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Cray Product Famlllarization
Description '

This course is designed to glve Cray employees and customers a general overview of
all the Cray Research hardware and software products. Because of the differsnt needs
of the various types of students, this course is presented in the following diffarent
versions.

Product Famillarization for Cray Non-technical Employses

This version of the course is for the Cray employas who does not have a strong
background in the technical aspects of computers. it is strongly recommendad that an
employse who has little knowledge of computers take the two-day computer
fundamentals course before attending this course.

Product Famlliarization for New Cray Technlcal Employees and Cray
Customers

This version of the course Is Intended for the newly hired Cray technical employae and
Cray customers. For Cray employees, this course should bs taken as soon as
possible after the employes has been hired.

Product Famlllarization for Cray Sales Employess

This version of the courge differs from the others in that the course is presented using
product presentation materlals that are used in actual sales presseniations. The
materiale are organized differently In order to provide a showcase of available
presentation matesials.

Product Famillarization for Technical People

This course is far the Cray employes or customer who has been in the computer
industiy for a whils and needs ar update on the newer Cray hardware and snftware
praducts. This course can be tailored to the individual neads of a specilic audiernice.
Depending an the audience, the length of this ciass may vary from several hours to two
days.
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Cray Product Familiarization
Course Objectives

Upon successful completion of this course, the lsarner should
be abie to: .

1. Identify the major Cray Research hardware products and explain
their main characterlstics and applications

2. Identify the major Cray Research software preducts and explain
their main characteristics and applications

3. Explain how the unique architectural featuras of the Cray Research
hardware contribute to its high performance

4. Explain how the unique features of the software products take
advantage of the hardware

5. ldentlfy some of the main applications for which Cray Products are
used.
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Cray Product Familiarization
Course Qutline
l. Introduction

. Cray Product Overview
A Product History
B. Hardware Products
C. Software Products
D. Product Applications

lll. Cray Hardware Products
A General CRAY Architecturs
B. CRAY Y-MP Computer Systems
C. CRAY X-MP EA Computer Systems
D. CRAY-2 Computer Systems

V. Cray Software Products
A The COS Operating Systemn
B. The UNICOS Operating System
C. Communications and Networking

D. Cray Programming Languages

V. Cray Performance and Applications
A, Cray Programming Languages

B. Cray Applications
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ABOUT THE COMPANY

Cray Research, Inc. was organized in 1972 by Seymour R, Cray, a leading designer of
large-scale scientific computers, along with a small group of computer industry
associates. The company and its subsidiaries are engaged in the design,
deveiopment, and manufacture of large-scale, high-speed computing systems and the
marketing and support of such systems. The company's computer systems are
used primarily for simulation of physical phenomena.

Initially, tha market for Cray camputer systems seemed to lie strictly in weather, energy,
and defanse research. But, by 1978, because Cray computer systems are general
purpose in design, it became clear thaf a commercial market existed that would
extend tha marketplace beyond the traditional Cray customer. Commercial
applications of the machines have widened the market to include users in
petroleum research, fluid dynamics, geophysics and seismic analysls,
structural analysls, electrical englnesering, aerospace design,
computational chamistry, and other disciplines.

WHAT IS A SUPERCOMPUTER?

Suparcomputers, by definition, ara the fastest, most poweriul computers commercially
available at any time. Supercomputers are cansidered to be an order of magnitude (10
times) faster than the next most powerful class of computers.

WHY A CRAY?

Cray computer systems can solve complex mathematical and Ingical gperations that
invalve large guantities of data and have the ability to carry out these operations at
phenomenal speads. The spaed of each system is partially derived from its unique
gemi-circular design, which allows short wire langths to carry the electrical signals,
Patented cooling systems solve the heat generation problem that is produced by such
advanced computation. In addition, new designs have made multiprocessing
cost-aflective for Cray users.

On a Cray computer systam customers ¢an:

- Sclve problems that otherwise could not be salved

+ Solve problams which are difficult or impossible to physically measure

+ Solve prablems more cost effectively than many physical tests or tests done
on slowar computer systems

» Solve very complex problems within a specific response time

+ Achieve high quality results by allowing the investigation ¢f mere aptions

Because of the ever-expanding range of usas of Cray computers, the company has
became known as the developer of "the world's fastest general-purpose
computers™.
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CRAY-1 Supercomputer

The CAAY-1 was Cray Research, Inc.'s first supercomputer. Development began in
1972 with Seymour Cray and a small group of developars. The first computer (serial
number 1) was delivered to a customer in 1976. Cray-1 systems werg a part of the

product line until 1984 when the X-MP/1 replaced the CRAY-1M as the low-and model
in the product line.

A CRAY-1 is identifiable by its squared saat comers, fiat eolumn panels, and aluminum
protrusigns on its top,

Tha following different modiels of the Cray-1 were produced:

CRAY-1A no I0S or SSD
CRAY-1B ne 10S or SSD
CRAY-1S opticnal IOS, 58D availablae later
CRAY-1M 108 required, SSD available later

Within each specific model, a number of options existed for memory size, VO channals,
stc.

CRAY-1 SN1 went to Los Alamos National Labs in 1976 and included no software.
Serial number two was destined for the National Center for Atmospheric Research
(NCAR) but was cannibalized ta create a new version of the machina (SN3) which
included SECDED memory correction/detection hardware. Al CRAY-1s but SN1
contain SECDED hardware which makes them about ong foot taller than SN1. Serial
number one has been at seven sites during its lifetime and wifl be retired ta the
plannad supercomputer museum in Chippewa Falls. The last CRAY-1 manufactured
was sent to Lockheed in 1983 making 57 the total numbser of CRAY-1s buiit.
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CRAY X-MP Supercomputer

Tha CRAY X-MP line of supercomputérs was anncunced in 1982, The develapment
work was done by Steve Chen end his team of develapers. The X-MP system avolved
from the CRAY-1 system, taking advantage of newar semiconductor tachnology and
adding improved performance, enhanced architocture, multipla processors, and the
S6D. The first system delivared in 1982 was a two-processor system that, at the time,
was the upper modei in a product line that consisted af both the X-MP and the
CRAY-1.

Since then, many anhancemsnta have been made ta tha X-MP to improve its
performance, including adding more memery and more CPUs. All of the current
X-MP modals are deslgned with an "extended architecture" (EA) which makas them
compatible with the Y-MP computer systems and allows the addition of more memary.
CRAY X-MP Maodeis
The following different models of the X-MP were produced. Each model had a
number of options for memory size. Details on options and improvements will be
covered later. Only the X-MP EA se modals are still produced.
CRAY X-MP/1 one-processar system
CRAY X-MP/2 two-processor system
CRAY X-MP/4 four-processor system
CRAY X-MP EA/1 one-processor system
CRAY X-MP EA/2 two-processor system

CRAY X-MP EA/4 four-processor system

-MP Serial N rn h

100 X-MP/2 ECL memory

200 X-MP/4 ECL memory

300 X-MPA MOS memory {replaced CRAY-1)
400 X-MP/2 MOS

500 X-MP/14se. MOS

1100 X-MP EA/4 MQS

1200 M-MP EA/1 & 2 MQS

1300 X-MP EAse MOS
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CRAY-2 Supercomputer

The CRAY-2 system was announced in the summer of 1985. Seymour Cray was
responsible for the new design that offered high performance, a very large ceniral
memory, and liquid immersion cooling technology. .

The CRAY-2 features a common memory of up ta 512 million 64-bit words - allowing
applications te accomplish in-memory solutions to problems that were previously
considered impractical due 1o much smaller memory sizes.

Four background processors running with a clock period of 4.1 nanoseconds offer an
effective throughput six to twelve times that of the original CRAY-1,

The CRAY-2 runs the UNICOS operating system which is based on the AT&T UNIX
operating system.
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CRAY Y-MP Supercomputer

The CRAY Y-MP line of supercomputers was announced in February, 1988, The Y-MP
system evolved from the CRAY X-MP system but it provides more processing powsr in
a smaller space because it incorporates Very Large Scale Integration (VLSI). This
essentially means putting more computing power on a chip. Two of the new chips used
an the Y-MP contain the processing power of ana whole module used in the CRAY-1/A.
The first release ot the Y-MP has sight CPUs and a clock spead of 6.0 nanoseconds,
which is approximately 30% faster than the X-MP's 8.5 nanosecond clock. The Y-MP's
design also includes a new cooling design. A new modsl of the IOS and an SSD both
become part of the chassis, combining ta form an appreximate *Y" shape.

The first Y-MP (SN1001) has 32 million words ot main memory and a 128-millian word

SSD. New models have been announced which will replace most ot the X-MP line.
Model oplions wili be discussed latar,

The intent with the design af the Y-MP was to increase processing power, speed, and
memory while remaining compatible with the X-MP line of suparcomputers.
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Inpui/Qutput Subsystem (I0S)
The YO Subsystem was introduced in 1978 as an option of the CRAY-1S system. The
functlon of the I/Q Subsystem is to reduce the /O overhgsad on the mainframe and to
provide enhanced /O capabilities such as on-line tapes. The /O subsystem is a
required component of all CRAY-1M, CHAY X-MP, and CRAY Y-MP systems.
O Subsystem Models

The following I/Q Subsystem modsls have been produced:

105 Model A

10S Model B

0S Model C

108 Model D

Solid-State Storage Device (SSD)
The SSD was introduced in 1982 as an option for the X-MP and CRAY-15 systems.

The function of the SSD is to provide an extremely fast secondary storage for the CRAY
mainframe. The SSD is viewed by the user and the qperating system exactly like a

disk. This makes it very easy to take existing ¥O-bound programs and speed them up
by as much as 20-30 times by moving disk datasets to the SSD.

SSD Models

The S8D comes with a number of memory size options. They are:

32 MWords (can be built into 10S Model C or D)
128 MWords (standaicne or can be buikt intg IOS Mode! D)
256 MWords

512 Mwords
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Input-Output Subsystem
(108)

Solld-state Storage Device
(SSD)

Cray Products Overview March 2, 1989 1-13



Other Hardware Products

Front-End and Netwoarking Interfaces

Cray manufactures interfaces for a number of different front-end computers and
natworks. A frant-end interface allows a front-end computer to communicate with a
Cray computer. Some of the front ends that are supported are 1BM, CDC, Amdahi, and
DEC. A network interface provides a means of making a Cray computer a node on a
network of many front end computers so they may all communicate with each other.

Disk Storage Devices

Cray doas not manufactura disk drives but does supply them with systems. The disk
drives in the current product line include the DD-40 (with drives made by Control Data
Corp.), the DD-49 {made by Ibis), and the DD-39 (mada by Fujitsu). Disk drives that are
supported but no longer part of the current praduct line are the DD-18 and DD-29
drives (made by Caontrol Data).

Tape Drives

Cray provides sofiware and hardware channel support for IBM compatible tape drives
as an option on some of the systems. 1l is normally the responsibility of the customer to
obtain the tape drives,

Miscellaneous Peripherais

Every Cray system includes a number of peripheral devices that are used to maintain
and operate the system. Depending on the system, these might include operator
consoles, small tape and disk drives, and a smal! printer/piotter.

Power and Cooling Equipment

Because of the tremendous electrical and cooling requiremenis of a Cray system, some
rathar iarge pawer and cooling devices are supplied with each system. These include
motoer generators, cooling condansors, and power distribution units. The CRAY-2 with
its unique liquid immersion coaling system has additional cooling devices {pods) and
coolant reservorrs,

On-site Maintenance Equipment

Each site has the capability to repair systems. Rssources include a largs spare parts
invantery and equipment such as module testers.
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Cray Software Products
Operating Systams

The two operating systems that Cray supports are COS {Cray Operating System) and
UNICOS (Cray's operating system based on UNIX). Another operating system that
runs on many Cray systems Is CTSS. CTSS was developed and is supported by a
Cray ¢ustomer.

Programming Languages/Compillers

The programming languages that Cray has developed compilers for are FORTRAN
(CFT and CFT77), Pascal, C, and CAL (Cray Assembly Language).

Stations / Networking Protocols

A station is the software that resides on a front-end computer to provide communication
with 1he Cray system. Some of the stations that Cray supports are IBM MVS and VM,
CDGC NOS and NOS/BE, DEC VAXAMS, Data General RDOS, and AT&T Unix™. Other
iront ends are supparted with station software available from third parties. Cray now
offers the TCP/IP protocol for network communications.

Utilities

A number of utility programs are avallable for dataset manipulation, aditing, debugging,
source and object code library maintanance, program !oading, efc.

Libraries

A number of librarias exist to provide subprograms in the argas of arithmetic, i/0,
scientific routines, ulilities, etc.

Applications

Cray Research |s not in the primary busingss of developing new applications programs.
However, the applications department assists custamers and third party software
suppliers in converting and developing programs to run efficiently an Cray systems,
The current Directory of Supercomputer Applications Software contains
hundreds of programs in the areas of structural and mechanical engineering, electrical
engineering, chemistry and hiotechnology, nuciear engineering, computational fluid
dynamics, pstroleum resarvoir simulation and seismology, mathamatics, simuiation,
graphics and imaging, languages and taols, and others.
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Genaral Architectural Features

This section addresses some of the underlying hardware archltectural features that
contribute to the high perfermance of Cray systems. Some of the features apply 1o all
Cray systems while olhers apply to a specific machine.
Some of the concepts covered in this section are:
» Scalar Processing
» Yector Procsssing
» Plpelining of Functional Units
» Chalning
» Compressed Index/lota and Gather/Scatter
» Multiple Processors
« Muitiprogramming
» Multiprocessing
« at the job lavel
+ at the task level

« macrotasking

- microtasking
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Scalar Processing

Supercomputers, like more conventional computers, are able to do computations in
scalar mode. Unlike conventional computers, supercomputers can also compute in
vactor mode. Before looking at vector processing, it is important to review scalar
processing.

The main concept with scalar processing is that scalar computations deal with a singie
pair of numbers at ane time; that is, one instruction performing ons operation at a tims,
The diagram on the right illustrates a scalar add operation on a Gray computer. QOther
computers that do scalar processing operate in a similar way.

The diagram on the next page shows the adding of two numbers giving a third number
as a result. To do this on the Cray and other computers typically takes four steps
{Instructions). In this case the original two numbers are in memory and the rasulting
number will be placed in mamory.

Step 1 Load number A inlo a register
Step 2 Load number B into a register
Step3  Add A and B putting the resuit C into a register

Step4  Store the result C inte memory

Although scalar processing does not yleld the computational rates that vector
processing does, it is important that a supsrcomputer has high scalar performance.
Many scientific problems do not Jend themsslves to vector processing. Even problems
that can be programmed in vector mode stll may have large scalar processing
requirements. Cray systems provide an exceilent balance of high scalar and vector
performance.

Cray Products H/WY Featuraes Monday, December 19, 1988 2- 4



93 v
LT

SALYFNIN SN A s

cwx“xxx::::m T

H T

o —

2-5

Address TOTAL contains the value 100

Store the value S3 at symbolic
location TOTAL in central memory

Store the value 49 in S1
Store the valug 51 in S2
Store the valug of S1+52 in 53
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Vector Processing

High performance vector processing capabilities ara what make a supercomputer
super. The important concept to gragp here is that in vector processing mods,
computations are made with groups of numbaers {vectors) as opposed 1o the single sets
of numbers processed in scalar mode; that is, one insturction operates sevaral Inputs,
producing several outputs. The diagram on the right page illustrates a vector add
opseration on a Cray computer. The actual Implemantation of vector processing on other
systems may be quite different In detail.

The diagram on the next page illustrates adding one group of numbers {vector A} and
another group of numbars (vector B) giving a result (vector C). Vector A and B initially
reside in memory and the resulting vector wifl be etored In memory. On the Cray, this
typical opsration requires four main steps (instructions).

Step 1 Load vector A from memory Into a Vector register

Step 2 Load vector B from memory Into a Vector register

Step 3 Add the vectors A and B putting the resulting vector C
into another vectar register

Step 4 Store vactor C indo memory

In the vector add apseration, the first slements of vectors A and B are added giving the
first element in vectar C. Then, the second elements of A and B are added giving the
second slement of vector C, and so forth untll all the elements of the vectors are
procesased.

On Cray systems, the number of elements (numbers) that can be processed in a single
vactor opsaration is limited by the length of the vector registers. These are eight vector
registers in a single Cray CPU, sach capable of hoiding 64 elements. A vecior
operation may operata on any vactor size hetween 1 and 64.

A fsaturs of the CRAY FORTRAN Campllers (CFT,CFT77) is its abillty to auvtovectarize
programs. The compiler analyzes the program to determine how to most efficiently run
it {optimization}, The programmer doas not need to code for this feature.
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Vector Processing

(Note that more instructions are required in order ta set up the vectars.)

AT
VL
A
Vi

AQD
Ve
V3
Ag

AG,1

Cray Products H/W Features

64

A7
VECTORT
AD,1
VECTOR2
A, T
V1+V2
VECTOR3
V3

Store tha value 64 in A7

Make the vector length 64

Put the address of VECTOR1 in AD
Copy the 64 slements at AQ to V1
Put the address of VECTOR2 in AD
Copy the 64 elements af AD to V2
Add V1 to V2 and store result in V3
Put the address of VECTOHAS in AG
Copy the 64 elements in V3 to the
address stored in AQ
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Plpelining

The concept of plpelining applies to the design of the functional units in a Cray CPU. A
Cray CPU contains a numbsr of functional units, each designed for a specific purposa.
For example, there is a separate functional unit to de floating point adds and a separate
functional unit to do floating point multiplies. Since the functlonal units operate
independent of each other, operations can occur in paralisl (such as floating point adds
and multiplies.}

The diagram on the nexi page illustrates 1he pipelined design of the functional units.
Each functional unit is made up of several separate segments. Each segment is
designed to do a part of an operation. The functional unit opsrates as follows:

In the first clock pariod of the operation the first slements of vectars ¥1 and V2 enter the
first sagment of the functional unit. On the second clock period 1he slaments in tha first
segment of the functional unit move to the second segment and the second elements of
V1 and V2 move into the first segment of the functionai unit. This continues each clock
perlod. Soon, results start leaving the functional unit and are entered into vecior
register V3 at the rate of one resuit every clock pariod. This rate can be used in
calculating the peak megaflop rate of a particuiar system {more on this later).

Difterent functional units will have different numbers of segments depanding on their
complexity. For example, the reciprocal approximation functional unit has more
sagments than the floating point multiply functional unit., etc.

Cray terminglogy for this pipelining design is "fully segmented functional units”.
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Chaining on the CRAY-1, X-MP, and Y-MP

The functional units in the CPU can functlon Indepsndently (in parallel). That is, an
add could be taking place at the same time as a multiply. Becauge of this possibility,
output from one operation can become input to another functional unit.

For axample, the diagram on ths next page shows two vector registers belng loaded.
Based on the pipelining function, as scon as V@ and V1 each contain one slement,
those elements may bagin the procass of belng added together. Likewise, as soon as
ona element has bean put into V2 it can go through the shift process and be put into v3
{a shift doss things |lke chop off leading zaros, atc.).

Assuming V4 was already loaded, V3 and V4 can be anded (anding does a logical
compare betwean the efements in V3 and V4 and comes up with a new number). The

results can begin being written to memory as soon as ane element has been put into
Va.

Cray Products H/W Features Monday, December 19, 1988 2- 10



Chaining on a Y-MP
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COMPRESSED INDEX/IOTA AND
GATHER/SCATTER

Some supercomputer programs such as those used In weather forecasting and in
predicting where oll may be locatsd daal with very large collections ot data. Those
collectlons often cortain a lot of unuseable or unnecessary data. In order 10 more
afficlently run the programs wdilizing anly the important data, Cray computers now offer
an eflicient means of locating it in memary.

Campressed index is a means of creating an Index of the location of the important
data. An exampie might be to make an index of all the locations which contain a
non-zero value because the zeros are useless data for our program, By avoiding the
locations containing zero we avoid wasting computer time dealing with them. A term
used for groups of data which contain lots of unnscessary data is sparse matrix.
Compressed index is krnow as compressad iota on the CRAY-2.

Once the index is created, a gather operalion may be donse which simply uses the
index to find the non-zero data and copy it. Once copied, the data can be run through
a functional unit to create new values. The new data (resuits) can then be copied back
into the exact locations it originally came from by using the same index. This is called a
scatter operation. Now the new data can be gatherad using the same index and run
through othar funcilonal units to come up with more new valuas, if nsedsd.

Another term associated with gather/scatter and compressed index is stride. H simply
is a way of setting up an index that allows gatharing or scattering data on a fixed
increment {e.g., every fifth data element). This is uselul when the data dealt with is
known te contaln important data only specific incremental locatlona,
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Gather / Scatter / Compressed Index Example

b il s nighfs e hom st bompeaty  fOmlastngs  qoatered rackio
for i year Rz ghts rial it . faokl oty reingdl
T Memory) ul
e, slement v ¥ ¥2 v
0 val 15 0 0
SIS /u[ ! 52 1.2 6.4
1 Bostn 52 1.2 1
/:J 2 08 (4| 5 | = | N
2 Chiago 10:6 5 2
7 a7 23 11.0
3 Detrod 16 J 3
12 21 125 145
4 EkRier 125 0 4
5 Fresw 20.5 0 §
6 Gaveston 113 0 8 1. Create a com pressed indax veclor (¥0) hased on o non-zen values in last nighi's
rinkeR. This inveves loading sl ight's rankal iy a vt egeir and ding
7 Hootervile 87 23 7 2 compressed indéx insiruction.
3 kizwFal 128 0 8 2 Gamer indo 'H (basad on the index in VI) the yearty rainkz! kotzls fram the ciies
9 Jacksonvile | 4.3 0 9
ther Inko V2 index in VO las: nights cainka: .
N 54 0 o0 R Gﬁmhww(nasedonmendexmw: as: nights sainkail enly from: the ¢S
" landa ” O |1 4. Doa i peintvector i ofregisars V1 and V2, fesuls In V3,
2 Mimeapoks 1 125 | 12
¢ 5, Scattar V3 (bacad on the index in VT) bacx o the yearty mirfa! ials in nemory.
13 New Yok 5.2 ¢ 13
T Scatter
Cray Assembler Language (CAL) example
A NITERAIN AQ gets address of NITERAIN array
Vi AB,1 V1 gets a vector length of NITERAIN, stride=1
VO,VM V1N V@ gets index of non-zeros in Vi
S1 VM 51 gets vector mask
Al PS1 A1 gots population count of 51
VL Al Vactor length set to A1 (= # of non-zeros)
Vi ADNVD V1 gathers non-zeres from NITERAIN
AJ YEARRAIN AQ gets address of YEARRAIN
V2 AD VD V2 gathers non-zeros fram YEARRAIN
V3 V1+FV2 V3 gets fleating point sum of V1 and V2
ADQNG V3 V3 scattered back to YEARRAIN
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Multiprogramming

A computer would be very slow if it ran one program to completion before starting the
next. Multiprogramming means that many programs can run cencurrently on the
sysiem - each program is given a "time-slice” and then waits while another runs, This is
also known as interleaving.

Throughput is Improved by muitiprogramming even though there is more system
overhtead involved. This is because of parallel system functions (several paris of the
computer can be running at the same tims).

In the case of mullipragramming, the output of one program can be routed back ta a
front-end computer while an incoming program is being loaded into memory and still
another Is executing {"number-crunching”) in the CPU. The operating system keeps
track of each job. It will assign a hardware component o complete a task and then,
instead of walting for thal task to finish, assign ancther ldle component a task.

This requires a sophisticated operating system, but does not require the applications
programmer to call far it.
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Multiprocessing

If one CPU is good, two or more shouid be better and that is true with tha X-MP,
CRAY-2, and Y-MP. Each CPU has its own identical set of junctional units and
registers aperating in parallel. Multiprocessing takes thal concept one step further by
incorporating two or four CPUs In one maching. This increases the capacity of the
machine as well as program throughput.
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Multiple Processors
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Multiprocessing
at the job level

A machine with more than one processor can dlvide up the work load. With
multiprocessing, incoming programa can be assigned a CPU. This aliows for up io
elght programs running In separate CPUs at any ane time {on a Y-MP),

Mulitiprocessing requires the operating system to ensure that a program in one CPU
does not conflict with a program in another CPU.

Cray Products H/W Features Monday, Dacembar 19, 1988 2- 18



Multiprocessing
at the job level
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Multlprocessing
at the task level
(Macrotasking)

Imaglne a program so large that it alone coukd use a whole system’s resourcas for
hours, days, or even waeks. Becauss there are programs like that, it would be more
sfficient to divide up the workload amony more than one CPU.

The means for doing that is known as multitasking. This feature allows two or more
parts of a program (tasks) to be executed in parallel which results in faster program
execution than if the program ran serially.

Experience shows that multitasked applications running on CHAY X-MP/2 computers
can reallze speed increases of 1.8 to 1.9 times aver single-processor CAAY X-MP
axecutlon limes; speed increases of 3.5 to 3.8 times have been achieved with CRAY
X-MP/4 systems. The throughput of a multitasked application which utilizes all of a
Y-MP's CPUs could be more than seven times faster than if it were run in only cne of
the Y-MP's CPUs.

One method of multitasking on a CRAY X-MP, CRAY-2, or Y-MP is called
macrotasking.

To use macrotasking the program is modified to use FORTHAN-callable subroutines
which define and synchronize tasks within subroutines. The system launches subjobs
which compete for CPUs. For this reason macrotasking i2 best sulted to programs with
large tasks running with dedicated processors.
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Multiprocessing
at the task level
(macrotasking)
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Multiprocessing
at the task level
(Microtasking and Autotasking)

Two other forms of muititasking available for use on CRAY computers ara microtasking
and autotasking. Microtasking is similar to macrotasking in thal it divides up a single
application program's work among two or more processors.

It is different, howaver, in that it is a dynamic function which operates at run-timse.
Instead of specifying partions of the program's code to be handled by different CPUs
(as macrotasking does), microtasking looks for idle CPUs which it could use for parts of
the program. K it can't find any, it will executa in its current CPU. This helps efficiently
use the system's resources and allows faster execution of a program even on a
mainframe in & production environment (many users).

Microtasking is primarily used with FORTRAN DO Loop-level routings. A DO loop Is a
series of computations done over and over a specified number of times. Microtasking
uses a FORTRAN preprocessor called PREMULT that identifies DO loops which could
be run indspendently (in parallel) on separate processors. As the program runs, each
of the identlfied DO loops is executed In the next avallable CPU. PREMULT has Its
own efficisncy monitor to allow observation of spesad improvements. Microtasking uses
compllertike directives which makes it easy 1o use.

Microtasking is benaficlal for programs with any size task running in either a dedicated
or production {many users} environment.

Autotasking does essentially all of the abhove steps in multitasking a program, but it
does it automatically, with no user intervention required. It requires several passes
through a program to analyze it, but it divides up the work as i sees fit. Autotasking can
also include some microtasking code for special gituations.
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Multiprocessing
at the task level
(microtasking
and
autotasking)
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DO10I=1,d | | =2 |

10 CONTINUVE
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CLOCK RATE and MEGAFLOPS

Clock Rate and Megaflops {MFLOPs} are two terms often used in rating a
supercomputer's processing speed. Clock rate (or clock period) refers to the timing
or puise of the computar. The smaller the number, the faster the rate at which the
hardware can theorstically work. Of course, the distance between hardware
componants is critical for timing. That is why Cray computers are so compact, using
very short wires and a clrcular deslgn for instance. The number of ticks par second can
be determined by the formula 1/clock speed {e.g., on a Y-MP with a 6.0 nanosecond
clock the tormula is 1/6.0-9 which aquals 166 millien ticks per second).

Supercomputar spaed is often rated in megaflops rather than ticks per second.
Megaflop stands for "millions of floating peint operations per second”. Floating point
numbers include numbers which contain a decimal point (e.g., 132.09B) and large
numbers which are more easily defined using exponential notation (e.g., 1023). Since
these typea of numbers are more often used in supercomputer appiications than slmpie
Integers (whole numbers), how fast they can be added, multiplied, etc. is considered &
good maans of measuring the speed of the computer.

One foating point operation per second would bs like complating this operation
(1.29+8.129,33} in one second. One megaflop would be one million of them per
second. Because Cray compulers incorporate multiprocessing and chaining, the
following formula is used to determine megafiops on Cray computers: Ticks per second
x number of CPUs x numbser of functional units running in parallel.
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CRAY-1

CRAY X-MP EA

CRAY-2

Y-MP

CLOCK RATES AND MFLOPS

MFLOPS MFLOPS MFLOPS

Clock Ticks/ @FU) (2FU) (2F\L)
Rate Second MFLOPS MAOPS x 2 X 4 X 8
(ng) (mions) (1F.U.) (2F.U) CPUs CPUs CPUs
12.5 80 80 160 .- - - -
3.5 105 105 210 420 840D - -
8.5 117 117 234 468 936 - -
4.1 243 243 486 972 1944 - -
6.0 166 166 332 664 1328 | 2656
Monday, Decembar 19, 1988 2- 25
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CRAY LLOGIC AND MEMORY CHIP
TECHNOLOGY

Probably the two computer componednts that have had the greatest impact on the speed and slze of Cray
computer systems are tha logic and memory chips.

LOGIC CHIPS
Legic chips contain the circuitry (orvoff switchas) which, when used in certaln comblnations, perform all the
possibla instructlons a Cray computer is designed to do such as cakulating answers 10 mathematical
equations. The chips are specifically designed to perform 1hese functions by using a branch of
mathematics Known as Boolean Algebra (which was invented by Gearge Boole in the 19th cenlury who
bsligved that everylhing in the universe ¢could be explained logically in tarms of man and God (or 1 and 9)).

CRAY-1 sysiems used simpie 5/4 AND gales in combinations. Thess chips c¢ontain only two gates
{swilches). Becausa of this, it took 5560 2-board modules to make one CPU, The X-MP and all CRAY-2
syslems were designed to use 16-gale logic chips. This, in effect allows eight imes the logic on one chip,
atthough not all 16-gale chips use all 18 gates. This chip density effectively decreased the size of a CPU in
half.

Currenily, the Y-MP and the X-MP EA incorparate 2500-gate amay lagic chips. These chips are roughly
squivaleni to 1250 5/4 AND gate chips and ane chip is rougbly equal to one X-MP module. Because of
these chips, one CPU now fifs on one Y-MP modula, although the module is larger than an X-MP module.
The Y-MP uses these chips exclusively and the X-MP EA uses some 2500-gate and some 16-gate chips.
Some of tha 2500-gale chips are produced in Chippewa Falls. The 2500-gate amray chips are considerad
VLSI (Very Large Scaie Infegration) chips.

MEMORY CHIPS
As with lagic chips, memory ¢hip technology has impraved over tima. Today's memary chipa are much
denser (store more data) and faster (to read and write the data) than the mamory on the CRAY-1. The
CRAY-1A used 1 Khit memory chips; foday an SSD uses 1 Mbit chips. One Y-MP memory madule equals
72 1Mbit SSD memory chips which equais 8 columns on a CRAY-1A.

Cray comptier systems have used different types of memory. One type is ¢alled ECL
(Emitter-coupled logic) memory. These chips are quite fast, but they require a lot of electrical power,
generate a lot of heal, and take up a lot of space. Cagpacity ol ECL memory chips used on Cray computers
ranges from 1Kblts 10 258Kbits per chip. ECL chips onthe Y-MP have an access time of 15 ns.

Another type is called MOS {Metal-oxida samiconductior} memory. MOS memory is cheapar,
denser, requires lass power, and generates less heat than ECL memory. But, it is ako slowsr. Capacity of
MQOS chips used on Cray computers ranges from 18Kbits to 1Mbits psr chip. There are twa types of MOS
chips used on Cray computers: DRAM and SRAM. DRAM (Dynamic Aandom Access Memory)
chips are cheap, but use capacilors to hold the eiectrical charge rapresenting the 1 or @. This requires
overhead for the computer to recharge the capacitors 10 hold their valua. DRAM chips on tha CRAY-2 have
an access lime of 80 ns. SRAM (Static Random Access Memary)] chips do nol need the refresh and
g0 are faser. SRAM chips on the CAAY-2 have an access lime of 53 ns,
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CRAY CHIP TECHNOLOGY HISTORY
LOGIC

5/4 AND gate 16-gate chip
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CRAY PRODUCT STRATEGY

. Deliver the fastest vector and scalar processors

. Paraliel processing via muititasking and microtrasking
. Commitment to large real mamories

. Support of very high-speed /O

. Fast, efficlent software

. System integration supporting a variety of mainframes
. Expanding application software

. On-site support and maintenance

. Close customer contact

. Large R & D expenditures for hardware and software

Cray Products H/W Features Monday, December 19, 1988 2- 28



Cray System Comparisons

Model VAB | 18 | 14 [XMP ) XMP [ XMP| X-MPJCRAY: |CRAY. | X-UP | X4aP | X-MP | XMP vz v-upu| v-ure
Mo [ 1 2 | 4 | 2 | 2 Enise] EAY | EAm | EAe
CPU MombadcCPts | 1 | 1 | f Pz | & | g |aa| v | o 2| 4122448
Clock aried {ms) | 125 | 125 | 125 | 100 | 95 | 95 |95 | 41 | & |&5 ) 65|85 |85 ) 60 | 50 | ¢a
Bs | 35 | 8%
508 s, | 4 | s4m |24 | 48| A6 [ B4 4761532 16.02,16.52, | 182 | 16.22,| 22,64,
Mamory  sza e ol e @ |ae |6 | s |12 B |84 Jos o 128
Wewory chp [ oy | Ect | Mos |mes | wos | 2oL, | ECL fOwemd Suaie M0 | MoS { mos |mos | EcL | eel | ecL
Banks | 818 | 816 ¢ 418 | 16 [16.22 | 1632 {254 | 128 |es, § %6 |2264| 8s|20a] &2 |12 | 28
1%
Yemoly ports | ¢ . | 5 £ x4 | x4 | 1 |21, | 5 5 24 | dxd | 15, | x4, | 4xd,
&1 2d | 424 | Bxe
Yas;
PO 1Osubsyzam | Mo | Opt | ot |Buitin| Yas | Ves | vos | FoP J RGP [Yon | ves | Yos | ves | ves | ves Opt.
2nd
SSD channal . 100, 2 o L I
(Moytss's) W1 N o |10 [rooo | e | e A f1000 11003 £ (oo | o | o
High-spoad channel . 1
pats {100 hbylns'e 1.2 12 *2 1.2 2 4 2 {12 2 L] 12 |1.2% 124
Low-speed chastn ) .
mim{sw' 12 12 12 4 1 4 4 i 4 4 4 12 |°24 |124
Mainfme Columns § 128 | <28 | 128 | & 6 (128 | 12 | 14 " 5 6 |128 | 12 1 1
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CRAY Y-MP SUPERCOMPUTING
PHILOSOPHY

» |nnovative VLS| architectura is incorporated in:

CPU technology
- sama functionality as X-MP using less real estate

Hardwara design
- yields significant performance improvements

Memary accessing
- larger numbers of paths to central memory

» Improved reliability
Fewer parts
- 11O capability
Second I/O subsystem available option allows

Unprecedented amount of accessible disk space

*  Wide variety of memory and SSD options
- Compatible with CRAY X-MP
SF;?F\” X-MP (X-mode) instruction set may run on the CRAY

CRAY Y-MP SERIES CHARACTERISTICS

* Highly modular architecture in three frame types
- 1,2,4,0r8CPUs

« 6 nanosecond clock period

«  16/32/64/128 Mwords Central Memory

- Extensive use of VLSI logic circuits
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Y-MP Central Memory

» Upto 128 million words, depending on model, enabling users to
solve |arge problems without the need far as much disk /O

» Directly addressable for faster reads and writes
» Memory size is upgradable on mast maodals

» Memory integrity is checkad using single-bit error correction,
double-bit error detection (SECDED) logic

» Multiprocessor Y-MPs share a central memory organized in
interleaved memory banks that can be accessed indapendently
and in parallel during each machine clock periad

» Each processor has four parallel memaory ports connacted to
central memaory: wo for vector and scalar feiches, one for result
store, and one for independent I/O aperations {such as to the I0S

and SSD}; the CRAY-1systemn had only 1 bidirectional memaory
port

» The multiport memory has built-in conflict resolution hardware to
minimize delays and maintain the integrity of simultaneous
memory bank references

« 15ns 64Khit or 256Kbit ECL memory is or will be used on all Y-MP
models

CRAY Y-MP SERIES CONFIGURATIONS

Product 1989/1990 Memory Options*
Famlly Frame CPUs 128Mword 64Mword 32Mword 18 Mword

Y-MP 8 8 Y-MP8/8128 Y-MP8/864 Y-MP8/832
4 Y-MP8/4128 Y-MP8/484 Y-MPB/432

Y-MP 4 Y-MP4/464 Y-MP4/432 Y-MP4/416
Y-MP4/264 Y-MP4/232 Y-MP4/216

Y-MP4/164 Y-MP4/132 Y-MP4/116

Y-MP 2 Y-MP2/232 Y-MP2/216
Y-MP2/132 Y-MP2/116

* Models in italics will be available for delivery in the second quarter of 1990,

GRAY FRODUCTS Y-MP
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CRAY Y-MP FOOTPRINTS

; 0S ;
CRAY Y-MP2
} MFC ‘

Y- MP4
10S
@ Y- MPB
MFC
; 108 ;
CRAY Y-MP8
with 2nd optional

10S s SSD

MFC
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VLS| ARCHITECTURE

The VLS! architecture used on the Y-MP is based on 2500-gate
macrocell array chips. Because of the use of these chips the
following is possible in the Y-MP:

Reduced medule count

Improved reliability

Lower usage of costly floor space
Faster repair capability

A faster clock period

¥Y-MP MODULES
Each module:
- measures23.3in.x12.8in.x1.4in.

- consists of four printed circuit boards and coid plate
assemblies

- cold plate assemblies are made up of two hallow cold
platas with a printed circuit board mounted on each side
of the cold plates

- printed circuit boards have 12 layers and measure 11
in. x 21.2 in. Each board contains 4 million traces and
spaces, and 8,000 buried resistors

Y-MP2 CHASSIS COLUMN

Total of 11 slots in one calumn
- 1 or 2 CPU moduiles

- Upto 8 memory moedules

- 1 system clock module
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Y-MP2 CHASSIS DIMENSIONS

11 Slots

—CPUs & Clock—| |
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54 in.
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Y-MP4 CHASSIS COLUMN

= Total of 21slots in one column
- 1, 2, or 4 CPU modules
- Upto 16 memory medules

- 1 system clock module
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Y-MP4 CHASSIS DIMENSIONS

21 Slots
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Y-MP8 CHASSIS COLUMN

+ Total of 41slots in one column
- 4 or 8 CPU modules
- Up to 32 memory modules

- 1 system clock madule

CRAY PRODUCTS Y-MP March 10, 1989
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Y-MP8 CHASSIS DIMENSIONS

41 Slots
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Y-MP SHARED RESOURCES
CENTRAL MEMORY

+  Word width
- Data bits 84
Error Corraction bits 8
+  Memory size (Mwords) 16, 32, 64, 128
* Number of banks (64 per saction) 64, 128, 256
« Number of ports per CPU 4
/0 SECTION
* VHISP channels (1000 Mbytas/s) 1,2
* HISP channels (100 Mbytes/s) 2,4,8
* LOSP channels (6 Mbytes/s) 2,4,8
SHARED REGISTERS, NINE CLUSTERS
CONSISTING OF: -
» Shared address (SB) 32 bits each 8
« Shared scalar {ST) 84 bits each g
+  Semaphore {SM) 1 bit each 32
REAL TIME CLOCK, 64 BITS 1

Y-MP8/832 PHYSICAL CHARACTERISTICS

Floor space
Weight
Height
Power

Caooling

{excluding attached 10S and SSDh)

18.4 square feet
5,000 pounds
6.3 feet

163 KVA

80 gallons per minute Fluorinert {2 gallons per
minute through each moduie)

10 degrees F. temperature difference in/out

42 tons cooled by chiller
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CENTRAL MEMORY 1/0O PORTS

Machine |Ports/Pracessor| Total

2 Read
Y-MP2/1 2 Write 4

1 170

2 Read :
Y-MP2/2 2 Write 8
1 11O

2 Read
Y-MP4 2 Write 16

1 11O

) 2 Read ,
Y-MP38 2 Write az
1 VO

»  Shared Central Memary {16 Milior to 128 Million 4-bit Words)

» 4 Memoary Ports per CPU

«  Each of gight CPUs can perform two reads, one write, and one |/Q to central
memary at the same time. At the rate of 4 64-bit words generated each clock
pariod, peak memary bandwidth is 340 Gbits/s (8 CPUs * 4 words/cp 64
bits/word)/6.0 ns = 340 Gbits/s (42.5 Gbytes/s) assuming no bank conflicts.
This compares with 120 Gbits/s on an X-MP/48 system * 4 CPUs * 4 words/cp *
B4 bits/ward)/B.5 ns = 120 Gbits/s {15 Gbytas/s) assuming no bank contlicts.

Y-MP8 Memory Organization

SSa B
§S1 A
. 82 N
Section 0 333 | «
- 53|
CPU O [ ==
—- Section 1| . -
= Section 2| © .
CPU 7 [ T =
] geo] | A
K
Each CPU has an Section 3 23 LS
independent path to EE
each memory section
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- CRAY Y-MP CONCEPTS
CPU has scalar and vector instructlona
Eight vector registers par processor, each with 64 x 64-bit elemants
Ali arithmetic is register-ta-register )
Eight indepandent functional units per processor can ba used by vector
instructions
+ Pipelining:
« All functional units are fully segmented; after initial startup,
results are generated at the rate of one per clock period per processor
= Vector instructions using independent resources may executa in parallel
= Chaining:
Result vector is eligible to become an operand ance the first elemeant has
been computed

L] L L L]

CPU COMPUTATION SECTION
Each CPU features:
6.0 ns Clock Period
14 functional units
8 32-bit address reglsters {A registers)
64 32-bit imermediate address registers (B registers)
B 64-bit scalar registers
64 64-bit scalar save reglsters (T registers)
B B4-element {64-bit) vectar registers
Flexibte chaining
64-bit floating-point arithemetic
€4-bit Integer arithemetic

L L] . » L] y @ ] *

CPU CONTROL SECTION
Four Instruction Buffers Each Halding128 16-bit Instruction Parcals
Instruction Buffers Loaded at 1 Werd per Clock Period
Normal and interprocessor Imterrupt Handling
Canstant Stride Addressing
Gather/Scatter and Caompress Index on all models
Separate Program and Data Field Pratection in Memory

¥ ¢ L ] r

CPU COMMUNICATION SECTION

* 9 Clustars of Intercommunications Registers

8 Shared Address {32-bit)

8 Shared Scaiar (84-bit)

32 Synchronizatien (1-bit) semaphores
Monitor Mode Interprocessor Intarrupts
Hardware Deadlock Detection
Real-time Clock
Abave hardware Shared by Multiple Processors

L4 ] [ ] -
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FUNCTIONAL UNITS

The tunctional units in a Y-MP CPU are fully segmented to allow pipelining and chaining. That is, the S
spechlic operations required 10 complete an oparation are broken down inlo cne-clock perled segmenis.

This allows results 1o be generated at the rata of ohe par clock period per CPU. The typas ol fundtional

units arxi their uses is as follows:

Address functional units

Addilion Parforms 32-bH Integer addition or subtraction; subtractian is accomplished by a
process 1hat essentially adds the regative of lhe number to be subtracted

Multiplication Parforms 32-bit intager mulipication

Scalar Juncli .

Addition Parfarmg 84-hit addition or subiraction; subiraction 8 accomplished in the same
manner as an ackdress add

Shift (single or Shifts up 1o 128-bits (two concatenated S ragisters) 10 another S register

doubie) resuling in a fisld of up to 64 bits

Logical Parforms bit-by-bit manipulation of 64-bit quantities from S registers; it is used to
compare two sels of numbers for things tike malches or diiferences

Pop/Parily/ Counis the number of biis in an S register having a value of 1 {papulation count);

Leading Zero it ¢an aiso report if that sum is odd or even (partly); and it can cour the number of
leading bits (from left) which are equa! to zaro —

v Funstional Uni

Addilion Psrforms 64-bit addition or subtraction as Scalar Additian, above, excent each

operand i usi one element of a possbie 64 eloments in the V register

Shiit Pariorms a shitt ke a Scalar Shift, above, but each shifl s on one ar two elemants
of a possible 64 elements within the V register

Logical Pertamms lagical compares like Scalar Logical, above, but warks with up 10 64
64-bit elemsnis in the V register; there are twa vecior kgical funclionai units.
Due to spaca constraints, the second vector kogical unit uses part of 1he
Floating-paint Multiply unit and, thus, has takes longer than tha Full Vactor
Logical unit

Fop,parity Parforms population counts and parity checks like scalar, abave, tut works
on elements within a vector register: leading zero counting is not pertormed in
ihis tunctional uni

Addition Parforms 64-bit adddion or subtraction on very large or very small numbers and

can represent them using exponantiaf notation and decimal points
Muttiplication Performs 84-bit multipfication on tha same 1ypes of numbers as in fioating-point

additian; number rounding is avadable with this functional unii -
Reciprocal Performs an equivalent to a fleating-point division by uillizing Newton's meihod
Appraximation al a serles of raciprocal mukiplications to achigve an *approximate” answer
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10S OPTIONS
ON THE Y-MP

The Model D I/Q Subsystem enhances the Y-MP models to enable fast,
efficient data access and processing.

* Y-MP2 and Y-MP4 |08 configuration options include:

* one standard IO subsystem containing an MIOP and a BIOP with
expansion to include a DIOP and/or an XIOP

« one standard LSP-4 in the MIOP {which allows connections to the
Cray mainframe and up to three front-end interfaces or Network
Systems Corp. adapters) with expansion to inciude an optional
LSP-4 (which adds four more FEI/NSC adapter connections)

+ the BIOP and DIOP can hoid up to three DCU-5 disk controllers
each and each of them can drive four disk drives

* the XIOP can contain one HSX-1 (high-speed external channal
connection) and up to two BMC-5 taps controliers which can
support up to eight IBM tape channels

* 4 Mwords standard buffer memory, with options to expand to 8 or
32 Mwords

The 1OS attaches to one side of the Y-MP4 as & “wing". The IOS on a Y-MP2
is situated in front facing the mainframe.

* Y-MP8 |OS configuration options include;

* one standard /O subsystem containing an MIOP, a BIOP, a
DIOP, and an XIOP: this 10S forms a "wing” on the mainframe

- all of the above mentioned expansion options

= the addition of a second IQS which faces the mainframe

CRAY PRODUCTS Y-MP March 1D, 1989 3-18



/O Subsystem - Model D

HYPERchannel
Interfaces Operator
Consoles
Front End
Interfaces Maintenance
Workstation

Master

, ﬂ]m,

ey il
Central | mmll
Memory | . A—— ,

...|||||[mum|mummm|num||'||||| &

Disks
Digksn,

o, dag Auxilllary §
il 1OP (o §

Very High-speed
Channe! Palr {1000Mbyte/s)

High-speed Channel Palr [100Mbyte/s)

-nlllﬂ“\||l||tulllllllmuullmlmlnnulmﬂult-- Optlanal HISPs from
stand-alona SSD ©
 Disk 10Ps are also avallable

Low-speed Channel Pair (§ Mbyte/s) {nat shown)

% P

Buffer memory Channel (100Mbyte/s}
AR tlmer-l(}P Channsls
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SOLID-STATE STORAGE DEVICE (SSD)
OPTIONS

« The SSD functions as a very high speed secondary memory and
is looked at by the oparating system and user as another disk
drive

« The current memory size options are 128, 256, or 512
Mwords (a 32 or 128 Mword SSD can optionally be located in the
170 subsystern; this is the only option with the Y-MP2)

 The user accesses the SSD via Cray job statements with no
changes to the program necessary

+  Transfer rates are from 100 1o 2000 Mbytes/second; access time
is less than 25 microseconds

«  Connects 10;

CRAY Y-MP4 via one or two 1000 Mbytes/s channel

CRAY Y-MP8 via one or two 1000 Mbytes/s channels

(The optional 32 or 128 Mword SSD located in the I/O Subsystemn
is connected via one 1000 Mbytes/s channel.)

* An optional SSD direct connection to the |OS is available which
can allow faster throughput of disk data to CRAY central memory

- Provides a significant performance improvement on 1/0-bound
programs

CRAY PRODUCTS Y-MP March 10, 1989 3-20




SSD PERFORMANCE

2500
2000
1500 .//"./ /
1000
N /@
0
I I
o6 UNICOS UNICOS
SSD
direct

§ —8 Move 4 Sectors to SSD from X-MP mainframe
@ —& Move 18 Sectors ta SSD from X-MP mainframe
@ —@ 'ove 884 Sectors to SSD from X-MP mainframe
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CRAY Y-MP DiSK DRIVE OPTIONS

CRAY Y-MP computers support:

DS-40 disk subsystems
5.2 Gbytes capacity per DD-40 disk storage unit
20.8 Gbytes capacity per DS-40 (5.2 Gbytes x 4 DSUs/subsystem)
9.6 Mbyte/s sustained transfer rate for each DD-40 disk unit
16 ms average access time
DCU-5 controller

DD-49 disk drives
1.2 Gbytes capacity
9.6 Mbyte/s sustained transfer rate
16 ms average access time
DCU-5 controller

RDS-5 Disk System
4 Removable HDA Assemblias

1200 Mbyte capacity each
3.0 Mbyte/s transfer rate

DISK STRIPING

Software technigue which allows an increase in disk transfer rate (up
to a factor of 15 with a second 108 and UNICOS 5.0}

Multiple disks are treated as one lagical device
Striped groups are limited to like disk types
Access via a single command

Simuitaneous /O on all disks in the group

Effective I/Q rate is multiplied by the number of disks in the group

CRAY PRODUCTS Y-MP December 19, 1989 d-22




History of Cray Disk Storage Devices

Discontinued Current Products
Model DD-19i{DD-29 {DD-39 {DD-48§ DD-40
Manufacturer co¢ | cpc |Fuisu} wis | €DC

Storage Capacity { 303 Mb { 606 Mb [1238 Mb§1213 Mb{5200 Mb

[ransfer Rate 32 32 52 82 82
(max) Mbits/s | Mbits/s | Mbits/s | Mbits/s | Mbits/s
Drives per Devicej 1 1 3 1 4
Cray systems 1,X 1,X,2 XY X,2,Y 1 X,2,Y

Disk Striping

Disk Striping allows a graup of disks to be viewed by the operating
system and user as a single logical device, but which yiglds increased
I¥Q performancs.

A dataset residing on a stripad disk group looks like this:

Disk 1

Datasat Blocks Dataset B!ocks
1,4,7, - : 3

A read or write request t0 a dataset residing on & striped group <¢an
cause simukaneous I/O ta occur on all disks in the group.

In effect, the YO rate for the dataset is multiplied by the number of
disks In the graup.

All disks in the stripad group must be the same type and must be
connected to the 11O Subsystem.

{
Ny
(O8]
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DAISY CHAINING

The DS-40 disk subsystem includes a facility to effectively allow doubling the
storage capacity. This is known as daisy chaining.

Because each DC-40 disk controller in the DCC-2 chassis contains a
dual-ported interface, as many as eight DSUs can be connectad to the
DCC-2 chassis. Only four DSUs can be active at one time, however.

The effect of daisy chaining a single subsystem doubles capacity from 21
Gbytes to 42 Gbytes {4 x 5200 Mbytes vs. 8 x 5200 Mbytes).

Note that this does not mean twice the performance since the dhained
devices share a single multiplexed channel to the DCU-5 in the 10S.

A Y-MP8 with two |OS Model Ds could have up to 48 disk storage units. Up
to 96 disk storage units are possible with DS-40 daisy chaining yielding
249.6 Gbytes (499.2 Gbytes with daisy chaining). :

DS-40 OPTIONS
~ Capacity
CRAY DS-40 | without deisy | With daisy
Model | 10S | Subsystems | chaining chaining
Y-MP |1 Model D| 6 {24 DSUs) 124.8 '249.6
Y-MP {2 Model D{12 (48 DSUs) 249.5 499,2

Capatily values are In Gbytas,

CRAY PRCDUCTS Y-MP

March 10, 198839



DS-40 DISK SUBSYSTEM
with daisy chaining

DCC-2 Cabinet
-40 —
Ta {1) “ -’ —
DCU-5in 10 = DC-40 ]
(X-MP, Y-MP) or
(4)DC-3 DC-40 3
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CRAY Y-MP and CRAY X-MP
COMPARISON

Characteristic

CRAY Y-MP Mainframe

CRAY X-MP EA Mainframe

Memory size 16, 32, 64, 128 Mwords 4, 16, 32, 64 Mwords
Banks B4, 128, 256 16, 32, B4
{CPUs 1,2 4,8 1, 2, 4

A register width

24 bits (X-mode)
J2_bits (Y-mode)

24 bits (X-mode)
32 bits (Y-mopde)

Address register width

24 bits -(X-mods)
2 bits (Y-mpda}

SB registers per cluster

24 bits (X-mode)
32 bits (Y-mpde)

8 x 24 (X-made)
8 X .32 {Y-mode)

Clusters

8 x 24 (X-made)
8 X 32 {Y-made)

0,35 89

0,3 86

Instruction formats

1 and 2 parcels (X-mode)
1,2, and 3 parcels (Y-mode)

Instruction expression
{maximum width)

1 and 2 parcels (X-mode)

1,2, and 3 parcels (Y-mode)

24 bits (X-mode)
32 bits (Y-mode)

24 bits (X-mode)
32 hits (Y-mode)

ifkm  {X-maode) ijkm  (X-mode)
exp = rm  {Y-mode) nm (Y-mode)
Program block
Maximum size 4 Mwords 4 Mwoards
Boundary 256 words 256 words
I/Q channsls
& Mbyte/secand 2,4, 8 1,2, 3 4
100 Mbyte/second |2, 4, B 1,2, 3,4
1000 Mbyte/second |1, 2 1, 2
: Y.
Maximum IOPs R 4

(4 is std, 4 morg opt.)

Maint. workstation

VMEbus system

VMEbus system

Error Logger

VMEbus system

VMEbus system

Operator workstation

VMEbus system

VMEbus system

Disk drivaes

DD-39s, DD-40s, DD-49s

DD-38s, DD-40s, DD-49s

CRAY PRODUCTS Y-MP

March 10D, 1989
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CRAY Y-MP PURCHASE PRICES
(Made available by instructor)
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CRAY X-MP EA SYSTEMS

The X-MP series of compuiers has besn a mainstay of the Cray supsrcomputer product
lina since #s irroduction in 1982. Now, howaver, with the introduction ot the new Y-MP
modals, most of the X-MP EA (as it is now known) modals are being discontinued. The
ong!)(-MP EA models stili being produced will be the "se” models described later in this
sechion.

Below is a recap of the X-MP EA models that have been and will still be available along
with some physical charactanstics ot them,

CRAY X-MP EA SERIES OF SYSTEMS

Model CPUs | Memory Size | Banks} 10Ps | Buffer Memory
(Mwords} (Mwords]
A-MP EA/14%0 1 4 18 2/13 24/8/32
X-MP EA/18%0 1 B 16 213 2/418/32
X-MP EAi116sdq 1 16 18 2/3 B 2/4/8/32
X-MP EAH16 *]| 1 16 32 21314 48132
X-MP EA/132 * 1 32 32 2314 4/8/32
X-MP EAfG4 *) 1 64 64 2/3/4 4/8/32
X-MP EA216 *| 2 16 32 21314 4/8/32
X-MP EA232 *| 2 32 32 2/3/4 4/8/32
X-MP EAs264 *]| 2 G4 64 21314 48132
X-MP EA/41G *| 4 16 32 2/3/4 4/8/32
X-MP Ea/422 *| 4 a2 32 2/3/4 4/8/32
X-MP EA/484 *| 4 84 64 2/3/4 4/B/32

* Qut of production
1 1 Mword = 1,048,576 worde

PHYSICAL CHARACTERISTICS

No. of Arcin KVA
Model Columns Degrees Sq.FL Tons wer
X-MP EA/1s8@ 6 135 21 3.0 g0
X-MP EA/ 3 182 26 3.8 80
X-MP EA/2 8 182 . 26 3.8 80
X-MP EA/ 12 270 39 5.7 150

IOS weighs 1.7 tons, occuples 13 sq.it.
850 welghs 1.7 tons, occupies 13 sq.ft.
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CRAY X-MP EA/se SYSTEMS
OVERVIEW

Three models of the X-MP EA/se are now available and are the only X-MP
systems still in production.

Each modsl is a complete system in six columns and contains one CPU.
The only options are in the amount of central memory and the [OS options.,
The models are:

» X-MP EA/14s6 (4 Mwords of Static MOS memory in 16 banks)

» X-MP EA/18se (8 Mwaords of Static MOS memory in 16 banks)

+ X-MP EA/116se (16 Mwords of Static MOS memary in 16 banks)

The clock rate of the X-MP EA/se is 8.5 ns. Earlier versions with a 10.0 ns
clock rate can be upgraded.

The X-MP EA/se can operate in either X-MP or Y-MP mode.

Cray Products X/MP EA/se March 10, 1989 4- 4



CRAY X-MP EA/se

G6-columns
Internal 10S
PDU attached

v

cCQO™
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X-MP EA/se 10S CONFIGURATION OPTIONS —

The standard built-in 1I0S systém includes:
+ AnMIOP
« A BIOP
« Two Mword bufier memory
» One 100 Mbyte/sec. channel
« One 6 Mbyte/sec channel
+ One L.SP-4 for connecting to front-ends and networks
»  One DCU-S for connecting to disk units
Options include:
« Memory upgrades to 4, 8, or 32 Mwords
« An XIOP
« A BMC-5 for connecting to IBM tape equipment (requires an XIOP)
+ One mare DCU-5

No S50 options are available with the X-MP EA/se systems.

The X-MP EA/se supports the DD-49 disk units and the DS-40 disk
subsystem.

Cray Products X/MP EA/se March 10, 1989 4- 8



CRAY X-MP EA/se
|OS Diagram

LSP-4 | .

MIOP

DCU-5
DCU-5

BIOP

| HSX-

2-Mword Buffer Memory
(4, 8 and 32 Mwords optional)

- I'emcs

[ 1 Optional eguipment
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CRAY X-MP EA/se PURCHASE PRICES
(Made available by instructor)
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CRAY-2 SUPERCOMPUTING
PHILOSOPHY

. Dasign simplicity

« - Few, very fast processors
High-speed logic circuits
Register-based
Fast scalar processing
Fast vector processing

. Parallel processing
Vector operations
Separate functional units
Multiple pracessors and multitasking

. Very high performance 1/O

. Very farge common memory
Highly interleaved memory
Accessible from each processor

. High availability

. Ease of system integration
Networks and stations
. Standard software
Fartran

Operating system based on ATAT UNIX* System V

*UNIX is a2 trademark of AT&T Bell Laboratones

Cray Products CRAY-2 March 10, 1989 5-



PHYSICAL APPEARANCE

+ SMALL C-SHAPED CABINET CONTAINING 14 COLUMNS IN A 300°
ARC

» COLUMNS ARRANGED IN A PARTIAL CIRCLE WITH A 20" ANGLE
BETWEEN COLUMNS

» MODULES COMPRISE THE UPPER 24 INCHES OF EACH COLUMN

+ POWER SUPFLIES COMPRISE THE LOWER 19 INCHES OF EACH
COLUMN

PHYSICAL CHARACTERISTICS

+ 16 SQUARE FEET FLOOR SPACE
« 45INCHES HIGH
+ 53 INCHES DIAMETER
+ 2.75TONS
5500 POUNDS FILLED
3495 POUNDS DRY
(2005 POUNDS WEIGHT OF FLUORINERT)
* 2.96 POUNDS PER SQUARE INCH PRESSURE
195 KILOWATTS

* 14 COLUMNS IN 300° ARC
336 MODULES TOTAL

+ 36,000 TWISTED PAIR WIRES
10 INCHES AVERAGE LENGTH
25 INCHES LONGEST
2.5 INCHES SHORTEST

5.68 MILES

Cray Products CRAY-2 March 10, 1989 9- 4
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COOLING

LIQUID IMMERSION GOOLING ALLOWS DENSELY-PACKED
ELECTRCNICS

+ ™ALVELESS" COOLING SYSTEM
FLUCROCARBON FLUID - 200 GALLONS
1 INCH/S FLOW RATE
70° F {21° C) CHASSIS ENTRY
80° F (27° C) CHASSIS EXIT
STAND PIPE AND RESERVOIR
SHELL AND TUBE HEAT EXCHANGE

+  FLUORQCARBON FLUID (PRIMARY)
COLORLESS AND ODORLESS
INERT AND NONTOXIC
NONFLAMMABLE AND INSULATING
HIGH THERMAL STABILITY
HIGH BEAT TRANSFER

+ CHILLED WATER COOLING (SECONDARY)

55 TONS
50° F {(10° C) NORMAL

Cray Products CRAY-2 March 10, 1983




CRAY-2 TWO-PHASE COOLING SYSTEM
UTILIZING A DIELECTRIC SOLUTION
(FLUORINERT), WATER, AND FREON

WATER IS COOLED IN A BEPARATE
FAEON-BASED SYSTEM

FLUORINEAT PUMPED THROUGH M-POD

RESERVOIR HELPS MAINTAIN -

CORRECT PRESSURE LEVEL 43% of heat
removed (6 cols.)

O

O O

RESERVOIR

O

HEAT GENERATED BY
CHIPS 18 CARRIED AWAY
BY FLUORINERT

Wall

S-POD

57% of heat
remaved (8 cals.}

MEAT |8 EXCHANGED BETWEEN
FLUCRINERT AND WATER IN
THE PODS

Flugorinert Heat Exchange
warmest Fluorinert does aot meet coldest water
{avoids problems with cracking pipes)

5!2 watee from Freon-basad cooling svstsm ‘

< Cooled Fluorinert o CRAY-2 {70°F)

Warm Fluorinert -2 (A0° F)

S >

“Warmed water ko Fraon-basad cooling sysiem
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CHAY-2 MODEL NUMBERING SCHEME

CRAY-25/X-NNN
F O §

Number

of Mwords of Common Memory

Number of Background Processors

"S" if Static Memary

Dynamic Memory Static Memory
Model Models
CRAY-2/4-256 CRAY-25/2-84
CRAY-2/4-512 CRAY-25/2-128
CRAY-25/4-128
Numbgr of Common | Number of| Mwords Number
CRAY-2 | Background Memory | Memory per of
Model Processors (Mwards} | Banks Bank YO Porls

Q
= 4-258 4 258 128 2 40
o
Z
z 4-512 4 512 128 4 40

2-64 2 64 64 1 20
$
=
lg: 2-128 2 128 128 1 20
7]

4-128 4 128 128 1 40
Cray Products CRAY-2 March 10, 1989 5- 8




Memory Size Comparison

CRAY-2
- Memories .
‘CRAY Y-MP Memotrles - 512 Mwords
|
_‘CHAY X-MP Memorles' ' 256 Mwords Ii
128 d 1 '

2 Mwords 64 Mwords MwWOrcs ,'_ ,'_
4 Mwords 1
8 Mwords -
16 Mwords

.!i

|

|
32 Mwords;
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MODULE TECHNOLOGY

. THREE-DIMENSIONAL ORGANIZATION
4x8x1 INCHES (10x20x3 CM)
3-D CIRCUIT CONNECTIONS
8-8x12 IC ARRAYS PER MODULE
2 POUNDS PER MODULE
300-500 WATTS PER MODLULE
8x36 PIN CONNECTORS {288 PER MODULE]}
750 ICs PER MODULE
. 64 OR 128 MEMORY MODULES
. 38 MODULES PER CPU
. THREE FOREGROUND PROCESSOR MODULES
. UP TO 40 /O CONTROLLER MQDULES
YO MODULES PROVIDE A CONNECTION
TO A COMMUNICATION CHANNEL OR A
CONNECTION TO DISK OR TAPE EQUIPMENT

o 36 MODULE TYPES

IC TECHNOLOGY
. FAST 16-GATE ARRAY LOGIC CHIPS
. 256Kbit or 1 Mbit MEMORY CHIPS
UP TO 72,000 MEMORY CHIPS
. UPTO 24:10.000 iCs TOTAL

Cray Products CRAY-2 March 10, 1989 5- 10
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COMMON MEMORY

84, 128, 258, or 512 MWORDS

64 DATA BITS, 8 SECDED BITS

64 or 128 BANKS - 1 or 2 MWORD/BANK

256K MOS MEMCRY TECHNOLOGY

TOTAL MEMCORY BANOWIOTH &4 GBITS

FOUR 16 GBIT/s PCRATS

+ 4 COMMON MEMORY PCRTS USED FOR:
BACKGROUND PROCESSOR QPERAND REQUEST
BACKGROUND PROCESSOR INSTRUCTION FETCH
FOREGROUND PROCESSOR TRANSFER AEQUEST
IO CONTROLLER TRANSFER REQUESTS

MEMORY TYPES
DYNAMIC RAM

256Kbit or 1 Mbit MOS

CHIP ACCESS TIME: Blins (120ns ON FIRST SYSTEMS)

LONG BANK BUSY TIME: 45 CLOCK PERIODS

SHORT BANK BUSY TIME: 13 CLOCK PERIODS

MEMORY ACCESS TIME IS 47 CLOGK PERIODS (8 CPs FASTER THAN 120 ns
DRAM)

«  MAXIMUM MACHINE SIZE: 512 MWORDS

STATIC RAM

256K-BIT MOS

* CHIP ACCESS TIME: 45 ns
BANK BUSY TIME: jess than16 CLOCK PERIODS
MEMORY ACCESS TIME: 35 CLOCK PERIODS (20 CPs FASTER THAN 120 ns
DRAM)

+  MAXIMUM MACHINE SIZE: 128 MWORDS

Cray Products CRAY-2 March 10, 1989 5- 12



BOARD LAYOUT
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CRAY-2 FOUR CPU ARCHITECTURE

* FOUR IDENTICAL BACKGROUND PROCESSORS
16K 64-BIT WORDS LOCAL MEMORY PER PROCESSOR
SCALAR PROCESSING
VECTOR PROCESSING
INTERPROCESSOR COMMUNICATION

. 4.1 NANCSECOND CLOCK

. 128 MWORD STATIC OR 256 OR 512 MWORD DYNAMIC
COMMON MEMQORY

< UPTO 40 PERIPHERAL DEVICES INCLUDING:

UP TO 9 DS-40 SUBSYSTEMS TOTALING 36 DD-40 DISK
STORAGE UNITS (72 WITH SHADOWING)

UP TO 36 DD-49 DISK DRIVES

UP TO 8 HIGH-SPEED EXTERNAL 100 Mbyte/s CHANNEL
(HSX-1) CONTROLLERS

UP TO 16 EXTERNAL /O CONTROLLERS SUCH AS:
FRONT-END INTERFACES (FEI)
CRAY-2 TAPE CONTROLLERS (CTC)
OR HYPERchannal ADAPTORS (A130)

MAINTENANCE CONTROL CONSOQOLE {MCC)

Cray Products CRAY-2 March 10, 1989 5- 14




CRAY-2 FOUR - CPU SYSTEMS

COMMON MEMORY
128, 256, or $12 Mwords

Background
Processor

Background Background Background
Proceszor Procassor Processor
Foreground Frocasaor
OD49
_/ |7U A/
HSX VAX BM CTC-X
CONTROLLER FRONT-END FRONT-END (Tape
Controller)

NSC H

Cray Products CRAY-2

March 27, 1989

Mce
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CRAY-2 TWO CPU ARCHITECTURE

TWO IDENTICAL BACKGROUND PROCESSORS
16K 64-BIT WCRDS LOCAL MEMORY PER PROCESSCR
SCALAR PROCESSING
VECTOHR PROCESSING
INTEAPROCESSQR COMMUNICATION

. 4.1 NANOSECOND CLOCK
¢ 64 OR 126 MWCRD STATIC COMMON MEMORY

. UP TO 20 PERIPHERAL DEVICES INCLUDING:

UP TQ 4 DS-40 DISK SUBSYSTEMS TOTALING 16 DD-40
DISK STGRAGE UNITS (32 WITH SHADOWING)

UP TO 18 DD-49 DISK DRIVES

UP TO 4 HIGH-SPEED EXTERNAL 100 Mbyte/s CHANNEL
(HSX-1) CONTROLLERS

UP TQO 8 EXTERNAL O CONTROLLERS SUCH AS:
FRONT-END INTERFACES (FEI)
CRAY-2 TAPE CONTROLLERS ({CTC)
OR HYPERchannel ADAPTORS {A130)

. MAINTENANCE CONTROL CONSOLE (MCC)

Cray Products CRAY-2 March 10, 1989 5- 186



CRAY-2 TWO - CPU SYSTEMS

COMMON MEMORY
64 or 128 Mwords

Background Bachground
Processor Procassor
Foragroung Procassar
4 4 MCC
' | Printer |
DD-45%
DD49
\_/ o’
HSX M CTC-X
Cortroller Fram end {Tape
Controlar)

Cray Products CRAY-2 March 10, 1989 5- 17



BACKGRQUND PROCESSORS

Each background processor consists of a:

-

+

COMPUTATION SECTION "
CONTROL SECTION
HIGH-SPEED LOCAL MEMORY

COMPUTATION SECTION CHARACTERISTICS
Address and arithmetlc registers
Eight 32-bit address (A) registars
Eight 64-bit scalar {S) registers
Eight 64-element vector (V) registars; 64 bits per slement
Address functional units
Add/subtract
Multiply
Scalar functional units
Shift
Logical
Integer
Add/subtract
Popuiation/parity
Leackng zero count
Vector functioral units
Loglcal
Integer
Shift ==
Add/subtract
Population/parity
Leading zero count
Compresssd iota
Floating-point functiona! units
Add/subtract
Mulicly/reciprocal approximation/square root
Gather and scatter operations to and from common memory

CONTROL SECTION CHARACTERISTICS

8 instruction butfers {32 words each)

128 basic instruction codas

32-bit program address register

32-hbit base address register

32-bit limit address register

32-bit status register

84-bit real time clock

8 semaphare flags for interprocessor synchronization

LOCAL MEMORY CHARACTERISTICS
16,384 84-bit wards per CPU
access time in clock periods:
scalar - 4TO7? vector - 10+ vector langth {vi)
can overiap access with common memory or functional units
A, 8, and V register access (replacas B and T registers)

Cray Products CRAY-2 March 10, 1989 5- 18



Veoctor Registars Yector
v7 Functional Unils

ve Loglcal

v5
v4

L2 ) (add,shift,

v2 pop/parity
B LZ.E
vl Z.lota)

v

Integer

Add

u Multiply
(reciprocal

Scalar Registers sq- root)

7 alnt
unetfonal
nits

24
Local §3
Memary | 2

Shift
Logical

Integer

16 Kwords Address Registers (add,pop,
parity,LZ)

=vo=mzg
7]
=

Scalar
Functlonal
Units

64,128,
or 256
Mwords

Multiply
Add

o 1 Address
- | Functiona
A Units

Instruction

Instruction I
Queua
Bufiers 1ssus

CRAY-2 Background Processor Simplified Block Diagram
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FOREGROUND PROCESSOR
« INSTRUCTION MEMORY
+ LOCAL DATA MEMORY
+ ARITHMETIC FUNCTIONS
* REAL-TIME CLOCK
» ERROR CHECKING
» INSTRUCTION ISSUE MECHANISM
* INSTRUCTION SET

FOREGROUND PROCESSOR CHARACTERISTICS

» OVERALL SYSTEM SUPERVISION
BACKGROUND PROCESSORS
(/G CONTROLLERS

32-BIT PROCESSOR
A AND B REGISTERS
LOCAL DATA MEMCRY 4096 WORDS
INSTRUCTION MEMORY 64K BYTES
INTEGER ARITHMETIC

+* PERIPHERAL CONTROLLER INTERFACES
DC-3: DD-40 Disk Controller
DC-2. DD-49 Disk Contraller
FE-3: CONNECTION TO FE|, CTC, CR A130
HSX-1: HIGH-SPEED EXTEANAL CHANNEL

FOUR COMMUNICATION CHANNELS
(TWO ON 2-CPU MODELS)
500 Mbyte/s EACH
CAPACITY OF 36 DD-49 DRIVES (43.2 GBYTES)
LINK FOREGROUND AND BACKGROUND
PROCESSORS AND CONTROLLERS

+ SYSTEM DEADSTART

Cray Preducts CRAY-2 March 10, 1989 5- 20



CRAY-2 Foreground Processor / Channel Loop
Architecture
Simplified Block Diagram

Pragram

A Register Counter
B Ragister Console
@ Reglster

instruction Memory
64Kbytes

Local Memory
4K 32-bit words

f Dis
Controller

Front End
Interface

Processor Po

' Cominon
__ Memory Port

Cray Products CRAY-2

Backgrou nda

March 10, 1989 5-
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FOREGROUND SYSTEM

PROVIDES CCMMUNICATION BETWEEN:
BACKGROUND PROCESSORS
FOREGROUND PROCESSORS
DISK CONTROLLERS
FRONT-END INTERFACES

FOREGROUND CHANNEL FORTS:

CONTROL DATA TRANSFERS BETWEEN
COMMON MEMORY AND PERIPHERAL
EQUIPMENT

MONITOR AND CONTROL BACKGROUND
PROCESSQRS

PROVIDES ACCESS AND CONTROL FOR UP TO 36 DISK
STORAGE UNITS (UF TQ 18 ON TWO-CPU MODELS)

SUPERVISES OVERALL SYSTEM ACTIVITY
USES MAINTENANCE CONTROL CONSOLE TO:

DEADSTART
MONITOR SYSTEM OPERATION

Cray Products CRAY-2 March 10, 1989 5- 22



CRAY-2 SYSTEM
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DS-40 DISK SUBSYSTEM

5200 MBYTES PER DRIVE
UP TO 36 DISK STORAGE UNITS

= 187.2 Gbytes (9 DS-40 DISK SUBSYSTEMS)
(374.4 Gbyles WITH DAISY CHAINING)

20 MBYTES/S BURST RATE

AVERAGE ACCESS TIME 16 ms

MEDIA DEFECTS HANDLED BY "SKIP DEFECT"
DD-40 DISK STORAGE UNIT SPECIFICATIONS
. 208 VAC, 60HZ, 20A

+ 1150 LBS (522 KG)

- FORCED-AIR COOUNG

DD-49 DISK DRIVE

1200 MBYTES PER DRIVE

UP TO 36 DRIVES = 43.2 Gbyles

12 MBYTES/S BURST RATE

AVERAGE ACCESS TIME 16 ms
WINCHESTER TYPE HDA PLATED MEDIA
TWOQ SPARE SECTORS PER TRACK

208 VAC, BOHZ, 20A

844 LBS (383 KG)

FORCED-AIR COOLING

HSX HIGH-SPEED EXTERNAL CHANNEL

*

CAN CONNECT TO CUSTOMER-FURNISHED
GRAPHICS AND SIMULATION DEVICES
ALLOWS CONNECTING TO OTHER CRAY-2s
OR A CRAY X-MP SYSTEM

TRANSFER RATE OF UP TO 100 Mbytes/s
CHANNEL PROTOCOL IS PEER TO PEER
(NOT MASTER-SLAVE)

FRONT-END CHANNEL

ALLOWS CONNECTION TO A VARIETY OF
FRONT-END COMPUTER SYSTEMS

UP TO 16 FRONT-END SYSTEMS CAN BE
ACCOMMODATED IN A POINT-TO-POINT
CONFIGURATION

AN UNLIMITED NUMBER OF SYSTEMS CAN

BE CONNECTED USING COMMERCIALLY
AVAILABLE BUS NETWCRHKS (8.9., HYPERchanne!)

Cray Products CRAY-2 April 11, 1989
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CRAY-2
SAMPLE CONFIGURATION

256 MWORDS MOS COMMON MEMORY

PROCESSOR

BACKGRQUND | BACKGRQUND

PROCESSOR

BACKGROUND | BACKGROUND
PROCESSOR PROCESSOR

| [uce
FOREGROUND PROCESSOH
Printer
oc2 |oce [FE2 |oc2 |ocz |FE2 |2 |Fe2 |Fe2 | oce |Do2 | HS®a
Custamer
DD-49 Equipment
DD-49 DD-49 DD-49
DD-49 DD-49
AC311
1 FEI
[ FE|
| — FE|
c1C To
N Tape front-end
[ ikl machings
4
N . BM
m Provided by Customer. o
Carfridga
Tapas
Cray Products CRAY-2 March 10, 1989 5- 25



CRAY-2 TAPES CONTROLLERS

= ENABLES A CRAY-2 SYSTEM TO INTERCONNECT
WITH ONE OR MORE IBM 3480 MAGNETIC TAPE
CARTRIDGE SUBSYSTEMS

» SYSTEM USES A VMEbus AACHITECTURE AND

68000 MPU
DATA
STREAMING
CONTROLLER FE-2 CHANNELS
CTC-1 1 1
CTC-2 1 2
CTC-4 2 4

CRAY-2 TAPE PERFORMANCE

+  CTC-1 WITH ONE STREAM (DRIVE):
2.5 Mbytes/s

+ CTC-2 WITH TWO STREAMS (DRIVES):
5.0 Mbytes/s

CTC-4 WITH FQUR STREAMS {DRIVES):
10.0 Mbytes/s

Cray Products CRAY-2 March 10, 1869
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Sample CRAY-2 Tape Configurations

BACKGROUND
PROCESSOR

BACKGROUND
PROCESSCRH

BACKGROUND
PROCESSOR

BACKGROUND
PRCCESSOR

gZCcOxaoamoDnoOm

TOmEeMOOx

Cray Products CRAY-2

NSC HYPERchannel
FE-2 A130
FE-2 A130
FE-2 FEI-1 IEM
FE-2 |_FE-1_| | Front-end
DC-2 DD-4%
DCc-2 DD-4¢ VAX
DC-2 DD-45 Front-end
DC-2 DD-49
DC-2 DD-48
DG-2 D49
DG-2 DD-49
DC-2 DD-4%
DC-2 DD-4%
.DC-2 OD-49

DC-2 Db-49
DC-2 pD-49

3430-B22
FE-2 CTCA Tape

Units

3480-R22
FE-2 CTC-2 Tapo

Units

3480-822
FE-2 Tape
iy CTC-4 oo

HSX-1 Customer
Equipment
March 10, 1989 5- 27




CRAY-2 PURCHASE PRICES
(Made available by instructor)

Cray Products CRAY-2 March 10, 1989
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SOFTWARE STRUCTURE

APPLICATIONS

LANGUAGES
TOOLS

OPERATING
SYSTEM

HARDWARE

Operating
systems

Communications/
Networking

Applications

Most computer software can be placed within categories or layers as the drawing
above shows. Many of the same application programs such as word processors of
even car ¢crash simulation programs can work on different computers as long as the
software on the inner layers is able to convert what the program is asking the computer
to do inlo somaething the hardware can understand. Thie is system software which
includes toals, utilities, languages, libraries, communications/networking, and

operating system code necessary to get the job done.

Simllar drawings to this one will be used to show some ot the complementary part::
.the COS and UNICQOS aperating systems.
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CRAY OPERATING SYSTEM
(COS)

Efficlent, high-throughgput batch-oriented system
*  Works in conjunction with the IOS Opaerating System on mainframes with an 10S
»  Structured as a monitor-maode executive and a set of user-mode system tasks
+ Common to CRAY-1 and CRAY X-MP
»  Simple English-ike Job Cantrol Language {JCL}
+ Permanent Dataset Management
»  Dynamic disk allocatien/deallocation
+  On-line tape support
+ Flexible job class scheduler
+ Information logging at job and aystem levels
Instaliation-controlled accounting parametars
»  Cammon interface fo front-ands and system operator
+ Job recovery following system Intemuption
» Interactive capability
«  Automatic dataset archiving
»  Multiprogramming/multiproceasing/mulitasking
Superlink/1SP
+  Many levels of security

COS development efforts will end soon because of emphasis on the UNICOS
Operating System.
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COS STRUCTURE

APPLICATICNS

LANGUAGES

OPERATING

HARDWARE

Compilers
Libraries
Products
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COS COMPONENTS

COS is run by a central program callad EXEC which allgns each incoming job with the
resources it needs. It also makes sure that jobs don't Intarfare with each other and that
each one gets an opportunity to run.

Another background program jobs need frequently is Conirol Statement Processor
(CSP}) which deciphers Job Gontroi Statements (JCL) in yobs.

To help EXEC out, a group of system tasks collectively known as Sysiem Task
Processor (STP}, provide the routine chores |oba regularly need, such as disk I/0, Job
acheduling, and mary move. One of the tasks, the Exchangse Processor (EXP), acts as
a messenger between a job and EXEC. This prevents jobs from directly affecting
EXEC. '

The other tasks include:

Startup - used only to restart the computar

Station Call Processor {SCP) - Handles protocol for communication with front-ends
Permanent Dataset Manager {PDM) - Maintains the catalog of datasets stored on disk
Disk Error Corraction {DEC) - Handles error recovery for disks
Disk Queus Manager {DQM) - Handles disk I/Q requests and disk sbaoe management

Message Manager (MSG) - Formats log messages and initiates /O to system and user
logs

Massage Processor (MEP) - Initiates memory etrror log messages

System Perlormance Monitor (SPM) - Collects and formats system parormancs sials
Job Scheduler {(JSH) - Allocates memory and CPU resources to user jobs and tasks
Job Class Managsr (JCM} - Assigns jobs 10 classes according to the job class structure
Tape Queue Manager (TQM} - Handles tape /O requasts

Stager (STG) - Works with SCP 1o handle the movement of data to and (rom hient ends

Flush Volatile Device {FVD} - On request, moves data from volatile to nan-volatile mas
storage daevices {e.g. from SSO to disk}

Superlink Task {SLT) - Handles I/O requests for Supsrink/ISP —

Diagnostic (DIA) - Initiates 1he Disk Online WHility which allows disk maintenance while
the operating system continues to run

Cray Products CQS Monday, December 12, 1988 B- 6



COS Components

4 Control ;
Statement
e, Procesgsor f
7/ Exchange
" Proceasor

Disk
Queue Mgr

% vob Scheduler 3

Tape

£ Station Call
Queue Mgr 7 2

Processor §

1
-;.‘I
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COS EXECUTION

COS uges a swapping technique in which EXEC gets swhched 1o on every request.
For exampie, if a job needs some data from disk, EXEC gets notified of this and asks
the appropriate tasks (.6, PDM and DQM) to do the work. They will notify EXEC when
they are finished.

This method of exchanging back and forth aliows EXEC to initiate tasks for jobs, then
search for other |Jobs needing services. This is especially imporiant since COS is
single-threaded. This means that EXEC can only be connected to one job at a time
to pravent confusion. This becomes even more important In multi-CPU machines.

COS (s written in Cray Assembler Language (CAL).

Cray Products COS Monday, December 19, 1988 6- 8



COS execution

EXEC
(monitor mode)

user task

ﬁ exchange

vl Interrupt or exchange
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WHAT IS UNICOS?

The UNICOS Operating System is the newest operating system at Cray
Research, inc. it has the following characteristics: :

Based on UNIX System V from AT&T
. Enhanced to support Cray supercomputers

. Runs on Cray-1{with I0S), Cray X-MP, Cray-2, and CRAY Y-MP
systems

. Will run on future Cray systems

The goals of UNICOS development are to:

. Deliver supercomputer performance
. Provide full functionality {full use of the hardware features)
. Follow System V enhancements

. Provide comman products with the Cray Operating System (COS)
for migration purpases

Cray Producta UNICOS Monday, December 19, 1988 7-3



WHY IS IT BASED ON UNIX?

There are many reasons why the UNIX operation system was chosen as a
base for UNICOS. They include:

. UNIX is fast becoming an industry standard
. Spaed of implementation

. Portablility (written mostly In G language)

. Functionality

. Perfarmance

. Existing applications and utilities {no need to rewrite them)

Cray Products UNICOS Monday, Decamber 19, 1988 7- 4



CRAY UNICOS COMPATIBILITY

The goals of UNICOS include:

« Maintain consistent interface to existing and new
machines

+ Preserve customer software investment

Cray Research's commitment to UNICOS compatibility
across all hardware ". . . is to have the same interface for
user calls, system calls, library calls, and languages.
Exceptions will occur due to architectural differences or to
performance needs which are dependent on architectural
differences.”

Cray Products UNICOS Thursday, January 19, 1889 7-5



HISTORY OF UNIX
AT&T System V

The UNIX operating system was first developed in 1969 at the Ball Laboratories in New
Jersey. Many people have contributed to its developmant leading to the most recent
release, System V,

UNIX was developed to provide a time-sharing system which allowed mare than one
parsan to use the computer at the same time (muli-user) and it allowed a person to
communlcate directly with the computer via a terntinai {interactively).

UNIX designers iocok advantage of ather multi-user operating systems in devsloping
tNIX. Researchers davalopad UNIX to aliow a group of people warking together on a
project ta share data and programs.,

It has become increasingly expensive for hardware manufacturers fo devslop and
support praprietary oparating systems as the cost of hardware continues to drop.
Likewise, application software manufacturers can't atford to convert their products te
run on many different proprietary oparating systems. UNIX fills the needs of both. it
¢an fairly easily be adapted ta different computer hardware and software programs can
be written to the operating system, not the specific machine. Therefore, a program
which runs on one UNIX machine can easily run on another UNIX machine.

Another benefit of UNIX is that it is written in C, a high-level, machine-independent
programming language.

The Berkeley Influence

Whean LINIX became widely available in 1975, Bell Labs offered it to educational
institutions at a minimal cost. The schools used it in their computer science programs
and, thus, it became popular. Graduating students then brought their UNIX experience
to the commarcial word.

The Computer Science Department of the University of Califarnia at Berkeley made
significant additions and changes 1o UNIX. In fact, they made so many popular
changes that one version is cailed the Berkeley Software Cistribution (BSD) of the
UNIX system. System V from AT&T has adopted many of the features developed at
Barkeley.

Cray Products UNICOS Thursday, January 19, 1989 7-6



UNICOS EVOLUTION

UNICOS

FULL DUPLEX FIPES
X¥NAMIC BLOCK

MULTIPROCESSING
ASYNCHRONOUS /O

NETWORK QUEURNG
SYSTEM

STATION CALL
PROCESSOR

BOSYSTEM V SOURCE B8

LI(A‘: 2 CRAY X-MI ]
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UNICOS Features and Functions

User level:

»

Shell

File/Directory System
Commands/Utilities/Compilers
Pipes/Filters

I/O Redirection

Shell Programs/Scripts
Applications

System Level:

*

Resource Management
Process Management
File Management

1/0 Management

Cray Products UNICOS Monday, Dacember 19, 1988 7 -




THE STRUCTURE OF UNICOS

-----
uuuuuuu

UNICOS
Utititlae

'

4
Y
AppHcations Applications

,

;

User
<4—I|ntarface

Applications
Layer

System Call

UNICOS System Kernel

Interface

Operating
System
Layer

Hardware & Peripherals

Cray Products UNICOS
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The KERNEL

. Memaory resident part of the operating system

. Operating system functions are accessed by utilities and
applications through system calls

. A processing system
-- Controls CPU scheduling
- Memery management
- Process management

The UNICOS Shell and Shell Scripts

The Shell is a command interpreter which also has many features of a
high-level programming language. The shell's job is to connect the user with
the requested program or utility.

UNIX (and UNICOS) is powerful in that it allows combining several
commands (utilities) in a single command line. A Shell program (or
acript) is a file which contains one or many of these command lines which
can be invoked by simply giving the filename as if it were a single command.
Within the shell script, features similar to a high-level language allow
user-supplied parameters and conditional statements (e.g., if, then).

From a single terminal, many shells (cailed layers) can be controlled and run
in the background.

The benefit of all this is that, by writing appropriate shell scripts, the
appearance of UNIX to the user can be tailored for special groups or
purposes. Far exampie, a shell seript can make UNIX appear to be a
simplified menu-driven system for data entry to be used by clerical
personnel. In this case, the user does not need to know any UNIX
commands.

Cray Products UNKCOS Monday, Daecember 19, 1988 7-10



UNICOS STRUCTURE

APPLICATIONS

LANGUAGES
TOOLS

OPERATING
SYSTEM

a5
cft
pascal

HARDWARE

scilib
arlity
ioltb

Kernel
swap Inlt

shell UNICOS

Commands/damons
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UNICOS FEATURES
The File System

« Hierarchical
Ali disk space is grouped Into manageble file system pieces that
become branches of the file system

* Access validation
Provides a file protection schame

* Accessing /O hardware is like accessing an ordinary disk file (device
independent 1/O)

File types:
Regular files (for user pragrams, text, data, or binary files)

Directory files (for grouping regular files togethsr)

Special files {i.e., device drivers such as terminals, disks, tape, or
printers)

Cray Products UNICOS Monday, December 19, 1988 7-12



root
directory

FILE STRUCTUR

T~

directory

colco

directory

directory

O

directory

directory [ special ﬂle]

N

directory

PN

(regular m.] [ragular tllo) [mgular m.] [regular file]

Cray Products UNICOS

Thursday, January 19, 1989 7-13



USER FEATURES
1/0 Redirection

Without special instructions, the shell takes its standard Input from the
terminal keyboard (that is, from the user who types it in) and sends its
standard output to the terminal screen. In the example on the next page #
is the shell prompt, cat is the name of a utllity which lists (coneatenates) the
contents of a file to the standard output (the screen). By typing in cat alone
the program waits for the user to type text on the keyboard. Everything
being typed is shown on the screen. Then, whenever tha user presses the
Return (or Enter) key, the line of information just typed is "echoed” to the
screen.

This is not the usual use of the cat utllity, but is shown to help explain what

standard input and standard output are. More appropriate uses for the caf
utllity are on the following pages.
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Standard I/O

standard
input i shell

program
(cat)

standard
output i shell

example:

$ cat
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USER FEATURES
Input Redirection

in this exampie, the redirect input symbol (<) Is used to send the contents of
the file fred as input to the cat utility. If the file fred (the redirected input)
contalns any data, it will be dispiayed on the screen (standard ouput).

Cray Products UNICOS Monday, December 19, 1988 7- 1B



Input Redirection

terminal

standard st

input

program
(cat)

standard
output i shell
‘ terminal ’

example:

$ cat < fred
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USER FEATURES
Qutput Redirection

In this example, the redirect oufput symbol {>} is used to send the output
from the cat utility to the file foe instead of the standard output (the screen).
The input to the cat utililty will still be the standard input; that is, whatever is

typed on the keyboard will be sent by catinto the file joe.

Cray Products UNICQOS Monday, December 19, 1988 7-18
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Cray Products UNICOS

Output Redirection

terminal

tandard
Sinput | shelt

program
(cat)

standard
output }

example:

shell

$cat > joe
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USER FEATURES
IO Redirection

In this example, the contents of file frad will be written into the file joe by the
cat utllity. Essentially, fred is the Input to cat and joe is the output from cat.
No input fram the keyboard (standard input) will be taken by cat, nor will cat
send any output to the screen (standard output}.

Cray Products UNICOS Monday, December 19, 1988 7- 20



Input/Output Redirection

terminal

standard shell
input
program
(cat)
standard §
output § shell
' | toerminal

example: _
$ cat < fred >joe

Cray Products UNICOS Monday, December 19, 1988 7-



PIPES

In the world of UNIX, a utility which reads standard input, does something to
that input, and writes it to standard output is called a filter. Stringing several
of these utilities (filters) together in one command line would be more
efficiant for both the user and the operating system.

This is pessible in UNIX {UNICOS) because it can use plpes. Pipes simply
take the output from one pregram or utility and send it as input to another
program or utility. This is dona on a single command line using the pipe
symbal (|) between commands.

In the example on the next page, grep is a utility which searches tor and
dispiays lines in a file which contain a certain patiern (called a string). The -i
symbol is called an option, which modifies the way in which grep works. A
utility can have many different options and it is possibie to specify several of
them at once. This particular optlon specifies to grep to ignore case; that s,
to match the given pattern with either upper or lower case letters in any
combination.

The next thing in the command line, joe, is the pattern to be matched.
Following that is the filename of the file fo be searched,/efc/passwd. Next,
the output from the grep operation is piped into the sort utility which puts all
lines found into alphabetical order.

A synopsis of the whole process is as follows: the user types in the
command line and grep looks in the file of passwords for all lines having the
form joe, Joe, JOE, joebob, Billyjoe, joe(07, etc. It then passes these lines to
the sort utility which puts them in alphabaetical order and sends them to the
screen. The output could have been redirected to a file instead of the
screen (e.9., grep - foe /etc/passwdfsort>file). This sequence might be
used by the UNICOS system administrator to search through the list of all
user passwords in a convenlent way.

Notice that each utility by itself is general-purpose in nature. However, hy
stringlng the utiliies and their operands together with /O redirection and
pipes, it is relativaly convenient to accomplish many special purpose
operations and better utilize the system.

Piping is a form of multitasking built into the UNIX operating system.

Another form of multitasking in UNIX (UNICOS) is done by running
programs (utilities) in the background. This is simply done by typing an &
after the command. The system will go off and work on the command, but
gives the user the prompt back to enter mare commands.

Cray Products UNICOS Monday, Dacember 19, 1988 7-22



Pipes

example:
grep - joe /etc/passwd | sort

file
etc/passwd

standard
input | shell

program
(grep)

standard

output 3 sheil

standard
input

program
(sart)

standard

output § shell

=

SRR \
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Enhancements to UNIX
for Use on Cray Supercomputers

Since standard UNIX is designed for use on micra- and minicomputers, UNICOS
required new or additonal cade to take advantage of the speed and power of Cray
supercomputers. Some of the areas of enhancement are definad on the next several
pages.

UNICOS IO Enhancements

Standard UNIX deais with character VQ; Cray computers typically deal with large
blocks (disk sectors and tracks) at a time, Faster data retrieval is required on Cray
computers so ditferent methods of preloading data {e.g., Into the SSD} are needed so
the system doesn’t need to wait for data.

- Asynchronous J/O
Used to overlap VO processing; an /O requast can proceed immediately while the
main process simultanecusly continues to execute (used for multitasking}

« List /O
- A linked tist of /O requests can be initiated with either synchronous or
asynchronous control
- used in multitasking in which an /O list is sent to the Cray and the
program continues with other work

- Raw /O
- Data goes directly to user space, bypassing the system buffers first
{provides less overhead, so faster 1/Q)

« Streaming
- Reads and writes to disk can be a continuous flow without stopping at
sach sector boundary; this allows data to flow at the fult speed of the
disk drive
. Disk Striping
- Files can be spread over two or threa drives (stripe group} which
allows VO speedup of that factor (up to 15 with UNICOS 5.0} since the read or
write can be happening in paraflel

- SSD Support

- UNICOS file systems can ba put on it for fast access (e.g., tmp)

- system buffers can be put on 11 (SSD cache) so data can be
praloaded and ready for the program that needs it without waiting for
disk I/Q (when the system cache buffers are full extra data can be
automatically put on the SSD instead of remaining on disk)

- the program can directly read and write to and from the SSD without
UNICOS intervention ("hot path”)

- BMR support {I0S Buffer Memory)
- Allows putting file system on it {for fast access, as an SSD)
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UNICOS 1I/0 Enhancements

» Asynchronous IO

+ List 1/0

« Raw I/O

« Streaming

 Disk Striping

« SSD Support

- BMR support {I0S Buffer Memory)
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UNICOS File System Enhancements

- Improved allocation
- Multiple physical blocks per logical block
Standard UMNIX deals with one-sectar blocks; under UNICGOS
a number of sactors can be defined as a logicat block

« Clustering of disk partitions
- Disks can be divided up Into sepsarate logical devices
Slice: contiguous cylinders on one drive
Partitlon: Set of slices
Cluster: Sst of partitions

- Device Overtlow
Disk full condltions avoided by continulng the wrile to another device

- Disk flawing
- Spares cylinder
During disk formatting, bad sectors are flagged so data will not be written to
thesa areas, but io the spare (reserved) areas instead; transparent io
user
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UNICOS File System Enhancements

« Improved allocation

= Multiple physical blecks per logical block

« Clustering of disk partitions

- Disks can be divided up into separate logical devices

- Device Overflow

+ Disk flawing

- Spares cylinder
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Other UNICOS Enhancements

. Networking (TCP/IP, USCP)

Since Cray computers work with other computers (Network Gateways), they need
the protocols to allow them to communicate with each other.

» Multiprocessing
Code needed 1o be added take advantage of the multiple CPUs in
Cray computers.

« Batch Processing (NQS)
Since standard UNIX is interactive-orisnted, a facility was necessary
to allow batch processing which best suits Cray computers which are primarily
batch-oriented. A new option to NQS is a remote queusing system (RQS) which
allows a Cray system running NQS fo route batch jobs to other Cray sysiems on
the network.

. Cray FORTRAN (CFT, CFT2, CFT77)
Since FORTRAN is the most popular compiler on the Cray, it needed
to be enhanced to work efficiertly with UNICOS.

+ Accounting
Standard UNIX does not provide the usage accounting levels
required by Cray customers, 30 this area has been enhanced.

» Security

Standard UNIX does not meset the "Orange Book™ security levels raquirad by the
federal government, so security has been enhanced to mest those needs.
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Other enhancements to UNICOS

*

Networking (TCP/IP, USCP)

« Multiprocessing

. Batch Processing (NGS)

. Cray FORTRAN (CFT, CFT2, CFT77)

+ Accounting

» Security
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UNICOS 2.0 IMPROVEMENTS

« Batch enhancements

»  SCP support for front-end stations

+  File system improvements

* Job/process recovery

+  Symbolic debugging enhancements

+  On-line diagnostics

*  New manuai for systermn administrators

*  New manual for describing UNICOS internals

*  Systemn activity report utility for CRAY X-MP and CRAY-1
computear systems

»  Kernel performance improvements on CRAY X-MP
computer systems

«  Math library tuning on CRAY-2 computer systems
*  Fiowtrace support added to CRAY-2 computer systems

* UPDATE and SEGLDR ported to CRAY-2 computer
systems

* FTREF ported to CRAY X-MP and CRAY-1 computer
systems
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UNICOS 3.0 IMPROVEMENTS

»  TCP/IP improvements

- USCP improvements

. System activity report improvements

»  X-window system

»  Multi-groups

«  UNIX V.3 systemcalls

. Swapping and scheduling improvements

« Jobs concept

« Jobs accounting

- UNIX V.3 signals

«  Job recovery

- NQS logfile management

- NQS extended accounting

«  New QMGR commands

. UNIX V.3 command and library enhancements

« CPU targeting

- Pure data unformatted files

«  Barrier synchronization

« Line and screen editors (ex and vi)

. HSX support (X-MP, Y-MP and CRAY-1 with 10S})

+  Tapa support (X-MP, Y-MP and CRAY-1 with |05}

«  dbx symbolic debugger {(X-MP, Y-MP, and CRAY-1 with
10S)

»  X-MP/14se support

. Han:‘dpware performance monitor support {X-MP and
Y-MP)

.  Secondary data segments (SDS) (X-MP. Y-MP and
CRAY-1 with 10S)

. . Real-time system capability {(X-MP, Y-MP, and CRAY-1
with 108}

. Bc?ot-time configuration (X-MP, Y-MP and CRAY-1 with
108)

«  Multi-task debugger yadb (CRAY-2}
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UNICOS 4.0 IMPROVEMENTS

Support for CRAY Y-MP and CRAY X-MP EA systems

Support for DS-40 Disk Subsystern

Support for CNT LANIord network connection

Enhancements to High-speed External Channel {(HSX)

communications channel support .

New security feature {available with UNICOS 5.0 for

CRAY-2)

Tape subsystem enhancements

Network File System (NFS) support for CRAY-2

Network Queueing System (NQS) enhancements

Accounting enhancements

New Fortran compiler interface commands

Extensions to job and process recovery

Microtasking enhanced and now availabe on CRAY-2

Assign command available

Support for temporary files

Dump and restore backup utilities available

Logical device cache on SSD supported

File System Switch (FSS) now available on all systems

Enhanced C compiler

Enhanced or new system calls, commands and library

routines

Support for MIT X Window System version 11

. Enlhanced Guest Operating System (GOS) and migration
utilities

*  Enhanced UNICOS Station Call Processor (USCP)

« Enhanced TCP/AP

. 2 ¢ 4

* [ ] * a - [ ] a4 L ] a [ ] » » a L]
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UNICOS 5.0 IMPROVEMENTS

The primary purpose of UNICOS 5.0 is to provide GOS functionai equivalency. COS
functianal equivalency allows users of COS to perform their work under UNICOS with
at least the same degree of flexibility and cantrot that they enjoyed with COS. UNICOS
5.0 includes numerous other features.

The major software enhancements to support new hardware include the following:

+ DS-40 Disk Subsystem Daisy-chaining + CNT LANIord connection
»  NSC HYPERchannel connection + UttraNet support
« Qperator workstation « Disk offloading support

Disk striping for CRAY Y-MP and CRAY X-MP EA systems

The major new or enhanced operating system software includes:

» Taps subsystem » Accounting

»  File system monitor »  UNICOS multi-level security
» User Database {UDB} «» Data migration

» Network Queueing System « Remote Queusing System

» Share scheduler « Restrict default path

» User-level disk striping » Temporary Files

» Resource limits » /proc

= craypert »  Memory schaduling

- File system perfarmance improvements « Guest Operating System (GOS)
= Asal-time « New uger commands

- $SD SDS administration and scheduling « New or changed system calts
» New or changed adminstrator commands 10S

The enhancements to UNICOS language processars includes:

= CF1773.0 « CFT25.0

- CFT 1.15 Bugfix « CrayG4.1

» Pascal 4.0 . CAL version 2. release 3.2
« Cray Standard C 1.0 « Cray Ada1.0

Cray Allegro Common Lisp 1.0

Maijor library enhancemants includs:
« Scientific library (libeci)
+ User striping suppoit
+ Autotasking
. Multi-threading VO improvements
= LHility library (libu)
« /O tibrary (libio)

Network librarias

C liprary {clib}

Targeting

Fartran library (Iibf)

Multitasking library routines
Facilities 1o convert foreign data

Enhancemsnis to softwara praducts inctude:
- Debuggers (adb, CDBX, dbx, DRD, DDA, DEBUG)
« Cray Simulator (CSIM} «  UltraNet software support
+ SUPERLINK 2.2 + On-ine diagnostics
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5.0 UNICOS PRODUCT SET

(Maln components of standard UNICOS)
(relaass versions vary by system)

« UNICOS 5.0 Operating System
+ Cray C

- CFT77

« PASCAL

« CAL Version 2

« CFT2 (CRAY-2 systems only)
- NQS (and RQS, if ordered)

« SEGLDR

« CDBX and other debuggers

- USCP

« TCP/IP (license required)

» Network File System (NFS)

- Fortran, C, and Pascal Library Support
« Cray Simulator (CSIM)

+ On-line diagnostics
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INPUT/OUTPUT SUBSYSTEM (I0S)
OPERATING SYSTEM

The /O Subsystem Operating System is a separate aperating system which directs the
aperation of the 10S hardware and works in conjunction with either COS or UNICOS
on CRAY-1 and X-MP systems. [n fact, it is considered to be a subset of the COS or
UNICOS operating systems when used on those machines.

It performs 1O between central memory and paripheral devices attached to the |OS.
OS software:

+ Drives the disk siorage units

 Drives the front-and channsis

» Drives the user ¢channels

+ Drives the IBM tape drives - Block Mux (BMX)

+ Periorms master operator staiion functions using lhe expander chassis
equipmernt

The I0S Operating System also deadstarts the malnframe and is used to perform
offline diagnostics on the mainframe.
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10S OPERATING SYSTEM
COMPONENTS

Like COS or UNICOS, the I0S Operating System has a central control program. |t is
called the Kernel. A copy of the Kemel executes in each of the /O processars with
only minar modifications, based on the function of each processor.

Like COS's tasks or UNICOS's utilitles, the 105 Operating System has a group of
executable programs called overlays. When an overlay is called by a spsciflc /O
processor (e.g., the Disk /O Processor (DIOP} calling an ovenlay to do disk 1/Q), that
pragram is loaded into the local memary of the calling processor and begins to
execute. Other averlays called later simply averwrite the memory area whare the
pravious overlay was.

Copies of all overiays and a master copy of the Kernel are kept in Buffer Memory.
Types of software programs within the 103 Opsrating System include:

* Station Concentrator - receives and routes data and messages from front-ends
ta and from the mainframe

* |OP Station and Interactive Station - these two software slements allow
operators to oversee and control system operatlons and to run their own
programs Interactively on the malnframe

* Tape and BMX Driver - these programs imterpret tape read or write requests
and conirot the tape channels

* Kemel Qverlays - Indlvidual subprograms to do specific work

+ Disk - program to interpret disk read or writs requests and control the disk
channels

Anather important part of 10S software is the packst driver which sends messages
across the 6Mbyte/sec. channel on the Master I/0 Processor 1o the mainframe. These
messages contain information regarding the sending and receiving of data over the
high speed channsls (100 Mbyte/sec.).

IOS software is written in an assembler language called A-Processor Middle L:angingas
{APML). This group of instructions is not used by any other Cray hardware
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IOS System Components

Tape Handlers Kernel Commands
BMX Channsl User Channel
Drivers
KERNEL
Disk Drivers Operator

Station

Station Interactive
Concantrator Station
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CRAY NETWORKING PHIL.OSOPHY

Cray systems to Iitt!é good if users don't have easy access 1o the systems' power. By
providing an organized network of software and hardware, many users can share 1he

sysiem.

Communication strategy at Cray Research, Inc. is 1o provide Cray system functionallty
to the end user. The intent is to fit Cray systems within existing and future customer
environments. These environments include single or multiple Cray systems, ather
vendors' mainframes, minicomputers, workstations, and devices capable of high-speed
data transter.

To provide this, Cray currently offers two main communication environments: Cray
station and an industry standard, TCP/IP. Others are availabie andg still others are
avolving.

UST ENYIRD T

- imaractive access
+ Batch services
File transter

Data accass
Customer applications
Distributed services
Graphics

Network management

CRAY
COMMUNICATIONS

L J - L J - *
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CRAY NETWORKING HARDWARE OPTIONS

Network hardware allows Cray computer systems to communicate with
virtually any mainframe, minicomputer, workstation, or high-speed storage
device. Many price/performance options are offered by Cray Research and
third party vandors.

The main ones utilized in Cray networking schemes are listed below and
described in further detait on the following pages.

Front-end Interface
NSC HYPERchannel
VMEbus (FEI-3)
HSX

Ethernet

YAX Supercomputer Gateway
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CRAY
'NETWORKING OPTIONS
(HARDWARE)

Front-end
Interface

VAX NSC HYPERchannel

Supsrcomputer
Gateway

VMEDbus

Ethernsat
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FRONT-END INTERFACE

The FEl is the "traditional" connection between a Cray computer and a
front-end computer. It is a peint-to-point connaection; that is, one cabinet with
specific Cray modules in it interfaces 1o a specific front-end computer. The
FE! connects either directly to a Cray channsl or through MIOP in the 10S.
FEls compensate for differences in channel widths, word size, logic levels,
and control protocols between other vendors' equipment and Cray
computar systems.

Data transfer rates are from 1.5 Mbits/sec. to 3 Mbits/sec., depending on the
frant-end channel speed. Maximum cable length is 70 ft. An optional fiber
optic link allows an FEI to be separated from a Cray system by up to 1000
meters and provides complete electrical separation of connected devices.
The fiber optic modules are housed in a "dormer” on top of the basic
interface cabinet.

Some of the front-end computer systems FEls have been developed for
include IBM, DEC, CDC, UNISYS, and Honeywell.
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Front-End Interfacing

Front End Front End Fromt End
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snd end
Interiace Interface
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X
Cray ¥ Finer Opflc
Cray Lz"’pn':d 3 Link
Low-spasd mn S upto 1 km
channel ¥ 6 Mb‘ft‘sf‘se(:. :':: e | “b)‘tm’téo
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e /O
L Cm:ood Interface
w-5 ablnat
channel masme
& Mbytes/sac.

FIBER-OPTIC
CABINET

1/0 INTERFACE *
CABINET
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NSC HYPERchannel

The Network Systems Corporation (NSC) HYPERchannel has been ane of
the most common ways to connect a Cray computer system to the outside
world for many years and it continues to be an important networking option.

An NSC A130 or N130 adapter connects to the Cray low-speed channel and
communicates with computer systems connected to other A- or DX-series
(also referred to as N-series) adapters via a coaxial trunk. NSC's
HYPERchannel-50 (50 Mbits/sec.) network is supported by both A-series
and DX-series. NSC's HYPERchannel-100 (100 Mbits/sec.) is supported by
the DX-series only.

CNT LANIord

A product similar in scope to NSC HYPERchannel is Computer Natwork
Technology Corp.'s (CNT)} LANlord. It provides a high-speed
communication interface between Cray computer systems and other hosts
on a local area network {LAN).
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NSC HYPERchannel and
CNT LANIlord -
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From End Front End Front End
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VMEbus (FEI-3)

The Versabus-Modular-Eurocard (VME) is a modified version of Motorola's
proprietary VersaBus using the Eurocard standard form factor (for board
dimensions and connectors). This “standard” allows a variety of boards to fit
into a VMEbus backplane in a computer and do all kinds of work.

Cray used this format to design a new communications connection to
workstations that utilize the VMEbus backplane. This Cray product is a
two-board set called the FEI-3. Workstations supported or planned for
support include Sun 3 and 4, Motorola, Silicon Graphics, and Apallo.

These boards fit into a workstatlon's backplane. Each board has an edge
connector that connects to a Cray low-speed channel. One board/channe)
is input, the other is output. The FEI-3 board set contains no CPU or
intelligence of its own. The boards for all workstations are identical but must
be configured via jumpers and switch settings for each warkstation model.
In addition, the workstation vendor must supply appropriate driver software
for their operating system.

The workstations containing these boards become the gateway to other
networks such as Ethernet. The FEI-3 looks like an NSC A130 to the Cray
software and is capable of many communications protocols including
(U}SCP and TCP/IP. The FEI-3 is also less expensive than NSC
HYPERchannel and, in fact, is the least expensive way to connect a Cray to
the outside world, aithough it may not be the most efficient way. It requires
the VMEbus minicomputer containing the FEI-3 boards to be dedicated as
the gateway.

The FEI-3 is also being used with the new Operator and Maintenance
Workstations.

ETHERNET

Ethernet, a product of Xerox Corp., is the most commonly ussd industry
standard Local Area Network (LAN). [t uses coaxial cable or twisted-pair to
connect computers in a small area (usually no more than cne building).
From there, an Ethernet network can connect to other Ethernet natworks.
Ethernet can alse connect to Cray computer systems, but not directly. They
must feed into configurations such as HYPERchannel or VMEbus gateways.
lts channel speed is rated at about 10 Mbits/sec.
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FEI-3 (VMEbus)

Frant End Front End Front End

z Ethernet ' é
—

YMEbus

Gatewny 6.g.. Sun, Apcllo,

Computer Moforala, Silicon
FEI-3 Graphics workstalions

board sat

§ Cray Low-spead channel
12 Mbytes/esc.
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VYMEbus
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Computer
FEI-3
hoard set
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Warkstation Workstalian

e
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HSX

The. High-speed External (HSX} communications channel provides
full-duplax {both directions at the same time) point-to-point communications
between two Cray computer systems or between a CGray computer system
and a user-supplied device such as a high-speed graphics output device. It
operates at speeds up to 100 Mbytes/sec.

The Cray-to-Cray connectian uses the TCP/IP protocols and can send data
at speeds approaching 170 Megabits/ses. with UNICOS 5.0.

The HSX connection to high-speed graphics devices is still evalving. An
example is a connection to an UitraNet system. UltraNet is a product of Ultra
Network Technologies. The UltraNet network will support Convex, Alliant,
Sun, and Silicon Graphics computer systems, as well as Cray computer
systems.
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VAX Supercomputer Gateway

The VAX Supercomputer Gateway is a Digital Equipment Gorp. product. It
consists of a VAX 8250 computer system with a Backplane Interface (BI)
board set for connection to a pair of Cray Low-speed channels in a manner
similar to the FEI3. Two Crays may be connected to a single
supercomputer gateway system.

The main benefits of the gateway include improved throughput
(performance 2-3 times that of a VAX FEI} and lowered cost hy allowing
many other VAX computers {on a network such as Ethernet or DECnet, for
example) ta connect to a Cray through just one means.

Protocols supported include DECnet and TCP/IP.
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CRAY NETWORKING
SOFTWARE OPTIONS

Network software allows Cray computer systems to communicate with virtually any
mainframe, minicomputer, workstation, or high-speed siorage device via network
hardware conneclions.

The main communications software utilized in Cray networking schemes are listed
below and described in further detail on the fallowing pages.

Station Software (SCP, USCP)

Transmission Control Protocol/lnternst Protocol (TCP/IP)
SUPERLINK!MVS

Netex

Network File System (NFS)

X Window System
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CRAY
NETWORKING OPTIONS
(SOFTWARE)

~ TCP/IP
Netex
NS X Window
System

Station
software

SUPERLINK/MVS
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CRAY STATION SOFTWARE
FEATURES

The Station Call Procassor (SCP) and UNICOS Station Call Processor
(USCP) are Cray's traditional software protocols to link to front-end
computers,

Software specific to a front-end computer and executing in that front-end
passes user jobs to the Cray and assimilates output from the Cray.
SCP/USCP in the Cray interprets and executes the commands received
from the front-end. Station software is basically a file-passing protocal
designed around the idea Cray computer systems are batch-oriented.

Interactive station is also available but is limited in scope and use.

CRAY STATION SOFTWARE
SERVICES

CRAY stations support either Front-end Interface (FEI), FEI-3, or NSC
HYPERchannel connections.

These stations are available from CRAY Research:

IBM MVS JES2/3

IBM VM

CDC NOS, NOS/BE, NOS/NVE

DEC VAX/VMS

APQOLLO AEGIS

UNIX SYSTEM V (VAX, SUN, 3B20)
SUPERLINKASP

DATA GENERAL A0S

« B & B 9 4 a »

+  Third party stations:
» AT&T UNIX
* Honeywell GCOS
* Honeywell MULLTICS
= Sperry SST/1100
= Pyramid
* Jris
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STATION NETWORK CONFIGURATION EXAMPLE

CRAY COMPUTER SYSTEM

COS UNICOS
FEI | FEI
FEi
FOL
VAX/YMS Statlon IBM MVS Siation
= G @ | e
v M T N
§ NSCHYPERchannel 2
@ AXXX
Cyber Siatian UNIX Station
CDC Pyramid
T/ \T T/ \T
FOL
IEM VM Slaticn
IBM
7N
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OPEN SYSTEMS INTERCONNECT
(OSl)

Open Systems Interconnect {OSH) is a specification for the design of compatible
communications protocols defined by the Intemational Standards Organization (ISQ).
it is not a product, but rather an attempt at defining a network architecture which could
become the template for all new communications pratocols. Its aim is simple -
commumications transmigsions between networked computers should net be
hampered by proprietary standards.

OSl is intended to addrass the limitations of current network protocols - TCP/IP
specifically. M incorporatas characteristics of several existing protocols including
TCPAP, SNA, and X.25 and is organized into software "layers” for moduiarity and ease
of enhancement. Definition of this standard is not compiete and will not be for several
years hecause, while the idea is simple, its implementation is compiex and requires
agreement betwsen vendars on the design and behavior ot seven different layers.
Once agreement is reached, hawsver, protacols based on the seven layers will be
easily enhanced and moduiar.

The OS| Reference Model Layers

The saven layer reference madel! on which QSi is based provides a framework that
defings the functions required in a communications transmission betwaen networked
computers. In essence, each layer of the protocol on one computer "alks” to the
complementary layer on the recsiving computer.

The layers are:

7. Application
On each host there is a program that wishes to communicate with its
counterpart on the cther hosi. This may be a file transter utility like fip
or a user-writtan program that includes system calls 1o neiwork
functions.

6. Presentation
This layer performs common data manipulation furctions, such as
comprassion or encryption.

5. Sesslon
This layer contrals the connection of the communicating processes; sets half or
full duplex; packet routing (so the right process receives the right message),

4. Transpor}
This layer controls the quality of the transmission between the communicating
hosts; flaw control, transmission spesd adjustments.

3. Metwork
This tayer controls the routing of information through 1he netwark; controls
congastion.

2. Data Link
This fayer packages daia for transmission and unpackages them for raceipt. It
divides the bit stream into "frames" and adds acknowledgements.

1. Physlcal
This layer drives the physical network components connecting the hosts.
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TCP/IP FEATURES

Transmission Control Protocol/internet Protocol (TCP/IP) is a Department of Defense
networking protocal designed to ba a "standard™ which would allow many different
types of computers to communicate with each other easily. It is one of the ancestors of
the O8I model. TCP/IP is common in the UNIX world because i is included in the
popular Berkeley version of UNIX. Any computers which have TCP/IP software and are
on interconnecting netwarks can communicate with aach other.

TCP/IP is available under license with UNICOS and provides a high-performance link
that allows Cray computer systems to communicate with other vendor systems that
have implemented this open system standard. It allows users 1o fransfer and copy files
betwsen thelr locai computer syslems and the Cray computer system. TCP/IP file
transfer utilities are particularty powertul because they provide autamatic authorization
on remote hosts and allow file transfer between all hosts thal support TCP/IP,
regardiess of the operating system.

The following wtilitles are a sample of TCP/IP user facilities:

Hegin provides direct remote login between UNIX systems and CRAY systemns
telnet provides a ramota login to a remote host

remsh executes a command on a remote UNIX system

rcp transfers files betwesn UNIX hosts

fip transfers files batwasn hosts, regardiess of host operating system

TCPAP and the OS] Model
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TCP/IP CONFIGURATION EXAMPLE

CRAY COMPUTER SYSTEM

UNICOS
r LSCP TCP/IP
FEI
IBM/MVS Station
IiBM A138 @
Y M
§ NSC HYPERchannel P4
UNIX Station TCPNP TCPIP
AT&T Sun DEC
T/ \T T/ \T T/ \T
Etharnet
TCPIIP TCPAP cenp
DEC Sun Pyramid
7 7~ 7
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SUPERLINK/MVS

SUPERLINK/MVS is a high-perfarmance link between a Cray computer
systerm and an IBM or compatible systern. It is used in combination with
Cray Research's IBM MVS Station software 1o offer many more features.

SUPERLINK/MVS provides a sophisticated software link between UNICOS
or COS and MVS operating systems. One of its chief features is to provide
random and sequential recard-level access to the IBM MVS environment.

It also:

Supports formatted/unformatted /O, buffered /O, and assembly
language routines

Is an alternative to staging datasets (i.e., having to copy a complete
dataset to the Cray before work can be done on it)

Handles translation of dataset formats between UNICOS/COS and
MVS

Passes MVS dataset data directly to user memory, saving both disk
space and time

Provides access to datasets too large for Cray mass storage

Provides several data management services such as dataset
recavery, accounting, and security

Is based on the OSI architecture, with modifications to enhance
performance .

Allows application-to-application communication (distributed
processing) - an MVS process can create a COS process and vice
versa; distributed processing is transparent to user

Works in combinations of HYPERchannel or FE

Use of multiple link communication devices (e.g., 2 FEIs from one MVS
system)

SUPERLINK/MVS is expected to eventually absorb standard MVS station
and the SUPERLINK template will be used to design enhanced station
software for other computers.
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SUPERLINK/MVS CONFIGURATION

EXAMPLE
CRAY COMPUTER SYSTEM
coS
I SCP | SUPERLINK
FEI
IBM/MYS Stalion
SENCNC
YoM
8 NSC HYPERchannel P4
@ BxxX
IEM/NYS Statlon SUPERLINK/MVYS
IBM Station
IBM
T, \T <
7~
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NETWORK FILE SYSTEM
(NFS)

Network File System (NFS) is Sun Microsystem's proprietary fite-sharing
software. It is designed to make a remote UNIX environment's file system
appear to be local on a Cray computer system. It operates under the TCP/IP
protocol.

NFS makes any number of remote file systems appear to be mounted
locally. In other words, NFS allows files to be accessed with standard UNIX
O calls, independent of the location of the files. Users and programs see
the usual hierarchy of directories and files; they manipulate these files and
directories in the usual way, subject to normal permission checks. The fact
that parts of their file system may reside on various machines around the
network is invisible and of no concern ta the average user.

Users are able to get directly to the files they want without knowing the
network address of the data. To the user, all universes look alike; there
seems o be no difference between reading or writing a file contained on a
private disk, and reading or writing a file on a disk in the next building. The
file is never copled over and worked on - all modifications 1o it are done over
the network.

A user on one computer system couid type in the following cemmand to
"mount” either a directary or a file system from another system on the
network:

training$ mount -t nfs sn218:rg/rjj/progs /ui/hj
in the above example the user is on computer tralning and is asking the
systom to "connect” directory /rng/rji/progs on sn218 to the training file

system under /u1/rjj. During this login session the user new would have
directory /ul/rjj/progs available to use or modify.
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NFS (Network File System)

Ethernet Network

mount -t nfs sn1001 usr/prajiane fusr2fidions e,

lib Carg) @

pro mount -t nis sun:fusr2 Jjusr2
mourt -t afs sunvusr/sre  Jusr/sic
mount -t nfs 1101:/usrproj /usrHproj

mount -t nis sunJusrsrc /usr/src
t 4 nfs sunusre fusi2
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X WINDOW SYSTEM

The X Window System, created at the Massachussetts Institute of
Technology (MIT), was designed to provide muitiple network sessions to be
monitored on a computer tarminal at the same time using different parts of
the terminal screen. Itis now in the public domain and is a product of many
computer campanies, including Cray Ressarch.

X Windows is of great importance to Cray computer users because it allows
supercomputer applications to produce graphic output without concern for
the type of bit-mapped graphic workstation that will be used to display the
results. Common bit-mapped graphic workstations that use X Windows
include Sun, Apollo, and Silicon Graphics.

Most network applications utilize a client-server medel of interaction. The
server runs in the bit-mapped graphic workstation and the clients run either
locally in the workstation {i.e., multiple sessions on the local computer) or
remotely in anather network host. The server is designed to work on that
particular brand of workstation and knows how to display text and graphics.

It receives requests from clients saying things like "draw a rectangle with
corners such-and-such and line thickness such-and such” and it issues the
appropriate aperating system instructions to perform this functicn on the
hardware. Although handied differently by different servers, what shows up
on the screen is the same - the rectangle is drawn on the screen.
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X Clients and Servers

Host A Host B Hast C

. Client A

Any Bit-Map Graphic Workstation
Rumning X Server and Client D

29
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NETEX

Netax is Network Systems Comoration's (NSC) proprietary naetwork protocol
- which is designed specifically te run on a HYFERchannel network. While it
has many TCP/IP-like functions, it Is not as popular as TCP/IP.

Cray Products Networking April 3, 1989 9-30




NETEX CONFIGURATION EXAMPLE

CRAY COMPUTER SYSTEM

UNICOS

UsSGP TCF/IP NETEX

[
FEI

IBWMVS Station
IBM A130 @ A130

¥t

§ NSC HYPERchannel
CHCHS
UNIX Station NETEX NETEX
AT&T Sun DEC
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NETWORK INTEGRATION

The many different networking options available with Cray computer
systems can be integrated into a large network which can accommodate a
site's computing needs. Such a networking scheme allows users to share

data between machines as well as sand messages and monitor program
execution.
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CRAY NETWORKING SCHEMES

CRAY-1/X-MP CRAY-1/X-MP CRAY-2
COS CCS UNICCS UNICCS
SGP SUPERLINK scpﬁ USCP | TCPAP - p—— -
108
105
UNIX Stalioo
BER Stiion] @ @ @ AT&T
CCC

£\

HYPERchannel

SUPERLINKMVS

/

IBM

HYPERRUS

S

VAX/MS
Stafion

DEGC

N4

AN

IBM VM Station

TCRAP

AMDAHL

SUN

@
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CRAY PROGRAMMING LANGUAGES

As fast and efficient as the hardware is on Cray computer systems, it needs to be told
what 1o do and when to do it. This is done by using the many available programming
languages and associated system programs.

There are currently six programming languages available for use by Cray customers
plus one for Cray systeams personnel 10 program the 103 hardware. Some of the
languages are availabla in different forms lor diffarent machines, The languages fall
into two categories: assemblers and compilers.

Assembiers

Cray Assembler Language (CAL, CAL Version 2)
A-Praocessor Middle Language {APML)

Compilers

C

Cray Fortran (CFT, CFT2) and Cray Fortran 77 (CFT77)
Pascal

Ada

Lisp
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CRAY ASSEMBLER LANGUAGE
' (CAL)

CAL is the programming language available t¢ Cray programmers who need to write
pragrams at the individual hardware instruction level. CAL provides the user with a
powerful symbolic language for genaration of object code to be loaded and executed
on the mainframe of a CRAY-1 ar CRAY X-MP system. The COS QOperating System is
written in CAL as well as the ariginal Cray Fortran compilar.

A new CAL assambler {CAL 2.0) supports all Cray systems Including the CRAY-2 and
future systems. It is writien in Pascal.

CAL teaturgs include:
. Free field statement format
. Block control
. Poweriul symbolic expressions
+ Pseudo instructions
. Flexible data notation
. Powerful macro, micro, and opdef facilities
. Extensive set of useful macros provided through various libraries

. Listing control
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CRAY ASSEMBER CODE EXAMPLE

****##***********#******##****#%****#**********##**********#**

This is a sample of CAL code

*

***********#********#t#*****#*#*#t****#*

A7
VL
AQ
V1

AQD
V2
V3
A

AB,1

Cray Products Prog. Langs.

64

A7
VECTOR1
AR, 1
VECTOR2
AD
V1+V2
VECTOR3
V3

Stora the valus 64 in A7

Make the vactor length 64

Put the addrass ot VECTCR1 in AD
Copy the 64 elements at AR 1o V1
Put the address of VECTOR2 in AD
Copy the 64 elamants at AQ to V2
Add V1 to V2 and store result in V3
Put the address of VECTOR3 in AJ

Copy the 64 elements in V310 ihe
address stared in AQ
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CRAY FORTRAN
(CFT, CFT2, CFT77)

Fortran (FORmula TRANslation) is the high-level pragramming language of cheice
among scientific programmers and because Cray computer systams are geared for
handling the large-scale mathematical computations reguired by these programmers,
Cray Research continues 1o offgr improved versions of this compiler.

All versions of CRAY Fortran (CFT, CFT2, CFT77) include the following faaturas:

Fult ANSI 78 (FORTRAN 77} implementation

Cray Forlran language extensions

Automatic vectorization

Highly optimized scalar and vector cade gensration

Powerful compiler directives

Extensive sclantific/arithmetic/utility subroutines provided through various
libraries

. Macro- and microtasking capabilities

*# ®m = a 4

CFT is Cray's original Fortran compiler for code generation on Cray-1 and Cray X-MP
systems. CFT2 ig Cray's version of the CFT compiler for cade ganeration on CRAY-2
systems. Both compilers are written in CAL.,

CFT77 is a new Fortran campiler implernanted using the common modular compiling
system (CMCS). It Is written in the Pasca! programming language which makes is
more partable than CFT and CFT2. CFT77 generates optimized, vectorized code far all
existing and future Cray systems, Its features include:

Macro-, micro- and autatasking
Autamatic vectarization

Support for existing CFT gxtensions
Fortran 8X features

- 31 charactar identifiers

- Automatic arrays

- Subset of the array syntax

. Future development;

- Additional array syntax
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CRAY FORTRAN CODE EXAMPLE

c##****#********##******#*#*#t************#**********************#

c This is a sample of Fortran code *

C********#***#***#*******##*******#***##**********#***************

subroutine mxm(a,msizel,b,msize2,c,msize3)

dimension a(msize1,msize2),b(msize2,msize 3),c(msizel,msize3)

do 10 i=1,msizel
do 10 j=1,msize3
sum=(.0
do 20 k=1,msize2
sum=sum+a(i,k)*blk.))
20 continue
c(3,j)=sum
10 continue
retum
- end
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CF77

The cf77 compiling system is a new way to easily invoke automatic parailelism in the
compite process of CFT77 source code ualng only one command. It invokes preprocessors
befars it doss the compile using CFT77 and produces executable output. '

The processing phases include:

. Dependency Analysis Phase
The Fortran Preprocessor {ipp) performs vectorization and autotasking
dependency analysis. Directives ara ingeried into the code to pass this
information to the other phases of the compiling system. Source code

transtormations are parformed if applicabls.

» Translation Phase
The Fortran Midprocessor (fmp} interprets directives supplied by tpg and/or
usear-supplied directives. Directives and their associated Fortran constructs
are translated into a form that the compilar can use.

. Code Transiation Phase
The CFT77 compiler perorms scalar and vector optimization and generates
relocatable object code. If parallel constructs were detected in previous
compiling system phases, cade is generated to allow these parallel regions
to exscute on mulliple processors.

The Fortran Compiling System is invoked using the ¢f77 command:
ct77 -Zp file.t
This command invokes the three compiling systern phases described above {fpp,
fmp, and code generation). It also links/loads chject filtes and produces an
exacutable binary oulput {a.out).
Below is an expanded version of what the abova ¢f77 command generates:
fpp file.f > fila.m
tmp file.m > file.j
cft77 tile.j
m file.m
rm file.

segldr file.o

The Fortran Compiling System ailows many ather options on the control staternant.
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THE CRAY FORTRAN
COMPILING SYSTEM

FORTRAN
SOURCE

COMPILATION SYSTEM

DEPENDENCY
ANALYZER

Y

TRANSLATOR

L2
CODE GENERATOR

LOADER 4——— LIBRARIES

EXECUTABLE
PROGRAM
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CRAY C COMPILER

The G programming language is a high-level language used extensively in the craation of
the UNICOS operating system and the majority of the utility programs that make up
UNICOS. The Cray C compiler runs under UNICOS and COS. |t was developed by Cray
Research from an earlier AT&T compiler written at Bell Labs for their Cray computer systam.

C is a medern computer languaga that is available on processors ranging from
microcomputers to supercomputers, C is useful as a languags for a wide range of
applications, especially test and system-orismed programs because of its low-leve! features.
The availability of C nicely complements the scientific orientation of Fortran. It performs
scalar optimization and vectorizes code automatically.

Cray C will soon be implemented using the Common Modular Compiling System (CMCS),
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CRAY C CODE EXAMPLE

/***********************#******#***#*#*#***************************{

M This is a sample of C code ¥

}**###********#***#*##***********#*##*********#*####********#**#***;

#define MSIZE1D 10
#define MSIZE2 10
#define MSIZE3 10

| MXM(a,msize1,b,msize2,c.msize3)}

float a[MSIZE2] [MSIZEI],b[MSIZES][MSlZEZ],cMSIZES] [MSIZEL];
int *msizel *msize2,*msize3;

float sum;
int i,j,k;
for(i=0; i<*msizel; i++) {
for(j=0; j<*msized; j++) {
sum = 0.0;
for(k=0; k<*msize2; k++) {
sum = sum + a|k][i] * bk}
)
cfilfi] = sum;

)

returni0);
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CRAY PASCAL COMPILER

Pascal is a madern, high-lavel, general-purpose programming language. Cray Pascal runs
on ali Cray machines and supports the International Standards Organization (ISQ) Laval-1
standard and ANSI Pascal standards wilh very minor exceptians. It offers such extensions
to the standard as separate compilation of madulss, imported and exported variables, and
an array syntax.

The optimizing Cray Pascal compller takes advantage of Cray hardware features thraugh
both scalar optimization and automatic vectorization of FOR loops. It provides access to

Foriran common block varniabies and uses a common calling sequence that allows Pascal
code o call Fartran, C, and CAL routines,

Cray Pascal provides excellent debugging facilities and is used as a system implementation
language for the CMCS.
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CRAY PASCAL CODE EXAMPLE

(*#*#*******#**##*********#**#******#**********###*****##********)

(* : This is a sample of Pascal code . *)

{******#*************#******k****#***##**#********##***********t#)

MODULE MXMP;

CONST MSIZEL = 10;
MSIZE2 = 10;
MSIZE3 = 10;

TYPE MATRIXA = ARRAY [1.MSIZE2,1. MSIZE]] OF REAL,;
MATRIXE = ARRAY [1..MSIZE3,1..MSIZE2] OF REAL;
MATRIXC = ARRAY [1..MSIZE3,1.. MSIZE1] OF REAL;
INT = INTEGER;

PROCEDURE MXM (A:MATRIXA; MSLINT; B:MATRIXB; MS2:INT;
VAR C:MATRIXC: MS3:INT); EXPORTED;

VAR LJK:INT;
SUM :REAL;

BEGIN
FORI:=1TOMS1DO
FOR J:=1TO MS3 DO
BEGIN
SUM:=0;
FORK :=1TOMS2DO
SUM :=SUM + A[K.I] * BJ,K];

C(L]] := SUM;
END;

END:
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A-PROCESSOR MIDDLE LANGUAGE
(APML)

APML is the programming language used to program the IO Subsystem operating system.
It combines the characteristics of a macre assembler and a compiler.

APML is used only by Cray softwara developers and system analysts.
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CRAY APML CODE EXAMPLE

*********#***********#***********##**********#*#**********#*#*****

e This is a sample of APML code *

********##*#*****#****#**********#**********#*********************

GET S7.ETL,SB time limit (lower)
SIF(S1=0)

CALL BTD,(57,0,24,LB,$3,1,S2) .output lower bits value
$ELSEIF(S1=1) time greater than D'63535

$IF (87 <= D'34463) 65536 + 34463 = 99999
GET2 b
GETMEM 4.R!BUF place to store both parcels
$IF (A#O) buffer not available
PAUSE 1 wait 1/10 secand
P=GET2 try again
$ENDIF
CLEAR START=R!BUF,COUNT=4
{RIBUF)=3S1
(RIBUF + 1) =57 _put parcels in one spot
CALL BTD,(RIBUF,14,18LB,33,1,52) .binary ta decimal
RELMEM R!BUF

$ELSE
S1 =R!%B + MXTM

R =MOVEIT

SENDIF
$ELSE time too big, print **+¥

51 =R!%B + MXTM
R = MOQVEIT
$ENDIF
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CRAY ADA COMPILER

In 1975, the'U.S. Departmant of Defense {DAD), seeking an alternative to maintaining
hundreds of specialized computer languages used in strategic applications, put out a call for
a singla new language that could handle its diversa neads. The result was Ada, which
incorporates many modam software deveiopment prirciples.

Ada is a new addition 1o the list of available Cray compilers. It is a language well-suited for
large, complex software systams, and was designed to help scientific and enginearing usars
develop largs, real-time embedded systems. Application areas include process and design
contral, communications systems, intalligent systems, geophysical analysis, robotics,
distributad applicatlons, and management information systems.

Because of its pawarful capabilities it is necessarily also a very large compiter and is slower
to compils and execute than languages like Fortran. But it also has many features that are
unavailable in Fortran including things like exceplion handling, low-leve! I/Q, and abstract
data types.

Ada is espacially wall suited for developing large, complex software systems. For example,
it encourages separate compilation and testing of packages that will be combined |ater.

Release 1,0 of Cray Ada runs on CRAY X-MP and CRAY-2 systems under UNICOS 4.0 or
latar. Ada Release 2.0 will also run on CRAY Y-MP systems.

Cray Ada comforms to the Ada lanquage as defined in the American National Standard
Refarence Manual for the Ada Programming Language {LRM), the afficial authoritative
source on the syntax and semantics of the Ada language. It also passes the Ada Compilar
Validation Capability (ACVC) test suite, required by the DOD.
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CRAY ADA CODE EXAMPLE

#******************####*****************##***********#*****#****

——

* This is a sample of Ada code *

.--#****************#**********#*******#*#***#***********####******

FUNCTION "*" {Left,Right:Matrix_Type} RETURN Matrix_Type IS
Result : Matrix_Type (LeftRange(1).Left'Range(2));

BEGIN
FOR i IN Result'Range(1} LOOP
FOR j IN ResultRange(2) LOOP
Result {i,j) == Left (i,j) * Right (i.j%
END LOOP;
END LOOP;
RETURN Result;
EN‘D " * lf:
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CRAY LISP COMPILER

Artificial intelligence (Al} has long held tha promise of a computer system that can think
for itself and learn from its mistakes. Lisp, the predominan language of Al, brings this
geai a step nearer to being realized. Howsvar, the tools and techniguss of Al, such as
rule-based expert systams and hierarchically structured tree searches, require
extanslve mamory and vast numbers af logical operations to perform meaningful work
in & practical time frams. Cray computer systems, with their very large memeries and
fast processors, can overcome these obstacles when solving real-world Al problems.

Cray Allegro Common Lisp is industry-standard Common Lisp with extensions which
take advantage of the powaer of Cray systems. The initial release of Allegro Common
Lisp far Cray computer systems runs under UNICOS 4.0 or later on CRAY X-MP-bassd
systems.

Lisp (which stands for list procassing) is quite differant from other programming
languages. In Lisp, program behavior can bs modified durng execution as new
information is obtained, providing a very etfective problem-solving tecl. Lisp programs
are built the way a human knowledge base is built: incremantally, using and building
on what is already Known.

Applications which are weil-suited to Cray Allegro Lisp include artificiai intelligence;
natural language processing {including speech recognilion); image processing;
automatic thecrum proving; rule-based expert systems that eliminate human experts in
fields such as aeraspace, geoiogy, and automaotiva design; software prototyping and
automatic programming; diagnostics and "what if?* scenarias.

Since many other computers run a version of Lisp, programs written on them can easily
be ported o Cray systems.
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CRAY LISP CODE EXAMPLE

:***********#*****######**************###******#***********##*#**

- This is a sample of Lisp code *

»
‘***#####****************************#**##****************#******

(RULE IDENTIFY6
(IF (ANIMAL HAS POINTED TEETH)
(ANIMAL HAS CLAWS)
(ANIMAL HAS FORWARD EYES)}
(THEN (ANIMAL IS CARNIVORE)))

(DEFUN FIBONACCI (N)
(COND ((=N0) 1)
(=N1)1)
(T (+ (FIBONACCI (- N 1))
(FIBONACCI {- N 2))))))
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COMMON MODULAR COMPILING SYSTEM
(CMCS)

The Camman Modular Compiling System {CMCS) at Cray Research is a new means of
creating high-level language compllers. A program broken down by a compiler ¢created
by the CMCS passes throgugh three independent phases. Those phasaes are:

v Phase | - Language specific syntax analysis
This phase analyzes the language-spacific syntax (e.g., Fertran code
statemsmis).

. Phase Il - Machine independant code generation and optimization
This phasse optimizes the program to run more sfficiently on any Cray
mainframe (maching independent). This includes vectorization,
parallelism, and elimination of redundant code and "dead cods”.

¢ Phase il - Machine dependent code generation and optimization
This phase optimizes the program ta run more efficiently on a spacific
Cray mainframa (e.q., Cray-2 or Cray X-MP). The instructions for the
speciflc machine are creatad in this phase.

The importance of this whole concept is that the creation of a new compiler for a
different language or a new Cray computer does noi requirg rewriting the whole
compiler, only the phase affected by the change. For example, CFT77 was writtan
using the CMCS. A C compiler written with the CMCS will soon be available. For that
compiler creation afiort only Phase | needs modification. Future machings (new
hardware) wilt require only the modification of Phase Il {for each language.

Qther language compilers written with the CMCS will be aveilable in the future.
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Common Modular Compiling System

Source Code

Phase one

Language specific
syntax analysis

Phase Two
{ Machine independent §

code generation
and optimlzation

Phase Three

Machine dependent |
code generation |
and optimization

Object Code
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PROGRAM FLOW AND SYSTEM LIBRARIES

A source program must be compiled or agssembled before it can execute as a program
in a CPU. The primary pragramming languages offered by Cray Research inciude CAL
(Cray Assambler Language), CFT77 (Cray Fartran), C, and Pascal.

The assembly process (for CAL) or the compile process (for the other languages)
deciphers the particular language stataments into binary (ones and zeroes that the
CPU understands). There ars, however, many commonly usad routines programmars
call for in programs $o they don't nesd to write them themselves. This code naeds to
be plugged into the program at the appropriate location. These routines are already
assembled/compiled and are stered in binary llbrarles. The assemblar/compiler
flags those routines so the next step (SEGLDR) ¢an find them.

SEGLDR's job is to take the deciphered binary code (SEGLDR does not know or care
what programming language the source was written in) and locate the flagged routines
the assemble/compile process flagged, Thesse are avallable in binary libraries at
SEGLDR's disposal. Some of the main libraries include (COS names start with $ and
UNICOS names start with 4b).

$ARLIB contains routines primarily concemad with returning some numeric

(lIbm.a) result. Examples are sins, cosing, and square root.

$FTLIB contalns CFT-specific rautinas such as formatted /O routines.

(libf.a)

$IOLIB cantains routines that move data from extemal devices 1o main memary

(liblo.a) or that controls that movement such as translating IBM data format
(EBCDIC) 10 CRAY data format (ASCII).

$SCILIB contains routines that perform operations such as matrix multiply. The

(I'bscl.a) routines must be axplicitly called becausa they are not built-in routines
in the programming languages (such as CFT77) and arg not pant of the
operating system,

SUTLIB contains rautines which are of a utilitarian nature such as managing

(llbu.a) memary, getling the system date and time, and sorting/marging data.

$PSCLIB contains Pascal-speclfic routines such as formatted /O routines.

(lihp.a)

$CLI8 containg C-speciiic routines such as formatted (4O routines.

(libc.a)

$SYSLIB contains routines which link a program directly to the COS oparating

system. In genaral, $SYSLIB serves as a link between general
purposa $I0LIB and 3UTLIB routinas and COS.

Once ail the required routines are located and Inserted into the "bit stream” of the
program, it is ready to execute.
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CRAY PERFORMANCE
COMPARISONS

CRAY-1A 1.0
CRAY X-MP/ 1525
CRAY X-MP/2  3-5
CRAY X-MP/4  6-10
CRAY-2 6-12
Y-MP 20-30
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Amdahl's Law for 2 to 8 CPUs
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Autotasking Results

A Parallel Magnetohydrodynamics Code
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NAS

Kenel Autotasking Results

Program

2 11228

0 1000 2000
MFLOPS
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Autotasking - Linpack Test
LINPACK TEST: ALL FORTRAN

2007,

2 8CP

Mtiops B 8CPUs
4 CPUs {pipes)
2 CPUs (pipes)

100- 1CPU

A

--------

#

Y-WP ~MP  CRAY-2 58 ETAKE NECSX  5-820 BMINVF
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CRAY Y-MP8 Autotasking
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Performance Times a CRAY-1

NEC SX-2/400
H-8820/80
F-¥P140CE

IBM 3090/600VF

CONVEX C220
ETAY0 E-8
ETA1D Q-2

ETA10 P-1

Y-MPB/BG4
Y-MPB/932
X-MP/4D
Y-MP4'415
Y-MP4/216
Y-MP4/118
X-MP/28
Y-MP2/216
¥-MP2/118
X-MP/1186
X-MP EA/11Gsw

X-MP EA/1Bze

X-MP EA’1439
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Price/Performance Comparison

NEC SX-2/400
H-S820/80
F-YP1400E

IBM 3090’60DVF

CONYEX C220
ETA10 E-B

ETA1C 4.2

ETAID P4

¥-MPosae4

Y-MPB/a32

X-MP/a0

Y-MP4/416

Y-MP4:218

Y-WP4/118

X-mP/2n

y-MP2/214

Y-MP2/116

X-MPsr118

£-UP EA/11Gsa

X-MPA EA/llse

X-MP EAri498
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[ITHT

Tlithn

T

I

IH I
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PROBLEM:

RESULTS:

e

CRAY Y-MP8 Hero Probiem

COMPLEX LU DECOMPOSITION
40,000 X 40,000
OPERATIONS = 8/3n3 = 170 TRILLION (1012} OPS

STORAGE = 40,000 * 40,000 * 2 = 3.2 BILLICN
WORDS

PERFORMED ON S/N 1010, Y-MP8/864 + 128MWORD
SSD

16.8 HOURS ELAPSED TIME, 30 MINUTES O WAIT
TIME

2.1 GIGAFLOPS SUSTAINED ON 8 CPUS
2000 BILLION (105} BYTES OF /O

CRAY WAS THE ONLY VENDOR ABLE TO DO THE
PROBLEM
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Y-MP8 Gigaflop Performance

CPU Secs. GFLOPS

institution Program
NASA Langley Space shuitle - SRB

NASA Ames 2D Navier-Stokes
NCAR Shallow Water Model

6.62
1444.8
14.77

U. of Tel-Aviv 3D post-stack migration 1241

Exxon R&D Elastic wave model
Cray Research Image Reconstruction

Cray Research Molecular structure

33.44
57.782
110

Cray Research Compiex LU decomposition 299395

Cray Products Performance

January 2, 1990

1.343
1.084
1.326
1.289
1.266
1.068
1,125
2.116
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Institute for Space & Astronautical
Science
Kanagawa, Japan

LANS3D-UP - Navier Stokes Code by K. Fujil and Y, Tamura, 1989
Subsonic, turbulent, high angle-of-atiack alrflow
200 lterations, 853,349 mesh polnts, 26 MWords of memory

Computer System Peak Speed Actual Speed Actual/Peak

(Single Processor) (GFLOPS) {GFLOPS) Ratio
CRAY Y-MP8/832 0.334 0.186 0.559
Fujitsu VP-400E 1.7 0.395 0.232
Hitachi S-820/80 3.0 0.602 0.201
NEC SX-2A 1.3 0.414 0.318
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Institute for Space &
Astronautical Science
Kanagawa, Japan

0.6+ 0.559

LANS3D-UP Benchmark

0.5

0.4
Percentage <

of Paak 1 0.3219

Parfermange |

Delivared !

03

0.232

0.201

0.2

0.4

CRAY Y-MP  Fujitsu VPGOE  Hitachi S-620M0  NEC SX-24
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Supercomputer
Performance Analysis
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Peak Ratio
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Suparcomputer applications

Cray Resaarch computer systoms generally are acknowledged to ba the world's
most powerful general-purposs computers. Their rapid processing speeds and
large mamories have enabled sciantists and enginears to conduct research and
solve problems in a novel way. Along with the traditional methods of science
— devaloping theories amd testing them with physical experiments —
researchars use CRAY systens to model physical structures and procasses

mathamatically.

Computer models are valvable tools for studying phernomena too time—-canauming,
dangerous, expensive, ar difficult to study experinantally. Although
cenvantional computers can be usad far modeling, real—world problems are often
too large to make modeling on conventiconal computers practical. Days, waeks,
or even manths can ba requirad to run realistic uo&els on convantional

computers because af their slow processing speeds and small mamories.

But CRAY systems provide tha rapid processing and masaive storage capacities
that researchers nead to run realistic models in a practical timeframa. Large
thres—dimensional models with coaplex geometries and many interacting
variabhles can be run cost—effectively on CRAY systems. Their axtraardinary
processing capaclity has established CRAY computer systens a3 the standard for
state—of-the—art research, providing industry. aducatian, amd goverment with
accurate, detailed, and profitable results.

ferodvnamic simulation

girplane designars have long relied on wind tunnels to avaluate the
aerodynamics of airplanes and airplane sections. But wind tunnal tests
require tha time—consumirmg and costly construction of physical teat models.

Wind tunnels are also expansive to paintain and cannot dutect certain air flow
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phenomena. CRAY systems enable airplana dasignera to bypass many cyclas of
wind tunnel testing. Computational modeling on CRAY aystems amablaes designers
to test and modify designs guickly and cost—effactivaly, while conserving
resources that would otherwisa be spant testing physicml prototypes. In
addition, the ease with which designs can be modified pn a computar givas
designers freedom to sxperiment and encouragas innovation, The auwto industry
is baginning to enjoy the benefit:z of asrodynamic testing via suparcomputer
and aerodynamic modeling is increasingly being used in the internal design of

aircraft engines.

Sailamic data processing

Many oil companies and geophysical contractors rely on CRAY systems to help
locate petroleum depasits. CRAY systens ara used to process the large volumes
of data generated by reflection seismology, a technique used in geological
exploration. Reflection seismology involves inducing a shock inte the graund,
vsually with specially designad hydraulic devicaes, and recording the sound
waves raflected back to tha surface. Analyzing the recorded data can reveal
important oeological features that may imdicate the presence ar ahsence of
petroleum. However, the amount of data needed to profile a large voluma of
earth accurately can be immense, and the raquirad analyses ara staggeringly
complex. Only large-scale computars such as CRAY systems can perform the
detailed analyses on these large data sets in a timely and cost-affective

way. Seismic data processing on CRAY systams ninimizas thae liklihood of
drilling unproductive wells, preserving the resources of petroleum companies

ond the environment.

Petroleum reservpir simulation
A number of major oil companies use CRAY systems to simulate the complex flow

phenomena that characterize petroleum recovery operations. Such operations

typically invelve injecting water or water plus a surfactant into a reservoir
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to mobilize the trapped oil and push it to the surface. Howevar, to detarmine
the best recovery sirategy fdr a particular resarvoir, engineers must considar
the underground temparatura and presiure, the chemical makeup of the
patroleum, and the reservolr's geology. Modeling tha complaj interactions of
thase variablaes for large volumes of earth requiras the kind of massive
computing power CRRY systems provide. Becausa an increase in reserveir output
of only a few perctant can translate into millions of dollars, CRAY systeme arq
among the patroleum industry's most valuable ard cost-effective research tools.

Structural analysis

The mathematical mathod known ms finite elament analysis is widely used in the
sarospace, automotive, and civil ergineering industries. Engineers using this
method analyze physical structures with a two— or three-dimensional grid that
divides & structure inta a number of well-defimed mlemants, Tha effects of
temparature— and pressure-relataed stress are then calculated for each element,
as well as the effect of each element on 1ts neighbars. Finite element.
analysis can be usad to dascribe the overall impact of many loads and
constraints acting on a complex structure. CRAY systems enable anginears to
éunduct rapid finite alement analyses, resulting in improved engineering
efficiency and more structurally sound and }ightwaight components. CRAY
systams allow for detailed analyses of structures toc large or complex to be

analyzed on other computers.

Metearclogy

Meteorolagic laboratories in the Unitect States. Canada, and Europe use CRAY
syatems to model the Earth's atmosphere For weather farecasting and
climatological research. To ba useful, atmospheric models must accurately
account for physical phencmend including evaporation and condensation, sclar
heating, and cloud movament. The modals must alsc include information about

nunerous variables such as temperature, humidity. pbarometric pressure, and
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licensing processes in several countries. CRAY systems used 1 ﬂUCJEiI" engny

research help to design reactors, implement automatic process control, train
oparatars, analyze reactor conditions, and determine mccident mitigation
procedures. Safety analyses using computers are necessary since it is
impractical to run accident experiments on full-scale nuclear reactors,

- CRAY systoms praovide the computing power needed to simulate tha fluid flow,
heat transfer, and neutraonics phenomena that characterize today's nuclear

Only

powar plants,
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RATIONALE FOR SUPERCOMPUTING

based on notes from
"THE FUTURE OF SCIENTIFK: COMPUTING:
" TRENDS IN SUPERCOMPUTERS"
by Jack Y¥oriton

Nota: Jack Workon, aof Warlton and Associales, Los Alamos, KM, is an expart in supercomputing
technology and a consutiant to Cray Resaarch, Inc.

Cray supercomputers are very valuable in today's scientific computationai
environments, but what was the basic evolution to get to today's machines and are
they fast enough for the fulure?

In the 1940°’s accounting machines achieved computational rates of about 1 or 2
floating point cperations per second {(FLOPS). Teday's X-MPs achieve rates close to
100 Miiion FLOPS (MFLORS) which amounts to an increase in power of 108, Another
way of looking at it is all the computing done in the "40’s could be done in one second
today.

However, scientific computing requires faster and more efficient machines yet in order
to model different and more complex phenomena. And just because computer
memory has gotten larger and compullng spaed has increased drastically, other
related technology has not kept up. Disks are still far too slow (rotational delay, &.g. ).
The SSD helps here. Archival storage is nat satisfactary (tape, e.g.). Optical disk is a
possibility, but there is no device yet and no standard has bean established. Also,
better connectivity {netwarking) enviranments need to evolve.

In the future, budgets for scientific computing will include PCs and supercomputers, not
mainframes. PCs have improved immensely and supercompuiers are so much more
efficient than mainframes that the work to be done can be accomplished by the PCs
and supercomputers alona. There already is an overlap of high-end mainframes and
low-end suparcomputers (e.g., IBM 3080 and Cray X-MP/14se),
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EXAMPLES of SUPERCOMPUTER USES

Storing cil for future use is often done by creating and filling cavities in salt domes.
The process involves leaching out an area of sait, but tha shape of the cavemns created
cannot be predicted. This could pcse a problem If several adjacent caverns were
created - one could laach out harizontally to enter ancther cavem.

The Dept. of Energy (DOE) saved $230,000 per cavern uslhg computer madeling and
they did 100 of them fer a total savings aof $23,000,000.

Sandia Labs needed to design a parachute which would cpen at low speeds, but be .
released from a high-spaed jat aircraft. Without computer modsling 163 physlcal tests
would have been required. With computer modeling only 105 tests were needed.
Since each test cost $50,000, $3,000,000 was saved.

In an eflort to minimize nuclear missile sile shock a computationai fiuid dynamics
program was run on an X-MP at Cray Rasearch, Inc. in Mendota Heights, The siko was
subsequently redesigned and the naw design saved $25,000,000.

Supercomputer testing is also valuable in cases where testing is just not feasible or
safe. A Dbetter design was found for the release of bombs frem a jet on a
supercomputer. Certain conditions and designs could cause the bomb to flare up and
strike the plane that released . One design, for example, showed that a released
abject could hit the plzne in 4/10ths of a second.

Even though supercomputers are expensive, their lifetime of usefulness is 10-15 years,
and by giving results as in the above examples, they more than pay for themsslives.
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TRENDS IN PERFORMANCE

Supercomputers

Mid-range

PERFORMANCE

TIME >
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Rationale for Supercomputing

There are sevaral reasens for using supercomputers, including the following:

Tractability - Suparcomputers can salve problems which otherwise can't be solved in a
practicat time

Cost- it's cheaper than physical modeling or slower computers; they can save
millions and even billlons of dollasrs in resaarch costs.

Time - Supercomputars are inherently faster

Quality - It's very easy to modify a program to test out different options

Productivity -

The organization (personnel) becomes more productive accomplishing
mare in less tima
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WHY SUPERCOMPUTING?

Execution rate { 4ime )= fesponse time
Time
Regquired

Response Time Computer Spesd |
{typs) &

FAST

&\
\ =

\
o AN
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'SUPERCOMPUTER EVOLUTION

The distingulshing feature of a supercomputer is that it is at the high end of
performance as megsured. by the .number of instructions it can perfarm per second
(floating point operations - FLOPs). Tha aveolution in computer design which allows
this began with scalar machinas which basically interprated one instruction and did
one operatlon on one pair of operands.

Later’ mprovaments allowsd analysis of a second instruction (or more) while the lirst
was exacutlng (lookaheady. Then came paraflellsm which allowed many functional
units to'be waorking at the same time on different instructions (s.g., addars, multipliers,
atc.).

Later, pipellning broke: down the functionai units into segments so operations could be
decomposed into indlvldual steps (e.g., & sacond add operation could start before the
first one was comp Ie‘ted}

Vector operatlons ailowed many ralated pieces of data (elemants) ta be loaded into an
area while neighboring elements were being used as operands. This eliminated the
need to load two operands, run them through a functienal unit {8.g., add), then icad two
more operands and add them, as pure scalar operations reguire.

The combination of functional paralleiism, pipelining, and vector registers mede ‘up
what is. known as singls instruction rnulliple datastream. Thls was "the dasgn of the
CRAY-1. )

-
. R

The technique for mulllple Instruction multlplo datestreaming was mads possnble wFth
the advent af the CRAY . X-MP in which multiple CPUs (each-with the hardware ta
accomplish what the CF{AY-1 could} can wark on separaté instructions® at the same
time. “ ;
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EVOLUTION OF SUPERCOMPUTERS
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RESPONSE TIMEvs. COMPLEXITY OF PROBLEM

MACHINES {OLD———» NEW)
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YR y
SEMICONDUCTQOR TECHNOLOGY

Over the years many different types of computer chips have been daveloped.
Obviously, it is very important to supsrcomputer technology how fast the chips are and
how much powser they consume. Some of tha, current and new daevelocpmants for
supercomputer use include: N

ECL - Emitter-coupled fogic r', Al S
This chip is curreaﬂy’ osed. in many X*MPs Itis relatwely tast, but

requires a lot of power and gehara(as lots of heat. It |s“;pased on silicon

technalogy. e o=, | -
N " ’_4" o -; I»
GaAs - Gailium nlde PR LR ' L

This chip desig 3'6 more efficiont than’ ECL but does nbt‘.’nave room for as
hl

many gateg per ¢hip, ao more cycle-time rtnaedaqu gcbqom chip to ¢hip.
This was not a prphlerti with S|I|cou tachnofagy. -~ :
{ WIS v,
HEMT - High Electron Mohility Tfans:stor :
This chip design Is an aluminum doped version of GaAs but must run at
- - igid-Nitrogey temperatures-ta-be-efficient -~ ——-——
VICITATHZEZIC A3
CMQS - Complimentary Metal Oxide Semiconductar
This chip design offers high component density. It appears to be slow but
is very fast at supercooled temparatures. ETA uses this technology.

Josephson
Technology

Superconductor -
This chip design offers both speed and low powsr consumption.
Howaver, it has baen shown to be difflcult ta mass produce and
must oparate at liquid helium temperatures.

Chip development efforts are moving toward more speed with less power consumption
(toward tha comer in the graph).
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PREDICTED CHIP SPEEDS

ECL GaAs

BY 1988 «———# [ATER 1 STILL LATER
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