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The initial Idea
Summer Institute of Symbolic Logic, Cornell University (1957)
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Church, Alonzo. "Application of recursive arithmetic to the problem of circuit synthesis." 
Journal of Symbolic Logic 28.4 (1963).
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Program Space

Machine 
Learning
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Modern Program Synthesis

User Goal

Program Space

Machine 
LearningDomain Specific Language (DSL)

C++, Python, Java

Input/Output Examples
Natural Language Specifications

Search-based Methods
Neural Program Synthesis

Inductive programming
...

Real-world Code
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Applications: Code Generation
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Applications: Data Management
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User Goal

Program Space

Excel Table

Custom DSL

Input/Output Examples

Flash Fill
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Applications: many more...
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● Smart auto-complete for IDEs (Hindle et al., 2012, Bhoopchand et al., 2016)

● Deobfuscating Android code (Bichsel et al., 2016)

● Automatic Bug identification (Goues et al., 2019)

● Code summarization (Zügner et. al, 2021)

● ...
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Overview

● Program Induction (Program by Example)

● Neural-Guided Program Synthesis

● Learning Program Representations

● Future Challenges
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FlashFill (Gulwani, 2011)
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FlashFill (Gulwani, 2011)
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Input/Output
Examples

Suggestions 
made by the 

inferred 
program
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FlashFill (Gulwani, 2011)
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Excerpt of the Domain Specific 
Language (DSL) for FlashFill
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Excerpt of the Domain Specific 
Language (DSL) for FlashFill
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FlashFill (Gulwani, 2011)
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Given each input/output pair 
(σ, s), generate all the 
possible program 
expressions that matches 
the input σ to the output s.
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FlashFill (Gulwani, 2011)
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Partition the examples such 
that inputs in the same 
partition are handled by the 
same program in the 
Switch construct.
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FlashFill (Gulwani, 2011)
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We construct a boolean 
classification scheme to 
match each input to a 
partition, hence, to a 
specific trace (program).
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FlashFill (Gulwani, 2011)
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We return the complete 
expression, that match each 
new input to its 
correspondent program
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Program Induction (Program by Example)

● The generated program must satisfy all the examples provided

● Conflicting or ambiguous examples

○ How do we cope with that? Are there any strategies we can use to disambiguate?

● Heuristics needed to improve the results

● DSL language must be expressive enough
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● Exponential program space

● Use a deep learning model to guide the program space search

● Deep learning deals with ambiguous examples

● Learn programs that can better generalize
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Neural-guided Program Synthesis
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● Exponential program space

● Use a deep learning model to guide the program space search

● Deep learning deals with ambiguous examples

● Learn programs that can better generalize

Search Policy
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● Exponential program space

● Use a deep learning model to guide the program space search

● Deep learning deals with ambiguous examples

● Learn programs that can better generalize

Neural-guided Program Synthesis
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Choose the best 
next instruction



15th December 2021
Introduction to Program Synthesis

Advanced Topics in Machine Learning and Optimization 

Neural-guided Program Synthesis
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Neural Network Code(Discrete)
Program Space
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DeepCoder (Balog et al., 2017)
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Input/output Examples 
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CodeNeural Network
(Discrete)

Program Space
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Neural Network Code(Discrete)
Program Space
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Neural Programmer-Interpreters 
(Reed & de Freitas 2016)
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Execution Traces Neural Network Code

Program Library
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Neural Programmer-Interpreters 
(Reed & de Freitas 2016)
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Execution Trace
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AlphaNPI (Pierrot et al., 2019)
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NPI
Monte Carlo Tree 

Search
Code

AlphaNPI

Traces



15th December 2021
Introduction to Program Synthesis

Advanced Topics in Machine Learning and Optimization 

AlphaNPI (Pierrot et al., 2019)

45



15th December 2021
Introduction to Program Synthesis

Advanced Topics in Machine Learning and Optimization 

AlphaNPI (Pierrot et al., 2019)

46

NPI
Monte Carlo Tree 

Search
Code

AlphaNPI

Traces



15th December 2021
Introduction to Program Synthesis

Advanced Topics in Machine Learning and Optimization 

AlphaNPI (Pierrot et al., 2019)

47



15th December 2021
Introduction to Program Synthesis

Advanced Topics in Machine Learning and Optimization 

Overview

● Program Induction (Program by Example)

● Neural-Guided Program Synthesis

● Learning Program Representations

● Future Challenges

48



15th December 2021
Introduction to Program Synthesis

Advanced Topics in Machine Learning and Optimization 

Overview

● Program Induction (Program by Example)

● Neural-Guided Program Synthesis

● Learning Program Representations

● Future Challenges

49



15th December 2021
Introduction to Program Synthesis

Advanced Topics in Machine Learning and Optimization 

Learning Program Representations
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1. Discrete search space vs Continuous search space

2. Code = semantic + structural components

3. Large source code datasets (e.g., Github, Bitbucket)

4. Program embeddings can be used for many downstream tasks
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Program Dataset
(e.g., Github)

Encoder Decoder

Program 
Embedding

Neural Network
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Code Transformer (Zügner et. al, 2021)
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1. Learn a language-agnostic model for code over multiple languages

2. Exploit both context and structure of the source code
a. They shows that context alone leads to lower performance

3. Extends Transformer to encode possible structure of the input domain

4. Provide good results on the code summarization task
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Code Transformer (Zügner et. al, 2021)
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The Attention formula is adapted from Dai et al. (2019) and Yang et al. (2019). They include 
the relative position encoding.            

           indicates the relative distance between token i and token j in the sequence.
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MASKED



15th December 2021
Introduction to Program Synthesis

Advanced Topics in Machine Learning and Optimization 

Code Transformer (Zügner et. al, 2021)

59

MASKED
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Reconstruction 
Loss
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Behaviour 
Loss
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Tasks from the Karel domain
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Tasks from the Karel domain

https://clvrai.github.io/leaps/

https://clvrai.github.io/leaps/
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Program Synthesis as Latent Continuous Optimization
(Liskowski et al., 2020)
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● Combine Evolutionary Algorithm + Program Embeddings

● Use CMA-ES as numerical optimization strategy

● Benchmark their method on a set of 16 program synthesis tasks
a. The tasks are very simple programs, such as Mal’cev term or discriminators
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Program Synthesis as Latent Continuous Optimization
(Liskowski et al., 2020)
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Initial Population Selection Mating Mutation/Crossover

Evaluation 
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Future Challenges
1. Deal with underspecification to understand what the user really want

2. Study reasoning/planning over the latent space

3. Novel algorithm discovery with minimal supervision

4. Apply program synthesis techniques to everyday software programming 
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Future Challenges
1. Deal with underspecification to understand what the user really want

2. Study reasoning/planning over the latent space

3. Novel algorithm discovery with minimal supervision

4. Apply program synthesis techniques to everyday software programming 

For those interested in, some thesis are available on the broad topic of 
program synthesis, interactive program synthesis, etc.!

78
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Questions?
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Resources
Program Induction

1. Gulwani, Sumit. "Automating string processing in spreadsheets using input-output examples." ACM Sigplan Notices 46.1 (2011).
(https://dl.acm.org/doi/pdf/10.1145/1925844.1926423)

2. Graves, Alex, et al. Hybrid computing using a neural network with dynamic external memory. Nature 538, 471–476 (2016). 
(https://doi.org/10.1038/nature20101)

3. Graves, Alex, Greg Wayne, and Ivo Danihelka. "Neural turing machines." arXiv preprint arXiv:1410.5401 (2014). 
(https://arxiv.org/abs/1410.5401)

4. Balog, M., et al. "DeepCoder: Learning to write programs." 5th International Conference on Learning Representations, ICLR 
2017-Conference Track Proceedings. 2019.
(https://arxiv.org/pdf/1611.01989)

Neural-Guided Program Synthesis

5. Reed, Scott, and Nando De Freitas. "Neural programmer-interpreters." arXiv preprint arXiv:1511.06279 (2015). 
(https://arxiv.org/abs/1511.06279)

6. Pierrot, Thomas, et al. "Learning Compositional Neural Programs with Recursive Tree Search and Planning." Advances in Neural 
Information Processing Systems 32 (2019): 14673-14683. 
(https://openreview.net/forum?id=rJg1aBHgUB)

7. Bunel, Rudy, et al. "Leveraging Grammar and Reinforcement Learning for Neural Program Synthesis." International Conference on 
Learning Representations. 2018. 
(https://openreview.net/forum?id=H1Xw62kRZ)
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Resources
Learning Program Representations

1. Chen, Mark, et al. "Evaluating large language models trained on code." arXiv preprint arXiv:2107.03374 (2021). 
(https://arxiv.org/pdf/2107.03374)

2. Zügner, Daniel, et al. "Language-Agnostic Representation Learning of Source Code from Structure and Context." International 
Conference on Learning Representations. 2021. (https://openreview.net/pdf?id=B1lnbRNtwr)

3. Hellendoorn, Vincent J., et al. "Global relational models of source code." International Conference on Learning Representations. 2020. 
(https://openreview.net/forum?id=Xh5eMZVONGF)

4. Allamanis, Miltiadis, Marc Brockschmidt, and Mahmoud Khademi. "Learning to Represent Programs with Graphs." International Conference 
on Learning Representations. 2018. (https://openreview.net/forum?id=BJOFETxR-)

1. Trivedi, Dweep, et al. "Learning to Synthesize Programs as Interpretable and Generalizable Policies." Thirty-Fifth Conference on Neural 
Information Processing Systems. 2021. 
(https://papers.nips.cc/paper/2021/file/d37124c4c79f357cb02c655671a432fa-Paper.pdf)

2. Liskowski, Paweł, et al. "Program synthesis as latent continuous optimization: evolutionary search in neural embeddings." 
Proceedings of the 2020 Genetic and Evolutionary Computation Conference. 2020.
(https://dl.acm.org/doi/pdf/10.1145/3377930.3390213)

3. Real, Esteban, et al. "Automl-zero: Evolving machine learning algorithms from scratch." International Conference on Machine Learning. 
PMLR, 2020.
(http://proceedings.mlr.press/v119/real20a/real20a.pdf)
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Resources
General Other Resources

1. Machine Learning for Big Code and Naturalness - https://ml4code.github.io/
General website which should serve as a gathering point of many research works related to program synthesis and machine learning for code.
See also the associated paper https://arxiv.org/abs/1709.06182.

2. MIT Course “Introduction to program synthesis” - https://people.csail.mit.edu/asolar/SynthesisCourse/index.htm
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Some of the pictures were taken directly from the discussed papers. Otherwise noted, all the rights are reserved to the 
corresponding authors.

The initial part of this talk (introduction and flash fill analysis) was greatly inspired by the fantastic talk of Alex Polozov, that you can 
find at this link https://www.microsoft.com/en-us/research/video/advanced-machine-learning-day-3-neural-program-synthesis/ 
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