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WE ¥ ERARKRAN EFsM) ZERA &R ZOMNRER 2 — T AATBENFE, Z EFSM
A A AR PR —ARE AL AR R B T — AP & T EFSM B A e B 2 1 I R 1 A R 7 i (AT-
GEM). A MR AFAT B A2 [ A, & 682 ) — A0 & T HAB R 0 AT B9 B2 W AT M B & 77 i sk B %2 9
AT, DR BT A AT B AR, MR A F B E R R RERBLE AT HATER
FARBIEAT B RS 1S R A8 R B IR0 E I Z B4 (fitness function), SEILMAKEAF = 12 L8 B
HE K. BT SRR MRS AT A £ R — AR AT B AR T S xS A 5k 34 B g
RHBEZAEN, SR AT &M HE R B BN F £k, EABER. BXXRES A EFSM &
B ERIET ATGEM J7 ik PRl £ R A B R AT & F s WA B, SREREH, AR B
BEATHE & 77 % LUK E R MR 2 R R, 538 77 =AW, ATGEM = 8y 0 151 A A%
HiERH EEEBIRE.

KA WA LK ¥ RARRSHN THATEE BETTE MKHE

1 3]

AT AP I A LA A B R B B IR AE 9 AT s BEAN KA IT AL R AE DR 30%~50% 1.
T B S TV DUB R L i T, B S A E e o 2w I R R
Ry, T — AN 2 B S A A AR . B B el R A5 B — A R FE 7 i B i R A
DAY eI (Al b B S04 A B P ). Aok, TR A A 7 VA5 31 T i R
&, Sl 7 ARFA T AT Z 0. A MRIREHL (finite state machine, FSM) F13™ A BRARAHL
(extended finite state machine, EFSM) J&HH 2 MR H &/ 2 FIAAL. EFSM 7£ FSM &l B4
7T HMANBIHSH . LT A& (context variable). € XAE N CAF & K N S50 _E 8 18] 2% 2F Fl
1 B e B AT AR PR AT AR B & 43, BRI S D@ & ik AR ML R4

HAT AV 25T FSM B 7 71 A4E o7k BT (HEET EFSM A8 Rl SR LE 1 2 Bk
A% ER T O R A TR A TS, SR BFSM AR AL PR A% A7 7E 118 1] S5 A S T REBI 2, M
1M P B AR TIAT, 1 EFSM BB R AR T AT PR/ AN H e [ B sk, BAR A Ar e — S T

il

SIRE: B, BRIRT, SRERR, % — AT RA BREHLI A Sh R B L STT %, HE B FERRE, 2014, 44:
588-609, doi: 10.1360/N112013-00091




RERY FERY H4EF FH5 N

R P I At A i 732, (BT BFSM AR (R 040 A R ARATHARAR AN R AEMHATH S (test
oracle) AT (EEBIETF ILFE (oracle procedure) FFE E S (oracle information), A 3 3 B
WIFEEE), EFSM BB s AMEA & 5648, IS 65 Bl A, I B Z RIE W] R A B2, 3
FE EFSM AR FSM RN EWBERAG HUE (5 2. B ATX T EFSM B i1 5 B s
WFEARIEARST D, — 5, WK (test data) MR TS FIRIZ T R BT M % 1 P2 3 1
IR B, AEAR 2 SCER A, MR (test case) 8 SR EHE (test data) SE[FH . EARSCH,
U B ELHE B s A TS {5 BT 2

BEXT B i R, ASCHR H — R RO 2R T EFSM AR 5 S AL 1 2E O % (automated test
generation for EFSM method, ATGEM). A [ iR ANTIAT B8AE )@, FRATIR H T — P42 v AT PR L &
TIEAR T BRI T AT PERE SR, (645 7 DU Bl R0 2 e R Hh RPT RESREDT AN TTAT #6429 1 AEAF 2 AT
ATt AR EAE R R ], FRATTEE— Pl A B A P AT AR R R B AT I S 545 B A e R L i
B RR AL (fitness function), SEHLINRELE B 2048 s A0S 19 B shalz. DUE R AR B, BEE
MBI B T BB 2 BB RG], R 5 RIR G PR O, HZ ks &
FA TN BT AR R FH A BA BB AR BN AR S AU T AT IR AR, BLSOR R
T F B KIE 245 52 A B AR 7 e HE U, JF R 2 A0 e BRGSH U R A R B AN AT B8 4. AR SO0
FAVHRAT TAER Y 78 10~12],

FATE SeRYE BFSM B AL sl sl A2 e ide e (B4R A I BT (5 [, R B S 7 HrsoR
TS VR0 HH 50201 1] SR R 00 R AR T RIS T AT BE AR, X FE AR 52 A S5 R A0 UL R 42t P mT AT 1
BIPVETHE ATV R R U B AR R T AT, R 0 s B AR SR v i AR A% AT AT PR M sy PR EE AT+
F. BT RS TR HBEER 70 U 8 1] S A1 50 SRAFDG T SO AN P AT BR AR, BRIIE 7R E 45 5 3ha& b
BRI S A AT AR UM 2. TERCREA b, ATGEM J5 325858 FF R rTAT AR, 1 Y B A% 0l ) SR A i
SCRERTHARAEAF S EFSM BB AT AT, FTHAT R E SC T BRI sh 2547 DR F 1 X
PAT A ST BAT SRR 7 I Bh A HAT RE ST, IR PTSRAT R ALl ol AR BUS AT I S A 12, fE UL
BERf E AR T —FloBT A& N R EL, JERIAI YRR (scatter search, SS) BIAAEHET 5 A% ILHS
Pt th e AT AR I 1 B AL SO LI . RIS AT I S AHE BT SR R R K, AT DL 2
AN T Bt 2 TR SR 10 22 S e i R, S A 12208 7 R BB 8 A P A 22 M a2 2 v R b i P L)
FIRAT AR 5 2 10 53— NS 2 AT AR R B 28 AT S 2 PO SR SR S, AT B sAL ) 1) i
WERFER.

ARSI TR E AR AR LA 5 T

1) 2T MR A T 3h A RS S & B pR BT S5 AN EFSM i SRR AT AT 5,
A AT AT AR AR S A8 AT I (10 S 545 B AR P S (s B E e K, SERLI il a1 3 26 AT
FE BB, AT O RITE, A TR S N R o BBV R A 3, & Ve R

2) feth 7 — AT R ER AR AT YR EE RUVE, S5 A PR IR B 3 A 0T PRk B A B R
FEAT S B/D R AR B (1 AT AT BR AT AR I R0 X P A7) SR s 380418 5 1) 78 i A

3) WL 2> EFSM AR SEIGIOAE 1 ik F 90 A 7 A0 R A T AT 1k B R IVE A Rk, JF
LI H KB AN AT AT AR, SRR R WR B A AT M BE B U vk, T AR R4 et il X P 4610 A2 s ) 2
R, SUAITEAEE, ATGEM B 1 A2 B 22008 B .

ASCHHLRER IR 5 2 WAEY A RS R SEARS. 28 3 gl EFSM JIlulH
IR AR A, 56 4 4 A SR B4 57572 ATGEM #Y B ARSEBE IR, 28 5 1 9 seia it
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1 INRES #HH RERIKSHARELEIBE (1228 3#[13]HaE 1)
Figure 1 INRES protocol EFSM transition model (modified from Figure 1 in [13])

FEHT. % 6 AT BANEE.

2 T RARKSHARE R

T RA MRS H— 7S T M=(S, 51, V, 1,0, T) #p%, Heh S 2 —MHAHIREE S s1 € S
RPN, V RWNRRKARES, I 2RAES, O BhtidEs, T RIS TRIAIRE
& A T AT ¢ H—AIST0H T=(s4, 85, ar, 04, Pry Ag) FIRL, Forb s, RIERE ¢ RIIRA, s,
RIER ¢ ARG, ar € T RBINTE, o, € O R, P, X 2 AT AR BAL (18R E 2% 1F, A, /&
o HH BB EL S — RIURAEIER). P A A, AR5 SCRRAH B2 IR IESF L (guard) FIATA (action).

W 1R, 5 RRABCREYUT G AL T U IR 51 € S, AR IR 5B YIE(E, 128 2.
H A BLREIL TIRE si, XN APREZ RN o, DR o BEINFME, I H o X T
P, AR, WY Py (z) = true, W M IR ¢ I FARGSHHMN ;. fEIERREDTRE S, A, #
TERT REC AL B HVIRAS s MRS EAEL, B AT RE™ A A0 Y F.

R A i A R R 8 FA) U T 2 A T RE DA K ST A e 1A S5 A RO B A AT 2. 2 — 2R AR
2 AL L RIAT RS D (EAFEAE TR &, AN REHR B 2 1 R 2 AF R, IZBR AR O AN T AT
f¥). EFSM BB v g A2 Al 47 PRI AN AT € 1) ) I BRI AT AR A A T R A IR
HUERL RS B S A s ok 1 AR K I PR XE .

WRY” AT BRI P R — 4L RS A A R A N i A 78 7= A RS e e, AFEZ N IER
[ AL <7 I, MARiZ EFSM AL e PR 1)) W% BFSM BEAS R AE# e M. AR
PEAT BRARZSHL. Behb, SEhrii I A7 S8 9 feAy FRORS HURE RUAZ LR E IO 28 RS, A i R g 4
1EIRZS, BRI P

3 HxXI{E
FTF EFSM H A, TEAf e 1 4 e Bl 78 55 B )i A2 DR RO 78 40 1 5, 1 o T R B Re g
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T R AR E R o AE I I 2 (B8 AT) 4R 6. BT EFSM AR RS v 540 U A2 i ) A B S -5 3
AFAEANRIAT MR A, 72 AR B P ] 0 i A vh SR BB e T X S8 AN T AT B& A%, I AT DAyl 18 1) AR,
BRI e R 8] A B 8. DRI, IR AR PR T AT PE 2 EFSM AR G B ] jil 2 —

T IR o 2 AP IR

1) 4 EFSM AR ARA 2R SR A R 31

2) AE i R A E 7 i vHE DU (R B A SR A I A% 22 B Rl R, FERZ AR RS IR 7 51 3%
£, T Re B A 41

TERASRA 7 TH, Ramaligom %5 19161 $2H T R SCEKME—F 41 (context independent unique
sequence, CIUS) H T EFSM [PIRZASIRAI. HHFIERS EFSM #A77E CIUS [741, PR iz 7 v/ iE H
YU 52 B — € R, Huang 55 07 $2HH T UlOg J7iEH T EFSM OIRZES RGN T HI B A . Jil el 5 0]
TUILE A b 51 N7 300 1) 20 2 1 PRI RE A X 3L % m AT M 73BT (transition executability analysis, TEA)
JIEBEAT T B0, BSR4 5 A s i e 71 B B, /NI (T R 45 1. Petrenko 4% 1191 fif FHAC &
CIRAE &) #INF ] (configuration confirming sequence) >Kff A @A FRARZSHLIFPIRAS R 7 1) &, (=
DREEICE T AR TR S P ORERME. DA B IX A N B TR AEAR ST BTG 2 .

FEMAR 71 A2 BT T, SCHR [20~23] 233 HE 1 J U 2 T B0 I 78 i v D0 i) 00 P 1) A 7 9.
NTRRDRES R () PIRTATHE ), Huang 55 113240 $2H T B2 FEB AT $ATHE 0T (transition
executability analysis) J7i%, FIFERE nl AT 0T, DOIRZSECE N A, AT $dTEfe Ahid, R
JEAR S i ok EFSM AR e R i — M TEA B, I fh b A2 sl — ANl 347 IE R /7 41, Hierons
&6 125.26] SR R IF EFSM 17 V2Rl G AN T AT B A ) R, 6] P 190 — et 3 n D HL A 1270, X g 28]
A T R VER M EFSM A AL IR AT BAT ) B, HLIX 2 JE I J7 2 IR R R AL 1T e 51 RS IR S 1)
YE. Duale &5 129301 44 EFSM Ht 2 2510 2 [A] & 75 AFAE 2 AR SR 1 40 5 i) R 38— AN FEARAN bR 4K
IR A 26 FLKRI) (linear programming) 1418, 44 J5 | FH SR 40012 Sy R0 1] 3 45 AR SR i e ARl 1) Il 7
FIATHAT, XM I7vE R e AEBTA AT A7 TOREAERI TS B, Chanson 55 22 NI AT # B 1GR3
BT AN L) /2 1) 8 (constraint satisfaction problem, CSP) SRM# ¥ A $44T ] &L, 1 Bourhfir 28 B {5
TRAE AT AR BSOS R A e 1 LRI AT 1, e e e A A S RO AN RTAT TR 25 7, (HZ 7 ik kD
NEHEJ7 T )75 J&. Derderian 55 B2 U@ 45 5 #5472 HH B 1 BRAE A 1 SR BRI BOR VPN B AR I RTAT
Y. Kalaji 55 83341 TDa i 2o i (6] (0 40t 23, 90 R B8 A SRk AR G PT AT B8 4% Yano 5§ (35:36)
fet T 2 BRI TRk AR T 2. BLE 3 RO ERIERA T S R R E A O, 5
ATGEM J7EM L, SCTHR [32] W75 18 1 A BRVE AT I SR AN H, (H 38 25 & B A2 K R
S SR R A2 B SCHR [33,34] w7V AR BV BR AR KT 75 B F P S o dia e, AR I T R AR K
FATRL, FF HAZ 7 VR 25 1 2 A O I i e DU SR [35,36] 77924 il B0 e 210 2 T P B AL,
KR FE B AR AT FI R R OC &, BRI AE plad B 2 P2 AR TUR P41 ek, DL 3 RO vEER A 25
FETE A B0 H M4 (oracle information).

FEAE I RE ST 2 4 8 AR o AE U AT AT BRATR SR B )5, IO 75 24 B S IR A SR finh 1€ 2601
REEAE. £ EFSM M, MK EHE B 30 A4 Al a8 2 A HMERR. Chanson 55 BT A T 5 A1 5Kk 5 5
PAT T ERIRF R AR RIS, AR T —F B Rk F R AR R A . kimes B 4 T
—FhZE T BEFSM LA IR B 3L UV (automated data selection, ADS), 1% 5 VE1ERUE 45 €
FEALRIAT BT, e X a) i g A0 23 BB 2 s 0 T B ik B shadk BOM A Edl, 07 VEE R 24U
LT RERE A3 B — A 8 B0, (EAE LSV E R B RIS LT, Rt T Tk B 77 20k #3512
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P, T HAZIVEP s IR AR AT YR, H AT, shaANAEEE A sonE ea A, B R TR T
BT RE R A B B TR (JRH2 EFSM) WahS MR 4 oy 548D, Lefticaru 55 39 1%
W IRAEFIER T FSM IR 5 A iR Kalaji 25 (401 MIZESCRR [41,42] HFEAE B4 H T 4% EFSM
BEAT AR B, T IR AR B, 5 IR ATGEM A EEiZ 75 1253& FH A it SR B AR A TR,
F B T RUE SRR AN B AP 2R T ATGEM H FH IS AT I S 4545 S8 T 55008 I 82 pRi L, PT DA 2
PRI 2 A R A R B SRR, IE T T 2 A 2R Y. sk ss 181 iR C S TR E N
PRl EFSM B, SRE A BHE 2 L F7 5 AT M HOR RO A ORTAT S A\ Bt AR 42, Wu
£ AL AR PRI b SR B R AR T AT AR B SRS A 5 BT RN SRR A AR R A2 p i
JEIXEEER AR IR . B A 4] T SR R I I ) A AR AT — 2 AT B AR rh 2 IR E A
BUESE T B H AN (number of numerical equal operators in conditions, NNEOC) IEL. t4h,
4 NNEOC HEhnes, M4 e 58 A FH LRI EAEKE (length of path with events variables,
LPEV) Bl & A FIEUE T F 4 1940E (number of numerical event variables, NNEV) X # [f]
R MEWAR R, JF H NNEV Ml LPEV Z [ 24K KR, Ak, /£ EFSM E3hIHK (active testing)
AU, XTI E AR FTE AR AR 2D

4 BB GIERTE

AT BB E SR BRTTVE ATGEM 20D RINT

1) 55\ EFSM #E Y R ano IR Ak [ it D) S50 A Bk g A4, S rh AR A0 35 [l i A
[F] 5.

2) P S 73 MTBORFE B0 L % A BE U AT SE 1R Y 100 80 2015 1) 25 1 50 R ATDX ] B AN m]
ATBRAR, X FLAR AR R 4 HE AP B B VA TSRO TAT PR AR, I AT P = SR AT HE .

3) MR IE S TP L — 2k AR, it DS N E T, WEFF, FobIg 3),
TMFSL IR 4); 25 HAR R T CRBRAE W 1%, FIESTR.

4) HERRENS i A AZ B AR M A, 5 A2 B, H A S I I 1 74, A B
wAENR S AR, 0%, MIFIRETR, HIE DR 3).

4.1 (RIERZEEREL

ATGEM J7 ik E BT EFSM AR IR ST IR E ke B AR 4R, 4R & rh I B AT B 35 [ 2%
AE R, ARG T4 4R 78 75 v WU IR Rl HRAT B AR B2 A8 F R 08 fi i 1 A B A28 11 W e 5 B A %o
MR E A S, AR &5 18 EFSM i[RI %A1 B [B1B8 & 75, BT Eg A2 b Al e B & JoBR 2 > el
B, o P EUE AL B AR BTG B A, PIIRATII N — NS AT, BUE 2 i g b i 2 R s
EFSM A e i) [m] 2 50 H [31 2% — k. 73 nT 9 e B A8 ol &5 e (RR] B R R 12 5 5. EFSM
B Z VRIS PR L TR B4R (state path) T 2 MER T L 1 I 2642 (transition path).

EX 1 T RERARIREIIPIRERRE (state path, SP) & —MREFV] s152... 5,, HHIRE s
5 s ZAFE—NEENTHE, Hb 1<i<n-1.

EX 2 T RARRSIFITZ®E (transition path, TP) T NI tity .. . t,, iTFE t; 1)
ZARRERER iy KBRS, HP 1<i<n -1
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1: Algorithm Path_Gen

2:  Input: store structure of EFSM model, roadList; state set S of EFSM where s, is initial state;

3: Output: state paths set contains all SP, SPS; transition paths set contains all TP, TPS;

4:  Goal: generate all transitions paths with one time loops from s, to other states;

5:  back List:=¢; //store the states have been traversed 21: Getall_SP (start_node, destination_node)

6:  SP_Result:=¢; /Istore the simple paths 22: { add start_node to backList;

7: SP_L_Result:=¢; //store the simple loop paths 23:  for (each transition  in roadList)

8: CirList:=¢;  //store the start-end state pairs of simple loops 24: //'5; s the start state of # where s, is end state

9: for each state s in S 25: {if (s,==start_node)

10:  {Getall_SP (s, 5,)} 26: if (5= =destination_node)

11: for (each start-end state pair ¢ in CirList) 27: SP_Result«—concatenate backList and destination_node;
12: /ls; is the start state of # where s is end state, each ¢ in CirList 28: else

13: // indicates that there exists simple loops from s;tos; 29: if (backList not contains s))

14: SP_L_Result—Getall_SP (s;, 5,) 30: Getall_SP (s destination_node);

15: for (each path sp, in SP_L_Result) 31: else

16: for (each path p, in SP_Result) 32: CirList«start-end state pairs of simple loops;
17: ifp, contains initial state of Sp,. 33: }

18: 'SPSe—insert sp, into p,, before initial state of sp,; 34: Remove start-node from backList;

19: Transform state paths set SPS into transition path set TPS; 35}

20: }

2 IREREEEREE

Figure 2 Candidate path set generation algorithm

BTSRRI 2 8P, 7 EFSM B8 [E#E 2 ARS8 ] BRAAAE 2 NI, IR I 12
iRk e 2 AR — X 2 KR, BIEB RIS Z RS H IR R E 8. a0, £ 1
HAFE DRIBIRES s7 BIZRIRES s7 19 3 DNE BT tistiatis, TPRESERAD s1s0s; WAIEL T —A
(1. PR, PRI R AR e AR VR T A A R LIRS B R BIE B B A i . S5HEEFAR
TSRS 7], EFSM AL o (R IE 7% 7] BE 2 S50 SR 1Y), 10 =l G 22 3 ARG ik e 9 3] ok o 5 #8458
RT3 3, DRI AEAR 2245 DL T 7 22 5 A g 4.

FEALAE O FE L EFSM BT (AR GRS AE J9 I AT B A R A6 RAS, B B R AERT S B 2 4t 1 K
hR] DU I U SE I B B (reset) SRAEHM 2R 48 0T Ab T WA R A I I aa 40 WA B 1)4E, T
FNHT I gk B AR AR A UV S [ EFSM B ALK T4 M AT 46 PR3 45 s B AR S S
] AR AR, (RN e rh R] R B () TR L R . AT PR BR AR AR 2 EFSM AR — SRR rth A E 2 A4
8¢ 2 ML EMFERPIRES, 55U, & R 4R AR i ER 1 B A R R i N RS Fh, AN S
A [EERPIRAS . AR5 SR I0 RS PR Sl A A 15 B ] B4 N T B BR AR b — O BB 15— IR [l B RS
PRI IR SR, BBk PR AR AR A ISR Path_Gen WK 2 iR,

7E Path_Gen FiEHAH 2 FRRMMER M A . —MRIRERE (SP), FAETESES SP_Result
1 SP_L_Result F. A—FhRMEHRELITBIEE (TP), FEEES TPS . ik el E
Getall SP(so, s.) KIRMFM so Fl| s, BT AR EE R FFAFETE SP_Result W, BRI 10 37 L[] % 5
DL start-end JRE&XHITEAEMAE CirList H, FRIAFLEMN end IRAR] start IR EIEE (W 32 17). 2R
J& CirList B start-end RAXSHEHRA M end AIRESF start TR 18] SRR A2 A Dy i SRS [m]
B, FEI D RS UK A 18] B (Bl 4 N T BB AR P (W 15~18 17). Imilfiid 2 H G HEK a8 2T
I BRAT L WO BT RE B8 AT, PTA SPS Hh L3 [ml % R AS BR AT A B 4 O B, 5 (el B AT A% A AP A AE
TPS (W 19 47). Bt Bl 1 HPPIRASERAS s1sasgsasesrsr Al AL 3 SkITBERAE titatstatrtys,
titatstatrtia, titatatatrtis. FeBILBMAMANTATHELIR.
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4.2 BEAMITHEERE

£ EFSM M) G 88 [) fl 2 — 2 MK BR AR B P AT M. AT RE 2 30 I 4% rh il 1] S5 A AR VR 2 1)
AEAE IR O 2 RIS TR BUF AN T A7 B A%, I AE A2 sl ok A9 PR o 2 o a3 S AN T AT B8 A%, AT DAY
STCIE I TAE, S B AE OCR. Dy 1 kil g s B AR A B AR AT AT 1, FRATIAE Kalaji AKH7)
P B3 BRI b5 — PP A R A AT 1 B T, [R] IR R B I 0 B R R BRI 43
ANHATHRAR.

EX 3 —IBBE (TP) HEMIEATIE 1T (feasible transition path, FTP) X4 HAU Y fF{E
NIRRT U ] TP AT ¢, ot 1< i <n, n NI E. EFSM BRYITFS ¢
HAFAE ST DEA —RIE egore’, e M & NRIAAM ¢ RARRISEST (W <,>,#,=,<,2). BE
—/NRIEK e, Ref(e) FRZRIEXFHARES, IRIE e M’ FIRA TFEHHF T (guard) AT LS
9900 R 3 FhEY:

L g?v: g» AZE p 5EG LT ER o RER A RIBHER, Hh p € Ref(e) URef(€).

2. gWV: gV NEE BN o BRIBAZIE IR RIBEFRF, Ref(e) URef(e/) HHITTHE N ETF X
B3

3.9 g NEEHE ¢ 5 EFERE v FRIEXZE K RIZHERT, Ref(e) URef(e') HIITTER
NETRCEEM e 81 ¢ Hfiz — N &E.

EFSM H LR ¢ HAFAERIAT N (action) — BB v =, H v N B NIRRT e HFRE
XTI E o AR LUEGNN IR 3 el

1. op®®: op' BB MKET B p (RIELS | TSR o, b p € Ref(e).

2. op™: op"V FAEK — MK T — AN A B CRERKEIRES BT SRR v, Ref(e) HHITT
RN E AR,

3. op¥: opY® #AEK —MH EMEMES N ERE v, e NHE.

EM 4 fE—NTRERAE TP FAEEE X — 1810 — X (definition-p-use pair)(t;, ;) 4 HAY
TP HHIEH ¢; FAERR o KIIRERAE, TP THIEH ¢; AERR o FHERRMH, HEEEM ¢ 2
t; AR AR o MBI E X, Kb 1 <i < j <n, n ABREKE.

TEXT B AL AT AT TR REAT PRAG I, 75— AN EE R HEN. A SO BLR JUAN 77 K25 R AT /% B A h A (R 58
X~ 1] — fEHX] (definition-p-use pair) X EEAEFIATHERISEM: 25— 2k B84 B T A 4% h B AAEALE
I, AZBGE— R AT, BASE T (guard) BRINERETT LA 0. 45 B AR BT RS TR A7 261
BREEF, WA £ R o R I EATM =" W2 o 2 s FAT. 5L, TR AR
definition-p-use X H15€ X AHVE SRR, Yog 7 AFEAL B e T AR 72 A8 iR a8 F i #e b 2%
PR HIRE R L. B, gPv R iR 1 1 (guard) 2884 RO L@ 34— M A S50
B SRR 2% 5F T (guard) 264F, SIHMR, gv¢ RmoMEili 2 1 T (guard) B8, B4, TR HAT
N (action) fRZSHY 2 X6F A7 78 18 a6 AR AS S5 A2 75 WL AR FE I, R il Je A7 AE 8 BB R AR 1 0L
X T H 3 A AL B ERAE Y definition-p-use X, AJ DUEIS S 70 7 775 B HE B IO T AT M. JRATISS
S

MR 1 W (t,t;) A TP 1 definition-p-use X, ¢; & X & & v W{ENFE O, T t; BT
(guard) NAE v MIHEE C, KXREBHE, HHIMLLT 6 FEH 2 —, WEEAFT:

Case 1. 4 t; FHIRRIBHFF gvc A “=", FHHEE C1 # Co.

Case 2. ] t; HHIRRIBHEAT gvc N >, HHFEE C, <O,
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*x 1 IRBEED definition-p-use MHIEIETIE
Table 1 The suggested penalty values of definition-p-use pair

Guard Action
opP¥ op¥Y op¥e

9> (=) 8 6 24
gPv(<,>) 6 12 18
V(< 2) 4 8 12

v (#) 2 4 6

9" (=) 20 40 60
gvv(<,>) 16 32 48
g (s, 2) 12 24 36

gV (#) 8 16 24

g9v°(=) 30 60 500 if ¢ is different and 0 otherwise
gve(<,>) 24 48 0 if c is different and 500 otherwise
gve(g, 2) 18 36 500 if c is different and 0 otherwise

9v°(#) 12 24 0 if ¢ is different and 500 otherwise

Case 3. i 1, HIEFIEHIG g Ny <<, IHAIR C1 > .

Case 4. 4 t; FHIRRIEHFTF gvc N >, HHEE C) < Co.

Case 5. 2 t; FHIRRBHFF g7 N «<, FHFAKE C, > C,.

Case 6. 4 t; IR RIBHEHFF gv¢ N “#, FFHFE C, = Cs.

PAE AR5 AT BLIE R SOIEVERGEATIE M, X LA 45 ) Case 2 IEWIIERE, HAM S OURIFIARTR] 197535 th
ATLMS 2. EW]: fRYE Case 2, FEITF% ¢, HAFENARE o MIRMEE X v == C1, T t; TIFALEXTAE
B o FRRIBE v > Co. HEAETAT, v > Cy WHEN true, WA[1E C; > O, X5 Case 2 R FAM
Cy < Cy FJE; HIk v > Cy AL, 17 definition-p-use XJ (¢;, t) HIEAEANAT AT, UEEE. B T L
W, TG R IR, TS BRI AT TR E5 L8 definition-p-use X Z [H4TN (action) FI5F
T (guard) AL, AN[FIHRAE R A UCE T B3 {1 FioR.

PA b2 P& ) e R E BB O, SERR B o — MR 57 T (guard) AIBEAFAE 2 AR R LB,

X OC R R AE ) Z B FAT AT R, XS, JfH “AND” BiRis AT AT
B, DUPRE S AE SE AR, M “OR? BEFFIT, HCH A S/ B .

FE AT WA H 38 X — b i 2 i a7 s 4 D00 ke A xR Py I 451, A8 B ) 8 2 .
P 7 5 IR 2, X5 T EFSM A8 It 32 B A 25 TRAS /#1078 s v, 4tk
BT (all-states coverage). 2ILHE i (all-transitions coverage) 2ILFEX|E i (all-transition-pairs
coverage) 4 — RGN EE1EHE & (all-one-loop path coverage) 55 146 HFF§ S Al ATIE B ERIZ 14
J. DR A MR T R A R — BT I R, P ack B R AR i, KT 8 0 2R 9 St ) U el Bk T, T S
(R A A ATk 22 By DAGE 30 07 5 A o4 P B gk 55 2 DU AN AN I S8 R g AT . LAY
Eﬁ%ﬁfc%iﬁﬁﬁﬂ, B A DA AR I 81 R o e 22 AR A ) I 451 BE 25 5 I R G R

- B, T HRB A AR R RN AT AT B AR AR AR B e 1 AR T S AE I, FRATTH
HTE%{%T?? M B AR T RIA B all-transitions 78 55, 1% mARRI 20 (i S O, o nT DAV 2 o Ah 7
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S,
Zf: U(dfz) k
o) TheE o D@ £o.

0—|TP|,  Xye(df,) =0,

Hrb df; RIEEEAZEF I definition-p-use X, v(df;) MAF 1 45 H) 2 AN A B2 1) 2 107 5
1B, T k 2N AEAER] definition-p-use XML, [TP| R ARMACEE, d 2 F R A8 AR K E X IT
S RIBUE. f BB, B AR A PTAT PERESOBOR, ez, AR RO W AT PERE R /. i Tl
(1) 2% 4% 1T B A7 AE R 22 1R ) 26444 A definition-p-use JEXT, SEIHUA W BRERK, ILAE | TP| R
g A K E SEIMEZ PTG, M—%8AEH definition-p-use IEFEXHETIE MR 0, VLA KA+
LR AAFAE definition-p-use MKAFOC R, BRATHAT B AF (AT AT PERE A, X INBRC 1 BR AR 5 B8 i B
Z TR, Bt f RBUEBCON O~ TP 1288 8 vt T8 S 197 Fi 21 A (0 3 s v DU, e a4
T8 AR A RS RS B A E N AUE Kk 2 all-one-loop 7 =N

FEERAR PIAT PR VAl S rh, FRAVME FH 5 1m0 ki B0 R AR s 1k B8 42 4R (transition path set, TPS)
TR A2 Y definition-p-use Xf, JERH N 1 715 £ MEAE NBRAR AT AT IR & ARVl REh, i
A1) definition-p-use X FFEYER 1 TR 6 FiEdle —, WMRIEREFE TPS BiRiZkE. G
XFTPS H R AL RS PR AE I RN 42 TH P R T HER, IXFE TPS v HECE A T ) B84 BoAT 247 B w47
ML, FEFP IR B TPS B de 2 ISR 328 i — M O T AT B A% 7~ 8 I AE U L P I B4 A0 T

= K

[=Pnny

4.3 MABERASEEER

AT FINBIE IHTHARNRE— AR A AT R AR, A Bl R RSB S I, 5
SAHTEARANE, S350 WrEAR I AR ELHAT AT AT BRAR, I 5 0 SRR 2 PR A48 2 R B A
FRIURE, i i i SR 48 2R B 4 OR E R B RS 3l I 48 2E B AR IS AN K, WA IZ A2 R AN AT AT
i 7 R, BhaAS o M A R AT AR S A O REAR S . S A T EORAEEE, #RS AT EOR
PR e, (E B RS I 30 2 VAR AR X 7 B PR AN AT AT BR AR H AN R AT B AR AL I 2 AN T A€ 1) i,
PO T8 A BB AR, H TR REIEL 3135 0 Mo ARk .

4.4 BEIWHITEE

— BRI R S Y, DLl R BRI AR, AR &EESAT N, ATHAT AR — A
REMS R LS R G BN AT IR R G, AT HRAT R AT DUy — A R R R AT I, S5
BERUAN ], AT PAT R E T ShAAT NVE R — . I PATIE X, AT AT AT DU AR
PSR B RE BN A AT

N T AE—=ADEESH EFSM BRI AT Ak, X T 3E 8% h R sUAE LBt ik 1 # e sl S Y
K. 57D (guard) PRIFAFRIEXMT A RIRIE ARG EATIE SC LRI, SEWMASH. &
AR DAL A I K AT LU D9 IE RS T R A R N BEAT SRAT IR IRAT AR L A A L A S
fiti b, &5 A 0 SE A iT UM AR RS EFSM AL A SRR Fr B S AT RE ). HE AT PR T
M), BT AR DN s 0 A o e e U S AT B L2 SR R E DA Bl (A R, D T R TT A
ITHERY, FATRIA Java & SUBHTEE JEval) KT EFSM A1 A RIER. JEval 27 RIA

1)http://jeval.sourceforge.net.
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fENTAIZ ST (application programming interface, APT) TXU/EL, 7] LR SKRAEIZ AT I g 2 2 3k =0
MR FIEA S MERIEA . PRBRE LR BRIELEZMRIERX, JEval SCRFA R 73 (I8 5
FF. 24 EFSM BEAY AL T4 0] B G B A0 5 10 4 s RS I ELIRASAH By N 2808 A N\ A, 251 12
(guard) BT IF H AR ROL, EFSM A mh v] DLSURAH B TR I 57 NN — R3S, 1T R AR, 17
N (action) HFEIE ML AT LA JEval fEHT, AT ESUAE 24 il A8 5 (R - 3RAFAH R 4 HH A 55 tH AT
XEEAGEAC FAE — 0 B EE A i b, AR N — AN R I .

4.5 BITHHERRIR

BATIHAE B BHE R IR HAT IR T B SRR T E B, ZBORd1 Miller A1 Spooner!*®)
AR, F TR T A RN P IRAF B AT R 5 S M AT AT R 2 5, st T AR AR 5
BPATHRIGSAT N S5 B TR G AE B THEE, DAERAR S OB O 2R R A2 Byt it
Hos e g xS LA BR AR, A8 A GRS R ik mT LSS TR AN AT AT B AR, AT AT R A ok
(55— AR AE R R B A PAT I RE P AT DU T I SAR R 0 AT B S AL IS . A
J7CERBEMEATE th B E E RIS AR 2 S 0 S E BRI KRG B, BRIk
5 G AR O 2 A N A B I TR 0 . (AR, G AR s (s, B T
A RTEAE B AL, TR EAELIRIEIN RS (system under test, SUT) HRHE AR L) Tl 5 45 B Kk 56
DRAT &5 R IERATE. I TS {5 BORAE R G KBRS AT o AT VBB A 75 IRt AR o 5 i
FE. ASCHTHR AT S 2 ERINATE, Bt S E . £ EFSM KU, X T = i1
WHFOEAXS . £ LB (active testing) H1, B e ZARB SIS FH MM, EFSM /)
BT NERMIEEE LR SRR, ARPZFST EFSM JF ARG M3 & AT R
SRT EFSM AME AL 2 A0E, I8 0 T8l (A, JF B3 2 (I8 w] BEAFE AR LRSI, Xt 3
B EFSM ANE1R FSM IRy EDML SRS I 5 (5 8. (L A 2 o] HAT R D ] U 7 i 3R 45
WEFEE.

FEA G RIBI,  2fe 5 0 R 2 O A G B A e R i B, JF Az AR 23
P A NAE AT AT B b 3 359847, R PAT IR s I 3R A 1 S B 2 ok A S D it 1
HERA R BSOS, /£ EFSM B ZEHAT R RE o, BA TR T R E BAE v
ESCRPRINPEINAL 22518

_ ISP

©|TP|

Horp | TP| A48 E FH R B B B AR A . (IR A R AR R Th B S IER B, |SP| /2

AT A A TRIRZS 45 mOT IR RENS ISR B AR, 1ZE R RS B TR BN, 2 F,

(BN 100, Fonigte B TR g, W A S A2 B 1 AR BB IR . RIS AT I s 45345 12

THEE N L BB, AN R BB SR e R (T 522 53V, A5 12208 I BE R RS o P A 22 R Bt 2R 2
I 51 A e

x 100, (1)

4.6 DHIEZREEEZR (scatter search, SS)

TrHAE R (scatter search, SS) ikt —MIE T AEEREAL K R BEIEHELR PO J9fif At 4 vl it
ST ML SRR Z AR T EIRA K, AT DR 7 BB T R AL S HOR M
T AR SS 5k Seilid 2RI 37 R IR M EE (population set), S8 )5 FEWIARRNE ik
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1: Algorithm TS_Gen 18: while (iteration times<max iteration times)
2: Input: sorted TPS; 19:  {  Apply populations in P to executable model;
3: Outputs: test suit Resultset and its corresponding feasible paths 20: Refset+—m best solution of P set;
subset of TPS; 21: if (all paths value equals 100)
4: Corresponding outputs set O, when generating test cases. 22: { O,+outputs of executing populations;
23: return Refset;
5: for each path p, in sorted TPS 24: }
6: { 25: while (B+-Combine solutions from RefSet and B # ¢)
7:  if (all transitions of model are covered) exit; 26: { Improve solution in B;
8:  if (p, contains transitions not be covered) 27: Apply populations in Refset to executable model;
9: {Tempset+=SS_Path TC(pt); 28: RefSet+keep m best from RefSet U B;
10: if (Tempset covered p,) 29: if (all paths value equals 100)
11: { add Tempset into Resultset and record p,; 30: { O,*outputs of executing populations;
12: update transition coverage information;  }} 31: return Refset;
13: else 32: }
14: skip and get next path; 33: }
15:} 34: clear P set;
35: P set+RefSet;
36: fill the P set with diverse solutions;
16:Solution set SS_Path_TC (transition path p,) 37: }
17:{ Generate an initial improved test cases Solution set P for p,; 38:  return Refset;
39:}

3 MIRBIERAEEREREE
Figure 3 Test data and oracle information generation algorithm on executable EFSM model

PRy ot B B A B AR 22 REAL R PR B A AR AL B — MBI Z B 2R (veference set); 76 F IX LY fiR 18
LG T R R AR &, I 52 T 7 VR0 B AR AT 5B S R R R S B 2 5 SR LA AT T
AL

SS HIE S WAL HIE (genetic algorithm, GA) BLA HAhE 1 18 2 SR ) 32 22 X IAE T 38 4% SRV 10
WIEEF R B 2, Brdl & 17 A — o BEHLAIRE R BT 177 SS 3275 4R vh ik 1) B0 T AH R 45
b H RGN TT G BN B A AT G 7 A Wi SS Bk aT DU H JR 48 R 07 ok e
iR BT . SRR 2 R A DT R ) (R I 2 B8 T R 2 REE. Rafael Marti%s BV &g sEga 0t SS Hik
A GA LT T HER, S5 R SS BIALE fif th— L8 ] G 5 B AT B AT (13RI, SS HVEMESE F 2
5 ANEB R

1) ZFAERTTE (a diversification generation method): A2 B I FHERAE N SLHI UGS 25 L%
4 (population set), RN ZR BRI ZFEAL, IXAEA BERUM T8 R =50,

2) $&F777% (an improvement method): 1% 5 V2 Ja EB 48 28 07 VR G BT R AR I A

3) SHETH 715 (a reference set update method): HREBIE —NSHEE (reference set) FKAFIK
e U A ARG, JF T AR & J7 1R AT IR, HIAR 252K (reference set) HIHE 7> AL
73 2 FEAL AR A B

4) FHEAEMTTE (a subset generation method): XNt FEA B H T4H-A& IR TR, TE 0 BUERE
FHEGR R AT AP B RREASR WT DAT T 5 I B R

5) 4047715 (a solution combination method): F—NELZ AN 42 I il i 38 XA B
HT A

SS FEJFE I b BRI BB S AL ER A, (AR ) A o R v, AT 1IR3 8 X — R 2
JE I, BRI — 5 R R b (R B AL E 2 A SR A L A — LU e Atk R 8 R AR R B s B2 fES B4
ERESY, R T 2 B F RBHE BREESE LRI, BALKIRE D RS
e, R ZEIIFR > M NS S b RS B, [RIINF 51 ONFR 3B . MR 0 B0 R SVE SR, IR R B AT 4
ITHEOR, WUA] AIRIFIS AT I S 545 Bk TH AR 54 H Ao 2 182 o 4, STl R 4610 16 | sl Ak A e, B8
R 3 Fron. TS-Gen SR EH e NHF /G TPS HH I £ — 2k B Ae A A i R A2 Hh i

I

ok
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* 2 SSRBEMREREMN
Table 2 The property of objective model for empirical study

Object model State number Transition number Input parameters
ATM 9 23 6
INRES 8 18 2
CLASS2 6 21 10
SCP 4 8 4

TR AR O E BT  MERE N & 5, 35 A i 4 L g i, IBbId it Ak i B h i
gkt AR. A IF R B AT HAT AN SR B RS . 458 U R JT 1% Scatter Search,
XA ER AR AT IR AT, FFAI R S5 B 2R A3 1) TP (. o A2 I B ARG el A 2 38
NP SRR B S5 REE. B AEIEBIHE BIEAEUR, TR BETR B R 2 e, Ay k4%
FEATIATH). BRE SS_Path TC HISRIyHEE EE1E p, ALRINABIR AT EE R, BTN REUEE (I
X 2) BH T FERMERE. G £ BESET 100, W5 AW Ml R #A2 p, B0 EEE &4,
P EE NS B RAT B WD SRAE O, TP HRETETF .

5 SEW5SSh
5.1 SLEEREE

FATEAE T — RVIRI L5, B4 I TVERN T SEBR Y EFSM 8, ARS8 ATGEM J5 il
A ORI B8 AR W AT P P B U7 VR AT RO LR, Rl SR IR S bR EFSM BT o (1 AN E] 47
1%, MR R ATGEM VAR Java 15 M Eclipse 3.5 R P& +IDK1.6 KL, SEIIBITHIF &
& Windows 7 32 M484E KR40, tHENLAEAFACE A Intel Core2 Quad Q8400 CPU, F47 2.66 GHz, 4 G
WAT. N TESean o B B — e, JATERE T 4 NMEOAHA EFSM BiAL 7051 /2: (automated teller
machine, ATM)[53, (initiator responder protocol, INRES) protocol™3], Class 2 transport protocol*6! I
(secure copy protocol, SCP) protocoll®¥l. DL I H At AW B H /T A AR 78, AL M8 4
AR Horp ATM RS W 28 LIRS, Al 3 AN TR e 3h i, AT WA ) 2 1Bk
AR ATM AR S50 A BOE BRAT (1 285 HOIRZS D R AR AL E 2 1EIRAS, BUONFRATA B R
5E 2 LIRS BR AR 2 L ERES FUR BRAR TP I —MRp). 3R 2 h B T 4 A HARER RN S (& %, IR
A7 A AR B AR FPIRSHCR, I8 #2248 EFSM M I B s, “mASH 24k
fil R R RUAT O S PR T 5 S AN 2 B, R 7 A R K P A

5.2 FEWMREEE LR

T BE 1S B TR AR JUANBIE T H Y [a]

(RQLATGEM J7¥ A 20 K 80 an ey ?

(RQ2) BEAR T AT PR BE 5 7 VA TR B A5 T AT 1 ) 28R e 2

(RQ3)ATGEM J7 i /3 M H AR 5328 40 W ARAE A FTAT B AT 7 TH AR A i 2

I E Skt 4 A B LSO AT AR, SRS IR AN TRATT S B R 5 AT AL 2. R e
Sl U AR R SR, ARG X R TR AR BEAT S b, BOERAR I AT AT 1, ERCEERY bR AR ANk
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&3 SSEAMETERESH
Table 3 Main configurations of SS algorithm

Properties Values
Test Cases Solution set P size 50
Refset size 2
Max iteration times 20000
SBXCrossover probability 1.0
SBXCrossover Distribution Index 20.0
Polynomial Mutation Operator 1/n (n equals to the number of decision variables)

*4 MNARPERRBERRER

Table 4 The results of test case generation and coverage ratio

Object model Number of TPS FTP number of result set Covered transitions Coverage ratio(%)
ATM 349 16 22 95.6
INRES 109 10 18 100
CLASS2 334 16 20 95.2
SCP 29 2 6 75

B 458 1 MBI EE. A T SRR R AR W AT 1 B 8 T 2 S A9 A B 7 R A 2, FRAT T X AR
FPikAT T — 2B 0s, FISRAEBAT h A MO sk — st g v 8df. segarh SS Sk 2 E S 8un sk
3 FR.

2 3 W Max iteration times 872 SS_Path - TC pREF SRR BT R PR k8, a2 kAR
WAL, il 2 R AE A (diversification generation)s TR K (subset generation) ST 71k
(improvement method) /=4, £ SS B IAVEH T SBXCrossover 2 X H F#1 Polynomial Mutation
Operator 42 575 ¥, SBXCrossover 5 A8 XM FN 734G F8 4L (distribution index) 7 AW E A 1.0
20, Polynomial Mutation B2 RMZHN 1/n(n= fELEANE0). M 554N 158 ok T8 1))
A I All-transitions 5. AMATHEE R VA (S 1) B340 d MERERN 0.8. fEIE{THE]
b, BT REAAE R —BE R ERRGS AT N W g 2 5, N 73RS R RO B, SLIex A
B 3 Hlia 5 10 RIS AT I 8] P2 4A.

5.3 SLWHERSHH

N T (RQL) 1 ATGEM JHERIA Rk R, BATIELR 3 ANJ7 K BEAT &

a) K& 75 AEE A ABLE % A0 5 rh PRk AR SR AT AT A2 14, JFAE X SE AT i A% AR sl i A e A it
HiEE;

b) LRI (WRETATER RS . X BRI AT S (5 E) eI I8 2 A 5

c) Pk A AT AT B AR T BB A BE 1 0L

SCIG B RIS AT A R IR 4 P, 3R 4 “iRisis e R iR A s Rk AR S TP B AR B
MR LA H ATM BERINT CLASS2 57U A il (R B AR SRR UK, IXRE R IR 2 AMERL A A
EIGIZ RS Z A Z TR R L, FIWAH S 5T s BEAA 2. Il 45
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R AT AR RO AR IR 2k e A F 8 i el AT BR AR RO, TR R B R R
WG RET TR AE S MR E. TR ESRE PRIt AT A 7 55 10 H 7 L.

SR SIS R I, TEATA BSLIRARE A |- ATGEM J7 1A #R A6 5 MG i 42 55 Hh Bk th AR RL IR mT 47 8%
BT E, HFRESI MTEIX LT AT R AR b AR BN AN T 5 5 .. A AR B L o, A gk e 451
SERE AR PR T Rm I E R AR R ARIA ] 100% R, £ i S B o 1) o IT
T S A R R R R, IAndE ATM BRSO RS 5 RBEHEE o5 2 N R 24 ¢ TR E B2
TR ¢ ik 3 IRLAG t3 A ReWE a5, AR Wl R AT ERAT titatatats A REKR, 1By T 1%
ARG, AR E RS IEH AR A EHTE —X, FrERMESRTE t3 ZHTRESH o —Ik,
SEEH t; MERAERATATH]. Bk, fER 2T, RA 1026 508 A 75 B8 M B R AR T AT
[F1#%4%. Chanson % P2 FEIX TR T — & A5, 2 Emd o] 3% 40 A\ Sk SR hoix — o) /. JATTR 7
AR RTICA Y Ty 130 T 1 4 N B 8 CBOR S AR v AT, (HX H B TR T S i IS o, IR AR
PR RARAS 17 81, 5% T3 7 THT AR 70 FEAS SR A SO B ol FLA B AL A5 2R U1 I, SCP B 54 IR
AT R B A D, (AEE B2 A RE B IR & SR LA BB . @ B e
INTERARIL SCP AL TPS 1) LF 65.5% HIEEAEARAIAT), KL 5 R AT AR, M iR sias
SR T LVE H, ATGEM J5 A48 rIAT A2 B REAE AT 2800 AR O SR 491 76 SOy |, e A Wl AT %
REEARRISF] 100% TR i 5, X SRAA S VA — e A, Bipkik T 47 B2 15
B AR, AT B As Al — A B KB AE B NG RN T A LS. T
A1 EFSM A Bt 5t o AR 3 J7 TH L Bk 2 AR G B E T LS5 LU, DR JRATIAE DRIEAH 7] 78 5 %
EBLR, X RN AASE FH B8 42 P A7 M F0 75 2 A4 i S PR 49 ) 4 TR AT 7 LA (Al SR Lk 6, i
FERTAT VETROI 5 5A6 ROME Z bTil 43 ). 25 SRR (R T BRAR vl AT PE TN V5 i, Bkik tH K w47 B 4%
TEEEGBOKMD, AR -3 BE 20 B g 0, 3 Ui BH B A% T AT 14 F300 7 v 0tk iR A 5
AT N R B R A T AT R R B R M. 456 LA BT, ATGEM J7 ik 75 e A g o
AT AR AR AR BN AN T 5 15 A B 8 8 55 U7 T = AT A AU

N T (RQL) 1 ATGEM J7 kIR Il {1, A8 S256 o 3RATH 777% (ATGEM-SS) 53Tk [40]
(757% (f %8 Kalaji-GA) fEA AR FCT BB b, EZE 2 A5 TH AT

a) TATT 2 (ATGEM-SS) 53CHR [40] U7 (Kalaji-GA) 7E A F X0 F 1 AE B ) e Dy %
AT (R AT L b5

b) A FHIEMESL N FATTHE I Fitness B%5 SCHk [40] 3211 Fitness BZE A= el ik FH 81 L Th
SN [ CR kAT LR T

SEE R FRATT LI T AN SO 2% Rk s AT 45K 15 Kalaji-GA VA Fitness BRI
BbAbh, eI GA SVETERNEER /N . SOV IS X XNH PRI RETESHN IR E LA ATGEM
HS R B R B (ATGEM-SS) fRFF—2. N TIER —BIEMESRL T Fitness sREOHAT LU, R
BEEAN LI T ATGEM J5 3 A 1 A2 G20 1) GA RRAR (7m 449 ATGEM-GA). ATGEM-GA
EREREEH T ATGEM J5vE R 3RATB T HE S pR 4, a2 20 2 76 GA Bk sl HAhie
B Kalaji-GA {RFF—5, IXFEREUSLER]—IAEE FXT Fitness BB SCRABCRBAT MO LS. T8
TRV FI R AR (A1 8 OC Z20d T 161 B R AT AT BR AR R R R I XA BE A K, A T R M58 E ATGEM-SS
TR, FRAE SR TPS PRSI IE AL it B 7 — 2L AR 2 A) 18 48 ¢ RO 2 1 ]
ITHAR, SR EEIAE A [F Bk BRI e nT AT AT B A Gl R SR SR SV I G BT ATM A3
RUE R 8] B AH BRI G 2R LR T B, 483070 AT 4% R B TR SR AT 8 8, WU ) A6 it T 4%
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® 5 3 MAEEERNK ARG R FHEERNE G ITER

Table 5 The statistical results of three test case generation methods

Method CLASS2 INRES Scp
SR(%) AT(s) SR(%) AT(s) SR(%) AT(s)

ATGEM-SS 100 9.54 100 3.34 100 0.23
Kalaji-GA 100 58.32 100 3.76 100 0.27
ATGEM-GA 100 53.04 100 17.35 100 0.85

Sy (A AT ER AR A T e /NIE AR mT DAAE B 1)), 3% e B A0 T SIE R 1 X 43 FE A
SRR, IR IZSI R AT T ATM 3. & FRAI7E CLASS2 #% | INRES %Al SCP #i
B J T 3B 18 R AR A 2 [RE ¢ RECN R I RIAT #8452, AR BE RO A AP IR 2 IR AT
Jef TAE D

R 5 HGHT 3 FONETES B AT AR AR AR R B I Se it as R o «iliah R BERORTE
10 s T2 1 DDA Bl B B s AR B i E o . IR ERATRT LG B, X T ik 3 A
T R B R AR A 2 (0] 40 ¢ REONE I AT IR AR, 3 PO EARREYS 100% 9T 47 45 A il il
. <SEIJFIE] (FD)7 &4 3 FhITEAE S B Al AT B AR AR R ] (1)~ 35046 B ik 1) SRR AT B
W, AT 3 MEALK AT IR S B ATGEM-SS S48 V138 47 15 8] _E#R 341 S0k [40]) (773,
TERCAE A BAREER 2 1) CLASS2 8! FH@ A BRI [ 850 5. 7EBEMESLAR A | Fitness
BRECAFREN T, Kalaji-GA 1 ATGEM-GA J5iENTER M RCR EHA M. 78 INRES BEAURT SCP
P F Kalaji-GA FIR AR I T ATGEM-GA; 175 MUK CLASS2 A7 ] ATGEM-GA
(PR B] CR BT T Kalaji-GA. AT T RER R AZ Kalaji-GA ] Fitness BRI H L 2 EHE
A, PRIAERR Y ORI BB 3 I R 2, (HEA | Kalaji-GA [ Fitness BR &R FYERT 6E
UF, RIRAE RN RSERL  Re s T IR IR BIAR. BhAh, FRATIEH I Fitness pRET S AN S B3 0
(22 Sk, DR AT DAAE 22 Pt R 8 i XA 49 A e R A A sl IR s st 4 ST DU, DL BT
HREH R T AR AR B B, 50k [40] BT VEAREE, ATGEM-SS iETEA B R AR
LA, BAliff] Fitness PRECH R0 ELE I B A 41

NTEZE AR (RQ2), FATINELT 2 /N5 TH 56 UE B AR T AT 1 B 7 v R R

a) MEEL L AT B AT 5 T AT ATERARTE TPS At i, #5648 i w47 HHE i Ja A
AMATERAT oA AE TPS 15 ;

b) TECRUEAR R 55 2 (U ATER T, X ATGEM {4 FFI R A B A2 nT AT 14 5 B 7 VEAE AR BT R] L &
AR AR AN PR AR BE ST AT P AR, A e T AT 14 B 6 U7 2 e 1 7 v Wl kPR 91 1 A e s e A=
BT AT MR AR 4R

TEARSZISH, FRATH TS_Gen HIEA TPS HIAREIERAT 7122, MHEFEH TPS HETH %1%
A B B (TPS AR B T S R M AN A AT % AR, IRIER 1 I f ME A — B HIME
Z5HEF), HEARGE R FICRITA RN TAEE TPS EAFHTERME. B 4 5IH T 4 MR F
WU A PTAT B AR AE TPS WA, Hoh X BACERA AT ARAE TPS AL E ST, Y MR KT
R EE. WUV, S BARnTAT AT 5, 4 AMBAL A AT AT B AR SRR A0 AR AE TPS 538, Bk,
I B AR AT I B R v, AT DATE AR R 491 T AR R SR X AN T AT B4R, AT LAIRD T IE Y
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Table 6 Comparison results of test case generation with and without feasible metric

. Executed path number FTP number of RS Average length of RS AT(s)
Object model

Used Unused IR(%) Used Unused IR(%) Used Unused IR(%) Used Unused IR(%)

ATM 34 17 50.00 21 16 20.20 4.6 6.6 43.40 425 4.3 89.90
CLASS2 44 30 31.90 16 16 0.00 4 4.6 15.00 114.7 56.6 50.70
INRES 11 10 9.10 10 10 0.00 7.8 9 15.40 5.3 1.6 69.80

SCp 22 10 54.50 3 2 33.30 6 9 50.00 28.9 12.8 55.70
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Figure 4 Distribution of infeasible paths in TPS
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Figure 5 Comparison result of infeasible paths that were identified by static analysis and dynamic analysis
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A new approach of automated test case generation on extended
finite state machine

YANG Rui’?, CHEN ZhenYu!, ZHANG ZhiYi', LIU ZiCong' & XU BaoWen":2*

1 State Key Laboratory for Novel Software Technology, Nanjing University, Nangjing 210046, China;
2 Department Computer Science and Technology, Nanjing University, Nanjing 210046, China
*E-mail: bwxu@nju.edu.cn

Abstract Extended finite state machine (EFSM) is among the most popular models for model-based testing.
However, automated test case generation on EFSM models is still a challenging task since an EFSM model may
contains infeasible paths. This paper proposed a novel approach (ATGEM) to generate test case and construct
oracle information from EFSM automatically. To address the infeasible problem, a metric based on data flow
analysis is presented to predict the infeasible probability so as to bypass the infeasible paths as far as possible and
improve the test case generation efficiency. Afterwards, an executable EFSM model is developed to obtain run-
time feedback information as a fitness function in order to generate test data and construct oracle information

automatically. This approach, which can generate various types data and has a wide range of applications,
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combines static analysis and dynamic analysis aims to find a preferable feasible path subset to generate test cases
and meet adequacy coverage criteria. The experimental results on several EFSM models show that test case
generation method and path feasibility metric have good effectiveness. Utilizing path feasibility metric can speed

up the process of test case generation greatly, and ATGEM is more efficient than existing method.

Keywords test case generation, EFSM model-based testing, executable model, path feasibility analysis, test
oracle
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