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—General Program Synthesis

e Problems that resemble those that humans solve
o multiple general-purpose data types
o control flow

e Supervised learning: specifications given as input/output examples
e GP and non-GP methods

def spin_words(inputl):
words = inputl.split()
result = """
for word in words:
if len(word) >= 5:
result += word[::-1] + " "
else:
result += word + " "
return result[:-1]
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Example Python program of the type we want to generate



—General Program Synthesis
Benchmark Problems: A Brief History

e Before 2015:

o Limited instruction sets

o Domain specific } both in GP and inductive program synthesis
o Toy problems

o Ex: Santa Fe artificial ant problem
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—General Program Synthesis
Benchmark Problems: A Brief History

e Before 2015:

o Limited instruction sets

o Domain specific } both in GP and inductive program synthesis
o Toy problems

o Ex: Santa Fe artificial ant problem

e 2015: PSB1 (Helmuth and Spector)

o 29 benchmark problems
o introductory programming homework problem sets
o has been used to benchmark 10+ GP and non-GP synthesis systems

General Program Synthesis Benchmark Suite




—General Program Synthesis
Benchmark Problems: A Brief History

e Before 2015:

o Limited instruction sets

o Domain specific } both in GP and inductive program synthesis
o Toy problems

o Ex: Santa Fe artificial ant problem

e 2015: PSB1 (Helmuth and Spector)

o 29 benchmark problems
o introductory programming homework problems
o has been used to benchmark 10+ GP and non-GP synthesis systems

e 2021: PSB2 - this talk!




+—Need for New Benchmark Problems

e Synthesis systems improved on PSB1

e Need new, harder problems to drive research forward
o subjective - problems we expected to be more difficult
o objective - no problems that our GP system solved more than 65% of the time
m most selected problems have success rates < 10%

e Don't overfit on one set of problems



Code Wars - user-created coding kata

+—Problem Sources for PSB2

Project Euler - archive of mathematical computer programming problems

[
e Advent of Code - advent calendar of coding problems
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Sharpen your skills

Challenge yourself on kata, created
by the community to strengthen
different skills. Master your current
language of choice, or expand your
understanding of anew one.
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Project Euler
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About Project Euler
What is Project Euler?
Project Euler is a series of challenging mathematicallcomputer programming problems that will require more than

just mathematical insights to solve. Although mathematics will help you arrive at elegant and efficient methods,
the use of a computer and programming skills will be required to solve most problems.

‘The motivation for starting Project Euler, and its continuation, is to provide a platiorm for the inquiring mind to
delve into unfamiliar areas and leam new concepts in a fun and recreational context.

Who are the problems aimed at?

‘The intended audience include students for whom the basic curriculum is not feeding their hunger to leam, adults

whose background was not primarily mathematics but had an interest in things mathematical, and professionals
Wwho want to keep their problem solving and mathematics on the cutting edge.

Currently we have 1035920 registered members who have solved at least one problem, representing 220 locations throughout the world, and
collectively using 108 diferent programming langues to solve the problems.

Can anyone solve the problems?

‘The problems range in difficulty and for many the experience is inductive chain learing. Thatis, by solving one problem t will expose you to
new concept that allows you to undertake a previously inaccessible problem. So the determined participant will slowly but surely work hisiher way
through every problem.

What next?

In order to track your progress itis necessary to setup an account and have Cockies enabled.

1f you already have an account, then Sign In. Otherwise, please Register ~ its completely free!

However, as the problems are challenging, then you may wish to view the Problems before registering.

"Project Euler exists to encourage, challenge, and develop the skills and enjoyment of anyone with an interest in the
fascinating world of mathematics."

Project Euler: Copyright nformation | Privacy Policy



—Problems in PSB2

25 benchmark problems
e Considered 75+ problems
e Implemented 50+ problems

Basement
Bouncing Balls
Bowling
Camel Case
Coin Sums
Cut Vector
Dice Game
Find Pair
Fizz Buzz
Fuel Cost
GCD

Leaders

Luhn
Mastermind
Middle Character
Paired Digits
Shopping List
Snow Day

Solve Boolean
Spin Words
Square Digits
Substitution Cipher

Indices of Substring Twitter
Vector Distance

Problem names

Input/Output types across all problems

Input Output

Type Count Count
Integer 7 9
Float 2 5
String 10 7
Boolean 0 1
Vector of Integers 6 3
Vector of Floats 2 0




—Example Problem: Spin Words

e Given a string of one or more words (separated by spaces), reverse all of the
words that are five or more letters long and return the resulting string

e Input: String
e Output: String

e Example:
"Hello all at GECCO" — "olleH all at OCCEG"



—Example Problem: Vector Distance

e Given two n-dimensional vectors of floats, return the Euclidean distance
between the two vectors in n-dimensional space

e Input: Two vectors of floats in n-dimensions
e Output: Float

e Example:
[-77.6 —-45.2 58.3] [6.5 48.6 17.5] —» 132.4



+—Using PSB2

e PSB2 emphasizes ease of use for wider adoption
e Datasets
o sample training and test data for each run

e Python and Clojure libraries for easy sampling
o [Easy install right now: $ pip install psb2

April 10,2021  oatacet ] open oces |
PSB2: The Second Program Synthesis 17 1

. @ views & downloads
Benchmark Suite e
Helmuth, Thomas; Kelly, Peter

General Program Synthesis Benchmark Suite Datasets

Version 1.0 e
s rep: datasets for the 25 problems descrived in the paper PSB2: The Second Program Synthesis

Benchmark Suite. These problems come from a variety of sources, and requie a range of programming constructs and

including and not fimited to inductive thesis and evolutionary h es genetic

Use

ch problem in the benchmark suite is located in a separate directory in the ‘datasets’ directory.

For each problem, we provide a set of ‘edge’ cases and a set of ‘rancom’ cases. The ‘edge’ cases are hand-chosen cases Publication date:

representing the limits of the problem. The ‘random’ cases are all generated based on problem-specific distributions. For April 10,2021

each problem, we included exactly 1 millon ‘randorn” cases. Dot:

Atypical use of these datasets for a set of runs of program synthesis would be: DOT EIDE254/ErodC 45/5738)
Keyword(s):

- For each run, use every ‘edge’ case inthe training set Pleminess |

- For each run, use a different, randomiy-sampled set of random’ cases in the training set. Rerererrmr-eemy

-Use alarger sef of ‘random’ cases as an nseen fest set. e

Dataset format 10.1145/3449639.3459285 (Conference paper)

Each edge and random dataset is provided in three formats: CSV, JSON, and EDN, with all three: -. License (for files):

identical data. 2 MIT License

‘The CSV files are formatted as follows:

Datasets and documentation link
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https://zenodo.org/record/4678739



—Experimental Methods

PSB2 works with any program synthesis system

(@)

Standardized error functions per output data type

(@)

(@)

(@)

Experiments: PushGP

integers outputs: absolute difference
string outputs: Levenshtein string edit distance

etc.

Performance metric:

(@)

(@)

success rate
on unseen test set

(inl in2 exec_do*vector_integer (output_ integerl

integer_sub inl output_ integer2
vector_integer_ occurrencesof exec_do*times
exec_stackdepth integer_mod exec_ yankdup

vector_integer_yank in2))

Push solution to Find Pair




+—Results - Successes out of 100 runs

13 out of 25 problems
solved at least once

Comparison with PSB1:

(@)

26 out of 29 problems solved

Problem Successes

Basement 1
Bouncing Balls 0
Bowling 0
Camel Case 1
Coin Sums 2
Cut Vector 0
Dice Game 0
Find Pair 4
Fizz Buzz 25
Fuel Cost 50
GCD 8
Indices of Substring 0
Leaders 0

Problem Successes

Luhn 0
Mastermind 0
Middle Character 57
Paired Digits 8
Shopping List 0
Snow Day 4
Solve Boolean 5
Spin Words 0
Square Digits 0
Substitution Cipher 61
Twitter 31
Vector Distance 0




—Size of Smallest Simplified
Solution PrOgrOm

e After automatic simplification Sasement 18
Camel Case 20

Coin Sums 33

) Comparison with PSB1: Find Pair 16
o 8 problems solved with < 9 instructions Fizz Buzz 19

Fuel Cost 9

GCD 19

Middle Character 10

Paired Digits 15

Snow Day 11

Solve Boolean 18

Substitution Cipher 9

Twitter 22




—Conclusions

PSB2 - new suite of program synthesis benchmark problems
Easier to use than PSB1
Results with PushGP:

(@)

@)

solutions to 13/25 problems
harder than PSB1

Get the datasets and
sampling libraries here!
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https://zenodo.org/record/4678739



