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Program Synthesis

« Automatically generating programs
* Specification
— Logic formula
 index >= 0 and array[index] = X
— Unit testing

« bsearch([], 1) = -1, bsearch([1, 2], 1) =0, ...

— Natural language
» Give me a binary search!

 Correctness



Problem

Can we use program synthesis to help
the process of copying and pasting?



Related work

e Sketch (FMCAD 2013)

e Cannot synthesize statements
e Does not use a code database

e Code Transplantation (ISSTA 2015)

e Not efficient
e Does not search for relevant code snippets



Program Splicing

» Use a large corpus of over 3.5 million
programs

* Automate the process of copying and
pasting
* Ensure correctness



Summary

e Architecture
e Corpus and Pliny database
e Synthesis algorithm

e Experiment
e Conclusion
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PDB

* 3.5 million Java programs with features
« Github, SourceForge

« Natural language terms
e "read”: 0.10976, "matrix”: 0.65858, ...

 Similarity metrics
» Fast top-k query

e 1-2 orders of magnitude faster than no-SQL
database systems
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Relevant programs

1 1 3 Listestring)s resd cse(string infuile) o
int D [] csvmat(Stri ng. fi lename) { Lmtesteingl™s Anvsrl stow v Areayl fsteSteing[1-0):
int[J[] mat = new int[N][N]; try (34ffacednaader br  Aen DuFferadlecder(ran Miledecder(lnfile))

string .ne;
v 1e f0lne = heoreadline ) ‘= w11 {
- . Strlag[d Urelters  1lve.3plit(™,");
/ ComE NT . resbist adol Loneltors);

Read a matrix from a csv file 1
g~ Cleseld;

abel SRS I bt ] I

*
ks
* REQ:

* String filename = "matrix.csv";
* 1nt[] [] m = new lnt[N] [N] ; 0 reca_csvitni(J() ®,UnT FART €, STrINg TiLenome) {
ks
*

Flle F = 1ow Plie(lMliowes),
s Zeever doawmer ~ now Soeencr(f);
__solution__ ol prigrylinior Vs
. . ttring 1ine = tUmeC);
return test_matrix(m); String() Pieles - Ane sIRC s )
*/ ‘."-"":J.U_‘l eogasdn'(’gh{is 1%

}
} aelic wold motalSe~11g crafl) £
String flla - a~g[d];
inL ~ow = Iaegar.oarssInllergfil),;
inl oo = Calegar.parsalal{erg[s]);
wnl ] test = new arl[~aa_ [ral];

P siring Ao imies - "
\ / AN AC = arw Seararc(Dile);

forirt 1 o= B 1 ¢ mow; o3 g
Szring line = sc.oneatline();
Szring[7 teszStr « lins.uplit(delimiter):

PDB forfint j = 6; j « col; ++33 1
test ][] - Integer.parselrtltestSer[jl);

H
}

reLatr LasL;
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« Enumerative search

Filling in the holes

int [J[] csvmat(String filename) {

int[][] mat = new int[N][N];
/* COMMENT:
* Read a matrix from a csv
s
* REQ:
* String filename < "matrix.csv";
*int(Q0 m int[N][N];
* __soluti
* retur est_matrix(m);
s

oub~ic void mai

int rew - Integer.parselnt(arg[1]);
inl ¢cl = InLegzr.parselnt{arg[2]);
intl test = new ntfrow]lcoll;
String delimiter = ", ";
Scanner SC = new Scanner(filed;
tor(airt 1 =W, 1 < row; +4+1) {
String line = sc.nextlLine();
String[] testStr - lire.split(dalimiter;
fer(int j = 9; j < col; 113) {
test[1][)] = Intccer.parsclnt(tzestStr[j]);
H

!

returr test;
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Filling in the holes

« Enumerative search

int [J[] csvmat(String filename) {
int[J[] mat = new int[N][N];

s

= InLegzr.parselnl{arg
/* COMMENT: inllM tesL = new nlfrow]lcoll;
- . String delimiter = ", ";
" HEGE O MALSSX THOM A Cov Scanner sC = new Scanner(filed;
tor(irt 1 =W, 1 < row; +4+1) {
* REQ: String line = sc.nextlLine(Q);
* String filename "matrix.csv"; String[] testStr - lire.split(dalimiter];
*int(J m int[N][N]; ferint j = 85 j < coly 113 {
* _ soluti test[i][j] = Intcgcer.parsclnt(testStr[j]);
* returpstest_matrix(m); . }
*/ !

returr test;
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« Enumerative search

Filling in the holes

int [J[] csvmat(String filename) {
int[J[] mat = new int[N][N];

N
*

* ¥ X X X X X ¥

COMMENT :
Read a matri

REQ:

String filen
int[J[0 m =
—_solution__
return tes

X from a csv file

ame = "matrix.csv";

new int[N][N];

oub-ic void main(String arg[]) {
String file - arg[0]:
int rew - Integer.parselnt(arg[1]);
inl ¢cl = InLegzr.parselntl{arg[2]);
inl LesL = new nllrow][col].

returr test;
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Iz
/

Variable Renaming

Undefined variables

0] csvmat(St~ing “{lename) <

- P 24" anamey <
re[][] mot - new int[N][ND: int ][] csvmat(St~ing t atre? ‘

irt[J[] mot - new

- -
Q/'
string delimter -
SCamer SC = oW SCRRE
for{int 1 = B 1 <
String Line - sC.Aextline():
String[1 testStr - line.spli

String delimter - ", 7
Scamer sC - now scarner(fFi.c);
“or{int 1L = B! 1 < rcws 111) §

String Line = sc.nextline()s
{delimiter); String[l testStr - line.split{delimiter);
for(int 3 - 05 3 < il o for(int j - @3 3 < col; +i3 §

test[i1l)1 - Int€der.parselnt(testSt~[i1); «esz[i11§1 - Integer.parselnt(tesS=~[i1};
} }
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Testing

* Filtering

7+ COMMENT:

7 COOBENT:
" el noretrie frem oo oxw File ¢+ Rend a matriy from a cav flle

- *

* RFQ

" Arriong £ levew et oxw”: + F:FQ:

. M'EQ“"‘ = new 1AL[HOh: * striag filename = "malrix.csv";
* solution . . -

. Temrn test rutriz(at): * intD00 mat = new int[NND;

v __solutron__

String $1 e arg ) - . . . .

170 oW = Inieger. orsalntlargl1]): : 'Y‘Lt.lf"l test mutrix(mat);

i eal = Thirger.arasTno(ecg i),
[ 7] teet s arsfea [eel];
Suring dettriier = .70
Srennar S AN Soarner/siTa):
Sarlamt 1 B Lot st
Suring Tine = soonzxilie (D,
Smring[] reeshes LLCEET RS S8 TIR TS T
or{ial 3 = B 3 « <ol iz}
LTI = Integer. parseInigtesiSuefiy:

String file - arg[d];
198 row - Integer.narselat(arg[1_):
int ol - Integer,parselnt(org[27);

1 /* COMENT:
* Recd @ motrix from @ csv file
SV CTMYENT : _—
RfC-
-1 . > . . 19
; l2ed @ rotrie frim o sy fule * String filename = “motrix.csv";
*int ] Mot = n ntiN) s
- 20 -ULJ net e int(NJ(N);
o~ * __wlution_
PAIriag Mlsan = "mairty. cavt * return test_motrta(mat):
= wz ] vot - nea nt(M][0]; .
vo_sntutton__ for(irt L = 9 { < row; ++1) {

® meturn test rotrisimet): String line « sc.nextiine();

L7 String[) testStr « lire.splitidelimiter); .

for(int 3 = 8; 1 < col; 1) { -

String deliwiter = L%
mot{4]01) Intcger.poarscint(teatier(3)s

SeoPmee &F 0N Sravvas(S T anave):
rT =8, L e N i) 4 }
Seriag Tine  &rsaxslipar; }
sorung Do weslSie = Linzosglulicelumiter);
foelint 1 A Y <kl —12 7
wil1](1] = —aleger.porszlndlestsir[y]);
H

out incorrect programs

‘nt [J[] esvma=(5tring £1lename) {

intJ0Q maz = new tntNJIND;

/* COMMENT:
Reud a matrix from a csv file

RED):

String €1 lename - ‘matrix.csv’
ntd0 rmat = new Int[NI[N];
_S5o.ution__

return Test_rutrix{mat);

F 0+ 2 N K 4 3

0‘,’
String deliriter = ", "
SCOMEP SO~ ew Scanner( < 1 Aname )
for(int 1 = B; 1 < N; 1) {
String “ine = sc.nextLinc();
String ] testStr - line.split(del.mizer);
fordinT - 05 j < N; —+j) {
ma-[1](j] = InlLeger.parselnl{Les_ SL-[7]),

1

!
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Benchmark

Benchmarks Synthesis | LOC Var | Holes | Test | uScalpel
Time (s) (expr-
stmt)
Sieve Prime 4.6 12-17 2 2-1 3 162.1
Collision Detection | 4.2 10-15 2 2-1 4 N/A
Collecting Files 3.0 13-25 2 1-1 2 timeout
Binary Search 15.4 12-20 5 1-1 3 timeout
HTTP Server 41.1 24-45 6 1-2 2 N/A
Prim’s Distance Update | 61.1 53-58 11 1-1 4 timeout
Quick Sort 77.2 11-18 6 1-1 1 timeout
CSV 88.4 13-23 4 1-2 2 timeout
Matrix Multiplication | 108.9 13-15 8 1-1 1 timeout
Floyd Warshall 110.4 9-12 7 1-1 7 timeout
HTML Parsing 140.4 20-34 5 1-2 2 N/A
LCS 161.5 29-36 10 0-1 1 timeout
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Benchmarks

Sieve Prime

Collision Detection

Collecting Files

Binary Search

HTTP Server

Prim’s Distance Update

Quick Sort

CSV

Matrix Multiplication

Floyd Warshall

HTML Parsing

LCS

Synthesis algorithm is efficient.

Benchmark

LOC Var | Holes | Test | uScalpel

(expr-

stmt)
12-17 2 2-1 3 162.1
10-15 2 2-1 4 N/A
13-25 2 1-1 2 timeout
12-20 5 1-1 3 timeout
24-45 6 1-2 2 N/A
53-58 11 1-1 4 timeout
11-18 6 1-1 1 timeout
13-23 4 1-2 2 timeout
13-15 8 1-1 1 timeout
9-12 7 1-1 7 timeout
20-34 5 1-2 2 N/A
29-36 10 0-1 1 timeout
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Benchmark

Benchmarks Synthesis | LOC Var | Holes pScalpel
Time (s) (expr-
stmt)
Sieve Prime 4.6 12-17 2 2-1 162.1
Collision Detection | 4.2 10-15 2 2-1 N/A
Collecting Files 3.0 13-25 2 1-1 timeout
Binary Search 154 12-20 5 1-1 timeout
HTTP Server 41.1 24-45 6 1-2 N/A
Prim’s Distance Update | 61.1 53-58 11 1-1 timeout
Quick Sort 77.2 11-18 6 1-1 timeout
CSV 88.4 13-23 4 1-2 timeout
Matrix Multiplication | 108.9 13-15 8 1-1 timeout
Floyd Warshall 110.4 9-12 7 1-1 timeout
HTML Parsing 140.4 2034 |5 1-2 N/A
LCS 161.5 29-36 10 0-1 timeout

No need to write many tests.
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User study
» Evaluate whether program splicing can
help human developers
« 12 graduate students and six professionals
* Web-based programming environment
* Four programming problems
* Two were done using our system
« Two were done without using our system
* Internet search encouraged



User study
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User study

1750 — Splicing
x . @
—— No Splicin
1500 - il
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‘-f x
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Appears to be simple, but it was not



Avg. time (s)

User study

1750
1500 -
1250 -

1000 -

500 -
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Splicing
No Splicing

1

x Qxx*—!k

4
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X
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e
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No standard solutions
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Avg. time (s)
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1500
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User study

| 1

x
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@ x
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Good documentations and tests were hard to write.

X X|x®
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Conclusion

» Data-driven program synthesis
* A large code corpus
* Enumerative search

* User study

 Good for tasks that do not have standard
solutions

SH PLINY
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Heuristics

* A set of heuristics
— Types
— Context
* Huge search space reduction



Heuristics - types

* [gnore expressions with incompatible
fvneg

int binsearch(int x, int v[], int n) {

int binsearch(int a[], int x, int n){
irt low, high, mid,; int 1, r, 1;
1=@;
om0 int or double r=n-1,
igh = n - 1; i )4
while (low <~ high) { i

mid =lii

if (x 7 vimd]) {
aigh = mid - 1;

¥ else if (x > v[md]) {
low - mid + 1;

:{x < a[il)
F=1-1;

1=1+1;
} else { /* found match */ else
return mid; return 1i;
¥ return -1;
return -1 /* no match */ }
.
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Heuristics - context

* [gnore expressions with no common

_harents | . . L
int binsearch(int x, int v[], int n) { int binsearch(int a[], int x, int n){
irt low, high, mid, int 1, r, 1;
low - 0 Binary operation %
high = n - 1;
while (1o

G while (L '= r){
1 R 1N =)V 2;
l‘11=. x < ali )

vimid]) ! _J

. '+
if (x 2 :

aigh = mid - 1; @
} else if (x > v[mid]) { @

x > a[1_)
low - mid + 1; >
} else { /* found match */ else
return mid; return 13
} }
} return -1;
. return -1 /* no match */ }
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