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Method for Generating Formal System Model Based on Scenarios Analysis

WANG Xi XU Zhong-wei
(School of Electronics& Information Engineering, Tongji University, Shanghai 201804 ,China)

Abstract An important operation for constructing reliable and safety software systems is system’s safety analysis and
verification by formal methods. Formal modeling for system is vital, which can affect the results of safety analysis and
verification. We provided a method for generating formal system model based on scenarios analysis. The method adopted
UML sequence diagrams to specify system’s requirement firstly. In order to get consistent scenario-based requirements,
we combined pre-condition and post-condition of object constraint language with domain knowledge to analyze conflicts
in UML sequence diagrams. Besides, we proposed a model conversion algorithm for transforming interactions of objects
in UML sequence diagram to finite stated process. Finally, we generated a finite states model for system’s formal mod-
el, which is conformed to system’s functional requirements. The correctness and feasibility of the proposed method were
confirmed by generating formal model for railway station interlocking system. The new method provides a good way for

system’s formal modeling, and improves safety quality in demanding for safety software’s designing and development,

Keywords Safety-critical system, Safety analysis, Formal methods, Formal verification
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GE4y LTS BRI 7 250 A0 K RGN R 2T
Fr5RAE, 32 TR TEEG I W S RiE T . X
#R{1113R 5 RAISE 5 B30 4F 200 AR BE 15 5 R LR D BB
BAELER. CHR(12]R AR S BRI £ AR M CTL i
B4, #I B IF T A Verus BiF T Ansaldo BRI RS E
4384, FEU BRI Bk B S AT B TR A R 2 7
g3l TEEFM— P EERAME RIS, B%
BT E R E ST S RIEM SR, Bk, 8%
EREL ST AR EBWABME REAR B R 3T 8%
FIMERE Hh K .

BT U, A SCLABKBE R S BRI R G R B A BR B ST
B, BREETHRIS RGN R T %, BRTE
KA UML B3 B #R R ST k%, i3 OCL(Object Con-
straint Language) F BRI/ /5 & & k% UML B 7 E P HHE S
AT, W T8 B — B TR 7EiR 5] UML B R R+
MREZEMTHFI AEEREM LB RAEERNLE
B A LA RN UML B R 3 i FSP(Finite State Pro-cess)
HEINRERWEFRESYEE, RFEARLT RS
BT AR AR M 1) R ) R BR A T A RGR AR B R AL
ESSPdBRS RGN CEE R T B, A E2R
BAENRE T ZL2TREKEHRIT SR, FRETETHEA
RERAE T E T .

T EFRAR

1.1 OCL &+

MRARFET OCLIY B—HMH AMHRIBT , EAFE
BRI S GBI E] UML R4, OCL rI IR X REHE
RIS FE BRIMEL U B A4 0 R B A, 10 P R SR 38 b i T
BRTEREATENBRE BESLNAREESE. £
OCL o, 253 i B {L X B R A5 & (invariant) BT & 4% /4 (pre-
condition) 15 & %% 14 (post-condition) 3 f., AREEHRE
BERFER,E—MELT X EHARNITERNE EFHL
WA N EMEREEUAEELS N AR FER THMEH
TRTE SR AR RIR AR LI ER AR, G E R
14 E B AR AR SE BT AT R BRI AR _

OCLEX THREREALEM, kS OCL ZAXARET
R ARA, £ 1#AT OCL MEARILR K HERE.

#1 OCLH#HERLE L HBME
X8 # #4

Boolean True, false And;or, nor, implies, if-then-else
Integer .2 Q) * ,+,—,/,abs(), round() ; floor()
Real Ll % ,+,—,/,floor()
String FHB Toupper() , size) , concat()
1.2 FSP &4

FSPYT BB 4 b 3 3R I+ & RGEA R R R RGBT
H» B— Rl RS RN ARBARL, BB AR R G R T
BEEIHRHRABBRRENERITH ZE TH#BER
A A R AR S RS AL FE . FSP i R EEAE
HAEHBE N BEMBY 4 o, HBRBEAREED
BE(— > HHE ) TFEHES (when) IFHENT B
(+) . HEHBRECQHEHBERINC) . BER (oral) FHAT
HED MAELR (COMRERECS>). ARG

FEERRIRG BN &GS then else) IEO (@), B
AEE SRS, B ER FSP #EEAR,P.Q 2
FRARIRAE, BE B RFHRLFSP WEREFTELMT B
E“/ /7 E RV AT FSP BT A AR .

(1) P::=Q=E //#BEX:P N Q=E;

(2) |a>P //ETRIETH o 5, REThE PR
£

(3) | when BE a>P //7£ %4 BE Xy EHEHE , 271E a 3]
PHIEBA 2R

@ lalb //Fzm a5 bz AR ErE ks

(5) |E[X<-rec(X=E)] //FR1%F;

(6) |[E4+B //RRFRERY R,

(7 |P/{new/old} //FARERE, BIE P hiF7 A 51
old F§ new £ ;

(8) |P\{actions} //F/REiK P P HIFTRH actions;

(9 |E@I// i 1%7R EREOTHA;

(10) |P1} P2 //FARTFi#HR P15 P2 M3HITH G851

(11) |STOP //HAMBRA 1L, B BEFE B

(12) |ERROR //#iHABEREEEIR .

FSP {38 18 SGE AR S8 R 4t LTS(LabeledTransi-
tionSystems) £ L. LTS BIE XU .

B S BRELE, A €S ES PREN— AR
% Labels BbrE 24, H Act=LabelsU{z},Act E7REIE, ¢
FARREESNHAEMERHARTH. W—-NHRLTS
MWEBRERIM=(QAT,Q),. HHP QCSZEM WEHF
REEE,QEQHNIHRE , A=apU {r}, H aps Labels
BEMPRHERFZEHR, TCQX2* XQ TR,

2 ETHRSFTHREEANERENTE

EHERBET IR RRE AR RA G E. &
FEMAET UML B FF B F R iR =, iR OCL 1/ /G
B &MAxT UML 8t F B B BHT 8. Bl s & asm
P AERGRPRELENTE, #3249 UML B P RS 4
H AR ST AT B3, A B BT R G R E
Ri_E, R3] UML B B v X % 32 B 84T R 7 51 904 H g i
BAHRE K FSP i BASER, B EBHSEEE . BIRA
A IT RSP R FSM(Finite States Model) , ZEHE RIS ] 2%
LTSA w3 FSM #EATShBRME L, % FSM Wsh 4T H W 2 &
SERITRER K, Nk FSM A RERITEARE BN 455 %
KR, BEE FRdEN FSM i, E3 FSM B E R4
FTRAIE, BTGRAVHARFEE B RE LRI E R
REFRGRN OCL M FHREBEMR G AR A A BT
BUM, LTS EARHR,

2.1 REW/RIFHFH OCL 53 FH*E

ETHRF KRR EE XA UML o7 B SRR, R
GiF R OCL 4#f FH BB E UML i/FE#R M
sk, LA & OCL B/ /5 B 44 43 i A Bk A 3 UML B
JF B AT OF SR B oF JE W AR, IR s UML B 5 B Hh % R
118 IR AT R 55 Al AT I BRI BT R, FEX A
UML B B e & A R 8o B b i & 30 . REAME
BRSTHRENT ‘
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LREFRGR WAL RPREEXNLRE
BASH—TREEE, REMBRHRAEAN v = (v,
Viz2y* "2 Uin) ’ﬁ‘-q:' Ui (1<i<7l)§71—<ﬁ?§@2§o

2 REFRREGR, S5 THAR, B UML FESE
BEWHEFEWRN OCL B/ EERG.

3. WA ARSI B A v 2R UML i FEHE m:
¥y OCL RTE A4 R ARS8 BAEIE  m: BT E RS HE
18, i pre_v.F7m s BB B m: B9 OCL J7 B AR M RIRE
I REICH m B)FERSERE, A post_u KR,

4 FFWMTRUAE R UML Bt F R EA BB RET/E &
REEEE:

1

A 2

A 3

v AH, W w. ;2 null;
= pre_v;. HHE S =, pre_v:.; =3
# post_v,; EN v, ] post_v. ;= y;

B 4 3 pre_v, ; RE LW pre_w, ;= post_vi—1 ;3

M 5 & post_u,; RE L, W post_v ;=pre_v ;.

5. U T AN B Z R .

K1 X8 UML BFE,.E m 5 m AWRNT
KRB, B post_vi-1#£pre_vu, W m— 5 m ZEFEF
&

B 2 XA UML 8RR UML, 5 UML;, fi i
UML. ., 8 UML; #1338 &, UML;.,. 2y UML; HhiEE, B
UML. ., 5 UML, .. #F—H 8, & UML.., 5 UML; ., KiR
BHEBEAHE, W UML; 5 UML; ZEIFEFE.

6. MBS A, XA i B I AT AT B R R G R
AIEW, MERTERGZ: SN, BRFEETEN OCLFH/E
BRE M EME,

7. {HBR UML B3 B T JE S, B8 —3 Y UML i 7
A,

8. % F UML B 7 UML: 5§ UML,, HEH B m: €
UML.,,,, € UMLy, H m;7#mu ym: 5 me BETERESH B EH
%, m; 5 RIFREALEEETN. BAF UML 85
] o A TR AR AT R SE AT B 3, AR ET R UML B R
UML_new, & & 351 B3 Z AT 35 # AT R, Wi#E UML_
new HI AR AL AL HAE

9. % m; € UML_new,m; € UML_new, H m; B BRE
FMEESm; TBERSEEEHEE U m 5m, BIFITH,
AR BT IR EHING] UML_new H {35 2470 5T i
5H.

2.2 RGERINUERERTFHE

UML B FR#ERMREIERIT A EERNFTHF
5| AR FEPEAT A BRI RATH . A R#E UML 63 @ 0t
BREANFEREYITHFH, B HET UML (HF BN RS
BRI R FE S, DT &R UML_FSM &5, UML_
FSM B g 56% UML B /7 B i & R EAT R 5%
BRFSP, B EMASEE. BARENAFTRENER
FSM; SR 5 AR AU I 88 LTSA #5%¢ FSM A7 D REAE L, &
FSM # B RBAT 03 R R R DI BE TR, Wk FSM R R4 0
BRI AE; B, G4 FRH R, 5 FSM #1788, HF
FSM % R RERIShEE R 1k, UML_FSM & ¥ k9 Bk H
RIF, UML_FSM B & E—TRIENRFEESTS. B
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HE“/ /T3 ERRBIFATRR SRS
UML_FSM(uml_mode, FRS) //uml_mode Jy UML i} FF &, FRS %
REMITIETR;
1. {Int N=uml_mode. Object. size();// % UML i} & & 3+ 4
B8 N;
2. fori=1toNdo
3. {if Cactk. . actl€ Objecti) and(actk. . actl in par or alt) //%} %
Objecti R EAT HF I FEAEH B BIEFEATH actk, actk+
1, actl, par BARIER , alt TR
4, Then {actk, pre=Tempk; actl. post= Templ; } //7 3} %k &
BEEAT Ry 1 FF 8RN 45 B AL 38 0 F i B AR IR Tempk 5
Templ;
5. If(Objecti. actl. Objecti. actN is sequence) // & Objecti (i3
HATHFEF] actl,act2, -, actN B RIWFAT R FEF;

6. Then Objecti=( actl—>> act2—>>+++—> actN—> Objec-
ti). ;//5 i Objecti MM FIT1T R FFIH FSP HE
ARYER 5
7. Else //F W, Objecti MR HATHFFHAEH ERESH
TH;
8. {if (actl, pres= Tempk) //# Objecti I~ EITH
actl RNEIF R ATEBEMAT N
9. { Then Objecti= (actl — > actZ— >+ — > actj— >
Tempk; //PL Tempk X F#E#8, 5 H Objecti & FSP #
BB
10. Else Objecti= Tempk; // % M, Objecti 5 Tempk X [G}
— FSP #A2 YA,
11. If(actk. . actl in alt) and(actk, pre==Tempk) //7&
Tempk J§HI4T R actk, actk+1,+++, actl g v] & F
HiTH
12. Then Tempk= ( actk— > Templ //5 H Tempk #
FSP i RARHUIR AL ;
| actk+1—>> Templ // Templ Ny
Tempk J5 8 T ;

| actk+2-—> Templ
| actl=>> Templ),
13. Else Tempk=( actk—> actk+1—>>+*—>> Templ //
EM,actk,actk+ 1, actl HHEFH, BELET
HRAT HFE—RBER L3 8 M BINAT AT
| actk+1—>> actk —>>+++—>> Templ
| actm—>> actn—>>+++—>> Templ).
14, Write FSP model for Templ according to 5—13};//fR g
B4 5—13, 5 Templ A FSP SRR B ;

15. } //end else in 7;

16. } //end for in 2;

17. || Sysmodel = ( Objectl || Object2 || =+ | ObjectN), //48 B}
UML B e B BT % 4 i FSP R ARBRLS , M A4 4
BE, A ERANHEBRRBER Sysmodel;

18. Run Sysmodel in LTSA and get FSM; //7E A Jl1 2% LTSA

BT Sysmodel, 1§ B REHH FF RS YR FSM;
19. Animation for FSM;//7E LTSA $##4T Animation #4E, % FSM
BEATIHRERE

20. If ( FSM. function -| FRS) //# FSM K) 2847 R 2 FRS;

21, Then ExitO; // MR HEFF;

22.  Else modify FSM until FSM, function -| FRS;} //B W, &4

FRS, %t FSM #474% , BL 8| FSM T 8E1T A 2 FRS
Jiik;
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A% SCUASK B SR B AR 4 o s B ST S S 1, B E
FHRTRGE AR R 7 LR AT, 728K
BB BURGE T, WSS E B BT SR B B BB 5
PR MR SHLITR TT 30 6 BB :

(DBREBTBL EIEA S IE B AR A B B, LU SE
HE A TEEE 1) R (B 40D L R ARAE (A B4

(2) 5 Y B < AR R 0 S B B VS T 3 1Y — AR L Y
PEREIETE SRR RIVE R RHAA & I EN R .

QERHHNER REC KN NER LM ERTH
B HEBERE RN, RO RSB LR E

WO—FHEREN B RERBPRE T EEAERTH
AHEBEOR R BB R .

(S HEREBL Y BE  TEIE 757 B EH 1 B 2 PR RSB S B0
BB T RO BT RSN, 5 S TP e

(OFFHABSH B TGS RSN ERETI A B,
FEfE S RGN, B F A B EZ R R RE, —B
HBfE RAT E R AN RREINE AR, N RAES.
HEFIEHE THRHE TR ER X BE, % EE R R #8.

F 8 UML BT B fd EREA SRR ST R, A 1
I 2 Bis, K& S E RS LR 2.

User I Controller| Switch Section
| routeSelect I !
I

EE
LED

switchCheck :

. |
< SwitchCoregt

routeCheck
uterneck

- . _ noAntiRputeBuilt _ __|
i

| switchLock |

I
|
I
|
i
|
|
|
]
]
I
|
| ]

|
antiRogIteLock :

|

|

'

|

checkOK
i

I 1
! enablelED !
ey
1 1
| i

| <«_routeBuiltOK :< H |

! trainComing _ | | |

|

t 1 closeLEﬂ L

: ismissSwitchAll ! : :

1 switchUnlock ) !
i |

F1 UMLEFEER1

IIIII
User

EXETN

1L Controller
| T

kel
Switch

switchCheck :

L 1911 SR

«switchInCorect
tumSwitch :

!
|

switchCorect !

7]
{EE%

=

]

=]
FE
o]

c

| routefCheck

checkOK
e
| |
|
| __enableLED

|
t
|
|
|
I
|
| | < SWALTLLOLCE |
|
|
|
I
{
|
|
|

|
switchLock :
————

: antiRouteLock
—antiRowelock =~

e !

openLED

| routcBuiliOK

b
| TOWEBHIT LD I

: trainComing |
|

1
closeLE[%

i ismissSwitchAll : }
|

i i
1 SWM‘& X
2 UMLK FEGLR 2

ORISR U Hp

# 2 UMLBFEGENRZETAREHREE L

R4 Lk X 84 LE:S X

routeSelect S #%EH# openlED oLED HA¥ 5T
X %Ki

switchCheck sCh  #W XA  ledOpened ledO BESNEFHK
b 4

switchInCorect  sIC 1; igi routeBuiltOK ~ rBO # 8 # 3r R 3h

turnSwitch 1S #H#%¥4  trainComing tC FEBRA

switchCorect sC ﬁgﬁi closeLED cLED XH{EEN

. . dismissSwitch- FadaRE

routeCheck L #HBE All dSA WA

routeEmpty rE  #EZRE switchUnlock sUL ¥ 4 #4

g;flf“‘e“ aRC f; g % RouteOcupy RO s &8

g‘ﬁi‘tm"me' nARB j‘é fk antiRouteBuilt ~ aRB st B

checkOK © ;i‘gﬁ [EDOpen IEDO 158 1 7K

switchLock s (M #4 RouteBuilt RB ##%#r

antiRouteLock  aRL zgﬁ % SwitchOcupy SO #HAEEH
LRSI

enable LED eLED o

F3 UML G PREER | fHEBNEH/ EEREMRE

message | Pre-smate veotor valure. Post- state vector vl

routeSelect < null,null, null,null £ ££.£,£> <puilnull,nullnull, £.£££f> | antiRouteLock <tLEftf 16> <t Lt L8>
switchCheck < null nulloull nall, ££££5> 7?,53 <nullnullnullmull £££5,5> | enableLED <LELLLELEE> <LERLLELLE
switchCorect <null,null,null,null f.f.f,f,f> T S tnullnull,nulL £££,££> | openLED <tffetf 10> <tfftetfff>
routeCheck < null,null,null,null,f,f,f,f,f>é <mul,nutlnallnull ££,£6f> | ledOpened <t L fff> R ARRARR AN od
touteEmpty < null,null,null,nult,f,f,f,f,f> 7< null,f,nulLnull,f,f,f,,f> | routeBuiltOK <tfitEf 0> <tf et
antiRouteCheck < mull,null,null,null f.f,f.f,f> 4 <nuil,nult,null,null £ f,f,f,f> trainComing <ttt <gf ittty
noAntiRouteBuilt < null,null,null,nall £, f.£,£> ' <null,nulLf £.f,f,f££> | closeLED <t f ittt <t f Lt
checkOK < nullnull £££££,E 8> <tELELEELL> | dismissSwitchAll | <tLfetfett> <tEELLELLE
switchLock <tLEEEEELE <tILELEELE | switchUnlock <LELLLELLE <ullnull null nulLEE£EE

e 139 -



BER SRR, I boolean MM F KM ALY EHHEENH/EEREMEE, REIMEL R 4HH
R | & Switc.hCorrect, RouteOcupy, antiRo.uteBuilt, BT g TS RS B R R R 3. ARE I
tiRouteLock, SwitchLock, IEDOpen, RouteBuilt, TrainCo- ‘
ming, SwitchOcupy. X TFRAEM AT R YEKS Y20 BZEWFERNBEIE, BaE 3 E I PHEEETE LD
£ 2. REREFRERWOCLAHFERE, £ UML /JF  MI“FE 27,3 3 Mzk 4 ZHFEFE 37,

#F 4 UMLRFESS 2 P B/ 6 BRE 0 BE

message { Pre-state vector valure Post. state vector valure T message | brestate vectorvalue T 1 Post- state vector valure
routeSelect <nuli,null,null,null f,f,f,f,f> <null,null,null,mull £.1,£,6,f> | switchCorect < fnullnull,null £.£,£,f,f > ﬁ@ll],null,nul],f,f,f,f,ﬁ
switchCheck <null,nuil,null null f.£.f,f.£> <null,null,nuil,null £,f,f,f,f> | routeCheck < null,nu]l.null,null,f.f.f,f,ﬁé -

r<~l:1ull,null,null.nulI,f,f‘f,f.f>

switchlnCorect <null,null,null,null ££.£,f,£> < faullnullnul £££f£> | routeEmpty

turnSwitch <f,null,null,null ££.£.£,£> antiRouteCheck

EMBIIR ST E 17 FIE 27 F)E 3,
B switchCheck, routeCheck 5 antiRouteCheck HF%k45N,
EATAIFE—&UAT B2 £ 388 i B, switchCorect 45 switch-
InCorect 34 switchCheck & H /5 7T H LI B Fh e B 4T 20, B
REHBRITUFITH.

4% UML_FSM 5 ¥, 15 28 B 2 v B g
SLAERAEXT S FSP #ERR AR AL, HR I T -
User= (routeSelect — >> checkOK — >> enable LED — >> openLED — >>
routeBuiltOK — > trainComing — >>closeLED— > dismissSwitchAll —
>switchUnlock—>User).

ILController= (routeSelect— >>Temp) ,

Temp= (switchCheck—>Templ1 | routeCheck— >>routeEmpty — >
Temp21 |antiRouteCheck—>noAntiRouteBuilt—>Temp31),
Templ1= (switchCorect—>>Templ2 |switchInCorect—>>Templ3),
Temp12= (routeCheck — > routeEmpty — >>antiRouteCheck — >no-
AntiRouteBuilt—>>Temp?2 | antiRouteCheck— >>noAntiRouteBuilt —>>
routeCheck— >>routeEmpty— >>Temp2) ,

Templ3= (turnSwitch— >switchCorect—>Templ2) ,

Temp2= (checkOK—>>Temp3) ,

Temp3= (switchLock —>>antiRoutel.ock—>Temp4),

Temp4= (enableLED— >> ledOpened — >> routeBuiltOK — > trainCo-
ming— >>dismissSwitchAll—>>ILController) ,

Temp21= ( switchCheck — >> Temp211 | antiRouteCheck — > noAn-
tiRouteBuilt— >switchCheck— >Temp212) ,

ROt ek, &

Temp211= (switchCorect— >Temp2112 | switchInCorect —>>turnS-
witch— >switchCorect—>Temp2112),

Temp2112= (antiRouteCheck— >noAntiRouteBuilt—>Temp2),
Temp212= (switchCorect—>Temp2 | switchInCorect— >turnSwitch
—>switchCorect—>Temp2),

Temp31= (switchCheck —>>Temp311 | routeCheck —>>routeEmpty
—>switchCheck—>Temp212) ,
Temp311=(switchCorect—>Temp3112 |switchInCorect—>>turnS-
witch— >switchCorect—>Temp3112),

Temp3112= (routeCheck— >routeEmpty— >Temp2).

Switch= (switchCheck—>>SwitchTempl),

SwitchTemp 1= (switchCorect — > SwitchTemp2 | switchInCorect —>>
turnSwitch— >>switchCorect— >SwitchTemp2) ,

SwitchTemp2= (switchLock—>switchUnlock —>>Switch).

Section= (routeCheck— >>routeEmpty— >>antiRouteCheck— >noAn-
tiRouteBuilt—>>SectionTemp | antiRouteCheck—>>noAntiRouteBuilt
— >routeCheck— >>routeEmpty— >>SectionTemp) ,

SectionTemp= (antiRouteLock— >>Section).

LED= (openLED— >>ledOpened— >>closeLED—>LED).

7 LTSA hifTH G2 E 5, BRI R LA 7T RSPE
B, 00E 3 FR. B 3 pREZEKEBIR R ARRK, XA
AR 2, BRI, REHA FTIRSHIEE Sys-

Model # 2 RERINEFT K, B BB RGN RAER N
SysModel,

sUL

Ch

OEL OO OLAO

E aﬁwo&cm @

sCh
eLED oLED ledO

BO 1C cLED —_
IR IR VIR DA OB

\ 1
\'@h@@ &< e ® - ® M@ B @@M

E ARB

B3 RENATREVSE

ZRiE AUBEERATRGFREK OCL S SHERE
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