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Machine Learning as Program Synthesis

Specification Program
(Data)

More Complex Tasks
Strong Generalization
Interpretability

Democratize 
Programming



Search-based Program Synthesis

Tremendous Progress
Constraint-based Synthesis (Sketch)
Version-space Algebra (FlashFill)
Enumerative Search (Transit)

Challenge: Scalability, Generalizability

Rajeev Alur, Rishabh Singh, Dana Fisman, Armando Solar-Lezama. CACM 2018



Human Programmers

Spec

Natural Language
Partial Programs

I/O Examples

Logic Basics Experience Samples



Program Synthesis vs Differentiable Programming



Differentiable Neural Computer

Graves et al. Nature 2016



Neural Random Access Machines

Karol Kurach, Marcin Andrychowicz, Ilya Sutskever et al. ICLR 2016

Differentiable Semantics



Program Induction vs Synthesis

Program Induction
Differentiable computation
Generalization Challenges

Lots of Examples
Single-task Learning

Non-interpretable programs

Program Synthesis
Functional Abstraction
Better Generalization

Fewer Examples
Multi-task Learning

Interpretable Programs



Human-like Programming vs Search
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5 Mistakes vs Completely correct
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Human-like Programming
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Intuition vs Enumeration

Improvements with Experience

Multi-modal Specifications

Sub-problems + Compositions

5 Mistakes vs Completely correct

No Super-human computation!



SmartFill



SmartFill



DSL Synthesizer

Training Data 
Generator

Neural Model

Neuro-symbolic Program Synthesis

Program Semantics

E. Parisotto, A. Mohamed, R. Singh, L. Li, D. Zhou, P. Kohli. ICLR 2017



Synthetic Dataset Generation



Real-world Test Data



Encoder-Decoder Architecture

I/O Encoder

Examples

Program Decoder



I/O Encoder



Encoding Multiple I/O Examples



92% Generalization Accuracy



Synthesis vs Differentiable Programming



Neural Program Embeddings



Graph-based Program Embedding

Miltiadis Allamanis, Marc Brockschmidt, Mahmoud Khademi. ICLR 2018



Code2vec

Uri Alon, Meital Zilberstein, Omer Levy, Eran Yahav. POPL 2019



Code2vec

Uri Alon, Meital Zilberstein, Omer Levy, Eran Yahav. POPL 2019



Code2Seq

Uri Alon, Shaked Brody, Omer Levy, Eran Yahav. ICLR 2019



Program Execution Embedding

Ke Wang, Rishabh Singh, Zhendong Su. ICLR 2018



Program Execution Embedding

Ke Wang, Rishabh Singh, Zhendong Su. ICLR 2018



GREAT Model (Transformer+Relational Attention Bias)

Vincent Hellendoorn, Charles Sutton, Rishabh Singh, Petros Maniatis, David Bieber. ICLR 2020



Human-like Programming
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Intuition vs Enumeration

Improvements with Experience (Execution)

Multi-modal Specifications

Sub-problems + Compositions

5 Mistakes vs Completely correct



Karel

R. Bunel, M. Hausknecht, J. Devlin, R. Singh, P. Kohli. ICLR 2018



Karel the Robot

Input Output Program



Karel DSL



Synthetic Data Generation

Sample Random Programs & I/O Examples

                Synthetic Datasets for Neural Program Synthesis. R. Shin, 
N.Kant, K. Gupta, C. Bender. B. Trabucco, R. Singh, D. Song ICLR 2019



Synthesis Architecture



Multiple Consistent Programs

Input Output



REINFORCE w/ Execution Feedback

1. Supervised training on synthetic dataset

2. Given I/O, Sample  a program P from model

3. Execute P on I to get O’, O’ = P(I)

4. If O = O’, +1 Reward, else 0 Reward

Top-1 Top-5

Supervised 71.91 80.00

REINFORCE 71.99 74.11

Beam REINFORCE 77.68 82.73



Human-like Programming
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Intuition vs Enumeration

Improvements with Experience

Multi-modal Specifications

Sub-problems + Compositions

5 Mistakes vs Completely correct



TF-Coder: Program Synthesis 
for Tensor Manipulations

Kensen Shi, David Bieber, Rishabh Singh arxiv 2020



Tensor Transformations in 

Programmers need to track
Multiple dimensions
Tensor shape and DType compatibility
Mathematical correctness & Efficiency

~500 APIs



Users ask for help on StackOverflow

https://stackoverflow.com/questions/53054668/

https://stackoverflow.com/questions/53054668/


Users ask for help on StackOverflow

https://stackoverflow.com/questions/53054668/

https://stackoverflow.com/questions/53054668/


TFCoder Overview

Find the indices of all elements

TFCoder



Two Learnt Models

Natural Language TF API distribution

I/O Examples TF API distribution



Natural Language Model

TF-IDF based 
cosine 
similarity



Neural Guided Program Compositions



Solves More Tasks + 38% Faster



Human-like Programming
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Intuition vs Enumeration

Improvements with Experience

Multi-modal Specifications

Sub-problems + Compositions

5 Mistakes vs Completely correct



Latent Programmer: Discrete Latent 
Codes For Program Synthesis

Joey Hong, David Dohan, Rishabh Singh, Charles Sutton, Manzil Zaheer. arxiv 2020



Learning to Decompose & Compose

ComposeDecompose

Problem Sub-problems



Latent Programmer



Latent Programmer Architecture



Two-level Guided Exploration



Human-like Programming
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Intuition vs Enumeration

Improvements with Experience

Multi-modal Specifications

Sub-problems + Compositions

5 Mistakes vs Completely correct



Program Synthesis with a 
Differentiable Fixer

Matej Balog, Rishabh Singh, Petros Maniatis, Charles Sutton. arxiv 2020



Incorrect Decoded Programs
Input (v) Output

Mark Henry M. Henry

Barry M. Myers B. Myers

Michael Jones M. Jones

Jon Sanders J. Sanders

Concat(SubStr(0,1), SubStr((Word, 2, Start),
                              (Word, 2, End))

RobustFill



Incorrect Decoded Programs
Input (v) Output Output’

Mark Henry M. Henry M. Henry

Barry M. Myers B. Myers B. M

Michael Jones M. Jones M. Jones

Jon Sanders J. Sanders J. Sanders

Concat(SubStr(0,1), SubStr((Word, 2, Start),
                              (Word, 2, End))

RobustFill



Beam Search over Program Distribution
Input (v) Output

Mark Henry M. Henry

Barry M. Myers B. Myers

Michael Jones M. Jones

Jon Sanders J. Sanders

RobustFill
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Learning to Fix Mistakes
Input (v) Output Output’

Mark Henry M. Henry M. Henry

Barry M. Myers B. Myers B. M

Michael Jones M. Jones M. Jones

Jon Sanders J. Sanders J. Sanders

Concat(SubStr(0,1), SubStr((Word, -1, Start),
                              (Word, -1, End))

Differentiable Fixer



Synthesis with Differentiable Fixer



Synthesis with Differentiable Fixer

Number of Expressions changed

Fix distance from the End



Human-like Program Synthesis
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Intuition vs Enumeration

Improvements with Experience

Multi-modal Specifications

Sub-problems + Compositions

5 Mistakes vs Completely correct

RobustFill [ICLR 2017, ICML 2017]

Karel [NeurIPS 2017, ICLR 2018]

TF-Coder [arxiv 2020]

Latent Programmer [2020], Bustle [ICLR 2021]

Differentiable Fixer [2020]



Human-like Program Synthesis

New Neural Architectures

Differentiable Reasoning

Learning w Rich Feedback

General Real-world Programs


