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LLM for Program Optimization
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Pros: rich knowledge, scalable

Cons: no soundness guarantee

Pros: ensured soundness

Program Rewrite Systems Cons: limited scalability



Gaps Between Rewrite Systems and LLMs

Rewrite Systems / / > LLM

limited capability of

complex definition : :
in-context learning

Szalinski < 3K ‘[

90 rules, [Nandietal.2020]  [Pham et al. 2025]

~10K tokens
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Gaps Between Rewrite Systems and LLMs

Rewrite Systems < / / LLM

low-level rewrites high-level ideas
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Freshman’s Dream

(+ (+ x2 (* xy))
(+ (* xy) ¥y?))

l assoc. law

(+ x2 (*xy) (* xy)y?)

(+ x y)2— (+ x* y?)

Rules:

(+ ?x ?X) —> © .
A missing low-level structures

3k

103 steps 10° tokens ib; |

X2 «—> (* ?x ?X)

algebraic laws
(assoc., comm., dist.)



Background: Guided Equality Saturation (xeuier et al 2024]

human users can find useful
checkpoints w/o full details.
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Our Approach: LLM-Guided Equality Saturation

task R
description —

high-level queries l answers

low-level

— initial program —

(+ x y)? @egg

— rewrite system —

(+ ?x ?x)—™ 0 I

move through
low-level details



Our Approach: LLM-Guided Equality Saturation

task R
description —

high-level queries l answers

low-level

— initial program —

(+ x y)?

— checkpoint @ egg
(* (+ xy) (+ xy)) >

— rewrite system —

(+ ?x ?x)—™ 0 I

move through
low-level details



Core Component: Querier

LLM

A

queries

answers

v

Querier

pick from

Challenge 2: Direct Query
LLM is error prone

@ : show me a checkpoint.

E:(+x (x2xy) y?)
more informative
queries

i}

Cons: unreliable

Challenge 1:
numerous candidates

Pointwise Query
m: is (+ x y)? agood checkpoint?

& no.

Cons: ineffective



Our Design: Sub-Program Query + Correction

reduce the output

Sub-Programs Query scale / noise Error Correction Final Check
e
B : select a sub-program and rewrite |:> : extract with the |:> @ : is this the
it. smallest edit distance suggested checkpoint?
— VN
A ! cyrarm
ynamic
e-graph programming

: select a sub-program from (+ x y)ﬁj rewrite toward (+ x2 y2)

P+ xy)y— (+x2(*2xy)y?

: best expression: (* (+ x y) (+ x y)),distance: 15

tis (* (+ x y) (+ x y)) thesuggested checkpoint?

@B edPB

. NO.



Our Design: Sub-Program Query + Correction

reduce the output

Sub-Programs Query scale / noise Error Correction Final Check
e
B : select a sub-program and rewrite |:> : extract with the |:> @ : is this the
it. smallest edit distance suggested checkpoint?
— VN
A ! cyrarm
ynamic
e-graph programming

n:selectasub—program from (+ x y)2 andrewrite toward (+ x2 (* 2 x y) y?)

@: (+ x y)2— (* (+ xy) (+ xy))
{53 : best expression: (* (+ x y) (+ x y)),distance: 0

ﬁ:is (* (+ x y) (+ x y)) thesuggested checkpoint?

@: yes!
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Our Design: Sub-Program Query + Correction

Full Trace (3 iteration limit for saturation)

Round Initial Expression & Suggested @ Extracted
1 (+ x y)? (* (+ xy) (+ xy))
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Case StUdy on Lean [KEHLER et al. 2024]

- Lean Theorem

theorem inv_mul :
(a * b)—l = bl * 51

—

— Rewrite Task

Goal: (* ab)'!— (* b?! atl)
Rules: (* ?x 1) «— ?x
(* ?x ?x1) «— 1

(* 2x (F 2y 2z)) «— (* (¥ ?x ?y) ?2z)

:> (.g) Guided

Equality Saturation
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Case StUdy on Lean [KEHLER et al. 2024]

— Lean Theorem — Rewrite Task
theorem inv_mul : |:> Goal: (* a b)t—> (* bl al)
(a * b)™* =b* * at Rules: (* ?x 1) «— ?x

(* ?x ?x1) «— 1

(* 2x (F 2y 2z)) «— (* (¥ ?x ?y) ?2z)

~
:> W LLM-Guided

task description  Equality Saturation

Group Theory Ring with Char. 2 Binomial Theorem
theorem inv_mul_c_left: theorem freshman: theorem binomial:
at *(a*b)=>b (X +y)>= (x* +y?) n! n!
theorem mul_inv_c_left: theorem freshman3: (r-D!(n-r+ 1! " r'(n—-r)!
a* (at *b)=>b (x +y)? = (n+1)!
theorem one_inv: 11 =1 X2+ X%y + xy? + y’ T rin+1-1)!
theorem inv_mul: "
(a * b)* =b**at (+ ?x ?2x)— 0

theorem inv_inv: a! 1= a
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Case StUdy on Lean [KEHLER et al. 2024]

(a * b)?

}

(a * b)1*1

}

(a * b)-l * (a * a-l)

o

1 — ?x * ?x1

—Z—

used only for rb‘

important tricks

(a*b)-l* (a*b) *

(b-l * a-l)
J«

b-l 3k a-l

(a * b)1 )

equality saturation w/o
1 — ?x * ?x?

(a *b)1*x1

V

Customize the applier to let ?x
match all e-classes

Cons: inefficient

—>

(a * b)1* (a* al)

—
apply once :> g,
1 — ?x * ?x-1 I?‘:;

~ N
A
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Future Work

Rise DSL optimize array-operating
[KEHLER et al. 2024] programs

Szalinski synthesize structured
[Nandi et al. 2020] CAD models
* ~100rules, 10K tokens e customized DSL

* entangled with solvers, type systems, heuristics, ...

(Binop Union

(Binop Diff
(Affine Trans (Vec3 30 60 15)
(Affine Scale (Vec3 60 120 30)
(Affine Trans (Vec3 -0.5 -0.5 -0.5)
(Cube (Vec3 1 1 1) false))))
(Binop Union
(Binop Union
(Binop Union
(Binop Union
(Binop Union
(Binop Union
(Binop Union
(Binop Union

105 LOC in a Szalinski’s DSL

—
©

04-mini

Good News: LLMs are good at
“understanding” new DSLs

®\: Hereisa DSL program describing
a CAD model. What the modelis?

@: a rectangular box with a 3 X5
array of rectangular through-slots cut
into one face, plus a shallow backing
box on the other side
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Summary

LLM

Pros: rich knowledge, scalable
Cons: no correctness guarantee

£

Rewrite System

Pros: ensured correctness
Cons: limited scalability

Thank you!

| task . LLM |
| description |
| queries“ answers i
Querier
: e-graph” checkpoint |
" initial Rewrite
| program Syste\m) |
' low-level Oegg
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