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List processing: Text editing: Symbolic regression:
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Explore/Compress/Compile (EC?) learns to solve programming tasks like these by growing a
library of code and training a neural net to search for programs written using the library
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Library learning
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Library:
fi(l,p) = (foldr ¢ nil (A (x a) (if (p x) (cons x a) a)))
(fi: Higher-order filter function)
(Get elements x from ¢ where (p x) returns true)



Library learning
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FO)=(f £ (N @ G x2))

Library:
fi(l,p) = (foldr ¢ nil (A (x a) (if (p x) (cons x a) a)))
(fi: Higher-order filter function)
(Get elements x from ¢ where (p x) returns true)



Subset of 38 learned library routines for list processing
fo(£,r) = (foldr r ¢ cons) fo: Append lists r and ¢

fi(f,p) = (foldr ¢ nil (A (x a) .y , _
(if (p x) (coms x a) 2))) fi: Higher-order filter function
f() = (foldr £ 0 (A (x a) _ . o
Gf G ax) ax)) fr: Maximum element in list {

f3((,k) = (foldr ¢ (is-nil /)

(A (x a) (if a a (=% %)))) fr: Whether { contains k



Explore/Compress/Compile as Bayesian Inference
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Explore/Compress/Compile as Amortized Bayesian Inference

Explore: Infer programs, fixing DSL and neural recognition model




Explore/Compress/Compile as Amortized Bayesian Inference
Explore: Infer programs, fixing DSL and neural recognition model
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Programs:
(At & Gx2))




Explore/Compress/Compile as Amortized Bayesian Inference

Compress: Update DSL, fixing programs




Explore/Compress/Compile as Amortized Bayesian Inference

Compress: Update DSL, fixing programs

progs. for task; —P»
progs. for tasko =9  cons

DSL —> Y

car




Explore/Compress/Compile as Amortized Bayesian Inference

Compile: Train recognition model




Explore/Compress/Compile as Amortized Bayesian Inference

Compile: Train recognition model

sample run
DSL ——» program ——— > task




Explore/Compress/Compile as Amortized Bayesian Inference
Explore

Compress Compile



Domain: Text Editing

In the style of FlashFill (Gulwani 2012). Starts with map, fold, etc.

Input Output

+106 769-438  106.769.438
+83 973-831 83.973.831

Temple Anna H TAH
Lara Gregori LG




Text editing: Library learning builds on

2=(lambda (lambda (map
(lambda (if (char-eq?
30 $1) $2 $0)))))

itself

Character substitution

3=(lambda (lambda (fold
$1 $0 (lambda (lambda
(cons $1 §0))))

f10=(lambda (3 (cons
LPAREN $0) (cons RPAREN
empty)))

String concatenation

Drop+abbreviate
character

f8=(lambda (lambda
(lamnbda (cons (car $1)
(cons $2 (cons (car §0)
(cons $2 cmpty))))))

Surround in parentheses

19=(lambda (lambda (0
(8 $1 $0 50

2-letter abbreviation

fd=(lambda (lambda (fold
$0 $0 (lambda (lambda
(if (char-eq? $1 $3) (10

$1.50) $00)))

fS=(lamhbda (lambda (3 $1
(f4 (index (- (length
$1) 1) $0) STRING))))

{0=(lambda (lambda (fold
$0 $0 (lambda (lambda
tedr (if (char-cq? $1

$3) $2 $000N)

Ensures suffix

mbda (lambda (6
cmpty $1 (f0 $1 50))

Extract character-
delimited substring

ast word
(by char)

fé=(lambda (lambda
(lambxda (fold $0 $2
(lambda (lambda (if
(char-cq? $1 $3) cmpty
(cons S1 501)))))

Take until character

fl=(lambda (unfold $0
(lambda (cmpty? $0%)
(lambda (car $0))
(lambda (10 SPACE
30

Learned DSL primitives over 3 iterations (3 columns). Learned primitives call each other (arrows).



Programs with numerical parameters: Symbolic regression from visual
input

Fits parameters by autograd-ing thru program
Recognition model looks at picture of function’s graph

(+ x real)

Programs & Tasks DSL
(fp (x real x))
(h (x x (fh x)))

fo(x)

= B

N B
f(x) = x x (h x)))

)

fa(x) = x x (5 x)))
(~/\ \'\ (fa: 4th order polynomial)
fs(x) = (/ real (fy x))
fx) = x)  f(x)=(f x) (fs: rational function)




New domain: Generative graphics programs (Turtle/LOGO)

Training tasks:




Generative graphics programs: Samples from DSL

DSL samples before learning DSL samples after learning

'\__\,




Generative graphics programs: Learned library contains parametric drawing
routines

Semicircle:

S-Curves:

Greek Spiral:

Polygons & Stars: A 0O Q & K Circles: _




Learning to program: Poster AB #24

fz(pzfznzx) = (if (p %) nil
(cons (f x) (f2 (n x))))

(fa: unfold)

Symbolic Regression

fa(i,1) = (1f (= 1 0) (car 1) F) =1 %) f(x) =(f6 *
(fs (fr 1) (cdr 1))))
(Fs: index)
f4(f,l,X) — (lf (empty? l) " f(x) =(fa %) f(x) =(fz =)
(f (car 1) (f1 (cdr 1)))) g S S s T
(fs: fold) e it C ot
f5(£,1) = (1f (empty? 1) nil) Fa(x) = (fo (» = (faz %))

(fa: 4th order polynomial)
fs(x) = (/ real x)
(cons (£ (car 1)) (fs (cdr 1))) S T,
(f5: map) (fo: rational function)




