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Ultra Low Latency AI support
to drive (QC) detectors

Error correction 
Error mitigation

Pulse generation

Requires AI 

feedback on a 

      time scale





streams of data across the chip

data
manipulation

(like transpose)
matrix-matrix
multiplication

elementwise transformations
(arithmetic logical units)

matrix-matrix
multiplication

data
manipulation

(like transpose)

32 streams

32 streams

each stream carries 320 vectorized bytes
over 320 lanes

VXM: int8, int16, int32, uint8, uint16, uint32, float16, float32, bool8, bool16, bool32 

supported operands:

MXM: int8 x int8     int32, float16 x float16     float32

110MB 110MB



inference

feedback

Inference loopback via 
data-flow deterministic architecture

Direct C2C 

(88 Gb/s)

inference

feedback
UDP 

(10-100 Gb/s)

Data buffer AI inference

Inference latency:
X-ray imaging

fusion plasma characterization



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

How much input data is required for the inference?

Inference engine: workflow

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

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
The Groq chip sends "read" command to the FPGA as part of the

inference program

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
Groq sends "notify" to the FPGA



Transmitting data between the detector and

the inference engine is a botleneck

I/O Data compression

We apply the following compression approach

detector inference engine
compress

compress

decompress

decompress
inference

concept of:  FP8, FP4
definition of mantissa 

and exponent bits



Transmitting data between the detector and

the inference engine is a botleneck
Our proof-of-concept solution is to use 

0 exponent bits: fixed-point number representation

I/O Data compression

We apply the following compression approach

detector inference engine
compress

compress

decompress

decompress
inference

FP32/FP16 data = scaleFP32 x uint8/uint4 data + offsetFP32

The compressed data are always nonzero (offsetFP32)

Rounding to nearest even integer
Boundle together compressed data and scaling factors

Multiply with 24 or 28.
Scale data within (0.0, 1.0): scaleFP32



Denoiser

Zero pulse 

classifier

LSTM based

pulse num 

classifier
ResNet based

feature 

regression



Denoiser

Zero pulse classifier

LSTM based pulse num 

classifier

Groq compute time:

int4:  19 μs

int8:  20 μs

float16: 20 μs

detector             FPGA       Groq LPU

Inference latency on the 
LSTM pipeline

10 Gbs 100 Gbs



bypasses the traditional Linux kernel 

networking stack to reduce latency

DPDK is widely 

used in telecom, 

cloud networking, 

firewalls, routers, etc

Groq compute time:

int4:  19 μs

int8:  20 μs

float16: 20 μs

Inference latency on the LSTM 
pipeline: DPDK kernel bypass

detector             FPGA       Groq LPU10 Gbs



machine-learning model developed for real-time 

kinetic profile reconstruction in tokamak fusion plasmas

pressure

safety factor

toroidal current density

RTCAKENN 
(Real-Time Convolutional Autoencoder

Kernel-based Embedded Neural Network)

developed by DIII-D National Fusion Facility

The model predicts

electron temperature

electron density

ion temperature
plasma rotation profiles

Inference runs in under about 8 ms (10 runs to get averaged output)



Groq compute time:

int8:  4 μs

float16: 4 μs

float32: 4 μs

detector             FPGA       Groq LPU

Inference latency on the 
cakeNN pipeline

10 Gbs 100 Gbs

pressure

safety factor

toroidal current density
electron temperature

electron density

ion temperature
plasma rotation profiles

previously: ms time scale



Inference latency on the cakeNN 
model: DPDK kernel bypass

detector             FPGA       Groq LPU10 Gbs

Groq compute time:

int8:  4 μs

float16:  4 μs

float32:  4 μs

The I/O overhead is

still too big

further improvements:

FPGA       FPGA

reimplement the 

FPGA gate keeper



Numerical accuracy:
cakeNN model

max mean error:

less than 4-6%

Element-wise comparision with

float32 torch model

evaluated on CPU



Numerical accuracy:
CookieML LSTM model

max mean error:

less than 1-2%

Element-wise comparision with

float16 torch model

evaluated on CPU
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