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Custom Hardware Is Our Reality
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But What If We Don’t Have $0.5B?

Source: H. Bauer et al. Semiconductor design and manufacturing: Achieving leading-edge capabilities. McKinsey & Company, 2020 3



It’s All Like a Movie

Professional cinematography is expensive

Sven Nykvist and Andrei Tarkovsky, 1986

Average feature film budget: $100-150 million
(https://www.nfi.edu/how-much-does-it-cost-to-make-a-movie/)
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It’s All Like a Movie

But a DIY shot of your dog playing might be more valuable

5



FPGA: The Cell-Phone Camera of Custom Hardware
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FPGA: The Cell-Phone Camera of Custom Hardware
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Cameras Got Better Over Time

Pentax *ist D
Year: 2003
Price (inflation adjusted): $2500 (body only)

Google Pixel 8
Year: 2023
Price: $700
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And So Did FPGAs

For two decades, FPGAs were fabrication technology drivers,
first to profit from Moore's law
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The “Let Moore Do It” Era of Programmable Interconnect Design

Rule 1: Minimize changes

Rule 2: Rely on intuition
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The End of an Era

Wire scaling has become problematic

16nm 7nm 3nm 11



The End of an Era

*higher is better

Source: Z. Weng and K. Tondehal.  Performance Advantages on OpenCores with Intel Agilex® 7 FPGAs. Intel White Paper 787066,  2023

16nm FPGA

7nm FPGA

Scaling no longer makes FPGAs faster
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The End of an Era

*higher is better

Source: Z. Weng and K. Tondehal.  Performance Advantages on OpenCores with Intel Agilex® 7 FPGAs. Intel White Paper 787066,  2023
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But how did Agilex get it better?
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How Did Agilex Get It Better?

Source: I. Ganusov, M. Iyer, N. Cheng, A. Meisler. Agilex™ Generation of Intel® FPGAs. Hot Chips 2020

By drastically redesigning the programmable interconnect architecture
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And What Was the Cost?

FPGAs now lag behind the latest technology by two full nodes 14



Can’t We Design Programmable Interconnect More Quickly?

Yes, by design automation
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What Makes Programmable Interconnect Design Automation Difficult?

1. Critical paths unknown at fabrication time
(before each user circuit is programmed)
=⇒ need to optimize for the typical case
=⇒ inherently empirical

2. Huge design spaces

possible
switch topologies
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So can we automate
programmable interconnect design?



Yes We Can!

(3.9% worse)all proposed algorithms applied

1.27

(20.5% worse)scaling with minimal optimizations (20.5% worse)scaling with minimal optimizations

1.27

(3.9% worse)all proposed algorithms applied

Moving to a future technology node without this thesis Moving to a future technology node with this thesis

*lower is better

But we still have some way to go!

Now that looks better!

This thesis introduced several new algorithms
that showed this possible.
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