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Abstract Reusing existing high-quality source codes can improve efficiency of software development
and quality of software. At present, code search based on input/output queries provided by users is
one of the main approaches in the field of code semantic search, but existing approaches are difficult to
describe the complete behavior of codes and can only handle a single input type. This paper proposes a
code semantic search approach based on the reachability analysis of Petri Nets for matching multiple
forms of type. First, the semantic processes of code snippets consisting of the number of data objects
and types of data objects in the code corpus are converted into improved Petri Net models. Second, the
initial marking and target marking of Petri Net models are constructed according to the number of data
objects and types of data objects contained in users’ queries. Matching code snippets is obtained by the
analysis of reachable paths in reachability graphs and induced networks of Petri Nets. Analysis and
experimental results show that this approach contributes to seeking out desired code snippets by
queries that possess multiple forms of input/output types provided by users, and compared with

traditional approaches, it can significantly improve accuracy and efficiency of code search.
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Fig. 1 Overview of code search method based on the reachability analysis of Petri Nets
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String dburl, usename, password, query;

Connection cn = Driver Manager.getConnection
(dburl, usename, password),

Statement st = cn. CreatStatement( );

ResultSet rs = st.executeQuery(query);

(OENEENY]

String ay, a, as, a,;

Connection ¢ = DrM.m\(a,, a,, as);
Statement d = c.m;( );

ResultSet e = d.ms(a,);
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Fig. 2 Code example and its type representation
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@ S <parseStatement (code _Func) ;

[ A5 AT R B b i 15 4 7 81 A B )

S x|
@ while S#Z¢J do
© BmEseS;
©® S<S—{s};
@ T<TU({s}; [* ¥IERBMEB] Perri M

AR LA |
® T in<parselnputType(s);
[ BT 1 A B R RSB R
AT in J»/
@  while T in7#J do
© Wt €T ins | » BHHESR T_in P 1
A AT * |

@ T in<T _ in—{t};

D https://neodj.com/

@ if t € P then [ * JIWi iy AR A7F
1€ Petri B * [
® P <P U{t}s | * AN K2R R
HINE] Peri [/ 2 B 4 b/
@ end if
® num=<—parselnput Num (t,s) ;
[ S AT v ) vh 22 L e A\ BUHE X 4
A5
® F<FU{eos>bs [ * B A = /|
@ W ~WU{wt,s>=num}; | * & BH
AIRALHE * /
@®  end while
O T _out<parseOutputType (s); | * FH
JERCIR R TRV ETOE IR
@ if T_out & P then [ * J Wk i G R JE &
TEFE Petri M =/
@ P <PU{T _out}; | » F AELEN KK
RUYRINE] Petri [ B 22 i 4 |
@ endif
@  num<parseOut putNum (T _out ,s);
[ ST T A v 2 S B e RN X
B |
@ F<FU{<ST out>)s [ * Btk « /
@ W~WU{ws.T out>=num); | *&E
LTI
@ end while
@) return PN.
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FR P ACHS B X B 1Y Petri 4548 2 A7 B 5 14 79
AL ARAE. Dy 1 4 e AR DL BE S8R, AR SR
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{5 B Neodj HA 5 Petri 2 L £ 41 20 )7 2R
S AL B3 Ak SR R A L O R 2R L SQL
i85 F Cypher LLJ7 1P $0AT A8 980 | gt 6 S5 45 1.
B 2. & 6 v R EicdE R 0 Tava 065, iz A0S
XFRE Petri WA 7 Fiv 75 1 5 (8 4 34, 45 28 B4 A
1C T XTI BT 5 1 A bRl T X AR 5, Heor Class,
String 28 Y PE BT Ry i ACRS Fr B 1 A R 2 T 5 void 28
R I Sy 26 11 126 i, G4 8 R0 28 il Oy 288 180 3 48 3ok
e Ay gk 9 B ] 2 T R T 4 1) AR A Y A AR AR
FEAEHY P T 02 TR ) 728 3 0 g A BSOS R4 B A BIAL
AR B B A B X 5 S B AR AR ) R
S A i 0 SICA R 3R 28 AR PR i R 1 ) 728 A ) e o s X
5t TORCEE AR 221 25 8 A B B 8080 T A S i
A B IR GAEAE AR N 1Y) 5 AR IE i E A X
G PE T 4 ] v R A A ) A IRALEE Ry 1, fR e B R
4 ) A G2 8 i %) 1 IR S Sy R 5 i A fif
B EL. L, 72 PR EL getConnection P8 F3E A 9 . i
ANBHE X G046 3 A 2ALH String IS ELL K 1 A
21N DriverManager 1) 98 F &, [ it i A 9K i
String & )T f1 DriverManager & it #8 [0 1& 8] 48 iF ,
HLH AU 4330 3 R0 1 b Bl v 42 2 1 A28

printStackTrace

ClassNotFound-
Exception

JforName

By Connection 93 [A14 , A i A 4 9 Hy 3 0] 28 1 4
1] Connection & BT, H. % 1} 94X & & 1. Connection X
SAER)Y R Berh g 2 T 2 K, Ik Connection
FEFTANEAE C. i fEAS i, B C By AIACE R 1, %
AR oy 2. T s TR 25 & TR T8 6 H SR T pR A
25K 2R RO U8 1) 5 B 48 o b 9 = A
B K 3% AR B It 43

public void testConnect () {
String dbUrl ="xxx” ; String username ="*“xxx";
String password = “xxx";
String dbClass =" com.mysql.jdbc.Driver” ;
String query="“SELECT * FROM DVD Info Table”;
try{Class. forName (dbClass) ;
Connection connection = DriverManager. getConnection (dbUrl ,
username s password ) ;
Statement statement = connection.createStatement () ;
ResultSet resultSet = statement .executeQuery (query) ;
while (resultSet. next ( )) String tableName = resultSet.
getString (1) ;

connection.close () 3}

catch(ClassNotFoundException e) {e.printStackTrace();}}

Fig. 6 “Java database connection” code example

Bl 6 “Java B 2 B AR AR ]
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Boolean

creatStatement

Fig. 7 Petri Net based on the example code of Fig.6
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Fig. 8 Flow chart of method for matching code based on

the reachability analysis of Petri Nets
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M, [void]=1, % FHAUEM p’€ P .M, p']=0.

FIEF) T Pl % AL void iy AR, Ry T 4%
UETC B 5 A 2 TR AR e 1 ) ) DG B ik R AN 32 5
PR L 15 void 28 B B2 BT 1 4 R AR R 1. B b b U
& T v 2R AITE Petri XX I 2 T (1) 46 2 4
B, F R 26 7R 5 2 A 1 B0 X 42 B TR

EX 9. HARbr it FA MR T i 5L
PEXT 4 o ANRTE Petri WEPAEFEFEFT p € P MARIC
Ko MM [pl=1.M"[void] =0, %F T HAfth A #
perP .M [p']=0.

void J& T4 R T R KT 0 19 JE I Ry < 3 4 4R
AL 1A s A W 8 4 2SR a4, B 8UE
BT ANELE A void AL AR A AL & B B g A

KA A S BRI AR IR void FE BT 92 A
BT FE.
4.2 Petri MAEE AR S

T HIWr Petri [ H1 o 5 AF7E B W) AG AR P TT G
1) HARPRIR 75 X Petri W#EAT AT 3K 5307 s A2 BT A
B iR E) AT 35 56 R L X T8 A4 1Y Petri M, Ry T
P i A BT8O B T AT AT IS B BT L B 25 BN 52
IIMTES I I 2R P BT BRI T
4.2.1  ATIA P Y A AL

AR YE MR 5T Petri W sh 2547 0 (1) B2 T+
B X e o g w1 i L HARAR IR Petri I PN, H AT
Ik B A G R N 2 TR

&% 2. Petri W A] & B A B reachGraph.

A :Petri M PN AR M, 288 p -

i . PN B AIAE GR ™.

D GR" < (N.E);

@ N<{M,}sE<D; | = BT K& =/

@ @‘*{Mo}§
@ while @7#) do [ * MR A FRIRRE R Ry a8
B x

©  EHEMECO; [ x SRR PR E
1ABRL
© <P {M};
@ for T T € enabled (M) do | * IREHRIA
M T AR AT T * /
® (M, p)<fire(M,T); [ * 5 M )
JE BRI M L K ASSE T 4 P BT
bl
©) if pathExists(p,p~ sa(PN)) then
[ % Hr o (PN REBATE p 3] p°

1 EEAE =
(D) Continue;
W) end if
@ if M' €S then [ FIl M’ &5y Al ik
B GR ™ BT i |
® N <NU(M'}; [ = # A2, W
B M x|
@ E<EUCM,T.M">); [ * Bk
A<M, T .M * |
® O <dU (M} [ 8 M ImAF KAL
bR A *
@® end if
@  end for
® end while
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® return GR " .
k2 BT © ~ OBy FEA A Z A
KBS R T8 Petri 7] 35 9 AR oE 5125 5 5
Bt L ATk B GR * FI R A B AR A @, b GR
M7 50 PN AR GR ™ 1R B3 15 £ ) 16 A5 1R
M, .GR" WA <M, T .M’ 3% AR A bR IR 2R
PRI M i it il & A T — 4 vk I 4k b il M7 (F7
O~ s H, X T84 RAE B AR R E P AR M.,
T MR AR 5 RS AL 45 IS 4k BR R
M'ULBAESE T ik th T p (AT @ ~®) 5 585 . 3
Wi M T AL B QR M R AL B K M A
QI MOFIKM T .M IR B i B GR * (5
@~@) s f)a 4 © PP A bR AR AL B 5E B8 LA
ARG R GR ™ (FTBO).

B 3. DL 4 il i i 26 800 po R 2 B

W Petri W Al ik 5] A= pR A B PAT i 7.
Table 2 Steps of Reachability Graph Generation Algorithm
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B R FARRE
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My stz sMs>})

LB 3 M; .M,
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Fig. 9
K9 FTK 7 Petri M AYIHE KM

Induced Net of Petri Net in Fig. 7
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Petri M4 & 8 R E (AT O Q) 5 H UK KK AR B
Petri P 3t A7 73 Hr, Az BH X I /9 a) 35 18 (17 O ~
©) s IRJ5 L FI W AT 35 P2 A A7 AE H AR bR 1 5 AF7E
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ohy i 1 2R ALY ) e 51 X A BE DT IC R A
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H % 3. Petri WITELHE % matchPN.

Wi R Petri M E PN _database i 1
FKH p HIRPRIR Mo BFR AR M R e R
2 (Petri M N800 _max s

iy il : VEIC Petri 54 Ok_PNs.

@ Ok _PNs<(J;

@ searchCount<0;

@ while(one PN <—nextFile (PN _database)

and searchCount <n _max) do [ * 3 H
Petri f * [

@  searchCount<searchCount +1;

®  GR’" <reachGraph(one_PN .M,,p " );

| * B Petri W A] 35 8] * /

©® if " NodeExist (M”* ,GR ™) then [ * H

Ik E e BAFAE HARPR A M ™ =

@ Ok _PNs<Ok _PNsU{one PN};

[ % FEAEAE , Petri [ DT FE 1 2y o ¥ i 1
VCTC Petri P 4E * |

® endif

@ end while

@ return Ok _PNs.
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Table 3 Experimental Query Test Set
*3 EHRPHEANKE

% i LPNE THEESE: |
1 A A R B String/date
2 KM ANE BT 55 8 B AR StringWriter/void
3 W i AT B g A R InputStream/String
4 HEAL HTTP i )i HttpTransport/ HttpResponse
5 TE R 5 T B P A 1 A B LS R Random/int
6 Bl I 5 A SCAR S String, String/PrintWriter
7 YEH: MySQL $¥ 5 String, String, String , String/ Connection
8 Lnfar fii A1 JSP/Servlet #4530 A& 2R 55 4% HttpServletRequest, HttpServletResponse/InputStream
9 LR PN R S | InputStream/byte[ ]
10 i JJi HashMap Map/Iterator
11 f#i 1 Java fift B JSON String/JSONArray
12 AT K SC AR B 2 BA ST o String/FileWriter
13 QT A Java B E 1A B00 VB B String/double
14 Tl b 48 2 A A5 H String , String/boolean
15 R N R e StringWriter/String
16 i MD5 #51 String/byte[ ]
17 ¥ java.util. Date §4  XMLGregorianCalendar DatatypeFactory/XMLGregorianCalendar
18 Wl i F Java M Internet T &k RR A7 SC1F String/FileOutputStream
19 THE 2 A H OS2 2 ) i 2% date,date, TimeUnit/long
20 i 7 B 2H R AL R E String[ ], String/boolean
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num ,— anE 10 FE 11 s,

Hoi, AveP Rm AR A HER R, num 3278 MR
SR IANEL P () T X F A Q. M K45 51 3%
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Fig. 10 P @5 of each question under different methods
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Fig. 11 P @10 of each question under different methods
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Table 4 Experimental Results
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Fig. 12 Trend diagram of Petri Nets construction time

and code scale
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