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Ultra Low Latency Al support
to drive (QC) detectors

e Error correction :
|
e Error mitigation

e Pulse generation [
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The Genesis Mission

A national initiative to build the world’s most powerful scientific platform.
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Think Fast: A Tensor Streaming Processor (TSP) Quantum nforration
for Accelerating Deep Learning Workloads @ I\\I |-I_ HUNGARY
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2020 ACM/IEEE 47th Annual International Symposium on Computer Architecture (ISCA)
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Inference loopback via
data-flow deterministic architecture

FPGA Groq Chip
Field Programmable Grog LPU™
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FPGA gate keeper

FPGA kernels
@ input
E -------- > queue A v
%) A A =
= 1=
D : N
data . . state machine .- ~
- q,éq) COHtFOlllD UEUES """"""""" O __>‘LPU
server z £ =
= =
8 Y output Y -
D ------- queue <

1 A S NATIONAL i ELTE «2
SLAL it (uisner (8)ELTE e



Inference engine: workflow

e Hardware bring-up: Groq sends "notify" to the FPGA

How much input data is required for the inference?

FPGA collects input data incoming trough the UDP channel.
/{ FPGA triggers the Groq chip to run the inference program

after the FPGA collected the input data
e The Groq chip sends "read" command to the FPGA as part of the

inference program
The FPGA starts streaming the inference input to Groq (92 Gbs)

The Groq chip does the calculations
The Groq chip sends "write" command and the data to the FPGA
The FPGA starts streaming the received inference return via the

UDP Channel Quantum Information
o . C National Laborator
e Groq sends "notify" to the FPGA Q I\\I |1 HUNGARY
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¢ Transmitting data between the detector and

. M M m— = ACCELERATOR
the inference engine 1s a botleneck Dl AN L150RATORY

Feature FP4 (E2M1) MXFP4 NVFP4
Format 4 bits (1 sign, 2 exponent, 1 4 bits (1 sign, 2 exponent, 1 4 bits (1 sign, 2 exponent, 1
Structure mantissa) plus software mantissa) plus 1 shared mantissa) plus 1 shared FP8

scaling factor power-of-two scale per 32 scale per 16 value block

value block
Accelerated Hardware No Yes Yes
Scaling
Memory Up to 4x less memory than FP16
Accuracy Risk of noticeable accuracy Risk of noticeable accuracy Lower risk of noticeable
drop compared to FP8 drop compared to FP8 accuracy drop particularly
for larger models

D P E n e We apply the following compression approach

Compute Project

OCP Microscaling Formats (MX) Specification dEte Ctor inference engine
concept of: FP8, FP4

definition of mantissa COIMPress > decompress N\
and exponent bits inference
decompress < COMPress <«
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¢ Our proof-of-concept solution 1s to use

e Transmitting data between the detector and ELTE QIIIEHEI'
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0 exponent bits: fixed-point number representation

FP32/FP16 data = scalegp;, X uint8/uint4 data + offsetgps,

e The compressed data are always nonzero (offsetgps,)
e Scale data within (0.0, 1.0): scalegps,

e Multiply with 2* or 2°.
¢ Rounding to nearest even integer
¢ Boundle together compressed data and scaling factors

e We apply the following compression approach

detector inference engine
COIMpress > decompress — N\
inference

decompress < COMPIess <«
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[Submitted on 22 Feb 2025 (v1), last revised 14 Nov 2025 (this version, v2)] E LT E
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ybrid Neural Architecture: Online Attosecond X-ray Characterization w EOnos oy Ener
Jack Hirschman, Benjamin Mencer, Razib Obaid, Amanda Shackelford, Ryan Coffee
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® Denoiser
® Zero pulse classifier System NIC kernel — COOKIEML_LSTM
® [.STM based pulse num I/O Data type
classifier 25000 uint4
uintg
: 20000 - o
e Grog compute time: I floarto
int4: 19 us £ 150007
c
int8: 20 s = 10000 [N i
floatl6: 20 ps 5000 - JJI \LI_L\\ JF’% Lg
N [ ail
50 60 70 80 90 100 110 120
Inference Time (us)
® detector FPGA  Groq LPU

10 Gbs
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Inference latency on the LSTM @[\\“'I_

pipeline: DPDK kernel bypass

e bypasses the traditional Linux kernel
networking stack to reduce latency

e DPDK 1is widely
used 1n telecom,
cloud networking,
firewalls, routers, etc

¢ Groq compute time:
int4: 19 us
nt8: 20 us
float16: 20 ps

® detector FPGA

10 Gbs
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DPDK kernel bypass — COOKIEML_LSTM

35000 1 | I/0 Data type
30000 - L uint4
uint8
25000 1 L —— floatl6
2
S 20000 3
=
= 15000
> -
10000 -
5000 | _|l ‘
0 e 17:::77
30 35 40 45 50
Inference Time (us)
Groq LPU .
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Kernel-based Embedded Neural Network) £o1 A PN NATONAL

— T ACCELERATOR

P b ™A\ | 5ORATORY

The model predicts
® pressure

® safety factor

® toroidal current density
® clectron temperature

® clectron density

® machine-learning model developed for real-time ® ion temperature

kinetic profile reconstruction in tokamak fusion plasmas ® Plasma rotation profiles

e developed by DIII-D National Fusion Facility
Machine learning-based real-time kinetic profile reconstruction in DIII-D

JOURNAL ARTICLE - 22 December 2023 - Nuclear Fusion

DOI: https://doi.org/10.1088/1741-4326/ad142f - OSTIID: 2251556

Shousha, Ricardo ; Seo, Jaemin ; Erickson, Keith; Xing, Zichuan ; Kim, SangKyeun ; Abbate, Joseph ; Kolemen, Egemen

Inference runs in under about 8 ms (10 runs to get averaged output)
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® pressure
® safety factor System NIC kernel — cakeNN
® toroidal current density 00001 /O Data type —L
® clectron temperature uint8
® : —— floatl6

electron density 15000 i il
® 10n temperature =
e plasma rotation profiles =

P P 5 10000 - w -

=
¢ Groq compute time:
5000 -
int8: 4 ps L
float16: 4 us 0 Ii —
: 20 22 24 30 32

float32: 4 ps Inference Tlme (ps)

® detector= =~ FPGA  Groq LPU

previously: ms time scale
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model: DPDK kernel bypass

® The I/O overhead 1s DPDK kernel bypass — cakeNN
still too big 30000 - ! IO Data type
o f h . . J_ uint8
urther improvements: ..  foatl6
- FPGA <>FPGA 0000, J( —— floars2
« reimplement the é 15000, 1 | |
FPGA gate keeper § -
10000 7
e Groq compute time: 1
5000 - 1
int8: 4 s Hi_ L )
0 —— e
float16: 4 s 90 95 100 105 110 115 120 125
float3?: 4 us Inference Time (us)
FPGA Groq LPU

o
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S
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NVIDIA Groq 3 LPX Compute Tray

Rack-ready, liquid cooled, TU compute engine for low-latency inference

/—7 LPU C2C Spine Connectors

8 NVIDIA Groq 3 LPUs

Fabric Expansion
Logic & DRAM [

e NVIDIA BlueField-4 DPU
Host CPU T ‘ or NVIDIA ConnectX-9 NIC

32 LPU C2C Optical Links

400 Gb/s Ethernet

500 MB 150 TB Specification NVIDIA Groq 3 LPX
MXM VXM SXM ) 150 TB/s
Dense MatMuls Vector Math Switch P’imal’zs""redghignagtz/ra;izn’ and Enablezg:er?a;aos; Token )
EIRORERS  etemury  pe am i Al inference compute 315 PFLOPS
conversions transpose
Total SRAM capacity 128 GB

On-chip SRAM bandwidth | 40 PB/s

96 112 Gbps
LPU-to-LPU Connections SerDes Speed . .
communication rdix e Comergion Scale-up density 256 chips

NVIDIA Groq 3 LPU

Scale-up bandwidth 640 TB/s
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