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Abstract: This paper presents a representative case study of bridging UML/MARTE (unified modeling language/
modeling and analysis of real time and embedded systems) to FIACRE (intermediate format for the architectures of
embedded distributed components), and discusses in detail two sub-problems of semantic mapping and syntactic
transformation respectively. At the semantic level, the semantic mapping rules are developed using model
transformation technology so as to implement the transformation between metamodels. At the syntactic level, the
concrete syntax rules are built on the metamodels so that textual programs could be generated. Based on the case
study, the general framework and corresponding key techniques are discussed. In addition, both the advantages and
deficiencies of the work are concluded.
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7 KARA! 49 55345 52 49) 353F T RAMBERL 28] J2.18 X AniB ik B 6948 454 P AR A2 35 SUE B AR A SR R 235 3L

BRATHLIN , 52 IR S Z 08 6955k AR 15 ik R iR M UARA 6 BLARE TR RO TR S 0935 iR AL A A B ATAR

A5 FAR AR T F O IRAT T @B A 43 812 0940 KAE R Ao RAEFA FF 3438 T 4548 TAR 69408k B A 52

FAHE.

KR AERIRS) A2, XA ik MARTE(modeling and analysis of real time and embedded systems);FIACRE
(intermediate format for the architectures of embedded distributed components); 5+ #:4%

hEESES: TP311 SCEkFRIRED: A

T 10 4E3k, JE 30 AL 40U AT DL UML (unified modeling language)™ £ 2 fry il ¥4 sl B 45 30 20 72 2 A1 % i ¢y
TR AN ) AR 5 v A TR T 204K 5 ¥2: (Formal  method) 2 55 T $50 2 1R - B b S0 R F 2 48 8 1108 ff B
2 FF R ARG 1) 7515, 8 LA FA% [ T8 OB RY S w8 R 48 16 AT 4 P 2 15 0 16 BRAIE. UMIL DU i ) el A5 1) R 3
PN S, T A O ) 3 R [ e SRR 2R G A R B AR I 22 AN O TR AT R, AT LA Rl
NI F I b BRAE SR, AN (R A58 11 S AL A5E TR 40w TS v T AR N TR S RN IE T H A UL = R 2 L 4
B 2 ) e e, U H R LA UML 2 F2 (0 AR T AR [a] P2 b (14 T8 XA ABE 200 (1) LS, R 22 R S0 Mk i)

A SC 3k B H AT AL AR A0 n] R 4k R B AT B 4% A2 ¢ 3 (1) FIACRE(intermediate format for the
architectures of embedded distributed components)?J% 21  fil UML/MARTE(UML/modeling and analysis of
real time and embedded systems)!VR R k47 7 S R 5 20 6 8 1) S U T 9 3 1 44 3 AN UML/MARTE %1 FIACRE
V) 2t A8t 7 R AST T S A R R AR L 4 Y TR 1 T T () ) g e 7 S, B £ S A e R A 2 ) P v S SR, DA
AT PE VTV J2 TH TG 58 38 I 55 3, e A, B AT 13 8 1k — AN Wik 2 2R 45 (coffee maker system, & #% CMS) ¥ M. F 7= i,
18 T UML/MARTE %] FIACRE % i 1) 5 JH 3t LR 2 2R

S S R AR R ) P 3 ST S i), BT i S i B RO A RN ) B AR L (1) T AR AR, AR R R TG A R ] ) S
LS, S i 4SS 2R 26 by AR s SR I 18 2 4 R0 ) B i 0 ol 4SS 70 26 49 o/ )2 S B 3 A A Sk i 2 T 1)
e ) R, FRATT Ay T R L AR R T K A S A5 B 1) H RS A 1 — D R 4 O R (B ) S A, A
T T 8 58 S 1) e P A 782 1) P A 9 e, DA b AN 2 T 3 SR P 1 9 48 D7 10 0 52 31 T #5784 9K ) T 7% (model-driven
engineering, i #k MDE)“ ) S i, [N g /8 S 8L E B AT R T A0 B[ S 45 &5 AMMA(ATLAS(Atlantic data
systems) model management architecture)™ i 42 fit fi1 4 K.

MDE J&: 8 TREATIR B D4 (1 — Fl B AF T e A e LARSE 7R g 1 B 2 o 308 ek () S8 A R AR 78 2 4t S i
A I FE R, G085 0T Hb A% ol S A4 S & ) PR AH B %5 45 ) B S MDA™(model driven architecture)!® fi 42
I, MDE & #5228 T 22 AR FM TNV R0 )2 0, 7B T K= e o AR R . @7 VA RUAH N (RS2 4% T H.
Hop BRI K2 OMG(Object Management Group)#E 5 [) MDA HEZLFR#EFRT ATLAS 5T 412 H i) AMMA
FR¥EA.

5T MDE (1) 5 #4580 1 SCHR G RT3 e ) BAR S R 28 25 T AMMA SF & I o 4R R
KM3(kernel metametamodel)™ 3@ i 7¢ £ 45 (metamodeling) il % VR A1 5 H KRR 1K) KM3 TCHRE Y 5 S5 by A 700
SINE] MDE T 52 30 e 4 A5 28 1) ) A4 Ak 4R 5 R S & IR B 3% 3 15 5 ATL(ATLAS transformation
language) EVe of 70 700 g it A 4 08 DU, 300 Sk 4 (1 S 061 485 70 08 A7 L 8 4k, S LA MIDE. S [ B Ak A5 780 22 1] 14
A 3 M B 5, 25 T TCS(textual concrete syntax)® Sy H A7 k8 7 1) 70488 B0 44 38 B A TE 1E 5 1 — AN MR B0 4k
(modelware)! 1] 3¢ 755 (grammarware) M A KRR ST 21 MDE H (1) 53 M 458 78 LSt [l 44 45 () SCAS 0,
DL A g 28 (1 R P (BSAE R SEE e A0 AR SO v SR 3 BE R AR A 1 it 4 a2, 0 L2 T8 s 2 1 AR A R
1%, H BAX 2 MDE #2422 A6 9% Grammarware ATE f 741 A 48 2 WL OCHk[12].

JLT L UML/MARTE B S FIACRE T AR A 18 SIS, A SCER o 38 H e i A2 1 18 T A 5K (R AE 8
RO AR IZEFE L. AMMA V& 9 BAR SEILF 6 AT [ I 8 - A58 8 SR S A, AT 265 e 110 552 FH v A S A
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S 77 B 430, — 71 B T SR AR ESCHR, 50— O7 I A R 1A SO AR A R RS g

ARICH 1 AT A9 UMLIMARTE #5480 f1 FIACRE 23U AL 55 2 1 141414 UML/MARTE % FIACRE
AT (¥ A T, T R I SOJZ ATEE 2 I 4 15 58 3 1 LA MR N UM R G 0 81, 15 08 e A7 11 12
FHYE BERIBOR 5 4 5 B0 0 38 T e i@ A2 1 R AH G IOAE S M OC B HOR 58 6 BT AHOC TAR LU IR 26 6 R &4
SO .

1 MARTE#ZFIFIACREMR A

1.1 UML/MARTE#Z!

MARTE /& OMG F 2007 4FJi& & Aii (11— N8 UML Profile, JT] EABCAC JEAT AOAT S8 B2« P RERTIN H) 9 UML
Profile(UML profile for schedulability, performance and time),{f 3 UML 5 52 i AR\ 20 R Go kA7 LA 1) 1 =0
30, IR 4% 32 050

MARTE 7 f{H & 32 3243 S #& ik (foundation) . £ 45(modeling) Rl 43 4 (analyzing)3 /N4, 43 ) J 265 /0 S il
RS WP RLURI AR 3 AN v v R AR AR A 32 T 6T ST I RN 30 R B (1 S AR A, AR
e WA R IA] S PAT T 52 B % U5 4, 1E AT AR RN 4 R e R A A A T R A A R B ) JE A, A A
MARTE K78 A% O BV AR B AR 4L T v il 5% J2 1) A8 G 35, 7000 0 R RS2 I ) 3)) 2 A FAT Sy kAT 2
AL 90 Gr, B A AT 2 e 0 ) SIS R L6 52 B B U ) DR R P DA R e 8 5 S S R I AR 45 RN B A AR 4y
MR A 5 35 T H T R G 1 1k REAN PT SEPE S5 EAT 0 A IO AR 0 38, F A W BE B VH A . AR G AR R
AR T EE P R g Ak A VA 2R RN Ay AT S 2 8 R g AT P R A 28 Ay Sk 11, R b, S 48 9 5 e )
MARTE 45 2 B4R 32 TEEF e v A8 B G0 v (R A DS A ARATY R 5 e — SE il (0, BT o SCIR B,

MARTE 1 ) 3¢ TF A5 25 3 2 B 7 sz i A e N =X 1) o 55 Rl 45 #5284 (RTE model of computation and
communication, f&j #X RTEMoCC)EL . & 1 WM& 1) A 5 R oR T A OGS AL 6 25 A6 [ 1 P, RtUnit FI PpUnit
TR S N 2R ZE R IS 36 % (active object), 35 B SR R GE R B AR BEAT BB P RtUnit &£ —A
A0 0 G S HAT A A I i B G 3 i SRR R i R ) e 2 A 3R S35 4L.RtUNit 2328 3¢ RtUnit(main
RtUnit) f14E 3 RtUnit p5 F 30 51 isMain J& P bRz~ 5 RtUnit 4248 7 main #8245 /50 REHIPAT AN O S BN RS

HUBEH 143 RtUnit /£ 4 R Ze i) 5058, I HLH: main B4 B0 25 iy 300R1 28 45 160 2 iy 30040 7). PpUnit J& — M
3))%Z 47 5. 76 (protected passive unit), & 24 = B S A I U7 i SR PpUNit 32 B R 2R 48 R 32 IR B IR EAT
AR AR RtUNit JT A 847 2561,

RtSevrice Ml & I K el b 7 a0y e NI ) RO 58 9 55 I 1 SRk S RFSE I RS, B 55 RtAction 9
F5l{H RtService 47K H MARTE::GRM::ResourceCore::Service, 1: B 0} IR 45 #E 47 @4 RtAction T4k & H
CommonBehavior::BasicBehaviors::InvocationAction, 3= % ] >k 5 J5 147 R E4T 2285, 20 UML IRASHL(UML state
machine) " [f] Invocation Action %%,

P 2 /& RTEMoCC {3 JL Fr 2 i () s 5 £ MARTE profile m 1 2 #4935 5 (stereotype) ) i S 3B 2 1) 52 S
B b AL ) 8 U B AN [, T 0 A S A 11 ARG A, A MR A A TR ) 2 S e e 3 ) T A E A LAE UMIL
RN O S A UML 11 profile s SO #4038 B 06 20038 I 37 Ji2 (extension) ¢ 28 W 21 3E A /£8 50 28 1 (metaclass)
b FRIR AR T BTE S ISR £ 1 by B D0 ARe P 48 5 B SEAN R B O B IR S b IE R AT DA B R AR S S
RTEFEEE 5345 23 53 TV Kl sl R 78 R ) i 28 S8 A H D 118 2 181 DA B J6 480 100 DU) (CRH DG 401 L3S 2 1),
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RtUnit

isMain: Boolean

main: Operation

poolSize: Integer

poolPolicy: PoolMgtPolicyKind
poolWaitingTime: NFP_Duration
memorySize: NFP_DataSize

! behaviors

PpUnit

concPolicy: CallConcurrencyKind
memorySize: NFP_DataSize

services
*

*

behaviors|
*

queueSize: Integer
msgMaxSize: NFP_DataSize
base_Behavior: Behavior

>

* |actions

«enumeration»
PoolMgtPolicyKind

«enumeration»
ExecutionKind

infiniteWait deferred
timedWait
dynamic

exception

remotelmmediate
locallmmediate

RtAction

isAtomic: Boolean

0.1

217
* ‘services ‘ 0..1| syncKind
RtService syncKind [ «enumeration» «enumeration»

_ ; 0..1| ConcurrencyKind SynchronizationKind
concPolicy: ConcurrencyKind Synehronous
synchKind: SynchronizationKind reader Y
isAtomic: Boolean writer asynchronous
exeKind: ExecutionKind parallel delayedSynchronous

’ - rendeVous

other
0.1 pRTF

RtBehavior RealTimeFeature
queueSchedPolicy: SchedPolicyKind PRTF| secKind: ArrivalPattern

relDI: NFP_Duration

absDI: NFP_DateTime

boundDI: NFP_BoundedDuration
rdTime: NFP_Duration

miss: NFP_Percentage

priority: NFP_Integer

synchKind: SynchronizationKind
msgSize: NFP_DataSize

Fig.1 RTEMoCC models in MARTE profile
Kl 1 MARTE profile ") RTEMoCC %!

«metaclass» «metaclass» «metaclass» «metaclass»
BehavioredClassifier Behavior InvocationAction | | BehavioralFeature
A i \
\
«stereotype» «stereotype» «stereotype» «stereotype»
RtUnit PpUnit RtBehavior RtAction

«metaclass»

«metaclass»

«metaclass»

«metaclass»

«metaclass»

BehavioralFeature Action Message Signal BehavioralFeature
1 ) A A '
«stereotype» «stereotype»
RealTimeFeature RtService

Fig.2 Sereotypes in RTEMoCC package
& 2 RTEMOoCC fu A [y fay i 714

1.2 FIACREF R 1&8!

FIACRE J2& % M M 5 v AR 535095 I INRIA(National Institute for Research in Computer Science
and Control))! 81 i — Foft 755 RE R, 3 8 o0 Hik N 2040 A1 3K 2R 48 9047 7% 3K Ak 1 56 3IF (verification) 1 17 £

(simulation). INRIA & 1 XIKs HAE A 78 K SR 32 #F MDE 19— Fp 25 B8 X A0 4 FIEIE 77 15,

FIACRE XJ Jf %17 4 If) 3 ## /£ 3£ T LOTOS(language of temporal ordering specification)™ 1 [ 5} L
(automata) £ 47 HF AR BEUE 4, E S A T2 (14T 24 S 44 Process il Component #4) i H 1, Process & iz kA (14T 4
I, TR AT A 3E4T 53R A4 Process d L — 4145 ik Z& (control states)HEAT 7€ S, 3% S8R & th AT A Se Bk
PR Y B Wr b3l A 7 2 (communication events) & 4 7E uii 1 (ports) b A RGN — N REEKIT 2 5 — MR
Z.Component il i % Process #E47 416, W W 25 | 9 & 55, H LA S22 2447 4 1) Fif i .Component J2& 2 IR 45 14 1,
‘BIE T DL AL F Component,{H Process A fig £+ Process.Component 2 [ 41L& s A4 i T — N 5831 &R

45,1 Program 2718 3 45 T &AL FIACRE A% /0 Jo 2,
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elements -
Program » Declaration

A\
‘ ComponentDeclaration H ProcessDeclaration

composition |1 ports| * *| ports 1..* | transitions 1| type

o composition . . 1
Composition 1 P PortDeclaration — Transition Type
isIn: Boolean }

. =3
isOut: Boolean !
‘ ‘ ‘ 8 - IntegerType

‘ SyncComp ‘ ‘ Instance ‘ ‘ ParComp ‘ states statements

‘ State ‘ ‘ Statement ‘
BooleanType
elements|1..*
ParallelElement ‘ ‘ ‘
ArrayType

TypeDeclaration

Py

*
ez
*

right

arguments

‘SelectStat ‘ AssignStat ‘ WhileStat ‘
QueueType %
. | CommunicationStat ‘ ‘ I1fStat ‘
BinaryOperatorExp ‘ UnaryOperatorExp ‘
- . isIn: Boolean ‘
operator: String ‘ operator: String ‘

Fig.3 Core metamodel of FIACRE
Kl 3 FIACRE M40 yoiiR

FE A 38 B 7 77 T, FIACRE i % Time Petri Nets {5 ] i [/ [7] [ (time interval) >k g SUAT 4 B (A1 20 3. 78
FIACRE H 38 AT g & M ik Process K & SCI, DR I [A) 249 52 U 4 58 CAE Process 2 [A)HEAT A8 L (1) i 1 L B[] )
I 1) A7 A P TR R 0 ph 22 /D A ] T B T 2 R

H 1il,FIACRE C.47F INRIA 2 5#E5) (¥ Topcased FFI§ I H A, g — o o) 1 55 S 35 45 Flosi 784 21 7%
I UFE T B (195 3, i CADP(construction and analysis of distributed processes)!*® Tina(time petri net analyzer)[¢l,

2 jEBEEE MMARTERE B! E|FIACREEE!

M MDE (IR A 2 PR S5 Ky A58 28 (T G 380 SACASE Y ) P AR L 0 8 1) 1L, AR 5 4 8 1) T XA D 3 A B2
i 77 AR [ (B AR B E R AT — 2 (AR A 2 A e ) 30 S8 A e e S 1D B S DA B v J2 R 0 o 48 1)
AT MO AN 2 YR A ZH U0 3 MDE 19 324 T2 AMMA 7 & K 5880 MARTE #5228 21| FIACRE (A8
{1y 4.

THEAFENG AMMA 4 AR5 T 5 MG S FIE v #  5A 2 OE 416 MARTE 45078 5]
FIACRE % xUA B e 46 (1) S DL R . 7E AMMA T4 E A TE SO S FOVE 6 5 e S I R 48 /2 3 T KM3 Je i AL 1F
171, MARTE A1 FIACRE [f] KM3 JGA %4 T LU 33 KIM3 55 18] 1 0 18] 3 1 401 5 O A 20 1 43 2 1T 15 (PR T s s,
A B AR R).

2.1 AMMAE&

AMMA J& ATLAS T 50 R 1A MDE &P & SCRF(U0) @R BERUEE . AS070 g ZURIAS L 45 2 AR
i & AL H ) Th AR R s, SCER[BIK T & L T By o B ANME S, 3 B . T modeling in the small Al
modeling in the large 57 & 32 ZLEF 0T (JO) HEA . BEAL A% 46 R 9 213, £ & ATL,AMW(ATLAS model weaver)®l TCS;
S 2 00 32 B SR (T ) B R HEAT A B, 44 AMB(ATLAS megamodel management).

AMMA ¥ & F A HI I JC e B AR R AR 2 KMB.HZ IR S i AR 2K LT OMG 170X 4 it (meta object
facility, i % MOF)!"L{H 5 MOF AH Lk, KM3 ELA7 5N faj e 5 F AOAS L AMMA P& LI BT AT (038 &5 R T 1L 4D



kR F AT MDE ¢ 5 MAEA & 3% MARTE 24! 2] FIACRE A4 219

TG KM3 AR R, IR 20 B KM3 SRR A SO TAE EEREET AMMA FE& 1) KM3ATL LUK TCS sE3l i, Al
BRI 4 A I 3 A
2.1.1 KM3 jooohs

KM3 [ 38 2% AMMA B & FE 5 (I ATLLAMW,TCS LA K AM3 Z8)31 24 DSLs, it KM3 Jyix
26 DSLs FEft— AL E A e AR X — 5 MOF JEFARELIE B R H MOF (VY JZ oMl ik oK G 1%
KM3, 84 KM3 Fl MOF 4 T [7—4
BRI AL MOF & OMG Jy 732 ## +:\11(::|§tllir::m
MDA i il (8 — A7, P i 4 5 A
5 At A SRS 1) — S0 R R R A, ‘ |

) Classifier StructuralFeature
P UML) 8 88 A S 4 45 KM 01 B type +structuralFeatures| o ver: Integer
R, e F ol N X 1 +upper: Integer
PO R s e g TR TR A *+is%r(jered:gBoolean
(package) {11 52 JF BL i1, #h #1255 % R i | 14 +owner  [*isUnique: Boolean
A A0, L A e T e g sk | DataType Class %

+isAbstract: Boolean

+supertypes

¥ % F DSLs [0 70 HE 7 I, KM3 [ £ | Reference | | Attribute
{6 B S i KM 5 S ToPRe |
A KM3 338 LT SCAG I B AR T, I
B TCS L Eclipse JfifHiFA 6 Fig.4 KM3 metamodel structure
Eclipse B 5yl ST &AM 4 44T ' o
KM 1 70 5780 25 1y Kl 4 KM3 [ eBi i £y
BT 2 X AMMA TG 3 & % FiE 5 240 KM3 18 55 — A5 ZEE A 8 % Fh DSLs #4)3& o 24, B if i)
TG A (metamodeling). A8 3C6H B AR TE 5 HEAT T B 0938 4 a2 2 T KM3 58 jui).
212 ATL BIREHIE S
ATL & AMMA 7 & 5 B 20— AN 30 40 8 ¢ F5 0 80 28 4% 3 o ) i3t 47 75 9 3K (declarative) #1 fiy 4 20
(imperative) {7 5 11, J& — Pl i A 2 B0 B S B0 00 B 3 3 = TOLATL 5 40 6 T Sk i . QYT R F sk

conforms to (query/view/transformation RFP,fij#x QVT RFP)I [ i, I

M3 VY TR 3T OCL2.0(object constraint language)?? 5 X

K45 QVT &y MOF B iy — AL o3 KA J ATL ¢

confor confofms to orms to o .

M2 T QVT 1— Mk s B4k ) OMG $2H T Ex i, H
[ omva || omme | [ mme | T RN
basSthon based on AT N OMG [HE J7 & b f2.

conforms to 2§bk%@znfo msw}seﬂ conforms to 5 45t T AT ATL (AR EE L IS N B T LU

M1 ‘ Ma ‘ ‘ Tab ‘ ‘ Mb ‘ HLATL R R R e 5 AT QVT Y rh e IR B &%

e 2 Oy X Wy & ot MMa il MMb 2 R A A
(source model)F H FrAx ! (target model) i) JeAE 2 Ma Fil Mb
ST I TR B U SEHIE AL MMt 2 A8 B 3 480 7R 5 (It
Ab Sy ATL) W JCBLRY I Tab 24X MMa FI MMb i SCI 3 3@ 1sE MMt 30T 5 28 (I 4k oy ATL K23
BLYXE Tab KU AT 50 AT BURF IS BE T Ma B4 HAR AL Mb 7.

ATL FEIIHL(ATL virtual machine)f2 ATL (34T 514 A8 W+ B ATL BERIPLAS 4 T Java ERIDLIGAR 2 %t
Sk, B IR (R ] A A, H AT © 442 508 ADT(ATL development tool) 1,31 5 ADT —if2 7t Eclipse {1 J5 ¥k
FAE N TIZ T H (top-level project) K& Aii.

2.1.3 TCS CAMIEL

TCS 72 AMMA - & L ) — AN AR 1) 8 40 FLAB 40, ATL AMW 45 52 B MDE 45088 Py #3815 HI 3¢

VIR, T TCS 2 % 17 Sy Vi) S8 A R SR SCA I I ¥ v 1R, TCS (11 T S a5 Lok U5 T OMG ) MOF #8784 31 S0 A

Fig.5 ATL model transformation
KI5 ATL JEAA KRR e et 1]
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B S R 2%k (MOF model to text transformation language RFP)ZY H it 045 ik Eclipse 11—/ FF i
niH.

Grammarware TS TCSAEM & EATATL AT Al — 2 i KM3 i 3o
B TCS fEili vk i #r 77 0 A H T ANTLR(another tool for

language recognition)?245 AR, — AT Yace [ SCATEVE BT

G : 247 1% 2% (parser generators). & 6 45 T TCS o M ALK L8 s 3k
{[ANTLR GEN | o - s

Tinjaciar] IR —Fh DSL W5 5 L A B IORT SCA I e, Bl b MM

[ SML — Fon L AERIRIR P e, G 3R L AL U P IR VA R K

L confore e ormatommput UL MMy RIS A U, B T BURLF ANTLR

Fig.6 Overview of TCS application A GAHH B TR A5 7R 3 S A (extractor) AT SC A 2 5 R A (injector),
6 TCS MJHME BRGNS WCHR[9] B I XHE S L IR M $04T Extractor,
A LA A G TR U Gy IR SCAR SM ;i i 6 SM AT Injector,
A AR AT G 0B R MM AR RS M.
2.2 EBXEHMEGT
76 MDE 1, — Rl il 55 10 78 SR Al BB 1 8l e 8 5 1 e BB T g LI N, UML (138 X 5d ik MOF
Xt HLAE M2 JZ (R e R 5 SCIf i 52 14 ABE M MARTE [ G F & FIACRE [ JGHE AL, 6 R o LT — M
M £ F Fes, ) FIACRE R SCRT LA I 5 R 2 o(M)=F ok 1, offy i Ot —41 1 MARTE S 2]
FIACRE JGH Y (it 55§ L U (MARTE-to-FIACRE, fij #k M2F)Z5 Hi f). %6 A — AN WS B0 0] @o(m)=F 11 75, m %o 14
HZ S MARTE (70K, f 278 —/> FIACRE [1)CH .
LS RN M2F (158 o NG M AT R DUBCIST T 29 0 3 AN 5 T s AN 7 T AR AL 7 7 — 41 M2F R
2.2.1  ZEBIGERY P I R0
o M2F 1. FEACHHR AL,
MARTE P 1) 2 A %45 25 ) Real, Integer,Unlimited Natural,Boolean F1 String Bt 4 4 FIACRE ] Real Type,
IntegerType,Natural Type,BooleanType F1 StringType.DataTime 5%k 5 % IntegerType.NFP_Duration,
NFP_DateTime,NFP BoundedDuration,NFP_Integer U1 5% NFP_Percentage Z& it} > IntegerType.
MARTE HH A F 1 58 2520 £ 2E7E MARTE #5628 )% (MARTE model library) & X IEAK R 254 Real,
Integer,Unlimited Natural,Boolean,String LA & DateTime.H: #1,Real,Integer,Unlimited Natural,Boolean F1 String 7]
DL 0 3 e 4 FIACRE K Real Type, Integer Type,Natural Type,BooleanType #1 String Type. 8. 4% FIACRE 1
AT Date Time 288 0] LA B4 55 DateTime %F 3, {HAR Y DateTime ({38 SCrl LB I HbH FEWLsR h Integer Type.
£ RETMoCC i, 55 5y K¢ ik (real-time feature) AH ¢ B # #5251 45 NFP_Duration,NFP_DateTime,NFP
BoundedDuration,NFP_Integer L & NFP_Percentage #3541 11148 X, nf LU & Integer Type.
e M2F 2. Tii)Z Package.
TiiJ2 Package /& UML/MARTE #:7% sh At Hi4th Package Tt Package, t # S £ FIACRE Hi1f)
Program |- T2 Package {1+ (4% %1 G 2% (PackagedE lement) 1 M3 415 [ £ 21 70 ok e 5 3] Program Ji7 41
TouE b
e M2F 3. Sub-Package {3 WS 5 6,55 (5714 3] FIACRE.
I JZ Package AT 1 Sub-Package A~ H #2551 FIACRE H iR A {H &% Sub-Package I £ & i #k
A6 HE AT Package H AR BY 35474 [R] i1 %% 1k, Sub-Package FT 02 i) Sub-Package 4753245 A1 ] 4 ).
1T MARTE J& UML [f)—4> Profile, 5 A6 4 ] MARTE #4345 28 G5 4 I 75 282 (5] IR 1 UMIL A Ay el 4 0
Tl M2F2 7 3 SCIR B B 2 7 BT et IF) FIACRE #5024 (AR, 35t & Program.ix HLRE 2 i UML/MARTE
HEAT R AR 1 AT )2 Package. JLfth Package #4474 2k TH = Package [¥) Sub-Package 1fij 7775, 3 FLif
1 H: PackagedElement #£47 5E X.
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hAETHZ Package o7 MR SEE 4 WL 3 FIACRE ) Program 1, M AN AN Bk &M X2 h T
FIACRE [fJ Program A~ 5 A # 2 A7 5~ Program ()2 &) 73 60 T HH B i 44 b SR 1) 1) 1, T LGB L 5 N Package ff)
2T RAF R

e M2F 4. F RtUnit B4 4 & ComponentDeclaration.

F RtUnit 2 isMain JEPE{E 9 B ¥ RtUnit, & 4% B4 ) — 4~ FIACRE [ ComponentDeclaration, i%

e M2F 5. 3k RtUnit B 24 9E 3= ComponentDeclaration.
4k RtUnit W #)—A FIACRE [f) ComponentDeclaration, Jf H.i% ComponentDeclaration % & 4 JEf4
FEAAT AN 5

e M2F 6. PpUnit M5} 3= ProcessDeclaration.

—> PpUnit # W —4> FIACRE #J ProcessDeclaration, J{ H.i% ProcessDeclaration 11314 i% PpUnit
f) ComponentDeclaration i i Composition 347 .

e M2F 7. PpUnit Wit 4 3= ProcessDeclaration.

-/ PpUnit # L 5-—~ FIACRE [f) ProcessDeclaration,J: H.i% ProcessDeclaration HH4f45 1% PpUnit
f] ComponentDeclaration i i Composition 347 .

PL_E M2F 4~M2F 7 % LT MARTE [f] RtUnit FI PpUnit f7/%5 4 5] FIACRE N HFH Sz B T
MARTE &84 & UK R T2 2046 08 21 UML RS F (1, DR 70 P4 T8 A R 1) AT L 2% A 0 U)o 200 7 54 %o ) 3 28
(2% sz B AL HEAT I B 2 (1) MARTE 438 284 #1) UML Je 28 844 Re v ml LU $1],RtUnit £ PpUnit 1% A1) i 2
#B A2 W H #E UML 1 /) BehavioredClassifier . [X b, 2 15 4 %+ BehavioredClassifier 28 84 3547 46 2%, ) Wi o2 75 b
T RtUnit 8§ PpUnit #7324 % UML f¥) BehavioredClassifier 2 % it 47 #3 B9 J4) Wi AN S ATL B0 20 R

ATL #0 1. 53 241 Helper 45:4F.

1. helper context UML2!Element def: hasStereotype(s: String): Boolean =

2 self.getAppliedStereotypes()->select(e| e.name = s)->notEmpty();

3. helper context UML2!Element def: getAppliedStereotype(s: String): UML2!Stereotype =
4. if self.hasStereotype(s) then

5 self.getAppliedStereotypes()->select(e| e.name = s)->first()

6 else

7 OclUndefined

8 endif;

ATL B 1 FR 58 1~2 AT R3S 3~8 4743 3l i ST 15> Helper 5:4F, % 171 UML A5 Y i 1 FH 0 ey a7 47 2o ik
AT B WAL BT Helper J& ATL 5 55 FR ] 37 005 284 308 47 280 0 NH T R R AR RSB 2 1 > Helper 52 X T 404
hasStereotype [ 4, & — > String 884 1) 44 s, iR [FIME 4 Boolean 288 i # 4 5E L TE Element 288 I 2] Wy
FEHS BB R TR T L s N IR R 5 2 4> Helper € LT 44 getAppliedStereotype {345, %1
IR [ H7E Element 1 #4938 R4S ZF UML2 1, Element 45 52 SCEE Kernel 44 A, 2 JLARAE R 4R bl 152
X AE Element b i) #8 4F v BLAEJL 728 B BEAT 0, X0k BL B S AS Helper  H A A1 98 f¢) 38 J1 28, AT BLAE
BehavioredClassifier,Behavior LA} Signal 5% i H MARTE #93& B4 1) UML2 A8 E 47 iR .

ATL I 2. 5= Package (1% AL AL

1. helper context UML2!Package def: isTopLevelPackage: Boolean=
2. if self.refimmediateComposite().oclisUndefined() then
3 true
4. else
5 false
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6. endif;

7. rule Package {

8. from

9. p: UML2!Package(

10. p.isTopLevelPackage

11. )

12. to

13. s: FIACRE! Program (

14. name<-p.name+'_Program’,

15. elements<-compDec

16. ),

17. compDec: FIACRE!ComponentDeclaration (
18. name<-p.packagedElement.name,

19. composition<-p.classes->collect(b|thisModule.resolveTemp(b,'p"))
20. )

21. }

ATL BRI 2 52 LT M2F 2 Jionf B () ATL #4005 1~6 1758 LT —A> Helper LA Wi Package [f) 55 491 452
A5 T2 Package. 55 8~11 47 1 b i ¥ 45 U L AT A 45 PRI UGS 2. 3 12~20 47 2 LT H AR5 2. 36 15 4744
TR EEMBRLIICR, It HIs A 17~22 47w UIH H bR % compDec. DA (¥ 458 784 5 il 4 FH 17
ATL 75 B 2 (declarative) F | 5& SUXH .

ATL # 3. == RtUnit 3| ComponentDeclaration %51k 1 1.

1. helper context UML2!Classifier def: isMainOfRtUnit(): Boolean=

2 let s: String="RtUnit' in

3 if self.hasStereotype(s) then

4 if self.getValue(self.getAppliedStereotype(s),'isMain’).oclIsKindOf(Boolean) then
5. self.getValue(self.getAppliedStereotype(s),'isMain').toBoolean()
6 else

7 false

8 endif

9. else

10. false

11. endif;

12.  rule MainRtUnit2Component {

13. from s: UML2!Class(

14. s.isRtUnit() and s.isMainOfRtUnit()<>true

15. )

16. to t: FIACRE!ComponentDeclaration(

17. name<-s.name+'_Comp’,

18. ports<-portDec,

19. parameters<-parm,

20. variables<-varDec

21. ),
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22. portDec: FIACRE!PortDeclaration(
23.

24. ),

25. param: FIACRE!Parameters(

26.

27. ),

28. varDec: FIACRE! VariablesDeclaration(
29.

30. )

31.

32. }

ATL B 3 45 H T #—A RtUnit #E0 5) Component [N b 55 1~10 475 SC T Sk 0
RtUnit J& 54 3= RtUnit 1 Helper $:4E 7R SO 6 11118 I 28 1L 24 BehavioredClassifier 1A /& Element.
XA B RtUNit #3829 8N H 3] BehavioredClassifier b (4011 2 fiToR).

ATL 75 B U Rt 0 e SO BRIATE B2 101 Wt a2 — N IER R W 2 — A B AR AH 2l i ik
1) 58 S E A AR 1) DG P50 T3 vT LAy 2R S IR PR ) 2 A HARBZY I 35 18 4T ports HIWIUA(E o B H B T 56 22
17 5 X 1) PortDeclaration; %5 19 17 parameters 351 1 55 25 47; %5 20 47 variables W& 7] 7 %5 28 47 1y 774 1 2
Y1 H AR A ComponentDeclaration.

XMI 1. a6 XMI %38 RtUnit P45

1. (?xml version="1.0" encoding="UTF-8"?)

2. (xmi:XMI xmi:version="2.1" xmlIns:xmi="http://schema.omg.org/spec/XMI1/2.1")

3

4 (packagedElement xmi:type="uml:Class" xmi:id="_2gAcoJa3EdyZVPrsnpgvdA"
5. name="CoffeeMakerController")

6

7 {/packagedElement)

8

9 (RTEMoCC:RtUnit xmi:id="_7N5ekJa3EdyZVPrsnpgvdA" isMain="true"

10. main="_DDapUJa4EdyZVPrsnpgvdA" base_BehavioredClassifier="_2qAcoJa3EdyZVPrsnpgvdA"/)
11.

12.  {/xmi:XMlI)

XMI 1 izt RtUnit JEACR 2 A XMI2.1 4 2R 7RI UML B 28 2 AT 48 8 T % XMI SO R XM
FRUERR A LR AH Y. () Schema #U iR A 56 4~7 4T )& —A~4 Jy CoffeeMakerController [¥) Class 5541, 2 4% & Lk
Package [J—~> packagedElement & 5 9~10 175 X T —-> RtUnit #41& B 524, e 4 N A 2] xmizid 520
"_29AcoJa3EdyZVPrsnpgvd A" R sz | (G it BehavioredClassifier 15 72 % 4H). 45 XMI o 4 — M55 52 451] 41
M xmizid fEREATHE—AR7R, B RtUnit 8938 7Y (1) 5249 500 ] ) CoffeeMakerController b7 alind ATL AL 3
e S Helper #:4F isMainOfRtUnit &l i LT i CoffeeMakerController F 3 T RtUnit #i& &, 51 H o —
/N5 RtUnit SE4).

TR PAT ATL BEI 3,07 LK XMI 1 JFT7R 18 RtUnit Y55 8 i 3460 FIACRE H ARBEAY, 4 XMI 2 JT 7. 45 58
RUAN A (102, A2 A A T XM BRAE (¥ 2.0 WA 3 2 R 2 H A ATL B RUNL XS AR i 84 i 47 1) XML B it
372 2.0 WA AHX FEAFE M H AR BALAE AMMA 6 B HE— A8, il i TCS 724 FIACRE SUATRE T (IX
— B W BB A 2.3 iR —E A 4).
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XMI 2. Ay FIACRE H brfsi il
1. (?xml version="1.0" encoding="1S0O-8859-1"?)
2. (xmi:XMI xmi:version="2.0" xmlIns:xmi="http://www.omg.org/XMI"

3. xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xmins="FIACRE")
4. (Program name="CoffeeMaker_Program™)

5 (elements)

6. ...

7. (declarations xsi:type="ComponentDeclaration" name="CoffeeMaker_Comp" isMain="true")
8 (ports xsi:type="PortsDeclaration" name="CM_Ports")

9. {port)CoffeeMaker_req{/port)

10. {port)CoffeeMaker_resp{/port)

11. ({Iports)

12. (parameters xsi:type="Parameters")

13. (parameter)CoffeeMaker_in{/parameter)

14. (parameter)CoffeeMaker_out({/parameter)

15. (Iparameters)

6. ...

17. {/declarations)

18 ..

19. (lelements)
20. (/Program)
21, {Ixmi:XMI)
EA ) FIACRE H ds# il rp 25 7~17 475 SC T 1 RtUnit WS T 7= 42 ) ComponentDeclaration, & T #1145
i) PortsDeclaration FI Parameters 437l i ATL MU 3 HH A28 22~24 47 DL I 3 25~27 47 fr = 26t T 20 b %
A4 &2 L, Rk, 5 28~30 A7 & He B b At B G R A E R AR G H A BB LR R A
VariablesDeclaration 5 .
2.2.2 AT IS R
e M2F 8. RtUnit X i [ ] #. State Machine Witif >4 ProcessDeclaration.
0 5 N PR S BB AR HLAR S (submachine state) 5 & 41k 2 (composite state) ()15, 1) & 422 W 55
ProcessDeclaration.
e M2F 9. RtUnit X1 ) &2 & State Machine t54 >4 ProcessDeclaration.
WX RSN S T FIRSHORES R E 5 RE B4,

a) LN TIRANUIREBUE GRS 0 17 SR TS 2 IR A AL A 5 a7 SRS AR 5 B
ProcessDeclaration.

b) RJ5 KT IRSHIEE SRS TEN Region MUK 4 ProcessDeclaration. 524 75 UML R 7 Bl (UML
state machine diagram) ', FIREVORE MG GARE L E#H A T — 4 FIREHL(sub state
machine), A ikt X AN ik Fi o m] DU ARREAT ).

c) i, Bl — ComponentDeclaration & [ —IRA ML+ £ 1) Process il ParComp 4 & Jhy 2 JF:
R4 Forp ParComp 5 U4 FIACRE Hi I & 414 3 1 5 (1 TR L.

e M2F 10. RtAction Wi 4 Statement.
TEREAT RtAction [F) 4 45 s FATIAE T W 1R B H PR i) 15 56, RtAction 4 3d 21 AN A >k i L UML AR HLH 1
FE (action); Ho 7k UML RSV Eh7EX A CallOperationAction. 763X i B il F (@245 % 5 UML IR
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A B 2R RIAEAT R A RITEA B, I b B A ER AT Lot B 2 28 b 1) 5 2 R, P BUFE RtAction #4)
I T ] N (R B VR 2 e 3 FIACRE w47 3 3 Statement.

e M2F 11. PpUnit WS¢4 Statement.

PpUnit {138 5 RtUnit 35 A8 180, 1] LK A 28480 T BRIR RtUnit (¥ 5 B%RE PpUnit BG4 Process. 73 4b,
T PpUnit 3= 2 ke O S22 RS I R U i, A R e % — M #R A - RtService #43d BYk e ST
BL,PpUnit # /) RtService 7] LLLT 4 PortDeclaration.

o M2F 12. 7E UML ARZS B b SR B A 0 W 1Y) RtService, WK AN 6 45t

A UEE RtService M3 HUW HI T UML 1) Operation, 5 it % RtService W5 52 fr L mh J&XF Class
DA K Interface A [f] Operation f¥7IE 28 /7 I % 4t RtAction I BATER 2 T UML AR S (1 3h /5 4R 7] LA
o . ) B A4 AR BRI, 75 % i RtAction (14 7] B 38 58 B T %) RtService (1% 4 1 Fi g B (09 H B0 222
9 UML SZHEX R G810 2 A (viewpoint) Fr s B

B T35 T UML I gy =0T w5 0 R3S 1, DR FRATT AN G A LE ) 3 e b I X6 MARTE 198 FH 41 775 1
—SERR L BB 3 T N R 484 T LU 313X BRI AN 4 B2 W 1] MARTE % 2R 4 1 A
2.2.3 [Ny R4 BRI B S )

7£ RETMoCC £, SE IR 1E, Wi 9 &« AR 5E 4045, n] DU E #2385 RtUnit,PpUnit,RtService LA J RtAction 1
JE MR IEAT S AR AE B N 40 B I ) 29 R — i d i Real TimeFeature #4385 7Y 3EAT G A%

RealTimeFeature 1) J& 1% relDl,absDI,boundDI F1 miss #-5 wii 5 1 7] 41 5% 8 oceKind ik T AR %5+ hE.
R LA A5 I B B priority R A SR AE 2 7] DR 58 20 A7 AT L 4t v = oG 3L L
Tl WL TR IR 5] 249 5, 41 occKind, miss, priority LA &z absDI.[A ok FIACRE /& {3 H iiF 8] [A] K% (time interval )4 ik i ] £
TR, BATTR LA i ) 2 e kg DAY Sy b A4 0 [ B, R AEAT D 28 L 1 i 11 (port) kAT 32 L.

224 ATL B G &5

ATL IR 545 0 Ao 5SS TR0 0 A 28 (1 O AR R AT o2 S ATLL R JBU ML 1 AUA 70 A 2 11 512 45 5%
RUEE Wy F AR R Sl B 70 A bk, M et MARTE I FIACRE (1% 4, 5t 2 41 % MARTE #1 FIACRE ¥ KM3 Jt
AR e SCELAAR IR ATL B0 FA] 32 2R FH 75 W 2 AR 0 s Sy 3 ot 2t 9500 ) B AR 28 S0 A 20 27 ) [ 56F B 2 R A4
iz SR

7 4 T4 ATL F,MARTE #| FIACRE
B4 0] s SO (¥ A0 Ok L T R 0 i conforms to
M2, B 7 P ML OZE RS IE T MARTE

Profile A KL/ER User Model [F) %5 4% (1) B 7Y, M3 KM3
XALT-A A A A ks 52 MARTE Profile conformsto confofms to orms to
A0 R R T UML2 B TR (" [ AT FIACRE
Class,Operation DL Property 25)3E47 5 ALK Hﬁj‘b}g@n based bn
I ATL 1948 1235k B MARTE Profile 14124 T o rr(;](;rlgorms to conforms to conforms to
& ML R, M1 1 MARTE Bridge

MARTE ¥| FIACRE %% #t§ I {3 5 353 i profile_}| MARTE-to-FIACRE
ANER43:1) MarteHelper.atl & X7 — 2400 B[ 3L A User | transform tf@ﬂ?‘i‘if_”j,__:: FIACRE
WA (Helper), (545 %t MARTE K # i1, 15 model J T mode!
AR R LT CICH+ Ry ST F Fig.7 Overview of MARTE-to-FIACRE in ATL
2) Marte2Fiacre.alt & X T H /&) MARTE | K7 ATL T/ MARTE ¥ FIACRE ##:40 [&

FIACRE JUA% 7 27 [ F e S R ).
2% 1 H|H T MarteHelper.alt = BT 5E X757 Helper B AT15E X TR 3 Fl 28 [ 045
1) % HAh Helper i A 102 82 45,3&E I T 1 stereotype 157,
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2) AR stereotype s X4 4E, 41 RtUnit,PpUnit.
3) LI AL MARTE H 1) BE AR E s S 1Y 1 s SCIR R A
2 51 T Marte2Fiacre.atl H1 g X84 1 B ).

Table 1 Main helpers in MarteHelper.atl
# 1 MarteHelper.atl *F =% (¥) helper £24F

Name Helper description
Returns true/false regarding UML model has applied the stereotype with name or
doesn’t have.

Boolean: hasStereotype

UML2!Stereotype:
getAppliedStereotype

Returns the stereotypes applied on a UML model.

Boolean: isRtUnit Returns true/false regarding the model is applied with RtUnit stereotype or not.
Boolean: isMainOfRtUnit Returns true/false regarding user models is the main RtUnit or not.
UML2!Operation: mainOfRtUnit Returns the value of the “main” property of RtUnit.

Boolean: isPpUnit Returns true/false regarding the model is applied with PpUnit stereotype or not.

UML2!EnumerationLiteral:
concPolicyOfPpUnit
Boolean: isRtService Returns true/false regarding the model is applied with RtService stereotype or not.
UML2!EnumerationLiteral:
concPolicyOfRtService
UML2!EnumerationLiteral:
synchKindOfRtService

Returns the value of the “concPolicy” property of PpUnit.

Returns the value of the “concPolicy” property of RtService.

Returns the value of the “synchKind” property of RtService.

Table 2 Rules in Marte2Fiacre.atl
% 2 Marte2Fiacre.atl 1 (30

Name Transformation rule description
Integer2IntegerType Match MARTE.Integer to FIACRE.IntegerType.
NFP_Duration2IntegerType Match MARTE.NFP_Duration to FIACRE.IntegerType.
NFP_DateTime2IntegerType ~ Match MARTE.NFP_DateTime to FIACRE.IntegerType.

MainRtUnit2Component Match main MARTE.RtUnit to FIACRE.ComponentDeclaration.
RtUnit2Process Match MARTE.RtUnit to FIACRE.ProcessDeclaration.
StateMachine2Process Match UML2.StateMachine to FIACRE.ProcessDeclaration.
State2State Match UML2.State to FIACRE.State.

PpUnit2Process Match MARTE.PpUnit to FIACRE.ProcessDeclaration.
RtService2Port Match MARTE.RtService to FIACRE.PorDeclaration.
RtAction2Statement Match MARTE.RtAction to FIACRE.Statement.

2.3 BERHER
231 BEBF SCARE AR E

i F§ TCS >k FIACRE [#] KM3 Je R 5 SUAH
B BAR S AOE S R G TCS TR~
FIACRE (1 £ 21 21 3C A M, 5t 7T LA K B 284 4K 1
) FIACRE HUPBRI 2ISCAM I 8 451 T TCS |
FIACREmm [ TCS | FIACRE MU 51 SCAHR Mt L.

Grammarware TS

TCS2ANTLRalt |i
FIACRE.g i

ANTLR GEN x

FIACRE | FIACRE u_T_‘ 7t 8 1 ,FIACREmMm %7~ FIACRE 1] KM3
« | |l FIACRE.tcs o TN NN

program [Exiractor], o 172 T AR, 6t G S B S VU AR A

— > Conformsto  ----- > Transformation input FIACRE.tcs H. 34111 H 2 2 FIACREmm

F1 FIACRE.tcs 3£45:
1) FIACRE.g i & &4 T ANTLR &
I FIACRE #3¥F i (annotated grammar), Bl 5%

Fig.8 FIACRE model-to-text bridge
Kl 8 FIACRE FA! 3| SUAA

2 B FIACRE Program 2 453841 (K18 V550 ).

2) Extractor 1578 B SCA G HLAR B L T LA Fe FIACRE #4444 ) FIACRE Program H#f.
FIACRE.g &Ziliid TCS H7iisE X ) TCS2ANTLR.atl #4287 ). TCS2ANTLR.atl UL FIACREmm Fl
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FIACRE.tcs A%t N K A= J 1A 15 v B RTbR 19 47 1) FIACRE.g Hh.Extractor )77 A4 5 R FH R FE (¥ 75 4 (R 3L ik
FHE] T ANTLR 5352041 2842 Bi#$ (ANTLR parser generator), 7 & #1375 ANTLR GEN.
2.3.2 FIACRE I3 AIEL

TCS T f ] PrimitiveTemplates F11 ClassTemplates P 3 A J6 25k JOAR Y 58 SCSCATE 700 D) R0 1) R0
77 LT CH+ ) B KR (template). 2 PrimitiveTemplates 3= 2= FH ok b #0426 & s S8 M ), T
ClassTemplates Ul 3= 22 4 5 222 B 502K (class) & SCE A AU T T 45 H 4% FIACRE H i) ComponentDeclaration
%E X [1) ClassTemplate.

TCS 1. ComponentDeclaration [¥]5& X.
1. template ComponentDeclaration context addToContext
2 "component” name
3 (isDefined(ports)? "[" ports{separator=","}"1")
4 (isDefined(parameters)? "(" parameters{separator=","}")")
5. "is" [
6 (isDefined(variables)? "vars" [ variables{} ])
7 (isDefined(localPorts)? "port" [ localPorts{} ])
8 composition
9

10. ;

1t ComponentDeclaration (¥ SCANTE v 2 X 751 G4 template 7R IZARAR A2 4T X Class 2L (1) Jo A 7.
2 2 471" component"# 7k — > ComponentDeclaration 7£ 2 /7 H 1 52 S/ il i ¢ 8 5 component bR iR (7). 5 ERAE
J5 TH 17 name /R 7E FIACRE 25 /1, ¢ 4% component 2 Ji5 IV % /& ComponentDeclaration (1] 44 %, Bl J& 1k name
B2 3 AT CHE S~ isDefined 27 MR 4f S 4911455 284 1) FEAN Ja P A (W) 185 D0 8 SCAH L (885 AT R om i )
ComponentDeclaration 5241 f¥) ports Ji& 1 & (i, W04 E AR A o B B R,

i J ports,parameters,variables,localPorts 1 composition [¥) 2% % 43 5l & PortsDeclaration,Parameters,
VariablesDeclaration,PortsDeclaration 1 Composition, Kl 76 4 i FIACRE Extractor I, iZ 5 id 2 it — 25 i H
AR ¥ ClassTemplates @EAT 151544 18& KR T F MR, SCH A T30 B A 32 X 4n 4y 6 28 2.2.1 1511 FIACRE #%
7N il ComponentDeclaration 1523 7 it 7 2B (1 45 S 4n 1

FIACRE 1. 4[] FIACRE F& /7 1 I¥r.
1. component CoffeeMaker_Comp [CoffeeMaker_in: data,CoffeeMaker_out: data] is
2 port CoffeeMaker_req in,
3 CoffeeMaker_resp out
4 par send in
5. par
6 startBoiling[CoffeeMaker_req,CoffeeMaker_resp]
7 |
8 startHeating[CoffeeMaker_req,CoffeeMaker_resp]
9. end
10. end

3 = i

AT 2 5 LI Sl 45 MARTE 2 FIACRE % #e M 1) — AN HL A4 N 52491 380 3ok 12 2 552 481 4F
VAR (K 1 FH Y0 L AN 28R 20— 20 S e AR S5 5 (1 5 PR AR A
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3.1 iR

WA A 28 28 e — P i L I ik N 2SI I AR 4, 2 T R T St el i 140 2 s il e R 1 s s — A L IR g v
o N B 1 S 1 e/ T I I VBN | 5 W= b 7195 B o4 M o p Y = Sl T 1) 8 i |
MR, 2 S5 P 1) 28 7K 47 (boiler) s 7K X B, Y 7 3 245 2% 1 i ik 47 (coffee. pot) CFE 28 7K 77 (1 Hi 7K 1R 5, LA
A 38 1 TR HE R N A R P R B T H RO O, 4R A I T 0 1R e R P A TR A A L
e T o e e S g g A = i1 g P N I d e I u s I E DTV 1) [ e il QDR (TR
WO PELE 3 BT P J B8 J6 1 8t 2 TR 7 28], TG 1 H /K 1 (piipe: valve) 2 G P I 5t A 2 4k 282 3 ) ke, T 380 o v
TR AT JEC PR b i e ) B 3 AT — A IR (plate heater), T LA CRRE DN ME g2 b ol (905 )5 220K @8 P R T I #s (boiler
heater) 4 & 75 7K A7 1% . %% (water sensor) Al 4% J& B 2% (boiler sensor), AT LA sz e 4 H (1 7K 407 LA K 3o 1t R 1
3.2 EFHAMARTEHITRGEE

1§ Ff MARTE %F CMS BEAT S8 (13 T2 55 3030 (1) UML Sl A i R A R K DX 133 L, e s 25 56 491
P (use case diagram)a5 (148, 32 B OGVE VEAN B 1T B BOITIS B 85 K FIAT Jg p 7,

CMS KKK 9 Frox, b 3 ANl RtUnit #93& B E SO H128. R 480 RtUnit &

B X RS, i exeKind J@ P 4% % B 4 locallmmediate. iX % 75 CoffeeMakerController £ 1% 35 {1 5 4> 4 b
5 IR 2%, 9 B i % 7 2K A 57 B R 3 . BrewingController 445 I 28 552 (it T R 20 7K 77 1R 2% . A0 #4250 H 7K 1 1)
P Ferp ek R K I K IR 45 A startPouring() R stopPouring(), e 41740 253 A2 AE AN B 52 I Ta] A 48 H g
I 4 S SR A5 AT R 2 R AR O g R DR o K AN IR 45 IR B ] RtService R Rft #4E BHEAT e X
HeatingController 45 fil] 24 FH] 42 sl mE 4l i 8 - 1 I AR, B R AR B 65 in FAHSE 11 T 0 5 R A e 45

mif Sensor ‘
appUnits «ppUnits + heat wrtUnits
PlaifSensor PlateHeater eater HeatingController
+ isHeating: Boolean [1] 11

«rtSerices + startHeating()
«rtSenices + stopHeatingf()

«rtSenicens + isEmpty()

«rtSenices + startHeater()

«rtSenices + stopHeater()
M heatcontralier
ertUnits JoollingControlk
BrewingController eliingController
+ Property_0: <Undefined= [1] M
[1]y)/ + heater
Uit «rtSenvices + isBoilerReady() artUnity
hns «rtServices + startBoiling() CoffeeMakerController
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Fig.9 Overview of the classes in the CMS
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Fig.10 State machine diagrams of the controllers
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