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Abstract: A dynamic architecture description must provide a dynamic behavior specification of software system.
Based on the high-order multi-type = calculus theory, a dynamic architecture description language D-ADL is
proposed. In D-ADL, components, connectors, and architecture are modeled as the ‘ Abstraction’ type of high-order
n calculus; system behavior is modeled as the ‘Process’; and the interaction point between component and
connector is modeled as the ‘Channel’. D-ADL separates the dynamic behavior expressed in an explicit way from
the computation behavior, which is helpful to edit and understand the changing logic in system. The result of the
dynamic behavior can be beforehand deduced because this behavior is formalized as the high-order ‘Process'. On
the basis of D-ADL specification, rules about applying the theory of behavior equivalence and behavior simulation
in © calculus to online evolution and architecture refinement are proposed. How D-ADL can be used is illustrated
through a case study.

Key words: software architecture; ADL ; component; high-order multi-type = calculus; dynamic behavior
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JADL; ) 9 ;
: TP311 A
JInternet )
, (1
(software architecture, SA) ,
2 (architecture description language, ADL) SA (3l
) SA, ADL
Oquendo!* ,SA
, , : . ADL  Wright!®
Darwin® )
ADL , ADL
A SA ,SA . D-ADL (dynamic
ADL) b ADL.D-ADL , b
b ,D-ADL
b ; D-ADL , D-ADL
; D-ADL ; : T D-ADL
SA ;
1 T
n 20 90 : Milner 1 ccS(calculus of
communicating systems) . T Sangiorgi® T ,
T 3 : (process) (name) (abstraction).
, (channel) (object),
’ . I T
; T ;
1. N (name) , ,NA@|axeN),aeNUN PQ n ,
Y
P:=0|axP|@y.P|P+Q|P|Q[wP|[x=y]PID(K ),
D::=(X)P. :
0 : ;
ax.P: o , a Y, Ply/X],
X (local name),[y/X] a ;
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a y.P: ,a , a \2 P, y
(global name);
P+Q: , P Q
PlQ: , P Q ,
VX.P: X P , P X ;
[x=y]P: : X=Y, P, , o;
D , (X)P, X (X X1, %21+ .+ X) D(K) D . K(K
KiK. . Kn) X . X K
b (reduction) (transition) ,
(8].
2 D-ADL
D-ADL SA , D-ADL .D-ADL
BNF ; [9].
2.1 D-ADL
,D-ADL Wright!® SA , SA
SA , 1 ; ,D-ADL T . T
,D-ADL , SA
(component)  SA )
SA Composite component or system
{ Component 4 Connector
(port)
(channel) , .
* Port | Channel
, . Fig.1 The description framework of D-ADL
, SA 1 D-ADL
(connector) ,
(routing) . ) ,
( )
( ) :
(G « ) :
D-ADL T .D-ADL ,
(OrdinaryType) (ArchitectureType). , :
, .D-ADL T 1
(ProcessType), T )
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computation,routing  choreographer . ,

b1 Abstraction D-ADL Abstraction ,
Abstraction Process ,Abstraction
;. Abstraction Abstraction ,Abstraction

Tablel The mapping relationship between base type in D-ADL and high-order multi-type = calculus

1 D-ADL b
D-ADL tag Interpretation of high-order r calculus Remark
Type Sort Type of element
OrdinaryType All name except channelsiin first-order process Ordinary value type
Channel type All channel Channel type
P Computation First-Order process Computation of component business
Architecture- r_:_)cezs— Routing Process sort High-Order process Route behavior of connector
Type P Choreographer High-Order process Dynamic behavior of architecture
Component, connector, style Abstraction Architecture style, component type and
connector type
2.2
D-ADL . ( ) . 3
; D-ADL ,
D-ADL [9].D-ADL

(computation), (choreographer) 2.3
Atomiccomponent::=atomiccomponent name(name;: Type,,...,name,: Type,)
{[0+Type definition.] [0+Variant definition.] [01 port {[0+Port definition.]}]
computation { computation} } [01 choreographer { choreographer}]
[01 property {property}]}
, .Computation g
, .Computation ;
computation::=prefix. computation|if boolean then { computation;} [01 else { computation,}]|
choose { computation,,...,computation,_; or computation,} |inaction|replicate|
unobservable. computation|OrdinaryType variant assignment. computation
prefix::=via portachannel send OrdinaryTypeValuelvia portachannel receive
OrdinaryTypeVariable
prefix ,via...receive... via...send...
if...then... ;choose...or... ;inaction ,
choose ;replicate :unobservable ;assignment

compositecomponent::=compositecomponent name(name;: Type, ...,name,: Type,)
{[O+type definition.][O+variant definition.][01 port {[O+port.]}] [O+Variant
assignment.]
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instance {[O+Instance.]}
configuration {[01 configuration]} [01 choreographer { choreographer}]
[01 property {property}]}
.instance (
),configuration .Configuration
configuration::=rely.configuration|attach.configuration|inaction
rely::=ComponenlnstanceaPort rely Port|Componenl nstanceaPortAChannel rely PortAChannel
attach::=attach ComponenlinstanceaPort to Connector I nstanceAEport|
attach Componenl nstanceaPortAChannel to Connectol nstanceAEportAEchannel
rely «C ) () .attach (g )
« )

I 2.

Table2 The n-calculus semantic interpretation for the specification of component computation behavior

2 I
D-ADL tag Interpretation of « calculus Remark
if...then... [x=y]P Condition selection
choose...or... P+Q Indefinite selection
Computation Unobservable | First-Order process T Internal unobservable behavior
Inaction 0 Inaction
Replicate ! Replication or repetition of computation
. via...receive... . ax Receive ordinary type data via port channel
Prefix via...send... Action ay Send ordinary type data via port channel
. . ...reply... ) Channel associated by rely or attach is renamed the
Configuration Attach..to... « operation same name by « operation
(computation) (choreographer) . m
, P , Pa , Py , P=Ps+Py,. \
Pa 3 PalaPaZI---xPam Pa:Pall Pazllpan
, (computation) (routing, ).
, : [9].
D-ADL . D-ADL SA ,
. 2
Merchandise order system
(order) , Order
<

\ (response).

Merchant

1 )

(pay), (confirm) , Confirm
D-ADL . Fig.2 The architecture of commodity-order system
atomiccomponent Tclient() { 2

port { portcl:Tcaccess. portc2: Tmaccess.}
computation {

via portclaorder send orderdata.via portclaresponse receive replydate.
if replydatasaccept then
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{via portc2apay send replydatarpayment. via portc2aconfirm receive confirmation}
replicate} }
atomiccomponent Tmerchant() {
port { portml:Tcaccess. portm2:Tmaccess.}
computation {

choose {
{via portmlnorder receive orderdata.unobservable.via portmlaresponse send replydate},

{via portm2Apay receive payment.unobservable.via portm2aconfirm send confirmation} }
replicate } }
atomicconnector TOrderLink() {
port { portc-11,portl-ml:Tcaccess. portc-12,portl-m2: Tmaccess.}
routing {

choose {
{via portc-I1rorder receive orderdata.via portl-mlaorder send orderdata.

via portl-mlaresponse receive replydata.via portc-l1aresponse send replydate },
{via portc-12apay receive payment.via portl-mlapay send payment.
via portl-m2aconfirm receive confrimation.via portc-12aconfirm send confirmation} }
replicate } }
compositecomponent  TOrderSystem() {
instance {client:Tclient(). merchant: Tmerchant().cmlink: TOrderLink().}
configuration {
attach clientaportl to cmlinkaportc-11.attach cmlinkaportl-m1 to merchantAportl.
attach clientaport2 to cmlinkaportc-12.attach cmlinkaportl-m2 to merchantaport2.

inaction}}
2 T . ,Tmerchant P= (ax.t.By +yzrk).P.

2.3
D-ADL , choreographer . ,
(1) (2
HE)) .choreographer
choreographer::=attach.choreographer|detach.choreographer|create.choreographer|
destroy.choreographer|Ecomputation.choreographer|inaction|replicate
detach::=detach ComponenlinstanceaPort from ConnectorInstanceAnEport|
detach ComponenlnstanceaPortAChannel from Connectol nstanceaEportAEchannel
create::=new [01 Componentlnstanc:]ComponentName[01 Actual -parameter list]|
new [01 Connectorlnstanc:]ConnectorName[O1 Actual-parameter list]|
new [01 Port:]PortTypeName|new [01 PortAChannel:] Channel TypeName

destroy::=delete Componentl nstance|del ete Connector I nstance|del ete Port|del ete PortAChannel
2.2 ;detach ;create new

, ( :Actual-parameter

attach ,

;PortTypeName ;Channel TypeName );destroy delete

;Ecomputation  computation

,Ecomputation ,  computation
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Table3 The high-order n-calculus semantic interpretation for the specification of dynamic behavior

3 i
D-ADL tag Interpretation of high-order multi-type = calculus Remark
. Associated channel is
Detach Detach...from... a operation of re-name renamed different name
P represents the component P=P,+Py Add a new component
lc:lrew. -~ ComponentName. . (connector) behavior, P4 Py=CX.(X|Pa+Pb) or connector in
New...ConnectorName...  [represents the ~ component Q=7 P.Q composite  component
Creste (connector) computation behavior (connector)
New...PortTypeName... (route behavior), P, representg P=P,+P,
or dynamic behavior, P. representq Pu=¢x.(PatPy) Create a new port or
New...Channel TypeName  |creating behavior, Q represents the 0=7 60 new channel
runtime environment behavior,(| N &
Delete comuonenti nstance represents the virtual channel, 4 B PPy Delete a component
or P rc;,']pres;ntsp ns,w ch’th or ”e‘t’" Po= ¢ Pac.(Pail... |Pag-y|P (connector) from
channel. Pazi. .5 represents i
Delete ConnectorInstance ftne member benavior of c?)pmposite atiep-+PartPy) Comp&%;iggggonem
Destroy omponent, and P,k represents the PQ—_PQ:-.S
Delete Port behavior of new component or| —rarh
or member connector. Py=¢ 6.(Pa+Py) Delete a port or channel
Delete Port"Channel Q=¢x.Q
) T
new delete , o
(new...ComponentName...), 3
P=P_+P, (1)
Py=¢X.(PatPy) 2
Q=4 PcQ (©)
1 2a(2) ¢
X, (X|Ps+Py);  (3) ¢ Pe
PIQ=(Pa+Py)|  Pe.Q=(PatcX.(X|PatPy))| & Pe.Q.
R-COM , (PclPatPy)[Q. (PclPatPp),
Pa Pclpax PC
D-ADL , (merchant)
D-ADL

compositecomponent TDynamicOrderSystem() {
port {environment: Tenvironment.}

choréographer {

via environmentAserver message receive sign.

if sign=0then {
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detach merchantAportl from cmlinkaportl-ml.detach merchantAport2 from
cmlinkaportl-m2.
delete merchant.
new merchant: Tmerchant().
attach merchantaportl to cmlinkaportl-ml.attach merchantaport2 to
cmlinkaportl-m2.}

replicate} }

TdynamicOrderSystem  TOrderSystem , environment
choreographer. merchant ;
: merchant (sign 0), environmentaservermessage
TDynamicOrderSystem .TDynamicOrderSystem , merchant  cmlink ,
merchant, ( merchant), cmlink
2.4 D-ADL SA
. .
, [7.8]. D-ADL
) ) , (receive)
(send) , T
: P Q , P Q
1 A B P. Py, A B J
P. Py .
D-ADL T , D-ADL T
, 1 T ,
: ( ) (
)

atomiccomponent Tnewclient() {
port { portcl:Tcaccess. portc2: Tmaccess.}
computation {
via portclaorder send orderdata.via portclaresponse receive replydate.
if replydatasaccept then
{choose
{via portc2apay send replydataspayment. via portc2aconfirm receive confirmation},
unobservable.}

replicate }}
Tclient Tnewclient P Q:
P=axfy.[i =116z7hP, Q= ax.py.[i =1](5znh+1)Q.
T Workbench!*% P Q. , . Tnewclient
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Pg.

Pc

Tclient

Pp.

atomiccomponent Tmerchant() {

port { portml:Tcaccess. portm2: Tmaccess.portm3: Tinquire}

computation {
choose {

via portm3aanswer receive result.
if result then

, SA
SA
A B ,
, C
,Tmerchant

{via portmlnorder receive orderdata. via portm3ainquire send orderdata.

{unobservable. via portmlaresponse send record(true,payment)}

else

{unobservable. via portmlaresponse send record(false,0)} },

replicate } }
,Tmerchant
Tmerchant (result
Tmerchant

ADL
,Dowling
SA,

portm3:Tinquire,

P=(axz.By + wzr K).P , Q= (axdenf ([f =1Bg +[f =0]ph) + yzr7k).Q.

Workbench
2,

K-Component

,K-Component

[11]

)s
P Q:
Q
ADL .
K-Component

P, P

“adaptation contracts’

© PEEREBEAD
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Pa

{via portm2Apay receive payment.unobser vable.via portm2aconfirm send confirmation} }

(inquire).
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, , .K-Component
) ) SA .C2
, 12 c2
AML (architecture modification language). AML
, addcomponentweld . C2 ,
.Rapide  Luchham (23 (partially ordered event sets)
, where link unlink .
Rapide , ,Medividovic ADL(in-line configuration
ADL)*™.  Rapide , .
, ,Rapide .
Wright  Allen ADLY, CSP(communication sequence
process), SA .Dynamic Wright[*® (tagged events) Wright ,
SA .Dynamic Wright )
. , CSsP , .Darwin Magee Kramer
ADL (lazy instantiation) (direct dynamic instantiation) ,
SA , .Darwin T
X s , ,Darwin
ArchWare® ArchWare
n-ADL!. z-ADL n :
.D-ADL n-ADL , n-ADL (1) D-ADL
“new” “delete”,n-ADL b . D-ADL
T , , D-ADL ;
(2) D-ADL , ,
n : , :(3) n-ADL
( , Composition/Decomposition ),D-ADL
( ) , ( 34 )-
4
D-ADL T . D-ADL ,
D-ADL ; D-ADL b
SA . ADL ,D-ADL :(1) D-ADL
\ , :(2) D-ADL
b , (3 T
,D-ADL .
, D-ADL . T ,D-ADL
, , D-ADL . , T
D-ADL . , )
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