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Time-Extended EFSM Modeling and Integrity Verification Based on Usage Scenarios

LIU Zhuo-Yuan, YOU Feng, ZHAO Rui-Lian, SHANG Ying
(School of Information Science and Engineering, Beijing University of Chemical Technology University, Beijing 100029, China)

%

Abstract: The model-based software testing method is one ofthe most effective ways to improve the quality and
reliability of embedded real-time system software. However, general models usually lack the description of their real-time
characteristics and software behavior for thesreason that this type of software is complicated with the real-time
characteristics. As a result, a wealth'of Lprofessional domain knowledge is required to build them more accurately and
completely. This'gives mondeling a rise in difficulty and cost. It is thus difficult to guarantee the adequacy and
effectiveness of the test. The usage scenario is an example of the interaction between the user and the software, which
describes the system behavior of the software in detail without paying attention to its internal complex structure.
Therefore, to reduce the difficulty of modeling, this study builds the model based on the standardized representation of the
usage scenario and uses the time-extended EFSM model to describe the real-time characteristics of this type of software;
to ensure the integrity of the model, this study designs the evaluation criteria for model integrity to determine whether the

model fully characterizes the behavior of the system by verifying the integrity of the constraints in the model transitions;
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for the incomplete model, a to-be-completed transition generation strategy is designed according to the constraints to
generate the to-be-completed transition, and it is completed into the model through the execution process of the feasible
transition sequence of the dynamic simulation model to enhance model integrity; finally, this study builds a time-extended
EFSM model for four pieces ofembedded real-time system software and carries out a series of experiments. Experiments

show that the method proposed in this study can not only build the model but also complement the generated to-be-

completed transitions to the model, further improving model integrity.

Key words: usage scenarios; time constraints; time-extended EFSM; model integrity verification
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iR URLAF AN 2 ) A

BFSC 0 1 3T B & RT-EFSM
TR [ T V0 158 202 1% 5 V% R 18] 280 G 2

BFF T 20 ASSCHE H AR R A #% A B SR B A 1
Hr?

(2) SEEEXT G

AL 4 ADERHRA R RGAE VLRI RT R, HFE
ATM WL, —ERRIZEEHEM RS, B8 UITRE RS
J KU BRI ST, 2 1 4 MR R GEAd F
SRS B, AR R AR, IR
Scene B R P A KL HEE. IRESEE. 4R

£1 BAXRGRERER

830 2. RT-EFSM 20 52 BV I0AIE 15 b A B3k

1) di DI )T 78 ST 78 L (R 20 RN AR B 20T, AR OB R i A%
ERI LN S IERS TR, SIS YIRS E AR BT R HN SLE
BHIERLE CR.

168 4 AR5 % Software TechniquesAlgorithm

RGLAATR 11 P37 5t s A2 LR EOIR A S
ATM S41 . T 157 198 6
SREINGE RS o 18 100 118 7
% YT RERG 38 261 297 14
KL B ) A 50 267 317 12
(3) VFAt FE PR

@© T H P58 RN R G5 B F
SEIL, S R AT A S BRSO AS [ e S 1
MYl 7 H P 5 RGHAT38 B FrAT i — & 51
1T RGN, & B — A58, v AR, A R 4t
1T 5 LAE 5 A SG. TR, S T 3e ik g A
TIER A R, B A sl A5 0 15K 3 5% Scene
£E TSGR BRI R, ZE B ETER
—RHFP SRS HTZERNER, SEEERY
SRR AT HAT P 4. BRI, AR SRR T S
F (Event Coverage, EC) fl3% 5% 75 % (Scene Cove-
rage, SC) W/ & FR bR R M7 & ACSCHR tH IS A AL) 2
I R
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75 75 % (Event Coverage, EC), EC & RT-EFSM
R I AT 15 Scene Ba6 R I A AR LA
gc = BEEventl 600, 3)
|S.scene|
Hrf, |RT Event| 3 7 E ) RT-EFSM 78 A4, 55 [ 5
PEH, |S.scene| 7R TE Scene B4R IS FH1EHL
% 5¢ 78 % % (Scene Coverage, SC), SC 7R~ Scene
S PRI SE T RT-EFSM AR5 AR R AT AT I3
BRARTE # Scene 540 L Scene FREL I LLA:

RT.
sc = REscenel 0% o
|S.scene|

HH, [RT.scene|F i 3: T RT-EFSM A5 8 Az B (1338
XA 7B 551 Scene 2534, |S.scene|KINTE Scene £ A
H12 Scene %1

@ ARSI TN, 5 A BB
I B4R e P b 4 A a8 ik R BBl S AT A BT AT
‘?%Fﬁﬁﬁtfﬁ%éﬁ@ BIEA R p A B B —
S NHILETT R TT AR B F5 R0 23 A8 1 T AT 2 31 9 A2 1
AIHAT IR A, DAL, A 7 PP Ak 495 D Al #8 AR A SR i
(G R, BAR I 1% 51 W A B A b AT B e 8 DD
ISINERERL R A TR MR AT (for Complete
Transition Feasibility, fCTF) [F{EA5 8 F5.
R4 IEFE AT 4T # (for Complete Transition Feasi-
bility, fCTF) R Fth T 5% e 4 75 )5 RT-
EFSM B8 rp 2 A5 AU PAT A5 5 1R AT 44T DK i A1 e
R AN A SR8 AR b i A8 S AU L A3
|Executable Paths Number|

CTF =
f |forComplete Transition Number|

x 100% (5)

o, |Executable Paths Number| 3R 7~ e 4% & TR T- ‘

EFSM BAL A= i AT I A B A AR (K A 43 88

%%, |forComplete Transition Number| T/~ fh 21
FIFR AN 2T L
32 ZWERSHH

XPWEFE A 1, AR PR 4 N SERHRA SRR R K Scene
St IL RT-EFSM AL 40l 3 s /2 i ATM
RAME 5 Scene A1) RT-EFSM AL, 1%
R (15 R ARRARE R PR S, e [F) 0 [ 1Y RARER
Tﬁﬂﬁ@?ﬂ%%'ﬁ mﬁﬁ*ﬁ@ﬁ‘]ﬁ%, EET;%M E‘J*Aﬂjﬁ

T19

3 ATM R4H] RT-EFSM #i#!

# 2 ERT ATM R4/ RT-EFSM & 28 fiE
= H, AFGER VR S Head(r), HA5T 4 Tail(r),fik
KEAH: Event(r), iR e 5644 Copdét) PL K &R GLim W,
J A AE Action(?). L_LiZIKIEI’J*ii*'JLﬁ/i CIREYN
YI4E Scene %A\‘?@J & 7198 /\'Hijk?ﬁ] 157 T,
EA}’F*HI_JE’WQ*NJE?ZF ARZSFHIL 8 53 ) ek 2>
NS5 ‘»‘n 19, HAM—ARERR ATM R4 —1I)
amﬁﬁi B0 SO F 7R “Hiy N % RS DT, SEHL T ARES

LR IA A I

. Y %2 ATM R4 RTERSM BUBITEE B

=

IEH Head(s) Tail(f)  Eyent(s) Cond(?) Action(?)
T1 SO S1  Card(pin,B,x) (x>1) & (x<2) Write("Enter Pin");N=0;x=0
. Write("Response timeout");
T2 SO SO  Card(pin,B,x) x==3

return_card();x=0;y=0

(p!=pin) &(NN=>0)

Write("Wrong Pin,ReEnter");

T3 SISl Enter_pin(p) &(N<2) &(y=10) NN+ 1 x0y=0
&(y<49)
(p==pin) &(N=0)
T4 SI S2 Enter_pin(p) &(N<2) &(y=10) Write("SelectWithdrawal/GetBalance/Cancel");N=N+1;x=0;y=0
&(y<49)
5 82 S3  Withdrawal() (y29) &(y<31) Write("Enter amount");x=0;y=0
T19 sS4 S0 Return() (x=1) & (x2) return_card();x=0;y=0
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W 3 FroRgiit 1A I ASSC R (N A 5 VA i
(K1 4 D RS RT-EFSM AL AR 545 BRI 1) 280K,
WERGAR RERPRESEE . ITRNE. FIHE
#R (EC). Rt R (SC) LU AR (1IN [E] 44

R3S R I [ R I Hr

RGSH RALCE IR £C (%) SC (%) @;’;’;;f
ATM 6 19 100 100  0.4621
“EERG AR RS 5 25 100 100  0.4839
i 5 YIT R RS 5 34 100 100  0.4960
AR B f 12 33 100 100 0.5070

ZEE AR 1 AR 3 ATLAE H, A SO )5 i mT B
A A AT PRSI R AL, Bl =R R 2R S

Bh ARG Scene B h L RS LA R K0 Al oy

118 F1 100, i BT i RT-EFSM 55! deobk A FIAT 72 %0
YD E] 5 H 25, 5 kAT 224 R G5 Scene H A
SRR BORIERE B4 8 297 A1 261, 7 ALBU )
IRZSHIERS 43 BIND B 5 0 34, B T4k A BT R (05
BAh, RATRI WA R0 57, IR %% (EC) 1
B 578 26 % (SC) K B % B [ 78 s 0, DL E A
BB T TR AT A, I3 3 [ sE 06 45 BT R, FIH
Scene MR EC A1 SC 34 100%. BIASCHE
(AT VT LU B Scene 8400 B BT 0 A1 17 5
FORIPATE IS B ILAN, £E3t 4 A s Ak R4,
R 2 ) 5 I R 2 0.5070 s, et i) Bl A 2 T L
BRI,

45 b, RSCHR BB R B 7 Y FT A 20 O Scene

G A FEPRASFIERE, [FBARIE T RT-EFSM #5241

S SN 0 N S B 2 A7 A B 7 i ELINT PRV B
[t T il 54 . RT-EFSM H ik T 2
ST N IR R AT AR

o T B2, S T VP4 A SCHRE H P A
MR A 2N, AT SR T AR A A AT A A R
R R AN T R . BRI IR T RT-EFSM £ 4Y
F ARG R BAAT U B A 2 1) 45 b 42308 4 B (EPN),
DL AN AT RS AT 28 (FCTF) FIARTIAT 2R (nfCTF), 3
HFNAI AT nfCTF =1- fCTF.

% 4 BT T LU H, AR 4R A SCHR A5 b 4T
T A B T LA B A4S E R, B % s 9 ATM
R BRI AN R EON 16, BENEBE TR A
F R BT IR B 2 2 P A 4 A I B 0 15. =

170 A4 AR 5% Software TechniquesAlgorithm

R A B RS AR T 10 M AR,
7 S A B B B TR A B T AT I
efk . F—J71, Bk fCTF A nfCTF AN TR AR AL
AN AR RS AR BRI (04 2. B, 41 5 AT %A R
G AT RS T AT 2R 86.67%, AT ATHE RS T 7 5%
9 13.33%. KL BIHLE 80P 1045 R A B T AT 26
N 78.57%, NAATIE B AT #R 21.43%. H fCTF
wA&H 70.00%, nfCTF f%=4 30.00%, Ff H. %> SEif
RGO H AT RS PTAT S0 2 i F IR AT 3, M
T8 3 2% SCHE 145 A TR SRR A A Hh 42 0
KL, LA MR A 1 7 47 2, B A4
S 9 200K A B .

K4 P AR SRS BOA RS b

RGBT Feb AT B AUE EPN fCTF (%) nfCTF (%)
ATM 16 15 9375 6.25
ZEMRG AR RS 10 7 70.00 30.00
59 WITRAERY 15 13 86.67 13.33
TCHLR B SRR 14 11 7857 21.43

4 dw5EYE

ASCHR T — P T8 F % 5 1 S0 RT-EFSM
R B 7 V%, W T R 5 B B IE M U, 3 1%
VU 56 I AR e B R SE BB R £
QAT ST A R A AT R, B PR 4
B B B A A SCIERT 4 A9 RS
T 4 5 e W) 51256 22 W A SR £ 4 9
RN T KR F P A F 4 o (0 TU AR A R it
A R4 3, 16BN 1) TR S/ . 3 ELARIR A 4
X S 2 BRI 5 4 AT S R 0 A IR 4 BB o
T4 5 7 R0 ) 5 B e 76 J5 8 TAR o, 9 K s
B, FEHE— 25 PR AL AR 1 T A S, AN T4 2
ARSI R A A
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