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HEIEEREIILL

‘ Artificial Analysis &
Throughput, Over Time: Mixtral 8x7B @ArtificialAnlys
Output Tokens per Second; Higher is better
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HEIRARERILL

. . Artificial Analysis &
Throughput vs. Price: Mixtral 8x7B Instruct @ArtificialAnlys

Quality: General reasoning index, Throughput: Tokens per Second, Price: USD per 1M Tokens

Most attractive quadrant
@ Mistral B Perplexity B Together.ai @ Anyscale M Deepinfra B Fireworks B Grog M Lepton
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ZEIR Latency

SEIR Latency BMIAN AN > SRENGERATE] ( AR TEF) Tokens/s )
EREERT , EREEHT ; ARFSEEEAR , Tl LLM iUSHE— 1 SIEERX (5]

RS |, LLM 5iH1ERE >10-15 Tokens/s , BPER Token FEIR <100ms , HI100 ~50 Tokens/s
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&0t Throughput

135 LLM BR{UATaINeeR IBREUEE ( EFVE182 Query/second ) :
HITEZEE LLM LN ERER, piA. AP ;
HEHACHT , BERATEEROBEEHRE T , s XSRS HARNEFIEE ;
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AIRBIHEIER ER

Prefill : $27717) Prompt {MEFRAFUETS ( prefill ) , —RIMEEKE Tokens FcHE TITEBA R REAH
E4 Rk KV-Cache , iB1I—/X Forward o] LASERk.

Decoding : \NERZFE— Token [5FFHR , KAABEIAAN—IRER— Token , EHEI&ER—MFKAY
Stop Token 1E , BRIBIXIEEIHEIRMER.

Example Prompt :

BREMFEE | (FEE/LF  BRRIENEER , BEERREIEAER. FHEHAEMZ {Prompt} , (7T
FRMERY_E T2 {content}

=2 ZOMI 10  Course https://chenzomil 2.github.io/


https://chenzomi12.github.io/

AIRBIHEIER ER

| Prefill : 2718 Prompt £MB#IFRATUETS ( prefill ) , —IRIMEIBEKE Tokens FScHTITEMAZIREH
X4 KV-Cache , 181I—IX Forward FLe]LASERK.

2. Decoding : NERFE— Token [5FHa , KRB RIFAN—IXRER—" Token , BEEIERM—MMFIAHY
Stop Token 1E , BRIBIXIEEIHEIRMER.
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ARBHEIE I E =

LLM HEIRATZER Prefill BYERATZER] Decoding FYERAIZE/RTE -
Prefill BYREXSAMZZE— Token BYRTZE , SHINFFIF Token HIEFX ;
Decoding B EXATIERTEEEARTIE , FtHFFIRY Token ZURTE > Groq [EEEIRAHIES ;
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Question

© A Groq XRABRIAIT F , HEEERTIEREEL NV 1T 10X ?

[4nm

4nm

188 989
RealScale : 800 NVLinks : 900
1.76GB 640GB
80GB HEEFTFET 2L 45 0.125
I

80GB HIEFFE~% 347
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Groq HYEI3Z

2016 TF , Google TPU ZE#4ifi Jonathan Ross F[] TPU FRBANRIE R EIIZ T Grog

Jonathan Ross Adam Tachner Estelle Hong Tobi Crabtree Mark Heaps

CEO & Founder CLO & VP of Corporate Head, Planning & Execution VP of People & Culture VP of Brand & Creative
Development (PLEX)

Aileen Black Sheryl Savage Jim Miller John Barrus

President, Government & General Counsel VP, Hardware Engineering VP of Product
Public Sector
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Groq IR

2016 TF , Google TPU ZE4ifi Jonathan Ross ] TPU FRBARIE R BIIZ T Grog

2020, January { GROQ ROCKS NEURAL NETWORKS )

2020 {Think Fast: A Tensor Streaming Processor (TSP) for Accelerating Deep Learning Workloads )
2022, June {A Software-defined Tensor Streaming Multiprocessor for Large-scale Machine Learning)

2023, hot-chip 34 {The Groq Software-defined Scale-out Tensor Streaming Multiprocessor )

2024, February [A/9 Mistral-MOE 7*8B 500 tokens/s ELIF XiFE3E
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Groq GRS

Networking
SRAM Memory [ | 480 GB/s bandwidth
Masslve8 ;ﬂ_r;u rl’f?ga// > > Extensible network scalability
S O i i
Multiple topologies
Stride insensitive l—J ® Poio9

Groq TruePoint™ Matrix

4x Engines
320x320 fused dot product
Integer and floating point

Data Switch

Shift, transpose, permuter for
improved data movement and
data reshapes

=
s
>
—
(o}
i
o
>

10000008

10000008

Programmable g
Vector Units GroaChib 1 Instruction Control
ec roq P Multiple instruction queues for
5,120 Vector ALUs* for : . .
instruction parallelism

high performance
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The TSP Simplifies Data Flow
Through Stream Programming

HREZ PSS {EIEIRAT -
ITTEA S IRIEMELTIRBIENX
BAHRRIAE T ERIR Schedule
IR TR S BT

Predictable performance at scale

A large, single-level scratchpad SRAM, fixed,
deterministic latency

- BEZBRAERBLAITE & MemoryIfF

Groq Fape . Explicitly allocate tensors in space and time unlocking
o TEHAREUEL, massive mgmory concgrrency, and compute flexibility
along multiple dimensions:
o FEERIEIRIERS . . .
Device, hemisphere, memory slice, bank,

o FEHRIEIE ST address offset

® ZOMI
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Groq BIEX

Groq FREZEH4/9 Software-defined Tenso

r Streaming Multiprocessor , SSHIX{4
EX..

® ZOMI

The TSP Simplifies Data Flow
Through Stream Programming
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Predictable performance at scale

A large, single-level scratchpad SRAM, fixed,
deterministic latency

Explicitly allocate tensors in space and time unlocking

massive memory concurrency, and compute flexibility
along multiple dimensions:

Device, hemisphere, memory slice, bank,
address offset
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| AR E SRR E N AEE ?
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Groq ER{47E X4

- RFSIRANIITETEIT B | A chip LT IIESHETREEE | AMRERERATT
 , e HIRE IS,

- @ WEMTERERRAEHTECIUTRITINE ; © BEMHEEREEERDRAM
{EXTFHEETT ( DRAM IBIIRERFELE ) ; © Wt BEEREEB BN R,

Determinisms

RE IR

HEETR HREEhE NGRS G S
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Groq SR{47E X s

PRiFEOE :

DERSEO - "wIERT (8RS 5 "WUTH (o8
D) PTEIRS | H runtime F—E1E,

ERHHED - B R IRS SRR E T WAY |,

XA LR T IER TN
MFEH
Bt EEH e ETT

EF "PR" "R OP, "' RISKELHUEMER

-io

® ZOMI

CoreML PyTorch TensorFlow Custom

hardware-software

Interface

Keras XGBoost Scikit-learn

I
Model Converters

Applications

TSP Hardware

!

ONNX

MLIR Bare-metal
Programming

Parallelizing Compiler Interface
Assembler
Software
Runtime System .
________________________ Exception

Handling

Hardware-software Interface

22
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Groq GRS

ICU: instruction control units

MEM: on-chip memory (SRAM) ;j:"' pé i‘ﬁﬁ j |

VXM: vector processing

MXM: matrix operations

SXM: data reshapes and 10

10 Options
Scalable Compute

K E RIS
IE<SLASIMDEY S N EEHT .

>
Scalable SRAM

23 Course https://chenzomil2.github.io/
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Groq Fmie&s

GroqChip™ GroqCard™ GroqNode™ GroqRack™ Cloud
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TSP i&H

— PCI Express Gen4 x| 6 #[11%E#% host CPU

F_E 220MB SRAM , ;2B DRAMIZHIZEFNHE
l4nm T2, , HFR725mm2 , & 268 (N BEAE

|64 C2C 1R |, ST 8 3208 MEEH

3.84 Tb/s H9MNEELT
, FONE TS

0 Gbps

® ZOMI

3 A,

H-

700

%, B8 C2C 58T 3
16 x4 x30Gb/s x2 F&J5[H]

| C2C  ¢2¢

PCle Gen4

C2C c2c c2C c2c C2C c2c c2c CaC

West MEM
44 independent
memory
banks/slices

East MEM
44 independent
memory
banks/slices

Instruction Control Units ECUS)

c2C C2C C2C C2C cac
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TSP i&H

‘C2C c2C CZC 020 c2C czc c2C C?.C c2c CaC
x4 x4 x4 x4 x4 x4

20 /™ Superlane B FH v Sl ]
--lm_l--

= 2= | m CIFERIREERN -
— TSR Superlane 25 A RE --I RLAN b

FEHAH{T 400,000 /REELERREZENN ( MAC)
oJ LIS FP32/FP16 203 |, FRENHETRFD) |2k

West MEM East MEM
44 independent 44 independent
memory memory
banks/slices banks/slices

Instruction Control Units bCUs)

c2C C2C C2C C2C cac

PCle Gen4
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TSP s R &7l

c2c c2¢c c2C c2c C2C c2¢ c2c C2C
?_11%$D1-|—%_$7-E eaSt west EEi’j’j ﬁ . x4 x4 x4 x4MEMx4 x4 x4 x4
|| —t o= =
m%{E%j]x% INT8 750TOPs , FP16 188 TFLOPs | e ey b §955]{M®7 P i Ei_]@‘-
VXM ( Vector ) {NiFc5BYFIE] : 144 IrI:tl]uction
queues dispatching
VXM 81NEES 16 1N PE, &1t 5120 ( 16%320) 4 instructions
32-bit computations/cycle or 4xINT8 computations/cycle ey | T by |

banks/slices banks/slices

MXM ( Matrix ) /9 320 x 320 features:

B MXM BITRJLAERY 102,400 4 FP16 INEZSE]

409,600 MACCs (multiply-accumulators)

e 0
(M)

1!

Instruction Control Units &CUS
Cc2C

2C
x4

PCle Gen4
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TSP i&H

TSP ( Tensor Streaming Processor ) F&{4-fTE
MR |, SEfREIERVATRIFSEAE

TRiFenONE 144 58 VLW TETT
4N VLIW 75 320B 9 SIMD

SIMD Unit

Question : TSP 320x320 MAC 45K+ EE
i Shape IKEXIRIFRRIHBELZK ?

320-element vector

O Instruction
! Dispatch
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TSP EX{4EX

SIMD Unit

320-element vector

O Instruction
' Dispatch
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TSP BRHRENX

Build different types of specialized SIMD units

MXM VXM SXM MEM
Matrix-Vector / Vector-Vector Data Reshapes On-chip SRAM
Matrix-Matrix Multiply Operations
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TSP BRHRENX

Lay out SIMD units across chip area

MXM SXM SXM MXM
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TSP BRHRENX

Synchronized instruction dispatch across all SIMD units for lockstep execution

FEZ1E<S D &BIFTE SIMD Bt , SEHTERPHIT

Instruction
Flow

Instructlon Dlspatch

144 Instruction Dispatch Paths
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TSP BRHRENX

High-bandwidth “Stream Registers” for passing data between units.

REEWEAASFR (SR ) EAENSRTZ AR EIEEYE

Data Flow

Instruction l .II..I.......II.II l

Flow Data Flow

Instruction Dispatch

< >
% '

144 Instruction Dispatch Paths
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TSP Superlane

FH 20 £% Superlane ZBR), , 4% Superlane B—5&EL

ELIERRKS B

FEFESIRERTT MXM (x2) , WfFERTT MEM (x2) , [ESMEERTT VXM(xI) FIZHESZHREETT SXM (x2)

6 instr 14 instr 44 instr 16 instr 44 instr 14 instr 6 instr
Matrix Switch Memory Vector Memory Switch Matrix
Unit [512B Unit [512B> Unit [512B) Unit [512B) Unit [512B>| Unit [512B> Unit
320 MACs Transpose 44 Slices 16 ALUs 44 Slices Transpose 320 MACs
x 16 Lanes - Permute 3128 x 128KB e x 16 Lanes o128 x 128KB e Permute 3128 x 16 Lanes
(INT/FP) Shift (5.5MB) (INT/FP) (5.5MB) Shift (INT/FP)

West Hemisphere

EastHemisphere

ZOMI

Instruction Control
Matrix [S| Memory V Memory |[S| Matrix
Matrix |S| Memory V Memory [S| Matrix
Matrix [S| Memory V Memory |[S| Matrix
Matrix |[S| Memory \ Memory |[S| Matrix
Matrix [S| Memory \ Memory |[S| Matrix
Matrix [S| Memory \% Memory |[S| Matrix
Matrix |[S| Memory V Memory |[S| Matrix
Matrix [S| Memory \ Memory |[S| Matrix
Matrix |[S| Memory V Memory |[S| Matrix
Matrix [S| Memory \% Memory |[S| Matrix
Matrix |[S| Memory V Memory |[S| Matrix
Matrix |[S| Memory V Memory |[S| Matrix
Matrix [S| Memory V Memory |[S| Matrix
Matrix |[S| Memory V Memory |[S| Matrix
Matrix [S| Memory \ Memory |S| Matrix
QECTE R ]

atrix emory emory atrx
Matrix [S| Memory \ Memory |S| Matrix
Matrix [S| Memory V Memory |[S| Matrix

PCle and Other 1/0

35
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TSP Superlane

SIEER/KERRAARE , I8SH ICU 1I5SEEHIEETTM Superlane 0 7N

IBSEEN ICU FXIEIEREITAL or M MEM REEUE NEUEZIEHER ;
Superlane 439 16 lane , lane/Cycle 2= REIES , HITREEE(E , BP16x32 SIMD MBS ;

N Instruction Control
20% Superlane gEEJZ_/I\ SIMD ; Matrix |S| Memory Vv Memory [S| Matrix
Matrix |S| Memory V Memory |S| Matrix
Matrix [S| Memory V Memory |S| Matrix
Matrix |[S| Memory \ Memory |[S| Matrix
Matrix |[S| Memory \ Memory |[S| Matrix
Matrix |[S| Memory \ Memory |[S| Matrix
Matrix |S| Memory V Memory [S| Matrix
Matrix [S| Memory \ Memory |S| Matrix
Matrix |S| Memory \ Memory |[S| Matrix
Matrix |[S| Memory \ Memory |[S| Matrix
- Matrix |S| Memory Vv Memory |S| Matrix
6 instr 14 instr 44 instr 16 instr 44 instr 14 instr 6 instr Matrix |S Memory Vv Memory S| Matrix
1 l 1 l 1 l l Matrix |S| Memory \ Memory |[S| Matrix
Matrix Switch Memory Vect Memory Switch Matrix Matrix 1S Memory v Memory {S| Matrix
ector ; ;
Unit Unit @ Unit @ Unit @ Unit E(B> Unit @ Unit B e 0 M T
b 4
320 MACs Transpose 44 Slices 44 Slices Transpose 320 MACs
X 16 Lanes QL Pem?ute @ x 128KB QLZE x1166A|‘_|;L:¢sas <‘S@ x 128KB QULEE PemFl)ute QLS X 16 Lanes W
(INT/FP) Shift (5.5MB) (INT/FP) (5.5MB) Shift (INT/FP) Matrix |S Memory Vv Memory S| Matrix
Matrix |S| Memory V Memory [S| Matrix
West Hemisphere EastHemisphere PCle and Other I/O

ZOMI
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TSP Superlane (%

TSP HITEIR S > 1B Superlane H{FRHSMTEEPI

SCPR ER 144 758 VLW 28y |, BRAEIAH—FE<SET Superlane

North West Hemisphere on-chip East Hemisphere
I bisegtion
West East
South MXM SXM VXM SXM MXM
320x320 Tren M E M M E M < 320x320
o i 16 vector o Ry
Int8 and & 44 slices QA PEE 44 slices & Int8 and
16 Shifters lane Shifters fp16
numerics PCle &10 PCle & 1O numerics
T T “—— —
Instruction g /" ==E=) ==B=) e 8) ===
Control %%% %%% %%% %%% %%% %%% %%%
i 14 1
Units ([ | ®]) Qe RSl 0 SRS AlealE e .
(ICUs) \ ;
|
Assembled
Program
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=

TSP Superlane

East hemisphere ] West hemisphere :

BNERTE RSN EZESCH TR, SENFREFRIINAREKIRS.

AN, 2 lane UEMRNEEA 32Byte , SEUEANEST 5128,

6 instr 14 instr 44 instr 16 instr 44 instr
Matrix Switch Memory Vector Memory
Unit 512B ) Unit 512B ) Unit 512B > Unit 512B > Unit
320 MACs Transpose 44 Slices 16 ALUs 44 Slices
x 16 Lanes o128 Permute o128 x 128KB o128 X 16 Lanes o128 x 128KB
(INT/FP) Shift (5.5MB) (INT/FP) (5.5MB)

512B

D

14 instr 6 instr
Switch Matrix
Unit |512B ) Unit
Transpose 320 MACs
Permute 2128 x 16 Lanes

Shift (INT/FP)

ZOMI

West Hemisphere

EastHemisphere

38
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TSP Superlane

HUEEAR SIMD _LiAia) , ARIRIEIAEAR R ERTTHAT -

SO SLO FHAAT , T— Cycle JEOTA SLI , SLO HUTHEMRIRS,

ZOMI

KPKREEY - SRR | IBESEERS) > BUIRITIE  BRELZER  FEZTTE.

MEM gx{EITEETTH , A LIRS TSR

SRR, NMEFEINEBEhE=R.

l01tnod noitouitenl

| | | |
1tenl 1tenl vtenl 1tenl
20 20 20 20
| | | !
xitisM dotiwe <:> yomsM <:> 1008V
tinU tinU tinU tinU
! ! ! !
xitisM dotiwe <:> \omsM <::> 1008V
tinU tinU tinU tinU
o o o (]
o o (-] (-]
o o o o

Superlane 0

Superlane 1

Instruction Control

| | | |
Instr Instr Instr Instr
Qs Qs Qs Qs
| | y |
Vector Memory Switch <:> Matrix
Unit Unit Unit Unit
! ! ! |
Vector Memory Switch <:> Matrix
Unit Unit Unit Unit
() o o (]
() o o o
() o o o
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© HUEEAR SIMD Lifis] , AERJEISEEAERITTHIT

- TSP RSB, HEMNEBIE , JITEELMEN > MZELIRRIESTEIET | ML ETrEE,
- EREVRTHEIRE & STENTE & THASETT & JEEEEUS.
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Superlane B EF

—* Superlane A3 FBPEIAERTT MXM (x2 ) , ATFEIT MEM (x2) , [AIENEETT VXM(x1) F
FHAEATHAEATT SXM (x2) AL,

' i output feature

3 "E E_"l.

@ L b

o =

o = L =]

2 o E
m:‘;" ] Bl .. =
Sm — B . é
D < ] 5 E -
5o - West " East . 5

O t= Lo e
23 4 MEM VXM IMEM  SXM "%, |2 MXM
555 | 3§ = iz
ELE o & & "a i
wn ‘;;’.. M =1 = P} [}
EGE wml - - o v S T

—lzd— transit time of results (dotted line) —

t
data transit time of operands (solid Fnae) |

-

=i
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*EfEF3RiLETTT MXM

P& AR S 320 P MAC |, 796K 20 NMNEBRERTT Supercell , 16 4~ MAC Hpk—™ Supercell,

& hemispheref§ 320x320 > MAC BT , 81 MAC B 8B tNEFF=T1M1™ 32B ENNES.

West East

2

Numeric Max Supported Result
Mode Size Density Tensor
int8 [N, 320] x [320, 320] Two per MXM int32

floatlo [N, 320] x [160, 320] One per MXM float32
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*EFFIRIEETT MXM

AIEPERAR |, NEEFETER

ALEIEME3k. & 16x16 Supercel
| E—REHRTTE— B85 o
1, 20 FHARITHE— TR
320 PMITERRFR,

MAC B GRIHI{TE FPI16/2 C
ycle , THXT INT8 ZFILFE(E 75%.

B MAC & Cycle =4 409,60
0 INT8/102,400 FPI6 it&,

® ZOMI

;i A

output representing the
dot-product of “column i"

a=a+b*

0

izq: niE 1B
‘:q:o___l : T 2 1GE
.-g ) L 1— ;- I:- <l ;- l\-l ;
- i : A Y A
E—"l - e e el i
t:l : ] U] UL LS | 1
L—j : NEErSISEIEE
m l i l' L : : 1 : —
*8 : H H&EH G e
= | { . !dﬁ [ | i
> Shln N . . “

LR T O

*:l:f..lﬂl:‘ Jt—leét;"'JLl:F
Lpad Ldat

D - AR 12 I

oo

- =

Y
320 output features

44

320 input channels

BN € 75 751717678062 6360605 6360608

16 columns

CLRLMIMM MMM SN NN
AR RN TN SIATNTB]

(B[S AL IS I STSIS I SSISH
BRI EIRJRES EIRJRIEC EJRIEIE)

16 r'ows

RN RIRJRINC RIRIEIRC RIRIEIR)
FIEIRCN EIEJR0NC IR 6N RIEI606]
EJEIR.NLEJEJRIE. EIRJRIR KR IEIED
EIEIECAS EIEIRIR EIRJEIRZRIRINIEY
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*EFFIRIEETT MXM

BN _LEEA Superlane Y 3
2 MR > <40 1N EHARN
# 409,600 MU EZF1FET.

EREF M NNEAEUEFINES |
INT32 8 FP32 Z58R MBS
[,

® ZOMI

output representing the
dot-product of “column i"

a=a+b*

0Oog

|

320 input channels

‘:q: niE 1B
S 5 | N L A
< 0
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320 output features
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16 columns
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(LALLMESLSLACME LS MATTATH
SIS EIRIRIRZ RIRIRIRZRIRIEIN]

JE360: £63636; K63636; K636363
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TR R NG R
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MatMul

Dist

® ZOMI

S| 5
6| ALU9 |¢

1 1
o] Ao |,

1 1
2| ALUT |,

ALU , 81 ALU BI{EFREIERIITTHY 4 Byte {E/I1R{BECRINIT 32B TR
HH  BUEATIZEIZE | BHIZFRBTURIR | |3—AIEGEREL
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RTFEITT MEM (x2)

- #Hpk : & MEM 5.5MB SRAM(44 M|, &)/ 128KB) , 20 /™ Superlane ZHfY Hemisphere 1 10MB SRAM,

- FEEARTHAT 2x16Byte 15EF 2x16Byte 5 |, SOIFARPGM G [E]_EFE Superlane FRAHFNEEIEE ;

quad[10] quad|9] quad|8] quad|7] quad(6] quad|(S] quad|4] quad[3] quad|2] quad(l] quad|0]

A -\
MEM MXM
P @ P P 2 P @ P
% % & & Eastbound stream O % & ¢ ¢
4 o I > B o I c N o g _‘
% a ‘é ‘; Eastbound stream 1 a té & IE
e 8 1 H ____F 1 H F s | conec
32 streams & ] & a Eastbound stream 31 & 3 3 logical
in each — view of 1
direction SIMD
g 2 4 2 n 0 0 0 lane
-] ] 2 3 3 -1 -} 3
a o 2 2 Westbound stream O 2 R} 2 2
g i H K H H  H 2 I
€ £ £ € Westboun:d stream 1 £ £ € £
7] ] ] & Westbound stream 31 & a & Z
' f——MW——} S . A

< X axis: heterogeneous functional slices
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FiRAZImEaTT SXM (x2)

* X7 Tensor EUEHIT Reshape ( [igd% or %28 ) , LAEIFMENEKPEY F—itE T,
« ME—OJLATE Superlane [BNEBERYERIT , BRTTERAEEEEGER L8R TBoZEIH848 Superlane,

® ZOMI

SXM
OR
M N | n
[ I
>
— | < ol ol
@@\T‘(},Jgg’\f‘é’%ﬁ*

____________
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EHEZZHEEATT SXM (x2)

ME—BTLATE Superlane [EIEB{EMETT , R cERAEEAEEWER L5 TEanZIfE48 Superlane,

Shift SOUTH 3
317 Selection stream 2 = 319
‘ specifies how the =
316 output vector is a 1 = | 316 Jas
: L composite of four : : Output vector is a
; sources: :
un:l;:f;ed e O0=unshified data composnt.e of the
3 data 01=north-shifted . _ North-shift and
; a 10=south-shifted, or a . South-shift data
5 5 3 11=old (prior) data 0 =
4| 4 v 1 =
3| 3 1 1 =
2 2 0 2 >
w9 0 2 o
ol 0 0 2 |
input

vector Shift NORTH 2

Fig. 8. The SXM provides a combination of North (up) and South (down)
shifting operations which can be combined using the select.
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FELE

14 15
‘r\/ //' " _/
B ﬁ,' ", Chip-to-Chip (C2C) links LEE A
R 10 MiBytes 110 MiBytos [
Wﬁ}%}K%*@TQ Rank-5 Tensor ;E%—i_”: - West Hamisphere East Hemisphere
. . . = ‘ . = =
[Device, Hemisphere, Slice, Bank, Address O % 2 b X ki o % b=
fiset] , FZARA [N, 2, 44, 2, 4096] ;
: P ] Instruction control units (ICUs)
Hemispheare
o - (East=1, West=0
© MEM &7FEFE VLIW 18< | BEE 2,304 Byt O o x 16 oy 0 ST 5 s
~1Ne 3 24 23 22 17 18 16 43 0
e (144x16) , B ~10% SRAM 5, e L L
2 0-43 8| (physical address within slice) offset
Y "2
88 shous on chip Slice address
220 MiBytes per TSP
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i S1F=s Stream Register

© B FEsTIOhRERRTTIAl , BT YRS RKARRTE Superlane A E,

LEGEND
[J MEM memory slice . MEM West
E \s’im g;xm:::‘;m :;'W quad[10] quad|9) quad(8] quad[7] quad|6] quad(5] quad(4] quad(3)] quad[2] quad(1)] quad[0]
[ C2C chip-to-chip |0 slice | A A A A A A
32 Eastward Streams
M| M M M[M[M[M M M
E|E E E|E[E|E E E
M| M M M[{M[M[M M M
ai(ke 3 3(sl2]2| 42 1
54 2(311|0]9|s 7 4
2 1
1
ﬁlstward—» A
A D T(P[s LA
c S S(R|E Wil B
(o] i P(M|L B c
M| M| M| M mlimlmlm i m M[M|M|M
M E(E|E|E v E|E|E|E M
E|E|E|E E|E|E|E
X M{M[M[M X M{M[M|M X
M|M|M[M M{M|M[M
M 44|44 a1l M ol a2l 44|44 M
2 i = = 3(2)1]0 W AR A
4 | 444 4 3 3(3(3]|3 3 2 2§ 2]2 2{2]|1 1
B w E|R|S s auell® 8l7(6 4|3{c|2(1]|0
ciwel3l2{ ' cImlplolT]® 8|l7|6]5 4 5 413]|2 110]9 8 ¢
r westwary
1
Sl M AP Y SN AR A R i A 1|3 e
elele E ele|E|E E|E|E|E E|E|E|E E(E|E|E E|(E[(E|E E(E|E|E E(E|E|E E E
minlm M mlm MM M| M| M[M M{M[M[M M{M|M|M M{M[M[M M[M[M[M M| M| M[M M M
1l ]| @ gl ol 23 (k21 (k2 Al A2 || A 28|F2t ks ko S B B[R 3 4
140(1]2 7111819 1 1 1 1 1 1 1 32 Westward Streams
o 4 0182345567894012334367289011234506 3
Y T T Y Y T Y Y T Y Y
quad|0] quad(1] quad|2] quad(3] quad(4] quad(5) quad(6] quad(7] quad(8] quad(9] quad[10]
MEM East

Fig. 4. Stream registers are numbered to show their locations between the functional slices within a superlane.
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imaiizas Stream Register

RF ﬁﬁ%ﬁﬁ]@%«ﬁ%’ﬁﬂ%ﬁ , 45 /> SRF 15}5 Superlane , AT L&UE(EH. ECCHITIRIP | 18

0

[ECC|15I14I13|12[11I1019]8]7[6[5]4|3|2|1

2_-_-_-_-_______--___-__--___
._-__-___-________-________-___
s---___t____-___-__-__--___

o----__-____-_--___--_-_-_
z_-__-_-_-____-__--__----_-_
4---_----.--------_

File (SRF)
locationj

Stream Register

0

1
*
31

31

Functional

Unit

File (SRF)
location i

Stream Register

31
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| Function | Instruction | Description
NOP N No-operation, can be repeated N times to delay by N cycles
Ifetch Fetch instructions from streams or local memory
ICU Sync Parks at the head of the instruction dispatch queue to await barrier notification
Notify Releases the pending barrier operations causing instruction flow to resume
Config Configure low-power mode
Repeat n,d Repeat the previous instruction n times, with d cycles between iterations
Read a,s Load vector at address a onto stream s
MEM Write a,s Store stream s register contents into main memory address a
Gather s, map Indirectly read addresses pointed to by map putting onto stream s
Scatter s, map Indirectly store stream s into address in the map stream
unary operation z = op x point-wise operation on 1 operand, x, producing 1 result, z (eg. mask, negate)
binary operation z = x op y point-wise operations with 2 operands « and y producing 1 result, z (e.g. add, mul, sub)
type conversions Converting fixed point to floating point, and vice versa
VXM ReLU Rectified linear unit activation function max(0,x)
TanH Hyperbolic tangent - activation function
Exp exponentiation e”
RSgrt Reciprocal square root
LW Load weights (LW) from streams to weight buffer
MXM Iw Install weights (IW) from streams or LW buffer into the 320x 320 array
ABC Activation buffer control (ABC) to initiate and coordinate arriving activations
ACC Accumulate (ACC) either INT32 or FP32 result from MXM
Shift up/down N | Lane-shift streams up/down by IV lanes, and Select between North/South shifted vectors
Permute map Bijective permute 320 inputsmmutputs
SXM Distribute map | Rearrange or replicate data within a superlane (16 lanes)
Rotate stream Rotate n X n input data to generate n2 output streams with all possible rotations (n=3 or n=4)
Transpose sglé | Transpose 16x16 elements producing 16 output streams with rows and columns interchanged
Deskew Manage skew across plesiochronous links
Cc2C Send Send a 320-byte vector
Receive Receive a 320-byte vector, emplacing it in main memory
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EEBLZ S & TSP > LPU

MEE GroqChip ¥ FEZl] GroqNode #[1 GroqRack B , RealScale SZ3FRVIEBEFIZEIR -

Scale System

(# of GroqChip Peak INT8/FP16  SRAM Number of Diameter End-to-end

processors) Performance (GBytes) Dimensions (hops) Latency (us)
750 TeraOps

1 189 TeraFlops 0.2 N/A N/A N/A

8 6 PetaOps O

(1 GrogNode) 1.5 PetaFlops 1.76 (1 node) 1 0.6
12 PetaOps 1

16 3 PetaFlops 35 (2 nodes) 2 1.2

64 48 PetaOps 1

(1 GrogRack) 12 PetaFlops 14 (8 nodes) 3 1.8

Figure 2: Performance and latency enabled by RealScale as users scale from a single GroqChip to a
GrogNode, and a GrogRack.
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T E R4S

FREMEMLE > ImiFasts 2t oG MM EEw IR , TSP FREZERIVEAE !
Tensor #HREMZEZIAFIPZEBLIAE] , R TSP Local SRAM {EAZZIH ;
RILRIRFMIMERIRIZEMEM |, 1208 TSP BILASZENE Tensor KIXFREFAATT—BE ;
TSP &B{&EF3 producer-consumer stream programming model H{T4RIZE , SOIFISINBESRTTHEZE—IE ;

TSP JOREERTTARAELAT 320 N 7TER SIMD FESHAT , B0 20 4 cile BBL , B4 dile RWEHEHAT 16 B SIMD i1,
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A TSP 1IESHUTEMENE | TSP [8 C2C AJRERSINIFHEME
- RETEATAHEETER & TS
- TSP ZAHZ £BRELSH > RSB
- RILEERS IR > AMERTEERS
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T E R4S

TS

Y P4

a5 B(E

BISIEMRY : SSEEE=2S SRAM , IFERNEFYE > SREREBAXAZBEESHITERS |
AFFRT : TSP REFHZEONFF SRAM ] SRFIRZ | runtime A& B EIFESERFHERRAD ;
BHESERE : #5TEERTA DAG , {#/ ISA 55 ERMIHBERDE ;

| Name | Description |
HAC hardware aligned counter
SAC software aligned couner
SYNC intra-chip pause instruction
NOTIFY intra-chip global signal to functional
units to restart execution
DESKEW pause instruction until HAC over-
flows
TRANSMIT instruction to send notification to
child through C2C link
RUNTIME_DESKEW ¢ | delay TSP for ¢ + &,

ISA support for a deterministic scale-out system.
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T E R4S

TSP SREEENFRIFEIZVH
TSP BEMESITFIHERES | 5 256 4 Cycle SHRRTSRIFLBATIA ;
VIIaXSSTRER |, FlFSERERIREA TSP B FHEITIES ;
IE(TATERES | AMEKATERHELE TSP AHEMER ;
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GrogNode

GrogNode FH8™ TSP £3%3#% Full Mesh
TSP HEXHZED I 7 DNAMELE & 4 N2EHEE ;

SRS H (C2C ) EmflmERT

SOFTWARE-SCHEDULED
DIRECT NETWORK
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GrogNode

® ZOMI

4 x QSFP per GrogCard

=—— Qgroqcard

TSP O TSP1 TSP 2 TSP 3 TSP 4 TSP 5 TSP 6 TSP 7
‘ Y
L] =TT
il il
CPU CPU

groqnode

61

Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

GrogNode > GroqRack

GrogNode TTRHWNE TSP B £ BT HSRIE— GrogRack, [EIAY , GrogNode TIR{EST 32 N
OEMESEES | T AERT BEARRAL

GroqRack Z2f4 , > GroqNode TJ RERERERISERFPEMT R , BB GroqRack {55 Dragonfly ¥a#h ,
HwRE LS FERT R,
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GroqRack

® ZOMI

groqchip

7 Local Ports
Intra-node

oroq | =— 1sp

4 Global Ports
Inter-node

groqrack:

groqnode  s—— NODE 0 ——

999

3

|
|

|
|
|
i
|
|
\

NODE1

NODE 2

NODE 3

NODE 4

NODE 5

NODE 6

NODE 7

NODE 8

4 x QSFP per GroqCard

=—— groqcard

TSPO TSP TSP 2 TSP 3 TSP 4 TSP5 TSP 6 TSP 7
L T TS
| ‘ :v' i | I
o 1
N
CPU CPU
ﬂ
groqnode L
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GroqRack

GroqRack HH 9 NI RAER , 81
R8N TSP, BEEA TSP 41N &
[ESEEE R , 232 x 9=28

8 N,

OLEHIZRREARRED R |, LUERI
44 N ABBANVIEE 9 Mo R
ITXNEERE. HR 144 MmO
FEERI RGP EMNZE,
RABCESAPHRSEM 145 1
HZE , ££ 10,440(145%72) P TSP,
(EFR&/NSEHEERZ 5-hop (iR
MZER , — M EBEKR , B
HirtNZEF ) .

® ZOMI

1‘[
f_
7

| Node 8 |

TSPO | kG| 2 ) 3 =3 T S m (<3 i
[TSPO TS A 2 I e 3 A Pa N = A | =d S &) P?]
1
————H
[TSF’O Elis=—Cl == il 3 el PS = | =d <3 ¥ E;F’?J
—
[TSPO]W' TSP —{TSPZ — TsP3|{T a s AP es T 5;:=>7]
— E 1
e — —= = 1
[TSPO]—{TSF-’-‘TJ—[TSF’2HTSF’3 TSP4 0 (=3 6H1' g F’7j
e — e —— . ——— —————— 11
Tsr2) (tsra) (tspa) (tses) (rHibe) (HBE7)

e — ————— L ——
ﬁ;’m—rspzj—(—rsps TsPral{rsesl{rsprs}{T
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Scale out FTBER4RE

<16 4~ TSP NEIRGFAIF AT RAEEIRHETREE |

15~ 264 ™ TSP KEUZR AL ( Bisection ) Ttazd 50 GB/s ;

150
g |-scane > 264 > TSP E58F8 TSP In A FBEAHERLIA 14 GB/AD ;
o
o 100
W
= 88 GBlsec
8 50 GB
5 %
b
8 2

~14 GBisec _'
? 2 8 ':"’13 "?.’164 10,440

System Size (number of TSPs)
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&1 - RIEEEEHZS

BHIFS/N RERBUHEERRTSIR © &0 vs BIEE ;
IR ETR | BFAIEIAIERARTEE |

A

More Throughput Less Latency

Throughput - Query/s

Latency - Tokens/s
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&1 - RIEEEEHZS

EEME{4 & [E|TERTLE : fEE Batch Size 1810 , AN TR ZPRX I, Bandwidth Bound 2535 i E SZ PR X 15}
Compute Bound, EEENNEEE S , FIt-FEME%SRL EHEE.

Performance(ops/sec)
MAC/Cycle
A A .
Bandwidth(BWV) Compute
Bounded Bounded
" :
Peak I2 =
eak Rkaueus . Number of PEs o : More Throughput
Performance . = :
(Theoretical Peak Performance) o ‘\\ :
o So
g_ \\.
< No
BW to PEs %" 2N
£ RN
Operational intensity(ops/byte)
» MAC/data - >
optimal

Latency - Tokens/s
® ZOMI
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&1 - RIEEEEHZS

EEE Y & BEERM : 188 Batch Size A2 ( 1/2/4 B/NIE ) , B LLM #HIBELERABRIIPAAR—X
E— , BN RER A |, FtXwREKRKES | EEIRS T 2R X, Bandwidth Bound, &

IEMNEATE , FL-FEHE%R R AT,

Performance(ops/sec)
MACAICycIe
Bandwidth(BWV) Compute
Bounded Bounded
Peak kexee: . Number of PEs
Performance

(Theoretical Peak Performance)

BWV to PEs

Operational intensity(ops/byte)
» MAC/data

optimal

® ZOMI

Throughput - Query/s

More Throughput

Latency - Tokens/s
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Groq RKINRYKHE

* Groq XABRIAIT F , HEERTFEREEL NV 81T 10X ? BGHE L3/L2/LI Cache > FrEEIENT SRAM

#Hh&T 2 [4nm 4nm
Y =y=1
RealScale : 800 NVLinks : 900
Il <sos> |
1.76GB 640GB
80GB HHIEFTET R KN 0.125
: nen
80GB H#HERTE£Z 347 |
3 m HiF 80TB/s 3.35TB/s
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HBARSEZE Pons

BYGH L3/L2/L1 Cache > FTEEUEIN SRAM , SLMAFE TR , HTIESEIENRITLE Token/s :
8xH 100 HEIX 500 token/s FIHIRE , MEIHIRESEXGS | LL Grog MAERZTETEEGRIR

Groq nHHEIEIFE Y Software-Defined Scale-out Tensor Streaming Multi-Processor
BRERE | 3T 3 X, 20205R 5 2024 R EEBF S RIER | ELREBD DSAR
Groq HYZR#99 CNN MIZZIZITTIIE Transformer , IBIS4RIFEEI "HZFRERIR Token HIHIEE"
PRZEEEEIRIE NN Ei%EA% [Device, Hemisphere, Slice, Bank, Address Offset] TFEEk

X T im~= RZIRTEREIIFESFRER | miEssradixitEUEIR , DSA ZRZEE

> DRAM SXIRJEL R , imfll™~ @i RISEXS T DSA IRZEES , Bk DSA (Ll
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BASLE Cons

B SRAM FEJJ 220MB , KV Cache HRANAFRA | FRREAHISEFANE :
RIBHRIREILIBIE scaling low KR , FRZJNEE DRAM 7% Al IESBET Rt , BRNELATE ;

REGEEHENK | BT hAFTEEBFETEZ R EB RS ITTESRIT | AMIYFTFHES SiEANIES |
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https://www.zhihu.com/question/6450 10090/answer/34034 13472
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WRGEREX

Binis | 1IZIT=9RUE , Groq BURE(GHXK
MIRARZR 1133 B3ETT , IEEARE 76.2

ETTHEES, 8 F HI00 A9 4RI
AR 30 BEETT | IBEMARET2 BE
TCE AR,

— R, ART , AR, '
NIRRTl E

EMTEE

® ZOMI

{ Yangqing Jia @ —
| @jiayq

¢
©

Probably the first operation cost analysis of owning @Groginc hardware
to run Llama2-70b.

First of all, let me say | am a big fan of Groq. Great performance, great
potential. The below is just a showcase how challenging things might be
when rivaling the industry lead, but given time | look forward to it.

1. Each Groq card has a memory of 230MB. For the LLaMA 70b model,
assuming int8 quantization and completely disregarding the memory
consumption for inference, the minimum number of cards needed is
305. In reality, more are needed, with reports indicating 572 cards, so we
will calculate based on 572 cards.

2. The price of each Groq card is $20,000, therefore, the cost for
purchasing 572 cards is $11.44 million. Of course, due to sales strategies
and benefit of scale, the price per card might be much lower, but let's
calculate using the list price for now.

3. For 572 cards, and the average power consumption per card of 185W,
the total power consumption is 105.8kW excluding peripherals. (Note,
actual consumption will be higher)

4. Currently, the average price per kW per month in data centers is about
$200, meaning the annual electricity cost is 105.8 * 200 * 12 =
$254,000.

5. Basically, using 4 H100 cards can achieve half the performance of
Grog, meaning an 8-card H100 box is roughly equivalent in capability to
the above. The nominal maximum power of an 8-card H100 is 10kW
(actually about 8-9 kW), so the annual electricity cost is $24,000 or
slightly lower.

6. Today, the price for an 8-card H100 box is about $300,000.

B

B (5 Grog HIBA S,

1. §—3K Groq FHIATF R 230MB,
LLaMA 70b 428, {RRi%KFA int8 i
£, TE2AIit inference HATEHE
#, BAFTENFHTR{ER 305
Kk, IMHRENEZ, FRSR
5723k, ELFHAINRE 672 FKKit
",

2. 8% Groq FHIMH&EE 2 HETT,
FEitt, KM 572 KFEMIRE 1144
HEmT. 8%, EAHERE, 7
BEEKFRIMBRITH, HARR
BRMFITH.

3.572 5Kk, SERNINETIIZ
185w, AEERIME, DINER
105.8kw, (X8, ZLMFRES)

A MEHBEPOFIBTREAN
MH&TE 200X TA G, 2R,
SEMNBEZ105.8*200*12=
254 A%, (X8, XMR|ER)

5. 2L, XM 4K H100 AJASE
H Groq —HAUtERE, thAtRi%, —
A 8 F#Y H100 M EEMIEEHIEN.
8 & H100 BIHRFRER KINEK 2 10kw
(SCPRAMRZE 8-9 kw), EHitb, —&
MEBZR 24 HETHEMR—LL,

6. 5K 8 & H100 KR AL A AR
E30HEREA.

7. A&k, MRIBIT=FMIE, Groq

B RMMARZ 1144 =TT, &
ERAR 762 hERSEES. 8 F
H100 ROBB I RMRL A2 30 B 7T,
EERAR 7.2 AETHRIE.

Jﬁﬂtﬁﬁ“bﬁ?—rugu%miﬁﬁi
—EERTWNTN R,
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Semianalysis $31f

https://www.semianalysis.com/p/grog-inference-tokenomics-speed-but

ZOMI

Groq vs Nvidia BOM Cost (ignores margins, costs for networking, CPUs, racks, power, etc.)

Active Silicon & Package Cost $650 $3,200 $3,200
PCle/SXM Module Costs $400 $500 $500
Card/Module Cost $1,050 $3,700 $3,700

Number of Chips per Inference Unit 576 8 2
Total Chip Modules BOM $604,800 $29,600 $7,400
Tokens Per Second Per User 500 420 30

Batch Size 3 2 64

Pipeline Parallelism 16 1 1
Concurrent Users 48 2 64
Tokens Per Second Per Inference Unit
Tokens Per Second Per Chip 42
$ BOM Per Tokens Per Second
Note: The more sophisticated analysis with all costs accounted for is below in the article, this is a simplified analysis.
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GPU Server Colocation Simple Total Cost Of Ownership (TCO)

Server Capital Costs
Upfront Server Capex
Useful Life in Years
Cost of Capital
Total Server Capital Costs per Month

Server Hosting Costs
Electricity Cost
Utilization Rate
Power Usage Effectiveness (PUE)
Electricity Cost per kW per mth
Colocation Cost (i.e. rack space rental cost, infra, install,
Total Hosting Cost per kW per Month
Server Power Consumption
Total Server Hosting Costs per Month

usD
Years
%
USD/mth

USD/kWh
%
Ratio

USD/kW/mth |

USD/kW/mth

USD/kW/mth |

w
USD/mth

Comprehensive Server Cost per Month

USD/mth

Bull Case

GPU Server

$350,000
6
13.0%
$7,025.9

$0.087
80.0%
1.25
$63.5
$120.0
$183.5
10,200
$1,871.8

$8,897.7

Realistic

Colo Cost

$350,000
6
13.0%
$7,025.9

Realistic

Colo+Capital

Cost

$350,000
6
18.0%
$7,982.7

$0.087
80.0%
1.25
$63.5
$190.0
$253.5
10,200
$2,585.8

$10,568.5

Realistic

Depreciation
Colo+Capital

Cost

$350,000
4
18.0%
$10,281.2

$0.087
80.0%
1.25
$63.5
$190.0
$253.5
10,200
$2,585.8

$12,867.1

Number of vCPU/GPUs per Server
Capital Cost per Unit, per Hour

VCPU/GPUs

USD/hr

8
$1.203

8

 $1.367

8
$1.760

Hosting Cost per Unit, per Hour

USD/hr

$0.321

$0.443

$0.443

Rental Cost per Unit per Hour

USD/hr

$1.524

$1.810

$2.203

% Cost in Hosting vs Capex

%

26.6%

32.4%

25.2%

W = Watts. kW = Kilowatts. kWh = Kilowatt-hours.
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