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HEak Aol HEW wHAFEHE o)Al
RE 33}7]4 community2 F43] BHIET 9
o, ¥4y FHHFH A& Giga FLOPS (billion
floating-point operations per second) w$Z L3
A} 29 A ell= Tera FLOPS(trillion float-
ing-point operations per second) ©$|Z 2 H A
o|t}, (1 Tera FLOPS A3 e} powers ¢
100027} personal computer?] 3-8 R-&Ald)
b o) ZEE F3lo n|F, Y& ¥FF o3
deleld 7 wpel @7 Sl QdsEn gk
dleso] 90dulZe] & cray-4= 64709 proces
sor, GaAs(gallium arsenide) chip £& ¥4t
cray-19] 100089l #33}= throughputS- ¥ 7leg
dargic}, el AFEo|A e Tera FLOPS
AR 7] A= 10008 olake}  perfor-
mance QJAto] Hasjc), MEE LAt 71se )
vl 8]3 parallel processihngg o] 43lH Tera
FLOPS AFE|7} o|EH22 7lsdich &H o]A
7} A} 8] electronic computer 7} 2 & computing
methods} 282 b2 computing method?} 5
Asto] Supercomputing®] FH< Wil qlch &
Ao A2 Hol thg Ar|xel|E neural
network, optical computer, molecular computer7+-2-
o] Hql computerg BAE ot} thi AelA
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2. wHZATE JIELTFA
2.1 #HAFE

2.1.1 BEAD|E

o2 10vdekel] 4~16 megabit Dynamic RAMoe]
A3 Fch, Logic gate MWErl FobHA &A
ECL array3 10,0007} gateo]™d =xr} mA¢to}
15,000~20,0007] gateZ FoluiAl =k, o] Ao
A] optical interconnection 7]&o] Wz e|A H
Aolrk, =g TAB(tape-automated bonding) ]2}t
L Q2% packaging 7)&o] /=T 9l=d o] v
W& 29 printed-circuit boardel] tj @& IC diceE
g2 9lA =), Chipel ¢]|¥4 complexstAd] =
of wl=} 20003742+ 100079 vax 7802] powerd]|
sjtsle chipg e F A = Fojrh ‘ﬂxﬁ
craye GaAsg 7 7]e7hdE Agsta ok (W
e GaAsE %3813 Sillicond Xt 10u747] wf
24 ¢Aquh GaAs chipe & wHze]3 Cray-3&
cycle time ¢] 2 ns(nanosecond), memory cycle



timeo] 20 ns7} Fzle|t} (A Cray-29| cycle
time-& 4.1 ns, memory cycle time-2 80 nse|t}),

2.1.2 parallel processing

A ARFEHATY M F8F dFHLS
Extended Fortran3} vector®] s1&edAle) odutd 3
015l pipelined vector processoro|th, UoZ HH
Fe|AS5GAL sfgFd vector processorel] A B.r}
parallelism®& FoledlM & oot g 104
7} 7]€4kA9 parallel processingS E3lod 1,000v)
9] performance gaine] 7}5d ZALZ oAH],
(parallel processinge]] & 9= FAof 3 Cray
-3 167F processors] i 16 GFLOPS2| «4ks:
& 7143, Cray-3¢] o]o] 53 Cray-4+& 647}
processore]| 3 128 GFLOPSY] &4l £ 55 714
A =}, 98 NECY SX-3& 47 processorell 20
GFLOPSE o Ar3}y, Fujitsu:= 199043 232 4
GFLOPS#2] VP 2600/10& 7§d5o]th,
parallel processings- Sei3tgt 72122 A4 “mas
sively parallel computer”7} ¢l & ¢ Thinking
Machine, Inc.2] Connection Machine, CM-27} W &
Ao}, CM-2+& SIMD (single-instruction, multiple
-data stream) machine 2 %} instructiong EA]ol
6577 processore] A&dH 7+ processore 77|
private memorye] & datasl L instructiong: %
4514 "o, CM-2¢8) A HzEEE 2,500MIPS
(million instruction per second)e]m t©] parallelism
& m 4= gl software sfrte] FaiFolct,

*Z27| 431903 2ol = T 4] 1 giga
wordZ EoluA € AR datdrd,

2.1.3 Network

workstation, minisupercomputer, supercomputer
2 A ¢ § s 1% networke] "8l Fof
¥ 9leh, 8} NSFNeto] 7§ &% 1.5megabit
(Ti¢] 73%) =& 45megabit(T39) 2A$) Axqly
oz x9 3gigabite] HEE AL + SUe =
34 Networke] AlZs]e] glrh,

ol

2.2 Hypercube

Mini supercomputer %-o}ol| 4] 7}&% popular g

BESE 385 T8 1980% 7H

FHATEL] 71U FAM2t olzy
Architecturet= Hypercube topologyo]t}, Hyper-
cube 7} cornervjr} § node(processing element)
4 Aeidn ot ALY AR 42E 4 9l
o}, A 1034, = 1024709 32-bit processing
element 2 T A ¥ Hypercubeo] v} 99l 29
(NCUBE 10), 4= dulol] 16214, & 160007) ©]Ae]
noded 74 Hypercubeo] 54% Alfo|c}, ko
2 memory chip?| u]go] Hojxe] uwe}t 10003t
byte®} memoryE 7} nodeXx 7}5&lA o),
o13gA memory7} HZAW noded AHAY F Qe
dataz} @olAx mpebA o @2 Al4be] nodewof A
A 5122 nodeZte] communicatione] o7
5o} efficiency7} #ARA =},

7b Fofpe] 7|go] whEA At gleiA, ¢
2 Hypercubeo] Large-Scale computingg- $1%+ %
Z Architecture7} €2 o} v|zjgolr}, alz
Fojal FAZ e 42 JRA F¥HA 7
nodeol] ¥uish= Hhfel digk A7} oA Ag A
zatgledel, oo 2 Hypercubee] Supercomputing]
F7d S9947] s ol dFF FAH} A
s]ojo} g7iolct,

2.3 Graphics Supercomputer

%27]¢} Supercomputingel) 4= E-Z3} simulation
Asprh 7 ¢AE FAGH ADE dn B4
717} o}8 gt} Graphics Supercomputer7} vhE-oll
upz} o]Al= A4S GraphicsZ £ 4 oA o
¢jc}. Graphics Supercomputer 229 engineer+
AAFAAE AAHeg FHsla designd A u}
Ty ow AHE FA ¥ 5 A A 48 B9,
gL 19 3719 8Fo] designers} xAlS] Rof
& uhgol ulet oA dEA gAelerlE EoE
2 4 9lA #c}, Graphics Supercomputery
off ulehalgl on o}zl2 HE<el Supercomputerd
ulah o] ANACE ok, A9 wE ¥
H&ET g Mol Arhde] Workstationgre], &
Supercomputer®] F-Fo| Soj2A4 € AeT A
=}, &) graphics supercomputer7} 03 9+
X ob = animation, computer-aided design, image
processing, real-time simulation, scientific visualiza-
tion Solt}, #Ho) & Alliant/Rasters] VFX82
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+ Vector processorg 7% 3-D graphics worksta-
tiono|t}, Peak performancetx 377 MFLOPSe} &
gt} o]Al Visualization® minisuper3& |u}A
supercomputerg- 2 8 Alstw gcl, ¢oy on}
9}7}4  graphics supercomputer®] Ax& Gray X
-MP, 27+ AAAE, 7142 109 o7t €4
o2 Al o]ZRAEY graphics supercomputer
7} e wgsler A7} 9 7)A Design, #4%3,
A A8, A modeling Sl & 2to]A] & Folr),

2.4 Dataflow computer

Dataflow architecturer= Z£4 22 control-flow
Architecture(Von Neumann computer) 9} t©} 2 o,
@& 259 computationo] WAEe] ¢ parallel-
ismg AIyHoez #L£E 4 gl Dataflow
computerd] A= operand’} FH|E =2 Instruc-
tione] 4345]4 ¥t} Dataflow computers 49
“single-assignment language”2} & high-level lan-
guageZ program$ #A ®rh (VALe] wj¥A)
“single-assignment language”?] 7] ¥ rule > 7}
variableo] program segment?] o} %} statement
o AZojvt viehdthz Zlolc, #epil program
o) ] data dependence’} §14 teb}A] program
Ui statement®] Ao @A Gle], datagt FulE"
#F statement7} 3 E  Zo]r}(data-driven),
o)¢}ztol intuitivedl appeale]® H3}3, data-
flow computer®] 77t 2249, t}E parallel
computer architecture®} AAseid v & A37}
gas3ic), A W EAe dataflow computersl
Cydro 59 AL Cray X-MPo} Aulq woelr},

2.5 Systolic Array

Systolic array+ regularity®} modularity?} area
-efficient layout o} & ¥ &3 VLSI/WSI archi-
tecture?] generationo| <43k}, Systolic array+
pipeline# 7o} =t%3lc} : data’} ¥ operation-g
85} processore] HujAlch, 2 processorz}
23 Aze g processore] AEE o] i
operatione] &=, o]& seguence’} systolic
array®] E717 HEoldch, Ao VLSIVjz2&
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feature size’} 1e|4 3 microng] circuit®] Az}
7hssle}, o] AL 500 transistorg 7} chipel
=gt 20006742 advanced optical, A7} ),
o] ¥, =& X-ray lithography 5& #A W)
chipe] 104704 transistor® 28 £& F 9+ 7]
go| /ptd Aol Al#= design ¥ program-
ming tool?] 7§xt3} systolic arraye] 9t applica-
tionz} algorithmo] 7§ts}d, signal processing, 7
4od Al symbolic processing, intelligent database®-
ofell 4] systolic array7} *de| oA F7lolc},

2.6 XA Computer(d 5 Mt Computer)

A4 computers knowledge-based expert sys-
tem$ supportd}”r] #Jsf design¥ knowledge infor-
mation processing system o] t}, Expert system -2
human expertise®] FEofell St 2 Hoizl 2|2
2] moduleg- ¥33s}t3 glth, Expert system®] Tz
+ Logic programming®] %2} & g}, 1981
W gE-2 “intelligent”§lt computerg 93 7|2 %
A3 dES HPAAA TR0k leader® To| g
7191%F 10°0d A 8] A 5 A% computer projectE
wtgslgcl, 5o £13§F computer= large-scale
knowledge-baseE ]zlstxz 17}5} interactito
A 7kl SAsT AzsE B NE 2 A
8= computergt}, Al 5AHth computery A7j 2l
AE3te machines}t o)A& FelFel AAHFE
logic machine language$} architecture® 2 5 9)
ok
5ol A 54 computer projecty: PR, 33,
EEC 5ol n|&# projectd Al 3t dslo] =3
o}, 1981 o] F 5%FolAbo] AtA e computerd 7
of 2ojgich o]l =YL 73 expert systemo]
v} A3FR multiprocessingel] o]u] <#{Al Tech-
nigue g 43l B ARG g, d7g Al

‘ Logic Machine Laqguages 4]

l 1

Knowledge base problem solving “intelligent”
Machine and inference inference
Machine Machine




910y 7} parallel computere| 9HAl & 4= ¢f o},
symbolic processing?] F32¢l <loj= logicolH,
combinational logic® 2| parallel processing ]
Risch 3 44304 discriptivegt i  highly
paralleldt parallel programming paradigme] <
g logic qlofoll 7]z8te] s Qo et of
A5 o] Al 54t computer projects A]=Hsia
A AA|g breakthroughd 7}x2 projects fl&
AYolt}, FFHOR AAY computere= FH 2
computer design B3} t}& logic machinee] =7
o]} 19908t ol = decentralised¥ control flow
architecture7} & 7102 oAbt}

3. o0|2§e] Supercomputer
3.1 Neural Network

37 Neural Networkolehl=, 9] Algorith-
mic ¥l B, Bl Rdo| otFolr
Neurobiology ¢ %A 3} massively parallel VLSI
implementation 7] %] W dgte] ulzl Neural
Networkel| 3t 3H4lo] Eo}x[A] =<gith, Neural
network-& ¢l7}Fye] FEE modelZ st ¢},
Holl & neurono|2hz 1004749 HA 2 Sledl,
7o) AEE WA T ALt Adse 9
o4 A2 AFE FAY wter, oW dAL 7t
i, ofd A2 ofset, =rh inputd wEeR viE
program¥| 1Al Fxo| whebd] wHEEY)E dka o
W ooe AaR 2 ubgel A A RS
organized}”7| % 38li=dl o] 7l o] wlE Learning
processe] Alelch,

#a 2ol gle A WHFEe computere
“stored program” ¥}Alell wE Von Neumann 3
computere]t}, ozl computer7} ofw A H iz
71%5% st b 2 7led oldE 1
715 F8% 4 gl programg o} e}, I3
o ow Ee LT LAE oleiy ARy
& 2ok Aol A #rbed A5 Aot A
o}z 7}x] ®-A}gl pattern recognition -#|—hand-
written-character reader, A3} o}7-2| ujd7}E 4
waul= system, continuous speech® recognizes}
L system—E #HAY 4 ¢l¥ Algorithmic soft-

ERGHE 38% T 19894 7H

FEHAFES 7Y™ FAH2 ol

X X’:z "y, © o Xn Input' array

Layers of
processing
elements

‘connections

output array

33 1. Neural Network!5]

ware7} it} o)® FAES o #E FEAH
3tk

@ Azbel A ol A EA%E AlAREA B
239 4},

@ T 7 exampleo] & & ok

@ 7 taske AF FEY objectE: EZ
objecto] associatedl= dolrt o Eo] com-
puter’} ¥A% & & A =HHH, T4 FA4,
Bz, A T el digd ae, 4, Aokl
associate (mapping) & = Slejob Fohe Holdh,
Neural network-2 ¢]2]3} association® A|ul|sh=
W7FE WEei 2 A3he AA| Examplest ulmsh
HA g i oA Al Ao F FafA
neural network 242 27]& sl2d 5 A 9
t},

a3 1o4 ¥ ulel zro] neural networko
input data 7} Eo]l 2 A WA Layero sl+v
processorEo] transfer functions]] whabd wHZuky
o® Astz 2 AAE by Layere] AT
processorSoll BulAl ¥t} A output arrayel]
Yeld A3 inputel] associate® characteristicy!
Alo]ct,

neurocomputing & algorithmic programming &
A3 4 glch, Neurocomputingst F-=f¢] compu-
ting®Al& A 2 compatibles} x| toh,  whEh4
Neural network-2 #tAlslg02 A gk
&2 1099704 neural networko] v}2} 924} neuro
computing A7} obd ZA7|HA ASWHE =
3| Agtdo] gl 71A) o882 neural network
o ojgA EFHOZ programsjol ¥x 2 wE}
= Aok, a8y ¢e 2 neurologys} VLSI
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technique’} © =<8l neurocomputingS- )3k
software7} 7hrEl® A £ 2 <l real-time neural
network systemo] S-#slA| FAejrl,

3.2 Optical Computer

Neurocomputing®@ © o] wasly 9= w3hl)
8 7]e°] optical computinge]t}, Fee] Aol
e FAe] AAE HF o)Lt Aty M9} 2
o] Hztsta F-3h=, o|AM7A2 computers} A
& of2 AJZ$ computer architecture®) 7} &
ws] As=Elz 9lc},  optical computere] AL
electronic computer& |3 o IFEHo} 3=
connectivity®} bandwidth ¥4]& o] 71X Qe
parallelismolegh= £4& o83y A F8E &
ke Zoldt, Lensyt A&L $ulublel inputs}
outputZ obf-d o} &, =& F4 jointglo] o
ZAZ 4 A7) delct, Hologramg o] 4844 1
2709 dFe] ksl o]e|gt Hologramd¥-d
4% “random problem”S & = glch= o] el
= 4ith, (“Random problem”o| 2}, algorithmo 2 1}
el 7]oll+= JF B2H3) pattern recognition?& 5
A& =P} pattern recognitionz& F5o £A)
S F= 7P $2 WS AP 7 pixelE FA]
o Hzjake Aol

optical computinge]| 4] system componentg& £]3%
Hog dAZdste AL ded Aol cpufd e
A7) energyE optical energy® w}Ea, thi| A7)
energy2 ®lt= Aol AQEE A zbeEel] Azt
& latency #AI7} A7k A APsy Qe o
?] researchd Holmdel®] Lawrence West= non
bistable optical logic gate® HFtFo|ch, west2
devicer A2 E A4 QWEST (quantum
-well envelope state transition) & 3l o] 43slx
£ gol9lt}, A& GaAsE H o239 quantum
-well F22 FAEY] gloj AHzapr} GaAs con-
duction band2] ¥ &3 energy level Ajo]efAm &
A 4 U= designso] glch, o]F A o
Az FHEN AdoA wAsEE ofd Edug
Aoz 1000 oA W F5He wsE x|
4 A ", of Transition:= wfj¢ 3, LT
daFg uwkx =}, QWEST&mZ  Switching
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speed”} A% $pico second7}A] g 4 glA Ec}

Weste] 23 =X+ A9 cray computer® o}
108 w2 “optical cray”E w=i Aolch, e}
IBM2] KeyeszH2- #}&al= optical computingel] #
& 3ejHolc}, Keyese Fale] B3 AA3
optical technique®] AWl H$- digital optical
computerg v o] #rbssithn A7)
o} #ekaEL opticss) electrong A2 B.gHAo]
gl A48, a4 FIFH O electronic com-
puters} optical computerZ %3 hybridd) comput-
inge 2 s R0 A7y,

A v, Ad¥, 58, 4" SA4 optical
computingel] #3 d-77} &3 AYE T 9lEd),
u| o) A= SDI(Strategic Defence Initrative) 2 £-€]
optical computingel] #3+ |7 A supports] 3
sAth. SDIel A o] ol #AE &&= o|fv FAbe
Az de] #E kAo & EMP (electro-magnetic
pulse) B72] G8& wx] ¢17] o Folr},

3.3 Molecular Computer

Molecular computer+ silicon ICt} Al  ohall A 3}
o2 FASZ FAEC.  Molecular computing?)
Z12AHQ NG ABEAA R A|2wlo] Aubgl
19703t g o, EAA dFE 19804
Rell Folehx] XztEgich 1980l B whe
3}?‘5}1}:‘5—01 biosensor, YA &, DNARZ§7
%, polymer3}s}, 9129 £ molecular computers]
Zof Y3 7|&S wHAAZ T, Molecular comput-
ingelghe A Z$ computingdlAl-& 71ALA H
83 featurex 171¢] context-dependent 3}l
olc}y, webA ¢J¥ L bit-by-bite g Helstx ¢fw
dynamic physical structure 2 e Hz)E $ )
Al o}, molecular computers il §19] A}
QA EHE o] 43l Fa T electric pulse =
nontactile input signal-&- A g|sl=d| o]zlo] 7153}
A 7] $181M+ input signale] &7} QlA¥
e A, st ez upgoidol g
o}, #A7} 7] (substrate) & <l X]sh= #% L key
9} locke] £ %= A vsich(2y 2),

Ex AMle o 2 A2 dgtezs Bz
levelol 419] control®} memorys} 713314 ¥},

Y, ol)
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2%l 2. Molecular Computing[9]

molecular computerd] 4] Wsl= “AAF o] o]elzk
of whAdgzie] g2l 1 Ae]steHel 7
oets w3}, webd program ApA7E A T
zo WEH glE Heolr}, & molecular com-
putingdF& g By, FHE 79, 3Ehy
o) ANAE A F A Poix= AL F bit-by
-bit processE $Jsh4] HE=Z<] computere] g3}
= intelligent¥} preprocessor7lihol £ s w 9},
Molecular computing-2- digital machineol] %83
$4E 72A d&d, e YT intrastructur-
e7} o}& molecular computer®) 2ol H2 g AL
A3 ez dAse] glA @A FdFele 7H
o3t AR S & & ¢]E molecular devicer} A
Ay Fog 7ldggc}, ey Al FYHE e
molecular computer+= th&-4 7] Ao Al 2tE 7] ¥
£ Aoz AHusd,

4.2 &

A27}x Vector supercomputers B FgF &
#¢| supercomputer®] 7|&wH FAE T3] A
Hyok}, go el Supercomputery: VLSIZ|49
uhel GaAsZe Aq2$ 2AY chip, optical con-
nectiongd ]84 t] U2 Packaged}d], Hr} &
memory, 2] 1 parallel processing-g FH & o8&
slo] #a}e] supercomputer AsRch gAUYA 7

EREEE 38% TR 1989F 78

FHAFE S JIEWH FAlet of2y

2% Tera FLOPSF9 A5& 43% 7oz 7|
gt} =gk Ao (Graphics, signal processing,
Al %) Supercomputer&x #AE AFstHA A¥
& 3A F7hln g "eldA Arle Fobs
g ol dHoR 2olA & Aol 21
A7)E o]d7A BW electronic computer7} opd
neural network, optical computer, molecular com-
puters} 7& A2 supercomputer7}A] FAsh
ulo} 3 2 supercomputerA|th7} & Zofd},
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