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ldea: Use Al Accelerators for HPC Problems

Emergence of new
Al chips sparks
interest in wider

use cases
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Grog
Simplifies
Compute

Typical GPU GroqChip™ 1

Graphic Processor First LPU™ Accelerator

COMPLEX SIMPLIFIED
Difficult programming
Less responsiveness
Non-deterministic execution
Higher costs
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SRAM Memory
Massive concurrency
80 TB/s of BW
230MB capacity
Stride insensitive

Groq TruePoint™ Matrix

4x Engines

750 TOP/s int8

188 TFLOP/s fpl16

320x320 fused dot product

Programmable

Vector Units
5,120 Vector ALUs for
high performance

groq

© Groq, Inc.

GrogChip™ 1 Overview

Scalable compute architecture
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Networking

480 GB/s bandwidth
Extensible network scalability
Multiple topologies

Data Switch

Shift, Transpose, Permuter for
improved data movement and
data reshapes

Instruction Control
Multiple instruction queues for
instruction parallelism
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Visualizing Data Orchestration

Given to Grog Compiler
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Grog Workloads at Scale

Cluster Ready Nodes Scale
Cards Scale 8 x RealScale to Racks
. to Nodes external ports :
TSP Architecture Per CO%O?E:%'; O?es
Provides Near-linear GrogNode 2U Server with P
contains 8 cards 4x GrogCard +1redundant node

Scaling Performance

e —

GrogChip™1  GrogCard™ Dell R750XA  GrogNode™  GrogRack™

Up to 750 TOPs, 188 TFLOPs Up to 3 POPs, 752 TFLOPs Up to 6 POPs, 1.5 PFLOPs Up to 48 POPs, 12 PFLOPs
(INT8, FP16) (INT8, FP16)

Synchronous Tensor Streaming
Processor architecture (INT8, FP16 @ 900MHz), 240W* (INT8, FP16)

RealScale™ enabled
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Seismic Modelling

Simulate the propagation of an acoustic
wave through earth / water by solving the
acoustic wave equation:

2
th =v*V?p+s5(1)

Used in Reverse Time Migration (RTM)
and Full Waveform Inversion

Finite difference solver with 3D stencil

groqh © Groq, Inc.
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From Stencils to Tensors

Stencil matrix

Stencil .
15|10 | 0| e 5total weights
1 TTsl1 o « Center of star divided by two (2D field).
11311 : « Only one filter matrix required due to stencil
3 1.5 1 symmetry.
o115
Input ' ' o Output
IERERE Matrix-matrix 35[353 535 | ontwise 6]7(7]6
multiply __ addition _
2212 (2 - 6[([6]|6(6 o 11 (13 (1311
A +
2:12: 2|2 ‘\\) _)6666 >A_)11131311
1111 Input 3.5/3.5/3.5(3.5 67|76
(transposed) ‘\
1]2]2]1] 25|5 |5 |25 2.5|3.5[3.5]2.5
Transpose ' Transpose
T 1221 - 35|77 |85 T
MEEBABE 157 |7 65 MBRRE
1(2(2](1 25|55 |25 2.5|13.5[3.5]2.5
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From Stencils to Tensors

Stencil matrix

Stencil .
15|10 | 0| e 5total weights
5110l ° Center of star divided by two (2D field).
: « Only one filter matrix required due to stencil
/ o151 symmetry.
o115
' ‘ o Output
] Matrix-matrix PYACYAEWALY Pointwise E_/. -Ts
multiply __ addition . =
2 N 6(6|6|6 o 11[13 13|11
. +
2 T L6 666 >A_>11131311
BERERE Input 3.5[3.5[3.5[3.5 6|7(7]6
(transposed)
11212 (1 ‘\ 25|55 |25 2.5|3.5|13.5]12.5
Transpose ' Transpose
. 1{2]2]1 B 717 B8] = 5
Pz 2 |1 G577 Bs 5 (7(7 5
1(2(2](1 25|55 |25 2.5|13.5[3.5]2.5
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From Stencils to Tensors

groq

Stencil matrix

© Groq, Inc.

Stencil .
15|10 | 0| e 5total weights
5110l ° Center of star divided by two (2D field).
: « Only one filter matrix required due to stencil
0 1.5 1 symmetry.
o115
Output
Matrix-matrix Pointwise
multiply il il addition _ 7 €
N 6(6(6 o 11131311
A +
> >A_>11 13[13]11
Input 3.5[3.5[3.5[3.5 6|7(7]6
(transposed)
1]2]2]1] 25|5 |5 |26 2.5|3.5[3.5]2.5
Transpose ' Transpose
7 1221 e TN e A A e A 5
Pz 2 |1 G577 Bs 5 (7(7 5
1(2(2](1 25|55 |25 2.5|13.5[3.5]2.5
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From Stencils to Tensors

decompose Stencil matrix

Stencil .
15|10 | 0| e 5total weights
1 5110l ° Center of star divided by two (2D field).
1.5 . « Only one filter matrix required due to stencil
y 01151 symmetry.
01|15
' ' o Output
BERERE Matrix-matrix 35353535 @ oniwise 6]7]7]6
multiply __ addition _
212212 LT - 6|6(6]|6 o 1113|1311
A +
212122 ‘\‘) _)6666 >A_>11131311
111111 Input 3.5[3.5[3.5]3.5 67|76
(transposed)
11212 (1 25|55 |25 2.5|3.5[3.5]2.5
Transpose ' Transpose
T 11212 (1 - 357 (7 |35 T 5
MEBBE 35|77 55 15717 (5
11212 (1 255 (5|25 2.5(3.5(3.5|12.5
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From Stencils to Tensors

— Stencil matrix

Stencil .
1 ] - [1.5/ 1 Jo [0 | < 5 total weights
1

« Center of star divided by two (2D field).

15 11311 Lol |8 « Only one filter matrix required due to stencil
y 3 01151 symmetry.
0(0]|1[15
Input ' ' o Output
11111 Matrix-matrix 35[353 535 | ontwise 6[7]7]6
multiply __ addition _
2212 (2 VT - 6[([6]|6(6 o 11 (13 (1311
A +
A T L6 666 >A_>11131311
1(1]1]1 Input 3.5[3.5|3.5(3.5 6|17|7|6
(transposed)
1]2]2]1] 25(5|5 |25 2.5[3.5|3.5]2.5
Transpose ' Transpose
T 1221 - 35|77 |85 T
Pz 2 |1 577 35 5 (7(7 5
1(2(2](1 25|55 |25 2.5|13.5[3.5]2.5
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From Stencils to Tensors

— Stencil matrix

Stencil

- [1.5/ 1 Jo [0 | < 5 total weights
1 1 TH5l1lo0l ° Center of star divided by two (2D field).
1.5 113 : « Only one filter matrix required due to stencil
1 1 0f1]1.51 symmetry.
/ o[o[T[i5
Inp Output
Matrix-matrix [ Pointwise
1 multiply __ ? ‘ :5/3:918:5 addition _ il I I
2 N 6 (6 (66 o 11131311
. +
2 T L6 666 >A_>11131311
1 Input 3.5[3.5[3.5[3.5 6|7(7]6
(transposed)
1]2]2]1] 25|55 |25 2.5[3.5|3.5]2.5
Transpose ' Transpose
= 12211 1 35|77 135 B
MEOBRAE G577 Bs 5 (7(7 5
1(2(2](1 25|55 |25 2.5|13.5[3.5]2.5
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From Stencils to Tensors

— Stencil matrix

Stencil

1 o 0| e 5total weights
1

5110l ° Center of star divided by two (2D field).

1.5 13 « Only one filter matrix required due to stencil
1 " 01151 symmetry.

0j0|1[15

Output
Matrix-matrix Pointwise
multiply __ addition _ ol I
VT N 11(13[13 11
A +
)A_>11 13[13[11
Input 3.5[3.5[3.5[3.5 6|7(7]6
(transposed)
1]2]2]1] 25|55 |25 2.5[3.5|3.5]2.5
Transpose ' Transpose
= 12211 1 35|77 135 B
MEBABE 57 7 55 MBRRE
1(2(2](1 25|55 |25 2.5|13.5[3.5]2.5
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From Stencils to Tensors

— _ Stencil matrix

« 5 total weights

1 « Center of star divided by two (2D field).
1.5 13 « Only one filter matrix required due to stencil
| / 1 symmetry
Inp Output
Matrix-matrix Pointwise
multiply __ addition _ ol I
) _)11 13[13 11
\‘ +
X 11 (13 (13|11
Input 6(7]7]6
(transposed)
1]2]2]1] 25|5 |5 |26 2.5|3.5[3.5]2.5
Transpose v Transpose
T 11221 " 35|77 85 T
MEBABE 57 7 55 MBRRE
1(2(2](1 25|55 |25 2.5|13.5[3.5]2.5
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From Stencils to Tensors

Stencil matrix

Stencil .
15|10 | 0| e 5total weights
1 Ths1 1ol ° Center of star divided by two (2D field).
11311 : « Only one filter matrix required due to stencil
3 01151 symmetry.
o115
Input Output
Matrix-matrix Pointwise
IIIIII multiply __ il i S O addition _ ol il
RS 6[(6(6|6 ™ 11 (13 (13|11
A +
2:12: 2|2 ‘\‘) _)6666 >A_)11131311
11111 Input 3.5|3.5[3.5]3.5 6(7(7|6
(transposed)
1]2]2]1] 25|5 |5 |25 2.5|3.5[3.5]2.5
Transpose ' Transpose
T 11221 . 35|77 (35 T
MEEBABE 157 |7 65 MBRRE
11221 25|5 |5 |25 2.513.513.5]2.5
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From Stencils to Tensors

Stencil matrix

Stencil .
enet - [1.5/ 1 Jo [0 | < 5 total weights
T 1H51lo0l ° Center of star divided by two (2D field).
o 11311 : « Only one filter matrix required due to stencil
01151 symmetry.
ofof1 (15
Input Output
Matrix-matrix Pointwise
llll multiply __ il i S O addition _ ol il
RS 6[(6(6|6 ™ 11 (13 (13|11
A +
A T L6 666 >A_>11131311
BERERE Input 3.5[3.5[3.5[3.5 6|7(7]6
(transposed)
1]2]2]1] 25|5 |5 |25 2.5|3.5[3.5]2.5
Transpose ' Transpose
T 1221 - 35|77 |85 T
Pz 2 |1 577 35 5 (7(7 5
1(2(2](1 25|55 |25 2.5|13.5[3.5]2.5
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From Stencils to Tensors

Stencil matrix

Stencil
enet - [1.5/ 1 Jo [0 | < 5 total weights
T 1H51lo0l ° Center of star divided by two (2D field).
— 11311 : « Only one filter matrix required due to stencil
01151 symmetry.
0(0]|1[15
Input Output
Matrix-matrix Pointwise
llllll multiply __ il e e addition _ ol il
L 6|6|6]|6 ™ 11[13[13 (11
A +
A T L6 666 >A_>11131311
BERERE Input 3.5[3.5[3.5[3.5 6|7(7]6
(transposed)
2211 % 5[5 [25 5[3.5[2.5
Transpose ' Transpos
7 1R2]2]1 1 S[717188] = 71715
12]2]1 G577 Bs 5 (7(7 5
n 212 (1 25|55 |25 2.5|13.5[3.5]2.5

groq © Groq, Inc. Groq Proprietary 18



From Stencils to Tensors

Stencil matrix

Stencil
o - |15/ 1 foJo| - 5 total weights
! 1115010 « Center of star divided by two (2D field).
11311 i « Only one filter matrix required due to stencil
] 0]1[1.51 symmetry.
0|0|1[15
, . o Output
X 35[353 55| ontwise 5171716
multiply __ addition _
VT 6|6[6]6 T 11[13[13]11
‘ +
> T 1a (131
.5|3.5|3.5 717 6

ol ol ol o
O] N| N o
A N| N o

groq © Groq, Inc. Groq Proprietary 19



From Stencils to Tensors

Stencil matrix

Stencil
el R fis[1foTo] - 5 total weights
! 1i1sl1lo] ° Center of star divided by two (2D field).
1131 : « Only one filter matrix required due to stencil
] 01151 symmetry.
0|0|1[15

Output
Matrix-matrix Pointwise
multiply'_\ addition __ ﬂﬂ
L e Te (6 6 13[13 |11
.513.5[3.5[3.5 6

2.5
3.5
3.5
2.5

A N| N o

ol ol ol o
O N| N| O

groq © Groq, Inc. Groq Proprietary 20



From Stencils to Tensors

Stencil matrix

Stencil .
« 5 total weights
1 « Center of star divided by two (2D field).
113(1 « Only one filter matrix required due to stencil
] symmetry.

Matrix-matrix Pointwise
multiply __ addition __
e > +
Input

(transposed)

groq © Groq, Inc. Groq Proprietary



Tensor-based Solution in 3D

X Convolutio;
Y :
z |
—> —> —>
: Matmul
X E
Inner dimension: Y ' X-Y Transpose X-Y Transpose
iZConvolutign™ ,~ T T T
—> —> —> —>
Input : Matmul Sum Output
E Z-Y Transpose Z-Y Transpose
'Y Convolution™ ™~~~ T T T e :

: Matmul

groq © Groq, Inc. Groq Proprietary 22



Numerical Considerations

8-bit fixed-point

groq

Difference Indicator Values
of the Generated Images

© Groq, Inc.
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H.Fu, W. Osborne, R. G. Clapp, O. Pell, Accelerating Seismic Computations, 70th EAGE Conference, Italy, 2008
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2000

4

oooz 0001

000E
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3000 4000 5000 6000 7000 8000

Reduced Precision Seismic Image

3000 4000 5000 6000 7000 8000

Full Precision Seismic Image

Al accelerators leverage
low-precision modes

Previous FPGA work
demonstrated feasibility of
low bit fixed point
computations

Groq Proprietary
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Scalability: Single Chip

Core Compute:

Compute the wave's pressure field at the next
time step based on the previous and current
time steps

Use explicit finite difference to approximate
derivatives

Earth model gives the velocity v at each point
Apply sponging at the boundaries to prevent
wave reflections

Single chip case: keep domain data in
on-chip memory

Support up to 12823 domain size

groq
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From CPU

Stimulus
Data

&)

floating pq

int

GrogChip
Current Previous
Wavefield  Wavefield I\ﬁgggl
®) ()
wavefield wavefield earth model
storage storage storage
- wavefield vwaveﬁeld
coefficient compute compute
\ earth
model
compute
intermediate / &
— *
coefficient 1]
Convolution intermediate
coefficient
intermediate*scale
Wave
Equation
intermediate
wavefield
compute intermediate
i ) =

wavefield
storage

Groq Proprietary
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Scalability: Multi Chip

Larger Domains:
Split into subcubes
Requires halo data exchange at the edge

Use Groq RealScale Chip2Chip interconnect to avoid
PCle bottlenecks

Single-chip (1) performance for 12843:10 Gpt/s
Multi-chip (8) performance for 51243: 400 Gpt/s

9roq~ © Groq, Inc.

From CPU

wavefield
e COMPULE + intermediate s
floating point > \_/ Lt

GroqChip

Current

Previous

Wavefield = Wavefield

®

wavefield|

storage

wavefield

coefficient
intermediate*scale

coefiicient compute

S °

coefficien

intermediate

Convolution

Wave
Equation

()

wavefield
storage

'wavefield
compute

intermediate

earth model
storage

compute  |wavefield
stora

earth
Sponge model
ute
o
Coeficient
Convolution intermediate
From CPU
coefficient
intermediate”scale
Wave
Equation
intermediate
wavefield
o Compute + intermediate [~
floating paint >, \_/ .

coefiicient compute compute

Current Previous
Wavefield Wavefield
®) ®)

wavefield wavefield| earth model
storage| storage| storage

wavefield 'wavefield

Groq Proprietary
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Expansion with FPCAS

Overlapped I/O (Read & Write)
Deterministically Synchronized

Full duplex
X4 each up to 100Gbps

Real-time inference Low-latency IO via Ethernet
Compute intensive offload  We have developed a high speed interface to an FPGA Memory expansion
via direct chip-to-chip interconnect Data preprocessing

groq © Groq, Inc. Groq Proprietary 26
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