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Figure 1: Super Metroid on an Android Emulator
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A snapshot -

Figure 2: Time travel framework. Modules in grey are configurable, allowing users to adjust strategy according to scenarios.
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Figure 2: Time travel framework. Modules in grey are configurable, allowing users to adjust strategy according to scenarios.

3) linteresting] KREZHFET %

« Bd#isInteresting(state) (2D DIFE [CtrueZ R T :
1. REICHHTTI7ERLIZGE
2. KRBT\ ?lﬁbf:tgtiiﬁbb\ﬂ—P?f)‘\%ﬁéﬂf:i%é
 [interesting] IKFEDTE
« FILWLWI—FDOETH Lxﬁu ICTAFEINTUVWLRWEENR DA 5T



XA LS ZNIILT L —LT—7s

O>O*O [ Interesting state Snapshot ] .
nsition] etection \
1
i AW

| Lack of progress

H detection

'

H rogressive shof
state selection

_____________________________________

A snapshot -

Figure 2: Time travel framework. Modules in grey are configurable, allowing users to adjust strategy according to scenarios.

4) [lack of progress] (DR E4FTET 5

« TRM7OEXIE, AR YRVE,FILWLWT O LOBEZ
HETDHIEHRGETLAEWEETWLWARIEEEDH 5

10



VNI

A snapshot -

LT —LT]—

Algorithm 3:
(SELECTFITTESTSTATE)

Selecting  the next state

Input: Path length k
1: procedure SELECTFITTESTSTATE(states, stateGraph) {
2 bestFitness « 0

P \ RN 3 for each state in states do
D e e i [t S~ N i
idOS | T " O | Interesting state Snapshot AN 4 stateFitness < 0 i
Developer . Coverage State _n_uState transition! detection creator AN 5 paths « all paths in stateGraph of length k from state
T i .
! monftor recorder : : i S 6: for each path in paths do
' T | Lack of progress _ .
i I v detection $rapshot Pool 7 for each Node s in path do
[ ’ . .
Oﬁ' i State State RN ! o Snapshot / 8: stateFitness « stateFitness + f(s) // see Eq. (1)
identification manager 4
g X | 1 State graph w}{&] el 9 end for
. JoL T EERT .
Automated test Sl - State observer Pt 10: end for .
generators, e.g. Monkey TTeeelll__ T 11 stateFitness « StateFitness
_______________________ |paths]|
""" - 12: if stateFitness > bestFitness then
Asnapshot [__] 13: bestState = state
. . . . . . . 14: bestFitness = stateFitness
Figure 2: Time travel framework. Modules in grey are configurable, allowing users to adjust strategy according to scenarios. s end if

16:  end for
17:  return bestState
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Input: Android App, Sequence generator Monkey NOIRED
1: State curState < LAUNCH(App) —
2: Save VM snapshot of curState 5~917 =

3. Interesting states states « {curState} N N A - % \
4: State Transition Graph stateGraph < INITGRAPH(curState) > ﬁ%g%t?ggg :Z;(gg %;277 ;; i;ﬁ%ﬁ ﬁl}% él; nz
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(TM) and baseline tools on 68 benchmark apps. MS indicates

Monkey extended with Stoat’s system-level generator and Figure 5: Statement coverage achieved by TimeMachine
MR indicates Monkey with the ability to restart from scratch (TM), MS
s and MR.

when lack of progress is detected.
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Figure 6: Statement coverage achieved by TimeMachine
(TM), Stoat (ST), Sapienz (SA) and Monkey (MO).
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Figure 7: Comparison of total number of unique crashes for
AndroTest apps. The dark grey areas indicate the proportion
of crashes found by both techniques.
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Table 2: Results from 37 closed-source industrial apps.

Subject %Coverage #Crashes #State
Name #Method |TM ST MO MS MR|TM ST MO MS MR ™
AutoScout24 49772 34 25 29 31 29| 18 O 1 12 0 915
Best Hairstyles 28227 | 14 20 13 15 14 1 0 0 1 0 34
Crackle 48702 22 9 19 22 22| 21 O 8 10 8 905
Duolingo 46382 | 26 13 22 23 22| 12 0 0 8 0 384
ES File Explorer 47273 28 15 18 24 21| 9 O O 8 0| 594
Evernote 45880 | 11 10 7 11 8 0 0 0 0 0 45
Excel 48849 19 9 14 14 14 2 0 0 0 0 201
Filters For Selfie 17145 9 13 8 9 8 0 0 0 0 0 43
Flipboard 41563 | 30 17 24 28 25 0 0 0 0 0 308
Floor Plan Creator 23303 29 30 23 26 26 0 0 0 0 0 394
Fox News 42569 | 28 13 21 20 17 5 0 1 4 0 635
G.P. Newsstand 50225 7 6 5 6 5| 0 0 0 0 0 14
GO Launcher Z 45751( 13 9 11 11 12| 0 O 0o 0 0 81
GoodRx 48222 24 19 21 22 21| 17 O 0 11 0 468
ibisPaint X 47721 16 16 10 12 12 0 1 0 0 1 655
LINE Camera 47295 17 15 14 15 15| 22 1 1 19 1 413
Marvel Comics 43578 ( 18 18 15 17 15 0 0 0 0 0 133
Match 50436 | 15 11 11 15 11 0 0 0 0 0 106
Merriam-Webster 50436 | 25 21 18 24 23 6 0 2 3 2| 1018
Mirror 36662 8 8 8 8 8 0 0 0 0 0 23
My baby Piano 20975 7 7 7 7 7] 0 0 0 0 0 4
OfficeSuite 45876 | 17 11 16 16 16| 3 0 0 1 0 479
OneNote 50100 11 11 11 10 11| 23 O 4 9 2 181
Pinterest 46071 21 10 16 15 8 0 0 0 0 0 382
Quizlet 48369 33 22 30 33 31| 23 O 0 17 0 548
Singing 46521 10 6 5 8 6 14 0 0 12 0 77
Speedometer 477731 16 11 13 13 15 0 0 0 0 0 51
Spotify 44556 | 13714 10 11 10/ 0 0 0 0 o] 36
TripAdvisor 46617 | 26 22 21 23 22| 1 1 0 0 0 1279
trivago 50879 | 16 9 8 14 10 7 0 0 6 0 139
WatchESPN 43639 | 26 22 23 25 24 0 0 0 0 0 395
Wattpad 44069 25 14 13 22 13| 0 O 0o 0 0 327
WEBTOON 47465 21 17 13 19 16| 12 0 0 8 1 487
Wish 48207 ( 16 15 17 15 14 4 0 0 4 0 55
Word 49959 16 9 14 14 14 0 0 0 0 0 146
Yelp 46903 | 24 16 17 20 17| 69 O 0 37 0 395
Zedge 46799 | 24 23 22 23 21| 12 O 3 13 0 911
Ave/Sum 44182 19 14 15 17 15|281 3 20 183 15 358
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RQ3 : XA L k7 ~JLT X MTimeMachine) |&, EEZ 7 71 ¥°Google
PlaydD v 710077 7V 7a &, KW KR T 71U TED LD ITELT
SNDHD?

56 ID Exception Type Number

Education 35 12 19 1 NullPointerException 98
Book 9 2 UnsatisfiedLinkError 10
Ll\:lfzz:yle 3 04 4.01.15 '4.G.5.0 3 lllegalArgumentException 9
Travel 6 (b) Stars distribution 4 OutOfMemoryError 8
News 3 26 31 2 5 lllegalStateException 7
Entertainment 3 7 6 IndexOutOfBoundsException 2
Board 2 7 UnsupportedOperationException 1
g:;:arl 1i old 2017 2018 2019 8 CursorindexOutOfBoundsException 1

(c) Distribution of 9 InflateException 1

(a) Category distribution last updated time (d) Distribution of the detected crashes

Figure 8: Statistics of tested 87 apps from Google Play.
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