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Empirical Study of Code Query Technique Based On Constraint Solving On StackOverflow
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(State Key Laboratory for Novel Software Technology, Nanjing University, Nanjing, 210093, PR China)

Abstract Code query plays an important role in code reuse, and the Q&A around code on StackOverflow, a professional question-and-
answer site for programmers, is a typical scenario for code reuse. In this real scene, it adopts the method of the artificial answer, which
usually has the disadvantages of poor real-time, some questions to describe is not accurate, and answer availability not high enough.
However, if the way of code query and search for available code is taken, the process can be automated and artificial answer can be
replaced, that will save a lot of manpower and time cost. Now there are already many code query technologies, but mostly lack in
experience of application in the real case. Based on the ideas of Satsy, we implement the code query technology based on constraint
solving for Java language, and design the empirical study -- use StackOverflow as the research object, mainly study how to apply the
code query technology based on constraint solving of Q&A about code on the website. First of all, we analyzed the problems on the
website, and extracted 35 problems with high traffic in Java language as query problems. Then, about 30,000 lines of code were captured
from GitHub, and they were converted into the form of constraints as well as built as a large code base to support code query. Finally,
through the analysis of the query results of these 35 questions, the practical application effect of the technology on StackOverflow was
evaluated. The results show that the technology has good practical application effect on the specific questions and code scale studied, and
can replace the artificial answer on a considerable scale.

Keywords Code Query;Constraint Solving;Open Source Code Database;Empirical Study
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import java.util. HashSet;
import java.util.Set;

public class S1 {
public boolean duplicates(final int[] zipcodelist)

{
Set<Integer> lump = new HashSet<>();
for (int i : zipcodelist)

if (lump.contains(i)) return true;

this := @this

zipcodelist := @ parameter()
temp$0 = new java.util.HashSet
specialinvoke temp3$0.<init>()
lump = temp$0

tempS$1 =0

label0:

noj
temp$2 = lengthof zipcodelist
if temp$1 >= temp$2 goto label3

. temp$3 = zipcodelist[temp$1] ¥ N
lump.add(i); i = temp$3 label3:
Yy . . - nop
temp$4 = java lang Integer.valueOf(i) temp$9 = 0
} temp$3 = lump contains(tempS4) l P 5 - $9
return false; if temp$5 == 0 goto label2 return temp
} label2:
nop
temp$7 = java lang.Integer.valueOf(i)
goto labell temp$8 = lump.add(temp$7)
nop
tempS1 = temp$1 + 1
goto label0
labell:

nop

temp$6 = |

return temp$6

boolean duplicates(int[])
3 Java FHT 550 R AP )
Fig.3 Java source code and corresponding control flow graph
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Table 1 Example contraint

1 | ;Inputs: zipcodelist 0#(as seq.empty (Seq
Int))

;Outputs: temp$9 0#0

(declare-const zipcodelist 0 (Seq Int))
(declare-const temp$0_0 (Array Int Int))
(assert (= temp$0_0 ((as const (Array Int
Int)) 0)))

(declare-const lump_0 (Array Int Int))
(assert (= lump_0 temp$0_0))
(declare-const temp$1_0 Int)

(assert (= temp$1_0 0))

(declare-const temp$2_0 Int)

(assert = temp$2 0 (seq.len
zipcodelist_0)))

12 | (assert (>=temp$1_0 temp$2_0))

13 | (declare-const temp$9 0 Int)

14 | (assert (= temp$9 0 0))
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Java?4
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RIBERMER. RIEELE, HATVCNTERSE
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PR L BERIL I SR A PR 5 ARG
AR ZAF B MARD FE A, X T4 — A 1] A
Refd e ARIS,  HOBAH VF 25X AN R G R AR
TR, ATEAACRIE R T AT H AR B
FEREARY FERTA T OR8] 1 — R v, (AR
e A 1o R 1 S i P AR 2 — A ) R £
IR — R % T THMRMRE, &
AT I A VA EAT 4 I AR A

BEWA BRI AT B AR AL
FRASEWIREAT B4R, DRIHTE XS A A A b
W kAT T S B . RS (precision) & T
TEEW B4 R h B AE R L), AT s
5 B AR R B EF AT IR LA ST E, B
RTEIL SE A ) A W) AT AT S A B R R LA B IE
g, MAIAKL—ANERLERTH TG 2
MDIEFEER, FTUURE R IR A A BA TS WA
Rk R VEFIbRAE o T 55— L& A (8] 32 (recall) 2
FERATNE &2, FRIR XS TR & A IE
T At SR FRAT A 0 2 15 Al 4 R 2 T AR
{EL R T ARG FUASE G N T Ge it kA ek, #fE
LU E P A7 22 /0 2 1) BT 7 R AR, DRI 3RAT
B AR AT B 1 TRl A B R bR
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Table 4 Question list

#Hit

K1

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

How to get the separate digits of an int number?
Java reverse an int value without using array

How to concatenate int values in java?

sorting integers in order lowest to highest java
Java — how to convert letters in a string to a number?
Rounding a double to turn it into an int (java)
Dividing two integers to a double in java

Round a double to 2 decimal places [duplicate]
Checking if an int is prime more efficiently

How can T pad an integers with zeros on the left?
How do I convert a String to an int in Java?

How to check if a String is numeric in Java

Java: How do I count the number of occurrences of a char in a String?

Reverse a string in Java

Check whether a string is not null and not empty

Check string for palindrome

How do I concatenate two strings in Java?

Evaluating a math expression given in string form [closed]
Best way to convert an ArraylList to a string

How to remove the last character from a string?

How can I test if an array contains a certain value?

How can I concatenate two arrays in Java?

How do I reverse an int array in Java?

How do I remove objects from an array in Java?

How to add new elements to an array?

Finding the max value in an array of primitives using Java
Finding the min value in an array of primitives using Java
Java: finding index of maximum from slice of an array
Sort an array in Java

Java Array: Finding Duplicates

Java Array Sort descending?

How to find the index of an element in an array in Java?
How do I remove repeated elements from ArrayList?
Intersection of ArrayLists in Java

Union of ArraylLists in Java

separate digits number
reverse int value
concatenate int value
int array sort
convert string to int
round double int
divide integer

round double places
check int prime

pad integer

convert string to int
string numeric

count char in string
string reverse

string null empty
string palindrome
string concatenate
string evaluate
convert list to string
string remove last
array contain

array concatenate
array reverse

array remove

array add

array max

array min

array max index

array sort

array find duplicate
array sort descending
array find index
array remove repeated
arraylist intersection

arraylist union
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Table 5 Statistics of query result

5] L 9% 5 B EHK SEAF IF 3 RFC & if bt |8 KA B 175 e R
1 14 3 6 220. 42 1929 78824
2 210 94 1 2118. 42 14059 445656
3 78 13 - 166. 67 11570 481866
4 183 11 1 486. 57 24221 1031520
5 14 4 1 76. 94 2376 75702
6 9 4 1 1.19 64 1272
7 5 4 1 1.32 70 530
8 19 18 1 6. 68 348 2918
9 125 59 1 73.02 4155 46816
10 0 0 - 287.03 1025 37607
11 28 3 1 101. 55 2744 112728
12 34 12 1 44. 5 2282 51342
13 3 2 1 13.87 996 31835
14 30 3 1 54.2 2467 104670
15 62 6 1 37.85 2230 55033
16 40 12 1 44. 16 2242 53061
17 5 3 1 21.43 1213 49263
18 15 1 - 226. 19 3668 155794
19 2 1 2 2.02 447 34890
20 30 2 4 58. 02 2488 106642
21 20 5 1 13.51 1883 62553
22 14 0 1 66. 65 6933 351513
23 196 9 1 370.93 20627 862181
24 44 0 1 345. 94 18813 870706
25 4 2 1 365. 66 20885 965350
26 63 34 1 183.91 12913 540022
27 101 30 1 105. 78 9537 358077
28 98 44 1 119. 47 8832 323026
29 201 5 7 481. 48 21746 924149
30 45 29 1 22.19 2187 44929
31 198 5 5 462. 02 21780 927721
32 43 16 1 116.29 10988 498282
33 181 3 - 395. 57 21813 915638
34 21 0 - 59. 65 6121 305515
35 22 0 1 56. 33 5885 290951
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N TR R AT ARRS A ) (RN H Yk
1T 7AW, SimZE A%} Google, Koders[12], Krugle,
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IR R BR A 210 . X T T A A
WLRRIFRA —ERETE L, WA E
EExt StackOverflow 5 i€ L A8 ACHD 52 7] 1O fif v L,
A FH U SCARG AR 785 16 T L 1 A R 7 12 B A —

Tk, BATBERBE T LR T R A AR
PERTE AR B ER, EARCTARN S
%,

7£ ICSE2018 —f5 & [15]4 Kim %5 A& H
T AR ERBA FaCoY, EHEAZ MY
SRS A, AR —BAUE B, i
e — BOREARA RO ARES F B, FLse Bl BRI T
RS BT R G173, 8 AR 2
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T/ 3C & Sourcerer: A Search Engine for Open
Source Code Supporting Structure-Based Search[8]
H, /4T Sourcerer FRRFVERIIE VG, BLA
AN SR VPAL AT A o S A UK,
Sourcerer &AMV REE T RBIA MR, P
A5 P SO A A 43 AT AR AT vl ) 45 R e e g 2
Bep, Ao 7 AR R R B S5 A 45 B A SR
AR B SRR, @I X B
BEAT B — A0 i ik ASR vy B VA B O HL
Sourcerer LEALN HE T-Hdfs 4504 (R, REWS LLAR
HERF L E A B R BRSSO SE BRI, (AR A
BEAT RS E DB ARRS W, X T AR ST ST A
) ) A R 2

LN RE E DR ACRD HEAT A0, — FBOR Ui 75
FEA N AT ) Th e kAT 70 M LA %8, a1 2
IR A BRI TR Bl A
IINTRIERS S TR, T 2 A G IX T TH B
BBAANREREMEA CodeGenie Al Sasty.

CodeGenie[7] & M 2K h AR &l T A,
B Otavio Al Sushil % ASEEL, FREERN—A
Elipse W3R F M, HIEEBEES RN
IRFHFF & (Test-Driven Development, TDD) , %%
B Junit MBI Ctest case) I LASiad v
ARSI fE, RS A 4R AR L A
HARZhREMIACRD, B Ja s rT AR “ 4217 BN
M&set . XA TIEARH CART AR B R
UFARAE T TSN 4k 2 AR B 18 13t
FIEMPAN, THETANLHEE, HAWDEY
FERERBIN A FT, LRETATHE. H
ZHARWAZTEG AL, BN IR, TT4Y
KIVGR A, 5356, FEICE P A Ui WA ) R
EAQRD R RUR, 72 S BR B Hh B RORHE APPAS o

T Satsy DA FH AR REAT 7 25 7 A A 7
%, P BRAR L FOR RS D BE . Kathryn 45
A3 & Solving the Search for Source Code[10],
FER I T B RIS &) T H Satsy /&,
X% LRI SRR BOR AT T SHERT L.
T XL Satsy FHAET-OCEE 1R A H ¥ Google 77
WTERAHFE . BT AR AR R A 50 2 &%
R, BT Satsy fEA 4R Ry T
Google {FHI4s e, WUl T EDhRetEARID &4 5
TS S A AS 2 38 T ELAff S B R TSGR (0
WLHERCREL . RMXA IR L BA R %
R JRIR A, SR S P g 3T ) AR P AL /S
AL S RFREAI AN String KAV &, HABRALE (L
B MR E R IR RS A SCE [ SE5R
SRR RAE, HALRESEIIXT Java String ZEHT
BT BN AP HEAT B, I EEZ 2
St T MR AR L HOR A IS ThRE B B, 3X
WA ST ORI B

b7



7 HHip

AN T URAIE StackOverflow b 56 T4 5 1)
R ARAD (R4 i) A% FH 2= T 24 ROR AR ARRD B
AT —EREREAN, LI AEZ, it
TSR B SE I RAEAT IR AT . A% KSR
T StackOverflow - [#11X 8 [a] B A 5 52 I 1)
35 MENBTFN R, SRJEFE GitHub LA T
K& ARSI 4 RE S AT AL BRI — T 2 BRI %
BeRARTEA, M T — M AT
FE O A AW o] AN PR I JE il b, AT T
RS sLae, S5 REW, A 30 AMHEHEEk
FIGEAF R IARRS,  HAFYREACN 3 405, B,
MASCIAERT AR, TR e,
BT 24 TR AR 0 A0S A B R B R B AR
StackOverflow 3¢ T4¢ i Ty BEAUAD 52 ] #E 47
AlnlE, JEr N LR E#HTER, 8N LT
B[R] AR o

B

This work is supported by National Natural
Science Foundation (Grant Nos. 61472180 and
61502228) of China.

E BN

(1] 48, @ ETFREFOHAIE A
AT, HENE:, 2012, 39(2):143-
147.

[2] Google Code Archive. https://code.google.co
m/archive/search.

[3]1 Krugle. http://opensearch.krugle.org/projects/,
March 2014.

[4] Source Forge. http://sourceforge.net/, March 2
014.

[5] M. Grechanik, C. Fu, Q. Xie, C. McMillan, D.
Poshyvanyk, and C. Cumby. Exemplar: Exec
utable examples archive. In International Conf
erence on Software Engineering, pages 259-2
62, 2010.

(6]

(7]

(8]

(9

[10]

[11]

[12]

[13]

[14]

[15]

C. McMillan, M. Grechanik, D. Poshyvanyk,
C. Fu, and Q. Xie. Exemplar: A source code s
earch engine for finding highly relevant applic
ations. Software Engineering, IEEE Transactio
ns on, 38(5):1069-1087, Sept 2012.

O. A. L. Lemos, S. K. Bajracharya, J. Ossher,

R. S. Morla, P. C. Masiero, P. Baldi, and C. V.
Lopes. Codegenie: Using test-cases to search

and reuse source code. In Proceedings of the T
wenty-second IEEE/ACM International Confe
rence on Automated Software Engineering, A

SE *07, pages 525-526, New York, NY, USA,
2007. ACM.

S. Bajracharya, T. Ngo, E. Linstead, Y. Dou,
P. Rigor, P. Baldi, and C. Lopes. Sourcerer: a
search engine for open source code supporting
structure-based search. In Companion to the 2
1st ACM SIGPLAN symposium on Object-ori
ented programming systems, languages, and a
pplications, OOPSLA 06, pages 681-682, Ne
w York, NY, USA, 2006. ACM.

Linstead E, Bajracharya S, Ngo T, et al. Sourc
erer: mining and searching internet-scale soft
ware repositories[J]. Data Mining & Knowled
ge Discovery, 2009, 18(2):300-336.

K. T. Stolee, S. Elbaum, and D. Dobos. Solvin
g the search for source code. ACM Trans. Soft
w. Eng. Methodol., 23(3):26:1-26:45, June 20
14.

Wikipedia. JSON. https://en.wikipedia.org/wi
ki/JSON.

Koders, August 2012.

Source Forge. http://sourceforge.net/, March 2
014.

Vallé-Rai R, Co P, Gagnon E, et al. Soot -aJ
ava bytecode optimization framework[C]// Co
nference of the Centre for Advanced Studies o
n Collaborative Research. IBM Press, 1999:21
4-224.

Kim K, Kim D, Bissyande T F, et al. FaCoY —
A Code-to-Code Search Engine[C]// leee/ac
m, International Conference on Software Engi
neering. IEEE Computer Society, 2018:946-9
57.



