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Abstract

With the rapid development of the Internet, software technology has been applied
to all aspects of life, and testing technologies are also emerging in endlessly. Crowd-
sourced testing refers to a test method carried out on the Internet, where the employer
hires crowdsourced workers to test the specified target and submit the test results within
a specified time period. Due to the large number of participants and lack of communi-
cation among workers, crowdsourced testing have the characteristics of high repetition
of reports and redundant descriptions. The reports submitted by workers in the crowd-
sourced testing cannot be directly delivered, and specific personnel are required to iden-
tify similar reports, organize the content, and generate the final delivery report. In order
to accurately identify similar reports and improve the efficiency of report compilation,
this thesis designs a crowdsourced testing report fusion system based on knowledge
graph.

Based on the crowdsourced testing platform, this thesis designs and implements a
crowdsourced testing report fusion system based on the knowledge graph. The system
innovatively constructs a crowdsourced testing knowledge graph, and uses knowledge
graph technology to assist report fusion. This thesis uses Natural Language Process-
ing technology to extract the entities and relationships in the report description, and
introduces the classification knowledge graph to supplement, explores the semantic
connection between the reports, uses translation model to perform vector translation of
the knowledge graph, and aggregates the reports describing similar defects in the same

cluster. At the same time, this thesis calculates the image features in the report to assist

ii



in report fusion. Secondly, for the problem of description redundancy, this thesis uses
the PageRank algorithm to calculate the weight of the report in the report cluster, ex-
tracts the main report in the report cluster, and disassembles the report in the cluster into
a single supplementary item of text or picture, and extracts the content not described
in the main report forms supplementary points. This thesis also identifies the report
description, checks whether there is any content that contradicts the description, and
generates ambiguity points for the contradictory content. This thesis first aggregates
similar reports within the task into report clusters, and then splits the report clusters
into main report, description supplementary points, and description ambiguity points.
This makes the classification and information acquisition of defect reports more effi-

cient, thereby improving the efficiency of reviewer.

This thesis is mainly divided into: knowledge graph module, knowledge graph
report fusion module, picture calculation module and report summary module. In order
to achieve efficient access to the system, the system uses Nginx for load balancing,
Redis as a cache, and Thrift framework to provide efficient communication between
cross-language modules. In response to the call of Xinchuang’s domestic software, this

thesis also carries out portability adaptation for domestic operating systems.

At present, the system has been applied to related online projects. The system has
realized the identification of similar defect reports in crowdsourced testing, classified
and extracted the opinions in the reports, and improved the efficiency of reviewer to
identify similar reports and information acquisition. The quality of delivered reports

has also been effectively improved.

Keywords: Crowdsourced Testing, Konwledge Graph, Report Fusion, Report Inte-

gration
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FKORZEME =T, RENmn e A im AR 55 uim Ao X 4. R A AR Qi) &%
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BugService i TIREL, JRIGHRASH B A4 20 URL 858, (EAH7ERT B =005
176 OSS w1, FFHM OSS R E F B A 740 # . ImgDownloader 15745 &
J M OSS i E 4l . ImgFeatureExtractor 1157} & IAFEHFATHEEL, & 4F
ARG B2 JCD HFAE, A HRAE SRR A LIRe MEZRER AL T R 5E . 1B A4
FESRBUSE B B F AR 52 ARBL SR T 3 R MBS
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B R ITERROEE

ImgCalService

+ calBuglmgSimilarity(BugDTO,
BugDTO): double
+ filterTaskSimilarBugs(List<BUGDTO>)

. KGService
Lo
ImgService + similarity(String, String)
+ downloadlmg(long):void
+ extractimg(long):void
+ similarity(String,String): double ImgFeatureExtracter

“T- 3 + extract(BufferedlmageStream,
String): GlobalFeature

i .
ImgDownloader N Y
GlobalFeature

+ downloadimg(String,String):void \

+ savelmg(Bufferedimage):void . Y + getFeatureVector(): double[]
N + extract(Bufferedimage):void

+ getDistance(LireFeature):double

v ‘\»‘xq
SourceBugService —
FileUtil
+ getAllBugReport(long): List . o JCD
+ getBugByld(long):BugDTO + write(File):void
+ getAllBugsMap(long):Map + read(String): InputStream + histogram: byte[]
+ checkExist(String): boolean

+ getByteHistogram():byte[]

+ getDistance(LireFeature):double
+ getFeatureVector():double[]

+ extrace(Bufferedlmage):void

Kl 3.17: B RS IE p
3.6 REERERSERIRT
3.6.1 ZRaixit

QN3 1873 A2 TR P Al AR S R SR A ], A v T 81 g
P AL SR a A A SR 55 PRE . AR R AR A 1A P T SRR
PR EGHER, HFHRKIREIHE BRI ST &, MEGIHEREA
BN H

BEMR s GRS, E IR S TR AT PageRank SRk 5 4 5 7%
W AR, o KB R, TR AR B RS TR B i AR
R ARG, e R SR EAATR] , i 1 R R A I A AS B R A AT
[], P SE MG (1] PageRank SIS RFEI S HE R A,
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o TR A AN RS B A RS TR T SRS

ATREHE R BT BR
SMEBARSS \
aastan | TpEo| |TRaR| -

S
= e%% HE
E -

PageRank “1 EE?‘A
-= BEESSE  JaccardARE  REGMES

REERS L

L

[RIAIRE

RERRS R
Al 3.18: Fl AR A T
P ERAR LI 8 P e RS , R R B IR HE e 1%, R

SRR PR 1% 0 f5Ja Ve R fo o AR A A i S TR 0 E i . 2 IR TEsE
F AR — R T B AR A AT HOA, SRBUEIRE Z MM ER AER, Z5
G R TAE R ER . ARG, SR R REAEE ER G,
AR Z A 22 5 RO T IR S, BUAL B Y B R IEE R 2 R R R
RIa AR AN TE R AF IR T 5 B Al AR 5 7 P AR DL IR T HER?
M TTAT S 7 LS AN FE R 520 . #1xF NLP bR h B B ¢ 244
AR, AR S AAEESOR, WA ESORE R, AR O, fibiz
Frd e A AR AR B RS KIS SR SRR B R AL B B

3.62 FMIRit

WEB 19 FR 2 BRI E , Tz, FusionService @ BIHPAZ L.
HAMABTHE FZ AR fusion() Ty AKX T8 E AR S5 #- TR & . fusion() Ty ¥A%F
P&l KGService Fll ImgCalService 43 Bl KB A A 40, FuHR & 34T &5
HIJE R 45 R iF MergeReportService R AL RS .

Ay B 3 1 S5 i 445 Bl ik SourceBugService 1 THREL, RGiH &
PRI B R 5 HEA TR A EAE , ANSFRARAT 55 P A< M4 45 50 O iR 55 42t
PIREEEAT, IBA RGN A S AT I8, B ER A AR - 5 JE 1A
I — 2k

MainReportService 2 2L 57 T X e FEHEAT 32 44t PR HUR A X 2 4 A0 B
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= AT RIS AR Rl & RS SR SRR

Hop B 2544 iz 250 B KgService H1 i) getClusterChildGraph() 3515 . KgService
Hh B A g T 854 2 1 1 T R S T SR AR

GraphService $&{It 1 fl & 2 i Je Mg 5 i 2heg, Hrr buildGraph()
RE A% R % A1) 42 1544 3 B PR G548, AT I 2 1) = i 1 G A v R % 4
PageRank SLyA AT A2 ML, PageRank ZRER{H T Xf PageRank Sk SL B
Pk R, Y SR R KRR S T TR R S T 2 B R RN T
BIFT A o 9 s S BN BT A R . Ak PageRank Bt S b AE #
R AR AR S R BE AT IR, BRI R AN RS — U R A
OIPER 1%, FRAG— IR G AR 1%,

FIREER S RERZOKE

FusionService SourceBugService
InteractiveService + fusion(Long): void + getAllBugReport(long): List
+ combineCluster(Map,Map): void + getReports(long,long): List
+ getTaskInteractiveMap(long) e e mmmmeeeas .- + rankAndStoreDiffText(Map): void pz-----==------2 > + getBugByld(long):BugDTO
--="" | + rankAndStoreDifflmg(Map): void [, + getAllBugsMap(long):Map
[ + mergeAllBugs(List):List

WordSerice “-‘ MergeReportService
+ genBugMatrix(List):double[][] i + mergeReport(List)
. P ! L \‘ - save()

SuplementDao

MainReportService + save()
| N
+ findMainReport(Set<String>, v \ AmbiguityService
Map):long A\ ‘I
* .save(Ma|nRep0rt):IfJng ClusterAnalyseService<K> % | + findAmbiguity(long, List, String):void
+isAggregated(long):boolean — - \ | + deleteAll(long):void
+getAllMainldByTaskld(long):List ' fg—c'if;r";':tt:_mgg> % | + getAmbiguityByMainld(String):List
+ ahcCluster(double[][], List<K>
, double):List<Set<K>>
= + genClusters(int[]):List<Set<K> i-/
GraphService T N -
DifferenceService
+ pr: PageRank \'/
HierachicalClustering + genDifferencce(String,Set<String>
+ buildDirectedGraph(Set, Map): Map
Map): Graph + height: double[] + genDif_fCIl_Jsters(Map): Map_
+ pageRank(Graph,double, + merge:double(] +findMainDifference(long): List
/ int,double): void + isSimilarWithMainReport(List,
v . String): boolean
' . isdJaccardSimlar(List,List):boolean
KGService : + method(type): type + ( )
v T =
+ getClusterChildGraph(list):map PageRank<VE> | - N
+g: Graph<V,E> Difflimg DiffText
+ soore: Map + mainld: String + mainld: String
+ bugld:String + bugld:String
;]{)ggsgg;bg?draph,double, +imgUrl: String +sentence: String
+ run(double,int,double):voic + index: int +index: int
+ getScores():Map
+ getVertexScore(V):double

el 3.19: JiH PR Al SRR A L SR

ClusterAnalyseService ) BE2 X AN FE A TR T, KRG HEER)Z
RPN B TSR A TR DS, MATRY %M aheCluster .
fil A AR v AR i A 7 RUfE Bl SupplementService AT, B RE
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B AmbiguityService S THEEUF /7% . DifferenceService $24L THE— R
PPN AN R S0 25 R U B A SO R I8 R 22 57 s AR S I Bl
R SR AR TR AL AT AR, RF I AR I R BT A TR, SRS R
SO R (5 B R T i RS AT IR, THEHRUERE R, FRBGEA
RUEA AN ST RIS, TR Rikh 7t sidit i . AmbiguityService 4 HbE S i )]
2 B WA R R —SE I R PR B SRR T, “BoRRis” 1 “IH Bon R
w7 AEFRE RS “show— 5" Al “unshow— S, il LB RE LT
PRI LR FN K R RSN T W — SR M R A B KR, QR W2
U 1y b SRS B S

3.6.3 iRt

@ o
c 1
ambiguityld
n

1 n
1 mainReport iqui
@ supplement @ P ambiguity
() o) (o) =
supplementld

] 3.20: R IE SR Al AR ER &

D

W 3.20 i 2 0 H R R A5 Al A BB ER &, 53R T RHZ B i 32
BLSLA, task RN RGP B REATSS | A5 E080@ M AN S5 A BT 35451 - bug
TR PR E IR, [FREE M INEBIR 55 AL BT 3545 . mainReport 2k #i245
FEHR R4, supplement &R 5 H IO RS R4S . ambiguity R 5L
HHR IS, S AR, task R bug R XL IH KR, —A> task 1 £ 4 bug FidiE
bug Fl mainReport FH—*f—XK &R, FMHEHA @5 . mainReport 5
supplement Fh—XZ X FR, — M B4R A £ 5407854, mainReport
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TR B ) AR A 5 il A R G R A SR B RO T

5 ambiguity FH—XIZ KR, — MG TAIA 2B SR
WR3.ISFR 2 task REBIFHEM UL, R FEZILR T ZRE P RELE
558, FFAE id, name. create time, end time fil status £y, F3.15%}

T Bl AT TR .

2¢ 3.15: task 3
FBE p'd PRy |
id A5 ME— id BIGINT id Ay gn) g
name BN £ PR BIGINT AR A
status 55 W AR A INT | FoRHZH, 0 FRHREEH
create_time | {L55HFURHTIH] TIMESTAMP | ¢
end_time AT 45 Z5 TR ] TIMESTAMP | J&

W3 16f7R 2 bug RFE BRIV, ZRFEILR T RGP R EAESF
S5H., FE4F id. name, create time., end time I status ZEF By, F#3.16%f%E

e BT TR A

7 3.16: bug #£

TEB s Fnd e

id BRpE RS ME— id BIGINT id Ayizgen) L

title FR B 4 VARCHAR P

description Bl FE A TR VARCHAR ¥

create_time | HRE-AIEEE] TIMESTAMP | ¢

taskld et i JB AT 45 id BIGINT RA Ry

imgUrls & A P A 18 e | VARCHAR -5 AT 40 )

url %13

recurrent B 52 IR INT BUATGE A 18] 5 iR, 5l
HAth, TCRASR I, MEREE., K
MR,

category e e i e 231 INT BUETERE A 1 3] 7 /Reg, 7l
LA, IREATEE . PR, TR
Bepf . PR AN IER IR A A

severity e o ) EE AR INT BUAEE A 1 3] S myRes, 4350k
. B, — k. CEAZR.

1431777 ambiguity F A5 B REAIN], %2R IS T M A A
A SRS B IO id. mainld Al taskid SRR . F3.1TR KRB

11 TP .
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ok
it

TR AT EE Y ORI 4R 5 Al B R G R AT SRS T

Z¢ 3.17: ambiguity 3

FBE HX PRH o]
id 15 S S ME—FRIR id BIGINT id iz R
content B E N VARCHAR i
mainld e S R FE 3 s | BIGINT HIUE RS R id
id
bugld %A FEFUITJE Bug ik | BIGINT P
PR id
positive N IERIE X INT B, M EHERRFE IR

K “unshow— F#” XTIV positive
MO, “PURFEHE” PRI “show—
SEH” XA positive S 1

WE3.1807 7~ 42 supplement FF BRI, LR FEZICTK T REHTH
TR e S E B, FE45 id, isImage. index. content, rankScore, bugld
Al mainld ¥ B, 3183 iy Brlb AT 1A .

Z¢ 3.18: supplement 3

TEB s Fend A
id FIFEEME— id BIGINT id Az
islmage AT Fmidizsh s G 82 | INT 1 e, 0 R AR
R T
index Fe, AhFEmAERA ) | INT EEWSISRAS 34
55, W RARATFAEHR
S BRI e
HE S
content HNFEENE VARCHAR I
rankScore AN TE AT B A AE R A, | FLOAT b/
#%H PageRank F7537)
bugld %A SE U8 Bug ity | BIGINT TG
AR id
mainld ZANTE TR £ iS5 | BIGINT i
e id

37 REBWERIET
371 it

et B MBI BT AR IR AN I3 21 7R, AR R T R G R
HREMA G BRI, g ARG e— Java B H ME Java

Web Jii H
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BT FET RN IR 5 e R GRS BT I

AR F MVC[41] ST RIFE % , MVC (Model View Controller )
HE 28 R 2 AR B s R g AR AR . MIVC HE R H 2 38 i 4 g C sl
M (R 552 ) FIE V (WA B ) SEELARD 2 5 . Bk
Rl R TR, AR EI TR BT, Fisn T 2 H T Thymeleaf
ARG | AT &, R R HEZRAd F 1 & A Bootstrap,  [7] 5 i 8 H. /7 THI
i Ajax #H78HR% 4. Controller 2 M ST AR HIIMAVIER, ERAEMIAL,
PRI A i #S i i Controller 5 &4t #4732 H., Controller 2157 T TLTH
B a, EX— B2 MR gds e 2E 2 i, 2EEXEE
BRI T 7858, & R TIR A PRA Ly . T2 TR B T A, 1R
R R AT . RETE G PR il TR AR S RS RE,
A HEHA#HTE1T H EWUEE TAE. Bl 55 BRI 4 /NI S5 A T R,
AR BUESE B 5B A T AT EHESE.

Al

‘ Thymeleaf ] ‘ jQuery ’ [ Bootstrap ’ ‘ Ajax ]

JC

controller
vl 22
[ ABES ’ MARS ‘ RIRS ‘ o SRS PR
ji 4 N
logic service EfiArF AR
[ EsEn ] [ - ] [ —— ] [ P ] , N
# \l l/ ExiEa
[ SR ] [ffafwg%ﬂg] [?E%ﬁi%ﬁ%] [ — ]
BEHES

ji HIRE

[TE%W%{S] [§1THE%] [?E%ﬁi%ﬂ%] [%I\Eﬁﬁ%] [lﬁﬁ(,.‘ﬁﬁ%\]

database

Bl 3.21: g A g A R AR A ]
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372 HmREiRit
A RAR B AN B 3. 22K , A R A T R g A Gk

R I LA

IZI )

HMITIRERIE € BEERARIMIE

|
| !

> BEMANE EENRIE
s
*%;f BERFRS v
| EERRIRS S
\— EEMARSILE
IR RS

SHRIRE

®

K 3.22: g5 g i A A

1) B N GV BRRIE&
2) BEFERFENIARMAES .

3) HeFE—MEFHATER

AFIR G

Tl

5) BN DU RGP TGS AL G HRAE, Al GO aUR 1T AR RGN Rl G

A — AT 55 L RER AT — IR

(1)

(2)

(3)

(4) RGN GEREIAIE.

(5)

%

(6) B N\ BB FH AT 55 WA &/ PRRILEL

6
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BE TR AR L R KT S R T
(7) BB RPPRIRE T AR
(8) T rhEriisty, B\ AR RGN HAMARLR, SRR R
—BRFER A A S S AR, s R AR SR .
(9) M TR G RPRIRE P T8 S, A ARG, BB AR Y AR
Ao BRI G1AT AR B 2852 SEHY AT 5 A 718 i sl 3
FAPYR 6-9 HENSE A s i g LA

3.7.3  FMRit
RERRRRIZOEE

FusionController

+ fusion(long):void TreeController

+ getFusionReport(long):String -
+ getTaskFusionReport(long):String SourceBugService + getTreeReport(long):String
PEIAIY N ,-’| + getTaskTreeReport(long):String

"1 4+ getAllBugs(long):List
+ getBugByid(long):Bug
+ getTaskBugMap(long):Maf

AmbiguuityService

+ getAmbiguityByMainld(long)

£ .
SupplementService ANV
\ BugAuditService

+ getSupplementByReport(long,Map):List \
+ findSingleSuppleByld(long):Supplement + isBugAudited(long):bool
+ singleBugReview(long):bool

N

+ fusionBugReview(long):bool
MainReportService + treeBugReview(long):bool
DeliverReportController * gelMa?nReponByld(long) /

P + getMainReportByTask(long) ,,’ TaskController
+create(DeliverReport):void v . X
+edit(DeliverReport):void BudData + getTaskList():String
+findByTaskID(long):String + getSinngleTask():String
+delete(long):String + save(BugDate):BugData

+ findByBugld(long):BugData
+ findByTaskID(long):List
v
= TaskService
ExportService
+ findAllTask():List
H + exportExcel(long) + findByTasskID(long): Task
v + exportHtmi(long)
DeliverReportService
+ save(DeliverReport):bool GraphController
+ edit(DeliverReport):bool
+delete(long):bool + genRawReport(long):String GraphService
+ I!”ggy;“kl:jd(f'ong))ﬂf'stt + genFusionReport(long):String N
+ fin ugld(long):Lis! AP ISR,
vEug 9 + genSuppIemenFRleport(Iong).Strlng + getFusionReportGraph(long):
+ getGraph(long):List JSONObject

Bl 3.23: A BB HAZ LR

G B D IS AN 3. 23 7, 00 2618 T i 1 sty FLAA
WAL

46



A TR O A A R AR T SR

TaskController F= B 1 Tt AbBRA AR AT 55 A1 2 iR, A RALAT- 5551 3 T
AR VU, TaskService FIEHE FE L AN S5 #EATAC ., (F &M RS
JT A W AT 55 FN 36 E 1 S AR AT 55 o

TreeController =% 171 T7 AbFRAPIR IR EAH R 5K, AL GR35 T A
RRIR 51 2R 0T, TreeService FIEHE FE X AMNIR 95 HATACH., SR A 4R 2 AT
55 WA PR A DA S F8 R H 5 (R PR A 4«

FusionController 157 AbH il & 45 A4 WK . SRR AR S5 R T, @
TR T R A A S A . R RS AR R A2 H A TR AR
ERIALEE, ALBRSE A R 2 ] FH bR FIGE Rl A 52 . SupplementService
XoF 48 il A R R AR B RN T AR B AT T B R A B X AR A A
AmbiguityService X 4 4 Filt A 1 A H P AR A S AR BEAT T IR X AR AL
i 1. BugAuditService J& M ST iR 5 XA RIS, S T XIS . il
A 1A B 4 4R 5 T A T B . GraphController A il & 47 4 45 # W] WAL Y
JERERHE T SCHE

DeliverReportController {1 57 AbFE AT AF #4540 I AU K o ALIEXT A AT A 7Y
I S R A AR A T, R S AR T SR HTML W) B A% 2 Al
Excel #4545, S HTIREZH ExportService IrsL Bl .

3.74 HiEEEIR T

@

4] 3.24: iR RALER ER [&]
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TNIEI3 247 s 4 A5 B A ER 8] task 2R RGEHHYAREUESS, deliv-
erReport F/R AR, bug F/m 1 FHRAH G R #, bugData T 77k
HHHAZIRE . task Ml bug (YRR R—XZI KR, task Ml deliverReport [ K 5
R —XZH KR, bug Ml bugData & —Xf—HI K F& .

Z¢ 3.19: bugData 3

TB &Y el |
id A s £ id BIGINT id iz £
taskld JIXE R AR @ 4S5 | BIGINT AH Jys
id
bugld ST I ) 4 A5 1Y id BIGINT ISR
status HIARES INT BUE A OB 1, OX AR, | XM
SRS
review_id o N Bt id BIGINT TG
review_time | 45 HI A [A] TIMESTAMP | 7

GN223. 1978 & bugData KB TEM UL, %R FELILF T RE P&
HAZE O, &1 Bug 45 7E bugData A — K F B SR, FEILRT
FRRIRAS . HAZ NI HAZB ] %R F2ALE id, taskId, bugld, status, review_id
I review time 3Lt 6 NFEEL.

Z¢ 3.20: deliverReport

TEB p's ] e
id AT ME— id BIGINT id Sz R
taskld Z AR RS id BIGINT A Ry
title AR, 2% Bug #f45 | VARCHAR A Ry
T
description WA, 5P | VARCHAR NG
Bug A fifiik
imgUrls B R, i $Es | VARCHAR nRhEs, FEEE R URL {5 4.,
Xf Bug (1 &1 — ST AR R 2 M E R, 20 E
Jr Z [ o5 A 743 TR
sourceld JFifAs id, i0%E)E% | BIGINT I
AT 1 DU 2 SR AR R
45 id
severity Bug j" #4545 INT FE N 1-5 38 5 NEEG, ARA RS
create_time | FR45EIE A TIMESTAMP | %
category Bug Jif @ 28y INT TGN 1T L TAKR, R A
recurrent Bug & Wi INT FEI N 1-5 35 5 NG, RAhES
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W33.20f#173 42 deliverReport FF B4 , %R FEILFK T RG
g N VAR B A2 AHRAS IAE ., A4 id. taskId, title, description, imgUrls.,
sourceld, severity. create time. category fil recurrent i 10 M7 E;

3.8 AXEING

AR SN BT AR A A Bl A RS RETE R . AR B Kt
Fr 7oA A . I AT R G T TR BERIE RO AR L A e
BEAT T 00T, ARG T RS 4+1 DL 73 HEAT T3 . RS R Gy
AR EERCER . P R TR . AR A A RS R A I
4B RO R SR BT . AR, SRR R G BT A
BT T TR
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SRR BT A ORI R A R SR S

FOE ETFOREIENAUREHE RSN

5 = R U T ARGV AR BT RIS A BT, AREEATR AR SE )
FLARSCBIEAT Bk, 2 B 1 e P A0 5 S AR AT 1) 7 R RSB A T A, Sk
TAH IR, s Rt .

4.1 SOREERR S

AR e 1RSI T O R AR . R AT SRR B R AR
B RN A 2Ry . Ko RARRBG > BRI T NLP SORM R SR
BT, RGURRAL TR RS Jieba F Pyltp 73], Pyltp @3 Y
HICNLP T R4, HARHE T2 SCARE S B BL, W& 7. KA
RO ATAIAMERR SR o AR TR USR] Pyltp X b T 3CA o A
Befdi ] Neodj FEAHAL 55 PR EISEHY, ERSLREER: 455 W6l 5. 1
JARARE AR SR . FERRWMEANFS, BAh, FEXF NLP f2HUR R 41
R MR SCARIE A IR IR SR, ASGET I T 20 =5 70 AR B 1 0t
Frabse. R EE B R 6 ] YA TransE @A, SRR 3 A i
SR A SR T

741 R EE R R

REZHFR 84

good R, TRV PR S R

bad R, FERE A ORI SR

include B, TR LB B E A

inpage b =R T, FRRRBRE RS B Z R, SRR RN R IH S IR
BEPEPERY Bug H LI

click My, RPN RGEMERE, W s

show R, FBWERGRN, 0 REFRH P ARB

switch Y, FEMRRGETURAE N, 0 REGHEL IR v

input B, TRE R PETI R AEE, W FEEREDmEA SR

choose W, T P TR B, 0 BEEEOT R M E AL

search W&, /WS H T RRE, 1 BRNE

RS KRR | FEHRAERITG AT 55 TP B BN, (B AT iR i@ sh1ESI &,
TIAY) App B A" KT

un* YA Z, unclick, unshow. unswitch 25, 11 A Bk 5] B 055 51
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SRR BT A ORI R A R SR S

411 SNREEERRARE

A T 7 2 T SRR 5 1], KGService @2z A LT, A%
BN RS2 (BRI TME,  [RIBF % X SR AR B S A 32 11, Al m]
PAiEat Thrift XHZ AT/ 3E I . SourceBugService 322 H TR/ MR 45 $&
BER JE R R 458 . NLPService 7500 FAR IR BRI TIE F AR, FEHK
MRS PR BUN P E LR G R, s T SRR S
WréFY)RE. Crowd2Neodj =2 11 BTk R 58 N AFAE I G5 A8 A S NLPService 7£
HRAG SCA A HP R B & R BT AR ERER EE, 51 =5 R AH R g
FTANFE, F A SE AR FI O R AR IR AFTE Neodj IR EH . Neodj2CSV 217
T Neodj HIAEAHIT) 5 2 J SEUAREE T R 1 s B AR 28 i 75 2 CSV 25
4. Train 37 TR I 5 K SR K K ZR 1) A 3R L. TransE 28 )¢ TransE %17

PR SRR A BAR S

FHRENERIRIGF B

KGService

[SourceBugService

NLPService

Crowd2Noe4j

Neo4j2CSV

Train

TransE

return

analyseTask(list) -
0 >

igetReports(long) -

return

getRealtiion()

lmmmmm e

crowd_data2Neo4j()

: >
return -
S LLEEETEEEEEEEPEENEEEEE R

* task_neodj2csv .

bormalizeEmbedding;

. : » -

T >

: return .
v SO S

. . return :
o T L SO T T REEEE R
get_vertors() . N
- >
. : return .
b e e e e

return

] 4. 10 FIR A AR
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4.1.2 NLPService Z5i¥4Asc I

NLPService [/ 3¢ #4173 . filterFreqqentPV Jy 35 3 B 12 4 45 14
FIVETESIREA TSI, BT “ah”. R, Bk PR, CHEANY EEILE
P E RS ERAE, oAt PR S I S T 55 B %A 5 LA s
WA Y RO WK ATREE — N WANTE, iR s, < B
AREE—MEILEE, BRI 50 ZaRiE s A2 - IR
15 RECE S el 10%. getRelation J7 ¥k 32 8@ 7 B R EUE 3R

def analyseTask( self ,bugs):
self . filterFreqgentPV (len(bugs),bugs)# §itig mih”, WkiE 48 DAY = A i 1]
for bug in bugs:
sentences = self . splitSentenceByRe(bug[’ description ’])
for single in sentences :
words = self .segment(single # #4741
yicun = self .yicun(words)# JEATHAF T, T8 A1 A
relation = self . getRelation (words,yicun)# ¢ Z&HEHL,
self . saveRelation (bug, relation )# A4k
def filterFreqqentPV ( self ,reportNum):
self . freqquentPV=sorted( self .taskPV.items (), key=lambda kv:(kv[1],kv [0]))
for item in self.freqquentPV:
if (int(item[1])>15 or int (item [1])%1.0/ reportNum > 0.1):
self . frequentWei . append(item [0])
HRF R B> 1SR B> 10% 18 1] i A BIAE 55951 2598 1)

def getRelation ( self ,words,yicun ):
sentence = self . analyse (words,yicun)# X4) 3647041, FAREUSE H B
elif ’#j A’ in sentence.wei:
HEXRI S R B R W E R T O R PRI
for single bin in sentence.bin:

relations .append([ sentence . reverse + ’input ’, single bin ])

else :
sameWord=[1 for i in sentence.wei if i in self.frequentWei]
if len(sameWord)!=0:# X {55 HAt & WLIR TR #EA T4
- REARH R

return relations

& 4.2: NLPService JE {1
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SEPUE BT RR ISR AR I RS AL A R G S
4.1.3 Crowd2Neodj Zi¥4lscI

AR B GE IR B SEARFN K R ORAFAE Neodj B, Horh R RSk 3
PG el MNP =0T it A TR SR A =
D7 FR SR SRR SR . R GE N S R AR T S B 5 R B A SCAR N T BT
PR R R NFA 7R, Crowd2Neodj I8 T2 2 G TR AR GE A B LRI R b AT
PR, FRFHEE A S Neodj it . E43P0R @ EATHRE . K448
T ARG R A R s A

for {155 1 Hy Az 45 do:
for AR 44 H A BRI 2 45 do:
FERER I RGN R R ZR, AFEMPIR I S parent X & | P & A= T THiinpage &
2, D A 5 iR include ¢ 22 %
for A4k HHEEUH K & do:
PRATF 5 2 B S0 P %
if A2 R A S PR SR and SRR S A4 FiT AR A -
PEEU AN RS sk ) FAB R SEiR, A BENE B

end
end
end
& 4.3: Crowd2Neodj $hf71CHY
MATCH (n) 2
uuuuu ) eti24)

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

K 4.4: RGEER KRR B
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4.1.4 TransE JE4scIf

TransE A5 2 250 TransE SRR T 7528 HH AR5 IR AT g S 4
FIR A T CEAR Y 1) o TransE LB E e R 48 A HYSERAN K R AT fL i,
PIRR AT 1] S FEALBUE, SR 1 BT —1 . SRS RRREEVLE RSN 150
A1) EEPEAT SR, () AR ) B SRR (AN £ = e R R e R . B
A A o0 JEE T W R SR A O iR R B/ ML, TS B (fE 1) Ao B AN T Y
AR, H RSB N R R AR HOR . BARIREAR R 1 1 RO T A . IR
SCELANEA. SR o

def transE( self, times = 1000):
for index in range(times):# £ timesyk

Sbatch = self . getSample(150) #FEHLFEEL150 =04

Tbatch = [#edixt (JR=Jcdl, fi=Jc) 5%

for sbatch in Sbatch:#ifwFjoodl, FEFHICEA TR 71 =04

tripletWithCorruptedTriplet = (sbatch, self. getCorruptedTriplet (sbatch))
#¥fsbatchff A, PRI =0, W—Aoodlxt
if ( tripletWithCorruptedTriplet not in Tbatch):
Tbatch.append( tripletWithCorruptedTriplet )

self .update(Tbatch) # XJHEANEEGFHATHHT

if cyclelndex % 100 == 0:
print (55 %d K fE¥R " %index)
print ( self . loss)
self . saveRelationVector ( self . taskid +” relationVector . txt )
self . saveEntilyVector ( self . taskid +” entity Vector . txt )
self . loss =0

&l 4.5: TransE SCH & 580
42 BRWTEERESI
421 BRITEERKRE

P R TR I [ 4N 4.6 577, ImgCalService 2B AL, %
J&U# 1] TmageService FREURA I AL TE O o BEEA T P& 22 1Y I i i 45 o
KR IR IE 22 URL 554, TR BB 5 R 8034l , T 2281 i bs
R of SourceBugService 388, ImgDownloader 1157 [ 1) %%, ImageService
PR SO T H 2 FileUtil R 18 7 PRFr 21 43 .
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ImgFeatuerExtractor 21 7%} &y FFAEHEATHE L, HAE ) Lire HEZEHY S 142
HUT B JCD F/AE, ZAHELR G5 T8 T R R Bt . X H EERE 7 9 By
NP EXTE R FREREBUG R B R 3R, X B RRAE S Al R
TR LA AN B R Z TR AR BAEE

X B R FERRE R R 4 i, ImgCalService ¥ H] KGService 115 H Az 45 5444
FIAHRUEE(E S, I BRI LR A B Ak ) = D T 5, G SR 4 4 s (R AR DL R e
BRI OL T, R R A B R R

B Fr it B AR IR B

ImgCalService KGService ImageService ImgDownloader | | SourceBugService | |ImgFeatureExtractor| JCD FileUtil

“similarity)

&1 4.6: [ F T BRI T 4]

4.2.2 XEKD

WA TR 7R R B R T BAR ) AR A . AR B S ICD TR A
FAEDEATHRE, 152 A E R BRFAE B SR E X s 1) B R b AT HeA 4
B R BB RS2 AR R TSR R AR URE, X T P R AR (U T 0.8 FY B A
B R AE AR BT A SCAAMRLEE , ARSI =T 0.8, T P
i@l & I T G
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public List<String[]> filterTaskSimilarBugs ( List<BugDTO> bugs){
Map<String, List<float []>> bug2imgVec;//bugf i & H- 451 7] &
Map<String,BugDTO> bug2DTO ;//bug¥f i Hi 45 52 {4
for (BugDTO bug : bugs){
List<float [[> from = bug2imgVec.get(bug.getld ());
for (Map.Entry<String, List<float[|>> entry : bug2imgVec.entrySet()){
if (! entry . getKey (). equals (bug. getld ())){
List<float [[> to = entry . getValue ();
if ( callmgsSimilarity (from,to )>0.8){// H%& & - AH L&
BugDTO compare = bug2DTO.get(entry.getKey());
if (kgService. similarity (bug.getld (), compare.getld())>0.8&&
bug.getBug page().equals ( compare.getBug page())){
/I HCBE SRR A B2 =2 B
JREE 3 AR A

(&1 4.7: [ R T SRR S B ARG

43 MREERSRESERESH
43.1 HMIREEREMSEREE

P PR T A 4 W B 4 114 8 i 71« FusionService 2 1% BEE 4%
D, BRI A L
FusionService i fil SourceBugService 15 43R R G5 H AT 55 B SR BR iR 45
2 )5 i ImgCalService il KGService FREUIRIR 45495 B . H H MergeRe-
portService K¢ X R G LR A H . XM TCEAHMME T, R MainRe-
portService #1473 i 4542 8L, MainReportService J# fi] InteractiveService FkHL T. A\
R RBREE, VR KGService $REUR 54 1~ I 45#) , KR8 i GraphService
e, ZJEVH M pageRank() J7 TSR & 7k & & 19454, B R o S A
AR R) AR . P AmbiguityService S BRI HYBOCRR R, BOUR
5 R PR BURR 2R IR B R 55 52 . X T BRI E A IS E, A
DifferentService R IR 51225 mifd B, ZERmifE Bl A2 & Py s —4) 1
s —E o TN ZER A, BHRRERITRSAG, HhEERZRE
FIEVRIN ARSI 2 i HierachicalClustering 28 sE gy . X T 22 7 i &9
A%, A FusionService HH) mergeCluster() X #bJE nidR HHEHEAT &I &
HZ JE W5 #E)H H MainReportService ZREUEN 58 sl 25 T J8 4 5 AE e i Y
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S BT PR R AR Al R 5
OHERS , AT A 22 5 s A A RIS, AR i 3 AR h SR AR R

FIREER SR ERRINF
FusionService }\AergeReponService MainReportService | |InteractiveService: KGService | | AmbiguityService DifferentService GraphService }-{ierarchica\clustering
[ mergeReport(, :
<---retumn ____ : :
findMainReport r-_getTasklmeracnvqup
: return D getClusterChildGraph
return . .
< R :__buildDirectedGragh()
: : . return  :
pageRank() -
1 retum : R R tetum i
* fingAmbiguity
S S S (- (1§ BN
par| : : ‘getDifference() N : ~
. N . return . .
[ mmm s S AR REDLEE LI o= mememmmeaenne wmmmmmmmmmmmnee R Rab e L
- getDiffCluster() .
: HierarchicalClustering()
PR e ]
getLapels()
return
: B GLEEETEC L P L EEEEE ST L LR
return . :
[ ergeCluster])
getRank
e retun_______.

] 4.8: JIH P il R I 4]

43.2 XEKD

et il AR 32 B2 53 fusion() WNEI4.9P 7R . X R SE 15 T T )&
HBIRAEMER, SR)5 9J8 H KGSerivice f ImgCalService #1114 filterTaskSimi-
larBugs 75 ¥ RBUIR A G 5 B, FF 3 MergeReportService AT & &I, &
H 5445 th MainReportService P47 4 EFE I, F AP Bud & bl & 2 1K
(b, E45HE H KGService MHITREIE PRI, 2 J5{# ] PageRank 5%k
T EMRETREC XTGBT AmbiguityService SRR SR, E
A PR M GE WL o B T SO 22 S R 25 S R, PR S TR R S
MBI R ZRBITERSE, BEZ RTINS RN SR SSE T A&
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public void fusion(long taskld) {
List<Bug> bugs = sourceBugService.getAllBugs( taskId );// FHLFT A bug
/153 SRR R B RSB ERAT  Jr  S ) R LG
List<String []> simBugBylmg = imgCalService.filterTaskSimilarBugs (bugs)
List<String []> simBugByKg = kgService. filterTaskSimilarBugs (bugs)
ClusterAnalyzer<String> clusterCal = new ClusterAnalyzer <>();
List<String> buglds = bugs.stream (). map(bug—>bug.getld()). collect (
Collectors . toList ());// FREUR 45 rjids) 3=
List<Set<String>> clusters = mergeService.mergeReport(simBugBylmg,simBugByKG);
Map<String, Bug> buglnfo = bugs.stream (). collect (toMap(Bug::getld,
Function. identity ()));/ #4J#Emap
Map<String, Set<String>> mainInfo = new HashMap<>();//#4 &tmap
for (Set<String> cluster : clusters ) {
I FF AACER I A4 et
IR
String mainReport = mainReportService.findMainReport( cluster , buglnfo);
mainlnfo.put(mainReport, cluster );
ambiguityService . find Ambiguity( cluster ,mainReport);
ARG BB G R, A
h
/I ARBUARAS TR 2257 1
Map<String, List<Diffltem>> diffMap = diffService . getDifference (maininfo, bugMap);
Map<String, List<Group<String, Diffltem>>> diffMap = diffService .
getDiffClusters (diffMap )/ %25 5 S TE K
mergeCluster(diffMap );/ X285 #4764
Eeai

A1 4.9: R AT T o5 Bl SRR O A A

4.4 IREERERDYSCI
441 EHIIR5IFETREH

WNEI4.1002 RFEMATIF IR I . LR TALFS B PR AR5 U A%
WE KA . BB RGN T BERARZ , R FIFRIEAT 1700 SOL L, TR
IR T XML IR R DI AE, AT AR A BT R A RS AT S5 . AT
G5 DN BRI BEAT 5 T s Te) EA T HE R o
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#! /bin/bash
while true
do

crowd_review="docker ps |grep "crowd_review"|grep -v grep|wc -1’

if [ Scrowd_review -eq 0 ]

then
echo "start crowd review"
sh build_run.sh

else
#do nothing

fi

sleep 45 #f7 45 TG E—1

done
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