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ML approaches to correctness in code generation

▶ Extensive unit testing
▶ Coverage
▶ Writing tests is not trivial

▶ Surrogate ML model
▶ Round-trip
▶ Trust issues

▶ Limit ML to short sequences of
instructions
▶ Limit ML to a set of determined

transformations
▶ Not general

▶ Symbolic execution
▶ Not well established

Edsger W. Dijkstra
“Program testing can be
used to show the presence
of bugs, but never to show
their absence!”
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All you need is to sample the set of correct transformations

▶ ML codegen is transformations on a reference implementation
▶ ML can explore the space of transformations to find a faster version
▶ But we also need correctness
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TADASHI: loop transformations with correctness check

train.py

app = Simple("./ input.c")
loop_nests = tadashi.Scops(app)

model = Model()
for _ in range (10):

tr = model.sample_tran(loop_nests)
legal = loop_nests.transform(tr)
if legal:

loop_nests.generate_code ()
t = app.compile (). measure ()
model.update(tr , t)

input.c

for (int t=0; t<T; t++) {
for (int i=2; i<N-1; i++)
b[i] = (a[i-1] + a[i] + a[i+1])/3;

for (int j=2; j<N-1; j++)
a[j] = b[j];

}

output.c

for(int c0=0; c0<T; c0+=1) {
b[2]=(a[1]+a[2]+a[3])/3;
for(int c1=2*c0+3; c1<N+2*c0 -1; c1+=1) {

b[-2*c0+c1] = (a[-2*c0+c1 -1] + a[-2*c0+c1] +
a[-2*c0+c1 +1])/3;

a[-2*c0+c1 -1] = b[-2*c0+c1 -1];
}

a[N-2] = b[N-2];
}
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Tadashi
Choice of ML models:

Supervised learning

Sample: Random primitive transformation

Unsupervised learning (LLMs)

Sample: Random composite transformations for a dataset

Evolutionary algorithms

Sample: Random sequence of primitive transformations

Auto-tuning

Sample: Grid/interval of composite transformations

Reinforcement learning

Sample: Neighbouring primitive transformations

Any ML model

" FullFuse()

" FullShiftVar(2, 0)

" PartialShiftVal(0, 1)

" SetLoopOpt(0, 3)



Reinforcement learning

▶ Actions = primitive transformations; Reward = walltime; Environment =
correctness
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Reward = 42𝑠



Supervised learning
▶ Dataset generation (legal transformations); Sample label: runtime

Set of all transformations:
legal (") and illegal ($)
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Evolutionary algorithms

▶ Exploration and explorations; Candidates = transformations; Objective
function = runtime

Gen1Gen2Gen2
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LLM agents

▶ Dataset generation; High quality correct transformations; Caveat!
Hallucinations are possible!
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codeX.c

for (int t=0; t<T; t++) {
for (int i=2; i<N-1; i++)
b[i]=(a[i-1]+a[i]+a[i+1])/3;

for (int j=2; j<N-1; j++)
a[j]=b[j];

}

codeX-vY.c

for(int c0=0; c0 <T; c0+=1) {
b[2]=(a[1]+a[2]+a[3])/3;
for(int c1=2*c0+3; c1<N+2*c0 -1; c1+=1) {

b[-2*c0+c1] = (a[-2*c0+c1 -1] + a[-2*c0+c1] +
a[-2*c0+c1 +1])/3;

a[-2*c0+c1 -1] = b[-2*c0+c1 -1];
}

a[N-2] = b[N-2];
}



Auto-Tuning
▶ Brute forcing on a bounded region of the space (grid search)
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Grand vision

Large scale optimisation framework

New
supercomputer

Train
Tadashi

New code Inference ©

Wise words
Spending 6h on the whole machine to make the code 5% faster will
pay off. – N. D.



Now: Support C, Harness, and Transformations

TrEnum Args
TILE tile size
INTERCHANGE –
FULL_FUSE –
FUSE 2 loop indices
FULL_SHIFT_VAL const shift value
PARTIAL_SHIFT_VAL stmt idx, const shift value
FULL_SHIFT_VAR coeff, shift iter idx
PARTIAL_SHIFT_VAR stmt idx, coeff, shift iter idx
FULL_SHIFT_PARAM coeff, shift param idx
PARTIAL_SHIFT_PARAM stmt idx, coeff, shift param idx
SCALE coeff
SET_PARALLEL –
SET_LOOP_OPT AstLoopType enum



Future:

▶ New language
▶ Fortran (MLIR, Polygeist)
▶ CUDA (PPCG?)

▶ Better use of the polyhedral model
▶ New transformations: Loop

fission, unrolling, etc.
▶ Expansion and extension nodes
▶ More efficient legality check

▶ Harness/infrastructure
▶ Scheduler support (slurm, pjsub)
▶ Compiler flags

▶ ML (target list)
▶ Reinforcement Learning
▶ LLM Agents
▶ Auto-Tuning
▶ Supervised Learning
▶ Evolutionary Algorithms



Random RL

def train_model(app, num_iter=3, net=Model()):
loop_nests = LoopNests(app)
ln = loop_nests[0]
for i in range(num_iter):
loop_idx, tr, args = net.transform(ln)
loop = ln.schedule_tree[loop_idx]
legal = loop.transform(tr, *args)
if not legal:
node.rollback()
continue

loop_nests.generate_code("output.c")
app.compile()
t = app.measure()
# net.update(loop_idx, tr, args, legal, t)



Breakdown (primitive)
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Primitive transformations

Execution time
Compilation
Code generation
Transformation + legality
Extraction



Breakdown (10 seq)
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Throughput
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Representations

Different levels of abstraction
▶ source code [Stein: Paraphrasing etc.]
▶ abstract syntax tree (AST) [Shido: Tree-LSTM etc.]
▶ polyhedral [Baghdadi: Tiramisu]
▶ dependency graphs [Cummins: ProGraML]
▶ intermediate Representations (IR) [Ben-nun: inst2vec]
▶ assembly instructions [Deepmind: Faster sorting]



Polyhedral model

Components

1. DS = fS[~i] 2 Zn : A~i+ b � 0g

2. �(S[i; j]) = t = (i; j)

3. G = (V;E):
▶ V = fS0; S1; : : :g,
▶ E = fSi[~d] 7! Sj [~r]; : : :g

Mini example

for(int i = 0; i < N; i++)
for(int j = 1; j < M; j++)
A[i, j] += A[i, j-1]; // S[i,j]



𝑖

𝑗

"
(a) �(S[i; j]) = (i; j)

𝑖

𝑗

"
(b) �(S[i; j]) = (j; i)

𝑖

𝑗

"
(c)
�(S[i; j]) = (i+ j; j)

𝑖

𝑗

$
(d)
�(S[i; j]) = (i;�j)

Legality check

S𝐺:

𝑆[𝑖, 𝑗 − 1] ↦→ 𝑆[𝑖, 𝑗]

(𝑖 + 𝑗 − 1, 𝑗 − 1) ↦→ (𝑖 + 𝑗 , 𝑗)

𝜃 (𝑆[𝑖, 𝑗]) = (𝑖 + 𝑗 , 𝑗)

𝛿 = (𝑖 + 𝑗 , 𝑗) − (𝑖 + 𝑗 − 1, 𝑗 − 1)
= (1, 1) >LEX ®0

S𝐺:

𝑆[𝑖, 𝑗 − 1] ↦→ 𝑆[𝑖, 𝑗]

(𝑖,− 𝑗 + 1) ↦→ (𝑖,− 𝑗)

𝜃 (𝑆[𝑖, 𝑗]) = (𝑖,− 𝑗)

𝛿 = (𝑖,− 𝑗) − (𝑖,− 𝑗 + 1)
= (0,−1) ≯LEX ®0



End-to-end example

import tadashi
app = tadahis.Simple("input.c")
scops = tadahi.Scops(app)
node = scops[0].schedule_tree[1]
tr, args = tadashi.TrEnum.TILE, 16
legal = node.transform(tr, args)
if legal:

scops.generate_code(output_path="output.c")
app.compile()
t = app.measure()
printf(f"Walltime: {t}")



input.c
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That’s all folks!

▶ i. https://vatai.github.io/
▶ ii. https://github.com/vatai/tadashi/
▶ iii. https://arxiv.org/abs/2410.03210

i. ii. iii.
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