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Abstract: In applications of CMM (capability maturity model for software), it is a sticking point to implement
enforceable software process models, which reflect the characteristics of organizations and their software processes,
by transforming CMM software process model. Model driven architecture (MDA) supports model transformation
and can be used in CMM practices, but the first step is to build a software process metamodel for CMM. This paper
presents a software process metamodel for CMM based on SPEM (software process engineering metamodel), named
SPM-CMM. SPM-CMM provides abstract syntaxes and rule semantics for CMM software process, and also
supports of modeling of CMM integration with UML CASE tools.

Keywords:. CMM; software process metamodel; SPEM(software process engineering metamodel); MDA (model

driven architecture); model transformation
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CMM , UML CASE CMM
CMM; ; ; ;
: TP311 TA
CMM (capability maturity model for software) ,
.CMM . ,CMM
, CMM .Carnegie Mellon
SEI(Software Engineering I nstitute) ,
(, CMM, CMM 2,
,CMM : CMM 2|
, CMM .Ginsberg CMM @
, CMM , ,
, CMM (28],
[7 , )
CMM CMM CMM
MDA(model driven architecture) B MDA
, PIM(platform independent model)
PSM (platform specific model), PIM . CMM |
,CMM PIM , CMM PIM
PSM, CMM . MDA , CMM
CMM , , CMM ,
MDA CMM
, Agent o UML (unified modeling
language) B oMM umL, CMM
( ) ) CMM ;
, CMM .
SPEM (software process engineering metamodel)!*2
CMM ——SPM-CMM (software process metamodel for CMM). MDA ,
UML CASE(computed aided software engineering) , CMM
, SPEM g CMM .
1 CMM , CMM  SPEM .2 CMM
SPM-CMM, UML Profile .3 SPM-CMM
MDA-SPMT(MDA-Based software process model transformation) CMM . 4
1 CMM
11 CMM
CMM , ;
3

, ¥ cmMM 5 ,
KPA (key process area).K PA , 14 cMMm
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CMM )
, CMM .
CM M " ” " K PA“ " ” , K PA
, .1 CMM2 , RM (requirements management)

SPP(software project plan)
SQA (software quality assurance)
: SPP
, SPTO . ,
, . SQA,
, KPA ,
RM ,

.RM

SPTO(software plan track oversight)

SCM (software configuration management) K PA

KPA SQA SCM

, . “KPA”
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Fig.l CMM software process

1 CMM
1.2 CMM

4 ) 2 N 4

MOF(meta object facility)**,
. M2 .
SPM-CMM. M1 S SPEM
process) SPM-CMM CMM
MDA CMM
(1) SPM-CMM MOF.
MDA MOF

.MDA
, M3
.MOF . MOF
SPEM CMM
Rational RUP(rational unified
MO
——SPM-CMM, SPM-CMM

© HHEREBAAIGUT http:/ www. jos. org. cn



SPEM  CMM 1369
MOF.
(2) SPM-CMM CMM , CMM ,
1
@3 Tl etatmetamodel > ------- LICF
@2 Process metamodel } ------- SPEM, SPL-CH
T l
RITF,
@1 Frocess model } ------- CMIM software process model
(10 et o) |
MO Ferforming process  J----- Process enacted on a project
Fig.2 Four layers metamodeling architecture
2 4
CMM CMM,
, CMM SPM-CMM, CMM ,
13 CMM SPEM
,OMG SPEM.SPEM RUP 3
UML ,SPEM ,SPEM MDA
, . , SPEM CMM ‘
SPEM , CMM , CMM , SPEM
(heavyweight extension) (lightweight extension) MDA (28,
UML : ,
, MOF ,
, UML CASE . ,UML profile for
JEE  UML profile for .NET , (27
] 7 + ! . MOF SPEM,
A SPM-CMM. Profile SPM-CMM, SPM-CMM
, ,  SPM-CMM UML CASE
SPEM , , SPEM
2 CMM SPM-CMM
2.1 SPM-CMM
, SPEM , ,
, SPEM , SPM-CMM
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SPEM UML , Foundation  Extension .Extension
.SPM-CMM Extension 3 :ProcessStructure,
ProcessLifecycle  ProcessComponent.SPM-CMM CmmElements 3
Exisnsion
s :rnr:lurn'.-l:le'.:-'.- |‘ [ =z metamodel == ‘
FromssSirackae o ot Blemserds " ProcessCoeponenss
L 1, 2
. _l P
ol bamnis] as
ProoessLifecyole
Fig.3 Relationships between the packages
3
211
4  CmmElements , CmmElements ,

(1) MaturityL evel

MaturityL evel , 3 :name,isLevel,achieved. name
Model Element.name isLevel ,name {Initial,Repeatable,Defined,Managed,
Optimizing},IsLevel {1,2,3,4,5} .achieved ,

(2) KPA

MaturityL evel KPA JKPA ,

, . name  satisfied. MaturityL evel,name

,  MaturityLevel.isLevel=2  ,name {RM,SPP,SPTO,SQA,SCM,SSM} ;satisfied
, KPA

(3) KpaGoal

KpaGoa KPA , KPA KpaGoal. body(

Constraint)  achieved. body KpaGoal 3 achieved ,

(4) CommonkFeature

CommonFeature KPA nameKPA 5 CommonFeature

, Commitment,MeasurmentAnalysis,Verifyinglmplementation,ActivitiesPerformed  Ability.Commitment
) ;MeasurementAnalysis ;

Verifyingl mplementation
;Ability ,
body.
(5) KeyPractice
KeyPractice KPA
KeyPractice
(6) CmmAct
CMM )

name,role,precondition,postcondition,input,output,step

:ActivitiesPerformed

KPA ) )

, name.(4) CommonFeature

CmmAct
resource. 7

CMM
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Fig.4 Abstract syntax of SPM-CMM
4 SPM-CMM

(7) CmmProduct
CmmProduct CMM ; RM SPP . name
isDeliverable( WorkProduct). , Plan , FormalPlan
Informal Plan.Formal Plan , SQA InformaPlan
i .InformalPlan Formal Plan
CmmProduct Procedure Organizational Policy.

(8) Baseline

Baseline CMM , ,
name isDeliverable.

(9) CmmRole  CmmGroup

CmmRole CMM , .CmmGroup CMM ,
SCCB(software configuration control board) SEG(software engineering group) .CmmGroup

CmmRole , SCCB . name  responsibility(
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).
(10) CmmWorkflow
CMM , CmmWorkflow RM
CmmWorkflow, .CmmWorkflow Activity
name.
212
SPM-CMM OCL (object constraint language) .OCL
, .OCL
, SPM-CMM ,

22

MaturityLevel:
[C1] To achieve a maturity level, the KPA for that level must be satisfied.
context MaturityLevel inv:

self. KPA—forall (k|k.satisfied=true) implies self.achieved=true

[C2] The name of level 1is“Initial”. The name of level 2 is “Repeatable”. The name of Level 3 is “Defined”.
The name of Level 4 is“Managed”. The name of Level 5is“Optimizing”.

context MaturityLevel inv:

if isLevel=1 then

name=nitial

endif

if isLevel=2 then

name=Repeatable

endif

if isLevel=3 then

name=Defined

endif

if isLevel=4 then

name=Managed

endif

if isLevel=5 then

name=Optimizing

endif

KPA:

[C3]Every KPA has 5 common features.

context KPA inv:

self.commonFeature—size()=5

[C4] Every KPA is organized by more than 1 key practice.
context KPA inv:

self.keyPractice—>size()>1

[C5]AIl the KpaGoal must be achieved to satisfy that KPA.
context KPA inv:

self. KpaGoal —forall(g|g.achieved=true) implies self.satisfied=true
[C6]A KPA is defined to reside at a single MaturityLevel.
context KPA inv:

self.maturityLevie—>size()=1

KeyPractice:

[C7]KeyPractice must follow an organizational policy.
context KeyPracticeinv:

self.organizational Policy.ocl I sKindof(Or gani zational Policy)
and self.organizational Policy—size()=1

SPM-CMM UML Profile
SPM-CMM  UML Profile , UML CASE

,UML Profile UML SPM-CMM. Profile
(tagged value) (constraint).

CMM

(stereotype)
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, (virtual metamodel).SPM-CMM  UML Profile 5 ,
Profile , CMM .Profile OoCL
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Fig.5 Virtual metamodel of SPM-CMM

5 SPM-CMM
3
SPM-CM , CMM MDA-SPMT, 6
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Fig.6 MDA-SPMT
6 MDA-SPMT
3.1 CMM
CMM SPM-CMM , SPM-CMM ,CMM
, CMM ,
, CMM . ,CMM
CMM , CMM
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e . CMM
3.2
CMM KPA , '
) , KPA CMM2
, 5 KPA , RM SCM SQA SPP
SPTO. 6 ,CMM2 3 :Roles Workproducts
KPA 6 5 KPA , KPA ,
SPTO  SPP , ., SPP. RM ;
3.21 Roles
CMM )
3 :Manager,Groups  OtherRoles. Manager ,
\ Groups
OtherRoles , ,
.7 ) )
) CMM , CMM
, CMM , “ ” “ ” ,
g DMR; !
. . Chenge mqaer Charge nigud
B0 il SR plin i .
I B i Fosquirements engmeet Requiremenis domument
Probobem iudheg Fr mlease repodt
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Fig.7 Roles package of CMM?2 software process model

7 CMM2 Roles
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3.2.2 Workproducts

CMM KPA , CMM
. CMM . KPA ,
8 ,CMM2 5 , KPA
, » SQA
d-m-.r.-—h:,-ﬂ"r
P -
_l _l S = -:l
-
HRA Ao . N S0A auslil gt .-"I
[,_ 0 plen } il
= [
— =
-
[ 1 1 1 =
ZPTO BCM B4
Fig.8 Workproducts package of CMM2 software process model
8 CMM?2 Workproducts
323 KPA
KPA .CMM KPA KPA
, KPA, . KPA ,
9 SCM
7 ,
,CMM )
, \ \
9 ) 0 )
324
. OCL CMM
" CMM

BaselineChangesRequest:

[R1] Changes to baseline are reviewed by SCCB.
context BaselineChangesRequest inv:
self.reviewer.ocllsKindof(SCCB)

SCM:

[R2] SCM aretrained to perform SCM activities.
context SCM inv: self.trained=true
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Fig.9 SCM of CMM2 software process model
9 CMM2 SCM
4
CMM : CMM
CMM , CMM
, MDA CMM CMM
, CMM ——SPM-CMM. SPEM,
SPEM ) CMM )
CMM MDA-SPMT.
) , CMM
CMM , .2002 ,SEI CMM,
CMMI(capability maturity model integration) CMMI CMM ,

,SPM-CMM
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