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MASSIVE
VELOCITY

CHALLENGES 



Overview

NO TIME TO UNDERSTAND NEW AI MODELS IN DEPTH

AI/HW VELOCITY GAP

NO TIME TO VALIDATE NEW HARDWARE IDEAS
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3-6 months (± 3 months !)

Significant algorithm 
evolution with potential 
HW impact

AI



Massive velocity gap: AI algorithms evolution / HW design

Often feels like...

HW
AI



Example: 1D Kernels
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Example: 1D Kernels
Designed for 

large X*Y

1D Kernels:
X=1, Y=1
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16 cycles



Example: 1D Kernels
1D Kernels:

X=1, Y=1

Had to redesign 
the output 
network & 

activation pipeline

X

Y

Z



Must design dramatically faster

6-12 months 12 months 6 months 12 months

Human 
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~ Weeks ? 6 months ~ Weeks ?
Fully 

automated 
AI-based 
process

Foundry

Foundry

Would be an industry game 
changer
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Must design dramatically faster

6-12 months 12 months 6 months 12 months

Human 
process

~ Weeks ? 6 months ~ Weeks ?
Fully 

automated 
AI-based 
process

1 human in 
the loop

No human 
in the loop

# Possible 
explorations

10s

1000s



Must also generate the compiler !

6-12 months 12 months 6 months 12 months

HW design

Compiler 
design



NO TIME TO 
UNDERSTAND NEW AI 

MODELS IN DEPTH 



We don't always understand why our AI models work well...

...and thus how to properly 
design the HW for 
supporting them
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NIPS 2012
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Example: Synchronous replicas
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NO TIME TO VALIDATE 
NEW HARDWARE IDEAS



We are lacking tools to design AI hardware quickly

● We have to design super fast
● Simulation is extremely slow
● AI training time can be in weeks/months 

(over many chips)
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Example: BFloat16 (BrainFloat16)

Rep. 
#1

Rep. 
#0

Rep. 
#3

Rep. 
#2

Param. 
server

Mantissa truncated from 
23 to 7 bits to reduce 
network traffic (BF16)

Was tracking, but 
training wasn't done 
when we taped out !!



MOREOVER...



GOES WELL BEYOND CHIP DESIGN

Chips challenges 
can be dwarfed by 
systems challenges



GOES WELL BEYOND CHIP DESIGN

DATA CENTER DATA CENTER

Cluster

Cluster
CLUSTER

CLUSTER

CLUSTER

DATA CENTER

Some versions of Gemini are trained 
across multiple data centers

Chips challenges 
can be dwarfed by 
systems challenges



Silicon 
photonics

3D
Quantum

computing

NO TIME TO EXPLORE THE MANY TECHNOLOGY OPPORTUNITIES



THANK YOU !


