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Abstract

Nowadays, different mobile applications help mass users to facilitate and enrich
their life. There are various types of mobile applications in major application mar-
kets. The increasing dependence of mass users on mobile application has also brought
stronger quality assurance requirements for them, among which the reliability of func-
tions is the most critical metric. In order to meet the growing usage demands of users,
the mobile application also needs to upgrade version and its function quickly, which
undoubtedly brings greater difficulties to functional testing. On the premise of release
versions as soon as possible, relying only on traditional manual testing, limited testers
and short time are often unable to completely and adequately test the functions. As a
result, a large number of automatic traversal testing tools and methods for mobile appli-
cations have been created. Mobile application GUI automatic traversal testing is based
on a specific traversal strategy to cover the widgets on the activity, and to ensure the test
effectivity by high page and widgets coverage. Although the traditional mobile applica-
tion automatic traversal test can well complete the coverage of the widgets on activities,
there still doesn’t exist any traversal strategy that reflects the operational logic of the
specific functionality in the traversal process. Due to the lack of functional operation
logic connotation, in the process of traversing exhaustive page combinations and wid-
gets operation sequences, it is not only unable to ensure the test effectivity of specific
functionality through high coverage, and will also causes exponential path explosion
problems in the complex page jump logic, which is hugely affect the test efficiency. In
contrast, the script testing method is strongly coupled with functional logic and is thus

extremely dependent on the experience and coding ability of the tester. At the same
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time, script test is very easy to fail due to version iteration, etc. Therefore, there is an
urgent need for an efficient automatic testing method that can reflect the operational
logic connotation of specific functionality.

The cross-application functionality test reuse technique based on knowledge ex-
traction innovatively applies knowledge graph as a test guidance method in the traversal
process of automatic testing. Through a large amount of accumulated public testing re-
port data accumulated, knowledge graphs are constructed for different functions, which
can learn the operation logic of different functions based on knowledge reasoning and
other capabilities. In the process of specific test execution, the image recognition tech-
nology is used to analyze the widgets information and features contained in the screen-
shot of the current activity, and the constructed knowledge graph is responsible for
identifying the candidate widgets set to be operated, which exist similar objects in the
logical chain of the function operation stored in knowledge graph. The test tool uses
Appium’s automatic testing framework to complete widgets operations such as click,
input, and slide based on the frames of widgets recognized from screenshots. The op-
eration sequences pruned by the knowledge graph will match the function execution
logic path recorded in the graph, and finally determine whether the specific function
execution logic of the application is complete.

By analyzing the application information on Google Play, this paper selects the
most popular functions and their representative applications on the market. The au-
tomatic testing tool guided by the knowledge graph has tested these applications and
its corresponding functions. By verifying the coverage of different scenarios of the
function, it proves that this tool can . completely test specific function on different mo-
bile applications by expanding and enriching the constructed knowledge graph. At the
same time, for the same function of different applications, we verified its test execution
success rate and prove that this tool can reuse the test method and capability across
different applications. The above two conclusions have proved the effectiveness of the
technology in this paper, which can well complement the shortcomings of traditional
mobile application traversal testing and improve the completeness and sufficiency of

functionality test by reducing cost of human intervention and test script fixes.

keywords: Functionality test, Knowledge Graph, Mobile application automatic test-

ing, Image understanding
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[FIRE 7o FRZE R R AR S AR SR IR R DL R AR R X = Kt &
FARSISEARR, 752N 2 H ARAE S A2 b ) 44 SRR AR [29], K
a1 24 ELIE R B 3R A 44 SR, X AN RN A R N L —
IR, AR v A N T R A R ST B RN R M . R R R
I FH S A ) (7] 0 FRASE Y 4 2 SR 5 Sk 2 ) R SRR

SR Rl A PR A 2 5 ) TR R AT L LA P IR . BT R R
PREE BB A%, WA 58 B SRR AR AAE AR A . 9% R NI I
A, PRI TR e O AR E R R R, FIRELS R — AN BRI
T AN BT R0 R R RN AT B A R Z IR R TH L IR, w4
SR R AR W AT IR B B . SRR

KR TR T8 I R IR B 22 S HOR B AR SEAR R AR 1R 254 7] &
NN i A% 388 it A 1) 2 25 () P g AT H00E o SRR R R 5% R AN 4408 SORBR I
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@ 5HEH . Antoine Bordes S8 N4 T DA=Jud (SEfR, KHR, L) FRAEM
PRI R A B Y TransE [30]. Zhen Wang %5 A J& T TransE #i8, SAyfig v H 7R A4k
HEKR. X2 2 -MEXZRATTEALHERE T TransH #H [31], €
W 5% 2R A Dy~ 1T LA SO AT~ A% 45 A A 1T S8 A b R B O 2R ) SRR
. Yankai Li % N X4E TransE 1 TransH HFEAE F42H 7 TransR #2784 [32], H
FE B S A4 [B] MO 2 28 ] R R S SEAR I O JRIRON - PR S A DA S A 2 ] 452
SCRIRHM I OC R AN]SR 5 18 SEAR LR AL IR R R 7 S RN

JEAE B AR AT D A U8 I A R ERE RH, (HE L& 2 Th g
DA AT 25 1) e sl P9 3 1R s AR DL S Dh g L IR AR AL, e itk 2 ootk
B OC FR R ) DRI RIS A R AT B

1.3 ANFETE

BEXE EIRBTFCIUIR, Dvgi e VEM A AT I HE . SRR R P& GUIT
H A3 7 = DI B R, £S5 1 R B T D e DK 6 1
CAR PPl 7 AT PR 2 5, ASCHR 1 5 T iR il ) Bh RE il s B A2
PR o ZHARR R B g i R 2R 9t 51 AR B sh A Pl o 5]
AN T AR 2 R, N BB AREOR B SR A R F iR AR 1
O T 25 (R AR M T PR UE FE AN 2 B o DT 45 4 RO AR A T e 2 SR . AR A
SCEESEI U LA T R SEHLH A

Appium R&5 8. ASCHEET Appium B ZN LI EAE ZEBEAT R4 .
500 L PR 22 6 B0 g AT BE 45 T R SIAH N 1) Appium AR 55, AR AR U
7 B AN, Appium (3% DT Bl n e T30, SNSRI ERAR

UURS S EEHG A SO G EAREOR, X T8 DA EIAT J5 I TR
SBEAT T, EEAFEAT R R BRI ORI AR IR R R
Xt T AR A, R R e R 23 b LR [ A ] ) DT s, o A R (1
KPR ELAT RME . P2 TR 5 A = DUt A R AtE R i
FRER B INE, RBEEH R AL EE . TR B A OCR #
JTEXS TR 2 B F 50 R IBUEL YRS B SO T BRI AR I SRt . &3
EWABIRTURAG R 20 ORI REE B

FR S 5] S IAAAT A SRR AR B Sh A P I AR b 51N SN
TREREAE I 515, XAl i A2 e SR AT B A, Sl X I A B4
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AR 2R EATAE B S RR P R D R ARy S BEAT UL R SRR, it o ml fih
KIBEZHR ks 85, I Appium FUAH G LUEAT AH R E AR #R4F

RIS X+ AR AR R e SGRIB iZEFE & PriR [E]
AR XS B — 2R ThREE 70 5. B L 2R A5 B il B4R KB oL, R
RANAR AR fei i ik, Xt T8 — DR 7 ST S e B A3 7, 7 Il 21
I3 X Rk SR AR DI BE > SCHIM B IAT o Be 28 N B9 2% 2 g w0 ik 4 2R K
25 BAR S A ThREIE #00 ST I HAT 16 DL FI T

ANIUEAT P Z AR IR ROR . A SCICER 1 % 5 N T 3 2 o i
AT T e A HAR IR S R P 2H i — 5 K0 ) N2 Y2847 A0 B T = 1 1R
P A S A AR TN B N B E A5 ¥ A e AR S ST N T Zh g s P
s 5E 30 M58 5 R R D e Ml iy 78 ok, I X 3 R & A —
THRERIAN RN, ASCISAE 1 1% TR N IAT R RE /7, UEBIA T A i
REANGE /1 SCRFAEAN RN 22 TRl EAT A

1.4 ZARIXBALZER

ARGy N T, FEAZEMIT .,

FmNII M. TENA T 2 3SR FR RS b E A ST
PUIR, A48 7 AN GUI 3 shikks 7 I 7 il 75 5 1 A T g 2 48 4 7 T
R, Gl T ASTHIEOR e FEE T Ak

BB AMKEARBMENA. A T OUE J5 4L Django,  HI i HE 42
Vue, %5 HBLIMAHESE Appium, ADB, UlAutomator, Neodj KI%¥dE/E, LA
FtT-I0H o AR (0 MR B SR i SIFT . 2 BHE AT T2,

FEBmARREN T RS EME . TR T RGN
R . BEXN RGNS N IRBIHEAT TR, RGN BHEAE. JT
RAE. PEAEE T, FRAZOKEL TR ST TR
Tho fJa ot I H HofE B b i) Sk . Bl R A Btk AT 7kt

VAL =R EAE T KRG EARSEIL, X5 =& R &4
B, (R B VEANA 7 HHAHZE, %R SCEACRSBEAT 1 ARSI B
FRGH IR .

R E NSRRI IR Sy, TRARMERE T SRk o i A AR R, XA T
BT 7 2 vrl,  FExTSeie a5 Fa AT TIRA T .
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2.1 BEEFUMLIAXIA

2.1.1 REFENMEMHIES Appium

I Test Case

v A

I 47230

y ¢

I Appium Server

v ¢

| PC 4724ix0 I

]

| 188 472450 |

v
I Bootstrap.jar I
v 4

I UIAutomator I

K 2-1: Appium $AT [ EE

Appium & —/N LT nodejs FIAT T 10S W44 LR Windows 5
[N #8hum Web B2 LR A R B IEIHA T A [33]. Hig-F & PEae
% A8 45 00K N 53 AE AN [F) Pl o 52 6] — E AR RS . Appium A8 FH JF 97 & T
WebDriver [1] json wire Bl i F T 3K 33 R R G5 H1 22 5 R4 1) UlAutomator J& .
Appium ) 55 — KFE 2 G 08 [ I SCRF 218 5, 140 python. java. ruby. js
%, % SeleniumWebDriver #H5¢ API [RFERT Lo 1M W Apple UlAutomator %
Ref% i javascript 2 5 MHIA, 225 UlAuotmator K ERAEW 45 [ H Java a5
MK EAS, X9 1 Jm PR B 5 5 K. Appium ) SCRF 208 5 REPE7E K Z & 18
i Client/Server [ RSN, PION% P o v] DURAT 5018 & S0 B0 00 I
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SKiE hitp V5K KRS M55 [34]. BT H B AT &M X218 5 R
15 Appium CZ& N T H BN A oA E R B 3L THEHELE

Appium P17 IR IE 2-1F7R. Bk b B 3) Appium kRS, k55
B E R T 4723 5 4724 Wi . HodR 4723w AR ST R T R
4724 3 4 57 5 OB BB 27 I 2 B AT SR DA json % Ui i
http request KIE45 IR 55 % %18 K ZH 1) Desired Capabilities 7 Bt I % N 7
BHTERAER) BN SUB S BN A IR 156 B £ 9 A% ) i s 2 1) W 85 i
el K] app 15 255 MRS om B 28 1 245 B I & 5 1 I R AT UL AL,
bt S5 %5 7 i 22 ) — A session -5 55 s ik AT 5 22 1)l i 5 1 R AL ik
session FI1EH NIREF URT R A FPIREE R, EBEDNSEHR RS S5ETHEKR
AzWit, FTUAHEEAESEEFE D YNSRI s G, 4l
session M PTE RBLE A4 22 CH], RN AR g 240k,

FEQIE session P2 Hil bootstrap.jar Ht AN L H {2 IFIHE 7%
3T Appium bootstrap ) socket IR 55, 4FE ANLLL K bootstrap ¥ 5 A
4724 HR 55 vt A AT BRI AS V5 5K 5 R 3% B 4724 i 1, FF ) socket AR 25 K I% 1 3R,
bootstrap 2= K A AT 4 1] Appium i 2% 4 Jy UlAutomator iy %K 1k i iK JZ [
UlAutomator AT AL . socket 2 BITE 3K 2 J5 20 i )37 25 5Lk [a] 245 I A%

ASCHT R A HAT IR E BUR 2T Appium 5ERLIT,  SRECE 4% 1R 58 )56
15 B4 Appium H T8 A7 BARI R ERAE S, IFAT e 21 B4k .

2.1.2 ADB

ADB(Android Debug Bridge), Bl % 5L 5, &% w52 ki A T 78 H W
viig 5 A5 AU 2% B LW A T EAT 22 B S AE ) ar 24T & 1 [35). HIKZE 3N
Client/Server #R, 70 N =#Br 20 [36]. 25— FB4> NIBATHLE pe ¥t ) adb % /7
Ui, HFEAEHNIZAT adb ir 4. adb F27 E Je 2 22 UE i EALHG Y adb kS5
&, WRA RN 530585 3h adb kS5 H“EEKES pe i adb Jr 55748 H AL
2 T, adb 257 ik T LATA) R 55 v Bl 22 RARTE K o 35 8B4 NIBATAE pe i
) adb IR 55 o, 3 EAE AR USB i 18 & 732 5 Wi DL AL 2% 1 5
BRI adb AR SSUi 28 M adb % 7 v B2UC B (1975 >R 83T usb 5% tep 15 2k
EBIX R adb Lo 55 =0 NIBATAE L H B LI adb PR, A EAE
F S adb IRS5 4%, JF HoONigAT7E =N BRI P im i i — L R 5% .

AICKH ADB THFZEH TAZHRS EHATSRm L, K H &
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S, AR, T XML 4,

2.1.3 UlAutomator

UiAutomator & 23 #K7E Androidd4. 1 KA & A7 B 4 H 1 — 2K B Java 4 "5 11 Ul
MAAEZE, FET Accessibility A 55 . Hoix K HURF AU 2 1T DLES BE R #1E, W)
PAf8 H UiAutomator HE 4842 4t ) — 2677 {8 (K] API SR X 22 5 N H AT — R 5
AR /e, wad. e, EaEmA. Kigbl&HHBW S 7755,
UlAutomator JlliXAHE 22 Frf2 4t i) APT T H T My i 42 H P B A R G H B AT
ZH AN, B IEEE S RS B a3, S et
AESAAS T H A5 B ) A B SE A1 . UTAutomator Wl iHE 4250 v] LA T4
AR 2 IR R UL A ZARSAE BIEAE H bR & B AT AR A .

UIAutomator & [F] I 24t 17— AN T 70 #fr N FH =5 117 02 1 &5 74 16 B TR
[l UIAutomatorviewer. 1% L= BE88 34 IF 70 M 2 4% E 4wl Bos i A4
4, R T H S 2] 8940 JR 2 IR G 5 DT 4244 16 & P T DAIEAT B hioass 48 (4 U
K. UlAutomatorviewer T.E Ge0% 35 BN S d-AT ¥4 e fr, Hrhehr 77
BFER HEAE d AL, A B T e AL, R AT SR AT E
i AR ES . FIHEARRE B A, X E 7 77 AR A FHAH R
€ AL AP AT BRI o 12 T H [RIFE T U A5 21 10 82 H 02T 4 5 # B 5 0 i 15 21
1) XML #& 2 0T A7 /) S AT R AORAE

Appium H ZALMEHE 2L Z 2 3T UlAutomator SEIRY, AN A
UIAutomator 3K 5N FH U2 THI A7 =) 4544 4 By MG B e AT 45 AR R v s oL

2.2 FNREREHERFAR

2.2.1 EHHEIRENE

FOAR B A2 NP 3 o A 3R 5 R AR (A1 45 2R, AR 4RI AR iR R
AN SEH S PRRAS, B IR BE SRS AT (A B 5 B . FEAR BRNER) 2
T, BORERSE R FRER SRR KERTRENE R, W@ yTGm
FA R T e S 4 RO SR BB A R, A RO 5 I A0 A K E R LUy
PO PR R, (et AR B RS AR 4 5 e [37].

G mIR EIE R oR LA A O B AR A V2 e A [38]. B HR
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TN P28 R0 A 7R S M B R, 40 Wikidata. DBpedia f1 YAGO %5 511K &
IR DA G, DRI SR R RS U b DA A RO R B S
M7 IR~ o A TR R 6 A R IR AN SE R, i = B ) A0 A [ R A6
KRR XA TR RE MR RG2S BARS R . thsbR A
B AR ARG A R 45 BRI I AR G T R A E B R = e s . =
PR BT (1) 42 HA T B AR 2 A5 A 0 e R P I A e bk i

FHAF DR B I A AR (SEMD) Xt B3R 4T @45 [39]. SEM $214Ht
TMEANERR, AFEEANEE, MEEE. WNEgEEU LRSS,
B2 5 R ) SE R TR B . SR 3R B o ) B 1) 9% 200K 23 Dy S - s A G
R SER-F R RS-SRS R =R, F-SLR R A TR ENSS
HEFATEHR, TSR CR WA TR CEHEE . SH5FLEESHE
PEIIAFAE L R [FIRE T DUR SR AT HEEE, DUk U1 AH 5 3544 10 oA o B 0 42 46 fr g
[ 250 . SEM H [ 55— R FH 2 47 & o A0 R S A4 2 1) 1) 0% R B S SRR IRAT
FE [40], W DAIE S — AN SeAR IR 51 53— AN SR 4 2 DA K A5 R A 51
2 RECTHEAA R B 2-2FTR R B A5 Y sl

d
eventKG-r: " of ’

i eventkg_relation
entity_11973762 Barack
@

sem:hasEndTimeStamp
sem:hasBeginTimeStamp

| 213anuary 2013 | [ 21 January 2013

sem:roleType

sem:RoleType

2-2: faj LSRR S A5

FHAFFIR G A S R 0 S B . FRRAIARE SRSk
KA, LR RlE LTS St (410, F0R 5T EITE AL H Ao 1 R )
JA R FOR IR AR RO A R . Bk, HAESHBREPERE ARSI
FAMERE, HREAMKE T 5 KRN KA S M R FE AT L. EF
ISR R PR, T ZFRIUA T JLE [38]: & R) A RS 2 A 2ok
WHIF R R A RFERIC R DL QR B SRR Z ok &
RIS SC R I NEE 20— ADFA A ERE, SRIEARR
50 AT A2 UM RE FE IS B o X AR BT B, ST RS2 HR 78 ) (55 1
BT, B A B LT A SR, BT REIR I TRDMEE S A 2 R
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I J7VE R N 2 A A TR SR B S AT R e X TR G BB, WA AT
FU ) J7 b A AR BT B . SRR ARG B A B S e AN F S5 P 3k
I AT B (IR I % A N B s B (Rl E R R T R4 O AA e Bl
R [A) BN SEAR . FHAREOC /A A R AT 8 A . B a FHAR AR B
M 4 B R AN S TR I S B ARG P IR (1 25

PR TG AR BB, FA IR EE A LR gt B F R R 5 %
R NG B e B AL 0 B i il ik 5, BRI A SO H 3
A0 R P 5 A% G R R PR A S SR

2.2.2 Neodj EI#IERE

Neodj & — /N PERE 1) NOSQL Y EIEGHR e, H B8 46 25 14 1k 1 085 A7 i
7EE M AR SR R . Neodj AR 2 — MR AR K. TSR, A
B FHSHFIEN Java FE AL B . Neodj H &M FiziT R, —Fh & XF Ah R4t
REST # LRSS, 1 — Rl i N, Hdls DO 8 20 B A7 TR A 3
A DL B A SO AT R . Neodj IR mitkERE. BEASEMAZR
BT R A P )2 R U N I

St b VR 22 B0 S O R R I, I N BROC R 2% 1R Hb PR H
%, Rk R BEER EIEAE A H TR EOR 450 . o ids FaE EERR
SEAR N ER I, SEAARTE] OC AR 1 B e A R R, D% AR R SRR U 2 0 B
(1) join #AETE AL, XA T KA E s e 1T & 2 — M AH 24 28 I BAR RO R 4E
NOSQL 24 P E5 45 e D 5 EDUL ) e SEAR (] o6 R INA2 B . 7E Neodj 1, —
AN AT DA — AN BL B RRES, RSN R ISt A A SR RIE R 4 AU
S TRAREARRIXT G, 79 A A AR SR B R R R e TR R RUIL A2 Y
s AT DA R Z M EME, BHERERRN key-value 4584, 1E java
REALAR 7 (H (138 1 hashmap BHAT /7. AN BB e ad ik — AN SE ik 2 8] 3%
Bl 2 T i — ik 2 A B I 4% . Neodj 7] DUAR B 1) HE4T B30 1 25380 1 6 75
F SR G R IR R AW FT RO B3 = A I T IR R m R, A
BT AR Gu B PR Re 8 T IRPAT AT S5 . Bl 2-3/7" 9 Neodj i817 7~ = B .

T Neodj & FH T BB R s 47 1 LA S BE 8 B AR 7 SEAAR 18] 58 28 HRE A1
AR R Neodj A7-fif 6 5 56 B0 TR B3 . Neodj H T 547 il 10 B2 2130
I r PR S A, 20 DT 7 R Pl b ) S AR - SR G 2R
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»

‘HEK

-

K] 2-3: Neodj i&17 7~

2.3 EHRIEMHEIEA

2.3.1 Canny 38 NE .

P B30 G 48 JR 0 50 B AR AN 2 35 (30 4y, 12 X3 A — N K FEABLAEAR /N
P DX IR N SRR 7 — N IKEARZE R KK AR . W4 7 BB
KB E R, W IR BG40 T BUE R BT 5 6% 8. Canny 142
Kol S35 ol T Canny #2111 [42], &0t 7 2103k Canny K H ARk SR &
SRR =SSR SR VIR UES 3 o8| =R Qmwﬁﬁﬁigm%%ﬁﬁ Tofs FEE M (A0 7
S AERORAE D ORI A A2 1A 2% 4 AP IRSEH .

T R BEAE R R E S . SR A% E BT E
BE S, IRE G AR AR B b S, kR E I m RO 2T DL
PR TR EOIE NS E . BRSOk, WTAERN mn) MBES, H
KIEAEN f(m,n), HEbm Wi 5 K A

2.2

_mS+n
e 2 - f(m,n)

ga'(m’ n) =

1
V2ro?

FIG 2 W] AR [R) AN R 7 T DRI JEE AR A R 2 7 i) e 22 ] /K~ 07 ) 22
53 go(m,n) MEEETT M ZE5) gy(m,n) LRERow, Bkt

gy(m,n)

G(m,n) = \/gx(m n)? + g,(m,n)?,0 = arctang )

PGB L MRAE B TR A e s AR, R iz sl BB O, (EIF A —E Bl
G . ARRKAEIDHEIN 2 B R mURE R, R AR R AR T B
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IKIEAEE N0, WTULIBR— KRB IAEl% m. EMRREMSE, 258 —1N2
EHEME, X—FRUREERE RS khilds, HAREE— PG,

Canny 5948 BB 8D D il e i . 383 e 5P S AN AH 55 1 0L,
B — AN BB A — MR EBE X 73 A SR 3 e I RIA % iR RE R T = A,
MR A A RIS i TSR T ey BB AMIC BB 2 T8], WA bR o 5510 2 5.
ANTAR BRI R4 B 5T

AR FE N Canny 1402048 M 52 H B2 44410 25 51 L bounding box PA K&
3BT N 4 O A R R

2.3.2 SIFT REATHHEERITA & X

SIFT, HJREAZRALEA S, f'fH DG Lowe S5 A fg ) [43], %%ﬁﬁﬂif*ﬁl
ARSI H O B R R B R AL A IR S 7. SIFT BA B AR e tEAANAE,
o iE N R . RGN AR, fE— R LA EE A . ;%%
RISZNA o STFT S A SR B REANAAFIE B AR IF I X 0 1, RENS A2 KU A
RAGHPERATILAC. RN Frig O )R E s, Rl A s —,
IR RES P A2 KEARFAL A& . SIFT FFAEAT I i) EZ A ="D 0. REEZE B
RBE RIS, FFIE RUEAL AT FIIRAE . A AIE R iR 5 LA

SIFT BEA i bt A AR R 0] _E AR oes moF ik E R A g RUE
22 (B8 (12 38 I B RO R AR U AE DR AR IS B Ay 5, BV el AR
FOF K B R o 3 A A [F) 0 v A% 5 R B AT R Is S RE s 15 2 A
BRI B, Akt

24 2

1
G(x,y,0) = e se e ,L(x,y,0) = G(x,y,0) - I(x,y)

Hp o AREZFRIET, NEiES o mbaEz, Kt BB R E .
L(x,y,0) fREEUG M m W REEEM, 100y ARE R TZ. M RS R H W
Je N T R AN R R R R AFAE AR AE R, T T A 22 0 = 0 DoG.
ke J9AH PR e i ROBE S R B B R 7=, T DOG ()i T7 R :

D(.X',y,O') = [G(x7y,k0-) - G(xayao-)] ' I(X,}’) = L(X,y,ko') _L(-x’yao-)

NTFRIE AR BB R 2 A — OB RPN 20 RS
(AP B4 A AT RBEAT LA o LIS P73 20 PR SR JS I M A A 7 10 A 2 ] 4 R A5 5
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9, BT BB SRR, IR R — 4R BT 5 SRR (L 20 T MM
$. DR B R A1 DoG B A7 4240, 2 DA 22 R Gt L O
PUL R RS S R M R . B R e o A, 75 B A 17 it
FPIREL, PR £ 40 B 10 22 OB P 0 A R R 2 307 I M, PRI P
FRy b E L7 R SR 1 B MR 52 7 o ELUASK B, 48/ 4 () SE
FERIRE m(x,y) BRI 00k, y) BT 2N

m(x,y) = VIL(x + 1,y) = L(x = 1, )P + [Lx,y + 1) = L(x,y = DI
Lx,y+1)—-L(x,y—1)
Lx+1,y)-L(x—-1,y)

BE) T RREARALE . REE. TRERZE, &aEEH 4
KR Z R R, IR RS R AL AU S, WAL AL R LN A R
M AR R R AR AT A E P IR By R E U7 A, A OR LA AN AR
PE. AR 128 4ERRFIE [ ERR T . XPRRAE ) SR K AT A — b

AL EN T SIFT SESR B M 45 2 32 44 B i REEANAR R AE, T
BEAT FRALAZA 1B B DG E 7 R R 1 10 S 45 B BEAT ARG 2R

0(x,y) = arctan

2.3.3 OCR %ZFZFFRS

OCROGZEF AR5 48 B2 v SEALHT A TR K 75 323800 R R 1R SCAS Y
Bk @ KRR SOR S, H AT K275 NI OCR R e ik F &
T ZEORWTZ AR R B R PR . TR B R R
L. H AT OCR 3CF IR A 25 270 Oy BRI SC - R A 3 5 44 307110,
fiiT & OCR L AMEREDL 7 M brll = ZAHE: FEIIR . BRRE RIS,
JEAEVE 2 BRI N I OCR R BIMER [E O th B s, (HAE—Lehr e B4k
S N AIRABOR A escE As 1], ey AR R ] 8 R R e A B4 B A B
i AR A R AR AT AR HET OCR HOAR [ 32 EE0IF 78 7 17D

OCR AR 37 A AR 2 N BB AC BRI SO R PR D R . AE B R Ab
BB B e B R AT AR AR R L I B O R I R R kAT A A, $R
76 A FH 8 I P M A S BB EAT P, T TR A AT REAFAE — € IR S8 A 2
PRl 3 e R AT R A RS 11 B 15 H 1 7KCP L B AT MBI 7 745 . D)0
558 B A RT CAA PR IR B 27 ST HOR VIR 7455 73 28 2 15 2 i AR 4T TR

H AL S8 KA R #RFF T B0 OCR #5255, 1911 Google 24 F] il
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] Tesseract OCR LA M J& 2 &) FF i i) Baidu OCR k%5, F5F hie VA28 R id
R OCR 1% H OCR 435 FH T A PR 37 5 54 @ A N5 AR
1% 7 Baidu OCR ks BB R AR SS, NAAEEAE R SCRIEIU 5

2.3.4 CNN EFHEZ ML

LRI N 2% (CNN) 22 — MR 4, Ho g o nl DU R — 5670 78 5
TOL P R G, TR RS B R A BT S R PR SR Y . LA 32 BLR R R
W IE 4R N 28 AL B R RS EUE T M B R A2 R R E R S2Hd 28
FAR NG A DL S K S5 S B0 2 3 A 0 e B, B B 28 X 48 01 i 3 N
e BRE A, B n R N (width). & (height)s IR (depth) =4
YR, (EARTmRECE A E, b T RESH. B 2-4iR A ERME
P 2 Py 1) 5 43 R Sl s =

ELU RELU ELU RELU RELU RELU
CONV |CONV CONVlCONVl CONVlCONVl

!

fruck
airplane
ship

horse
| |

BIRMAaME NS EEZHMANZ . ERZ. WLENSEZEZEM. &
MR ETHZOE, B EGE R S5 ERDNERZ A RTE, 53]
Ulﬁ%%%%i%ﬁ,%Wﬁ%ﬁﬁimmﬂmm,fﬁﬁﬁ&ﬁ%ﬁm%
FRERAE BT Al 2] 1) 4 22 76 BRI SZ BT K/ o 38 TR B [ 2 2 ) 2 JE) 1tk 1
FANMALE, 757 FRAR S 1 2 ) R b S8 E DU &, RR8 A 20H
B bt A . Ak i W RSy 2%2 (B 2%, BIAERN 4 A e e —
SE FORE I 2B e — N AR R AR . Tk SRmE — B G itk B {E AL
e it A AN TN SRt A, bR R Ak S L T SR . A2 U AT
DISEHEM LS, BERERNNEEEE R T EENEL A —NE R
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FERE g R 2 B BARH AR N 0, RAEDEtkre i 8 EE  EPUEMFA . K4
T AL B E N H B0 filter size W B AN E K/NEITA],

AR EENHERME M)A R 22588, PO M B 53 & 8 8y
15 2 P e Fa 1 1 P IR 2 R o o7 s 2R

2.4 KREIN

Aw MR T IH Bl B AR S EOR ML, Xy ok B i AT T
B IR . B AR T AN T A AT B 20 B A K 2 = 3 B A T AE O
TR, RIS AT O B 340 I HE 28 Appium., 22 51 £ A8 B I T A
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BAR I RLGZ 00 L Appium H &S R G H SR AT E . MlHAT 76 K
Ja, FEBRFBOREG A I e e K FHT (] B 2 RR A [R] N A R ) Appium
i 1B 2 ORI AR5 N N2 A B 1 2P P T S ) o 8 S _E A% A 0 2 P
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R, BRI aapt THAT apk MIffdT, SHrHEAHA. AT, 5 =i 0SS
PER A AR A SA S N APK A£7E, W EAERIG, REUEHRRH P
SN EAFE. A =i OSS BT RA %M APK f71E, ] BA3EAT 45 i 5 H
(W AL, AR R Se gk SRR aapt T ELARHT APK 1% 4 J 3l T ) 45 5
ZAEE . W e UG R APK SCIF A% 2 dim OSS 74, APK A 5SE B 477
£ R G EE T . I PATRAZ R S, B E % M= in 0SS F 4 APK X
PEIf 22 I, B KT )8 Z AT BE SRR, DAAE 0 22 3R
WU T XML 25 R SO DA ot el PR e i O 5 A2, B OARE B

4.1.2 MiXAHFEEBIERZLEE

WA AR LEE ]

LogUtil

TestResourceManagerService

+ config:ConfigUtil
+ apkManager:APKManagerService

+ deviceManager:DeviceManagerService
+ printToLog(String) + log:LogUtil

+ parseAPK(file):APKInfo

DeviceManagerService

. + uploadAPK(file):void
OSSService + downloadPAPK(String):void
+ getFreeDevice()List<Devicelnfo> + dao:DeviceDao
+ getDataDownloadURL:String + startAppiumWithDevice(Devicelnfo) + deviceToTaskMap:Map <Task,String >
+ uploadData(File,String,String):String + appium:AppiumManagerService

A #
o getConnectedDevice():List<Devicelnfo>
+ setDeviceOfTask(String):void

APKManagerService RunCommandutil + startDeviceTesting(String):void
R . + stopDeviceTesting(String):void
+ runTime:Runtime + getFreeDevice():List<Devicelnfo>
+ dao:APKDao + curProcess Process 54 + setDeviceStat(String, DeviceStat):void

+ 0ss:0SSService

+ getAPKInfo(file):APKInfo + runCommand(String)Void | e
+ uploadAPK(file)void [ t—m—————————— . \
+ storeAPKInfo(APKInfo):void A \I
+ downloadAPK(APKInfo):void Devicelnfo
AppiumManagerService
R :;jaltdf:oft:nsgtring + deviceToPortMap:Map<String,int>
APKDao - pIatformVerslon:Strlng + curlastPortint
- model: String
- deviceN : Stri . .
+ saveAPKinfo() B b:‘ncde: SfriWAeg ring + pullAppiumLog(int):fd
_ stat:DeviceStat + startAppiumService():void
- runningStat:RunningStat + stopAppiumService():void
+ connectToDevice(int):void
o T X, + disconnectDevice(int):void
Mo e + getFreePort():int
APKinfo Lemzm A4
<<enumerate>> <<enumerate>> | Tte. ..
- packageName:String DeviceStat RunningStat
- versionCode:String + RUNNING + CONNECTING -
- versionName:String + FREE S INIT DeviceDao
- launchableAvtivity:String + WAITING + RUNNING
-OSSURLString + OFF + FINISHED + saveDevicelnfo()
- permissions:List<String> + CLEANED

P 4-2: B B R AZ 2R

T B B AZ O R W ] 4-2F 7~ . HoH TestResourceManagerSer-
vice NIZIREL IR 0 IR 5528, Hor )il APKManagerService SZH A W &
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H Iz %5 #1 DeviceManagerService S 1 45 B B R 25 - LogUtil 254 H 4T ER
K, FEATIN RGBT HdE g g — w2 3 A0, RgH S %
R AT HE SR, 8 R N A2 AN R I AE 55 3 0 9 AN A i H &3
%, Rt ZIRE =T RN HEXH IR B35 . APKManagerService
FEMTIEN EAE TR, TS AN S B2 Ap-
piumManagerService 31 F| APKDao ¥ HAFA#E E X ZE . APKManagerService
W H OSSService 1% apk SCAF 2 2 i OSS A74if,  [R] B S R4 2 i SC A 30 3 4
FE T B AH ., DeviceManagerService 3 %2 4 51 4 3 A1 5 M LAE N I 10 7%
YAPRA FFHBAML IR EPATHRES . BT S RECEZN &R &, 7
MRAE 55 73 B T & AT & AH R (E B 3608 Devicelnfo 28, Ho 1
BEMAREHZE, 2 EETHRES S REAEFPATRE . Wtk %
#H A5 B DeviceDao Z5 11 57 /7fifi . AppiumManagerService = %2 71 57 T4 2N
gt 11 5 2)) Appium AR 55 5 Mk ¥ £ i 32 DL & B Appium & F2 1 4E 47 '3**)35(
DeviceManagerService 5 ) RER 75 2 i | RunCommandUtil ZEHUAT 45 € 52
41 ADB 174 Appium HFei 445,
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HATIRSE

HEEHT, GEMEE N _——mmm— e
SERR
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& FPIRES. BIORSIKUAMRE . AP A LIRS, BB &t
RERBMA Bt RGALEFRPBHEL . HBaEd USB Hub #E
B AERE, WEENTHIRE. I RET DISRICEIR & MERIE RS, R
AL )RS MSEGEE, JFRNIF R AR R B HATIRGS . B RRKE
EFRIOT . BRI i S R HOIRES, ek R R B ZOIRES . B RPIRA T R s
] AR GRS s P AT IR S5 1 0 S, 400 BE 20 6l 55 (1 v 46 e
BENBIEAPRES, W RS AR R, Bt & W EERPIRESEEA B2 1T IR
& BATIRES RS2 B N IR, RlsiEsd . winte.
7y PATER. SR WA EINRE R SR )5, K EaNERR
SHENER D RSN BBt 1 E i Appium & HIR 95 54578 R I 1 5 B8
EENLERE, ERRE R WA A ARG RS . IR HOIRZS i 25
JI ] APK 2% A NI DS IR PAT HE % AR WIaafeseia, Ratmlit
APATHRES, BEW IR Z MBI R AR 18 & BN IR 578 U Ja 8R4 AF
BARREIL G, BRI NGHORES . SHOIRES T e s £ E SERUN ] APK
B T AR S5 v i JR IR BT A3 AT« U e 46 A B JR = A BT I 4R Al Ja
B U B R B RARES ) AR S P 20 BRI 55 R SR

4.1.3 M FFEEERRINFE

TR 5 PR B AR U A B a0 B 4-4FT 7R . TestResourceManagerService B
41 APKManagerService &2 4% APK 153K, APKManagerService [7] RunCom-
mandUtil & &2 f#H1 APK {5 515 3K . RunCommandUtil 1% [F] app fL % WA 5
%15 5, APKManagerService 7£ 14T APK 7 7E e . 5 AH [A] 1) apk SCAF 2
171E, W\ TestResourceManagerService IR [l {57l ¥ ] APK CLA7A/E, TLHREKR
AL, #5 apk A ARAFLE, M OSSService K2 _E A& APK iR, OSSService
R A EAEEE R P kSR SRR S, TestResourceManagerService [1] AP-
KManagerService & #2 5 2 Ml i AL 2, APKManagerService [1] OSSService £ i
% APK 1~ % URL, 3R15 OSS i[5l () M #5425, APKManagerService ¥ T
#H5E ) APK K 1% %5 DeviceManagerService. DeviceManagerService [7] Appium-
ManagerService & 2 % # Appium 5l % % (115 K, AppiumManagerService
i) RunCommandUtil & #2 F 4 25 N Appium % 15 & 48 )3 3l Appium AR 55 1
152K, RunCommandUtil 3% [A] % 3747 ) Appium i%E$%. DeviceManagerSerivee [
RunCommandUtil & #2#] 4646 XA 5L 115 3K, RunCommandUtil 1T APK %
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& 5 NIEHF IR R W) G646 56 {5 5 - DeviceManagerService 15 AppiumMan-
agerSerivee AT AT A 48 4 KI5 5 B AR 45 5L 0] 1) 72 B 2 AR
#¢ 1k, DeviceManagerService [] AppiumManagerService /& 2 £¢ 15 Ul 158 it 72 1) 17
3K, AppiumManagerService [f] RunCommandUtil % &R iUZE #2115 K . RunCom-
mandUtil 833 Appium Il 55 5¢ 1 5 A 558 Ji7 5 1) DeviceManagerService i [1]
MR % 238 JR 15 5. DeviceManagerService i 1] TestResourceManagerService
IR (= R A Bl B PRR S

WA SRS RIRE J

TestResourceManagerServic | | APKManagerService | | 0SSService | | Devl(eManagerSsrvlcel | AppiumManagerService RunCommandUtil
v H H H H H

upload APK)——]
: +—getAPKinfo(
: return appPackName,version,etc——+
checkAPKExisted() | : H L
opt [APK existed] : : :
return existed,
upload failed [APK not Existed]
upload APK(—]
{®=return uploadRes—
1#—return uploadRes : H
tartTest() : H
[~getDownloadURL(#] : H
e —return APKURL—] ; H
PK()
- [——connectAppium() findFreePort() &
startAppium()
return connectior
Tt(y
install APK() &
switchinputMethod()
return readyEnvironment
oo
P F—widgetoperation(—
p
finishTest(——
releaseConnection()——
stopAppium() &
: testEnvironmentBack()
ain
dvice return FREE stat- H
J - L

B 4-4: 0BT IR BRI ]
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def get_app_info(apk_name, apk_path):
# KT apk SCHFBAR AT
if not os.path.exists(apk_path):
print("Apk file not exist!")
return
command = 'aapt dump badging {}'.format(apk_path)
# 14i popen T aapt T Ef#HT apk 155
popen = subprocess.Popen(command, stdout=subprocess.PIPE, stderr=subprocess.PIPE,
universal_newlines=True, bufsize=1, encoding="'utf-8')
out, err = popen.communicate()
# aapt 1R [F] 45 L AF AT
items = out.split("\n")
item_list = [x for x in items if x 1="]
for item in item_list:
# 1R key-val X4
tmp = item.split(": ')
if tmp[0] == 'package":
val_list = item_vals.split(" ')
for val in val_list:
if val.split('=")[0] == 'name":
# R apk B4
package_name = val.split('=")[1]
package_name = package_name[1l:len(package_name)-1]
elif tmp[1] == 'launchable-activity":
val_list = item_vals.split(" ')
for val in val_list:
if val.split('=")[0] == 'name":
# $EL apk JB BN U
activity = val.split('=")[1]
launchable_activity = activity[1:len(launchable_activity)-1]
return package_name, launchable_activity, apk_path

4-5: APKManagerService ] get_apk_info J7 1% 000

4.1.4 FNNAEIBHENKD

Kl 4-5F775 A APKManagerService 1] get apk info J5 A% -0 AR . 1% 714
H ek B AW apk AR S EGEME . BT apk 15 2 75 ZH A aapt T H,
Z L HEE AT RN apk B815, AERE1S 2] key-val XX apk J& VEAE N
AT RN R . T TR EAT aapt RGar S IFREGRH, R R EMH R4 0
popen #% . HIT aapt AT 45 B G AT REAEAE SO 4T, otk S b SCELAY (]
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# 0SS R B A5 AH S IiE B I
access_id = 'XXX'
access_secret = 'XXX'
bucket_name = 'XXX'
endpoint = 'XXX'

def upload_apk(path, package_name, version):
# {14 Bucket X} %
bucket = 0ss2.Bucket(oss2.Auth(access_id, access_secret), endpoint, bucket_name)
# A% apk X4
with open(path, "rb") as f:
data = f.read()
bucket.put_object(package_name+'_'+version, data)
# K% 0SS Z S A7 fitf SCIF % M. URL
url = endpoint+ package_name+'_'+version

return url

def downloadFiles(local_path, file_name):
# KA 0SS = Uins i AFAE 1% N BT
if not bucket.object_exists(file_name):
print("File {0} is not on the OSS!".format(tmp_file))
return
# KA A HLRAF PR AR 2 15 CAFAE
if not os.path.exists(local_path):
os.makedirs(local_path)
start_time = time.time()
download_times =0
# VP FECRICE K
while download_times <= threshold:
oss2.resumable_download(bucket, file, path, progress_callback = percentage)
if download_success:
break
download_times += 1
print("Downloads finished, cost {0} Sec.".format(time.time() - start_time ))

K 4-6: APKManagerService [ /45 R APK J5 4% 0oAXES

s BT e 0% % e B R 0 A% SN subprocess.Popen #2 [, %4% 1 & 75 L%
IRt b7 A — A TR IR B TR R AR HE N L arth . BB T,
1M A DASREL 7t Ry S HAT IR BB . get apk_info J7ikid IS #4iE popen J-45 &
I brAER O RGUEE S f iSOV utf-8* 24, BDREWEIRAS aapt fiv iR
EI 45 % BT aapt fir 2145 A2 key-val (¥ json ks 2B, B IL A7 9R 75 ok
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— B3k IR key-val X BRI 25 B8 B A T SR BT 75 1) Je8 1R AA

Kl 4-6Ht7~ A APKManagerService ] FA& 5 T8 APK FiEZ ORI, &%
i EAE ConfigUtil 3L OSSkey F4%H. bucket #FK. endpoint @M. A%
75 Z T S B2 Bucket XT %, W ASHL APK SO BA 0B 1] SCAH R O TR 04T FF
a3t OSS Z Ui 74 SCAE X [ R % URL A endpoint 4 APK W4 IRA S
N ELAPK B e TR EA A OSS Buise TAFE 1 N EOCH, R A 8 A b S0 1
TEHRRG O ATTERVE T RN i S P 2% R R N, JF
€ 1 IR B IKEOR = 0 APK U N84 @ AR H SR T o A R AE oK E ik
UL NER A B 5E i APK X R 27, 23t APK T Bk Bl 7

4.1.5 M IEREIB RN

4-7 7~ N DeviceManagerService 1] get connected device 77 % 1% 00 X
b %71 EAN TTIEIT “adb devices” v 4 3REX H A7 O 15 & LB 1Y
&G E. BT RERENAT RS 12 DUAGREU G H 45 58, Rkt 06 20
P R4 popen £ I HAT 4. BT adb iy & IR [l 45 R A& A L7747
£, JLARE utf8 Znfidtg X, Dt A ik os.popen ()38 RIT] . & 1R
0] 25 BN & udid BLRW & 44 I 2 AT SUAR DRI 75 B3 — 30 457 £ AR BE D R 44T
PA Sy BT NI JE VR, DORBCER: RGN 2 3% [ udid 5 8.

def check_device_connected():
with os.popen(r'adb devices', 'r') as f:

text = f.read()
# A H o R A R A
s = text.split("\n") # V)| Hlr
result =[x forxinsifx =" # ‘o0 Jeuizs gy
# R Z SR TIE R
devices =[]

foriin result:
dev = i.split("\tdevice")
if len(dev) >= 2:
devices.append(dev[0])
if not devices:
return False
else:

return True

K] 4-7: DeviceManagerService [f] get_connected device J7 5% A5
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Kl 4-8F7~ N DeviceManagerService [ appium_init J7VEZ OIS, A7k
FEAA T F LT WG 58 Appium RS 51K &1ER. ATEEEREY
B RS 2 A ARREILH Appium #EHz2, FHG A4 € WA S AT &AL Appium %
BREBCLRBIN T .. B35 T3 Appium IR W 15, FHE udid Al 5
TR PN R %15 % udid 5T Wi D5 A5 . 251 E Appium k555
MRS, OFERFEEMRSE. APK U BE A2 I JE BhIn DL S5 AH K 2
B EMANEM BN W& T E b ip Hibk 5 2 N 5 1% & Appium
ik 55 g5 1 R bk A8 NV B JE 3 2 80E R Appium AR5 .

def appium_ init(self device_name, udid):
# RO AT A KRBT Appium
if self.driver is not None:

self.appium_quit()

# A YIRS CATFE Appium
port = check_device_port(udid)
# TR AN U 5 TR udid Al L5 B (SR Iz 4 &

if self.cur_port is null:
self.cur_port = get_free_port()
self.udid_to_port_map[udid] = port

desired_caps = {'browserName": ", 'platformName': 'Android’,

'deviceName': device_name, 'appPackage': self.app_package,

'appActivity': self.app_activity, 'noSign': 'true’,

‘app': self.app_path, # apk %1%

#W B S unicode HAL, IR TR TR IR 7445

'unicodeKeyboard': 'true’,

'resetKeyboard': 'true', # W B PAT 50 R B E ALY
remote_url = "http://{0}:{1}/wd/hub".format(self.ip_address, self.cur_port)
self.driver = webdriver.Remote(remote_url, desired_caps) # %1% Appium

self.driver.implicitly_wait(8)

K 4-8: DeviceManagerService ] appium_init /5 2:#% 0805

4.2 MR ETEBERNIE TSI

4.2.1 MiX_ETSCETRIR BT IA

IR 1 S FEAR B 3 B A T A RN 4 4 0 R v R AT B R 5 3%
SR, IASATBEERAE S AINBT 46 ORI PAT B A2 70 SR 2, A BhI
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IR NS RE T 49 2 R AT B2, 2 R HAT B A2 P 0 I 3R
TR EELR OB ERE R ST v BriaT iR A1E B s
ANHE R o BANNNRHAT R R T IR BEIL G [, AR B8 2 i A2 I
R DRE 3 SRR R UG VI 2T — 5. A0 xS Dhfe i 5 1 5E XN
FE N P RE S SCELD RE B — 32 R AT P S B BE B O i T BE R — N5t
£ RN AT B A2 P IR AE BEAT PR R (1 B A2 e S D9 Z A Il 5t BRI B
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HELL R FAE SEILA D e R &b ARl 2 2 AT I AT Y AN ik 25 1k
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FOAREE R 22 S B D RE R B2 A7 A4 TR, BRI e U3 50
INPHRRAE QB W AT IZE 1, IEWI N iZZh e RAE I = IR A S & &
AT IASAT I RO RIE LR R, W2 Sl fE DR R e 0. BRI AR
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ZRSAT P SN s W I 23 AT AT AR BER R . ThRE R MR SE B, AR /I
AAFAER AN 5, FIRESHAT AR R AR B AF I I 2/ AT A2
JRZEMASAT 7 510087, W W RTR 2R A O BT 48 T RO 28 ST HSEBR AT
TEOLEAEIE X — i, BRI e 38 e f e T TR, AR E
7 2 = IR T B A T AR AR R IR R I A I 35 2 R I AT B 45
AR 73, BRI R RN T 5 DR R S RN SN
DB AE R B L, SR v ey S D e s e s a5 R e 03T 70 SER Il
I, iz DIRe S A A Sl B R DR ST R AR R A ) A R
P i) 53 SCAR T B SRS, VI = R 5 4R 282 52 )l it
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4.2.2 MR ETXEEBRERRZDEE

it - RS EE )

ContextManagerService

LogUtil

+ path:pathManagerService

+ config:ConfigUtil

+ scene:SceneManagerService

CommandUtil

+ getCurActivity:String

+ addTestNode(List <TestNode>):void
+ findUntraversalBranchNode():TestNode
+ getTracebackPath():List<TestNode>

+ printToLog(String)

PathManagerService SceneManagerService

- context:Context
+ dao:TestNodeDao

Context - context:Context

+ scene:SceneManagerSerivce | | - curTestNode:String [ pm—
- curScene: Long + checkSceneCompleted():Boolean
+ addTestNodeToContext():void - functionalityCompleted:Boolean + switchToNextScene():void
" Y + getSceneTestNodeSequence():void
+ findUntraversalBranchNode():TestNode+ T + splitTreeToScene():void
generatePathTreePic():void 1 P :
1
T 1
1 !
H Av4
: TestNode Widget
A%
- id:String- curActivity:String - id:String
TestNodeDao - widgetld:String - left:Double
___________ >) - operation:Enum N right:Double
N TestNode() - operate_time_mills:Long - up:Double
savelestNode - input:String - down:Double
- nextNode:List<TestNode> - category:Enum

- preNode: String - ocrText:String

- picURL:String

FE 4-10: MR _E T SCE EBR Uz O 2K E]

MR S BB R O SR E W B 4-10F7x . HH ContextManagerSer-
vice NIZBRHIIZ O MRS, Ho 81t PathManagerService 28 SEI 4 =)l
AT B A2 1 BT A 4E 4 DL )2 i 3 SceneManagerService SEI X 37 5 K10 5
Vi, LogUtil BN H EATERSE, EZ MBI ETELGIH, EIHAFER.
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CommandUtil AT HE, 54T RS an 2 IRBCYHT N T A FK,  Fryds il
PAT B ab DT A7 B G L. PathManagerService 7 51 & B A4S 214 157 i 1o 1 #2
)2 R IR HAT AR5 B, Hrh ik B SUE B3 RN Context 28, FE A 51
SR A ATPAT BB MRIAT T 5 AT T e 5 LR D REMA7E 70 P . Context
A A7 A 1 24 F IR AT T A MR 3 BN TestNode 28, RA7 W14 AT B
PAT BRI A B AE 034 P A2 T 2 PR A E 362 B, T TestNode
NARKA: Widget 2K P33 3B m =X R Widget R 1) H 2 & Mo &= 3645
PRE) BN e R B AR AR LA B OCR SUAS . PathManagerService 1
Jii TestNodeDao HF 1t 3% F MR BAT 15 s RF A A ORAE F T 28 Ot 285 R4 2

SceneManagerServwe FE T AR HAT AR A FE 5, FRAEN

T I A R S TR 24 i 3 5 R 7 2 1 DA 5 g S i )46 SRR

4.2.3 MK ETXEBERERINFE

e J
ContextManagerService | | PathManagerService | SceneManagerService | | TestNodeDao Comman dUtil
[——CcreateTestContext()—#]
initContext()

[¥—return testContext—

[—excuteTestOpera()—
generateTestNode()

getCurActivity ()=
[—return curActivity———

newTestNode()&
storeTestNode()
—
1¥-addNodeToScene()

judgeCurSceneCompl:{eted()

[return nextOperasignal

B 4-11: Wb SO AR BRIy 14

A R S BEBLE 0 B a0 B 4-11F7 7. ContextManagerService B
%% 7] PathManagerService & &2 6 @ Ml iAPHAT T 3CH)IE K, PathManagerService
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BEAT 4 R AT BT SOE BTG A0 1R 1819046 46 56 i 2 3 34 11 Context
X 5. G Rt AT 1A R 5e 8 3d 2, ContextManagerService 7] PathMan-
agerSerivee %1% O & AT B 2 4F {5 B, PathManagerService fifi 5 7] TestN-
odeDao & HLHT MR BAT T AITE K, TestNodeDao [A] CommandUtil i =K 8 HX
T T HAT 200 TR A4 PR, SRBOR [BHE 5 FEAT DI AT 5 A 2 DA AT
fift I RAZ M HAT T RO B BTN AT 5P . BJS SceneManagerService
KA LA e B OB TEM. AR AR T, SceneMan-
agerService [f] PathManagerService ¥ F 38 B4 Jm 3 #0047 A 475 98 2R 3l g 16 70
X, IR YT st AT Ul #e, PathManagerService ] 7] ContextManagerService
IR R MHR T 5 28737 5 10 LA T 8B 7 51 . it 5 ContextManagerService 2 Ff
JRCAT DAREAT B — AR E RS, 254 Ja SR E AT .

4.2.4 MK ETXEEEKRD

Kl 4-12f17~ N ContextManagerService ) TestNode Z51% 02X 5. TestNode
KEEMTTERENMAPATE L, OIEREREA N B0 XA ER. B1IE
KA, B BT AN AR, FEATE TestNode X RIS 2> 9] 46 46 24 7 4 4 2
T OBRERE NG BT RPIR N AT R8T . Context 5 7] LLE i
TestNode 9 s A BIAARZE 4, HRS ROARTAR ORI AR IRV E AR TR/ N &, T
Ak AUE L E I 0 R B DT TC I 97 228 DT S SR BB A A R B i DT R
TR R o T IAAIAT 15 R FE R 0] J5 4R 15 2 DL R A4 759 A R R fi
B, DGRBS JEH T 5 ) AN 24 AT IEAEPRAT 065 52 1) i el sl AR 15 A 1) /5 3K
BRI 2 AT P T B BT RIaa Ay, 2 il T 5 i A 4k
WL SRR REONE, IR ER R ZW A B, FE 4808 RERE A
PR B IR [l TURC 45 B 5% Context 28 71 (1) 24 B MAPAT 15 SU2EAT 8. [RIFE
THIEAAG IS 2 B AT 55 SO RPAT, BBV R 58 BOR ST (E B R
FH T AE M P AT 15 5 SR AT RH B #RAE IN FA CSORE 8 S8 17

K] 4-13f17~ A ContextManagerService [ Context F5A% OIS . #IUEAL 771k
H 75 ELA T TestNode X RAMCHBRSL T /L, 2 T AL BWI 46 T TH kA7 AE 53 3
FIEOL, A —AMERELT RAT LAR AT AR B &0 3. AR RUE, 2
HBE AR S Y HTERIEY £ add_test node 7775 B 7 57 K RS UL AL ) 24
I DT A A5 A2 A 3 2 D9 AT 15 RO IO N IR HAT B 3 s A pir A=
AT R S 487 R R T SR AR AN B IUAAIRAT 15 R8I, [RIINAR NI B
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def TestNode:

def __init__(self, category, text, operation, cnt, cnt_id, x1, vyl, x2, vy2,
pre_node, tag=-1):

# WA B HAT T i JE Ve
self.widget_category = category
self.ocr_text = text
self.widget_operation = operation
self.cnt = cnt
self.cnt_id = cnt_id
self.left = x1
self.right = x2
self.top =yl
self.bottom =y2
self.already_opera = False
self.next_nodes =[]
self.pre_node = pre_node

self.id = tag

def add_next_nodes(self, nodes_list):
# NI HTY RS 2R R
self.next_nodes = nodes_list
for node in nodes_list:
node.set_pre_node(self)

def set_pre_node(self, node):
2. H- |

# B ET T R I ETAR T A
self.pre_node = node

def set_operated(self):

# BCE CHT R O A BRI R
self.already_opera = True

] 4-12: ContextManagerService ] TestNode F4% LaXAY

AT 5 et R B CE AT AR O B AT BRI HAT S A BRI S
TR A —ADNIMAPAT AL B RERE — A3 Bl EiRRER
BT EAE ST SO R A B — NI AT T . find_ traversal node J7 7% 32 %
B 5T [0 T4 1 H A 7 2 B 2 S e AN SRR D HAT T S s, R
HEE RA AN B FR, H A SRR SR KR T 1, W
Ui B Y BT RS SR S R A A . WD SR SN E AR R, AT
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class Context:

def add_test_node(self, test_node_list):
# % B DL AL 48 SR AR P AT R S
self.cur_opera_node.add_next_nodes(test_node_list)
for node in test_node_list:
node.set_pre_node(self.cur_opera_node)
# RSB PATFFHRAEIE A T RS — A i, BIOUSE R 2R
self.cur_opera_node.next_nodes[0].set_operated()
# ST R
self.cur_opera_node = self.cur_opera_node.next_nodes[0]

—
4
N
~
T

def find_traversal_| node(self)'
# (RS 2 H A T B 1 4 ST R
cur_node = self.cur_opera_node.pre_node
#3 RT s  E  — B 4R
while cur_node is not None:
if len(cur_node.next_nodes) > 1:
for node in cur_node.next_nodes:
if not node.already_opera:
new_opera_node = node
test_sequence =[]
# R MBI R BURR Y KA A
while node.pre_node is not None:
test_sequence.append(node)
node = node.pre_node
# S ERARAT MR RUT 46 B BR AR
test_sequence = test_sequence[::-1]
self.cur_opera_node = new_opera_node
return test_sequence
#AER B 0 4k 28 1 L[] 3
cur_node = cur_node.pre_node

return None

P 4-13: ContextManagerService [ Context Z54#% LAY

A HTARIRAE W ] e B 1 L SR Y R BRI R B MR RO
—HF BRSO S, T RA TR R A MR S B 5 R
APATERAE A, R AT 75 oK W45 2 0 BR AR BEAT B IRk (] . 5 TR BESR 2
T AR SR AT R RS 2 BT R B O AT AR B B SRR S R
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4.3 TIHERRIERIIZIT S

4.3.1 TIEEREIEREIA

SRR EE J!

EligqtiE AR BRI

CannyEEREUNS
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fam o
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BRI i i U 7| | EnRRsEE

4-14: T B3R BRI
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BEURE BB R A A BRI IR SS SRIUSN 2 i L Tk e o A R o A AT 1
BAEEE, YR Canny HiEEIE BT NALE R, HEF HEUG KA
JBORHE S B A AL H T 5 TR, #45 SR UM 7o 2 50 B0 A 1M 15 2042 47t
FECERAE R AR TR 8 B GRS 4k SR AT U H 1) SCARAE BAREL, 08—k
OCR Ul HH 45 A AT RE S = AR 0 B U BB O, I 28 — VR il
OCR %5 B OCR MR — iR E OCR AEWsIR /b P2 AR B LR, 3R1510
SCARAE BKe TSR LA B AR BAS S A R R B o B DA A e E IR
gERONEEA, IR y ALhR A AT BROK A R R B x AARRIEAT O R A
JRE Y] o T A5 B T AR J5 A5 S o DU S AR BUR ™= R -5 B 0K
FE RE Rl T A A BTN, L E. HATERE
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R X S5 A A SRS RO B B2 A AT R B DL AT Je B (1 It kAT

4.3.2 FEESEREEROAEH

EE J
PicGenerationUtil
— + 0ss:0SSService
ConfigUtil + logiLogUtil
PicAnalyzeService =
+ readJSONFile(path)map | -1
+ getvalByKeylkey)val + widgetAnalyze:WidgetAnalyzeService N “”‘dge‘r,",'?e“sylfge‘:‘mg)
.| + textAnalyzeTextAnalyzeService M ay‘l’J““ o ?)ns(ssl getimg)
", | + layoutAnalyze:LayoutAnalyzeService + picUpload(0SSService)
*| + infoMerge:InfoMergeService
LogUtil
e + widgetAnalyze(img):Widget v
+ config:ConfigUtil & + textAnalyze(img):Widget OsSService
+ layoutAnalyze(img):Widget
+ infoMerge(List<Widget>):List<Widget>
+ printToLog(String) + getDataDownloadURL:String
/ + uploadData(File,String,String):String
TextAnalyzeService WidgetAnalyzeService
+ config:ConfigUtil + config:ConfigUtil LayoutAnalyzeService
+ log:LogUtil + algorithm:EdgeDetectionAlgorithm InfoMergeService
- ocrKey:String + log:LogUtil ) o
- ocrSecret:String + dao:WidgetDao + config:ConfigUtil
+ config:ConfigUtil + log:LogUtil
+ algorithm:MergeAlgorithm + dao:WidgetDao
AP . log:LogUtil
+ ocrRequire(img):List<text> + cannyDetect(img):List<Widget> + r
+ deepOcr(img)iList<Widget> + widgetCategoryRec(widget):Enum + dao:WidgetDao -
+ layoutGeneration(img):List<Widget>
-------- ] + rowGeneration(img):List<Widget>
----------- AN + widgetTextMatch(List<Widget>) + colGenertion(img):List<Widget>
......... + widgetLayoutMatch(List<Widget>)
Lewm *.A_\
EdgeDetectionAlgorithm =
Widget
+ name:String I
+ threshold:Double + up:Double
i + down:Double s
. + left:Double <
+ edgeDetect(img):List<Bounds> + right:Double MergeAlgorithm
+ componetDetect(img):List<Widget> + ocrlext:String
; + category:Enum
K + name:String
\/ A + threshold:Double
WidgetDao
+ merge(List<Widget>):List<Widget>
+ saveWidget(Widget)

Kl 4-15: TUIHIE B IR BUBHAZ 02K K]

TS SR BB R AZ O S E 4-15F778. HH PicAnalyzeService A<
P 1A% O IR 55 2%, H 4 )i i WidgetAnalyzeService 52 FL$% £4F 1R Al . Text-
AnalyzeService SEHL G SC AR L. LayoutAnalyzeService SEILAT &) iR 7l B
ConfigUtil 28 A BRIl B 28, Horp A 5 an BN S0V i I SO A A7 i % A2 5515
B, EEDUAELE json SXAFH, REEAT LLE TS 45 E R R BESR DO B{E . LogUtil
KAHEATEE, EZNMEIPGIH, FEHARZR. PicGenerationUtil Jy&
PN TR, FEIDRe N R TR R iR iR RS0 AR 45 R DL LA R R
G5 RIFORAF 0B B s 2R i 1B # J F OSSUtiL 28 _EA% & 7 3 OSS A7
fiti. TextAnalyzeService 3 %47 T3 2 HU 0T [ 344 507, HANEE S WA &
& OCR 2 142 BB o SO i MR 55 1 42 111 LSO 9146 OCR 45 2R B IR GHEAT i
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BT & F- IR OCR #2110, WidgetAnalyzeService 7= 5 671 57 1 1) TL T H A #2844 70
7, HNEaIEL SR O DL SRR L. BT R ECE T 2 A
DGR E R B AL IE 75 #5234 EdgeDetectionAlgorithm 25 11 57 il 52 574 6
F1. WS B34 0 20K B3 8 Widget 2%, FF 1 A WidgetDao #E4T £ Atk
fEfi# . LayoutAnalyzeService = E 41 ST LI AT &y, FeAHEELFE KV A0 JmHe A
B, DN R AR R ) 43 UL S U TH BE AR AT =) 45 R AE BB o InfoMergeService 3 %
TR H I =285 B Ui A BT IULE . AE. HE

4.3.3 TIHE{EE2RBUSEIRIGFE

T - )

[—widgetReco(y

cannyDetect()

[€—widgetBound

pageTextExtra(
deepOCR()
text with po:

idgetTextMatchUp()

match&deduplicateByPos

[—categoryReco ()

widget with Bound
text & category

layoutReco()

fayout composed of widg

g dgetPic() & generateLayoutPic(y

—uploadPic(y

[¥downloadURL:

K 4-16: TUHIE S PR BUBTHUFE 14

TS B3R BB I 5 & & 4-15T k. PicAnalyzeService ¥ 1 4% If)
WidgetAnalyzeService & B 32 4F 1R 3 ik 55 1 . WidgetAnalyzeService £&
IE Canny 14 % 42 U5 ¥ 15 2] 1942 £F bounding box {5 2 IR [F 45 PicAnalyzeSer-
vice. [fiJ5 PicAnalyzeService 1] TextAnalyzeService & g S A & B AR 55 H -
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TextAnalyzeService 281 5 KIEAX OCR VR J& K545 21 )17 A7 B 1) SCAAE SR (9]
%5 PicAnalyzeService. PicAnalyzeService Bl J5 14 1% 3 AME B LA K 4% £F bounding
box 18 E A% 16 45 InfoMergeService, AR 4 AN 4E 4 1 1) 76 & 11 bounding box
Fe AT TR S H A N SCAR N VL ES, BE S 34T 84 2 1Al i £

W15 B AL G SR N A LA EAS B ISR oo R 8 1 B R 0N Widget 2RI 1]
%% PicAnalyzeService. PicAnalyzeService B J& € & SUA W 45 LA A A7 BAE B
0 & A S AL 16 45 WidgetAnalyzeService, H7E PR FH I 5 4 B A5 70 15 53]
AL, HRHEEAME. OCR A, Kihl w8 =A@ 4t &= & [
5 PicAnalyzeService. PicAnalyzeService #%% 7] LayoutAnalyzeService 1% iH J)
I SRR TR R, KA RIRMRS A, LayoutAnalyzeService 48
ik A 1) G e A S B ) 3R B4R B A0 SR TR ) 45 2R 9 I Bt 45 PicAnalyzeService.

PicAnalyzeService #¢ J& % [7] PicGenerationUtil 3% iR 1) 3 UL AT 7€ B 1 #544F T %
AP &, PicGenerationUtil 6 7E J5 A% B 1) B il b 27 R 7l 45 2R I A B
HIE i OssService A% 2 = vm OSS 174t N5 H IR [R50 B2 1) R % URL.

4.3.4 TIENMFIZHUCHEXHE

K 4-17F17~5 N TextAnalyzeService ZEH ) deep ocr 75 OIS . %71k
KA NI DT — A B2 OCR %5, SREUEE 5K B B 1) SCAR $E H &5
H, OCR R55IR Bl PEAR 45 Frb & S0 O M U AL, B R AN
ANAAER,  LAAR N 5 B HER R . VRS OCR M > 48 2255 4] 46 OCR 45 AT
AR SE, RS — R G R AL EE R, W ov AHSCE BT R4
U A R, Y S AR B B OCR M5y 588 — kWil 4l ik [H] 0L TH
A SCARME BAE, 55 2K OCR K43 2 iU M B A TG X 2
X OCR 145 R, RS Soid I8 R I AERA ML ORI 2 BB . B IR LR
TFEETEEFEEE, X T PR N A & OCR AR5 4 124 SE B
— AR T AT, e R ae Rz — ERIRAIG RIS IEE, B
113 OCR 45 SR A B RN A SRR Widget X ST 171

4.3.5 TIEEHIRAI<E#KE

4-18f17~ N WidgetAnalyzeService 25 [f] canny_boundings 77 % #% 04X
o 1ZJ792 A0 5T IR T ks A T R AR A B TR E SRR AR A
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def deep_ocr(C, image_path, lang='"CHN_ENG', prob=0.90, space_ratio=0.7):
# SRR 4146 OCR 45 5
result = ocr(open(image_path, 'rb').read(), lang)
text_boxes =[]
image = cv.imread(image_path)
for words in result['words_result']:
left = words['location']['left']
# PRECCFEREMA . Ay by R E AL R
# HETARINE A BAS BT B A7 88T
cropped = cv.imencode('.jpg', image[top + height, left + width, :])[1].tobytes()
WFE BT 1 — 2 A OCR AR 25 3R B 45 51
words['details'] = details = ocr(cropped, show_char=True)
for detailed_words in details['words_result']:
# FHE OCR R[] 45 H o i R A 0 8 v e il 1)
if detailed_words['probability']['average'] < prob:
continue
split_idx =]
fori, (p, q) in zip(detailed_words['chars'][:-1], detailed_words['chars'][1:]):
# PO P R TRl 45 SRR B ) A Ay B
distance = g['location']['left'] - p['location']['left'] - p['location']['width']
threshold = space_ratio * min(p['location']['height'] q['Iocation']['height'])
# AT 5T ZEBEEE N, R AR — AN R A
# T EERGR G S s
if distance > threshold:
split_idx.append(i + 1)
fori, j in zip([0] + split_idx, split_idx + [len(detailed_words['chars'])]):
# ERELE SO Widget X R
text_boxes.append(Bbox(x, y, width + x, height +y, 'TEXT', texts))
AR OCR R4 R AR 1R B A
draw_rectangle_show_save(image, text_boxes, path)

return text_boxes

4-17: TextAnalyzeService 1] deep_ocr J5 4% 0 fRAG

S UG B A N IR, R T R canny sigma 01 E Canny 5y% A XL
BBV ) R AR AN BRME . /5 31T Canny 1025 $ I BB L 445 B 51 H 1
MRIRAEHORIA 505 B & . Sl il LUl findContours 42 11135 B & vh 1
NGRS B . IREUEI A8 44 70 K bounding box 15 B 2 # B 25 7 Widget X &
W, RIS LR R ab Rk ] b Am URAE pledz AR 45 R 5 A2 R i B 3EAT IR A7

Kl 4-19517~ ¥ InfoMergeService J8H ¥ S8 77 12:4% 0 A0S . merge 7772
BN TTX TextAnalyzeService Rl H 1AL & 47 B 1) OCR R 45 5 DL K Widget-
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def canny_boundings(C, image_path, canny_sigma=0.33, dilate_count=4):
image = cv.imread(image_path)
# R RS AE
assert image is not None, ' 7 I #4511
# R SR AR B A K A
gray = cv.cvtColor(image, cv.COLOR_BGR2GRAY)
v = np.median(gray)
# WIE Canny XUREE B =K BE
lower_threshold = int(max(0, (1 - canny_sigma) * v))
upper_threshold = int(min(255, (1 + canny_sigma) * v))
# Canny 14 Z $2 L
img_binary = cv.Canny(gray, lower_threshold, upper_threshold, -1)
# WIKEAERCRIA 45 B
dilated = cv.dilate(img_binary, None, iterations=dilate_count)
# RPUA G R
contours= cv.findContours(dilated, cv.RETR_EXTERNAL, cv .CHAIN_APPROX_SIMPLE)
# Widget X % 35 3%
boundings = [cv.boundingRect(c) for c in contours]
bboxs = [Bbox(b[0], b[1], b[0] + b[2], b[1] + b[3], 'COMPONENT') for b in boundings]
name = image_path.split('/')[-1][:-4]
# A A AR G RN B R OR AT
save_bboxs_as_json(bboxs, os.path.join(C.OUTPUT_COMPONENT_PATH, name + '.json'))
draw_rectangle_show_save(cv.imread(image_path), bboxs, path)
return bboxs

] 4-18: WidgetAnalyzeService [) canny_bounding 77 V%% O U5

AnalyzeService 1R 1) H AL 5 A7 B 3R IR &5 BT VLG A Je £ 8. 1057
Z0HE AN OCR 45 A A H 58 bounding box fEFE AR A 45 REE G ik
5 H & AULE ) bounding box. P> bounding box UL FECFE B 3 H i i A4~
FETEH) IOU 1A 4T 84k, FEilid intersect /VASEHL. intersect J7yAM S FRHUAE
A HIPA™ bounding box FE T4 il A2 HE T B 56 Al iy, FF v EAZAH 28 56 R 1 TH
o FHASFE W T AR BB SO P AN 2 B TR A D0 P98 25 AR A FE T 1
AR intersect J7 5k [l =/ME, 73Rl AL A S A AR E, M
THIESHTE B HARHAE LA ST RS IR TR AR LI =AM . 4R
#|5 OCR 45 & bounding box ] IOU {H fix KX B4z 44 1R 71 45 2R 1) bounding box #x
NEAEVLHL . 2% merge 77122 AIWTAH S HE T H 15 OCR bounding box H &%
AR, & HE T BIE, W& EILEC &5, XN R AR )
SR THEAEEA T B NIZ OCR WHIZ R I CAE R, (R iR
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il &8 ARG (1 AR AH AL bounding box HEATMHIBR; # LWAEMR T HRIME, WHAKIZ
IAEILECA G5, BIAE R PR R0 45 R 5 R AEFR B 5% OCR R 45 R IT
Fei e, DR ZAE AR A 4 R E G g% OCR A4 R, HmA Ll
ULHEC. 25 H 5 Widget SR& VI ZAE R BIAE R

def merge(boundings, ocr_res, threshold=.70):
mods = []
for rect_o in ocr_res:
for rect_c in boundings:
ratio_o, ratio_c, ratio = intersect(rect_o, rect_c)
# RELSH 10U s KAt = A i VLD
if ratio > best_match[3]:
best_match = (rect_c, ratio_o, ratio_c, ratio)
if rect_cis not None:
if ratio_c > threshold:
# 35 OCR AL MM TR
# B o Rm NS SORE BRI o R
mods.append(('replace’, rect_c, rect_o))
for rect_cc in boundings:
# MR TR 1R T 2 RAFL N 5
_, ratio_cc, _ = intersect(rect_o, rect_cc)
if ratio_cc > threshold:
mods.append(('delete’, rect_cc))
else:
# RHEE OCR SUARILH TR
# TRERZITCER M TTR YR
mods.append((‘add’, rect_o))
else:
mods.append((‘add’, rect_o))
for mod in set(mods):
if mod[0] == "replace":
boundings[boundings.index(mod[1])] = mod[2]
elif mod[0] == 'add":
boundings.append(mod[1])
elif mod[0] == 'delete":
boundings.remove(mod[1])
return boundings

4-19: InfoMergeService [ 8 7 1E:4Z O
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4.3.6 TIHEMEIRAKENRE

def layout(bounding, resolution):
# WS IA S enlarged boundings
# T HER resolution(H 7 15 (w,h)))
for group in groups:
# Ko N T E AR y AR N BB AT, R E RS /NMAT
group([0][0][1] = group([1]
group(0][-1][2] = group[2]
nodes = [(y, h) for node_row in group[0] for _,y, _, hin node_row[0]]
lines = sorted(set([y fory, _in nodes] + [y + h fory, h in nodes]+ [group[1], group([2]]))
merge_close_lines(lines, line_merge_threshold * resolution[1] / 100)
for top, bottom in zip(lines[:-1], lines[1:]):
# B 512476 ES A R x AAFRE R 7 BT A
filtered_basic_rows = [row for row in group[0] if not
(bottom <= row[1] or top >= row[2])]
nodes = [(x, w) for row in filtered_basic_rows for x, y, w, h
in row[0] if not (y + h <= top or y >= bottom)]
cols = sorted(set([x for x, _in nodes]+[x + w for x, w in filtered_nodes]))
if len(cols) == 0 or not cols[0] == 0:
cols = [0] + cols
if not cols[-1] == resolution[0]:
cols.append(resolution[0])
if len(cols) > 0:
merge_close_lines(cols, column_merge_threshold * resolution[0] / 100)
cols[0] =0
cols[-1] = resolution[0]
cols = [[left, right] for left, right in zip(cols[:-1], cols[1:])]
rows.append([cols, top, bottom])
group[0] = rows
return groups

K 4-20: LayoutAnalyzeService [1] layout J7 7EA% O fRAY

K] 4-20F 7~ N LayoutAnalyzeService 7K P Aii &y B A2 il i) 5@ 8 T i 4% 0 AR
f5, basic_row_generation /7% £ E A 51 A AT GR KA R B, HEAE AN 2R
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JRHFR IR K 4o group generation 1A B SR HE BT 1A ALy ABAR VAT AT

GKPAR R AR R B 5 AT A . At B 7 (M Ay AR BR EANVEAE R
J7 VT N BRI AR KA SR R AR B3 B, I LR e A B (R T AL A 5 G B A
Fro SRIGRHATAT BT, H B 7 M —ADNKPA R B R o 0, &JE
— AN A R T 3 N DU R, R B AH SR A R L A AT
X T e FEAR T BB A Jm e, an SR A T ot i T W R 5 A R a It A
(VAR RANTETY [ 11U 20 w1 2= 2 P A 011 LT P11 ol A i 27
L 52 ) KA R Bt — DR A layout 77, DA RN T A B4R v ALFxR
NAENRTE AT, FEEBREEL/NAT, RS54 =S NPT AR x
AT R 43 B BT B I R 25 B 5 BE /N 31
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Jii g A AT BAR R . A PAT BRI AE B K] 4-2107R. TS B4
B A5 21 (R 4R P D TS B o i v R s 413 B4R & BL R DU T AT R
8. AL AHE BB S OCR $2 O A VLA 5 1 B e i 4%t oo
FNT R o FHREETLEC B 75 1) 53 — 80 20 WA AT B SR MR AT B S8 B
Pt Ti iy, FEOIE AR LS Z ILEE R AR R SE R. F1il
JEE ) g P = S N L f N D e R R ER AR AT L, DR A e 1 AR v B
ZI e MRS B AHREEILECE M Es RO #E R BB R
B =e A AWAE BES . M HAT R BT 28 — M PAT A, HoR#R
VERETE B3 SN IIAAIAT b ST Ja B2 Rl AT o AT IS 75 240 s A1 45
PESRA, FHEAE RN, WG ER I U XML A1 J5 SO AR 4R i A fe B
L XML H -5 £ 76 &K bounding box [AHALFE B M T VL ECAH M. ¥ Element X 52
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4.4

4.4.2 MAPUTIRRZDEE

iR OLE J

TestExcutionService

LogUtil

+ query:KGQueryService
+ call:AppiumAPICallService

+ config:ConfigUtil

+ printToLog(String)

+ res:TestResManagerService

+ excuteTest(testNode):void
+ getTestReport():report

¥

2

KGQueryService

TestResManagerService

AppiumAPICallService

+ context:Context
+ curNode:TestNode
+ dao:QueryResDao

+ curNode:TestNode
+ context:Context

+ nextStep:QueryRes
+ parser:XMLParserService

+ queryNextStep:QueryRes

+ judgeTestEnd():bool
+ endTestProcess():void
+ generateTestResult():report

+ click(x1, y1, x2, y2):void
+ input(webElement):void
+ swipe(x1, y1, x2, y2, dur):void

] ' !
A4 A4
QueryRes
Report XMLParserService
- left:Double idstri taskid:Stri
- right:Double - ldatring- taskicstring + command:CommandUtil
- up:Double - testPathPicURL:5tring + filePath:String

- down:Double
- operation:Enum

+ saveQueryRes()

- testRes:Enum
- timeCost:Long

+ saveTestReport()

i Stri - begin_ti ills:L
- |nput.Strmg _ ﬁsg}:}iln’?:iglil\\:-l‘g:g + parserFile(filePath);json
- completed:Boolean ~ testSéquenEe'LisRTestNode> + elementMatch(json, bound): WebElement
N B + getXPath(json, WebElement):List
1
1 AN AN
1 1 1
QueryResDao 1 1
ReportDao CommandUtil

+ getCurActivityXML:String
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TAPAT B EAZ ORI E 4-23F178. TestExcutionService AR PHAT AL
Rz iR 4535, H4 @it KGQueryService X B4 22 & e 13147 UL i FAS
%, 1#ik AppiumAPICallService I F A [A] 1] Appium 2 1 AT BAR IS {4 #4E,
JH1d TestManagerService Mz 55 ) Wr i B AT ik B2 & 15 2% 1k LR AR Bl ik 45 SR vl
AL . LogUtil /&2 RS H T EIH E MR J5. KGQueryService 3 2 41
TR SR EAAS 2 (I 4RRL R DL TS B UL A AT B R S m S8 I 1 D A
AR FR e A ) 5 10 s W AR VLS A7 T 4 BT #RAE 7 21 i figeade ™ — DUTRAF 43
TEAERN RS . FRFEIR (9] (Y VU C &5 S 2 1 35 36 7 QueryRes 2571, FFH
QueryResDao 11 51 AL AR 1. AppiumAPICallService = % 71 37 # #5 Ji 4k #1F
AR 2R AL 18 A AN A Appium #2 VAT BAR B3 AR AR ST, Hoh a4
518 sh i E# T LIRSS B S VLR i AR 1A (5 B B AN 8 1, T4
PEAE ) 24 25 3K B WebElement X % . XMLParserService Ik 55 % 3 B 61 51 H LY
B DUTRT ) XML G544 30, IR 454 1R %8 JBR A5 2. UL I By e il 428 4015 i DA
343 WebElement 2 44Xf G 3 HuH 5 H M DT IHAR T 5 3 VT HC Y 5 220 XPath.
CommandUtil 28 3= E 47 Frhr BB 4% () XML A J7 45 46 S0

4.4.3 MR ITHRLRIGFE

P AT R T B a1 4-23 7~ o AENAPAT B FE A, TestExcu-
tionService 215 AHLAE B X 58 B TS B2 HUE 171 KGQueryService &t £ 1] ]
TG K, ad 51 E A i AR FE EAT UL RS SR AL T 24 A AT I 8 B A X
REGHNERE. SREGOR RIULELLE R 5, TestExcutionService [1] AppiumCallSer-
vice KILHAT HAREAERITE K . AppiumCallService B 5t 2 FIWrik [l 14244 #2F
FAY, EYETERAERA NN, W AppiumCallService It 5% 1] CommandUtil &
IR Y DT XML A Jm 850 S0 4530 XML U/ H XMLParserService
AT 5 30 BT R B UL S, AR TR )45 AR A B L X T AU bounding box,
P2 10U {H 5 K 8% I\ R A2 e A UE D 89755 o FHAR 95 R 210755 SO U5 1) 2%
1B 9% KUK XPath, 1% XPath B AT 3@ AP A B % 11 5€ £ WebElement
PR, HRHE WebElement X G (1) AH B i A\ 82 H BI AT SC L4 AN #R4E . 5 4 Al
VERAY Jy miaty, WUARHE IR0 B0 4 1 58 s B e A H Rl R 1R 3R R4 1,
OO AT ERAE SRR ONE B, MRS 48 € KIE S 46 5 2 1k m AR BR 2R AT AH
#1E. AppiumAPICallService i F§ Appium #z [ 5 i% J5 | 2= 1 A TestResMan-
agerService A BN ZE B, 5 WA R 52 s ATS 75 4k 223k AR MK 58 s
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MHUTRRITFE J
TestExcutionService | | KGQueryService | | AppiumAPICallService | | XMLParser Service | | CommandUtil | | TestResM. Service

loop
—queryNextSetp(y
[ —return queryRes

excuteOperation()

opt [op=input] : *
getActivityXML()
return xmiFile

[——matchElement(y

[®return WebElemen

[——getxPath(y

[®—return XPath’

appiumAPICall()

"generateTestRes()

"generateTestReport()

reportVisualization()

B 4-23: P PAT BRI &

TestExcutionService HE 1% [F] TestResManagerService /& it A= Bl 25 5 41 15 1) 1
3K, TestResManagerService £ Hdfs SRS 73 A T WAL i H S 0 45 A i i

4.4.4 XML 71 HE SR EEKHE

4-24F 754 XMLParserService 1 XMLNode Z54#% 081 . XMLNode 2§
N XML AR A B AR G B R S, xS R E AT &
HEEA T RFMENMN, WA AP FERR TR SR VAR S SR A
xpath 4% DA K 24175 55 1 bounding box 7 B ALbrfE B . i i sB 1 fip A28
RIEE LR N TR T AT A xpath BRI #HATI2 H o xpath 1% B 7 2
FIWr 2 HT index J& PEAE 2 S 9N THBI-1, 25 8-1 Ui B =001 RO A
BT AW xpath 2 /7 o FHIEMTT AL N xpath IS < A2 55 xpath/24
BT R class[ 1 R AR s R UECR] , R IZAE ST 119 xpath N
AT DL FE AR TS s 7 XML ST AR 5 s T 4615 2104 — 15 1L xpath.
HH T XML 34 H e 5 ) bounding box 18 B & A7 H A& 20, R 98 75 22k AT
TR T URBCHRT G = 2. By A FIUARERME .
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class XMLNode:

def __init__(self, element, index, father_xpath):
self.element = element
# REIEAF class J& 14
self.class_name = self.element.attrib['class']
# XA NEINFZETER
self.index = index

if self.index == -
# W'|'Jllxpath BN
self.xpath ="/
else:
# RIS xpath AT AL xpath+ 245115 50 R 2+ 9 AT JC & index

self.xpath = "{}/{}[{}]".format(father_xpath, self.class_name, self.index)
# AT bounds J@ 11l
bounds_str = self.element.attrib['bounds']
str_list = re.split(',|\[|\]', bounds_str)
pos_list =[]
for item in str_list:
if item 1="":
pos_list.append(int(item))
self.left = pos_list[0]
self.up = pos_list[1]
self.right = pos_list[2]
self.down = pos_list[3]

K] 4-24: XMLParserService i) XMLNode Z54% 0o Ci%

4-25fT 75 ;) XMLParserService [ XMLParser 4% 0 AR5 . 1% 2K 1) 32 8L
18 A & R4 B A 24 51 U2 T Y XML A7 s 2544, ULBC S54% AN A7 & a ULEC I
JCE T xpath & A7 5 2 CAE f5 22E 1T Appium AHOCHEE 1@ A7 38 44 70 2 S I 4 A\ 4
1Eo get xml_leaf 77V = EAE H A ARIEAL AT xml SCHREEAE, 20 3 B30
PR A xml 1715 5 89 XMLNode #5625 . %7728 H python ] ElementTree
AH B xml X587, B 551 A ElementTree ) parse $2 1 3REX xml #4 IR 4544,
BB IR BOZ I AR T e B FH R 1 1K) A B B s 4 4, IR 45 21 B AR Y
i 5 25 B XMLNode 11 s A B S o HE A BIA g 25 g s AT 3 3, 3R A
BAA Sk FR ) XMLNode ¥4 5o 47 = HI 19 N 745 i U BN %ﬁﬂi%qj
A AT AT L R P S R AR T AL il R A
o ) W =4 A7 R O 2B T R I TR SR T R AR LA, JfF*ETEIZ index ] &
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class XMLParser:

def get_xml_leaf(self, path):
tree = ET.parse(path)
# BRAFARTT R
root = tree.getroot()
# 0% dummyHead
root.attrib['class'] ="
root.attrib['bounds'] = '[0,0][0,0]'
# A A I AG 5 A
stack = [XMLNode(root, -1, ")]
while len(stack) > 0:
# IRIBA ] ST A
cur_XMLNode = stack.pop(0)
if len(cur_XMLNode.element) == 0:
# ORI RO
leafs.append(cur_XMLNode)
else:
for child in cur_XMLNode.element:
child_class_name = child.attrib['class']
# H W AT R AR B P R R R T R A LA
stack.append(XMLNode(child, child_name, child_xpath))

return leafs

def get_matched_element_xpath(self, apk_name, x1, y1, x2, y2):

# 1 H command_util FEL T XML 4544

xml_path = get_xml(apk_name)

leafs = self.get_xml_leaf(path)

I0U_list = [self.intersect(node.left, node.up, node.right, node.down, x1, y1, x2, y2)
for node in leafs]

# IR0 10U {H 5 KA HF 5 AT xpath N ULEL Element B €7 5 =X

max_index = I0U_list.index(max(I0U_list))

Kl 4-25: XMLParserService 1] XMLParser 234% 0 fX1G

XMLNode X} G AFTAERNFJE#F . get matched element xpath 7775 % H FULEC

5 £ X\ ] bounding box 15 B #2311 i) Element X % UL K H: xpath 52067 7 . 1%
J7iEE S A command util $447 adb iy 2 FFHFLEL xml SO, H I KNI

get_xml_leaf J5 V5 SR BUIT A A & SO H H B A 7719 5O XMLNode 35 24& 8%}

B, B THEFTE T A5 bounding box 5% A [ AE IT LR 4 114 G HE T (1)

IOU 18, R[AH K IOU fHHid 5% #E XMLNode H 1] xpath &4z 77 20
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4.4.5 MAPITRIER RN

B 4-26FT7m A MASAT IR BGE A AHRBAE AT 3 1R B 1 UL 58 IR (9]
(45 FJa B e I BT AT Y SR O R SR R, A SR A A
g 2% 1B AR EEE— 2 A W B R AR (8] 1A R HRAT T R E A RO
TERT AT A D B PR A 2 T R R R R H S PR o A AR BE i — D4R
Rizpst, i S S BN S5 R4k S A7 5 IR R . 357 KT ikiE s
SR IR RONGIE 28 BT W R SE ) A N — U BT REAT BB UL, X FIT
e )45 R 2 AT R R e & 5 1 g B IR I IAT BT 2 sl 1 e
o AR UEHBATHAT T AL MBI A2 5O RIRRE R, Ht gkt
AR AT« 2 i 38 e B A 28T AT 19 5 DU 35 B =4 AT AT 7 5% D4R
R, RAEERMHIIT R R ESAETIRE RS IS, EAEIETR
i P DB AR A2 R T U AR SN . A AT A AR AR P 1 93 3
B P CEIRR K, W Thee R e s e R,

PCiAppium
RSB

RE
AppiumDriver
[EEHECET

HMIRELERE
W3S

pli=easc]

ezvizs]
TRUEEEL +EHRB)

LEiER

CERERESHE BREDITF—IT
WE+TR H+ELEIVE

(TR

REFER
BWHHX

[

EIHREEE
FEDZRITR

T EHRER

MR EFIET

v v
(%#éi) (#xmA) (ﬁﬁ%@)
| | |

EHIIRERA
REHEER

4-26: MXPATIH N K

K] 4-27F175 N TestExcutionService [ AutoTestTool ZRFJ 4L ICEARID . init
Tk EEAA TR E AN A A B (BFERA. MHA YR T
Y BEHSCHRES4E) . Appium Driver X7 4. XMLParser Xf 5. Bc B AH ¢ & 14 DA
KSR A XS B 5o click J716 swipe J5¥% input J71553 51818 FH AH O
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Appium % [ SEIL RS A AR TR IF IR B AR AF AT Bh 5 BIRES -

class AutoTestTool:

def __init__(self, app_package, app_activity, app_path):
self.parser = XMLParser()
self.test_context = Context()
self.test_terminated = False
self.config = Config()
self.enum = Config_enum()
self.extract_pic = ExtractPic(self.config, self.enum)
self.operation = {"#ii \.": self.input, " & ": self.click, "I 5" self.swipe}

def click(self, x1, y1, x2, y2, content):
try:
self.driver.tap([(x1, y1), (x2, y2)])
return True
except Exception as e:

return False

def swipe(self, x1, y1, x2, y2, content):
try:
self.driver.swipe(x1, y1, x2, y2)
return True
except Exception as e:

return False

def input(self, x1, y1, x2, y2, content):
xpath = self.parser.get_matched_element_xpath(self.app_name, x1, y1, x2, y2)
try:
element = self.driver.find_element_by_xpath(xpath)
element.send_keys(content)
return True
except Exception as e:

return False

4-27: TestExcutionService [t} AutoTestTool Z5H]4G1L IR LAY

K] 4-28f17~ A TestExcutionService [1] auto_test J7yEICBAIS . 1% 7k E
PR MAPAT AR RAR . WAL b AR BRI A False, 7 4 HTMNAE A2 AR
b, TEEARWIT FARPE. HHAH command util ZE3REUS A 241 5 HE
BB, B3 Wi U R AR R A A B I A B RS VT AC T — 2P AR A ik
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def auto_test(self):
while not self.test_terminated:
# YT D R FNR B UL 45 R
screenshot_path = get_screenshot(self.app_name)
picture = cv2.imread(screenshot_path, 0)
# A S VLEC R — P AR R AT
split_dic = split(screenshot_path)
components = self.extract_pic.generate_widget_info(screenshot_path)
res = next_step(picture, split_dic, components, self.test_context.last_cnt_id)
# WA RS Cae T
res = self.test_context.filter_test_node(res)
# RN EEIR A1 25 5L, B %E TestNode MIAPAT I mi xS 4
test_node_list = [TestNode(item['category'], item['ocr'], item['operation'],
item['cnt'],item['cnt_id'], item['x1'], item['y1'],
item['x2'], item['y2'], item['state'],
get_cur_activity_name()) for item in res['data']]
traceback = True
if len(test_node_list) > 0:
# DS RAT 5 — DR AT T
cur_test_node = test_node_list[0]
res = self.widget_operation()
# HOHA AT BB R
seIf.test_context.add_test_node(test_node_list)
traceback = not res
if traceback:
# ST AR B A
traceback_sequence = self.test_context.find_traversal_node()
if traceback_sequence is None:
self.test_terminated = True
else:
for test_node in traceback_sequence:
self.widget_operation()

4-28: TestExcutionService ] auto_test J7 234

PATT A, BIEULEC A &5 R 5 2 T TR . IR IR E S SIS 4

%@@ﬁ&%%mwm%ﬁ&ﬁ RO SAFAE AN IR HAT R B EE I —
A2 FIWT 1 A R A VLB 25 R iR o] 1A RO R, A SRR A S R AT
A RCW RO PAT S — A AL BRI EAT ), WU Z P RA &
BT I 5 Bl 5 W A R AR AT R T A R0 R, MU T
O TVEGR SR R T BT R, 18 H Context 25/ find_traversal node /7723
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MR A 10155 m AR AT PP 9o 25 MU IRAT 13 B AN D 2 U2 M 46
UCHRAT P A A2 A R A 2T AR 3 73 ST RIS e 8 AT e 810 0 2 U 35 B
ST AE R DI ARE 03 Tl DA R R e R, At s o &l
W, DR A 7 SR R AR S TR 45 A

4.5 KREIN

AREX ARG E BRI D fes s MBS B K T SO B
By GRS BARBUS S . ASAT R R PRGN TH 5 BARSKILEEAT T 4. B
Jo, AN MRAEERIE 7R EARRRE, A4S T RO
REDS LR N BASSE R YEAIAT A BEAT 7 VERUE BT, ORI Pl B 1 A
RS SRUMAT AT IME S AC ., Hrsa 7R e ik S i se LAY
FEE GIERREAT T AR
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5.1 SEIEIRUE

NTVHE AT R, RATEEA RN 735 18802 AN H, il £E (1)
BIFHASE T HAT AL BEY ) et (8 A0E. SafdaE. Ea. 1
PItEAN . S R AR BT BB PS5 3E 10 AN 20 DUR CR 52 56 4 S 1 2k 1k
I FH 43 28 o5 bl DA RN A L B B RE A LR L R S-1RTOR, AR SRR
FADIRE A AR M. BRI . PUEE RS k%, P EEs
S5 M D BE 2L LT AEAR AT 2800 48K 2 B8 A R A8 L, 3 e sns
95%. T T e miBE T EMYI 0 2800 B 86% (5 b, 78 H A &A1)
RE SRR BT B, T8 A B 25%, A2 DA BHZ T RS i AE Bir B2 A o 38
Mo HUEEW SRR R ARSI — 8 70 lHERR T AT S0 DL R
55 FTN I AR & LA, (BAE BRI N XCE B S S, 5
N 85% F 74%, J&ET1EREw N FAT T I B, ASCHTEFER
ZAATIRE RS IR L T AEATAT R 3 S i P AR 7E & RS O
s DA B AE R 72 ) T 7 B s PR = DR AS (R R P DA DR SE 56 285 SR I v S 1k 5 78
Mo XTZAADIREA, BRATEILWEE T 96 MR, Hor 57 AR A T H2
FDIRE AU ML ERE 39 AR A DAPEAG AR T2 B S BT RE 15 B 2 [ i
FERME. BEANTIRE AT L 10 ANZE A 1 R F4 D R a EE F DAAS R ) 10 A
FE AT BT IR T A B A D) BE AL TE AN [R) B 200 A7 AR 2 — 5 1
M, Do SEIR FH N AT RE S e AR TS, BSR4 N 2 N 7E 2 AN FL
Diae s M AR X T B AR SCHEAT TR AR IR . R A R R
TR 5-20R, TSN SR 5-307R.
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F 5-1: 48 H R R 23 K3 8E
47 Vi i Thfe sy b
RIF%CE | RAIbeEl | B | M | ERWY | VIEEW | BRIk

HAT AL | 2191 11.6% 96% | 96% | 12% 85% 0%
HE%] | 1964 10.4% 92% | 92% | 32% 0% 0%
iRl | 1217 6.4% 95% | 95% | 26% 0% 0%
fEHEATE | 2631 13.9% 94% | 94% | 17% 14% 3%
BB @R | 1139 6.0% 93% | 93% | 8% 1% 0%
ey 1118 5.9% 92% | 92% | 11% 0% 0%
TAPIELANT | 3554 18.9% 100% | 100% | 86% 0% 0%
MERIR | 1140 6.0% 93% | 93% | 29% 0% 0%
BB | 2629 13.9% 97% | 97% | 22% 0% 0%
[GE2 1219 7.0% 100% | 100% | 7% 9% 74%

5.2 SEIG—:

N R IhRE S e 5 1%

5.2.1 SEIGHEHRY

N T PRUEZAS TRAE B 34l i 3 2 68 9% X 245 %€ D BE /L BEAT A R0
W FATBE T — AN SR8 R VPl 1% L BAEAN R S B 45 e Dy Re s i i 7
otk BARKUEEATTBEE. 1 %W 7T i) A

BlE—: ATREEFAENA LG ENREAMMNATIERGRESEAASE
PREmiZRE AR AN, MAEREERTES?

[ — ¥ [ 255 RE S R L i AR T R AE D e il B se 0k, IERI A B 3l
0 T L B S (AR I b BIR 1) 25 E T RE /I = e i 24T L
M Ft 5 2R G I B HAt A TR 2 LI RE RO N GORLEE ), PRI SR 88 e ik
e HA RIS T EAF XS e Oy 1 DR TR e A Il TR, ARSI I R i 3%
gt A TR PR R R, TR E X T IR R i, AL
RRIR N SR EAR T A A ASAT SR S8 S 3, A Pr
THAPAT 5L P BRAFRIULBCRE L . AR SL30 A9 A% 0 RV e T O I fE
s st BTG R LR, ST R B 10 T e e 3 5t e R A ) P 9 A 1 R
Wy L A 37 AT B AR I AR . BRI s SORPHE PR R AE T — 1T VR4 A
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R 5-2: [EITEA I N HdE 4R

ID | NFH# fRAS | ThEgs | ID | M4 FRAS e s
i xR . R
1| Kz 3.5.0 R 2 | BT 7.0.24 R
3| BRI 9.2.9 EEW 4 | W 8.14.1 prEp—
5| Eeem 670 2% 6 | margi a2y | TE
P ) LA
e R s k73
7| I 5.6.5 e 8 | FEMEMLA 3.8.1 EER
N EEe e R
9 | HEEm 7.1.2 RER 10 | PEEAEMT | 10.8.6 EE
11| HFHMT 8.3.3 BLZEAH | 12 | RS-0 8.39.0 | &%
13 | jd DU 9B R | 4.4.103 | Bk 14 | AL Hn 1211 | &%
15 | SREHTAR DTS Bn] | 4.3.2 B 16 | A 11.32 Bk
17 | o Db e 43.7 Bx 18 | IFLLIAS 5.15.7 | B
19 | JFI - B 52 2221 | Bk 20 | PTE Hiid 1.5.2 EEST
21 | B DU 73 G 4.1.101 | B3 22 | WLEY 2.10.0 | FEM
23 | fH%H 1.10.16 | VEM 24 | 133 9.12.0 | VEAM
25 | THEE 10.1.2 | VEM 26 | HHRER 7.1.11.2 | VEM
27 | TR 6.6.36 | VESM 28 | IKEA HEXZJE | 2.30.0 | v
29 | &l 11.2 M 30 | MEIRE SR 10.1.0 | VEAM
31 | g A 3.7.4.0 | VEM 32 | MR 9.30.0 | VEAM
33 | EWEAT 53.1 M 34 | QEM 9.7.6 M
35 | ARH#K 7.2.4.4 | FEM 36 | FHiizEunmE 5.0.35 | A
37 | A4 6.11.0 | vEfMt 38 | S 242 M
39 | R 6.6.32 | VEM 40 | ¥ 9.6.0 e
41 | FLRFIHFM 3.15.1 =M 42 | 44 123.0 | BREY
HRIBY)
43 | ®Hh 1045 | MRWY) | 44 | W8 5220 | BRWY
45 | T 5 9.5.68 | WRIWY | 46 | = 10.10.5 | #MZREWEY)
47 | VE%F 500 | WERWY | 48 | KA 1220 | HEWEY)
49 | M5k 6.12.0 | #WRIEY) | 50 | — 9.11.4 | HMRIWY
51 | 139 k4 9.3.0 RIEMEE | 52 | 189 HIEFE 8.3.4 RAE MR A
53 | 2980 HEFH 6.0.3 RILMBAE | 54 | FEIMEIEAE 1.0.2 RIEHEF
55 | TEAE R AE 2.4.7 RIEMRAE | 56 | IRHBAH 8.4.1 RIEMELF

57 | HR¥EHRFE 44.1 S AL




86 FBHE WIS HHR
# 5-3: T HSZIGN A4

ID | N % WRA | Difig s ID | N % JEA Tife s
58 | /ML 7.27.0 | Bx 59 | RIE# 12433 | &
60 | PHRALAR 6.4.6 | B 61 | A HL% 8.7.1 (eSS
62 | 58 [FI 11.0.2 B 63 | EEEH 10.16.1 o
A e
64 | & 19.6.0 Lok 65 | F1°F 8.6.0 R
A e
66 | soul 4.19.0 Ex 67 | 194 4.85.6.1 =X
e eSS
68 | PAEPA 9.2.10 | VM 69 | FEIHIY 8.5.0 e
70 | DFEHRE 2.75.0 | {EM 71 | YY 8.7.1 WM
72 | D) 6.2.3 | MLEEW | 73 | EII0= 6.6.2 PSR
74 | EHHALE 3.7.29 | HLEEW | 75 | Lol s 222 MR E
76 | WAL 1.7.6 | HLEERW | 77 | MM 448 MR
78 | R 2.0 WLEEEH) | 79 | REMZT 02.00.14 | MLEEE )
80 | %N 374 | #RWY | 81 | IKEA HEZKJE | 2300 | #RIWY
82 | VEREk 6.8.69 | WRIWY) | 83 | INEMM 429 R
84 | /KA 5.1.0 | #REY) | 85 | MEML 7.67.2 ALY
86 | MESHG 1.35.0 | #RWY) | 87 | Bi AL 6252 | HRWY
88 | FHHhiiFt 511 | RIWY | 89 | RITIEY 4.5.86 ALY
90 | Gmail 43.0 | KIEMH | 91 | Outlook 4225 R
92 | QQ HEFH 6.3.2 | KIKHBMF | 93 | HANHBAE 2.3.5 RIE MR A
94 | W SMRAERIT | 7.8.14 | KRIEME/E | 95 | 5EFEMBAH 222 RIE MR
96 | FTIRMLAE 1.94 | KikHR4

5.2.2 SEINEE

H AT Tk 45 5 R S ORER 73 B s A0t TR AR F B AR Oy sk, T
BIR R FE IR AR AT IR, DRI 98 T B8 A0 T T 7 o 2 S P 7 e
VPRSI 78 0 PRI FE AR . AE M AT WA BT P T T SRR G

A = {A],AQ,A3,...,A,1}, Al‘ = {Wil’I/Vig»Wiy---’ W"}
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H A REFH TSRS, A AR A EREAES:

At = {AllﬂAI29At39 -~-7Atk} (tl’t29 vl € {1 - n})

Al‘j = {Wtill’ Wtﬁlz’ Wtﬁl3a seey Wtilj} (115129 eees lj € {l - |Aj|})

DG 2 o 7 EAC S B e I Ui S 4 A A, e A, AR DN Bl A Hh 78 22
WSS, HEE A PRI PR SRR, A, AR B R & 2 i T
A, EOPATRIRIEF RS . BRIN AT E SRS Wl S E H%E
Ja, DU P e AR E Ik Uy 55

. A/ . X 1Ay
ActivityCoverage = m x 100%, WidgetCoverage = ST A x 100%
i=1 143

1 TR gt B 2 A T a0 5 D9 A AR, DY s Y T S 4 A
it FAUE W2 TR ARG RS ot 48K 2 B P pF kAT 1A oG, SRR B T
KBy UL o PRTMZ AL RAR OOIE 18 82 (015 B 8CE, AR RERILIITE
FEFFIZ A, XTI R S, B & 2O Nl A i R AR 1058 JE IR
TR AR DA S R IR o DR AR S s o o ) T 5 P i SR A D A SR A S R
NG, ASOYRGIN T IR RSt iE 30 BA TR —4Lae s SEL D e
IR B AR 7 51 O I RE UK — N8, Rtk -

Scenario; =< (wy,ay,01), Wa, a2, 02), ... Wy, @, 0,) > (W; € W,a; € A, 0; € O)

A=1{A,A2,As, LAY, W={W,W,,Ws,..,W,}, O0={0,,0,0;,..,0,}

Hrr S cenario; NINEE RN — N5 AT 0 AR FrahaT 19 B AR
BAE=Jn oI R, A w AR =cd P Et e TEAES W, &1
a; RE=Judlh il e T H&ES A, B4 o, AR=ZJuH TR TRIEES
0. NMHIZIRE RN — RO RS ROES, EREERZN N5 2k
VR PP HIAK BE AN 25 B2 1 81 mh AR (RS2 B P = e AN A R U450 o 1 A AS [ 1 37
o IR AT A TIRZR ANl R i S B R 3w s, ASOR LI RE R
Y55 o R VAL A TR A s Ao 7 Ao T e sl sl sE 0 1, BAR e X
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