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Abstract: Airborne software is widely used in aerospace, which dramatically improves the performance of airborne equipment.
Nevertheless, with airborne software's increasing scale and function, it is challenging to develop airborne software. How to ensure the
correctness and safety of airborne software has become a difficult problem to be solved. Model-based development can effectively
improve development efficiency, and formal methods can effectively guarantee the correctness of software. To reduce the difficulty of
development and ensure airborne software’s correctness and safety, this study proposes a hierarchical refinement modeling and
verification method of airborne software using the SysML state machine diagram subset. Firstly, the SysML state machine diagram is used
to model the dynamic behavior of airborne software. According to the proposed refinement rules, the initial model is refined to obtain the
refined design model step by step manually. Then, according to the dynamic characteristics of the software model, the SysML state

machine model is automatically converted to a network of timed automata, and the formal TCTL properties are manually extracted from
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the software requirements for model checking. Secondly, to realize coding automation, the SysML model is automatically converted to
Simulink, and Simulink Coder generates the source code. Finally, an automatic flight control software is developed and verified based on
the proposed method, and the experimental results show the effectiveness of the method.

Key words: airborne software; model refinement; model transformation; model checking

BEH VH LR AT WOR S T2 N, WL 2k RATHE . A5 AL, KOsl DL 2 4t
AR R A% (LR B (0 22 A PE A A B 5 RO OB, — FLBPE 2R 2%, AR AT g3 i K AW P2 B R RN
Rt BRI R IERYE . e, MR A 2 E . A TGN HEA R A, A
B, TS A v R P ) T S I 26 H B R 2% B 23 (radio technical commission for aeronautics, RTCA)$ Hi 1) i&
AR bR R R SE bR DL AR S, HUE T HLEAR AR I & AR 36 ik 3ok st Hp BT 2505 2 1 — 26 H
B, HIEARIRAERELN I T R NS 7 2 U AR SCEE T DO-3312VR1 DO-33 303055 v o) L 48 40 2 kAT I o K0 6
TE, T 2k T ) 3@ AL bs M PR AR G AR 3R 5 5%

70 R LA AR, 9 N DA R TR B EAT LR A I R R AN SG TR, BERLGAE T, (8 T 0 R4 LARREAT
E, ESRBIR R BIRSAE . A SRS AR A T B, T RURIRER @ T R . AT RN S R
F T A T R ARE 3 0 WL A AT AR, A4 — #8505 = (unified modeling language, UML), R g #5515
= (system modeling language, SysML)4%. Hidt, SysMLIE UMLP 52 35 097 @, Scfett S sk . shasa7
by UL R i A G R AT AR S [ M) AR A A0 2 6 5 8 K T SysMIL BERUR TR 6 AT R4 SCk[7]
SR AL T ) R AT B TR vk, R A2 ) DG IR R ) G AR SR SRR 1 TE i AR 1 e sk

BT 56 2 — Pl I A6 73k, r DL B S o 2 40 16 oh A s v o et ] S A M A aE. H o, R
KRB T AL I J7 7 O 2 AR AE — B 5 T, 4035 NuSMVE!, Spinpt®, UPPAALU D4 Fi) ] 45 A 4 # SysML
e R AR, n DUE A X T H OV IS0 UE R 23 AT RE J) . JErh, UPPAAL mJ DU S I 3R 48 AR A B ) B
Zh#Hl(timed automata, TA), B LAXT H AR RGBS ASAT AT T B, B0 UERE R 2 75 5 A I 1] T8 B0 312 4 (timed
computation tree logic, TCTL)“”?%?T%%E"J T A A .

RS B 2 A mT DL = B I R B Ak, BRI T ORI CAE L. D SRR B B g di, wT DA AR A
) SRR AR AR K TR, f Mathworks 23 w] JT & (9 AT #LAL 017 5 T H: Simulink. Esterel 2 ] JF & ] SCADE
S, WISCHER[12]% UML 45 Simulink 254585, H3IAE B IR0 7 @ AR,

R OR BB AT e VR IE S, — 07 107 B A s AT B3 AT 20 A, SREUECE B D R v =R oK, (A I
P ERAF BB B A HEAT 20 B, AR SRBUR AR (0 2 A e FR SRk, DASCRERR A T R RN AIE; 55 — 5T, AERARETT &
FEG IR R R, AR & RS AEAH NI B AR, AW BRI R R R B e B S A S S E B AR, T Rk
Ty, ASCEMT —FE T SysMLORZSHUE 75 LA AT 70 2 45 A6 B 5 500 /7 v (a1 1 o).

S S RHHE
Iiﬁ_iﬂ]
witmk e | istsysme | et | stesysme | o | simtink [ e
Ohfigte, ety || RS RAHUBLR | Hepe e JALE
1*;@%44@@
e TCTL 5 il TAKL LR

Bl 1 BT SysML 973 J20 A0 1 B 56 UE T7 VA HE 28
FE, FIAT SysML it K EIRHA R SKHLBCRAF iR, (TR S B HIR, JET SysML ARZHLIE (state
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machine diagram, SMD)T4 8 37 ) 4f ¥ VA8 (75 2w SRR, SR 5 T 2 N FORE A4 K000 75 281 3 40 45 10 A 7R (i
R RAERL). (R B,  37 00 R AR R 0 SRR BRI AR SR TA) R IE W DG ZR . AT P A SR B PR IS [RGB, 2 5 B
A th B e U, DR b A A SR AR ST S, L [ AR A 4 0 Ak B i ) S PSR, AT SR T 3
FEM TCTL TE A FTdEAT AR A 36, 0 A T8 0k (AT, 8 B3R SysML 1520 9 i IRl AT A B A 56,
HBPTEFRAAGE AL, &5, FR BT A3 BB /3 3 Simulink 24, M Simulink Coder
H 0 A4 R AT,

BEEZINEFEAR M A (1) W AR AW B AT A A E R, ARBEIL 2 AR IER Y (2) R T
SysML ARZSHUS Y PRI, AT HEAT 43 J8 A (3) SR A i R N g il o 5 o 82 | B 4.

AT EBEA AR, B 2 AT SysML ARZSHLIE T4 BURE A0 A0 RS 44 455 512 491
B3 IR AR R R R L WU R S, JE o AR B B e R IE AR, B 4 WA BB TR
SEUL. B S A S 56 IE S B VA A R, 56 6 1 AT B AN O TAE IR S A ST R TR, BB 7
R GEA S AR IR AR 5T In).

1 EfFIRNE

1.1 i&fukREDO-331F1D0-333

HUB AR Ay 2 4SS AR P, 0 20000 Bk 38 o 5 A RE e N AT RTCA R Aii TG ikt DO-331 Al
DO-333, AMLERIEN 2 At CRERIR AL T H & B o, HHr, DO-331 $2 4L T —Se A7 b5 itk o {45 284 47 #5451
AL 52 DO-331 HREAUE AR 4, FEHLEIR A1 A ay R 0 J5 k. v BEALRIEAR I X 3 AN Be. 3
o VIR R B AR B T R, RS VR B R BAR GO T SRk, A 2 B B L RR. DO-333 A
WT 3 I MeTrvk: WEE. BRI . R mER. BRI SIS, A SRR R e AT
UE N 5 5 PR T A8 58 S0 5 R AR AR L, mT S T 7 SRR T ek R 0 o b UL DRt A i
FABLRAS 5, SEALEE R AT T AR 36, 56 E L% 75 TR RO RN, R A AR R T R
DO-331 Al DO-333 H5E K H 5.
1.2 SysMLERFIIR 5 F &R

RGN SysML S X % 45 #E4] £ (object management group, OMG)#E H bR EEAE 5. 78 52 Fr b A
o, WL BN 25 I SysML 4o &, 5 T WL 30 AT A @RI SR 22, A LA R I8 e MR
WL K AT A M SR U, JEIR SysML AR AL T SEBEAT AL 2 A A5

(1) s/

S/ MR AR IE B SysML -4 2 1 A AL A A5 1) 35 /N T 4. SysMLRZSHLIE 8 LT 3 BRI
A7 entry, do, exit, ‘B A114r A AT LUHBEARES . RS W B SRS UG HARS BT mi A%, Ak, T
/MR, A TAEEEURPIR S LT A @4 entry, do, exit.

(2) AIHEIRPE

AR PEFR L B SysML 148 A2 LA T HLACR AR B, A TAE 2225 B LUK A 30 AT b 1R 22 A PR
WEMEREAT 2, Hoh: 2 v OB DRSS HLAE T IEH I8 4T, LRSS AR AT . SRR SRR I, 1
PR PRV A IR AR B2 A0 A5 5 7 SRR I, EEM B RRE . TR LA B As i

o FR FEEIUR N, BARMERTRE. T, L. ZEREIATEL, JF4H SysML REN
THRIEA M E X.

XL AREHUATBLE SO —/NTedl STMi=(S,80,51,V,T,CS).

o S HREMAMES, MREFEH AV RE(nitial state). & HARZS (simple state). 5 ZOR A (final

state) LL J 5 AR 4 (composite state);

o s5peS, RNV,
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sieS, RNERLRE;

VR A BRAE S, JLEIR R A B i YL A K B S AR 4

TSSx{Tri,G,Eff}xS, RARET A RES, Hrh, Tri RonFH M-k k%, G Konsr L, Eff Ronim. J§
ARAS ) H AR T8 1T 5 AE t(ss,50), t=(5s,tri,g,eff,s);

CScS, CS=SxTxS, B HRE, NEIREFIREULFREZHTE. EEIRENEH L 5K
BHUBAREM, EERESFEIIN, ERENTHLRRE, EERESFEIN, 7 HAG A TREFS).

SysML AR &AHLAT4a 4b TR EEIR A so, JEMRFEIERE L1 tri AT g BEATARSIERS, [FIBSHAT eff, BEARZORA
s A HUGEAT. IEB R ] LG AE 5, —2 s —1s,..—2 s, .
1.3 UPPAALEREENIR

UPPAAL & — M TSER ARG, 1 BAIGAE 15 oA 5. UPPAAL 4wl 28 R 4uAT MR NI B
ZhHLIM 4% (network of timed automata, NTA), L35 0] LIt R GAT AT B & PAT, KRS R RGURA SR
ARG L L TCTL A3,

EX 2. WAl B shHLAT L S — 7S T4 TA=(L,l,V,Act,1,E), H:H,

L 2 i) E S ML A7 B A R A

loeL & 1H) B S AL AT 4A 1L & ;

VR R RS, 3 I Ph A A A A

Act B I BRAES, A4 AGL 0 2) R G A R £ 5

LL—>B(V) &R B L AR V WU, BB AR, T 20015 5 B I 4T 5. BV)R&
U x~expr BIARABHIES, Ho, xeV, ~e {<,<,=,= >, expr L& SE

EcLxGxActxUxL Ko7 IR S, Hlh, GeB(V)RWIEB LA FMRS, U 520 I 4has i sl
AL TR AR, JLTTLS A e(lolysl ), —<0 1, 3, geG, acAct, reU.

) B SIHL I BT L RS L T RTAR AL Lo, AL EAZL KN )AL LA A g I, nTBUER 2= R M E I

AT _EREE o W) B BT RS B 1 BA S 4 |, — ), 8], Sy

TEN 3. ] B L4 AT LA e L —A 7041 NTA = (TA, Decly, i,

TA=(TA,TA,,... TA ) SE T F ShAL I B4 4
Decl 4 J7 7 WA ISR 2, LG MR A8 By I B A B0 ) 45 12 3 0 4 J) 7 1.

IS TR B BATL Y 25 2 B — 2 AH B VAT HUAH TSGR I 0] B sh L2 s, B TR) E BhAL 2 TR i 0 4 s 208 A
4 Ry I B AR R AR B AT RS L
EX 4. TCTL F) ERH 75 X (Backus-Naur from, BNF)#& 241 :

@::=p[not ¢y and @] or @y @y imply @ A[]p|A<>glE[]p|E<>¢.

UPPAAL T 1 TCTL ¥ S A S H 2 A RRE AR, 502 %EAR. REAR TR
AR, [, B A AR BB . RS AR, p FRIE A, okt p AURIRIE. B
A3, A(always) &R 445, E(eventually) R A7 4E A A2, [[RRZEAE LIRS, <RREE7E
F ¥ AR

UPPAAL i ¥ TCTL 45t n] 43 A nl ik . 36 MR e Ak, HARS SCanrs.

ALk AT IA PO A AT R R MR T, AEAS A R AR D AT N I, T UAE A A . dn il A R
E<>light KA £ AT B2 15 7 L5z (light);
W TR R A R A e, TR ARV A Th A, A P SO P R R &

RIB o i LI, o B AL S
el e VEE A WRRIUE N, Allp E[le, T TR <KIFG A0 A kL. #lin, Al] not
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deadlock 7 T & 4% ] 3k KR A AL B, E[] not deadlock W36 7n 77 78 3 B8 4% BT A AR S T AE 41
TCTL R & P A 2 2] 46 36 455 70 T REAT g LA (R AR TR E Af 1k, TCTL 2 A PE 2 s T B0 uE R 7 22 A
1.4 Simulink/Stateflow £ &t &1i8

Simulink J&—ZK D BESE K T EL TR, CREW )& RGEAT 07 BRI 4347, S 2 /&, Simulink Coder 41
PESZ R T RER 0 A SRS 2 Y. Stateflow & Simulink 9 —ANEAE, © HEHe, RE . T4 ELL.

FE X 5. Stateflow 7] LAY & S —A>FIG4 SF:=(S,Var,T,t,Ch).

o SHREMHMRES;

o Var EREMNARES, HEIEAKLA intl6, int32, bool 55;

o TcSx{Ev,ConAct}xS, KRS BAMRES. Kb, Ev R FHM, Con BRLA NS, Act RoanshiE.

TR AT EAE t=(56,6,C,,81), HeH, se RRBERE, s R n HERIRE, ecEv, ceCon, aeAct;
o tyeT, 2 Stateflow T IHEINERE, $BINVILHIRG;
o Ch=SxTxS TynEH. EHRARENER, OFTH. BIATBARE, BREZ LT —1MRE

2 ETF SysML REHNEFERM D EBILEE

2.1 SysMLIKZSHLAE (LN IR 8

ASCHEH THT SysML ARZSHLIIRT AL T 75 723047 WLECR AR 85, DAk 73 R B2 0 . A SCiR )
SysML IRZSHUASHFLN 43 3 2 FiS RS I BAE . SRS L UL BT B R, o T 7 (i,
A5 ~R R R R, nameS) K IRE s AWK, 5 SERABUEWIRSES, TERBNERITEE
&, VRISKIG IR EF, triv, o, eff 730 R i AL il 48 . <7 DRGE W, CS' Rk G B & RE.

(1) a7 PR P 13 SR £k

S0 1. ref (state_add) = §'=S U{80,8,8ct, N#M, 8,8, €S', name(s,)  name(s,)

S~ 8, 5~ {5,555}
FUN 1 R AL JFURAS T & Ll LB 18 2 /M IRES s0.51,..,80 BUIRESES SKi N ' 4 Tl Suamr &5,
R G FPRS A TIRE R B A S EEA.

(2) T ARSI 73 RS 1

LM 2. ref (state_composite) =

§'=8/{s}UCS', Vs;,s; € S', name(s;) # name(s;)
S~ S’ 5 ~CS'

FUM 2 Fom— AT AR s — AN R AR CS', CS'={S'xT'xS"}. i i K A0 A1 43 F) 8 Bobh 26 2 AN ik
BETOIRE, IR SRAL AT RS A R TR RS 2 ) 1T #e . K A5 IR B G IR AR R AN RS 10 42 7R
BIARMIA. R JE TR T'=(tt=(sstri,g,eff,5),5,€5',5€S'}.

(3) T HIKGL

P IS ARG AR U T 43 DAy 3 3843 B RURS AL 3T A% A5 I .

T' =T Uft}, t'=(s,,tri’,g’,eff',s,), s,5, €S
T~T'

FUN 3 Al #, RoanfEi A TS T LHIGTR t=(stri',g eff',s), Hrh, tri, g/, eff Al LU =2, A

t'=(8:,9,3,,8).

FEAGIT R PR SR 4~ 6 Jrow, ZEARESHL BRI 1Bl b, o i fid k2% sF TLER R i 1F
ATHE R TR AR, T B AS RN 4 20T bl a4 R Ak,

FM 3. ref (transition_add) =
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L0 4.
T'=T/{po{t’}, Tri'=Tri/ {tri} U {tri’}, t =(s,,tri, g,eff,s,), t' = (s,,tri’,g,eff,s,)
T T, tast ’
T'=T/{u{t}, G'=G/{g}u{g}, t=(s,tri,g,eff,s,), t' =(s,,tri,g’,eff ,s,)
T~T, twt '

ref (transition_trigger) =

FLM 5. ref (transition_guard) =

L0 6.
ref (transition_effect):T =T /{t}uit’}, Eff' = Eff /{eff } U {eff '}, t =(s,,tri,g,eff,s,), t' = (s,,tri, g, eff ,st).
T~~T', t~t

2.2 SysMLIRZSHLAE 1L 251

AT CA— AR BRI R R A A IR A ], el R R0 0 5 1 R

o WEeETE 2() TR KIWIEE SysML R, 12 55 F(OFF) M T i3 (ON)IRZ;

o (ERERI(HIIEERE BN USRI 1, W DR RS F i (FAULT), 1T 308 #5 J5% e AR i e IRDIR A
SRJE N RS AL 3, 300 T 3E% ON %] FAULT Al FAULT %] OFF, ¥&4b 5 MRS A n i 2(2) FioR;

o FERERIQ)MISERE LN HDREL LN 5, £ OFF %] ON FIER LN 7 3 A~ BIEN AR AL 4, 7
ON | FAULT WiT# L asinfil & 2% ERROR, #3214 2(3) o ibizy;

o FERERI)IFERD LN HDRE AL 2, 35 17 BOR 2 ON RS b o — N AARAS, IR AR AL 1435 ON
BREIRAS S S={IDLE,PLAYING,PAUSED}, I Rmhes. BMCAE(F. R GRS ON H4F ALk 1A
3, WINRERESZ MENTE. BG4S 21 E 2458 #2458,

o - . " o )
| [ o
I'ﬁ' L :.!.I J' "%' = £ CLOSE
' ~ C10SE OFEN
OREN sk OPEN [ ¥ I"' ::]”“-'i
- el
FAULT J ON j FAULT | OonN
T Y —_— -
) — ERROR
[this. Errorexist=strus]
(1) (@) (3)

“
B2 & i RS A7 1

3 fEAIEER: A SysML 2 TA #1 Simulink/Stateflow

3.1 SysML2TA&EI 41k

T AHEEIE AL SysML AR EAT JE AL KE, ASCRA T SysML A8 £ TA BB [ 3h#6 ¥ 79%. t
T SysML IR AHURTIN [a] A S HLIE 25 R AR AHAL, AL SysML2TA B AL e H i, —H LA e &Kl
PAIFEAT — S — Rl 55

TR B b T U SUFITE VR H P AN J2 1M, SysML2TA KR S5 3 HE 4 4 18] 3 BT 7R, SysML AU I TA 457 ()
T AN %535 75 A MOF (meta object facility)!" > 4% [ 0 3 [ 5 S, A SCIH Ik 7 37 S 25 1) e S 0 0 2 4T
FR TR 5 A 70 2% P T B S DA R e e vy L AR TE V2 4 e 4 T XML (extensible markup language) SC AR 3E 4T,
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R4 SysML SCAEL MU AT i #T SysML.xml, [FIB, FR4E TA 1) SCATE v5 B0 A2 3% 3 )5 1) TA.xml (SysML
ATA B RARSCAREE AR S H ) XML CAEE, RTRIE, AR HAAREE). &5 H UPPAAL
FIJF TA.xml SCAS, EP45 2 & TEAL TA B8,

- (i . i -
TEHUR SysMLIGHERY DR EE ] TATCHIR
i ey
i g | SysMLICASHER! TASC AR
§ 2 :
BUREE COB) | (sysu ) | 1 > | aaan
F :i-;I l AUPPAAL
BUSE () | sysMLgHERY TARFRH

3 SysML2TA #4574 5 45 flE 48

S35 1 J& SysML2TA H BB R R (1 04 AR A, DL SysML BB SN, frh — AN i) i) [ ZhpLIm 4. S
3 47 parse (STM)Z /i BT SysML ARAHUBAL, T A3 BN BALRE . TR AL BB ITTR, (BB T R4
21 elementArr . 55 4 475 7 4745 SysML B8 rp 9 READN TR E B M I W) B S LT R, IR e TA
B, BRSO 4 17 R T EUA elementArr Hh & —MNERCRL TG R E; 7E5 54T, MRS SysML2TA Bl
B Trans1, 454 TA SCATEAS S84 B AR I0 32 (M TE 1B template; 55 6 47 37 i 4515 3 I B 7%
g H s TA RS eh, 55 7 AT ORI A IR T 3R QR 58 1. 28, B8 8 AT 40 Y B4 A3 B ) E B BIL I 45
B3E 1. SysML2TA R #: 4i.
Input: SysML State Machine (STM);
Output: Network of Timed Automata (NTA).
elementArr«—parse(STM)
for each element E in elementArr do

NTA.add(template)

end for
return NTA

5 1 ) SysML2TA Wbt B 0] Trans1 4% A Trans1(STM ) = (TA, Decl) , HJi:

(5,50,5,V,T,CS)—(L,1y,V,Act,lLE),Decl).

HITER Sy, BN sys "M TR SysML ooz, HIAT4i“ta X x A A 3 HL(TA) K JTE.

(1) RZF B

e Transl(sys_S)=ta_L, :RZ sys S b ta L, SR 1 RN 1;

o Transl(sys_so)=ta_lo, FIUIRZS sys_so Wbt TA H AR E ta_ly, BRI 1 BN 2;

o Transl(sys_sp=ta_l, LIRS KFREPAT NHIZEK, BT BIIHLHEH AL E IR, il Hilm
PE RN ) @ EIHLES R, R, SysML I ZORAMU 4 TA (A E, /5313 1 M 3.

(2) A% 1) s

o Transl(sys_V)=ta_Decl, ARAHLH 1748 5 B I o) B ShLIK 4 /A & 7. Jorp, HEJE0 Integer,
Double F1 Boolean 43 Ji| Bt &} 24 Integer, Double F1 Bool. [ & X T W i} Jg 45 # AR 2T struct, 533 1
FP IR B I 4 ) 7.

(3) LRI

o Transl(sys_T)=ta_E. SysML HILF B4 TA Hi)id, M35 1 RN 8, [a] i) 75 OREF 4T 5

1
2
3
4
5. template<Trans1(E)
6
7
8
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TR YR T SR H AR 3%, B ta I=Trans1(sys_ss), ta_l=Trans1(sys_s);

o Transl(sys_Tri)=ta_A. sys_Tri JIWr&Hl Blfil A 4515 5, ta_A PR A [R5 () A W 2 B 3 W 3 R 25
S Bk, sys Tri Bk tal A RIS TR, B SRER ) 9;

e Transl(sys G)=ta G. SysML AT 57 T sys G WL HINLI K ta G, 33541 10;

o Transl(sys_Eff)=(ta_A,ta_U). sys_Eff AT FHAT AT . TI7E TA Y, 323530 AT
phy AETEH ta A 5 ta U HPRGEH 25, Nk, sys Eff Bk ta A Rl ta U WS RIZE, BIEE 1
PR BE BoRR I 11 %5 B ) 12.

(4) BA RIS

o Transl(sys_CS)=ta TA. SR W BN 4 BN R] B ML, BUAGHCRIN 13, B4R 3 iR A A
TR ETCHE RIS TE(D-1EIEQ) BN, B 1 b it 180 12 JE47 g

KT iR BB A EAAL L 1, I SysML BER R ARES AL BRI TR, & A e #=i5%

ey 1 AR FORBA I R, B4 SysML #] TA (¥1H (RB S ) W2 1.

# 1 SysML | TA W A )

' ) il RE
1 state2location ARSFALE W& AR, H )
2 initial state2initial location IR A WL S W) iR 47
3 final state2location T SRS WS S oA L B A B
4 integer2integer A R
5 double2double 7 A U
6 boolean2bool A K R B e
7 user-defined2struct H e TS Ay &5 44 1
8 transition2edge TR i
9 trigger2synchronisation firk g 2% 2 ORI S kg Taw N [R) 2B
10 guard2guard RS PSESRN
11 effect2synchronisation R S A i s )5
12 effect2assignment AR I R s i
13 composite state2timed automata ARG A B A 3L

3.2 SysML2Simulinki# B 4E i

J AT R A ARG AL A, ASSCRH T SysML B2 £ Simulink/Stateflow B (1] [ 2 4t 5 %, Stateflow
PR A T — BT BOR AL, JCRIS 15 SysML RASHLEAIL, #5 ik RS BAL, — % BT
FAEAT DL E L. (38 SRy T, AN SCE R 37 SysML Al Simulink TGRS [ WS SEI0TE SCFE#e. EE
7T, AT AR MATLAB JIA A & Simulink/Stateflow #5078, RIVRE #4461 H br SCPF 2 Stateflow API
BR AR ) MATLAB JEIA. H AR SysML SCACEVARUUAN Stateflow APT LI BEAT# #e (BT, A SCA
4 Stateflow APT HA&{E %),

3% 2 & SysML2Simulink H )RR FH ) Oy AU, BL SysML B AN, Hith—A> Stateflow B84, 5
15 347 parse(STM)R b SysML ORI RS, SRAFHIA RS . 1T AR08 MHAE B, IR AE e T 5= 4
41 elementArr /1. 55 4 4755 7 AT R BB B RZ 0, R SysML BB R AR TC R E FeON AN Stateflow
MR GE, A 3 4 7w B G E A elementArr R —ADNUEBRCE B B OS5 TR
SysML2Stateflow # N Trans2, 5% Hbx Stateflow 1% 70 2 4) W [ Stateflow API; 25 6 17K #6818 31
Stateflow APV IN 3 H br Stateflow B 1, 5 747 i A3 YA A J0 3R e 58 . 5 8 47 IR [T e 46143 3] £ Stateflow
B, e gt

&% 2. SysML2Stateflow & 4% 4.

1. Input: SysML State Machine (STM);

2. Output: Stateflow Model (SF).

3. elementArr<parse(STM)
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4
5
6.
7
8

(¢

for each element E in elementArr do
Stateflow APl«Trans2(E)
SF.add(Stateflow API)

end for

return Stateflow Model

MRV L 7% 2 ) SysML2Simulink % 4 30U Trans2(STM)=(S,Var,T,td,Ch), i /2:

A
(M

@

3

“

(8,505, V,T,CS)—(S,Var,T,td,Ch).

TIAEX 5y, dINET S “sys " TR SysML KTt E, T4 “st & 7s Stateflow KL E.
R 1
Trans2(sys_S)=sf_S. SysML HI Stateflow tRA S X —3, JLLEBMS, 358 2 1A 1;
Trans2(sys_so)=sf_s. Stateflow T A YIRS ICE, HIINEE T M FPRESZ Stateflow BRI UGG
BRPIRAS, TG, WIEIRAS sys_so B A2 BN 5 (10 sf s, 1938 2 L4t 2;
Trans2(sys_sp=sf_s. Stateflow % H LIRS TOE, (HERA i ITR 1R T LR Stateflow (1)
ghoR, DRI, sys_se WS b ToHi B R 1) sf s, RIEE 3L 3.
AR H (1 B
Trans2(sys_V)=sf_Var. R Z&HLHIZHE 258 Integer, Double F1 Boolean 73 5| W4 2 Int32, Double FI Bool.
H € XMWy Simulink [ 8 L& HE, RIS 2 AL 4R 7.
1T L
Trans2(sys_T)=sf_T. SysML # Stateflow 1 (13T B #B R RS AR, W E R, (RIS 75 ORRFAH B
BORAT HARIRA, BN sf se=Trans2(sys sq)#1 sf s=Trans2(sys_s;), &4 8;
Trans2(sys_Tri)=sf_Ev. fill &k #% sys_Tri UGB T A BePAT, Fitt sf_Ev RAEABRPATIERS. Kk, 1T
# LK sys Tri Wik sf Ev, BRI 2 BOEEHRE I 9;
Trans2(sys_G)=sf_Con. ¥ 1L sys_G F15cf sf_Con # @AM /R FKIL, YRITH &R EIIT. B, sys G
Wed A sf_Con, f95E#eREIN 10;
Trans2(sys_Eff)=sf_Act. sys_Eff & SysML iT# AT M B0, W BUR b Stateflow IR AT (1 3)
E sf_Act, BRI 11.
S RAS (R LI
Trans2(sys_CS)=sf Ch. Z A IRA sys CS W B A [FFE S IREFIRERIT B M E e sf_Ch, 53k 2
PR 12, A RSN FIPRE . TBSETEEBREE()~E G, a2 2 (R0
1=HE0 11 HEAT Bt

MRAE L IR B R L e Sfe g, R 4595 SysML 3| Simulink/Stateflow [f%E 0 0, T3 2.

%2 SysML % Stateflow B 5 1 U

Gii 7 AR filRE
1 state2state RA&H WG
2 initial state2state WIUEIRAS W R BT R 48 10 (RPIR &S
3 final state2state I ZORAS WL R TeHin A RS
4 integer2int32 FERIWGS O int32
5 double2double 17 RO H R
6 boolean2bool A /K T B G
7 user-defined2strut H e SRR E R
8 transition2transition T Bt
9 trigger2event ik 2 i WS} Sy A
10 guard2condition S TL S 4 RS A
11 effect2action R WS Ay ) A

12 composite state2chart A RAS IR B B
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3.3 BV

Bl 4 25— /NPT S B AT SysML A5G TA B (W 4 sz 9l, 18] 4(1) 2 U5 SysML B8, A5 3 AMRES
off, low Fl light, 73 HIF/R K. KL, iy b int BIEIE AR 5 RORETA], press A7 /R B E 4 A8 5 R OR IF %
FZEMRE R GIWILE R K (off)IRES, FITFIF K (press)/a HE AN “HE RS, JFFEIER R<mlBhy & 07, 2
S ISF ) P9 (y<S) POt ol TF G HE N s R, &b Feosa R A I BAE 3E N IS IR A A I 8] Ji5 (y = 5) P I s i
TR, SIS K (off)

IR AT SysML2TA AL R, AR 5% 1 28 3 17 parse(STM)f#HT SysML #5145 2 H i 7 o0 % ny)
U5 IR A Initialy IRZS off, low, light. ZZ 5 press, y 2547 2 T R H 4 elementArr 1. ARIEEIE 1 H5 4175 7
T3 E P I IC R E, RIER 1 B me B0 Trans1 SEATH#6 M, AR HE 2 1 B 2 B W45 & “Initial”
e A ) a6 A7 B “Initial”, AR 1 KRR “off 4% e A7 B “off”, MMM 10 AN 11 FUEITFE “off 3]
“low” I [ 55 1L “press==true” Fl 5% Wi “y=0" 4% # 24 H ¥r “off* | “low” 1 I 1] 21 5 “press==true” F 5 H “y:=0". I
PR R R B B 1B 5 AT, KRR B TA BEAY 0 3 I SCAE A template V3 02 TA B8, 5 2445 2]
42)PT7R I TA FEBY.

R R, MRS 2 RIZR 2 B s U HE AT SysML2Simulink 5581 5 #e, dn gl 4f IR 25 “Initial ”HR 30 3¢ 2 AU
2 B BN T B 48 1) IR A “Initial”, ARAEIN 1 KIRAS ofD 5 e A IRAS “oft”, MRHER 2 h RN 10, FLI 11
U5 <off” F “low” IT # b (1) 55 T “press==true” F 5 Wi “y=0" 4% e Xy H H5 #5 &L v <off” ] “low” T 5 I 11 5 1
“press==true” M AN {E“y:=0". 5131 E 43)FT/~ 1) Stateflow FEH.

Initizl

(1) SysML 7Y - (2) TA FE7) (3) Stateflow #5 7!
[ 4 BB A5
3.4 HEBIFIRIERRMEN

BE TR RGN AR, CRAUFA LY B 4 (R A P AR B R AT, B AR R e 1 A A (R A T
ARGy MR RTE AN BT, — BB BN, R B W R A VR R SCIE P I, T DU WS e I
TR, AT 5 450 1) AT A P AT S AT

(1) FEVEIEHAE . V8 V2 00 T e A0S A e () FE AR SR, BV 015 20 1) H AR B R 6 B AR A . 7
SysML2TA #EAV 4 rh ) K35 TA SCATEVEBR A2 i T SCABEAY TA xml, H. TA.xml fg4% UPPAAL 733 TA &
TEALRERST FTT A 25304, U8 W64 5 OB 5 & TA YEVERN. 75 SysML2Simulink %47, #4F Stateflow
APL VB B T MATLAB A%, HEA G247 £ i Simulink #7Y, i8] SysML2Simulink %1 H #8531 157
AR

(2) WVETEATE. TER MR IR A T R e T 5. AR50 2.1 b, AR S R R 4 A
PERRNEI T SysML FAR TG T HEA; 30 3.2.1 9 50 45 IO RS B AL 30 0 X B B SysML 4 56 42 7

(3) B AT b, T VR RS YRR A IR AP R S 0 A BN 1 B AR RS 3.1 T
3.2 7, fESRE L RIS 2 v, YR SysML BT PR AB AT N I bRAR Y () AR BB AE A RPN SE R, HLEER 1A
F 2 ATH, AN H ARAE Y (0 ER 101 WS, DR a1 B0 I H AR A2 A e HoE—

(4) 1B —FbE. T S Bk R RO B e By I bR UE, TSR S AR I A5 B0 AH [ N I AT A
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(¢

47 . AN TRRBI AT REZ IS R, U R DRI I, S AR LU B8
B BhE.

X TR 5 K SysML RS HL STM RN () 5 B0 TA, R4 HS 3.1 7RSI B R, SysML
REANRAS sys_s FNZIREFRAF B TA 70 E ta_| W2 BRI R, Hi(sys_sta_l)eR. M4 &L i mt
SERLI, PRAUE TR R i D B K A R AT O 5 UM R B R A LR, SR shfEe, ta_l
PR H R A ta /& B sys_s TR H bR ES sys s'BURAS 2. R, sys sF ta I'th 2 BRI OC R, BIXS
TAERRE X (sys_s,ta_l)eR, A a)iar; MRS #N, SysML IRAHLIA TA HIEEMBIRTTER — g, [
A3 byt T

a)  Hsys s—%sys s, fAfEta |l—%>ta I, flifd(sys_s',ta I)eR;

b) Mtal—“>ta l', J7fEsys s—=>sys ', {lif5 (ta_l',sys_s’)eR.

ik, W BRI X, Y8 SysML CIRANUF B FRIN T B 0L ERRUOCR, SREHMT M, B
T T o DR AR S 2.

SysML2Simulink F! SysML2TA #% 5 4% 46 5032 R e S KU AHALL, SysML I Stateflow B2 TG % —— W, K
g AR B [FH, ¥ SysML ARAHLA H br Stateflow F7 5 L& HARRIE R, PRFFTE XL —80.

4 HEEFEHRT AN

AR5 VB H AR B B 0 T HLAE Eclipse TF R A A 3L T Java 16 5 g fEsc O, ARG T HL (0 = 20 IR L 3
A H R ZEvk W& 3. BBV TH R 250 3 KBiHe: SysML AR AT . TA B A it He DL Je
Simulink/Stateflow /= Bk He.

3 WU T A S D

T HE A g T D IR PAT D) RE AT $
= Z s LB S ] R G 150+
1. SREEEAIRSHL IR SysML A I LA SC A SR EBREASIR S ML 100+
; . FENT IR B S A, FRICIRAS
A A 5
- MR e ol 100+
e y . ERT IR R S A, SREUERS
TR B . N 5 Alles oL,
[ RESES 2. fRENTIRZSHL fETIT R (B Ho HE B 200+
e FE AT IR AT SO, RIS AR
BHZR LERIR R, SR e 100+
2Bl TA BRI FEF R AR MF N, R A 100+
declaration %> UPPAAL "' TA ¥{VE 1) declaration
TA FEAY . - . . FR4HE state F N, A fF A
I He R 3. #J# template #7> £ B location UPPAAL ' TA H13% ( location 50+
. . M4k transition, guard, trigger A1 event % i L 1),
SR, transition ' e 4 UPPAAL 1t TA B transition 250%
Stateflo T Stateflow R4l SysML #5204 2 4545 5., Ak i) 2 50+
P W 4. Figk Statefl R 75 1 Stateflow 1% 1] Stateflow API il 4=
gebige | SOV R Stateflow | HRBEIRBUR TR BN 2 HHBON, EREm | o
Wil BAR e Z A | H AR Stateflow B4 Py 70 Z 1 Stateflow APT B8 %

Horp, BIREMTEILLIE T DOM (document object model)d2s 1 52 HiL i i 535k r o 5 A0 280 S0 A ST A4 (K i T
R SysML ARZESHLE N ST R Rk, il X T 242K, e LT OB R T IS . B
Mo filR R S TARE R, MR RIS B 1005 BIRAAAE T R B . R A BT, T H 2 e R A
Y A LB R U 45 & TA BEELFN Stateflow AEY 1B, AT Java SCA4 HH U A RO B2 PR A8 Y SO AR S A4
(TA.xml HI Stateflow.m), %518/l UPPAAL F1 MATLAB T FL.43 BI4T TFAR B BRI S, AT 4530 H bR A,

PR T B A &5 8 K S &l 5 s, BZEMES 1 A0 BE XK, AT AR R &R u#E .
SCAF TransformEntry o4 T H AN H2E, S Parser SEHUBIA R AT AL, S04 StateFlowTransformlmpl SZH{
Stateflow 15 T 2E i Ht | TimeAutomataTransformImpl MU SZEL T TA #2894 gk e,
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5 o g Sk R R R e T L AT AL LT, “Model File”#2 1 T4 AU SysML #5813 £, “Save Path”J1] T
VEFR H BRSSO B AR, 05 T e UPPAAL B “Simulink”™ 5, T HL 2 BE47 HH S [ 45 700 4

2 Package Explorer 52 © B [@ TransformEntryjava 52
IR 1 package clarence.statemachine sxample .maing
~ & ModelTransform 30 Sagort Jove. et . Component (] i Madel Translation x
B\ JRE System Library [Javast-1.8 2
o sre 21 public class TransformEntry {

s . Maodod File: Choose
v @ clerence-stremachineasmple.ent private static int TIMCAUTOMATA TRANSFORM = 17

private static int STATEFLOW TRANSFORM = 1;
private static boolean pursered = false; Save Pain: Choose
private static Parser parser;

o 2o public static vold main(String[] args) {[ JESAAL | SR,
B am private static JPanel creatPanel{1frame frame) {[]
v i clarence statemachine sxample.ma 1154 private static woid showFileOpenDialog{Component parent, JTextField msyTextField, String pathString) {[]

|4] TransformEntry.java .
private static vold showfileSaveDialog(Component parent, JTextFleld msgTextFleld) {

v @ clarence statemachine.sxarple tras
(4] Pargerjava 1.5 private static void translate(Component parent, JTextField sysmltiextrield, DTextField uppaaltiextrield, int med)({[]
[1] StateFlowT ransform.java iz}

|4] TimeAutomataTransform,java

Bl 5 BB 4 T HACRD &k K ST
5 SEBIFFR

TEARSCHE 73 O T BRI R AMERE, $8H T 36T SysML B3 E R ALEEBERE R O T ORIGERIRY 22 4>
PERERIYE, $RH T 5T UPPAAL MUBIBY R MM UE T 0 TR Mg i 2%, $2th T4 T Simulink fEEIZY
H sh 8 A shgmit. A7 BLE 3) $AT #5514 2F (automatic flight control software, AFCS) A ], 36iEA 42 H
)75 V5 AT AT .

51 B ¥ITIEHISREEREIA

AFCS FB A T4 M1 R . 28 BOd B, AR CHLHEAT 9\ n) B )38 30 77 43 G 1) 38 AT 45 il 48
FOBE R SR AR, FL — i %0 S 3 N —AN8 sh i il e e

A E T B ) AT AT R 52 S AT /- pr . Wi 6 Pron: e mliz shfE dila b, 20
RRTLAE EFFR/OCH AFCS, R RATRE RAT @B, 2Tl e B H A %AT m I, KBTI 2 e BEAIG
T HUT AT SRR, KA BE. O T OB SO AN AT, IS AT I S B AR, PR I I
1, B AR 56 4 A F 2 3 5%

p el S E NPT AN Wi
et R ik
TRBEWE ]| F‘\.\
\
- \ i
N o A
) , TRHBE W SE<] | i)

Ko Azl CArEml e TR

TR AR T, £330 A B AT BRI S R T Sk
o REQ-1: FZh CATHHIHAT K TF I RIS 41 Eh 25 i 5 42 74
e REQ-2: ¥fFIBATHI AT A,

o REQ-3: H3h CATHEHIERA: o] A& CHLN 2 30,

o REQ-4: TK{FHeMETE e Az i e o) 45 2%

23 A3 AT R A 2 R R R
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e REQ-5: A3l WATHHIEAT I Th g 1L 18 4T

e REQ-6: BT A S KA LA

o REQ-7: KrZEIMFTFI, B3 AT FE B A AN TR 4522 RN RAT,

e REQ-8: N TIRREZ4, ASNIEHIKAE CAT SELE 7000 2K~12000 2K 2 [MHAT CATE 5
hTAEF AT TREE B, i 7 Fios, 1] SysML 75 3K IR B 3h AT 3500 1k 1 7 5Kk

req [package] REQ [AFCS]

crequirements
AFCS
wreguirements wrequirements
Thifk ¥ K1 i 4= Wi R
id="REQ-1" id = "REQ-7*
text=" & K iTd KRR text = | WiTHe
SR Srequirementt wrequirements i
i k3 sl
i iR gz f TR

St id = "REQ-5

st text="H &) KRk EEE Tk

341 Rk arequirements

ereguirements I F R AL P
Ihiik W K2 £ 4= il
id = "REQ-8"
d = "REQ-2" Lo o
It o Q o il 1 text = 24, H =
ext= FATTrIGIT IS =L 1T & & -
i - 1 3 7000 - 12000
4 _].
arequirements wrequirements i
1 i Ra WAl Re
id = "REQ-4 id = "REQ-6"

text = “ 5 14 il Bk 4 text =" $LPHE TP S

K7 Azl ATl R
52 Bk HlEHRGS BERSWIE

(EA /N, S5IET SysML &S AFCS I FIE BV (7 40 R AR BE I 407 AFCS BfF, L3 4,
BRI G 3 )2 W AEE SysML ARG GE A 7] 0 7 SRR 0T, L2 I AT s SR S0 i A3 2R A 4.
* 4 SysML I8 4y 2 30
2R [EES ]
K B 3 AT EE R S KB AR,
K53 AR K P i s AT AR ZS
7 AFCS #2841 [ 5EAl EXPIRZS 2 A IR AT R L. AR is A7 i f
SN RT IR 15 A e, DRI R AT IR A A VA o B R DR S
76 AFCS #5812 1 knt b, 2 — 20Xt AR B AT I
I R R U DL REAT TR

1 AFCS 57 |

2 AFCS #i7 2

3 AFCS 5 3

NI 4H AFCS BEAY 18R 3 1)) 2 A A0 AR RN 06 E i e
52.1 AFCS B 1 @E 5 5k

(1) AFCS B! 1 gt 4%

RPEEE 5.1 W R4, #7014 SysML A2 1 a8l 8 Fiow. HI4h B ) AT 1l 3 A 8 1 (R ik 2 &)
IR e, BT AR, Bl sys S(AFCS1)={OFF,IDLE,PERFORM,FAILURE}. iz47IkZ(PERFORM)N
P T AR TCTHFI R BRIk A, W) sys S(PERFORM)={CURISE,CLIMB,DESCENT}. JRZA 2 1A (3T 8 41 L
BRI, A sys_t(OFF,IDLE)=(TurnOn,@,@) & /R fEH M BIIF SR A5 5 )5, At Nt 4 S5 AP IR .

(2) AFCS #5781 Bk

X SysML # BV HEAT 445, HARERAE N 3 HHEl 8 Jon#I4h SysML A8 SCAH Y (SysML.xml), 181 H 5 4
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A AR R e T B AT R e, AR H BR TA BB SCAR(TA xml), 78 UPPAAL H4T T3 218 9 Fras H ks R [A]
HEIHUB R, Horp, SysML [k 7 initial, OFF, FAILURE, IDLE, PERFORM, CURISE, CLIMB, DESCENT, Final
TRV TA A58 b )7 (i 2 AR TRD), RS TR I A 5 2 47 B 2 (B 3, 38 b ) mT k{5 L Wi i &< 2% TurnOn,
TurnOff Z 5} B iy A [ 2545 5 TURNON_SIGNAL 1 TURNOFF_SIGNAL %%,

| stm [package] STM1 [STM1] | stm [State] PERF ORM [FERFORM]
i OFF §
| I's A
.—I = M f CURISE 1
Imitiz AN Suspel Fy
niti (\ < \\, .7> — uspend >(®)
N Jumot I mitial \ J Final
w N T .
TurnOn S N / ke L \\\
yd Troubleshooting NN ,/ } 1 ™,
s . Y P R P Descent
FAILURE ) IDLE \ Climb \ :
! Level Level
\ / \ i / ; ..._.J' \\
~ Automatic” _55- i / ™,
- / ¥ / AN
Error v yd i - Climb S
- Vs /,—rﬁ cl P
) 7 Wanual f CLIMB Yo" T DESCENT

PERFORM Yo

oo { J™—__Descent____—71 |
i / j

K8 HBh ¥ AT A SysML B 1

@), Initial

DESCENT

CLIMB

Ko Azl WATEHIErE TA B8 1

TA B8 1 W T BT AR SysML B 1 o3, BEH T BB e (1B 58 £ M. TA BB AT 4 UPPAAL
P VEEA R, TA BABRIE W Bor), UL T 3B IER L. I8 SysML 253 A FRAP #6331 T 1 2
(9 TA B 1, BE0] T RO S 0 (38 SCRI b k. U5 SysML B (PR A . A58, TR — Bk TA BERY K47
R, B, RET WABRAEIRE B X S A B, FEAH RN DS O R S AT AR
AEBRE b R] R B R 28 A 3 i J v X — 3k

8 Mi7nYi SysML BRI UH 4k T OFF IRZ, H 4T JH{E 5 (TurnOn)if, @A IDLE IRZSEFF B 32 1
@14 (automatic), £ EWCE A S HIG 4, WREAZBITIRE, U OFF M, |DLE —Atmate y pERFORM .

H A% TA BERIWIIE AT OFF IRA, B S+ TF15 5 (TURNON_SIGNAL), <3iT# % IDLE {7 &, Jf{eE8ik
B B gh sl iy 2 (AUTOMATIC_SIGNAL)# 153 FiE# % PERFORM JIRZs, R

OFF TURNON_SIGNAL IDLE AUTOMATIC_SIGNAL PERFORM .

SysML 2 1 F1 TA B8 1 7EAH R (15 D0 N OREFAE [ (AT A6 AE, GIF B T 020 2 6 1) o S — 301k

OF R 43 A B UIE 1) 7 SR HEAT B AR IR, 438040 F TCTL A3,

e REQ-3: HZh RATH KA v LA CHLA MIZ3). A IE AFCS &4 ] DLl “ATHh ) is

R JTHCLIMB). FF#(DESCENT)LL X i fiii(CURISE).
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c\m

T SysML 9 AE S o BAF L EAL S B T % 2865

» E<>PERFROM_SUB.CLIMB;
» E<>PERFORM _SUB.DESCENT;
» E<>PERFORM_SUB.CURISE.
e  REQ-4: MAFREW A KM &%, i FRAEAE AL, HIAEBR 1 KR 5=
(FAILURE)#HAT I AIE, HRESIE 2 75 Be 3l 2 HOIRES.
» E<>AFCS.FAILURE.
e REQ-5: H3) AT HI I ShEE IE R E1T. I nl kMR E AFCS BEPAT BT ZhEE: K] (OFF).
ML (IDLE). #4417 (PERFORM)4E.
» E<>AFCS.OFF;
» E<>AFCS.IDLE;
»  E<>AFCS.PERFROM;
L & REQ-3 1 REQ-4 I35y
e REQ-6: BAFEBEATH AL KAILH.
»  A[] not deadlock.
76 UPPAAL AT BERURT S0 1) &5 A& 10 Frow, BT fe Bl i il 560F. #1044 it E<>AFCS.IDLE,
YU I AT T Initial A7 8, BT 3] OFF KiER L¥H LR, HALER 2 OFF (7 5, 43U H] TurnOn {5 5 1,
AT LABk%: %5 IDLE &, Ui#] IDLE Wik i, 5.
g
E<> PERFOFM_SUE. CURISE
E<» PERFOEM_SUE. CLIME
E<> PERFOFM_SUE. DESCENT
E{» AFCS. FAILURE
E<» AFCS. PERFOFM
E{» AFCS. IDLE

E<» AFCS. OFF
A[] not deadlock

>

<

K10 TA #A 1 Bk 4
52.2 AFCS iR 2 @B 55k
(1) AFCS 5% 2 g i
AFCS #5512 1 & 11 iR, sys. S(AFCS2)={OFF,FAILURE,IDLE,PERFORM}, sys S(PERFORM)={CURISE,
CLIMB,ERRORCHECK,DESCENT}. #%! 2 = ZEZEMEAY 1 (2Ll FXPIRAS T IT B AT T Kk, HES &R
A“PERFORM”H s I T Bk & “ERRORCHECK ™.
o 83 K AR U %) A5 FH AT Ui B A0
o N HREAERIN 1 ZERERY 1 () 3ERE B3 N T BT IR A s, name(s)=ERRORCHECK, T 7£ 18 17 it F2 P & %
R A
o NHPKEALHRN 3, ZEREAY 1 ) <CLIMB”M“DESCENT”[A] 750 7 3L # t'=(CLIMB,&,,eff,CLIMB), }:
EP, eff":=this.SystemInfo.CurrentHeight=this.SystemInfo.CurrentHeight+50, FTHi4l AFCS 345 i fiy
TEAT 5 5 R 3 IR 4 A
. Fﬁﬁﬁmﬂlu 5, e 1 (RIERE B, XA TR t(CURISE,CLIMB)=(CURISE,climb,&,&,CLIMB)
HEAT RSk, ¥ hnsF I g’:=this.Climb.Height>this.SystemInfo.CurrentHeight. &5 & M 1, 4800 7T 35 4
“Choice”, #33iT#:
t/(CLIMB,CHOICE) = (CLIMB, climb, &, &, CHOICE)
t,(CHOICE,CLIMB) = (CHOICE, &, g',&,CLIMB)
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o HPRACRIN 6, {EATAY 1 AER L, XA 1 th“IDLE”#|“PERFORM”HJiL# t(IDLE,PERFORM)=
(IDLE,automatic,@,@,PERFORM), ¥ il #5211 eff:=this.SystemInfo.ManualOperated=false, 75%|7T
BT #93T# t'(IDLE,PERFORM)=(IDLE,automatic,d,eff, PERFORM), HI-T 5 # R 400 A b2 o it 2 75 T
By

stm [package] STM2 |S‘[M?|/ st [State] PERFORM |PERFORM] /

this Conditfan,

bleCoditonfullFilled

I'e OFF CURISE \ pent -
. = 8)
| L ' Final
Initial i\ J g
- — t
[this Troubles hootRemoved == true:]
e ; i Ih
Chuice this Condition EnsbleCoditonFullfilkd this. e H eight this, 5
= Al Systemind o Current Height] = o
; == true;] [« B
[this Troublesho ot Removed —= fake:)
-+ his Systeminfo ExiErro
TurnQ it
Yy Troubleshoor L 3 Drescent. Height >
g FALLURE s IDLE B this System Info. CurentHeight]
| ERRORCHECK
A A . - this. De-scent. Helght <
k: Automatic e hs, this. Sys termiinf: " <right|

.. fthis.Systeminfo.M enualQperate d
|this.5y sieminfa, ExbstErrar==imae|

— &

PCRFORM \. 7 o
1 ool his, Sys tem o0 his. Systeminfo Cutrentieigh
N — 1 wrentHeight - 5

11 A3 AT IR SysML B 2
(2) AFCS #5212 %1
F IR R4 TR, K18 11 s SysML BEAY 2 B4l TA B 2, S e slf Runlsl 12 Pros. 85 6 1E fff
PEFRIR A0 T WER 3.4 47, 456 BRSO AR R 4 IR AR Ik 0 BT DL 5.2.1 1Y, IR ELANTBTIR.

systeminio.currenthesght =systeminio. current

Bl 12 A3 WAT e TA B8 2

RR, TR R A M AT B A 5. AR5 5.2.1 1 PSS AT A ME T R A L, A AR K
2, WK 3. TR T BB AU .

e REQ-2: BHEATHI & #EAT BA.

AFCS 7EE® B 5t 4 RS ADLE) |, 7 Z e 347 1847 & A AL I, 412 17 4% £ 3% 3 /2 (condition.
enableconditionfullfilled==true)It}, A G&HE Ak 2508 &

A[] (AFCS.OFF and condition.enablecoditionfullfilled==true) imply (AFCS.OFF or AFCS.IDLE).
X AFCS AT @RAS W, 847 JT 5 45 A 0 72 Bl A2 -
A[] AFCS.IDLE imply condition.enablecoditionfullfilled==true.

e REQ-3: H3) ¥ATESIHAr nT LA G R HLYN 23],

AFCS 4t F 38 fii ¥ I (CURISE) I, #Us BINETH 5 5 (climb) H. H bR v FE i T 24 w8 S 75 B, AFCS $5 ) Kbl
J€F+(CLIMB):
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(PERFORMSUB.CURISE and climb.height>systeminfo.currentheight)—
(PERFORMSUB.CURISE or PERFORMSUB.CLIMB).
AFCS i ¥ HI(CURISE)I}, M E] N M5 5 (descent) H. H bx i BEAR T4 AT AT M B, S ¥4 CHL T %
(DESCENT):
(PERFORMSUB.CURISE and descent.height!=0 and descent.height<systeminfo.currentheight)—
(PERFORMSUB.CURISE or PERFORMSUB.DESCENT).
o REQ-7: Kyl Z| MBIy, B3) CATHHIAA P42 L AT,
AFCS IE % 12 17 (PERFORM) B, — EL £ 3l 3 4 % (systeminfo.existerror==true), M Bk # 2 M Bk &
(FAILURE), AFHAT CATAE%:
A[] (AFCS.PERFORM and systeminfo.existerror==true) imply (AFCS.PERFORM or AFCS.FAILURE).
A RHLAL T HORRES, Ul WA U 3 TR
A[] AFCS.FAILURE imply systeminfo.existerror==true.
XA HEATIAIE, 24 AFCS 4bT- CURISE R (K 4R PERFORM [ 7RZS) I, B B E T s B fi
A, S HEAT TIOBE RS IR DN, A5 M REVE TR, U SR W R G 1B 1T = (systeminfo.existerror==true), M &% K
AFCS [ IEH1817, B2 75 IRA&(FAILURE), RUBLAYH 2 A[] (AFCS.PERFORM and systeminfo.existerror==
true) imply (AFCS.PERFORM or AFCS.FAILURE). At S il 45 i B 13 FrzR, A 50k 14 5 40 4t i 2
RS

AT] (AFCS.OFF and comdition enablecoditionfullfilled=true) imply (AFCS.OFF or AFCS. IDLE)

AT AFCS. TDLE iwply vonditive enablevuditionfullfilled=—tzue

E<» PERFORMSUB, CLIMB

E<» PERFORMSUE. DESCENT

E<» PERFORMSUB. CURISE

(PERFORMSUB. CURISE and climb height > systeminfo. currentheight)—>(PERFORMSUB. CURISE or PERFOFMSUE. CLIME)
(PERFORMEUE. CURISE and de=cent height!—0 and dezcant height ¢ sy=teminfs curranthe:ghe)—> (PERFORMEUE. CURISE or PERFOBMEUE. DESCENT )
E<» AFCS. FAILURE

E<» AFCS. PERFORM

E<» AFCS. TDLE

E<» AFCS. OFF

L[] not deadlock

AT (AFCS. PERFORM and systeminfo. existerror=true) imply (AFCS. PERFORM or AFCS. FAILURE)

A[] AFCS. FAILURE imply systeminfo. existerror=true

>

<

Kl 13 TA BiR 2 BiE4i R
523 AFCS i 3 @E 55k
(1) AFCS #5713 JH A5
I 3 JE— 25 X ERAFAZ AT IS B (A 3R AT T AL B, A5 2 v (1 75 FUOR S “ERRORCHECK R AX J o T 4
14 P EZ A RECR TR, ASCRFHIH AL 3 5 SysML FAURT TA Fi%Y, Se#ss 3 i o ff
VLA B 4% https://pan.baidu.com/s/1Jm2dMRJiDLegi6rwL5C5yA?pwd=q7m9).
X 2 AR D P 1 FH AT 1 B G
o NYHPKEALHRI 2, #EREAY 2 (LAt b, K “ERRORCHECK™ ¥ ik 5 &IRZ. 4 AFCS AR SE A, T
1 e LA ST Bl AT A5 A T 50 TR AG DU
o NHIKEALHN 4, X“NORMAL”F|“MANUALCHECK”[{IIER AN T fill k2% tri:=Manual, T X<\
T4 R AL AT Ab HE
We A, A7 AR Rk R o 7 SRRV L 2 (R R B WG R a8l 15 P, i 28 J14R B v] LA HH 75 SRR
VTR 2 (] (B W 06 &R, WThAET K 3 “REQ-3: AZh AT BIE A T LA hl KL s sh (e TF. R
)7 SysML A H i LL“CLIMB”, “DESCENT” EA J “CURISE™ R A RATHIA. Wit &5 T KB PIAEFE, n 0
i SR 56 B 4 I A IR AS HUBAL.



2868 AR 2022 575 33 A% 8

stm [State] ERRORCHECK |EH%OHCRECIy

" INITIALIZATION

. =

Initial \
Sensorinfo
(" SENSORRECEVE
-~ S

[this.Sensarinic AldineSafety == fake [this. Sensorinfo.AirineSafety == true & &
this.Sensorlnfo.BUSDatahormal == false this Sensorinfo.BUSDatakormal == true &&
this Senserinle.SensorAvailable == lalse] this.Sensorinlo SensorAvailable == true)

ABNORMAL NORMAL

Manual
\.,l
N S—
fihis,Systeminfo.ExistError = true;
Whis.Systeminfo ManualOperated = true; ( MANUALEHECR ]
{ - Tlthis ManualOperateConlim == false;]
(— WARNING [this.Man wal.dperateConfirm == true;) 5
£ (" AUTOMATICOP

(_MlNUN.UF

[this,Presetteight, TargetHeight == "'E\U“ [this.PrestHeight TargetHeight < 7000
this.PresetHeight TargetHeight <= 12000y, presetieight. TargetHeight > 12000

¥ A
fthis. Systeminfo. ExistError = false; {WITHIN THE RANGE ﬁU'OF THE RANGE
this.Systeminfo.ManualOperated = brue;
|
o

-
Shis Systeminfo.ExistError = laks;
this Systeminfo ManualOperated = false;

W

fthis. Systeminfo.ExistError = false;
Final

this.Systeminfo ManualDperated = true

14 HE3) WATEHIHAE SysML B8 3 #1 [)“ERRORCHECK”

Target [+

i |smz:::um

i | STM3EAILURE

1 |sw3::£vu

{ | sTMamanuALOR

i | STMIMODE D:CISION
1 | steaznoRmaL

T |sTmanonr

i

§ [ STM3;0UT OF THE RANGE

1 | stmauannonmar
1 | STMILAUTOMATICDR

i | sT8M3sERRORE ECK
T | STeATHITIALIZAT IO

T |STm3icuRse
T | STMEMANUALCHECK
1 | STMIPERFORM

| b ISTM!:: BLE
% |S1M3:3FKSOMEC(IVE
T | STMBWITHIN FHE RANGE

i

f

1

§
1

B 15 JBWC R HRE
(2) AFCS B! 3 3630
FI AR 4 T A, SysML A5 3 5 AR A“ERRORCHECK #5411 TA BRI U] 16 T, 554 TA B
3 LA ] 4
BN T e RERR T R TA B8 3 5, KA 1@ RAT I A AR SR O BT B RS 50, 7638 5.2.1 1Y
I 5.2.2 5 SysML B84 1 A1 SysML #5288 2 JE 4 F5 sk i 34l b, #h 7875 5K REQ-1, REQ-4, REQ-8 [IJE
A T
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-©

nitial MNITIAL ZATION

! SENSORRECEIVE

ABMORMAL

systzminfc} ezisterror = true
systz=minf) manualoperated “= true

T AN presetheight rgetheighi=2 700048
\ SySIemInto gxiste - arge 2000
\ systeminfo.fnanualoperated = true

\ /Oﬁ'I_THF_R:\' IGE

\ system nf:--?é.’e.'r:r = Talse

systemintpmaruaioperaied = raise
o

systeminfo existerror = false,
Final .

OUT_OF_THE_RANGE

sysieminfo manualoperatzd = true
Kl 16 Az ©ATHE S TA B8 3 b ()’ ERRORCHECK”

o REQ-1: HZh WATFHIEA: 1T 7 AN P i 25 3l b3 47761,

X AFCS it 2% (IDLE) H. K HL7E % 4 55 i (7000<height<12000) iF, 4% W 3125 3 b2 47 T AFCS KI5 %5
(automatic), AFCS 43 I 4712 17 (PERFORM):

A[] (AFCS.IDLE and automatic.height>7000 and automatic.height<12000)
imply (AFCS.IDLE or AFCS.PERFORM).

2 AFCS 4 FiZ 47 RZA(PERFORM) H. 54 M (existerror) i, Wi 2125 B 51 FF ) # # {% 5 (manual operated)

I, AFCS £33k A\ %5 AR & (IDLE):
A[] (AFCS.PERFORM and systeminfo.existerror==false and systeminfo.manualoperated==true)
imply (AFCS.IDLE or AFCS.PERFORM).

o REQ-4: W REMSTE K A iRt 15 %

AFCS 7E8HUIR A (CURISE) H ¥ I} & L7 % (systeminfo.existerror==true)2> & H % (WARNING), 111k
AT RATAE S5 N W RRZS (FAILURE):

(PERFORMSUB.CURISE and systeminfo.existerror==true) >ERRORSUB.WARNING
(PERFORMSUB.CURISE and systeminfo.existerror==true)—>AFCS.FAILURE

e REQ-8: Ny T fRE<24, HAFERIHAFA AT RBEAE 7000~12000 K Z (A 4047 WATAESS.

2K AT AT AT AE %5 (PERFORM) I, RIEE4% K HLICTH(CLIMB). %74 (DESCENT) LA J i i (CURISE) I,
LT A P R B A 5E AE 22 4 v FE(7000~12000).

A[] PERFORMSUB.CURISE imply (systeminfo.currentheight=7000 and systeminfo.Currentheight< 12000)

A[] PERFORMSUB.CLIMB imply (systeminfo.currentheight=7000 and systeminfo.currentheight< 12000)

A[] PERFORMSUB.DESCENT imply (systeminfo.currentheight=7000 and systeminfo.currentheight< 12000)

X TA BEAY 3 HEATVEBTEGAE, WiSiF REQ-8 #2MY TCTL Mh, 4 4ui AT i FE 22 4 v B3 [



2870 AR 2022 575 33 A% 8

(currentheight<7000||currentheight>12000)4iT#% £ OUT_OF_THE_RANGE {7 &, T3 7T 27 & Final (1T,
H existerror BHT A true, BRI A I E) MkE, ASBE AT AT (TS5 (CURISE, CLIMB B DESCENT). Bt
H B3 IR E AT AT AT 55 1 b 58 Ak T 42 & 1 BE ,REQ-8 7.

AFRAE A TCTL A3 LA R H B UE 45 S & 17 BioR, TA B8 3 52 7 B AT sRP 4R IO PR . ks
SysML £2%! 3 &2 AFCS Frfi sk, AT 25 T4E, ¥ SysML Bi#Y 3 #4362 Simulink AT ARG 2L K.

1L R3lE

A[] (AFCS_IDLE wnd sutvmatic height » 7000 wnd wetematic. height € 12000) imply (APCS.IDLE o AFCS. PERFORM)

ALl (AFCS.PERFORM and sycteminfo. sxicterror = falze and sycteminfo memualoperated = true) imply (APCS.IDLE or AFCS. PERFORN)
{ATT (KPCS.OFF and condition. enablecoditionfullfilled=true) imply (AFCS.OFF or AFCS.IDLE)

| A[] AFCS.IDLE imply vondition ensblecoditivnfullfilled=—tsue

E<PERFOFMSTE. CLIME

| E<»PERFOFMSUE. DESCENT

E<>PERFOFMSUD. CURISE

(PERFOFMEUE. CURISE and presstheight tergstheight 3 systeminfe currentheight)—>( PERFORMSUB. CURISE or PERFOFMEUB. CLIME)
({FERFOFMSUS. CURISE and presetheight. targetheight’=0 and presetheight tergetheight < systeminfo cwrrentheight)—> (FERFORMSUB. CURISE or PERFOFMSUE. DESCENT)
E<»APCS. FAILURE

(PERFOPMEUB. CURISE and systeminfo, sxzsterror = trus) —3 ERRORSUE. VARNING

(PERFORMSUS. CURISE and systeminfo. existerror = true) —» AFCS FAILURE

E<> AFCS.OFF

E<x AFCS IDLE

E<» AFCS. FERFORM

ALl sot deadlock

ALl (AFCS.PERFORM and systeminfo. sxisterror=trus) imply (APCS.PERFORM or AFCS. FAILURE)
| AT1 AFCS.FAILURE imply systeminfo. existerror=true
| 4[] PERFORMSUD. CURISE imply (aysteminlv. vursentheight?=7000 and systeminlv. cucs entheight<= 12000)

ALl PERFORMSUE.CLIME imply (systeminfo. enrrentheight’=T000 and systeminfs. cuwrrsntheight(= 12000)
LATT PERPORMSITE MESCENT imnlw (sveteminfa currenthed shti=7000 and svsreminfn correnthedehtd= 12000)

17 TA #iBY 3 IGE 453

POOOCDO0CO000000000000
>

| €

5.3 B CHUTHIEREREEN

) P ASE AR A 4 T L 0P8 SysMIL A5 AT M b BB R 4 e, 19 BUHH R () MATLAB JIA. 2R )5, i
MATLAB 5|8 % %1247 A 4 i Simulink A48, #5080 022 an ] 18 frow. BISYEE /i G BR AP e ik, HLAF 3N
Simulink #8458, HAR Simulink #8405 T ¥ SysML AR BT A {5 B, AT AR Hm ik m itk . 5
& ANE STk, YR SysML BRI H AR Simulink BRI WIRIRAS . LR TB . RE—— B, 7EAH R
NGB AT RRAE—3, PRFE T3 3t 5, M Simulink Coder A % 1 & 73 VRACAS 4 1] 19 B,

.., +
T . v, S AP i 2=
Va ", ABES D ok ABCL o ARCE N AFF,
s “ ek
i/ %
‘ (imiiz b e
1 q
| §
| 1 {APES Ui Prabie ok
APES Tabia o1 4RSS

A DV 63 AHCY - BHCS M DFH

[OFF e .
o & Bsk (=
l l'_E"a: eCodiionF uliFiked == false] 4 ol

i

[CloseConfirm! == true]
[EnableCodiionF ulFflad==true]

[Remowed == faiss]

FAILURE

ExistErmor = irue] ™

[ClosaConfinm == fals

.

e

K18 B3h AT HIEAE Simulink 57 19 Simulink #5784 4= % 18358 2 PR A G
54 FERMIGIESIZEMIRERTE
hy A I A T R0 IR IE A R 1 22 4k, AR S DO-331 A1 DO-333 kRl i AH B 19 H AR 4 26055 9% (19 T 4 R 56
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(¢

IES R TH A, K 5 MK 6 st T8 R SRR FNE A6 5608 o R Hh B i 2 (M 3E M o B s, 8IS
WA HE Y, TTUE B AR TAE 48 B LR A I R RVSGIE 7 V45 6 43 DO-331 Fl DO-333 FrifE.
BB TUE I 1 8 CATF PR ST B 7 A SCHE H 0 R 5 50 0E J7 vk, 8 i B 4 e RO 4R O A T SRk
B UEASI B TR 2 T Re SR 2 A TR sk, MM AR T AL A A8 20 (1 L kR 2 A k. A 240 v 1R R R R
IR AR BRI 2 DO-331 #RUEFN DO-333 #ifkil oy H AR, fREE TR IEMITE . 24tk B, ZER
R B T A 525 mT DA 8 O B AL A3 SR A T L 8 P A 22 4
x5 JFRISFE N DO-331 HER

H b5 H b fifiidk i R i KB
ALl | T B AR I A | T A D ok . BB R R g R AR R i ) 1.2
A-13 | I ST L I RS SRR B AL i S B BRI AT T A ) 12
A-1.6 | WHEEFRIFEE DO-331 SCHEBR | ¢F DO-331 i 2 H AR TR S R 2 A TAE B T & 1% 12
A2.1 R T mdltiok WIHG SysML BRHR T w2 ok 52
A24 TFR T IRk K1t SysML B ik 7 182 %K 5.2
A-2.6 FFR T WA 1% Stateflow BRI 5.3
A3 ER R B R R W SR B IE FR GG R T 52
e Lo o SysML IR 2 WL 1 56 2% 7 o 2 MR 1,
A32 R BB 0 it ) T 5 ok — S 52
A34 G SRR T E I G SRR Wl TA B AT T 5 A B i 52
A35 G K b SO SR BTG 2 SysML ViR TE 52
A3.6 TSR B R RS oK S SR S R G ok 2 (A 7B IR 52
A4l % G o Kb 2 v ok % G5 o SR 0 1 o 20 SRR 1 75 21 52
. 3 i A SysML IR A HL R R £ 2% 5 5K,
A-42 R LR i A 52
Add & K T ik % G5 o SR 0 5 30 T A AR R T 52
A4S R K7 bl W R AL B 5 SysML SEAE d ok 52
A-46 G Aok B %5 e e ok MR i 7o R R ARS (e 75 31 52
A5 WA TR AR 2 ok PRI G J s SRR 1 4 Stateflow BB £ AR 53
A4 VAR 2 b PSR Y Simulink 2B 1 LA & oF SERLIE 5 beddE 5.3
F 6 WUFFEW LR DO-333 Hx
H brgi = H bk 11 KB H A
FM.A-4.14 | BRUHSTRBASEZIEF | ZBI0F5 o 5 BB A AT B R B, 45 R 52
FM.A-4.15 | FEa0A0 43 #7455 2 0w 1 LA 22 5% TR B8 I 25 TR 5.2
FM.A-4.16 i SR I XAk & B 1 it RIGE AT & TCTL Wik 5.2
TN W ] UPPAAL T H R AT I AL B A, A5
FM.A417 | TR v TE A A S FL 4 500 4 ) /ﬁiw&@%mjiﬁzﬁﬁggﬁgﬁ; 12,52

6 HXI{ESEEE

(1) BERLIRE) FF R AR TAE

FERAETE R R, M Py T SR B IR S B AT K. W SR [19] 48 F 3% A L 19 R 48 T FE (model-based
systems engineering, MBSE)J- /K 77 1l SysML @ #5355 %t LA 015 R LM HEAT T Wk FoHT. SCHR[20]4¢
W7 RS f EL T RE [ Bh AR R TR B T R RS, R Simulink T HHEATRERIT & . D03 DA K AR A=
K, MR F 3R TAE, B AR R . SCRR[2 1148 FH I TR) 18 Bh AL 22 A R 2% 5 I R G b AT 5k
BE, T J5 2575 UPPAAL P UGAIE R Gl i B, SEERXS RGPEREMN 2047, SCHR[22]5E T Event-B X it K 2% A 47
B RGUAT T BRI XAGIGAE. ZENLBR AT I FF R I T, SCHER[19,20140 A T8 A0 15 & A, W] LAREAIG
TR AL AR T AT T A UE; SCBR[21, 22048 F % 2040 18 5 AR T 3047 90 UF HJG = Uk, (RO X IF R
N GURBEIREE SATE T ARG AN 7R3 T B 0 (19 SysML IR AL F T @8, FF & T
YRR TE. IR, T 5 AT B 3 AR A BORE AR 5, BATIEAE L A SysML AL 5 4 2y
T Simulink #EE R A 1L TA BAL

LEABIRDRE AL 7 1, 38 3 4 F 9T Event-BP>P I U7k, WSCHk[22)34 T Rodin T 5, ] Event-B X} i K 2%
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WAL B R GEAT 40 E R e, B 8 R A A B Bev B, AN AR B bR 2R — 2k, {22 Event-B
IR N GUCRBER M RLE, BB TR A RA AT RE TRE M. RXSH T 0Hk[22,23]59 Z Kb @i
AR, $EH T T SysML CIRANLE K4y EAE AT 1%, R4 TN PRGN, {5 T B A B AR
N ff) SysML [ Zhk54k T2, F&F SysML FIRE Ak @4 1 2 T 5 58 k.

(2) FRAIAUEAR O T 1E

TE 22 A S A, i AT T aC A6 D7 SRS B HEAT 20 i RS . SCRR 240, 36 I w4 30k 5 58 & A
SPIN T H Kz I K AT ES I R G, RILT — LR 1T n LLSOE 4558, SCHR[251% SysML #5584 42 i 3]
ABD (abstract block diagram) A A FRIGHUE 0 i RS 45 10—, SCk[26]18H AADL X i =
RGUAT ML, IR e 0 2 M BN Petri FWIREAT 2 MRS J3 A A1 22 2 PEVEAS, RIS AIE R G2 153 2
AT R, ASCFREN AR 2 AT T 8RAE, RATE, Ao H RS2 G/ & c et
K. SCHR[27148 1 PRISM A58 K 56 2% (probabilistic symbolic model checker)™ iiF 3 4 T (A5 54 S 75 5 1 1 g
K. 5 SCHR[24-2 710 S0 TE I VAL, AR SCR TG T 2K A a8 T2 2 4 DAy T AR AR 2 11y R AT A 2R A 26

TR I8 10 A R 4R 22 B E A 3R, T SCHR 281K 40 #k 4 A B T I tE C YRS T sh 8 B
4k PROMELA &5, J54# il LTL A XN7EBALKGI6 7% SPIN FF#EATB0IE, A0 S8l A shaf iR . SCHR[2914#
FTER AL Fiacre W5 A CHLEE RS, WilF T AR/ IE B A R EB T0 /sk, HFEANET
MR I LTL A3, AR S SCHR[28,29128 B 777, TSR Fah 3 I TCTL T AL AT 5 2
K86, AR ZACTET, A SO EE TR 560 A5 28 (0 T g 1 75 SR AN 22 A 5 o, DT R B AT 28 8 2 A 28 190 L it ek R
AR SCER[30]T, R A AT T RENER R SR IG ( SE50, UE BT TR RURT 56 T LA 2098 26 40 11 5k
B, A TR BOAR 6  — AR I R, T AR R G AW AT 2. H AT RS IE TR AN B DS RRRAR I
[H] b2 %5 ) 2 FE — b [ S Ak 77 VR AN A N 30 O B30 A . AR SR T 23 2 RS AL 10 7 VA REAT S8, AR )
R IR A 46 A8 2 43 R HEAT 1V, BB P AR AR R R W S AT B 0, — e FR T RSB T F3h I 50 TE WA B 3

(3) MUEER A I8 ML o 8 AH G T AE

SCHR[20)E6HE ARt DO-178C A1 DO-331 $EH T —Fokg fif Ho i B B a4k 1 5 TR I B 1F T R Ae
HZ AT A 0 H bR R AR KA. 5 SCHR[2014H A, AR SCTHT i) 3& AR HESE T HLECER A R R AIE J7 k. 3L
BR[31IA H FE TR ANLBEAT EBORGGAE, S48 T TRUR 504t i 20 S0 ) B R SR AR Ay 46 N B T 07 L IR A Y L
ORISR 3 J7 T A L AT A A4 . SCBR[32]0 Ci% R Ik B s i s m i IR TR SREEAT B 4 R 2
K4, DO-333 FRifE 6T m AR G 75 K 98 1F H AR - AEIEYS. 15 SCR[31,3212848L, A% SCI I & R8I ok
TR0 7= 9 4 bl A (R 56 AF H R AR AL F @ K dl . AR ZAAAE T, AT I R AEGIE I PRk 583, Refig 4
PERERE . SRR TR SR IF R FIGAE L FE  YRACHE I % ok R 4 Ak i A 3.

7 BHEERE

ASCEE R AT, $&H T 3T SysML ARZSHLIE T4 150 E A5 BRI I UE J7 v, A TR0k 56 4 Hh
B T A T SR AT W gD 3 AN L. E SR SysML IR HLEIEAT 4 JE R g Bt it
AT TR PEAN I FE &, AT LTS Bhoot S 2% R G AT A fift, TR T8 AT RS A 56 (] T SysML &k
B, DLW G R SRS U AR 2 R RO R, T EAT RAE B B IFSEELT SysML I TA,
Stateflow AR EGHe /78, DMEMATRIRURT S0 AN A AN AR . d i, IS AT HI R G0 IR A 7 VL 16 %0
Pk, AR IE RS HE DO-331 M DO-333 1§ d7 52 H b5 T & F S UF R AR 8R4 T T 8 A, i CR VLA IR AR 1 2
Atk IERTE

H Aif, UPPAAL 86 AF 1% Ak &8 1 2 T sk T F 3T KA, 7] R84 38 B 7 SR A0 TCTL 1 i A7 4 22
Sl FEARSKI TAE T, %848 H B ARE T AL B U7 VSR ST SR 1 B 3 o A O AR E. S 4h, TR HRTI TAE
o AL AAE R S AT N BEAT T @BORIIRAE, R SR R N T 2 45 4 ) s R T 4 e B8
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