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Abstract: TRISO-Model (tridimensional integrated software development model) is a 3-D integrated software
engineering methodology proposed to deal with the problems caused by the increasing complexity and dynamic in
current software development. In TRISO-model, to maintain the semantic consistency among multiple models and
reuse the common model operations, there is the need for semantic-consistent model management. This paper
proposes an MDA -based model management method: MDA-MMMethod (MDA based model management method).
Based on the common semantic definition—MOF (meta object facility), the implementations of MDA (model
driven architecture) standards can be reused in the development of model applications in TRISO-model. The
corresponding supporting system, MDA-MM System (MDA based model management system), is developed. Based
on the system, this method is implemented in SoftPM project. Compared with the traditional solutions, the
development efficiency is greatly improved and the cost is reduced. Finally, one example of the model applications
and model merging is provided.
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MOF(meta object facility) ,MDA-MMMethod MDA
TRSIO-model . MDA-MMSystem(MDA based model management
system), SoftPM . , )

TRISO-model (tridimensional integrated software development model); MDA(model driven architecture);
MOF(meta object facility); ;
: TP311 A

TRISO-Model (tridimensional integrated software development model)

- ( )' ’
’ 1
TRISO-Model , 1 1
[2] ,
MDA(model driven architecture) i, MOF
(meta object facility)! MDA (
) .

MDA TRSIO-Model , MDA-MMMethod(MDA based model management
method), TRISO-Model , MDA-MM System
(MDA based model management system). 863
SoftPMI®, : 3
1 MDA MDA-MMM ethod

MDA-MMMethod MDA 4 . TRSIO-model
) 3 .
,MDA-MMMethod “MOF A / MOF
, MDA . MOF ,MDA
TRISO-Model
11 MDA 4 /
MDA : 3],
,OMG(object management group, ) MOF, MOF
/ 4 .
MDA-MMMethod MDA 4 / . 1 M2
|-SPEM (integrated SPEM) SPEM (software process engineering metamodel)!® 3
(SE Process,SE Human  SE Technology) i, 3 Process
Integration,Service Integration Development Integration 3
Management Integration,Data Integration  Use Integration.M1 M2 , CMMI

(capability maturity model integration) ( ) COCOMOlI(constructive cost model)
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1 M2 / (1-SPEM )
MOF , ,MOF
TRISO-Model / ,MDA
TRISO-Model
TRISO-Model
) \ ; MDA
M3 layer: MOF
Meta-Metamodel
Insta$0e of
M2 layer: 1-SPEM
Metamodel Management Data Use
|ntegrat| on |ntegrat| on | | i ntegran on
\
\ \ \
/ el | [ :\ -
I I
Process integration : Serviceintegration : ?ﬁ{:‘g?g&?t
| A | [
Inst%sance of | Instafice of | Instance of
| | |
I I
M1 layer: €g. | eg. | eg.
Model cMMI | COCOMOll | Waterfall
I I
SE process dimension I SE human dimension l SE technology dimension
Fig.1 The model/metamodel management in TRISO-model applications
1 TRISO-Model /
2 MDA . MOF
XMI(XML metadata interchange)!”! XML ,QVT(query/view/

transformation)®
MDA

JMI(Java metamodel interface)!

Java

JCP(Java community process)

The MDA
standards for
| model
High-Level model manipulation (model application) |- mani pulations
|
Model Model Model | .. /l/m
merging verification || execution !
| XMl
|
o mol i |
N e T
Model Model Model “f{ Model access T-
storage interchange || transformation inteface || | ...

I

Fig.2 Model manipulationsin TRISO-model and related MDA standards

2 TRISO-Model

MDA
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) . , MDA
“ MOF(MOF-compliant)”
1.2
1 m(s)/mm mm s m. : SPEM RUP(rational
unified process) m(RUP)/SPEM,; UML (unified modeling language)
m' (RUP)/UML.
2. m m=(E,R), E € E={ee,....eqn21} ;R
JR={ry,ro,... ,rlm>0} ,R=EXE.
3.
insof:ExE—{true,false}.
,insof(e,f)=true e f
1. insof ,insof(e,f)Ainsof (f,g)=insof(e,g).
e f f g , € g
4.
me:{ m} x{ m} >{true,false}.
ml=(E1,R1), m2=(E2,R2),mc(m1,m2)=true
VeleEl,de2eE2, insif(el,e2)=ture
VrleR1,3e2€E2, insif(rl,e2)=ture
mc . mc(ml,m2)=true, ml m2 ,
m2 ml ; , m2 ml )
5. m2 ml , mm(ml)=m2.
6. m MOF, mof(m)=true, ,mc(m,MOF)=true.
MOF , ,mof(MOF)=true, nm(MOF)=MOF.
1. m mm MOF, m MOF.
mc(m,mm) Amof(mm)=mof(m).
m=(E1,R1)
mm=(E2,R2)
mc(m,mm)=ture, 4,

VeleEl,3e2eE2,insif(el,e2)=ture;
mof(mm)=ture, mc(mm,MOF)=true, €2,3e3cE2,insif(e2,e3)=ture;
1,
el.insif(e3)=ture

VrleR1,3e2eE2,insif(rl,e2)=ture;

mof(mm)=ture, mc(mm,MOF)=true, €2,3e3cE2,insif(e2,e3)=ture;
1

rl.insif(e3)=ture
4,  mc(mMOF)=true, mof(m)=ture.
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7. m1(E1,R1)
r={ry,r2...."k>0},

r=(elxe2)v(rixr2),eleEl,e2cE2,r1eR1,r2eR2.

m2(E2,R2) rm

m2 *

Vol.18, No.7, Jduly 2007

r , QVT,me(r, 1 QVT)=true; ,mof(QVT)=true, mof( riv )=true.
1. m(s), MDA , mof(m(s))=true. s mm
, mof(mm)=true, ' (s)/mm,
1, MDA-MMMethod , , MOF”
, “ MOF” , Y
MDA TRISO-Model _ ,
8. mg:{m} x{ m} —>{m}.
m1(sl)/mml m2(s2)/mm2:
mg(m1(s1)/mmil,m2(s2)/mm2)=m3(s3/mm3).
mm3 , mml mm?2 mma3.
9. ] exmg.
exmg(m1(sl)/mml,m2(s2)/mm2)=m3(s3)/mm3jmml-mm2.
10. , enmg.
enmg(m1(sl)/mml,m2(s2)/mm2)=m3(s3)/mm3jmml=mm2.
3 MOF
1.3 MOF
“MOF MOF / , , MOF
, .MOF
:TRISO-Model m(s)/mm1, mof(mmdl)=true,mof(m)=true.
m ' (s)/mm2,mof(mm2)=true,mof(m’)=true.
1) if 1I3mm2, mof(mm2)=true m
11 MOF , mm2;
2) m2;
21)Casel /I
mm2 , m'(s)/mm2;
22)Case2 |/l
22.1) if13rmm
QVT I IQVT,;
2.2.2) f o , m' (s)/mm2;
3) ;
, MDA M2 mm2. , MOF , mm2.
, MOF
1) mm2 m , m'(s)/mm2;
2 m mm2 ) , rm JQVT. ,
QVT ro, QVT ( QVT ), m(s)/mm1 m' (s)/mm2.
mof(mm2)=true , m'(s)/mm2 MOF  :mof(m’)=true.
3 , MOF , MDA MDA
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MDA | Out of MDA

) MOF
Mdgan' /mm2 <):| standardization <):| Model m/mm1

mof (mm2) = true | mof (mmi) = true

Fig.3 MOF standardization

3 MOF
MDA 3
1) MOF
MOF MOF ,
.MOF , 5 { Class,Association,DataType,Package,
Constraints}, ( ) ( ) ; ,OMG
OCL (object constraint language) 1@
, 4 SimPM
Class{ Actor,Activity,Artifact}
Association{ perform,Actor,Activity*}
Association{input,Activity* Artifact*}
Association{ output,Activity* ,Artifact*}
Association{ responsible for,Actor,Artifact*}
Actor Pertorm PerformActlw:y > Adtivity
Input Outp(t
Responsible for
ResponsArtitagt , '”’:“tA M outArtifact
Artifact

Fig.4 Process metamodel: SimPM
4 SimPM

DataType  Pakcage. 2 , (actor) (perform)
(activity), / (artifact). OCL , Actor
(responsible for)  Artifact (output), :
context Actor inv:
Self. performActivity.ouputArtifact—includesAll (self. responsArtifact)

, (eg:UML) (eg:SPEM)
, , [11] ,Jean Ms-Project MOF
2) MOF
MOF SmPM(mof(SmPM)=true) SimPM (
) , proM(s)/SmPM. 5 proM ,

Actor{ Requirement engineer}
Activity{ Requirement acquisition}
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Artifact{ SRS}
perform{ Requirement engineer,Requirement acquisition }
output{ Requirement acquisition,SRS}

Lnasany> Perform LEAdiivityp>
Requirement engineer » Requirement acquisition
Output
A
<&Artifact>
SRS

Fig.5 Process model: prom(s)/SmPM (partial)

5 proM(s)/SimPM
, 1.2 4, SimPM .
(mc(proM,SimPM)=true) A(mof(SimPM)=true), 1 mof(proM)=true,proM
MOF
mof(m)=true m ,MOF ok
(1) Reflective::RefBaseObject  // MOF .
(2) Reflective::RefObject I ( MOF  classifier ).
(3) Reflective::RefAssociation  // Association
(4) Reflective::RefPackage I Package
,MOF MOF m
) . , proM, MOF
SimPM , proM Actor,Activity,Artifact ,
Collection theModel Class=theModel .refAllClasses();  // theModel. refAllClasses() RefObject

Iterator i=theModel Class.iterator();

while (i.hasNext()) {
RefClasslmpl m2class=(RefClassImpl) (i.next());
Collection mlobjects=m2class.refAllOfClass();

showClass(mZlobjects) 1 ;
I
}
, MOF . , XMI XML
) , QVT
3) QVT
mml  mm2, (mof(mml)=true) A(mof(mm?2)=true), QVT
, QVT (QvT ) mi(s)/mml  m2(s)/mm2 .
, simPM UML Profile , 6 , UseCase
Actor  Activity , Actor  Artifact . proM  Activity
QVT
Rule Actor2Actor & Class()
Source

a SimPro::Actor;
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Target
ac: UML::Actor;
cs: UML::Class stereotype=Actor;
Mapping
a. name (~) ac.name;
a. name (~) cs.name
Association —
Actor stereotype=perform | ((Activity)) |
Use case
) Association
((Actor)) stereotype=responsible for ((Artifact))
Class Class
Fig.6 UML profile for transformation target metamodel
6 UML profile
proM Actor UML Actor (stereotype) “Actor” Class
,QVT proM 7
<EAdiony> Perform <dUse Gazstiereotype=Activity>
Requirement engineer > Requirement acquisition
<<Actors> Responsible for . “@nss sereotype=Artifasty>
Requirement engineer SRS
Fig.7 The proM model expressed by UML profile
7 UML profile proM
MOF ,TRISO-model MOF MDA
MOF ,MDA TRISO-model
MDA , MDA-MM System.
2 MDA MDA-MM System
MDA-MMMethod ) TRISO-model MDA
.MDA-MMSystem MDA ,  TRISO-model
8 MDA-MM System . MOF , m
mof(m)=true, MOF . /
1) XMl / XML ;
2) IMI JavaAPls
, OMG QVT MOF UML

OCL (object constraint language) , TRISO-model
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High-Level model manipulation

M oc!el M pde! Model execution
merging verification || T T T e
| XMI impl I IMI impl |
Atomic Z
model | QVT impl || MOF impl || UML impl || ocL impl | ......
manipulation [ 1%
[ XM impl I IMI impl |
MOF model repository
Fig.8 Structure of MDA-MM System
8 MDA-MMSystem
8 ,MDA-MM System 4
1) MW)(metamodeling workspace).
2) GMW)(general modeling workspace).
3) TEW(transformation rule edit workspace).
4) MTE(model transformation engine).
MDA , MOFJMI,XMI  QVT
.MDA-MM System , MOF Unisys CIM
(computation independent model); JMI  XMI , nsUML QVT ,
, , ) Lip6 Modfact (12,
SimpleTRL , Modfact , SimpleTRL
MTE. , GMW JMI ; ,
UML  CASE(computer aided software engineering) Rational Unisys  xmi import/export plug-in
MW, TEW !
,MDA-MM System Y . ,
MDA-MME , )
,  MDA-MM System
3 , MDA-MMMethod MDA-MMSystem SoftPM
3
SoftPM TRISO-model =k 3
, MDA-MMMethod SoftPM
3.1 CMM EPM
CMM . . ,
,CMM (capability maturity model) CMM
, .CMM , ; SoftPM
EPM (enterprise process model) ,
.CMMm EPM CMM
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9 EPM . , (UseCase Doc, CMM )
CMM ,
Requirement engineer SCM engineer
Document UseCase %

UseCase Doc

(documented)
Create UseCase Doc baseli ned

UseCase Doc
(baselined)

Fig.9 EPM before model merging

9 EPM
3.2 MDA-MMMethod
EPM SPEM SPEM  OMG e MOF
(mc(EPM,SPEM)=true) A(mof(SPEM)=true)
=(mof(EPM)=true)
,EPM MOF. MOF , SPM-CMM CMMm.
MDA-MMMethod ,CMMm  EPM 10 . MOF CM , [13]
SPM-CMM, mof(SPM-CMM)=true, , CMM CMMm MOF
,mof(CMMm)=true.
i - an
(o e i
(I11) Modd transformetion | TEW | |::> transforetion
(IV) Modd aooess rues
(V) Modd storage
(V1) Modd interchenge
an — MGE (modd merging engine)
o SPV-CMM2SPEMIQUT|
MOF gandardization
ovm SPM-OMM(CMM) — a1 — MeE
metamodding IMOF CMMMCMM)/ Moddl CMMmi (DY)
SM-OVM transformetion JRPEM
v I | )
Samattic
o L]
.
avw EMISPEM

Fig.10 The CMMm+EPM merging steps and corresponding tools
10 CMMm EPM
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CMMm SPEM MOF , , MDA
10
. , 10 MDA-MM System
CMMm CMM MOF , MDA
mc(SPM-CMM)=true, GMW 11 ,
(SPM-CMM) GMW SPM-CMM CMMm / / /
. ,GMW )
,GMW GUI(graphical user interface) [13] CMM2 CMMm
L Lo R T e T
B P et s T Tr s | .....
Rk o o i
THETER BN EE
T -,
 EEsmE e |
Fig.11 Modelingin GMW
11 GMW
10 , CMMm(CMM)/SPM-CMM SPEM . \
SPM-CMM  SPEM .
SimpleTRL TEW SPM-CMM2SPEM,
,CMMm CMM-WorkProduct CMMmY WorkProduct
Rule CMM-Wor kProduct2\Wor kProduct()
creates WorkProduct
return #result{
#result.name=#context.name // CMMnY WorkProduct ;
if (#context.reviewed=true)
/! CMMm CMM-WorkProduct reviewed true, CMMm'

{#result.state.add(context.reviewed. CMM-Wor kProductSateReviewAttribute2SateMachine() )}

MTE XMI , 12
MTE . SPEM CMM :CMMm' (CMM)/SPEM,

(mc(CMMmM',SPEM)=true) A(mof(SPEM)=true)=(mof(CMMm’)=true)
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,CMMm' GMW .
, (CMMm EPM) (SPEM) (CMMM  EPM).
' @ EPM
CMM . , /
XMl . , 2 , MGE(model merging engine)
MDA-MM System
A B
nane stesre oreempnarssos e cmn | [ ] ()
AEE | rolrtype. shormters racuid_ (e el IE_: [ ]
FREET 173 - Sl s el ek ek SP E | = |
T Amebsr whe o e e el BN e | - | | '
A B L lr e TS St L S ] I
T |
Fig.12 Transformation engine MTE
12 MTE
CMM CEPM(CMM-compliant EPM) , SPEM
13 ,WorkDefinition:Create UseCase Baseline . CEPM
CMM ,
BioiERTRYS (pe2- 0wy, BLE beews Gviel Deragewssi Dpwvosi
; Bl
i k- i@ F T H * =
ML H] BLY 5 o
Eft &m A7 pA SR
mur:l—]?m.l_k:“g_ﬂ AP B T s N LN
B E T TSR § L...I-j-ll-q; “r iy
BLCFHOIER, : Bl
i S
Mls W T TR e o e o [
] Ml D 4 Jﬁ.,
T R P T T i g —
1 EEHEE TS dE T ) ﬁ. ‘ 5
T s T Ansean] B -T:;:PI—_‘-'-UE .-n.r.-..-
il s | b .
il smnes inis JENINERTR
"L {158
i
i L r...-'
e R [ A ey
Eim Ml Borpe Covs Taad P T -
[origee Comac it eprp——
Fig.13 Resulted model CEPM after transformation in MDA-MM System
13 MDA-MMSystem CEPM
,MDA-MMMethod . , MDA-
MM System
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MGE . ,
4
TRISO-model
MDA , . MDA
, MDA . IBM Eclipse
EMF Vanderbilt GME Paderborn FUJABA. ,
, MOF . EMF MOF,
MOF API Java ——Ecore. MDA ,
. ,OMG MDA ,
(14, : Jean MDA
, (3516] Jean MDA
MDA TROSO-model , MDA-MMMethod
MDA MOF / ,MDA-MMMethod MOF . MDA-
MMMethod . MDA , MDA-MM System
SoftPM ,
,MDA QVT ) ,
MDA-MM System . , )
SPEM . , MDA-MM System
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