
Functional Program Recognition

in Synthesis
Michael B. James   &   Nadia Polikarpova

1



2

Github Copilot is here
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“Does this program solve my task?”
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Program

Recognition

Functional Haskell: Functional, Highly Polymorphic

Synthesis: Specification in, Program out

Evaluation: Is the program that I need here?
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Observational Study
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Observational Study

- Think-aloud

- 4 Haskellers


- 2 - 10 years experience

- 5 Tasks each


How do functional programmers recognize 
the right program for their task?
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Task Design

Task Description

Stub

Snippets

Test Case

+ REPL

+ IDE 
Integrations

+ Internet
Which snippet(s) accomplish the task?
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Study Results
General Strategy

Higher-order snippets

Test Usage

Snippet Correction
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Study Results Higher-order snippets

applyNTimes applies a function, f, to an initial value, x, n times


applyNTimes :: (a -> a) -> a -> Int -> a


snippet1 f x n = last $ replicate n (f x)

snippet2 f x n = foldr id x (replicate x n)

snippet3 f x n = last $ take n $ iterate f x

snippet4 f x n = f (repeat x !! n)

snippet5 f x n = scanl (const f) x (repeat x) !! n
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Study Results

Experts thought this 
snippet was ill-typed!

Quickly got too confusing for everyone Had to rely on tests!

Higher-order snippets

applyNTimes applies a function, f, to an initial value, x, n times
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snippet1 f x n = last $ replicate n (f x)
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Study Results Test Usage

Create test knowing 
the expected output

Run on 
remaining 

snippets

Eliminate 
incorrect 
snippets

Confident in 
remainder?

Update test

Accept 
snippets

No

Yes



applyNTimes applies a function, f, to an initial value, x, n times


applyNTimes :: (a -> a) -> a -> Int -> a


snippet1 f x n = last $ replicate n (f x)

snippet2 f x n = foldr id x (replicate x n)

snippet3 f x n = last $ take n $ iterate f x

snippet4 f x n = f (repeat x !! n)

snippet5 f x n = scanl (const f) x (repeat x) !! n
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Study Results Snippet Correction

Off-by-one, should be (n -1) 

Suggested a fix, but would not have written it this way
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Study Applications

Wrong!
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Study Applications

Projection Boxes [Lerner ’20]

matrix
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1,	5,	9

[[1],[2],[3]]

error[[1,2],[3]]

1
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Study Applications

Projection Boxes [Lerner ’20]

matrix result

1,	5,	9

[[1],[2],[3]]

error[[1,2],[3]]

1

[[1,2,3],…

Where should 
examples come from?

Copilot doesn’t 
understand the 
given example
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matrix result
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Study Applications

Filter snippets by test

Projection Boxes [Lerner ’20]

matrix result

1,	5,	9

[[1],[2],[3]]

error[[1,2],[3]]

1

[[1,2,3],… 💾

💾

💾

Users can get inspired by 
wrong solutions

✅ ❌
✅ ❌

✅ ❌
✅ ❌

Next
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Future Studies

Line-by-line All-at-once

Which style helps users select the right program faster?
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Future Studies
Which style helps users select the right program faster?

vsNatural Language 
Synthesis

Enumerative 
Synthesis

Simple Input

Hard to predict

Understands Examples

Simple mental model
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Food for thought, while you get food
- Will you be able to tell when someone uses a synthesizer?


- Does your confidence in a synthesizer differ by system (neural, 
enumerative, etc.)


- Would you judge code differently depending on provenance?


- Should synthesized code be labeled?
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Conclusion
Ran observational study for program recognition on FP users 

Test Usage Snippet 
Correction

Process of 
Elimination

matrix result

1,	5,	9

[[1],[2],[3]]

error[[1,2],[3]]

1

[[1,2,3],… 💾

💾

💾

Code Exploration


🔎
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Test Usage Snippet 
Correction

Process of 
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matrix result

1,	5,	9

[[1],[2],[3]]

error[[1,2],[3]]

1
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💾
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Code Exploration


🔎
Thank you all!


Michael B. James

@lambdalinguist


