A4 4R ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software,2020,31(12):3671-3684 [doi: 10.13328/j.cnki.jos.005873] http://www.jos.org.cn
O R Bt AT 58 BT R BT A5 Tel: +86-10-62562563

N *
—MFHSHBHNARENR A E
REEY RELY EEAY KUKV K &Y IREY N BY A2ekV
"MV B B [ K S S = (R K%, L0 B A 210023)
2R K BRAFE BT IR M AL 210093)

3(MERY HHEARE SEARR LN Ml 210023)
HIEE: % B X, E-mail: eytang@nju.edu.cn

H OE HHENKERZIBHIEANZLNFTERFT AR EETEAE R, B AT AN AR @R
BARAEE T S RN LG G B A Fe T R ABARE ZHAEREOAN BRA, B SRR LA 3 5 R K 49
R % B BT ih % TR AT RS 9 2 3R — A R T F R 6945 3h B R R MK vk % 7 kR ikt — A
i) 2 A L LA AR5R R A A ) 00 F 4095 5 R A SR A A R A LK E B R A AE A L R 64 R B R
LR b 3 A A AR R G R TKAR A SR A b H kA R I E K AT E 4 KR )AL R AR R LK e 2
FAAEAS B 2 JF) S 3K 04 R A% A ) SR A BB SRR AE 12 T ik 6 MK EOR A 45 R RO R AR Y A R S
T LB AT AL R PR E B A 4550 FmniK LAk A B Ak w A A1

FEREIR: FAH) TR BRI S 69 8 SR KA B B A B Rd i

REES S TP31I

FRCH IR R s, B S TV S SR R A, E AR, N R R T R Bl N S 1 AR 5 T R AR,
2020,31(12):3671-3684. http://www.jos.org.cn/1000-9825/5873.htm

P 5| #%30: Cheng HL, Tang EY, Yu CZ, Zhang CC, Chen X, Wang LZ, Bu L, Li XD. Approach of sketch-guided GUI
testing for mobile app. Ruan Jian Xue Bao/Journal of Software, 2020,31(12):3671-3684 (in Chinese). http://www.jos.org.cn/
1000-9825/5873.htm

Approach of Sketch-guided GUI Testing for Mobile App

CHENG Hao-Liang'?, TANG En-Yi'?, YU Chun-Zhou'’, ZHANG Chu-Cheng'?>, CHEN Xin'?,
WANG Lin-Zhang'?, BU Lei'?, LI Xuan-Dong'”

!(State Key Laboratory for Novel Software Technology at Nanjing University, Nanjing 210023, China)
*(Software Institute, Nanjing University, Nanjing 210093, China)
*(Department of Computer Science and Technology, Nanjing University, Nanjing 210023, China)

Abstract: Software testing plays an important role in improving the security and reliability of mobile applications. However, there are
many shortcomings in the current mainstream testing technology for mobile application. For example, manual scripting and recording
playback techniques require a lot of labor costs, while automatic testing solutions have been limited when they are applied in mobile
applications. This article presents a sketch-guided GUI test generation approach for testing mobile applications. It provides a simple but
expressive sketch language to help testers specify their testing purposes easily. Testers just need to draw a few simple strokes on the
corresponding screenshots of the application under test, then the proposed approach recognizes these strokes automatically and converts

them into the test model. Finally, test cases are generated based on the model. The effects of proposed sketch-guided testing technique are
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evaluated based on the test cases, which were used in the literature of mobile application testing in recent years. The results show that the
proposed approach is significantly effective with little labor cost in GUI testing of mobile applications.

Key words: sketch guided test generation; model based test automation; mobile applications; graphical user interface testing
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Fig.1 A test scenario example of bouncing ball
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Fig.3 Example of range elements
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Fig.5 Sketch of connector elements
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1:  while selogicStep(L.l) do
2: ty«—vertexGenerate(s)
3: while p;epointCoodinate(t,) do
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4 ty—tu [P L WP /7K MR UG A Ay o I8 g 8 1

5 end while

6: G.V<G.Vuit}

7 V(s)«t, HGAT VME N BIAE D s $ 30 B rb R 06E 4 i
8: end while

9: while (s;5,)esubSequence(L.l) do

10:  G.E«G.EU{(V(s)),V(s)}

11: end while

12: while (et:etset) esubSequence(L.l)Aet’' eetset do

13:  s;<lastStep(et) IR SEFF et F e — @ 31E LD
14: s, firstStep(et) 13RI EF A et PSS | N8RS
15:  G.E«G.EU{(V(s),V(s2)} R ESE TS (A e S AR UN I G PUE S
16: end while

17: while eteeventTrace(L.l) do
18:  s«firstStep(et)

19:  G.Vo«G.Vou{V(s)} TR BHAE 5 X6 RS s 0N B4 G 40 1 kS 4575 s8R GV
20: end while

21: G.O<«oracleExtract(L,V) AFEE L A R H br

22: return G
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HiH:0 /I B A,

1: while eteeventTrace(L.l) do

2 p<V(firstStep(et))

3 P<—PuU{p} /A% p B LRT RUNAZIES P

4: while peP do

5 if (s1;5;) esubSequence(et)AV(s,)==lastVertex(p) then

6 p<addVertex(p,V(s,)) 1144 sy RS B I ER AR p KK R
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7: else if (et":etset) esubSequence(et)AV(lastStep(et’))==lastVertex(p) then
P<P—{p}
9: while et” eetset do
10: p'<addVertex(p,V(firstStep(et”)))
11: P<—PuU{p'}
12: end while
13: end if

14:  end while

15: VpeP,O(p)«L.O(et)

16: P«Q

17: end while

18: return O

LS8 Al S H AR B G (WA o, DU AR 1 i s 4 FRUSE 7R DX 5l 1) 7 1o U8 2E e ok AR i T 37
TP PR A1) B 2R G Ak e i [ B S5 R 2 50 43 A (R B BL i A2 38 1, O e i g v FR) 4 — 2 AR A e —
AT S AR 3B AT A, 5 2% e ST I CHE 28 SR ST IAS R EE G IR 45 2R I — B B AT AR AL B sl
TR A R T AL IR 3 R P D PR IR T

FEIZAT AR (R R v I N B AT e 25 R I B0 S IR R AT 280 R 5 S AR A R B RN 50 7= 4 T
F1R 3000 5 R, BT A K A B e, TN T A8 L 2 AR A B P 5 3 DK A N 03 T i R v R TR A
AR 2R 8, & B A e — 0 B & SO AE T i, B A& SCHEAAL TR B B T ol skl N TR IRES T
TR 2 A A 8 el s T BN S22 IR 2 AN B BB A 8 (K OF X st T 78 20 IR AR RV 3 D00 3N 5% P e
SERLAEIR AN A B A LT n) AR AR L R P i AP (1 S SO, A S TR & AT L 5 A R SR
TEVE AT IR0 R DG R 03 T A A o F2 b i ) B AR B SR T R — 4 T ARTE ) 5 B 2R R AN R k)
NG
2 SR

18 CAT IR 3 8 ) S TR SCik 7, Choil® fil Choudhary™ Wiy gt T —Z5 SE RVl 490 4, TR VP48 R R % 3))
T FH T 03 7 95 PR S it 80 AL A SR DA A2z FH A8 B Dy R oA SR P/ A B ATT T s S TR 0 vk (R 80 AL 91 2 11 2
FHREFF 488k © T F-Droid JF¥ N H 3, ARG B LR 1,300 5 /N N H B2 5 24 music note, 77 1 345 47710
a4 F1 245 RT3 33 R I N Y 24 anymemo, % 72 145 4151084 F1 4 954 MR T 4y 2.

Table 1 Details of benchmark apps
F 1 EAEBIEER A R

ISR 3 FURIRAH AGE SeE
musicnote education game 1345 72 245
whohas lent item tracker 2366 146 464
explorer JVM status lookup 6034 252 885
weight weight tracker 4283 222 813
tippy tip calculator 4475 303 1090
myexpense finance manager 11 472 482 1948
mininote text viewer 13 892 680 2 489
mileage car management 44 631 2583 3761
anymemo falsh card 72 145 832 4954
sanity system management 21 946 1415 5723

L C AN 2l N R T A B A BEA T B S 86, AN SORs R I [R5 LA 3 A S AR A )

) L 127 22 P A PR PN B T R R RS 21 22 KA 1T 2
i) R 245 FH A SCHE ST 7 2l 3 F R e R R i, 5 22 22 /b N g2
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Table 2 Coverage of sketch-guided testing and other techniques
T2 ARSCTLl M v Ty A v A A b R 2 s 2

R i) 7 o 2 (%) 0y (%)
T Monkey  AndroidRipper MobiGUITAR T2 | SwiftHand F 215
musicnote 46.85 4.01 29.83 84.12 62.30 73.63
whohas 59.35 16.31 32.89 78.35 54.40 61.39
explorer 69.36 2.52 16.49 69.40 62.94 53.42
weight 45.07 14.97 17.32 70.06 51.45 62.02
tippy 78.62 7.68 13.35 88.97 61.50 65.82
myexpense 42.57 12.82 9.48 62.04 34.40 45.42
mininote 29.15 4.25 6.39 41.89 24.20 28.14
mileage 30.60 9.52 14.68 59.79 24.50 39.64
anymemo 25.51 2.80 3.99 S1957 36.20 41.67
sanity 22.17 3.99 9.36 31.33 16.69 18.69
S E 44.93 7.89 15.38 63.79 42.86 48.98
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Table 3 Statement coverage under different sketching time (%)

R 3 LA A T2 I ERUAG A i 1) 8 ol 56 (%)

RN 24080 448 6 4reh 74BN 84 2 SHlRBtE
musicnote 58.35 83.37 83.96 84.09 84.12 84.12
whohas 45.02 78.22 78.26 78.32 78.35 78.35
explorer 61.11 61.19 61.19 61.20 61.28 69.4
weight 55.32 55.59 55.68 55.70 55.70 70.06
tippy 46.44 76.64 76.8 76.88 76.93 88.97
myexpense 7.45 19.15 31.02 53.33 56.17 62.04
mininote 37.76 38.04 38.06 38.08 38.09 41.89
mileage 24.87 27.05 35.47 47.03 55.52 59.79
anymemo 6.73 22.85 33.31 40.91 43.78 51.97
sanity 6.02 10.84 16.33 19.54 19.85 31.33

Table 4 Branch coverage under different sketching time (%)

R4 DT T2 BT 73 S8 5 R (%)

RN 2008 4080 6Bl 7B 84rEM 2 B RBUS
musicnote 52.75 72.73 73.31 73.61 73.63 73.63
whohas 25.32 60.83 61.28 61.36 61.39 61.39
explorer 45.39 47.30 47.31 47.36 47.37 53.42
weight 42.40 42.45 42.48 42.48 42.48 62.02
tippy 16.84 41.44 44.30 44.36 44.39 65.82
myexpense 6.04 9.83 18.08 36.45 38.64 45.42
mininote 25.49 25.68 25.77 25.77 25.80 28.14
mileage 16.83 20.07 25.68 32.37 37.05 39.64
anymemo 4.95 17.18 23.57 29.79 33.31 41.67
sanity 2.17 5.39 9.96 11.45 11.68 18.69
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Table 5 Compared result of sketch-guided testing with/without logical connector elements and the feedback stage

RE IR E AT AN AL LS A T AR s 0k A R

P Iy M e AT AR GG ) Bl /0y SO Bt ) (%) | AT AR B GE ) B ol /9y SCBE i ) (%)
o AN I R AT i P VAR AT AN I AR AT i P AR AT
musicnote 245 58.10/37.36 84.12/73.63 58.10/37.36 84.12/73.63
whohas 464 78.35/61.39 78.35/61.39 78.35/61.39 78.35/61.39
explorer 885 36.74/28.68 61.28/47.37 52.41/30.47 69.40/53.42
weight 813 51.71/37.22 55.70/42.48 64.73/51.88 70.06/62.02
tippy 1090 72.02/40.24 76.93/44.39 83.86/42.35 88.97/65.82
myexpense 1948 56.17/38.64 56.17/38.64 62.04/45.42 62.04/45.42
mininote 2489 31.68/19.85 38.09/25.80 35.56/22.78 41.89/28.14
mileage 3761 55.52/37.05 55.52/37.05 59.79/39.64 59.79/39.64
anymemo 4954 39.06/22.18 43.78/33.31 45.79/28.26 51.97/41.67
sanity 5723 16.41/8.59 19.85/11.68 27.76/15.35 31.33/18.69
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