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Summary

1. Title
A Report of Importance of Al Computing Infrastructure and Current Status /
Implications on Survey

2. Purpose

Analyze the importance of artificial intelligence and computing infrastructure
technically. Deep learning, which is the most widely used artificial intelligence
technology in recent years, is generally based on empirical results. Also, deep
learning requires a lot of computation in that it predicts patterns in big data.
Due to the characteristics of this artificial intelligence, the demand for artificial
intelligent computing infrastructure is rapidly increasing worldwide. Global IT
companies are providing cloud services by establishing a dedicated computing
environment for artificial intelligence. On the other hands, Japan will build an
artificial intelligence cloud infrastructure of 19.5 billion yen. Korea is aware of
this importance and is supporting the artificial intelligence computing
infrastructure project, but it is not enough quantitative aspect. In this report, I
analyze the current state of artificial intelligence computing infrastructure of
artificial intelligence-related SMEs and start-up, Using these results, I aim to
measure the demand of computing infrastructure of domestic SMEs and
start-ups and utilize them as policy design data.

3. Contents and Details

The report consists of two main topics. First, based on the success factors of
artificial intelligence, 1 analyzed the importance of computing infrastructure in
artificial intelligence research. With the evolution and characteristics of modern
computation processing devices, it provides a logical basis for the technical
analysis of why computing infrastructure is essential for artificial intelligence
research. Especially, I introduce hardware characteristics of GPU which is most
actively used in artificial intelligence research.

_Vi_



The following describes the status of the artificial intelligence computing
infrastructure of small-enterprises and start-ups, and the results of actual
surveys to identify future demand. The reasons for limiting the survey to
SMEs and start-ups are considered to be the first step in designing an artificial
intelligence infrastructure support project. Unlike large companies, SMEs and
start-ups are relatively difficult to cope with infrastructure construction and
operation costs. In addition, the subject that is currently driving the artificial
intelligence technology is focused on start-up around the world. In this
research, [ investigated the demand for artificial intelligent computing
equipment and computing equipment to be used in future artificial intelligence
research. By presenting the meaning and limitations of the survey results, the
objectivity of the indicators was secured. I also examined the preferences of
the government policy on how to support the artificial intelligence computing
infrastructure to understand what the industry needs.

4. Application
Utilize policy design of artificial intelligence computing infrastructure

- vii —
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FHA B2 Fa7F AT
5+ WA= FPGA(Field Programmable Gate Array)t}. FPGAE HA| &3S
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CPU GPU Accelerator

Intel Xeon Processor E5-2699 v4 NVIDIA Tesla P100 Intel Xeon Phi 7120P
22 cores (hyper-threading 44cores) 3584 cores 61 cores (244 threads)
Clock Speed : 2.2GHz(Turbo 3.6GHz) Clock Speed : 1.3GHz (Turbo 1.4GHz) Clock Speed : 1.3GHz
Price : $4,115 Price : TBA (around $5000) Price : $4,129

Performance : 1549 GFLOPS (single) Performance : 10608 GFLOPS (single) Performance : 2416 GFLOPS (single)
744 GFLOPS (double) 5304 GFLOPS (double) 1208 GFLOPS (double)

(23 2-2] | A4AEZA 9]
At= : Intel Xeon Processor E5-2699 v4, http://ark.intel.com/products/91317
Nvidia Tesla P100, http://www.nvidia.com/object/tesla-p100.html Intel Xeon Phi 7120P, http://ark.intel.com/products/75799
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TIPS W Yetle FAE BT FHHAFEHY A 94 oE dFH
S Aoz ZAHT topd00.orgoll A= wid 236 11€) 19FH 5009
7MA Y FHAFH SAE I O Ve A3t REFo=
THAFE T AxgdAs A5 A502 ol AT 70%clds EAd%t
oJAE G4 A= A& FTAY FF, AZEHo HAHI F9 HPC

Zleol o3t wHAFHY ASF AHAse AEHe=E U AFds
3 2 I #(High Performance Linpack3)<. 3 dojg 2219 s}
FAZE | Z2st7] Qs 71 RE Aol Aoz FgHY
JEgH olE AHesd 4
ATt A ALEA AR 7 2
[17 2-3] A4A A9 4
AA AR AAY AL Asoldw. F WA =
FPst7] s ARE AFstr] 9 vy #d AR HE Hso

e
e
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b
£
r>~

Central Processing Unit

Control Unit

inpit Arithmetic/Logic Unit | | | Outgut
Bevice Davice

Memory Unit

[O28 2-3] Fxo|qt AAZA 9 ME=
At&: Von Neumann Architecture, Wikipedia. https://en.wikipedia.org/wiki/Von_Neumann_architecture
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At=: How will the fast multipole method fare in the exascale era? (2013.07)
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A3d AFAs3# GPU HFH

GPUL BAA oz 3D Aol CADSl Ze 2% #d zelo] Hxsiy
A gA ot wekd CPUSH:= thesl WgAo] vtk B3 GPUE 4 A
Mol AR dst U FAD uze] Axmloz WHAet B5HolT
A 27PE0] GPUE 20093%E EAAoZ #HabA e Hegic e
1A 2] CPUTIH 108) ol4e] A4k 4%5S HAF GPUE AAMT Qo4 =
2 29 wolgt Sd we ALL Waw s PEH ABdold Bk

Hol7t HPC Al2®Hls &8st #HAFEH S I GPUS &8st A7
ghits] i

a8y GPUE &A1 7Itigls Tg2A o AgE F9d47 83
o]AE GPU2l Fx& ERA 7]e3 AoZ GPUY HAIFH 249
daglEte]l 22 7149 CPUMIHL 108 o3y Adese FEE F+ AAth
A= CPUAAM = BE3IF ofPJAY Aol RAHA &e dagFS GPUAA
AA Aedds 7 F glithe Aotk 8 GPUY =2 AL Ass
AS2oz #getua sk =¥E AT AT HW of7| el ZRbél=
HAASE 8] SW /e AQ5= v &o] wj> HT)

GPUS| F+zd EA s o AA3 A¥rx GPUE Awkd oz 7AFE <
FH7|71d  slEgEe dutx o=z PCle(Peripheral Component Interconnect
Express)oll AZ=th. PCle= GPUE & o 71 WA Adse

rr 4

WEoltt, PClee wWixg Yz GPU WEZ Y ddzxro 4 b o4
2Zko)7F w7l wiEolth =3 GPU W& thgFo wls| GPUY A4bsdo]
vl =7] ol AEs] 52 AEEE e dagsol ofvad A dss
2457 g5 oEe adle 7HAA du. APstAd GPU= dabe® ol -
Hojuu o]E BEAF= wEd tgFo] didoezs W2 olf=2 8

Aol wj-g- AFAJ] 242 FAFIT
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[ 2-5l <Y E gdd AMAEE Uetdth GPUdA A9 o] &
A 7H7ke Aee We dHPE A4kolyt n-body AlE#H olA
5ol dH. saPE-wE ol 285= AlREO]

7] ol vl dgF o3 deo= AgdAn

0.1-1.0 flops per byte Typically < 2 flops per byte O(10) flops per byte
A A

' A f N A\

ii'ntonflty

SpMV
BLAS1,2 Particle
Stencils (PDEs) Methods
FFTs, Dense
Lattice Boltzmann Spectral Methods Linear Algebra
Methods (BLAS3)
% J O\ > AR J
Y Y v
o(1) O(log(N) ) O(N)

[ 2-5] st a5y A=
At=: Roofline Performance Model, https://crd.Ibl.gov/departments/computer-science/PAR/research/roofline/

elsiAe dn dAxYFAE HE Bsr) 9@ dAEAL W9 B
WA A AadEgAE A4 WEs, adds veg A%
SEo BFFolgt 2 54T AL Yok wHA EHT FaelFol
AUAEGH o A) A5 BEE] AL B P HeAT ANPES
Bgsop@th o T b4 4R s AN BESHe] YRR
AgeE ot F& 712 £A FnEL AUAYAA] HW Tzof

) = =1 W¥HEs)
7bsAel & g EeE FAHUY kA GPUY des AR 8T
AE L8EokE ZPmrlo] wl, HPCEoFIIAE QAFA 59 75 ois)
FEatal Aok ASTEe HEAQ] g5 R L/FFHARHE ARFH o=
712 )4Fel(Basic Linear Algebra Subprogram, BLAS)C.2 FA AT}
BLASE A Ml 714 o ® EFEth BLAS-12 HWH-#Y A4 BLAS-2&
yE-dE A2 BLAS-32 JF-dd Aito =z FEATG. ALAEE AHEHA



(1% 2-5]9} o] BLAS-13} BLAS-2& we A3 =S R#3 W BLAS-3:&
Mg Ee ANPGRS 23 vk AFAS She LueFel gl P

A4ko] BLAS-30 %3l7] wjmol e A4
otk

A BLASE MEAYE B5E a7sE #ARY Fopld A&How

DAt SAN A AL 98] BLASE 71 A4 dlE dge @)
T°|tt. NVIDIA= GPU %8 BLAS?! cuBLASYE 71&sle]  #FAF GPUO

HAstd AHess RHoAFEY [1¥ 2-6]2 NVIDIA K40m =22E& 8314

FUEW cuBLASS] A4 AsolTh

3500

3000
& 2000
]
-

1mn s - A e R M A e - pRIRARE Xt ' e e TR WA ] s e i

= = = E = = = = - = = E
= EZ E 33 s =23 = 23 s
B = & 5 E o G @ E 3 & @ E N
s 73] b o 8 o (= =] (2] ﬂ

Single Single Complex Double Double Complex

(7% 2-6] &5 cuBLASY] A% A=

At& : cuBLAS Performance https://developer.nvidia.com/cublas

NVIDIA+= cuBLASE 7|¥Fo 2 cuDNN(cuda Deep Neural Network)®)o|zl=
A5G golBdgE A3t @A) NVIDIA GPU+ JA&FA5 SAlA 7
de] &8&&H1 lomn, cuDNNS oefgk QEAs F7/MSWet dA=o] GPU
Zgof theh Y-S FH

5) cuBLAS, NVIDIA, http://docs.nvidia.com/cuda/cublas/
6) cuDNN : Efficient Primitives for Deep Learning, https://arxiv.org/pdf/1410.0759.pdf



http://docs.nvidia.com/cuda/cublas/

A4d AFAS A EX - AY ABASS FHo=

AGAA Al AdAEgA) A¢H A% 1 9F, 3 ol we
ggzudAel A%AY, AFAS sty FuEY GPUE APt
AR AFAT A5 YuEe Ay AMAILANE HE BEY 5
7 Wgel S8 GPUE ®ol ResT Ytk IR0 AFAwe AL

ZRe ofu? AFALE YUolHE FHATE HAA A B ALFo)
ey oz YU = 1 G449 A FID AY AFAS
AN FRAHFET AL & AAE WYoR ¥ o
z e 493 BE glelgtm 3ol sbssi

5
oM ML TAH AY AFAST ANE wPOE AFATY Al

s £ Zolt

20161 1¥ ¥5E QUAIANTo2ZE HzxE ZE ut57|Ae didsty <gd
AlphaGoy A &d45S 83t AlphaGox= F 7HA e AdFAALES
g8t AADPolicy Network)e HE nIE7|ALe] 245 HIEE 453

AFAZA Dol §4 vtsd ZH7E B4 U ES I dHo 2 So7HA HHA,
Ego=2 FAFAN FF st BE SO OElA &S HsEEE D7
AEEh AlphaGos= ol & 98l 16%F 7o) vls 7K oA 2,940%F 7o) wp=
BHE FE5t9 ol 89T ALY Jee AY EFY FE& Eolv
|52, A& v=E7IAe #HAA 2HeE AFHES A¥ste 98 Sk
7FA % (Value Network)e @A vt53 eloA el 2 &S Folde
A&S ot vtES AL F3t) Ao 5 7HAI 7] "WEdl, 54 vEa
FE O TES A dSctrle A" weA FES dSs] A HEs
g urol flgh. AlphaGoe 7FX WS sh5slr] f38] AA tgo=2 A4
3,0008F 79 vl & FHE &Ptk 7HXHY Ve AlY EfY ZHolE
Zole 9F< g
AlphaGoe] <QIFAIZALL g W A4kstedl 30 GFLOPe A4t#s I8 =
b oo 10%

an} —E—a AphaGos] A= BRL whs AYel 02 2817 5
71 R R [ R
6z W et



(2% 2-71e ThE AWM A e|A 6 PFLOPE Hshsd awm:
AZbe ERDT YuHAQ) PColA 6 PFLOPS Aealr] gl Bad Azte o
8022 AlphaGo A|2=®lo] wHla] < 1608y B2 AlZteo] A8 %Y. [O€

2-719] ARALL [ 2-20014 AT dBAYAAE Hgor 2a/2HS
YT A7l AdALe Ae cl24%e 80%dE A ow,
AlphaGo®] Z#® #7-< GPU 176708 283tk sHg3ich

e 48417

o 31047=

2000

1000
30

CPU Accelerator GPU AlphaGo

AHE: QEASO A Qlme} - WASARY BH0] FR4, o4 EE 16013, 43 =oAL TLC00
AlphaGoolx o] Al JAFAs IA FHAHAFEHT HFE FFAS &3
A3t +HAFHY As &= 6€3 11¥ 191%¥ 500¢1 7A
top500.orgoll Al F Al g}, <
A RHE (G 2-2>9F o] oF 2~300

do
+
N
lo
2
=
ol o
=
o
N
it
ofo
o)
v

<E 2-2 A A3A s AFE 873

IBM Deep Blue IBM Watson Google AlphaGo9
30 == 90 == oF 35~40- =

ALkA &%) | POWER2SC (120Hz) POWER7(3.5GHz, CPU 1,920 5.9
VLSI A 2~% 48074 850, 322AH =) GPU 280 #

A5 11.38 GFLOPS 80 TFLOPS ¢k 300 TFLOPS
N 2599] 192¢] 3829 &=
top500 &) (1997 69) (2011 62) (20154 119)

APE: QBAISO] A Qmel - WYSARY T3 50, ol HEE 16013, 4L E o] YRATL26)

) A GaeZl FHE AR 109 A9 e 55 P Slal Baw AFsE G4 208 Mo 6PFLOP

N

=

2o
8 o
o)

o

1 rlo



< 2-228% HY dHdo= AMAYAAe A & 4 Ut CPUY
Aol AgAoIUE 1990t Fxto= HE FUIBM Deep Blue)S A Z}slo]
Aol &8 o]F CPUY AFol AFHLe=2Z A CPUZ|HEY
w+HZAFE 7 $ZIBM Watson)stal, ddioll= 715715 ©AR 33 7 E(Google
AlphaGo)7} &8It «FHZFEHE HFE A9 T8+ A= g5
LTE= dHolgHe oz AA-HY. IBM Watsone %% 500 GBYTEI1O9]
Al ARE AP 5 9o, AlphaGo= 169 7o) ZZuE7|ALe)
Z1RIDE 3 & 3 g5

oJAl FAH o2 AlphaGod| U&As dae]Fol whs) 4w HE Ak AlphaGol
NEAAEL oA Aol HA3e = &/ 52173 % (Convolutional Neural
Network)ES &-&3lth. Facebooke] d=Fe2 daz]Z(DeepFace) SA 49wk
Fol d= oF|AE FAHAHA 5] Axolt}. A (Convolution)2]
Fota gulE T 4o A4S ®AHI Ao, duldogE oo F

Rl AAE YAe WEF e Jepa (19 2-81

!

[ #eea under fix)at-=) [
f(z)
a-x)
(f=gt)

05-..:‘ .,.’I \“_C;\H ......... -

[29 2-8] &A(Convolution)d] 3td =3

At= : Convolution, https://en.wikipedia.org/wiki/Convolution
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At& : cuDNN : Efficient Primitives for Deep Learning, https://arxiv.org/pdf/1410.0759.pdf

2 T Axo], ANAETH
]9 e Ay Sd &3t AEFHoE FAFAATY S<5(training) o] vt
% Z(inferencing) & & s Aie 2 o] RoyHr] wiEd, A
At el A5 HUg &8 & o

l



AlphaGo®] Al4tgd &4
» AlphaGo¥] Al4HY] & A&
- [29 9= wifeli A EdskA, e dEQl Fol A7 192X9, vEaRT|E
gHe t-g3t= D, Z7]= 9%69

m

- AlphaGoe] 3 WAl BAE & 19x19 HEBE 48717 VHA BRI 54
Mol 94 GO A8

“487HA WHE AF Bl T 2ol 94X, W B 9, W o] 94X, B, Y 5

* 3 A A ZEe =]+ 5xbolar
AT Zo AHEE 19279 EA =& A

* meka] 487019 19%x19 48 Zkol 192719 5x5 FE| 9} 34 (Convolution) 3+=d Q3
Alxkee ok 4159 GFLOP14

- WAl & A WA FEE =
Blo] =79 M= 2 4 3X
A A FHE 3 5

COEA 59 WS A dRE A A SEREE AT S8

19270¢] A2 v& IHE A8t o5 &

ox, M

192709 19x199] AHR7} A= Fro]

Rl
i

* NVIDIAY] Al4bd 8 T3 7L=2l K409 cuDNN A= A% ¢F 1.2 TFLOPSINZE %4
oF 401 9] FEFH A% 741/& Vs

* AlphaGo®] §4HAdH2 A HES =8} 7H4] vESL A F 7= 7419

- AA YEAE Z2 wEr|AY A4 HIEE d3eE AR 54 wEw
of AAH wl gho] T H4 HEe] BrE 4E

Ul Ae] BalolN A4 APed RE AUE WA 2 BS B4 FE BEE
e ARE NEoR B (1Y E8d EL Folt #4)

Axrslob &

* Qb 27l@ GAFAAT Aol H2W 17671) CPUDE BEHT 2T 7
FAFAARe Aol sbseht AL WEALE B A} o 23
352002 g AT & e

- wEkA 309 = %47]7]- FoAZXIYH, 176719 GPUE &-83l <F 100,00071<]

A A tiste A5 FEREEG S42 ARY 5 YL

- AT X MEYAES A5sE BPe 9 AT Hste] vEYA 1F
A

AE 24 LRI B ALE TSl B




A=7HA AlphaGooll B a3k d4ke] &3 g F3 < 540 tisf Ayt
AefstAd olm A Q4o HAHstdE AdEal7d =

gel g 3 8 A2 FE
w Ao ® tiAEe dd AdAYZA Y dese AT F8Y F U =3
FAFAAGe] T2Vt B dsE, S5 FUAHAS tlolH | o] geTE
HFA Aol Frtstr] wiEel AdAHow FAs W ¥ Als
48 g g
ANFAALS &8 HH ARE =ZFste WHAAN HJA 185 HAFH
AdE o doh JAFAATY 7MY F 9 48 299 JHARAE
ArgstAl Z3ohe Aeolth AlphaGod Al HAG] nlsd¥e Hfstal oy
g rtsS & FoAd el tHEsr] @y, 1 olfr= AlphaGoe| e
BEHoz dojxl AFe]r] wjFolth. AlphaGodl FAFAAEL 13F5<
g8tk "Grlls A7 old =E&S AHEW FAFAAETL] 1052
B¥E HZEE izt =3 48719 54 9 F 0ME AHgste 5 TR
AEE A 1 A3 HAHY JdF3ABHY FxE Esd Aot FE A
dTAaFdgE AL BE 22 R AT s Feldnix = F Ut
webx FHEE AL S 8 YA ARE Ee Zo] FoRG
T a8t JAEAS dadFE AA FA ool AAde S UAA
APAA AFRE =37 A B ARE dof due H 9N AFHE
dzte] 9o 28 HHHoER vt HT e AHEE AY
AHgEEA] k3l 453k AlphaGo Zerox HO|HE 22z Akt a3y
dolee SlFole o3 nAFHFHEH JdzFr 2L Ao
AFAs AToNA HAFHE d=zee HAGY AAE =357 A8l 2Fd

12) Mastering the game of Go with Deep neural networks and tree search, Nature (2016)

13) AAg A8 2= the Bad AL AlphaGodl S1eAls darels £4, AZEoAA A4 (2016)
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B o =g oF 30 Gflope] 223

17) cuDNN : Efficient Primitives for Deep Learning, https://arxiv.org/pdf/1410.0759.pdf
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A 2. AegEA

A3}

HH2E FAVIY-2EESNY ARE dxo Ay Fesad i
AEZAN HolHz 749t
(E 92D AFAS AT Bl
[Base: TH| SEZXHN=72), Unit: %]
fore B §
Base) gy Al 38 2% Az 1 98 oz 3¢ 2 28 on we 5T =0 5w Ul oe
HH| (72) 133.3 33.3/30.6 264264 16.7 153 139 139 139139 97 83 |56 56 42 42 181
20004 O|H (20) 125.0 15.0/20.0/25.0 150 150 5.0 |10.0/15.0 10.0 20.0 150 50 | 0.0 150 0.0 | 50 |25.0
A=ldg | 2000-2010F | (25) |44.0 52.0 28.0/20.0 240 160 160 80 20.0/120 120 40 80 80 00 00 40 160
20104 O|F | (27) 129.6 29.6 40.733.3 370|185 222222 74 185 11.1/11.1 11.1 74 37 111 37 |148
109 0|2t (17) 1294294353 59 (235 59 1761294 118294 59 235|118 59|59 59 118 176
10-309} O|2F | (17) 294 412 235|353 353 294 11.8 11.8 176/11.8 59 00 118 118 00 |59 00|59
30-50 O|gt (6) 1333 333333 500 333167 /16.7| 0.0 16.7/333/333 00 00 00 00 00 00 333
50-80< O|Tt (4) 75.0 50.0 50.0 50.0 25.0/25.0 250250 250/ 0.0 50.0 250 00 00 00 00 00 |250
ol
80-120¢ O|BF  (3) 33.3/100.0 66.7 66.7 0.0 333667 00| 00 00 333 00 (333 00 00|00 00 333
120-200% O|Tt (9) 44.4/333|444 111 00 11.1/11.1 11.1/333 00 222 00 [11.1/ 00 222/ 00 00 111
200-5009 O|2F (8) 1250 125125375 375/125 0.0 00 00 125 00|00 00 125 00 125 00 250
5009 O|4 (8 125.0 125/125 125/375/125/125/125 00| 0.0 |[125 250 0.0 00 125 0.0 125|250
HZE (19) 131.6/26.3/36.8 26.3/36.8 10.5 21.1/10.5/21.1/15810.5 10.5/15.8/10.5/10.5| 53 | 53 1263
UH%E_E_B] =g (31) 132.3/41.9 29.0 35.5/22.6 258 6.5 /194 129 9.7 161 65|97 32|32 00 32 97
=g og (22) 1364273273 13.6/22.7 9.1 227,91 91 182136 136| 00 45|45 91 45 227
HIZE (31) 129.0/29.0/ 355 258(29.0 129 194129 16.1/129 9.7 9.7 |161 97 | 97 | 65 9.7 194
%f_g =8 (26) 34.6 42.3 346 34.6/23.1 /308 7.7 1192 115/115/192 77|38 38|00 00 00 154
=2 oy (15) 140.0/26.7/13.3 133|267 0.0 200 6.7 133200133 133/00 00|67 67 00 200
PuxY QIX| (26) 126.9/34.6 34.6 308|269 192 11.5/19.2 115/ 7.7 1231 154|115/ 77 |77 |77 00 77
AR] oA H|2IX| (46) 37.0/32.6/283 239|261 152 1741109 152174 87 65|65 43|43 22 65239
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[Base: TX| SEHXKn=72), Unit: %]

G gae  mae oy 85 algom  HdoH
HH| 72 50.0 458 43.1 25.0 18.1 14
2000 O|F | (20) 40.0 300 55.0 25.0 20.0 0.0
Afds | 2000-2010E | (25) 60.0 52.0 36.0 28.0 20.0 0.0
2010 Ol= | (27) 48.1 51.9 40.7 222 14.8 37
109 02t (17) 471 52.9 35.3 235 59 0.0
10-309 0|2 | (17) 58.8 529 47.1 412 23.5 0.0
30-509 OJ2t  (6) 16.7 333 66.7 0.0 333 16.7
50-80< 0|2 | (4) 50.0 50.0 25.0 25.0 25.0 0.0
ufj &t
80-1209% O[2t  (3) 66.7 66.7 333 333 333 0.0
120-2009 0|2t (9) 55.6 55.6 66.7 222 333 0.0
200-5009 0|2t (8) 75.0 375 25.0 0.0 12.5 0.0
5009 0|4t 8) 25.0 125 375 375 0.0 0.0
HIZ& (19) 52.6 42.1 316 21.1 10.5 53
cd;; =28 31 452 54.8 58.1 226 323 0.0
28 oI’y (22) 54.5 364 31.8 318 45 0.0
HIZ& 31) 54.8 419 25.8 226 16.1 32
%Pg 2g (26) 50.0 53.8 57.7 269 26.9 0.0
248 oI (15) 40.0 40.0 533 26.7 6.7 0.0
e 2IX| (26) 53.8 57.7 53.8 26.9 23.1 0.0
e H| QIX| (46) 478 39.1 37.0 239 15.2 22
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[Base: TX| SEHXKNn=72), Unit: %, TB]

1TB 1-2TB 2-5TB 5-50TB 50TB

Base) gt ojge oEr o oy == ¥E A
HH| 72) 97 319 125 25.0 18.1 28 26.76 1,873
2000 O™ ' (200 100 450 15.0 10.0 15.0 5.0 31.79 604
Agde | 2000-20104  (25) 8.0 28.0 12.0 320 20.0 0.0 26.46 662
2010 O] (27) 111 259 11.1 29.6 185 37 23.36 607
109 02t (17) | 176 294 17.6 17.6 17.6 0.0 26.67 453
10-309 0|2 | (17) 0.0 353 11.8 294 235 0.0 21.06 358
30-509 OJ2t () 0.0 50.0 0.0 333 16.7 16.7 4.60 23
50-80< OJ2F | (4) 0.0 25.0 0.0 50.0 25.0 0.0 22.75 91
&
80-1209 0|2t (3) 333 333 0.0 333 0.0 0.0 3.67 1
120-2009 0|2k (9) 1.1 444 222 0.0 222 0.0 3472 313
200-5009 0|2t (8) 0.0 25.0 12.5 25.0 375 12.5 25.00 175
5009 ol (8 25.0 12.5 12.5 375 125 0.0 56.13 449
HZ& (19) 10.5 42.1 10.5 10.5 15.8 10.5 3851 655
cd;; 28 31 9.7 29.0 129 29.0 194 0.0 18.18 563
2 o (22) 9.1 273 136 318 18.2 0.0 29.76 655
HIZE 31 16.1 35.5 16.1 12.9 12.9 6.5 25.82 749
gg 8 (26) 38 269 77 346 26.9 0.0 29.00 754
28 o (15) 6.7 333 13.3 333 133 0.0 24.67 370
. QIX| (26) 115 269 11.5 26.9 23.1 0.0 2293 596
Al el H|QIX| (46) 8.7 348 13.0 239 15.2 43 29.02 1,277



R B32-4 FF AT 97 &< AT gH doly ¢

[Base: TX| SEHXKNn=72), Unit: %, TB]

1TB

1-2TB

2-5TB

5-50TB

50TB

(Base) oot ojat ojat ot oA ne e A
| (72) 28 83 139 417 306 2.8 129.76 9,083
2000 O|F | (20 0.0 15.0 10.0 55.0 15.0 5.0 64.21 1,220
Agde | 2000-20104  (25) 40 12.0 16.0 36.0 320 0.0 101.06 2,527
20104 O|= | (27) 37 0.0 14.8 37.0 40.7 37 205.26 5,337
109 O/gt (17 59 0.0 235 35.3 353 0.0 164.16 2,791
10-309 0|2 | (17) 0.0 59 11.8 412 412 0.0 57.35 975
30-509 OJ2t () 0.0 333 16.7 0.0 333 16.7 420.90 2,105
50-80< OJ2F | (4) 0.0 0.0 0.0 75.0 25.0 0.0 36.25 145
&
80-1209 0|2t (3) 333 0.0 0.0 66.7 0.0 0.0 5.00 15
120-2009 0|2k (9) 0.0 222 222 222 333 0.0 114.33 1,029
200-500¢ 0|2t (8) 0.0 0.0 125 50.0 250 125 164.57 1,152
5009 ol (8 0.0 12.5 0.0 75.0 125 0.0 109.00 872
HIZE (19) 0.0 15.8 10.5 526 10.5 10.5 85.16 1,448
cd;; 28 31 32 6.5 19.4 323 387 0.0 116.55 3,613
=28 o (22) 45 45 9.1 455 364 0.0 182.84 4,023
HIZE 31) 6.5 9.7 12.9 452 19.4 6.5 58.27 1,690
%g e (26) 0.0 77 11.5 385 423 0.0 131.11 3,409
248 o (15) 0.0 6.7 20.0 40.0 333 0.0 265.63 3,985
. QIX| (26) 38 38 23.1 23.1 46.2 0.0 164.65 4,281
Al el H|QIX]| (46) 2.2 109 8.7 52.2 217 43 109.14 4,802



[Base: TX| SEHXKn=72), Unit: %]

(Base) &%l AX| AZ g8stn AS 288 o™y
HH| 72) 26.4 43.1 30.6
2000 O|F | (20) 450 35.0 20.0
AJds | 2000-20104 | (25) 16.0 52.0 320
20104 O] | (27) 222 407 37.0
104 OJgt (17 17.6 35.3 471
10-309 0|2k | (17) 17.6 70.6 11.8
30-509 OIgt  (p) 50.0 16.7 333
50-80< 0|2t (4) 25.0 50.0 25.0
&
80-1209 O|Tt  (3) 0.0 66.7 333
120-2009 O[2t  (9) 333 44.4 222
200-5009 0|2t (8) 25.0 375 375
5009 Of4 8) 50.0 12.5 375
HI2tE (19) 100.0 0.0 0.0
E“J;g 28 31) 0.0 100.0 0.0
2g o 22) 0.0 0.0 100.0
HI2E& 31) 54.8 16.1 29.0
g%u 2 (26) 38 885 77
28 o (15) 6.7 20.0 733
—_— QIX| (26) 38 69.2 269
2] ol H| QIX| (46) 39.1 283 326



[Base: TX| SEHXKn=72), Unit: %]

(Base) g8stn AX| L4 g8dtn US 288 ofEY
HH| (72) 43.1 36.1 20.8
20004 O|F | (20) 65.0 25.0 10.0
AJds | 2000-2010E | (25) 320 40.0 280
20104 O] | (27) 37.0 407 222
109 ggt | (7) 471 353 17.6
10-309 O[2F (17 176 64.7 176
30-509 DIt (6) 50.0 16.7 333
50-80< O|2F | (4) 25.0 50.0 25.0
uj&A
80-1209 O|Zt  (3) 333 66.7 0.0
120-2009 0|2t (9) 55.6 11.1 333
200-500% 0|2t (8) 50.0 25.0 25.0
5009 O|4 8) 75.0 12.5 125
HZ& (19 89.5 53 53
%;; 28 31 16.1 74.2 97
28 oy (22) 409 9.1 50.0
& 31 100.0 0.0 0.0
g%u 28 (26) 00 1000 00
28 g (15) 0.0 0.0 100.0
QI (26) 19.2 57.7 23.1
HEAA
Al el H|QIX] (46) 56.5 239 196



[Base: MM SEXKNn=72), Unit: TFLOPS]

B A

8250 GTX 1080Ti GTX 1080Ti
B o N e g o

P100 (P40 P100 (P40

Sh =3

A (72) 526 14.2 133 1306 11,370 1,009 959 9,402

20004 O | (200 114 19.2 123 37 684 364 246 74

Hds | 2000-2010E | (25) 96 12.7 144 17 720 317 361 42
20104 O] | (27) 1230 121 13.1 3439 9,966 328 353 9,286

109 0|t (17) 975 21.7 6.3 2644 | 4970 369 107 4,494

10-309 B2t (17) 986 2.8 1.1 2818 | 5,027 47 189 4,791

30-509 OJ2t  (6) 48 0.9 13.7 0.0 87 5 82 0

50-80< OI2t (4 335 0.0 82.0 18.6 402 0 328 74

O &4

80-120¢ 0|2 (3) 58 173 0.0 0.0 52 52 0 0
120-2009 0|2k (9) 8.9 220 0.0 47 240 198 0 42
200-5009 0|2t (8) 238 39.7 31.8 0.0 571 317 254 0

5009 O (8) 0.9 30 0.0 0.0 21 21 0 0

HZ& (19) | 404 33 30 1149 | 2,303 62 57 2,184

%;; g8 31) 693 18.7 254 1645 = 6,447 562 787 5,099
2g o (2) 397 17.5 52 9%4 2,620 385 115 2,120

H & @1 265 6.0 45 69.1 | 2,468 187 139 2,141

g%u =g (6) 822 19.8 315 196.1 = 6,413 494 820 5,099
2g o (15) = 553 21.8 0.0 1442 | 2,490 328 0 2,162

AR QIX| (26) 675 19.8 79 1749 = 5267 515 205 4,547
Al ot H| QIX| 46) 442 11.0 16.4 1055 = 6,103 494 754 4,855



<E 828 @A BF AFAS A4 GPU 72 - 77

[Base: ®X| SE XK n=215/2&EH, Unit: TFLOPS]

o A
GTX 1080Ti GTX 1080
(Base) /GTX TITAN X JGTX TITAN X
GTX GTX ) GTX GTX )
1070  1o8p (Pascall0seriesy 1070  108p (Pascal10seriesy
P100 (P40 P100 (P40
IE3h I3
| (72) 49.8 147 14.0 120.7 32,093 3135 3,017 25,941
2000 O|™ | (20) 114 18.2 12.0 47 | 2,021 1,036 707 278
Ad¥z | 2000-2010E | (25) 10.8 13.8 17.0 15 2492 1067 1,311 113
201048 O] | (27) | 1168 13.1 127 3247 27,580 1,032 998 25,550
109 Ojgt (17) 97.5 217 6.3 2644 15,788 1,173 339 14,276
10-30< 0|2k | (17) 98.6 2.8 11.1 281.8 | 11,827 110 444 11,273
30-509 0|2t | (6) 48 0.9 13.7 0.0 291 17 273 0
50-80< O|Zt | (4) 335 0.0 82.0 186 | 1,508 0 1230 278
EA
80-120% 0|2t (3) 5.8 173 0.0 0.0 347 347 0 0
120-2009 0|2t (9) 8.9 22.0 0.0 47 640 527 0 113
200-5009 0|2 (8) 23.8 39.7 31.8 00 1,643 912 731 0
5009} O (8) 0.9 3.0 0.0 0.0 49 49 0 0
HZR (19) 449 34 26 1287 | 7,221 183 142 6,897
gy N
“;; =8 (31) 59.2 18.3 27.7 1322 16552 1,664 2,578 12,310
=8 o (22) 40.6 18.9 44 986 8320 1,288 297 6,734
HZEg (31) 27.6 5.5 36 738 | 7,628 509 335 6,784
gﬁ ip=] (26) 69.6 219 336 1541 | 16,686 1,694 2,682 12,310
=8 oy (15) 60.1 216 0.0 1588 | 7,779 932 0 6,847
ol X
o O K| (26) 59.4 20.7 76 149.7 1 15151 1,759 651 12,741
olX =]
I ot H|QIX| (46) 435 10.8 182 1016 | 16942 1376 2366 13,200



<G BAH2-9 &5 st ALl GPU 12

[Base: MM SEXKNn=72), Unit: TFLOPS]

B A

8250 GTX 1080Ti GTX 1080Ti
B o N e g o

P100 (P40 P100 (P40

Sh =3

A (72) 1020 411 26.6 2400 22040 2876 1,886 17,278

20004 O] | (200 512 309 414 827 = 3,069 588 828 1,654

A-de | 2000-2010 | (25) | 26.5 55.7 20.8 38 1989 1,3% 500 95
20104 O|F | (27) 2096 344 20.7 575.1 16,981 894 558 15,529

109 02t (17) 1529 376 121 4090 7,798 640 205 6,954

10-309 0|2k (17) = 178.1 8.5 226 505.1 = 9,082 135 361 8,586

30-509 OJ2k  (6) 337 875 13.7 0.0 607 525 82 0

50-80< OI2t (4 406 0.0 82.0 39.8 487 0 328 159

&<t

80-1209 O|TF  (3) 9.0 20.8 2.7 3.5 81 62 8 11
120-2009 0|2k (9) 735 462 0.0 1743 1,985 416 0 1,569
200-5009 0|2t (8) 616 722 1128 00 1479 577 902 0

5009 O (8) 217 743 0.0 0.0 520 520 0 0

HZ& (19) 79.6 0.8 47 2332 | 4,537 16 90 4,431

%;5; g8 (31) 1430 373 51.9 3440 13303 1,082 1,558 10,664
2g o (220 636 808 10.8 993 | 4200 1,778 238 2,184

HE& 31) 742 258 8.5 1884 | 6,904 801 262 5,841

g%u =g (26) 1488 334 64.9 353.1 | 11,604 801 1,624 9,180
2g o (15) 785 84.9 0.0 1505 | 3,532 1,274 0 2,258

AR QIX| (26) 1245 362 14.2 3245 9,711 905 369 8,438
Al ot H| QIX| 46) 893 438 337 1922 12328 1971 1,517 8,840
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AL GPU =2 - 3%

[Base: M| SEXHn=215/2FCh, Unit: TFLOPS]

B A

8250 GTX 1080Ti GTX 1080Ti
B o N e g o

P100 (P40 P100 (P40

Sh =3

A 72) 95.1 40.5 26.6 2193 61,312 8520 5,651 47141

2000 O|F | (20) 493 303 408 782 | 8754 1,718 2412 4,624

A-de | 2000-2010 | (25) | 252 50.3 22.5 34 584 380 1685 260
20104 O|= | (27) = 1980 383 19.8 537.1 46,734 2923 1,554 42,257

109 02 (17) | 1529 376 12.1 4090 24771 2,032 651 22,088

10-309 0|2k (17) = 1781 8.5 226 505.1 | 21,369 318 849 20,202

30-509 OI2k  (6) 337 87.5 13.7 00 | 2024 1,751 273 0

50-80< OI2t (4 40.6 0.0 82.0 398 1,826 0 1230 596

&<t

80-1209 O|TF  (3) 9.0 20.8 2.7 35 541 416 55 71
120-2009 0|2k (9) 735 46.2 0.0 1743 5293 1,109 0 4,183
200-5009 0|2t (8) 61.6 722 1128 00 4253 1659 2593 0

5009 Of4 (8) 21.7 74.3 0.0 00 1235 1,235 0 0

HZ& (19) 88.4 0.9 4.1 260.2 | 14,211 48 219 13,944

%;; g8 31) 1226 36.0 53.0 2820 34259 3,186 4812 26,261
2g o (2) 627 774 9.1 101.6 12,843 5286 620 6,936

HE& 31 737 21.7 6.9 1925 20,332 1,993 631 17,709

g%u =g (26)  125.0 35.1 64.7 2791 29965 2,641 5020 22,303
2g o (15) 85.1 90.1 0.0 1653 1 11,015 3,887 0 7,129

o 2IX| (26) = 105.0 35.8 13.5 2666 26,792 2964 1,146 22,682
Al ot H| QIX| 46) 886 436 35.3 1883 34,520 5556 4,505 24,459



2. o] RaAe] Y& Iu
sloF gtk

1. o] RIAE AT EY|AHA

=z
T

A4 S
A 2EEAAATLNN FYT ATARYS W

HFE A

) —

ol =

9

ATRIAII,

SPEN| AR}

SENNE A0 833

Al 41

|| 93000
788961 084048 || || |||| |||

ISBN 978-89-6108-404-8

[AZEHAARZYATL] 3] FAE [SPRI RIA: FTAZE AFo| 832 ZAVE
FEANEAN-FA Aol Fu5A-AA A e} o] &L

(@ENE YW AR ol-go] FeIAT, FURHOE 08T & giw, WA flol Ik o)galok Fuirh)

DR



	연구17-007_인공지능 컴퓨팅 인프라의 중요성과 실태조사 현황 및 시사점
	개요
	제1장 서  론
	제1절 연구배경 및 필요성
	1. 인공지능의 역사
	2. 현대 인공지능의 성공요인
	3. 인공지능 컴퓨팅 인프라

	제2절 연구 방법 및 범위

	제2장 인공지능 컴퓨팅 인프라의 중요성
	제1절 개  요
	제2절 인공지능과 컴퓨팅 환경
	1. 현대 연산처리장치 개요
	2. 현대 연산처리장치의 활용 측면에서의 이슈

	제3절 인공지능과 GPU 컴퓨팅
	제4절 인공지능 사례 분석 – 게임 인공지능을 중심으로

	제3장 중소기업･스타트업의 인공지능 컴퓨팅 인프라의 실태조사
	제1절 개  요
	제2절 인공지능 컴퓨팅 인프라 실태조사
	1. 실태조사 개요
	2. 실태조사 결과

	제3절 소 결

	제4장 요약 및 시사점



