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(QIBXIs HH=R]) T AJARBIEX|O| USO 2 H|0|EQ] +TRE| HLMX| H|O|E HT|
(o]

Heto| Rl AAMSTRO Zal, QBXS MRS HOEQ| SE-£2 S ABK|S
To| &l S1M0| TFE =]

» OlIZX|S0| &20| MARIOZ zrtniloﬂ M2t HE HI=XIE &80t QISX|is Hitel A7t
3 [e) (o) %

SAIs X0 &Foti, 7|ZQ 8 T2MM(CPU )= tE
A

ulo

ALt 7S SHESRIN) GPU, FPGA, ASIC(NPU), CPU 50| 213X|s ¥12|E

o

» (GPU) Graphic Processing Unit2| 2fXiQI GPU= 124 X2| X2 J2iT it

HEH %{2[o10] Z1gtE E2ots SR

|

% GPU= VPU(Visual Processing Unit)2tl = S
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- GPUS 40| 24611 £ A28 4 Y= FH0IQ| 47} L0t 2IBXIS YIS 7
Al E2 M58 H0|1 AZX|E QIBXIS 8H5S 9leh GPU7H 7 B0| B8

- GPUE £2 714t 882 23 UK, LS H22 SZO| 8 T2HAQI CPU Tt
2 22| 8 HOME SIMS SHGHOF 3 1) A BB FHR0| B2 AIZI0]

= SIA = = [ T = =
(H[O|EMIE] 3 SIX| OF7 [EIXOIIM SHE, 20| 85= 2I3XIS B=H F)
Data-center architecture, % Edge architecture, %
I asict [ cPue [l Frea® [l GPUY Other
Infarence Training Inference Training
I
18 10 10 10 10 10
2017 2025 2017 2025 2017 2025 2017 2025

XI&: McKinsey & Company(2018)

- NVIDIAZt GPUNIM 71 =2 AME-ERES EFotl UM, Intel, ARM, AMD &
MEXMO| CPU F27|UEE KIALQ CPU-GPU 3! & AZEQ0{7}
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> (FPGA) A7 7Hs =2|AXIQt T2 JH2I0| 7HSt LR 5|27} BatEl BHE | AXE2 Field
Programmable Gate Array2| 2FX}

- FPGA= CIAtQlet 0|20 =8 H MEATt 7tsott] Z2EEFR] HIZ0[Lt ASIC 24
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» (ASIC) EX 88 T332l ASIC(Application—Specific Integrated Circuit)2 HE0|
Ofd EF =0 S &HZ HMZ g2, 88 QSK|s AMO=E AHot0 AAS
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- 2l QISK|S SLOA 71 B0l 2E8El= GPUZt el SH0| 21EX|
M2, THaE, £ HY SOM 2XepP} EoUX| 55

OIF

L0 OFLI |

- QI3K|s L0l Z|M3tE SIEYIHE BHE7| IoH Google, Tesla, Amazon, GraphCore,
Arm, Intel S 22 229 |T, 5t=20] 7|2I0] NPUE i =

» (CPU) Y X2| &X|2! CPU(Central Processing Umt)% 55| 22|= QlZX|5 B H|0l=
E°*E|XI X2 B8 HRE AAHS SHGHT, TR0 GAS M2 |5t 7HE siel
o|2x
O

FEO| MOEXIZMN 2
- CPUE= GPUHL} TZOYH
HIEXNE 250K 4= 4
- OX|2F 2= devicel| ZE[0| UL, 71H0| MBol0 FH2H0| =CH, WE HZ2e|
20| =0t QSK|s L12|E F0A FQot Hetg 3
- 7|Z& tHEXQI CPU M7 7|2l Intel, ARM, AMD 50| Zt AlQ| =3 CPUQ| MsS
X|&X0o 2 JM5LT UOMH, deep learning HSE £2M ESH NS0 HIE =

QISXIS H=r AIF HY) 20223 AZKIs Y=H A2 A CiH] 27.8% ket 444
Y= Ol dEH, AT 19.9%% F71510 20264901= 8612 =2{0l| 0|1 A= HMUE

QISAls B=r AIY T
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A= Gartner(2022.5)
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Al TREND WATCH

N

(EEE0FE ASA|S X AIY L)

(TH2l: $M, %)

'20 21 ‘22 E ‘23 E ‘24 E '25E ‘26 E (’%_C';ZR@

INL NS 1,740 2,746 3,422 4,460 6,171 7,811 9,534 28.3%
= 14,994 21,6597 25,630 28,750 31,491 31,948 32,645 8.6%
paEsas! 5,119 9,943 14124 19,261 24,747 30,089 35,353 28.9%
AH| X} 87 262 728 1,554 2,131 2,932 3,922 71.7%
L 84 221 519 1,244 2,035 3,133 4,431 82.1%
g 3 7 17 44 86 130 194 95.8%

A 22,026 34,777 44,440 55314 66,662 76,043 86,079 19.9%
Xt&: Gartner('22, May)
> EH RYEE FEoHH 229 S HIO|AME/HE2|A0|M T2 M A(Integrated

Baseband/Application Processor)7t A CHH| 39.9% S7t8t 173.1< 22 7|2
A0 = U HEH, Ol= TX| QIBX|s B2 40.0% =&

(TH| RYE ASKIS H=A AIZ HL)

(T2l $M, %)

Device '20 '21 '22E '23E '24E '25E '26E (’(Z:ﬁ (,SZRG)
CIX|E Az x2|7| 6 14 32 69 102 152 216 71.6%
OHE2IAH|014/
HE|D|T|O] 10,771 14,440 15,725 18,423 18,935 18,366 19,371 6.1%
T2 MM
120 M2 x| 2,609 4,786 5,869 7,231 8,897 10,559 12,166 20.5%
FPGA 15 241 4472 912 1,439 1,870 2,398 58.4%

Sef HO|AE/

OHE2/AH01M 7002 12,371 17,312 19,806 24,199 27589 29,270 18.8%
OTE MM

O3 =7EE 19 49 106 212 286 473 755 73.0%

NEES
T2 MM - 1128 2,107 3,510 5,836 7669 9455 11,360 40.1%
Compute
NEES
T2 MM - 40 86 156 291 475 683 881 59.2%
Embedded
7|Ef EH 20t 337 684 1,288 2535 4660 6,895 9,663 69.8%
Sl 22,026 34,777 44,440 55314 66,662 76,043 86,079 19.9%

A= Gartner(2022.5)
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(UBX[5 HEH ME7|H0| HE HE, R L S&)

71H HW && HEZE St=SIo 55
CPU Xeon Scalable Processors Cloud/Edge
GPU Iris Xe MAX Edge
Intel FPGA Stratix 10 NX FPGA Edge
(Habana Labs) Movidius VPU Edge
NPU Gaudi Cloud
Goya Edge
CPU Cortex—X2 -
ARM Neoverse-N2 Cloud/Edge
GPU MALI-G710 Cloud/Edge
NPU Ethos—N78 Inference
AMD CPU EPYC-7003 Cloud
GPU Instinct MI100 Accelerator -
NVIDIA CPU A100 Cloud
GPU Xavier Edge
Xilinx FPGA Vitis Al Inference
Sambanova FPGA Reconfigurable Dataflow Unit Cloud/Edge
Tesla NPU D1 Cloud/Edge
Google NPU TPU Cloud
Amazon NPU Inferentia Edge
GraphCore NPU IPU Cloud/Edge
Kneron NPU KL720 Al SoC Edge
Cerebras NPU WSE-2 Cloud
Hailo NPU Hailo-8TM Al Processor Edge

1. Intel, Habana Labs

(712 7H2) 2 :1968L=| B M 8 HES JIRO2 CPU, 22l HEBRY, 2
Ciofst Q80| WHEAIS AAISHT QLOM XHH| R&D %8t OfLia} 7142 Qi 7|9t 0145t

rir oin

» (Habana Labs) QI210] 20194 2 0‘2.1 =210f| 212=5t Habana Labse=, '24UA7HK| 2591 22y
0|42 7IEAIE 71X 7t THAE[= MERUS QISX|S BeA| Tz A S|

> (Mobileye) O|AZIAC| XtE2F3 XISt TE 7|P2E QIR0 1532401 21~5IHCH, 214
He7102F 3% 2700 H22| HES 71500 A TiH| 124%2| IiE d5S 7|15

> (2 2|) 0|20|= Anodot(Xt238l 2! O|AZX]), KFBIOQ|Z FA X2[), MemVerge(In-
memory X{2| application 7HL), Xsight Labs(Z2tRE 7|8t H|O[E] X2| 7t&3t) SOl FXt



(CHE MIE) Xeon Scalable Processor(QIBX|S& CPU), Stratix 10 NX FPGAs(FPGA),
Habana Labs2| Goya, Gaudi(NPU) S CtYst 52| CIBX|s U | 2I2IHS He

» (Xeon Scalable Processor) Cloud2 Al CPUEMN Z[HIHt, HIO|S, O3 Z2ATE,
QEIE S MAAQI S2RE MH|A AFRAXIZL CIEIQ| Xeon Scalable processors 026101
MHIAE MIS
- ChYSt core 7, S frequency, power levelE Soll 252 852 MES AIE

MSot S2RE, FIHARE, lof, HHX|C|HIO|A SO &

» (Stratix 10 NX FPGAs) Al0i| Z[H3}t=E FPGAZ &2 bandwidth, 22 latency=S Ml&6H0

QIBXIS 71 OHZ2[AH|0|M0] HMefot 853 EY

- INT8 7|& 143TOPSE 5t 2MH 3D stacked high-bandwidth DRAMS Zgt
» (Gaudi/Goya) Habana Labs7t £A[8t Q1EX|5 SH&5E/F2E NPU

- (Gaudi) tH #+HAREE 2IcH HAE NPUZM, RoCE RDMA v22| 100GbE port

rOII

10702 &0f| S5t =2 Scalability & M2 S ZMdol= 5 ot 452 Y
% OFOFE YUAH|A(AWS)7H AWS BC2 QIAEIAN| Gaudi 7H47| 87HE AFR(20201 8Y)dt= S AIRIOIA
E2428 2

- (Goya) BERT(XtHO{XM2| 2H)E X Z|0H 2,7742HS X2|5HH, ResNet50(0|0]|X|
M| 2H)S =T Z|tH 45,448% X2[ot= & =2 d5S EY

% UCSD(D|= Z2|ZZL|O} CHEtW AMC]00]1) HIHARE MEQ| HO|X FHZAFE 336712 Gaudi,
167H2| Goya EXH

(Gaudi(@1Z), Goya(REZX) )

At&: habana.ai €H|0|X], https://habana.ai/
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(ADEQ|0{ AEH) Edge device®t cloud computer ZH2| SAIEHOMS QI5H CH¥sH AT EQ0]

AHS MS

» (Intel) Intel Software Guard Extension(Intel SGX), Crypto Acceleration, Quick Assist

AES

Technology, Total Memory Encryption, Platform Firmware Resilience A|H|A S& MI&
» (Habana Labs) SynapseAl2t= XIALS] NPUS TS517| QIo Tx|| AT EQ0] AE X|Z

- AF2XI7} 7025t Pytorch, Tensorflow 20| SynapseAlll ZIIAUZE E5f HATER
HSHE|0 Habanall SIEQI0E 25

(Habana Labs2| 2T EQ|0{ AEH SynapseAl)

* SynapseAl’
Software Suite for Training

(@) PyTorch & TensorFlow Python APIs

@ AITPC C-AP1 @ GC-API, HCL API & HCCL API

Customer Graph Compiler & Runtime
TPC Programming Tools Kernel Libraries (Ge)
Compiler, Debugger, Simulator Habana Habana Communication Libraries
Kernel Libraries (HCL, HCCL)

User Mode Driver
Kernel Mode Driver

@ wHmLCaR

Embedded ToolsEmbedded Embedded Software
& Management Tools

Firmware update, Margin Tools
management & monitoring

. Hard gnosti P .“‘ o pecifi - Not part of SynapseAl suite

KAtE: habana.ai |lH|0|X|, https://habana.ai/training—software/

2. NVIDIA

(7121 7HR) 1984110 MRS GPUZIUSE CPUSt 22 HE TZH M2 29I 7}

HEE, I AEE SHS Pt GPUS C13 MTiYl ZRE SWoR Busty, o

HICIARI %42

> (X1 2018 ABEJA, 20193 Weka.lO, 20203 Youvizelf| EXAfIACH, 20214 FII12
47Ho] 7140fl X}



(2021 NVIDIAS| EX} Q9F)

EX} UA| EXIH =
20214 02 Rescale SRE SAUE
20214 058 VAST Data E| (V]S SPSEN
20214 09¥ Activ Surgical CIXE o=
20214 10¢ Domino Data Lab Q3K HI0|E X2

Xt&: Crunchbase €IH|0|X|, NVIDIA, https://www.crunchbase.com/organization/nvidia

(CHE HMIE) Ampere O} |ElIX{ 7[Hte| A100, Volta OF7|EIX 7[Hte| V100 SO| CHEX
NVIDIAQ] Z2&id E3} GPU

ol
—_

> (A100) Eid SitE EEXO=Z £l5l| floh HIM OIS FASIRCH, FP16 St Al

7|E 24f O ¢2] 35 &

-2,048712] A100 GPU 0|8 A|

F27t5

pal

[l 2021 BERTLE DLRMEZ SOTA =ZFO 2 HIEA|

- FP3201A1 INTAO| O[27|7HX], Ciet HUE 2 Hafd GIMS 23501 it 25

Jt&erok= 7ls B

> (V100) Volta OF7 [EIME BTN MIZZC 2 T GPUTICZE CPU 100712 453 2

- H V1002 640719| HIM THE Z4&et 100TFLOPSS| ds= EO|H NVIDIAS|
NVLinkE OI&5t0] Z|tH 300GB/s2| AH=C = 02 V1002 HZY + U0 HlOE

AIE =0 K

(LZEQ0f AB) VMWaret2] S Sali Al X|& SHE MHIAE H|
20|12 2{2]| ZH Lot CUDAR}E 0IFLE |XAS0IA MS

» (NVIDIA+VMWare Al X|& E3HZ) Al workload Z|X5HE €5t end—to—end AH|A KB

Ok

ol ASH



(NVIDIA+VMWare Al X|& E3Z)

; Data Center Al Edge Al Inference Data Analytics and
0 Training and Inference Machine Learning
w NVIDIA Al Enterprise
- Data Scientist/ Al and Data Science Cloud-Native Infrastructure
Developer/ Tools and Frameworks Deployment Optimization
-— Al Researcher
. 2N,
@ VMware vSphere with Tanzu Q
On-Demand Kubernetes Intrinsic Security and Live Migration
Clusters and Virtual Machines Lifecycle Management and Load Balancing
Sl Accelerated Mainstream Servers
NVIDIA SmartNIC / DPU A NVIDIA GPU
Network and Infrastructure Acceleration . Application Acceleration

& >

Multi-Cloud Hybrid Cloud Private Cloud

Atz: NVidia {0 X], https://blogs.nvidia.com/blog/2021/03/09/vmware—ai-ready—enterprise—platform/

» (CUDA) NVIDIA 2to|Ee2| ZHlMoz 7|2 K01 Hejd A 7|58 5t= cuDNN,
HAIRY UT2|E 714512 Q3 cuML, =28 E':é' Z|XM3tE ?let TensorRT, 12fZ
2M8 £3l5H= cuGraph ¥172|5 S0| CUDAO| &

|:|0II

- F712, HO|e 24 U Al ZEZS 2[5 7143} 2t0|222[2 CUDA-X AIE 3715t H,
0l AMBXIS0| 2 #85H= CiCt2| Held ZUYI ot S0 Amazon,
Microsoft, Google Cloud 59| 22IRE SHE0| &2

3. SambaNova

© (71 7H2) “Enabling the Future of Al Today 2= £22 HIECE Kunle Olukotun,
Rodrigo Liang, Christopher Re7} 201710 Mglst HH=X| A2 AZEY0{2} SIEI0]
A'l]:“ I‘||='7I-§ *AIOE OlEﬂ ?.A'l

> (AR SEatE MZ0| EXHSHX| K|
Z 7|tE UL US

T FAZH0| 1Y HHE HoA= S M-

- SambaNova2| 7|¥7X|= f 509 EFHZE FAEH, 2018H 6,3302F 22| AlZ[E A
EXRXIRE RESH S716t0], 2021 48 69 7,6002 Z2| #22| Al2|= D £At

A



(SambaNova £Xt SX| LiH)

EXp Al £X 22 EX 7X =Y F2 EXXL
20174 € Seed 2t2E 2008t &2 Celesta Capital
20184 05€ Series A 5,6002 =g GV, Walden International
20184 08€ Series A 7302t &y Celesta Capital
20194 044 Series B 19 5,0002F &4 Intel Capital
20204 02¢ Series C 291 5 0008t =y BlackRock
20214 048 Series D 6 7,6002 H&y SoftBank Vision Fund

Xt&: Crunchbase SambaNova &H|0|X|, https://www.crunchbase.com/organization/sambanova-systems

(CHE H=) 7 7158 X2l/719 @H2! Reconfigurable Dataflow Unit(RDU)O|2t=
0|29] FPGA MIZ MA|0f =5l e, RDUE 7|1 §K21 PMULH X2| SX21 PCUZ
T2
» (PMU) Pattern Memory Unit(PMU)2 =& on-chip HIZZ2|2} =0 L5 St 7|STHX|
SXot0] HIO|E] O|SA|IZHS ZAAAF latency Z4 3 bandwidth 7t
- PMUE &&ol™ 1,00074 0|2 GPU7} EQst AC = LTI U 2ZK|s
otLte| RDU chipdilA 48 7ts
» (PCU) Pattern Compute Unit(PCU)2 Loop level 2 pipeline HE X2|E Soff AAMET
L= S7tAI-

=]
=

K

fujo

i

(AZEQ|0{ ABH) SambaFlowZt= 0|52 A DX ES0] AEHS HAI50{ RDU SIERI0S] M5

A ZHES shist

> (HA b)) B2 QBK|s HEXE0]
HIEIO 2 dataflow 12T A 5 %|HM35}

i

> (BE3}) =2 RDUE Sofl 24t X2l 4= U= ZA-C|0| st XA

= Pytorch, Tensorflow0Ae] RHS
9= 71X RDU &0IN 224 =Sttt

> (1) QISXIS 28, HIO|E], BiX| AfO|= & S22 QIoi RDU XH=4(reconfiguration)O|
LQSH AR 2 O10| T2 X (us) QL0 43

> (Template Compiler) ALSAIS| DEOH XIIIX| oi= AL} QU= ZL, high-levelOilAf
MEL HAXIO| EXHS MEEH 2 Q= AP| H|Z

1"
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{(SambFlow TXx)

User Enfry Points I ' I I
- Write to popular ML framewarks . A (oA car K arme
- Push.butfon automation path O PyTorch F TensorFlow User Graph User Kernel

Dataflow Graph Analyzer Template Compiler

Dataflow Graphs Spatial Templates

Dataflow Optimizer, Compiler, & Assermbler

Runfime

G)|SambaNovar

5 Y ST EMS

Xt&: SambaNova(2021.6)

4. Tesla

(71 7H2) D= A2 ZLOf HE2LEMN 7[8tS & MI|XSXt 2A=2 20033 Martin

Eberhard, Marc Tarpenning0| Z&3IH2MH, 20214 8 Tesla Al dayE AlI7|=2 H7|x}

0[]0l CFsH Al 2200 At SHCHE M1

> (GIEIO) 7|ES| ZHE 71X iEEﬂIOFEE.'J ofL|2t stg, FE2 I8t Al/HEE ©&
SIEQIO JHEE Xl F0|H, 7HY QI SIEQ0= AExdut FH0|E 22 (Tesla
Bot)ofl &8 0

> (1SIHY ALY S fI8t Ql=-FX) X2 20F 7|S7HUS 2loh Al 7[8t X2
AEFER] DeepScales 20198 1080 Ql~otRCH, 1 2f =Y H{EZ] 7[&Q ATW,
FHLIC} HHE{Z2| XHE7 | SpringpowerZE Q14

ol

(HE MZ) QEX|S SI=Y0f D1 Chipd 0| 7|¥O2 BHE Dojo ZEEIE Tesla Al

day0ll A 374

> (D1) TesladllAf 7H &9 ISHOLR 52 HBLR
EASH5E7| $I5t DHSIE DU HHE|E BH N 5

A B9IZ 35470 #3101 SHLI| D1 chipS T4I5H,

A2 285t SiLIO| EfIE 74

—

2fH57| ?loll HAZOAQ £2HS

- Ey0ld tE2t= 71 A2
D1 chip 25702 OHEIZE9]

- 12749| EtYU= ofLte| FHH|SIS -dotH, 11742] 7HH|SIS HZSIK 1.1 ExaFLOPSS
=d5t= otLte| ExaPodS 74

% Tesla Al dayOi|lA StL2| EFYO]| CHet A=2t training ZHS Al

A
A



> (Dojo) Z[H Toid 2US 9Ist AWURE N TRHER, HTY 2 D1 2
22510 TEE= 20| SR0|T, DojoS Y5t A ZRE O [HIK T3t 3 Het

(Tesla2| D15 &&2t EIZ(EN)2 0| 7[|HI2Z S Dojo(R)

Fastest Al Training Computer

WL |

AT THE SAME COST

Seamless Training Mat

l" %
e
:~4X Performance 1.3X Better Performance/W  5X Smaller Foutprhie‘

XtE: Tesla Al day(2021.8)

(AZESQI0 ARH) RXS0| ZE &
Zoela, E2t0[H], CIEJHO]A & AT EL|0| AEHO] -_r“é;' % e
» (Pytorch EH&T) FMS0| WA stz &gl S

Pytorch S&ME A SF0IUCH, AoYUL|= 0|2 0| LI5S0 XA Y = U= TEE M
» (Compiler) 5t=901E HIO|HZ|E A =

X0[g, CIO|H-2& 2T HH SO HH X2 7|=2} & MALHE X|&

> (2102 ABH) Ch=0] SAEM|M HO[EE X2l o= U=E ZE| LEINY 7|5 X2

5. Google

1 ML) MA =|c} ATl 7|1 = 20114 HESH Held 2SX|s S8 2 BY2S

2T 0|0|X] X2|, HY, 2REA S Crst Z0F0

. o
OHl
_>|'| I
olr
o
14
olo
el
rir
uy
Hu
E
I9)
_|
N
164

-_

> (QIZX|s &3 214 U EX}) AEH Al 7| DeepMind Technology(62 2,500%t &2
Dark Blue Labs & Vision Factory, Halli Labs, Al Matter & Lol

- 2021 401 717t PYR[E| 2|= EXIXIZ 5652AYS FXGI¥T, 9 2L
71431 7| Oatfin0l| 102t &2 £Xt

13
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(CHE MIE) 2016 Tensor Processing Unit(TPU) vl 37HE AIZICZ 20214 TPU v4.0S
351 M, MEME R 2= Edge TPUZ} US

> (TPU v4.0) 7H& A T2 TPUE v4Z 20214 52 Google 1/0 2221 H3|0f| A
TIWGIE O, v31t H|W5I0] OF S HiQ| RlTt A5S 15

- (TPU POD) 4,096712| TPU ChipS 20t 5tLt2| TPU PODE +/d5tH, 1 ExaFLOPSS)
Mego 5ol

» (Edge TPU) Tensorflow Lite 7|8tC 2 FFE|H CUIX| ARHECE XML 7=
HIO|E{MIEIE0] H|oH 2717t &1 [ M2 HHSE AR

X (M5) 2WS ALBSID] XL 4% W0 G 43

{Google TPU M5 H|ul)

TPU V1 TPU v2 TPU v3 TPU v4 Edge TPU
S0 LA 2016 2017 2018 2021 2018
LE 28 nm 16 nm 16 nm 7 nm -
=7 M2 28 MB 32 MB 32 MB 144 MB -
TOPS 23 45 90 - 4

Xt=: Jouppi, N.P. 2/(2021)

(AZE0] AR) Had DAY 23Ot Hald Lua|E, SR MH|A S CHHS
2L ERY0] MH|AZ 2 XSolo TPUL| 2E8S L

» (Cloud TPU) Cloud TPUZt= 0|52 22tRE MHIAE MB350 &K TPUE FOHSHK|
HEEtT 018 AlZH0]| Mt =2 X2 £ Had Yile|ES TPUNIM f5ots &8s His

(Google Cloud TPU)

Xt&: Google Cloud ¥H|0|X], http://cloud.google.com/tpu



» (Accelerated Linear Algebra: XLA) E2id 12|52 TPU &M 7181517 | 2lcH HHNE
MAMGH= ZIAUR{QI Accelerated Linear Algebra(XLA)Z QEAAZ X2
- 729 TensorflowE TPUOIA SiAsH= AT EQNZ, XLARt ZHE O [HIX, 2,

SUHEH, MZ2 ol=4l0] =S ?Ieh #AlE W0 2ot HE MS

ol

6. GraphCore

(1 1) =9l QIBX|s BteH| MA ME 7|2 2016'H HEEAUCH Intelligence
Processing Unit(IPU)2t= 0|22] st=¢I0] 7HL0) =

> (EXt 8X]) 20169 102 Amadeus Capital Partners, Robert Bosch Venture, Capital
Samsung Strategy and Innovation Center?| 2|= £XI2 0|0{XI 3,0002F =2 AIZ|= A
EXt fX| 0| 20204 1227tX| 2f 62 8,200t He{2| EXIRXIE 7=

X GraphCore2| 7|97Ix|= 279 28 0|22 F4HHZF21X], 2020.12)

(GraphCore £XtQX| L)

EXF Al £X 22 EX /X =Y 2|E EXiXL

Amadeus Capital Partners, Robert

20163 10 Series A 3,0002t &2 Bosch Venture Capital, Samsung
Strategy and Innovation Center

20174 07 Series B 3,0009t = Atomico
20174 11& Series C 5,0002t & Sequoia Capital
20184 12& Series D 29 =g BMW i Ventures, Microsoft
20204 02& Series D 19 5,000 g4 Mayfair Equity Partners
20204 12 Series E 29 2,2007t Ee Ontario Teachers’ Pension Plan

Xt&: Crunchbase YH|0|X|, GraphCore, https://www.crunchbase.com/organization/graphcore

15



{(GraphCore IPU Processor MIZ H|1l)

I

(&)

[t = In-Processor— .

<;t HEZE LE 30| 7% Thread 7= Memory £2 Bandwidth
g ColossusTM MK1-GC2 IPU | 16 nm 1216 7296 300 MB 45 TB/s
w ColossusT™M

E MK2 GC2000 [PU 7 nm 1472 8832 900 MB 475TB/s
< Xt=z: GraphCore #IH|0|X], https://www.graphcore.ai/

> (EHE) IPU ZZMIN 7[Ht SHES Sl 22HRE MHIA XIS

16

(GraphCore IPU Processor 25t Z2HZ)
=3 £3

IPU-M2000 4742| ColossusTM MK2 GC2000 IPU Z2M|A EXY, 1 PetaFLOPS 4

IPU-POD16 4742] IPU-M2000 HZ, 4 PetaFLOPS 249
IPU-POD64 16 PetaFLOPS =Y
IPU-POD16 X IPU-POD64E S=tRE HEIZ MISoHH AL 0| M2t
GraphCloud oo e
=

Xtz: GraphCore €lH|0|X], https://www.graphcore.ai/

(AZEQ0] ABY) Poplar2l= 0|52 AZEQ0] ABS I NSECEM IPUL 242
=
> (Poplar) 2ISXSS &Eot= MEUXIS0| YHNMOZ AIZdt= Held T UK3IE Lk
X|got= _+_EETJIO1 AEl
- Tensorflow 1.0, 2.02 25 X|®I6HH, Pytorch A2 Al0fl= ATEN backendS AM26H0
Ef2l olERIE IPUZ XJE
- Poplar & PopART &2 A] ONNX ERS OIAI5{0] Python/C++S £3t I 1%
ISE
» (PopLibs) GraphCore0ilA H[Z3t= J2i 20[E22|2 02 Hil2{d RH0| ISXC=
28L|= 5071 0|42 &+ z[X3l6t0 MIS

=
H
m
v
[m
Tl
©

[e}]

-
—
(@]

>

=2
e
£
|I§
jo

- (Graph Compiler) HE3IE I8t AAHEZ,
X5, LLVME &80t ZEE Mot d2s =
s BEES HM2|st7| {Igt HEtIC =, [PUL

- (Graph Engine) @ =] SAE
o @8X H0|E 0|5 S X|Y6lH, HEYT &018 HsisI0]

interface?| X3}
CIHIO|AZ 22|



(GraphCore 2T E|0{ AEH Poplar 71Z)

15/5 PaddlePadd
e i il sk

soon

PopRAND
PopUTIL

ML Frameworks POPLAR Drivers Platform Hardware
-
¥ OPyTorch e PopLIBS _ IPU-POD
&z @ tightai 's = 5 Systems
: omng e POpSPARSE 1P . B
: 1 Bl s
& el 5 EN : EN - % g
€ ONNX HALO & s B8 E B 5
PopOPS = = 2 g
N < Bl E
s B =
S K5
£ KN £
=)
[

Graph Engine

1F TensorFlow

XLA

Xt2: GraphCore #I|0|X]|, https://www.graphcore.ai/

7. Kneron
(71 712) 20150f| Albert Liuof| 2JoH A2iE! MC|0[0] 7]8t Al Edge CIHIO|A £2M
|92 2 XISXL, HOt S9| loT application0f| &8%k|= Edge SI=HI0{Qt ATEQ0] AEY
Mo ==
» GO Tt OfL[2t AT E0 AEHD SIE OO Hetsh 0[0]X|

HWELL =N SIER0] d52 2|HetE =

o
o1y BEE 20|

» (O|O)X| MI4)) HE|OIC|0] SoC £2M K| Vatics 214:(2021.5)2 Solf XtALS| SHEY|0{0f|
O|OIX| MM 7|5 EIXH =T
> (Kr23d) giex| HA 71 Weltrend, §H QIEH|0|A £FM Elan/Avisonict &245104
INF=ESE NN Y RS bl
- ADAS= Kneron2| 21SX|S SH=RI0], WeltrendAte| ADIE FH2HE SH=YI0, Elan/
AvisonicAt2| x| ZX| LY112|E S R=HAL| 7152 EEol¢ 7|=/MLS T

» (£Xb Alibaba Enterpreneurs Fund, CDIB Capital S2| A|2|= A §£X} 0| Delta
Electronics 2 £XI2 & 1940t &2 0|42 £XtRX| E4(MeetGlobal, 2021)

(Kneron £XI2X| LHK)

EXH LA

Xt 22E

EXt 9| 2

2| EXEXt

2017 g

Series A

1,500+ &2

Alibaba Entrepreneurs Fund, CDIB Capital

20184 058

Series A

1,8002+ &2y

Horizons Ventures

20204 01

Series A

4,0002 =2

Horizons Ventures

2021 05

Corporate 2t2E

1,700t =2y

Delta Electronics

17



Xtz: Crunchbase #IH|0|X|, Kneron, https://www.crunchbase.com/organization/kneron
(CHE HIE) 70 =91 on-device edge AIE M5, M2 A3, HIE BR20M £85I 732
215t SoC(System on Chip) 7HEt & SA|

> (SoC) M5 HIEQ! KL720 Al SoC2t XT= HZQ! KL520 Al SoOCE L2610 EA|

- (KL720) AtOIZ2E 1,024 MAC AAZ SH= XIARC] NPULE Arm2| Cortex M4 CPU,
Tensilica DSP, 128MB SDRAM HI22|, 128MB Z2iA| H22|Z 7= 1485 SoC

- (KL520) AIO|2Y 576 MAC ¢4t2 St= AtARC] NPURL Al coprocessord 272
Arm2| Cortex M4 CPU, 32/64MB SRAM, 64MB Z2{A| 222 FHE MM
SoCO 2 87H2| AA HHE{2|ZtO 2 CHIO|AE 9f 157HE SO 71& 7ts

Al TREND WATCH

18

(Kneron 224 NI SE)

el k] M= Ex
AfO[2E 1024 MAC 74t
4K 0|0|X]|, Full HD H|C|Q, 3D MA S0f Z[&5t

SoC AFO|EH 576 MAC A|At
KLE20AISoC | s pie wofer, 25 HA7| = ADIE & ClHI0|A S0| 23}

KL720 Al SoC

NPU Kneron2| NPUE IPHEIZ XS
0[0|X| Q1A @HZ N, O|= NIST 2019 FRV testollA 64MB Ot

S | Kneron—003 B 57k 52 HAE IS
. AIS JHLHI KNEO Al A0 ARES + i
2= Kneo Stem

USB EHo| T kit ESHIRIOR H0|EIS 25

Xtz: Kneron |H0|X|, https://www.kneron.com/

(AZEQ0]) KT 2 0[0[X| 21Al0] HEIT SAIS 95t ATEQ 0] T
» (Kneron-003) 50MB 0[5t2] 2HZ 67H& 0|4 SZt6h= edge Al 22 O0HE2|#|0]M
LIFOE MHHO| EH4= &&ol( HiEZZ2 SZfol= EE, 2X, AOIEY, 0=, Al
2 S0 X8
- 0|= National Institute of Standards and Technology(NIST)2| Face Recognition
Vendor Test(FRVT)0IA 67H2] A2k 2& 5 71 &2 F+=5 F5(2019.7)

X% Kneron H32 57MB2| 0|0, Ast 0|2 = RAS HeIoIAS W VISA ZHE|LI2(0f| A ST,
Mugshot 7HEI 2|0 M 2 I=HS 712



8. Cerebras

(71 7H2) Andrew Feldman, Gary Lauterbach, Michael James, Sean Lie, Jean
Philippe Friker7} A&ict O]=22| AIZ AFE AAH 7|HO = XiAte| HFEC EXHSH| et
QUSX|S SIS XiA| 7o

% (SeaMicro) Cerebras?| S EAXE2 Andrew Feldman, Gary Lauterbach7t A&st SeaMicro®lA
QIAS W2 ALO|2, SeaMlicro= 20124 39 3,400%t EH2{0] AMDO]| QI~&

» (Wafer Scale Engine) 20193 88 1X 2XAI|Q| transistor2 8= =AY Al
Bt &|(Wafer Scale Engine: WSE)E ZHSI¥=0|, 0] 212 TSMC 16nm 2822
MAE|ROM, 408t 7He| TUE FA-HE|0] 9PByte/s| HE2| bandwidthE EM5IAL,
Z19| 3717} 46,225m2 Y|0|T ALO|XLt QAFSH

> (EARX]) 2019E 29 70 27t = A2|= E BAHE |X[SHH 249 2 0|49

7|@7IX|2 F7HELL RUS

(Cerebras £Xt RX| LiH)

EXp LAl EXt22E EXt 8X =9 2|E EX{Xt
20164 05E Series A 2,7002 =y Foundation Capital,
20164 12& Series B 2,5002t =y Benchmark
2017 01€ Series C 6,5007+ &2 -

20184 1€ Series D 8,1002t &y -
20194 11 Series E 29 7,200t &2 -

Xt&: Crunchbase {IH|0|X|, Cerebras Systems, https://www.crunchbase.com/organization/cerebras—

systems

(CHE M|E) Wafer Scale Engine (WSE)2t WSE 7|9t2| Cerebras System(CS)7t =2

HET

» (WSE) ZAEE! H22|, interconnectZ O|FHX UACH, 0| StLIL RALSH F7|2
7tX|H, 20194 8€ 1ML WSE-1, 20214 3AFR7| 2MIL Q1 WSE-2E £A|
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{Cerebras®| WSE M|CH& H|u)

E WSE-1 WSE-2 Increase
= Al 20 7H= 400,000 850,000 2.13x
% Manufacturing TSMC 16nm TSMC 7nm -
g SA 20194 8¢ 20214 Q3 -
- Cto| 37| 46,225 mm?2 46,225 mm?2 -
< EXAE] T4 12,0000 2% BHY 217
FbS]e 25.96 mTr/mm?2 56.246 mTr/mm2 2.17x
On-board SRAM 18 GB 40 GB 2.22x
20 Memory Bandwidth 9 PB/s 20 Pb/s 2.22x
Fabric Bandwidth 100 Pb/s 220 Pb/s 2.22x

Xt=: Anandtech(21.4)

» (Cerebras System) WSEE &St Cerebras?| Al ZAHE]

- (CS-2) 2MICH Cerebras SystemQZ 2691X|9| 0|2 HR5t0] EZF H|O|E{MIE]| 2
42| 1/3 2710]|11, 127H2] 100Gbit O|H5! lane= EASI! UM, 40GB2| on—chip

memoryS S8l A7V 2 olMarS A

X CS-2& Het 72 = 0| ZFHSHA| CIXRIE|0] MH ZX| 1-F0[ +~ = WOl 7t

{Cerebras WSE-2(Z}), CS-2()»

Largest GPU
54.2 Billion Transistors
826 mm? Silicon

X}2: Cerebras (2021.4)

{Cerebras WSE-2(Z}), CS-2()»

Xt=: Cerebras (2021.4)



(AZEQ0| AHY) CirrascaleAt?t S2IRE MHIAE 3SCE HIS5I0 SHEHI0] F0H 210]
SLRE HoA Held RES 1S 7ts
» (Cerebras Graph Compiler) Tensorflow, Pytorch S22 ZEE Z|ASH| £XOI0Z
CS-2 &0M Hald RES #5E + JULE Sli= Cerebras Graph Compiler(CGC) XS
- Tensorflow, Pytorch 23Z2| ZEE 7|82 CS-20AM Hald 22 715 7ts¢t
FHUE ddot=d, A RES =Xl HY= MEIME I kernel size £H S
Sofl 2 00N SAl0 SitS
- CGCE Solf 70 Ao 22 A|IZH0] AQ &= M5 Z|X3Hperformance optimization) &
E|0|Y(training)fl AL%= AlZtE 27 |NMOZ EUCH, 0|2 =0 ZH| O|MH=H

A|ZHiterate on model variant) S ZtA

'|.|'-'|
JHH
—O.E
=2
H'
[o}
T
I
0x or
o
HT

=
ABHE
Ao

J_?.'.
Tor

X OZHALS| BERT A0 X2| 2 JHE M0 AQE|E AIZtS 47HEUN 4F O|LHE ZA(Cerebras
“Programming at Scale” White paper)

(CSet GPUE EE¢ct BERT Z2 742 A7t H|w)

Time To Solution: Programming CS-1vs GPU Cluster
Months O 1 2 3 4 5

GPU Cluster .
CS-1 I

Weeks 0 2 4 6 8 10 12 14 16 18 20
N
Software Writinga Debugging Performance Training Iterate on
setup model training optimization time model
functionality variant

A= Cerebras(2021.6)

9. Hailo
(71 7HR) O|AZIAUC| edge Al CIHIO|A T A= XIALL| CIHIO|AC| 2-2317] ¢

SIERI0] THE! 3t st g

Al

o

> (FXH RX)) 20213 68 19 2 22| A2[X C FARXIE Soff 012249 RUZ

o
002 =S

- SAXHEX] 217 Ol Q] FXIXOAINM FXt FXAlet 240 19 81T E27t HLH,
7|&71xl= 109 EEE He A2z Bt
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(Hailo £Xt SX| LH)

o £XH Al E IS £Xt QA 29 ajc Exix}
s 20174 062 Seed Round 3509t =2 N/A
[a) 20184 06& Series A 1,2500t =gy N/A
= 20194 01 Grant 3008t &+ N/A
E 2019% 01 Series A 8502 =y Glory Ventures
3 20204 05 Series B 6,0008+ &34 N/A
20214 06 Series C 1o =y N/A
Xtz: Crunchbase #IH|0|X|, Hailo, https://www.crunchbase.com/organization/hailo-technologies
22

(CHE MIE) 26TOPSS| Aiit SEHO R CIE ZAMALL| AIX| T2 MM CHH| ESSt S H=
Hailo—-8 HIEZ0| /JUS

» NVIDIAQ| GlIX| I 2 MM Xavier?t Jetson Nano@} H|W&HE HAL S2(FPS) L M2 At
AL SE(FPS/W)HME 2912 EY

(Hailo-8 M2z

H=Y =3
Hailo—8™ Al Full HD AA[ZF HA It 375'2‘5* 26 H|2} At
Processor Typical EE M A 25 W
Hailo-8™ M.2 Al PC| QIE{I|0|AS E£5H Hailo—8 Processors A&t 4= Q= 714 B,
Acceleration Module NGFF M.2 ZTE{Qt S8t xS 26 H|2t HA

T I
Hailo=8™ Mini PCle Al PCI Express Mini ZME{9} 53¢ X5 13 B2 $At
Acceleration Module

Hailo-8™ Evaluation Board Hailo—8 Al ZE2MIME 7Y HAE CHAS = U= 2=
X&: Hailo ®HO|X], https://hailo.ai/

(Hailo-8 Al ZZM|AM(Z}), NVIDIA Edge Z2M|A Xavier NX, Jetson Nano2t2| A5 H|L(R)

1276

il
&7
nz
48 &0
4 - 5 -I
FPS FPS/W

Resiet_v1_50 S5D_MobileNet_v1 Tiny_YOLOWI

[P I s Mo Wounos

Atz: Hailo ®IH|0|X|, https://hailo.ai/



» 020 242 2o Hailo-8 ZZMME PCIE Sdlf H&ol= & 7HK| 2& M.2 Al
Acceleration Module2} Mini PCle Al Acceleration Module SA|

- (M.2 Al Acceleration Module) Z™AS] MEZC! Myriad-X(CI&), Edge TPU(FZ)
CHH| ALt SE(FPS)MIA 24
(Hailo M.2 Al 7t& 2E (&), Myriad-X(Q!2), Edge TPU(F2)2t2| M's H|w()

2,612

1,276

1,039
1000 a9

500 416
s8 86 91 15
0 2 2 =1 | | |

ResMNet_v1_50 SsD_| il vl Mobi _v2.1.0 EfficentNet_M

W Myriad-x [l Google Edge TPU [l HAILO-8

Atz Hailo |IH|0|X|, https://hailo.ai/

(AZEQ0] AEH) Hailo-8 Z2MA 1SS {I5t Dataflow Compiler S2| Al SDK tool
chain H|2

» (Dataflow Compiler) HLX}IS0| =2 AF26H= Tensorflow2t ONNXE X| &5t
- (Model translator) ONNX, Tensorflow 22| Al 222 Hailo & YAIOZ Mgt

— (Numeric Translation) E2{d QIHH0|E{ZS Hailo Q| HSOZ HSI5H7| o E|A

quantization algorithm &£

- (Resource Allocation) Hailo device?| S2|& 2|AAN| At2XIC RE!

rr
oY
=
mo
i

mjo
_O'E
il

[e]
°
bit =] O|E|0|MS H|EstH, Profiler= FPS, power, latency S chip? HdsS

AIZ301 5101 ZTS HBots ATS 4

& BlcTk ki

(=]
—

=68
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Al TREND WATCH

24

(Hailo Dataflow Compiler)

Trained Network Model
User Trained l Hailo Dataflow

Neural Network Compiler Hailo Device
' N N A
Model Translator

Numeric Translator HAILO

R
Resource Allocator Profiler 27Nt
2027
Compiler [ T e

A

Binary File

Atz: Hailo ®IH|0|X|, https://hailo.ai/

M= 48 221 24

(Intel/Habana Labs) 213Xl 22| &h5i F20| SUE OF7|HX] X2

» QIEIS J|Z=0f 7HE A L{HILE Al SF=RI01Q] 7S SHotT Habana Labs2| Al BHEX|Q)
JHLol EE(2020 22)
- (HHtL & ©35) 20163 LHILE Q1+ & Neural Network Processor(NNP) &5
ENNP-T)It =28 E(NNP-)S 305U CLH2019H 118), Z2 ool 15t SHtLt
T O] 2S0] EHX| 12, Ot [EIX Q| SHE-E0| oFAI7E U0 EA| 37HE & HE
> Gt HE) StHiLE M= 2 s, F20| SYE O [HIME RESH0], T 6
OF7 [EIX2t AT EQ0] ABMPIOZ L st5 F20| 7tsolH 2 ADEQ0 AR SO +H
SO0 2eg o Ha{d JHE AX|LIK0ZS| 70| HEA A 7ts
> (AWS, HO|X #I{ARE]) QUO| SHHILL ML =22l Metnt HEOZ QlsH OfOrE
MHIA(AWS), MCJ00|20 +HZFE ME{2| HO|X F+HAFE{0| StHL QISX|sS BHEA|7t

MEE= 9855 e

(SambaNova, GraphCore, Google) 28T =2 SI=E|0-A T EQI0] MEHAH| X|¢
> (AIEQ0] AEH) QIZX|S HI=AQ MfQXEQ! QIZX|S OHEZ|AH0[M JHUX 3 2
7|18 E2 SIEYIOIEE OfL|2t SIEYI02] &S K25t AZEY0] ABHO| HR

- (F2 YL ATDEQ |0 ABY) SambaNova, GraphCore= SAMNQ 2 HRSH AT EL0]
AEHOI SambaFlow, PoplarE HIEO 2 +QX1E2| &2 M3 =0 AI-UA £E2 HIIE



- (Google) #22 Tensorflow?t HAsE XLA ALY, HLO 7t
ABS XSHO = Y S0|H, 02t =0 224RE MH[AE
Xz

> (Dojo) Teslal| Dojo= =2 HHELE AR Hot= &2 ALHS FASH 2

- (F9) 7K A2 E20IdE 35471= ottel D1 &S FdstH, 25712 D1 L2
tES, 12709 EtE = ottef FHH[HE, 117H2] 7HH[HC 2 1.1 ExaFLOPSS]

stLio| E
S T
AAFE

ASK|s DHo| & Yo7t HUHO = SFEY [t ASKIS Y= MA 22| CXIE
U2 2HE 2 SOk st Al weT|sE 22t
X (CHEIE1E CIXIE 212)) THBITIE B Al VSIS 6TH ORI SA17]2" 5 SHLIR AR5HL, RaD XHil
Y3 X8 HH(2022.9
»QIBX|S HIZ Q| 2022 22 AIMRRE MULiH| 27.8% S7Hst 4449 Z2j2
Ol &=, HEH 19.9% B7t5t0] 2026'301= 861 E2{0f| 0|E A2E HUE
- 7I Mo Zotof met 7t B HAZ BUHSH A7 Faotl Us HEe
'1I9f 22, ALY EX= Yriet CI0|E2| €80] 7|1Z PC SOIM XtSAL, ZHf
K, L7 S M Ele TAMZLE S EEEM QX THHoIet SAO AlF
TR 5t X|AMo 2 =7t Mot

o; rE

- NAHMIZ R & QIZX|S HHER|Q| HIE £35 20201 8.5%0A 20251:01= 19.5%2
2t MU (Gartner, 2021.6)
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O

- (GIEYI0 - AZEQI0 7| &= X[) fExﬂ HAE -E— 2 ol= 7t Ao,
C2tolH, 2t0|E22| 89| 7|22 A& AZEY K 7| 79
% NVIDIA GPUZ 93t 2to|=i2ialo] 302 olsh AZEY 0 HE 7| HMA SO AmESf

|
AEH JHE A0 NVIDIA GPUE Ei2id 7t57| of=2I0{2 EfUESH0 7H0H| Af~ot%ial, OFA 7=
AT EQ0| AEH2 NVIDIA GPU2| 2ISX|S Bt LH2| AIHHMRE S7tAIA

- (AZEQ0] AR Mlot X|9l) ATEQ0] A B2 Y ZYR0| 02 S| M= Cy

RODOZ oliy 20| 7|3 STIS #Iet et XHMAS 15

J

- (Ol QIBRKs BUS 9J3t B=5 R&D
HOR HUTO| T2} Al VO] SEH S 9|

% A
o
Jh
ol
pe

0
0

2028 )
)
HHE AFMOITL2021), “UBS HHEH| AQ] SHA 743} it
[BHol2 5]

Anandtech(2021. 4. 20). “Cerebras Unveils Wafer Scale Engine Two (WSE2): 2.6 Trillion
Transistors, 100% Yield”, https://www.anandtech.com/show/16626/cerebras-
unveils—wafer-scale—engine-two—wse2-26-trillion—transistors—100-yield.

Cerebras(2021. 4). “Cerebras CS-2 Whitepaper”, https://cerebras.net/wp-content/
uploads/2021/04/Cerebras-CS-2-Whitepaper.pdf.

Cerebras(2021. 6). “Deep Learning Programming at Scale Whitepaper”, https://
f.hubspotusercontent30.net/hubfs/8968533/Cerebras—Whitepaper_ProgrammingAtS
cale_V3.1.pdf.

Gartner(2022.05), “Forecast:Al Semiconductors, Worldwide, 2020-2026”

Jouppi, N. P, Yoon, D. H., Ashcraft, M., Gottscho, M., Jablin, T. B., Kurian, G., ... &
Patterson, D. (2021, June). Ten lessons from three generations shaped Google’s
TPUVA4i: Industrial product. In2021 ACM/IEEE 48th Annual International Symposium
on Computer Architecture (ISCA)(pp. 1-14). IEEE.

McKinsey (2018), Artificial-intelligence hardware: New opportunities for semiconductor
companies, https://www.mckinsey.com/~/media/McKinsey/Industries/
Semiconductors/Our%20Insights/Artificial%20intelligence%20hardware%20New %20



opportunities%20for%20semiconductor%20companies/Artificial-intelligence-
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