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Hardware Development Timeline

Specification

RTL Bringup f\ Verification & Bug Fixes

High Level Synth Equivalence Checking
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Exploring the Maze

Architectural Design Space

R,

Architect

HI_S m

|_og|c synth 3

4

AyG ‘ ACCELERATED COMPUTING
\ - SYSTEMS AND GRAPHICS

|
5

RTL Engineer

Media Kernel

& HLS |
200 1 Logic Synth
. -e o
100
0 ‘ . . . .
0.2 0.4 0.6 0.8 1.0 12
Delay (ns)
Intel Confidential intel 4



E-Graphs © egg: e-graphs good

Data structure — efficient rewrite engines

Compact representation of equivalent designs

Maintain history

Enable efficient design space exploration

Constructive rewrite application — phase ordering

x*x2=x<K1

Operators/
Operand's Equivalence

\ Classes
/

Integer x
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Rewriting the E-graph
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Applying further rewrites

2

Final E-graph — choose “best” from equivalent designs?

- (x+y)

e 1x(x+y),1x1x(x+y),..

Contains full history and infinitely many equivalent designs
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ROVER: Automating Datapath Optimisation

Goals: Increase productivity & increase IP quality

Target: Numerical ASIC Hardware Optimisation
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Rewrites — Parameterizable & Conditional

« arithmetic identities

* logicidentities

* toolcorrelation

* constant expansion

« arithmetic logic exchange
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Encoding logic synth optimisations

K
Sufficient Condition
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Extraction & Verification

= Theoretical 2 input gate count cost metric —area only

= Bitwidth dependent operator cost

= Integer Linear Programming (common sub-expressions)

minimize: E cost(n)x, subject to:
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; Checker O need to trust rewrites
o Detects broken rewrites
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Results
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HLS Comparison

Media Kernel
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Stratus — bit level optimisations
- didn’t cross architectural boundary

ROVER - clustered arithmetic ops
— moved logic out the way
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Multiple Constant Multiplication

Optimal circuit to generate: Optimised
{a; Xx,a, X x,...,a, X x}

integerconst  integer variable

Matches operator count from [1] Naive

Rewrites: : § ! -
c—>2>1(_c)§>_1)1+ c[0] L,./ v\‘ ﬂ.l
l Voo

7=2%X34+1=2xQ2+1)+1=4+3 3x 7x 21x 21x 3x 7x

[1] - N. M. Sarband, O. Gustafsson and M. Garrido, "Obtaining Minimum Depth Sum of Products from Multiple Constant Multiplication," 2018
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Parameterisable RTL — FIR Kernel

Easy-to-use but do we sacrifice quality?

Yes — optimal RTL design varies with parameter values
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Cost Metric Validation

= Agreed with logic synthesis on 56% of parameterizable testcases
* Limited by lack of delay model

» Doeslogic synthesis generate predictable results?

Logic Synthesis Fuzzing

Randomly Rename
Variables

1.025 A

Semantically preserving

mutations
Re-order

always blocks

Expectidentical results

30 fuzzed RTLs

MNormalised Logic Synthesis Area

0.925 A

Synopsys Design Up to 15% difference...
Compiler
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Conclusions

o Applied E-Graphs to datapath optimisation }/e
o Matched human designer on Intel testcase

o Verified RTL generated RTL Engineer

But, are syntactic rewrites enough?

1x..x X...X

= Intermediate Value Analysis
= Domain Specific Rewrites

Leading Zero
Count

Combining E-Graphs with
Abstract Interpretation

Where is the leading 17
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Rewrite Table
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Class

Name

Left-hand Side —» Right-hand Side

Sufficient Condition

Bitvector
Arithmetic
Identities

Bitvector
Logic
Identities

Constant

Expansion

Arithmetic
Logic
Exchange

Merging

Commutativity

Add

Associativity

Slulpa << b)) << ) — (Lo << (,b+ .
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True
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b? ja: ,a) — ,a
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True
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One to Two Mult Sl xx) = (L (2% ,x) — x)

Apat (b >> 0) (L (e << ue) +b) > .0)

Add Right Shift

Sel Add

Move Sel Zero

Merge Additions

FMA Merge
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q=>p

g>tAs>p+2%—1
Av > max(s,t)

True

Agn—1 > max(pn_1,pn)

s> p+gAt>max(s,r)

XPU Architecture and IP Engineering - GFx Numerical Hardware Group

Intel Confidential

intel.

17



