L.earning to Compile Programs to Neural Networks
LLogan Weber, Jesse Michel, Alex Renda, Michael Carbin

MIT

Neural Surrogates of Programs Data Efficiency Improvements

A neural surrogate of a program is a neural network that
approximates the behavior of a program.

XX,

We evaluate whether CompNet-initialized surrogates
Improve test loss over random Initialization, when
finetuned on |/O pairs. We compare to model-agnostic
meta learning (MAML) [4] and pretrained surrogates.
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ExeStackCPN ParrotBenchCPN

) Dataset Size CPN MAML PTS % Data CPN  MAML PTS
Loyer 0% 84.40x 1.42x  2.63x 0% 1.81x 0.90x  1.56x
0.1% 10.43x 0.91x  0.87x  0.1%  1.98x 094x  0.98x
1% 2.90x  0.51x  0.90x 1% 1.77x  0.93x  0.79x%
| | 10% 4.12 % 1.54x  0.88x 10% 2.38x 1.11x 1.23 %
Researchers train these neural surrogates by collecting 100% 6.67x  1.53x  0.76x  100% 1.68x 0.81x  0.86x

/0O pairs from the program.

Training Time Improvements

Neural Surrogate Compilation
We evaluate whether CompNets improve training time,

We present an alternative to standard neural surrogate when finetuned on I/0 pairs.

development: neural surrogate compilation.
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We develop a neural surrogate compiler using a 0
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network weights as output [1]. ’
| ParrotBenchCPN
"' Y Surrogate ¥ Program  CPN MAML PTS
o] > . o —
— i IEE oo I fft 1.43 x 0.83x  0.80x
-' Encoder I Loy invk2j 0.49x 0.65x  0.56%
> kmeans 674.47x  2.15x  86.87x
i g sobel  0.74x 1.14x  0.79x
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End-to-End Error Improvements

We call this architecture CompNet.

We evaluate whether CompNets improve end-to-end
error In a color quantization application.

Datasets

To train neural surrogate compilers, we develop ExeStack, Dataset Size: 0%

return x + y;

Original True CPN MAML PTS RND
a dataset of executable programs from The Stack [2]. =)
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) { return x+y; }
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Mean Squared Error

(1 Run C preprocessor (4) Collect I/0 pairs

(2) Extract functions (5) Remove nondeterministic

CPN MAML PTS

Dataset Size RND

@ Remove functions with @ functions 0% 2.67-103+541. 2.79-103+347. 3.04-103+63.0 3.05-103 + 0.00
- - Dedubplicate 0.1% 984. £ 733. 1.79 - 10° £ 554. 1.73-10% £ 725. 1.43-10° + 544.
pointer and numeric types P 1% 528. + 219. 782. + 300. 760. + 256. 619. + 249.
10% 452. + 222. 717. + 212. 690. + 195. 782. + 307.
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CompNets and develop ParrotBenchCPN to evaluate
COmpNets_ Structured Similarity Index Measure
Dataset Size CPN MAML PTS RND
ExeStackCPN C ExeStack 0% 0.33+0.11 0.26+0.03 0.25+0.02 0.25+0.0
ParrotBenchCPN C ParrotBenCh [3] 0.1% 0611015 0454+0.12 047=+0.16 0.53 +0.09
1% 0.72+0.12 0.64+0.11 0.65+0.10 0.70+0.11
10% 0.76 £0.12 0.64+0.09 0.64+0.08 0.63+0.08
100% 0.73+0.13 0.62+0.08 0.64+0.05 0.65+0.06
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