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Multi-granularity Fusion Android Test Sequence Reduction Based on Event Labeling

HAO Rui, FENG Yang, LI Yu-Ying, CHEN Zhen-Yu
(State Key Laboratory for Novel Software Technology (Nanjing University), Nanjing 210093, China)

Abstract: As too many redundant events included in crash test sequences generated by Android automated test tools may result in test
replay, defect comprehension, and repairing difficulty, a great number of test sequence reduction works have been proposed. While current
works only focus on the application interface changes and ignore the internal state changes during program execution. Moreover, current
works only model application states at a single and abstract granularity, such as control widget granularity or activity granularity, resulting
in long test sequences after reduction or inefficient reduction. This study proposes an Android test sequence reduction method combined
with multi-granularity based on event labeling. By taking into account the Android lifecycle management mechanism and data flow
analysis to label critical events that trigger crashes, this method can narrow the sequence reduction space and design a strategy of rough
selection under low granularity and detailed reduction under high granularity. At last, a crash test sequence set containing complex
scenarios such as inter-application interaction and user input is collected, and the comparison with other test sequence reduction works on
this set verifies the effectiveness of the method proposed in this study.

Key words: Android test; crash replay; test sequence reduction
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R F R T FHFIT0 B AL S NKF 7] 298, 2007

FFR 24, BTSRRI RAT TR Z B3R T2, #4 Monkey'. GUIRipper'”. DynoDroid™,
SwiftHand™ . Sapienz!""\ Stoat'V%, ‘BT R BN BIRIL . RG0S A48 2 SR s ot IS A 2R AT Zh R U
R, FFAE B BRI A . BRI A RS, TP R B AT SR . B S BE. (HIR TR AR R
LA P 514 A K, AL AR 22 3 Al R R T 1 52 E F (K T AR e U, AT R B AR AT RE P i B S 1iE R
R TV R VA b 1 s R A e A U ) SRR A

W7 H1 2998 (B N 206k S A E S AW T B A Bl i A sk K ) — e TR B, iR
T R IR N LR AT B L 2 SRR 2 —, (B T R B BN R S, S BOLE BRI N TR IR 2
“HRIELIIR, IA07E 2 s MRATR, 2B B IR R 51 o (0 IR 0 TEvk il B R . SRS T T U
& 2z ELMNRE A, A A AT I 2 A S GUIL RS R A o 471 ) A 22 g B PR 5 A A 2, FE RS BBt -
HBEAT M B 290k, RRHRTH T 2.

BB 1 HI0R R 5 2O AT A AE TUAN AL 1556, BRI 1 2908 CARAAE B — R BB B SRS kAT
%, 5140 Jiang 25 A\ U TAE SimplyDroid ZEVG SR %, W ey L Activity ZFR2 75484k, Sui 28 A 'SR
) ECHO NITEAE AR FE AN &R, E48 T DU 42 14 2 i 1tk O BTG 284k, dih GOk BRI, L OGTE B Ab it & 4 i, 5
BT B LIRS Tk 2 bR — Lo 23 1 T T AS A AR ik 8 R 5 A7 V5 T FH B R LA, Rl GO B RHLRE U 22 5 B30
PEZ A TeVEA B X G5, #2823 (B K, 99t Al . b, B Al 51 2098 AR O N GULIRZES ARk, 2
W T A B AR T P ERAS AR AN, T G i g e 3o R 1R A B (1 A B B A 5, X S A AR
WA IE ST, B8 T 20 b 75 EoQuE BB AR, e fa, B AT 51 208 L AR Pl R R R 8 B s
NHHAT, HD R R A MEORAS R PSR A B SRS AT

BEXF DA BT A, JRATER T B T b 1) 200 2 G AT B L9851, TERS RS L DU AT R KL BE X G
SRR PATIRAS FE @AY, 43 M BEATRE I 1% 5 A 2098 TAR, thob, 183 25 & 2 s R G an RS AL . #2)%
FRAS B IR 73 B R, FRAT DRI P 21 v 1 O S AR AT VR BRI, A /N P F48 2R 2 8], SR TH IR, B, 3141
WEE T RE 2R R 66 N EINRT Y, HAE TRF VM., RE&REEE. APPSR R, 1HE
SERBE T IRAT VAR R

ASCE 1 A BT B LI AR S8 A VE RN SR AR, 58 2 WA AR ST BN, 28 3 A A S B
FFHNLI T, 8 4 NI W B S8 R ITR. BEE S AT A,

1 MRS LA X THE

- 00 5 AR R N 20 U AL — A g B 1), AR R AR AR AL BOEMNR I, B AR
B fk A 5t B NNAR &, BT HOS P A N — LR, SR BEAL SRS IE IR IR R, S B RIR 21 X
AREATRITURI N, BORAR T, Ja S0 58 AR 3 A B S PR 4 N G5 A EAT 23, SR 2 A7 3B T4t 2
XTI AR N, JF B A R LR AR TR

UEAh, ARGAEE S . ARG AR PE A A R, AR 2 TAE02 45 & M AR5 PE B 20 i,
Regehr % A\ PR T F3F C 18 5 % 2 3 M F ) 200 7V, R T AR Ul G 1 8 TR 200l v 7= AR AR 2 e Kl
0 A BB (G P TE IR ) A R, Ad TR 2 ST IR B RO SRAIE, JF45 S C iSRSt 1 3
BT ORI P 51 240 i . i A 7R P00 i A TR A TR 2 R e i P 1, AT el 1l 2 %, (Rt = 50
AR U P e, 4 0 s s SRR, I A, Kanstren 45 A P9 T 65 BORL TR F 91 200, 1t
ATTAS T 2L B 8 e 21 3 e, o0 AR S b AT 4B A2 90 LU B3t i oz B1% JavaScript & FH 2 Fe X F 491
(¥ [ £, Wang 55 A ) U A ) v = i A o A SR A A S L S, I 2R 9 0 P 481 o g =
P BRSO RS AR bR SOORAE B, DA S A REEAN AT B T AR 8. FEA Gk B b, SRR
T — AT AR, AT RE S B 200 A S Uy W i TR B IGAE, X TR, X 2E R E T
B, N T W BRIX AP EHT7 9, Gharachorlu 25 A PR H T MR AR (K 3 ANISL AR AFLRAUBUT . o U
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JEIRFERR, 4 C. C++. Rust 5815 5 WU 615 110 Seds 4G E 7 AT DT 380CR.

5 VLRI TARAN R, 4 o i il i Il P 0 AR AT R 5 205, 8 bl LR BT R S T,
B, 22 s AT T B SRR B AR S B A A S B S SR — SR 2 U 1 R 20
TAEHARH, Tang 55 A "R\ g2z LT SR AR 2 /N 2 TR AL, A AN/ 2 1 SURL B JL /N SL AR A S, X e
PR TR R B T D B 200 AR SR, RN EATE 5 mT DA LA s B — e 200k, R AR TR 23 2= R ki
S 2 R AT R, AE BE A b 58 A 20 8. Sui S5 UM Y BT BT R R SRS /TR S I XML {5
S, I WA A RS 2 18 ) 22 e R A AR P As AT RS I, JF T4 B rh s e R AR SRR R Q80 91 A, D8 T
ARACFRKEFAHATH) GUURE, ANTE SR 7 T W 30 & 11 A 15 38 AR R R AT 0k B 7 N SR TR A A .
Yan %5 A\ VIS % Monkey ZE BT SUREAT F 25047, 58 LT ICHRAE. A — A A BRI 3 ML
RCFAE, FFONEABE T 9 LI, BEAR, AATTIEER BT — i A A RS 2 O 51 S I B L T
Choi % A\ PO T —FUs & A xt 22 s R EE 1 (test suite) HEAT LRI 575, fbAIT5E LT 3 Fiva] g BB 2008 0
U AR 3 XA P AR B T 2 i A 42 Je R ) B DM P 49 000 461 A o 82 8 5 JE 2 RO 3R . K 431
Bzt s 271

WEAR, 2 st A 8 S B 2 Tk W AN 7 A e, A sh A Ry SR T . SRR R A, R 2 B
SR G RIK, Clapp % AR T — A2 ple N R 3 2k MR 3 2152 IS 3 DU B R, AT AT %R Ak
AR o0 SR A MBE, LABRTHAIR AR . Tiang %56 A BTN 45 4 1 5 Mk R i L Hok ab 2RI 1) 2
950 R T R 2 HR B AN B RE VRS DL, F 45 & SR 03 ALK 5 228 R 20 DBl TH).

H RIS 22 s I 1 240 9 ) AR MG TR 25 )2 O SAF BEAT 7387, FF 80 5 R A AT R P A IR A 1
PEF, BEAh, AT AR O E LS F DR A AR, A8 45 05 9 (K38 PR AN o8, A e Bl 21U A7 R 1 K BOE T
LU 10 B, AT A AR B L DT A SRR B 23 R U S AT 2008, JF LS T RS EER R
XA SR R A SRS R EEAT 1 AR,

2 EHLRA

LibreNews J2& — 5k 9 A 37 )38 5016 22 s P IR GR A, & Ve FI P B 8 SOBT Y 2 SRIR, I B n] 47 18 A a5 2 |
H T 5B MR E. B 140 TR A LibreNews B 34 i & T2 B it 10 R 3. 751 (a) 3t
A5 48 AN FAF, HE A4 3 AN F4F: FTIF R G fi“GO TO LIBRENEWS #2£H #E BLFH £ T (eq ), AR5
W EIBIA (es ), FEFF T FEAR KA, SR )5 5 “Automatically refresh” %4l (eg, ), FEF B i, 751 (b) L4
B 124 ANF, KBRS 5 AN FTHRNASG (e6) miidi Server”, ¥ HHHHMEHSCA AR A2l <123456” (o)1
Fl ey1s5), R T “REFRESH™ %4 (104 ), FET 1 8.

TEXT B ARG 30T Ja, TRATK T A (a) A& FONEAF ey AT IR FIHRAE, B AR R 12 0] 20300 S s, , (H A
RN T 22 R AR A B 1 T s, 0K Y (10 2 A P M [ BRSO AN A R B AR R T8 (b) WL
RNFA: ey, P FBOCHT FR IR A AR 55 2% M bk 10 B % 1 ik 1234567 S 80 4.

5 LME G T SN 5 RE GUI S AL 210807 VR T 51 () (b) ARAEE, BlaF4 (a) H SERE T
BRI E A ey 70TV B3R FEURMAR k. BEAh, 8 S HLR BT 51 (1 534, 0] K038 IRl GO B (i Bt T
RN LIRS AR B, AN Activity JEIR EXTREF RS BAT R, WPIRZES 55 50 HE G I, (HRIRXP
ANIRAS Z 181 A3 4 %oF T 9 35 e 70 o ke A 5 DG

BRI bk, GrAeT R AR DRI Hh AR O i A AR 5 9 o AR R P I B A, X TR T 41 20 ek Rk e i LB
XA R R BRATEE A R G A A B I B 0T 8 2 5 BOR BARRUT S R AT IR, FREE AR T A
SRR 5 R CE BRI O ROV, B, IATRA T SRS G 75 3, 47 BITESS M K& DR AG /R T
W FEFPPAT IR AT H 2.
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S €124

M A LibreNews fif it i 7 51
3 FHEEIt

AR T — T AL BIRUT 51 20 299807 2 TREC, FAT T4 I 1207 51 200k B 1 il A2 Al R R 1
BRI AL TR SR A 1 o A AT A R T A, TR I X SR S AT AR . TEASEDRLEE b SR IR IR T B W A /N4
FNA], ISR TR R A, TR R W] 2 o, JRATE Se xR RS AT R BE BRI R, X 4072 742 1 1 4
T A, T A T T FRAT IR ARGT 2> (8 B Btk 00 1) A AR I 240 0k, 10 81— 2R AN TR 4 L RO (EL 2 T DA fi A A 3 i
B 51, 2R 5 ATV FR P RZS I 3 AT BN FE DA R 4544, FEXT T 51— 25 2003, FERRA R RE I
2y AR, BATE R EZR T A2 MK AL AR 7 2 8 7= A AR ROR I TE A, SR JE W R e AT i A2 v i)
RSP, BeE A T — MR R R R ZPRE) BETRTA (REF  BURE), JATH R A8 B T 7R
A B 8 2R R AR Y s RN G RN i S AT IR A R R R ) R AR

RS sk [ T e
e o] BT
RAEHRE ) | ), ‘ BOR LB
a7l oG !
Rl £ Rl &
T X G [ €D Xy 5!
» @®  #l| @®
% S N

B2 B B 20 HE SR & (AR R B 200 R, - > AR TR A Rk B2 B R 20 e )

N T TR LIRS R FORL R AT, T T SRt B A R AR T RN S ST R LB LR AR, TR X L
AT IR, G R B A BE AR A A A 358, TN BRATIR B T IE W R AR, WM BRAT R E PR H AT
T IR i 7 15 1 S DR A2 R gt i 1 SR ol R B ST, ALk, BRATTE Sexd 1 H AT Bf A2 L i 19, 4K
P ROMB IR 5 G5 AU PR, SR 5 4% I S L S B A B R HL 5 F 21 B AT 0 i s B A, IR0 ol B
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™

FRET A . FEAI, N T BT AR B R, A4 & RG R A o U AL R BRIAI AR
e RN IR IEAT 1 AN R B B (AR IE, IR S B M S B e A TOE B 1 S J5 T

RA ST S 77 VR A R A R AR, 980 RN B A 2 R P il b S R R AT RS Bk e I i LR A
B H A fk R 3 B T 20T B FE B AR, S GORLEE RS A, MRS b IR Bk e [ B R X 3 A0 B AR A SR B 52, 3X
RETELIRUT B FE 5 LI A1 IR, FRAT TR A 75 4k 25 240 ok 22 0 A A1 LA B 8 4t G2 IR R RS 4 T I 3
3.1 RESHREEEE

HEMRFINT = {eg,e1s...0e1,... 0.}, e REMRFF P B ER § SRR, O 7 IR 71 A7 i R R e
RSB HATHER R R, AT 75 TIRSBER, HE XA G = (VE), KV AT R&ES, B4
WRARE-ARARIIRE, E=leper,....e...e,) NIBEE RSB E A 35 S B 7T DAEE 2 400, &
FEAERR. RN AT RE , AT TEE ARSI 5 4 N B W A DUSRAS AR S S S, Ja@d et F s
BT 72 R o0 T8 R TR B s 7= A FE AR SO, JRATI QYR B AT A B SR AR DL R T AR Rk, TR 4%
PR ERATDGETUM B3 R AR TR MR AT AR AL, T 7E D AR J5 i B AT R O S A Js 45 # (H 22
&AL BAR 2K

REBE BRI E T — ARG 5y, 5 RN sy, , BRSO LR A5 U R 19 J8 2 ST, 280k SRR
TR B BCIRAS T A8 — AN BB test , BATEH test (T) = X ARRNART 51 T fil 2 T F2 7 B 35, MIFRATTH) B A5
AR T FHRESBERF S E T, B ) T, T AT AR, 2) T BGERET Ay, 541k
TR v, 5 3) MR AR TR, B test (T7) = X ; 4) AMFAERAZ T WA T T, Htest(T") =X .

Ak, BL Monkey AR B SALINA T R AR 2 BSR4, X LpENL S5 1R 2 BHE I A RE B IEAE
FATE DU 4 4 b, B0 — i, TR EIRAS Bk R A2 b, JRATTH RV AT TR (R 2038k, R A S, 341158 X
TERE A X MR AS B A AN = AR AT AR 52 I R S, G 0 78 DT 25 1 X3 ) s o 155
3.2 IREEARI

FEARZS BRI B b SR BRAT T 1 5 EDOWL B R0 2 B A R AR IA T A5 Vi 5 2L 5 v ZH IR FLIRAZ T,
{ER Z A5 UL T I B AR T, AN REAl R FE 7 B i, Bl an i 1 HR R (a), ey IR FIFAFIEA S BN HFE T S R4
R AL, 75 (b) T eys Bl es EAMEIF SRR T A ARE T B8, HIX PSR A R I 12 T, BARBLH R

I FH L e S A IR L I e 1) B A% b, IR 7R S R B AR TR () T A% BRI, e mifite, f i AT
T, TCVERUR TR IE R R LR e T FE L BR B FEA SO, F0AT15E X T, N F FLsse s ik A%, FRATTR H AR U2 54805
JREE 3 TR 4 MR REBRE T

FEASCH, TAVR T 5 — B R K BRI, RSB E h F 3 A AR AE T, TR 5 A
DS Lk AR ER R X e B R PR A J5 SRR AR R BE T S NN, IR IR & B T, IR RS
AT DAIEA s R R 5. BRAT T PR B A ) B2 G R AR

1) SFAFPAT T — Stk £ S v _EFTREAEAE 2 53R %, B AL RIHAT T B2 ma AR 1 i it 5 75, 41
W54 PRI N R R 7 S 015 B (B U language settings) H#EATIE L, SR )5 J5 SEFR B HEAT T IX S0 0 B 5 31 1
SepB AR FE TSR EE R T, NAAR R . W SR il B R R R AR AT 2R AT R4, T TGV R D
XL BRI,

2) K ER AT : B T EREK N T REIEAATE — 5% B B 2 5 T ER I, 260 FUAR VAT ARG 3 50 U =2 75 1T i R A2
¥ i, FP 513030 O (n) . FRATTAE Ar I FR % ] SR FH A A 30 s SR s, (E LA b, 5 SRR AR 4 RIS T LR =
I3 T EXS B K IR I HEAT IR AIRAIE, F 348 R A PR E] O(log(n)) -

HAMBBMEE R, GERESHEE G . I v BT Rve MR EHBET, , K
findLoops ¥ £t [ 645 T, L4033 AT 5 s, FERnill i BT g LB SONE IDIRZS B BT E 3Rk, 28 7 AR KRS K
FE A A AT I, PERTIAE N1l L ER B I, FRATISRAF L s f5 — R NIL I GRS start 555 1 26
U EH T end (G 5-8 1T), ST EATZ MBI FAF 3T A EE R, %Y findNodeLoops i SiAaI 5 i v _ERIFTH
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HE S AT EHATICH S A E 4505 2 K5 7] 49 2011

g, HoE SRl BT sl v LVEAE start < end Z IR I 10 5 NI, 3K BBATIE T PRAENIL S AF— 8 KA A
FFZHT, A RERT TN BIIAEE (G 14-16 17). TR, K 1 104k E, SANAE E, , BEIFEXT (eous ) , IATTR
B eou B e, Z 1B HIPTAH SRR S IR RS,

=7 BEE NS ol

1. Function findLoops( G, T,)

2. Le o IFFREINSS RINBRES

3. for cach event ¢ onpath T, do

4 v, « e.source; I FAF e PIURTT B

5. start « 0;

6 if v, # Viyisa then

7 start « vy lastincoming Event.id; //3RBGRTT s FINDEF IR K id

8 end « e.id;

9 L, « findNodeLoops( G, v,, start,end ) ; // Kl LA v, AE AL ah Fe 28 1715 s 3R %
10. insert all loops in L, into L;

11. return L;

12. Function findNodeLoops( G, v, start,end )

13. L@ /| BRI 4SRN IR ES

14.  E,, « filter( G.outgoingEvents(v), start,end ) ; /| 0 id 7F [start,end] Z [0 {1 i1k
15.  start —min( Ey, ) ; // BEHRE start NPTA B WERD id

16.  E,, « filter( G.incomingEvents (v), start,end ) ; // EHL id TF [start,end] Z [F]FINIL
17.  for i in [0,E,.size) do// WEAL E,.size N KT E,,.size

18. Cou — Eqy.item(i);

19. e, «— E;,.item(i);

20. 1 fey : eoy.id < ey.id < eyp.idy; /| FRER 1AL eqy B e, Z AVIR AT A
21. insert [ into L;

22. return L;

3.3 IRBEHRIC

REBE BT AR EN RSB B LHHE BE, i, B HEEEZ AR AL FRER TR R4
Sk, RIS BT PR R S e AT B 20 6 HEAT BOAIE 2 — TR B FERT 19 TAR. 7EA S0, BATR XA C IR % B 2 M1
M, W SRR A i i R R DRI IR SRR AT AR AC, R R AR MR R AR 1 R A R SR R B U7 =R
YRS AS ) B BV IR B AT R, BRAR VL TT 4.

BATEIR 38 3 AN Z K EEIRY (IMPORTANT) i@ IRE (NORMAL). KEIRH (MINOR). — 23 1)
R S 2 B A R BT A 0 e e £ S G . R B S R R 5 N R O 3R S R AF (KeyEvent), th
WA S KA PR,

TEARSCH, FATHE 3 AT EZEFAE, AR PAT IR SCE S A a8 AR DG SR . R A A ¢
HE R PATIHASE EA R IR R A MRS MERSIRE. B5RE. BibRE. HEEEERE
8, X LA T] B B A o A% AT 1 7 AT IR

22 5 R G I IR B M B B BN 5] B F Y& B0, WEBITE AR . AR R AR RE T — R4 AR A RS AR
Ak, e 20 A T LA AR o R R AS SO B R P AS [ [0 BRSO X A R AR . BRI AT S AT e A R L
[ Activity SEEHZAERRAL T 7 A 54 IR FRAR S 00 B R AL, B S Sh . S, BHE. EEJS4%, T Fragment
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PAENFEAE 11 A EHE R, R R 3 30F IR A X L R R 3, & S BN R & e . NATIHRSE R
HOAR R R, 7R AR SRR B AR S 2R A A o AR AR AR DG bR e O B A, ARSI B
R, RIEHZEEE . RS b, R SR IR U S8 ] L i MR A A T 1y B
ek AThRic, B U145 S o] I8 R A Bk B SRS R R A5 SO A R AR I

e A, B R A X B AR AT B, XS I BRI A B R MR GUT RS b, (A1 2% 5
R A, AR T OFRR R R . B 1 R (b) FARIESEAE €15 Bl e)s BT server Hidik, IX AN bR XU
TE RIS B L < 5. D9 1 RIS A S 2 R R A, AT 35 stack trace HEAT 20 #r, SREUS IBHEE R, W
SR BHRE R, LU B B BON B ERA R AT IS AR M (backward analysis)®®, $RBUG H 4 R S0
T AR A () AH DR B e AR B A, A D A IR R O S, W R A A B S I GUIT SR 4 3R B A F 3 4 1,
BRI EEE. RIS, AT LB JE Y text. resource-id. content-desc SEFREX 4 1A, 110 HF ML i i
B T, BIAE R AR T 380G S AR5 21 m (0 S B 37 B s 8 oSt 796 238 S 4 3 A W AL FBE 3 A AT 210 7 e e 1 S - 2
B NAZHEFRIC. FEA TAEH, SR B E M 3R, (XX lllegal ArgumentException.  ArrayIndexOutOfBoundsException
NullPointerException %5 J1 5 5 03 4K 8 5 A0 5 14 9 1 8 1R 3t AT AR 88 40 #71, Z208% T NoClassDefFoundError.
IllegalStateException S 527 IESEIL 55 FFHOIRES 25 IEF S SR A UK T 1R, I B ™ # 6
IR VG P SR, U 2 — DG AaR] 58 4 UL O I A W R A SR AT ARac, 3 4 0P S R 2 4 i A b i 1Y) B ZE R 4
&, WG Id 2 TGOS AR AR T T SR S5 2 B R B AR R R
34 FEMNABERER

25 E RSB I, FRATE B B ATl R B R R R R A T AR, R B B0k 2 o, B
SR PR P G 1) 7 AR P FLR B8 A% T, 12, W R BB IE M AR R 7 09 350, W B2 (R R 3R T, 1 A4k 3
MERARIR ] (B8 1-4 4T). 45 T, % B AR R B i, SOERIE B B b i DL T, B SO L SRR3R B,
Hxd L E AR HATAR S BB S, 6 1T). ¥ T REIGHAT A R B Z M 2k IR ER AR 209, BT RERE A AR T 1
TR AR IR (TEAR ST BRATE SO ZEIRER) B8 0] B AR I A o BE VR R, DR b R ATTE 0 b T 1) o 22
b 7 B A5 DM SR T8 R R (5 74T), 5 level {CR TR FEIENELGE R, REENG BEE IR
PR 18 TV IE R fil R FE I B PRI, A 2 i AR B IR R SR 2008k, 285K UL, 24 level A MINOR W, 15 W48 2R Sk
IMPORTANT . NORMAL 2R E¥JC R, EI MR ERIE T, P& T MINOR LEIREH.

Bk 2. AN R R,

1. Function search( G )
T, « shortestPath( G ) ; /ZRECE N R 1E
if test(T,) = X then
return 7
L « findLoops(G,T,); // FrRZS BREE B BT 35 2%
L « coloring(G,L); // BT P37 B M brid
for level in {IMPORTTANT,NORMAL,MINOR} do
level' « level; /| ERIHTE R Z IR
Lpnges < @5 1/ LA L level B ELMEAR ML ELFA R

10. while level’ < IMPORTANT do

X N wDd

11. Tyue < T,+ filterLoopsGreaterThan( L, level’) +L,...; // ) At B A2
12. if test(Tyue) = X then // UL HEE VLN level [R5 TOR I B

13. Thouse < Toue— filterLoopsGreaterThan( L, level’ ) ; // ST SEAEIR 1%
14. if test(Tye) = X then // Ui 815 =y FE T (1) G SB35 A TUR IS
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15. T’ T+ reduce( G, Touses Lipypges )5

16. return 7’;

17. level' « level’ +1; // JLEL BV Z R A (AN, K BETE & 2 B IR g 12
18. continue;

19. Lepanges < TilterLoops( L, level’ ); // ARHU4 T B 2R 2 _E M FTA itk

20. Linges < Linanges AAMIn( Topee, Lepanges, 2 ); // 508 2B B EE 2 UL (K47 IRBE HEAT £
21. Toae < T+ filterLoopsGreaterThan( L,level’ ) L anges

22. if level = IMPORTANT and test(Ty,.) =X then

23. T’ & T+ reduce( G, Toue, Liypnges ) // R 2R B e A B AR

24. return 77;

25. level' « level +1;

26. return G.longestPath; // BAATEZ RN, IR [B] B 1%

Bk 2 WA 8-25 AT ARG E BB 2 IR level FXTIRBRAE L HEAT A0k, AR 5 level’ 875 AT 2 B % 2
W, A L anges RA7 T BT A AR E M 2 29980% Th It 6 ZEIRBK, BR 42X filterLoopsGreaterThan( L, level’ ) IR [A]
BTG o R (IR, IX PR ER B AE 24002 IR level EICTEHEAT 2008, TEHEAT L0, BE 1 Je 4 ROFT A Al R RF
JFREMA S, P R T, . BEERHE. (L2 LB EAK, & SCHRMIREE CGF 11 17),
A AR P8 42 T 1k AE A R R A9 35, U508 B 224 T J2 BRI P A7 AE 0 IR, SN SRR B level” 1A
IR HEAT 290 (PR 5L ddmin 5ERR), FEA LIRS VA RSB B Ly RJEHET R — R IR R (O 19—
25 AT). Fv e SR A% T TE A Ak R R P o 5, U5 A 224 22 VA S B0 R T AR BRI, S AT Tk — 2B b BT A R
o L J2 UK I A A 2 Bk AN 3 75 L A R R R 35, G SR ET LA, DU A BT A R 2 IR AR R 8 A TR R
¥, Al HEEK B AR N R B IR [ (BB 12-16 17), B, 4k 4T N — 2RI R (58 17, 18 47).

B3 A AR L ddmin T, L,k ) I 43 ¥6 S VoI SR B 4 L 34T 299k (5B 1-13 4T), BTHEN test (The) # X
1H test (Tyue + L) = X , BUIEREMIREEAR T EIEAURFR T 130, (B4 IF RIREESE L5 AT DAl R . F 20000 K 56 A S
FKGIRBEEE L3850 ke AR AT B0AIE, 5 5R i 3 IR B A 0] L I il R 2 1 o 5k, JUDH AR R R 3 ddmin ()%
NERELHEAT iR (B 4-7 A7), 4558 i 00 T IR BESE X Tovk il R R J 35, DU e AN IEATB0AIE . 4378 (5B 8-10 1T7).
LRI TR . T IR ANES T Al R T2 5 A 35, U KR o0 B 5 4k S 200, T 28 0 P i IR B 4 L
L PR B A R O B4R L RS IR B R D TR R 4

B/IE 3. IR LI

1. Function ddmin( Ty, L,k )

2. if L.size=0 or L.size =1 then // ToiEBHT 08, EER[A

3 return L;

4. foriin [0,k) do

5. Ly; « calPartition( L,i); // 3REX L B9 k Y53 JG 28 i T4
6 if rest(Tpye + Lp;) = X then

7 return ddmin( Ty, Ly, 2) 3 // XTI EREE QR SLL098

8 Ly; « L — calPartition( L,i); // 3REUR i T ESERNE

9 if test(Tpye + Ly;) = X then

10. return ddmin( Ty, Ly;, max(k—1,2) ) ; // X FIREREEAME 4k S 24005
11. if k < L.size then
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12. return ddmin( T\, L, min(L.size,2k) ) ; // B4 KX 53F1

13, return Ly,

T IR ER R L A IR B KR (S ILE8 3.2 79), X5k 2 sp s R B EEER, JRATTIE 75 0f Foodt —
WL LR E BRI TR T, BRI 4 PR, SO PR AE L T T RS, SRR
RS T, A ARG T, WERSR A (5 4-6 17), BIHFIH reduceLoop B&HUN Ht— L8 (55 7-9 17).
PRI KL reduceLoop X ¥ % 1 AT 209K, HAH Dijkstra SRk A2 HEIRAG M 1 P iR BR AR T HEAT B0IE, 45 FLwT A
IEWR A AR PP 1 358, WP R A Lt SRR 8] (5 1416 47), & RIFEF A ddmin & B0 FREE [ A7 AE IPTAH T34
BEERHAT IR L0 (B 17 47), BRI AL TR (5 12, 13 47) S5 L0 45 R AR A (58 18, 19 17).

Bk 4. B A L0

1. Function reduce( G, Ty, L)
2. L «@; /| ARG IEE

3. forpath / in L do

4 if [ doesn’t contain inner loop do

5 insert [ into L' ;// ZHTH IS T3NS, JC 75 20k

6. continue;

7 I' « reduceLoop(G, Tyae+L—1,1); // Xt 297 IR EEHEAT HE— 5 L0

8 replace [ of L with I'; // FZIRJE BIEEAE 1 S8 L, 32T R 52 rest R AR UE R

9 insert [ into L’;

10. return L’;

11. Function reduceLoop( G, Ty, 1)

12. if [/ doesn’t contain inner loop do

13. return [; // 4ATINESTC T %, TO7R L198

14. I, « shortestPath([); // 3K FTERRKE bk s 3] 2 11 2 [A) ) d R BR A

15.  if test(Tyue +1,) = X then

16. return [; // 2 RTIREZ)0E0% T, IR 1]

17. I« I, +ddmin(Tyy + I, findLoops(G, 1,),2); // ¥l 24 5T ER o B AT T IR 4, JF5t Hadk 7 2008
18. if I'.length = l.length then

19. return '; // 4ETIAE O A LB Y), IR [

20.  return reduceLoop( G, T, I’ ); // 3T PR EGHEAT AR LI 98

EAR BT AE, 22 ST H AT S5 FEIT, T 75 L9805 R U < 5 5% Hh T 48 2 280 7k 2 42 1A T 04T LA
EIGTIE SR A5 P Al R R 7 0 5, R, 7E SRS FE o, RATIEHEAT T A (RIS SR 0 2247, BLFE 15 AT IR UE 19
A% S HIG AR 45 5, 8 4 T A R BR AR 0 2 IR AT, IRTHE R K.

BEAL, BL R0 R TR R B AR B AR A 2R, 0 T T TR AT R 2 AR (R B R 1 R, T NS
98 (B RLRE 29365 00T 51) il T M pric R e g VR A, BRI, FRATTOCHEAT T 1 30 8 49
29k (5132: 3 ddmin ¥ IR N L0k (5192 4 HF reduce BR%Y).

4 Lo

4.1 SCISHIE
AT SREREAE, BATKH S Monkey AH R FIBEH LI SRS, Monkey F2& %2 5 R G0 N ERIR AL IR T &, #1R
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Z A TT AR RS TIAESE s0onk LA TR (EZ AL ON T 52 A KA E AR K, Bilnss s+
A server {EHRAE, T34, —LERE PR ZORBAT I B A AT R S8 E. O8 TRBUE 5 W SERR i st
Fe, Bl e e A BEH LR BN 1 ACBEREFFR AL . P S SO S, Al B B v A R LA Bt K 471

AL T K B DroidDefects'™ 5 Droixbench™ ¥ 4~ Hdf 42 v ity MRS F, AT R T 22 3 F B fry Uk
JH R R, AR 2 22 s A7 T AR SR B0 EA, FA i s o AR 3 V5 5% 52 D BRREAT 43, BRI T
— M AR IR 5 2, BATRAIRA TRE 7 AR 66 DA, 138 1 P, XM R
H GitHub. FDroid SFH AR E T, 8% 7 HW THE . Stk 7 4S5 2 Fh S 288, LR e 91 K27
FEl R 8-797, I HALE T R 83 N ARG 5t 182 BT 78 LA, Echo ™ 44 T 5 AN 51, Simply-
Droid"“'rf BAAIRAL T 95 AT 41, (HAL 25 NIRRT K F B SRR, AR AR RHAR, M T, FA 0%
FEEAMUEE T HE L H SR, R T+ s .

®1OLIRHIEE

S L 7 ik S RRA APIfRA FR KR 7 5% P A
AntennaPod RS 1.5.0.1 44 NoClassDefFoundError 1 75
ATimeTracker P ] 45 2 0.51.2 6.0 NullPointerException 8 64-146
ButterKnife ZETH 1.0.0 4.4 NullPointerException 3 8-13
CampFahrplan BYED(DiN 1.32.2 4.4 Tllegal ArgumentException 7 49-79
LibreNews 3 3 14 6.0 Anayliigg‘ﬁﬁgﬁgﬁgzgception 15 41-124
OpenSudoku HOoMiE K 1.1.5 6.0 NullPointerException 24 66-797
Transistor LR 1.1.5 4.4 IllegalStateException 8 97-350

42 FHAEXEH

Xof TR AR W R, AR Appium M UAE 22 58 B BE AL SR 8K S5 72 7 TR IRELS 404, oA S0 H
iy HERL G RREHRE. PSR, N RIS S M I, 9T BRI T A e I, AT
AT FEZPAT T 5 sl A LIRS 3 v R 72 5 o 35

7S5 T, AR SootPREAT B (SR AR MY, FlowDroid™ HEAT # 25 B¥E ¥ 20 #, FlowDroid & H
R 22 5L P BEAT RS TS ST B T R 2 —, AR L AR RS Tk A TAER A BV, B e et 1
77 SRR A A A, O L B OSBRSS, BRI LA B R R M A . Bk
Ui, 4578 % 5 APK F2/7, Soot B JoXI #2747 @M 3k 15 Jimple A [A]fY, FlowDroid 7F A (RIS 2 Ak H#EAT H A2
RS, DA S 7R RV AT 4 Java SEACRS BEAT 204, th Al CAZE B Z AR (500 R Xt APK R )3 3EAT 70 M. A
SIS AR AL R AR N Intel 17 8750, INAFH 32 GB, #:4E & %4ty Windows 10 (T EHLIE K, SL5HE 5N Java.
4.3 WEER

N T BAIE TREC (RCR, BATTEH 5 2 BT M PIAN S AR 6 T AEREAT X6 EL: SimplyDroid™®. ECHO™, iX B4~ I
PESSIRARE T RS, TATE R H BN S50 ST 5256, th4b, SimplyDroid TAEIRHET 3 ANEVEMA, T4
KHAHETAER N BEIBER ALY LHDD 7.

TEVE PR BFRATE B 3 AT HRI: L0 EIERTE. Q0TI . 290, b 4t B
Hf 2 48 J7 Y 8 IR B ik R R A 5 1 3 1), KR B S R, kA, 29k BRI R AT AR A il R AR
WP, 7 A, TS 220 kB & L BAE AT HHR BEAR S R e AL, 7R O N Bk A1, TR Tt
5 R L) R WA LG8 R 5 R 7 41 (1) S0 47 I 18], 468 w0 ek a3 471 20 e v 4% ) 1) 25 b, A1
P TWT 5 AR A L

o ffF 5 [ 1: TREC. SimplyDroid. ECHO £33k J& FII0 7 4712 75 nJ LA IE R fit R R 7 i 3522

o TFFT I B 2: TREC 29985 (1R 412 75 L LAt 7 VA Lk Ja 1A 1) 56 4 2
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o Tt i) 3: TREC 2y [A] 2 75 b Hoft 7 vk 5 /02

o TFFT IR 4: TREC AR5 iR . UL T A Ja WL B 2098 B AE 290k 23U R 5 3% b0y R B n A 2

o T Ft 1) 5: TREC HHFRERIA]. PRk A 20 JasE ERAE 20 J80CR o3 B anfar?

TEWFFC IR 1A 2w, FRATTXS & T 0080 0T B EAT 38 00E, A4S HE 2 705 T A A Ak R 2 e, % &
VRV AR 4 AT X b TERIF AL IR R 3, FRAT TN 8 5 v AR BREIIRUT B R TR 34T 7 e 3%, TREC 732
BT FVEAT — IRFAEFRAC, ¥ 5 AR i Ji) SR DG 40 B 0 B 7 FH e 2 A 3 20 i, AT TR K JFL ek [ AT
TAdsR. AR X A TR LR AT T R ¢ I AT R B EA T R L LA REER, HiTEERE
EE p EERD, U AR RAR AR I S Z R OR, — AN p < 0.05 B, ARERPIEF B3 ZE 5. 1Ak, TREC KA
Pt TUTH A R ARG B 4 A T LIRSS, TR L R ATTZE B 90 I A 4 R Ko 3K P AN BREERAE X 3 AN Fa bk b4 B HEAT A
58, A AT AN 2 e 15 20, ARSI TREC IXFh 22 K5 5 45 & IR Z1980R G 2 15 8 2. BIF 72 1) B 4 S A [RDRL &
ZYPRSCR AT T 04, AEBRIERE b, FRATAERT AT a0 8 5 oA AN s B 0 20 DA e P 35 O 0 Sk AT T BE— 25
Mr, HARKUL, 7658 3.4 W IR MR IR R 0% 3 B0k 4 43 BT 7 IR B IR0 2098 LU R R it P 2008, T RE A5 AE RV A
IR 2093 P 25 B T RO s 2 B i SR 0, DRI IR IR ) A P AT e 2 o A o A0 B AR R B AT 4R . ),
BT TREC s &8 T oA LB, T S4B 23 S T Am 10 45 5 O FRMAMER), Fik, T2
S, FRATTGE — R P 51 R JC R AT 2B, SRS RUT B4\ 45 TREC. SimplyDroid. ECHO iX 3 M7
EHAT A1,

44 TWEHER55H
4.4.1 BRI 1 Lt B IER T

R 24T TREC S5HANKT HL I VELIIE 17 51 RE 75 il 25 T It R BeniE 45 31, Ho e e M 31 43 ) A A
WP S AR5 B 5 5K B (RIF 408 & SRR, Al Y ARG T 7 v il R AR T i i, N UARER
TFfR.

# 2 J7¥: TREC. ECHO. SimplyDroid 1R 55 %%

D R ECHO SimplyDroid TREC

KB I (min) i KB W (min) A K RO (min) 208N (min) BT (min) 35
1 98 6 22.31 N 12 949.79 Y 12 17.80 300.10 317.90 Y
2 98 6 34.79 N 14 646.63 Y 12 41.15 458.56 499.71 Y
3 141 6 38.18 N 20 13804.50 Y 12 41.99 454.94 496.93 Y
4 106 6 23.89 N 78 21864.08 N 12 32.51 255.26 287.77 Y
5 64 6 25.25 N 16 787.39 N 12 17.18 213.21 230.39 Y
6 104 6 24.76 N 60 10783.38 N 12 30.54 296.10 326.64 Y
7 146 8 33.15 N 90 30591.68 N 14 16.23 318.58 334.81 Y
8 101 6 28.88 N 17 4360.93 Y 12 15.20 384.22 399.42 Y
9 73 2 19.67 N 4 123.90 Y 3 13.16 99.53 112.69 Y
10 41 3 21.40 N 5 771.37 Y 8 28.09 296.58 324.67 Y
11 49 2 22.70 N 9 600.53 Y 3 35.70 18.44 54.14 Y
12 48 2 22.22 N 3 145.79 Y 3 11.16 14.08 25.24 Y
13 70 2 23.93 N 3 9.80 Y 3 38.64 9.20 47.84 Y
14 68 2 21.90 N 3 24.62 Y 3 19.92 4.97 24.89 Y
15 87 2 20.82 N 3 149.34 Y 3 22.49 568.85 591.34 Y
16 66 7 37.03 N 3 412.91 Y 6 12.55 168.80 181.35 Y
17 124 2 20.60 N 8 1794.57 Y 5 20.58 2061.91 2082.49 Y
18 61 5 27.62 Y 3 991.01 Y 5 14.33 50.09 64.42 Y
19 52 5 27.46 Y 6 116.47 Y 5 27.92 34.07 61.99 Y
20 50 5 30.36 Y 7 339.66 Y 5 14.16 41.81 55.97 Y
21 61 5 27.06 Y 6 602.01 Y 5 32.42 56.51 88.93 Y
22 83 5 39.86 Y 7 366.19 Y 5 37.20 37.97 75.17 Y
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# 2 J7¥k TREC. ECHO. SimplyDroid ZJR3UR 5% % (48)

D R ECHO SimplyDroid TREC

K B (min) ik KEE WA (min) g KB ARICENE (min) 2900 A (min) B E] (min)
23 63 5 27.74 N 3 295392 Y 5 27.98 180.64 208.62 Y
24 49 3 64.25 N 20 276218 N 9 24.12 232.08 256.20 Y
25 64 3 44.88 N 30 519021 N 9 26.57 156.28 182.85 Y
26 64 5 52.67 N 31 579233 N 11 34.45 164.97 199.42 Y
27 79 3 46.27 N 10 762.60 Y 9 35.49 256.38 291.87 Y
28 69 3 47.42 N 40 696339 N 9 29.22 213.31 242.53 Y
29 56 5 51.64 N 26 343285 N 11 38.50 145.32 183.82 Y
30 66 3 46.10 N 35 554274 N 9 29.44 186.67 216.11 Y
3175 6 21.46 N 16  3151.00 Y 9 37.32 796.30 833.62 Y
3290 6 19.92 N 37 545077 N 9 29.16 356.52 385.68 Y
33 66 14 32.02 N 23 221732 N 14 24.02 545.37 569.39 Y
34 76 13 29.53 N 9 167416 Y 14 20.46 936.73 957.19 Y
35 106 28 18.45 N 14 300576 Y 17 37.64 725.16 762.80 Y
36 312 80 131.11 N 18 221905 Y 9 31.68 5369.76 5401.44 Y
37 133 38 65.86 N 69 1805544 N 24 43.41 1631.44 1674.85 Y
38 102 18 36.54 N 9 644.78 Y 9 42.88 293.12 336.00 Y
39 177 37 64.91 N 9 748.35 Y 9 18.82 870.15 888.97 Y
40 86 5 18.31 N 346546 Y 15 23.60 814.93 838.53 Y
41 71 16 34.35 N 18 289758 Y 13 25.16 363.01 388.17 Y
42 108 11 29.46 N 13 337175 Y 14 36.68 560.93 597.61 Y
43 107 24 46.01 N 13 286066 Y 19 33.24 2494.87 2528.11 Y
4 223 35 44.94 Y 17 10029.10 Y 14 27.07 615.76 642.83 Y
45 478 44 19.51 N 16 392786 Y 8 21.55 3813.72 3835.27 Y
46 719 6 19.76 N 10 523.07 Y 16.91 422.92 439.83 Y
47 103 14 30.59 N 9 815.97 Y 9 17.51 406.56 424.07 Y
48 201 41 69.05 N 13 219270 Y 10 18.24 6540.70 6558.94 Y
49 198 24 4531 N 9 785.83 Y 9 20.22 656.54 676.76 Y
50 214 19 39.53 N 9 113361 Y 9 22.58 597.07 619.65 Y
51 359 24 46.25 N 13 425430 Y 9 40.78 797.41 838.19 Y
52 197 28 52.81 N 9 103930 Y 10 24.48 2563.99 2588.47 Y
53 376 30 54.42 N 13 290439 Y 10 35.41 946.66 982.07 Y
54 797 38 67.20 N 28 577650 N 9 36.13 1069.21 1105.34 Y
55 97 3 40.56 N 32 444766 N 7 0.63 332.76 333.39 Y
56 124 7 45.90 N 77 2373622 N 10 0.23 730.09 730.32 Y
57 279 3 37.06 N 89 5459330 N 7 0.31 730.99 731.30 Y
58 350 18 75.97 N 75  49846.06 N 7 0.56 912.52 913.09 Y
59 198 8 48.96 Y 107 40879.73 N 8 0.03 213.93 213.96 Y
60 224 3 37.24 N 144 7892618 N 8 0.50 41432 414.82 Y
61 108 3 37.29 N 37 621788 N 7} 0.68 255.49 256.18 Y
62 181 7 47.64 N 96 3277605 N 8 0.83 504.41 505.25 Y
63 9 1 25.01 Y 1 27.87 Y 1 0.00 11.45 11.45 Y
64 13 2 21.82 Y 2 27.75 Y ) 0.00 13.21 13.21 Y
65 8 1 10.70 Y 1 27.50 Y 1 0.00 8.68 8.68 Y
66 75 2 15.67 Y 5 1329.04 Y 2 0.00 13.29 13.29 Y

M 2 shar U Y, ECHO SEEXS 55 N5 51 15 J0 i A il v fid A R P i 35t RO P 81, o 281 7 e 310 450
83%, At &Ky ECHO B 1 PR R BR AR A 9 e 24 29988 SRR 0], I AR5 18 H 15 m] IR Bl A R 17 B X — 4
HEAFE. Bl E 1 gy MBI B (a), ECHO SR RIS FLEAR €39 — eqs FNIALIIRIAR, TR HEF
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P ey; BT ARG A GUI FHTH BBk 28 40 3t L 2%, 5 300 299k J % 4% T8 AU 199 5% SimplyDroid S5 293k 1945
g 22 AN P T VE MR B 5, B B TR 33%, 8 i X H TGV IE R 2008 00 B AT A0 A, AR I
FAE Activity ERIATHIR, S 31RO TR, 1R 2 F 06 0 31— AT IO E, 725 J0E 5 5 ] B 2
WS IX e A, G B A — 2 A ik R R R T VR IR SR A 23 Bk, A7 81 5 K H ATimeTracker N,
TELEF A, Hofub Rk 1 5 3R R BTG B 4T FF 1 &, #5.3L sound JETE M disabled Y] enabled, 44 5 & [8]3 2))
R I A SN, K Y] sound J& P IRISAE T sound {4 BARES, i 1T SimplyDroid 7£ Activity
JEUHAT R A, 2% T kS IR, S RO Lt RCIE AR 1. AR 7L TREC WX ATA B9 7 5135 7T R
I TE T e R AR A I R 45 SR

442 BT 2: L0 FIK BE AT

2 FALME 3. 6. 9 FILHH T EAFIEN AT 5 L0985 7 ZIHK . BRAE T LG i, £ ECHO %
H AR 51 ik 408 kR R A LR, S JCT AR L4 R 1 s AR T A Bl xR 4 44, ECHO 293k 5 7
FIKFEy 35, i TREC A1 SimplyDroid M43 5l 5 H TRy 14 1 17 BT 5. 3X 2 Ky ECHO {UANE I 44 2
YHEAT 2098, T GORLEE B, S INR T 51— BLAEE — Activity BT AIRGR RN, SEOMNRR A Bk B o 5 4 R 1%
AR, ECHO 4 A e #il th 2 4R 4. 17 SimplyDroid A B 4E Activity /2 H #4715 . TREC K545 W 1H
ARG 177 ST 3 B, 35T REEX A ] L

XTEE SimplyDroid 5 TREC £33k 4s &, 7£ 57 MUAFF1 1, TREC 29905 7 71K BE L SimplyDroid 15
45 T I BARZE, (5 BT 86%, MirEiXH i —H4 HiFFIH FEM 22K 3 iR 3 7 30 4. th4h, 5 FAx
5 57-60 1) 4 A7 %1, SimpyDroid 45 H T FI G L HEZ EEAFEAMF, 5 TREC 4 HF I EAHZE 10 5L
b, BP0 W R I, HER SRR Transistor A, HOR— 3K 15 G U SR, B B loR BRI )
AR TR AV, MANEEREE, BARE T X 0N B G KBRS, AR CIETE Activity E Ik BT
I, §2 SimplyDroid JoiiAa B L0, L1985 7 HI IHEFEIR 2 TUR, TATAATEXFEHL T SimplyDroid 45 H
3R B ) FF 5 BEAT i SR B A 5 5T I AT A 5 B

TREC {X1E 10 4> (15%) AR T B BMNRT 41, MiAERX Hod —#45 M F S BEAE 25K T 3 AR 3 A (F
H 34, 40, 43), Zid 0K HIHEAT AT, BATE DX 3 NEFIHIHK E OpenSudoKu Wk 4F, WG T fiE.,
L RZRX 3 AR AU LE, e AR T MR RIAG S 45, T80 TREC 1647 R FE - 290k Tovk X 47
AR, TREC 761X 3 MIRF 51 200kt BACFE 43 5100 14 150 19, 20083 7 JEF I 82%. 83%. 82%, FATIA
2R A TR CLE B RE AT, AT LU BI T R 3 HEAT IS SR B A s I
443 BEFEIRE 3 Z9RECR AT

F2HAHME 4. 7. 10-12 1779545 H T ECHO. SimplyDroid. TREC £ [, e kric A 24 TREC
S RN TR AT AR ICAE BRI (8], 2008 [ AR ER T B AR LR FA BT RT IR]. B3R A% T LAE Y, fF ECHO B89 R 3
ZYPRTENL T, F5 TREC R 5% (M AEZE AR, FATHEAT T s AT B I ECR ¢ Ry, JCR 3844 p 24 0.07239,
AR H 2R REZEN, X5 3532 50 R I FLs AR 1B S s A VL.

XF T SimplyDroid, H7E 58 ANUIRF 5 b (£330 (315 T TREC, &5 27 & 541K 87.88%, Ifi %t T H ALY
29k 1) 541, TREC MIFE 36 A Ze 5 b RELE 58 A0 B 7] P 20906, o5 1) 7 SRR TP H1 1 81.82%. ULAMEATI 8 T = # 1
FRINZAH BT ¢k ge, HA5 85 0.0079, B TREC 29932 B AL T SimplyDroid J7 .

T EEMH R R X R, FATTHE L T AR RN A1 S AT I R A ZEBUE, IR T AR E,
R RERoRrE R 3, A AR IR 7 505 5, GARKFR J9ig 47 I H) 22, B N IE R TREC LI 5 s, shah,
F O AREE SimplyDroid 75 MR T 51 1R 2490k 5 SO0 ik ful & I . AN 3 0] LA HE 7 4K 22 00 7 51
I, TREC #2996k 17135 B & /N F SimplyDroid, 35 4R 2 WK 51 = A0 22 1) [R5 1 h, =3 S i) ) 4 22
1308.52 min, #83d 21 h. thab, Z3F B EIAHZEE G 1 h 975, SimplyDroid 75 44K 2 $UZ ] E 35 ToiE R 293k,
I 7™ E PR T AR SRS A, TF R B TR 1 h T TR B AT BT A A v (R LR . IR F 37 YR
T OpenSudoKu N [, A3 T g S0 AN O X 2 FROR G BT I B A B30 2 U0 e S 48, X B 1 ol T 307
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HAHE E3EAT, £ SimplyDroid F45 ) G2 UOR F A8 KR T A BSOS /INE T, Toidb AT AL S 3R 04T 3 X 0,
FPEERALRBEACT, F i 5 h HARZRER ).

0
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N2 T
B 3 SimplyDroid. TREC &7 a) % R~ K

UEAh, 2 2 e T TREC XA P 51 (K 2 AR AR SAT 8], X — S AR P LR K T A7 JRy L FEE
5) 308 3o e A M AR P A B SR (PP 31 63—66), o 5 EAT A AR T, X T8 /5 AT Bl O A 9 I
B (Fr 31 55-62), 1 H A ZEE L 73 KRR A AR SO B 28022 A o J A OGS EAT R0, AR ARG, 64
A LA T T A B AT HE R A B AU A1), FL TR R AN T 1 min, X T BN S A pR R R

FELIRAR /N,

444 TRILIEE 4: 2 00FE LIRS T

34T TREC 23 BIFESARLEE 2098 VLI A = b FE 00k _E RO R B, om0 30 5 5093 BN 410k s 1 5
K, 55 WA H T L, A0 4. 6 ARRABUSETE]. S T 7 UL, BATE Sl R 5 2 SUNET 2008,
TUTHIAT R 5 SCN SR 828290k v LLE H, WA S TR 0 T 00, — M nT L& BR 69.01%-97.33% I HAF, 1M
S5 BR L PRAR IR ) 4k 22 LT 32 A (7 LB 48.5%) )T FE— 3P 293k, L9 LR 7.69%-89.41%. KRR, JF
F 36, 45 TERTIALIRUE AREK, 0 BIAIE T 85 M 51 AN, TATHE J5 24008 Xk 255 76 A1 43 AN,
KKK T IR A 5 SR8 7 B S S B B AR
# 3 TREC MR TUIH A R L0 R 5 ke &

. PRI TUTHIAf SR B ) TR TUTHIAf SR
ID EKE —— ——— | [ID BKE —— ——
K I 5] (min) K I 1] (min) K I 1] (min) K i8] (min)

1 98 12(87.76%) 10327 12 (0) 19683 || 14 68  3(9559%)  4.89 3(0) 0.08
2 98 13 (86.73%) 94.64 12 (7.69%) 363.92 15 87 12 (86.21%) 490.86 3 (75%) 77.99
3 141 12 (91.49%) 276.06 12 (0) 178.87 16 66 11 (83.33%) 77.07 6 (45.45%) 91.73
4 106 12 (88.68%) 96.49 12 (0) 158.77 17 124 8(93.55%) 2007.09 5(37.5%) 54.82
5 64 12 (81.25%) 81.59 12 (0) 131.62 18 61 5(91.8%) 25.05 5(0) 25.05
6 104 12 (88.46%) 165.38 12 (0) 130.72 19 52 5(90.38%) 21.43 5(0) 12.64
7 146 14 (90.41%) 151.71 14 (0) 166.87 20 50 5(90%) 19.52 5(0) 22.29
8 101 12 (88.12%) 191.02 12 (0) 193.20 21 61 5(91.8%) 17.12 5(0) 39.38
9 73 3 (95.89%) 99.11 3(0) 0.41 22 83 5(93.98%) 15.69 5(0) 22.29
10 41 9 (78.05%) 220.65 8 (11.11%) 75.93 23 63 8 (87.3%) 43.99 5(37.5%) 136.65
11 49 3 (93.88%) 18.36 3(0) 0.08 24 49 9 (81.63%) 229.45 9(0) 2.63
12 48 3(93.75%) 13.99 3(0) 0.08 25 64 9 (85.94%) 155.52 9(0) 0.76
13 70 3(95.71%) 9.13 3(0) 0.07 26 64 11 (82.81%) 163.99 11 (0) 0.98
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2020 WA IR 2025 5 36 £ F 5
# 3 TREC MR . TUIMAR Rk LR R 53R R (4h)
D B %?#F*ﬁrg . ﬁﬁﬂ‘ﬁ)%*uf)ﬁ b sk ﬁﬁﬁﬁrg ‘ ﬁﬁﬂ‘ﬁ%‘ﬁ)ﬁ .
K &} 1) (min) KE A5 1] (min) KE fF[E] (min) KE A5 1] (min)

27 79 9 (88.61%) 255.75 9 (0) 0.62 47 103 18 (82.52%)  370.86 9 (50%) 35.71
28 69 9 (86.96%) 212.69 9 (0) 0.62 48 201 44 (78.11%) 6336.83 10 (77.27%)  203.87
29 56 11 (80.36%) 144.43 11 (0) 0.89 49 198 33(83.33%) 502.96 9 (72.73%) 153.59
30 66 9 (86.36%) 186.05 9 (0) 0.62 50 214 23(89.25%)  488.95 9 (60.87%) 108.12
31 75 9 (88%) 727.93 9 (0) 68.37 51 359 32(91.09%) 516.34 9 (71.88%) 281.08
32 90 9 (90%) 292.70 9 (0) 63.82 52 197  54(72.59%) 1386.47 10 (81.48%) 1177.52
33 66 17 (74.24%) 34.65 14 (17.65%)  510.72 53 376  34(90.96%) 681.82 10 (70.59%) 264.84
34 76 16 (78.95%) 614.88 14 (12.5%) 321.85 54 797 42(94.73%)  878.18 9 (78.57%) 191.03
35 106 31 (70.75%) 164.63 17 (45.16%)  560.52 55 97 8 (91.75%) 229.52 7 (12.5%) 103.24
36 312 85(72.76%) 4863.41 9 (89.41%) 506.35 56 124 10(91.94%) 393.51 10 (0) 336.58
37 133 42(68.42%) 491.60 24 (42.86%) 1139.84 57 279 8(97.13%) 665.15 7 (12.5%) 65.84
38 102 22 (78.43%) 121.26 9 (59.09%) 171.87 58 350 22(93.71%)  393.78 7 (68.18%) 518.75
39 177 41(76.84%) 559.19 9 (78.05%) 310.96 59 198 8 (95.96%) 50.16 8(0) 163.77
40 86  15(82.56%) 558.68 15 (0) 256.25 ||60 224  8(96.43%)  383.06 8 (0) 31.26
41 71 22 (69.01%) 103.74 13 (40.91%)  259.27 61 108 8(92.59%) 201.73 7 (12.5%) 53.76
42 108 29(73.15%) 362.40 14 (51.72%) 198.53 62 181 9 (95.03%) 427.83 8 (11.11%) 76.58
43 107 29(72.9%) 1573.04 19(34.48%) 921.84 ||63 9 1 (88.89%) 11.45 1(0) 0.00
44 223 35(843%)  80.62 14 (60%) 535.14 || 64 13 2(84.62%) 13.14 2 (0) 0.07
45 478  51(89.33%) 3697.73  8(84.31%) 11599 ||65 8 1(87.5%) 8.68 1(0) 0.00
46 79 24(69.62%) 361.14 9 (62.5%) 61.78 66 75  2(97.33%) 13.21 2 (0) 0.07

FELPRAARTTIH, 2% 3 RIRESS Y T PORLFE 20k 52 AT I 18], 7T LATE Heh T K 22 G2 1, Ja B2 Jl s b qE o
B IS E]. BT = PAT I TAHEAT T BEXT GG, HL45 R0y 0.005 22, BEHTIZ A 22 73 BT Geit 24 8835 2 3. 3G ik
ZEF IR A DI, T SR BT IZ0 I L T R 1R figh A 152 0 F R S0, RREE AT I el T PR A1, B
fif J5 B LT LA UL, B ARAE BRI TRl B AN AR, L S0 240 8k T A P RIS 20D A B0 AT 45 SR S A7
BEA, JA TS = 2 5 B AR Lk b 6 9 OIS 8] L A1) DAREIR BT Qb AT B A, ] 4 P, ELRs AR bn il ol iy S b
T, PNARRRT 5 2 RIS AT I R R TR A4 7 23 b AT U, AR KB B A1) L, RTHIZOURAE B 1O EE 0 i 1R,
R A 2P A _E L IS AT I RIS A AT DL, XA F IR 1 L YA B [ B A i
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#EE AT EMAFIL0 B E 422 MR A 5 4R

2021

DA 2 SR 1 P SE AR 240080 70 T RS 21 5 RN 5 3-S5 K A A s ), AT ST L0080 2 25 R KB 4 Xt fid ke
Fe 8 AN A FI A, 10 i S 200 0 RT3k — B 1T 81, B SO 2 AR B ARACIN [8], JX I 3GIE T TREC AL & (1

ZIPEMLIH B 2.
445 WA ER 5: IR ER LIRS 0 Hr

FEREWEFE il R b, ATIX TREC SR AE AR _E PR L0 8OR AT 70 b, BARGOEE 1 3R ) 20 9 S 38 %
W 3 4 45 T BARGE R, FEF AR BER DT AR JRREFE B2 ge vt T 2 ik BERZS Bk 18] B 3R R (56 2.
8 F) KINERIRIL (58 3+ 9 B, LA L2 7y Sl 45 24 i 18] 240 0ok 2 A e P9 240 kB S0 9AAT IO IR B H (35 44 6.4 10,
12 5y R 2y e 9K BE (B8 5+ 7+ 115 13 81). S BARGR 17 S0kl AR 2 /R I0iE ) 52 il 42 2
I8k, 7& TREC HVERCR R K EREARIL. Rl i), 38 4 AR B y iR KA BR A0 B0, BN, SR IR E IR AR T 34
HE TR IE, T2 TREC J5ik i 2848 R ORI R A2 T AOPABRIR L.

# 4 TREC H¥REE A L9 50 B A L) RUR 70 H 2k

RS TUTHIAf =4
ID i B PR i 1) 243 ik PR 4 249k R TR 1) 24 ok PR N 249k
HE WE R KAz K Kz #oE WE #w KB I KAz
1 13 0 4 12(87.76%) 0 12 (0) 3 0 10 12 (0) 0 12 (0)
29 0 4 13(86.73%) 0 13 (0) 4 1 9 12 (7.69%) 5 12 (0)
312 2 3 15(89.36%) 3 12(20.00%) 3 0 7 12 (0) 0 12 (0)
4 48 1 3 12(88.68%) 2 12 (0) 3 0 6 12 (0) 0 12 (0)
5 3 0 4 12(81.25%) 0 12 (0) 3 0 6 12 (0) 0 12 (0)
6 7 1 5 12(8846%) 2 12 (0) 3 0 6 12 (0) 0 12 (0)
717 1 3 14(9041%) 2 14 (0) 3 0 6 14 (0) 0 14 (0)
8 10 1 30 12(88.12%) 2 12 (0) 3 0 8 12 (0) 0 12 (0)
9 7 2 3 4(94.52%) 2 3(25.00%) 1 0 1 3(0) 0 3(0)
10 4 0 8 9 (78.05%) 0 9 (0) 3 0 3 8 (11.11%) 0 8 (0)
13 0 2 3(93.88%) 0 3(0) 0 0 0 3(0) 0 3(0)
12 2 0 2 3(93.75%) 0 3(0) 0 0 0 3(0) 0 3 (0)
13 4 0 2 3(95.71%) 0 3(0) 0 0 0 3(0) 0 3(0)
14 4 0 2 3(95.59%) 0 3(0) 0 0 0 3(0) 0 3(0)
15 5 7 3 17(30.46%) 9 12(2941%) 2 2 1 12 (0) b 12 (0)
16 4 2 2 12(81.82%) 1 11(833%) 4 2 3 7 (36.36%) 1 6(14.29%)
17 3 3 46 25(75.00%) 2 8(68.00%) 3 2 3 7 (12.50%) 2 5(28.57%)
18 4 0 1 5(91.80%) 0 5(0) 0 0 2 5(0) 0 5(0)
19 3 0 1 5(90.38%) 0 5(0) 0 0 2 5(0) 0 5(0)
20 1 0 1 5 (90.00%) 0 5(0) 0 0 1 5(0) 0 5(0)
21 2 0 1 5(91.80%) 0 5(0) 0 0 2 5(0) 0 5(0)
2 2 0 1 5(93.98%) 0 5(0) 0 0 1 5(0) 0 5(0)
23 2 0 2 8(87.30%) 0 8 (0) 3 2 3 6 (25.00%) 5 5(16.67%)
24 2 0 4 9(81.63%) 0 9 (0) 0 0 0 9(0) 0 9 (0)
25 2 0 3 9 (85.94%) 0 9 (0) 0 0 0 9(0) 0 9(0)
26 7 0 3 11(82.81%) 0 11 (0) 0 0 0 11 (0) 0 11 (0)
27 2 0 4 9(88.61%) 0 9 (0) 0 0 0 9(0) 0 9(0)
28 2 0 4 9(86.96%) 0 9 (0) 0 0 0 9(0) 0 9(0)
29 2 0 4 11(80.36%) 0 11 (0) 0 0 0 11 (0) 0 11 (0)
30 2 0 4 9(86.36%) 0 9 (0) 0 0 0 9(0) 0 9 (0)
31 2 0 20 9(88.00%) 0 9 (0) 2 0 3 9(0) 0 9 (0)
2 12 s 5 15(83.33%) 7 9(40.00%) 2 0 3 9(0) 0 9 (0)
33 2 0 3 17(74.24%) 0 17 (0) 5 2 12 15(11.76%) 5 14 (6.67%)
34 3 14 23(69.74%) 3 16(3043%) 4 1 9 14(12.50%) = 2 14 (0)
35 3 0 5 31(70.75%) 0 31 (0) 6 1 7 17(45.16%) 9 17 (0)
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2022 HAFFIR 2025 FF 36 K% 5 A

# 4 TREC ¥R e 29 530 i A L) AR R 7 (25)

AR GUTHIAT J5y AL

D g B B2 SH 2T WE s LR B 20

o WE Rk K IR K HE WE fw Kz LU K
36 16 2 49  131(5801%) 3  85(35.11%) 12 3 3 51(40.00%) 6 9(82.35%)
37 6 0 7 42(68.42%) 0 42 (0) 8 5 9 35(16.67%) 15  24(31.43%)
38 3 0 3 22(78.43%) 0 22 (0) 6 3 3 12(4545%) 6 9(25.00%)
39 7 3 3 68(61.58%) 4 41(3971%) 9 4 3002902927%) 7 9(68.97%)
40 2 0 16 15(82.56%) 0 15 (0) 3 0 11 15 (0) 0 15 (0)
41 4 1 3 22(69.01%) 2 22 (0) 3 2 9 14(3636%) 1 13 (7.14%)
42 4 3 3 33(69.44%) 6 29(12.12%) 7 3 30 21Q27.59%) 5 14(33.33%)
43 11 4 19 46 (57.01%) 8 29(36.96%) 7 2 20 20(31.03%) 3 19 (5.00%)
44 7 2 3 51(77.13%) 1 44(1373%) 11 3 3 27(38.64%) 17 14 (48.15%)
45 6 1 104 51(89.33%) 1 51(0) 1m 3 7 15(7059%) 6 8(46.67%)
46 2 0 10 24(69.62%) 0 24 (0) 3 1 3 9(62.50%) 2 9 (0)
47 12 4 6 23(77.67%) 10 18(Q21.74%) 4 1 3 9(50.00%) 2 9 (0)
48 18 0 71 44 (78.11%) 0 44.(0) 8 2 3 32Q727%) 4 10(68.75%)
49 8 3 3 47(76.26%) 4 33(2979%) 8 3 3 17(4848%) 5 9(47.06%)
50 6 3 3 78(63.55%) 4 23(7051%) 6 3 3 12(4783%) 5 9(25.00%)
51 4 2 3 36(89.97%) 2 3231L1%) 7 3 3 18(43.75%) 5 9(50.00%)
2 9 5 3 78(60.41%) 12 54(3077%) 10 2 19 11(79.63%) 7 10 (9.09%)
35 3 3 64(82.98%) 4 34(46.88%) 4 2 8 11(67.65%) 3 10 (9.09%)
s4 14 3 7 121(84.82%) 4 42(6529%) 6 3 3 12(7143%) 5 9(25.00%)
558 1 3 8 (91.75%) 2 8(0) 3 1 4 7(12.50%) 1 7(0)
56 2 3 24(80.65%) 2 10(5833%) 4 0 11 10 (0) 0 10 (0)
57 15 3 3 52(81.36%) 5 8(84.62%) 3 1 4 7(12.50%) 1 7(0)
58 21 1 3 22(93.71%) 2 22 (0) 5 3 8 9(59.09%) 9 7(2222%)
59 9 0 1 8 (95.96%) 0 3(0) 3 0 8 8 (0) 0 3(0)
60 15 2 3 19 (91.52%) 4 8(5789%) 3 0 5 8 (0) 0 8 (0)
61 13 1 3 8 (92.59%) 2 3(0) 3 1 4 7(12.50%) 1 7(0)
62 7 3 3 23(87.29%) 4 9(6087%) 3 0 6 8(I11.11%) 0 8(0)
63 4 0 1 1 (88.89%) 0 1(0) 0 0 0 1(0) 0 1(0)
64 5 0 1 2 (84.62%) 0 2(0) 0 0 0 2(0) 0 2(0)
65 1 0 1 1 (87.50%) 0 1(0) 0 0 0 1(0) 0 1(0)
66 2 0 1 2(97.33%) 0 2(0) 0 0 0 2(0) 0 2(0)

M 4 ] LUE Y, TERAERDE b, BrE T80 RSB SR D 1008 1 A, 2 10 WAL EE 48 NIk, Hop
53.03% MF ARG B AT 5 A, TR TUAT RRLE F R R A Ve R M2 0-12, Al 5 AN s
B FI ] B2 77.27%, B 20 A (30.3%) P AN FALE AT (IRER. 35 4 45 R R 0, BAR DU A JR b fE A & 52
FHRE, B EIM BB E AT Z, (AL TREC BIETEBMRE FIIZ0RE, KE TR I LB, T ARG J5 AL B
ZPDRARAE T RAFIERE, PR TR S B b (A B3 BhAh, TREC 5Ly AE 35 R FE b B 3 B 18] £ ek 7T LA 25 B
57.01%-97.33% MITURFM:, MTELLEEAL b, 7 23 MIRG T (34.85%) 1 IHELFE IR 8% HIRBE ol 43t — 254
VR, A T T AT R EE _E PR PR B B) 2108 ) A v T B8 79.63% TR, H 21 NIREFEH (31.82%) 73 IHALHE ]
BE— B LR .

AR, X3 4 AT AT PRI, FREEIA] . BREE N 2006k R F0 U S BR B A B SE R AH DG, X T P 45 i 3R B, B3
PRA B R, AVELTE IR IR BN B L I IR IR, SRR TR 29k i Fe B s L 2, BN sE 45 NIRRT A1, B
FiE PR BUUEHE T 6 N3REE, Hi T HIRBBK, —HLdH 47T 104 IR A 2R T IR L1908, 1% T
PNIREEI IR R, BIIRER PR T )2 A UL b IR, I3RS 3% 9 200 R e R B 2 L e 22, Bl SR 32 ANIRF 41, LAE
FAERLE B RPRAS B B BAREHE T 12 NIRES, (AN IRIRIR AL, UHAT T 5 IR TE BT R 1B 2998, {H i
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THIRBARIR, RE T 5 BN, REE AT T 7 YRR A 5 AL 2.
bR S5 R W] TREC SARI PR BE (0] 2003 fUF F T P AR %, L BRORER 20 TUAR A, TR % P9 20 3¢
IR PRI IR L, Fi B PP A1), B R ELRC &, X 1 A R 3 ) s A A

5 B &%

DR PP 51 2998 AT X4 B B Sh ALt el i L K Sk B A . 12 R B AT B 3, (H H AT 22 5 By 71 28 T
PR OREE B S IR AR K, I HAE 3K B XS R PP SR AT IR IEAT S B2, 36 B 209045 S 513 K a2 R
FART . ARSI T T HF AR D A 2 0L 45 & (9 2 5 I 50 20307 i, 0 DN P 47 o i R R e A U5t 0 55 B 5
PEHEAT ARG, 48 /ME AR, FFSEBL T ARKLEERE 018 iR P2 240 240 960 14 240 YSRGS . AR SCTAR A S5 1 52 128 15 ik
B, IF B R SR DN Z 200k, AN SRR B 25 AR S 0 B A DA R AT 5 1P A st R s SR BSR4k, A T
VR BRI RAFI B VI B N A S8 R AR E 535, (ASCREEA IR, V1= 5 R G0 HE . MRS
AT RIS DR (K ST, A PREAE AR OR TAR o AT IR R,
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