Multiprocessor
HE §

AEE 3T AREAAT L HEE pay
TONA A4, THAEA SR, A 4
Qe o,

i
49 A

I.M 2

S A7 S ohEhe] A Aolak o} el
Sl BhE ZRAAE A48T AR AeyE
o] Z|zell duk AFE AFol hebrbs] 42ty
ok ol R ek Al dhEal el o
£ FHS vholaR T4 Falsl, gt

T oAU AT Fof o] FHEG Azug T
4% 4+ ool =lols] algoleh,
ol9h 2 FAF AEEAIE = Sty g
[e}

E=4
A Al g ZF 3o} 7HH“4
I

Zev Al UNIXZH 48 8 E3 &
ofel 458 sh=go] 9] ofpjfio] 350
24 EizlelEo] 3t HEal ksl = A1)
AlZWE AR 4 A =de 2Ee %
Wz} oldl Zb ) ol4bgFe] i Ag 4

% A%, AdsEA mtolag 22458

tFEoR 9w Al AuhuleS A EEkA 5
= Zolr},

Sato] 2hbs] AR Qe cfF TR A4
AldlE 2419 wlolz® Z2aAe] aea)
2 Alad wa AA 2elm OS] s UNIX
Adg sl Qo

et ok UNIX =falz} olefg) vfs =2
A4 Al 2dlol] A ghglsle] o] B o)o) zhe
b ZERAME A o]88 4 B4 =E
dlefe] A E‘ol M A2 Slo} ¢l=] eke), o]



ol = BFelm Golo Eab ¥ AL ol 1 FY, ddF 752 Al 2AdstE=
Z Fog AA Ao Az 2= AL MEL AUL Rolx glo] Feete} 2ol
2 ~3uWFq Aolghe dFE v 4Aolvh 253 3 A welstel sk FEAbe

olegk Eal-g F4slr] Sla) vlFe] EEF el A= vl % Fasla ke ol2al F4

o] ®&3te} AeEAE $138 Benchmark 22
e £53) 5& A5 vk I. 801 ¥ &7
5 3 €]
e} opA Aelsfok & o] dobalgell
=] = [s] e - >
= BT7ekE o|oh 2 tlEZRA A AlZH9 o slEAatA] FollA 2 UEEL] £F
= LU =z = . = . =
Mk 3 vhol 2R Z2AAE o] &5} S AAkE drh o] FellAlaz, £ZE s
General Purpose
parallel processing at
general problems
<
d'ataﬂow machine Not General
n space Purpose
ly for research
(only for ) Non-shared memory
systolic processor each copy of 0.5
(nothing but pgmable pipelines) only single fixed
job don’t multi-pgmg
Von Neurmann
the Connection Machine with Vectors
(GdiO‘X’ elts) BBN Butterfly irﬁel;@g%s_sa
. . single O.
IBM GFII only time-sharing Tlransf)uter multiple_cpus
(512 elts i with better file system
’ GFLOPS) powerful only when Vax cluster stratus multic
!
ILLiac IV people work good on Tandom 7)'"31353
workstations sequent
Caltech Hypercube i
encore
\ / vector- plus-
FLEXIBLE alliant multiprocessor
CRAY2 (CRAY3

) pug 'd('prooessof
¢ multy
an
by
multiprocessors

2l 1. UNIX REVIEW

=1

28




2Ll el At Aibel TEE el
woE e

& gtel

£ZES o} Z2A49] ¢l UNIX World
212 19864 145 714F9] ol & w2}l & par-
allel processing@ multiprocessing®| o}l

Parallel processing®| @t logicaldt sh}e| -F

AlE gk zho BAl2 o] vhE =24 A
ole] Falof] S ATTo B gL FAQ F= L£XE
£ Folw Aoleh &, wkeF ofwl EAlZL AlAA
2 uredd 4 olm CPUZL 47l o] 4k 9lowd
g7l CPU Al&® Xl oF 4uf whg) 3£ = 9f

chs Aok

Multiprocessing-& &t 4 x}a]& whe] x|
= %ov AR SAIgE B R FAlEo
g, 7 AR o8] vlF ZRAAS U
o] sl ZA%ro 24 A2l throughputs Fol+
Aolvh Zejaz g FA ] A4 ¥ CPU
7b wpotE

bl Al Hoad gl whe] s Aol == Aolvh

wha o A s x| ko olel A

Parallel processing®] 74-%+= & A7 A
= Adg zhe A FAEE e AaL o] 4]
§ 7 CPUd| #usled s AstAl 5=, o|e}
2 e atelol] adaksl o 52 TR}

]
g

7

>
I7~

gl o] AlA] ®ok(system configuration), 5
ZrAAe] 4 g9 od A %ok (topology) TF
FobA -G8 codedll 7Idlsleiok dhr}l 2R
¥ configurationo] uhol ™ Aol % vi4] gt
s ok ghe}

€

o ol

>
I}~

¥ recompilationg

Multiprocessing®l 7%

’ i=
(general purpose) 37 749+ 2§ Z e

732 AA Al29 configuration®d s 2|48}
=

2 GA =) Wl Al2ge] shzk WA g
£ ZEg o2 wFglo] s5shAl & = dch

bl Ae]slH, parallel processing-2 8kute]
2 TAE of 2 subtask® Tl E Al (con-

currently) ¥33l= A2 run-time issue®
E7] 213} singletask-oriented”] Al TE-5 srr},
a1 §Eo 8w 38, 3 oz ® ¥ T

A5 Foll A3t FAHE Er1908F TR0},
Multiprocessing7Z3-$= A2 £330 2 3

5= o8] 712 taskE2] throughput-Z 22}~

18k 712 & Multiple-task-oriented FF& 3

v}, §-89 2+ online transaction processing
+obE FFLR ko e}

-%}9} e B%E B o parallel processing
£ $I A= subtaskzke] Z1eE Ale]l 23

CPU ol load balancing®] 758} tightly- coupled
multiprocessor A& gl o]ojol ghg- ok 4 Qlr}
dbel o] multiprocessing 28l 4= file %
job=el FF3sht CPUZell 7143k load balancing
2 HegliA =k 2222 o7l loosely-coupled
de] F4E sta e} o
elgt AFE e T2 R g A4 Ao

Zrk

multiprocessor Al

0. A%H = 28

of Aol 4] o132k tightly-coupled % loosely-
coupled ‘—f"_u.ﬁk parallel processing % multi-
B vpgal el &
tightly-coupled T&+= parallel processingS 4
Sgkak F4lel

processing?] 3A|E ,
multiprocessing®™  7F& 8}r},
Gordon Bell®| 4 ell 26}9 shared memory
ol 23t v} ZaAA Al 2ge We Aie s}
ek Aolch,

v o] loosely-coupled®l #32E] FZof 4=
CPU7Z| load-balancing®] 1% 7] 2ol multi-
processing- 3-23 % parallel processing2
+=7b5skA =k

0|9} 7 vlF processors2| ¥-58 UNIX
Review®] 2 Y3 ol 2|72 2 28 (Gorden
Bell?] 7)) ko0l ol 2% 1 3} e},

=, o AFHEAdAE shared memoryol
ZAsl vbF ZRAAE zk5] 0SE 8 copy
ul Zb= multiprocessor--ol] Alliant,Encore_,
Sequent, Synapse 552 3|4Eo} Qr}, =
b 772 multicomputerzhs 1808 o
217kx18] CPUZES] o Aupwl-& sbx]1
CPU7} 24l local memory S Zt3 2-7+2] copy
ol 0SE #zH= #2224, Gordon Bell& o]

5 oln] HEAS e Ao 2a vl A2
L
a

77t el

= Flexible, Hypercube, Tandom Vax cluster,

29



@) “Unibus™ type uniprocessor (PDP-II Unibus,
Qbus, Multibus).

568 I B

®) Diret Pc Mp connection using modified Umbus"
with secondary memory and 1/O control processors

(Multibus, NCR Tower Plexus).

{¢) Single bus for symmetrical multiprocessors, in which
each processor has a decdicated cache
(VME, Multibus II, Nubus, Elexsibus).
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(e) Parallel computers (duplexed computer).
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(g) Synapse N+1 symmetrical multiprocessor for high-

availability and incremental, high-performance comp-
ution.

} Dynabus

each computer =
t
C ! ’_&\0 Dynabus

__ Pc {np]

(h) Tandem Non-Stop II multicomputer.

Pc = central processor, Pio = i/o processor
K = control ¢ Mp = primary memory :
Mc = cache + Ms = secondary memory $

and T = transduce (terminal).
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Company Product Price Parallelism Connectivity| Memory Processor
Accelerated Model 10 $88,000 4 to 12 groves reconfig N.A N.A
Processors of 8 ALUs urable
Alliant Computer | FX18 $270,000 up to 20 bus global, up to 64-bit CMOS
Systems 64 megabytes gate array
Ametek System 14 | $75000 up |16 to 256 Hypercube |local, up to 16-bit
256 megabytes 80286/80287
Bolt, Beranek & | Butterfly $40,000 up |1 to 256 switching shared and local 16-bit
Newman system MC 68000
Deneicor HEP 1 $1 Million to{ 1 to 16 shuttle global 64-bit ECL
$3 million/ | execution network
execution modules
module
ELXSI 6400 $600,000 up to 12 bus global, with local 64-bit ECL
cache, up to gate arrays
800 magabytes
Encore Computer | Multimax $114,000 up to 20 bus global, local, up 32-bit
to 32 megabytes NS 32032
Flexible Computer| Flex 32 $150,000 up | up to 20/box, bus global, 98 32-bit
up to 2,480 total megabytes/cabinet | NS 32032
Gemini Computers| Trusted $47500 up [1to 8 bus shared, local, up 16-bit
Multiple to 128 megabytes | 80286
Intel Scientific IPSC $150,000 to |32 to 128 Hypercube | local 16-bit
Computers $520,000 288 megablytes 80286/80287
International 1P 1 $50,000 1 mater processor, | cross-bar global, up to 32-bit
Parallel Machines up to 8 processors| like switch |40 megabytes
Loral Dataflo $65000 up |5 to 256 oata bus shared, local, up 16-bit
Instrumentation flow processors to 14.5 megabytes | NS32016
Meiko Computing | $220,000 to {up to 128 four nearest |local, 48-K bytes/ 32-bit inmos
Surface $ 300,000 neighbors 4 processors T414
transputer
Multiflow N.A VAX range | multiple register |N.A global, more than | gate arrays
Systems 1 gigabyte
Ncube Ncube/Teg | $100,000 up | 16 to 1,1024 Hypercube |local, up to 32-bit custon
160 megabytes VLSI
Saxpy Computer | Saxpx 1M $2 million 32 processors parallel shared, up to 32-bit
systolic 512-K bytes coutom
Sequent Computer | Balance, 8000{ $60,000 up to 12 bus global, up to 32-bit
Systems 28 megabytes NS 32032
Sequoia System Sequoia $200,000 up to 64 bus global, up to 16-bit
Systems 252 megabytes MC 68010
Thinking Connection |N.A 64,000 to Hypercube {global, 1-bit
Machines Machine 1,000,000 500 megabytes custom
% 3. MANY ARCHITECTURES CROWD PARALLEL PROCESSOR MARKET

31



) - --Bus-connected, ] Bus oormeded Hypercube i Netw(xkad computers dhas such s
System Bus-connected, " “shared memoty, interconnection - and work stationis,. |- data-flow,
‘starting ~shared memory. “-moderate’ to 'large -~ local-memory, local memory, . switched-connected

. -price few  big provessors *-humber of moderate’ number ~small.'to_ protentially processors -and
- o medium-ssized {0 many  processors Very large numbers | transputer-bassed
ProCessors ) of . computers machines -
$10,000 to Concurrent Masscomp 5700 Ametek System 14 Apollo DW Series BBN Butterfly
$100,000 Computer 5800 Sun SUN Series Loral Data
Flo LDF-100
Sequent Balance 8000
Balance 21000
$100000 to Alliant FX/8 Encore Multimax Intel Scientific Computers | Digital Equipment Floating-Point Systems
Flexible Flex-32 iPSC Networked
$1 million Culler Culler? Teradata DBC/10/2 iPSC-VX VAXes and T Series
Digital Equipment Ncube Ncube/ten MicroVAXes Meiko Computing
VAX 8300 Surface
VAX 8800 Multiflow (Unamed)
VAX Clusters
Elxs 6400
$1 millon to | Cray Research XMP None availabe now None available now None available now Thinking Machines
$10 milion Cray-2 The Connection
Cray-3 Machine
Control Data Cyber Plus Myrias Research
IBM 3090 Model 400 (Unamed)
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