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Abstract When a developer is required to implement a function,but not knowing how to implement this function using a specific
programming language,he/she usually needs to perform code query using natural language. It is time-consuming and labor-inten-
sive to perform code query while programming. There have been bunch of code query tools proposed over the past years to assist
developers, while most of the approaches require complex inputs or have low precision. We propose a new code query approach
called CodeSearcher based on natural language description. Relying on the (natural language description,code snippet) data pairs
extracted from Stack OverFlow, which is a software development related Q&.A website, we design a neural network model and

“natural language description” and “code snippets” to the same vector space.

the corresponding training method to map
CodeSearcher is different from the conventional code query systems. On the one hand,it accepts all kinds of user-provided code
bases for searching,because the system only relies on the source codes without depending on the comments or description of the
source codes;on the other hand.it no longer limits the form of code query process to “entering the natural language description
and feeding back the code snippets”,but extends a code Q& A section,helping the users pick the appropriate code snippet by the
characteristic key words, so that developers do not have to read all returned code snippets in detail. The experimental results show

that CodeSearcher has high precision compared with the baseline.

Keywords Code query,Natural language processing,Stack OverFlow

PRI o 2 TF e MR 27 o7 3 G fof felT P 4 e 2 AR 0 5 R SIS L 24
7 T 22 D e 3 2 3 H 3 Fh Dy REAE 45 € T8 T B9 w1 4
HEHEF LGRS, FEEFENLRTE MRS A7k, HE 5 75 X e o A TR A . AR UK AR RS

1 3]

il

F &5 H I .2019-12-30 3R {& H #1:2020-05-16 A SCE A TE R 3R COSID) L 35 F748 1)y — 4 i 3R IRh 7o 15 AL

HETH ERARRAREE (61972193) 5 9 KL A BT L 55 9% % T ¢ 42 (14380022, 14380020)

This work was supported by the National Natural Science Foundation of China (61972193) and Fundamental Research Funds for the Central Uni-
versities (14380022,14380020).

EAGEVEE 82 (mxp@nju. edu. cn)



Com puter Science T HMLE2:  Vol. 47,No. 9, Sep. 2020

i) R TF R FE T LUl R e i A B R e R F
R AR T A0k B AT A LR B AR S SC B IE T R I RE Y
RAS R B, AORD A if) mT L3 v A5 09 m] 3 P RIS 0 5T
S (g A

TR £ 30 47 75 22 P A8 50, 2445 . L API(Applica-
tion Programming Interfaces) {E N i A, LL A 2K 18 5 1E 7 i
A s DU R B T 1 i A L A A 0B B A L DL R DL g A
N N (B TN

TEZ R 2 if 7 b A AR R AR e AR
e AT BRI g T 0 7 1k AR SR A 38 1 A0 A i 2 4 B Se & i)
Xof i SC AR R FI U 58 FE R R #E AT ) . T B ARIE S T
REM IR FEATACH A ) AN 75 B & B IR H AR F2 18 5 0 40
) T RO B 2 T AN AR e . AT — A UL B AR £
TR 28 B BLE T R B AEME T Tava 355 5 BT I 23 08
B — AR ] 7E Java 27 Pl — A String F4F 5 5 1L
Jg xml XF 427 @ ER T £ ] Stack OverFlow %
AT & T U0 0] 2 3t 53 Google % 48 R 51 8 i 1T
R, DR B AR B, H bR a4 R 5 A AT A
A i) (9 77 23R H RO RT N B T Y IR 24 St SO T ARG
S5 H BT JavaDoc™ Sl ScA . M IATIHATE KU
AR A8 A S B ) A A | H AT R B9 A R o i AT A R A
T A 48 R T B TR AT R G AR (] A A X R E
LB AR B

(IR T a7 W R R R SN 7 5 N = (N B
aob AR 2 1) T T 2 TA) 09 SCAS R AR P 2E AT DR IS, JE i R AR
i DA B A 10 55 0938 SO, v B R ek . TR B L AR e i A A
A i) T HARMEEAS 7] 9 FURS 22 2 (3%

A SCBET B9 05 20T LK A AR Tl AR e B e 5 5]
[7) — A fia) g 25 ] o K 5 VR 00 A AR DA R A RS A B 2 ]
T7 H A% R B K BV Y s T S S AT 5[] S 3 o B S S
FAT LGS T P SR AL A AR5 R T S A 0 X B 2 (0 v R
SCRY . ARSCAE R Java SRR U RN IR X 42 AH R AR SCHR
B 5 A BB I AT AR A 2 A 4 AR R

ARCH) FETTERAT

D H T —F L Stack OverFlow By 0] 2510 5% Sk 4 U5
IR TR B R G e i C AR E T R A B Bl X
b 3T

DB T —FpxF B ARIEF Bl R 7R R BT AT
R 25 ) 246 A0 TR0 DL B AR 7 A UI 45 5 =X L 26 8 i g A 0 1)
2 ) AR R SR T [ AR R AR AR B 22 T
VCRCJE

3L T A I3 T vk A ARG A5 i) T A CodeSearcher,
FF AR AR RS P DL R P AR B SRR T D RE A A
T AT LUK [ DG i B A A R K AN CRD R B F HOT A
K AR A B 22 50 iR 3, JF & TT LM B
A OC B RS A B . B AT T CodeSearcher i
MTEE TRERB R, AL EMBETRERENEAE
AP AR .

2 HyE4hE

AT EEAREET AR T I RE R A 09 AR A ik T 1
RNt AR B D7 X . i 1 iR, AT Stack Over-
Flow $RHCEL I . #5147 8O 16 VE SR . % 1 AR08 = i iR FAR RS A
B 4 AR B 3R L O i 2 A AR PR ]

|
Raw data processing Answer Data:

answer body
create time

|

|

|

|

|

|

: Open Data
|

|

|

|

: question id
|

title
uestion bod .
q . Y Question and Answer Data:
create time il
Stack OverFlow accept answer e
M question body
erge .
Source create time
Answer Data: accept answer

Vectorization

Natural Language Description:

"convert string to XML file in Java"

Code:
public class Util {

Natural Language Description:
[convert, string, XML, file]

Code Varible: [xmlSource, factory,
builder, ParseConfigurationException]

Code Method&Class:
[stringToDom, newlInstance,
newDocumentBuilder, parse,
InputSource, StringReader]

Natural Language Description:
[53, 7,98, 23]

Code Varible:[15, 252, 343, 444]

Code Method&Class:
[234, 78, 8, 24, 243, 330]
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SELECT pl.id AS q_id» p2.id AS a_id.
pl. title, p2. body AS answer_body,

FROM posts pl, posts p2

WHERE pl. AcceptAnswerld = p2.id
AND pl. tags LIKE ‘ %java%’
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ORRDER BY pl. id
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Fig. 2 SQL code of data query

2.3 REBRIEBEEMA

X AT B ) o 8 4 R T T ) R A AR R e T
BB IR )& b . BRATT S5 a0 ) B30 A AR &2 33 451 iy
50 e BT 2% 38 5w R B AT B R A 4 AT 1 1 SRR S IR
R LS L JF DN SRR T IR) 2 5 A v SR B BE 65 1
i R B 52 5P RN

DA 2H 2 B, 5 A Bl o B B, DA 76 B0 A5 e o7 B iR R
IHGEH AR AT 50 BTG, MM it a5 Rk 1 s, R
TR TN 2 N S < I I 2 S D A
“$ {prefix) [\N\s\\ST* 2 (L2 \\o\\rJI\\ D\\s O D7 1E
218 AR O S TAEE Hop § {prefix ) 7R e A 2 .

F 1 ] R T R Y ) SR

Table 1 Frequency of question prefix
Prefix Frequency Prefix Frequency
how 134938 how do 13666

how to 99138 how can 13579
java 54505 how can i 12276

why 20725 spring 11877
is 14989 how do i 11418
what 14524 using 8716
android 14121 what is 7957
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Table 2 Frequency of question prefix

Index Diff Word List

Fragment 1 [jeditor panne set text textarea]

Fragment 2 [add all mixed]
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Fragment 6 [paint]
Fragment 7 [get]
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Table 3 Statistics of FRank
Tool Mean Median Mode  Variance
Lucene 35 3.5 1 2116
DC 11 4 1 247
CS 6 2 1 209
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Table 4  Overall performance benchmark of code queries
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Table 5 FRank result of code queries
FRank
Number Natural Language Description

Lucene DC CS
1 retrieve a file from a server via sftp 1 1 1
2 play sound in java 10+ 2 1
3 convert a date string to a date or calendar object 2 4 3
4 implement draggable tab using java swing 10+ 1 6
5 abort a thread in a fast and clean way in java do something like that 10+ 1 3
6 serialize (and de-serialize) this object 2 1 1
7 do query auto-completion/suggestions in lucene 1 4 5
8 detect a remote side socket close 6 3 3
9 detect printable characters in java 10+ 1 3
10 transform a time value into yyyy-mm-dd format in java transform a time value into 1 2 7

yyyy-mm-dd format in java

11 programmaticly {ind out where the java classloader actually loads the class {rom 2 5 4
12 handle calendar timezones using java 1 2 5
13 split a huge zip file into multiple volumes 1 7 1
14 resize an image using java do this using java 7 1 1
15 format a duration in java 1 1 1
16 create conditions based on user role using jsf/myfaces 10+ 1 10
17 test methods that call system. exit() 1 1 5
18 cast an object in java to a combined generic type make this cast 10+ 7 2
19 parse/evaluate hql and get map where key is table alias and value 10+ 10+ 7
20 build a dom the long,arduous way using the dom api 10+ 8 5
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Table 6 Difference of code fragments

Matched Code Fragment [formatter print stack trace]

Disruptive Fragment [lm lasmod]

Disruptive Fragment [issue negation convert to java]
Disruptive Fragment [durationget]
Disruptive Fragment [factory daily clear from]
Disruptive Fragment [one before]

Disruptive Fragment [args main ]
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1. In case of just for existence. It could be file or a directory.

new File("/path/to/file").exists();

2. Check for file

File f = new File("/path/to/file");
if(f.exists() && f.isFile()) {}

3. Check for Directory.

File f = new File("/path/to/file");
if(f.exists() & f.isDirectory()) {}

4. Java 7 way.
Path path = Paths.get("/path/to/file");
Files.exists(path) // Existence
Files.isDirectory(path) // is Directory

Files.isRegularFile(path) // Regular file
Files.isSymbolicLink(path) // Symbolic Link

7 Stack OverFlow Yy —4~ [ %
Fig. 7 Answer on Stack OverFlow
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