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Abstract AltaRica is a modeling language for complex safety-critical systems. Guarded Transition System(GTS) is the latest exe-
cution semantic model of AltaRica 3. 0. The flattening of classes in the AltaRica 3. 0 hierarchical syntax model is an important
step in the process of transforming the AltaRica 3.0 syntax model into an equivalent flattened GTS semantic model. In this pa-
per,a flattening optimization method for classes in AltaRica 3. 0 models is proposed. Firstly, this paper designs a dedicated data
structure to store the semantic structure of the class in the AltaRica 3. 0 models,refines and defines the granularity of the AltaRi-
ca 3.0 model described by the original ANTLR (Another Tool for Language Recognition) meta language. Secondly, this paper
generates the corresponding lexical and syntax analyzer based on ANTLR to automatically construct the syntax tree of the input
model. Through traversing the syntax tree,the key information of fine-grained class is obtained and stored. Then,a dedicated al-
gorithm is designed to realize the flattening process of the class efficiently. Finally, the correctness and effectiveness of this me-
thod are verified through the analysis of several example systems.
Keywords ANTLR, AltaRica 3. 0,GTS,Model Transformation,Class flattening
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Fig. 1 Cooling system
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block CoolingSystem
Tank TK (evGetEmpty.delay = Dirac(0.0));
block Linel
embeds main.TK as t1;
Valve VI, VO;
Pump P;
assertion
VLvfLeftFlow := t1.vfOutFlow;
P.vfInFlow := VL.vfRightFlow;
VO.vfLeftFlow := P.vfOutFlow;
end
block Line2
embeds main.TK as t2;
Valve VI, VO;
Pump P;
assertion
VILvfLeftFlow := t2.vfOutFlow;
P.vfInFlow := VLvfRightFlow;
VO.vfLeftFlow := P.vfOutFlow;
end
block Reactor
Boolean vfInFlow (reset = false);
end
observer Boolean oCooledReactor = Reactor.vfInFlow;
parameter Real pPumpsCCF = 1.0e-6;
event evPumpsCCF (delay = exponential(pPumpsCCF));
transition
evPumpsCCF: |Linel.P.evFailure & !Line2.P.evFailure;
assertion
Reactor.vfInFlow := Linel.VO.v{RightFlow or Line2.VO.vfRightFlow;
end
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Fig. 2 AltaRica 3. 0 model of cooling system’s main block
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block CoolingSystem
Boolean Reactor.vfInFlow(reset = false):
Boolean TK.vsIsEmpty (init = false);
Boolean TK.vfOutFlow (reset = true):
Boolean Linel.VL.vfLeftFlow, Linel. VL.vfRightFlow (reset = false);
Boolean Linel.VI.vsWorking (init = true);
Boolean Linel.VO.vfLeftFlow, Linel. VO.vfRightFlow (reset = false);
Boolean Linel.VO.vsWorking (init = true);
Boolean Line2. VI.vfLeftFlow, Line2. VI.vfRightFlow (reset = false);
Boolean Line2.VI.vsWorking (init = true);
Boolean Line2.VO.vfLeftFlow, Line2.VO.vfRightFlow (reset = false);
Boolean Line2.VO.vsWorking (init = true);
Boolean Linel.P.vfInFlow, Linel.P.vfOutFlow (reset = false);
Boolean Linel.P.vsWorking (init = true);
Boolean Line2.P.vfInFlow, Linel.P.vfOutFlow (reset = false);
Boolean Line2.P.vsWorking (init = true);
observer Boolean oCooledReactor = Reactor.vfInFlow;
parameter Real pPumpsCCF = 1.0e-6;
parameter Real pLambda = 1.0e-5;
parameter Real pMu = 1.0e-2;
event evPumpsCCF (delay = exponential(pPumpsCCF));
event TK.evGetEmpty:
event Linel.VLevFailure (delay = exponential(pLambda));
event Linel.VI9.evRepair (delay = exponential(pMu));
event Linel.VO.evFailure (delay = exponential(pLambda));
event Linel.VO.evRepair (delay = exponential(pMu));
event Line2.VIL.evFailure (delay = exponential(pLambda));
event Line2.VI9.evRepair (delay = exponential(pMu));
event Line2.VO.evFailure (delay = exponential(pLambda));
event Line2.VO.evRepair (delay = exponential(pMu));
event Linel.P.evFailure (delay = exponential(pLambda));
event Linel.P.evRepair (delay = exponential(pMu));

event Line2.P.evRepair (delay = exponential(pMu));

event Line2.P.evFailure (delay = exponential(pLambda)); end

transition
evPumpsCCF: Linel.P.Working and Line2.P.Working ->
{Linel.P.vsWorking:= false; Line2.P.vsWorking:=false; }
TK.evGetEmpty: not TK.vsIsEmpty -> TK.vsIsEmpty := true;
Linel.VILevFailure: Line1.VI.vsWorking -> Linel.VL.vsWorking := false;
Linel.VIL.evRepair: not Linel.VL.vsWorking -> Linel.VL.vsWorking := true;
Linel.VO.evFailure: Linel.VO.vsWorking -> Line1.VO.vsWorking := false;
Linel.VO.evRepair: not Line1.VO.vsWorking -> Linel.VO.vsWorking := true;
Line2.VILevFailure: Line2.VI.vsWorking -> Line2.VI.vsWorking := false;
Line2.VIL.evRepair: not Line2.VL.vsWorking -> Line2.VI.vsWorking := true;
Line2.VO.evFailure: Line2.VO.vsWorking -> Line2.VO.vsWorking := false;
Line2.VO.evRepair: not Line2.VO.vsWorking -> Line2.VO.vsWorking := true;
Linel.P.evFailure: Line1.P.vsWorking -> Line1.P.vsWorking := false;
Linel.P.evRepair: not Linel.P.vsWorking -> Linel.P.vsWorking := true;
Line2.P.evFailure: Line2.P.vsWorking -> Line2.P.vsWorking := false;
Line2.P.evRepair: not Line2.P.vsWorking -> Line2.P.vsWorking := true;
assertion
Reactor.vfInFlow := Linel.VO.vfRightFlow or Line2.VO.vfRightFlow;
Linel.VLv{LeftFlow := T.vfOutFlow;
Linel.P.vfInFlow := Linel.VL.vfRightFlow;
Linel.VO.vfLeftFlow := Linel.P.vfOutFlow;
Line2.VLvfLeftFlow := T.vfOutFlow;
Line2.P.vfInFlow := Line2.VL.vfRightFlow;
Line2.VO.vfLeftFlow := Line2.P.vfOutFlow;
TK.vfOutFlow := not TK.vsIsEmpty;
if Line1.VL.vsWorking then Linel. VL.vfLeftFlow :=: Linel.VL.vfRightFlow;
if Line1.VO.vsWorking then Linel1.VO.vfLeftFlow :=: Line1.VO.vfRightFlow;
if Line2.VL.vsWorking then Line2. VL.vfLeftFlow :=: Line2.VL.vfRightFlow;
if Line2.VO.vsWorking then Line2.VO.vfLeftFlow :=: Line2.VO.vfRightFlow;
Linel.P.vfOutFlow := if Linel.P.vsWorking then Linel.P.vfInFlow else false;
Line2.P.vfOutFlow := if Line2.P.vsWorking then Line2.P.vfInFlow else false;

E3 RHRG

By GTS #i

Fig. 3 GTS model of cooling system

3 AltaRica 3.0 FEH T RUL FEIEZ

AT R XS SR AL T B HEAT IR AU A A B SR A 2 AL
taRica 3. 0 Fi A S2ML 3| GTS Ay e 5 50 0] 5 Fyk i ik 28 19
- FBAL ik Y AR B R A S B IR SRR A B R AL
R RS ,B;—(F%IHFE%%&‘ AT BN RS,
I Bk i e s 0 2 B HEAT A AT
3.1 S2ML % GTS E"Jﬂﬂ%ﬁﬂ‘%ﬂﬁlﬂ

A5 T 2 e 0 AR AR T S B 0 S B — 2k R, O T
ATE 201 E BA 25 1 57 J Ak Dy 325 1 T R RO L AT 1 A
UL T S2ML I GTS [ 240 U4 H L X 9 i B (9 3 AT T
SRR G, I AE DL SRl g ST N S2ML 45 3 GTS fY e 3

FLI
EX 1 REEMBEEIET (S2ML) & —A4 764 .
S=(C.B)

(DC(Classes) & — A A 2&, T Fon vl 5] 4 1F
o B class &2 —ANHIGH L, B C=(C.D. T, A).
DCp f2—2Y R M C IR
2) D(declarations) J& — 41 7 B J0 2 , 4 $§ 28 19 € 41 A R
FICE (variables,events, parameters ,observers) ,
AT R F A AL G — A4 T (transitions) Ml — 4 F A
(assertions) ,
(2)B(Block) /&2 — M RGEH, REANREHHER, —4
block f&—F.ICH Bl B=(B4,B:.D,T,A),
DB s —HAE WL B B BT A F 3
2)Be J&— iR AR G (B B 5
3) D(declarations) j& — 41 75 B JC % , 40 48 25 1) 52 i) Fn Ji

i

FICE (variables,events, parameters ,observer) ;

DA TR, B — % T (transitions) fl— 4L Wi 5 A
(assertions) ,

EX 2 TLEHRRG(GTSE—ALtd:

G=<(V.,O,P,E.T,A.&

(D V (variables) f& — 41 48 & , {0 5 IR 75 2% & (state varia-
ble) #1348 & (flow variable) .

(2)OCobservers) & — 4 M H , M FH & —FAEH T
WIRRFEAT AR &, BRER LGN,

(3) P(parameters) j: —H S5, S HE — MW = H, B %
2T e IR R

(D E(events) 2 —H MR EFHMNHFS .

(5) T(transitions) J&— 4L 4t 3l # KRN e . G>P,
e BEMHEMN.GREFEMETES V LM /RELRD,P
RIREBEPATIE T TIHERENHTRE, .G>P
M5 LH 2 GO true I, PUATHE A P,

(6)A(assertions) & — 4 Wi & , R @ VLS V P AR
BFE 4 T AR PR A 8 A (3 B0 U AR e L

(&S V A8 5 1 W AE, L 28 B IR AR 18 .

EX 3 i S2ML 46k GTS i B2 FK Sk F e 4k, Ik
SERLM AN 1 A,

B — LS S2ML BERIE S=(C, B), i C=
(CisDesTesAc)s B=(Ba s Bes Dy Ty s Ay s 886 4 S5 1Y
GTS A& G=<(V,0,P,E, T,A,& , Xt F S2ML #i il i 2
CHiyCe(—HY I LLKLI B iy By (—4FHO M B
(AR ARG HIEARH WIT R CE & M S EC IS
B e W FE M) 23 0 3R R ST R AN T AR IE R, s B

N
o




54

Computer Science THEHLEIZ  Vol. 48.No. 5. May 2021

XL 24 R A3 R Vier s Vi B Ve .

# 1 S2ML AL GTS A5 i i St 4 )
Table 1  Mapping rules of S2ZML model and GTS model

S2ML i #
class 7 block # 4 state variable
class 1 block # # flow variable
class 2 block # &7 observer
class # block ¥ #) parameter

GTS # A

state variable

flow variable
observer
parameter

class #1 block # #y event event

class #7 block # # transition transition
class ## block # 4 assertion assertion
class #1 block # # ¥ TG % 4 B % attribute £

SHEFEIEE D (D UDy) 7281 1 S 50 M %&
FUM LB De= (Ve EcyPe,Oc) Dy = (V5. Ey v PssOp) o S
TR AR i R S BRI ER Ay IR G i VLE P O,
Hpv=veUVy UV UV UV, E=EcUE; UEs U
Epa UEp: »P=Pc U Py UPee UPp UPpe,0O=0: U0 U
Ocr UOpa UOge 5 S ISR X R G Wiy T, 80 T=T.U T, U
Tep UTpa U T3 SHMEE X G AR A=AcUA; U
Ace UAp UApe S A BT R P8 19 @ {5 B A &2 — 4

AZATANTLR
I HE&A

AltaRica3.g4

AT

Input File
AltaRica 3.0 model

Lexical analyzer
Grammar analyzer

i ik o i

AR AR X R G H Y 6B 6= Aute U Aty U Atter U Aty U
Attpr .

M SZML #] GTS i) # e 2B b JE7E AltaRica 3.0 I 7
P F A 208 X 0 e, A IR 4 BT & B 3 S2ML
PR R0, GTS BB h A M — 5 2 3 W i e & .
36 WA 7 R AR A T S 1 LT — B0 L BB EA T R B B 4
3.2 ENTFRULUAENBEREY

SCHRCTO T Hh A 258 1 1 Ji A 30k, 7 Ak B 4k 7 3 i s B
G 0 2K S N L R R M BT T s B R D 3R BOAR
FMAE R BRI R R E e B . BRL . O T U i T 4
B W) 040388 7 Y, AR SC R Class 2R H T — A& H 06 5048 45
45 L S B3R 10 19 O 0 i o BT AR AR BT A 2 A S, 9 AR
17 BN B4 45 #9 Map ( String, ClassInfo) allClassMap 1, 33 T
3 g B O BRI B S M T ST R AL . RS R
A5 1% A S5 B B HE 5 AL, 43 50 Sk 1 % AT AR e | i3
5 BB P R H O 0O 5 B o8 B AL B B 5 B
i, HAEMRLRME 4 s,

e —— ~
\ E
! I
: BHEE ) Map<String,
| AT, : ClassInfo> —
| REEAE allclassMap
| I
e | \ . )
! |
flattenClass F
Abstract (allclassMap) B
(4

syntax tree

Map<String,
ClassInfo>

allclassMap

Output File:
flattenClass model

Map<String, ClassCompleteInfo>
allcompleteclassMap

|

|

- getClassCompletelnfo :
(allflattenclassMap) |

/

B 4 AltaRica 3. 0 251 @ AL )7 i HE SR

Fig. 4 Framework of class flattening algorithm of AltaRica 3.0

B BT B A HE L U AltaRica3. g4, 38 17
ANTLR T H Ay 4, 4 il — 4~ 1 AltaRica3Lexer. java fl Al-
taRica3Parser. java 415 19 . 7] DL iz 17 19 35 2 5000 72 )7, DA
— 4 i1 AltaRica3BaseListener. java fll AltaRica3Listener. java
ZH R WS SRR T L AN 5 TR .

v ## AltaRica3LexerAndParser
[J) AltaRica3BaseListener.java
[J) AltaRica3Lexer.java
(7 AltaRica3Listener.java
AltaRica3Parser.java

K5 ANTLR [ 84 02 5

Fig.5 Programs generated automatically by ANTLR

IR 2 EEBAEA R — B AltaRica 3. 0 B8 A fit A
SO RN AT AT AL 2R

CL) I 1 36 43 7 25 b B A B9 7 5 0 5

(2) Bl — M RVE AT 5 B G vb X, 47 il 1) s 20 A 6 A
ARGk =

B — IR E AT A IIREE TS 22 b DX Hh I P 45

(4 g I 3R BT vk T Y 5

(5 M7 H — > vHE A i T 2% 5

(6) 38 FI iR i3 B L 98 I 18 SCAA 5k SR BRI B9 5

R T AR T 2 v 4 7 B T R A A ) R X 4 (R
B S ) B K 308 A e T X T A S AR T IR e A R AT —
Tk 7 . DT AR BB AT 26 B9 2K AL OF U T A 2R 4 A R



B i, 45 —Fh AltaRica 3. 0 BB b 35 4 F Ak 7 ik

55

ArrayList B, 2438 7 3 75 B 50 2 i, W% 7 B o0 % 1 2 Al
JEBAETET ArrayList A2, W IZH HIT R A4 6
W32 75 B T 3R A A A

58 UG I 1 % 3 TR AR A 2 1 T G B A
B I8 B AR A B B 45 ¥ Map ¢ String, ClassInfo) aliClass-
Map ", Hih String 77 2 44, ClassInfo 77 H 2 25 44 i i f
FKME L,

B3 B 25 R T A S AT O R Ak A B A A
XF T 2R P 28 L7 B 0T R v i x4 (IS SE D A F T
ERS SR ey VAR P R R A N (R B SRR
fRAE B B4R 245 4 Map( String, ClassInfo) allClassMap W1, H
I B A ST BB AE S 3.3 WAL 3.4 Witit.

B4 A A 215 B MBS 454 ClassInfo, (U 77
TR U e B 25 R AE B A S E B i
ST SRR AT B 7R T R AL E B 2R, T R
Classnfo W5 BHEAT 5688 4k, DL, 0 T O (B th #4E, T
B 75 BT R AR 0 S0 R A S B S R A B A N
ArrayList 1. fp & ARTF T 58 215 B 1Y ClassCompletelnfo,

LIRS N TR IR IR M IE AP AR SO T A 289 Class-
Completelnfo A7) {5 B T B3 48 & X4 Class_Completelnfo.
alt i, 5F TiAT I 0 7 R A 45 Stk A7 %t 1 o
3.3 Class TR E XMLt

SCHRLI0J 4 B 2K B 8 L2 — A H o4, ) C= (Cg.,
BisD,T,A) Jor By E—d 75 Wk, 8t xF 24> /B
REM R RN ELR DI B HIE, ks
H i 208 X, i Ak b 2 i 4 R AT A BE T AL B 5 4 B,
HE—A C=(Ce, D, T AV YL R 2K . Cr S — 4L B2, B
KCMRXKESL; DN —HEP TR BIFEXF CERIFD
MEFITRECEE S SHMMEFR) ;T hiE#H AR
Wi,

Cha 328 C T RALTE 3, N C B Cp, T3 L BLF 25 B8
A,

B WEEHZE COKHEBMAES Cu .

BRI T A 25 C b B B AR S B (28405 Boo-
lean, Integer, Real, Symbol 3 Fl /7 [ & L HI B F 4. S
B W R g AR Cp, P, BRI T XTI
AT JRAL 2 C R4 T AR M3 Cp, P52 C WS
A HIEEHE C b

B2 PATK —AY R Ce MY R.Ce K C A
KELS T Ce PHENEK,TFEEHE K MREIA K ., B0
2 Cpu e

BB 3 W D x4 GRE R H AR Q RS pD Xt
FHEAE QWEALH ¢ R Q WEIA Q. W IME] C
H. EEGEBRP.Q M ACMA NN R (R . FH .S
B 5 AR F sk MR A v 5 | FD AT ER R N A A
MIFHMLH AW q. inFlow,

RTHEREMRR SR 2 W — 4P R Ce YR, LK
HBR 3 M A EI TR ER D X G A Ab B, TR SORE 43 ) DA A fR
B R SR HEAT U

HHEE 6 G T — AR EMRE ., K ABRE 2 AR

FRAICE B N A IR AL working M failure , F 14
failure XF R — A% e failure : working— working : = false;
EBHKRTEHRA BB 2R FHEWHILEK inFlow N out-
Flow ,WWANEA — Wi 5 outFlow: =if working then inFlow

else false,

class A
Boolean working(init=true);
event failure;
transition
failure : working->working:=false;

class B
extends A;
Boolean inFlow,outFlow(reset=false);
assertion
outFlow:=if working then inFlow else false;
end
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EHBZEB b, RS R AE 7 R, 26 B R MNE
PEIR AR .

class B
Boolean working(init=true);
Boolean inFlow,outFlow(reset=false);
event failure;
transition
failure : working->working:=false;
assertion
outFlow:=if working then inFlow else false;
end

&7 2 BHF RS
Fig. 7 Flattening result of Class B
K8 gl 7O 2y, 28 A BT A B AR 526 C
HAESAFHILR B 1IN ANLE G a2 NEFILEK in-
Flow Ml outFlow . AN B — N Wi T outFlow: = if working

then inFlow else false,

class A
Boolean working(init=true);
event failure;
transition
failure : working->working:=false;
end

class C
Aa;
Boolean inFlow,outFlow(reset=false);
assertion
outFlow:=if working then inFlow else false;
end

K8 FKAMAEC
Fig.8 Class A and Class C

class C
Boolean a.working(init=true);
Boolean inFlow,outFlow(reset=false);
event a.failure;
transition
afailure : a.working->a.working:=false;
assertion
outFlow:=if working then inFlow else false;
end

B9 K CmrRLs

Fig. 9
[FIREHD , T2 A R J2 gk R 28 AN A7 70 HC 28 S 49, it
IR ART R -DPRAE. MK CPHAEEA KNI

Flattening result of Class C
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a I FRATTHEF#E— L A WRIA,IFER A WRIA T
FRA T A4 ZEI N LA S RSB 4 a, SR JE 2
AMBIARZERBNIZEC P28 C T RALRINE 9 fiR,2C
w3 B 04 & I AL AR O
3.4 Class FRUE XL

e AL T R Y A% O R B 1 R AL R B R e ) A%
D BEIE RN G T SR AL SR I B X AR T S Y SRR A
{5 8 09 B ¥E 45 9 Map( String, ClassInfo) al{ClassMa p 3 47 3F
JRALAL B, BB BRANGETE 1 iR .
i1 XWTFRMAEE
#i A : Classes” AltaRica 3. 0 model(C)
#i il : Classes” flattened AltaRica 3.0 model(Cpa)
1. function flattenClass(allClassMap)
2. for all C€ allClassMap # i JJj it A1 3%

3. Cii<=C. deepCoptO) 5 # WA Hi] 2 C

1. if C. isExistSuperClass then # - JR{L4k/R S

5. for all classname € superClassList # i B 5 2
6. superClass<—C. getSuperclass(classname) ;
7. mergeClass(superClass, Cua) 3 # & H LB E B
8. done

9. end if

10. if C. isExistClassInstance then # {1k 522
11. classInstanceMap=<—C. getClassInstanceMap() ;
12. for all instancelist € classInstanceMap

13. Cinstance <getInstanceClass ) 5 # 3R B SE 51 2%
14. for all q€ instancelist # i i 28 1Y fT 47 55 451
15. Celone < Cinstance . deepCopt () 5

16. addPrefix(q»Ceone) 5 £ UMATZ

17. mergeClass(Cuyithpresix » Criat) 3

18. done

19. done

20.  endif

21.  allClassMap. put(Cpa.) 3 % Cna 7 A allClassMap
22. done
23. end function

KWL L BB LT 4 TR,

(DEH, 2 CRRERAER S SHRMMEES
B, DA BAT R i A CRE S RG5O 76 T B b ik B h R & R AR AR
b, BHEE TR RAGRNE Cr. . B 1 PME
3Tl R R B I ok s C BT R B E] C P

(O RALAk RS, EK C R4 RE. N C WA
REERRRENS Cpe o BIE 1S 4—9 1T
BARHCE] C A A5 BT A IR 3] C

TRk sz i 2. W2 C v A7 7 At 2 04 52 451, T
TE BT A S A9 X o7 28 9 8 A vh B A i 44 6k SR RIS I B A R
JEBLBI A SRIEEIFR Chuw . B3 1 RIS 10—20 17
ST A C T ST R A

WO ¥ P RACE B2 Cro W INE] allClassMap B dw
B AT ik 124,

Bl 0 — A~ AR Class, 803k A9 B[R] 5 25 #6726 LR LA
Ay T, T 28 C BT AT AL IR I T R AL R 1 AL
KA RENF] Cp T ARBT BB GRK m A, T8

TARLHENA n 5AFGE WY HTA I EZ 2 OGn * 0,
Sk B 3k IH L R 0 PP A SOAR AR B AT RR L B ER
KA B KGR ZIE WM RIETEXS F 2 #E A7 AL i, H
LEERC LT PRAAL IR, R BREEH TG B0k i
Vi) 52 2 P RO AR . HC W, i B3 T 26 C v i i A7 2 2 4
K X5 RE 1) ST AL 192 Qo BRI AT I T HI 2 C s TP R
BT RA PG £ ST, B B SIS DL 2 S
BEURNAT W AE B A RIS N EAE p SR
DS B G p=>= PRGBS S A B Ok * p) o [RIFEID,
Sk B 32k IH 7 1 B T RN 8 SO AR R AT R R 3R
KBTI B TE 5 28 Z 10, AT AR AIETE 7 AL I 26 51
B2 SR R 26 B G AT T RALAL B, 25 1T ik, i
BRI B O,

ZFT R 0 28 18] 2 2% B 0 SR B A7 0T A A 1 Y B aig
25K allClassMap , Fe P AE L T 28 4 K H % R ClassInfo, 38
454 ClassInfo £ 5% 17— M T A CHEHE B, FEAUHE L
R BIN R RIS BRI TR T R AR
HWIIRMM TR, M TS TR, KA RS 28R
On*) . TEX A ClassInfo # 1T F R L BT, h TS
RO H 3 G ClassInfo g 58 /5 B ST R Ve e FIlT 5 5
DURY Cpo A SO R BE ) T 44> ClassInfo, fRA7T R AL
b AR AN AR Y 5 GBS W TR R AT S L 8 R E0R
FRAL S ARG B (RS D, BRI R g
A2 B MAEAS ClassInfo BT 525 W28 OGa®) , B IG5 )
RG] OCg x n®) o L5 LITR Sk 0Y 43 0] 52 2% 2N
o),

4 OISR

AT 3 B I S 00 e % B9 A ROk R AT 36 IE .
4,1 LBXRIMIFE

SEH RS 2.2 7 H) & 5 (CoolingSystem) | SCHik
C13]r By HLEE A1 % 2 48 (Wheel BrakeSystem) \ 3CHk[3 ] B
R Gt (IrrigationSystem) | SCHK[ 14 ]+ (19 A2 7% 22 R 4t (Land-
GearSystem) 2k X 28 19 °F & A6 55 1 i 47 3 3iE . AltaRica 3. 0
R B & 2 T3,

# 2 AltaRica 3. 0 BEI(5E B
Table 2 Information of AltaRica 3. 0 model

A Class %8 & # EXHE KXLAHE
IrrigationSystem 3 0 0
CoolingSystem 4 2 0
WheelBrakeSystem 17 6 14
LandGearSytem 18 0 21

RSB 3E ] — AL F ANLTR ) AltaRica 3. 0 5 5 fp &
T R AL 7 i 6F 4 A B EAT 26 B R A H A 4 A B0
FHICHIE Class B 5™ IEHOR MK S IRUR L LK GE R
) 2 2 B 0 6 R ALK

AR B 5 B KU B R AE — A CPU A Intel (R)
Core(TM) i5-7200U CPU @ 2. 50 GHz . 7E N 8 GB.##1F &
Sk Windows 10 5 K2R H ML 175 50 9 B0 3EF eclipse
5 A Java i F RLH,



B i, 45 —Fh AltaRica 3. 0 BB b 35 4 F Ak 7 ik

57

4.2 ZXWERRSW

AR MR S 45 R AT 4 A, I Ve R 4 S Ak
# UL B ] AltaRica 3. 0 15 & X RE AT AL LR,
4.2.1 FBER

Y AT S ST SR AR T vk Y )R] 5 2 B RN 7S TR R
JE L, SEE T 4 AR I P2 A4 R Ak T 1 T R Y N TR L A
BEAT TSR, LA AR AR Bk 3 n g,

3 IR A AL Y R A i R e A I TR RN A AR
Table 3 Time and memory consumption of different models

in the process of class flattening

A it 8] 3 #£ /ms W 7/ kB
IrrigationSystem 399 20 829
CoolingSystem 430 20 211
WheelBrakeSystem 1 895 47 350
LandGearSytem 4759 100 375

W3R 3 M 10 R, A4 R B0 0 288 52 4 55 i A >4 Y
BT L HE W &R 48 (IrrigationSystem) FllV& ] & 4t (CoolingSys-
tem) % B [B] 9% FEHE 3T 5 A LL 22 F - AILFE R ZE R 4t (WheelBrake-
System) H1 47 J& JE B0 i RIS S B R £ IR HE 64T 28 0 °F
JRAG B, AR 3CJ7 vk B I ] T R 4R s R Y8 2R R 4t (LandGear-
System) PECAY K HR LB R L I HEERFRS
B BRI, IR I % 2R 8 A4 I T 9 R L A 3 SRS
iR 2, Uk, s ma s 0 F J Ak 77 5 p i R AR A R IR ER
SR ISR I I B DA S

1500

1000
500 399 430

1895

Hf [ 34 #£/ms

Imigation Cooling ~ Whell Brake Land Gear
System System System System

& 10 AR 2 A 2 19 1 Jie Ak ik A2 o 9 I 1] 76
Fig. 10 Time consumption of different models in process

of class flattening
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Fig. 11  Memory consumption of different models in

process of class flattening
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A BT K SRR T AE & A SRR I v DL AT B A, D ot
7 BN EE 8 W B 41128 RepairableComponent, IR 5 %

et B 12 fR.
_
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Fig. 12 States’ transitions of repairable component

MHEM failure KA, 84 B WORKING Ik & 48
FAILED IR 2 4 F A repair K& LW, 2008 i FAILED R &
A5 WORKING R, A BAJBYE vsWorking CH IR
) pLambda (YR . pMu(BEHF) . MF evFailure &
BB}, vsWorking WIME B true 28 K false; M FH A evRepair &
He b}, vsWorking WIME H false 8 4 true, B 18 & 4H 14 X} I )
AltaRica 3. 0 BRI ANE 13 7w,

class RepairableComponent
Boolean vsWorking (init = true);
parameter Real pLambda = 1.0e-5;
parameter Real pMu = 1.0e-2;
event evFailure (delay = exponential(pLambda));
event evRepair(delay = exponential(pMu))
transition
evFailure: vsWorking -> vsWorking := false;
evRepair: not vsWorking -> vsWorking := true;
end

failure
expo(lambda)

repair
expo(mu)

B 13 B AR AltaRica 3. 0 FH

Fig. 13 AltaRica 3. 0 model of repairable component

SRIG XK AT R, KRR T HA /5 H 00
Ak, 0 BA A W E M A v fInFlow (B A o fOut Flow
CH R o AL IE R AR B 0 A T A 75 DU O
W false, JKFEXF N AY AltaRica 3. 0 #EAIANA 14 iR,
class Pump

extends RepairableComponent;
Boolean vfInFlow, vfOutFlow (reset = false);
assertion

vfOutFlow := if vsWorking then vfInFlow else false;
end

M 14 KER AltaRica 3.0 8
Fig. 14  AltaRica 3. 0 model of pump

1 T T A, BTTRR T B AT A A
PEAN i BAT HoA R, 40 v fLeftFlow, vfRightFlow, 5
K FR 0 7N [) 22 A 2 T IR 1T AT LKl 3 38 B2 0500 AT LA 1
PR 220 A T A O T DL DA A A T A L D X R Y
AltaRica 3. 0 #HE G0 & 15 fiw

class Valve
extends RepairableComponent (pLambda = 1.0e-4);
Boolean vfLeftFlow, vfRightFlow (reset = false);
assertion
if vsWorking then vfLeftFlow :=: vfRightFlow;
end

K15 BITHY AltaRica 3.0 54
Fig. 15 AltaRica 3. 0 model of valve
A A B KREAT A, HEWA usIsEmpy (& K
B cofOut Flow (i B o M F 1 evGetEmpry (R AL 25)
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KA, A usIsEmpty WEH false 284 true, # /K HEXT R
9 AltaRica 3. 0 #ALUNPE 16 BT7R .

class Tank
Boolean vsIsEmpty (init = false);
Boolean vfOutFlow (reset = true);
event evGetEmpty;
transition
evGetEmpty: not vsIsEmpty -> vsIsEmpty := true;
assertion
vfOutFlow := not vsIsEmpty;
end

& 16  FHIKHEM AltaRica 3. 0 iR
Fig. 16  AltaRica 3. 0 model of tank

12V H F Ge i — > K HE W AR ¥ 110500 i 6 2 B (&
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AltaRica 3. 0 SR AIE 7EH 2. 2 W AT AR . H 4 4 class(Re-
pairableComponent, Pump., Valve, Tank) #l 1 /> block ( Coo-
lingSystem) it 41 A% B9 £ A 2 38 % 5 R 58 B9 AltaRica
3.0 MR,
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BRI LI TR ARG 4 DK TR 2 D4R ZE Pump Fl
Valve) 19V R AL . F5 4 S T

[ Class_Completelnfo.alt 22
1class RepairableComponent
2 Boolean vsWorking(init=true);
3 parameter Real pLambda = 1.0e-5;
4 parameter Real pMu = 1.0e-2;
5 event evFailure(delay=exponential(pLambda));
6 event evRepair(delay=exponential(pMu));
7 transition
8 evFailure :
9 evRepair :
10end
11class valve
12 Boolean vfLeftFlow,vfRightFlow(reset=false);
13 Boolean vsWorking(init=true);
14 parameter Real pLambda = 1.0e-5;
15 parameter Real pMu = 1.0e-2;
16 event evFailure(delay=exponential(pLambda));
17 event evRepair(delay=exponential(pMu));
18 transition
19 evFailure :
20 evRepair :
21 assertion
22 if vsWorking then vfLeftFlow:=:vfRightFlow;
23end
24 class Tank
25 Boolean vsIsEmpty(init=false);
26 Boolean vfoutFlow(reset=true);
27 event evGetEmpty;
28 transition
29 evGetEmpty :
30 assertion
31 vfoutFlow := not vsIsEmpty;
32end
33 class Pump
34 Boolean vfInFlow,vfOutFlow(reset=false);
35 Boolean vsWorking(init=true);
36 parameter Real pLambda = 1.0e-5;
37 parameter Real pMu = 1.0e-2;
38 event evFailure(delay=exponential(pLambda));
39 event evRepair(delay=exponential(pMu));
40 transition
41 evFailure :
42 evRepair :
43 assertion
44 vfoutFlow := if(vsWorking) then vfInFlow else false;
45 end

vsWorking ->vsWorking:=false;
not vsWorking ->vsWorking:=true;

vsWorking ->vsWorking:=false;
not vsWorking ->vsWorking:=true;

not vsIseEmpty ->vsIsEmpty:=true;

vsWorking ->vsWorking:=false;
not vsWorking ->vsWorking:=true;

17 BHREGRMFERML R
Fig.17 Class flattening result of cooling system
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