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Abstract: The design of software architecture plays an important role in a software process. In the design phase,
the non-functional feature evaluation of software architecture would contribute a lot in providing high quality
software products. Modeling patterns, which is an extension of UML (unified modeling language), are brought
forward for software non-functional feature evaluation in this paper. Furthermore, an example, in which modeling
pattern “AvailabilityChain” is used to evaluate the availability of software architecture “1 Message Distributor—n
Message Processors’, is given to illustrate the application of modeling patterns. Moreover, to support the
application of modeling patterns, “Modeling Pattern Knowledge-Base”, in which modeling patterns and reference
values of tags used by each modeling pattern are managed, is involved. UML-based Patterns and Modeling Pattern
Knowledge base will simplify the evaluation of software architecture in the software process and contribute alot in
providing high quality software products.
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3) (model). UML . “ " ,

4) (mathematic model).

4. (consequences):
11 UML
UML UML UML (:
1) : . , E
MdlProblem 2) (tag): UML ,
category: String :
host: String .
description: String 3) ! UML !
. UML
MdlPattern MdiSolution
Descrintion: Sii .UML
Problem: MdlProblem cSegption: Sring UML
Solution: MdlSolution tir ():Boolean
Consequences: MdlConsequence modeling ():Void UML UML
MdlConsequenc UML
isQuantitative: Boolean
description: String !
“ » 1
Fig.1 Classdiagram of modeling pattern
1
1
MdlProblem
e MdlProblem.category: , TIME_PERFORMANCE(
, ),AVAILABILITY( )

e MdIProblem.host: UML (diagram) ,
USE_CASE( (use case diagram)),INTERACTION( (interaction diagram),COLLABORATION(
(collaboration diagram)) . UML ,

,host ;

o MdlProblem.description: , , Z

MdlSolution

¢ MdlSolution.model(): UML “ (model)” ( ). “ "

i UML ‘ B (tag) ;
. UML MdlProblem.category

o MdlSolution.tir():

MdlConsequence

¢ MdlConseguence.isQuantitative: , .
MdIConsequence , , MdlConsequence

MdlConsequence . ,
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Tag
UML ;
. ,Tag StringTag, | ntegerTag
FloatTag; ) , 2
SourceType
fVaue: Float
svaue: String
BooleanTag StringTag IntergerTag FloatTag
bValue: Boolean sVaue: String iValue: Int fValue: Float
Teag
host: String
description: String
Fig.2 Classdiagram of tag (inheritance relationship)
2 ( )
e Tag.host: UML (  ACTOR( (actor),
ASSOCIATION ( (association) ), ( (source) (queue) ).
MdlPattern . MdlPattern.
(MdlPattern) ( QueuingNetworks, AvailabilityChain) ( MMnmQueuingNetwork),
3
MMnmQueuingNetworks
QueuingNetworks AvailabilityChain
MdlPattern
Fig.3 Inheritance relationship of MdlPattern
3
12 :AvailabilityChain( )
" ” ( )
(nodes) (connectors). “ "
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e AvailabilityChain.problem.category="AVAILABILITY”
AvailabilityChain

e AvailabilityChain.problem.hoste {“USE_CASE” ,“"INTERACTION”",“COLL
AvailabilityChain

UML ,

UML
AvailabilityChain.solution ~ MdlSolution , 4
AvailabilityChainMdiSolution
* availabilityChains: AvaiChain AvaiChain
availability: Float availabilityChaini D: String
tir (): Boolean power: Float
model (): Void * messageSet String
* nodes: AvailabilityNode
%7 * connectors: AvaiConnector
MdlSolution availability: Float

Avai Connector
Availability: Float

“AvailabilityChain(

.OTHER

<

Connector

AvailabilityNode

AvaiChain

¢ AvaiChain.availabilityChainl D:String
¢ AvaiChain.power:Float

tir (): Boolean
nodeAvailability (* node:
AvailabilityNode): Void
chainAvailability (): Void

<

Teag

availability: Float
copyAvailability: Float
copyNum: Interger
basicCopyNum: Interger
isRecoverable: Boolean
recoverProbability: Float
recoverTime: Float

<~

Tag

Fig.4 Classdiagram of AvailabilityChainMdlSolution

4

AvailabilityChain

1.

¢ AvaiChain.(* messageSet):String,

e AvaiChain.(* nodes):AvailabilityNode
AvaiChain.(* nodes).availability:Float

AvaiChain

AvaiChain

AvaiChain
AvaiChain
AvaiChain

AvaiChain.(*
“ (OTHER)”
e AvaiChain.(* connectors):Avai Connector

.(* nodes).copyNum: Interger

“ ”
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y

ABORATION" ,*OTHER"}

;AvaiChain.(* nodes).copyAvailability:Float

.(* nodes).basicCopyNum:|nterger

.(* nodes).isRecoverable:Boolean
.(* nodes).recoverProbability:Float

.(* nodes).recoverTime:Float
nodes).host: Stringe{“CLASS’,“COMPONENT”, “OTHER"},
;OTHER

UML ,
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AvaiChain.(* connectors).availability:Float “ 8 .

AvaiConnector  Connector . (* connectors) Connector

* connectors.endl:String

* connectors.end2:String .

* connectors.head: String . . head

* connectors.host: String={ “INTERACTION"}, “connector” INTERACTION
e AvaiChain.Availability:Float “ "
e AvaiChain.tir():Void AvaiChain ( )
¢ AvaiChain.nodeAvailability(* node: availabilityNode):Void node
My,Mz,...,My ; p, n k+1
k
, r=—-,
n—k
R,= Y p@-p™.
i=n-k
p=node->copyAvailability,n=node->copyNum,k=node->copy Num—node->basicCopyNum,R,=node->
availability .Avai Chain.nodeAvailability( ) .
(node->availability) (node->copyAvailability)
node->copyNum
¢ AvailabilityChains:AvaiChain “ UML
e availability:Float .
o tir() AvailabilityChain ( ) ,
1. 1,
e model() . 3 ”
2
21 - -
" - (l MD_n MP)" “ ”
“ (broker)” t61,
“Broker” . “Broker”
, ( proxy broker)
, “1 MD-n MP" ,  Broker proxy broker (message
distributor, MD), (message processor, MP). MD ,
, MP; MP , . ,
, . “1 MD-n MP”

5
MsgDistributor
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Msg.Distributor.findMP,
“ " MP
; M sgDistributor 1 1.” | MsgProcessor o .
transfers | TimdMp transfers ——— Msg.Distributor.findMD,
message | findMD message procMsg MD.
receiveM PMsg receiveM DM sg cbpi ;
receiveM DM sg Msg.Distributor.receiveM PM sg, MP
registerM P .Msg.Distributor.receiveM DM sg,
unregisterM P
activateM P MD .
deactivateM P M sg.Distributor.registerM P, MP
Fig.5 Classdiagram of software architecture “1 MD-n MP” MD, ; MP
5 “1MD-n MP” MD ,MD MP )
MP
Msg.Distributor.unregisterM P, MP
MD ' ' MP ) MsgDistributor M sgProcessor
MP MD .

. . receiveMDM
Msg.Distributor.activateMP, _recaveVPs |

MP . MD )

: findMP
MP \ >
Msg.Distributor.deactivateM P,

MP . ,MD
MP . > procMsg

receiveM DM sg

MsgProcessor : receiveM PMsg
M sgProcessor.reportStatus, MP
MD MP ,
> findviD
’ receiveM DM sg
M sgProcessor.procMsg, 1
M sgProcessor.receiveM DMsg, MD Fig.6 Message sequence chart of “1 MD-n MP”
. 6 “1MD-nMP
“1MRD-n MP” 6
2.2 “AvailabilityChain”
“l MRD-n MP" “ "
AvailabilityChain  “ _ " .“1 MD-n MP"
. MP MP 1 MD-n MP
. , “MP 1 MD-n MP K
“ " UML ,
“AvaliabilityChain” AvaliabilityChain UML
, 6 “1 MD-n MP" , ,
. “1MD-n MP” , 7
7 “1MRD-n MP” 8 . 8 ,

AvailabilityChaing[ 0] .availability=Avail abilityChains] 0] .nodes| 0] .availability+AvailabilityChains[ 0] .nodes[ 1].
Availability—AvailabilityChains[ 0] .nodes] 0] .availabilityxAvail abilityChains[ 0] .nodes[ 1] .avail ability=
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Pump1 o+Pwmp1 0—Pro1 oPmpi o
“1 MRD-n MP” MD
v Pmro<<Pwp,
AvailabilityChaing[0].availability=Pyp1 o+Pmp1 0~Pro1 oPmp1 0=Pwme1 o
(MP) ,

’

AvailabilityChain ~ ,  * ; .
MI rM+1
Roa= )
(M +DH(M —rM —1)!
, (M/M).

Pua

AvailabilityChain “MP 1 MD-n MP ”

UML

{availabilityChains[0].availabilityChainlD="0";
availabilityChains[0].messageSet={ "receiveMDMsg","receiveMPMsg"} ;
availabilityChains[0].power=1;}

/ { availabilityChaing[0].connectors[0] .avail ability=1;} ﬁ
/ e
!

- 1) Lni -7
MsgDistributor | = / ' }’ {availabilityChains[0].nodes[1].copyAvail ability=p;
!

/ Rz availabilityChains[0].nodes[ 1] .copyNum=M;

/ p _~ | availabilityChains[0] .nodes| 1].basi cCopyNum=M-m;
Lo - " | availabilityChaing[0].nodes] 1].isRecoverabl e=FAL SE;

/ jreceiveMDMsy - - availabilityChains[0].nodes| 1] recover Probability=0;

7/- Pocccscccsceccsenssaw --/‘.

/

P availabilityChains[0].nodes[ 1] .recoverTime=-1;}
'

/ 4--------::;;; ey {availabilityChains[0].connectorg] 1] .availability=1;} ﬁ

{ availabilityChains[0].nodes[ 0].copyAvailability=Pmd1_0;
availabilityChains[0].nodes[0].copyNum=1;
availabilityChains[0] .nodes] 0] .basicCopyNum=1;
availabilityChains[0].nodes] 0] .isRecoverable=FAL SE;
availabilityChains[0].nodes| 0].recoverProbability=0;
availabilityChains[0].nodes[ 0] .recoverTime=-1;}

Fig.7 Message sequence chart of “1 MD-n MP’ with AvailabilityChain applied on

7 AvailabilityChain  “1 MD-n MP"( )

receiveMDMsg
MD [ | MP
" receiveM PMsg
Fig.8 Availability model of “1 MD-n MP’

8 “1MD-nMP’

AvailabilityChain

(1) (2
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UML ;(3)  UML )

8, . UML " UML
UML : , ,
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UML

1) : . , “UML
( yoe ( ) ;
2) , Mdl Solution.model () , UML

3) ;
4) _ MdlSolution.tir() )

5) / ;
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