelement) = 1100
(Vk element) = 1010
(Vi element) = 0110

Instructions 146 and 147 transmit operandsif@¥®pending on the contents of

the VM register. Bit 63 of the mask corresponds to element 0 of a V register. Bit
0 corresponds to element 63. The operand pairs that are used for the selection
depend on the instruction. For instruction 146, the first operand is always the
contents of §§ the second operand isK¥lement). For instruction 147, the first
operand is (Yelement) and the second operand is €é¢ment). If bit n of the
vector mask is 1, the first operand is transmitted; if bit n of the mask is 0, the
second operand, Relement), is selected. The following two examples illustrate
these points.

Example 1:

Instruction 146 is executed and the following register conditions exist:

(VL) = 4
(VM) = 0600000000000000000000
(S2) = 41
(V6,00) = 1
(V6,01) = 2
(V6,02) = 3
(V6,03) = 4

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

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

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

Instruction 147 is executed and the following register conditions exist:

(VL) = 4
(VM) = 0600000000000000000000
(V2,000 = 1 (V3,00) = -1
(V2,01) = 2 (V3,01) = -2
(V2,02) = 3  (V3,02) = -3
(V2,03) = 4  (V3,03) = -4

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

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

The remaining elements of V1 are not altered.

Instructions 150 through 151

Machine Instruction CAL Syntax Description

150ijk ViVj<Ak Shift (Vj elements) left by (AK) places to Vielements.
150ij0° Vi Vj<1 Shift (Vj elements) left one place to Vi elements.
151jjk SVi Vj>Ak Shift (Vj elements) right by (AK) places to Vielements.
151jj0P Vi Vj>1 Shift (Vj elements) right one place to Vielements.

b Special CAL syntax.

Special Cases
The following special cases exist for instructions 150 through 151:
e |Ifk=0,then (&) = 1.

* OnaJ90se CPU, instructions 150 and 151 must be synchronized with the
system clock, which runs at half the rate of the CPU clock. Therefore, a
1-CP hold issue may occur for clock alignment.
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Hold Issue Conditions

The instructions hold issue under any of the following conditions:

* The Akregister is reserved (except A0).

* Instruction 077 was issued in the previous CP.
e Instruction 035 or 037 is in progress.

¢ The vector instruction queue is full.

VIR Hold Issue Conditions

Execution Time

CSM-0301-0B0

The 150 and 151 instructions hold issue at the VIR under any of the following
conditions:

* Vi and  registers are reserved unless chaining or tailgating is permitted.
* The vector shift functional unit is busy.

The execution time for vector instructions that are issued directly from the CIP
to the functional unit (through the VIR) is 3 CPs longer than the execution time
for the instruction that is waiting to issue in the VIR. The issue times for
instructions 150 through 151 from the VIR are as follows:

For Functional Unit Busy:

¢ The functional unit is ready in (VL) + 1 CP.

For Vector Register Busy:

* Viisready for Vuse in (VL) + 2 CPs.

* Viisready for Y or Vk use immediately (due to chaining).
e Vjisready for Yor Vkuse in (VL) + 2 CPs.

* Vjisready for Vuse in (VL) + 2 CPs.

* Vjisready for Vuse immediately whenj\and \k are not involved in
chaining or in use by a 176 or 177 instruction.

* Vector Shift (150, 151) execution time is (VL) + 2 CPs until the data is
available for use by the next instruction.

Cray Research Proprietary 269



CPU Instruction Descriptions System Programmer Reference

Description

270

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

Instructions 150 and 151 are executed in the vector shift functional unit. The
contents of the VL register determine the number of operations performed.
Operations start with element 0 of thiea¥id | registers and end with elements
specified by (VL)-1.

All shifts are end-off with zero fill. Unlike shift instructions 052 through 055,
these instructions receive the shift count frokrdther than thg fields and all
32 bits of A are used for the shift count. Elements b&ké cleared if the shift
count exceeds 63. All shift countsk)Aare considered positive.

Instruction 15¢k shifts the contents of the elements of regisjdo\the left by

the amount specified by the contents kbAd enters the results into the elements
of Vi. The special form of this instruction shifts the contentsjané place to
the left and enters the results into V

Instruction 15{ik shifts the contents of the elements of regisieio\the right
by the amount specified by the contents &fafad enters the results into the
elements of W The special form of this instruction shifts the contentsjané
place to the right and enters the results irito V
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Instructions 152 through 153

Machine Instruction CAL Syntax Description

152ijjk ViVjVj<Ak Double shift of (V) elements) left (AK) places to Vielements.

152jjoP Vi VjVj<1 Double shift of (Vj elements) left one place to Vielements.

153jjk Vi VjVj>Ak Double shift of (V) elements) right (AK) places to Vi
elements.

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

b Special CAL syntax.

Special Cases

The following special cases exist for instructions 152 through 153:
e Ifk=0,then (k) =1.

* OnaJ90se CPU, instructions 152 and 153 must be synchronized with the
system clock, which runs at half the rate of the CPU clock. Therefore, a
1-CP hold issue may occur for clock alignment.

Hold Issue Conditions

The instructions hold issue under any of the following conditions:

* The Akregister is reserved (except AO).

* Instruction 077 was issued in the previous CP.
¢ Instruction 035 or 037 is in progress.

* The vector instruction queue is full.

VIR Hold Issue Conditions

The instructions hold issue at the VIR under any of the following conditions:

* Viand  registers are reserved unless chaining or tailgating is permitted.
* The vector shift functional unit is busy.

Execution Time

The execution time for a vector instruction that is issued directly from the CIP
to the functional unit (through the VIR) is 3 CPs longer than the execution time
for instructions that are waiting to issue in the VIR. The issue times for
instructions 152 through 153 from VIR are as follows:
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For Functional Unit Busy:

¢ The functional unit is ready in (VL) + 1 CP.

For Vector Register Busy:

e Viisready for Vuse in (VL) + 2 CPs.

* Viisready for Y or Vk use immediately (due to chaining).
* Vjisready for Yor Vkusein (VL) + 2 CPs.

e Vjisready for Vuse in (VL) + 2 CPs.

* Vjisready for Vuse immediately whenj\and \k are not involved in
chaining or in use by a 176 or 177 instruction.

* \ector Shift 153 execution time is (VL) + 2 CPs until the data is available
for use by the next instruction.

* \ector Shift 152 execution time is (VL) + 3 CPs until the data is available
for use by the next instruction.

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

The vector shift functional unit executes instructions 152 and 153. The
instructions shift 128-bit values that are formed by logically joining the contents
of two elements of thejMegister. The direction of the shift determines whether
the high-order bits or the low-order bits of the result are sent ®hift counts

are obtained from registeikAAll shifts are end-off with zero fill. The contents

of the VL register determine the number of operations performed.

Instruction 152 performs left shifts. The operation starts with element p of V

If the content of VL is 1, element O is joined with 64 bits of 0’s, and the resulting
128-bit quantity is then shifted left by the amount specified by the contents of
Ak. Only this one operation is performed. The 64 high-order bits that remain are
transmitted to element 0 of.V
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If the content of VL is 2, the operation starts by joining element G ofii
element 1; the resulting 128-bit quantity is then left shifted by the amount
specified by the contents okAThe high-order 64 bits that remain are transmitted
to element O of W Figure 50shows this operation.

Figure 50. Vector Left Double Shift, First Element, VL Greater than 1

Bits 63 0 63 0
(Element 0) of Vj (Element 1) of Vj
- - -
- - -
- - - - - -
- - -
_ - - _ - - _ - -
Bits 63 _ 63-(AK) 0 763 64-(AK) o -
(Element 0) of Vj (Element 1) of Vj < (AK)
\83 0
Y

64-bit Result to Element 0 of Vi

If the content of VL is greater than 2, the operation continues by joining element
1 with element 2 and transmitting the 64-bit result to element L &idure 51
shows this operation.

Figure 51. Vector Left Double Shift, Second Element, VL Greater than 2

Bits 63 0 63 0
(Element 1) of Vj (Element 2) of Vj
-~ -~ -
- - -
- - -
_ -~ - _ -~ - _ -~ -
-~ -~ -
X -~ -~ -
Bits 63 -~ 63-(AK) 0 763 64-(AK) 0o .~
(Element 0) of Vj (Element 2) of Vj «— (AK)
\ 63 0

. Y .
64-bit Result to Element 1 of Vi
If the content of VL is 2, element 1 is joined with 64 bits of 0’s and only two

operations are performed. In general, the last element aS\etermined by
the contents of VL, is joined with 64 bits of OFSgure 52shows this operation.
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Figure 52. Vector Left Double Shift, Last Element

Bits 63 0 63 0
[Element (VL)-1] of Vj 000......... 0
- - -~
- - -
- - -
- - -~
-~ -~ -~
- - - - -~ -
- ~ -~
Bits 63_ ~ 63-(AK) 0 _-63 64-(AK) o~
[Element (VL)-1] of Vj 000......... 0 <« (AL
\_63 0/

N
64-bit Result to Element (VL)-1 of Vj

NOTE: The elements are numbered 0 through 63 in the V registers; therefore, element (VL)-1 refers to the
VL™ elements.

If the content of A is greater than or equal to 128, the result is all 0’s. If the

content of A& is greater than 64, the result register contains at least the contents
of Ak -64 zeroes.

Example 1:

If instruction 152 is to be executed and the following register conditions exist,
instruction 152541 is executed:

(VL) = 4
(A1) = 3
(V4,00) = 0 00000 0000 0000 0000 0007
(V4,01) = 0 60000 0000 0000 0000 0005
(V4,02) = 1 00000 0000 0000 0000 0006
(V4,03) = 1 60000 0000 0000 0000 0007

Following execution, the first four elements of V5 contain the following values:

(v5,00) = 0 00000 0000 0000 0000 0073
(v5,01) = 0 60000 0000 0000 0000 0054
(v5,02) = 0 00000 0000 0000 0000 0067
(v5,03) = 0 60000 0000 0000 0000 0070

Instruction 153 performs right shifts. The original element 0ja$ Yoined with
64 high-order bits of 0’s and the 128-bit quantity is shifted right by the amount

specified by (A). The 64 low-order bits of the result are transmitted to element
0 of M. Figure 53shows this operation.
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Figure 53. Vector Right Double Shift, First Element

Bits 63 0 63 0
000......... 0 (Element 0) of Vj
N N N
N N N
AN AN N
N N N
N N AN
N N N
™ \Bits 63 (AK)-1 0\ 63 (AK)-1 0~
(AK) —> 000......... 0 (Element 0) of Vj
\_63 0)

. Y .
64-bit Result to Element 0 of Vi

If the content of VL equals 1, only one operation is performed. However,
instruction execution continues by joining element 0 with element 1, shifting the
128-bit quantity by the amount specified bykjAand transmitting the result to
element 1 of Y/ Figure 54shows this operation.

Figure 54. Vector Right Double Shift, Second Element, VL Greater than 1

Bits 63 0 63 0
(Element 0) of Vj (Element 1) of Vj
N N N
N N N
N N N
N N N
N N N
b N > N S N
< Bits 63 (AK)-1 0"\ 63 (AK) 0"~
(AK) —> (Element 0) of Vj (Elementl) of Vj
\ 63 0
64-(AK) Bits 64-bit Result to Element 1 of Vi

The last operation performed by the instruction joins the last element a$ Vv
determined by the contents of VL, with the preceding element (refer to
Figure 55.
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Figure 55. Vector Right Double Shift, Last Operation

Bits 63 0 63 0
[Element (VL)-2] of Vj [Element (VL) -1] of Vj
N N N
N N N
N N N
N N N
N N N
b N > N > N
~ Bits 63 (AK)-1 0 \ 63 (AK) 0 ~
(AK) —> [Element (VL) -2] of Vj [Element (VL) -1] of Vj
\263 20]

N
64-bit Result to Element (VL) - 1 of Vj

NOTE: Elements are numbered 0 through 63 in the V registers; therefore, element (VL)-1 refers to
the VL™ element.

Example 2:

If instruction 153 is executed and the following register conditions exist, then
instruction 153026 is executed:

(VL) = 4
(A6) = 3
(V2,00) = 0 00000 0000 0000 0000 0017
(V2,01) = 0 60000 0000 0000 0000 0006
(V2,02) = 1 00000 0000 0000 0000 0006
(v2,03) = 1 60000 0000 0000 0000 0007

Following execution, register VO contains the following values:

(v0,00) = 0 00000 0000 0000 0000 0001
(v0,01) = 1 66000 0000 0000 0000 0000
(v0,02) = 1 50000 0000 0000 0000 0000
(v0,03) = 1 56000 0000 0000 0000 0000

The remaining elements of register VO are not altered.
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Instructions 154 through 157

Machine Instruction CAL Syntax Description

154ijk ViSj+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
Vielements.

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

156/0Kk° Vi -Vk Transmit two’s complement of (Vk elements) to Vi elements.

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

b Special CAL syntax.

Special Cases

The following special cases exist for instructions 154 through 155:

* OnaJ90se CPU, instructions 154 and 155 must be synchronized with the
system clock, which runs at half the rate of the CPU clock. Therefore, a
1-CP hold issue may occur for clock alignment.

The following special cases exist for instructions 154 through 157:

* Forinstruction 154, if= 0, then (§ = 0 and
(Vi element) = (K element).

* Forinstruction 156, if = 0, then (§ = 0 and
(Vi element) = -(\K element).

Hold Issue Conditions

The instructions hold issue under any of the following conditions:
* For instructions 154 and 156, if thgr8gister is reserved (except SO).

e For instructions 154 and 156, if a 077 instruction was issued in the
previous CP, 035 or 037 is in progress, or VIQ is full.
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VIR Hold Issue Conditions
The instructions hold issue in the VIR under any of the following conditions:

* Viand \k (V] for 155 and 147) registers are reserved unless chaining or
tailgating is permitted.

e Vector add functional unit is busy.

Execution Time
The execution time when the vector instruction issues directly from the CIP to
the functional unit (through the VIR) is 3 CPs longer than the execution time for
instructions that are waiting to issue in the VIR. The issue times for instructions
154 through 157 from VIR are as follows:
For Functional Unit Busy:
¢ Functional unitis ready in (VL) + 1 CP.
For Vector Register Busy:
e Viisready for Vuse in (VL) + 2 CPs.
* Viisready for Y or Vk use immediately (due to chaining).
* Vjor Vkis ready for Yor Vkuse in (VL) + 2 CPs.
* VjorVkisready for Vuse in (VL) + 2 CPs.

* Vjor Vkis ready for Vuse immediately whenj\and \k are not involved
in chaining or in use by a 176 or 177 instruction.

e Execution time for the vector add/differences instructions (154 through
157) is VL + 1 CP until the data is available.

Vector instructions may or may not start execution immediately; they execute
as data becomes available. In particular, a memory conflict that slows execution
of some elements of a vector load can cause delays in all instructions in the
operation chain, starting with that load.
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The vector add functional unit executes instructions 154 through 157.
Instructions 154 and 155 perform integer addition. Instructions 156 and 157
perform integer subtraction. The contents of the VL register determine the
number of additions or subtractions that are performed. All operations start with
element O of the V registers and increment the element number by 1 for each
operation performed. All results are delivered to elements. dfd/overflow is
detected.

Instructions 154 and 156 deliver a copy of the contents wf tBe functional

unit, where the copy is retained as one of the operands until the vector operation
completes. The other operand is an elemenkoFar instructions 155 and 157,

both operands are obtained from V registers.

Instruction 154k adds the contents of & each element ofR/and enters the
results into elements of MElements of Xare transmitted toi\Wf thej designator
is O.

Instruction 154k adds the contents of the elements of registés the contents
of the corresponding elements of registé&ravid enters the results into the
elements of registeriV

Instruction 156k subtracts the contents of each elementdfdMm the contents
of register $and enters the results into the elements of registénafruction
1560k transmits the negative (two’s complement) of each elemenk td M.

Instruction 151k subtracts the contents of the elements of regidtdérovh the
contents of the corresponding elements of regigtand enters the results into
the elements of registeii.V
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Instructions 160 through 167

Machine Instruction CAL Syntax Description

160ijk ViSj*FVk Transmit floating-point products of (Sj) and (Vk elements) to
Vielements.

161ijk ViVj*FVk Transmit floating-point products of (Vjelements) and (Vk
elements) to Vi elements.

162ijk ViSj*HVk Transmit half-precision rounded floating-point products of
(S)) and (Vk elements) to Vi elements.

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

164ijk Vi Sj*RVk Transmit rounded floating-point products of (Sj) and (Vk
elements) to Vi elements.

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

166ijk ViSj*Vk Transmit 32-bit integer product of (Sj) and (Vk elements) to
Vielements.

167ijk ViVj*Vk Transmit reciprocal iterations: 2-(Vj elements)*(Vk elements)

to Vi elements.

Special Cases
The following special case exists for instructions 160, 162, 164, and 166:
e Ifj=0,then (9§ =0.
The following special case exists for instructions 160 through 167:
* OnaJ90se CPU, instructions 160 through 167 must be synchronized with

the system clock, which runs at half the rate of the CPU clock. Therefore,
a 1-CP hold issue may occur for clock alignment.

Hold Issue Conditions

The instructions hold issue under any of the following conditions:

¢ Forinstructions 160, 162, 164, and 166, when fhedster is reserved
(except S0), or when a 077 instruction was issued the previous CP.

* When a 035 or 037 is in progress, or the vector instruction queue is full.

280 Cray Research Proprietary CSM-0301-0B0O



System Programmer Reference CPU Instruction Descriptions

VIR Hold Issue Conditions

Execution Time
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The instructions hold issue at the VIR under any of the following conditions:

Vi and \Kk (V] for 161, 163, 165, and 167) registers are reserved unless
chaining or tailgating is permitted.

Floating-point multiply functional unit is busy.

The execution time for a vector instruction that is issued directly from the CIP
to the functional unit (through the VIR) is 3 CPs longer than the execution time
for instructions that are waiting to issue in VIR. The issue times for instructions
160 through 167 from VIR are as follows:

For Functional Unit Busy:

Functional unit is ready in (VL) + 1 CP.

For Vector Register Busy:

Vi is ready for Vuse in (VL) + 2 CPs.

Vi is ready for Y or Vk use immediately (due to chaining).
Vj or Vkis ready for Y or Vk use in (VL) + 2 CPs.

Vj or VKis ready for Vuse in (VL) + 2 CPs.

Vj or Vkis ready for Vuse immediately whenj\and \k are not involved
in chaining or in use by a 176 or 177 instruction.

NOTE: Chaining cannot occur unless the data is already available
in Vi.

For floating-point multiply instructions (160 through 167), execution time
is VL + 6 CPs until the data is available for use by the next instruction.

Unit busy time between the floating-point multiply and second vector
logical functional units is (VL) + 1 CP.

Unit busy time between the second vector logical and floating-point
multiply functional units is (VL) + 1 CP.
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NOTE: \ector instructions may or may not start execution immediately;
they execute as data becomes available. In particular, a memory
conflict that slows execution of some elements of a vector load can
cause delays in all instructions in the operation chain, starting with
that load.

The floating-point multiply functional unit executes instructions 160 through
167. The contents of the VL register determine the number of operations
performed by aninstruction. All operations start with element O of the V registers
and increment the element number by 1 for each successive operation.

The functional unit operates under the assumption that operands are in
floating-point format. Instructions 160, 162, 164, and 166 send a copy of the
contents of fto the functional unit, where the copy is retained as one of the
operands until the completion of the operation. Therefore, the contentsaof S

be changed immediately without affecting the vector operation. The other
operand is an element okMor instructions 161, 163, 165, and 167, both
operands are obtained from V registers. All results are delivered to elements of
Vi. If either operand is not normalized, there is no guarantee that the product is
normalized. If neither operand is normalized, the product is not normalized.

Instruction 16@k forms the floating-point products of the contents jofu&i
elements of ¥ and enters the results into elementsiof V

Instruction 16{ik forms the floating-point products of the contents of elements
of Vj and elements of Kand enters the results into elementsiof V

Instruction 163k forms the half-precision rounded floating-point products of
the contents of thg $egister and the contents of elements of theggister and
enters the results into elements of Vhis instruction can be used in a divide
algorithm when only 30 bits of accuracy are required.

Instruction 168k forms the half-precision rounded floating-point products of
the contents of elements of thg¢ Mdgister and elements of thé ¥égister and
enters the results into elements of Vhis instruction can be used in a divide
algorithm when only 30 bits of accuracy are required.

Instruction 164k forms the rounded floating-point products of the contents of
the § register and the contents of elements kbf¥id enters the results into
elements of \/

Instruction 16§k forms the rounded floating-point products of the contents of
element V.
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Instruction 166k forms the 32-bit product of the contents p&fd the contents

of Vk and enters the result into.\he $ operand must be left-shifted by 31
(decimal) places and thek@perand must be left-shifted by 16 (decimal) places
before executing the 16K instruction.

Instruction 16k forms 2 minus the floating-point products of the contents of
the elements of Mand elements of Kand enters the results into the elements
of Vi. This instruction is used in the division operation sequence of instructions.

Instructions 170 through 173

Machine Instruction CAL Syntax Description

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

170i0Kk° Vi +FVk Transmit normalized (Vk elements) to Vielements.

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 Vielements.

172i0K° Vi -FVk Transmit normalized negative of (Vk elements) to Vi
elements.

173ijk Vi V[-FVk Transmit floating-point differences of (Vj elements) and (Vk

elements) to Vi elements.

b Special CAL syntax.

Special Cases
The following special case exists for instructions 170 and 172:
e |Ifj=0,then (9§ =0.
The following special case exists for instructions 170 through 173:
* OnaJ90se CPU, instructions 170 through 173 must be synchronized with

the system clock, which runs at half the rate of the CPU clock. Therefore,
a 1-CP hold issue may occur for clock alignment.
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Hold Issue Conditions

The instructions hold issue under any of the following conditions:

e Forinstructions 170 and 172, if thpr8gister is reserved (except SO) or if
a 077 instruction was issued in the previous CP.

* Forinstructions 170 through 173, 077 issued last CP, 035 or 037 is in
progress, or vector instruction queue is full.

VIR Hold Issue Conditions

Execution Time

284

The instructions hold issue at the VIR under any of the following conditions:

* Viand \k (V] for 171, 173) registers are reserved unless chaining or
tailgating is permitted.

* Floating-point add functional unit is busy.

The execution time for a vector instruction that is issued directly from the CIP
to the functional unit (through the VIR) is 3 CPs longer than the execution time
for instructions that are waiting to issue in the VIR. The issue times for
instructions 170 through 173 from the VIR are as follows:

For Functional Unit Busy:

¢ Functional unitis ready in (VL) + 1 CP.

For Vector Register Busy:

* Viisready for Vuse in (VL) + 2 CPs.

* Viisready for Y or Vk use immediately (due to chaining).

* Vjor Vkis ready for Yor Vkuse in (VL) + 2 CPs.

* VjorVkisready for Vuse in (VL) + 2 CPs.

* Vjor Vkis ready for Vuse immediately whenj\and \k are not involved
in chaining or in use by a 176 or 177 instruction.

Cray Research Proprietary CSM-0301-0B0O



System Programmer Reference CPU Instruction Descriptions

Description

CSM-0301-0B0

* The execution time for the floating add/difference (170 through 173)
instructions is VL + 5 CPs until the data is available for use by the next
instruction.

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

The floating-point add functional unit executes instructions 170 through 173.
Instructions 170 and 171 perform floating-point addition; instructions 172 and
173 perform floating-point subtraction. The contents of the VL register
determine the number of additions or subtractions that are performed by an
instruction. All operations start with element O of the V registers and increment
the element number by 1 for each operation performed. All results are delivered
to Vi in normalized state, and the results are normalized even if the operands are
not normalized.

Instructions 170 and 172 deliver a copy g (6 the functional unit, where it
remains as one of the operands until the completion of the operation. The other
operand is an element okM~or instructions 171 and 173, both operands are
obtained from V registers.

Instruction 17@k forms the floating-point add by summing the contents of the
S and the K register and enters the results into elements of register V

The special form of the instruction (1©@R) normalizes the contents of the
elements of W and enters the results into elements of register V

Instruction 17fik forms the floating-point sums of the contents of the elements
of Vj and elements of Kand enters the results into the elements of register V

Instruction 178k forms the floating-point differences of the contentsjcdrgl
elements of registerR/and enters the results into registeriWstruction 1780k
transmits the negatives (two’s complements) of floating-point quantities in the
elements of X to V.

Instruction 178k forms the floating-point differences of the contents of the

elements of registerj\ess the contents of the elements of registkied enters
the results into the elements of register V
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Instruction 174

Machine Instruction CAL Syntax Description

174ij0 Vi[HVj Transmit floating-point reciprocal approximation of (Vj
elements) to Vi elements.

Special Cases
The following special cases exist for instruction 174:
* When a 174 instruction issues, if therégister element is not
normalized, the Mregister element is invalid. Bit 47 of the hegister
element must be 1. This bit is not tested.
* OnaJ90se CPU, instruction 174 must be synchronized with the system

clock, which runs at half the rate of the CPU clock. Therefore, a 1-CP
hold issue may occur for clock alignment.

Hold Issue Conditions
The 174 instruction holds issue for the following conditions:

* When a 035 or 037 is in progress, or the vector instruction queue is full.

VIR Hold Issue Conditions
The instruction holds issue at the VIR under any of the following conditions:

* The M and \f registers are reserved unless chaining or tailgating is
permitted.

* The reciprocal or pop/parity functional units are busy.

Execution Time
The execution time for a vector instruction that issues directly from the CIP to

the functional unit (through the VIR) is 3 CPs longer than the execution time for
an instruction that is waiting to issue in the VIR.
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The issue times for the 174 instruction from the VIR are as follows:

For Functional Unit Busy:

* Functional unitis ready in (VL) + 1 CP (except for a Pop/Parity following
a reciprocal).

For Vector Register Busy:

* Viisready for Vuse in (VL) + 2 CPs.

* Viisready for Y or Vk use immediately (due to chaining).
e Vjisready for Yor Vkuse in (VL) + 2 CPs.

e Vjisready for Vuse in (VL) + 2 CPs.

* Vjisready for Vuse immediately whenj\and \k are not involved in
chaining or in use by a 176 or 177 instruction.

* Execution time for the floating-point reciprocal (174) instruction is VL +
14 CPs until the data is available for use by the next instruction.

* Unit busy time between the floating-point reciprocal and pop/parity
functional units is (VL) + 13 CPs.

* Unit busy time between the pop/parity and floating-point reciprocal
functional units is (VL) + 1 CP.

Description

The reciprocal approximation functional unit executes instruction 174. The
instruction forms an approximate value of the reciprocal of the normalized
floating-point quantity in each element of &d enters the result into elements
of Vi. The contents of the VL register determine the number of elements for
which approximations are found.

Instruction 174 occurs in the divide sequence to compute the quotients of
floating-point quantities. The reciprocal approximation instruction produces
results of 30 significant bits. The low-order 18 bits are 0’'s. The humber of
significant bits can be extended to 48 by using the reciprocal iteration instruction
and a multiply instruction.
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NOTE: \ector instructions may or may not start execution immediately;
they execute as data becomes available. In particular, a memory
conflict that slows execution of some elements of a vector load can
cause delays in all instructions in the operation chain, starting with
that load.

Instruction 174 jj1 through 174 jj2

Machine Instruction CAL Syntax Description

174i1 ViPVj Transmit population count of (Vj elements) to Vi elements.

1742 Vi QVj Transmit population count parity of (Vj elements) to Vi
elements.

Special Cases

There are no special cases.

Hold Issue Conditions

These instructions hold issue under the following conditions:

* When the vector instruction queue is full.

VIR Hold Issue Conditions

These instructions hold issue at the VIR under any of the following conditions:

* The M and \ registers are reserved unless chaining or tailgating is
permitted.

* The reciprocal unit or pop/parity functional units are busy.

Execution Time

The execution time for a vector instruction that issues directly from the CIP to
the functional unit (through the VIR) is 3 CPs longer than the execution time for
instructions that are waiting to issue in the VIR.
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Description
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The issue times for instructions 1jMthrough 1742 issued from the VIR are
as follows:

For Functional Unit Busy:

* Functional unitis ready in (VL) + 1 CP (except for a Pop/Parity following
a reciprocal).

For Vector Register Busy:

e Viisready for Vuse in (VL) + 2 CPs.

* Viisready for Y or Vk use immediately (due to chaining).
* Vjisready for Yor Vkuse in (VL) + 2 CPs.

e Vjisready for Vuse in (VL) + 2 CPs.

* Vjisready for Vuse immediately whenj\and \k are not involved in
chaining or in use by a 176 or 177 instruction.

e Execution time for the pop/parity (174) instruction is (VL) + 3 CPs until
the data is available for use by the next instruction.

* Unit busy time between the pop/parity and floating-point reciprocal
functional units is (VL) + 1 CP.

* Unit busy time between the floating-point reciprocal and pop/parity
functional units is (VL) + 13 CPs.

The vector population/parity functional unit executes instructiong 1L aad
174j2; it shares some logic with the reciprocal approximation functional unit.

Instruction 1741 counts the number of bits that are set to 1 in each element of
Vj and enters the results into corresponding elements @h¥ results are
entered into the low-order 7 bits of eaahelément; the remaining high-order
bits of each Velement are cleared.

Instruction 1742 counts the number of bits that are set to 1 in each element of
Vj. The least significant bit of each element result shows whether the result is
an odd or even number. Only the least significant bit of each element is
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transferred to the least significant bit position of the corresponding element of
register Y. The remainder of the element is set to 0’s. The actual population
count results are not transferred.

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

that load.
Instruction 175

Machine Instruction CAL Syntax Description

175040 VM Vj,Z Set VM bit if (Vj element) = 0.

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

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

175043 VM VjM Set VM bit if (Vj element) < 0 (Vjis negative).

175ij4 Vi, VM Vj,Z Set VM bit if (Vj elements) = 0; also, the compressed indices
of the Vj element = 0 are stored in Vi.

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

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

175i7 Vi, VM VjM Set VM bit if (Vj elements) < 0; also, the compressed indices
of the Vj element < 0 are stored in Vi.

Special Cases

290

The following special cases exist for instruction 175:

If the Vj elemenin =0, andk = 0 or 4, then VM binh = 1.
e |Ifthe Vj elemenn =0, andk=1 or 5, then VM bin = 1.

e If the Vj element is positive (O is a positive condition), aket 2 or 6,
then VM bitn = 1.

¢ Ifthe Vj elementh is negative, andl = 3 or 7, then VM bith = 1.
¢ Ifthe V] elemenin = 0 andk = 4, then the Vcompressed elementn=

* Ifthe Vj elemenh =0 andk = 5, then the Vcompressed elementr=
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* Ifthe Vj elemennis positive (0 is a positive condition), ake 6, then V
compressed elementn=

* Ifthe Vj elemenn is negative anld = 7, then Y compressed element=

* OnaJ90se CPU, instruction 175 must be synchronized with the system

clock, which runs at half the rate of the CPU clock. Therefore, a 1-CP
hold issue may occur for clock alignment.

Hold Issue Conditions

The 175 instruction holds issue under any of the following conditions:

* When the vector instruction queue is full.

VIR Hold Issue Conditions

Execution Time

CSM-0301-0B0

This instruction holds issue at the VIR under any of the following conditions:

* Vi (Vi for 1754 through 1757) register is reserved unless vector
chaining or tailgating is permitted.

* The main vector logical functional unit is busy.

The execution time for a vector instruction that issues directly from the CIP to
the functional unit (through the VIR) is 3 CPs longer than the execution time for
instructions that are waiting to issue in the VIR. The instruction issue times for
the 175 instruction that is issued from the VIR are as follows:

For Functional Unit Busy:

* Functional unitis ready in (VL) + 1 CP (except for a 140 through 145
instruction following a 146 through 147 or 175).

* For Vector Register Busy
e Viisready for Vuse in (VL) + 2 CPs.
* Viisready for Y or Vk use immediately (due to chaining).

* Vjisready for Yor Vkuse in (VL) + 2 CPs.
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Description
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e Vjisready for Vuse in (VL) + 2 CPs.

* Vjisready for Vuse immediately whenj\and \k are not involved
in chaining or in use by a 176 or 177 instruction.

* Execution time for the vector logical (175 wkhk 0 through 3)
instruction is (VL) + 4 CPs until the vector mask is available for use by
the same vector logical unit.

* Execution time for the vector logical (175 wkix 0 through 3)
instruction is (VL) + 5 CPs until the data is available for use by the next
instruction.

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

The full vector logical functional unit executes the vector mask and compressed
index instruction 175. Instructions 178ahrough 175(B create a mask in the

VM register. The 64 bits of the VM register correspond to the 64 elements of
Vj. Elements of Yare tested for the specified condition. If the condition is true
for an element, the corresponding bitis setto 1 in the VM register. If the condition
is not true, the bit is set to 0.

Instructions 1764 through 17h7 create an identical vector mask (as in
instructions 175 through 175{3) and a compressed index list in register V
based on the results of testing the contents of the elements of register V

The contents of the VL register determine the number of elements that are tested;
however, the entire VM register is cleared before elements afétested. If

the content of an element is 0, it is considered positive. Element O corresponds
to bit 0, element 1 to bit 1, and so on, from left to right in the register.

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

For instruction 1750, if the \j register element is 0, the VM bit is set to 1. If
the \j register element is not 0, the VM bit is set to 0.
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For instruction 175Q, if the \j register element is not O, the VM bit is set to 1.
If the Vj register element is 0, the VM bit is set to 0.

For instruction 175@, if the \j register element is positive, the VM bit is set to
1. If the \f register element is negative, the VM bit is set to 0. A value of O is
positive.

For instruction 175@3, if the \f register element is negative, the VM bit is set
to 1. If the \ register element is positive, the VM bit is set to 0. A value of O is
positive.

Instructions 1784, 175)5, 175]6,and 17%7 are compressed index instructions.
These instructions test for zero, nonzero, positive, and negative elements,
respectively. A vector mask and a compressed index are generated, based on the
tested condition.

For instruction 1754, if the \j register element is 0, the VM bit is set to 1 and
the M register compressed element is set to helister element index. If the
Vj register element is 0, data is written to theégister elements, and the V
register element pointer is advanced. Reféfignire 56for an example of the
175j4 instruction.

Figure 56. Compressed Index Example

Vj Register Vj Register
(Tested) (Result)

VL Register 1 Olg

144 0 —| 03g

5 > 04g

0 > 074

0 > 10g

-15 > 11g

24 134
0
010110011101... 0
VM Registers 0
-17
0

For instruction 1785, if the \f register element is not 0, the VM bit is set to 1
and the Vregister compressed element is set to theelister element index.

If the Vj register element is not O, data is written to theegister elements, and
the M register element pointer is advanced.
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For instruction 1786, if the \f register element is positive, the VM bit is set to
1 and the Vregister compressed element is set to jheyister element index.
If the Vj register element is positive, data is written to thee\ister elements,
and the Vregister element pointer is advanced (a value of O is positive).

For instruction 1787, if the \f register element is negative, the VM bit is set to
1 and the Vregister compressed element is set to jheyister element index.

If the V] register element is negative, thier®gister elements are written to the
Vi register elements, and the Mégister element pointer is advanced.

The contents of the VL register determine the number of elements that are tested.
The VM register bits that correspond to the untested elements of tbgister
are cleared.

Vector mask instruction 111§ k = 0 through 3, and the compressed index
instructions 178k, k = 4 through 7, are a vector counterpart to the scalar
conditional branch instructions.

Instruction 176 through 177

Machine Instruction CAL Syntax Description

176i0k Vi,AQ,Ak Load from memory starting at (A0) increased by (Ak) and
load into Vi.

17600 Vi,A0,1 Load from consecutive memory addresses starting with (AQ)
and load into Vi.

176ilk Vi ,A0,Vk Load from memory using memory address ((A0) + (VK)) and
load into Vi.

17705k ,AOQ,Ak Vj Store (Vj) to memory starting at (AO) increased by (AK).

177050 JAO0,1 Vj Store (Vj) to memory in consecutive addresses starting with
(A0).

1771jk JAOVk Vj Store (Vj) to memory using memory address ((A0) + (VK)).

Special Cases

294

The following special cases exist for instructions 176 through 177:
* Forinstructions 176k and 177k, increment (AO) by 1 ik=0.

* Instructions 176 and 177 use port B. If port B is busy, instructions 176 and
177 use port A.

*  Only bits 0 through 31 of the AO,kAand \K registers are used to

calculate memory addresses. Refer to thalCulating Absolute Memory
Address subsection for additional information.
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* Memory conflicts slow the loading or storing of individual vector
elements.

* For instruction 176, if there is an instruction that uses the 176 result
register as a source, the execution of that instruction is delayed whenever
there is a delay in instruction 176 results.

* OnaJ90se CPU, instructions 176 and 177 must be synchronized with the
system clock, which runs at half the rate of the CPU clock. Therefore, a
1-CP hold issue may occur for clock alignment.

Hold Issue Conditions

The 176 through 177 instructions hold issue under any of the following
conditions:

* The AO register is reserved.
* For instruction 176, when ports A and B are busy.

* Forinstruction 177, when port A or B is busy with a write reference or if
ports A and B are busy.

* Forinstructions 178k and 177}k, when 176lk or 1773k is in progress
or when there are any uncompletedi0®3or 076 instructions.

¢ Forinstructions 176k and 177§k, when A is reserved whek= 1
through 7.

* Forinstructions 176 and 177, if a 035 or 037 is in progress.

* If the system is not in bidirectional memory mode, or if an uncompleted
076 instruction exists, then instruction 176 holds issue when port A or B
is busy with a write reference, and instruction 177 holds issue when port
A or B is busy.

* The vector instruction queue is full.
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VIR Hold Issue Conditions
These instructions hold issue at the VIR under any of the following conditions:

* Vi (and \Kk for 176jk) register is reserved for a 176 instruction and
tailgating is not permitted.

* Vj (and \k for 177jKk) register is reserved for a 177 instruction and
chaining is not permitted.

Execution Time
The execution time for vector instructions issued directly from CIP to the vector
load and store control section through the VIR is 3 CPs longer than the execution

time for the instruction that is waiting issue in the VIR. The issue times for
instructions 176 and 177 from the VIR are as follows:

e For instruction 17®k:
e  The instruction issues in 1 CP.
* The M register is ready in (VL) + 35 CPs if memory is available.

e PortAorBisbusy (VL) + 4 CPs if VE 4, or a minimum of 7 CPs.

* Forinstruction 177):
* The instruction issues in 1 CP.
* The Vjregister is ready in (VL) + 2 CPs.

e PortAorBisbusy (VL) + 7 CPs, if V& 3, or a minimum of 9 CPs.

e  For instruction 17dk:
e The instruction issues in 1 CP.

* The M register is ready in (VL) + 40 CPs, if memory is available.

* The \kregister is ready in (VL) + 2 CPs.
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Description
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e Port AorBisbusy (VL) +9 CPs, if V& 3, or a minimum or
12 CPs.

* Instruction 176lk is busy (VL) + 12 CPs.
* For instruction 177k:
* The instruction issues in 1 CP.
* The M and \kregisters are ready in (VL) + 2 CPs.

e PortAorBisbusy (VL) + 10 CPs, if V& 3, or a minimum of
12 CPs.

Instructions 176 and 177 transfer blocks of data between V registers and memory.
Instruction 176 reads data from memory to elements of registersttuction

177 stores data from elements of registetodmemory. The contents of the

VL register determine the number of elements that are transferred. Tailgating is
possible with the 176 instruction, and chaining is possible with the 177
instruction.

Instructions 17k and 17600 load words into elements of registerdfectly

from memory. AO contains the starting memory address; it is 32 bits wide. This
address is incremented by the contents of registéwAich is 32 bits wide) for
each word that is transmitted. The contents lotéan be positive or negative,
which allows both forward and backward streams of references.Kf the
designator is 0, or if 1 replaces A the operand field of the instruction, the
address is increased by 1.

Instruction 176lk gathers words from nonsequential memory locations and
loads them into sequential elements of registeR¥gisters Wand A0 generate
the nonsequential memory address. The low-order bits of each elemédnt of V
contain a signed integer, which is added to the contents of AO to obtain the
memory address$igure 57shows an example of the 1ZBinstruction.
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Figure 57. Gather Instruction Example

Vk Register Vi Register Memory
(Index) (Resulf) Contents/Address
VL Register 4 600 |« 200 100
4 2 400 |< 300 101
7 250 |< 400 102
0 200 |< 500 103
600 104
AO 700 105
100 100 106
250 107
350 108

In Figure 57 the VL register is set to 4, which results in a transfer of 4 elements.
The 1761k instruction adds the contents of AO to the contents of each element
of register \k to form a memory address. The contents of that address are then
loaded into the Mregister. Because A0 = 100 ankl&ement O = 4, the content

of address 104 is loaded into&ement 0. Similarly, A0 + Kelement 1 = 102,

and the content of memory location 102 is loaded ingdément 1. This process
continues until the number of elements that are transferred equals the VL count.

Instructions 177 and 177D store words from elements of registg¢directly

into memory. AO contains the starting memory address. This address is
incremented by the contents of regist&fér each word that is transmitted. The
contents of A can be positive or negative, allowing both forward and backward
streams of references. If tkelesignator is O, or if 1 replace& A the result

field of the instruction, the address is incremented by 1.

Instruction 177k scatters words from elements of registgtohonsequential
memory locations. Registerk\and A0 generate the nonsequential memory
address. The low-order bits of each elementafdhtain a signed integer, which
is added to the contents of AO to obtain the memory addfegse 58shows
an example of the 17jKlinstruction.
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Figure 58. Scatter Instruction Example

Vk Register Vj Register Memory
(Index) (Store Data) Contents/Address
VL Register 4 200 > 500 100
4 2 300 X 101
7 400 > 300 102
0 500 X 103
> 200 104
AO X 105
100 X 106
> 400 107
X 110

CSM-0301-0B0

In Figure 58 the VL register is set to 4, which results in a transfer of 4 elements.
The 1773k instruction adds the contents of AO to the contents of each element
of register \k to generate a memory address. An elemenf ad $tored at the
resulting memory address. Because A0 = 100 dnelément 0 = 4, the content

of Vj element O is stored in address 104. Similarly, AGkieMment 1 = 102,

and the content of \element 1 is stored in memory location 102. This process
continues until the number of elements that are transferred equals the VL count.
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