wfﬁ-’ffh?f*l'?

COMPUTER SCIENCE

EFBAAESERIMSCADEER XA BMERS X
BBERR, WiSIR, =4 FE

5IAEX

EBRAR, WEOE, =4, BB ETBERESHKNSCADEERNKAGAENERTEND]. HENRE
2024, 51(7): 29-309.

SHAO Wenxin, YANG Zhibin, LI Wei, ZHOU Yong. Natural Language Requirements Based Approach for
Automatic Test Cases Generation of SCADE Models [J]. Computer Science, 2024, 51(7): 29-39.

BN EEE (SERXINEE IE JENBEENE)

Similar articles recommended (Please use Firefox or IE to view the article)

EAARINC65 3B IFRFRIGE UM R FRIHCRE B IERTTE

Integrated Avionics Software Code Automatic Generation Method for ARINC653 Operating System
HEHEIE, 2024, 51(7): 10-21. https://doi.org/10.11896/jsjkx.230600216

MM EER R B E L2 ERE
Network Asset Security Assessment Model Based on Bayesian Attack Graph
HEHEIE, 2023, 50(12): 349-358. https://doi.org/10.11896/jsjkx.221000019

HETESRAMKZRIRRFRRH3N 2R TN
Antigenicity Prediction of Influenza AH3N2 Based on Graph Convolutional Networks
HEHEIE, 2023, 50(11A): 230100113-6. https://doi.org/10.11896/jsjkx.230100113

ETR2BHUEINMRBERSFSTTIE

Spacecraft Rendezvous Guidance Method Based on Safe Reinforcement Learning

HENRIE, 2023, 50(8): 271-279. https://doi.org/10.11896/jsjkx.220700210

ETF¥#Cascade R-CNNAIFR ICIRIEH NS %
Fabric Defect Detection Algorithm Based on Improved Cascade R-CNN
IHEHEIE, 2023, 50(6A): 220300224-6. https://doi.org/10.11896/jsjkx.220300224


https://www.jsjkx.com/CN/10.11896/jsjkx.230600126
https://www.jsjkx.com/EN/10.11896/jsjkx.230600126
https://www.jsjkx.com/CN/10.11896/jsjkx.230600216
https://doi.org/10.11896/jsjkx.230600216
https://www.jsjkx.com/CN/10.11896/jsjkx.221000019
https://doi.org/10.11896/jsjkx.221000019
https://www.jsjkx.com/CN/10.11896/jsjkx.230100113
https://doi.org/10.11896/jsjkx.230100113
https://www.jsjkx.com/CN/10.11896/jsjkx.220700210
https://doi.org/10.11896/jsjkx.220700210
https://www.jsjkx.com/CN/10.11896/jsjkx.220300224
https://doi.org/10.11896/jsjkx.220300224

0 'H‘ :ﬁ‘ *’h ﬁ‘*‘ ‘% http: /www. jsjkx. com

COMPUTER SCIENCE DOI. 10. 11896/jsjkx. 230600126

ETHAIES Sk SCADE =& ik A B 3h £ K 7 %

BiEm: BHER? O F % O F B

I HEMEMARRFIHENBFEHAFR 211106

2EBERAARGAWHEBARAERIEHATIEHREALRE K 211106

SMEHFRARAMEHAKERLLELE  #Hd FH 441003
(wxshao821@163. com)

i E MAEKAOXERENEA L LR m BARGFL Sk ELLXEMBHER T2 M, SCADE 484 —# &
B AT AT L BRI RAT A LA A R E LSS ER TR KR @A X5 5%4E, B AT,
CHF R ERRRNTF L5 XMk SCADE A M XA . AEFREMN XA R —K RARNSELEH HAG R, PR
BT —HETARBZTERY SCADEEA R XAG AN AR T ., AL LR T A TEA GG XA G B 3h A RF %, d
FHRETERAEARR T, T AR E Assume Fo WL F A, B AT 2 T & B L (Trap Properties) 2 & #L
W kAR B RN TR R Lok, 4 TR T B Z 54 f % 550X 69 nl X R ) i 2 3F 45 7 %, 5F & SCADE #£ & L it 47
ERFMA;RE R AFEATRELRL AT AT LREH AT BRI ZRBETT L6 M, BIET FTEF 0
AR,

K £ A XS A BRI S I L SCADE; M X A 4 A 3h A w2 A )

FESES TP311

Natural Language Requirements Based Approach for Automatic Test Cases Generation of SCADE
Models

SHAO Wenxin'?, YANG Zhibin'?,LI Wei’ and ZHOU Yong'**
1 School of Computer Science and Technology,Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China
2 Key Laboratory of Safety-critical Software, Ministry of Industry and Information Technology,Nanjing 211106, China

3 Aviation Key Laboratory of Science and Technology on Life-support Technology, Xiangyang, Hubei 441003, China

Abstract With the increasing scale and complexity of safety-critical software, model-driven development(MDD) is widely used in
safety-critical fields. As an important modeling method and tool, SCADE can express deterministic concurrent behavior and has
precise time semantics, which is suitable for modeling. testing and verification of safety-critical software. At present, the existing
methods mainly use manual methods to construct SCADE model test cases,and there are some problems such as inconsistency be-
tween requirements and test cases,high cost and easy to make mistakes. This paper presents an automatic generation method of
SCADE model test cases based on natural language requirements. Firstly,an automatic test case generation method based on mo-
del checking is presented,which generates atomic propositions by natural language requirements processing to generate the as-
sume and observer models,and provides the rules of trap properties generation to generate trap properties for model checking.
Secondly,a test case quality evaluation method based on coverage analysis and mutation testing is presented,and the mutation tes-
ting is carried out on SCADE model. Finally, the prototype tool is designed and implemented,and an industrial case of pilot ejec-
tion seat control system is analyzed to verify the effectiveness of the proposed method.
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Fig. 5 Working state transition diagram of ESCS
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Fig. 6 SCADE model structure of ESCS
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Fig. 8 HAM module
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5 RETEMEFSH

AR TE EEA G SCADE M3 A A it T2 1 % 11 5 52
YSE 1B
5.1 RRITH

ReqTG JEHI T H E# AL 3 MR, B | 4% 55 5k S
Init SCEF B BRPE 5 A 100, LA Rt PR 81 A . 45 45 B 1) 1) B
wmr,

D EAZF KA Init SO BT H AR TE & 75 K 32 U5 1 A
AT i e 3 v ) 4% X ICBT,

2) B B B A A« 2E 0 R BIFPE 5 O R s fE T R

30 D3 4610 A= 8 - K B B P B % 4 R SCADE 38 i 45 %Y
I SDV #47 R3E, i F| Domd4j fif #7 % F 15 2 /Y S B
XML SCA 75 3000 32 F 50 9 Az w107 9 100 328 B0 A% S
5.2 RBiIHH
5.2.1 BAREBTEHERESRAFEEX

A SC AT Wi S (EIJMD R, e — X AR TE S T
RAF

Reql : WA FF & K_11 WA K K_12 IR X K_2 HH,
HF I K11 fF 56 K_12 DLRIF & K_3 HE, i FIF L

K_2 FiIF & K_3 b, W3R {5 5 B D) 4 ok 72,

HRAE B AR TE 5 W R Reql B4 iy b (] A% X 40 3% 2 i il
Ho s Inie Z5 PF4R TR B 5 5K SCRYS b 09 8048 52 8. M Regl
W) Time ZHCRE BN Y R Init Z40F Context F 51,
Behavior 17 3 Bl &

# 2 Reql iy

Table 2 Intermediate format of Reql

W JC 4 TG % SRS

(STA_X11=1 or STA_X11=0) and(STA_XI12 = lor
Init STA_X12=0) and(STA_X2=1 or STA_X2=0) and
(STA_X3=1 or STA_X3=0)

(STA_X11=1 and STA_X12=1 and STA_X2=1) or
(STA_X11=1 and STA_X12=1 and STA_X3=1) or
(STA_X2=1 and STA_X3=1)

Context

Behavior EjectSig=true

Time 0

5.2.2 AP E A& K AR TS B R

HRAE 3. 3 1 42t A E T, 75 3] Reql AH N 19 B BF 1
TPs, W5 3 Fr5l, Hf, TP1,TP2 F1 TP3 # Context 55
WEN 1 ¥ 3& , Behavior 2544 M HEN] 4 #51& ; TP4 #) Context %k
PR AEN] 2 #9358 s TPS 1Y Init 26 FRUEN 3 443 .

23 Reql WIFEBFEME

Table 3 Trap properties of Reql
TP 4 #F Init Context Behavior Time

(STA_X11=1 or STA_X11=0) and(STA_XI12=1 or STA X11=1 and STA_X12—1 and STA_X2=1 and . .

TP1 STA_X12=0) and(STA_X2=1 or STA_X2=0) and STA X3=0 EjectSig=false 0
(STA_X3=1 or STA_X3=0) R

= ST = 2=

(STA_X11=1 or STA_X11=0) and(STA_X1 1 or STA X11=1 and STA_X12—1 and STA_X2—=0 and . ,

TP2 STA_X12=0) and(STA_X2=1 or STA_X2=0) and STA X3—=1 EjectSig=false 0
(STA_X3=1 or STA_X3=0) T
(STA_XII=1or STA_X11=0) and(STA_XIZ=1'or 1.\ 11 4 STA X12=0 and STA_X2—1 and

TP3 STA_X12=0) and(STA_X2=1 or STA_X2=0) and STA X3=1 EjectSig=false 0
(STA_X3=1 or STA_X3=0) -
(STA_X11=1 or STA_X11=0) and(STA_X12=1 or not[(STA_XI11=1 and STA_X12=1 and STA_X2=1)

TP4 STA_X12=0) and(STA_X2=1 or STA_X2=0) and or(STA_X11=1 and STA_X12=1 and STA_X3=1) EjectSig=true 0
(STA_X3=1 or STA_X3=0) or(STA_X2=1 and STA_X3=1)]
not[ (STA_X11=1 or STA_X11=0) and(STA_XI12= (STA_X11=1 and STA_X12=1 and STA_X2=1) or

TP5 1 or STA_X12=0) and(STA_X2=1 or STA_X2=0) (STA_X11=1 and STA_X12=1 and STA_X3=1) or EjectSig=true 0
and(STA_X3=1 or STA_X3=0)] (STA_X2=1 and STA_X3=1)

5.2.3 ARG BHAL R A AL 3R B SRR SDV 3 45 50 E 15 50 12 9 B 305 0

6, ReqTG T H K B B P 51 %% 3 i SCADE L 55 JiF A%
A AT IR R Assume FDLEE HEBIRY, WM& 9 R, 408 3C
TR TR R % Assume, TP1_Behavior i Jif A= il (19 0 22
HRA

7 it STA_X11 =1 or STA_X11 =
V7 hit2: STA_X12 =1 or STA_X12=C

V" Context: STA_X11=1and STA_X12=1and STA_X2= 1 and STA_X3 =1
v hit3: STA_X2=10r STA_X2=C
v hit4: STA_X3=10r STA_X3=C
EjectSig
\ S s
false
STA_X11 >— 3
STA_X12 H 1
——— Resut
EectSigudge 2] Eehvicr >
STAD2 H
STAX3 >—

B9 TP A9 SR (R T R % D
Fig. 9 Validation model of TP1

C.osss CPF) A TP XA B — A~ . B 10 5 T
IGE TP B 3k A5 /9 52 9, B {5 %5 i STA_X11,STA_X12,
STA_X2 By{tik 1,STA_X3 YK 0,

SSM::set EjectSigludge/STA_ X111
SSM::set EjectSigludge/STA_X12 1
SSM::set EjectSigludge/STA_X2 1
SSM::set EjectSigludge/STA_X3 0

SSM::cycle

& 10 TP1 AR it xd i 3 441

Fig. 10

Sy VAR T AR AR SO R TAE AR R 1 R AR R 2
A Z G PR R IR B — 5%, O HLAR X R B A A L
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B HAM A A 61, 2 X B 45 T HAM Bibe iy

T AR S B I A HUE .

SSM:set HighMode/STA VIZ 1
SSM::set HighMode/Sta SJ 1
SSM:set HighMode/V 0
~ SSMuset HighMode/STA X3 0
|51 sSM:set HighMode/STA X2 1
SSM:set HighMode/Horigin 4096
SSM:set HighMode/currentT O

SSM:cycle

SSM:set HighMode/STA VJZ 1
SSM:set HighMode/Sta S) 0
SSM::set HighMode/V 5.90043063e-39
JE| #72 SSMuset HighMode/STA X3 0
SSM:set HighMode/STA X2 1
SSM::set HighMode/Horigin 3521
SSM:set HighMode/currentT 3.95451979%¢+19

SSM:cycle

SSM:set HighMode/STA VIZ 1
SSM:set HighMode/Sta S) 1
SSM:set HighMode/V 5.00000095
| #73 SSM:set HighMode/STA X3 0
SSM:set HighMode/STA X2 1
SSM:set HighMode/Horigin 1273
SSM:set HighMode/currentT 4.05693138e+19

SSMiset HighMode/STA VIZ 1
SSM:set HighMode/Sta SJ 1
& #54 SSM:set HighMode/V 512
T SSM:set HighMode/STA X3 0
SSM:set HighMode/STA X2 0
SSM:set HighMode/Horigin 531
SSM:zset HighMode/currentT 1.71136623e+16

SSM:cycle

SSM:set HighMode/STA VIZ 1
B 245 SSM:set HighMode/Sta S) 1
P SSMiset HighMode/V 1024
SSM:set HighMode/STA X3 0
SSM:set HighMode/STA X2 1
SSM:set HighMode/Horigin 2.90625
SSMizset HighMode/currentT 5.73333454

SSMcycle

SSM:cycle
11 HAM B — 40058 1
Fig. 11  Test case of HAM
5.2.4 M A 69 MC/DC & & 57 & 12 Fs . A sy I 9 38 = 7RI A 43 AN W A, Gk
il il SCADE TEST f Il & ¥ 10 1l i 2 26 2, 25 R 2T 1002/ MC/DC %%,
Covered or
justified / 43/ 43 (100.00 %)
Total:
Covered or
justified / 43/ 43 (100.00 %)
Coverable:
Not observed
Operator . Coverable Not coverable Total| e of % of
| bl
Justified| ot |Justified - Mot 4 |Justified - o fota coverable
EjectSigludge| 0 43 0 0 0 0 43 |100.00 % | 100.00 %
Total 0 43 0 0 0 0 43 |100.00 % | 100.00 %
K12 Reql BB MC/DC 2 3 %
Fig. 12 MC/DC Coverage of test cases generated for Reql
5.2.5 EIFaliXR4E R4 OLRBH
i 3.5.2 WM RE T, T T ARG T A Table 4 Experiments parameters
AR5 AR AR, B 13 il T — A5l AT CRC A BB XA WAKE  WHEE
i N L, = N EJM bi 4 1
ST T 075 5 R A B TR cre A Y e
HAM g 7 10
false, MSM  HiE % 9 1
Locait =1 <8kt RCM & H R 13 14
SCM  # i 2 1

true .—> SectSig
Local2=1
false n—> BectSig

Local3 =1

STA X1
) —pes
STA_X12

AR S R A A

true |—> GectSig

faise .—> EctSig

[ 13
Fig. 13 Mutation model

5.2.6 SRR ER B SN
AC/NAT 4 WY AR A G e R 4 ) R LR A AR KA
FU T AR A iy AR RO

25 FIH T DR ) 5 A BT R AL AR e X
o7 F9 e BHE P Jo 80 L A i 0 3 P ) Y 2 AR R ] A
MC/DC H#EH,

5 MC/DC 7 o 4 i S g 45 21

Table 5 Results of MC/DC coverage

e N MC/DC
#E B TPs R A B Bt /s P
EIM 5 5 0. 40 100. 00
HAM 18 18 186. 65 98.01
MSM 12 12 0. 50 100. 00
RCM 5 5 73.40 96.92
SCM 5 5 51.60 100. 00
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IFH T LLFEL, BT SCM £ 8 = 4, 53 7 B m
(EJM,MSM) 1955 U o 78 38 5 L 32 il 48 8 (HAM, RCMD
TER . 7E SCM BEH b i FI T 5K 3 A7 J7 iz 5 19 2 = 35
X T BT AR A R A

26 B H T AR TR A BT 4 R AR AR S A A Sk
i G A8 5 38 R BE R AR SR B iR R AR S AR D R
AR

6 AWK L,

Table 6 Results of mutation testing
e AR 1 1 A X s
s % E T RET LT SR x4
- 2 VRV,CRC,RRO, o : o 8632
- BRO,UOI :
VRV, VRC,CRC,
HAM 60 CRV,ARO.RRO, 53 2 0.9138
LRO, TPR
MSM rs VRV, VRC,CRC, 18 ] 00251
; ? RRO,LRO, UOI -
VRV, VRC,CRC,
RCM 70 CRV,ARO.RRO, 51 9 0.8361
LRO,UOI
VRV, VRC,CRC,
SCM 60 ARO,RRO, 50 2 0.8621

LRO,UOI

IS0 25 S AT LU Y Req TG J7 3 A8 180 A9 0358 1 431 i %
iK% 96 Y0 B9 MC/DC 2 3 % , v] DL A0 3 20 I 3 T2 il
T I ) A AR T T o B0 90 s AT L 3k )
100% B9 MC/DC B 35 %, [R I}, - 2448 5 43 $t 7& 3k 0. 87,
U B0 32 681 1% e B ke IR E ) B

A R I 49 R 1K 21 100 % 9 MC/DC 7 36 3% 1] R 2
A g LR A0 3 AU

103K FH 90 7R 68 56 %% S0 AT - i SDV S8 TE A, — B R %]
— AN A R L SDV g 4 57 BV 2R 11 56 E I 6 B4R
[, S 4 i AR RO 156 L 3R (1Y B2 — i AR 5 R
B3 (Trace) , 45 4 7 A U A % AME , OF BLAE S5 — 4 A I
L TR W R I E M B RS . FERXRME OL T L T RE S R
32 1)K e o8 4 AT 2F T 5 B0 MC/DC 55 26 K fig ik 5
100% .

2) TEX G2 0 HEAT A AL I, I L A 1S A 5 d ) ) B T AR R
ARH M D BTG A . SR FETE 38 R AT v L 3k AR S e 4 A%
PR i AR A R TR Y

6 MHXTIIE

6.1 ETHEHNMKAGBMNER

VT4 O o AR f M H R (MBT) AR i 2803 1
A I B — b A I . S AR e I vk
AHEE, MBT A7 LUt 58 48 B 38 o 28000 Jr s 4k 4 fn o Bt
WA 5T T MBT J7 3k« RATE JCPF T 2 i 530 B Be
A A I Bh L A R TR A I 5 O A T B
BT LA S ARG 52 85 SR AL HS 1l B R B 3 SO AR B A — BRI
SC, T REARR T S AR » A O i 8 O 2 18E — 20 £ 436 11 2 i 9H
BT, W MBT $0R A UML 287 3 fA BRAR &5 L

FSM #8877k . Li 4800 78 T8 1] bR 25 3050 0 3 O v, %5
2 AR T AR TR S X 43 A A R L 3 29 8RR TR
A R P A A R A R AE AR RS TR 4 A UTO I3 41, 48 H sk
HUGH T AN AR [E R A AR YT R B T NE-
SM MIEIE T 32t T NFSM A5 B b i 28 5 51 19 A= il 5 ik
AR U A 1 4 1 300k 5 45 6 RS TR R I 5 A FRAR S AL
AR A HEH T FE NFSM AR rp (138 R Mk vk 9 R T
FSM 7 A 9038 #3819 58 45 1

I A JLIE 55 & 11 TR RLOR 3 T & T i 491
B9 A A Y, Minj 259 2 F Simulink 19 Stateflow 48 %
B9 XML SCR ) 3 T — A5 S8 38 CRL 38 IR . B bs ofn 2k 1R
SO RIS AL e o A BROIR S LA AL O 3 3R A5 19 A BROIR
A HLAE 3 A
6.2 EFERMNKXAG B ER

Moitra 55V A28 7 i F B ST & 9 T H ASSERT, %
THRETIE LT K B 34 s H #. ASSERT M 5k
1 K PR 85 (Requirement Catch Environment, RCE) JF 4 , % 3
Be fu A TR LR RS AT SR AL AT 44T i A 8 5 R T
Ko SR TSR 0 M1 51 2 (Requirement Analysis Engine.
RAE) %I K47 53 M1 o LU BR T oK v (9 o 28 O 58 8 A
b A 5 S FEARGE I 3L S m B 3h A B B b B R B AR
U AR AR A A RN RO B . Yang S5 R
A IR By 1) AR B3R T IR T SR A A B SCTT — i it
T 2R 14 AR B R SR AR ko R I T R ARy ik
T LA A5 B0 35 7 SRS AY DA T £5 B0 AH R 1 I35 B b, 2B BRI
BRI FH ) L IR 45 10 T X STP B SR AT I3 Ay S 3 4347

AR ARG ) S — A 35 T SR A 2 6 0 A ik ik
Durrieu 205 2007 T 3 F I 24k £ AR 19 B 3h 03 8 61 48 a1
SeEE 2 A AT, Aniculaesei 25 F 2018 AE4R L T —Fhfi
F NuSMV 8 B 25 2% 19 B 35 B8R 48 B 37008 A 91 A i
vk, 3% & T Whalen 25050 F 2006 4R H 0 3 AL TRk
[ 78 35 B #fE . Bl RC (Requirement coverage) , AC ( Antecedent
coverage) Fl UFC(Unique first coverage) , fix J& 18 13 2% 5 1 i
P 2B WA T3 8 A T i, %5 F SCADE L L4 1 s 24,
Aniculaesi 45 2% OB X F 7 2 4 B E SCADE T EL 4% o, ffi
M SCADE T H 1) SDV 1 Jg M Bk # #5% , fh 7] 75 1 8h 25 3
REMIHARGE T HATLEG . BB TRIEFMMR. AT HE
NuSMV | 52 B 25 . 9F 47 b 48 Aniculaesei %5 78 [ 1
MATR G L 5 T SCADE T. B 4% 77 ¥, fH Ul T RC
AN

GERIE AR T —MET B RIET TR SCADE
AR ) 1 A T . TSR AR R T BE T AR AL I Y
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Ry B B 5 S A R A B B R 2R X R Y T B R I Assume
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