At 5

4 B ¥ i X

(wiF TALAME524%)

#® X & B
% X B &
FA LA
o A ™

¥ o+ K

&y 1) MR AR LR AR A R it 5 R

M5 E

TAZAE (B TAZATIR)

20194 A 11 B



~

B &

|=4

=
&7 B
i+ % U

- MF1732039
: 2019 5 A 13 H

(%F)



The Design and Implementation of
Recommendation System for Collaborative

Crowdsourcing Testing

By
Pengfei Han

Supervised by

Associate Professor Jia Liu

A Thesis
Submitted to the Software Institute
and the Graduate School
of Nanjing University
in Partial Fulfillment of the Requirements
for the Degree of

Master of Engineering

Software Institute

April 2019






AR AFHARLAEFE LB L P LHE A ALK

Wi AR . ) 16) WA A AR LR AEH 2 R8T 5
IALRE (BB TAZAR) % 2017 KME4AHL: HMT
FFHIT (L. BBAAR): X E S I

g =

AREL RN — MR AT M7 VE, BEAE R R N AR R EARB T A
[l BEAT AE LRI e AR % Sr A I 1K e % 3 I 7% 2 LK Do I AR 3 AR
PR ST K, ISR A FAS 2] 72 %0 Ay Al =X
s, BTSRRI & BUSCRE, AT 22 R AR 2 4 3 s HidiE 0 A (0 5
2 R IRERAD J S SRR DU B AT S SR BUH TR 58 S
Fis SEGAE T RKERERRS, HIRERESEZAT. AN, BT RKESMN
IAAAE, R I RIS AN B 5 278 1

AR SRR Z AT AR AR B e, B2 i 1 P AR A I R AR
. MPEBEANNKERES, BAMEMES, HRHEN T ORRAHRE 1 H
fE55. RGBSR W2 AT SERP AR AR S HERE, 51 P SR A ik
BEAT WL, TR S A RS RS RGAE M TR ASIR Ja, SR HEAT
R S AN G U AR 55 70 BE. A AR S HERE AR S T A Bl A0 g sl 2
KON PRI B AZ R 5 13, DNl T T 7 DL A 1 7 O F P HERE £+
VT, X FHEFE R, P AT BLEAT ORI RO BRER AT, R TR 22 SR A,
BRUIE A 757 I (R A Sl e [RJES, PR T DI R A i i AT B AU 52
A2, MM Z NICFGiE, SRTHR S ORI 5

ARG ERAMESEIEAT I, K Angular2{F W AT3RHEZE, Spring Bootff:
NG HESE, Redisf 9 # f) 92 47, MongoDBAE g % ¥ . AH LA 5 #E 757 %
FiWord2Vec 5SWMDSLE L. B A% 30 1 3 77 R FH 22 TR 1) ity ) o a7y v 5
Blo DM T T R 2 7 g SE R A0 R ) 22 YR e e it A VR S

ARICK RGEHEAT T DhRe I, I Tmetert RGEHEAT TR /1. R4GE
FEARBNR T &M EFIZT, S d RS R AT IHABI AL REY,
ZAGRENG AT RO AR AP ERRS, &G SO RR R E, e
U T A i

KA A E, ARBI, hFEE, £S5






MR AFHARLAEFE LB L X LHE A ALK

THESIS: The Design and Implementation of Recommendation System

for Collaborative Crowdsourcing Testing
SPECIALIZATION: Software Engineering
POSTGRADUATE: Pengfei Han
MENTOR: Associate Professor Jia Liu

Abstract

As an emerging software testing method, crowdsourcing testing can call a large
number of workers and conduct online testing in a short time. Therefore it has re-
ceived extensive attention in academic and industrial circles. Compared to traditional
software testing, it can adapt to the testing needs of fast iterative software products in
the mobile Internet era. At present, due to the lack of support from the crowdsourcing
test platform, the research on crowdsourcing testing take action in model simulation or
data analysis. These methods lack verification of the real scene. At this stage, crowd-
sourcing test platforms adopt a competitive approach, resulting in a large number of
duplicate and uneven reports. At the same time, due to the long tail effect, some testing

requirements are not fully covered.

In view of the problems existing in current crowdsourcing testing, this thesis pro-
poses a recommendation system for collaborative crowdsourcing testing. During the
entire testing process, users undertake both the test task and the audit task. The sys-
tem performs real-time similar report recommendation when users filling in reports,
guiding users to review the submitted report, thereby avoiding the submission of dupli-
cate reports. After submitting reports, this system provides users with task assignment.
The audit report recommendation provides users with a list of reports to be reviewed
based on users’ collaboration data and historical submission records. The test page rec-
ommendation visually suggests pages to be tested for users. For the recommendation
report, users can perform likes or dislikes. This system uses cross-audit between users
to verify the generality of problems in reports. At the same time, this system provides
users with choices to modify the recommendation report, using multiple people editing

together to improve the quality of the description in the report.

iii



This system is realized by mainstream frameworks, with Angular2 as the front-
end framework, Spring Boot as the back-end framework, Redis as the query cache,
and MongoDB as the database. Similar report recommendation is implemented by
Word2Vec and WMD algorithm. The audit task recommendation is implemented us-
ing a model-based collaborative filtering approach. The test page recommendation is

implemented using the multi-source shortest path method based on users’ histories.

This system is tested for function. Besides, it uses Jmeter to complete the stress
test. The system is deployed and run on the crowdsourcing test platform. Competition
with independent system showed that the system can effectively reduce the repeated
reports. It also improves the quality of report text descriptions and reduces the time

required for the full coverage of test pages.

Keywords: Collaborative Crowdsourcing, Crowdsourcing Testing, Collaborative Fil-

tering, Task Assignment
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2.2.2 Redis

Redis A& — @ I 1 5 1 BEKey- Value B3 2 [28], 72 24 B B #1411 FINoSql %L
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i_

BF
: > R E—> Redis£&77
; : o ¥ #fRedis 2
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v
iR

2.2: RedisM = &l
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FIRedisft 2 i) 22 A7 ih e o

23 EEAFAEB#R

HEFE RS0 B b R P — 201 FL B 7 SO AR 7 RS L (30, R
PEEE T RO RE, LB UL R IR [31]:

1) BT THERE: TR T, R DUHAT RSB RSB, 1R
U
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HB PRI PR AN SO SO 2 T ARACL RS B B0 AR BT E B3 SO ) 1 B Q0 2 P i
PEESFIARGZARURE, Ty WA bR AT & SOR TR AL RS . AN 2 8 T30k
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BB R RIS — NG [37]. B EERMBIRERF, W
R, WEIRAE S — N ARSI ET, WBUEZ s/ E. CLE
HEEAENAN T A, MARIoN, DL Il G

D) SRR SR RS BE AR, KRPE, LORBUELR R, &
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1 public List<List<String>> getDepth(String id) {

2 BugHistory root = historydao.findByid(id);

3 List<List<string>> result = new ArraylList<List<string>>();
4 if(root == null) { return result; }
5
6
7
8

List¢string> list = new ArrayList<String>();
list.add(root.getId());

dfs(root, result, list);

return result;

9 ]

10 private void dfs(BugHistory root, List<List<String>> result, List<String> list) {
11 List¢string> children = root.getChildren();

12 if(children.size() != @) {

13 for(string child : children) {

14 list.add(child);

15 dfs(historydao.findByid(child), result, list);
16 list.remove(child);

17 }

18 } else { result.add(new ArraylList<String>(list)); }
19 }
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1 static WordvectorModel trainOrLoadModel() throws IOException {

2 {

3 if (l1oUtil.isFileExisted(MODEL FILE NAME))

a {

5 if (l1oUtil.isFileExisted(TRAIN FILE NAME))

6 {

7 system.err.println("BEAGFE");

8 System.exit(1);

9 ¥

10 Word2vecTrainer trainerBuilder = new Word2VecTrainer();
11 return trainerBuilder.train(TRAIM_FILE_NAME, MODEL_FILE_NAME);
12 1

13 return loadModel();

14 1

15 1
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1 function draw(ev) {

2 if (lev) var ev = window.event;

3 if (mouse be down == 1) {

4 drawing = 1;

5 the canvas_context.lineTo(ev.pageX-the canvas.offsetleft,
6 ev.pageY-the canvas.offsetTop);

7 the canvas_context.stroke();

8 xs.push(ev.pageX-the canvas.offsetLeft);

9 ys.push(ev.pageY-the canvas.offsetTop);

K] 4.12: onMouseMovelli N Z AL

4.2 WA TTEEFEIRIFEM TS SEI

ARG E B FAE AR AR 55 AT B AN I RE R, RGN iR
FEM BT 15 00, (M RENETE 2 1R DN ol A s Ol TP I 7R 22
WRAE RGeS, XTSI T HSCHl R E o Ay, BB
ARG DT T 7 5, R, AREH T CRACHIE S, AP HERE T
IRRUREWARI

4.2.1 RS AT PALRY ST

option = {
title: { text: 'Graph BER{I" },
series : [{
type: 'tree’,
label: { normal: { show: true }},
data: [{name: "5 =1', children:[{name: "*T=2"}]}]
}]
¥
myChart.setOption(option);

W00 s W B W N

4 4.13: Echarts Optionfit. & A% 7= 5]

A 4348 FEchartsH [ Tree 56 i SE Bl Echarts 1 208 $r N\ il I i & DUE
i FsetOption() 77 ¥4 56 i,  H X RFEN&SEIREL, B, MAHARAZ LR, XM
HisetOption() /7%, R 2K Mk E s 5 B O X b AN [R] 2 4 B 3 ik AT 7E
Jeo M TreetHR T @ Graph'fl 5, LFHEfEEAERTIMNE, MEFESH)
. HA, ErEdEm, BRI E DS SR 4137w, fa N B —Fhik
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Attt i/ DI, Hall = target B, FHEFEEEGR, SR Gmyh Z IR 1T
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e X FHER N EZAES, M5 &R BT RIEE, ST S8R ER
AR, BICTERON TR 0 H %, AR 2 g8 F R P AR A
PEA R AT N EEE,  HE P AT AR T AE RS AR 1A &, AR GRS BRI 1)
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431 RS EREAE

R R R Oy At e TR P [ R ) — RS2 T e AEAR RS, Sk
N T EH LU S A

HN: HP%EH

2) M: 5% H

3) K: fREHIREEH, EARRG T, WG FE R v, M )s A
SCARHGIRS FH K, WK = 3.

4) K x NF P RRHBEU: % B g AR 3R A it T B =k &5 % 12 B
B v I 7 B A AR ) B i N IE &S e 30 0 A, ndapos, Hdol, Dy 1A
w7 Z . K R SE R H java.util. Random™ FlnextGaussian() )i %, X
U Math.sqrt(b) * random.nextGaussian() + a£ Y ME Na, J7 7% b BEHL 2L,
3 6 BEATLHRT] 46 A B A AL AR R

5) K x MR & BRI RV : AZAE R v AR, ERERE LS. )
Al BAFAE 17 2 A R IR IE A SB 50 A, ak4.50R, Hdol Dyt F &
WP 7 ZE e R, FHATaRt 7 RS P BRI 1) B AR [

6) N x MA PR 4EFER = UTV: ZSEREFr AR i TS jHIPE 55

N
pUley) = | [ Nwilo,at D (4.4)
i=1

N
p(Ulo}) = | [ N0, o3 1) (4.5)
i=1
Hoof, A E AR P PR, ZEA RS, T
A (VRS R B RS , Forkdidl, sUMHRAS 5 RIS PURR A AL A
FH P50 3K DU 2% (V74 B B0 1, DIGIX A, H AR, T 4.3 .
FIFILL ERoh 2, BRI )0 T Bught A4 RE, o, 4
B EURRH P ORI FO4R 4 40 R ), U

R(x) = sub(x) U good(x) U Fork(x) U none(x) U diss(x) 4.6)
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R 43 ARG R

RELF | IFSBE | BFRAP TR ERENEERT
b 1 sub(x)
=g 0.7 good(x)
Fork 04 fork(x)
H e vEsy 0 none(x)
J=§o3 -0.7 diss(x)

432 HHELERER

B TP AN RER, IR BT 04T, THER, ~ N(UTV,, o). I ELA O ULIE
VERIEEINBHU, v, E B ARG TR R B M 2R 8
B TR E B AR T A . B B (R KO

1 2 2
EU,V) = 5(R - Utvy + TUUTUZ + TVVTVZ 4.7)

K, Ay =0?foy, Ay =0?/oy. EU, VFBRIEIZRIE R 40 2% o6 AL

1 int steps = 6oee;

2 double alpha = @.0002;

3 double beta = 0.02;

4 for(int step = @ ; step < steps ; ++step) {

5 for(int 1 =9 ; 1 < N ; ++1) {

6 for(int j =0 ; j<M; ++3) {

7 F(RIEIM] » @) {

8 double eij = R[1][]];

9 for(int k =0 ; k < K ; ++k) {
10 eij -= U[i][k] * V[kI[3];

1 }

12 for(int k =0 ; k < K; ++k) {

13 U[i][k] += alpha * (2 * eij * V[k][j] - beta * U[i][k]);
14 V[k][j] += alpha * (2 * eij * u[i][k] - beta * v[k][j]);
15 )

16 }

17 )

18 }

19 double loss = @;

20 for(int i =0 ; 1 <N ; ++i) {

21 for(int j =0 ; j<M; ++3) {

22 if(R[LI[3] > @) {

23 double eij = @;

24 for(int k = 8; k < K; ++k) {

25 eij += U[i][k] * V[KI[3I;

26 1

27 loss += Math.pow(R[1][j] - eij,2);
28 for(int k = 8; k < K; ++k) {

29 loss += (beta / 2) = (Math.pow(U[i][k], 2) + Math.pow(V[k][j], 2));
EL] }

31 }

32 }

33

34 if(loss < @.e@1) { break; }

ECTE

K 4.16: FEFE il SEBLACAS
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AT B T L SR PR 4 5 DR TP i SR RO, AT )
GIRENE SUEi == F 2Nt E TS

441 SEMAEHE

RecommendController RecommendService

+ rs: RecommendService + urs: UserRecordService

+ SimRec(user_id, case_id, bug): JSONArray + SimRec(user_id, case_id, bug): List<Bug>

+ PageRec(user_id, case_id): JSONArray + PageRec(user_id, case_id): List<String>

+ ReviewRec(user_id, case_id): JSONArray + ReviewRec(user_id, case_id): List<Bug>
UserRecordController UserRecordService

+ urs: UserRecordService + urd: UserRecordDao

+ saveRecord(user_id, target_id, action, remarks): boolean + saveRecord(user_id, target_id, action, remarks): boolean

+ getByUser(user_id): UserRecord

+ getByAction(action): UserReocrd

UserRecord

+ user_id: String
+ target_id: String

+ action: String

+ time: String UserRecordDao

+ remarks: String + operations: MongoOperations

+ getUser_id(): String + save(ur): boolean

+ getTarget_id(): String + delete(id): type

+ getAction(): String + getByUser(user_id): UserRecord
+ getTime(): String + getByAction(action): UserReocrd

+ getRemarks(): String

K 4.18: AT NI s sE 2R

WE 4187, ISl FEE 584 KH K. H, UserReord®
M7 B X B 7E3.3.5/0 11 A i3t 47 1L A 4. RecommendController”E 2 U 2 i
Ui 8 I HTTP A 32 1) 4 757 38 K B, 1 FHRecommendService 17 Mk 5532 45 Ak 2,
#ZService'PageRec() 5ReviewRecOfE 7 /A R AL THHARRHERF L R G,
FUserRecordService ' fjsaveRecord() 725, 10 RKIMEFEL

FH P47 R 0 3% 2 218 13 UserRecordController5E iit.  Hif ¥ £ F 77 £ 7 U
TR S %8 5, 22 F) FJavaScriptdF BH ZE1/OM K¢ M, 4T ] )5 dim [R] I & 3%
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PRAFAR S A0 P AT N AE S % oK. UserRecordControllerfE 22 W #1i >K J5, <
1 FUserRecordServicei3t 17 A PR, A7 5T 3RS 5T R ot 1), K 5o ds 4 3%
i UserRecordZs, ¥ HUserRecordDao, | FHH H ffiMongoOperations & F 4 (R A7
ZMongoDBHEIA FE, W HHRFF AL,

442 HIEICF

ASKEPAE L 2 o Fric sk I HERR 25 R BHE Ak 4.4Po, 200 1 Bl
T AHE 77 0 DT 35 SRS A o A A 35 HE O AF 45 R P 3RID.  action v Brid =k 1 HE
RIS RRAL, o T AR AR T HERE 1 4 [ 30 BN R il e 40 5 VR
frids, BT HRiC sz HERE 1 45 R H .

R 4.4 HEFEE R
action user_id taget_id
PageRec | ML i #E# FH R UL T 45 SR
ReviewRec | BZA A 7 | BAZR 5 HERE 45 Rk S5 IDEH

BT IE SR B AT ABAR R 450K, AT RS HEE, FEd
3 TP EE AR VR IR AT 1R, RER B Fork MR, X T IR
VU AESE, EEALS T SRR 3RAE, R iC S  FE R Bug i £ UL,
CAE SRR 25 R AT R L. X T8 i i e, B EAds 7 T R
BEAT R B RUER ) $R A

* 4.5 AP AT B

action user_id taget_id remarks

SimRec MRS | EETERKIREID

SimRecConf | AR ETEZZH 7 | EEFEHEIEID | A%, SER. Fork

PageRecConf | il 0 i 4 FH TS ID Bug FrfE B[

ReviewRecConf | HiZIkR HHEEH /| BHEFEHENIREID

mERMEN R, RESERMEHEERSH AT NRE G, WA F
FHConfirmic & /E N4 T, Recommendic 3 1E N4 £, 4 Bl k47 4% 4 1] %
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_ 2. SimRecConf

S = 4.8
! >, SimRec (4.8)
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511 ARAMEAHER
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ECSH %5 %% (Debian 8) MongoDB MongoDB 3.2.16
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