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PREFACE 

This publication describes the functions of the CRAY X-MP Series of 
Computer Systems. It is written to assist programmers and engineers and 
assumes a familiarity with digital computers, 

This manual describes the overall computer system, its configurations, 
and its equipment. It also describes the operation of the Central 
Processing Units, which execute instructions, provide memory protection, 
report hardware exceptions, and provide interprocessor communications 
within the CRAY X-MP Series of Computer Systems, 

Details of the CRAY 1/0 Subsystem, the DD-29 Disk Storage Unit, and the 
Solid-state Storage Device are given in the following publications: 

HR-0030 CRAY 1/0 Subsystem Hardware Reference Manual 
HR-0630 Mass Storage Subsystem Hardware Reference Manual 
HR-0031 Solid-state Storage Device (SSD) Reference Manual 

WARNING 

This equipment generates, uses, and can radiate radio 
frequency energy and if not installed and used in 
accordance with the instructions manual, may cause 
interference to radio communications. It has been 
tested and found to comply with the limits for a Class 
A computing device pursuant to Subpart J of Part 15 of 
FCC Rules, which are designed to provide reasonable 
protection against such interference when operated in a 
commercial environment. Operation of this equipment in 
a residential area is likely to cause interference in 
which case the user at his own expense will be required 
to take whatever measures may be required to correct 
the interference. 
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SYSTEM DESCRIPTION 

INTRODUCTION 

The CRAY X-MP Series of Computer Systems are powerful, general purpose 
multiprocessor systems with two Central Processing Units (CPUs) in each 
mainframe. Extremely high multiprocessing rates are achieved by 
combining scalar and vector capabilities of the CPUs, which are joined to 
a large, fast random-access solid-state memory (RAM) and shared registers. 

Vector processing is the performance of iterative operations on sets of 
ordered data. Since many vectors exceed 64 elements, a long vector is 
processed as one or more 64-element segments and a possible remainder of 
less than 64 elements. When two or more vector operations are chained 
together, two or more results can be produced each 9.5-nanosecond clock 
period, greatly exceeding the result rates of conventional scalar 
processing. Scalar operations complement the vector capability by 
providing solutions to problems not readily adaptable to vector 
techniques. 

The CRAY X-MP Series of Computer Systems has a high performance level, 
which is considerably beyond that of the CRAY-1 S Series of Computer 
Systems, Several equipment options allow an optimum CRAY X-MP Computer 
System to be configured for a particular use. Central Memory of the CRAY 
X-MP mainframe can be either 2 million 64-bit words (Model 22) or 4 
million 64-bit words (Model 24). The mainframe is compatible with all 
existing models of the CRAY 1/0 Subsystem and its associated mass storage 
subsystem. In addition, an optional high performance Solid-state Storage 
-. uevice (SSDj can be attached to the mainframe. Severai combinations of 
memory size and 1/0 capabilities are also possible, Figure 1-1 
illustrates a CRAY X-MP mainframe with a Cray 1/0 Subsystem and an SSD. 

The CRAY X-MP can also execute CRAY-1 S CFT-generated object code without 
modification, unless the vector recursion feature is used in CRAY-1 S 
programs.t Also, certain sequences of CAL instructions involving 
block memory transfers require explicit synchronization of memory 
transfers to execute correctly on the CRAY X-MP. 

This section describes system components and configurations. Table 1-1 
gives overall system characteristics. 

t For example, the assembly~language instruction V3 V3+V5 produces 
different results in register V3 when executed by the CRAY-1 and the 
CRAY X-MP . 



Figure 1-1. CRAY X-MP mainframe with a Cray 1/0 Subsystem and an SSD 

Table 1-1. CRAY X-MP system characteristics 

Configuration - Mainframe with 2 Central Processing Units (CPUs) 
- 1/0 Subsystem with 2, 3, or 4 1/0 Processors 
- Optional Solid-state Storage Device (SSD) 

CPU speed - 9.5 ns CPU clock period 
- 105 million floating-point additions per second per CPU 
- 105 million floating-point multiplications per second 
per CPU 

- 105 million half-precision floating-point divisions per 
second per CPU 

- 33 million full-precision floating-point divisions per 
second per CPU 

- Simultaneous floating-point addition, multiplication, 
and reciprocal approximation within each CPU 



Table 1-1. CRAY X-MP system characteristics (continued) 

Memor ies - Up to 4 million 64-bit words in mainframe Central Memory 
- 65,536 16-bit parcels in Local Memory of each 1/0 
Processor of the 1/0 Subsystem 

- 6 direct memory access (DMA) ports to Local Memory (each 
1/0 Processor) 

- 1, 4, or 8 million 64-bit words of 1/0 Subsystem Buffer 
Memory 

- 8, 16, or 32 million words of SSD memory 

Mass storage - 600 million byte disk drive 
- 48 disk drives maximum for 1/0 Subsystem 
- 35.4 Mbits per second disk drive transfer rate 

- - - - pp - - - 

Input/Output - One 1250 Mbytes per second Solid-state Storage Device 
(SSD) channel on mainframe 

- Two 100 Mbytes per second channels between mainframe and 
1/0 Subsystem for a system with an SSD 

- Four 100 Mbytes per second channels between mainframe 
and 1/0 Subsystem for a system without an SSD 

- Four 6 Mbytes per second channels 
- 40 channels; input or output, 24 of which share the six 
DMA ports per 1/0 Processor 

- Mainframe interfaces to 1/0 Subsystem 

Physical - 45 sq it floor space for mainframe 
- 15 sq ft floor space for 1/0 Subsystem 
- 15 sq ft floor space for SSD 
- 5.25 tons, mainframe weight 
- 1.5 tons, I/O Subsystem weight 
- 1.5 tons, SSD weight 
- Liquid refrigeration of each chassis 
- 400 Hz power from motor-generators 



CONVENTIONS 

The following conventions are used in this manual. 

ITALICS 

Italicized lowercase letters, such as jk, indicate variable information. 

REGISTER CONVENTIONS 

Parenthesized register names are used frequently in this manual as a form 
of shorthand notation for the expression "the contents of register ---." 
For example, "Branch to (P)" means "Branch to the address indicated by the 
contents of the program parcel counter, P." 

Designations for the A, B, S, T, and V registers are used extensively. 
For example, "Transmit (~jk) to sin' means "Transmit the contents of 
the T register specified by the j k  designators to the S register 
specified by the i designator." 

Register bits are numbered right to left as powers of 2, starting with 
2'. Bit 263 of an S, V or T register value represents the most 
significant bit. Bit 2j3 of an A or B register value represents the 
most significant bit. (A and B registers are 24 bits.) The numbering 
conventions for the Exchange Package and the Vector Mask register are 
exceptions. Bits in the Exchange Package are numbered from left to right 
and are not numbered as powers of 2 but as bits 0 through 63 with 0 as the 
most significant and 63 as the least significant. The Vector Mask 
register has 64 bits, each corresponding to a word element in a vector 
register. Bit 263 corresponds to element 0, bit 2O corresponds to 
element 63. 

NUMBER CONVENTIONS 

Unless otherwise indicated, numbers in this manual are decimal numbers. 
Octal numbers are indicated with an 8 subscript. Exceptions are register 
numbers, channel numbers, instruction parcels in instruction buffers, and 
instruction forms given in octal without the subscript. 

CLOCK PERIOD 

The basic unit of CPU computation time is 9.5 nanoseconds (ns) and is 
referred to as a clock period (CP). Instruction issue, memory references, 
and other timing considerations are often measured in CPs. 



SYSTEM COMPONENTS 

The CRAY X-MP Computer System is composed of a CRAY X-MP mainframe with 
two CPUs and an 1/0 Subsystem. Mass storage devices and optional tape 
devices are also integral parts of a CRAY X-MP Computer System. 
Optionally, A Cray Research SSD can be a component of a CRAY X-MP Computer 
System. Supporting this equipment are condensing units for refrigeration, 
power distribution units for the mainframe, 1/0 Subsystem, and SSD, and 
motor-generators providing system power. The system components are . 

described on the following pages. 

CENTRAL PROCESSING UNITS 

Each CPU has an independent control section and computation section. Both 
CPUs share Central Memory and the inter-CPU communication and 1/0 
sections. (CPU sections are described in later sections of this 
publication.) Figure 1-2 represents the basic organization of the two 
CPUs; figure 1-3 illustrates the components and control and data paths of 
one CPU in the system. 

Figure 1-2. Basic organization of the CRAY X-MP CPUs 
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Figure 1-3. Control and data paths for  a CPU 



The two CPUs are located in the central four columns of the CRAY X-MP 
mainframe chassis: one in the upper half and one in the laver half. The 
additional eight columns contain Central Memory. All CRAY X-MP Computer 
systems use a 12-column chassis (figure 1-4) with eight columns of memory 
and four columns of CPUs. For 16-bank machines (two million words), only 
four memory columns are required for memory and the other four columns 
are wired for later upgrading to 32 banks (four million words). 

Figure 1-4. CRAY X-MP mainframe chassis 
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1/0 SUBSYSTEM 

CRAY X-MP computers are equipped with an 1/0 Subsystem composed of two, 
three, or four 1/0 Processors (IOPs), Buffer Memory, and required 
interfaces. The 1/0 Subsystem is designed for fast data transfer between 
front-end computers, peripheral devices, storage devices, and Buffer 
Memory or between Buffer Memory and Central Memory of a CRAY X-MP 
mainframe. 

Each IOP has a memory section, a control section, a computation section, 
and an input/output section. 1/0 sections are independent and handle 
some portion of the 1/0 requirements for the system. The 1/0 Subsystem 
is housed in a 4-column chassis (figure 1-5). Refer to the CRAY 1/0 
Subsystem Reference Manual, publication HR-0030, for a detailed 
description of the 1/0 Subsystem. 

Figure 1-5. 1/0 Subsystem chassis 
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DD-29 DISK STORAGE UNIT 

The CRAY X-MP Series of Computer Systems uses the DD-29 Disk Storage Unit 
(DSU) for mass storage. This is a 606 Mbytes disk drive having a data 
transfer rate of 35.4 Mbits per second. 

Up to four DD-29s can be connected to one DCU-4 Disk Controller Unit. 
The DCU-4 Controller Unit interfaces the disk units with an 1/0 Processor 
of an 1/0 Subsystem through one direct memory access (DMA) port. The 1/0 
Processor and the disk controller unit can transfer data between the DMA 
port and four DSUs with all DSUs operating at full speed without missing 
data or skipping revolutions. A minimum of 2 and a maximum of 48 DD-29s 
can be configured. Figure 1-6 shows a DD-29 DSU. The DCU-4 Disk 
Controller Unit is housed in the 1/0 Subsystem chassis. 

Each DD-29 DSU has two accesses for connecting it to controllers. The 
second independent data path to each DSU exists through another Cray 
Research, Inc., controller. Reservation logic provides controlled access 
to each DSU. Dynamic sharing of devices is not supported by the Cray 
Operating System (COS) software. Table 1-2 summarizes DD-29 DSU 
operational characteristics. Further information about the mass storage 
subsystem is included in the CRAY 1/0 Subsystem Reference Manual, CRI 
publication HR-0030, and the Mass Storage Subsystem Hardware Reference 
Manual, CRI publication HR-0630. 

Figure 1-6. DD-29 Disk Storage Unit 
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Table 1-2. DD-29 DSU o p e r a t i o n a l  c h a r a c t e r i s t i c s  

B i t s  pe r  d r i ve :  4.848 x l o 9  
Bytes per  d r ive :  606 x l o 6  
Words pe r  d r ive :  75.8 x  l o 6  

Words per  s e c t o r :  512 
Words p e r  t r a ck :  9216 
Words per  l o g i c a l  cy l i nde r :  92,160 

Bytes per  s e c t o r :  4096 

S e c t o r s  pe r  l o g i c a l  t r a ck :  1 8  
Logical  t r a c k s  per  cy l i nde r :  10  

Maximum Latency: 16.6 msec. 

Access t i m e :  1 5  - 80 msec. 

Transfe r  r a t e  (maximum): 

One s e c t o r :  38.7 x l o 6  b i t s  per  second 

One c y l i n d e r  (180 s e c t o r s ) :  35.4 x  l o 6  b i t s  p e r  
second t 

One d r i v e  (823 c y l i n d e r s ) :  32.2 x  l o 6  b i t s  p e r  
second tt 

t Rate  is less than one sector r a t e  due t o  t h e  time 
requi red  t o  passover  t h e  s e c t o r  address  informat ion 
prerecorded between s e c t o r s .  

tt Rate is less than  one c y l i n d e r  r a t e  due t o  t h e  t i m e  
r equ i r ed  t o  move t h e  heads one t r a c k  (one c y l i n d e r ) .  



SOLID-STATE STORAGE DEVICE 

The Sol id-s ta te  S torage  Device (SSD) is used a s  a dev ice  f o r  temporary 
s torage and t r a n s f e r s  d a t a  between t h e  CRAY X-MP mainframe's Cen t r a l  
Memory and t h e  SSD. The speed o f  t hese  t r a n s f e r s  is dependent on t h e  SSD 
memory s i z e  and conf igu ra t ion  descr ibed  i n  t h e  So l id - s t a t e  Storage Device 
(SSD) Reference Manual, CRI p u b l i c a t i o n  HR-0031. The maximum speed 
a t t a ined  from the  SSD to Cen t r a l  Memory is 1250 Mbytes per  second. The 
SSD is housed i n  a 4-column c h a s s i s  ( f i g u r e  1-7).  

Figure 1-7. So l id - s t a t e  S torage  Device c h a s s i s  



CONDENSING UNITS 

Condensing units (figure 1-8) contain the major components of the 
refrigeration system used to cool the computer chassis and consists of 
two 25-ton condensers. Heat is removed from the condensing unit by a 
second level cooling system that is not part of the CRAY X-MP Computer 
System. Freon, which cools the computer, picks up heat and transfers it 
to water in the condensing unit. 

Figure 1-8. Condensing unit 



POWER DISTRIBUTION UNITS 

The CRAY X-MP mainframe, 1/0 Subsystem, and SSD all operate from 400 Hz 
3-phase power. The mainframe, 1/0 Subsystem, and SSD have independent 
power distribution units. The power distribution unit for the mainframe 
contains adjustable transformers for regulating the voltage to each power 
supply for the mainframe. The power distribution unit also contains 
temperature and voltage monitoring equipment that checks temperatures at 
strategic locations on the mainframe chassis. Automatic warning and 
shutdown circuitry protects the mainframe in case of overheating or 
excessive cooling. The control switches for the motor-generators and the 
condensing unit are mounted on the CRAY X-MP mainframe power distribution 
unit. 

The smaller power distribution unit performs similar functions for the 
1/0 Subsystem chassis or the SSD chassis. 

Figure 1-9 shows the power distribution units for the CRAY X-MP mainframe 
and for the 1/0 Subsystem or SSD. 

Figure 1-9. Power distribution units 



MOTOR-GENERATORS 

The motor-generator units convert primary power from the commercial power 
mains to the 400 Hz power used by the CRAY X-MP Computer System. These 
units isolate the system from transients and fluctuations on the 
commercial power mains. The equipment consists of two or three 
motor-generator units and a control cabinet. Figure 1-10 shows a typical 
motor-generator and the control cabinet. 

Figure 1-10. Motor-generator equipment I 



I NTERFACES 

The CRAY X-MP is des igned  f o r  u s e  w i t h  f ron t -end  computers  i n  a computer 
network. S tandard  f ront-end i n t e r f a c e s  c o n n e c t  to t h e  Master 1/0 
Processor  o f  a Cray 1/0 Subsystem v i a  c h a n n e l s  w i t h  a t r a n s f e r  r a t e  o f  
6 Mbytes p e r  second. 

Each i n t e r f a c e  is housed i n  a s t and-a lone  c a b i n e t  ( f i g u r e  1-11) l o c a t e d  
n e a r  t h e  h o s t  computer.  The c a b i n e t  is a i r  c o o l e d  and o p e r a t e s  d i r e c t l y  
from t h e  60 Hz AC power mains. Power consumption and t h e  h e a t  g e n e r a t e d  
by t h e  i n t e r f a c e  c a b i n e t  v a r y  w i t h  t h e  complex i ty  o f  t h e  i n t e r f a c e .  The 
c a b i n e t  c o n t a i n s  two or more l o g i c  modules and a p p r o p r i a t e  c a b l i n g  
c o n n e c t o r  p a n e l s .  I n t e r n a l  power s u p p l i e s  p r o v i d e  t h e  r e q u i r e d  l o g i c  and 
communication v o l t a g e s .  C a b i n e t  grounding is f l e x i b l e  and t h e  u n i t  c a n  
be e a s i l y  i n t e g r a t e d  i n t o  a f ron t -end  computer w i t h  its s p e c i f i c  
grounding requ i rements .  The i n t e r f a c e  u s e s  hardware l o g i c  to  perform 
command t r a n s l a t i o n  and p r o t o c o l  c o n v e r s i o n  needed to t r a n s f e r  d a t a .  Its 
o p e r a t i o n  is i n v i s i b l e  to  t h e  f ront-end computer user and t h e  CRAY X-MP 
user. 

F i g u r e  1-11. T y p i c a l  i n t e r f a c e  c a b i n e t  

SYSTEM CONFIGURATION 

The mainframe o f  t h e  CRAY X-MP S e r i e s  o f  Computer Systems h a s  two C e n t r a l  
P r o c e s s i n g  U n i t s  (CPUs). Model 22 h a s  a C e n t r a l  Memory w i t h  2 m i l l i o n  
64-b i t  words (16 b a n k s ) ;  model 24 h a s  a C e n t r a l  Memory w i t h  4 m i l l i o n  
64-b i t  words (32 b a n k s ) .  Memory is wi red  f o r  4 m i l l i o n  words and 32 
banks  t o  a l l o w  f o r  f i e l d  upgrade. F i g u r e s  1-12 and 1-13 i l l u s t r a t e  t w o  



variations of the system configuration. System components can be 
configured as described in this section. The system deadstart process 
(system initialization procedure) used to bring the system to an 
operational state is described later in this section. 

- CRAY X-MP 6 Mbytes pe r  second channel  

CRAY X-MP 100 Mbytes pe r  second channel  

CRAY X-MP 1250 Mbytes pe r  second channel  

Figure 1-12. Block diagram of CRAY X-MP system 
with increased disk capacity 



- CRAY X-MP 6 Mbytes pe r  second channel  

CRAY X-MP 100 Mbytes pe r  second channel  

CRAY X-MP 1250 Mbytes pe r  second channel  

F i g u r e  1-13, Block diagram o f  CRAY X-MP sys tem w i t h  
b lock m u l t i p l e x e r  c h a n n e l s  

CPU I / O  

Extremely  h i g h  speed  d a t a  t r a n s f e r s  to  and from t h e  SSD a r e  ach ieved  
us ing  a  c h a n n e l  w i t h  a t r a n s f e r  r a t e  o f  1250 Mbytes p e r  second,  
High-speed d a t a  t r a n s f e r s  t o  and from 1/0 P r o c e s s o r s  (IOPs) i n  t h e  1/0 
Subsystem a r e  ach ieved  u s i n g  t w o  c h a n n e l s  each  w i t h  a  t r a n s f e r  r a t e  o f  
100  Mbytes p e r  second.  Four 1/0 c h a n n e l  p a i r s  p r o v i d e  a c c e s s  t o  
f ront -end computers ,  mass s t o r a g e  c o n t r o l l e r s ,  and to  t h e  1/0 Subsystem. 



SOLID-STATE STORAGE DEVICE 

The Solid-state Storage Device (SSD) is an optional high performance 
device which can be configured with 8, 16, or 32 million 64-bit words of 
memory. A special CRAY X-MP interface cable set is used. The 
Solid-state Storage Device (SSD) Reference Manual, CRI publication 
HR-0031, provides additional information about the SSD. 

1/0 SUBSYSTEM 

The 1/0 Subsystem is standard on all models in the CRAY X-MP Series of 
Computers and has two to four 1/0 Processors (IOPs) and 1, 4, or 8 
million 64-bit words of Buffer Memory. The 1/0 Subsystem in the CRAY 
X-MP system is identical to the one used in a CRAY-1 S Series system. 

The Master 1/0 Processor MIOP) controls the front-end interfaces and the I standard group of station peripherals. The Peripheral Expander 
interfaces the station peripherals to one direct memory access (DMA) port 
of the MIOP. The MIOP also connects to Buffer Memory and to the 
mainframe over a 6 Mbytes per second channel. The MIOP communicates with 
the Cray Operating System (COS) to coordinate the activities of the 1/0 
Subsystem. 

The Buffer 1/0 Processor (BIOP) is the main link between Central Memory 
and the mass storage devices. Data from mass storage is often 
transferred through the BIOP's Local Memory to the mainframe's Central 
Memory via a 100 Mbytes per second channel. 

The Disk 1/0 Processor (DIOP) is used for additional disk storage units. 
This processor can accommodate up to four disk controller units with up 
to 16 disk storage units. The DIOP uses one DMA port for each 
controller, another DMA port to connect to with Buffer Memory, and 
another DMA port to connect a second 100 Mbytes per second channel to the 
mainframe Central Memory. 

The Auxiliary 1/0 Processor (XIOP) is used for block multiplexer channels 
and interfaces to a maximum of four BMC-4 Block Multiplexer Controllers, 
each of which can handle up to four block multiplexer channels. The XIOP 
uses one DMA port for each controller and another DMA port to connect 
with Buffer Memory. 

The 1/0 Subsystem hardware can accommodate two 100 Mbytes per second 
channels to the mainframe, that is, one channel to the BIOP and another 
channel to the DIOP or XIOP to transfer data simultaneously between the 
1/0 Subsystem and the mainframe's Central Memory. (Software to support 

t The term station means both hardware and software. Station is the 
link to the front end or can act as a limited front end (as the MIOP). 



t h e  100 Mbytes p e r  second c h a n n e l  t o  t h e  XIOP is c u r r e n t l y  n o t  
a v a i l a b l e . )  The CRAY X-MP mainframe hardware c a n  s u p p o r t  up to  t w o  100 
Mbytes p e r  second c h a n n e l s  and a 1250 Mbytes p e r  second channe l ;  
a l t e r n a t i v e l y ,  w i t h o u t  t h e  1250 Mbytes p e r  second channe l ,  t h e  mainframe 
c a n  supppor t  up to f o u r  100 Mbytes p e r  second channe l s .  There fo re ,  t h e  
CRAY X-MP c a n  be  c o n f i g u r e d  w i t h  one t o  f o u r  s e p a r a t e  1/0 Subsystems; 
however, sys tems w i t h  more t h a n  two 1/0 Subsystems c a n n o t  c o n n e c t  a n  SSD 
to t h e  CRAY X-MP mainframe. 

The CPU inpu t /ou tpu t  s e c t i o n  for t h e  CRAY X-MP is d e s c r i b e d  i n  s e c t i o n  2 
of t h i s  manual. The CRAY 1/0 Subsystem Hardware Refe rence  Manual, 
p u b l i c a t i o n  HR-0030, p r o v i d e s  a d d i t i o n a l  i n f o r m a t i o n  o n  1/0 Subsystem 
communication. 

INTERFACES TO FRONT-END COMPUTER 

A f ront-end computer sys tem is s e l f  c o n t a i n e d  and e x e c u t e s  under t h e  
c o n t r o l  o f  i ts  own o p e r a t i n g  system. S tandard  i n t e r f a c e s  connec t  t h e  
CRAY X-MP 1/0 c h a n n e l s  t o  c h a n n e l s  of f ront-end computers ,  p r o v i d i n g  
i n p u t  d a t a  to  t h e  CRAY X-MP Computer System and r e c e i v i n g  o u t p u t  from it 
f o r  d i s t r i b u t i o n  to  p e r i p h e r a l  equipment. I n t e r f a c e s  compensate f o r  
d i f f e r e n c e s  i n  channe l  wid ths ,  machine word s i z e ,  e l e c t r i c a l  l o g i c  
l e v e l s ,  and c o n t r o l  s i g n a l s .  The Master  1/0 Processor  o f  t h e  1/0 
Subsystem communicates w i t h  a f ront-end computer sys tem through a 6 
Mbytes p e r  second c h a n n e l  p a i r  t o  a c h a n n e l  a d a p t e r  module i n  t h e  CRAY 
X-MP mainframe. Communication c o n t i n u e s  through a f ront-end i n t e r f a c e  
( f i g u r e  1-11) t o  t h e  f ront-end computer t y p i c a l l y  v i a  a f ront-end 
computer 1/0 channel .  

A pr imary g o a l  of t h e  i n t e r f a c e  is to  maximize t h e  use  o f  t h e  f ront-end 
c h a n n e l  connected t o  t h e  CRAY X-MP Computer System. S i n c e  t h e  MIOP 
c h a n n e l  connected t o  t h e  i n t e r f a c e  is f a s t e r  t h a n  any f ront-end c h a n n e l  
connected t o  t h e  interface,  the burst  rate cf the interface is l imi t ed  by 
t h e  maximum r a t e  of t h e  f ront-end channel .  

P e r i p h e r a l  equipment a t t a c h e d  to  t h e  f ron t -end  computer v a r i e s  depending 
o n  t h e  use  of t h e  CRAY X-MP Computer System. 

I n t e r f a c e s  to f ront-end computers a l l o w  t h e  f ront-end computers  t o  
s e r v i c e  t h e  CRAY X-MP Computer System i n  t h e  f o l l o w i n g  ways: 

a A s  a master  o p e r a t o r  s t a t i o n  

a A s  a l o c a l  o p e r a t o r  s t a t i o n  

A s  a  l o c a l  b a t c h  e n t r y  s t a t i o n  

a A s  a d a t a  c o n c e n t r a t o r  f o r  m u l t i p l e x i n g  s e v e r a l  o t h e r  s t a t i o n s  
i n t o  a s i n g l e  CRAY X-MP channe l  



As a remote b a t c h  e n t r y  s t a t i o n  

As a n  i n t e r a c t i v e  communication s t a t i o n  

D e t a i l e d  in fo rmat ion  abou t  t h e  f ront-end sys tem and t h e  f ront-end 
communication p r o t o c o l  is beyond t h e  scope o f  t h i s  p u b l i c a t i o n .  

SYSTEM DEADSTART 

The 1/0 Subsystem is d e a d s t a r t e d  from t h e  P e r i p h e r a l  Expander magnet ic  
t a p e  u n i t .  Subsequent 1/0 Subsystem d e a d s t a r t i n g  can  be from magnet ic  
t a p e  or a DD-29 d i s k  u n i t .  Once t h e  1/0 Subsystem is  o p e r a t i n g ,  t h e  CRAY 
X-MP mainframe c a n  be  d e a d s t a r t e d  from t h e  P e r i p h e r a l  Expander magnetic 
t a p e  u n i t  o r  t h e  DD-29 d i s k  u n i t .  I n  c a s e  o f  a f a i l u r e  i n  t h e  MIOP, a 
maintenance d e a d s t a r t  p a n e l  c a n  be used t o  l o a d  a d e a d s t a r t  o r  d i a g n o s t i c  
program i n t o  t h e  MIOP or BIOP. 

The s t a r t u p  command and p r o c e d u r e s  f o r  i n s t a l l i n g  d e a d s t a r t  f i l e s  on t h e  
DD-29 d i s k  u n i t  a r e  d e s c r i b e d  i n  t h e  1/0 Subsystem (10s) O p e r a t o r ' s  
Guide,  CRI p u b l i c a t i o n  SG-0051. 



CPU SHARED RESOURCES 

INTRODUCTION 

The two Central Processing U n i t s  (CPUs) share the mainframe's Central 
Memory, the inter-CPU communication section, and input/output section. 
These areas common to  the CPUs are described i n  the following pages. 

CENTRAL MEMORY 

Central Memory consists of 1 6  or 32 banks of solid-state, random access 
memory (RAM) and is shared by the CPUs and the 1/0 section. Two 
standard Central Memory sizes are available: two million words w i t h  1 6  
banks and four million words w i t h  32 banks. Banks are independent of 
each other. Each word is 72 b i t s  w i t h  64 data b i t s  and 8 check bi ts .  
Sequentially addressed words reside i n  sequential banks. 

Central Memory cycle time is 4 clock periods (CPs)  or 38 nanoseconds 
( n s ) .  Access time, the time required t o  fetch an operand from Central 
Memory to  an operating register,  is 1 4  CPs (133 n s )  for A and S register 
operands. Access time is 17 CPs + vector length for a vector (V) 
register and 1 6  CPs + block length for a block transfer t o  an 
intermediate address (B) or intermediate scalar (T) register. 

The maximum transfer rate  per CPU for B, T ,  and V registers is three 
w=rd= per CP; fez address (A )  2nd scalar ( S )  registers per CPc, it is 

one word per 2 CPs. Transfer of instructions to  instruction buffers 
occurs a t  a rate  of 32 parcels (eight words) per CP. For the 1/0 
section, the transfer rate  is two words per CP. 

Central Memory features are summarized below and are described i n  de ta i l  
i n  the following paragraphs. 

Shared access from the two CPUs 
2 million or 4 million words of integrated c i rcui t  memory 
64 data b i t s  and 8 error correction b i t s  per word 
1 6  or 32 interleaved banks 
4-CP bank cycle time 
Single error correction/double error detection (SECDED) 
3 words per CP transfer rate  to  B, T, and V registers per CPU 



1 word p e r  2 CP t r a n s f e r  r a t e  t o  A and S r e g i s t e r s  p e r  CPU 
8 words p e r  CP t r a n s f e r  r a t e  t o  i n s t r u c t i o n  b u f f e r s  
2 words p e r  CP t r a n s f e r  r a t e  t o  1/0 c o n c u r r e n t  w i t h  a l l  memory 
a c t i v i t y  e x c e p t  i n s t r u c t i o n  f e t c h  and exchange 

MEMORY ORGAN1 ZATION 

C e n t r a l  Memory is  o r g a n i z e d  i n t o  f o u r  s e c t i o n s  w i t h  f o u r  o r  e i g h t  banks 
i n  each  s e c t i o n .  The 16-bank phas ing  is  s t a n d a r d  f o r  a 2 m i l l i o n  word 
sys tem,  and 32-bank phas ing  is s t a n d a r d  f o r  a 4 m i l l i o n  word system. 

Each bank o c c u p i e s  one-quar te r  o f  a column and c o n t a i n s  1 8  modules. 
Each module c o n t r i b u t e s  f o u r  d a t a  o r  check b i t s  to  each  72-b i t  word i n  
t h e  bank; a memory word c o n s i s t s  o f  64  d a t a  b i t s  and 8 check b i t s .  

Each CPU i s  connected to  an independent  a c c e s s  p a t h  i n t o  each  o f  t h e  
f o u r  s e c t i o n s ,  a s  shown i n  f i g u r e  2-1. T h i s  c o n f i g u r a t i o n  a l l o w s  up t o  
e i g h t  memory r e f e r e n c e s  p e r  c l o c k  p e r i o d .  

(F, p o r t  s 

I I 

A B C  

SECTION 0  SECTION 2  
Banks 0 , 4 , 8 , 1 2 , ~  - *- Banks 2 1 6 1 1 0 r 1 4 r t  

- 
1 6 1 2 0 , 2 4 1 2 8  CPU 1 8 1 2 2 r 2 6 1 3 0  

SECTION 1 SECTION 3  
Banks 1 , 5 1 9 1 1 3 1 t  Banks 3 , 7 , 1 1 1 1 5 ~ ~  

F i g u r e  2-1. C e n t r a l  Memory o r g a n i z a t i o n  

1 7 , 2 1 1 2 5 , 2 9  

t Low-numbered 4 banks i n  each  s e c t i o n  a r e  f o r  a 16-bank sys tem o n l y ;  a 
32-bank sys tem h a s  8 banks i n  each  s e c t i o n .  

s e l e c t i o n  
* CPU 

p a t h  - 1 9 1 2 3 , 2 7 1 3 1  



MEMORY ADDRESSING 

A word i n  a 32-bank memory is  addressed  i n  a maximum o f  22 b i t s  a s  shown 
i n  f i g u r e  2-2. The low-order 5 b i t s  s p e c i f y  one o f  t h e  32 banks. The 
n e x t  1 2 - b i t  f i e l d  s p e c i f i e s  a n  a d d r e s s  w i t h i n  t h e  c h i p .  The high-order  5 
b i t s  s p e c i f y  one c h i p  on t h e  module. 

Chip  I n t e r n a l  b i t  5 - b i t  
a d d r e s s  a d d r e s s  i n  
select c h i p  

F i g u r e  2-2. Memory a d d r e s s  (32 banks) 

A word i n  a 16-bank memory is addressed  i n  a maximum o f  21  b i t s  a s  shown 
i n  f i g u r e  2-3. I n  t h i s  c a s e ,  t h e  low-order 4 b i t s  s p e c i f y  one o f  t h e  1 6  
banks. The n e x t  1 2 - b i t  f i e l d  s p e c i f i e s  a n  a d d r e s s  w i t h i n  t h e  c h i p .  The 
high-order 5 b i t s  s p e c i f y  one c h i p  on t h e  module. 

Ch ip  I n t e r n a l  b i t  4 -b i t  
a d d r e s s  a d d r e s s  i n  
select c h i p  

F i g u r e  2-3. Memory a d d r e s s  (16 banks)  

MEMORY ACCESS 

Each CPU i n  t h e  CRAY X-MP sys tem h a s  f o u r  memory a c c e s s  p o r t s ,  r e f e r r e d  
to  a s  P o r t  A,  P o r t  B, P o r t  C, and I/O. Each p o r t  is c a p a b l e  o f  making 
one  r e f e r e n c e  p e r  CP. P o r t s  A,  B, and C are used f o r  CPU r e g i s t e r  
t r a n s f e r s .  

B, T, and v e c t o r  memory i n s t r u c t i o n s  i s s u e  to  a p a r t i c u l a r  memory p o r t :  

Vector r e a d  (block r e a d s  o n l y ) ,  B read  i n s t r u c t i o n s  (176, 034) use  
P o r t  A. 
Vec to r  r ead  (block r e a d s  o n l y ) ,  T r e a d  i n s t r u c t i o n s  (176, 036) u s e  
P o r t  B. 
Vector store, B,  o r  T store i n s t r u c t i o n s  (177, 035, and 037) and 
s c a l a r  i n s t r u c t i o n s  (100-137) use  P o r t  C. 

Once a n  i n s t r u c t i o n  i s s u e s  to  a p o r t ,  t h a t  p o r t  is r e s e r v e d  u n t i l  a l l  
r e f e r e n c e s  a r e  made f o r  t h a t  i n s t r u c t i o n .  



The references for a block transfer (V,B,T) are made i n  sequence. 
However, since each reference is examined individually for possible 
conflicts,  the data flow for a transfer may not be continuous. I f  an 
instruction requires a port that is busy, issue is blocked. Total 
execution time of the transfer depends upon the number and type of 
conflicts encountered during the transfer. 

Because concurrent block reads and writes are not examined for memory 
overlap hazard conditions (that is, read before write or write before 
read),  the software must detect the cases where t h i s  condition occurs and 
assure sequential operation. The bidirectional memory mode enable 
(002500), bi-directional memory mode disable (002600) ,  and the complete 
memory reference (002700) instructions are provided t o  resolve these 
cases and assure sequential operation. I f  the bidirectional memory mode 
i s  clear,  block reads and writes are not allowed to  operate concurrently 
w i t h i n  that CPU. Instruction 002700 allows the program to  wait u n t i l  the 
l a s t  references of a l l  preceding block transfers are past the conflict  
resolution stage w i t h i n  the CPU issuing it and the transferred data is  
being ,transmitted to  the designated memory or register locations. 
Instruction 002700 provides software a mechanism, wherever necessary i n  
the program, to  guarantee sequential memory operation w i t h i n  a CPU or 
be tween CPUs . 
Issue of scalar memory references requires Ports A ,  B,  and C t o  be 
available, ensuring sequential operation between block transfers and 
scalar references w i t h i n  a CPU. A scalar reference conflict  i s  detected 
i n  CP 3 of execution. I f  a conflict  occurs, one more scalar reference i s  
allowed t o  issue. A third scalar reference holds issue i f  the conflict  
condition s t i l l  ex is ts  for the preceding scalar reference. Scalar 
references always execute i n  the order they are issued w i t h i n  a CPU. 
Instruction 002700 detects when a l l  scalar references are past the 
confl ict  resolution stage w i t h i n  the CPU issuing it. 

One-half of the CPU 1/0 channels reference memory through each CPU'S 1/0 
port. The 1/0 port can be active regardless of the ac t iv i t ies  on Ports 
A,  B, or C. 

When an instruction fetch request occurs, a l l  referencing from the eight 
memory ports is inhibited. When memory is quiet (0  t o  3 C P s ) ,  the fetch 
proceeds and references 32 banks i n  the next 4 CPs (6  CPs if 1 6  banks). 
Then the referencing of the eight ports is enabled. 

An exchange requires a l l  ac t iv i t ies  w i t h i n  a CPU t o  complete before the 
exchange request is made. When the exchange request is made, a l l  
referencing from the four memory ports of the other CPU is inhibited. 
When memory is  quiet (0 to  3 C P s ) ,  the exchange proceeds and references 
1 6  banks i n  the next 2 1  CPs. Each bank is referenced twice during th is  
time, once for a read and once for a write. A fetch request follows 
immediately af ter  the exchange reference is complete and then referencing 
from the four memory ports of the other CPU i s  enabled. 



C o n f l i c t  r e s o l u t i o n  

During each c l o c k  p e r i o d ,  r e f e r e n c e s  t o  t h e  memory p o r t s  i n  t h e  system 
a r e  examined f o r  memory a c c e s s  c o n f l i c t s .  I f  a  c o n f l i c t  o c c u r s  f o r  a  
r e f e r e n c e ,  t h e  r e f e r e n c e  is h e l d  and no f u r t h e r  r e f e r e n c i n g  from t h a t  
p o r t  is al lowed u n t i l  t h e  c o n f l i c t  is  reso lved .  

Three  t y p e s  o f  memory a c c e s s  c o n f l i c t s  c a n  occur :  Bank Busy, 
Simul taneous  Bank, and Sec t ion .  

Bank Busy c o n f l i c t  - The Bank Busy c o n f l i c t  is caused by any p o r t  w i t h i n  
or between CPUs r e q u e s t i n g  a  bank c u r r e n t l y  i n  a  r e f e r e n c e  c y c l e .  
R e s o l u t i o n  o f  t h i s  c o n f l i c t  o c c u r s  when t h e  bank c y c l e  is complete.  Hold 
reference because of a Bank Busy c o n f i i c t  is i, 2 ,  or 3 CPs.  

Simul taneous  Bank c o n f l i c t  - The Simul taneous  Bank c o n f l i c t  is caused by 
t w o  o r  more p o r t s  i n  d i f f e r e n t  CPUs r e q u e s t i n g  t h e  same bank. R e s o l u t i o n  
o f  t h i s  c o n f l i c t  is based on a p r i o r i t y  (see Inter-CPU p r i o r i t y ) .  Hold 
r e f e r e n c e  is 1 CP because  o f  a  Simul taneous  Bank c o n f l i c t .  A Bank Busy 
c o n f l i c t  always follows a  Simul taneous  Bank c o n f l i c t .  

S e c t i o n  c o n f l i c t  - The S e c t i o n  c o n f l i c t  i s  caused by two or more p o r t s  i n  
t h e  same CPU r e q u e s t i n g  any bank i n  t h e  same s e c t i o n .  R e s o l u t i o n  o f  t h i s  
c o n f l i c t  is based on a  p r i o r i t y ,  t h e  Bank Busy c o n f l i c t ,  and Simul taneous  
Bank c o n f l i c t .  The h i g h e s t  p r i o r i t y  p o r t  w i t h  no Bank Busy c o n f l i c t  and 
no  Simul taneous  Bank c o n f l i c t  is al lowed to  proceed,  a l l  o t h e r  p o r t s  
invo lved  i n  t h i s  c o n f l i c t  ho ld  (see Intra-CPU p r i o r i t y ) .  Hold r e f e r e n c e  
is 1 CP because  o f  a  S e c t i o n  c o n f l i c t .  

Memory a c c e s s  p r i o r i t i e s  

The fo l lowing  p r i o r i t i e s  a r e  used t o  r e s o l v e  memory access c o n f l i c t s .  

Intra-CPU p r i o r i t y :  t h e  p r i o r i t y  between P o r t s  A,  B, and C is  
determined by t h e  f o l l o w i n g  c o n d i t i o n s :  

- Any p o r t  w i t h  an  odd increment  a lways  h a s  a  h i g h e r  p r i o r i t y  
t h a n  a  p o r t  w i t h  a n  even increment  r e g a r d l e s s  o f  t h e i r  i s s u e d  
sequence.  

- Among a l l  p o r t s  w i t h  t h e  same t y p e  o f  increment  (odd or e v e n ) ,  
t h e  r e l a t i v e  time o f  i s s u e  d e t e r m i n e s  t h e  p r i o r i t y ,  w i t h  t h e  
f i r s t  i s s u e d  having t h e  h i g h e s t  p r i o r i t y .  



Inter-CPU priority: every 4 clock periods the priority between 
CPUs changes. 

1/0 priority: the 1/0 ports are always lowest priority,  w i t h i n  
or between CPUs. 

16-BANK PHASING 

The effect  of 16-bank phasing on instruction fetches i s  a predictable 
increase of 2 CPs for f i l l ing  an instruction buffer. Otherwise, the 
amount of performance degradation for 1 6  banks compared w i t h  32 banks i s  
not readily predictable since it largely results from an increase of 
memory con£ l i c t s .  

For maintenance purposes, a 32-bank system can be modified t o  operate 
w i t h  only 1 6  banks using either the lower or upper half of memory. 
Maintenance is accomplished by setting the bank select switch to  the 
lower or upper banks. 

MEMORY ERROR CORRECTION 

A single error correction/double error detection (SECDED) network is 
used between a CPU and memory. SECDED assures that data written into 
memory can be returned t o  the CPU w i t h  consistent precision (figure 2-4) .  

If a single b i t  of a data word i s  altered, the single error alteration 
is automatically corrected before passing the data word t o  the 
computer. If two b i t s  of the same data word are altered, the error i s  
detected but not corrected. I n  either case, the CPU can be interrupted 
depending on interrupt options selected to allow processing of the 
error.  For three or more b i t s  i n  error ,  results are ambiguous. 

I 
0 

DATA , 
BITS 

Figure 2-4. Memory data path w i t h  SECDED 

MEMORY 
ERROR 

CORRECT DATA FANIN P CPU 



The SECDED error processing scheme is based on error detection and 
correction codes devised by R. W. ~ a m m i n ~ . ~  An 8-bit check byte is 
appended t o  the 64-bit data word before the data i s  written i n  memory. 
The 8 check b i t s  are each generated as even parity b i t s  for a specific 
group of data b i t s .  Figure 2-5 shows the b i t s  of the data word used t o  
determine the s t a t e  of each check b i t .  An X i n  the horizontal row 
indicates that data b i t  contributes t o  the generation of that  check 
b i t .  Thus, check b i t  

.I -. 
group of b i t s  2', 2' 
225, 227,  229, and 2 31 

0 is the b i t  mak 
211 , . 

roup 
215 

i t y  even for the 
, 219 , z21,  223 , 

The 8 check b i t s  and the data word are stored i n  memory a t  the same 
location. When read from memory, the same 64-b i t  matrix of figure 2-5 i s  
used t o  generate a new s e t  of check b i t s ,  which are compared w i t h  the old 
check bits. The resulting 8 comparison b i t s  are called syndromett 
b i t s  (S b i t s ) .  The s t a t e s  of these S b i t s  are a l l  symptoms of any error 
that  occurred (1 = no compare). If a l l  syndrome b i t s  are 0,  no memory 
error is assumed. 

Any change of s t a t e  of a single b i t  i n  memory causes an odd number of 
syndrome b i t s  t o  be s e t  t o  1. A double error (an error i n  two b i t s )  
appears as  an even number of syndrome b i t s  se t  t o  1. 

The matrix is designed so that: 

If  a l l  syndrome b i t s  are 0 ,  no error is assumed. 

a I f  only 1 syndrome b i t  i s  1, the associated check b i t  is i n  error.  

If  more than 1 syndrome b i t  is 1 and the parity of a l l  syndrome 
bi t s  SO through S7 is even, then a double error (or an even number 
of b i t  errors) occurred w i t h i n  the data b i t s  or check b i t s .  

a If more than 1 syndrome b i t  i s  1 and the parity of a l l  syndrome 
b i t s  is odd, then a single and correctable error is assumed to 
have occurred. The syndrome b i t s  can be decoded t o  identify the 
b i t  i n  error. 

If  3 or more memory b i t s  are i n  error ,  the parity of a l l  syndrome 
b i t s  is odd and resul ts  are ambiguous. 

t Hamming, R.W., "Error Detection and Correcting Codes," Bell System 
Technical Journal, 29, No. 2 ,  pp. 147-160 (April, 1950). 

t t  Syndrome: Any s e t  of characteristics regarded as  identifying a 
certain type, condition, etc. Websters New World Dictionary. 



CHECK BYTE 

2 7 1  2 7 0  2 6 9  2 6 8  2 6 7  2 6 6  2 6 5  2 6 4  

check b i t  o 

check b i t  1 

check b i t  2  

check b i t  3 

check b i t  4 

check b i t  s 

check b i t  6 

check b i t  7 x 

2 4 7  2 4 6  2 4 5  2 4 4  2 4 3  2 4 2  2 4 1  2 4 0  

X X X X X X X X  

X X X X X X X X  

X X X X X X X X  

X  X  X  X  

X  X  X  X  

x x x x  

X  X  X  X  

2 2 3  2 2 2  2 2 1  2 2 0  2 1 9  2 1 8  2 1 7  2 1 6  

X  X  X  X  

X  X  X  X  

x x x x  

X  X  X  X  

X X X X X X X X  

X X X X X X X X  

X X X X X X X X  

X X X X X X X X  

X X X X X X X X  

X X X X X X X X  

X  X  X X  

X  X  X  X  

x x x x  

X  X  X  X  

2 3 9  2 3 8  2 3 7  2 3 6  2 3 5  2 3 4  2 3 3  2 3 2  

X  X  X  X  X  X  X  X  

X X X X X X X X  

X X X X X X X X  

X  X  X  X  

X  X  X  X  

x x x x  

X  X  X  X  

2 1 5  2 1 4  2 1 3  2 1 2  2 1 1  2 1 0  2 9  2 8  

X  X  X  X  

X  X  X  X  

x x x x  

X  X  X  X  

X X X X X X X X  

X X X X X X X X  

X X X X X X X X  

Figure 2-5. Error correction matrix 

INTER-CPU COMMUNICATION SECTION 

2 5 5  2 5 4  2 5 3  2 5 2  2 5 1  2 5 0  2 4 9  2 4 8  

X X X X X X X X  

X X X X X X X X  

X X X X X X X X  

X  X  X  x 

X  X  X  X  

X  X  X  X  

X  X  X  X  

X X X X X X X X  

X X X X X X X X  

X X X X X X X X  

z 7  2 6  z 5  z 4  2 3  z 2  2 l  2O 

X  X  X  X  

X  X  X  X  

x x x x  

X  X  X  X  

X X X X X X X X  

X X X X X X X X  

X X X X X X X X  

The inter-CPU communication section of the CRAY X-MP mainframe contains 
special hardware for communication between the two CPUs, for control, and 
for a real-time clock. The Real-time Clock (RTC), Shared Address (SB), 
Shared Scalar (ST), and Semaphore (SM) registers are shared by the CPUs. 
These registers with their sources and destinations are shown in 
figure 2-6 and described in the following paragraphs. 



A i  

S B j  

S i  

S T j  

- 
4 

REAL-TIME CLOCK 

4 
RTC * 

The CRAY X-MP mainframe c o n t a i n s  one Real-time Clock (RTC) r e g i s t e r  
s h a r e d  by t h e  t w o  CPUs. Programs c a n  be t imed p r e c i s e l y  by u s i n g  t h e  
clock p e r i o d  (CP) c o u n t e r .  T h i s  c o u n t e r  is 64  b i t s  wide  and advances  one 
c o u n t  each CP o f  9.5 nanoseconds. S i n c e  t h e  clock advances  synchronously  
w i t h  program e x e c u t i o n ,  it c a n  be  used t o  time t h e  program t o  a n  e x a c t  
number o f  CPs. However, i n  such an  a p p l i c a t i o n ,  t h e  c o u n t i n g  c a n  c o n t a i n  
c o u n t s  from o t h e r  t a s k s  i f  an  i n t e r r u p t  o c c u r s  b e f o r e  t h e  end t i m e  is 
read.  



~nst ruc t ions  used w i t h  the Real-time Clock (RTC) register are: 

001430 RT S j  Enter the RTC register w i t h  ( S j )  
072i00 S i  RT Transmit ( R E )  t o  S i  

The CP counter can be read by a program using instruction 072 and can be 
reset only by instruction 0014j0.  Loading or reading the CP counter 
can occur from both CPUs a t  the same time. I f  both CPUs are i n  monitor 
mode, the software should ensure that  only one CPU enters a value into 
t h i s  register.  

INTER-CPU COMMUNICATION AND CONTROL 

Three identical se t s  of shared registers i n  the CRAY X-MP are used for 
communication and control between the two CPUs. Each s e t  contains eight 
24-bi t  Shared Address (SB) registers,  eight 64-b i t  Shared Scalar (ST) 
regis ters  and thir  ty-two 1 -b i t  Semaphore ( S M )  registers.  

Each C P U 1 s  Cluster Number (CLN) register determines which se t  of shared 
registers  is accessed by a CPU (clustering).  The CLN register is loaded 
from the exchange package or i f  the CPU is i n  monitor mode, via 
instruction 0014j3 .  The CLN register can contain one of four different 
values. Values 1, 2 ,  or 3 allow the CPU t o  access one of the three se ts  
of shared registers.  Value 0 prevents any access t o  shared registers by 
the CPU. I f  the value is 0,  instructions regarding the shared registers 
become no-ops, except for the instructions returning values t o  A i  or 
~ i ,  which return a 0 value. I f  the CLN registers i n  both CPUs are set  
t o  the same value (1, 2,  or 3 ) ,  then the two CPUs share a common s e t  of 
SB,  ST, and S M  registers. 

Shared Address and Shared Scalar regis ters  

The Shared Address (SB)  and Shared Scalar (ST) registers are used for 
passing address and scalar information from one CPU t o  another. No 
hardware reservations are made on these registers.  Any necessary 
reservations t o  r e s t r i c t  access t o  these registers m u s t  be handled i n  the 
software through use of the Semaphore (SM) regis ters  or by shared memory 
design. The single hardware restr ic t ion on access t o  the SB and ST 
registers is that  only one read (occurs a t  issue) or one write (occurs 3 
CPs af ter  issue) operation can occur i n  a CP. 

The instructions used w i t h  the SB and ST regis ters  are: 

0 2 6 i j 7  ~i S B ~  Transmit ( s B ~ )  t o  ~i 
027ij7 S B ~ A ~  Transmit ( A i )  t o  S B j  
072ij3 S i   ST^ Transmit  ST^) to  S i  
073i j3  ST^ ~i Transmit ( ~ i )  t o   ST^ 



Access c o n f l i c t s  to Sha red  Addres s  (SB) and Sha red  S c a l a r  (ST) r e g i s t e r s  
o c c u r  under t h e  c o n d i t i o n s  shown i n  t a b l e  2-1 r e g a r d l e s s  of c l u s t e r i n g .  
Fo r  example,  i f  a r e a d  i n s t r u c t i o n  f o r  CPU 0  and a r e a d  i n s t r u c t i o n  f o r  
CPU 1 e n t e r  CIP s i m u l t a n e o u s l y ,  a c o n f l i c t  o c c u r s  and  CPU 1 h o l d s  i s s u e  
for one  CP. 

T a b l e  2-1. Access c o n f l i c t s  t o  s h a r e d  r e g i s t e r s  

CPU 0 
SB or ST r e g i s t e r  

o p e r a  t i o n  

READ ( f i r s t  CP i n  CIP)  

READ ( n o t  f i r s t  CP i n  CIP) 

READ ( f i r s t  CP i n  CIP)  

READ ( n o t  f i r s t  CP i n  CIP) 

CPU 1 
SB or ST r e g i s t e r  

I Hold 
i s s u e  

o p e r a t i o n  

READ ( f i r s t  CP i n  CIP) I CPu 
READ ( f i r s t  CP i n  CIP) I CPu 
READ ( n o t  f i r s t  CP i n  CIP)  I CPU 0 

I WRITE ( f i r s t  CP i n  CIP) / WRITE ( f i r s t  CP i n  CIP)  1 CPU 1 

READ ( n o t  f i r s t  CP i n  CIP) CPU 0  

I WRITE ( f i r s t  CP i n  CIP)  
I WRITE ( n o t  f i r s t  CP i n  CIP) 

I WRITE ( n o t  f i r s t  CP i n  CIP) 

WRITE ( f i r s t  CP i n  CIP) I CPU 1 

READ (Write i s s u e d  
3  CPs b e f o r e )  

1 READ 

I 
(Write i s s u e d  3 CPs b e f o r e )  

WRITE ( n o t  f i r s t  CP i n  CIP)  1 
WRITE ( n o t  f i r s t  CP i n  CIP) 

(Write i s s u e d  3 CPs b e f o r e )  I 
I 

READ (Write i s s u e d  
3 CPs b e f o r e )  

READ I 

CPU 0 

CPU 0  

CPU 0  

CPU 0  

CPU 1 

CPU 1 

Semaphore r e g i s t e r s  

The Semaphore (SM) r e g i s t e r s  are used  f o r  c o n t r o l  be tween t h e  t w o  CPUs. 
N o  hardware  r e s e r v a t i o n s  are made o n  t h e s e  r e g i s t e r s .  Loading  or r e a d i n g  
t h e  SM r e g i s t e r s  or s e t t i n g  or c l e a r i n g  a p a r t i c u l a r  S M  r e g i s t e r  c a n  
o c c u r  a t  any time from e i t h e r  or b o t h  CPUs. 

The t e s t  and set i n s t r u c t i o n  (0034 jk )  is t h e  o n l y  o p e r a t i o n  o n  t h e  S M  
r e g i s t e r s  i n c l u d i n g  a hardware  i n t e r l o c k .  T h i s  i n t e r l o c k  p r e v e n t s  a 
s i m u l t a n e o u s  test  and se t  o p e r a t i o n  o n  t h e  same SM r e g i s t e r  from b o t h  



CPUs. I n  t h i s  c a s e ,  CPU 1 h o l d s  i s s u e  and CPU 0  p roceeds .  The tes t  and 
se t  i n s t r u c t i o n  f i r s t  tes ts  t h e  v a l u e  o f  t h e  s e l e c t e d  SM r e g i s t e r .  I f  
t h e  v a l u e  is 0 ,  t h e  i n s t r u c t i o n  i s s u e s  and sets t h a t  SM r e g i s t e r  to a 1. 
I f  t h e  v a l u e  is 1, t h e  i n s t r u c t i o n  h o l d s  i s s u e  u n t i l  t h e  v a l u e  is 0. 

When b o t h  CPUs i n  a  c l u s t e r  are h o l d i n g  i s s u e  on  a  t e s t  and set 
i n s t r u c t i o n ,  a dead lock  i n t e r r u p t  c a n  o c c u r .  I f  t h e  CLN r e g i s t e r s  i n  
b o t h  CPUs are e q u a l  and n o t  0 ,  b o t h  CPUs b e l o n g  to  t h e  same c l u s t e r  and 
b o t h  CPUs must  b e  h o l d i n g  i s s u e  o n  a  t e s t  and s e t  i n s t r u c t i o n  to  c a u s e  a 
d e a d l o c k  i n t e r r u p t .  I n  t h i s  c a s e ,  b o t h  CPUs r e c e i v e  a  dead lock  
i n t e r r u p t .  I f  t h e  CLN r e g i s t e r s  i n  b o t h  CPUs a r e  n o t  e q u a l ,  t h e  t w o  CPUs 
are i n  d i f f e r e n t  c l u s t e r s .  I f  o n e  CPU h o l d s  i s s u e  o n  a  test  and set  
i n s t r u c t i o n ,  t h a t  CPU r e c e i v e s  a d e a d l o c k  i n t e r r u p t .  N o  d e a d l o c k  
i n t e r r u p t  c a n  o c c u r  i n  c l u s t e r  0  (CLN = 0 ) .  

When a n  i n t e r r u p t  o c c u r s ,  no rma l ly  t h e  i n s t r u c t i o n s  a l r e a d y  i n  t h e  NIP 
and CIP r e g i s t e r s  are a l lowed  to  i s s u e  b e f o r e  t h e  exchange  sequence  
s t a r t s .  I f  a t e s t  and set i n s t r u c t i o n  is h o l d i n g  i n  t h e  CIP r e g i s t e r  and 
a n  i n t e r r u p t  o c c u r s ,  a s p e c i a l  exchange  s t a r t - u p  sequence  is i n i t i a t e d .  
I n  t h i s  c a s e  t h e  i n s t r u c t i o n  i n  t h e  NIP r e g i s t e r  and  t h e  tes t  and set  
i n s t r u c t i o n  i n  t h e  CIP r e g i s t e r  a r e  d i s c a r d e d  and t h e  program c o u n t e r  (PI 
r e g i s t e r  is a d j u s t e d  t o  p o i n t  t o  t h e  d i s c a r d e d  t e s t  and set i n s t r u c t i o n .  
The W a i t i n g  on  Semaphore (WS) f l a g  i n  t h e  exchange  package  sets, 
i n d i c a t i n g  a t e s t  and set i n s t r u c t i o n  was h o l d i n g  i n  t h e  CIP r e g i s t e r  
when t h e  i n t e r r u p t  o c c u r r e d .  The exchange  sequence  is t h e n  s t a r t e d .  

I n s t r u c t i o n s  used  w i t h  t h e  S M  r e g i s t e r s  a r e :  

0034 jk  SMjk l , T S  T e s t a n d s e t ,  ~ ~ j k  
0036 jk  ~ M j k  0  C l e a r  ~ M j k  
0037 jk  S ~ j k  1 S e t  SMjk 

072 i02  s i  SM T r a n s m i t  (SM) t o  ~i 
073 i02  SM si T r a n s m i t  ( ~ i )  to  S M  

CPU INPUT/OUTPUT SECTION 

The Input /Output  s e c t i o n  of t h e  CRAY X-MP mainf rame is  s h a r e d  by t h e  two 
C e n t r a l  P r o c e s s i n g  U n i t s  (CPUs). The CRAY X-MP s u p p o r t s  t h r e e  c h a n n e l  
t y p e s  i d e n t i f i e d  by t h e i r  maximum t r a n s f e r  rates o f  1250 Mbytes p e r  
s econd ,  100 Mbytes p e r  s econd ,  and 6  Mbytes p e r  second.  

One 1250 Mbytes p e r  s econd  c h a n n e l  t r a n s f e r s  d a t a  between t h e  C e n t r a l  
Memory and t h e  S o l i d - s t a t e  S t o r a g e  Device  (SSD). T h i s  c h a n n e l  is 128  
b i t s  wide  and u s e s  1 6  check b i t s  i n  e a c h  d i r e c t i o n .  A maximum t r a n s f e r  
rate o f  o v e r  1 0  g i g a b i t s  p e r  s econd  is p o s s i b l e  on  t h e  1250 Mbytes p e r  
s e c o n d  c h a n n e l .  The c h a n n e l  is t w o  p a r a l l e l  6 4 - b i t  c h a n n e l s  e a c h  w i t h  
SECDED; t h e r e f o r e ,  under  c e r t a i n  c i r c u m s t a n c e s  t h e  f u l l - w i d t h  c h a n n e l  c a n  
correct d o u b l e  errors. 



Two 100 Mbytes p e r  second c h a n n e l s  t r a n s f e r  d a t a  between C e n t r a l  Memory 
and t h e  1/0 Subsystem. A 100 Mbytes p e r  second c h a n n e l  is 64 b i t s  wide  
and u s e s  8 check b i t s  i n  e a c h  d i r e c t i o n .  Data  words are t r a n s f e r r e d  i n  
b l o c k s  o f  16  under c o n t r o l  o f  Data Ready and Data Transmi t  c o n t r o l  
s i g n a l s .  Each 100 Mbytes p e r  second c h a n n e l  h a s  a maximum t r a n s f e r  r a t e  
o f  approx imate ly  850 Mbits p e r  second.  

1/0 Subsystem communication w i t h  t h e  CPUs is o v e r  f o u r  c o n t r o l  c h a n n e l s ,  
each  w i t h  a maximum t r a n s f e r  r a t e  of 6 Mbytes p e r  second.  Each 6 Mbytes 
p e r  second c h a n n e l  is  1 6  b i t s  wide. 

There  a r e  t w o  1/0 p o r t s ,  one  from each  CPU. The c h a n n e l s  a r e  hardwired 
i n t o  a p o r t  w i t h  t w o  6 Mbytes p e r  second c h a n n e l  p a i r s  and one  or t w o  100 
Mbytes p e r  second c h a n n e l  p a i r s  p e r  p o r t .  Each p o r t  c a n  t r a n s f e r  d a t a  a t  
a rate  o f  one  word p e r  clock p e r i o d  (CP). For t h e  100 Mbytes per second 
c h a n n e l s ,  each  t i m e  a b u f f e r  makes a r e f e r e n c e  it h o l d s  t h e  p o r t  t o  
comple t ion ,  u s u a l l y  1 6  words. 

A l l  1/0 ( i n c l u d i n g  100 Mbytes p e r  second c h a n n e l s )  u s e s  t h e  1/0 ports to  
memory. Access to  t h e s e  ports is c o n t r o l l e d  by a s c a n n e r .  A l l  CPU 
memory p o r t s  ( P o r t s  A ,  B, and C )  have  h i g h e r  p r i o r i t y  t h a n  t h e  1/0 p o r t s .  

Channel  f e a t u r e s  o f  t h e  i n p u t / o u t p u t  s e c t i o n  are summarized below and 
d e s c r i b e d  i n  t h e  remainder  o f  t h i s  s e c t i o n .  

One 1250 Mbytes p e r  second c h a n n e l ,  maximum t r a n s f e r  r a t e  
- 128  d a t a  b i t s  and 1 6  check b i t s  i n  e a c h  d i r e c t i o n  

Two 100 Mbytes p e r  second c h a n n e l s ,  maximum t r a n s f e r  r a t e  per 
c hanne 1 
- 64 d a t a  b i t s ,  3 c o n t r o l  b i t s ,  and 8 check b i t s  i n  each  

d i r e c t i o n  

Up to  f o u r  1/0 c h a n n e l s ,  6 Mbytes p e r  second maximum t r a n s f e r  
rate  per channel 
- Shared c o n t r o l  from t h e  t w o  CPUs 
- 16  d a t a  b i t s ,  3 c o n t r o l  b i t s ,  and 4 p a r i t y  b i t s  i n  e a c h  

d i r e c t i o n  
- L o s t  d a t a  d e t e c t i o n  

Channels  are d i v i d e d  i n t o  f o u r  g r o u p s ,  e a c h  g r o u p  c o n t a i n s  
e i t h e r  two i n p u t  or t w o  o u t p u t  c h a n n e l s  

Channel  g r o u p s  a r e  se rved  e q u a l l y  by memory (each  g r o u p  is 
scanned e v e r y  4 CPs) 

Channel  p r i o r i t y  r e s o l v e d  w i t h i n  c h a n n e l  g r o u p s  



DATA TRANSFER FOR SOLID-STATE STORAGE DEVICE 

Data  is t r a n s f e r r e d  d i r e c t l y  between t h e  S o l i d - s t a t e  S t o r a g e  Device (SSD) 
and t h e  CRAY X-MP mainframe u s i n g  t h e  1250 Mbytes p e r  second channe l .  
The 1250 Mbytes p e r  second c h a n n e l  is 128 b i t s  wide and is programmed 
th rough  s o f t w a r e .  P o r t  3 of t h e  SSD c o n n e c t s  w i t h  t h e  CRAY X-MP. 
Programming d e t a i l s  f o r  t h e  SSD a r e  d e s c r i b e d  i n  t h e  S o l i d - s t a t e  S t o r a g e  
Device  (SSD) Refe rence  Manual, C R I  p u b l i c a t  i o n  HR-0031. 

DATA TRANSFER FOR 1/0 SUBSYSTEM 

A 100 Mbytes p e r  second c h a n n e l  t r a n s f e r s  d a t a  between C e n t r a l  Memory o f  
t h e  CRAY X-MP and t h e  Buf fe r  1/0 P r o c e s s o r  (BIOP) of t h e  1/0 Subsystem. 
A second 100 Mbytes p e r  second c h a n n e l  t r a n s f e r s  d a t a  between C e n t r a l  
Memory and a D i s k  1/0 P r o c e s s o r  (DIOP) or A u x i l i a r y  1/0 P r o c e s s o r  
(XIOP), (Sof tware  does n o t  c u r r e n t l y  s u p p o r t  d a t a  t r a n s f e r  u s i n g  t h e  100 

Mbytes p e r  second c h a n n e l  t o  a n  XIOP.) Each c h a n n e l  is  64 b i t s  wide and 
h a n d l e s  d a t a  a t  approx imate ly  100 Mbytes p e r  second.  Each c h a n n e l  u s e s  
a n  a d d i t i o n a l  8 check b i t s  f o r  s i n g l e  e r r o r  c o r r e c t i o n / d o u b l e  e r r o r  
d e t e c t i o n  (SECDED), a s  is used i n  C e n t r a l  Memory. 

The CPU s i d e  o f  a 100 Mbytes p e r  second  c h a n n e l  u s e s  a p a i r  o f  16-word 
b u f f e r s  t o  s t r e a m  t h e  d a t a  o u t  o f  C e n t r a l  Memory and a n o t h e r  p a i r  t o  
stream d a t a  i n t o  C e n t r a l  Memory. On o u t p u t ,  a s  one  b u f f e r  b lock  is b e i n g  
s e n t  t o  t h e  1/0 P r o c e s s o r  ( IOP) ,  t h e  o t h e r  b u f f e r  is f i l l i n g  from C e n t r a l  
Memory. S i m i l a r l y ,  on  i n p u t ,  one  b u f f e r  b lock  is f i l l i n g  from a n  IOP 
w h i l e  t h e  o t h e r  is t r a n s m i t t i n g  t o  C e n t r a l  Memory. 

A t  t h e  IOP s i d e  o f  a 100 Mbytes p e r  second c h a n n e l ,  d a t a  p a s s i n g  i n t o  
L o c a l  Memory (an  1/0 P r o c e s s o r ' s  memory) is doub le -buf fe red  and 
d i sassembled  i n t o  1 6 - b i t  p a r c e l s .  The c h a n n e l  side p a s s i n g  d a t a  from 
L o c a l  Memory s imply  as sembles  1 6 - b i t  p a r c e l s  i n t o  64-bi t  words for 
t r a n s m i s s i o n  to a CPU, 

An 1/0 Processor  c o n t r o l s  a 100 Mbytes p e r  second c h a n n e l  l i n k i n g  it w i t h  
C e n t r a l  Memory. The IOP i n i t i a t e s  a l l  d a t a  t r a n s f e r s  on  t h e  c h a n n e l  and 
pe r fo rms  a l l  error p r o c e s s i n g  r e q u i r e d  for t h e  channe l .  There  a r e  no CPU 
i n s t r u c t i o n s  f o r  t h e  100 Mbytes p e r  second channe l .  Programming d e t a i l s  
for t h e  100 Mbytes p e r  second c h a n n e l  are c o n t a i n e d  i n  t h e  CRAY 1/0 
Subsystem Refe rence  Manual, p u b l i c a t i o n  HR-0030. 

6 MBYTES PER SECOND CHANNELS 

S t a n d a r d  c o n t r o l  c h a n n e l s  for t h e  CRAY X-MP a r e  6 Mbytes p e r  second 
c h a n n e l s .  Each 6 Mbytes p e r  second c h a n n e l  h a s  1 6 - b i t  asynchronous  
c o n t r o l  l o g i c  used f o r  f ron t -end  i n t e r f a c e s .  The i n s t r u c t i o n s  used w i t h  
6 Mbytes p e r  second c h a n n e l s  follow. 



o o l o j k  CA,A,~  ~k S e t  t h e  C u r r e n t  Address (CA) r e g i s t e r  f o r  
t h e  c h a n n e l  i n d i c a t e d  by ( A j )  t o  (Ak) 
and a c t i v a t e  t h e  c h a n n e l  

OOlljk CL,M Ak S e t  t h e  L i m i t  Address (CL) r e g i s t e r  f o r  t h e  
c h a n n e l  i n d i c a t e d  by ( A j )  t o  (Ak) 

0012jk C I , A ~  Clea r  t h e  i n t e r r u p t  f l a g  and error f l a g  f o r  
t h e  c h a n n e l  i n d i c a t e d  by ( A j )  : 
Output  channe l  k=O; c l e a r  MC, k = l ;  s e t  MC. 
I n p u t  c h a n n e l  k=O; no o p e r a t i o n ,  k=1; 
c l e a r  h e l d  ready.  

033i00 A i  CI Transmit  c h a n n e l  number t o  A i  

0 3 3 i j 0  A i  C A , A ~  Transmit  a d d r e s s  o f  c h a n n e l  ( A j )  t o  A$ 

0 3 3 i j l  A i  C E , A ~  Transmi t  e r r o r  f l a g  o f  c h a n n e l  ( A j )  t o  A i  

MULTI-CPU PROGRAMMING 

The f o u r  6 Mbytes p e r  second 1/0 c h a n n e l s  c a n  o p e r a t e  from e i t h e r  CPU, 
and e i t h e r  CPU c a n  i s s u e  i n s t r u c t i o n s  t o  any o f  t h e  channe l s .  There  i s  
no hardware i n t e r l o c k  between t h e  t w o  CPUs; t h e r e f o r e ,  s o f t w a r e  must 
e n s u r e  t h a t  o n l y  one CPU is s e r v i c i n g  1/0 a t  a  time, w h i l e  i n  moni tor  
mode. I n s t r u c t i o n  033 is independent  i n  n a t u r e  and c a n  be  i s s u e d  w i t h o u t  
an  i n t e r l o c k .  

The fo l lowing  c o n d i t i o n s  must be  m e t  f o r  a n  1/0 i n t e r r u p t  to  occur .  

Ne i the r  CPU is w a i t i n g  for a n  exchange. 

N e i t h e r  CPU is i n  moni tor  mode. 

a An i n t e r r u p t  i s  p r e s e n t .  

Normally, t h e  i n t e r r u p t  from a  6 Mbytes p e r  second c h a n n e l  is  d i r e c t e d  
toward t h e  CPU t h a t  l a s t  i s s u e d  a  c l e a r  i n t e r r u p t  i n s t r u c t i o n  (0012) t o  
t h a t  channel .  However, because  a n  1/0 i n t e r r u p t  o c c u r s  i n  o n l y  one CPU 
a t  a  time, t h e  fo l lowing  c o n d i t i o n s  ( i n  p r i o r i t y  o r d e r )  de te rmine  t h e  CPU 
toward which t h e  i n t e r r u p t  is d i r e c t e d .  Once i n  moni tor  mode, a  CPU 
should  s e r v i c e  a l l  1/0 i n t e r r u p t s .  



1. A l l  1/0 i n t e r r u p t s  a r e  d i r e c t e d  toward a  CPU t h a t  h a s  t h e  S e l e c t  
E x t e r n a l  I n t e r r u p t  Mode set.  

2. I f  n e i t h e r  CPU h a s  s e l e c t e d  e x t e r n a l  i n t e r r u p t s ,  then  i n t e r r u p t s  
a r e  d i r e c t e d  toward a  CPU h o l d i n g  i s s u e  on a  tes t  and set  
i n s t r u c t i o n .  

3. I f  n e i t h e r  c o n d i t i o n s  1 nor  2  e x i s t  o r  i f  they  e x i s t  i n  both  
CPUs, t h e  i n t e r r u p t  is d i r e c t e d  to  t h e  CPU t h a t  l a s t  i s s u e d  a  
c l e a r  i n t e r r u p t  i n s t r u c t i o n  t o  t h a t  channe l .  

6  MBYTES PER SECOND CHANNEL OPERATION 

Each i n p u t  o r  each  o u t p u t  c h a n n e l  d i r e c t l y  a c c e s s e s  t h e  C e n t r a l  Memory. 
I n p u t  c h a n n e l s  s t o r e  e x t e r n a l  d a t a  i n  memory and o u t p u t  c h a n n e l s  r e a d  
d a t a  from memory. A pr imary t a s k  o f  a  c h a n n e l  is  t o  c o n v e r t  64-bi t  
C e n t r a l  Memory words i n t o  1 6 - b i t  p a r c e l s  o r  1 6 - b i t  p a r c e l s  i n t o  64-b i t  
C e n t r a l  Memory words. Four p a r c e l s  make up one C e n t r a l  Memory word wi th  
b i t s  o f  t h e  p a r c e l s  a s s i g n e d  to  memory b i t  p o s i t i o n s  a s  shown i n  t a b l e  
2-2. I n  bo th  i n p u t  and o u t p u t  o p e r a t i o n s ,  p a r c e l  0 i s  always  t r a n s f e r r e d  
f i r s t .  

Each i n p u t  or o u t p u t  c h a n n e l  h a s  a  d a t a  c h a n n e l  (4 p a r i t y  b i t s ,  1 6  d a t a  
b i t s ,  and 3 c o n t r o l  l i n e s ) ,  a  64-b i t  assembly o r  d i sassembly  r e g i s t e r ,  a  
c h a n n e l  C u r r e n t  Address (CA) r e g i s t e r ,  and a  c h a n n e l  Limit  Address (CL) 
r e g i s t e r .  

Three  c o n t r o l  s i g n a l s  (Ready, Resume, and Disconnect)  c o o r d i n a t e  t h e  
t r a n s f e r  o f  p a r c e l s  o v e r  t h e  channe l s .  I n  a d d i t i o n  to  t h e  t h r e e  c o n t r o l  
s i g n a l s ,  t h e  o u t p u t  c h a n n e l  o f  a  p a i r  h a s  a  Master  C l e a r  l i n e .  Appendix 
B d e s c r i b e s  t h e  s i g n a l  sequence o f  a  6 Mbytes p e r  second channe l .  

1/0 i n t e r r u p t s  c a n  be  caused  by t h e  fo l lowing :  

On a l l  o u t p u t  c h a n n e l s ,  i f  (CA) becomes e q u a l  to ( C L ) ,  t hen  t h e  
resume f o r  t h e  l a s t  p a r c e l  t r a n s m i t t e d  sets i n t e r r u p t .  

E x t e r n a l  d e v i c e  d i s c o n n e c t  is r e c e i v e d  on any i n p u t  c h a n n e l  and 
c h a n n e l  is a c t i v e  

Channel error c o n d i t i o n  o c c u r s  ( d e s c r i b e d  l a t e r  i n  t h i s  s e c t i o n )  

The number o f  t h e  c h a n n e l  c a u s i n g  an  i n t e r r u p t  c a n  be  determined by 
u s i n g  i n s t r u c t i o n  033,  which r e a d s  i n t o  A$ t h e  h i g h e s t  p r i o r i t y  
c h a n n e l  number r e q u e s t i n g  a n  i n t e r r u p t .  The lowest numbered c h a n n e l  
h a s  t h e  h i g h e s t  p r i o r i t y .  The i n t e r r u p t  r e q u e s t  c o n t i n u e s  u n t i l  
c l e a r e d  by t h e  moni tor  program when a n  i n t e r r u p t  from t h e  n e x t  h i g h e s t  



priority channel, if present, is sensed. All interrupts are available 
via instruction 033 to either CPU. Channel numbers for 6 Mbytes per 
second channels range from lo8 through 17* (lO/ll, 12/13, 14/15, 
and 16/17 - even for output/odd for input). 

Table 2-2. Channel word assembly/disassembly 

Character istic 

Channel data bits Four 4-bit groups 
Channel parity bits One per 4-bit group 
CRAY X-MP word 

First in or out 
Second in or out 
Third in or out 

INPUT CHANNEL PROGRAMMING 

To start an input operation, the CPU program: 

1. Sets the channel limit address to the last word address + 1 
(LWA+l) . (See figure 2-7. ) 

2. Sets the channel current address to the first word address (FWA). 

Setting the current address causes the Channel Active flag to set. The 
channel is then ready tc receive data. When a 4-parcel wcrd is 
assembled, the word is stored in memory at the address contained in the 
CA register. When the word is accepted by memory, the current address is 
advanced by 1. 

An external transmitting device sends a Disconnect signal to indicate end 
of a transfer. When the Disconnect signal is received, the Channel 
Interrupt flag sets and a test is performed to check for a partially 
assembled word. If the partial word is found, the valid portion of the 
word is stored in memory and the unreceived, low-order parcels are stored 
as zeros. 

The interrupt flag sets when a Disconnect signal is received or when an 
error condition is detected. Setting the interrupt flag deactivates the 
input channel. 
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Figure  2-7. Bas ic  1/0 program f l owcha r t  

INPUT CHANNEL ERROR CONDITIONS 

Inpu t  channe l  e r r o r  c o n d i t i o n s  can  occur  a t  a  p a r c e l  l e v e l  ( p a r i t y  e r r o r )  
or channe l  l e v e l  (unexpected Ready s i g n a l ) .  When a  p a r c e l  i n  e r r o r  
occu r s ,  t h e  P a r i t y  F a u l t  f l a g  sets immediately. The P a r i t y  F a u l t  f l a g  
does  n o t  g e n e r a t e  an i n t e r r u p t ,  it is saved and sets t h e  e r r o r  f l a g  when 
a  d i s connec t  occurs .  There fore ,  t h e  program should check t h e  s t a t e  o f  
t h e  error f l a g  when an i n t e r r u p t  is  honored. A l l  p a r c e l s  s t o r e d  a f t e r  
t h e  e r r o r  a r e  zeroed. 

If a  Ready s i g n a l  is rece ived  when t h e  channe l  is  no t  a c t i v e  (unexpected 
Ready s i g n a l ) ,  t h e  Ready c o n d i t i o n  is  h e l d  u n t i l  t h e  channe l  is 
a c t i v a t e d .  A t  t h i s  t i m e  a  Resume s i g n a l  is s e n t .  N o  e r r o r  f l a g  is set 
and no i n t e r r u p t  r e q u e s t  is  genera ted .  S ince  t h e  Ready c o n d i t i o n  is  he ld  
when t h e  channe l  is i n a c t i v e ,  it is sometimes advantageous t o  be a b l e  t o  
c l e a r  t h i s  Ready s i g n a l  b e f o r e  s e t t i n g  up t h e  channe l ,  e s p e c i a l l y  on a  
d e a d s t a r t  o r  a  r e synch ron i za t i on  o f  t h e  channe l  a f t e r  an  error. The 
Ready s i g n a l  can  be c l e a r e d  by us ing  i n s t r u c t i o n  OOl2jl  to  i npu t  
channe l  ( ~ i ) ,  c l e a r i n g  any Ready s i g n a l  being he ld  be fo r e  i s s u e  of 
i n s t r u c t i o n  0012j l .  



OUTPUT CHANNEL PROGRAMMING 

To s t a r t  an ou tpu t  ope ra t i on ,  t h e  CPU program: 

1. S e t s  t h e  channel  l i m i t  add re s s  to  t h e  l a s t  word add re s s  + 1 
(LWA+l) . 

2. S e t s  t h e  channel  c u r r e n t  address  t o  t h e  f i r s t  word address  (FWA). 

S e t t i n g  t h e  c u r r e n t  add re s s  cause s  t h e  Channel Act ive  f l a g  t o  be set. 
The channel  r eads  t h e  f i r s t  word from memory addressed by t h e  c o n t e n t s  o f  
t he  CA r e g i s t e r .  When t h e  word is rece ived  from memory, t h e  channel  
advances t h e  c u r r e n t  address  by 1 and s t a r t s  t h e  d a t a  t r a n s f e r .  

Af t e r  each word is read from memory and t h e  c u r r e n t  add re s s  is advanced, 
t h e  l i m i t  test  is made, comparing t h e  c o n t e n t s  o f  t h e  CA r e g i s t e r  and t h e  
CL r e g i s t e r .  I f  they a r e  equa l ,  t h e  ope ra t i on  is complete a s  soon a s  t h e  
l a s t  p a r c e l  t r a n s f e r  is f i n i shed .  

The i n t e r r u p t  f l a g  a l s o  sets i f  an e r r o r  is de t ec t ed .  The on ly  e r r o r  
t h a t  an ou tpu t  channel  d e t e c t s  is a  Resume s i g n a l  rece ived  when t h e  
channel  is inac t i ve .  No e x t e r n a l  response is  genera ted .  

PROGRAMMED MASTER CLEAR TO EXTERNAL DEVICE 

The CRAY X-MP can  send a  Master Clear  s i g n a l  t o  a n  e x t e r n a l  dev i ce  
through t h e  ou tpu t  channel.  The e x t e r n a l  Master Clear  sequence is a s  
fol lows.  

1. 0012jk C lea r s  i npu t  channel  t o  ensure  e x t e r n a l  a c t i v i t y  on t h e  
channel  p a i r  h a s  stopped. 

2 .  00123'1 Clears output channel to ensure CPU act iv i ty  on t h e  channel 
p a i r  ha s  stopped. S e t  Master Clear .  

3. Delay 1 Device dependent;  determines  t h e  d u r a t i o n  o f  t h e  Master 
Clear  s i g n a l .  

4 .  0012j0 C lea r s  t h e  ou tpu t  channel.  Th i s  t u r n s  o f f  t h e  Master Clear  
s i g n a l .  

5. Delay 2 Device dependent; a l l ows  time f o r  i n i t i a l i z a t i o n  a c t i v i t i e s  
i n  t h e  a t t a c h e d  dev i ce  t o  complete. 

For Cray Research, Inc. ,  front-end i n t e r f a c e s ,  de l ays  1 and 2 should each 
be a  minimum of  80 CPs. 



MEMORY ACCESS 

Each of t h e  f o u r  c h a n n e l  g roups  shown below is a s s i g n e d  a t i m e  s l o t  
( f i g u r e  2-8) t h a t  is scanned once  e v e r y  4 CPs f o r  a memory r e q u e s t .  The 
l o w e s t  numbered c h a n n e l  i n  t h e  g r o u p  h a s  t h e  h i g h e s t  p r i o r i t y .  During 
t h e  n e x t  3 CPs, t h e  scanner  a l l o w s  r e q u e s t s  from t h e  o t h e r  t h r e e  c h a n n e l  
g roups .  T h e r e f o r e ,  it is p o s s i b l e  t o  have a n  1/0 memory r e q u e s t  e v e r y  
CP. The scanner  s t o p s  f o r  a l l  memory c o n f l i c t s  caused  by an  1/0 
r e f e r e n c e  and a l s o  s t o p s  f o r  a b lock (100 Mbytes p e r  second c h a n n e l )  
r e f e r e n c e  w h i l e  a b u f f e r  is r e f e r e n c i n g ,  maximum 1 6  words ( f i g u r e  2-91. 

The 6 Mbytes p e r  second c h a n n e l s  a r e  numbered l o 8  th rough  178 and t h e  
100 Mbytes p e r  second c h a n n e l s  a r e  numbered 0 to  7. The c h a n n e l s  a r e  
grouped as f o l l o w s :  

CPUO C P U 1  - - 
Group 0 i n p u t  c h a n n e l s  0110 2,12 

Group 1 o u t p u t  c h a n n e l s  1,11 3,13  

Group 2 i n p u t  c h a n n e l s  4,14 6 , l 6  

Group 3 o u t p u t  c h a n n e l s  5 ,15  7 ,17  

1/0 LOCKOUT 

An 1/0 memory r e q u e s t  c a n  be  locked  o u t  by a n  exchange sequence  or 
i n s t r u c t i o n  f e t c h  sequence .  

MEMORY BANK CONFLICTS 

Memory bank c o n f l i c t s  a r e  t e s t e d  f o r  CPU s c a l a r ,  v e c t o r ,  and 1/0 memory 
r e f e r e n c e s .  When a exchange sequence  or i n s t r u c t i o n  f e t c h  sequence  is i n  
p r o g r e s s ,  a l l  o t h e r  memory r e f e r e n c e s  a r e  locked o u t .  

Each memory bank c a n  a c c e p t  a new r e q u e s t  e v e r y  4 CPs. To tes t  f o r  a 
memory bank c o n f l i c t ,  t h e  5 low-order b i t s t  of t h e  memory a d d r e s s  a r e  
checked a g a i n s t  Bank Busy c o n f l i c t s  and o t h e r  memory r e f e r e n c e s .  The 
bank is busy for 4 CPs on  a r e f e r e n c e .  

t 4 b i t s  f o r  16-bank phas ing ;  r e f e r  t o  s u b s e c t i o n  o n  C e n t r a l  Memory. 
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Figure 2-8. Channel 1/0 c o n t r o l  (shown f o r  one processor)  
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F i g u r e  2-9. I n p u t / o u t p u t  d a t a  p a t h s  
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1/0 MEMORY CONFLICTS 

Before testing for a memory bank confl ict ,  a check is made t o  ensure 
no exchange sequence or instruction fetch sequence i s  i n  progress. If 
A G t L f i "  -c &LA-- --- 
s r c A A G l  "A L L 1 F 3 ~  ~ u i l d i t i ~ n ~  exists,  the IjG request i s  heia. The 5 

t low-order address b i t s  of an 1/0 reference are tested against 
Bank Busy conflicts and other memory references. If a bank being 
referenced is busy, the reference is held and the scanner is stopped. 

1/0 MEMORY REQUEST CONDITIONS 

The following conditions must be present for an 1/0 memory request t o  
be precessed: 

1/0 request 

a Bank not busy 

a No simultaneous confl icts  w i t h  other memory ports 

a No fetch request 

a No exchange sequence 

1/0 MEMORY ADDRESSING 

A l l  1/0 memory references are absolute. The CA and CL registers are 
22 b i t s ,  allowing I/O access to  a l l  of memory. Setting of the CA and 
CL registers i s  limited t o  monitor mode. 1/0 memory reference 
addresses are not checked for range errors. 

t 4 b i t s  for 16-bank phasing; refer t o  subsection on Central Memory. 



CPU CONTROL SECTION 

INTRODUCTION 

Each CPU contains an identical, independent control section containing 
registers and instruction buffers for instruction issue and control. A 
control section uses an exchange mechanism for switching instruction 
execution from program to program. These registers and buffers and the 
exchange mechanism are described in this section. Memory field 
protection, programmable clock, and deadstart sequence are also 
described. 

INSTRUCTION ISSUE AND CONTROL 

The registers and instruction buffers involved with instruction issue 
and control are described in the following paragraphs. Figure 3-1 
illustrates the general flow of instruction parcels through the 
registers and buffers. 

,,,-J =% I I 

I 
I 
I 

- -> 

-- 
1-1 Instruction Buffers 

Issue 

Figure 3-1. Instruction issue and control elements 



PROGRAM ADDRESS REGISTER 

The 24 -b i t  Program Addres s  (P )  r e g i s t e r  i n d i c a t e s  t h e  n e x t  p a r c e l  o f  
program code to  e n t e r  t h e  Next  I n s t r u c t i o n  P a r c e l  (NIP) r e g i s t e r .  The 
h igh -o rde r  22 b i t s  o f  t h e  P r e g i s t e r  i n d i c a t e  t h e  word a d d r e s s  for t h e  
program word i n  memory. The low-order  2 b i t s  i n d i c a t e  t h e  p a r c e l  w i t h i n  
t h e  word. E x c e p t  o n  a b r a n c h  i n s t r u c t i o n  when t h e  b ranch  is t a k e n  or on  
a n  exchange ,  t h e  c o n t e n t s  o f  t h e  P r e g i s t e r  are advanced 1 when a n  
i n s t r u c t i o n  p a r c e l  e n t e r s  t h e  NIP r e g i s t e r .  

New data e n t e r s  t h e  P r e g i s t e r  o n  a n  i n s t r u c t i o n  b ranch  or on  a n  exchange  
sequence .  (The exchange  sequence  is d e s c r i b e d  under Exchange Mechanism 
la ter  i n  t h i s  s e c t i o n . )  The c o n t e n t s  o f  P are t h e n  advanced s e q u e n t i a l l y  
u n t i l  t h e  n e x t  b r a n c h  or exchange  sequence .  The v a l u e  i n  t h e  P r e g i s t e r  
is s t o r e d  d i r e c t l y  i n t o  t h e  t e r m i n a t i n g  Exchange Package d u r i n g  a n  
exchange  sequence .  

The P r e g i s t e r  i s  n o t  master cleared. The v a l u e  s t o r e d  i n  P migh t  n o t  be  
a c c u r a t e  d u r i n g  t h e  d e a d s t a r t  s equence .  

NEXT INSTRUCTION PARCEL REGISTER 

The 1 6 - b i t  Next  I n s t r u c t i o n  P a r c e l  (NIP) r e g i s t e r  h o l d s  a p a r c e l  o f  
program code b e f o r e  it e n t e r s  t h e  C u r r e n t  I n s t r u c t i o n  P a r c e l  (CIP) 
r e g i s t e r .  

The NIP r e g i s t e r  is n o t  master cleared. An unde te rmined  i n s t r u c t i o n  c a n  
i s s u e  d u r i n g  t h e  master clear i n t e r v a l  b e f o r e  t h e  i n t e r r u p t  c o n d i t i o n  
blocks data e n t r y  i n t o  t h e  NIP r e g i s t e r .  

CURRENT INSTRUCTION PARCEL REGISTER 

The 1 6 - b i t  C u r r e n t  I n s t r u c t i o n  P a r c e l  (CIP) r e g i s t e r  h o l d s  t h e  
i n s t r u c t i o n  w a i t i n g  to i s s u e .  The term issue i n d i c a t e s  t h e  t r a n s i t i o n  
o f  a n  i n s t r u c t i o n  i n  CIP t o  its e x e c u t i o n  phase .  I f  a n  i n s t r u c t i o n  is a 
2 -pa rce l  i n s t r u c t i o n ,  t h e  CIP r e g i s t e r  h o l d s  t h e  f i r s t  p a r c e l  o f  t h e  
i n s t r u c t i o n  and  t h e  Lower I n s t r u c t i o n  P a r c e l  (LIP)  r e g i s t e r  h o l d s  t h e  
second  p a r c e l .  I s s u e  o f  a n  i n s t r u c t i o n  i n  CIP  c a n  b e  d e l a y e d  u n t i l  
c o n f l i c t i n g  o p e r a t i o n s  have  been  comple ted .  Data a r r i v e s  a t  t h e  CIP 
r e g i s t e r  f rom t h e  NIP r e g i s t e r .  I n d i c a t o r s  making u p  t h e  i n s t r u c t i o n  are  
d i s t r i b u t e d  t o  a l l  modules  h a v i n g  mode s e l e c t i o n  r e q u i r e m e n t s  when t h e  
i n s t r u c t i o n  i s s u e s .  

The c o n t r o l  f l a g s  associated w i t h  t h e  CIP r e g i s t e r  are master c l e a r e d ;  
t h e  r e g i s t e r  i t s e l f  is n o t .  An undetermined i n s t r u c t i o n  c a n  i s s u e  d u r i n g  
t h e  master clear sequence .  



LOWER INSTRUCTION PARCEL REGISTER 

The 1 6 - b i t  Lower I n s t r u c t i o n  P a r c e l  (LIP) r e g i s t e r  h o l d s  t h e  second 
p a r c e l  of a 2-parcel  i n s t r u c t i o n  a t  t h e  t i m e  t h e  f i r s t  p a r c e l  of t h e  
2 -pa rce l  i n s t r u c t i o n  is i n  t h e  CIP r e g i s t e r .  

INSTRUCTION BUFFERS 

A CPU h a s  f o u r  i n s t r u c t i o n  b u f f e r s ,  each  c a n  ho ld  128 c o n s e c u t i v e  16-b i t  
i n s t r u c t i o n  p a r c e l s  ( f i g u r e  3-2). I n s t r u c t i o n  p a r c e l s  a r e  h e l d  i n  t h e  
b u f f e r s  b e f o r e  be ing  d e l i v e r e d  to  t h e  NIP or LIP r e g i s t e r s .  

F i g u r e  3-2. I n s t r u c t i o n  b u f f e r s  

The beginning i n s t r u c t i o n  p a r c e l  i n  a b u f f e r  a lways  h a s  a word a d d r e s s  
t h a t  is a m u l t i p l e  of 408 (a p a r c e l  a d d r e s s  t h a t  is a m u l t i p l e  of 
2008) a l lowing  t h e  e n t i r e  r a n g e  of a d d r e s s e s  for i n s t r u c t i o n s  i n  a 
b u f f e r  t o  be d e f i n e d  by t h e  high-order 1 7  b i t s  of t h e  p a r c e l  a d d r e s s .  
Each b u f f e r  h a s  a 1 7 - b i t  beg inn ing  a d d r e s s  r e g i s t e r  c o n t a i n i n g  t h i s  v a l u e .  

The beginning a d d r e s s  r e g i s t e r s  are scanned each  clock p e r i o d  (CP). If 
t h e  high-order 1 7  b i t s  of t h e  P r e g i s t e r  match one  of t h e  beginning 



addresses ,  an in-buffer  cond i t i on  e x i s t s  and t h e  proper  i n s t r u c t i o n  
p a r c e l  is s e l e c t e d  from t h a t  i n s t r u c t i o n  bu f f e r .  An i n s t r u c t i o n  p a r c e l  
to be executed normally is s e n t  to t h e  NIP. However, t h e  second p a r c e l  
o f  a 2-parcel i n s t r u c t i o n  is blocked from e n t e r i n g  t h e  NIP r e g i s t e r  and 
is s e n t  to t h e  LIP r e g i s t e r  i n s t ead .  The second p a r c e l  o f  t h e  2-parcel 
i n s t r u c t i o n  becomes a v a i l a b l e  when t h e  f i r s t  p a r c e l  i s s u e s  from t h e  CIP 
r e g i s t e r .  A t  t h e  same time, an a l l - z e r o  p a r c e l  is en t e r ed  i n t o  t h e  NIP 
r e g i s t e r .  

On a n  in-buffer  cond i t i on ,  i f  t h e  i n s t r u c t i o n  is i n  a d i f f e r e n t  buf fe r  
than  t h e  prev ious  i n s t r u c t i o n ,  a change of  b u f f e r s  occu r s  r e q u i r i n g  a 
2-CP de l ay  of  t h e  i n s t r u c t i o n  reaching t h e  NIP r e g i s t e r .  

An out-of-buffer cond i t i on  e x i s t s  when t h e  high-order 17 b i t s  of t h e  P 
r e g i s t e r  d o  no t  match any i n s t r u c t i o n  bu f f e r  beginning address .  When 
t h i s  cond i t i on  occurs ,  i n s t r u c t i o n s  must be loaded from memory i n t o  one 
o f  t h e  i n s t r u c t i o n  b u f f e r s  before  execut ion  can  cont inue.  A 2-bi t  
counte r  determines  t h e  i n s t r u c t i o n  b u f f e r  r ece iv ing  t h e  i n s t r u c t i o n s .  
Each out-of-buffer cond i t i on  cause s  t h e  counte r  t o  be incremented by 1 s o  
t h a t  t h e  b u f f e r s  a r e  s e l e c t e d  i n  r o t a t i o n .  

Buf fe rs  a r e  loaded from memory a t  t h e  r a t e  o f  e i g h t  words per  CP, f u l l y  
occupying memory. The f i r s t  group of  32 p a r c e l s  d e l i v e r e d  to t h e  b u f f e r  
always con t a in s  t h e  nex t  i n s t r u c t i o n  requi red  f o r  execut ion.  For t h i s  
reason,  t h e  branch out-of-buffer time is  16  CPs f o r  32-bank memories and 
18 CPs f o r  16-bank memories providing memory is n o t  busy ( i f  busy, t h e  
branch f e t c h  is delayed u n t i l  t h e  busy is r e so lved ) .  Once t h e  f e t c h  
proceeds,  t h e  remaining groups a r r i v e  a t  a r a t e  o f  32 p a r c e l s  per  CP and 
c i r c u l a r l y  f i l l  t h e  bu f f e r .  

An i n s t r u c t i o n  b u f f e r  is loaded with  one word of  i n s t r u c t i o n s  from each 
o f  t h e  32 memory banks o r  t w o  words from each o f  t h e  16 banks. The f i r s t  
four  i n s t r u c t i o n  p a r c e l s  r e s i d i n g  i n  an  i n s t r u c t i o n  b u f f e r  a r e  always 
from bank 0. An exchange sequence vo ids  t h e  i n s t r u c t i o n  b u f f e r s ,  
p revent ing  a match wi th  t h e  P r e g i s t e r  and caus ing  t h e  bu f f e r s  t o  be 
loaded a s  needed. 

Forward and backward branching a r e  p o s s i b l e  w i th in  bu f f e r s .  Branching 
does  n o t  cause  re load ing  of  an i n s t r u c t i o n  b u f f e r  i f  t h e  add re s s  of t h e  
i n s t r u c t i o n  being branched t o  is w i t h i n  one o f  t h e  bu f f e r s .  Mul t ip le  
c o p i e s  of  i n s t r u c t i o n  p a r c e l s  cannot  occur  i n  t h e  i n s t r u c t i o n  b u f f e r s .  
Because i n s t r u c t i o n s  a r e  he ld  i n  i n s t r u c t i o n  b u f f e r s  be fo re  i s s u e  and 
a f t e r  ( u n t i l  t h e  b u f f e r  is  r e loaded ) ,  self-modifying code should n o t  be 
used. A l s o ,  because t h e r e  is independent d a t a  and i n s t r u c t i o n  memory 
p r o t e c t i o n ,  self-modifying code may be impossible.  A s  long a s  t h e  
add re s s  o f  t h e  unmodified i n s t r u c t i o n  is i n  a n  i n s t r u c t i o n  b u f f e r ,  t h e  
modified i n s t r u c t i o n  i n  memory is n o t  loaded i n t o  an i n s t r u c t i o n  bu f f e r .  

Although op t imiz ing  code segment l eng ths  f o r  i n s t r u c t i o n  b u f f e r s  is not  a 
prime cons ide ra t i on  when programming a CPU, t h e  number and s i z e  o f  t h e  
b u f f e r s  and t h e  c a p a b i l i t y  f o r  forward and backward branching can be used 
to good advantage. Large l oops  con t a in ing  up t o  512 consecu t ive  



i n s t r u c t i o n  p a r c e l s  c a n  be  main ta ined  i n  t h e  f o u r  b u f f e r s .  An 
a l t e r n a t i v e  is f o r  a main program sequence i n  one or t w o  of t h e  b u f f e r s  
t o  make r e p e a t e d  c a l l s  to  s h o r t  s u b r o u t i n e s  main ta ined  i n  t h e  o t h e r  
b u f f e r s .  The program and s u b r o u t i n e s  remain und i s tu rbed  i n  t h e  b u f f e r s  
a s  l o n g  a s  no out-of-buffer  c o n d i t i o n  or exchange c a u s e s  r e l o a d i n g  of a 
b u f f e r  . 

EXCHANGE MECHANI SM 

A CPU u s e s  a n  exchange mechanism f o r  s w i t c h i n g  i n s t r u c t i o n  e x e c u t i o n  from 
program to  program. T h i s  exchange mechanism i n v o l v e s  t h e  u s e  o f  b l o c k s  
o f  program paramete r s  known as Exchange Packages and a CPU o p e r a t i o n  
r e f e r r e d  t o  a s  an  exchange sequence.  For t h e  convenience  of Cray 
Assembler Language (CAL) programmers, a n  a l t e r n a t e  b i t  p o s i t i o n  
r e p r e s e n t a t i o n  is used when d i s c u s s i n g  t h e  Exchange Package. The b i t s  
a r e  numbered from l e f t  to  r i g h t  w i t h  b i t  0 a s s i g n e d  to  t h e  263 b i t  
p o s i t i o n .  

EXCHANGE PACKAGE 

The Exchange Package ( f i g u r e  3-3) is a 16-word block o f  d a t a  i n  memory 
a s s o c i a t e d  w i t h  a p a r t i c u l a r  computer program. The Exchange Package 
c o n t a i n s  t h e  b a s i c  pa ramete r s  n e c e s s a r y  to p r o v i d e  c o n t i n u i t y  from one 
e x e c u t i o n  i n t e r v a l  f o r  t h e  program to  t h e  nex t .  These pa ramete r s  a r e  
l i s t e d  below and a r e  d e s c r i b e d  o n  t h e  f o l l o w i n g  pages.  

F i e l d  Word B i t s  - 
P r o c e s s o r  number (PN) 0 
E r r o r  t y p e  (Ej 0 
Syndrome b i t s  (S) 0 
Program Address r e g i s t e r  (P) 0 
Read mode (R) 1 
Read a d d r e s s  (CSB) 1 
I n s t r u c t i o n  Base Address ( IBA)  1 
I n s t r u c t i o n  L i m i t  Address ( ILA)  2 
Mode r e g i s t e r  (M) 1-2 
Vector  n o t  used (VNU) 2 
F l a g  r e g i s t e r  (F) 3 
Exchange Address r e g i s t e r  (XA) 3 
Vector  Length r e g i s t e r  (VL) 3 
Data Base Address (DBA) 4 
Program S t a t e  (PS) 4 
C l u s t e r  Number (CLN) 4 
Data  L i m i t  Address (DLA) 5 
C u r r e n t  c o n t e n t s  o f  t h e  e i g h t  A r e g i s t e r s  0-7 
C u r r e n t  c o n t e n t s  o f  t h e  e i g h t  S r e g i s t e r s  8-15 

1 
2- 3 
4-11 
16-39 
0-1 
2-6 (CS) ; 7-11 ( B )  
18-34 
18-34 
35-39 
0 
14-15; 31-39 
16-23 
24-30 
18-34 
35 
38-39 
18-34 
40-63 
0-63 



The Exchange Package c o n t e n t s  a r e  a r r a n g e d  i n  a 16-word block.  The 
exchange sequence swaps d a t a  from memory to t h e  o p e r a t i n g  r e g i s t e r s  and 
back t o  memory. T h i s  sequence exchanges d a t a  i n  a n  a c t i v e  Exchange 
Package r e s i d i n g  i n  t h e  o p e r a t i n g  r e g i s t e r s  w i t h  an  i n a c t i v e  Exchange 
Package i n  memory. The Exchange Address (XA) r e g i s t e r  a d d r e s s  o f  t h e  
a c t i v e  Exchange Package s p e c i f i e s  t h e  memory a d d r e s s  t o  be used f o r  t h e  
swap. Data is exchanged and a new program e x e c u t i o n  i n t e r v a l  is 
i n i t i a t e d  by t h e  exchange sequence.  

The c o n t e n t s  o f  t h e  B, TI V, VM, SB, ST, and SM r e g i s t e r s  a r e  n o t  swapped 
i n  t h e  exchange sequence.  Data i n  t h e s e  r e g i s t e r s  must be s t o r e d  and 
r e p l a c e d  a s  r e q u i r e d  by s p e c i f i c  cod ing  i n  t h e  program s u p e r v i s i n g  t h e  
o b j e c t  program e x e c u t i o n  or by any program t h a t  needs  t h i s  d a t a .  (See 
s e c t i o n  4 for d e s c r i p t i o n s  o f  t h e  o p e r a t i n g  r e g i s t e r s  and t h e  VL 
r e g i s t e r .  ) 

7 
WORD 

F i g u r e  3-3. Exchange package 



Processor Number 

The content of the 1 -b i t  processor number (PN) position i n  the Exchange 
Package indicates i n  which CPU (0 or 1) the Exchange Package executed. 
T h i s  value is not read into the CPU; it is a constant inserted only into 
a package being stored. 

Memory error data 

B i t  36 (interrupt on correctable memory error b i t )  and b i t  38 (interrupt 
on uncorrectable memory error b i t )  i n  the M (mode) register determine if 
memory error data is  included i n  the Exchange Package. Error data, 
consisting of four fields of information, appears i n  the Exchange Package 
if b i t  36 is set and correctable memory error is encountered or i f  b i t  38 
is se t  and an uncorrectable memory error is detected. 

Memory error data fields are described below. 

E (Error type) The type of memory error encountered, 
uncorrectable or correctable, is indicated i n  word 
0 ,  b i t s  2 and 3 of the Exchange Package. B i t  2 is  
set  for an uncorrectable memory error; b i t  3 is 
se t  for a correctable memory error. 

S (Syndrome) 

R (Read mode) 

The 8 syndrome b i t s  used i n  detecting a memory 
data error are returned i n  word 0 ,  bi ts  4 through 
11 of the Exchange Package. See section 2 for 
additional information. 

T h i s  f ield indicates the read mode i n  progress 
when a memory data error occurred and is i n  word 
1, b i t s  0 and 1 of the Exchange Package. These 
b i t s  assume the following values: 

00 1/0 
0 1  Scalar (memory references w i t h  A or S) 
1 0  Vector, B, or T 
11 Instruction fetch or exchange 

CSB (Read address) The lO-bit  CSB f ield contains the address where a 
memory data error occurred. Word 1, bits  7 
through 11 (B) of the Exchange Package contain 
b i t s  Z 4  through 2O of the address and can be 
considered as the bank address; word 1, b i t s  2 
through 6 (CS) of the Exchange Package contain 
b i t s  221 through 2 1 7  (chip select) of the 
address. 



VNU (Vector no t  used) The vec to r  no t  used b i t  sets i f  dur ing  t h e  
execu t ion  i n t e r v a l s ,  no 076, 077 o r  140 through 
177 i n s t r u c t i o n s  i s sued .  The VNU b i t  is i n  word 
2, b i t  0. 

EXCHANGE REGISTERS 

Three s p e c i a l  r e g i s t e r s  a r e  i n s t rumen ta l  i n  t h e  exchange mechanism: t h e  
Exchange Address (XA) r e g i s t e r ,  t h e  Mode (M)  r e g i s t e r ,  and t h e  F lag  (F)  
r e g i s t e r .  These t h r e e  r e g i s t e r s  a r e  de sc r i bed  below. 

Exchanqe Address r e q i s t e r  

The 8-b i t  Exchange Address (XA) r e g i s t e r  s p e c i f i e s  t h e  f i r s t  word address  
o f  a 16-word Exchange Package loaded by an exchange ope ra t i on .  The 
r e g i s t e r  c o n t a i n s  t h e  high-order 8 b i t s  o f  a 12 -b i t  f i e l d  spec i fy ing  t h e  
address .  The low-order b i t s  o f  t h e  f i e l d  a r e  always 0; an  Exchange 
Package must beg in  on  a 16-word boundary. The 12-b i t  l i m i t  r e q u i r e s  t h a t  
t h e  a b s o l u t e  add re s s  be i n  t h e  lower 4096 (10,0008) words o f  memory. 

When an execu t i on  i n t e r v a l  t e rmina t e s ,  t h e  exchange sequence exchanges 
t h e  c o n t e n t s  o f  t h e  r e g i s t e r s  wi th  t h e  c o n t e n t s  o f  t h e  Exchange Package 
a t  t h e  beginning add re s s  (XA) i n  memory. 

Mode r e g i s t e r  

The 10-b i t  Mode (M) r e g i s t e r  c o n t a i n s  p a r t  o f  t h e  Exchange Package f o r  a 
c u r r e n t l y  a c t i v e  program. The M r e g i s t e r  b i t s  a r e  a s s i gned  i n  words 1 
and 2 o f  t h e  Exchange Package a s  fo l lows .  

Word 1 

B i t  Desc r i p t i on  - 
35 Waiting f o r  Semaphore (WS) f l a g ;  when set ,  t h e  CPU exchanged 

when a test and set i n s t r u c t i o n  was ho ld ing  i n  t h e  CIP 
r e g i s t e r .  

36 F loa t ing-po in t  Error S t a t u s  (FPS) f l a g ;  when s e t ,  a 
f l oa t i ng -po in t  error ha s  occu r r ed  r e g a r d l e s s  o f  t h e  s t a t e  o f  
t h e  F loa t ing-po in t  E r ro r  Mode f l a g .  

37 B i d i r e c t i o n a l  Memory Mode (BDM) f l a g ;  when se t ,  block r e a d s  
and w r i t e s  can  o p e r a t e  concu r r en t l y .  



Word 1 (continued) 

B i t  Description - 
38 Selected for external interrupts ( S E I )  flag; when se t ,  t h i s  CPU 

is preferred for 1/0 interrupts. 

39 Interrupt Monitor Mode ( I M M )  flag; when se t ,  enables a l l  
interrupts i n  monitor mode except PC, MCU, I /O,  and normal exit.  

Word 2 

B i t  Description - 
35  Operand Range Error Mode (IOR)  flag; when se t ,  enables 

interrupts on operand range errors. 

36 Correctable Memory Error Mode (ICM) flag; when se t ,  enables 
interrupts on correctable memory data errors. 

37 Floating-point Error Mode (IFP) flag; when se t ,  enables 
interrupts on floating-point errors. 

38 Uncorrectable Memory Error Mode ( I U M )  flag; when se t ,  enables 
interrupts on uncorrectable memory data errors. 

39 Monitor Mode (MM) flag; when set ,  i n h i b i t s  a l l  interrupts except 
memory errors. 

The 1 0  b i t s  are set  selectively during an exchange sequence. 

Word 1, b i t  37 (Bidirectional Memory Mode flag) can be se t  or cleared by 
using instructions 0026 (enable bidirectional memory transfers) and 0025 
(disable bidirectional memory transfers). 

Word 2,  b i t  35 (Operand Range Error Mode flag) can be set  or cleared 
during the execution interval of a program by using instructions 0023 
(enable interrupt on operand range error) and 0024 (disable interrupt on 
operand range error).  

Word 2,  b i t  37 (Floating-point Error Mode f lag) ,  can be set or cleared 
during the execution interval for a program by using instructions 0021 
(enable interrupt on floating-point error) and 0022 (disable interrupt on 
floating-point error).  

Word 1, b i t s  36 and 37 and word 2 ,  b i t s  35 and 37 can be read w i t h  
instruction 073i01. Word 1, b i t s  35 and 36 indicate the s ta te  of the 
CPU a t  the time of the exchange. The remaining b i t s  are not altered 
during the execution interval for the Exchange Package and can be altered 
only when the Exchange Package is inactive i n  storage. 



F l a q  reqister 

The 11-bit F l a g  (F)  r e g i s t e r  c o n t a i n s  p a r t  o f  t h e  Exchange Package  f o r  
t h e  c u r r e n t l y  a c t i v e  program. T h i s  r e g i s t e r  is located i n  word 3 and  
c o n t a i n s  11 f l a g s  i n d i v i d u a l l y  i d e n t i f i e d  w i t h i n  t h e  Exchange Package. 
S e t t i n g  any of t h e s e  f l a g s  i n t e r r u p t s  program e x e c u t i o n .  When one  or 
more f l a g s  are set,  a Reques t  I n t e r r u p t  s i g n a l  is s e n t  to  i n i t i a t e  a n  
exchange  sequence .  The c o n t e n t s  of t h e  F r e g i s t e r  are s t o r e d  a l o n g  w i t h  
t h e  rest o f  t h e  Exchange Package.  The mon i to r  program c a n  a n a l y z e  t h e  
e l e v e n  f l a g s  for t h e  c a u s e  o f  t h e  i n t e r r u p t i o n .  B e f o r e  t h e  mon i to r  
program exchanges  back t o  t h e  package ,  it must  clear t h e  f l a g s  i n  t h e  F 
r e g i s t e r  area o f  t h e  package .  I f  any  b i t  r e m a i n s  se t ,  a n o t h e r  exchange  
o c c u r s  immedia te ly .  

The F r e g i s t e r  b i t s  are a s s i g n e d  i n  word 3 o f  t h e  Exchange Package  a s  
f o l l o w s  . 
Word 3 

B i t  D e s c r i p t i o n  - 
1 4  I n t e r r u p t  f rom I n t e r n a l  CPU (ICP) f l a g ;  set when t h e  o t h e r  CPU 

i s s u e s  i n s t r u c t i o n  001401. 

1 5  Deadlock (DL) f l a g ;  se t  when a l l  CPUs i n  a c l u s t e r  are h o l d i n g  
i s s u e  o n  a tes t  and se t  i n s t r u c t i o n .  

31 Programmable Clock  I n t e r r u p t  (PCI)  f l a g ;  set  when t h e  i n t e r r u p t  
countdown c o u n t e r  i n  t h e  programmable clock e q u a l s  0. The 
programmable clock is e x p l a i n e d  l a t e r  i n  t h i s  s e c t i o n .  

32 MCU I n t e r r u p t  (MCU) f l a g ;  s e t  when t h e  MIOP s e n d s  t h i s  s i g n a l .  

33  F l o a t i n g - p o i n t  E r r o r  (FPE) f l a g ;  set when a f l o a t i n g - p o i n t  r a n g e  
error o c c u r s  i n  any  of t h e  f l o a t i n g - p o i n t  f u n c t i o n a l  u n i t s  and  
t h e  Enab le  F l o a t i n g - p o i n t  I n t e r r u p t  f l a g  is set. F l o a t i n g - p o i n t  
f u n c t i o n a l  u n i t s  are e x p l a i n e d  i n  s e c t i o n  4 ,  computa t ion .  

34  Operand Range E r r o r  (ORE) f l a g ;  se t  when a data r e f e r e n c e  is 
made o u t s i d e  t h e  b o u n d a r i e s  o f  t h e  Data Base  Address (DBA) and  
Data L i m i t  Addres s  (DLA) r e g i s t e r s  and  t h e  Enab le  Operand Range 
I n t e r r u p t  f l a g  is set. Operand r a n g e  error is e x p l a i n e d  la ter  
i n  t h i s  s e c t i o n .  



Word 3 (continued) 

B i t  Descr iption - 
35 Program Range Error (PRE) flag; set  when an instruction fetch is  

made outside the boundaries of the Instruction Base Address 
(IBA) and Instruction L i m i t  Address (ILA) registers. Program 
range error is explained later  i n  t h i s  section. 

36 Memory Error (ME) flag; se t  when a correctable or uncorrectable 
memory error occurs and the corresponding enable memory error 
mode b i t  is set  i n  the M register. 

37 1/0 Interrupt (101) flag; se t  when a 6 Mbyte channel or the 1250 
Mbyte channel canpletes a transfer. 

38 Error Exit (EEX) flag; se t  by an error exit  instruction ( 0 0 0 ) .  

39 Normal Exit (NEX) flag; set  by a normal exit  instruction (004) .  

Any flag (except the Memory Error flag) can be se t  i n  the F register only 
if the active Exchange Package is not i n  monitor mode. Such flags are 
set  only i f  word 2,  b i t  39 of the M register is 0. Except for the Memory 
Error flag, i f  the program is i n  monitor mode and the conditions for 
setting an F register are present, the flag remains cleared and no 
exchange sequence is initiated. 

Cluster Number register 

The 2-bit  Cluster Number (CLN) register determines the CPU's  cluster. 
The contents of the CLN register are used t o  determine which se t  of SB, 
ST, and S M  registers the CPU can access. I f  the CLN register is 0, then 

. the CPU does not have access to any SB, ST, or S M  register. The contents 
of t h e  CLN registers in both CPUs are also used tc determine t h e  
condition necessary for a deadlock interrupt. 

Prosram State resister 

The content of the 1-bi t  Program State (PS) register is manipulated by 
the operating system to represent different program states i n  the CPUs 
concurrently processing a single program. 

A registers 

The current contents of a l l  A registers are stored i n  b i t s  40 through 63 
of word 0 through 7 during exchange. 



S r e q i s t e r s  

The c u r r e n t  c o n t e n t s  o f  a l l  S r e g i s t e r s  a r e  s t o r e d  i n  b i t s  4 through 11 
of  word 0 dur ing  exchange. 

P rwram Address r e a i s t e r  

The c o n t e n t s  o f  t h e  Program Address (P) r e g i s t e r  ( f i r s t  program 
i n s t r u c t i o n  n o t  y e t  i s sued )  a r e  s t o r e d  i n  b i t s  1 6  through 39 o f  word 0. 
Th i s  i n s t r u c t i o n  is t h e  f i r s t  i n s t r u c t i o n  t o  be i s sued  when t h i s  program 
begins  again.  

ACTIVE EXCHANGE PACKAGE 

An a c t i v e  Exchange Package r e s i d e s  i n  t h e  ope ra t i ng  r e g i s t e r s .  The 
i n t e r v a l  o f  time when t h e  Exchange Package and t h e  program a s soc i a t ed  
w i th  it a r e  a c t i v e  is c a l l e d  t h e  execut ion  i n t e r v a l .  An execut ion  
i n t e r v a l  begins  wi th  an exchange sequence where t h e  s u b j e c t  Exchange 
Package moves from memory t o  t h e  ope ra t i ng  r e g i s t e r s .  An execut ion  
i n t e r v a l  ends a s  t h e  Exchange Package moves back t o  memory i n  a 
subsequent  exchange sequence. 

EXCHANGE SEQUENCE 

The exchange sequence is t h e  v e h i c l e  for moving an i n a c t i v e  Exchange 
Package from memory i n t o  t h e  o p e r a t i n g  r e g i s t e r s .  A t  t h e  same time, t h e  
exchange sequence moves t h e  c u r r e n t l y  a c t i v e  Exchange Package from t h e  
o p e r a t i n g  r e g i s t e r s  back i n t o  memory. Th i s  swapping ope ra t i on  is done i n  
a f i x e d  sequence when a l l  computat ional  a c t i v i t y  a s s o c i a t e d  with  t h e  
c u r r e n t l y  a c t i v e  Exchange Package has  stopped. The same 16-word block o f  
memory is used a s  t h e  source  o f  t h e  i n a c t i v e  Exchange Package and t h e  
d e s t i n a t i o n  o f  t h e  c u r r e n t l y  a c t i v e  Exchange Package. Location of t h i s  
block is s p e c i f i e d  by t h e  c o n t e n t  o f  t h e  XA r e g i s t e r  and is  a p a r t  of t h e  
c u r r e n t l y  a c t i v e  Exchange Package. The exchange sequence can be 
i n i t i a t e d  by d e a d s t a r t  sequence, i n t e r r u p t  f l a g  set ,  o r  program e x i t .  

Exchanqe i n i t i a t e d  by d e a d s t a r t  sequence 

The d e a d s t a r t  sequence f o r c e s  t h e  XA r e g i s t e r  c o n t e n t  to  0 f o r  both CPUs 
and a l s o  f o r c e s  a n  i n t e r r u p t  i n  one CPU. These two a c t i o n s  cause  an  
exchange using memory add re s s  0 a s  t h e  l o c a t i o n  o f  t h e  Exchange Package. 
The i n a c t i v e  Exchange Package a t  address  0 then  moves i n t o  t h e  ope ra t i ng  



r e g i s t e r s  and i n i t i a t e s  a program using t h e s e  parameters.  The Exchange 
Package swapped t o  add re s s  0 is l a r g e l y  inde te rmina te  because of t h e  
d e a d s t a r t  opera t ion .  New d a t a  en t e r ed  a t  t h e s e  s t o r a g e  add re s se s  then  
d i s c a r d s  t h e  o l d  Exchange Package i n  p r epa ra t i on  for s t a r t i n g  t h e  second 
CPU wi th  an  i n t e rp roces so r  i n t e r r u p t .  When i n s t r u c t i o n  001401 ( IP )  is 
i ssued  i n  t h e  f i r s t  CPU, t h e  second CPU exchanges t o  add re s s  0 i n  
memory. (The second CPU can be deads t a r t ed  f i r s t  by s e l e c t i n g  a swi tch  
on t h e  c o n t r o l  panel.  ) 

Exchange i n i t i a t e d  by i n t e r r u p t  f l a g  set 

An exchange sequence can  be i n i t i a t e d  by s e t t i n g  any one o f  t h e  i n t e r r u p t  
f l a g s  i n  t h e  F r e g i s t e r .  S e t t i n g  of  one o r  more f l a g s  causes  a Request 
I n t e r r u p t  s i g n a l  to  i n i t i a t e  an  exchange sequence. 

Exchanqe i n i t i a t e d  by program e x i t  

Two program e x i t  i n s t r u c t i o n s  i n i t i a t e  an exchange sequence. Timing o f  
t h e  i n s t r u c t i o n  execut ion  is t h e  same i n  e i t h e r  c a s e ,  t h e  d i f f e r e n c e  is 
determined by which of  t h e  t w o  f l a g s  is  set i n  t h e  F r e g i s t e r .  The t w o  
i n s t r u c t i o n s  a r e :  

000 ERR E r ro r  e x i t  

004 EX Normal e x i t  

The t w o  e x i t s  enab le  a program t o  r eques t  i ts own te rmina t ion .  A 
non-monitor ( ob j ec t )  program usua l l y  uses  t h e  normal e x i t  i n s t r u c t i o n  t o  
exchange back to  t h e  monitor program, The e r r o r  e x i t  a l lows  f o r  abnormal 
t e rmina t ion  of  an o b j e c t  program. The exchange add re s s  s e l e c t e d  is t h e  
same a s  f o r  a normal e x i t .  

Each i n s t r u c t i o n  has  a f l a g  i n  the F r e g i s t e r .  The app rop r i a t e  f l a g  is 
set  i f  t h e  c u r r e n t l y  a c t i v e  Exchange Package is n o t  i n  monitor mode. The 
i n a c t i v e  Exchange Package c a l l e d  i n  t h i s  c a s e  i s  normally one t h a t  
execu tes  i n  monitor mode. F l ags  a r e  checked for eva lua t i on  o f  t h e  
program te rmina t ion  cause.  

The monitor program selects an i n a c t i v e  Exchange Package f o r  a c t i v a t i o n  
by s e t t i n g  t h e  add re s s  o f  t h e  i n a c t i v e  Exchange Package i n  t h e  XA 
r e g i s t e r  and t hen  execut ing  a normal e x i t  i n s t r u c t i o n .  

Exchanqe sequence i s s u e  c o n d i t i o n s  

The fol lowing a r e  hold i s s u e  c o n d i t i o n s ,  execu t ion  t i m e ,  and s p e c i a l  
c a s e s  f o r  an exchange sequence. 



Hold c o n d i t i o n s :  

a NIP r e g i s t e r  c o n t a i n s  a v a l i d  i n s t r u c t i o n  
a S f  V, or A r e g i s t e r s  busy 

Execu t ion  time: 

For 32 banks,  40 CPs; c o n s i s t s  o f  a n  exchange sequence (24 CPs) and a 
f e t c h  o p e r a t i o n  (16 CPs) .  

For  1 6  banks,  42 CPs; c o n s i s t s  of a n  exchange sequence (24 CPs) and a 
f e t c h  o p e r a t i o n  (18 CPs).  

S p e c i a l  c a s e s  : 

If a tes t  and set i n s t r u c t i o n  is h o l d i n g  i n  t h e  CIP r e g i s t e r ,  bo th  
CIP and NIP r e g i s t e r s  a r e  c l e a r e d  and t h e  exchange o c c u r s  w i t h  t h e  W S  

(Wai t ing f o r  Semaphore) f l a g  set and t h e  P r e g i s t e r  p o i n t i n g  to  t h e  
test  and set i n s t r u c t i o n .  

EXCHANGE PACKAGE MANAGEMENT 

Each 16-word Exchange Package r e s i d e s  i n  a n  a r e a  d e f i n e d  d u r i n g  sys tem 
d e a d s t a r t .  The d e f i n e d  a r e a  must l i e  w i t h i n  t h e  lower 4096 (10,0008) 
words o f  memory. The package a t  a d d r e s s  0 is t h e  d e a d s t a r t  moni tor  
program's  Exchange Package. Other  packages p r o v i d e  for o b j e c t  programs 
and moni tor  t a s k s .  Non-monitor packages  l i e  o u t s i d e  o f  t h e  f i e l d  l e n g t h s  
for t h e  programs t h e y  r e p r e s e n t  a s  determined by t h e  b a s e  and l i m i t  
a d d r e s s e s  f o r  t h e  programs. Only t h e  moni tor  program h a s  a f i e l d  d e f i n e d  
so t h a t  it c a n  a c c e s s  a l l  o f  memory, i n c l u d i n g  Exchange Package a r e a s .  
The d e f i n e d  f i e l d  a l l o w s  t h e  moni tor  program to  d e f i n e  or a l t e r  a l l  
Exchange Packages o t h e r  t h a n  i ts  own when it is t h e  c u r r e n t l y  a c t i v e  
Exchange Package. S i n c e  no  i n t e r l o c k  e x i s t s  between a n  exchange sequence 
i n  a CPU and memory t r a n s f e r s  i n  a n o t h e r  CPU, m o d i f i c a t i o n  o f  Exchange 
Packages which c a n  be  used by a n o t h e r  CPU shou ld  be  avoided,  e x c e p t  under 
s o f t w a r e  c o n t r o l l e d  s i t u a t i o n s .  

P roper  management o f  Exchange Packages d i c t a t e s  t h a t  a non-monitor 
program always  exchanges back to t h e  moni tor  program t h a t  exchanged t o  
it. The exchange e n s u r e s  t h a t  t h e  program i n f o r m a t i o n  is always  
exchanged i n t o  i ts proper  Exchange Package. 

For example, t h e  moni tor  program (A) b e g i n s  a n  e x e c u t i o n  i n t e r v a l  
f o l l o w i n g  d e a d s t a r t .  N o  i n t e r r u p t s  ( e x c e p t  memory) c a n  t e r m i n a t e  i t s  
e x e c u t i o n  i n t e r v a l  s i n c e  it is i n  moni tor  mode. Program A v o l u n t a r i l y  
e x i t s  by i s s u i n g  a normal e x i t  i n s t r u c t i o n  (004) .  However, b e f o r e  do ing  
so, program A sets t h e  c o n t e n t s  of t h e  XA r e g i s t e r  to  p o i n t  to  t h e  u s e r  



program (B) Exchange Package so t h a t  program B i s  t h e  n e x t  program t o  
execu te .  Program A sets t h e  exchange a d d r e s s  i n  program B ' s  Exchange 
Package t o  p o i n t  back to  program A. 

The exchange sequence to  program B c a u s e s  t h e  exchange a d d r e s s  from 
program B ' s  Exchange Package t o  be  e n t e r e d  i n  t h e  XA r e g i s t e r .  A t  t h e  
same time, t h e  exchange a d d r e s s  i n  t h e  XA r e g i s t e r  g o e s  to  program B ' s  
Exchange Package a r e a  w i t h  a l l  o t h e r  program paramete r s  for program A. 
When t h e  exchange is complete ,  program B b e g i n s  i t s  e x e c u t i o n  i n t e r v a l .  

To i l l u s t r a t e  t h e  exchange sequence,  assume t h a t  w h i l e  program B is 
e x e c u t i n g ,  an  i n t e r r u p t  f l a g  sets i n i t i a t i n g  a n  exchange sequence.  S i n c e  
program B canno t  a l t e r  t h e  XA r e g i s t e r ,  t h e  e x i t  is back to  program A. 
Program B ' s  pa ramete r s  exchange back i n t o  i ts  Exchange Package a r e a ;  
program A ' s  pa ramete r s  h e l d  i n  program B ' s  package d u r i n g  t h e  e x e c u t i o n  
i n t e r v a l  exchange back i n t o  t h e  o p e r a t i n g  r e g i s t e r s .  

Program A, upon resuming e x e c u t i o n ,  d e t e r m i n e s  a n  i n t e r r u p t  h a s  caused  
t h e  exchange and sets t h e  XA r e g i s t e r  to c a l l  t h e  p roper  i n t e r r u p t  
p r o c e s s o r  i n t o  execu t ion .  To d o  t h i s ,  program A sets XA t o  p o i n t  t o  t h e  
Exchange Package for t h e  i n t e r r u p t  p r o c e s s i n g  program ( C ) .  Program A 
c l e a r s  t h e  i n t e r r u p t  and i n i t i a t e s  e x e c u t i o n  o f  program C by e x e c u t i n g  a 
normal e x i t  i n s t r u c t i o n  (004) .  Depending on t h e  o p e r a t i n g  t a s k ,  program 
C c a n  e x e c u t e  i n  moni tor  mode or i n  u s e r  mode. 

F u r t h e r  in fo rmat ion  on Exchange Package management is c o n t a i n e d  i n  t h e  
COS EXEC/STP/CSP I n t e r n a l  Reference  Manual, p u b l i c a t i o n  SM-0040. 

MEMORY FIELD PROTECTION 

A t  e x e c u t i o n  time each  o b j e c t  program h a s  a d e s i g n a t e d  f i e l d  o f  memory 
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program when t h e  o b j e c t  program is loaded  and i n i t i a t e d .  The f i e l d s  c a n  
beg in  a t  any word a d d r e s s  t h a t  is a m u l t i p l e  of 32 ( t h a t  is, do8)  and 
c a n  c o n t i n u e  to  a n o t h e r  a d d r e s s  t h a t  is one less t h a n  a m u l t i p l e  of 32. 
The f i e l d s  c a n  o v e r l a p .  

A l l  memory a d d r e s s e s  c o n t a i n e d  i n  t h e  o b j e c t  program code a r e  r e l a t i v e  t o  
one  o f  t h e  t w o  b a s e  a d d r e s s e s  s p e c i f y i n g  t h e  beg inn ing  o f  t h e  a p p r o p r i a t e  
f i e l d .  An o b j e c t  program c a n n o t  r e a d  or a l t e r  any memory l o c a t i o n  w i t h  
an  a b s o l u t e  a d d r e s s  lower t h a n  t h a t  b a s e  a d d r e s s .  Each o b j e c t  program 
r e f e r e n c e  t o  memory is  checked a g a i n s t  t h e  l i m i t  and base  a d d r e s s e s  t o  
de te rmine  i f  t h e  a d d r e s s  is w i t h i n  t h e  bounds a s s i g n e d .  A memory r e a d  



reference beyond the assigned f ie ld  l imits issues and completes, b u t  a 
zero value i s  transferred from memory. A memory write reference beyond 
the assigned f ie ld  l i m i t s  is allowed t o  issue, b u t  no write occurs. 

Field l i m i t s  are contained i n  four registers: the Instruction Base 
Address ( IBA)  regis ter ,  the Instruction L i m i t  Address (ILA)  register,  the 
Data Base Address (DBA) register,  and the Data L i m i t  Address (DLA) 
register.  These four regis ters  are described below. 

INSTRUCTION BASE ADDRESS REGISTER 

The 17-bi t  Instruction Base Address ( IBA)  register holds the base address 
of the user's instruction f ield.  An instruction can only be executed by 
the CPU i f  the absolute address a t  which the instruction i s  located is 
greater than or equal t o  the contents of the current Exchange Package IBA 
register of the program executing. This determination is made a t  
instruction buffer fetch time by the CPU. The contents of t h i s  register 
a re  interpreted as the high-order 17 b i t s  of a 22-bit memory address. 
The low-order 5 b i t s  of the address are assumed to  be zero because of the 
instruction buffer length, 32 decimal words. Absolute memory addresses 
for an instruction fetch are formed by adding the IBA register t o  the P 
register (high-order 22 b i t s )  modulo two t o  the twenty-second power. A 
reference t o  an absolute address less  than the address defined by IBA can 
only occur via a jump or branch instruction to  an address beyond the 
memory capacity of the machine. 

INSTRUCTION LIMIT ADDRESS REGISTER 

The 17-bi t  Instruction L i m i t  Address ( ILA)  register holds the l i m i t  
address of the user 's  f ie ld.  An instruction can only be executed by the 
CPU i f  the absolute address where it is  located i s  l e s s  than the contents 
of the current Exchange Package ILA register of the program executing. 
T h i s  determination is made a t  instruction buffer fetch time by the CPU. 
The contents of the register are interpreted as the high-order 1 7  b i t s  of 
a 22-b i t  memory address. The low-order 5 b i t s  of the address are assumed 
t o  be zero because of the instruction buffer length, 32 decimal words. 
Absolute memory addresses for an instruction fetch are formed by adding 
the IBA register t o  the P register (high-order 22 b i t s )  modulo two t o  the 
twenty-second power. The largest absolute address that can be executed 
by a program is defined by [ ( ILA) x 25] - 1. 

If  the f ina l  absolute address of the instruction buffer fetch as computed 
by the CPU does not f a l l  between the range of addresses contained w i t h i n  
the currently executing Exchange Package IBA and ILA registers,  the CPU 
generates a Program Range Error Interrupt. 



DATA BASE ADDRESS REGISTER 

The 17-bit Data Base Address (DBA) register holds the base address of the 
user's data field.  An operand can only be fetched or stored by the CPU 
i f  the absolute address where the operand is located i s  greater than or 
equal t o  the contents of the current Exchange Package DBA register of the 
program executing. T h i s  determination is made each time an operand i s  
fetched or stored by the CPU. The contents of the register are 
interpreted as the high-order 17 b i t s  of a 22-bi t  memory address. The 
low-order 5 b i t s  of the register are assumed t o  be zero. Absolute memory 
addresses for operands are formed by adding the DBA register t o  the 
modified operand address modulo two t o  the twenty-second power. 

DATA LIMIT ADDRESS REGISTER 

The 17-bit Data L i m i t  Address (DLA) register holds the (upper) l i m i t  
address of the user's data f ie ld.  An operand can only be fetched or 
stored by the CPU i f  the absolute address where the operand i s  located is 
less  than the contents of the current Exchange Package DLA register of 
the program executing. T h i s  determination is made each time an operand 
is fetched or stored by the CPU. The contents of the register are 
interpreted as the high-order 1 7  b i t s  of a 2 2 - b i t  memory address. The 
low-order 5 b i t s  of the register are assumed to  be zero. Absolute memory 
addresses for operands are formed by adding the DBA register t o  the 
modified operand address modulo two t o  the twenty-second power. The 
largest absolute address that can be referenced for data by a program is 
defined by [ (DLA) x 25] - 1. 

I f  the f ina l  absolute address of the operand as computed by the CPU does 
not f a l l  between the range of addresses contained w i t h i n  the currently 
executing Exchange Package DBA and DLA registers,  the CPU generates an 
Operand (address) Range Error Interrupt. 

PROGRAM RANGE ERROR 

The Program Range Error flag se ts  i f  a memory reference outside the 
boundaries of the IBA and ILA register is for an instruction fetch. An 
out-of-range memory reference can occur i n  a non-monitor mode program on 
a branch or jump instruction calling for a program address above or below 
the l i m i t s .  The Program Range Error flag causes an error condition that  
terminates program execution. The monitor program checks the s t a t e  of 
the Program Range Error flag and takes appropriate action, perhaps 
aborting the user program. 



OPERAND RANGE ERROR 

The Operand Range Error flag se t s  i f  the Operand Range Error Mode is set  
and a memory reference outside the boundaries of the DBA and DLA 
regis ters  is called t o  read or write an operand for an A ,  B,  S f  T ,  or V 
register and the operand range interrupt flag is set .  The Operand Range 
Error flag causes an error condition that  terminates the user program 
execution. The monitor program checks the s t a t e  of the Operand Range 
Error flag and takes appropriate action, perhaps aborting the user 
program. 

PROGRAMMABLE CLOCK 

The programmable clock can be used t o  accurately measure the duration of 
intervals. Intervals selected under monitor program control generate a 
periodic interrupt. The clock frequency is 105 Mhz. Intervals from 9.5 
nanoseconds t o  approximately 40.8 seconds are possible. Intervals 
shorter than 100 microseconds are not practical due t o  the monitor 
overhead involved i n  processing the interrupt. Supporting the 
programmable clock are the Interrupt Interval (11) register,  the 
Interrupt Countdown ( I C D )  counter, and four monitor mode instructions. 

I NSTRUCTIONS 

Four monitor mode instructions support the programmable clock: 

0 0 1 4 j 4  PCI s j  Enter Interrupt Interval (11) register w i t h  
( S j )  

001405 CCI  

001406 ECI 

001407 DCI 

Clear the programmable clock interrupt 
request 

Enable the programmable clock interrupt 
request 

Disable the programmable clock interrupt 
request 

INTERRUPT INTERVAL REGISTER 

The 32-bit Interrupt Interval (11) register can be loaded w i t h  a binary 
value equal t o  the number of CPs that are t o  elapse between programmable 
clock interrupt requests. The interrupt interval is transferred from the 
low-order 32 b i t s  of the ~j register into the I1 register and the ICD 
counter when instruction 0014 j4  is executed. 



T h i s  v a l u e  is h e l d  i n  t h e  I1 r e g i s t e r  and  is t r a n s f e r r e d  to  t h e  ICD 
c o u n t e r  e a c h  t i m e  t h e  c o u n t e r  r e a c h e s  0 and  g e n e r a t e s  a n  i n t e r r u p t  
r e q u e s t .  The c o n t e n t  of t h e  I1 r e g i s t e r  is changed o n l y  by a n o t h e r  
i n s t r u c t i o n  0014j4.  

INTERRUPT COUNTDOWN COUNTER 

The 32 -b i t  I n t e r r u p t  Countdown (ICD) c o u n t e r  is p r e s e t  to  t h e  c o n t e n t s  of 
t h e  I1 r e g i s t e r  when i n s t r u c t i o n  0014 j4  is execu ted .  T h i s  c o u n t e r  r u n s  
c o n t i n u o u s l y  b u t  c o u n t s  down, dec remen t ing  by 1 e a c h  CP u n t i l  t h e  c o n t e n t  
of t h e  c o u n t e r  is 0. The ICD sets t h e  programmable clock i n t e r r u p t  
r e q u e s t  and samples  t h e  i n t e r v a l  v a l u e  h e l d  i n  t h e  I1 r e g i s t e r .  The ICD 
r e p e a t s  the countdown to 0 c y c l e ,  s e t t i n g  t h e  programmable clock 
i n t e r r u p t  r e q u e s t  a t  r e g u l a r  i n t e r v a l s  d e t e r m i n e d  by t h e  i n t e r v a l  v a l u e .  

When t h e  programmable c l o c k  i n t e r r u p t  r e q u e s t  is se t ,  it rema ins  se t  
u n t i l  a clear programmable c l o c k  i n t e r r u p t  r e q u e s t  is e x e c u t e d .  A 
programmable c l o c k  i n t e r r u p t  r e q u e s t  c a n  be  set  o n l y  a f t e r  t h e  e n a b l e  
programmable c l o c k  i n t e r r u p t  r e q u e s t  is e x e c u t e d .  A programmable c l o c k  
i n t e r r u p t  r e q u e s t  c a u s e s  a n  i n t e r r u p t  o n l y  when n o t  i n  m o n i t o r  mode. A 
r e q u e s t  set  i n  mon i to r  mode is h e l d  u n t i l  t h e  sys t em s w i t c h e s  to  u s e r  
mode. 

CLEAR PROGRAMMABLE CLOCK INTERRUPT REQUEST 

Fo l lowing  a program i n t e r r u p t  i n t e r v a l ,  a n  a c t i v e  programmable clock 
i n t e r r u p t  r e q u e s t  c a n  b e  c l e a r e d  by e x e c u t i n g  i n s t r u c t i o n  001405. 

Fo l lowing  any deadstart, t h e  mon i to r  program s h o u l d  e n s u r e  t h e  s t a t e  o f  
t h e  programmable clock i n t e r r u p t  by i s s u i n g  i n s t r u c t i o n s  001405 and 
n n i  ~ n 7  
U U l ' t U  I .  

DEADSTART SEOUENCE 

The d e a d s t a r t  s equence  of o p e r a t i o n s  s t a r t s  a program r u n n i n g  i n  t h e  
CRAY X-MP mainframe a f te r  power h a s  been  t u r n e d  o f f  and t h e n  t u r n e d  o n  
a g a i n  or whenever t h e  o p e r a t i n g  s y s t e m  is t o  be  r e - i n i t i a l i z e d  i n  t h e  
mainframe. A l l  r e g i s t e r s  i n  t h e  machine ,  a l l  c o n t r o l  l a t c h e s ,  and  a l l  
words  i n  memory s h o u l d  b e  c o n s i d e r e d  i n v a l i d  a f t e r  power h a s  been  t u r n e d  
on. The f o l l o w i n g  sequence  o f  o p e r a t i o n s  t o  b e g i n  t h e  program is 
i n i t i a t e d  by t h e  1/0 Subsystem. 



1. Turn o n  Mas te r  C l e a r  s i g n a l .  

2. Turn  o n  1/0 C l e a r  s i g n a l .  

3. Turn o f f  1/0 C l e a r  s i g n a l .  

4. Load memory v i a  1/0 Subsystem. 

5. Turn o f f  Mas te r  C l e a r  s i g n a l .  

The Mas te r  C l e a r  s i g n a l  h a l t s  a l l  i n t e r n a l  c o m p u t a t i o n  and f o r c e s  c r i t i c a l  
c o n t r o l  l a t c h e s  t o  p r e d e t e r m i n e d  s t a t e s .  The 1/0 C l e a r  s i g n a l  clears t h e  
i n p u t  c h a n n e l  a d d r e s s  r e g i s t e r  o f  t h e  MCU c h a n n e l  and  a c t i v a t e s  t h e  MCU 
i n p u t  c h a n n e l .  A l l  o t h e r  i n p u t  c h a n n e l s  r ema in  i n a c t i v e .  The 1/0 
Subsys tem t h e n  loads a n  i n i t i a l  Exchange Package  and mon i to r  program. The 
Exchange Package must  be  l o c a t e d  a t  a d d r e s s  0 i n  memory. Turn ing  o f f  t h e  
Master C l e a r  s i g n a l  i n i t i a t e s  t h e  exchange  sequence  t o  r e a d  t h i s  package  
and  t o  b e g i n  e x e c u t i o n  o f  t h e  m o n i t o r  program i n  CPU 0 (PN = 0 ) .  CPU 1 
(PN = 1) remains  i n  a master c l e a r e d  s ta te  u n t i l  i n s t r u c t i o n  001401 ( I P )  is 
i s s u e d  i n  CPU 0. Then CPU 1 exchanges  t o  a d d r e s s  0 i n  memory. 

Because  t h e  exchange  o f  CPU 0 o v e r w r i t e s  t h e  c o n t e n t s  o f  t h e  i n a c t i v e  
Exchange Package a t  a d d r e s s  0 ,  CPU 0 must  r e i n i t i a l i z e  t h e  Exchange Package 
a t  a d d r e s s  0 b e f o r e  a l l o w i n g  CPU 1 to  s t a r t .  (CPU 1 c a n  be s t a r t e d  f i r s t  
by s e l e c t i n g  a s w i t c h  o n  t h e  c o n t r o l  p a n e l . )  Subsequen t  a c t i o n s  a r e  
d i c t a t e d  by t h e  d e s i g n  o f  t h e  o p e r a t i n g  sys tem.  



CPU COMPUTATION SECTION 

INTRODUCTION 

Each CPU contains an identical independent computation section. A 
computation section consists of operating registers  and functional u n i t s  
associated w i t h  three types of processing: address, scalar,  and vector. 
Address processing operates on internal control information such as  
addresses and indexes and has two levels of 2 4 - b i t  registers and two 
integer arithmetic functional u n i t s .  Scalar and vector processing are 
performed on data. 

A vector is an ordered se t  of elements. A vector instruction operates on 
a ser ies  of elements repeating the same function and producing a ser ies  
of results. Scalar processing s t a r t s  an instruction, handles one operand 
or operand pair,  then stops the operation. 

The main advantage of vector over scalar processing is eliminating 
instruction start-up time for a l l  b u t  the f i r s t  operand. Scalar 
processing has two levels of 64-bi t  scalar registers,  four functional 
u n i t s  dedicated solely t o  scalar processing, and three floating-point 
functional units shared w i t h  vector operations. Vector processing has a 
s e t  of 64-element registers of 64 b i t s  each, four functional u n i t s  
dedicated solely t o  vector applications, and three floating-point 
functional u n i t s  supporting both scalar and vector operations. 

Address information flows from Central Memory or from control registers 
t o  address registers. Information i n  the address registers is 
J ; " & . . : L . . L A ~  LCI ----- -..- - - - I -  ^ C  LL ---I-- 
u r a c ~  AUUCCU cv V C I L ~ U U ~  YQL LS U L  L I I ~  G U I I Z K O ~  network for use in 
controlling the scalar,  vector, and 1/0 operations. The address 
regis ters  can also supply operands t o  two integer functional u n i t s .  The 
u n i t s  generate address and index information and return the resul t  t o  the 
address registers. Address information can also be transmitted t o  
Central Memory from the address registers.  

Data flow i n  a computation section is generally from Central Memory t o  
regis ters  and from registers  t o  functional u n i t s .  Results flow from 
functional u n i t s  t o  registers and from registers t o  Central Memory or 
back t o  functional units. Data flows along either the scalar or vector 
path depending on the processing mode. An exception is that scalar 
regis ters  can provide one required operand for vector operations 
performed i n  the vector functional u n i t s .  

Integer or floating-point arithmetic operations are performed i n  the 
computation section. Integer arithmetic is performed i n  twos complement 
mode. Floating-point quantit ies have signed magnitude representation. 



Floating-point instructions provide for addition, subtraction, 
multiplication, and reciprocal approximation. The reciprocal 
approximation instructions provide for a floating-point divide operation 
using a multiple instruction sequence. These instructions produce 64-bit 
results (l-bit sign, 15-bit exponent, and 48-bit normalized coefficient). 

Integer or fixed-point operations are integer addition, integer 
subtraction, and integer multiplication. Integer addition and 
subtraction operations produce either 24-bit or 64-bit results. An 
integer multiply operation produces a 24-bit result. A 64-bit integer 
multiply operation is done through a software algorithm using the 
floating-point multiply functional unit to generate multiple partial 
products. These partial products are then shifted and merged to form the 
full 64-bit product. No integer divide instruction is provided; the 
operation is accomplished through a software algorithm using 
floating-point hardware. 

The instruction set includes Boolean operations for OR, AND, equivalence, 
and exclusive OR and for a mask-controlled merge operation. Shift 
operations allow the manipulation of either 64-bit or 128-bit operands to 
produce 64-bit results. With the exception of 24-bit integer arithmetic, 
most operations are implemented in vector and scalar instructions. The 
integer product is a scalar instruction designed for index calculation. 
Full indexing capability allows the programmer to index throughout 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 the diagonal as well as conventional column-oriented 
operations. 

Population and parity counts are provided for both vector and scalar 
operations. An additional scalar operation is the leading zero counts. 

Characteristics of a CPU computation section are summarized below. 

Integer and floating-point arithmetic 
Twos complement integer arithmetic 
Signed magnitude floating-point arithmetic 
Address, scalar, and vector processing modes 
Thirteen functional units 
Eight 24-bit address (A) registers 
Sixty-four 24-bit intermediate address (33) registers 
Eight 64-bit scalar (S) registers 
Sixty-four 64-bit intermediate scalar (T) registers 
Eight 64-element vector (V) registers, 64 bits per element 



OPERATING REGISTERS 

Operating registers,  a primary programmable resource of a CPU, enhances 
the speed of the system by satisfying heavy demands for data made by the 
functional u n i t s .  A single functional u n i t  can require one t o  three 
operands per clock period (CP) t o  perform the necessary functions and can 
deliver resul ts  a t  a ra te  of one per CP. Multiple functional u n i t s  can 
be used concurrently. 

A CPU has three primary and two intermediate se ts  of registers. The 
primary se t s  of registers are address, scalar,  and vector designated i n  
t h i s  manual as  A ,  S,  and V, respectively. These registers are considered 
primary because functional units can access them directly.  

For the address and scalar registers,  an intermediate level of registers 
ex is t s  which i s  not accessible to  the functional u n i t s  but ac ts  as  a 
buffer for the primary registers. Block transfers are possible between 
these registers and Central Memory so that the number of memory reference 
instructions required for scalar and address operands is greatly 
reduced. The intermediate registers that  support the address regis ters  
are referred t o  as  B registers.  The intermediate registers that support 
scalar registers are referred t o  as  T registers.  

ADDRESS REG1 STERS 

Figure 4-1 i l l u s t r a t e s  registers and functional u n i t s  used for address 
processing. The two types of address regis ters  are designated A 
registers and B registers and are described i n  the following paragraphs. 

Eight 24-bit A registers serve a variety of applications b u t  are 
primarily used as  address registers for memory references and as  index 
registers.  They provide values for s h i f t  counts, loop control, and 
channel 1/0 operations and receive values of population count and leading 
zeros count. I n  address applications, A registers index the base address 
for scalar memory references and t o  provide both a base address and an 
address increment for vector memory references. 

The address functional u n i t s  support address and index generation by 
performing 24-bi t  integer arithmetic on operands obtained from A 
regis ters  and by delivering the resul ts  t o  A registers.  



Figure 4-1. Address regis ters  and functional u n i t s  

Data is moved direct ly between Central Memory and A registers or is 
placed i n  B registers. Placing data i n  B regis ters  allows buffering of 
the data between A registers and Central Memory. Data can also be 
transferred between A and S regis ters  and between A and Shared Address 
(SB) registers.  

The Vector Length (VL) register and Exchange Address (XA) register are 
s e t  by transmitting a value t o  them from an A register.  The VL register 
can also be transmitted to  an A register.  (The VL register is described 
under Vector Control Registers la te r  i n  t h i s  section.) 



When an i s sued  i n s t r u c t i o n  d e l i v e r s  new d a t a  to  an  A r e g i s t e r ,  a 
r e s e r v a t i o n  is set f o r  t h a t  r e g i s t e r .  The r e s e r v a t i o n  p r even t s  i s s u e  of  
i n s t r u c t i o n s  t h a t  use t h e  r e g i s t e r  u n t i l  t h e  new d a t a  is de l i ve red .  

I n  t h i s  manual, t h e  A r e g i s t e r s  a r e  i n d i v i d u a l l y  r e f e r r e d  t o  by t h e  
l e t t e r  A followed by a number ranging from 0 through 7. I n s t r u c t i o n s  
r e f e r ence  A r e g i s t e r s  by spec i fy ing  t h e  r e g i s t e r  number as  t h e  h ,  i, 
j, o r  k des igna tor  a s  descr ibed  i n  s e c t i o n  5. 

The on ly  r e g i s t e r  i m p l i c i t l y  re fe renced  is t h e  A0 r e g i s t e r  a s  i l l u s t r a t e d  
i n  t h e  fol lowing i n s t r u c t i o n s :  

OlOijkm J A Z  exp Branch t o  i jkm i f  (AO)=O 

0 l l i j k m  J A N  exp Branch to  i j h  i f  (AO)#O 

012ijkm JAP exp Branch t o  i jkm i f  (AO) is p o s i t i v e ,  
i nc ludes  (AO) =O 

013ijkm J A M  exp Branch to  ijkm i f  (AO) is nega t i ve  

034 i jk  ~ j k , ~ i  ,A0 Read ( ~ i )  words to  B r e g i s t e r  j k  
from (AO) 

035 i jk  ,A0 ~ j k , ~ i  S t o r e  ( ~ i )  words a t  B r e g i s t e r  
j k  t o  ( A O )  

036 i jk  T ~ ~ , A ~ , A O  Read ( ~ i )  words t o  T r e g i s t e r  j k  from 
(A01 

037i jk  ,A0 ~ j k , ~ i  S t o r e  ( ~ i )  words a t  T r e g i s t e r  
j k  t o  ( A O )  

176i0k v i  , A O , A ~  Read (VL) words to  ~i from (AO) 
; m m r r r m n m t n d  L.r  I A ~ /  \ 
A L L ~ A  GLIIG~L LGU u y  tnn.1 

1770jk , A O , A ~  ~ j '  S t o r e  (VL) words from v i  from (AO) 
incremented by ( ~ k )  

Sec t ion  5 o f  t h i s  manual c o n t a i n s  a d d i t i o n a l  informat ion on t h e  use o f  A 
r e g i s t e r s  by i n s t r u c t i o n s .  

B REGISTERS 

A computation s e c t i o n  c o n t a i n s  s ix ty- four  24-bit  B r e g i s t e r s  used a s  
in te rmedia te  s t o r a g e  f o r  t h e  A r e g i s t e r s .  Typ ica l l y ,  B r e g i s t e r s  c o n t a i n  
d a t a  t o  be re fe renced  r epea t ed ly  over a s u f f i c i e n t l y  long span making it 
unnecessary t o  r e t a i n  t h e  d a t a  i n  e i t h e r  A r e g i s t e r s  o r  i n  C e n t r a l  
Memory. Examples o f  u se s  a r e  loop  counts ,  v a r i a b l e  a r r a y  base addresses ,  
and dimensions. 



Transfer of a value between an A register and a B register requires only 
1 CP. A block of B registers can be transferred t o  or from Central 
Memory a t  the maximum rate  of one 2 4 - b i t  value per CP. A reservation i s  
made on a l l  B registers during block transfers t o  and from B registers. 

NOTE 

Other instructions can issue on the CRAY X-MP while a 
block of B registers is being transferred t o  or from 
Central Memory. 

I n  t h i s  manual, B registers are individually referred to  by the l e t t e r  B 
followed by a 2-digit octal  number ranging from 00 through 77. 
Instructions reference B regis ters  by specifying the B register number i n  
the j k  designator as  described i n  section 5. 

The only B register implicitly referenced is the BOO register.  On 
execution of the return jump instruction ( 0 0 7 ) ,  register BOO i s  s e t  t o  
the next instruction parcel address (P)  and a branch t o  an address 
specified by ZjlrirIli occurs wv- the 

conventionally saves (BOO) so tha t  the BOO register is available for the 
called routine t o  i n i t i a t e  return jumps of its own. When a called 
routine wishes t o  return t o  its ca l le r ,  it restores the saved address and 
executes instruction 0050jk. Conventionally, t h i s  instruction, which 
is a branch t o  ( ~ j k ) ,  causes the address saved i n  ~ j k  t o  be entered 
into the P register as  the address of the next instruction parcel t o  be 
executed. 

SCALAR REGISTERS 

Figure 4-2 i l l u s t r a t e s  registers and functional u n i t s  used for scalar 
processing. The two types of scalar regis ters  are designated S registers  
and T regis ters  and are described i n  the following paragraphs. 

S REGISTERS 

Eight 64-bit S registers are the principal scalar registers for a CPU 

serving as  the source and destination for operands executing scalar 
arithmetic and logical instructions. Scalar functional u n i t s  perform 
both integer and floating-point arithmetic operations. 



V r e g i s t e r s  
F loa t i ng -po in t  f u n c t i o n a l  u n i t s  

VM 
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Sca la r  r e g i s t e r s  
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- - 
L 

Figure 4-2. Scalar regis ters  and functional units 

S registers can furnish one operand in vector instructions. Single-word 
transmissions of data between an S register and an element of a V 
register are also possible. 

Data i s  moved direct ly between Central Memory and S regis ters  or is 
placed i n  T registers. T h i s  intermediate s tep allows buffering of scalar 
operands between S registers and Central Memory. Data is also 
transferred between A and S registers,  between S and Shared Scalar (ST) 
registers,  and between S and Semaphore ( S M )  registers.  



Other uses of the S registers are the setting or reading of the Vector 
Mask (VM) register or the Real-time Clock (RTC) register or setting the 
Interrupt Interval (11) register. 

When an issuing instruction delivers new data to an S register, a 
reservation is set for that register preventing issue of instructions 
that read the register until the new data is delivered. 

In this manual, the S registers are individually referred to by the 
letter S followed by a number ranging from 0 through 7. Instructions 
reference S registers by specifying the register number as the if j, 
or k designator as described in section 5. 

The only register implicitly referenced is the SO register as illustrated 
in the following instructions. 

014ijkm JSZ exp Branch to ijkm if (SO)=O 

015ijktn JSN exp Branch to ijkm if (SO)#O 

Oldijkm JSP exp Branch to ijkm if (SO) is positive, 
includes (SO) =O 

017ijkrn JSM exp Branch to ijkm if (SO) is negative 

052ijk SO Si exp Shift (~i) left jk places to SO 

053ijk SO ~i exp Shift (~i) right jk places to SO 

The 8-bit Status register provides the status of the following flags: 

Processor Number (PN) 
Program State (PS) 
Cluster Number (CN) 
Floating-point Interrupts Enabled (IFP) 
Floating-point Error (FPS) 
Bidirectional Memory Enabled (BDM) 
Operand Range Interrupts Enabled (IOR) 

Instruction 073 sends the contents of the Status register to an S 
register. 

Section 5 of this manual has additional information on the use of S 
registers by instructions. 



T REGISTERS 

The computation section has sixty-four 64-bit T registers used as 
intermediate storage for the S registers. Data is transferred between T 
and S registers and between T registers and Central memory. Transfer of 
a value between a T register and an S register requires only 1 CP. 
T registers reference Central Memory through block read and block write 
instructions. Block transfers occur a t  a maximum rate  of one word per 
CP. A reservation i s  made on a l l  T registers during block transfers to  
and from T registers.  

NOTE 

Other instructions can issue on the CRAY X-MP while a 
block of T registers is  being transferred t o  or from 
Central Memory. 

I n  t h i s  manual, T registers are referred to  by the l e t t e r  T and a 2-digit 
octal  number ranging from 00 through 77. Instructions reference T 
regis ters  by specifying the oc ta l  number as  the j k  designator as 
described i n  section 5. 

VECTOR REGISTERS 

Figure 4-3 i l l u s t r a t e s  the registers and functional u n i t s  used for vector 
operations. Vector registers and vector control regis ters  are described 
i n  the following paragraphs. 

V REGISTERS 

The major computational registers of a CPU are eight V registers,  each 
w i t h  64 elements. Each V register element has 64 b i t s .  When associated 
data is  grouped into successive elements of a V register,  the register 
quantity can be treated as  a vector. Examples of vector quantit ies are  
rows or columns of a matrix or elements of a table. Computational 
efficiency is achieved by identically processing each element of a 
vector. Vector instructions provide for the i te ra t ive  processing of 
successive V register elements. A vector operation always begins when 
operands are obtained from the f i r s t  element of the operand V regis ters  
and the resul t  is delivered to  the f i r s t  element of a V register.  
Successive elements are provided each CP and as each operation is 
performed, the resul t  i s  delivered t o  successive elements of the resul t  V 



Vector r e g i s t e r s  
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Figure  4-3. Vector r e g i s t e r s  and f u n c t i o n a l  u n i t s  

r e g i s t e r .  The vec to r  ope ra t i on  con t inues  u n t i l  t h e  number o f  ope ra t i ons  
performed by t h e  i n s t r u c t i o n  equa l s  a count  s p e c i f i e d  by t h e  con t en t  of 
t h e  VL r e g i s t e r .  

Conten ts  o f  a V r e g i s t e r  a r e  t r a n s f e r r e d  to  o r  from C e n t r a l  Memory i n  a 
block mode by spec i fy ing  a f i r s t  word add re s s  i n  C e n t r a l  Memory, an  
increment o r  decrement f o r  t h e  C e n t r a l  Memory address ,  and a vec tor  
l eng th .  The t r a n s f e r  then proceeds beginning wi th  t h e  f i r s t  element o f  
t h e  V r e g i s t e r  a t  a maximum r a t e  o f  one word per  CP, depending upon bank 
c o n f l i c t s .  D i s c o n t i n u i t i e s  i n  t h e  vec to r  d a t a  s t ream can  occur  a s  a 
r e s u l t  of  memory c o n f l i c t s .  These d i s c o n t i n u i t i e s ,  a l though n o t  
i n h i b i t i n g  chained ope ra t i ons ,  c an  appear i n  t h e  chained ope ra t i on  d a t a  
s t ream.  Any d i s c o n t i n u i t y  i n  t h e  d a t a  s t ream adds p r o p o r t i o n a l l y  t o  t h e  
t o t a l  execu t ion  time of  t h e  v e c t o r  ope ra t i on .  

Single-word d a t a  t r a n s f e r s  a r e  p o s s i b l e  between an  S r e g i s t e r  and an 
element o f  a V r e g i s t e r .  



Since many vectors exceed 64 elements, a long vector is processed as one 
or  more 64-element segments and a possible remainder of l e s s  than 64 
elements. Generally, it i s  convenient t o  compute the remainder and 
process t h i s  short segment before processing the remaining number of 
64-element segments. However, a programmer can choose t o  construct the 
vector loop code i n  a number of ways. The processing of long vectors i n  
FORTRAN is handled by the compiler and is transparent t o  the programmer. 

A V register receiving resul ts  can also supply operands t o  a subsequent 
operation. Using a register as  both a resul t  and operand register i n  two 
different  operations allows for the chaining together of two or more 
vector operations and two or more resul ts  can be produced per CP. 
Chained operations are detected automatically by a CPU and are not 
expl ici t ly  specified by the programmer. A programmer can reorder certain 
code segments t o  gain as  much concurrency as possible i n  chained 
operations. 

A confl ict  can occur between vector and scalar operations involving 
floating-point operations and memory access. With  the exception of these 
operations, the functional u n i t s  are always available for scalar 
operations. A vector operation occupies the selected functional u n i t  
u n t i l  the vector is  processed. 

Parallel  vector operations can be processed i n  two ways: 

Using different functional units and a l l  different  V registers 

Using the resul t  stream from one V register simultaneously as  the 
operand t o  another operation using a different  functional u n i t  
(chain mode) 

Paral lel  operations on vectors allow the generation of two or more 
resul ts  per CP. Most vector operations use two V regis ters  as  operands 
or one S and one V register as  operands. Exceptions are vector sh i f t s ,  
vector reciprocal, and the ioad or s tore instructions. 

I n  t h i s  manual, the V registers are individually referred t o  by the 
l e t t e r  V followed by a number ranging from 0 through 7. Vector 
instructions reference V regis ters  by specifying the register number as  
the i, j ,  or k designator as  described i n  section 5. 

Individual elements of a V register are designated i n  t h i s  manual by 
decimal numbers ranging from 00 through 63. These appear a s  subscripts 
t o  vector register references. For example, V629 refers  t o  element 29 
of vector register 6. 



NOTE 

Parallel  loading and storing of V regis ters  is  
possible; two load operations and one store operation 
can occur simultaneously. 

V register reservations and chaininq 

Reservation describes the condition of a register i n  use; that  i s ,  the 
register is not available for another operation a s  a resul t  or as  an 
operand register. Each register has two reservation conditions, one 
reserving it as a operand register and one reserving it as  a resul t  
register.  During execution of a vector instruction, reservations are 
placed on the operand V regis ters  and on the resul t  V register.  These 
reservations are placed on the registers themselves, not on individual 
elements of the V register.  

I f  a V register is reserved as a resul t  and not as an operand, i t  can be 
used a t  any time as  an operand and chaining occurs. T h i s  f lexible 
chaining mechanism allows chaining to  begin a t  any point i n  the resul t  
vector data stream. F u l l  chaining occurs i f  the instruction causing 
chaining is issued before or a t  the time element 0 of the resul t  arrives 
a t  the V register.  Part ia l  chaining occurs i f  the instruction issues 
af te r  the arr ival  of element 0. Thus ,  the amount of concurrency i n  a 
chained operation depends upon the relationship between the issue time of 
the chaining instruction and the resul t  vector data stream. 

I f  a V register is reserved as  an operand, it cannot be used as  a resul t  
or operand register u n t i l  the operand reservation clears. However, a V 
register can be used as  both an operand and resul t  i n  the same vector 
operation. A V register can serve only one vector operation a s  the 
source of one or both operands. A V register can serve only one vector 
operation a s  a result .  

No reservation is placed on the VL register during vector processing. If 
a vector instruction employs an S regis ter ,  no reservation is placed on 
the S register.  The S register can be modified i n  the next instruction 
af te r  vector issue without affecting the vector operation. The length 
and scalar operand ( i f  appropriate) of each vector operation is 
maintained apart from the VL register and S register.  Vector operations 
employing different lengths can proceed concurrently. 



The A0 and ~k registers i n  a vector memory reference are treated 
similarly and are available for modification immediately after  use. 

CAUTION 

Cray Research cautions against using a vector register 
as both a result and an operand if compatibility 
between a CRAY-1 and a CRAY X-MP is necessary because 
vector recursion is not available on a l l  Cray Research, 
Inc., computers. 

VECTOR CONTROL REGISTERS 

The Vector Length (VL) register and Vector Mask (VM) register provide 
control information needed i n  the performance of vector operations and 
are described below. 

Vector Lenqth register 

The 7-bi t  Vector Length (VL) register is  set  to  1 through 1008 (VL = 0 
gives VL = l o o 8 )  specifying the length of a l l  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 for instructions 1 4 0  through 177 and is set t o  an A register 
value using instruction 0020 or read using instruction 023i01. 

Vector Mask register 

The Vector Mask (VM) register has 64 b i t s ,  each corresponding to a word 
element i n  a V register. B i t  263 corresponds to  element 0 ,  b i t  2' t o  
element 63. The mask is used w i t h  vector merge and tes t  instructions t o  
allow operations to  be performed on individual vector elements. 

The VM register can be set  from an S register through instrucion 003 or 
can be created by testing a V register for a condition u s i n g  instruction 
175. The mask controls element selection i n  the vector merge 
instructions (146 and 1 4 7 ) .  ~nstruction 073 sends the contents of the VM 
register to an S register. 



FUNCTIONAL UNITS 

I n s t r u c t i o n s  o t h e r  t h a n  s imple  t r a n s m i t s  or c o n t r o l  o p e r a t i o n s  a r e  
performed by s p e c i a l i z e d  hardware known a s  f u n c t i o n a l  u n i t s .  Each u n i t  
implements a n  a l g o r i t h m  o r  a p o r t i o n  o f  t h e  i n s t r u c t i o n  set. F u n c t i o n a l  
u n i t s  have independent  l o g i c  e x c e p t  for t h e  R e c i p r o c a l  Approximation and 
Vector P o p u l a t i o n  Count u n i t s  ( d e s c r i b e d  l a t e r  i n  t h i s  s e c t i o n ) ,  which 
s h a r e  some l o g i c .  A l l  f u n c t i o n a l  u n i t s  can  be i n  o p e r a t i o n  a t  t h e  same 
t ime . 
A f u n c t i o n a l  u n i t  r e c e i v e s  operands  from r e g i s t e r s  and d e l i v e r s  t h e  
r e s u l t  to  a r e g i s t e r  when t h e  f u n c t i o n  h a s  been performed. F u n c t i o n a l  
u n i t s  o p e r a t e  e s s e n t i a l l y  i n  3-address mode w i t h  s o u r c e  and d e s t i n a t i o n  
a d d r e s s i n g  l i m i t e d  to  r e g i s t e r  d e s i g n a t o r s .  

A l l  f u n c t i o n a l  u n i t s  perform a l g o r i t h m s  i n  a f i x e d  amount o f  time; d e l a y s  
are imposs ib le  once t h e  operands  have been d e l i v e r e d  to  t h e  u n i t .  Time 
r e q u i r e d  from d e l i v e r y  o f  t h e  operands  t o  t h e  f u n c t i o n a l  u n i t  u n t i l  
comple t ion  o f  t h e  c a l c u l a t i o n  is c a l l e d  t h e  f u n c t i o n a l  u n i t  t i m e  and i s  
measured i n  9.5-nanosecond CPs. 

F u n c t i o n a l  u n i t s  are f u l l y  segmented. T h i s  means a new se t  o f  operands  
for u n r e l a t e d  computat ion c a n  e n t e r  a f u n c t i o n a l  u n i t  each CP even though 
t h e  f u n c t i o n a l  u n i t  time can be more t h a n  1 CP. T h i s  segmentat ion is 
p o s s i b l e  when i n f o r m a t i o n  a r r i v e s  a t  t h e  f u n c t i o n a l  u n i t  and is h e l d  i n  
t h e  f u n c t i o n a l  u n i t  or moves w i t h i n  t h e  f u n c t i o n a l  u n i t  a t  t h e  end o f  
e v e r y  CP. 

T h i r t e e n  f u n c t i o n a l  u n i t s  a r e  i d e n t i f i e d  i n  t h i s  manual and are 
a r b i t r a r i l y  d e s c r i b e d  i n  f o u r  groups:  a d d r e s s ,  s c a l a r ,  v e c t o r ,  and 
f l o a t i n g - p o i n t .  Each o f  t h e  f i r s t  t h r e e  g roups  f u n c t i o n s  w i t h  one o f  t h e  
pr imary r e g i s t e r  t y p e s  (A,  S ,  and V) to  s u p p o r t  t h e  a d d r e s s ,  s c a l a r ,  and 
v e c t o r  modes o f  p r o c e s s i n g  a v a i l a b l e  i n  t h e  CRAY X-MP. The f o u r t h  group,  
f l o a t i n g - p o i n t ,  s u p p o r t s  e i t h e r  s c a l a r  or v e c t o r  o p e r a t i o n s  and a c c e p t s  
operands  from or d e l i v e r s  r e s u l t s  t o  S or V r e g i s t e r s .  I n  a d d i t i o n ,  
C e n t r a l  Memory a c t s  l i k e  a f o u r t e e n t h  f u n c t i o n a l  u n i t  f o r  v e c t o r  
o p e r a t i o n s .  

ADDRESS FUNCTIONAL UNITS 

Address  f u n c t i o n a l  u n i t s  perform 24-bi t  i n t e g e r  a r i t h m e t i c  on operands  
o b t a i n e d  from A r e g i s t e r s  and d e l i v e r  t h e  r e s u l t s  t o  a n  A r e g i s t e r .  The 
a r i t h m e t i c  is twos complement. 



Address Add f u n c t i o n a l  u n i t  

The Address Add f u n c t i o n a l  u n i t  performs 24-bit  i n t e g e r  a d d i t i o n  and 
sub t r ac t i on .  The u n i t  execu t e s  i n s t r u c t i o n s  030 and 031. Addi t ion and 
s u b t r a c t i o n  a r e  performed i n  a s i m i l a r  manner. The twos complement 
s u b t r a c t i o n  f o r  i n s t r u c t i o n  031 o c c u r s  when t h e  ones  complement of  t h e  
Ak operand is added t o  t h e  Aj' operand. Then a 1 is added i n  t h e  
low-order b i t  p o s i t i o n  o f  t h e  r e s u l t .  No overf low is  d e t e c t e d  i n  t h e  
Address Add f u n c t i o n a l  u n i t .  

The Address Add f u n c t i o n a l  u n i t  time is 2 CPs. 

Address Mul t ip ly  f u n c t i o n a l  u n i t  

The Address Mul t ip ly  f u n c t i o n a l  u n i t  execu tes  i n s t r u c t i o n  032 forming a 
24-bit  i n t e g e r  p roduc t  from t w o  24-bit  operands.  N o  rounding is 
performed. The r e s u l t  c o n s i s t s  o f  t h e  l e a s t  s i g n i f i c a n t  24 b i t s  o f  t h e  
product  . 
Thi s  f u n c t i o n a l  u n i t  is designed to  handle  add re s s  manipu la t ions  no t  
exceeding its d a t a  c a p a b i l i t i e s .  The programmer must be c a r e f u l  when 
mu l t i p ly ing  i n t e g e r s  i n  t h e  f u n c t i o n a l  u n i t  because t h e  u n i t  does  no t  
d e t e c t  overf low o f  t h e  product  and s i g n i f i c a n t  p o r t i o n s  o f  t h e  p roduc t  
cou ld  be l o s t .  

The Address Mul t ip ly  f u n c t i o n a l  u n i t  t i m e  is 4 CPs. 

SCALAR FUNCTIONAL UNITS 

S c a l a r  f u n c t i o n a l  u n i t s  perform o p e r a t i o n s  on 64-bit  operands ob t a ined  
from S r e g i s t e r s  and, i n  most c a s e s ,  d e l i v e r  t h e  64-bi t  r e s u l t s  to an  S 
WAF.; C ~ A C  m h n  
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u n i t  which d e l i v e r s  i ts 7-b i t  r e s u l t  to  a n  A r e g i s t e r .  

Four f u n c t i o n a l  u n i t s  a r e  e x c l u s i v e l y  a s s o c i a t e d  wi th  s c a l a r  o p e r a t i o n s  
and a r e  de sc r i bed  belaw. Three f u n c t i o n a l  u n i t s  a r e  used f o r  both s c a l a r  
and v ec to r  o p e r a t i o n s  and a r e  de sc r i bed  i n  t h e  s e c t i o n  o n  f l o a t i n g - p o i n t  
f u n c t i o n a l  u n i t s .  

S c a l a r  Add f u n c t i o n a l  u n i t  

The Sca l a r  Add f u n c t i o n a l  u n i t  performs 64-bi t  i n t e g e r  a d d i t i o n  and 
s u b t r a c t i o n  and execu t e s  i n s t r u c t i o n s  060 and 061. The a d d i t i o n  and 
s u b t r a c t i o n  a r e  performed i n  a s i m i l a r  manner. The twos complement 



s u b t r a c t i o n  for i n s t r u c t i o n  061 o c c u r s  when t h e  o n e s  complement of t h e  
Sk operand is added to  t h e  ~j operand.  Then a  1 is added i n  t h e  
low-order b i t  p o s i t i o n  of t h e  r e s u l t .  N o  over f low is d e t e c t e d  i n  t h e  
S c a l a r  Add f u n c t i o n a l  u n i t .  

The S c a l a r  Add f u n c t i o n a l  u n i t  t i m e  is 3 CPs. 

S c a l a r  S h i f t  f u n c t i o n a l  u n i t  

The S c a l a r  S h i f t  f u n c t i o n a l  u n i t  s h i f t s  t h e  e n t i r e  64-bi t  c o n t e n t s  of an  
S  r e g i s t e r  or s h i f t s  t h e  doub le  128-b i t  c o n t e n t s  o f  t w o  conca tena ted  S  
r e g i s t e r s .  S h i f t  c o u n t s  a r e  o b t a i n e d  from an A r e g i s t e r  or from t h e  j k  
p o r t i o n  of t h e  i n s t r u c t i o n .  S h i f t s  a r e  end o f f  w i t h  z e r o  f i l l .  For a  
doub le  s h i f t ,  a  c i r c u l a r  s h i f t  is e f f e c t e d  i f  t h e  s h i f t  c o u n t  d o e s  n o t  
exceed 64 and t h e  i and j d e s i g n a t o r s  a r e  e q u a l  and nonzero.  

The S c a l a r  S h i f t  f u n c t i o n a l  u n i t  e x e c u t e s  i n s t r u c t i o n s  052 through 057. 
S i n g l e - s h i f t  i n s t r u c t i o n s  (052 through 055) have a  f u n c t i o n a l  u n i t  t i m e  
of 2 CPs. Double-shi f t  i n s t r u c t i o n s  (056 and 057) have a  f u n c t i o n a l  u n i t  
time o f  3 CPs. 

S c a l a r  L o g i c a l  f u n c t i o n a l  u n i t  

The S c a l a r  L o g i c a l  f u n c t i o n a l  u n i t  pe r fo rms  b i t -by-b i t  man ipu la t ion  o f  
64-b i t  q u a n t i t i e s  o b t a i n e d  from S  r e g i s t e r s .  I t  e x e c u t e s  i n s t r u c t i o n s  
042 through 051, t h e  mask, and Boolean i n s t r u c t i o n s .  I n s t r u c t i o n s  042 
through 051 have a  f u n c t i o n a l  u n i t  time of 1 CP. 

S c a l a r  Population/Parity/Leading Zero f u n c t i o n a l  u n i t  

T h i s  f u n c t i o n a l  u n i t  e x e c u t e s  i n s t r u c t i o n s  026 and 027. I n s t r u c t i o n  
0 2 6 i j 0  c o u n t s  t h e  number o f  b i t s  i n  a n  S  r e g i s t e r  having a  v a l u e  of 1 
i n  t h e  operand and h a s  a  f u n c t i o n a l  u n i t  time o f  4  CPs. I n s t r u c t i o n  
0 2 6 i j l  r e t u r n s  a 1 - b i t  p o p u l a t i o n  p a r i t y  c o u n t  (even p a r i t y )  o f  t h e  
~j r e g i s t e r ' s  c o n t e n t s .  I n s t r u c t i o n  027 c o u n t s  t h e  number o f  b i t s  of 0  
p r e c e d i n g  a  1 b i t  i n  t h e  operand and h a s  a f u n c t i o n a l  u n i t  time o f  3 
CPs. For t h e s e  i n s t r u c t i o n s ,  t h e  64-bi t  operand is o b t a i n e d  from a n  S  
r e g i s t e r  and t h e  7 -b i t  r e s u l t  is d e l i v e r e d  t o  a n  A r e g i s t e r .  

VECTOR FUNCTIONAL UNITS 

Most v e c t o r  f u n c t i o n a l  u n i t s  perform o p e r a t i o n s  o n  operands  o b t a i n e d  from 
one or t w o  V r e g i s t e r s  or from a V r e g i s t e r  and an  S r e g i s t e r .  The 
R e c i p r o c a l ,  S h i f t ,  and P o p u l a t i o n / P a r i t y  f u n c t i o n a l  u n i t s ,  which r e q u i r e  
o n l y  one operand,  a r e  e x c e p t i o n s .  R e s u l t s  from a  v e c t o r  f u n c t i o n a l  u n i t  
a r e  d e l i v e r e d  t o  a  V r e g i s t e r .  



Successive operand p a i r s  a r e  t r ansmi t t ed  each CP t o  a f u n c t i o n a l  u n i t .  
The corresponding r e s u l t  emerges from t h e  f u n c t i o n a l  u n i t  n CPs l a t e r ,  
where n is  t h e  f u n c t i o n a l  u n i t  time and is c o n s t a n t  f o r  a g iven  
f u n c t i o n a l  u n i t .  The VL r e g i s t e r  determines  t h e  number o f  operand p a i r s  
t o  be processed by a f u n c t i o n a l  u n i t .  

Four func t i ona l  u n i t s  descr ibed  i n  t h i s  s e c t i o n  a r e  e x c l u s i v e l y  
a s soc i a t ed  with  vec tor  ope ra t i ons .  Three f u n c t i o n a l  u n i t s  a r e  a s soc i a t ed  
w i th  both vec to r  ope ra t i ons  and s c a l a r  o p e r a t i o n s  and a r e  descr ibed  i n  
t h e  subsec t ion  e n t i t l e d  f l oa t i ng -po in t  f u n c t i o n a l  u n i t s .  When a 
f l oa t i ng -po in t  f u n c t i o n a l  u n i t  is used f o r  a vec to r  ope ra t i on ,  t h e  
g e n e r a l  d e s c r i p t i o n  o f  vec tor  f u n c t i o n a l  u n i t s  g iven  i n  t h e  subsec t ion  
app l i e s .  

Vector f u n c t i o n a l  u n i t  r e s e r v a t i o n  

A f u n c t i o n a l  u n i t  engaged i n  a vec tor  ope ra t i on  remains busy dur ing  each 
CP and cannot  p a r t i c i p a t e  i n  o t h e r  opera t ions .  I n  t h i s  s t a t e ,  t h e  
f u n c t i o n a l  u n i t  is  reserved.  Other i n s t r u c t i o n s  r e q u i r i n g  t h e  same 
f u n c t i o n a l  u n i t  w i l l  n o t  i s s u e  u n t i l  t h e  prev ious  ope ra t i on  is 
completed. Only one f u n c t i o n a l  u n i t  o f  each t ype  is a v a i l a b l e  t o  t h e  
vec tor  i n s t r u c t i o n  hardware. When t h e  vec to r  o p e r a t i o n  completes,  t h e  
r e s e r v a t i o n  is dropped and t h e  f u n c t i o n a l  u n i t  is then  a v a i l a b l e  f o r  
another  opera t ion .  A vec tor  f u n c t i o n a l  u n i t  is reserved  f o r  (VL) + 4 CPs. 

Vector Add f u n c t i o n a l  u n i t  

The Vector Add f u n c t i o n a l  u n i t  performs 64-bit i n t ege r  a d d i t i o n  and 
s u b t r a c t i o n  f o r  a vec to r  ope ra t i on  and d e l i v e r s  t h e  r e s u l t s  t o  e lements  
o f  a V r e g i s t e r .  The u n i t  execu tes  i n s t r u c t i o n s  154 through 157. 
Addition and s u b t r a c t i o n  a r e  performed i n  a s i m i l a r  manner. For 
s u b t r a c t i o n  ope ra t i ons  (156 and 1 5 7 ) ,  t h e  ~k operand is complemented 
before addit ion and a i is added i n t o  t h e  iow-order b i t  p o s i t i o n  o f  t h e  
r e s u l t .  No overf low is de t ec t ed  by t h e  u n i t .  

The Vector Add f u n c t i o n a l  u n i t  t i m e  is 3 CPs. 

Vector S h i f t  f u n c t i o n a l  u n i t  

The Vector S h i f t  f u n c t i o n a l  u n i t  s h i f t s  t h e  e n t i r e  64-bit  c o n t e n t s  o f  a V 
r e g i s t e r  element o r  t h e  128-bi t  va lue  formed from two consecu t ive  
e lements  o f  a V r e g i s t e r .  S h i f t  coun t s  a r e  ob ta ined  from an A r e g i s t e r  
and a r e  end o f f  wi th  z e r o  f i l l .  

A l l  s h i f t  counts  a r e  considered p o s i t i v e  unsigned i n t e g e r s .  I f  any b i t  
h igher  than  26 i s  set,  t h e  s h i f t e d  r e s u l t  is a l l  zeros .  



The Vector S h i f t  f u n c t i o n a l  u n i t  execu tes  i n s t r u c t i o n s  150 through 153. 
The f u n c t i o n a l  u n i t  time is 4 CPs f o r  i n s t r u c t i o n  152, and t h e  f u n c t i o n a l  
u n i t  t i m e  is 3 CPs f o r  i n s t r u c t i o n s  150, 151, and 153. 

Vector Loqical  f u n c t i o n a l  u n i t  

The Vector Logical  f u n c t i o n a l  u n i t  manipulates  bi t -by-bi t  t h e  64-bit  
q u a n t i t i e s  f o r  i n s t r u c t i o n s  140 through 147. The Vector Logical  
f u n c t i o n a l  u n i t  a l s o  performs t h e  l o g i c a l  o p e r a t i o n s  a s soc i a t ed  with t h e  
vec to r  mask  i n s t r u c t i o n  175. Because i n s t r u c t i o n  175 uses  t h e  same 
f u n c t i o n a l  u n i t  a s  i n s t r u c t i o n s  140 through 147, it cannot  be chained 
wi th  t h e s e  l o g i c a l  ope ra t i ons .  

The Vector Logica l  f u n c t i o n a l  u n i t  time is 2 CPs. 

Vector Popula t ion /Par i ty  f u n c t i o n a l  u n i t  

The Vector Popula t ion /Par i ty  f u n c t i o n a l  u n i t  coun t s  t h e  1 b i t s  i n  each 
element of  t h e  source V r e g i s t e r .  The t o t a l  number o f  1 b i t s  is  t h e  
popula t ion  count .  Th i s  popula t ion  count  can  be an odd o r  an even number, 
a s  shown by its low-order b i t .  

I n s t r u c t i o n s  1 7 4 i j l  ( vec to r  popula t ion  count )  and 1 7 4 i j 2  (vec tor  
popula t ion  count  p a r i t y )  use t h e  same o p e r a t i o n  code a s  t h e  vec to r  
r e c i p r o c a l  approximation i n s t r u c t i o n .  Some r e s t r i c t i o n s  f o r  t h e  
Rec iproca l  Approximation f u n c t i o n a l  u n i t  a l s o  apply f o r  vec tor  popula t ion  
i n s t r u c t i o n s  ( s ee  subsec t ion  on Rec iproca l  Approximation). The vec to r  
popula t ion  count  i n s t r u c t i o n  d e l i v e r s  t h e  t o t a l  popula t ion  count  to  
elements  o f  t h e  d e s t i n a t i o n  V r e g i s t e r .  

The vec to r  popula t ion  count  p a r i t y  i n s t r u c t i o n  d e l i v e r s  t h e  low-order b i t  
o f  t h e  count  to t h e  d e s t i n a t i o n  V r e g i s t e r .  The Vector ~ o p u l a t i o n / P a r i t y  
f u n c t i o n a l  u n i t  t ime is 6 CPs. 

FWATING-POINT FUNCTIONAL UNITS 

Three f l oa t i ng -po in t  f u n c t i o n a l  u n i t s  perform f loa t i ng -po in t  a r i t h m e t i c  
f o r  s c a l a r  and vec to r  opera t ions .  When execut ing  a s c a l a r  i n s t r u c t i o n ,  
operands a r e  ob ta ined  from S r e g i s t e r s  and r e s u l t s  a r e  de l i ve r ed  to  an  S 
r e g i s t e r .  When execut ing  most vec to r  i n s t r u c t i o n s ,  operands a r e  ob ta ined  
from p a i r s  o f  V r e g i s t e r s  o r  from an S r e g i s t e r  and a V r e g i s t e r .  
R e s u l t s  a r e  de l i ve r ed  to a V r e g i s t e r .  An except ion  is  t h e  r e c i p r o c a l  
approximation u n i t  r equ i r i ng  on ly  one i npu t  operand. 

Informat ion on f l oa t i ng -po in t  out-of-range c o n d i t i o n s  is conta ined  i n  t h e  
subsec t i on  on  f l oa t i ng -po in t  a r i t hme t i c .  



Floatinq-point Add functional unit 

The Floating-point Add functional unit performs addition or subtraction 
of 64-bit operands in floating-point format and executes instructions 
062, 063, and 170 through 173. A result is normalized even when operands 
are unnormalized. (Normalized floating-point numbers are described in 
the subsection on floating-point arithmetic.) Out-of-range exponents are 
detected as described in the subsection on floating-point arithmetic. 

Floating-point Add functional unit time is 6 CPs. 

Floatinq-point Multiply functional unit 

The Floating-point Multiply functional unit executes instructions 064 
through 067 and 160 through 167. These instructions provide for full- 
and half-precision multiplication of 64-bit operands in floating-point 
format and for computing two minus a floating-point product for 
reciprocal iterations. 

The half-precision product is rounded; the full-precision product can be 
rounded or not rounded. 

Input operands are assumed to be normalized. The Floating-point Multiply 
functional unit delivers a normalized result only if both input operands 
are normalized. 

Out-of-range exponents are detected as described in the subsection on 
floating-point arithmetic. However, if both operands have zero 
exponents, the result is considered as 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. 

Floating-point Multiply functional unit time is 7 CPs. 

Reciprocal Approximation functional unit 

The Reciprocal Approximation functional unit finds the approximate 
reciprocal of a 64-bit operand in floating-point format. The unit 
executes instructions 070 and 174ij0. Since the Vector 
Population/Parity functional unit shares some logic with this unit, the 
k designator must be 0 for the reciprocal approximation instruction to 
be recognized. 

The input operand is assumed to be normalized and if so the result is 
correct. The high-order bit of the coefficient is not tested but is 
assumed to be a 1. Out-of-range exponents are detected as described 
under Floating-point Arithmetic. 

The Reciprocal Approximation functional unit time is 14 CPs. 



ARITHMETIC OPERATIONS 

Func t iona l  u n i t s  i n  a  CPU perform e i t h e r  twos complement i n t ege r  
a r i t h m e t i c  o r  f l oa t i ng -po in t  a r i t h m e t i c .  

INTEGER ARITHMETIC 

A l l  i n t e g e r  a r i t h m e t i c ,  whether 24 b i t s  o r  64 b i t s ,  is twos complement 
and is represen ted  i n  t h e  r e g i s t e r s  a s  i l l u s t r a t e d  i n  f i g u r e  4-4. The 
Address Add and Address Mul t ip ly  f u n c t i o n a l  u n i t s  perform 24-bit 
a r i t hme t i c .  The Sca l a r  Add and t h e  Vector Add f u n c t i o n a l  u n i t s  perform 
64-bi t  a r i t hme t i c .  

Twos complement i n t ege r  (24 b i t s )  

Sign 

Twos complement i n t ege r  (64 b i t s )  

Sign 

F igure  4-4. I n t e g e r  d a t a  formats  

M u l t i p l i c a t i o n  of  two s c a l a r  (64-bi t )  i n t e g e r  operands is accomplished by 
us ing  t h e  f l oa t i ng -po in t  mu l t i p ly  i n s t r u c t i o n  and one o f  t h e  two methods 
t h a t  fol lows.  The method used depends on t h e  magnitude o f  t h e  operands 
and t h e  number o f  b i t s  t o  c o n t a i n  t h e  product.  

I f  t h e  operands a r e  nonzero on ly  i n  t h e  24 l e a s t  s i g n i f i c a n t  b i t s ,  t h e  
two i n t e g e r  operands can be m u l t i p l i e d  by s h i f t i n g  them each l e f t  24 b i t s  
be fo re  t h e  mu l t i p ly  opera t ion .  (The F loa t ing-poin t  Mul t ip ly  f u n c t i o n a l  
u n i t  recognizes  t h e  c o n d i t i o n s  where both operands have ze ro  exponents a s  
a  s p e c i a l  case . )  The F loa t ing-poin t  Mul t ip ly  f u n c t i o n a l  u n i t  r e t u r n s  t h e  
high-order 48 b i t s  o f  t h e  product  o f  t h e  c o e f f i c i e n t s  a s  t h e  c o e f f i c i e n t  
o f  t h e  r e s u l t  and l e a v e s  t h e  exponent f i e l d  zero.  See f i g u r e  4-6. I f  
t h e  operand c o e f f i c i e n t s  a r e  genera ted  by o t h e r  t han  s h i f t i n g  so t h e  
low-order 24 b i t s  would be nonzero,  t h e  low-order 48 b i t s  o f  t h e  produc t  
could have been nonzero, and t h e  high-order 48 b i t s  ( t h e  r e t u r n  p a r t )  
could be one l a r g e r  than expected a s  a  t r u n c a t i o n  compensation c o n s t a n t  
i s  always added dur ing  a  mul t ip ly .  



If the operands are greater than 24 bits, multiplication is done by 
forming multiple partial products and then shifting and adding the 
partial products. 

Division is done by algorithm; the particular algorithm used depends on 
the number of bits in the quotient. The quickest and most frequently 
used method is to convert the numbers to floating-point format and then 
use the floating-point functional units. 

FLOATING-POINT ARITHMETIC 

Floating-point numbers are represented in a standard format throughout 
the CPU. This format is a packed representation of a binary coefficient 
and an exponent (power of two). The coefficient is a 48-bit signed 
fraction. The sign of the coefficient is separated from the rest of the 
coefficient as shown in figure 4-5. Since the coefficient is signed 
magnitude, it is not complemented for negative values. 

Binary point 
I 

263 262 248$- z47 2O 

L 

Coeff. Exponent Coefficient 
sign 

Figure 4-5. Floating-point data format 

The exponent portion of the floating- oint format is represented as a 
biased integer in bits 262 through 24'. The bias that is added to 
the exponents is 400008. The positive range of exponents is 400008 
through 5777780 The negative range of exponents is 377778 through 
200008. Thus, the unbiased range of exponents is the following (note 
the negative range is one larger): 

2-200008 through 2+177778 

In terms of decimal values, the floating-point format of the CRAY X-MP 
allows the accurate expression of numbers to about 15 decimal digits in 
the approximate decimal range of through 

A zero value or an underflow result is not biased and is represented as a 
word of all zeros. 

A negative 0 is not generated by any floating-point functional unit, 
except in the case where a negative 0 is one operand going into the 
Floating-point Multiply functional unit. 



Normalized floating-point numbers, floating-point range errors, 
double-precision numbers, and the addition, multiplication, and division 
algorithms are described in the remainder of this subsection. 

Normalized floating-point numbers 

A nonzero floating-point number is normalized if the most significant bit 
of the coefficient is nonzero. This condition implies the coefficient 
has been shifted as far left as possible and the exponent adjusted 
accordingly. Therefore, the floating-point number has no leading zeros 
in the coefficient. The exception is that a normalized floating-point 
zero is all zeros. 

When a floating-point number is created by inserting an exponent of 
400608 into a 48-bit integer word, the result should be normalized 
before being used in a floating-point operation. Normalization is 
accomplished by adding the unnormalized floating-point operand to 0. 
Since SO provides a 64-bit zero when used in the ~j field of an 
instruction, an operand in Sk is normalized using the 062iOk 
instruction. ~ i ,  which can be ~ k ,  contains the normalized result. 

The 170i0k instruction normalizes vk into vi. 

Floating-point range errors 

Overflow of the floating-point range is indicated by an exponent value of 
600008 or greater in packed format. Detection of the overflow 
condition initiates an interrupt if the Floating-point Mode flag is set 
in the Mode register and monitor mode is not in effect. The 
Floating-point Mode flag can be set or cleared by a user mode program. 

The Cray Operating System (COS) keeps a bit in a table to indicate the 
condition of the mode bit. System software manipulates the mode bit and 
uses the table bit to indicate how the mode should be left for the user. 
Therefore, the user usually needs to put the appropriate bit in the table 
if the user changes the mode. 

Floating-point range error conditions are detected by the floating-point 
functional units as described in the following paragraphs. 

Floating-point Add functional unit - A floating-point add range error 
condition is generated for scalar operands when the larger incoming 
exponent is greater than or equal to 600008. This condition sets the 



Floa t ing-poin t  Er ror  f l a g  wi th  an  exponent of  600008 being s e n t  t o  t h e  
r e s u l t  r e g i s t e r  a long wi th  t h e  computed c o e f f i c i e n t ,  a s  i n  t h e  fol lowing 
example : 

60000.4xxxxxxxxxxxxxxx Range e r r o r  
+57777.4xxxxxxxxxxxxxxx 

60000.6xxxxxxxxxxxxxxx Resu l t  r e g i s t e r  

NOTE 

I f  t h e  r e s u l t  of  an add o r  s u b t r a c t  ope ra t i on  is  less 
than  t h e  machine minimum, t h e  e r r o r  is suppressed (even 
though both operands have exponents g r e a t e r  than  o r  
equa l  t o  600008) because t h e  machine minimum t a k e s  
precedence i n  e r r o r  d e t e c t i o n .  

F loa t ing-poin t  Mul t ip ly  f u n c t i o n a l  u n i t  - Out-of-range c o n d i t i o n s  a r e  
t e s t e d  before  normalizing. I n  t h e  F loa t ing-poin t  Mul t ip ly  f u n c t i o n a l  
u n i t ,  i f  t h e  exponent of e i t h e r  operand is g r e a t e r  than  o r  equa l  to  
600008 o r  i f  t h e  b i a sed  sum minus 1 o f  t h e  two unbiased exponents i s  
g r e a t e r  than  o r  equa l  t o  600008, t h e  F loa t ing-poin t  Er ror  f l a g  is set 
and an exponent of 600008 is s e n t  t o  t h e  r e s u l t  r e g i s t e r  a long with  t h e  
computed c o e f f i c i e n t .  

NOTE 

I f  e i t h e r  operand is  less than  t h e  machine minimum, t h e  
e r r o r  is suppressed (even though t h e  o t h e r  operand can  
be o u t  o f  rangej  because t h e  operand t h a t  is less than  
t h e  machine minimum t a k e s  precedence i n  e r r o r  d e t e c t i o n .  

I f  both incoming exponents  a r e  equa l  t o  0,  t h e  ope ra t i on  is  t r e a t e d  a s  an  
i n t e g e r  mul t ip ly .  The r e s u l t  is t r e a t e d  normally wi th  no normal iza t ion  
s h i f t  o f  t h e  r e s u l t  al lowed. The r e s u l t  is  a 48-bi t  q u a n t i t y  s t a r t i n g  
w i th  b i t  247. When using t h i s  f e a t u r e ,  t h e  operands should be 
considered a s  24-bit  i n t e g e r s  i n  b i t s  247 through 224. I n  f i g u r e  4-6, 
operand 1 is 4 and operand 2 is 6, producing a 48-bit  r e s u l t  of 308. B i t  
263 obeys t h e  u sua l  r u l e s  f o r  mu l t i p ly ing  s i g n s  and t h e  r e s u l t  is a s i g n  
and magnitude i n t e g e r .  Note t h e  form of  i n t e g e r s  (see f i g u r e  4-4) accepted 
by t h e  i n t ege r  add and s u b t r a c t  and expected by t h e  sof tware  is twos 
complement n o t  s i g n  and magnitude. Therefore ,  nega t i ve  produc ts  must be 
converted . 



I f  b i t s  2' t h rough  223 i n  o p e r a n d s  1 and 2 o f  f i g u r e  4-6 have any 1 
b i t s ,  t h e  p r o d u c t  might  be one  too l a r g e  (2') because  a t r u n c a t i o n  
compensat ion  c o n s t a n t  is added d u r i n g  t h e  m u l t i p l y  p r o c e s s .  (The f o l l o w i n g  
p a r a g r a p h s  d i s c u s s  t h e  t r u n c a t i o n  c o n s t a n t  and i ts  use.)  The s i z e  of t h e  
shaded  a r e a  i n  o p e r a n d s  1 and 2 ( f i g u r e  4-6) does n o t  need to  be t h e  same 
for b o t h  operands .  To g e t  a correct p r o d u c t ,  t h e  o n l y  r equ i rement  is t h a t  
t h e  sum o f  t h e  number of b i t s  i n  t h e  shaded a r e a  is 48 b i t s  or more. I f  
t h e  sum is more t h a n  48 b i t s ,  t h e  b i n a r y  p o i n t  i n  t h e  p r o d u c t  is  t h e  number 
o f  p l a c e s  t o  t h e  l e f t  t h a t  t h e  sum is i n  e x c e s s  of 48 ( t h a t  is, assuming 
t h e  operand b i n a r y  p o i n t s  a r e  a t  t h e  l e f t  boundary o f  t h e  shaded a r e a s ) .  

Operand 1 

s i g n  

Operand 2 

s i g n  

R e s u l t  

s i g n  

F i g u r e  4-6. I n t e g e r  m u l t i p l y  i n  F l o a t i n g - p o i n t  
M u l t i p l y  f u n c t i o n a l  u n i t  

F l o a t i n g - p o i n t  R e c i p r o c a l  Approximation f u n c t i o n a l  u n i t  - For t h e  
F l o a t i n g - p o i n t  R e c i p r o c a l  Approximation f u n c t i o n a l  u n i t ,  a n  incoming 
operand  w i t h  a n  exponen t  less t h a n  or e q u a l  to  200018 or g r e a t e r  t h a n  
or e q u a l  to  600008 c a u s e s  a f l o a t i n g - p o i n t  r a n g e  error. The error f l a g  
i s  set and a n  exponen t  o f  600008 and t h e  computed c o e f f i c i e n t  are s e n t  
to t h e  r e s u l t  r e g i s t e r .  

Doub le -p rec i s ion  numbers 

The CPU does n o t  p r o v i d e  s p e c i a l  hardware  f o r  pe r fo rming  double-  or 
m u l t i p l e - p r e c i s i o n  o p e r a t i o n s .  Double-precis ion computa t ions  w i t h  9 5 - b i t  
a c c u r a c y  a r e  a v a i l a b l e  th rough  s o f t w a r e  r o u t i n e s  p rov ided  by Cray 
Research , I n c  . 



Addit ion a lqor i thm 

Floa t ing-poin t  a d d i t i o n  o r  s u b t r a c t i o n  is performed i n  a 49-bit  r e g i s t e r  
( f i g u r e  4-7). T r i a l  s u b t r a c t i o n  of  t h e  exponents selects t h e  operand t o  
be s h i f t e d  down f o r  a l i g n i n g  t h e  operands. The l a r g e r  exponent operand 
c a r r i e s  t h e  s ign .  The c o e f f i c i e n t  o f  t h e  number wi th  t h e  smal le r  
exponent is s h i f t e d  r i g h t  t o  a l i g n  with  t h e  c o e f f i c i e n t  of  t h e  number 
with  l a r g e r  exponent. B i t s  s h i f t e d  o u t  o f  t h e  r e g i s t e r  a r e  lost; no  
round-up t a k e s  p lace .  I f  t h e  sum c a r r i e s  i n t o  t h e  high-order b i t ,  t h e  
low-order b i t  is d i s ca rded  and a n  a p p r o p r i a t e  exponent adjustment  is 
made. A l l  r e s u l t s  a r e  normalized and i f  t h e  r e s u l t  is less than  t h e  
machine minimum, t h e  e r r o r  is suppressed. 

d i scarded  

F igure  4-7. 49-bit  f l oa t i ng -po in t  a d d i t i o n  

The Float ing-point  Add f u n c t i o n a l  u n i t  normal izes  any f l oa t i ng -po in t  
number w i th in  t h e  format o f  t h e  CRAY X-MP f l oa t i ng -po in t  number system. 
The f u n c t i o n a l  u n i t  r i g h t  s h i f t s  1 o r  l e f t  s h i f t s  up t o  48 per  r e s u l t  t o  
normalize t h e  r e s u l t .  

One ze ro  operand and one v a l i d  operand can  be s e n t  t o  t h e  F loa t ing-poin t  
Add f u n c t i o n a l  u n i t ,  and t h e  v a l i d  operand is s e n t  through t h e  u n i t  
normalized. Concurrent ly ,  t he  f u n c t i o n a l  u n i t  checks f o r  overf low and/or 
underflow; underflow r e s u l t s  a r e  n o t  f iagged a s  e r r o r s .  

M u l t i p l i c a t i o n  a luor i thm 

The Float ing-point  Mul t ip ly  f u n c t i o n a l  u n i t  h a s  t h e  two 48-bit  
c o e f f i c i e n t s  a s  i npu t  i n t o  a mu l t i p ly  pyramid (see f i g u r e  4-8). I f  t h e  
c o e f f i c i e n t s  a r e  both normalized, then  a f u l l  p roduc t  is e i t h e r  95 b i t s  
o r  96 b i t s ,  depending on t h e  va lue  o f  t h e  c o e f f i c i e n t s .  A 96-bi t  product  
i s  normalized a s  generated.  A 95-bi t  p roduc t  r e q u i r e s  a l e f t  s h i f t  of  
one to gene ra t e  t h e  f i n a l  c o e f f i c i e n t .  I f  t h e  s h i f t  is done, t h e  f i n a l  
exponent is  reduced by one t o  r e f l e c t  t h e  s h i f t .  The fol lowing 
d i s cus s ion  and t h e  power of  two d e s i g n a t o r s  used assumes t h a t  t h e  produc t  
genera ted  is i n  its f i n a l  form; t h a t  is, no s h i f t  was requi red .  On t h e  
CRAY X-MP, t h e  pyramid t r u n c a t e s  p a r t  o f  t h e  low-order b i t s  o f  t h e  96-bi t  
product .  To a d j u s t  f o r  t h i s  t r unca t i on ,  a c o n s t a n t  is uncond i t i ona l l y  



added above t h e  t r unca t i on .  The average va lue  of  t h i s  t r u n c a t i o n  is 
9.25 x 2-56, which was determined by adding a l l  c a r r i e s  produced by a l l  
p o s s i b l e  combinations t h a t  could be t r unca t ed  and d i v i d i n g  t h e  sum by t h e  
number of p o s s i b l e  combinations.  Nine c a r r i e s  a r e  i n j e c t e d  a t  t h e  2-56 
p o s i t i o n  t o  compensate f o r  t h e  t r unca t ed  b i t s .  The e f f e c t  of t h e  
t r u n c a t i o n  wi thout  compensation is a t  most a r e s u l t  c o e f f i c i e n t  one 
smal le r  than  expected. With com ensa t i on ,  t h e  r e s u l t s  range from one t o o  
l a r g e  t o  one t o o  smal l  i n  t h e  b i t  p o s i t i o n  with  approximately 99 
pe rcen t  of t h e  va lues  having z e r o  d e v i a t i o n  from what would have been 
genera ted  had a f u l l  96-bi t  pyramid been p re sen t .  The m u l t i p l i c a t i o n  is 
commutative; t h a t  is, A times B equa l s  B times A. 

Rounding is o p t i o n a l  where t r u n c a t i o n  compensation is not .  The rounding 
method used adds a c o n s t a n t  s o  t h a t  it is 50 pe rcen t  high (.25 x 2-48; 
h igh)  38 pe rcen t  o f  t h e  time and 25 pe rcen t  l o w  ( . I25 x 2-48; l o w )  62 
p e r c e n t  of  t h e  t ime r e s u l t i n g  i n  near ze ro  average rounding e r r o r .  I n  a 
f u l l - p r e c i s i o n  rounded mu l t i p ly ,  2 round b i t s  a r e  en t e r ed  i n t o  t h e  
pyramid a t  b i t  p o s i t i o n  2-50 and 2-51 and allowed t o  propagate  up t h e  
pyramid. 

For a ha l f -p r ec i s ion  m u l t i  l y ,  round b i t s  a r e  en t e r ed  i n t o  t h e  pyramid a t  
b i t  p o s i t i o n s  2-32 and 2-3P. A c a r r y  r e s u l t i n g  from t h i s  e n t r y  is 
allowed t o  propagate  up and t h e  29 most s i g n i f i c a n t  b i t s  o f  t h e  
normalized r e s u l t  a r e  t r ansmi t t ed  back. 

The v a r i a t i o n  due t o  t h i s  t r u n c a t i o n  and rounding a r e  i n  t h e  range: 

With a f u l l  96-bit  pyramid and rounding equa l  to  one-half t h e  l e a s t  
s i g n i f i c a n t  b i t ,  t h e  v a r i a t i o n  would be expected to  be: 

Div is ion  a l a o r  ithm 

The CRAY X-MP performs f l oa t i ng -po in t  d i v i s i o n  through r e c i p r o c a l  
approximation, f a c i l i t a t i n g  hardware implementation of  a f u l l y  segmented 
f u n c t i o n a l  u n i t .  Because of  t h i s  segmentation, operands e n t e r  t h e  
r e c i p r o c a l  u n i t  dur ing  each CP. I n  vec tor  mode, r e s u l t s  a r e  produced a t  
a 1-CP r a t e  and a r e  used i n  o t h e r  vec to r  o p e r a t i o n s  dur ing  cha in ing  
because a l l  f u n c t i o n a l  u n i t s  i n  t h e  CRAY X-MP have t h e  same r e s u l t  r a t e .  
The r e c i p r o c a l  approximation is based on Newton's method. 



k 

M U L T I P L I E R  / 
M U L T I P L I C A N D  

P R O D U C T  B I T  D E S I G N A T I O N :  1 ;  ; I I I 
I I I  I 
I 1  I I I I I I i i  

I F  S H I F T  I S  N E E D E D  1 I I I 
T O  N O R M A L I Z E  C O E F F I  CIENT--- - /  2 - I  - 3  @ - 4  j ; -48  

I F  S H I F T  I S  N O T  N E E D E D  I I 1 2  2 - 5 5  
TO N O R M A L I Z E  COEFFICIENT!--2-I '2-11 1 2 - 2 1  \ - 3 1 2 - 4 1  ; - 4 8  2 - 5 6  

1 i 
P R O D U C T  

@ hh = 112 for half-precision round, 002 for 
full-precision rounded or full-precision unrounded 
multiply 

@ ff = 112 for full-precision round, 002 for 
half-precision rounded or full-precision unrounded 
multiply 

Truncation compensation constant, 10012 used for all @ multiplies 

Figure 4-8. Floating-point multiply partial-product sums pyramid 

t Bit designations are used in the explanation of the ~loating-point 
Multiply functional unit operation. 



Newton's method - The d i v i s i o n  a lgor i thm is an  a p p l i c a t i o n  o f  Newton's 
method f o r  approximating t h e  r e a l  r o o t s  o f  an  a r b i t r a r y  equa t ion  
F (x) = 0, f o r  which F (x)  must be twice d i f f e r e n t i a b l e  with  a cont inuous 
second d e r i v a t i v e .  The method r e q u i r e s  making an i n i t i a l  approximation 
( g u e s s ) ,  xo, s u f f i c i e n t l y  close to  t h e  t r u e  r o o t ,  xt ,  being sought 
(see f i g u r e  4-9) .  For a b e t t e r  approximation, a t angen t  l i n e  is  drawn t o  
t h e  graph of  y = F(x )  a t  t h e  p o i n t  (xo, F ( x o ) ) .  The X i n t e r c e p t  of 
t h i s  t angent  l i n e  is t h e  b e t t e r  approximation x l .  Th i s  can be repea ted  
using x l  t o  f i n d  x2, etc. 

F igure  4-9. Newton's method 

Der iva t ion  o f  t h e  d i v i s i o n  a lgo r i t hm 

A d e f i n i t i o n  f o r  t h e  d e r i v a t i v e  F W ( x )  of  a f unc t i on  F(x)  a t  p o i n t  x t  i s  

F 8 ( x t )  = l i m i t  F (x )  - F ( x t )  

i f  t h i s  l i m i t  e x i s t s .  If t h e  l i m i t  does  n o t  e x i s t ,  F (x )  is n o t  
d i f f e r e n t i a b l e  a t  t h e  p o i n t  t. 

For any p o i n t  X i  near  to  x t ,  

F '  (xt)  2: F(xi) - F(x t )  where means "approximately equa l  to". 
X i  - X t  



This approximation improves as Xi approaches xt. Let Xi stand for an 
approximate solution and let xt stand for the true answer being sought. 
The exact answer is then the value of x that makes F(x) equal 0.   his is 
the case when x=xt, therefore F(xt) in the equation above can be 
replaced by 0, giving the following approximation: 

Approximation (1) 

Notice that xt - xi is the correction applied to an approximate answer. 
x to give the right answer since xi + (xt - xi) equals xt. it 
Solving approximation (1) for (xt - xi) gives: 

xt - xi = correction - F(xi) , 
F' (xt) 

that is, - .- F(xi) is the approximate correction. 

F' (xt) 

If this quantity is substituted into the approximation, then: 

xt = (xi + approximate correction) = Xi+l* 

This gives, the following equation: 

x = x  -F(xi) , i+l 
Equation (1) i - 

F' (xi) 

where Xi+l is a better approximation than xi to the true value, xt, 
being sought. The exact answer is generally not obtained at once because 
the correction term is not generally exact. However, the operation is 
repeated until the answer becomes sufficiently close for practical use. 

To make use of method to f i n d  the reciprmai of a number 3, 

simply use F(x) = (l/x - B). 
First calculating F' (x) : 

where 1 . thus for any point xi # 0, F'(x) = ( ; - B)' = ( X2) 

- 1 .  F1(xl) = - 1 
Choosing for X, a value near - 

x ? B 



and applying equation (I), 

On the CRAY X-MP, xl times the quantity in parentheses is performed by 
a floating-point multiply. 2-xlB is performed by the reciprocal 
approximation instruction. xl is the x near 1/B and is formed by the 
half-precision reciprocal approximation instruction. 

This approximation technique using Newton's method is implemented in the 
CRAY X-MP. A hardware table look up provides an initial guess, xo, to 
start the process. 

xo (2 - xoB) 1st approximation, I1 
Done 

x1(2 - xlB) 2nd approximation, I2 in reciprocal 
unit 

x2(2 - x2B) 3rd approximation, I3 

x3 (2 - ~$3) 4th approximation Done with 
so£ tware 

The CRAY X-MP Reciprocal Approximation functional unit performs three 
iterations: 11, I2 and 13. I1 is accurate to 8 bits and is found after 
a table look-up to choose the initial guess, xo. I2 is the second 
iteration and is accurate to 16 bits. I3 is the final (third) iteration 
answer of the Reciprocal Approximation functional unit, and its result is 
accurate to 30 bits. 

A fourth iteration uses a special instruction within the Floating-point 
Multiply functional unit to calculate the correction term. This 
iteration is used to increase accuracy of the reciprocal unit's answer to 
full precision. A fifth iteration should not be done. 

The division algorithm that computes S1/S2 to full-precision requires the 
following operations: 

Per formed by the Reciprocal Approximation 
functional unit 

S4 = (2 - (S3 * S2)) Performed by the Floating-point Multiply 
functional unit in iteration mode 



Performed by the Floating-point Multiply 
functional unit using full-precision. S5 now 
equals 1/S2 to 48-bit accuracy. 

Performed by the Floating-point Multiply 
functional unit using full-precision rounded 

The reciprocal approximation at step 1 is correct to 30 bits. An 
additional Newton iteration (fourth iteration) at operations 2 and 3 
increases this accuracy to 48 bits. This iteration answer is applied as 
an operand in a full-precision rounded multiply operation to obtain the 
quotient accurate to 48 bits. Additional iterations should not be 
attempted since erroneous results are possible. 

CAUTION 

The reciprocal iteration is designed for use once with 
each half-precision reciprocal generated. If the 
fourth iteration (the programmed iteration) results in 
an exact reciprocal or if an exact reciprocal is 
generated by some other method, performing another 
iteration results in an incorrect final reciprocal. 

Where 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. 

Performed by the Reciprocal Approximation 
functional unit 

S6 = S1 * S3 Performed by the Floating-point Multiply 
functional unit in half-precision 

The 19 low-order bits of the half-precision results are returned as zeros 
with a rounding applied to the low-order bit of the 29-bit result. 

Another method of computing divisions is as follows: 

Performed by the Reciprocal Approximation 
functional unit 

S5 = S1 * S3 Performed by the Floating-point Multiply 
functional unit 



S4 = ( 2  - (S3 * S 2 ) )  Performed by the Floating-point Multiply 
functional u n i t  

Performed by the Floating-point Multiply 
functional u n i t  

A scalar quotient is computed i n  29 CPs since operations 2 and 3 issue i n  
successive CPs. With  t h i s  method the correction t o  reach a 
full-precision reciprocal i s  applied af ter  the numerator is multiplied 
times the half-precision reciprocal rather than before. 

A vector quotient using t h i s  procedure requires less  than four vector 
times since operations 1 and 2 are chained together. T h i s  overlaps one 
of the multiply operations. ( A  vector time is 1 CP for each element i n  
the vector. ) 

CAUTION 

The coefficient of the reciprocal produced by the 
alternate method can be as  much as  2 x f4* different  
from the f i r s t  method described for generating 
full-precision reciprocals. T h i s  difference can occur 
because one method can round up as  much as  twice while 
the other method may not round a t  a l l .  One round can 
occur while the correction is generated and the second 
round can occur when producing the f ina l  quotient. 

Therefore, i f  the reciprocals are t o  be compared, the 
same method should be used each time the reciprocals 
a re  generated. Cray FORTRAN (CFT) used a consistent 
method and ensures the reciprocals of numbers are 
always the same. 

For example, two 64-element vectors are divided i n  3 * 64 CPs plus 
overhead. (The overhead associated w i t h  the functional u n i t s  for t h i s  
case is 38 CPs)  . 

LOGICAL OPERATIONS 

Scalar and vector logical u n i t s  perform bit-by-bit manipulation of 64-bit 
quantities. Operations provide for forming logical products, 
differences, s u m s ,  and merges. 



A l o g i c a l  p r o d u c t  is t h e  AND f u n c t i o n :  

Operand 1 1 0 1 0 
Operand 2 1 1 0 0 
R e s u i t  i O O O  

An o p e r a t i o n  s i m i l a r  t o  t h e  AND f u n c t i o n  p roduces  t h e  f o l l o w i n g  r e s u l t s :  

Operand 1 1 0 1 0 
Operand 2 1 1 0 0 
R e s u l t  0 1 0 0  

The l o g i c a l  p r o d u c t  (AND) o p e r a t i o n  is used f o r  masking o p e r a t i o n s  where 
t h e  o n e s  s p e c i f y  t h e  b i t s  to  b e  saved.  I n  t h i s  v a r i a n t  o f  t h e  AND 
f u n c t i o n ,  t h e  zeros s p e c i f y  t h e  b i t s  t o  be  saved  (Operand 1 is t h e  maskj .  

A l o g i c a l  sum is t h e  i n c l u s i v e  OR f u n c t i o n :  

Operand 1 1 0  1 0  
Operand 2 1 1 0 0 
R e s u l t  1 1 1 0  

A l o g i c a l  d i f f e r e n c e  is t h e  e x c l u s i v e  OR f u n c t i o n :  

Operand 1 1 0 1 0 
Operand 2 1 1 0 0 
R e s u l t  0 1 1 0  

A l o g i c a l  e q u i v a l e n c e  is t h e  e x c l u s i v e  NOR f u n c t i o n :  

Operand 1 1 0  1 0  
Operand 2 1 1 0 0 
R e s u l t  1 0 0 1  

The merge u s e s  two o p e r a n d s  and a mask t o  p roduce  r e s u l t s  a s  f o l l o w s :  

Operand 1 1 0  1 0  1 0  1 0  
Operand 2 1 1 0 0 1 1 0 0 
Mask 1 1 1 1 0 0 0 0  
R e s u l t  1 0 1 0 1 1 0 0  

The b i t s  o f  ope rand  1 p a s s  where t h e  mask b i t  is 1. The b i t s  o f  ope rand  
2 p a s s  where t h e  mask b i t  is 0. 



CPU INSTRUCTIONS 

INSTRUCTION FORMAT 

Each instruction used in a CRAY X-MP computer is either a 1-parcel 
(16-bit) instruction or a 2-parcel (32-bit) instruction. Instructions 
are packed four parcels per word. Parcels in a word are numbered 0 
through 3 from left to right and any parcel position can be addressed in 
branch instructions. A 2-parcel instruction begins in any parcel of a 
word and can span a word boundary. For example, a 2-parcel instruction 
beginning in the fourth parcel of a word ends in the first parcel of the 
next word. No padding to word boundaries is required. Figure 5-1 
illustrates the general form of instructions. 

First parcel Second parcel 

g h i j k  rn 

1 4  1 3 1 3 1 3 1 3 1  16 I Bits 

Figure 5-1. General form for instructions 

Four variations of this general format use the fields differently; two 
forms are 1-parcel formats and two are 2-parcel formats. The formats of 
these four variations are described below. 

1-PARCEL INSTRUCTION FORMAT WITH DISCRETE j AND k  FIELDS 

The most common of the 1-parcel instruction formats uses the i, j, 
and k fields as individual designators for operand and result registers 
(see figure 5-2). The g and h fields define the operation code. The 
i field designates a result register and the j and k  fields designate 
operand registers. Some instructions ignore one or more of the <, j, 
and k fields. The following types of instructions use this format. 

Arithmetic 
a Logical 
a Double shift 

Floating-point constant 



g h i j k  

1 4  1 3 1 3 1 3 1 3 ]  B i t s  

Opera t ion  R e g i s t e r  
code d e s i g n a t o r s  

F i g u r e  5-2. 1 - p a r c e l  i n s t r u c t i o n  fo rmat  
w i t h  d i s c r e t e  j and k f i e l d s  

1-PARCEL INSTRUCTION FORMAT WITH COMBINED j AND k FIELDS 

Some 1 - p a r c e l  i n s t r u c t i o n s  u s e  t h e  j and k f i e l d s  a s  a combined 6 - b i t  
f i e l d  (see f i g u r e  5-3). The g and h f i e l d s  c o n t a i n  t h e  o p e r a t i o n  
code ,  and t h e  i f i e l d  is  g e n e r a l l y  a d e s t i n a t i o n  r e g i s t e r  i d e n t i f i e r .  
The combined j and k f i e l d s  g e n e r a l l y  c o n t a i n  a c o n s t a n t  or a B or T 
r e g i s t e r  d e s i g n a t o r .  The branch i n s t r u c t i o n  005 and t h e  fo l lowing  t y p e s  
o f  i n s t r u c t i o n s  use  t h e  1 - p a r c e l  i n s t r u c t i o n  fo rmat  w i t h  combined j and 
k f i e l d s .  

C o n s t a n t  
e B and T r e g i s t e r  b lock memory t r a n s f e r  

B and T r e g i s t e r  d a t a  t r a n s f e r  
S i n g l e  s h i f t  
Mask 

g h i j k  

[ 4  1 3 1 3 1  6 ] B i t s  

O p e r a t i o n  
code  1 I 

R e s u l t  C o n s t a n t  or 
r e g i s t e r  r e g i s t e r  

d e s i g n a t o r  

F i g u r e  5-3. 1 - p a r c e l  i n s t r u c t i o n  fo rmat  
w i t h  combined j and k f i e l d s  

2-PARCEL INSTRUCTION FORMAT WITH COMBINED j, k ,  AND m FIELDS 

The i n s t r u c t i o n  t y p e  f o r  a 22-bi t  immediate c o n s t a n t  u s e s  t h e  combined 
j, k ,  and m f i e l d s  t o  ho ld  t h e  c o n s t a n t .  The 7 -b i t  gh  f i e l d  
c o n t a i n s  a n  o p e r a t i o n  code,  and t h e  3 - b i t  i f i e l d  d e s i g n a t e s  a r e s u l t  
r e g i s t e r .  The i n s t r u c t i o n  t y p e  u s i n g  t h i s  fo rmat  t r a n s f e r s  t h e  22-b i t  
jkm c o n s t a n t  t o  a n  A or S r e g i s t e r .  



The instruction type used for scalar memory transfers also requires a 
22-bit jkm f ie ld  for an address displacement. T h i s  instruction type 
uses the 4-bit g f ie ld  for an operation code, the 3-bit h f ie ld  t o  
designate an address index register ,  and the 3-bit i f ie ld  to  designate 
a source or resul t  register.  (See subsection on special register values.) 

Figure 5-4 shows the two general applications for the 2-parcel instruction 
format w i t h  combined j, k ,  and m f ields.  

F i rs t  parcel Second parcel 
/ - 4 

g h i j k  m 

4 i 3 i 3 ,  ! 
! 22 B i t s  - \ / 

Operation ~ g s u l t  Constant 
code register 

F i r s t  parcel Second parcel 

1 4  1 3 1 3 1  ' ' 22 B i t s  

\ / 

Operation 

1 I Address or 
displacement 

Address Source or 
register resul t  register 
used as 
index 

I 5 - 4  2-parcel instructisfi  fermat - *., u.. L 

w i t h  combined j, k,  and m f ie lds  

2-PARCEL INSTRUCTION FORMAT WITH COMBINED i, j, k ,  AND m FIELDS 

The 2-parcel branch instruction type uses the combined i, j, k, and 
m f ie lds  to  contain a 24-bit address that allows branching t o  an 
instruction parcel (see figure 5-5). A 7-bit operation code (gh) i s  
followed by an i j k m  f ie ld.  The high-order b i t  of the i f ie ld  is 
unused. 



Fi r s t  parcel Second parcel 
C +, 4 

1 4  I 3  Ill 1 I I 2  1 B i t s  

-v- 
Operation 1 Address 

4 
Parcel 

code unused select  
b i t  

Figure 5-5. 2-parcel instruction format 
w i t h  combined i, j ,  k ,  and m f ie lds  

SPECIAL REGISTER VALUES 

I f  the SO and A 0  registers are referenced i n  the j or k f ie lds  of an 
instruction, the contents of the respective register are not used; 
instead, a special operand is generated. The special value i s  available 
regardless of existing A0 or SO reservations (and i n  t h i s  case are not 
checked). T h i s  use does not a l t e r  the actual value of the SO or A0 
register.  I f  SO or A0 is used i n  the i f ie ld  as the operand, the 
actual value of the register is provided. The table below shows the 
special register values. 

Field 

~ h ,  h=O 

A i ,  i = 0  

~ j ,  j = O  

Ak, k=0 

S i ,  i = O  

sj, j = o  
s k ,  k=o 

Operand value 

0 

(A01  

0 

1 

(SO) 

o 
263 



INSTRUCTION ISSUE 

I n s t r u c t i o n s  are r e a d  one  p a r c e l  a t  a  time from t h e  i n s t r u c t i o n  b u f f e r s  
and d e l i v e r e d  to  t h e  Next  I n s t r u c t i o n  P a r c e l  (NIP) r e g i s t e r .  The 
i n s t r u c t i o n  is t h e n  p a s s e d  t o  t h e  C u r r e n t  I n s t r u c t i o n  P a r c e l  (CIP) 
r e g i s t e r  when t h e  p r e v i o u s  i n s t r u c t i o n  i s s u e s .  An i n s t r u c t i o n  i n  t h e  CIP  
r e g i s t e r  i s s u e s  when c o n d i t i o n s  i n  t h e  f u n c t i o n a l  u n i t  and  r e g i s t e r s  are 
s u c h  t h a t  f u n c t i o n s  r e q u i r e d  f o r  e x e c u t i o n  c a n  b e  pe r fo rmed  w i t h o u t  
c o n f l i c t i n g  w i t h  a p r e v i o u s l y  i s s u e d  i n s t r u c t i o n .  I n s t r u c t i o n  p a r c e l s  
c a n  i s s u e  o u t  of t h e  CIP r e g i s t e r  a t  a maximum rate o f  o n e  p e r  clock 
p e r i o d  . 
E x e c u t i o n  times ( t h e  time from i s s u e  to  d e l i v e r y  of data t o  t h e  
d e s t i n a t i o n  o p e r a t i n g  r e g i s t e r s )  are f i x e d  for i n s t r u c t i o n s  000 t h r o u g h  
077,  e x c e p t  t h o s e  t h a t  r e f e r e n c e  memory ( i n s t r u c t i o n s  000, 004, b ranch  
i n s t r u c t i o n s  005 th rough  017, and  b l o c k  t r a n s f e r  i n s t r u c t i o n s  034 t h r o u g h  
0 3 7 ) .  S c a l a r  memory i n s t r u c t i o n s  100  t h r o u g h  137  c o m p l e t e  i n  v a r i a b l e  
l e n g t h s  o f  time. Vector o p e r a t i o n  i n s t r u c t i o n s  140 t h r o u g h  1 7 7  comple t e  
i n  a f i x e d  t i m e  i f  t h e  i n s t r u c t i o n s  are n o t  c h a i n e d  t o  memory f e t c h e s .  

E x e c u t i o n  times c a n  be  a f f e c t e d  by i n s t r u c t i o n  0034 jk ,  which tests and 
sets t h e  semaphore d e s i g n a t e d  by j k .  I f  t h e  semaphore is  set,  
i n s t r u c t i o n  i s s u e  is h e l d  u n t i l  t h e  o t h e r  CPU clears t h a t  semaphore. If 
t h e  semaphore is clear,  t h e  i n s t r u c t i o n  i s s u e s  and  sets t h e  semaphore. 
I f  a l l  CPUs i n  a c l u s t e r  a r e  h o l d i n g  i s s u e  o n  a tes t  and set, a f l a g  i s  
set  i n  t h e  Exchange Package  ( i f  n o t  i n  m o n i t o r  mode) and  a n  exchange  
o c c u r s .  I f  a n  i n t e r r u p t  o c c u r s  w h i l e  a test and set  i n s t r u c t i o n  is 
h o l d i n g  i n  t h e  CIP r e g i s t e r ,  a f l a g  is set i n  t h e  Exchange Package,  CIP 
and NIP r e g i s t e r s  clear,  and a n  exchange  o c c u r s  w i t h  t h e  P r e g i s t e r  
p o i n t i n g  t o  t h e  t e s t  and set i n s t r u c t i o n .  

E n t r y  to t h e  NIP r e g i s t e r  is b l o c k e d  for t h e  second  p a r c e l  of a 2 -pa rce l  
i n s t r u c t i o n ,  l e a v i n g  NIP b l anked .  I n s t e a d ,  t h e  p a r c e l  is d e l i v e r e d  t o  
t h e  Lower I n s t r u c t i o n  P a r c e l  (LIP)  r e g i s t e r .  The z e r o s  i n  NIP ( t h e  
pseudo second parcel) are transferred te CIP and issued as a dc-nething 
i n s t r u c t i o n .  

When s p e c i a l  r e g i s t e r  v a l u e s  (A0 or SO) are s e l e c t e d  by a n  i n s t r u c t i o n  
for ~ h ,  ~ j ,  ~ k ,  ~ j ,  or Sk, t h e  normal  "ho ld  i s s u e  u n t i l  ope rand  
r e a d y "  c o n d i t i o n s  d o  n o t  app ly .  These  v a l u e s  a r e  a l w a y s  immedia t e ly  
a v a i l a b l e  . 

INSTRUCTION DESCRIPTIONS 

T h i s  s e c t i o n  c o n t a i n s  d e t a i l e d  i n f o r m a t i o n  a b o u t  i n d i v i d u a l  i n s t r u c t i o n s  
or g r o u p s  o f  r e l a t e d  i n s t r u c t i o n s .  Each i n s t r u c t i o n  b e g i n s  w i t h  boxed 
i n f o r m a t i o n  c o n s i s t i n g  o f  t h e  Cray  Assembly Language (CAL) s y n t a x  



format, a brief description of each instruction, and the octal code 
sequence defined by the gh fields. The appearance of an m in a 
format designates an instruction consisting of two parcels. 

Following the boxed information is a more detailed description of the 
instruction or instructions, including a list of hold issue conditions, 
execution time, and special cases. Hold issue conditions refer to those 
conditions delaying issue of an instruction until conditions are met. 

Instruction issue time assumes that if an instruction issues at clock 
period n (CP n), the next instruction issues at CP n + issue time t 
if its own issue conditions have been met. 

The following special characters can appear in the operand field description 
of symbolic machine instructions and are used by the assembler in 
determining the operation to be performed. 

+ Arithmetic sum of adjoining registers 
- Arithmetic difference of adjoining registers 
* Arithmetic product of adjoining registers 
/ Division or reciprocal 
# Use ones complement 
> Shift value or form mask from left to right 
< Shift value or form mask from right to left 
& Logical product of adjoining registers 
! Logical sum of adjoining registers 
\ Logical difference of ad joining registers 

In some instructions, register designators are prefixed by the following 
letters, which have special meaning to the assembler. 

F Floating-point operation 
H Half-precision operation 
R Rounded operation 
I Reciprocal iteration 
P Population count 
Q Population count parity 
Z Leading zero count 

t Previous instruction issued 



INSTRUCTION 000 

I CAL Syntax D e s c r i p t i o n  O c t a l  Code I 
r r o r  e x 1  

I n s t r u c t i o n  000 is t r e a t e d  a s  a n  error c o n d i t i o n  and an  exchange sequence 
occurs .  Content  of t h e  i n s t r u c t i o n  b u f f e r s  is voided by t h e  exchange 
sequence.  I n s t r u c t i o n  000 h a l t s  e x e c u t i o n  of an  i n c o r r e c t l y  coded 
program branching i n t o  an  unused a r e a  of memory ( i f  memory was 
backgrounded w i t h  z e r o s )  or i n t o  a d a t a  a r e a  ( i f  t h e  d a t a  is p o s i t i v e  
i n t e g e r s ,  r i g h t - j u s t i f i e d  ASCII, or f l o a t i n g - p o i n t  z e r o ) .  I f  moni tor  
mode i s  n o t  i n  e f f e c t ,  t h e  Error E x i t  f l a g  i n  t h e  F r e g i s t e r  is set. A l l  
i n s t r u c t i o n s  i s s u e d  b e f o r e  t h i s  i n s t r u c t i o n  a r e  r u n  to  complet ion.  When 
r e s u l t s  of p r e v i o u s l y  i s s u e d  i n s t r u c t i o n s  a r r i v e  a t  t h e  o p e r a t i n g  
r e g i s t e r s ,  a n  exchange o c c u r s  to  t h e  Exchange Package d e s i g n a t e d  by 
c o n t e n t s  o f  t h e  XA r e g i s t e r .  The program a d d r e s s  s t o r e d  d u r i n g  t h e  
exchange on t h e  t e r m i n a t i n g  exchange sequence is t h e  c o n t e n t s  of t h e  P 
r e g i s t e r  advanced by one c o u n t  ( t h a t  is, t h e  a d d r e s s  of t h e  i n s t r u c t i o n  
fo l lowing  t h e  error e x i t  i n s t r u c t i o n )  . 

HOLD ISSUE CONDITIONS: Any A ,  S,  or V r e g i s t e r  r e s e r v e d  

EXECUTION TIME: I n s t r u c t i o n  i s s u e ,  40 CPs; t h i s  time i n c l u d e s  a n  
exchange sequence ( 2 4  CPs) and a f e t c h  o p e r a t i o n  
(16 CPs) . 

SPECIAL CASES : None 



INSTRUCTIONS 0010 - 0013 

D e s c r i p t i o n  O c t a l  Code 

C A , A ~  Ak S e t  t h e  C u r r e n t  Address  (CA) r e g i s t e r  f o r  t h e  OOlOjk 
c h a n n e l  i n d i c a t e d  by ( ~ j )  to  (Ak) and a c t i v a t e  
t h e  c h a n n e l  

CL,M ~k S e t  t h e  L i m i t  Address  (CL) r e g i s t e r  f o r  t h e  
c h a n n e l  i n d i c a t e d  by ( A j )  t o  (Ak) 

C l e a r  t h e  i n t e r r u p t  f l a g  and e r r o r  f l a g  f o r  
t h e  c h a n n e l  i n d i c a t e d  by ( A j )  ; c l e a r  d e v i c e  
m a s t e r - c l e a r  ( o u t p u t  c h a n n e l )  

C l e a r  t h e  i n t e r r u p t  f l a g  and e r r o r  f l a g  f o r  
t h e  c h a n n e l  i n d i c a t e d  by ( ~ j ) ;  set  d e v i c e  
m a s t e r - c l e a r  ( o u t p u t  c h a n n e l ) ;  c l e a r  d e v i c e  
ready-held  ( i n p u t  c h a n n e l )  

E n t e r  t h e  XA r e g i s t e r  w i t h  ( ~ j )  

I n s t r u c t i o n s  0010 th rough  0013 a r e  p r i v i l e g e d  t o  moni tor  mode and p r o v i d e  
o p e r a t i o n s  u s e f u l  to t h e  o p e r a t i n g  system. F u n c t i o n s  a r e  s e l e c t e d  
th rough  t h e  i d e s i g n a t o r .  I n s t r u c t i o n s  a r e  t r e a t e d  a s  p a s s  
i n s t r u c t i o n s  i f  t h e  moni tor  mode b i t  is n o t  set. 

When t h e  i d e s i g n a t o r  is 0 ,  1, o r  2, t h e  i n s t r u c t i o n  c o n t r o l s  o p e r a t i o n  
o f  t h e  1/0 c h a n n e l s .  Each c h a n n e l  h a s  t w o  r e g i s t e r s  d i r e c t i n g  t h e  
c h a n n e l  a c t i v i t y .  The CA r e g i s t e r  f o r  a  c h a n n e l  c o n t a i n s  t h e  a d d r e s s  o f  
t h e  c u r r e n t  c h a n n e l  word. The CL r e g i s t e r  s p e c i f i e s  t h e  l i m i t  a d d r e s s .  
I n  programming t h e  c h a n n e l ,  t h e  CL r e g i s t e r  is i n i t i a l i z e d  f i r s t  and t h e n  
CA sets, a c t i v a t i n g  t h e  channe l .  A s  t r a n s f e r  c o n t i n u e s ,  CA is 
incremented toward CL. When (CA) is e q u a l  to (CL),  t r a n s f e r  is comple te  
for words a t  i n i t i a l  (CA) th rough  (CL)-1. When t h e  j d e s i g n a t o r  i s  0 
or when t h e  4 low-order b i t s  o f  Aj a r e  less t h a n  108 ,  t h e  f u n c t i o n s  
a r e  e x e c u t e d  a s  p a s s  i n s t r u c t i o n s .  V a l i d  c h a n n e l  numbers a r e  10-178. 
When t h e  k d e s i g n a t o r  is 0 ,  CA or CL is se t  to  1. 

When t h e  i d e s i g n a t o r  is 3 ,  t h e  i n s t r u c t i o n  t r a n s m i t s  b i t s  211 
th rough  2* o f  ( A j )  t o  t h e  XA r e g i s t e r .  When t h e  j d e s i g n a t o r  is 0, 
t h e  XA r e g i s t e r  is c l e a r e d .  

I n s t r u c t i o n  012j0  is used t o  c l e a r  t h e  d e v i c e  Master  C l e a r .  For 
i n s t r u c t i o n  0012, i f  t h e  k d e s i g n a t o r  is 1 f o r  a n  o u t p u t  c h a n n e l ,  t h e  
mas te r  c l e a r  is se t ;  i f  t h e  k d e s i g n a t o r  i s  1 f o r  a n  i n p u t  c h a n n e l ,  t h e  
r eady  f l a g  is c l e a r e d .  



INSTRUCTIONS 0010 - 0013 ( c o n t i n u e d )  

HOLD ISSUE CONDITIONS: For  i n s t r u c t i o n s  0010 and 0011, A j  or Ak 
r e s e r v e d  (except A01 

For  i n s t r u c t i o n s  0012 or 0013, A j  r e s e r v e d  
( e x c e p t  AO) 

EXECUTION TIME: 

SPECIAL CASES: 

I n s t r u c t i o n  i s s u e ,  1 CP 

I f  t h e  program is n o t  i n  mon i to r  mode, t h e  
i n s t r u c t i o n  becomes a no-op a l t h o u g h  a l l  h o l d  
i s s u e  c o n d i t i o n s  r ema in  e f f e c t i v e .  

Fo r  i n s t r u c t i o n s  0010, 0011, and  0012: 
I f  j = O ,  t h e  i n s t r u c t i o n  is a no-op. 
I f  4  low-order  b i t s  of ( ~ j )  are less t h a n  
l o g ,  t h e  i n s t r u c t i o n  is a no-op, ( t h a t  is, 20 
t h r o u g h  27 are i n v a l i d ,  30 t h r o u g h  37 are 
v a l i d ,  40 th rough  47 are i n v a l i d ,  50  t h r o u g h  57 
a r e  v a l i d ,  etc.).  
I f  k=O, CA or CL is set t o  1. 

For  i n s t r u c t i o n  0012: 
The correct p r i o r i t y  i n t e r r u p t i n g  c h a n n e l  
number c a n n o t  b e  r e a d  ( v i a  i n s t r u c t i o n  033) 
u n t i l  2  CPs a f t e r  i s s u e  of i n s t r u c t i o n  0012. 

Fo r  i n s t r u c t i o n  0013 : 
I f  j = O ,  XA r e g i s t e r  is c l e a r e d .  

NOTE 

Because  t h e r e  is  n o  ha rdware  i n t e r l o c k  be tween 
t h e  two CPUs, it is p o s s i b l e  t o  h a v e  two CPUs 
i s s u i n g  t h e s e  i n s t r u c t i o n s  a t  t h e  same time; 
however, undetermined r e s u l t s  c a n  o c c u r .  

S o f t w a r e  must  e n s u r e  o n l y  one  CPU is  s e r v i c i n g  
1/0 a t  a time w h i l e  i n  m o n i t o r  mode. 



INSTRUCTION 0014 

CAL Syntax Description Octal Code 

RT ~j Enter the Real-time Clock register with (Sj) 0014 j0 

IP 1 Set interprocessor interrupt request of other 001401 
processor 

IP 0 Clear received interprocessor interrupt 001402 
request from other processor 

CLN 0 Cluster number = 0 001403 

CLN 1 Cluster number = 1 001413 

CLN 2 Cluster number = 2 001423 

CLN 3 Cluster number = 3 001433 

PCI Sj Enter Interrupt Interval (11) register with (Sj) 0014j4 

CCI Clear the programmable clock interrupt request 001405 

ECI Enable programmable clock interrupt request 001406 

DCI Disable programmable clock interrupt request 001407 

Instruction 0014 performs specialized functions for managing the 
real-time and programmable clocks and handles 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. 

When the k designator is 0, the instruction loads the contents of the 
Sj register into the RTC register. When the j designator is 0 or 
(sj)=O, the RTC register is cleared. 

When the k designator is 1, the instruction sets the internal CPU 
interrupt request in the other CPU. If the other CPU is not in monitor 
mode, the ICP (Interrupt from Internal CPU) flag sets in the F register 
causing an interrupt. The request remains until cleared by the 
receiving CPU issuing instruction 001402. 

When the k designator is 2, the instruction clears the internal CPU 
interrupt request set by the other CPU. 

When the k designator is 3, the instruction sets the cluster number to 
j to make the following cluster selections: 



INSTRUCTION 0014 ( c o n t i n u e d )  

CLN = 0 N o  c l u s t e r ;  a l l  s h a r e d  r e g i s t e r  and  semaphore o p e r a t i o n s  
are no-ops, ( e x c e p t  SB,  ST, or SM r e g i s t e r  r e a d s ,  which 
r e t u r n  a 0 v a l u e  to  ~i or ~ i )  . 

CLN = 1 C l u s t e r  1 

CLN = 2 C l u s t e r  2 

CLN = 3 C l u s t e r  3 

C l u s t e r s  1, 2 ,  and  3 each  have  a s e p a r a t e  set of SM, SB, and  ST 
r e g i s t e r s .  

When t h e  k d e s i g n a t o r  is 4,  t h e  i n s t r u c t i o n  loads t h e  low-order  32 
b i t s  from t h e  ~j r e g i s t e r  i n t o  b o t h  t h e  I1 r e g i s t e r  and  t h e  ICD 
c o u n t e r .  When t h e  j d e s i g n a t o r  is 0 or ( s ~ ) = o ,  I1 and ICD are 
c l e a r e d .  

When t h e  k d e s i g n a t o r  is 5, t h e  i n s t r u c t i o n  clears t h e  programmable 
clock i n t e r r u p t  r e q u e s t  i f  t h e  r e q u e s t  is  p r e v i o u s l y  set by ICD c o u n t i n g  
down to  0. 

When t h e  k d e s i g n a t o r  is 6 ,  t h e  i n s t r u c t i o n  e n a b l e s  r e p e a t e d  
programmable clock i n t e r r u p t  r e q u e s t s  a t  a r e p e t i t i o n  ra te  d e t e r m i n e d  by 
t h e  v a l u e  s t o r e d  i n  t h e  I1 r e g i s t e r .  

When t h e  k d e s i g n a t o r  is 7 ,  t h e  i n s t r u c t i o n  d i s a b l e s  r e p e a t e d  
programmable c l o c k  i n t e r r u p t  r e q u e s t s  u n t i l  a n  i n s t r u c t i o n  001406 is 
e x e c u t e d  to  e n a b l e  t h e  r e q u e s t s .  

HOLD ISSUE CONDITIONS: ~j r e s e r v e d  ( e x c e p t  SO) 

For i n s t r u c t i o n  0014 j3 ,  h o l d  i s s u e  2 CPs 

EXECUTION TIME : I n s t r u c t i o n  i s s u e ,  1 CP 

SPECIAL CASES: I f  t h e  program is n o t  i n  m o n i t o r  mode, t h e s e  
i n s t r u c t i o n s  become no-ops b u t  a l l  h o l d  i s s u e  
c o n d i t i o n s  r ema in  e f f e c t i v e .  

For  i n s t r u c t i o n s  0014 j0  and 0014 j4 ,  i f  
j = O ,  (sj) =O.  

Fo r  i n s t r u c t i o n  0014 j0 ,  t h e  v a l u e  is e n t e r e d  
i n t o  t h e  RTC r e g i s t e r  4 CPs a f t e r  i n s t r u c t i o n  
0014j0  i s s u e s .  



INSTRUCTION 0020 

CAL Syn tax  Descr  i p t  i o n  O c t a l  Code 

VL Ak T r a n s m i t  (Ak) t o  VL r e g i s t e r  00200k 

VL lt T r a n s m i t  1 t o  VL r e g i s t e r  002000 
1 

I n s t r u c t i o n  00200k e n t e r s  t h e  VL r e g i s t e r  w i t h  a  v a l u e  de t e rmined  by 
t h e  c o n t e n t s  o f  ~ k .  The low-order  6 b i t s  o f  (Ak) are e n t e r e d  i n t o  
t h e  VL r e g i s t e r .  The 7 t h  b i t  o f  VL is set  i f  t h e  6 low-order b i t s  o f  
(Ak) =o. 

Fo r  example ,  i f  (Ak) =O or a m u l t i p l e  o f  1008,  t h e n  VL=1008. The 
c o n t e n t  o f  VL is a l w a y s  between 1 and loo8 .  

I n s t r u c t i o n  002000 t r a n s m i t s  t h e  v a l u e  o f  1 to t h e  VL r e g i s t e r .  

HOLD ISSUE CONDITIONS: ~k r e s e r v e d  ( e x c e p t  AO) 

EXECUTION TIME: I n s t r u c t i o n  i s s u e ,  1 CP 
VL r e g i s t e r  r e a d y ,  1 CP 

SPECIAL CASES: Maximum v e c t o r  l e n g t h  is 64. 
( A k ) = l  i f  k=O. 
(VL) = loo8  i f  k#O and (Ak) = O  or a 

m u l t i p l e  o f  l o o 8 .  

t S p e c i a l  CAL s y n t a x  



INSTRUCTIONS 0021 - 0027 

CAL Syntax D e s c r i p t i o n  O c t a l  Code 

I DFI D i s a b l e  i n t e r r u p t  on  f l o a t i n g - p o i n t  error 002200 I 
ER I Enable  i n t e r r u p t  on  operand ( a d d r e s s )  002300 

r a n g e  error 

I D R I  D i s a b l e  i n t e r r u p t  on  operand  ( a d d r e s s )  

I r ange  error 

I DBM 

D i s a b l e  b i d i r e c t i o n a l  memory t r a n s f e r s  

I EBM 

Enab le  b i d i r e c t i o n a l  memory t r a n s f e r s  002600 I 
l cMR 

Complete memory r e f e r e n c e s  002700 I 
I n s t r u c t i o n  002100 sets  t h e  F l o a t i n g - p o i n t  Mode f l a g  i n  t h e  M r e g i s t e r .  
I n s t r u c t i o n  002200 c l e a r s  t h e  F l o a t i n g - p o i n t  Mode f l a g  i n  t h e  M 
r e g i s t e r .  The t w o  i n s t r u c t i o n s  d o  n o t  check t h e  p r e v i o u s  s t a t e  o f  t h e  
f l a g .  When set ,  t h e  F l o a t i n g - p o i n t  Mode f l a g  e n a b l e s  i n t e r r u p t s  o n  
f l o a t i n g - p o i n t  r ange  e r r o r s  as d e s c r i b e d  i n  s e c t i o n  4. I s s u i n g  e i t h e r  of 
t h e s e  i n s t r u c t i o n s  a l s o  c l e a r s  t h e  F l o a t i n g - P o i n t  Error S t a t u s  f l a g .  

I n s t r u c t i o n  002300 sets  t h e  Operand Range Mode f l a g  i n  t h e  M r e g i s t e r .  
I n s t r u c t i o n  002400 clears t h e  Operand Range Mode f l a g  i n  t h e  M r e g i s t e r .  
The t w o  i n s t r u c t i o n s  do n o t  check t h e  p r e v i o u s  s t a t e  of t h e  f l a g .  When 
set ,  t h e  Operand Range Mode f l a g  e n a b l e s  i n t e r r u p t s  o n  operand  ( a d d r e s s )  
ranmn nrrnrc 2s described in section 3 .  
& .....y- b& & Y L  Y 

I n s t r u c t i o n  002500 e n a b l e s  t h e  b i d i r e c t i o n a l  memory mode. I n s t r u c t i o n  
002600 d i s a b l e s  t h e  b i d i r e c t i o n a l  memory mode. B l o c k  r e a d s  and writes 
c a n  o p e r a t e  c o n c u r r e n t l y  i n  b i d i r e c t i o n a l  memory mode. If t h e  
b i d i r e c t i o n a l  memory mode is d i s a b l e d ,  o n l y  b lock  r e a d s  c a n  o p e r a t e  
c o n c u r r e n t l y .  

I n s t r u c t i o n  002700 a s s u r e s  comple t ion  o f  a l l  memory r e f e r e n c e s  w i t h i n  a  
p a r t i c u l a r  CPU i s s u i n g  t h e  i n s t r u c t i o n .  I n s t r u c t i o n  002700 d o e s  n o t  
i s s u e  u n t i l  a l l  memory r e f e r e n c e s  b e f o r e  t h i s  i n s t r u c t i o n  a r e  a t  t h e  
s t a g e  o f  e x e c u t i o n  where comple t ion  o c c u r s  i n  a  f i x e d  amount of time. 
For  example, a  l o a d  o f  any d a t a  t h a t  h a s  been s t o r e d  by t h e  CPU i s s u i n g  
i n s t r u c t i o n  CMR, 002700 is  a s s u r e d  o f  r e c e i v i n g  t h e  updated  d a t a  i f  t h e  
l o a d  is  i s s u e d  a f t e r  t h e  CMR i n s t r u c t i o n .  S y n c h r o n i z a t i o n  o f  memory 
r e f e r e n c e s  between p r o c e s s o r s  c a n  be done by t h i s  i n s t r u c t i o n  i n  
c o n j u n c t i o n  w i t h  semaphore i n s t r u c t i o n s .  



INSTRUCTIONS 0021 - 0027 ( c o n t i n u e d )  

HOLD ISSUE CONDITIONS: I n s t r u c t i o n s  002500 and  002600, h o l d  i s s u e  2 CPs 

I n s t r u c t i o n  002700, p o r t s  A ,  B,  C busy  

I n s t r u c t i o n  002700, scalar memory r e f e r e n c e  
a c t i v e  i n  clock p e r i o d  1, 2 ,  or 3 

~k r e s e r v e d  ( e x c e p t  AO) 

EXECUTION TIME: 

SPECIAL CASES: 

I n s t r u c t i o n  i s s u e ,  1 CP 

I n s t r u c t i o n s  002100 and  002200 are i s s u e d  e v e n  
i f  t h e r e  are o t h e r  f l o a t i n g - p o i n t  o p e r a t i o n s  i n  
p r o c e s s  r e s u l t i n g  f rom p r e v i o u s  i s s u e s .  The 
i n t e r r u p t s  are e n a b l e d  or d i s a b l e d  a t  CP + 1; 
f l o a t i n g - p o i n t  o v e r f l o w s  o c c u r r i n g  a f te r  t h a t  
time c a u s e  i n t e r r u p t s  i f  t h e y  are e n a b l e d  e v e n  
i f  t h e  o v e r f l o w  is g e n e r a t e d  by  a p r e v i o u s l y  
i s s u e d  f l o a t i n g - p o i n t  i n s t r u c t i o n .  

I n s t r u c t i o n s  002300 and  002400 are i s s u e d  e v e n  
if t h e r e  are o t h e r  memory r e f e r e n c e s  i n  p r o c e s s  
r e s u l t i n g  from p r e v i o u s  i s s u e s .  The i n t e r r u p t s  
are e n a b l e d  or d i s a b l e d  a t  CP + 1; o p e r a n d  r a n g e  
errors o c c u r r i n g  a f t e r  t h a t  time c a u s e  
i n t e r r u p t s  i f  t h e y  a r e  e n a b l e d  even  i f  t h e  
o p e r a n d  r a n g e  error is g e n e r a t e d  by  a p r e v i o u s  
memory r e f e r e n c e .  



INSTRUCTIONS 0030, 0034, 0036, and  0037 

D e s c r i p t i o n  O c t a l  Code I 
T r a n s m i t  ( ~ j )  t o  VM r e g i s t e r  

Clear VM r e g i s t e r  003000 I 
SMjk 1,TS T e s t  and se t  semaphore j k ,  0 - < j k  - < 3110 0034 j k  

~ M j k  0 Clear semaphore j k ,  0 - < j k  - < 3110 0036 jk  

I n s t r u c t i o n  0030 j0  e n t e r s  t h e  VM r e g i s t e r  w i t h  t h e  c o n t e n t s  of ~ j .  
The VM r e g i s t e r  is cleared i f  t h e  j d e s i g n a t o r  is  0 i n  i n s t r u c t i o n  
003000. These  i n s t r u c t i o n s  are used  i n  c o n j u n c t i o n  w i t h  t h e  v e c t o r  merge 
i n s t r u c t i o n s  (146 and  147)  i n  which a n  o p e r a t i o n  is  performed depend ing  
on  t h e  c o n t e n t s  o f  VM. 

I n s t r u c t i o n  0034jk  tests  and  sets t h e  semaphore d e s i g n a t e d  by j k .  If 
t h e  semaphore is se t ,  i s s u e  is h e l d  u n t i l  t h e  o t h e r  CPU clears t h a t  
semaphore.  I f  t h e  semaphore is clear,  t h e  i n s t r u c t i o n  i s s u e s  and  sets 
t h e  semaphore. I f  a l l  CPUs i n  a c l u s t e r  are h o l d i n g  i s s u e  o n  a tes t  and 
set ,  t h e  DL f l a g  is set  i n  t h e  Exchange Package  ( i f  n o t  i n  m o n i t o r  mode) 
and  a n  exchange  o c c u r s .  I f  a n  i n t e r r u p t  o c c u r s  w h i l e  a tes t  and set  
i n s t r u c t i o n  is h o l d i n g  i n  t h e  CIP r e g i s t e r ,  t h e  WS f l a g  i n  t h e  Exchange 
Package  sets, CIP and  NIP r e g i s t e r s  clear,  and  a n  exchange  o c c u r s  w i t h  
t h e  P r e g i s t e r  p o i n t i n g  to t h e  test  and  set i n s t r u c t i o n .  The S M  r e g i s t e r  
i s  32 b i t s  w i t h  SMO b e i n g  t h e  most s i g n i f i c a n t  b i t .  

~ n c t r l r t - t i n n  n n ? ~ i P  t - lesrc  the  ~ e r n a n h n r ~  designated by i k .  
2.. u-& -rr- --.a. r v - r  " y a w  r.-cvrrr .- --.v I--..-C---- - ---- 

I n s t r u c t i o n  0037 jk  sets  t h e  semaphore d e s i g n a t e d  by  jk .  

HOLD ISSUE CONDITIONS: For  i n s t r u c t i o n  0030j0 :  
S j  r e s e r v e d  ( e x c e p t  SO) 
I n s t r u c t i o n  003 i n  p r o c e s s ,  u n i t  busy  1 CP 
I n s t r u c t i o n  1 4 x  i n  p r o c e s s ,  u n i t  busy  
(VL) +5 CPs 
I n s t r u c t i o n  1 7 5  i n  p r o c e s s ,  u n i t  busy  (VL)+5 CPs 

t S p e c i a l  CAL s y n t a x  



INSTRUCTIONS 0030 ,  0034,  0036 ,  a n d  0037 ( c o n t i n u e d )  

HOLD ISSUE CONDITIONS: F o r  i n s t r u c t i o n  0034 jk :  
( c o n t i n u e d )  I f  c u r r e n t  C l u s t e r  NumberfO a n d  ~ M j k  is 

set ,  h o l d s  i s s u e  u n t i l  o t h e r  CPU i n  t h e  same 
c l u s t e r  clears t h e  semaphore .  

EXECUTION TIME: I n s t r u c t i o n  i s s u e ,  1 CP 

SPECIAL CASES: ( s j )  = O  i f  j=0 .  

I n s t r u c t i o n s  0034 j k ,  0 0 3 6 j k ,  a n d  0037 j k  
are  no-ops i f  CLN=O. 



INSTRUCTION 00 4 

CAL Syntax D e s c r i p t i o n  O c t a l  Code 

Normal e x i t  

I n s t r u c t i o n  004 c a u s e s  a n  exchange sequence which v o i d s  t h e  c o n t e n t s  o f  
t h e  i n s t r u c t i o n  b u f f e r s .  I f  moni tor  mode is n o t  i n  e f f e c t ,  t h e  Normal 
E x i t  f l a g  i n  t h e  F r e g i s t e r  is set.  A l l  i n s t r u c t i o n s  i s s u e d  b e f o r e  t h i s  
i n s t r u c t i o n  are r u n  to  complet ion;  t h a t  is, when a l l  r e s u l t s  a r r i v e  a t  
t h e  o p e r a t i n g  r e g i s t e r s  because  o f  p r e v i o u s l y  i s s u e d  i n s t r u c t i o n s ,  a n  
exchange sequence o c c u r s  t o  t h e  Exchange Package d e s i g n a t e d  by t h e  
c o n t e n t s  o f  t h e  XA r e g i s t e r .  The program a d d r e s s  s t o r e d  i n t o  t h e  
Exchange Package is advanced one c o u n t  from t h e  a d d r e s s  o f  t h e  normal 
e x i t  i n s t r u c t i o n .  I n s t r u c t i o n  004 is used t o  i s s u e  a moni tor  r e q u e s t  
from a u s e r  program. 

HOLD ISSUE CONDITIONS: Any A ,  S,  or V r e g i s t e r  r e s e r v e d  

EXECUTION TIME: I n s t r u c t i o n  i s s u e ,  40 CPs; t h i s  time i n c l u d e s  a n  
exchange sequence (24 CPs) and a f e t c h  o p e r a t i o n  
(16 CPs) . 

SPECIAL CASES: None 



INSTRUCTION 005 

CAL Syntax D e s c r i p t i o n  O c t a l  Code 

I r 

J ~ j k  Branch to (Bjk) 0050 jk 

I n s t r u c t i o n  005 sets t h e  P r e g i s t e r  to  t h e  24-bi t  p a r c e l  a d d r e s s  
s p e c i f i e d  by t h e  c o n t e n t s  o f  ~ j k  c a u s i n g  e x e c u t i o n  to  c o n t i n u e  a t  t h a t  
a d d r e s s .  The i n s t r u c t i o n  is used t o  r e t u r n  from a s u b r o u t i n e .  

HOLD ISSUE CONDITIONS: I n s t r u c t i o n  034 or 035 i n  p r o c e s s  

I n s t r u c t i o n  025 i s s u e d  i n  t h e  p r e v i o u s  CP 

Second p a r c e l  i n  a d i f f e r e n t  b u f f e r ,  2 CP d e l a y  

Second p a r c e l  n o t  i n  a b u f f e r  

EXECUTION TIME: 

SPECIAL CASES: 

I n s t r u c t i o n  i s s u e :  
I n s t r u c t i o n  p a r c e l  and fo l lowing  p a r c e l  both  
i n  a b u f f e r  and branch a d d r e s s  i n  a b u f f e r ,  7 
CPs 

I n s t r u c t i o n  p a r c e l  and fo l lowing  p a r c e l  bo th  
i n  a b u f f e r  and branch a d d r e s s  n o t  i n  a 
b u f f e r ,  1 8  CPs. A d d i t i o n a l  time is  needed i f  
a memory c o n f l i c t  e x i s t s .  The time t o  r e s o l v e  
a memory c o n f l i c t  depends o n  factors p r e s e n t .  

I n s t r u c t i o n  0050jk e x e c u t e s  a s  i f  it were a 
2 -pa rce l  i n s t r u c t i o n .  Even though t h e  p a r c e l  
f o l l o w i n g  t h e  f i r s t  p a r c e l  o f  i n s t r u c t i o n  
0050jk i s  n o t  used,  it c a n  c a u s e  a d e l a y  of  
i n s t r u c t i o n  0050jk i f  it is o u t  o f  b u f f e r .  
See  e x e c u t i o n  times above. 



INSTRUCTION 006 

CAL Syntax D e s c r i p t i o n  O c t a l  Code 
I I 

I J exp Branch to  ijkm 

The 2-parcel  i n s t r u c t i o n  006 sets t h e  P r e g i s t e r  t o  t h e  p a r c e l  a d d r e s s  
s p e c i f i e d  by t h e  low-order 24 b i t s  of t h e  ijkrn f i e l d .  Execu t ion  
c o n t i n u e s  a t  t h a t  a d d r e s s .  The high-order b i t  o f  t h e  ijkm f i e l d  is  
ignored.  

HOLD ISSUE CONDITIONS: Second p a r c e l  i n  d i f f e r e n t  b u f f e r ,  2 CP d e l a y  

Second p a r c e l  n o t  i n  a b u f f e r  

EXECUTION TIME: I n s t r u c t i o n  i s s u e :  
Both p a r c e l s  of i n s t r u c t i o n  i n  t h e  same b u f f e r  
and branch a d d r e s s  i n  a b u f f e r ,  5 CPs 

Both p a r c e l s  of i n s t r u c t i o n  i n  t h e  same b u f f e r  
and branch a d d r e s s  n o t  i n  a b u f f e r ,  1 6  CPs. 
A d d i t i o n a l  time is needed i f  a memory c o n f l i c t  
e x i s t s .  The time to  r e s o l v e  a memory c o n f l i c t  
depends  on f a c t o r s  p r e s e n t .  

SPECIAL CASES : None 



INSTRUCTION 007 

CAL Syn tax  D e s c r i p t i o n  O c t a l  Code 
I 

R exp R e t u r n  jump to  i j k m ;  set BOO t o  (P)+2.  007% jkm 
J 

The 2 - p a r c e l  i n s t r u c t i o n  007 sets r e g i s t e r  BOO t o  t h e  a d d r e s s  o f  t h e  
p a r c e l  f o l l o w i n g  t h e  second  p a r c e l  o f  t h e  i n s t r u c t i o n .  The P r e g i s t e r  i s  
t h e n  set t o  t h e  p a r c e l  address s p e c i f i e d  by t h e  low-order 24 b i t s  o f  t h e  
i j k m  f i e l d .  E x e c u t i o n  c o n t i n u e s  a t  t h a t  a d d r e s s .  The h igh -o rde r  b i t  
o f  t h e  i jk rn  f i e l d  is ignored .  T h i s  i n s t r u c t i o n  p r o v i d e s  a r e t u r n  
l i n k a g e  f o r  s u b r o u t i n e  calls.  The s u b r o u t i n e  i s  e n t e r e d  v i a  a r e t u r n  
jump. The s u b r o u t i n e  c a n  r e t u r n  to  t h e  cal ler  a t  t h e  i n s t r u c t i o n  
f o l l o w i n g  t h e  c a l l  by e x e c u t i n g  a b ranch  to  t h e  c o n t e n t s  o f  t h e  BOO 
r e g i s t e r  . 

HOLD ISSUE CONDITIONS: I n s t r u c t i o n  034 or 035 i n  p r o c e s s  

Second p a r c e l  i n  a d i f f e r e n t  b u f f e r ,  2 CP d e l a y  

Second p a r c e l  n o t  i n  a b u f f e r  

EXECUTION TIME: 

SPECIAL CASES : 

I n s t r u c t i o n  i s s u e :  
Both p a r c e l s  of i n s t r u c t i o n  i n  t h e  same b u f f e r  
and  b r a n c h  a d d r e s s  i n  a b u f f e r ,  5 CPs 

Both  p a r c e l s  o f  i n s t r u c t i o n  i n  t h e  same b u f f e r  
and  b ranch  address n o t  i n  a b u f f e r ,  1 6  CPs. 
A d d i t i o n a l  time is needed i f  a memory c o n f l i c t  
e x i s t s .  The time to  r e s o l v e  a memory c o n f l i c t  
depends  o n  f a c t o r s  p r e s e n t .  

None 



INSTRUCTIONS 010 - 013 

CAL Syntax Descr i p t  ion  O c t a l  Code 

J A Z  exp Branch t o i j k m i f  (AO)=O O l O i  jkm 

J A N  exp Branch t o  i j k m  i f  (A0)fO O l l i  jkm 

JAP exp Branch t o  i jkm i f  (AO) p o s i t i v e ,  i nc ludes  012i  jh 
(A0 ) = O  

I JAM exp Branch t o  i j k m  i f  (AO) nega t i ve  0 1 3 i j h  I 
The 2-parcel i n s t r u c t i o n s  010 through 013 test  t h e  c o n t e n t s  o f  A0 f o r  t h e  
cond i t i on  s p e c i f i e d  by t h e  h f i e l d .  I f  t h e  cond i t i on  is s a t i s f i e d ,  t h e  
P r e g i s t e r  is set t o  t h e  p a r c e l  add re s s  s p e c i f i e d  by t h e  low-order 24 
b i t s  o f  t h e  i jkm f i e l d  and execut ion  con t inues  a t  t h a t  address .  The 
high-order b i t  o f  t h e  i jkm f i e l d  is ignored. I f  t h e  c o n d i t i o n  is no t  
s a t i s f i e d ,  execu t ion  con t inues  wi th  t h e  i n s t r u c t i o n  fo l lowing  t h e  branch 
i n s t r u c t i o n .  

HOLD ISSUE CONDITIONS: A0 busy i n  any one of  t h e  prev ious  3 CPs 

Second p a r c e l  i n  a d i f f e r e n t  b u f f e r ,  2 CP de l ay  

Second p a r c e l  no t  i n  a bu f f e r  

EXECUTION TIME: I n s t r u c t i o n  i s s u e  f o r  branch taken: 
Both p a r c e l s  o f  i n s t r u c t i o n  i n  t h e  same b u f f e r ,  
branch taken ,  and branch add re s s  i n  a b u f f e r ,  5 
C P s  

Both p a r c e l s  o f  i n s t r u c t i o n  i n  t h e  same b u f f e r ,  
branch taken ,  and branch add re s s  n o t  i n  a 
b u f f e r ,  16  CPs. Add i t i ona l  t i m e  is needed i f  a 
memory c o n f l i c t  e x i s t s .  The t i m e  to  r e s o l v e  a 
memory c o n f l i c t  is inde te rmina te .  

Both p a r c e l s  o f  i n s t r u c t i o n  i n  d i f f e r e n t  
b u f f e r s ,  branch taken,  and branch address  i n  a 
b u f f e r ;  ( t iming  to be s u p p l i e d ) .  

Both p a r c e l s  o f  i n s t r u c t i o n  i n  d i f f e r e n t  
b u f f e r s ,  branch taken ,  and branch address  n o t  
i n  a b u f f e r ;  ( t iming t o  be s u p p l i e d ) .  



INSTRUCTIONS 010 - 013 (con t inued)  

EXECUT ION TIME : 
( c o n t i n u e d )  

SPECIAL CASES: 

Second p a r c e l  o f  i n s t r u c t i o n  n o t  i n  a  b u f f e r ,  
branch t aken ,  and branch a d d r e s s  i n  a  b u f f e r ;  
( t i m i n g  to  be  s u p p l i e d ) .  

Second p a r c e l  o f  i n s t r u c t i o n  n o t  i n  a  b u f f e r ,  
branch t a k e n ,  and branch a d d r e s s  n o t  i n  b u f f e r ;  
( t i m i n g  t o  be  s u p p l i e d ) .  

I n s t r u c t i o n  i s s u e  f o r  branch n o t  taken:  
Both p a r c e l s  o f  i n s t r u c t i o n  i n  t h e  same b u f f e r ,  
branch n o t  t aken ,  and n e x t  i n s t r u c t i o n  i n  t h e  
same i n s t r u c t i o n  b u f f e r ,  2 CPs 

Both p a r c e l s  o f  i n s t r u c t i o n  i n  t h e  same b u f f e r ,  
branch n o t  t a k e n ,  and n e x t  i n s t r u c t i o n  i n  
d i f f e r e n t  i n s t r u c t i o n  b u f f e r ,  4 CPs 

Both p a r c e l s  o f  i n s t r u c t i o n  i n  t h e  same b u f f e r  
and branch n o t  t a k e n  w i t h  n e x t  i n s t r u c t i o n  i n  
memory; ( t i m i n g  to  be  s u p p l i e d ) .  

Both p a r c e l s  o f  i n s t r u c t i o n  i n  d i f f e r e n t  
b u f f e r s  and branch n o t  t a k e n ;  ( t i m i n g  to b e  
s u p p l i e d )  . 
Second p a r c e l  o f  i n s t r u c t i o n  n o t  i n  a  b u f f e r  
and branch n o t  t a k e n ;  ( t i m i n g  t o  be s u p p l i e d ) .  

(AO) =O is c o n s i d e r e d  a  p o s i t i v e  c o n d i t i o n .  



INSTRUCTIONS 014 - 017 

Descr ip t ion  

JSZ exp Branch t o  i j k m  i f  (SO) =O 

JSN e x p  Branch t o  i jkm i f  (SO)#O 

Ol4i jkm 

015; jkm 

JSP exp Branch t o  i jkm i f  (SO) p o s i t i v e ,  i nc ludes  016ijkm 
(SO) = O  

I JSM exp Branch t o  i j k m  i f  (SO) nega t i ve  
I I 

The 2-parcel i n s t r u c t i o n s  014 through 017 tes t  t h e  c o n t e n t s  o f  SO f o r  t h e  
cond i t i on  s p e c i f i e d  by t h e  h f i e l d .  I f  t h e  c o n d i t i o n  is s a t i s f i e d ,  t h e  
P  r e g i s t e r  is set t o  t h e  p a r c e l  add re s s  s p e c i f i e d  by t h e  low-order 24 
b i t s  o f  t h e  i jkm f i e l d  and execut ion  con t inues  a t  t h a t  address .  The 
high-order b i t  o f  t h e  i jkm f i e l d  is ignored. I f  t h e  cond i t i on  is n o t  
s a t i s f i e d ,  execu t ion  con t inues  wi th  t h e  i n s t r u c t i o n  fol lowing t h e  branch 
i n s t r u c t i o n .  

HOLD ISSUE CONDITIONS: SO busy i n  any one of  t h e  prev ious  3 CPs 

Second p a r c e l  i n  a  d i f f e r e n t  b u f f e r ,  2 CP de lay  

Second p a r c e l  no t  i n  a  bu f f e r  

EXECUTION TIME: I n s t r u c t i o n  i s s u e  f o r  branch taken: 
Both p a r c e l s  o f  i n s t r u c t i o n  i n  t h e  same b u f f e r ,  
branch taken ,  and branch add re s s  i n  a  b u f f e r ,  5 
CPs  

Both p a r c e l s  o f  i n s t r u c t i o n  i n  t h e  same b u f f e r ,  
branch taken ,  and branch add re s s  n o t  i n  a  
b u f f e r ,  16  CPs. Add i t i ona l  time is needed i f  a  
memory c o n f l i c t  e x i s t s .  The t i m e  t o  r e s o l v e  a 
memory c o n f l i c t  is inde te rmina te .  

Both p a r c e l s  of i n s t r u c t i o n  i n  d i f f e r e n t  
b u f f e r s ,  branch taken ,  and branch address  i n  a 
b u f f e r ;  ( t iming  to  be s u p p l i e d ) .  

Both p a r c e l s  o f  i n s t r u c t i o n  i n  d i f f e r e n t  
b u f f e r s ,  branch taken ,  and branch add re s s  n o t  
i n  a  b u f f e r ;  ( t iming t o  be supp l i ed ) .  



INSTRUCTIONS 014 - 017 ( c o n t i n u e d )  

EXECUTION TIME: 
(con t inued)  

SPECIAL CASES: 

Second p a r c e l  o f  i n s t r u c t i o n  n o t  i n  a b u f f e r ,  
branch t a k e n ,  and branch a d d r e s s  i n  a  b u f f e r ;  
( t i m i n g  to  be  s u p p l i e d ) .  

Second p a r c e l  o f  i n s t r u c t i o n  n o t  i n  a  b u f f e r ,  
branch t a k e n ,  and branch a d d r e s s  n o t  i n  b u f f e r ;  
( t i m i n g  to  be  s u p p l i e d ) .  

I n s t r u c t i o n  i s s u e  f o r  branch n o t  taken:  
Both p a r c e l s  o f  i n s t r u c t i o n  i n  t h e  same b u f f e r ,  
branch n o t  t a k e n ,  and n e x t  i n s t r u c t i o n  i n  t h e  
same i n s t r u c t i o n  b u f f e r ,  2 CPs 

Both p a r c e l s  o f  i n s t r u c t i o n  i n  t h e  same b u f f e r ,  
branch n o t  t a k e n ,  and n e x t  i n s t r u c t i o n  i n  
d i f f e r e n t  i n s t r u c t i o n  b u f f e r ,  4  CPs 

Both p a r c e l s  o f  i n s t r u c t i o n  i n  t h e  same b u f f e r  
and branch n o t  t a k e n  w i t h  n e x t  i n s t r u c t i o n  i n  
memory; ( t i m i n g  to  be  s u p p l i e d ) .  

Both p a r c e l s  o f  i n s t r u c t i o n  i n  d i f f e r e n t  
b u f f e r s  and branch n o t  t a k e n ;  ( t i m i n g  to  b e  
s u p p l i e d )  . 
Second p a r c e l  o f  i n s t r u c t i o n  n o t  i n  a  b u f f e r  
and branch n o t  t a k e n ;  ( t i m i n g  t o  be  s u p p l i e d ) .  

(SO)=O is c o n s i d e r e d  a  p o s i t i v e  c o n d i t i o n .  



INSTRUCTIONS 020 - 0 2 1  

CAL Syn tax  Descr i p t i o n  O c t a l  Code 

A i  exp T r a n s m i t  jkm to  A i  0 2 0 i  jkm 

T r a n s m i t  o n e s  complement o f  jkm t o  A i  021 i jkm I 
The 2 -pa rce l  i n s t r u c t i o n  020 e n t e r s  a 2 4 - b i t  v a l u e  i n t o  A i  composed o f  
t h e  22 -b i t  jkm f i e l d  and 2 h igh -o rde r  b i t s  o f  0. 

The 2-pa rce l  i n s t r u c t i o n  021  e n t e r s  a 24 -b i t  v a l u e  tha t  is the complement 
o f  a v a l u e  formed by t h e  22 -b i t  jkm f i e l d  and  2 h igh -o rde r  b i t s  o f  0 
i n t o  A i .  The complement is formed by c h a n g i n g  a l l  1 b i t s  t o  0 and a l l  
0 b i t s  to 1. Thus,  f o r  i n s t r u c t i o n  021,  t h e  h igh -o rde r  2 b i t s  o f  A i  
a r e  set t o  1. The i n s t r u c t i o n  p r o v i d e s  a means o f  e n t e r i n g  a n e g a t i v e  
v a l u e  i n t o  A i .  However, i f  t h e  i n s t r u c t i o n  is used  to  e n t e r  a n e g a t i v e  
number, t h e  p o s i t i v e  number used  i n  t h e  jkm f i e l d  must  be o n e  s m a l l e r  
t h a n  t h e  a b s o l u t e  v a l u e  of t h e  e x p e c t e d  f i n a l  n e g a t i v e  number. 

HOLD ISSUE CONDITIONS: A i  r e s e r v e d  

Second p a r c e l  n o t  i n  a b u f f e r  

EXECUTION TIME: I n s t r u c t i o n  i s s u e :  
Both p a r c e l s  i n  same b u f f e r ,  2 CPs 

Both p a r c e l s  i n  d i f f e r e n t  b u f f e r s ,  4 CPs 

A i  r e a d y ,  1 CP 

SPECIAL CASES: None 



INSTRUCTION 022 

CAL S y n t a x  Descr  i p t i o n  O c t a l  Code 

r 

Ai  exp T r a n s m i t  j k  t o  Ai 0 2 2 i j k  

I n s t r u c t i o n  022 e n t e r s  t h e  6 - b i t  q u a n t i t y  from t h e  j k  f i e l d  i n t o  t h e  
low-order  6 b i t s  o f  Ai.  The h igh -o rde r  1 8  b i t s  o f  Ai are ze roed .  N o  
s i g n  e x t e n s i o n  o c c u r s .  

HOLD ISSUE CONDITIONS: ~i r e s e r v e d  

EXECUTION TIME: I n s t r u c t i o n  i s s u e ,  1 CP 

Ai  r e a d y ,  1 CP 

SPECIAL CASES : None 



INSTRUCTION 023 

I CAL Syn tax  D e s c r i p t i o n  O c t a l  Code I 
A i  S j  T r a n s m i t  ( ~ j )  t o  Ai  

A i  VL Read v e c t o r  l e n g t h  

I n s t r u c t i o n  0 2 3 i j 0  e n t e r s  t h e  low-order  24 b i t s  o f  ( S j )  i n t o  Ai. The 
h igh -o rde r  b i t s  o f  ( S j )  a r e  i g n o r e d .  

I n s t r u c t i o n  0 2 3 i 0 1  e n t e r s  t h e  c o n t e n t  o f  t h e  VL r e g i s t e r  i n t o  ~ i .  

HOLD ISSUE CONDITIONS: A i  r e s e r v e d  

For  i n s t r u c t i o n  0 2 3 i j 0 ,  S j  r e s e r v e d  
( e x c e p t  SO) 

EXECUTION TIME : 

SPECIAL CASES: 

I n s t r u c t i o n  i s s u e ,  1 CP 

Ai  r e a d y ,  1 CP 

I f  (A l )  =0 , t h e  sequence  : 
VL A 1  
A2 VL 
l e a v e s  (A2) = l o  08 

I f  (Al)  =238, t h e  sequence  : 
'"5 A l  
A2 VL 
l e a v e s  (A2) =238 

I f  (Al)  =1238, t h e  sequence  : 
VL A1 
A2 VL 
leaves (A2)=238 

The 26 b i t  i n  t h e  VL is a 1 i f  t h e  low-order  6 
b i t s  are 0;  o t h e r w i s e ,  t h e  26 b i t  is a 0. 



INSTRUCTIONS 024 - 025 

CAL Syntax Descr ipt ion  Octal  Code 
- h- 

Ai Bjk Transmit ( ~ j k )  to A< 024ijk 

~ j k  Ai Transmit ( ~ i )  to Bjk 025i jk 

I n s t r u c t i o n  024 e n t e r s  t h e  c o n t e n t s  o f  Bjk i n t o  Ai. 

I n s t r u c t i o n  025 e n t e r s  t h e  c o n t e n t s  of Ai i n t o  Bjk. 

HOLD ISSUE CONDITIONS: I n s t r u c t i o n  034 o r  035 i n  p r o c e s s  

For i n s t r u c t i o n  024ijk, i n s t r u c t i o n  025ijk 
i s s u e d  i n  previous  CP 

~i reserved 

EXECUTION TIME: 

SPECIAL CASES: 

For i n s t r u c t i o n  024, Ai ready, 1 CP 

I n s t r u c t i o n  i s s u e ,  1 CP 

None 



INSTRUCTION 026 

I CAL Syntax D e s c r i p t i o n  O c t a l  Code I 
A i  P S ~  P o p u l a t i o n  c o u n t  o f  ( ~ j )  t o  A i  026i jO 

A i  Q S ~  P o p u l a t i o n  c o u n t  p a r i t y  o f  ( ~ j )  t o  A i  0 2 6 i j l  

~i S B j  T r a n s f e r  ( S B ~ )  to  A i  0 2 6 i j 7  

I n s t r u c t i o n  0 2 6 i j 0  c o u n t s  t h e  number o f  b i t s  set to  1 i n  ( S j )  and 
enters t h e  r e s u l t  i n t o  t h e  iow-order 7 b i t s  of ~ i .  The high-order  i 7  
b i t s  o f  A i  a r e  zeroed.  If (sj)=O, t h e n  ( A i ) = O .  

I n s t r u c t i o n  0 2 6 i j l  c o u n t s  t h e  number of b i t s  set t o  1 i n  ( S j ) .  Then, 
t h e  low-order b i t ,  showing t h e  odd/even s ta te  o f  t h e  r e s u l t  is  
t r a n s f e r r e d  t o  t h e  low-order b i t  p o s i t i o n  o f  t h e  A i  r e g i s t e r .  The 
h igh-order  23 b i t s  a r e  c l e a r e d .  The a c t u a l  p o p u l a t i o n  c o u n t  is n o t  
t r a n s f e r r e d .  

I n s t r u c t i o n s  0 2 6 i j 0  and 0 2 6 i j l  a r e  e x e c u t e d  i n  t h e  P o p u l a t i o n /  
Leading Zero Count f u n c t i o n a l  u n i t .  

I n s t r u c t i o n  0 2 6 i j 7  t r a n s f e r s  t h e  c o n t e n t s  o f  t h e  S B ~  r e g i s t e r  s h a r e d  
between t h e  CPUs to  A$. 

HOLD ISSUE CONDITIONS: A i  r e s e r v e d  

~j r e s e r v e d  ( e x c e p t  SO) 

Pnr i n a t r ~ i ~ t i  nn n76?':;7 - rharcril reg is te r  access --- -..--------.. ---"", , --.---- 
c o n f l i c t  due  to: 

I n s t r u c t i o n  0 2 6 i j 7  or 0 7 2 i j 3  i n  CIP o f  
o t h e r  CPU, r e g a r d l e s s  o f  c l u s t e r i n g ,  a t  t h e  
same CP; or 

I n s t r u c t i o n  0 2 7 i j 7  or 0 7 3 i j 3  i s s u e d  by 
b o t h  CPUs, r e g a r d l e s s  o f  c l u s t e r i n g ,  a t  3  CPs 
e a r l i e r .  

EXECUTION TIME: I n s t r u c t i o n  i s s u e ,  1 CP 

For i n s t r u c t i o n s  0 2 6 i j 0  and 0 2 6 i j 1 ,  A i  
r eady  4 CPs 

For  i n s t r u c t i o n  0 2 6 i j 7 ,  A i  r e a d y  1 CP 



SPECIAL CASES: 

INSTRUCTION 026 ( c o n t i n u e d )  

For i n s t r u c t i o n s  0 2 6 i j 0  and 0 2 6 i j 1 ,  ( A i ) = O  i f  
j = O .  

For  i n s t r u c t i o n  0 2 6 i j 7 ,  ( A ~ ) = O  i f  CLN=O. 

For i n s t r u c t i o n  0 2 6 i j 7 :  
I f  i n s t r u c t i o n  0 2 7 i j 7 ,  write S B ~ ,  h a s  j u s t  
been i s s u e d  w i t h i n  t h e  p r e v i o u s  2  CPs, t h e n  t h e  
o r i g i n a l  v a l u e  ( i n s t e a d  o f  new v a l u e )  of 
(SBj)  is d e l i v e r e d  t o  A< a s  a  r e s u l t  of  
t h i s  i n s t r u c t i o n .  



INSTRUCTION 027 

CAL Syntax Descr i p t i o n  O c t a l  Code 
r 

A i  Z S ~  Leading z e r o  c o u n t  of ( ~ j )  to  ~i 027i jO 

1 S B ~  A< T r a n s f e r  ( A i )  t o  S B ~  

I n s t r u c t i o n  0 2 7 i j 0  c o u n t s  t h e  number o f  l e a d i n g  z e r o s  i n  ~j and e n t e r s  
t h e  r e s u l t  i n t o  t h e  low-order 7  b i t s  o f  A;. The h igh-order  1 7  b i t s  o f  
A i  are zeroed.  I n s t r u c t i o n  0 2 7 i j 0  is e x e c u t e d  i n  t h e  
Popula t ion/Leading Zero Count f u n c t i o n a l  u n i t .  

I n s t r u c t i o n  0 2 7 i j 7  stores ( ~ i )  to  t h e  S B ~  r e g i s t e r ,  which is s h a r e d  
between t h e  CPUs i n  t h e  same c l u s t e r .  

HOLD ISSUE CONDITIONS: For  i n s t r u c t i o n  0 2 7 i j 0 ,  i n s t r u c t i o n  033 i s s u e d  
i n  p r e v i o u s  CP 

~i r e s e r v e d  

S j  r e s e r v e d  ( e x c e p t  SO) 

For i n s t r u c t i o n  0 2 7 i j 7 :  
Shared r e g  ister a c c e s s  con£ l i c  t due t o  
i n s t r u c t i o n  0 2 7 i j 7  or 0 7 3 i j 3  i n  CIP of 
o t h e r  CPU a t  same CP, r e g a r d l e s s  of c l u s t e r i n g  

EXECUTION TIME: 

SPECIAL CASES: 

I n s t r u c t i o n  i s s u e ,  1 CP 

For i n s t r u c t i o n  0 2 7 i j 7 ,  S B j  r eady ,  3  CPs 

For i n s t r u c t i o n  0 2 7 i j 0 ,  (Ai)=64 i f  j = O .  

For i n s t r u c t i o n  0 2 7 i j 0 ,  ( A ~ ) = o  i f  ( S j )  is 
n e g a t i v e  . 
I n s t r u c t i o n  0 2 7 i j 7  is a  no-op i f  CLN=O. 



INSTRUCTIONS 030 - 031  

D e s c r i p t i o n  

A i  U+Ak I n t e g e r  s u m  o f  (M) and (Ak) t o  A i  

Ai  T r a n s m i t  (Ak) t o  Ai  

Ai  ~ j + l ~  I n t e g e r  sum o f  (G) and 1 t o  Ai  

A i  Aj-Ak I n t e g e r  d i f f e r e n c e  (Aj )  less (Ak) t o  A i  

Ai  -lf T r a n s m i t  -1 to  A i  

Ai  -Akt T r a n s m i t  t h e  n e g a t i v e  o f  (Ak) to  A i  

A< Aj- l t  I n t e g e r  d i f f e r e n c e  (Aj)  less 1 to  A i  

I n s t r u c t i o n  030 forms t h e  i n t e g e r  sum o f  (Aj)  and (Ak) and e n t e r s  t h e  
r e s u l t  i n t o  Ai.  N o  o v e r f l o w  is d e t e c t e d .  

I n s t r u c t i o n  031  fo rms  t h e  i n t e g e r  d i f f e r e n c e  o f  (A j )  and (Ak) and  
e n t e r s  t h e  r e s u l t  i n t o  Ai.  N o  o v e r f l o w  is d e t e c t e d .  

I n s t r u c t i o n s  030 and 031  are  e x e c u t e d  i n  t h e  Addres s  Add f u n c t i o n a l  u n i t .  

HOLD ISSUE CONDITIONS: A i  r e s e r v e d  

A j  or Ak r e s e r v e d  ( e x c e p t  AO) 

EXECUTION TIME: I n s t r u c t i o n  i s s u e ,  1 CP 

Ai  r e a d y ,  2 CPs 

SPECIAL CASES: For  i n s t r u c t i o n  030: 
(Ai)  = (Ak) i f  j = O  and  kfO. 
( ~ i ) = l  i f  j = 0  and k=O. 
( A i ) =  (Aj )  + 1 i f  j f O  and k=O. 

For  i n s t r u c t i o n  031: 
(Ai)  = -(Ak) i f  j = O  and kfO. 
( A i ) =  -1 i f  j = 0  and k=O. 
( A i ) = ( A j )  - 1 i f  j f O  and  k=O. 

f S p e c i a l  CAL s y n t a x  

HR-0032 



INSTRUCTION 0 3 2 

CAL Syntax  D e s c r i p t i o n  O c t a l  Code 

A i  G*Ak I n t e g e r  p r o d u c t  o f  (Aj)  and  (Ak) t o  A i  0 3 2 i j k  

I n s t r u c t i o n  032 fo rms  t h e  i n t e g e r  p r o d u c t  o f  ( A j )  and (Ak) and e n t e r s  
t h e  low-order 24 b i t s  o f  t h e  r e s u l t  i n t o  Ai.  N o  o v e r f l o w  is d e t e c t e d .  

I n s t r u c t i o n  032 is e x e c u t e d  i n  t h e  Addres s  M u l t i p l y  f u n c t i o n a l  u n i t .  

HOLD ISSUE CONDITIONS: Ai  r e s e r v e d  

Aj or Ak r e s e r v e d  ( e x c e p t  AO) 

EXECUTION TIME : 

SPECIAL CASES: 

I n s t r u c t i o n  i s s u e ,  1 CP 

A i  r e a d y ,  4 CPs 

(Ai)  =O i f  j=0 .  
( A k ) = l  i f  k=O. 
Thus, ( A i ) = ( A j )  i f  $0 and k=O. 



INSTRUCTION 033 

I n s t r u c t i o n  033 e n t e r s  c h a n n e l  s t a t u s  i n f o r m a t i o n  i n t o  A i .  The j and 
k  d e s i g n a t o r s  and  t h e  c o n t e n t s  o f  Aj d e f i n e  t h e  d e s i r e d  i n f o r m a t i o n .  

k 

The c h a n n e l  number of t h e  h i g h e s t  p r i o r i t y  i n t e r r u p t  r e q u e s t  is e n t e r e d  
i n t o  A i  when t h e  j d e s i g n a t o r  is 0. The c o n t e n t s  o f  s p e c i f y  a 
c h a n n e l  number when t h e  j d e s i g n a t o r  is  nonze ro .  The v a l u e  o f  t h e  
C u r r e n t  Addres s  (CA) r e g i s t e r  f o r  t h e  c h a n n e l  is e n t e r e d  i n t o  A i  when 
t h e  k  d e s i g n a t o r  is  0. The error f l a g  for t h e  c h a n n e l  is e n t e r e d  i n t o  
t h e  low-order  b i t  o f  A i  when t h e  k  d e s i g n a t o r  is 1. The h igh -o rde r  
b i t s  of A i  are c l e a r e d .  The error f l a g  c a n  be  c l e a r e d  o n l y  i n  mon i to r  
mode u s i n g  i n s t r u c t i o n  0012. 

CAL S y n t a x  Descr i p t i o n  O c t a l  Code 

L I 

A i  C I  Channel  number o f  h i g h e s t  p r i o r i t y  i n t e r r u p t  033i00  
r e q u e s t  t o  A i  

A i  CA,M C u r r e n t  address o f  c h a n n e l  (M) t o  A i  0 3 3 i j o  

A i  C E , A ~  E r r o r  f l a g  o f  c h a n n e l  ( A j )  t o  A i  0 3 3 i  jl 

I n s t r u c t i o n  033 d o e s  n o t  i n t e r f e r e  w i t h  c h a n n e l  o p e r a t i o n  and  is n o t  
p r o t e c t e d  from u s e r  e x e c u t i o n .  

HOLD ISSUE CONDITIONS: A i  r e s e r v e d  

r e s e r v e d  ( e x c e p t  AO) 

EXECUTION TIME: 

SPECIAL CASES : 

I n s t r u c t i o n  i s s u e ,  1 CP 

A i  r e a d y ,  4 CPs 

( A i )  = h i g h e s t  p r i o r i t y  c h a n n e l  c a u s i n g  i n t e r r u p t  
i f  (Aj)=O. 

( A i ) = c u r r e n t  a d d r e s s  of c h a n n e l  ( A j )  i f  
( A ~ ) # o  and  k=O. 

( A i )  =I/O error f l a g  of c h a n n e l  ( A j )  i f  
( A j )  #O and  k = l .  

2 CPs must  e l a p s e  a f t e r  i n s t r u c t i o n  0012 j0  i s s u e s  
b e f o r e  i s s u i n g  i n s t r u c t i o n  033i00.  



INSTRUCTION 033 (con t inued)  

SPECIAL CASES: 
(con t inued)  

When k=l :  
B i t s  212 through 220 c o n t a i n  t h e  remaining 
block l e n g t h .  

B i t  218 i n d i c a t e s  a r e q u e s t  i n  p r o g r e s s .  

B i t  219 i n d i c a t e s  e i t h e r  a n  S S D  s i n g l e - b i t  
memory error ( d u r i n g  a r e a d  S S D  o p e r a t i o n )  or a n  
S S D  s i n g l e - b i t  c h a n n e l  error ( d u r i n g  a  write S S D  
o p e r a t i o n )  . 
B i t  220 i n d i c a t e s  a  b lock l e n g t h  e r r o r .  

B i t  221 i n d i c a t e s  e i t h e r  a n  S S D  double -b i t  
memory error ( d u r i n g  a  r e a d  S S D  o p e r a t i o n )  o r  a n  
S S D  double -b i t  c h a n n e l  error (dur ing  a  write S S D  
o p e r a t i o n )  . 
B i t  222 i n d i c a t e s  a  CPU double -b i t  memory error. 

B i t  223 i n d i c a t e s  a  f a t a l  error ( i f  b i t  220, 
221, or 222 is  s e t ) .  



INSTRUCTIONS 034 - 037 

Bjk,Ai , A 0  Block transfer (A%) words from memory 
star t ing a t  address (AO) t o  B registers 
s tar t ing a t  register j k  

Bjk,Ai 0,AO Block transfer ( A i )  words from memory 
star t ing a t  address (AO) t o  B regis ters  
s tar t ing a t  register jk 

,A0  ~ j k , ~ i  Block transfer ( A i )  words from B registers 
s tar t ing a t  register jk t o  memory star t ing 
a t  address (AO) 

0,AO &j*k,Ai Block transfer ( ~ i )  words from B registers 
s tar t ing a t  register jk t o  memory star t ing 
a t  address (AO) 

~ j k , A i  ,A0  Block transfer ( A i )  words from memory 
star t ing a t  address (AO) t o  T regis ters  
s tar t ing a t  register jk 

s tar t ing a t  address (AO) t o  T regis ters  
s tar t ing a t  register j k  

,A0  ~ j k , A i  Block transfer ( A i )  words from T registers 037i j k  
s tar t ing a t  register j k  t o  memory star t ing 
a t  address (AO) 

t 
0,AO ~ j k , ~ i  Block transfer ( ~ i )  words from T regis ters  037i j k  

s tar t ing a t  register jk t o  memory star t ing 
a t  address (AO) 

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

I n  a l l  the instructions, the amount of data transferred is specified by 
the low-order 7 b i t s  of ( A i ) .  See special cases for detai ls .  

The f i r s t  register involved i n  the transfer is specified by jk. 
Successive transfers involve successive B or T regis ters  u n t i l  B77 or T77 
i s  reached. Since processing of the regis ters  is circular ,  BOO is 
processed af ter  B77 and TOO is processed af te r  T77 i f  the count i n  ( A i )  
is not exhausted. 

f Special CAL syntax 



INSTRUCTIONS 034 - 037 ( c o n t i n u e d )  

The f i r s t  memory l o c a t i o n  r e f e r e n c e d  by t h e  t r a n s f e r  i n s t r u c t i o n  is 
s p e c i f i e d  by ( A O ) .  The A0 r e g i s t e r  c o n t e n t s  a r e  n o t  a l t e r e d  by e x e c u t i o n  
of t h e  i n s t r u c t i o n .  Memory r e f e r e n c e s  a r e  incremented by 1 f o r  
s u c c e s s i v e  t r a n s f e r s .  

For t r a n s f e r s  o f  B r e g i s t e r s  to  memory, e a c h  24-bi t  v a l u e  is r i g h t  
a d j u s t e d  i n  t h e  word, h igh-order  40 b i t s  a r e  zeroed.  When t r a n s f e r r i n g  
from memory to  B r e g i s t e r s ,  o n l y  low-order 24 b i t s  are t r a n s m i t t e d ;  
h igh-order  40 b i t s  a r e  ignored .  

HOLD ISSUE CONDITIONS: A0 r e s e r v e d  

A i  r e s e r v e d  

S c a l a r  r e f e r e n c e  i n  CP1, CP2, or CP3 

For i n s t r u c t i o n  034,  P o r t  A busy or i n s t r u c t i o n  
035 i n  p r o c e s s  or u n i d i r e c t i o n a l  memory mode and 
P o r t  C busy 

For  i n s t r u c t i o n  035, P o r t  C busy or i n s t r u c t i o n  
034 i n  p r o c e s s  or u n i d i r e c t i o n a l  memory mode and 
P o r t  A or P o r t  B busy  

For i n s t r u c t i o n  036, P o r t  B busy or i n s t r u c t i o n  
037 i n  p r o c e s s  or u n i d i r e c t i o n a l  memory mode and 
P o r t  C busy 

For i n s t r u c t i o n  037, P o r t  C busy or i n s t r u c t i o n  
036 i n  p r o c e s s  or u n i d i r e c t i o n a l  memory mode and 
P o r t  A or P o r t  B busy  

EXECUTION TIME: I n s t r u c t i o n  i s s u e ,  1 CP 

For i n s t r u c t i o n  034 or 036: 
B or T r e g i s t e r  r e s e r v e d  1 6  CPs + ( A i )  if 
( ~ i ) f O ;  6 CPs i f  (A<) =o. 
P o r t  A or B busy f o r  ( A i )  + 5 CPs if 
( A i ) # O ;  4 CPs i f  ( A i )  =o. 

For i n s t r u c t i o n  035 or 037: 
B or T r e g i s t e r  r e s e r v e d  5 CPs + ( ~ i )  i f  
( A i ) # O ;  4 CPs i f  ( A ~ ) = o .  
P o r t  C busy f o r  ( A i )  + 5 CPs i f  ( ~ i )  #O; 4 
CPs i f  ( A i )  =o. 



SPECIAL CASES: 

INSTRUCTIONS 034 - 037 ( c o n t i n u e d )  

( A ~ ) = o  c a u s e s  a zero-b lock  t r a n s f e r .  

( ~ i )  i n  t h e  r a n g e  g r e a t e r  t h a n  1008 and less 
t h a n  2008 c a u s e s  a w r a p a r o u n d  c o n d i t i o n .  

I£  ( ~ i )  is g r e a t e r  t h a n  1778 ,  b i t s  27 
t h r o u g h  223 are t r u n c a t e d .  The b lock  l e n g t h  is 
e q u a l  t o  t h e  v a l u e  o f  2' t h r o u g h  26. 

NOTE 

I n s t r u c t i o n  034 u s e s  P o r t  A, i n s t r u c t i o n  035 u s e s  P o r t  
C ,  i n s t r u c t i o n  036 u s e s  P o r t  B,  and  i n s t r u c t i o n  037 
u s e s  P o r t  C. 



INSTRUCTIONS 040 - 0 4 1  

D e s c r i p t i o n  Octal Code I , 
si exp T r a n s m i t  j k m  to  S i  

si exp T r a n s m i t  complement o f  jkm t o  S i  

The 2 - p a r c e l  i n s t r u c t i o n s  040 and 0 4 1  e n t e r  immediate v a l u e s  i n t o  a n  S 
r e g i s t e r .  

I n s t r u c t i o n  040 e n t e r s  a 6 4 - b i t  v a l u e  composed of t h e  22 -b i t  jkm f i e l d  
and 42  h igh -o rde r  b i t s  o f  0 i n t o  ~ i .  

I n s t r u c t i o n  041  e n t e r s  a  6 4 - b i t  v a l u e  t h a t  is  t h e  complement o f  a v a l u e  
formed by t h e  22 -b i t  jkm f i e l d  and 42 h igh -o rde r  b i t s  of 0 i n t o  ~ i .  
The complement is formed by chang ing  a l l  1 b i t s  to 0 and all 0 b i t s  
to  1. Thus,  for i n s t r u c t i o n  041,  t h e  h igh -o rde r  42 b i t s  o f  S< a r e  se t  
t o  1's. The i n s t r u c t i o n  p r o v i d e s  for e n t e r i n g  a n e g a t i v e  v a l u e  i n t o  
~ i .  S i n c e  t h e  r e g i s t e r  v a l u e  is t h e  o n e s  complement o f  jkm, t o  g e t  
t h e  twos complement jkm s h o u l d  be 0 to  g e t  -1, 1 t o  g e t  -2, 3 t o  g e t  
-4, etc. 

HOLD ISSUE CONDITIONS: ~i r e s e r v e d  

Second p a r c e l  n o t  i n  a b u f f e r  

EXECUTION TIME: I n s t r u c t i o n  i s s u e :  
Both p a r c e l s  i n  same b u f f e r ,  2  CPs 
Both p a r c e l s  i n  d i f f e r e n t  b u f f e r s ,  4  CPs 
~i r e a d y ,  1 CP 

SPECIAL CASES: None 



INSTRUCTIONS 042 - 043 

CAL Syntax Descr ip t ion  Oc ta l  Code 

S i  <exp Form exp b i t s  o f  ones  mask i n  ~i from 042; j k  
r i g h t ;  j k  f i e l d  g e t s  64-exp. 

S i  #>expt Form ex b i t s  o f  z e ros  mask i n  ~i from K 042 i  j k  
l e f t ;  j f i e l d  g e t s  exp. 

~i lt Enter  1 i n t o  ~i 042i77 

si -lt Enter  -1 i n t o  S i  042i00 

s i  >exp Form exp b i t s  o f  ones  mask i n  ~i from 043i  j k  
l e f t ;  j k  f i e l d  g e t s  exp. 

~i #<expt Form exp b i t s  o f  z e ros  mask i n  s i  from 043i jk  
r i g h t ;  j k  f i e l d  g e t s  64-exp. 

s i  ot  Clear  ~i 043iOO 

i 

I n s t r u c t i o n  042 g e n e r a t e s  a mask of  64-jk ones  from r i g h t  t o  l e f t  i n  
S i .  For example, i f  jk=O, s i  c o n t a i n s  a l l  1 b i t s  ( i n t e g e r  value= -1) 
and i f  jk=77*, ~i c o n t a i n s  ze ros  i n  a l l  bu t  t h e  low-order b i t  
( i n t e g e r  va lue= l )  . 
I n s t r u c t i o n  043 g e n e r a t e s  a mask o f  j k  ones  from l e f t  t o  r i g h t  i n  ~ i .  
For example, i f  jk=O, s i  c o n t a i n s  a l l  0 b i t s  ( i n t e g e r  value=O) and i f  
jk=778, ~i c o n t a i n s  ones  i n  a l l  bu t  t h e  low-order b i t  ( i n t e g e r  value= - 2 ) .  

I n s t r u c t i o n s  042 and 043 a r e  executed i n  t h e  Sca l a r  Logical  f u n c t i o n a l  
u n i t .  

HOLD ISSUE CONDITIONS: ~i reserved  

EXECUTION TIME: I n s t r u c t i o n  i s s u e ,  1 CP 

S i  ready, 1 CP 

SPECIAL CASES: None 

t S p e c i a l  CAL syn tax  



INSTRUCTIONS 044 - 051 

CAL Syntax Descr i p t  ion  O c t a l  Code 

Logica l  product  o f  ( S j )  and (Sk) t o  S i  

S i  Sj&sBt Sign b i t o f  ( S j )  t o s i  

S i  SB&Sjt Sign b i t  of  ( S j )  to  S i  ( j # O )  

si # s ~ & s  j Logica l  product  o f  (sj) and complement of  
(Sk) t o  S i  

S i  #SB&Sjt ( S j )  wi th  s i g n  b i t  c l e a r e d  to  ~i 

S i  s j \ s k  Logical  d i f f e r e n c e  o f  ( S j )  and (Sk) t o  S i  

S i  Sj\SBt Toggle s i g n  b i t  o f  ( S j )  , then  e n t e r  i n t o  S i  

S i  SB\Sjt Toggle s i g n  b i t  o f  ( S j )  , then e n t e r  i n t o  S i  

( j # O  

S i  #Sj\Sk Logica l  equivalence of  (Sk) and ( S j )  t o  S i  

~i Transmit ones complement o f  (Sk) t o  S; 

si # s ~ \ s B ~  Logical  equivalence o f  (sj) and s i g n  
b i t  t o  S i  

~i #sB\Sjt Logica l  equ iva lence  of  ( S j )  and s i g n  
b i t  t o  S i  ( j # O )  

si # S B ~  Enter  ones  complement of  s i g n  b i t  i n t o  S i  

si sj!si&sk Sca l a r  merge 

S i  Sj!Si&SBt Sca l a r  merge o f  ( S i )  and s i g n  b i t  
o f  ( S j )  to  si 

S i  s j !sk Logica l  sum of  ( S j )  and (Sk) to  S i  

~i skf Transmit (Sk) to  S i  

S i  Sj!SBt Logica l  sum of  ( S j )  and s i g n  b i t  t o  S i  

S i  SB!Sjt Logica l  sum of  ( S j )  and s i g n  b i t  t o  ~i 
( j # O )  

S< SB? Enter  s i g n  b i t  i n t o  S i  

f Spec i a l  CAL syn tax  



INSTRUCTIONS 044 - 051 ( c o n t i n u e d )  

NOTE 

For i n s t r u c t i o n s  044 through 051, SB w i t h  no  r e g i s t e r  
d e s i g n a t o r  is t h e  s i g n  b i t ,  n o t  Shared Address r e g i s t e r .  

I n s t r u c t i o n s  044 through 051 a r e  execu ted  i n  t h e  S c a l a r  Log ica l  
f u n c t i o n a l  u n i t .  

I n s t r u c t i o n  044 forms t h e  l o g i c a l  p r o d u c t  (AND) of ( S j )  and (Sk) and 
e n t e r s  t h e  r e s u l t  i n t o  S i .  B i t s  o f  S i  a r e  set t o  1 when 
cor respond ing  b i t s  of ( ~ j )  and (Sk) a r e  1 as i n  t h e  f o l l o w i n g  example: 

( S j )  is t r a n s m i t t e d  t o  si  i f  t h e  j and k d e s i g n a t o r s  have t h e  
same nonzero va lue .  S i  is c l e a r e d  i f  t h e  j d e s i g n a t o r  is  0. The 
s i g n  b i t  o f  ( ~ j )  is t r a n s m i t t e d  t o  S i  i f  t h e  j d e s i g n a t o r  is 
nonzero  and t h e  k d e s i g n a t o r  is 0. 

I n s t r u c t i o n  045 forms t h e  l o g i c a l  p roduc t  (AND) of (sj) and t h e  
complement o f  ( ~ k )  and e n t e r s  t h e  r e s u l t  i n t o  S i .  B i t s  o f  S< a r e  
set  to  1 when cor respond ing  b i t s  o f  ( S j )  and t h e  complement o f  (Sk) 
a r e  1 as i n  t h e  f o l l o w i n g  example where (Sk ' )  = complement of (Sk) :  

i f  (Sk) = 1 0 1 0 

~i is c l e a r e d  i f  t h e  j and k d e s i g n a t o r s  have t h e  same v a l u e  or i f  
t h e  j d e s i g n a t o r  is 0. ( S j )  w i t h  t h e  s i g n  b i t  c l e a r e d  is t r a n s m i t t e d  
to  ~i i f  t h e  j d e s i g n a t o r  is nonzero  and t h e  k d e s i g n a t o r  is  0. 

I n s t r u c t i o n  046 forms t h e  l o g i c a l  d i f f e r e n c e  ( e x c l u s i v e  OR) of ( S j )  and 
( s k )  and e n t e r s  t h e  r e s u l t  i n t o  S i .  B i t s  o f  S i  are set to 1 when 
cor respond ing  b i t s  o f  ( S j )  and (Sk) a r e  d i f f e r e n t  a s  i n  t h e  fo l lowing  
example : 



INSTRUCTIONS 044 - 051 (continued) 

Si is cleared if the j and k designators have the same nonzero 
value. (Sk) is transmitted to Si if the j designator is 0 and the 
k designator is nonzero, The sign bit of [ ~ j )  is complemented and 
the result is transmitted to Si if the j designator is nonzero and 
the k designator is 0. 

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

Si is set to all ones if the j and k designators have the same 
nonzero value. The complement of (Sk) is transmitted to Si if the 
designator is 0 and the k designator is nonzero. All bits except 

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

Instruction 050 merges the contents of (Sj) with (Si) depending on 
the ones mask in Sk. The result is defined by the following Boolean 
equation where Skl is the complement of Sk as illustrated: 

Instruction 050 is intended for merging portions of 64-bit words into a 
composite word. Bits of Si are cleared when the corresponding bits of 
Sk are 1 if the j designator is 0 and the k designator is nonzero. 
The sign bit of (Sj) replaces the sign bit of ~i if the j designator 
is nonzero and the k designator is 0. The sign bit of Si is cleared if 
the j and k designators are both 0. 

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



INSTRUCTIONS 044 - 051 (continued) 
(Sj) is transmitted to Si if the j and k designators have the 
same nonzero value. (Sk) is transmitted to Si if the j designator 
is 0 and the k designator is nonzero. (Sj) with the sign bit set to 
1 is transmitted to Si if the j designator is nonzero and the k 
designator is 0. A ones mask consisting of only the sign bit is entered 
into Si if the j and k designators are both 0. 

HOLD ISSUE CONDITIONS: Si reserved 

Sj or ~k reserved (except SO) 

EXECUTION TIME: Instruction issue, 1 CP 

Si ready, 1 CP 

SPECIAL CASES: (Sj) =O if j=O. 



INSTRUCTIONS 052 - 055 

L 

CAL Syntax D e s c r i p t i o n  O c t a l  Code 

SO s i c e x p  S h i f t  (si) l e f t  exp=jk  p l a c e s  t o  SO 

SO s i > e x p  S h i f t  ( ~ i )  r i g h t  exp=64-jk p l a c e s  to  SO 

s i  s i c e x p  S h i f t  ( ~ i )  l e f t  exp=jk  p l a c e s  to  ~i 

S i  S i>exp  S h i f t  ( ~ i )  r i g h t  exp=64-jk p l a c e s  to  S i  

I n s t r u c t i o n s  052 through 055 a r e  execu ted  i n  t h e  S c a l a r  S h i f t  f u n c t i o n a l  
u n i t .  They s h i f t  v a l u e s  i n  a n  S r e g i s t e r  by a n  amount s p e c i f i e d  by 
j k .  A l l  s h i f t s  a r e  end o f f  w i t h  z e r o  f i l l .  

I n s t r u c t i o n  052 s h i f t s  (si) l e f t  j k  p l a c e s  and e n t e r s  t h e  r e s u l t  i n t o  
SO. S h i f t  r ange  is 0 through 63 l e f t .  

I n s t r u c t i o n  053 s h i f t s  ( ~ i )  r i g h t  by 64-jk p l a c e s  and e n t e r s  t h e  
r e s u l t  i n t o  SO. S h i f t  r ange  is 1 through  64 r i g h t .  

I n s t r u c t i o n  054 s h i f t s  (si) l e f t  j k  p l a c e s  and e n t e r s  t h e  r e s u l t  i n t o  
~ i .  S h i f t  r ange  is 0 through 63 l e f t .  

I n s t r u c t i o n  055 s h i f t s  ( ~ i )  r i g h t  by 64-jk p l a c e s  and e n t e r s  t h e  
r e s u l t  i n t o  S i .  S h i f t  r ange  is 1 through  64 r i g h t .  

HOLD ISSUE CONDITIONS: I n s t r u c t i o n  056, 057, 060, or 061 i s s u e d  i n  
p r e v i o u s  CP 

~i r e s e r v e d  

For i n s t r u c t i o n s  052 and 053, SO r e s e r v e d  

EXECUTION TIME: I n s t r u c t i o n  i s s u e ,  1 CP 

For i n s t r u c t i o n s  052 and 053, SO ready ,  2 CPs 

For i n s t r u c t i o n s  054 and 055, S i  r e a d y ,  2 CPs 

SPECIAL CASES: None 



INSTRUCTIONS 056 - 057 

I n s t r u c t i o n s  056 and 057 are execu ted  i n  t h e  S c a l a r  S h i f t  f u n c t i o n a l  
u n i t .  They s h i f t  128-b i t  v a l u e s  formed by l o g i c a l l y  j o i n i n g  t w o  S 
r e g i s t e r s .  S h i f t  c o u n t s  a r e  o b t a i n e d  from r e g i s t e r  Ak. A l l  s h i f t  
c o u n t s ,  (&), a r e  c o n s i d e r e d  p o s i t i v e  and a l l  24 b i t s  o f  (Ak) a r e  
used f o r  t h e  s h i f t  coun t .  A s h i f t  o f  one p l a c e  o c c u r s  i f  t h e  k 
d e s i g n a t o r  is 0. I f  j = 0 ,  t h e  s h i f t s  f u n c t i o n  a s  i f  t h e  s h i f t e d  v a l u e  
was 64 b i t s  r a t h e r  t h a n  128 b i t s  s i n c e  t h e  S j  v a l u e  used is 0. 

CAL Syntax Descr i p t  i o n  O c t a l  Code 
I 

S i  S i , S j < ~ k  S h i f t  ( S i )  and ( S j )  l e f t  by ( ~ k )  p l a c e s  to  S i  0 5 6 i j k  

S i  S i , S j < l t  S h i f t  ( S i )  and ( S j )  l e i  t one p l a c e  t o  S i  056ijO 

S i  Si<Akf S h i f t  ( S i )  l e f t  (Ak) p l a c e s  t o  S i  056i0k 

si ~ j , S i > A k  S h i f t  (sj) and ( S i )  r i g h t  by (Ak) p l a c e s  to  S i  0 5 7 i j k  

S i  S j , S i > l t  S h i f t  ( S j )  and ( S i )  r i g h t  one p l a c e  t o  S i  057ijO 

S i  S i > ~ k ~  S h i f t  ( S i )  r i g h t  (Ak) p l a c e s  to  S i  057iOk 

The s h i f t s  a r e  c i r c u l a r  i f  t h e  s h i f t  c o u n t  does  n o t  exceed 64 and t h e  i 
and j d e s i g n a t o r s  a r e  e q u a l  and nonzero.  For i n s t r u c t i o n s  056 and 057, 
( ~ j )  is unchanged, provided $3. For s h i f t s  g r e a t e r  t h a n  64, t h e  
s h i f t  is end o f f  w i t h  z e r o  f i l l .  I f  i=j and t h e  s h i f t  is g r e a t e r  

A 

t h a n  64, t h e  s h i f t  is t h e  same a s  i f  t h e  r e s p e c t i v e  i n s t r u c t i o n  054 o r  
055 was used w i t h  a s h i f t  c o u n t  64 less. 

I n s t r u c t i o n  056 performs l e f t  s h i f t s  of ( S i )  and ( S j )  wi th  ( S i )  
i n i t i a l l y  t h e  most s i g n i f i c a n t  b i t s  o f  t h e  doub le  r e g i s t e r .  The 
high-order 64 b i t s  o f  t h e  r e s u l t  are t r a n s m i t t e d  to  S i .  S i  is 
c l e a r e d  i f  t h e  s h i f t  c o u n t  exceeds  127. I n s t r u c t i o n  056 p roduces  t h e  
same r e s u l t  as i n s t r u c t i o n  054 i f  t h e  s h i f t  c o u n t  d o e s  n o t  exceed 63 and 
t h e  j d e s i g n a t o r  is 0. 

I n s t r u c t i o n  057 performs r i g h t  s h i f t s  o f  ( S j )  and ( S i )  wi th  ( S j )  
i n i t i a l l y  t h e  most s i g n i f i c a n t  b i t s  o f  t h e  doub le  r e g i s t e r .  The 
low-order 64 b i t s  o f  t h e  r e s u l t  a r e  t r a n s m i t t e d  t o  S i .  S i  is c l e a r e d  
if t h e  s h i f t  c o u n t  exceeds  127. I n s t r u c t i o n  057 produces  t h e  same r e s u l t  
a s  i n s t r u c t i o n  055 if t h e  s h i f t  c o u n t  d o e s  n o t  exceed 63 and t h e  j 
d e s i g n a t o r  is 0. 

t S p e c i a l  CAL s y n t a x  

HR-0032 



INSTRUCTIONS 056 - 057 (cont inued)  

HOLD ISSUE CONDITIONS: ~i reserved  

S$ nr Ak reserved (except SO and/or AO) 

EXECUTION TIME: 

SPECIAL CASES: 

I n s t r u c t i o n  i s s u e ,  1 CP 

S i  ready, 3 CPs 

Circular  s h i f t  i f  i=$0 and ~k g r e a t e r  
than or  equal  to 0 and less than o r  equal  to 6 4 .  



INSTRUCTIONS 060 - 061 

CAL Syn tax  Descr i p t i o n  O c t a l  Code 

S i  s j+Sk  I n t e g e r  sum of ( S j )  and (Sk) t o  S i  0 6 0 i  j k  

~i s j -Sk  I n t e g e r  d i f f e r e n c e  o f  ( ~ j )  and (Sk) t o  ~i 0 6 l i j k  

~i -Skt Transmi t  n e g a t i v e  o f  (Sk) t o  S i  061 i0k  

I n s t r u c t i o n  060 forms t h e  i n t e g e r  sums of ( ~ j )  and (Sk) and e n t e r s  
t h e  r e s u l t  i n t o  S i .  N o  o v e r f l o w  is d e t e c t e d .  

I n s t r u c t i o n  061 forms t h e  i n t e g e r  d i f f e r e n c e  o f  ( ~ j )  and (Sk) and 
e n t e r s  t h e  r e s u l t  i n t o  ~ i .  N o  o v e r f l o w  i s  d e t e c t e d .  

I n s t r u c t i o n s  060 and 061 a r e  e x e c u t e d  i n  t h e  S c a l a r  Add f u n c t i o n a l  u n i t .  

HOLD ISSUE CONDITIONS: S i  r e s e r v e d  

s j  or Sk r e s e r v e d  ( e x c e p t  SO) 

EXECUTION TIME : ~i r e a d y ,  3 CPs 

I n s t r u c t i o n  i s s u e ,  1 CP 

SPECIAL CASES: ( ~ i )  =263 i f  j = O  and k=O. 

For i n s t r u c t i o n  060: 
(si) = ( s k )  i f  j = O  and kfo.  
( ~ i )  = ( S j )  w i t h  263 complemented i f  

j f O  and k=0. 

For  i n s t r u c t i o n  061: 
(si) = - (Sk)  i f  j = O  and kfo.  
( ~ i )  = (S j) w i t h  263 complemented i f  

j f O  and k=O. 

t S p e c i a l  CAL s y n t a x  



INSTRUCTIONS 062 - 063 

CAL Syntax Description Octal Code 

Si sj+Fsk Floating sum of (Sj) and (Sk) to Si 

Si + F S ~ ~  Normalize (Sk) to si 

si Sj-FS~ Floating difference of (Sj) and (sk) to Si 

si -FSkt Transmit normalized negative of (Sk) to Si 

Instructions 062 and 063 are performed in the Floating-point Add 
functional unit. Operands are assumed to be in floating-point format. 
The result is normalized even if the operands are not normalized. 

Instruction 062 forms the sum of the floating-point quantities in Sj 
and Sk and enters the normalized result into ~ i .  

Instruction 063 forms the difference of the floating-point quantities in 
Sj and Sk and enters the normalized result into Si. 

Overflow conditions are described in section 4. For floating-point 
operands with the sign bit set (bit=l), zero exponent and zero 
coefficient are treated as 0 (that is, all 64 bits=O). tt 

HOLD ISSUE CONDITIONS: Si reserved 

S$ or Sk reserved (except SO) 

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

EXECUTION TIME: Instruction issue, 1 CP 

Si ready, 6 CPs 

t Special CAL syntax 
tt Considered -0. No floating-point unit generates a -0 except the 

Floating-point Multiply functional unit if one of the operands was a 
-0. Normally, -0 occurs in logical manipulations when a sign is 
attached to a number; that number can be 0. 



INSTRUCTIONS 062 - 063 (continued) 

SPECIAL CASES: For instruction 062: 
( S i )  = (Sk) normalized if (Sk) exponent is 
valid, j = O  and k#O. 
( S i )  = ( ~ j )  normalized if ( S j )  exponent is 
valid, j # O  and k=O. 

For instruction 063 : 
( S i ) =  - ( ~ k )  normalized if (Sk) exponent is 
valid, j = O  and k#O. Sign of ( S i )  is 
opposite that of (Sk) if (Sk)#O. 
( S i )  = ( S j )  normalized if ( S j )  exponent is 
valid, j # O  and k=O. 



INSTRUCTIONS 064 - 067 

CAL Syntax D e s c r i p t i o n  O c t a l  C o d e  

I S i  S ~ * F S ~  F l o a t i n g - p o i n t  p r o d u c t  o f  ( S j )  and (Sk) t o  s i  0 6 4 i j k  I 
S i  S ~ * H S ~  Half-prec i s i o n  rounded f l o a t i n g - p o i n t  0 6 5 i j k  

p roduc t  of ( S j )  and (Sk) t o  S i  

S i  S ~ * R S ~  Rounded f l o a t i n g - p o i n t  p r o d u c t  o f  ( S j )  and 0 6 6 i j k  
(Sk) to  s i  

S ~ * I S ~  Reciprocal iteration; 2- ( S j )  * (Sk) to Si 06?i jk I 
I 

I n s t r u c t i o n s  064 through 067 a r e  execu ted  i n  t h e  F l o a t i n g - p o i n t  M u l t i p l y  
f u n c t i o n a l  u n i t ,  Operands a r e  assumed to  be i n  f l o a t i n g - p o i n t  format .  
The r e s u l t  is n o t  guaran teed  t o  be  normal ized i f  t h e  operands  a r e  n o t  
normal ized.  

I n s t r u c t i o n  064 forms t h e  p r o d u c t  o f  t h e  f l o a t i n g - p o i n t  q u a n t i t i e s  i n  
S j  and s k  and e n t e r s  t h e  r e s u l t  i n t o  ~ i .  

I n s t r u c t i o n  065 forms t h e  h a l f - p r e c i s i o n  rounded p r o d u c t  of  t h e  
f l o a t i n g - p o i n t  q u a n t i t i e s  i n  S j  and Sk and e n t e r s  t h e  r e s u l t  i n t o  
S i .  The low-order 1 9  b i t s  o f  t h e  r e s u l t  a r e  c l e a r e d .  

I n s t r u c t i o n  066 forms t h e  rounded p r o d u c t  o f  t h e  f l o a t i n g - p o i n t  
q u a n t i t i e s  i n  S j  and Sk and e n t e r s  t h e  r e s u l t  i n t o  S i .  

I n s t r u c t i o n  067 forms t w o  minus t h e  p r o d u c t  o f  t h e  f l o a t i n g - p o i n t  
q u a n t i t i e s  i n  S j  and Sk and e n t e r s  t h e  r e s u l t  i n t o  S i .  T h i s  
i n s t r u c t i o n  is  used i n  t h e  d i v i d e  sequence a s  d e s c r i b e d  i n  s e c t i o n  4 
under F l o a t i n g - p o i n t  Ar i thmet ic .  

I n  t h e  e v a l u a t i o n  C = 2-B*A, B must be  a r e c i p r o c a l  of A o f  less t h a n  47 
s i g n i f i c a n t  b i t s  and n o t  t h e  e x a c t  r e c i p r o c a l ,  o t h e r w i s e  C w i l l  be i n  
e r r o r .  The r e c i p r o c a l  produced by t h e  r e c i p r o c a l  approximat ion 
i n s t r u c t i o n  meets t h i s  c r i t e r i o n .  

HOLD ISSUE CONDITIONS: S i  r e s e r v e d  

S j  or Sk r e s e r v e d  ( e x c e p t  SO) 

I n s t r u c t i o n s  160  through 167 i n  p r o c e s s ,  u n i t  
busy (VL) + 4 CPs 



EXECUTION TIME: 

SPECIAL CASES: 

INSTRUCTIONS 064 - 067 (cont inued)  

I n s t r u c t i o n  i s s u e ,  1 CP 

Si ready,  7 CPs 

I f  both exponent f i e l d s  a r e  0 ,  an i n t ege r  
mu l t i p ly  is performed. Cor r ec t  i n t ege r  mu l t i p ly  
r e s u l t s  a r e  produced i f  t h e  fol lowing cond i t i ons  
a r e  m e t :  

Both operand s i g n  b i t s  a r e  0. 

The sum of  t h e  0 b i t s  to  t h e  r i g h t  o f  t h e  
l e a s t  s i g n i f i c a n t  1 b i t  i n  t h e  t w o  operands 
is g r e a t e r  than  or equa l  t o  48. 

The i n t e g e r  r e s u l t  ob ta ined  is t h e  high-order 48 
b i t s  o f  t h e  96-bit  p roduc t  o f  t h e  two operands.  



INSTRUCTION 070 

CAL Syntax Descr ipt ion Octal Code 

Si /HS~ Floating-point reciprocal approximation 070i j0 
of (Sj) to ~i 

Instruction 070 is executed in the Reciprocal Approximation functional 
unit. 

Instruction 070 forms an approximation to the reciprocal of the 
normalized floating-point quantity in Sj and enters the result into 
~ i .  This instruction occurs in the divide sequence to compute the 
quotient of two floating-point quantities as described in section 4 under 
Floating-point Arithmetic. 

The reciprocal approximation instruction produces a result of 30 
significant bits. The low-order 18 bits are zeros. The number of 
significant bits can be extended to 48 using the reciprocal iteration 
instruction and a multiply. 

HOLD ISSUE CONDITIONS: Si reserved 

Sj reserved (except SO) 

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

EXECUTION TIME : 

SPECIAL CASES: 

Si ready, 14 CPs 

Instruction issue, 1 CP 

isij is meaningless if isjj is not 
normalized: the unit assumes that bit 247 of 
(Sj)=l; no test is made of this bit. 

(Sj)=O produces a range error; the result is 
meaningless. 



INSTRUCTION 07 1 

CAL Syntax D e s c r i p t i o n  O c t a l  Code 

si  ~k Transmit  (Ak) to  S i  w i t h  no  s i g n  e x t e n s i o n  071iOk 

si + ~ k  Transmit  (Ak) t o  S i  w i t h  s i g n  e x t e n s i o n  0 7 1 i l k  

S i  +FAk Transmit  (Ak) to  si  a s  unnormalized 071i2k 
f l o a t i n g - p o i n t  number 

S i  0.6 Transmit  c o n s t a n t  0.75 x  248 t o  si 071i30 

si 0.4 Transmit  c o n s t a n t  0.5 to  S< 071<40 

si  1. Transmit  c o n s t a n t  1.0 to  S i  071730 

si 2. Transmit  c o n s t a n t  2.0 to  S i  071i60 

s i  4. Transmi t  c o n s t a n t  4.0 to  s i  071i70 

I n s t r u c t i o n  071 performs f u n c t i o n s  t h a t  depend on t h e  v a l u e  of t h e  j 
d e s i g n a t o r .  The f u n c t i o n s  a r e  concerned w i t h  t r a n s m i t t i n g  in fo rmat ion  
from an  A r e g i s t e r  t o  an S r e g i s t e r  and w i t h  g e n e r a t i n g  f r e q u e n t l y  used 
f l o a t i n g - p o i n t  c o n s t a n t s .  

When t h e  j d e s i g n a t o r  is 0,  t h e  24-bi t  v a l u e  i n  ~k is t r a n s m i t t e d  t o  
S i .  The v a l u e  i s  t r e a t e d  as a n  unsigned i n t e g e r .  The high-order b i t s  
o f  si a r e  z e r o s .  

When t h e  j d e s i g n a t o r  is 1, t h e  24-bi t  v a l u e  i n  Ak is t r a n s m i t t e d  t o  
S i .  The v a l u e  is t r e a t e d  a s  a  s i g n e d  i n t e g e r .  The s i g n  b i t  o f  Ak is  
extended through t h e  high-order  b i t  of S i .  

When t h e  j d e s i g n a t o r  is 2, t h e  24-b i t  v a l u e  i n  ~k is  t r a n s m i t t e d  t o  
~i a s  a n  unnormalized f l o a t i n g - p o i n t  q u a n t i t y  ( t h e  r e s u l t  is t h e n  added 
t o  0  to  n o r m a l i z e ) .  For t h i s  i n s t r u c t i o n ,  t h e  exponent  i n  b i t s  
262 th rough  248 i s  set  to  400608. The s i g n  o f  t h e  c o e f f i c i e n t  is 
se t  a c c o r d i n g  to  t h e  s i g n  of Ak.  If  t h e  s i g n  b i t  of ~k is set ,  t h e  
twos complement o f  ~k is e n t e r e d  i n t o  S i  a s  t h e  magnitude o f  t h e  
c o e f f i c i e n t  and b i t  263 o f  S i  is set  f o r  t h e  s i g n  o f  t h e  c o e f f i c i e n t .  

A sequence o f  i n s t r u c t i o n s  is used to  c o n v e r t  t o  f l o a t i n g - p o i n t  fo rmat  
a n  i n t e g e r  whose a b s o l u t e  v a l u e  is  less t h a n  24 b i t s :  

CAI, code:  A 1  S 1  
S1 +FA1 
S 1  +FS1 9 CPs r e q u i r e d  



INSTRUCTION 071 (continued) 

When the j designator is 3, the floating-point constant of 0.75 x 248 
is entered into ~i (0 40060 6000 0000 0000 OOO08). This constant is 
.-a US=& 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: 

CALcode: S2 0.6 
S1 S2-S1 
S1 S2-FS1 11 CPs required 

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

When the j designator is 5, the floating-point constant 1.0 
(= 0 40001 4000 0000 0000 00008) is entered into Si. 

When the j designator is 6, the floating-point constant 2.0 
(= 0 40002 4000 0000 0000 00008) is entered into Si. 

When the j designator is 7, the floating-point constant 4.0 
(= 0 40003 4000 0000 0000 00008) is entered into Si. 

HOLD ISSUE CONDITIONS: Si reserved 

~k reserved (except AO); applies to all forms 
of the instruction, that is, j designators 0 
through 7. 

EXECUTION TIME: 

SPECIAL CASES : 

Instruction issue, 1 CP 

Si ready, 2 CPs 

(Si) = (Ak) sign extended if j=l. 

(Si) = ( ~ k )  unnormalized if j=2. 

(Si) =0.6 x 260 (octal) if j=3. 

(si) =0.4 x 2O (octal) if j=4. 

(Si)=0.4 x 2l (octal) if j=5. 

(Si) =0.4 x 22 (octal) if j=6. 

( ~ i )  =0.4 x 2 3  (octal) if j=7. 



INSTRUCTIONS 072 - 075 

CAL Syntax D e s c r i p t i o n  O c t a l  Code 

S i  RT Transmi t  (RTC) to  S i  072iOO 

si SM Read semaphores t o  S i  072i02 

S i   ST^ Read   ST^) r e g i s t e r  t o  S i  0 7 2 i  j 3  

si VM Transmi t  (VM) to  S i  073iOO 

S i  S R ~  Transmi t  (SRj)  t o  S i ;  j = O  0 7 3 i  jl 

SM ~i Load semaphores from S i  073i02 

 ST^ S i  Load  ST^) r e g i s t e r  from ~i 0 7 3 i  j 3  

si ~ j k  Transmi t  ( ~ j k )  t o  ~i 0 7 4 i  j k  

~ j k  S i  Transmi t  ( S i )  to  ~ j k  0 7 5 i  j k  

I n s t r u c t i o n  072i00 e n t e r s  t h e  64-bi t  v a l u e  o f  t h e  r e a l - t i m e  clock (RTC) 
i n t o  S i .  The clock is incremented by 1 e a c h  CP. The RTC c a n  be set 
o n l y  by t h e  moni tor  th rough  u s e  o f  i n s t r u c t i o n  0014j0.  

I n s t r u c t i o n  072i02 e n t e r s  t h e  v a l u e s  o f  a l l  o f  t h e  semaphores i n t o  
~ i .  The 32-b i t  SM r e g i s t e r  is l e f t  j u s t i f i e d  i n  S i  w i t h  SMOO 
occupying t h e  s i g n  b i t .  

I n s t r u c t i o n  0 7 2 i j 3  e n t e r s  t h e  c o n t e n t s  o f   ST^ i n t o  S i .  

I n s t r u c t i o n  073i00 e n t e r s  t h e  64-bi t  v a l u e  o f  t h e  VM r e g i s t e r  i n t o  
S i .  The VM r e g i s t e r  is u s u a l l y  r e a d  a f t e r  b e i n g  set by i n s t r u c t i o n  175.  

I n s t r u c t i o n  0 7 3 i j l  e n t e r s  t h e  c o n t e n t s  of t h e  S t a t u s  r e g i s t e r  S R ~  
i n t o  ~ i .  I n s t r u c t i o n  073 i01  r e t u r n s  t h e  f o l l o w i n g  s t a t u s  t o  t h e  
h igh-o rde r  b i t s  o f  ~ i :  

S t a t u s  Bit D e s c r i p t i o n  

2 26 7 P r o c e s s o r  number (PN) 
- 1 26u Program s t a t e  (PS) 

3 257, 258 C l u s t e r  number (CN) 
F l o a t i n g - p o i n t  i n t e r r u p t s  e n a b l e d  ( IFP)  
F l o a t i n g - p o i n t  e r r o r  o c c u r r e d  (FPS) 
B i d i r e c t i o n a l  memory enab led  (BDM) 
Operand r a n g e  i n t e r r u p t s  e n a b l e d  ( IOR)  



INSTRUCTIONS 072 - 075 ( c o n t i n u e d )  

I n s t r u c t i o n  073502 sets t h e  semaphores from 32 high-order  b i t s  of 
~ i .  SMOO r e c e i v e s  t h e  s i g n  b i t  o f  ~ i .  

I n s t r u c t i o n  0 7 3 i j 3  e n t e r s  t h e  c o n t e n t s  o f  S i  i n t o   ST^. 

I n s t r u c t i o n  074 e n t e r s  t h e  c o n t e n t s  o f  ~ j k  i n t o  ~ i .  

I n s t r u c t i o n  075 e n t e r s  t h e  c o n t e n t s  of ~i i n t o  ~ j k .  

HOLD ISSUE CONDITIONS: si r e s e r v e d  

For i n s t r u c t i o n s  074 and 075, i n s t r u c t i o n s  036 
through 037 i n  p r o c e s s  

For  i n s t r u c t i o n  074, i n s t r u c t i o n  075 i s s u e d  i n  
t h e  p r e v i o u s  CP 

For  i n s t r u c t i o n  073i00:  
I n s t r u c t i o n  14x  or 1 7 5  i n  p r o c e s s ,  VM busy 
f o r  (VL) + 5  CPs 
I n s t r u c t i o n  003 i n  p r o c e s s ,  VM busy f o r  1 CP 

For i n s t r u c t i o n s  0 7 2 i j 3  and 0 7 3 i j 3  s h a r e d  
r e g i s t e r  a c c e s s  c o n f l i c t  due  to: 

I n s t r u c t i o n  0 7 2 i j 3  o r  0 2 6 i j 7  i n  CIP of 
o t h e r  CPU, r e g a r d l e s s  of c l u s t e r i n g ,  a t  t h e  
same CP; or 
I n s t r u c t i o n  0 7 3 i j 3  or 0 2 7 i j 7  i s s u e d  by 
b o t h  CPUs, r e g a r d l e s s  o f  c l u s t e r i n g ,  a t  3  CPs 
e a r l i e r .  

For i n s t r u c t i o n  073i02,  h o l d  i s s u e  for 4  CPs 
u n c o n d i t i o n a l l y .  

EXECUTION TIME: 

SPECIAL CASES: 

I n s t r u c t i o n  i s s u e ,  1 CP 

A l l  cases e x c e p t  0 7 3 i j 3 ,  r e s u l t  r e g i s t e r  
r eady ,  1 CP 

For 0 7 3 i j 3 ,   ST^ r e a d y ,  3  CPs 

For 073302, SM ready ,  1 CP 

For i n s t r u c t i o n s  072i02 and 0 7 2 i j 3 ,  (si)=O 
i f  CLN=Oo 

I n s t r u c t i o n s  073i02 and 0 7 3 i j 3  a r e  no-ops i f  
CLN=O . 



INSTRUCTIONS 076 - 077 

CAL Syntax  D e s c r i p t i o n  Octal Code 

S i  vj,Ak Transmit  ( V j  e lement  (Ak) ) to  S i  0 7 6 i j k  

v i , ~ k  ~j Transmit  ( S j )  t o  V i  e l ement  (Ak) 0 7 7 i  j k  

~i , ~ k  ot C l e a r  v i  e lement  ( ~ k )  077i0k 

I n s t r u c t i o n s  076 and 077 t r a n s m i t  a 64-b i t  q u a n t i t y  between a V r e g i s t e r  
e l ement  and an  S r e g i s t e r .  

I n s t r u c t i o n  076 t r a n s m i t s  t h e  c o n t e n t s  o f  a n  e lement  of r e g i s t e r  ~j t o  
si . 
I n s t r u c t i o n  077 t r a n s m i t s  t h e  c o n t e n t s  o f  r e g i s t e r  ~j t o  a n  e lement  of 
r e g i s t e r  vi. 

The low-order 6 b i t s  o f  (Ak) de te rmine  t h e  v e c t o r  e lement  f o r  e i t h e r  
i n s t r u c t i o n .  

HOLD ISSUE CONDITIONS: ~k r e s e r v e d  ( e x c e p t  AO) 

For i n s t r u c t i o n  076, S i  r e s e r v e d  o r  v j  
r e s e r v e d  as  operand or as  r e s u l t  

For i n s t r u c t i o n  077, V i  r e s e r v e d  a s  operand o r  
a s  r e s u l t  or SJ r e s e r v e d  

EXECUTION TIME: 

SPECIAL CASES: 

t S p e c i a l  CAL s y n t a x  

HR-0032 

I n s t r u c t i o n  i s s u e ,  1 CP 

For i n s t r u c t i o n  076, S< ready ,  4 CPs 

For i n s t r u c t i o n  077, v i  ready ,  1 CP 



INSTRUCTIONS 10h - 13h 

CAL Syntax Description Octal Code 

A i  exp ,~h  

~i expIot 

A i  exp, t 

A i  ,Ah? 

exp,Ah ~i 

exp,O  if 

exp, n i t  

,Ah ~ i ?  

s i  exp,Ah 

S i  exp,ot 

S i  exp,f 

S i  ,nht 

exp,Ah SC 

exp,O sit 

exp, sit 

Read from ( ( ~ h )  + j km)  to A i  

Read from ( j k m )  to A i  

Read from ( j k m )  to  A i  

Read from (Ah) to  A i  

Store ( A i )  to (Ah) + j k m  

Store ( A i )  to  j k m  

Store ( A i )  to  exp 

Store ( A i )  to  (Ah) 

Read from ((Ah) + jkm) to  ~i 

Read from (exp) to ~i 

Read from (exp) to  ~i 

Read from (Ah) t o  ~i 

Store (si) to (Ah) + j k m  

Store ( ~ i )  to exp 

Store ( ~ i )  to exp 

l o h i  jkm 

l o o <  j k m  

100; j k m  

l o h i 0 0  o 

l l h i  j k m  

l l o i  j k m  

l l o i  j k m  

l l h i o o  o 

1 2 h i  j k m  

1 2 0 i  jkm 

1 2 0 i  j k m  

12hi00 o 

1 3 h i  j k m  

1 3 0 i  j k m  

1 3 0 i  j k m  

,nh sit store (si) to (Ah) 13h i00  o 

The 2-parcel instructions 10h through 13h transmit data between 
memory and an A register or an S register. The content of Ah (treated 
as a 22-b i t  signed integer) is added to  the signed 22-b i t  integer i n  the 
j k m  f ield to determine the memory address. If h is 0, (Ah) is  0 
and only the jkm field is used for the address. The address arithmetic 
i s  performed by an address adder similar t o  b u t  separate from the Address 
Add functional u n i t .  

t Special CAL syntax 

HR-0032 



INSTRUCTIONS 10h - 13h ( c o n t i n u e d )  

I n s t r u c t i o n s  10h and l l h  t r a n s m i t  24-bi t  q u a n t i t i e s  t o  o r  from A 
r e g i s t e r s .  When t r a n s m i t t i n g  d a t a  from memory to  a n  A r e g i s t e r ,  t h e  
h igh-order  40 b i t s  o f  t h e  memory word a r e  ignored .  On a store from A i  
i n t o  memory, t h e  high-order 40 b i t s  o f  t h e  memory word a r e  zeroed.  

I n s t r u c t i o n s  12h and 13h t r a n s m i t  64-bi t  q u a n t i t i e s  t o  o r  from 
r e g i s t e r  ~i . 

HOLD ISSUE CONDITIONS: P o r t  A ,  B ,  o r  C busy 

Ah r e s e r v e d  o r  busy p r e v i o u s  CP 

For i n s t r u c t i o n s  10h and l l h ,  A i  r e s e r v e d  

For i n s t r u c t i o n s  12h and 13h,  S i  r e s e r v e d  

I n s t r u c t i o n s  lox through 13x  i n  CP 2 and CP 
3 and c o n f l i c t  

Second p a r c e l  n o t  i n  a b u f f e r  

Second p a r c e l  i n  d i f f e r e n t  b u f f e r ,  2 CP 

EXECUTION TIME: I n s t r u c t i o n  i s s u e  : 
Both p a r c e l s  i n  same b u f f e r ,  2 CPs 
For i n s t r u c t i o n  lOh, A i  r eady ,  14 CPs 
For i n s t r u c t i o n  12h,  ~i ready ,  1 4  CPs 
Bank ready  f o r  n e x t  s c a l a r  r ead  or s t o r e ,  4 CPs 

NOTE 

A f t e r  i s s u i n g  i n s t r u c t i o n s  10h through 13h. 
a t t e m p t i n g  to  i s s u e  i n s t r u c t i o n s  034 through 037, 
176,  or 177 c a u s e s  P o r t s  A,  B, or C t o  be  
c o n s i d e r e d  busy f o r  4 CPs ( p l u s  a d d i t i o n a l  CPs i f  
t h e r e  a r e  c o n f l i c t s )  . 

SPECIAL CASES: None 



INSTRUCTIONS 140 - 147 

CAL Syntax Description Octal Code 

Vi sj&vk Logical products of (sj) and (vk elements) 
to Vi elements 

Vi vj&Vk Logical products of (vj elements) and 14li jk 
(Vk elements) to Vi elements 

vi Sj!vk Logical sums of (sj) and ( ~ k  elements) 14 2i jk 
to ~i elements 

IVi V k  Transmit (vkelements) tovielements 142iOk 

vi vj!vk Logical sums of (vj elements) and 
(Vk elements) to Vi elements 

Vi ~j Vk Logical differences of (~j) and 
(Vk elements) to vi elements 

vi vj vk Logical differences of (vj elements) and 145i jk 
(Vk elements) to Vi elements 

I vi 0t 
Clear vi elements 145iii 

Vi S~!V~&VM If VM bit=l, transmit (Sj) to the corres- 146ijk 
ponding element in Vi 
If VM bit=O, transmit the (corresponding 
Vk element) to the (corresponding Vi element) 

Vi # v M & v ~ ~  If VM bit=l, transmit (0) to the corres- 146i0k 
ponding element in Vi 
If VM bit=O, transmit the (corresponding 
Vk element) to the (corresponding V% element) 

vi V~!V~&VM If VM bit=l, transmit the (corresponding vj 147i jk 
element) to the (corresponding Vi element) 
If VM bit=O, transmit the (corresponding Vk 
element) to the (corresponding Vi element) 

Instructions 140 through 147 are executed in the Vector Logical 
functional unit. The number of operations performed is determined by the 
contents of the VL register. All operations start with element 0 of the 

t Special CAL syntax 



INSTRUCTIONS 140 - 147 ( c o n t i n u e d )  

v<, V j ,  or Vk r e g i s t e r  and increment  t h e  e lement  number by 1 f o r  
each  o p e r a t i o n  performed. A l l  r e s u l t s  a r e  d e l i v e r e d  to V i .  

For i n s t r u c t i o n s  140,  142,  144,  and 146,  a copy o f  t h e  c o n t e n t  o f  S j  is  
d e l i v e r e d  to  t h e  f u n c t i o n a l  u n i t .  The copy of t h e  c o n t e n t  is h e l d  as one 
o f  t h e  operands  u n t i l  comple t ion  of t h e  o p e r a t i o n .  T h e r e f o r e ,  S j  c a n  
be  changed immediately w i t h o u t  a f f e c t i n g  t h e  v e c t o r  o p e r a t i o n .  For 
i n s t r u c t i o n s  141,  143,  145,  and 147,  a l l  operands  a r e  o b t a i n e d  from V 
r e g i s t e r s .  

I n s t r u c t i o n s  140 and 1 4 1  form t h e  l o g i c a l  p r o d u c t s  (AND) o f  operand p a i r s  
and e n t e r  t h e  r e s u l t  i n t o  V i .  B i t s  o f  an  e lement  of V i  a r e  se t  to 1 
when t h e  cor respond ing  b i t s  of ( S j )  or ( V j  e l ement )  and (Vk e lement )  
a r e  1 a s  i n  t h e  fo l lowing :  

( S j )  or ( V j  e l ement )  = 1 1  0 0 
(Vk e lement )  = l o 1 0  
(vi  e lement )  = l o 0 0  

I n s t r u c t i o n s  142 and 143 form t h e  l o g i c a l  sums ( i n c l u s i v e  OR) o f  operand 
p a i r s  and d e l i v e r  t h e  r e s u l t s  to  v i m  B i t s  o f  an  e lement  o f  v i  a r e  
set to  1 when one  o f  t h e  cor respond ing  b i t s  o f  ( S j )  o r  ( ~ j  element )  
and (vk e lement )  is 1 as i n  t h e  fo l lowing :  

( ~ j )  o r  ( V j  e l ement )  = 1 1 0 0 
(Vk e lement )  = l o 1 0  
( V i  e l ement )  = 1 1 1 0  

I n s t r u c t i o n s  144 and 145 form t h e  l o g i c a l  d i f f e r e n c e s  ( e x c l u s i v e  OR) o f  
operand p a i r s  and d e l i v e r  t h e  r e s u l t s  of vi. B i t s  o f  a n  e lement  a r e  
set t o  1 when t h e  cor respond ing  b i t  o f  ( S j )  or ( V j  e l ement )  is 
d i f f e r e n t  from (vk e lement )  a s  i n  t h e  fo l lowing :  

( S j )  or ( v j  e lement )  = 1 1 0 0 
(Vk e lement )  = l o 1 0  
(v< e lement )  = 0 1 1 0  

I n s t r u c t i o n s  146 and 147 t r a n s m i t  operands  t o  V i  depending on t h e  
c o n t e n t s  o f  t h e  VM r e g i s t e r .  B i t  263 of t h e  mask c o r r e s p o n d s  t o  

0 e lement  0 o f  a V r e g i s t e r .  B i t  2 c o r r e s p o n d s  to  e lement  63. Operand 
p a i r s  used f o r  t h e  s e l e c t i o n  depend on t h e  i n s t r u c t i o n .  For i n s t r u c t i o n  
146 ,  t h e  f i r s t  operand is  always  (s j) ,  t h e  second operand is (Vk 
e lement )  . For i n s t r u c t i o n  147,  t h e  f i r s t  operand is ( V j  e l ement )  and 
t h e  second operand is (Vk e l e m e n t ) .  I f  b i t  n o f  t h e  v e c t o r  mask is 
1, t h e  f i r s t  operand is t r a n s m i t t e d ;  i f  b i t  n o f  t h e  mask is 0,  t h e  
second operand,  (Vk e lement )  , is s e l e c t e d .  



INSTRUCTIONS 140 - 147 (cont inued)  

Examples : 

1. I f  instruction i46 is t o  be executed and t h e  foi iowing r e g i s t e r  
cond i t i ons  e x i s t :  

I n s t r u c t i o n  146726 is executed. Following execut ion ,  t h e  f i r s t  four  
elements of V7 con t a in  t h e  fol lowing values:  

The remaining elements o f  V7 a r e  una l te red .  

2. I f  i n s t r u c t i o n  147 is t o  be executed and t h e  fol lowing r e g i s t e r  
cond i t i ons  e x i s t :  

I n s t r u c t i o n  147123 is executed. Following execut ion ,  t he  f i r s t  four  
elements of  V 1  c o n t a i n  t h e  fo l lowing  values:  

The remaining elements o f  V 1  a r e  una l te red .  



INSTRUCTIONS 140 - 147 (continued) 

HOLD ISSUE CONDITIONS: Vk reserved as operand 

Vi reserved as operand or result 

Ins ruction 14x in process, unit busy (VL) + 4 
CPs ! 
Instruction 175 in process, unit busy (VL) + 4 
cpst 

For instructions 140, 142, 144, and 146, 6j 
reserved 

For instructions 141, 143, 145, and 147, vj 
reserved as operand 

EXECUTION TIME: 

SPECIAL CASES : 

Instruction issue, 1 CP 

Vj or Vk ready in (VL) + 3 CPs if data 
available t 

Vi ready in (VL) + 7 CPs if data availablet 

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

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



INSTRUCTIONS 150 - 1 5 1  

CAL Syntax D e s c r i p t i o n  O c t a l  Code 

V i  v j < ~ k  S h i f t  (vj)  e lements  l e f t  by ( ~ k )  p l a c e s  1 5 0 i  j k  
t o  V i  e l ements  

v i  V j < l t  S h i f t  ( V j )  e l ements  l e f t  one p l a c e  t o  15OijO 
V i  e l ements  

V i  v j > ~ k  S h i f t  ( V j )  e l ements  r i g h t  by (Ak) p l a c e s  l 5 l i  j k  
to V i  e l ements  

) V i  V p l t  S h i f t  ( V j )  e l ements  r i g h t  one p l a c e  t o  l 5 l i  j 0  1 
I V i  e l ements  I 
I n s t r u c t i o n s  150 and 1 5 1  a r e  execu ted  i n  t h e  Vector  S h i f t  f u n c t i o n a l  
u n i t .  The number of o p e r a t i o n s  performed is determined by t h e  c o n t e n t s  
of t h e  VL r e g i s t e r .  O p e r a t i o n s  s t a r t  w i t h  e lement  0 of t h e  v i  and v j  
r e g i s t e r s  and end w i t h  e l e m e n t s  s p e c i f i e d  by (VL)-1. 

A l l  s h i f t s  a r e  end o f f  w i t h  z e r o  f i l l .  The s h i f t  c o u n t  is o b t a i n e d  from 
(Ak) and a l l  24 b i t s  o f  Ak a r e  used f o r  t h e  s h i f t  coun t .  Elements o f  

V i  a r e  c l e a r e d  if t h e  s h i f t  c o u n t  exceeds  63. A l l  s h i f t  c o u n t s  (Ak) 
a r e  c o n s i d e r e d  p o s i t i v e .  

Unl ike  s h i f t  i n s t r u c t i o n s  052 through 055, t h e s e  i n s t r u c t i o n s  r e c e i v e  t h e  
s h i f t  c o u n t  from ~ k ,  r a t h e r  t h a n  t h e  j k  f i e l d s .  

HOLD ISSUE CONDITIONS: V j  r e s e r v e d  a s  operand 

vz r e s e r v e d  a s  operand or r e s u l t  

~k r e s e r v e d  ( e x c e p t  AO) 

I n s t r u c t i o n s  150 through 153  i n  p r o c e s s ,  u n i t  
busy (VL) + 4 c p s t t  

t S p e c i a l  CAL s y n t a x  
t t  Vector i n s t r u c t i o n s  may or may n o t  s t a r t  e x e c u t i o n  immediately;  

t h e y  e x e c u t e  a s  d a t a  becomes a v a i l a b l e .  I n  p a r t i c u l a r ,  a memory 
c o n f l i c t  t h a t  slows e x e c u t i o n  o f  some e l e m e n t s  o f  a v e c t o r  l o a d  c a n  
c a u s e  d e l a y s  i n  a l l  i n s t r u c t i o n s  i n  t h e  o p e r a t i o n  c h a i n  s t a r t i n g  w i t h  
t h a t  load .  



EXECUTION TIME : 

SPECIAL CASES: 

INSTRUCTIONS 150 - 151 
v j  ready in (VL) + 3 CPs if data availablet 

vi ready in (VL) + 8 CPs if data availablet 

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

f 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 152 - 1 5 3  

I CAL Syntax Descr i p t i o n  O c t a l  Code 

V i  V j , V j < ~ k  Double s h i f t s  o f  ( V j  e l ements )  l e f t  (Ak) 1 5 2 i  j k  
p l a c e s  to  V i  e l e m e n t s  

V i  V j , V j < l t  Double s h i f t s  of ( V j  e l ements )  l e f t  one  152i jO 
p l a c e  to  V i  e l ements  

v i  v j , v j > ~ k  Double s h i f t s  o f  ( V j  e l ements )  r i g h t  ( ~ k )  1 5 3 i j k  I p l a c e s  to  V i  e l ements  

V i  V j , V j > l f  Double s h i f t s  o f  ( V j  e l ements )  r i g h t  one 1 5 3 i  j 0  
p l a c e  to V i  e l ements  

I n s t r u c t i o n s  152 and 153 a r e  execu ted  i n  t h e  Vector S h i f t  f u n c t i o n a l  
u n i t .  The i n s t r u c t i o n s  s h i f t  128-b i t  v a l u e s  formed by l o g i c a l l y  j o i n i n g  
t h e  c o n t e n t s  o f  t w o  e l ements  o f  t h e  V j  r e g i s t e r .  The d i r e c t i o n  o f  t h e  
s h i f t  de te rmines  whether t h e  high-order b i t s  or t h e  low-order b i t s  of t h e  
r e s u l t  a r e  s e n t  t o  V i .  S h i f t  c o u n t s  a r e  o b t a i n e d  from r e g i s t e r  Ak. 

A l l  s h i f t s  a r e  end o f f  w i t h  z e r o  f i l l .  

The number o f  o p e r a t i o n s  is determined by t h e  c o n t e n t s  o f  t h e  VL r e g i s t e r .  

I n s t r u c t i o n  152  performs l e f t  s h i f t s .  The o p e r a t i o n  s t a r t s  w i t h  e lement  
0 o f  V j .  I f  (VL) is 1, element  0 is jo ined  w i t h  64 b i t s  o f  0,  and t h e  
r e s u l t i n g  128-b i t  q u a n t i t y  is t h e n  s h i f t e d  l e f t  by t h e  amount s p e c i f i e d  
by ( ~ k ) .  Only t h e  one  o p e r a t i o n  is performed. The 64 high-order  b i t s  
remaining a r e  t r a n s m i t t e d  to  element  0 of V i .  

If (VL) is 2, t h e  o p e r a t i o n  s t a r t s  w i t h  e lement  0 o f  v j  be ing  j o i n e d  
w i t h  e lement  1, and t h e  r e s u l t i n g  128-b i t  q u a n t i t y  is t h e n  s h i f t e d  l e f t  
by t h e  amount s p e c i f i e d  by ( ~ k ) .  The high-order  64 b i t s  remaining are 
t r a n s m i t t e d  to  e lement  0 o f  vi. F i g u r e  5-6 i l l u s t r a t e s  t h i s  o p e r a t i o n .  

I f  (VL) is g r e a t e r  t h a n  2, t h e  o p e r a t i o n  c o n t i n u e s  by j o i n i n g  e lement  1 
w i t h  e lement  2 and t r a n s m i t t i n g  t h e  64-bi t  r e s u l t  t o  e lement  1 of V i .  
F i g u r e  5-7 i l l u s t r a t e s  t h i s  o p e r a t i o n .  

I f  (VL) is 2, e lement  1 is  jo ined  w i t h  64 b i t s  o f  0 and o n l y  t w o  
o p e r a t i o n s  a r e  performed. I n  g e n e r a l ,  t h e  l a s t  e lement  of v j  a s  
determined by (VL) is jo ined  w i t h  64 b i t s  of z e r o s .  F i g u r e  5-8 
i l l u s t r a t e s  t h i s  o p e r a t i o n .  

t S p e c i a l  CAL s y n t a x  



INSTRUCTIONS 152 - 153 (continued) 

263 20 263 20 

(element 0) of vj I (element 1) of vj 
/A* 

00' 

- 
64-bit result to element 0 of Vi 

Figure 5-6. Vector left double shift, first element, 
VL greater than 1 

I (element 1) of ~j I (element 2 )  of ~j I 

.- 
64-bit result to element 1 of vi 

Figure 5-7. Vector left double shift, second element, 
VL greater than 2 

J f -  - ( A k )  

(element (vL)-~)~ of vj 

\ / 

64-bit result to element (vL)-~~ of Vj 

OOO.........O 

Figure 5-8. Vector left double shift, last element 

,// 04 / -  0) 0~~ 

t Elements are numbered 0 through 63 in the V registers; therefore, 
element (VL)-1 refers to the V L ~ ~  element. 



INSTRUCTIONS 152 - 153 (continued) 
If (Ak) is greater than or equal to 128, the result is all zeros. If 
(Ak) is greater than 64, the result register contains at least (Ak) - 64 

ZCTtrS. 

Examples : 

1. If instruction 152 is to be executed and the following register 
conditions exist: 

(VL) = 4  
(Al) = 3 
!V400! = 0 00000 0000 0000 0000 0007 
(V401) = 0 60000 0000 0000 0000 0005 
(V402) = 1 00000 0000 0000 0000 0006 
(V403) = 1 60000 0000 0000 0000 0007 

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

Instruction 153 performs right shifts. The original element 0 of 
~j is joined with 64 high-order bits of 0 and the 128-bit quantity 
is shifted right by the amount specified by (Ak). The 64 
low-order bits of the result are transmitted to element 0 of v;. 
Figure 5-9 illustrates this operation. 

I nnn UUU.........O I 
I (eiement O j of ~j I 

-. 
64-bit result to 
element 0 of V; 

Figure 5-9. Vector right double shift, first element 

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



INSTRUCTIONS 152 - 153 ( c o n t i n u e d )  

s p e c i f i e d  by ( A k ) ,  and t r a n s m i t t i n g  t h e  r e s u l t  t o  e lement  1 of 
V i .  T h i s  o p e r a t i o n  is shown i n  f i g u r e  5-10. 

I ( o r i g i n a l  e lement  0 )  o f  v j  1 (e lement  1) o f  v j  I 

6 4 - ( ~ k )  b i t s  64-b i t  r e s u l t  t o  
e lement  1 o f  v i  

F i g u r e  5-10. Vector r i g h t  doub le  s h i f t ,  second e lement ,  
VL g r e a t e r  t h a n  1 

The l a s t  o p e r a t i o n  performed by t h e  i n s t r u c t i o n  j o i n s  t h e  l a s t  
e l ement  o f  V j  a s  determined by (VL) w i t h  t h e  p reced ing  e lement ,  
F i g u r e  5-11 i l l u s t r a t e s  t h i s  o p e r a t i o n .  

r + 

o r i g i n a l  e lement  (VL) -2) o f  V j  (e lement  (vL)-1) o f  V j  

+'. 

64-b i t  r e s u l t  to  
e lement  (VL) -1 o f  V j  

F i g u r e  5-11. Vector r i g h t  doub le  s h i f t ,  l a s t  o p e r a t i o n  

2. I f  a n  i n s t r u c t i o n  153  is to  be  execu ted  and t h e  f o l l o w i n g  r e g i s t e r  
c o n d i t i o n s  e x i s t :  

t Elements  are numbered 0 through 63 i n  t h e  V r e g i s t e r s ;  t h e r e f o r e ,  
e lement  (VL) -1 r e f e r s  to t h e  vILth element .  



INSTRUCTIONS 152 - 153 (cont inued)  

(VL) = 4 
(A6) = 3 
!V700! = 0 00000 0000 QQOO 0000 0017 

(V201) = 0 60000 0000 0000 0000 0006 
(V202) = 1 00000 0000 0000 0000 0006 
(V203) = 1 60000 0000 0000 0000 0007 

I n s t r u c t i o n  153026 is  executed and fo l lowing  execu t ion ,  r e g i s t e r  VO 
c o n t a i n s  t h e  fo l lowing  va lues :  

The remaining e lements  o f  VO a r e  una l t e r ed .  

HOLD ISSUE CONDITIONS: ~j r e s e rved  a s  operand 

v i  rese rved  a s  operand o r  r e s u l t  

~k r e se rved  (excep t  AO) 

I n s t r u c t i o n s  150 through 153 i n  p roce s s ,  u n i t  
busy (VL) + 4 cpst  

EXECUTION TIME: 

SPECIAL CASES : 

I n s t r u c t i o n  i s s u e ,  1 CP 

~j ready i n  (VL) + 3 CPs i f  d a t a  a v a i l a b l e t  

For i n s t r u c t i o n  152, ~i ready i n  (VL) + 9 CPs 
i f  d a t a  a v a i l a b l e t  

I n s t r u c t i o n  153, ~i ready i n  (VL) + 8 CPs i f  
d a t a  a v a i l a b l e  t 

Unit  ready,  (VL) + 4 CPs i f  d a t a  a v a i l a b l e t  

t Vector i n s t r u c t i o n s  may o r  may n o t  s t a r t  execu t ion  immediately; t hey  
execu te  a s  d a t a  becomes a v a i l a b l e .  I n  p a r t i c u l a r ,  a  memory c o n f l i c t  
t h a t  slows execu t ion  o f  some elements  o f  a  v e c t o r  l o a d  can  cause  
d e l a y s  i n  a l l  i n s t r u c t i o n s  i n  t h e  o p e r a t i o n  c h a i n  s t a r t i n g  wi th  t h a t  
load.  



INSTRUCTIONS 154 - 157 

CAL Syntax Descr i p t i o n  Oc ta l  Code 

V i  ~ j + v k  In t ege r  sums o f  ( S j )  and (vk elements)  t o  1 5 4 i j k  
~i elements  

v i  vj+vk In t ege r  sums o f  ( v j  e lements)  and l 5 5 i  j k  
(Vk elements)  t o  V i  e lements  

v i  Sj-vk In t ege r  d i f f e r e n c e s  of  ( ~ j )  and (vk elements)  1 5 6 i j k  
to  V i  e lements  

V i  -vkt Transmit nega t ive  of  (Vk elements)  t o  ~i 156iOk 
elements 

~i vj-vk In t ege r  d i f f e r e n c e s  o f  ( v j  e lements)  and 157 i  j k  
(Vk elements)  t o  v i  e lements  

I n s t r u c t i o n s  154 through 157 a r e  executed i n  t h e  Vector Add f u n c t i o n a l  
u n i t .  

I n s t r u c t i o n s  154 and 155 perform in t ege r  add i t i on .  I n s t r u c t i o n s  156 and 
157 perform i n t e g e r  sub t r ac t i on .  The number of  a d d i t i o n s  o r  s u b t r a c t i o n s  
performed is determined by t h e  c o n t e n t s  o f  t h e  VL r e g i s t e r .  A l l  
o p e r a t i o n s  s t a r t  wi th  element 0 o f  t h e  V r e g i s t e r s  and increment t h e  
e lement  number by 1 f o r  each o p e r a t i o n  performed. A l l  r e s u l t s  a r e  
d e l i v e r e d  to elements  o f  vi .  No overf low is  de t ec t ed .  

I n s t r u c t i o n s  154 and 156 d e l i v e r  a copy of  ( ~ j )  t o  t h e  f u n c t i o n a l  u n i t  
where t h e  copy is r e t a i n e d  a s  one o f  t h e  operands u n t i l  t h e  vec to r  
o p e r a t i o n  completes. The o t h e r  operand is an  element of  Vk. For 
i n s t r u c t i o n s  155 and 157, both operands a r e  ob ta ined  from V r e g i s t e r s .  

HOLD ISSUE CONDITIONS: Vk reserved  a s  operand 

v i  reserved  a s  operand o r  r e s u l t  

I n s t r u c t i o n s  154 through 157 i n  p rocess ,  u n i t  
busy (vL) + 4 cpst  

For i n s t r u c t i o n s  154 and 156, S j  r e se rved  
(except  SO) 

For i n s t r u c t i o n s  155 and 157, v j  reserved  a s  
operand 

t S p e c i a l  CAL syn tax  



INSTRUCTIONS 154 - 157 (continued) 
EXECUTION TIME: Instruction issue, 1 CP 

v j  or vk ready in (vLj  + 3 CPs if data 
availablet 

V; ready in (VL) + 8 CPs if data availablet 

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

SPECIAL CASES: For instruction 154, if j-0, then (s~)=o and 
(v< element) = (W element). 

For instruction 156, if j = G ,  then ( ~ j j  =O and 
(vi element) = - (vk element). 

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



INSTRUCTIONS 160 - 167 

vi Sj*~vk Floating-point products of (Sj) and 
(Vk elements) to Vi elements 

vi V ~ * F V ~  Floating-point products of (Vj elements) 
and (Vk elements) to vi elements 

vi S ~ * H V ~  Half-precision rounded floating-point products 162ijk 
of (sj) and (Vk elements) to Vi elements 

vi V ~ * H V ~  Half-precision rounded floating-point products 163ijk 
of (Vj elements) and (Vk elements) to 
Vi elements 

vi S ~ * R V ~  Rounded floating-point products of (Sj) and 
(Vk elements) to Vi elements 

Vi vj*~vk Rounded floating-point products of 
(VJ' elements) and (Vk elements) to vi elements 

vi S ~ * I V ~  Reciprocal iterations; 2 - (Sj) * (Vk elements) 166ijk 
to Vi elements 

vi vj*~vk Reciprocal iterations; 2 - (vj elements) * 
(Vk elements) to Vi elements 

Instructions 160 through 167 are executed in the Floating-point Multiply 
functional unit. The number of operations performed by an instruction is 
determined by the contents of the VL register. All operations start with 
element 0 of the V registers and increment the element number by 1 for 
each successive operation. 

Operands are assumed to be in floating-point format. Instructions 160, 
162, 164, and 166 deliver a copy of (Sj) to the functional unit where 
the copy is retained as one of the operands until the completion of the 
operation. Therefore, Sj can be changed immediately without affecting 
the vector operation. The other operand is an element of ~ k .  For 
instructions 161, 163, 165, and 167, both operands are obtained from V 
registers. 

All results are delivered to elements of Vi. If either operand is not 
normalized, there is no guarantee that the products will be normalized. 
If neither operand is normalized, the product will not be normalized. 

Out-of-range conditions are described in section 4. 



INSTRUCTIONS 160 - 167 (continued) 

Instruction 160 forms the products of the floating-point quantity in 
Sj and the floating-point quantities in elements of ~k and enters 
the resuits into vi. 

Instruction 161 forms the products of the floating-point quantities in 
elements of VJ and vk and enters the results into ~ i .  

Instruction 162 forms the half-precision rounded products of the 
floating-point quantity in ~j and the floating-point quantities in 
elements of vk and enters the results into vie The low-order 19 
bits of the result elements are zeroed. 

I n s t r u c t i c n  163 forms the half=preciaion rounded praducta of the 
floating-point quantities in elements of ~j and ~k and enters the 
results into ~ i .  The low-order 19 bits of the result elements are 
zeroed. 

Instruction 164 forms the rounded products of the floating-point 
quantity in sj and the floating-point quantities in elements of Vk 
and enters the results into vie 

Instruction 165 forms the rounded products of the floating-point 
quantities in elements of ~j and vk and enters the results into vie 

Instruction 166 forms for each element, two minus the product of the 
floating-point quantity in sj and the floating-point quantity in 
elements of Vk. It then enters the results into ~ i .  See the 
description of instruction 067 for more details. 

Instruction 167 forms for each element pair, two minus the product of 
the floating-point quantities in elements of vj and ~k and enters 
the results into vi. See the description of instruction 067 for more 
details. 

HOLD ISSUE CONDITIONS: ~k reserved as operand 

vi reserved as operand or result 

Instruction 6x in process, unit busy 
(VL) + 4 CPs + 

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



INSTRUCTIONS 160 - 167 (continued) 
HOLD CONDITIONS: For instructions 160, 162, 164, and 166, S j  
(continued) reserved (except SO) 

For instructions 161, 163, 165, and 167, V j  
reserved as operand 

EXECUTION TIME: 

SPECIAL CASES: 

Instruction issue, 1 CP 

~j and vk ready in (VL) + 3 CPs if data 
availablet 

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

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

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



INSTRUCTIONS 170 - 173 

I CAL Syntax Description Octal Code 

vi S ~ + F V ~  Floating-point sums of (Sj) and 
(Vk elementsj to V< element 

Vi +FVkt Transmit normalized (Vk elements) to Vi i70i0k 
elements 

Vi vj+FVk Floating-point sums of (vj elements) and l7li jk 
I 
I (Vk elements) to Vi elements 

I vi ~ j - ~ v k  Floating-point differences of (~j) and 17 2i jk 
1 (Vk elements) to vi elements 

Vi -FVkt Transmit normalized negatives of 
(Vk elements) to Vi elements 

1 vi vj-FVk Floating-point differences of (vj elements) 173ijk 
and (Vk elements) to Vi elements 

Instructions 170 through 173 are executed in the Floating-point Add 
functional unit. Instructions 170 and 171 perform floating-point 
addition; instructions 172 and 173 perform floating-point subtraction. 
The number of additions or subtractions performed by an instruction is 
determined by contents of the VL register. All operations start with 
element 0 of the V registers and increment the element number by 1 for 
each operation performed. All results are delivered to Vi normalized 
and results are normalized even if the operands are not normalized. 

Instructions 170 and 172 deliver a copy of (~j) to the functional unit 
where it remains as one of the operands until the completion of the 
operation. The other operand is an element of Vk. For instructions 
171 and 173, both operands are obtained from V registers. Out-of-range 
conditions are described in section 4. 

HOLD ISSUE CONDITIONS: Vk reserved as operand 

vi reserved as operand or result 

f Special CAL syntax 



INSTRUCTIONS 170 - 173 (continued) 

HOLD ISSUE CONDITIONS: Instructions 170 hrough 173 in process, unit 
(continued) busy (VL) + 4 CPs f 

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

For instructions 171 and 173, vj reserved as 
operand 

EXECUTION TIME: 

SPECIAL CASES: 

Instruction issue, 1 CP 

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

vi ready in (VL) + 11 CPs if data availablet 

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

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



INSTRUCTION 17 4 

CAL Syntax Descr ip t ion  Oc ta l  Code 

V i  / H V j  F loa t ing-poin t  r e c i p r o c a l  approximation of  
( V j  e lements)  t o  vz elements  

I n s t r u c t i o n  174 is executed i n  t h e  Rec iproca l  Approximation f u n c t i o n a l  
u n i t .  The i n s t r u c t i o n  forms an  approximate va lue  of t h e  r e c i p r o c a l  o f  
t h e  normalized f l oa t i ng -po in t  q u a n t i t y  i n  each element o f  V j  and e n t e r s  
t h e  r e s u l t  i n t o  e lements  o f  V i .  The number of  e lements  f o r  which 
appr~ximations are fcund is determined by the contents of the 'vrL reg is te r .  

I n s t r u c t i o n  174 occurs  i n  t h e  d i v i d e  sequence t o  compute t h e  q u o t i e n t s  o f  
f l oa t i ng -po in t  q u a n t i t i e s  a s  descr ibed  i n  s e c t i o n  4 under f l oa t i ng -po in t  
a r i t hme t i c .  

The r e c i p r o c a l  approximation i n s t r u c t i o n  produces r e s u l t s  o f  30 
s i g n i f i c a n t  b i t s .  The low-order 18  b i t s  a r e  zeros .  The number o f  
s i g n i f i c a n t  b i t s  can be extended t o  48 using t h e  r e c i p r o c a l  i t e r a t i o n  
i n s t r u c t i o n  and a mul t ip ly .  

HOLD ISSUE CONDITIONS: v i  reserved  a s  operand o r  r e s u l t  

~ 3 '  rese rved  a s  operand 

I n s t r u c t i o n  174 i n  p rocess ,  u n i t  busy f o r  
(VL) + 4 cps t  

EXECUTION TIME: 

SPECIAL CASES: 

I n s t r u c t i o n  i s s u e ,  1 CP 

V j  ready i n  (VL) + 3 CPs i f  d a t a  a v a i l a b l e t  

V i  ready i n  (VL) + 19 CPs i f  d a t a  
a v a i l a b l e t  

Uni t  ready, (VL) + 4 CPs i f  d a t a  a v a i l a b l e t  

( V i  element) is meaningless i f  ( V j  element) 
is no t  normalized; t h e  u n i t  assumes t h a t  b i t  
247 of  ( v j  e lement)  is 1; no tes t  of t h i s  
b i t  is made. 

t Vector i n s t r u c t i o n s  may o r  may no t  s t a r t  execu t ion  immediately; they 
execute  a s  d a t a  becomes a v a i l a b l e .  I n  p a r t i c u l a r ,  a memory c o n f l i c t  
t h a t  slows execut ion  o f  some elements  o f  a vec to r  load  can  cause  
de l ays  i n  a l l  i n s t r u c t i o n s  i n  t h e  ope ra t i on  cha in  s t a r t i n g  wi th  t h a t  
load.  



INSTRUCTIONS 1 7 4 i j l  - 1 7 4 i j 2  

f 

CAI; Syntax D e s c r i p t i o n  O c t a l  Code 
1 

v i  P V ~  P o p u l a t i o n  c o u n t  o f  ( v j  e lements )  to  V i  1 7 4 i j l  
e l e m e n t s  

v i  Q V ~  P o p u l a t i o n  c o u n t  p a r i t y  of ( v j  e lements )  t o  1 7 4 i j 2  
v i  e lements  

I n s t r u c t i o n s  1 7 4 i j l  and 1 7 4 i j 2  a r e  execu ted  i n  t h e  Vector 
P o p u l a t i o n / P a r i t y  f u n c t i o n a l  u n i t ,  s h a r i n g  some l o g i c  w i t h  t h e  R e c i p r o c a l  
Approximation f u n c t i o n a l  u n i t .  

I n s t r u c t i o n  1 7 4 i j l  c o u n t s  t h e  number o f  b i t s  set t o  1 i n  each  e lement  
o f  V j  and e n t e r s  t h e  r e s u l t s  i n t o  cor respond ing  e lements  o f  V i .  The 
r e s u l t s  a r e  e n t e r e d  i n t o  t h e  low-order 7 b i t s  o f  each  V i  e lement ;  t h e  
remaining high-order b i t s  o f  each  v i  e lement  a r e  zeroed.  

I n s t r u c t i o n  1 7 4 i j 2  c o u n t s  t h e  number o f  b i t s  set  t o  1 i n  each  e lement  
o f  ~ j .  The l e a s t  s i g n i f i c a n t  b i t  o f  each  e lement  r e s u l t  shows whether 
t h e  r e s u l t  is an odd or even number. Only t h e  l e a s t  s i g n i f i c a n t  b i t  o f  
e a c h  e lement  is t r a n s f e r r e d  to  t h e  l e a s t  s i g n i f i c a n t  b i t  p o s i t i o n  of t h e  
cor respond ing  e lement  o f  r e g i s t e r  V i .  The remainder o f  t h e  e lement  is 
set  t o  z e r o s ,  The a c t u a l  p o p u l a t i o n  c o u n t  r e s u l t s  a r e  n o t  t r a n s f e r r e d .  

HOLD ISSUE CONDITIONS: ~i r e s e r v e d  as operand or r e s u l t  

~j r e s e r v e d  a s  operand 

I n s t r u c t i o n s  1 7 4 ~ x 1  and 1 7 4 ~ x 2  i n  p r o c e s s ,  
u n i t  busy f o r  (VL) + 4 c p s t  

I n s t r u c t i o n  1 7 4 ~ x 0  i n  p r o c e s s ,  u n i t  busy f o r  
(VL) + 9 C P S ~  

I n s t r u c t i o n  070 i n  p r o c e s s ,  u n i t  busy (070 i s s u e  
time) + 7 CPS+ 

t Vector i n s t r u c t i o n s  may or may n o t  s t a r t  e x e c u t i o n  immediately;  t h e y  
e x e c u t e  as d a t a  becomes a v a i l a b l e .  I n  p a r t i c u l a r ,  a  memory c o n f l i c t  
t h a t  s lows  e x e c u t i o n  o f  some e l e m e n t s  o f  a v e c t o r  l o a d  c a n  c a u s e  
d e l a y s  i n  a l l  i n s t r u c t i o n s  i n  t h e  o p e r a t i o n  c h a i n  s t a r t i n g  w i t h  t h a t  
load .  



INSTRUCTIONS 174ijl - 174ij2 (continued) 
EXECUTION TIME: Instruction issue, 1 CP 

T J ~  ready in I T 7 T  \ + 3 CPs if data available 
\ " U J  

t 

V; ready in (VL) + 10 CPs if data availablef 

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

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



INSTRUCTION 175  

CAL Syntax Descr i p t i o n  O c t a l  Code 
I 

VM V j , Z  VM=l when ( V j  element)=O 1750 j 0  

VM v j , ~  VM=1 when ( V j  element)#O 1 7 5 0 j l  

VM V ~ , P  VM=l  when ( V j  e lement)  p o s i t i v e ,  1750 j 2  
( b i t  2 6 3 = ~ )  , i n c l u d e s  ( v j  e lement)  =0 

VM V ~ , M  VM=1 when ( V j  e l ement )  n e g a t i v e ,  1750 j 3  
( b i t  2j3=l) 

Vector mask i n s t r u c t i o n  175  is execu ted  i n  t h e  Vector Logica l  f u n c t i o n a l  
u n i t .  

I n s t r u c t i o n  1750jk c r e a t e s  a v e c t o r  mask i n  VM based on t h e  r e s u l t s  o f  
t e s t i n g  t h e  c o n t e n t s  o f  t h e  e lements  o f  r e g i s t e r  V j .  Each b i t  of  VM 
c o r r e s p o n d s  to  an e lement  o f  V j .  B i t  z63 c o r r e s p o n d s  to  element  0;  
b i t  2O cor responds  to  element  63. 

The t y p e  o f  test  made by t h e  i n s t r u c t i o n  depends o n  t h e  low-order 2 b i t s  
o f  t h e  k d e s i g n a t o r .  The high-order b i t  o f  t h e  k d e s i g n a t o r  is n o t  
i n t e r p r e t e d .  

I f  t h e  k d e s i g n a t o r  is  0,  t h e  VM b i t  is set to  1 when ( V j  e lement)  is  
0 and is set  to  0 when ( V j  e l ement )  is nonzero. 

I f  t h e  k d e s i g n a t o r  i s  1, t h e  VM b i t  is se t  t o  1 when ( ~ 3  element)  i s  
nonzero and is set to  0 when ( V j  e lement)  is 0. 

I f  t h e  k d e s i g n a t o r  is 2, t h e  VM b i t  is se t  t o  1 when (v j  e lement)  i s  
p o s i t i v e  and is set t o  0 when ( V j  e lement)  is n e g a t i v e .  A z e r o  v a l u e  
is c o n s i d e r e d  p o s i t i v e .  

I f  t h e  k d e s i g n a t o r  is 3, t h e  VM b i t  is set to  1 when ( v j  e lement)  is 
n e g a t i v e  and is set to  0 when ( V j  e l ement )  is p o s i t i v e .  A z e r o  v a l u e  
is c o n s i d e r e d  p o s i t i v e .  

The number o f  e lements  t e s t e d  is determined by t h e  c o n t e n t s  o f  t h e  VL 
r e g i s t e r .  VM b i t s  cor responding  t o  u n t e s t e d  e lements  o f  v j  a r e  zeroed.  

Vector mask i n s t r u c t i o n  1 7 5  p r o v i d e s  a v e c t o r  c o u n t e r p a r t  t o  t h e  s c a l a r  
c o n d i t i o n a l  branch i n s t r u c t i o n s .  



INSTRUCTION 175 (continued) 

HOLD ISSUE CONDITIONS: Vj reserved as operand 

Instructicn 142 in precess, unit busy 
(VL) + 4 cpst 

Instruction 175 in process, unit busy 
(VL) + 4 CPs t 

EXECUTION TIME: 

SPECIAL CASES: 

Instruction issue, 1 CP 

Vj ready, (VL) + 3 CPs if data availablet 

Except for i n s t r u c t i o n  0?3, f.?! ready (VL) + 4 CPs 
if data availablet 

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

k=O or 4, VM bit xx=l if (Vj element xx)=O. 

k=l or 5, VM bit xx=l if (Vj element xx)#O. 

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

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

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



INSTRUCTIONS 176 - 177 

CAL Syntax Descr i p t i o n  O c t a l  Code 
L I 

V i  , ~ 0 , A k  Transmit  (VL) words from memory to  v i  e lements  176i0k 
s t a r t i n g  a t  memory a d d r e s s  (AO) and 
increment ing by ( ~ k )  f o r  s u c c e s s i v e  a d d r e s s e s  

V i  , ~ 0 , l '  Transmit  (VL) words from memory t o  V i  176iOO 
e lements  s t a r t i n g  a t  memory a d d r e s s  (AO) 
and increment ing by 1 f o r  s u c c e s s i v e  a d d r e s s e s  

,AO,Ak v j  Transmit  (VL) words from v j  e lements  t o  memory 1770jk 
s t a r t i n g  a t  memory a d d r e s s  (AO) and 
increment ing by ( ~ k )  f o r  s u c c e s s i v e  a d d r e s s e s  

,A0,1 vj t  Transmit  (VL) words from V$ e lements  to 177030 
memory s t a r t i n g  a t  memory a d d r e s s  (AO) and 
increment ing by 1 f o r  s u c c e s s i v e  a d d r e s s e s  

i 

I n s t r u c t i o n s  176 and 177 t r a n s f e r  b l o c k s  of d a t a  between V r e g i s t e r s  and 
memor y . 
I n s t r u c t i o n  176 t r a n s f e r s  d a t a  from memory to  e lements  o f  r e g i s t e r  V i .  

I n s t r u c t i o n  177 t r a n s f e r s  d a t a  from e lements  o f  r e g i s t e r  V i  t o  memory. 

R e g i s t e r  e lements  beg in  w i t h  0 and a r e  incremented by 1 f o r  each 
t r a n s f e r .  Memory a d d r e s s e s  beg in  wi th  (AO) and a r e  incremented by t h e  
c o n t e n t s  of  Ak. Ak c o n t a i n s  a s i g n e d  22-bi t  i n t e g e r  which is  added 
t o  t h e  a d d r e s s  o f  t h e  c u r r e n t  word to  o b t a i n  t h e  a d d r e s s  o f  the n e x t  
word. The 2 high-order b i t s  o f  ( ~ k )  a r e  ignored.  ~k c a n  s p e c i f y  
e i t h e r  a p o s i t i v e  or n e g a t i v e  increment  a l lowing  bo th  forward and 
backward s t r e a m s  o f  r e f e r e n c e .  

The number o f  words t r a n s f e r r e d  is determined by t h e  c o n t e n t s  o f  t h e  VL 
r e g i s t e r .  

HOLD ISSUE CONDITIONS: For i n s t r u c t i o n  176 i f  P o r t s  A and B busy 

For i n s t r u c t i o n  177 i f  P o r t  C busy 

A0 r e s e r v e d  

Ak r e s e r v e d  where k = l  through 7 

f S p e c i a l  CAL syn tax  



INSTRUCTIONS 176 - 177 ( c o n t i n u e d )  

HOLD ISSUE CONDITIONS: S c a l a r  r e f e r e n c e  i n  CP1, CP2, o r  CP3 
(con t inued)  

For f n s t r u c t f o n  176,  V r e g i s t e r  z r e s e r v e d  a s  
operand or r e s u l t  

For i n s t r u c t i o n  177,  V r e g i s t e r  j r e s e r v e d  a s  
operand 

I f  n o t  b i d i r e c t i o n a l  memory mode, t h e n  
i n s t r u c t i o n  176 h o l d s  on P o r t  C busy and 
i n s t r u c t i o n  177 h o l d s  on P o r t  A or B busy. 

EXECUTION TIME: 

SPECIAL CASES: 

For i n s t r u c t i o n  176: 
I n s t r u c t i o n  i s s u e ,  1 CP 
v i  ready ,  (VL) + 1 7  CPs if memory is a v a i l a b l e  
P o r t  A o r  B busy, (VL) + 5 CPs 

For i n s t r u c t i o n  177: 
I n s t r u c t i o n  i s s u e ,  1 CP 
v j  ready ,  (VL) +3 CPs if d a t a  i s  a v a i l a b l e  
P o r t  C busy,  (VL) + 6 CPs 

Increment  (AO) =1 i f  k=O. 

I n s t r u c t i o n  176 u s e s  P o r t  B. I f  P o r t  B is  busy 
a t  i s s u e  time, i n s t r u c t i o n  176 u s e s  P o r t  A. 
I n s t r u c t i o n  177 used P o r t  C. 

( ~ k )  d e t e r m i n e s  t h e  memory increment .  
S u c c e s s i v e  a d d r e s s e s  a r e  l o c a t e d  i n  s u c c e s s i v e  
banks. Refe rences  to  t h e  same bank can  be  made 
e v e r y  4 CPs or more. Increment ing ( ~ k )  by 32 
places successive memory references in the same 
bank, so a word is t r a n s f e r r e d  e v e r y  4 CPs or 
more. If t h e  a d d r e s s  is incremented by 16 ,  e v e r y  
o t h e r  r e f e r e n c e  is to  t h e  same bank, and words 
c a n  t r a n s f e r  no f a s t e r  t h a n  one  e v e r y  2 CPs. 
With any a d d r e s s  inc rement ing  t h a t  a l l o w s  4 CPs 
b e f o r e  a d d r e s s i n g  t h e  same bank, t h e  words c a n  
t r a n s f e r  each CP. 

Memory c o n f l i c t  c a n  slow l o a d i n g  or s t o r i n g  of  
i n d i v i d u a l  v e c t o r  e lements .  The e lements  a r e  
loaded  or s t o r e d  i n  o r d e r ,  so any d e l a y  f o r  any 
e lement  d e l a y s  a l l  succeed ing  e lements .  

For i n s t r u c t i o n  176,  i f  t h e r e  is a n  i n s t r u c t i o n  
u s i n g  i t s  d e s t i n a t i o n  r e g i s t e r  a s  a s o u r c e ,  t h e  
e x e c u t i o n  o f  t h a t  i n s t r u c t i o n  is de layed  whenever 
t h e r e  is a d e l a y  i n  i n s t r u c t i o n  176 r e s u l t s .  



APPENDIX SECTION 



INSTRUCTION SUMMARY 

CRAY - 1 CAL - 
000000 ERR 

t tOOl0 j k  C A , A j  ~k  

XA A j  
RT ~j 
I P  1 
I P  0  
CLN 0  
CLN 1 
CLN 2 
CLN 3 
XI s j  
CC I 
ECI 
D C I  
VL Ak 
VL 1 
EFI 

DFI 

ERI 

PAGE UNIT - - DESCRIPTION 

5-7 - E r r o r  e x i t  
5- 8 - S e t  t h e  c h a n n e l  (A j) 

c u r r e n t  a d d r e s s  t o  (Ak) and 
b e g i n  t h e  1/0 s e q u e n c e  

5-8 - S e t  t h e  c h a n n e l  ( ~ 3 )  limit 
a d d r e s s  t o  (Ak) 

5-8 - Clear c h a n n e l  (A$) 
i n t e r r u p t  f l a g ;  c l e a r  d e v i c e  
master-clear ( o u t p u t  c h a n n e l )  . 

5- 8  - C l e a r  c h a n n e l  ( A j )  
i n t e r r u p t  f l a g ;  set d e v i c e  
master-clear ( o u t p u t  
c h a n n e l )  ; clear d e v i c e  
ready-held  ( i n p u t  c h a n n e l ) .  
E n t e r  XA r e g i s t e r  w i t h  ( A j )  
E n t e r  RTC r e g i s t e r  w i t h  ( S j )  
S e t  i n t e r p r o c e s s o r  i n t e r r u p t  
Clear i n t e r p r o c e s s o r  i n t e r r u p t  
E n t e r  CLN r e g i s t e r  w i t h  0  
E n t e r  CLN r e g i s t e r  w i t h  1 
E n t e r  CLN r e g i s t e r  w i t h  2 
E n t e r  CLN r e g i s t e r  w i t h  3 
E n t e r  I1 r e g i s t e r  w i t h  (S j )  
Clear PC1 r e q u e s t  
Enab le  PC1 r e q u e s t  
Disable PC1 r e q u e s t  
T r a n s m i t  (Ak) to VL r e g i s t e r  
T r a n s m i t  1 t o  VL r e g i s t e r  
E n a b l e  i n t e r r u p t  o n  
f l o a t i n g - p o i n t  error 
D i s a b l e  i n t e r r u p t  o n  
f l o a t i n g - p o i n t  error 
E n a b l e  o p e r a n d  r a n g e  
i n t e r r u p t s  

t S p e c i a l  s y n t a x  form 
t t  P r i v i l e g e d  t o  mon i to r  mode 



CRAY-1 - CAL PAGE - UNIT - DESCRIPTION 

- Disable operand range 
interrupts - Disable bidirectional memory 

002400 DRI 

002500 DBM 
transfers - Enable bidirectional memory 
transfers - Complete memory references 

- Transmit ( ~ j )  to VM 
register - Clear VM register 

- Test t set semaphore jk in 
SM - Clear semaphore jk in SM 

- Set semaphore jk in SM - Normal exit 
- Jump to (Bjk) 
- Jump to exp 
- Return jump to exp; set 

BOO to Pa 
- Branch to exp if (AO) =0 
- Branch to exp if (A0)fO 
- Branch to exp if (AO) 

positive; 0 is positive. - Branch to exp if (AO) 
negative 

- Branch to exp if (SO)=O 
- Branch to exp if (S0)fO 
- Branch to exp if (SO) 

positive; 0 is positive. - Branch to exp if (SO) 
negative 

- Transmit exp=jkm to Ai 
- Transmit exp=ones 

complement of jkm to Ai - Transmit exp=jk to A< 
- Transmit (S j) to Ai 
- Transmit (VL) to Ai 
- Transmit (~jk) to Ai 
- Transmit (Ai) to Bjk 

Pop/LZ Population count of (Sj) 
to Ai 

Pop/LZ Population count parity of 
(Sj) to Ai - Transmit (sB~) to Ai 

Pop/LZ Leading zero count of (Sj) 

002600 EBM 

002700 CMR 
0030j0 VM sj 

0036jk SMjk 0 
0037jk sMjk 1 
004000 EX 
0050jk J Bjk 
006ijkm J exp 
007ijkm R exp 

OlOijkm JAZ exp 
ollijkm JAN exp 
012ijkm JAP exp 

013ijkm JAM exp 

014ijkm Jsz exp 
015ijkm JSN exp 
016ijkm JSP exp 

017ijkm JSM exp 

020ijkm Ai exp 
02lijkm A< exp 

022i jk Ai exp 
023ij0 Ai ~j 
023i01 Ai VL 
024i jk Ai Bjk 
025i jk Bjk Ai 
026ij0 Ai P S ~  

t Special syntax form 



CRAY-1 CAL - PAGE - UNIT - DESCRIPTION 

Transmit (Ai) to SBj 
Integer sum of (Aj) and 
1n7,\ L- nd* 
t m n )  LU n(r 

Transmit (Ak) to Ai 
Integer sum of (~j) and 1 
to Ai 
Integer difference of (Aj) 
less (Ak) to Ai 
Transmit -1 to Ai 

- 
A Int Add 

A Int Add 
A Int Add 

A Int Add 

A Int Add 
A Int Add Transmit the negative 

of (Ak) to Ai 
Integer difference of (Aj) 
less 1 to ~i 
Integer product of (A j) 
and ( ~ k )  to Ai 
Channel number to Ai (j=O) 
Address of channel (Aj) to 
Ai (j#O; k=O) 
Error flag of channel (Aj) 
to Ai (jfo; k=l) 
Read (Ai) words to B 
register jk from (AO) 
Read (Ai) words to B 
register jk from (AO) 
Store (Ai) words at B 
register jk to (AO) 
Store (Ai) words at B 

A Int Add 

A Int Mult 

Memory 

Memory 

Memory 

Memory 

Memory 

Memory 

Memory 

register jk to (AO) 
Read (Ai) words to T 
register jk from (AO) 
Read (Ai) words to T 
register jk from (AO) 
Store (Ai) words at T 
register jk to (AO) 
Store (A;) words at T 
register jk to (AO) 
Transmit jkm to S< 

Memory 

040ijkm si exp 
04lijkm si exp Transmit expones 

complement of jkm to ~i 
Form ones mask exp bits in ~i 
from the right; jk field gets 
64-exp. 
Form zeros mask exp bits in Si 
from the left; jk field gets 
64-exp. 
Enter 1 into ~i 

S Logical 

S Logical 

S Logical 

t Special syntax form 



CRAY - 1 CAL - PAGE - 
5-40 
5-40 

5-40 

5-40 
5-41 

5-41 
5-41 

5-41 

5-41 

5-41 

5-41 

5-41 

5-41 

5-41 

5-41 

5-41 

5-41 

5-41 

5-41 

5-41 

5-41 
5-41 

UNIT - 
S Logica l  
S Logica l  

S Logica l  

S Logica l  
S Logica l  

S Logica l  
S Logica l  

S Logica l  

S Logica l  

S Logica l  

S Logica l  

S Logica l  

S Logica l  

S Logica l  

S Logica l  

S Logica l  

S Logica l  

S Logica l  

S Logica l  

S Logica l  

S Logica l  
S Logica l  

DESCRIPTION 
- -- 

Enter  -1 i n t o  S i  
Form ones mask ezp b i t s  i n  
s i  from t h e  l e f t ;  j k  f i e l d  
g e t s  exp. 
Form ze ros  m a s k  exp b i t s  

i n  s i  from t h e  r i g h t ;  j k  
f i e l d  g e t s  64-exp. 
Clear S i  
Logica l  product  of ( S j )  
and (Sk) to S i  
Sign b i t  o f  ( S j )  t o  S i  
Sign b i t  o f  (S j )  t o  S i  

( i f 0  
Logica l  product  o f  (S j) 
and ones complement o f  
( sk)  t o  s i  
( ~ j )  wi th  s i g n  b i t  c l e a r e d  
t o  s i  
Logica l  d i f f e r e n c e  o f  ( S j )  
and (Sk) to S i  
Toggle s i g n  b i t  o f  s j, 
then  e n t e r  i n t o  s i  
Toggle s i g n  b i t  o f  S j ,  
then  e n t e r  i n t o  S i  (j#O) 
Logica l  equivalence of  
(Sk) and ( s j )  t o  S i  
Transmit ones  complement 
of  ( sk )  t o  s i  
Logica l  equivalence of  
(S j) and s i g n  b i t  to  S i  
Logica l  equivalence of  
( S j )  and s i g n  b i t  t o  S i  
( j # O )  

En te r  ones  complement o f  
s i g n  b i t  i n t o  S i  
Logica l  product  o f  ( S i )  
and (Sk) complement ORed 
wi th  l o g i c a l  product  o f  
( S j )  and ( sk)  to  ~i 
Sca l a r  merge o f  ( S i )  and 
s i g n  b i t  o f  ( S j )  to S i  
Logica l  sum o f  ( S j )  and 
(Sk) to  ~i 
Transmit (Sk) to  S i  
Logica l  sum o f  ( S j )  and 
s i g n  b i t  t o  S i  

f S p e c i a l  syn tax  form 



CAL - PAGE UNIT - DESCRIPTION 

Logical sum of (~j) and 
sign bit to ~i ($0) 
Enter sign bit into Si 
Shift (Si) left e x p  jk 
places to SO 
Shift (Si) right 
exp64-jk places to SO 
Shift (~i) left exp= jk 
places 
Shift (Si) right 
exp=64-jk places 
Shift ( ~ i  and Sj) lei t 
( ~ k )  places to ~i 
Shift (s; and Sj) lei t 
one place to S< 
Shift (Si) left (Ak) 
places to Si 
Shift ( ~ j  and ~ i )  right 
(Ak) places to Si 
Shift ( ~ j  and ~ i )  right 
one place to ~i 
Shift (~i) right (Ak) 
places to Si 
Integer sum of (Sj) and 
(Sk) to ~i 
Integer difference of (Sj) 
and (Sk) to ~i 
Transmit negative of (Sk) 
to ~i 
Floating-point sum of (S j) 
and (sk) to ~i 
Normalize ( ~ k )  to S< 
Floating-point difference 
of (Sj) and (Sk) to Si 
Transmit normalized negative 
of ( ~ k )  to Si 
Floating-point product of 
(sj) and ( ~ k )  to Si 
Half-precision rounded 
floating-point product of 
(sj) and (~k) to ~i 
Full-precision rounded 
floating-point product of 
(sj) and ( ~ k )  to Si 

S Logical 

r.nffica1 

S Shift 

S Shift 

S Shift 

S Shift 

S Shift 

S Shift 

S Shift 

S Shift 

S Shift 

S Shift 

S Int Add 

S Int Add 

S Int Add 

Fp Add 

Fp Add 
Fp Add 

Fp Add 

Fp Mult 

Fp Mult 

Fp Mult 

t Special syntax form 

HR-0032 



CRAY-1 - CAL PAGE - UNIT - DESCRIPTION 

Fp Mult 

Fp Rcpl 

2-floating-point product of 
(Sj) and (Sk) to Si 
Floating-point reciprocal 
approximation of (Sj) to Si 
Transmit (Ak) to Si with 
no sign extension 
Transmit (Ak) to Si with 
sign extension 
Transmit (Ak) to Si as 
unnormalized floating-point 
number 
Transmit constant 0.75*2**48 
to si 
Transmit constant 0.5 to ~i 
Transmit constant 1.0 to Si 
Transmit constant 2.0 to Si 
Transmit constant 4.0 to Si 
Transmit (RTC) to Si 
Transmit (SM) to ~i 
Transmit   ST^) to S; 
Transmit (VM) to Si 
Transmit (sR~) to Si (j=O) 
Transmit (Si) to SM 
Transmit (~i) to  ST^ 
Transmit (~jk) to Si 
Transmit (Si) to ~ j k  
Transmit (vj, element 
(Ak) ) to Si 
Transmit (sj) to vi 
element (Ak) 
Clear vi element (Ak) 
Read from ( (Ah) +exp) to 
Ai (AO=O) 
Read from (exp) to Ai 
Read from (exp) to A< 
Read from (Ah) to Ai 
Store (Ai) to (Ah) +exp 
(AO=O) 
Store (Ai) to exp 
Store (Ai) to exp 
Store (Ai) to (Ah) 
Read from ( (Ah) +exp) to 
Si (AO=O) 

- 
Memory 

tl00ijkm Ai exp,O 
tl00ijkm Ai exp, 
t10hi00 0 Ai ,Ah 
llhijkm exp,~h Ai 

Memory 
Memory 
Memory 
Memory 

tll~ijkm exp,O Ai 
tll~ijkm exp, A$ 
t1lhi00 0 ,Ah Ai 
12hijkm si exp,Ah 

Memory 
Memory 
Memory 
Memory 

- - 

t Special syntax form 



CRAY - 1 CAL - PAGE - UNIT - DESCRIPTION 

t l 2 0 i j k m  
t 1 2 0 i  jkm 
.iizhiGo 0 
13hi j k m  

tl30ijkm 
t l30i  jkm 
t13hi00 o 

l 4 0 i j k  

Si  exp,O 
si exp, 
si ,ah 
e x p , ~ h  si 
exp,0 ~i 
exp, s i  
, ~ h  ~i 
v i  ~ j c v k  

Read from exp t o  ~i 
Read from exp t o  ~i 
Read from ( ~ h j  to ~i 
Store (Si) t o  (Ah) +exp (AO=O) 
Store ( ~ i )  to  exp 
Store (Si) t o  exp 
Store ( ~ i )  t o  ( ~ h )  
Logical products of (Sj) 
and (vk) to  ~i 
Logical products of ( ~ j )  
and (vk) to  ~i 
Logical sums of ( ~ j )  and 
(vk) tc ~i 
Transmit (Vk) t o  ~i 
Logical sums  of (vj)  and 
(vk) t o  ~i 
Logical differences of 
(sj) and (Vk) t o  V< 
Logical differences of 
(vj)  and (Vk) t o  v i  
Clear ~i 
Transmit (Sj) i f  VM b i t= l ;  
(vk)  i f  VM bit=O t o  ~ i .  
Vector merge of (vk) and 
0 to  v i  
Transmit ( ~ j )  i f  VM b i t= l ;  
(vk)  if  VM bit=O t o  ~ i .  
Shif t  ( ~ j )  l e f t  (Ak) 
places t o  ~i 
Shif t  ( ~ j )  l e f t  one place 
t o  ~i 
Shif t  ( ~ j )  right  (Ak) 
places to  v i  
Shif t  ( ~ j )  right one place 
to  ~i 
Double s h i f t  (vj)  l e f t  
(Ak) places t o  ~i 
Double s h i f t  ( ~ j )  l e f t  one 
place t o  V< 

Double s h i f t  ( ~ j )  right  
(Ak) places t o  V$ 
Double Shif t  ( ~ j )  right  
one place t o  ~i 

Memory 
Memory 
Xemory 
Memory 
Memory 
Memory 
Memory 
V Logical 

V Logical 

V Logical 

V Logical 
V Logical 

V Logical 

V Logical 

V Logical 
V Logical 

V Logical 

V Logical 

V Shif t  

V Shift  

V Shif t  

V Shif t  

V Shif t  

V Shif t  

V Shif t  

V Shif t  

t Special syntax form 



CAL - 
v i  sj+vk 

v i  vj+vk 

v i  sj-vk 

PAGE - 
5-72 

5-72 

5-72 

UNIT - 
V Int Add 

V Int Add 

V Int Add 

DESCRIPTION 

Integer sums of ( ~ j )  and 
(Vk) to v i  
Integer sums of (vj)  and 
(Vk)  to v i  
Integer differences of 
(sj) and (Vk)  to v i  
Transmit negative of (Vk)  
to v i  
Integer differences of 
(v j )  and (Vk) to ~i 
Floating-point products of 
(sj) and (Vk) to ~i 
Floating-point products of 
(v j )  and (Vk) to v i  
Half-precision rounded 
floating-point products of 
(sj) and (Vk) to v i  
Half-precision rounded 
floating-point products of 
( V j )  and (Vk) to v i  
Rounded floating-point 
products of ( ~ j )  and 
(vk) to v i  
Rounded floating-point 
products of (vj)  and 
(vk) to v i  
2-floating-point products of 
( S j )  and (Vk) to v i  
2-floating-point products of 
( V j )  and (Vk) to v i  
Floating-point sums of 
(S j )  and (Vk) to v i  
Normalize (Vk) to v i  
Floating-point sums of (v j )  
and (Vk) to v i  
Floating-point differences 
of ( ~ j )  and (Vk) to v i  
Transmit normalized 
negatives of (vk) to v i  
Floating-point differences 
of (v j )  and (Vk) to ~i 
Floating-point reciprocal 
approximations of (v j )  to v i  

V Int Add 

V Int Add 

Fp Mult 

Fp Mult 

Fp Mult 

Fp Mult 

Fp Mult 

Fp Mult 

Fp Mult 

Fp Mult 

Fp Add 

Fp Add 
Fp Add 

Fp Add 

Fp Add 

Fp Add 

Fp Rcpl 

t Special syntax form 

HR-0032 



CAL - 
vi P V ~  

PAGE - 
5-80 

UNIT - DESCRIPTION 

Population counts of ( ~ j )  
to vi 
Population count parities of 
(Vj) to vi 

VM=1 where (v& = O  
VM=1 where (vj)#O 
VM=1 if (vj) positive; 0 
is positive. 
VM=1 if (vj) negative 
Read (VL) words to vi 
from (AO) incremented by ( ~ k )  
Read (VL) words to vi from 
(AO) incremented by 1 
Store (VL) words from vj 
to (AO) incremented by ( ~ k )  
Store (VL) words from vj 
to (AO) incremented by 1 

v Pop 

v Pop 

V Logical 
V Logical 
V Logical 

V Logical 
Memory 

Memory 

Memory 

Memory 

t Special syntax form 



6 MBYTES PER SECOND 
CHANNEL DESCRIPTIONS 

INTRODUCTION 

Each i npu t  o r  ou tpu t  6  Mbytes per  second channel  d i r e c t l y  acces se s  
C e n t r a l  Memory. Input  channe ls  s t o r e  e x t e r n a l  d a t a  i n  memory and o u t p u t  
channe ls  read d a t a  from memory. A primary t a s k  o f  a  channel  i s  to  
conve r t  64-bit  C e n t r a l  Memory words i n t o  16 -b i t  p a r c e l s  o r  16-b i t  p a r c e l s  
i n t o  54-bit  C e n t r a l  Memory words. Four p a r c e l s  make up one Central 
Memory word wi th  b i t s  o f  t h e  p a r c e l s  ass igned  t o  memory b i t  p o s i t i o n s  
( s e e  s e c t i o n  2 of  t h i s  p u b l i c a t i o n )  . 
Each inpu t  o r  ou tpu t  channel  h a s  a  d a t a  channel  (4 p a r i t y  b i t s ,  16 d a t a  
b i t s ,  and 3 c o n t r o l  l i n e s ) ,  a  64-bi t  assembly o r  disassembly r e g i s t e r ,  a  
channel  Cur ren t  Address (CA) r e g i s t e r ,  and a  channel  L i m i t  Address (CL) 
r e g i s t e r  . 
Three c o n t r o l  s i g n a l s  (Ready, Resume, and Disconnect) coo rd ina t e  t h e  
t r a n s f e r  o f  p a r c e l s  over t h e  channels .  I n  a d d i t i o n  t o  t h e  t h r e e  c o n t r o l  
s i g n a l s ,  t h e  ou tpu t  channel  o f  t h e  p a i r  ha s  a  Master Clear  l i n e .  

Th i s  appendix de sc r ibe s  t h e  s i g n a l  sequence o f  a  6  Mytes per  second i n p u t  
channe l  and an ou tpu t  channel.  

6  MBYTES PER SECOND INPUT CHANNEL SIGNAL SEQUENCE 

A gene ra l  view of  a  6  Mbytes per  second inpu t  channel  s i g n a l  sequence is  
i l l u s t r a t e d  i n  t a b l e  B-1. The d a t a  b i t s ,  p a r i t y  b i t s ,  and each s i g n a l  i n  
t h e  sequence a r e  descr ibed  below. 

DATA BITS 2O THROUGH 215 

Data b i t s  2'. 2 l ,  . . . , 215 a r e  s i g n a l s  c a r r y i n g  t h e  16-bi t  p a r c e l  
of  d a t a  from t h e  e x t e r n a l  dev i ce  t o  C e n t r a l  Memory. The d a t a  b i t s  must 
a l l  be v a l i d  w i th in  25 nanoseconds a f t e r  t h e  l e ad ing  edge of t h e  Ready 
s i g n a l .  Data b i t  s i g n a l s  must remain unchanged on t h e  l i n e s  u n t i l  t h e  
corresponding Resume s i g n a l  is  rece ived  by t h e  e x t e r n a l  dev ice .  
Normally, d a t a  is s e n t  c o i n c i d e n t a l l y  wi th  t h e  Ready s i g n a l  and is h e l d  
u n t i l  t h e  subsequent Ready s i g n a l .  



Table  B-1. Inpu t  channe l  s i g n a l  exchange 

C e n t r a l  Memory I Channel 

1. A c t i v a t e  channe l  
(set  CL and CA) . 

3. Resume I - 
5. Resume I - 
7. Resume I - 
9. Write word t o  memory 

and advance 
c u r r e n t  address .  

10a.  Resume I - 
lob .  I f  (CA) = (CL) , 

go  to 13. 

13.  S e t  i n t e r r u p t  and 
d e a c t i v a t e  channel .  

t S t e p  2  can  i n i t i a l l y  p recede  s t e p  1; 
ready s i g n a l  can  a r r i v e  be fo r e  reques  

PARITY BITS 0 THROUGH 3 

E x t e r n a l  Equipment 

Data 263 - 248 wi th  Ready 
I 
I 

I 

Data z4' - 232 wi th  Ready 
I 

Data z 3 l  - 216 wi th  Ready 

Data 215 - 2O wi th  Ready 

I f  more d a t a ,  go t o  2. 

Disconnect ( ignored if 
CA=CL o r  i f  channe l  
n o t  a c t i v e ) .  

:hat is, t h e  f i r s t  p a r c e l  and 
ted . 

P a r i t y  b i t s  0, 1, 2, and 3 a r e  each ass igned  t o  a  4 -b i t  group of  d a t a  b i t s .  
The p a r i t y  b i t s  a r e  set o r  c l e a r e d  to g i v e  t h e  b i t  group odd p a r i t y .  B i t  
ass ignments  fol low.  



P a r i t y  b i t  Data b i t s  

P a r i t y  b i t s  a r e  s e n t  from t h e  e x t e r n a l  dev ice  t o  C e n t r a l  Memory a t  t h e  
same time a s  d a t a  b i t s  and a r e  he ld  s t a b l e  i n  t h e  same way a s  t h e  d a t a  
b i t s .  

READY SIGNAL 

The Ready s i g n a l  s e n t  t o  C e n t r a l  Memory i n d i c a t e s  a  p a r c e l  o f  d a t a  is  
being s e n t  t o  t h e  C e n t r a l  Memory i npu t  channel  and can  be sampled. A 
Ready s i g n a l  is a  pu l s e  50 210 nanoseconds wide ( a t  50% vo l t age  p o i n t s ) .  
The lead ing  edge of  t h e  Ready s i g n a l  a t  C e n t r a l  Memory beg ins  t h e  t iming 
f o r  sampling t h e  d a t a  b i t s .  

RESUME SIGNAL 

The Resume s i g n a l  is s e n t  from d e n t r a l  Memory t o  t h e  e x t e r n a l  dev i ce  
showing t h e  p a r c e l  was rece ived  and C e n t r a l  Memory is  ready f o r  t h e  nex t  
d a t a  t ransmission.  A Resume s i g n a l  is a  pu l s e  50 2 8  nanoseconds wide ( a t  
50% vo l t age  p o i n t s ) .  

DISCONNECT SIGNAL 

The Disconnect s i g n a l  is s e n t  from t h e  e x t e r n a l  dev i ce  t o  C e n t r a l  Memory 
and i n d i c a t e s  t ransmiss ion  from t h e  e x t e r n a l  dev i ce  is complete. The 
Disconnect s i g n a l  is s e n t  a f t e r  t h e  Resume s i g n a l  is  rece ived  f o r  t h e  
l a s t  Ready s i g n a l .  A Disconnect s i g n a l  is a  pu l s e  50 210 nanoseconds 
wide ( a t  t h e  50% vo l t age  p o i n t s ) .  

6 MBYTES PER SECOND OUTPUT CHANNEL SIGNAL SEQUENCE 

A gene ra l  view of  a  6 Mbytes per  second o u t p u t  channel  s i g n a l  sequence i s  
i l l u s t r a t e d  i n  t a b l e  B-2. The d a t a  b i t s ,  p a r i t y  b i t s ,  and each s i g n a l  i n  
t h e  sequence a r e  descr ibed  fo l lowing  t h e  t a b l e .  



Table  B-2. Output  channe l  s i g n a l  exchange 

Da ta  b i t s  2'. 2 l ,  ..., 215 a r e  s i g n a l s  c a r r y i n g  a 1 6 - b i t  p a r c e l  of 
d a t a  from C e n t r a l  Memory to a n  e x t e r n a l  d e v i c e .  The d a t a  b i t s  a r e  s e n t  
c o n c u r r e n t l y  w i t h i n  5 nanoseconds o f  t h e  l e a d i n g  edge o f  t h e  Ready 
s i g n a l .  Data b i t  s i g n a l s  remain s t e a d y  on t h e  l i n e s  u n t i l  t h e  Resume 
s i g n a l  is rece ived .  

C e n t r a l  Memory 

1. A c t i v a t e  c h a n n e l  
(set  CL and CA) .  

2. Read word from 
memory and advance 
c u r r e n t  a d d r e s s .  

3. Data 263 - 248 
C___) 

4 . 
5. Data 247 - 232 

w i t h  Ready 

6. 

7. Data 231 - 216 
w i t h  Ready 

8. 

9. Data 215 - 2' 
w i t h  Ready 

10.  

11. If (CA)#(CL), 
g o  to  2. 

12.  Disconnect .  

13 .  S e t  i n t e r r u p t  and 
d e a c t i v a t e  channe l .  

4- 

____) 

____) 

4- - 
- 

____) 

Resume 

Resume 

Resume 

Resume 



PARITY BITS 0 THROUGH 3 

P a r i t y  b i t s  0, 1, 2, and 3 a r e  each ass igned  t o  a  4-bi t  group of  d a t a  
b i t s .  The p a r i t y  b i t s  a r e  s e t  o r  c l e a r e d  t o  g ive  t h e  b i t  group odd 
p a r i t y .  B i t  assignments follow: 

P a r i t y  b i t  Data b i t s  

P a r i t y  b i t s  a r e  s e n t  from C e n t r a l  Memory t o  t h e  e x t e r n a l  dev ice  a t  t h e  
same time a s  t h e  d a t a  b i t s  and a r e  he ld  s t a b l e  i n  t h e  same way a s  t h e  
d a t a  b i t s .  

READY SIGNAL 

The Ready s i g n a l  s e n t  from C e p t r a l  Memory t o  t h e  e x t e r n a l  dev i ce  
i n d i c a t e s  d a t a  is p re sen t  and can be sampled. A Ready s i g n a l  is  a  p u l s e  
50 2 8  nanoseconds wide ( a t  50% vo l t age  p o i n t s ) .  The lead ing  edge of  t h e  
Ready s i g n a l  can be used t o  time d a t a  sampling i n  t h e  e x t e r n a l  device.  

RESUME SIGNAL 

The Resume s i g n a l  is s e n t  from t h e  e x t e r n a l  dev ice  t o  C e n t r a l  Memory 
showing t h e  p a r c e l  was received and t h e  e x t e r n a l  dev i ce  is  ready f o r  t h e  
nex t  p a r c e l  t ransmission.  A Resume s i g n a l  is a  pu l s e  50 210 nanoseconds 
wide ( a t  50% vo l t age  p o i n t s ) .  

DISCONNECT SIGNAL 

The Disconnect s i g n a l  is s e n t  from C e n t r a l  Memory t o  t h e  e x t e r n a l  dev ice  
and i n d i c a t e s  t ransmiss ion  from C e n t r a l  Memory is complete. The 
Disconnect s i g n a l  is s e n t  a f t e r  C e n t r a l  Memory r ece ives  t h e  Resume s i g n a l  
from t h e  l a s t  Ready s i g n a l .  A Disconnect s i g n a l  is a p u l s e  50 2 8  
nanoseconds wide ( a t  50% vo l t age  p o i n t s ) .  



INDEX 



INDEX 

6 Mbytes per second channel, 2-12, 2-14, 
2-16, B-1 

100 Mbytes per second channel, 2-12, 2-14 
1250 Mbytes per second channel, 2-12, 2-14 

A registers, see Address registers 
Addition algorithm, 4-25 
Address Add functional unit, 4-4, 4-15 
Address functional units, 4-4, 4-14 
Address Multiply functional unit, 4-4, 4-15 
Address processing, 4-1 
Address registers (A), 2-10, 3-12, 4-3 
Algorithms 

addition, 4-25 
division, 4-26 
multiplication, 4-25 

AND function, 4-33 
Arithmetic operations, 4-20 

floating-point, 4-21 
integer, 4-1, 4-20 

Auxiliary 1/0 Processor, 1-17, 1-18, 2-14 

B registers, see Intermediate address 
registers 

Beginning address registers, 3-3 
BIOP, see Buffer 1/0 Processor 
Branching 

backward, 3- 4 
forward, 3-4 

Buffer 1/0 Processor, 1-16, 1-18, 2-14 
Buffer Memory, 1-8, i-18 
Buffers, 3-3 

CA register, see Current Address register 
CAL, see Cray Assembly Language 
Central Memory, 1-3, 1-7, 2-1 

16-bank phasing, 2-6 
access, 2-3, 2-20 
access priorities, 2-5 
access time, 2-1, 2-3 
addressing, 2-3 

16 banks, 2-3 
32 banks, 2-3 

bank conflicts, 2-20 
conflict resolution, 2-5 
con£ lic ts, 2-5 

Bank Busy, 2-5 
Section, 2-5 
Simultaneous Bank, 2-5 

Central Memory, (continued) 
cycle time, 2-1 
data path with SECDED, 2-6 
error correction/error detection 

(SECDED) , 2-6 
error data, 3-7 
field protection, 3-15 
organization, 2-2 
size, 1-1, 1-3, 1-7, 2-1 
transfer rate, 2-1 

Central Processing Unit 
computation section, 1-5, 4-1 
control paths, 1-6 
control section, 1-5, 3-1 
data paths, 1-6 
input/output, 1-17 
input/output section, 1-5, 2-12 
instruction format, 5-1 
instruction summary, A-1 
instructions, 5-1 
inter-CPU communication section, 2-8 
memory section, 2-1 
organization, 1-5, 2-2 
shared resources, 2-1 
speed, 1-2 

Chaining, 4-12 
Channel bits 

data bits, 2-16, B-1, B-4 
parity bits, 2-16, B-2, B-5 

Channel control signals, 2-16, B-3, B-5 
Channel groups, 2-20 
Channel I/O control, 2-21 
Channei Limit register (CLj, 2-i6 
Channel programming 

input, 2-17 
input channel error conditions, 2-18 
multi-CPU, 2-15 
output, 2-19 
output channel error conditions, 2-19 

Channel signals 
disconnect , B-3, B-5 
ready, B-3, B-5 
resume, B-3, B-5 

Channel word assernbly/disassembly, 2-17 
Channels 

6 Mbytes per second, 2-12 
instructions, 2-14 
operation, 2-16 
signal descriptions, B-1 
signal sequence, B-1 

100 Mbytes per second, 2-12, 2-14 
1250 Mbytes per second, 2-12, 2-14 
input channel error conditions, 2-18 



i n p u t  channe l  programming, 2-17 
i n p u t  channel  s i g n a l  sequence, B-1 
o u t p u t  channe l  programming, 2-19 
o u t p u t  channel  s i g n a l  sequence, B-3 

CIP r e g i s t e r ,  s e e  Cur ren t  I n s t r u c t i o n  
P a r c e l  r e g i s t e r  

CL r e g i s t e r ,  s e e  Channel Limit r e g i s t e r  
Clear  programmable c lock  i n t e r r u p t  r e q u e s t ,  

3-19 
CLN r e g i s t e r ,  s e e  C l u s t e r  Number r e g i s t e r  
Clock 

Programmable, 3-18 
c l e a r  i n t e r r u p t  r e q u e s t ,  3-19 
i n s t r u c t i o n s ,  3-18 
I n t e r r u p t  Countdown counte r  (ICD) , 

3-19 
I n t e r r u p t  I n t e r v a l  r e g i s t e r  ( I I ) ,  

3-18 
Real-time, s e e  Real-time Clock r e g i s t e r  

Clock per iod ,  1-2, 1-4 
C l u s t e r  Number r e g i s t e r  (CLN) , 3-11 
Computation s e c t i o n ,  1-5, 4-1 
Condensing u n i t s ,  1-12 
Conf igura t ion ,  1-15 
C o n t r o l  s e c t i o n ,  3-1 
Conventions, 1-4 

Clock per iod ,  1-4 
I t a l i c s ,  1-4 
Number conventions,  1-4 
R e g i s t e r  conventions,  1-4 

CPU, s e e  C e n t r a l  Process ing  Uni t  
Cray Assembly Language (CAL) , 5-5 
CRAY X-MP Computer System, 1-1 

c h a r a c t e r i s t i c s ,  1-2 
components, 1-5 
c o n f i g u r a t i o n ,  2-1, 1-15 
models, 1-1, 1-15 

CSB - r e a d  address ,  3-7 
C u r r e n t  Address r e g i s t e r  (CA) , 2-16 
Curren t  I n s t r u c t i o n  P a r c e l  r e g i s t e r  (CIP) , 

3-2 

Data Base Address r e g i s t e r  (DBA), 3-17 
Data b i t s ,  2-16, B-1, B-4 
Data Limit  Address r e g i s t e r  (DLA), 3-17 
Data t r a n s f e r  

1/0 Subsystem, 2-14 
S o l i d - s t a t e  S torage  Device, 2-14 

DBA r e g i s t e r ,  s e e  Data Base Address r e g i s t e r  
DCU-4, s e e  Disk c o n t r o l l e r  u n i t  
DD-29, see Disk s t o r a g e  u n i t  
Deads ta r t ,  1-20 

sequence, 3-19 
D e r i v a t i o n  o f  t h e  d i v i s i o n  a lgor i thm,  4-28 
DIOP, see Disk 1/0 Processor  
D i r e c t  memory a c c e s s  p o r t s ,  1-18 
Disconnect  s i g n a l ,  2-16, B-3, B-5 
Disk c o n t r o l l e r  u n i t  (DCU-4) , 1-9 
Disk 1/0 Processor ,  1-16, 1-18, 2-14 
Disk s t o r a g e  u n i t  (DD-29), 1-9, 1-20 
Div is ion  a lgor i thm,  4-26 
DLA r e g i s t e r ,  s e e  Data Limit  Address 

r e g i s t e r  
DMA, see Direct memory a c c e s s  p o r t s  

Double-precision numbers, 4-24 
DSU, s e e  D i s k  s t o r a g e  u n i t  

E - e r r o r  type,  3-3 
Er ror  c o r r e c t i o n / e r r o r  d e t e c t i o n  (SECDED) 

d e s c r i p t i o n ,  2-6 
mat r ix ,  2-8 

Exchange Address r e g i s t e r  ( X A ) ,  3-8, 4-4 
Exchange mechanism, 3-5 
Exchange package, 3-5 

Active,  3-12 
Management, 3-14 

Exchange r e g i s t e r s ,  3-8 
Exchange sequence, 3-12 

i n i t i a t e ,  3-13 
i n i t i a t e d  by d e a d s t a r t  sequence, 3-13 
i n i t i a t e d  by i n t e r r u p t  f l a g  s e t ,  3-13 
i n i t i a t e d  by program e x i t ,  3-13 
i s s u e  c o n d i t i o n s ,  3-14 

Exc lus ive  NOR func t ion ,  4-33 
Exc lus ive  OR f u n c t i o n ,  4-33 

F r e g i s t e r ,  s e e  Flag r e g i s t e r  
Fetch o p e r a t i o n s ,  2- 4 
F i r s t  word address ,  2-17 
Flag r e g i s t e r  (F)  , 3-10 
F lags ,  3-8 
F loa t ing-poin t  Add f u n c t i o n a l  u n i t ,  4-19, 

4-22 
F loa t ing-poin t  a d d i t i o n ,  4-25 
F loa t ing-poin t  a r i t h m e t i c ,  4-1, 4-21 
F loa t ing-poin t  d a t a  format ,  4-21 
F loa t ing-poin t  f u n c t i o n a l  u n i t s ,  4-18 
F loa t ing-poin t  Mul t ip ly  f u n c t i o n a l  u n i t ,  

4-19, 4-23 
F loa t ing-poin t  mul t ip ly  p a r t i a l - p r o d u c t  

sums pyramid, 4-27 
F loa t ing-poin t  range e r r o r s ,  4-22 
F loa t ing-poin t  Reciprocal  Approximation 

f u n c t i o n a l  u n i t ,  4-19, 4-24 
F loa t ing-poin t  s u b t r a c t i o n ,  4-25 
Front-end computers, 1-19 

i n t e r f a c e s ,  1-19 
F u n c t i o n a l  u n i t s ,  4-14 

address ,  4-1, 4-4, 4-14 
Address Add, 4-4, 4-15 
Address Mult iply,  4-4, 4-15 
f l o a t i n g - p o i n t ,  4-18 
F loa t ing-poin t  Add, 4-19, 4-22 
F loa t ing-poin t  Mul t ip ly ,  4-19, 4-23 
Rec iproca l  Approximation, 4-19, 4-24 
s c a l a r ,  4-1, 4-6, 4-15 
S c a l a r  Add, 4-7, 4-15 
S c a l a r  Logica l ,  4-7, 4-16 
S c a l a r  Population/Parity/Leading Zero, 

4-7, 4-16 
S c a l a r  Shif . t ,  4-7, 4-16 
v e c t o r ,  4-1, 4-10, 4-16 
Vector Add, 4-10, 4-17 
Vector  Logica l ,  4-10, 4-18 
Vector Popula t ion /Par i ty ,  4-10, 4-18 
Vector S h i f t ,  4-10, 4-17 

FWA, s e e  F i r s t  word a d d r e s s  

Index- 2 



g f i e l d ,  5-1 

h f i e l d ,  5-1 

i f i e l d ,  5-1 
I / O ,  s e e  Input /output  
1/0 i n s t r u c t i o n s ,  2-15 
1/0 i n t e r r u p t s ,  2-16 
1/0 lockout ,  2-20 
1/0 memory address ing ,  2-23 
1/0 memory c o n f l i c t s ,  2-23 
1/0 memory r e f e r e n c e ,  2-4 
1/0 memory r e q u e s t  c o n d i t i o n s ,  2-23 
1/0 Processor ,  1-8, 1-16, 1-18, 2-14 
1/0 program f lowchar t ,  2-18 
I /O Subsystem, 1-8 

c h a s s i s ,  1-8 
d a t a  t r a n s f e r ,  2-14 
d e s c r i p t i o n ,  1-18 
power d i s t r i b u t i o n  u n i t ,  1-13 

IBA r e g i s t e r ,  see I n s t r u c t i o n  Base Address 
r e g i s t e r  

ICD, s e e  I n t e r r u p t  Countdown counte r  
I1 r e g i s t e r ,  s e e  I n t e r r u p t  I n t e r v a l  r e g i s t e r  
ILA r e g i s t e r ,  s e e  I n s t r u c t i o n  Limit  Address 

r e g i s t e r  
I n c l u s i v e  OR func t ion ,  4-33 
Input  channels ,  2-17 

e r r o r  c o n d i t i o n s ,  2-18 
programming, 2-17 
s i g n a l  sequence, B-1 

Input /output ,  1-3 
Input /output  d a t a  pa ths ,  2-22 
Input/output  s e c t i o n ,  2-12 
I n s t r u c t i o n  Base Address r e g i s t e r  ( I B A ) ,  

3-16 
I n s t r u c t i o n  b u f f e r s ,  3-3 

backward branching, 3-4 
forward branching,  3-4 
in-buffer  c o n d i t i o n ,  3-4 
out-of-buffer c o n d i t i o n ,  3-4 

I n s t r u c t i o n  c o n t r o l ,  3-1 
I n s t r u c t i o n  i s s u e ,  3-1, 5-5 
I n s t r u c t i o n  Limit  Address r e g i s t e r  ( ILA)  , 

3-16 
I n s t r u c t i o n  p a r c e l ,  3-2 
I n s t r u c t i o n s ,  3-18, 5-1, A - 1  

d e s c r i p t i o n s ,  5-5 
f i e l d s ,  5-1 
formats ,  5-1 
f u n c t i o n a l  u n i t  used, A - 1  
programmable c l o c k ,  3-18 
summary, A-1  

I n t e g e r  a r i t h m e t i c ,  4-1, 4-20 
I n t e g e r  d a t a  formats ,  4-20 
I n t e g e r  m u l t i p l y  i n  F loa t ing-poin t  Mul t ip ly  

f u n c t i o n a l  u n i t ,  4-24 
Inter-CPU communication, 2-10 
Inter-CPU communication s e c t i o n ,  1-5, 2-8 
Inter-CPU c o n t r o l ,  2-10 
I n t e r f a c e s ,  1-15, 1-19 

In te rmedia te  address  r e g i s t e r s  ( B ) ,  3-12, 
4-5 

In te rmedia te  s c a l a r  r e g i s t e r s  (T) , 3-12, 
4-9 

I n t e r r u p t  Countdown counte r  (ICD) , 3-19 
I n t e r r u p t  I n t e r v a l  r e g i s t e r  ( I I ) ,  3-18 
IOP, s e e  1/0 Processor  
I t a l i c s ,  1-4 

j f i e l d ,  5-1 

k f i e l d ,  5-1 

L a s t  word address ,  2-17 
LIP r e g i s t e r ,  s e e  Lower I n s t r u c t i o n  P a r c e l  

r e g  is t e r  
Local  Memory, 2-14 
Logica l  o p e r a t i o n s ,  4-3 2 

AND f u n c t i o n ,  4-33 
e x c l u s i v e  NOR f u n c t i o n ,  4-33 
e x c l u s i v e  OR func t ion ,  4-33 
i n c l u s i v e  OR f u n c t i o n ,  4-33 
mask, 4-33 

Lower I n s t r u c t i o n  P a r c e l  r e g i s t e r  (LIP) ,  3-3 
LWA, s e e  .Last  word a d d r e s s  

rn f i e l d ,  5-2 
M r e g i s t e r ,  see Mode r e g i s t e r  
Machine minimum, 4-23 
Mainframe 

c h a s s i s ,  1-7 
p h y s i c a l  c h a r a c t e r i s t i c s ,  1-3 
power d i s t r i b u t i o n  u n i t ,  1-13 

Mask o p e r a t i o n ,  4-33 
Mass s t o r a g e ,  1-3 
Master Clear  s i g n a l ,  2-19 
Master 1/0 Processor ,  1-16, 1-18 
Memories, 1-3 
Memory, see C e n t r a l  Memory 
memory c o n f i i c t s ,  s e e  C e n t r a l  Memory 
Memory e r r o r  d a t a  f i e l d s ,  3-7 

e r r o r  type  (El, 3-7 
read  address  (CSB) , 3-7 
r e a d  mode (R) , '3 -7  
syndrome ( S ) ,  3-7 
v e c t o r  n o t  used (VNU) , 3-8 

Memory f i e l d  p r o t e c t i o n ,  3-1 5 
Memory s e c t i o n ,  see C e n t r a l  Memory 
MIOP, see Master 1/0 Processor  
Mode r e g i s t e r  (M) , 3-8 
Model 22 CRAY X-MP, 1-1, 1-15 
Model 24 CRAY X-MP, 1-1, 1-15 
Motor-generators, 1-14 
Multi-CPU programming, 2-15 
Mul t ip le -prec i s ion  o p e r a t i o n s ,  4-24 
M u l t i p l i c a t i o n  a lgor i thm,  4-25 

f u l l - p r e c i s i o n ,  4-26 
h a l f - p r e c i s i o n ,  4-26 



Newton's method, 4-28 
Next Instruction Parcel register (NIP), 3-2 
NIP regis ter ,  see Next Instruction Parcel 

regis ter  
Normalized floating-point numbers, 4-22 
Number conventions, 1-4 

One-parcel instruction format, 5-1 
Operand range error ,  3-18 
Operating regis ters ,  4-3 
Out-of-range conditions, 4-23 
Output channels, 2-19 

error conditions, 2-19 
programming, 2-19 
signal exchange, B-3 

Overflow, 4-22 

P regis ter ,  see Program Address register 
Parity b i t s ,  2-16, B-2, B-5 
Parity error ,  2-18 
Phasing, 2-6 
PN, see Processor Number 
Power dis t r ibut ion units, 1-13 
Primary regis ters ,  4-3 
Processor Number (PN), 3-7 
Program Address register (P) , 3-2, 3-12 
Program range error ,  3-17 
Program State  regis ter  (PS), 3-11 
Programmable clock, 3-18 

clear interrupt request, 3-19 
instructions, 3-18 
Interrupt Countdown counter (ICD), 3-19 
Interrupt Interval regis ter  (111, 3-18 

Programmed Master Clear t o  external device, 
2-19 

PS regis ter ,  see Program State  register 

R - read mode, 3-7 
Ready signal,  2-16, B-3, B-5 
Real-time Clock regis ter  (RTC), 2-9 
Reciprocal Approximation functional uni t ,  

4-19, 4-24 
Register conventions, 1-4 
Registers, 3-2, 4-3 

Address regis ters  ( A ) ,  3-12, 4-3 
Beginning address regis ters ,  3-3 
Channel L i m i t  regis ter  (CL) , 2-16 
Cluster Number regis ter  (CLN) , 3-11 
Current Address regis ter  ( C A ) ,  2-16 
Current Instruction Parcel regis ter  

(CIP), 3-2 
Data Base Address regis ter  (DBA),  3-17 
Data L i m i t  Address regis ter  (DLA),  3-17 
Exchange Address regis ter  ( X A ) ,  3-8, 4-4 
Exchange regis ters ,  3-8 
Flag register (F) , 3-10 
Instruction Base Address regis ter  

(IBA) , 3-16 
Instruction L i m i t  Address register 

(ILA) , 3-16 
Intermediate address regis ters  (B) , 

3-12, 4-5 

Intermediate scalar regis ters  (TI , 
3-12, 4-9 

Interrupt Interval register ( I I ) ,  3-18 
Lower Instruction Parcel register 

(LIP), 3-3 
Mode regis ter  (M) , 3-8 
Next Instruction Parcel register (NIP), 

3- 2 
Operating regis ters ,  4-3 
Primary regis ters ,  4-3 
Program Address register (P) , 3-2, 3-12 
Program State regis ter  (PS), 3-11 
Real-time Clock register (RTC), 2-9 
Scalar regis ters  (S ) ,  3-12, 4-6 
Semaphore regis ters  (SM) , 2-11, 4-7 
Shared Address regis ters  (SB) , 2-10 
Shared Scalar regis ters  (ST), 2-10, 4-7 
Special regis ter  values, 5-4 
Status regis ter ,  4-8 
Vector control regis ters ,  4-4, 4-13 
Vector Length register (VL) , 4-4, 4-13 
Vector Mask register (VM) , 4-13 
Vector regis ters  ( V ) ,  4-9 

Resume signal ,  2-16, B-3, B-5 
RTC regis ter ,  see Real-time Clock register 

S - syndrome, 3-7 
S regis ters ,  see Scalar regis ters  
SB regis ters ,  see Shared Address regis ters  
Scalar Add functional unit ,  4-7, 4-15 
Scalar functional units,  4-1, 4-6, 4-15 
Scalar Logical functional unit ,  4-7, 4-16 
Scalar Population/Parity/Leading Zero 

functional unit ,  4-7, 4-16 
Scalar processing, 4-1 
Scalar reference, 2-4 
Scalar regis ters  (S) ,  2-10, 3-12, 4-6 
Scalar Shif t  functional unit ,  4-7, 4-16 
SECDED, see Central Memory 
Semaphore regis ters ,  2-11, 4-7 
Shared Address regis ters  (SB), 2-10 
Shared resources, 2-1 
Shared Scalar regis ters  (ST), 2-10, 4-7 
SM regis ters ,  see Semaphore regis ters  
Solid-state Storage Device (SSD), 1-11 

chassis, 1-11 
configured with CRAY X-MP System, 1-16, 

1-17, 1-18 
data t ransfer ,  2-14 
power dis t r ibut ion unit ,  1-13 

Special register values, 5-4 
SSD, see Solid-state Storage Device 
ST regis ters ,  see Shared Scalar regis ters  
Status regis ter ,  4-8 
Sys tem 

components, 1-1, 1-5 
conf iguration, 1-15 
deadstart ,  1-20 
description, 1-1 

T regis ters ,  see Intermediate scalar 
regis ters  



Two-parcel i n s t r u c t i o n  fo rma t ,  5-2 
Twos complement i n t e g e r  a r i t h m e t i c ,  4-20 

Unexpected Ready s igna 1, 2-18 

V r e g i s t e r s ,  see Vec to r  r e g i s t e r s  
V e c t o r ,  4-1 
Vec to r  Add f u n c t i o n a l  u n i t ,  4-10, 4-17 
Vector  c o n t r o l  r e g i s t e r s ,  4-4, 4-13 
Vec to r  f u n c t i o n a l  u n i t  r e s e r v a t i o n ,  4-17 
Vector  f u n c t i o n a l  u n i t s ,  4-1, 4-10, 4-16 
Vec to r  l e f t  d o u b l e  s h i f t ,  5-68 
Vec to r  Length  r e g i s t e r  (VL) , 4-4, 4-13 
Vec to r  L o g i c a l  f u n c t i o n a l  u n i t ,  4-10 4-18 
Vec to r  Mask r e g i s t e r  (VM) , 4-13 
Vec to r  o p e r a t i o n ,  4-9, 4-16 
Vec to r  P o p u l a t i o n / P a r i t y  f u n c t i o n a l  u n i t ,  

4-10, 4-18 
Vec to r  p r o c e s s i n g ,  4-1 
Vec to r  r e g i s t e r s  (V) , 4-9 

c h a i n i n g ,  4-12 
c o n f l i c t ,  4-11 
r e s e r v a t i o n s ,  4-12 

Vec to r  r i g h t  d o u b l e  s h i f t ,  5-69 
Vec to r  S h i f t  f u n c t i o n a l  u n i t ,  4-10, 4-17 
VL r e g i s t e r ,  see Vec to r  Length  r e g i s t e r  
VM r e g i s t e r ,  s e e  Vec to r  Mask r e g i s t e r  
VNU - v e c t o r  n o t  used,  3-8 

XA r e g i s t e r ,  see Exchange Address  r e g i s t e r  
XIOP, see A u x i l i a r y  1/0 P r o c e s s o r  
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