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Technical Trends in Hyperscale Artificial Intelligence Processors
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ABSTRACT

The emergence of generative hyperscale artificial intelligence (Al) has enabled new services, such as image-
generating Al and conversational Al based on large language models. Such services likely lead to the influx
of numerous users, who cannot be handled using conventional Al models. Furthermore, the exponential
increase in training data, computations, and high user demand of Al models has led to intensive hardware
resource consumption, highlighting the need to develop domain-specific semiconductors for hyperscale Al. In
this technical report, we describe development trends in technologies for hyperscale Al processors pursued
by domestic and foreign semiconductor companies, such as NVIDIA, Graphcore, Tesla, Google, Meta, SAPEON,

FuriosaAl, and Rebellions.
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Show me an example of C++ code that adds two numbers.

Certainly! Here's a simple example of C++ code that adds two

numbers and prints the result:

) Copycode

numi, num2;

iicout <<

::cin >> numi;

iicout <<

::cin >> num2;

sum = numl + num2;

std::cout << << sum << std::endl;

=X Reproduced from [4].
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olHAIH B A5 ZEAIAE /NETE 7Y
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O 2 Al inference® 8 FHZ SH= X220 ZZ2A
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2. Google

oF 2015~2016 9] ©]& A|7|FE TPU(Tensor
Processing UniZh= A& Q1345 ZRAINE 7T
Sto] R4 22T AH|AQ] Google CloudolA] A}
B2 Google2 202019 TPUVAS HEFTH11].
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SAPEON Google Graphcore FuriosaAl NVIDIA Rebellions Meta
AT, X220 TPUvae | MK21IPU | DT \aboy | HI00SXM | ATOM MTIA
2020, 2020, 2021, 2021, 2022, 2022, 2023, 2023,
Tech node 28nm. — 7nm, 7nm, 7nm, 14nm, 4nm, 5nm. - 7nm,
’ {600mm? 832mm? 645mm? 180mm? 814mm?2 ’ 373mm?
FP64.
FP32, § FP16,
INT16, BF16, FP32, BF16, Tra2, INTS, FP16,
Data types INTS, INT8 FP16, BF16,
INT8 FP16 FP8, INT4,
INT4 INT8 BF16, INT2 INT8
FP8, INT8
989.4 51.2
. 275 250 362 32
16-bit TOPS - - FP16/ FP16/
BF16 FP16 BF16 BF16 FP16 BF16
. 213 275 362 64 1978.9 128 102.4
8-bit TOPS INT8 INT8 FP8 INT8 FP8 INT8 INT8
On-chip 170
116 136
memory - (128+ 897 4425 32 64
size(MB) 32+10) (50+66) (128+8)
?nf;ncgrlp - 32, _ _ 32, 80, 16, 64,
. Y HBM2 LPDDR4X HBM3 GDDR6 LPDDR5
size(GB)
Off-chip
memory - 1200 - - 66 3352 256 176
bandwidth(GB/s)
16-bit TOPS/W - 1.432 0.833 0.905 - 1.413 0.213 2.048
8-bit TOPS/W 1.578 1.432 - 0.905 1.067 2.827 0.853 4.096
Peak Power(W) 135 192 300 400 60 700 150 25
B Al vision LLM LLM FSD Al vision LLM Al vision,
Major objective inference training, trainin trainin inference trainin NLP DLAM
: DLRM ining ining : ining inference

£X Reproduced from [9,12-15,17,19,21].
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3. Graphcore

Graphcoret= 2018'd°] Colossus MK1 GC2 IPU
(Intelligence Processing Unit) 2 A| A& 7j5}% O
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memory FE|Z EAIE|o] L 27 o
ATt IPU-Tile> P& 9 |

o= A&7 A% A AN Y
AMP(Accumulating Matrix Product) H&2
AMP B52 T7 40f|4 BHARE Ak o
Y5}= DPU(Dot Product Unin)2] EAES E.?JE]'
5], Graphcore IPUS] AMP X-E&-2 FP16(16-bit half
precision floating point number) 2} 2] FAl AIE 7|&

YA AE o A= FP32(32-bit single precision floating
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point number) gt ] 4= Q] mixed-precision AF
S 7152 A YT o] AMP EEO]A
FP16 HA] IS FP16 #3 AE 4-9-, 3 Hof| 64
7h2] MAC(Multiply Accumulate) AARS =888 4= QL
i1, FP16 #4] 23S Fr32 g3 o gk 49, 32719
MAC 4R 48 4= Sl

£ A3As ZEAA WA o v W S o
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5. FuriosaAl

FuriosaAli= =W RH=A| AA] AAI=, A 7HA],
A= U4 5 CNN Al¥9Y Al inferences -840
=2 7]——*—6E o Q= Warboy ZZ2A]|A] BHEA|E 2022

A| o

349 fﬂ 1E1 EP?JOﬂ et A4k S 5 A
[14,15]. YOLO, VGG % & BlA

& Zdof| tigt 7152 ALt FARHQuantiza-
ton) 7|5 5= Al ]'1_ AT Eo] ABZ Al-Z3h
th Z1E &3 MLPerfo] oJw|A] &5 & ARE Q14
H0oF 504 NVIDIA T4 ZEAAET =2 F5
< K2l v} QIt}H14,15]. Warboy Z2A|A= 71712
AFo] 2R AH|AQl Kakao i cloudo] 285 0]
AuF AREALE HA AT 4= Sl ARIAE AlE

Foltt1el.

FuriosaAli= @4 24t JITA 5 Z2AME
20249 SRS EHZ /L5t QloH, g He
HBM3 & A HE v 2 E EZ3st= 5 A
ASAFE shgo] 7hs et 9] A5 ZEAA]
A Ao = AFHH. 59|, GPT-3 59 LLMETH
o}y =} ViT, DALL-E, Stable diffusion, <
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(Compute Unified Device Architecture) T 2T G-8%]
0 & 7}43517] 93 Tensor CoreEl= A 22 AAAH]
T-ZE NVIDIA Volta GPUO =3 T}. Tensor
Cores= 2] GPU A& AR H3tste], 2022
| 9F 5 NVIDIA Hopper H100 GPUOJ A= 44
9] Tensor Core”} AR 1 IT}H17]. H100 GPU=
OhE QB Als Z2AA i8] vl & F5iad
A Je= HolH, gzt tlofE Bt thgt &
4AF A, HBM3 &8 53 &2 tloly tfg 3 9

e 85 59 423t 12 535, NVIDIAS
289 7]‘ﬂ'AI workload A0l A1 2F 85%2] -+
28 7k Qi8]

H100 GPUOA] 17]2] SM(Streaming Multiproces-
sor)<Z 47l] Tensor CoreZ AU, HA| ZEA A=
Z 132719] SM= A4, 17} GPUSR 528719 Tensor
CoreE At} 3149 Tensor Coret= FP16/BF16
tlole BQl9] 4 7], T Hofl (4x16)x(16x8)

ﬂﬁ*ﬁﬁeTa

3 5tof (4><8) '&]FH_O,] FHP T A}

Graphcore MK2 IPU, Telsa D1, Google TPUv4
S v P HLS W, H100 GPUS] 27 w2 &F
L 3] ko AFFS HQltk 50MBY] 12 7A] W&
2]} 7+ sMof| F-4tE]o] EA5k= L1 FHA] Hl 22,

X382 H|5= 20234 10¥

scratchpad W] 22, % HA|AF upd O] G2 HF
Hotol= 116MBo] 23 WREE A UThE 2
). o, 80GBE] Hi-85F ¢ 3,352GB/s2] It
Z HBM3 W22 & AHSF o 22X 23 W9
_Q_EI:o] 740]—/\1 lg-xgaé} 2 ow; /d‘— 7\1 o}_— _4/\91_
F=Zo7 Holt}
NVIDIAS] o] At GPUQ! Ampere A100 GPU
9} vl ste], H100 GPUYl= EdAZE d 71
l E3td 752 s EfHAZE A
= AM2E ZE52 /Esith EfAET
EfAxn ndo] gojojuir} oH tﬂOlEi
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T S Eo}FE HE0]
Tensor Core G4 A A& whot
tA3o] @&} 59| Hlo|HE &4
glo]ojol A FP8 59 A2 WS ARG
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7. Rebellions

Rebellions= 2021 4 TFLOPS(Tera Floating Oper-
ations Per Second)®] FP16 A4t 5 A|d Al 7|4t
& B4 WHEA|Ql ION Z2A|A S HHe et
=2 Wh= A A 7] Golet. A, 58 % °]1]A]
2o AEE U ION2] XAt BFEH & | Rebel-
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lions= ATOM ZE2A| A& YIS TH19]. ATOM
2 ION 9j¥] 84l Z7}5t 32 TFLOPSS] FP16 A%
S 7|¥EO. 2 BERT, T5, GPT 5 EHAEH 7|4t
o

Ol 3 A A dlof gigt 71452 X A3Skc} FLOPS
e tH] =2 879 23 SRAM &= A|YH,

GDDR62] 2 3 WX 2|5 A|-§5to] =2 = 2]
=S SHE s}

ATOM ZEAA= o9A 489 5 2 715
55 KT AH] A AT ZHQ W3 (Mitdm) AJH] 2
of &&=l Urt20]. ZAH Al 24l T3-2 S
ofol] 5} AHFE] ¥3h £5 14 5 LLM 7|4t
NLP 1545 A H| AL ION ZZA|AHE A|55]
Fd 25 A EFH S-S AT

8. Meta

Meta+ THFSE ZHl = 4l ofold] =43 95
DLRM QIFA5 BdS A58 02 ARgstaL 9l
t}. 7]& CPU(Central Processing Unit) & GPU2] A}
&2 gulotr] fof 7HdE MTIA(Meta Training
Inference Accelerator)E 2023 W HSIHAT}H21].
MTIAS] A4 A4t7]= 8x8 FEIZ L4 6470
9] PE(Processing Elements)S AU, Z} PE= FH
AARS 7HE5H7] ol 19 49k FARRE Ak 5
g 4= Q1= DPE(Dot-Product Engine)@} WE] 14k

o g

o

A3t 4= 9l SIMD(Single Instruction Multiple Data)
engine 5= A'dt}. 5h2] DPE+= & ¥ (32
32) PEIO] INTS E= (32 % 16) FE{S] FP16/BF16
FEo] digt sAS 3L 4 Aot 2 PEE= 270

9] RISC-V ZZAM|AS ZE§}51T Qlo], AFRA9]

it rlo
rO

AT ZEAIA F A9 £ g8 7HE w2

16-bit/8-bit ‘35 E I THEE 2 ).

Z} PE W 3ol &= RISC-V ZEA|A], DPE Y SIMD
engine 5OIA H2 4= AUs= 128KBY| 24 H| 2]
£ Adrt. 64719] PE 2JFol= & 128MBY] &3
SRAMPO]| &4t HEE fLEEoH, s Wi
2]+ scratchpad H| 22| 9] FE| = AMEEITH QT
DRAMC 2= 1634 2] LPDDR(Low Power Double
Data Rate)™| 2] & AME-SITE. MTIAE DLRM #[°]
o] 3 Fully-connected &|°]°](Compute-intensive)2}
Table Batched Embedding &]©]©](Data-intensive) 5=
THH 2R 7HEokglow, 5% DLRM EH 5f
A GPU thH] @ A Ant e 52 Btk
AA HHE MTIAS] Y-8 2 2= GPT 5 27
SA74 719 NLPETH= DLRM 7|8F 324 9l
Ae= T8 7Hs BE oh= 208 B 3
, Meta®] NLP 2291 LLaMA(Large Language model
Meta ADE MTIA 7| €A 7|49 Gt A& 55) 7
S Qlg F o 7HHt

ro

for o
Ol

1B

AZFAAY Bl 27]% BHo] FHEE
ol uet EdAn B9 7o) 2T <)

7
FAAYol ST 87 FFHL Ak 1
of wfet, 71 CPU 2 Lyt o518 5 3o} 7]
¥ GPUZ 283to] B2 sk 2o Bt
et BaoAE QAT Bl o4

* inference® TEH O A 4 9o A
A HEA A% D R FAY AFAS =
2AA 8%l Bt Fe] 7o isto] 4

we,
o i

p

=

mHEQT AAH Y AFA
NVIDIAS] H100 Tensor Core GPUZ} 713
F4% 4% U o 22 A28 5 Bl

oFA AF5II5=0], NVIDIAS] H100E o] A A

H
flo



10 NEREEE

o A100 GPU 52 23510 Al Ho]EJAllE] AJ]
A oF 85%2] X0l 77 HiE&S ETHis).

T ol AR AT ES] A H I 2T, Al
LA =R O] T FFo] 4zstH, ol wt
2t S E 9 HolHAlE £90] SHE & AU
T}l ghoH22]. NVIDIAY] 52 A E/o| = E+-5f
I, AUAA g 7199 wrEA o o]E4 Q1 A%
< Etofotar, A AlA Al HlolEAlElo] a3t Qs
A5 DEAAE T3S 9E9] st7] s =A
ZAA 71&ol digt AT Al
4 7107 o dEc). thaket A1gR
AlX7F B3R E ol A5 2 715°] od W
AUEA], H02 BS Aol 2AH CL%

dl

T

i Oll"
[H
fru

rZ ox,

ox, o

_|_4
Ol

,d
111>
=2
ox,

of
o
N,
mie]
%
o)

=
Hu
=
>
n:
lrﬂ

3o 0111% Z Q1A Exlo] W QSH A]

Holet

otof 12|

AiM Accelerator in Memory

AMP Accumulating Matrix Product

BERT Bidirectional Encoder Representations
from Transformers

BF16 16-bit Brain Floating point number

CNN Convolutional Neural Network

Cru Central Processing Unit

CUDA Compute Unified Device Architecture

DLRM Deep Learning Recommendation
Model

DPE Dot-Product Engine

DPU Dot-Product Unit

DRAM Dynamic Random Access Memory

FP Floating Point number

FSD Full Self Driving

GDDR Graphics Double Data Rate

GPGPU General-Purpose computing on
Graphics Processing Unit

GPT Generative Pre-trained Transformer
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GPU Graphics Processing Unit

HBM High Bandwidth Memory

INT Integer

IPU Intelligence Processing Unit
LLaMA Large Language model Meta Al
LLM Large Language Model

LPDDR Low Power Double Data Rate
MAC Multiply ACcumulate

MTIA Meta Training Inference Accelerator
MXU MatriX multiply Unit

NLP Natural Language Processing

PE Processing Elements

RNN Recurrent Neural Network

SIMD Single Instruction Multiple Data
SRAM Static Random Access Memory
TFLOPS  Tera FLoating Operations Per Second
TOPS Tera Operations Per Second
TOPS/W  Tera Operations Per Second per Watt
TPU Tensor Processing Unit

ViT Vision Transformer

VPU Vector Processing Unit
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