


Due to its imp ortance, a great amoun t of w ork has b een done in this area and a great n um b er

of bibliographical references can b e found. F rom this bibliograph y three main concepts can b e

iden ti�ed:

� Comp onen t - the basic elemen t of con�guration. These elemen ts can ha v e a mapping to

a piece of soft w are dev elop ed in a programming language. In [W egner 97 ] comp onen ts

are de�ned as en tities with p ersisten t iden tit y and in terfaces whose observ able b eha vior is

go v erned b y a state. Comp onen ts are almost nev er self-con tained and usually in teracting

with other comp onen ts.

� Connection - the supp ort for co op eration b et w een comp onen ts. Comp onen ts should

co op erate using these elemen ts.

� Application structure - description of comp onen ts and its co op eration structure using

connections. This description can include information suc h as comp onen t mapping to the

existing system no des.

In [Kramer 85], con�guration is classi�ed in to static and dynamic con�guration and some

required prop erties for dynamic con�guration are presen ted. Static con�guration is presen ted

as the pro cess of pro ducing a load image of groups of comp onen ts for eac h of the computer

stations in the distributed system. This pro cess is based on an application description using

a con�guration language. Dynamic con�guration is presen ted as the pro cess of mo difying or

extending an application without susp ending its execution. This pro cess is driv en b y c hange

sp eci�cations suc h as, in tro duction of new comp onen ts, mo di�cation of existing ones and

mo di�cation of existing comm unication patterns.

In [Hofmeister 91], con�guration is classi�ed in to mo dule implemen tation con�guration,

structure con�guration and geometry con�guration. Mo dule implemen tation con�guration

deals with the capabilit y of sp ecifying and c hanging a comp onen t's implemen tation. Structure

con�guration deals with the capabilit y of sp ecifying and c hanging the system's logical

structure, i.e. the elemen ts comp osing the system and the connections b et w een them.

Geometry con�guration deals with the capabilit y of sp ecifying and c hanging the mapping

of the application's comp onen ts on to the distributed arc hitecture. This w ork addresses a

recon�guration framew ork applied to the Polylith soft w are bus [Purtilo 90], presen ting the idea

of comp onen t migration with state transference.

The w ork of Conic [Magee 89] presen ts a con�guration language structuring comp onen ts

hierarc hical using the concept of comp osite comp onen t. Conic presen ts, at the language

sp eci�cation lev el, dynamic con�guration although its main con tribution is in the scop e of static

con�guration.

Design patterns for con�guration issues include design patterns suc h as the Servic e

Con�gur ator pattern, the Pip es and Filter pattern, the Cal lb ack pattern and the Br oker pattern.

The Servic e Con�gur ator pattern [Jain 96 ] deals with service con�guration in to applications.

It enables con�guration and recon�guration of services without a�ecting other services.

The Pip es and Filters pattern [Busc hmann 96 ] deals with the con�guration of pip eline based

applications. It allo ws the c hange of a pip eline application b y in tro ducing, remo ving or c hanging

pip eline elemen ts.

The Cal lb ack pattern [Berczuk 95 ] addresses the issue of assem bly and pro cessing decoupling,

pro viding some dynamic con�guration at the comp onen t connection establishmen t.

The Br oker pattern [Busc hmann 96 ] presen ts a pattern for the establishmen t of co op eration

b et w een elemen ts in a distributed application.

All these patterns presen t solutions to con�guration issues. None of them ho w ev er deals with

the concept of comp onen t structure, e.g. hierarc hical structure, and migration of comp onen ts

with state transference.



2.2 Example

Con�gurable application dev elopmen t encompasses b oth static and dynamic con�guration.

In particular dynamic con�guration should consider topics suc h as c hanges in comp onen t

connections and migration of comp onen ts with state transfer.

T ak e the design of a shared agenda.

The shared agenda should ha v e the follo wing functionalit y:

� There are t w o kinds of sessions: Manager Session holds an Agenda Manager. Agenda

Session is asso ciated with a user and in teracts with an Agenda Manager.

� Users are created, up dated and deleted b y a Manager Session using its Agenda Manager.

� Users create, up date and delete p ersonal (priv ate) app oin tmen ts through one Agenda

Session.

� Users create, up date and delete meetings through one Agenda Session. A meeting requires

its creator and sev eral participan ts.

� A user consults its agenda to see his app oin tmen ts and the meetings he should participate

using one Agenda Session.

A p ossible class diagram for this problem is presen ted in �gure 1 using the Bo o c h class

diagram notation [Bo o c h 94 ]. This class diagram presen ts the necessary classes for the basic

Agenda functionalit y .

AgendaSchedule

AgendaAppointment

N

N

N
AgendaManager

ManagerSession

AgendaSession

AgendaUser

AgendaMeeting

Figure 1: The shared agenda class diagram

An Agenda Manager will alw a ys b e in c harge of the manipulation of its list of users. Agenda

Sessions will consult the agenda data b y using this Agenda Manager.

Con�guration asp ects can app ear with the follo wing requiremen t:

� Sev eral sessions ma y b e executing sim ultaneously but only a single instance of Agenda

Manager ma y exist at eac h momen t.

� Only the highest rank ed Manager Session will o wn the Agenda Manager. This requiremen t

corresp onds to the idea of the higher ranking manager b eing the only one allo w ed to

manipulate users. Lo w er rank er Manager Sessions will ha v e its managing functionalit y

deactiv ated.

Figure 2 presen ts the arc hitecture for the agenda application. Agenda Sessions comm unicate

with the Agenda Manager con tained in the Manager Session. The Agenda Manager con tains

sev eral other ob jects. It con tains user data ob jects ( A gendaUser ob jects), app oin tmen t data

ob jects ( A gendaApp ointment ob jects), and meeting ob jects ( A gendaMe eting ob jects).
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Figure 2: The shared agenda application
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Figure 3: The shared agenda with a new Manager Session



The deplo ymen t of a new higher rank er Manager Session will in v olv e recon�guration of the

existing system. The Agenda Sessions should no w "talk" with the new Agenda Manager and

the new data managing ob jects (see �gure 3).

This new con�guration corresp onds to migrating the agenda manager and its sp eci�c data

managing ob jects to the new Manager Session's lo cation.

The nature of this problem in v olv es the existence of recon�guration capabilities for the

resulting application where the instan t or the nature of recon�guration is not de�ned at start.

This problem requires capabilities for migrating existing soft w are comp onen ts and recon�guring

co op eration connections b et w een comp onen ts at run-time. It also needs the existence of some

kind of comp onen t comp osition tec hnique along with its migration. This is the case when the

Agenda Manager migration is concerned.

F or p erformance optimization purp oses, further recon�guration requiremen ts can b e

in tro duced:

� In order to optimize the data access, whenev er an Agenda Session is created, it's user

sp eci�c data is placed near the Agenda Session. This user sp eci�c data includes user data

and user app oin tmen t data.

Again this requiremen t can b e satis�ed using con�guration. Whenev er an Agenda Session is

deplo y ed, it's corresp onding user data is migrated from the Manager Session's Agenda Manager

to the Agenda Session. When the Agenda Session concludes its execution, all the imp ortan t

data is again placed at the Agenda Manager. Figure 4 presen ts suc h a p erformance optimized

arc hitecture.
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Figure 4: The shared agenda with data migration

2.3 Problem

Comp onen t-based applications are b ecoming increasingly common. One of the problems whic h

should b e addressed on these applications is the problem of b eing able to sp ecify and c hange

the comp onen ts whic h form the application and their co op eration structure. Ho w can a design

tak e these considerations in to accoun t for a particular comp onen t-based application ?

2.4 Solution Ob jectiv es

A solution to this problem should ha v e the follo wing ob jectiv es:

� Flexibilit y - resulting applications should b e 
exible in the de�nition and c hange of

comp onen ts, comp onen t comm unication structure and comp onen t placemen t.

� Static and dynamic con�guration - con�guration abstractions should pro vide b oth

static and dynamic con�gurations capabilities.



� Incremen tal Dev elopmen t - the incremen tal dev elopmen t of con�guration prop erties

in to comp onen ts should b e an issue. In particular functional application protot yp es should

b e capable of b eing enric hed with con�guration capabilities in a step wise pro cess.

2.5 F orces

The problem m ust consider the follo wing forces:

� Flexibilit y vs P erformance - 
exibilit y is one of the ob jectiv es of the solution. Ho w ev er


exibilit y ma y result in a loss of application p erformance. There should b e a trade-o�

b et w een these t w o forces. According to the nature of applications b eing dev elop ed some

issues of 
exibilit y should b e tradeable for b etter p erformance.

� Incremen tal Dev elopmen t vs Class Explosion - the pro cess of incremen tal

dev elopmen t can reduce the complexit y of dev eloping applications in one step. Ho w ev er

the cost to pa y for this incremen tal dev elopmen t can b e the explosion of classes in v olv ed

in the dev elopmen t.

2.6 Solution

The solution is a set of class structures for comp onen t-based con�gurable applications

dev elopmen t. This solution tak es in to accoun t issues suc h as comp onen t deplo ymen t in sev eral

"logical no des", comp onen t destruction, establishmen t and c hange of connections b et w een these

elemen ts and �nally migration of these comp onen ts with transference of its state.

The pattern o�ers an abstract structure whic h should b e customized b y dev elop ers to eac h

sp eci�c application.

This solution tak es in to accoun t the forces previously named. It fa v ors 
exibilit y as opp osed

to p erformance pro viding capabilities for comp onen t-based application comp osition de�nition

and c hanges. It also fa v ors incremen tal dev elopmen t as opp osed to class explosion allo wing

the dev elopmen t of applications in sev eral steps. Being in tegrated in the D ASCo framew ork,

this solution will allo w the incremen tal com bination of con�guration with other concerns, e.g.

distribution.

3 Applicabili t y

The comp onen t-based con�guration pattern should b e used whenev er one of the follo wing apply:

� The application b eing dev elop ed is comp onen t-orien ted with in teraction b et w een

comp onen ts.

� The application b eing dev elop ed is b ound to su�er high arc hitectural c hanges during

dev elopmen t, therefore requiring a highly con�gurable and dynamic programming base.

� The application b eing dev elop ed m ust b e dynamically con�gurable to satisfy the

application requiremen ts.

� The concept of con�gurable comp onen t clustering is presen t when thinking of comp onen t

migration, i.e. grouping of con�gurable comp onen ts whic h act as logical no des that m ust

b e migrated as one single comp onen t.



4 Structure and P articipan ts

4.1 Con�gurable Comp onen t Structure

The Con�gurable Comp onen t hierarc h y pro vides the necessary abstractions for con�gurable

comp onen t construction. A recon�gurable comp onen t will b e a comp onen t capable of altering

its in teraction structure with other comp onen ts and capable of transferring state to other

comp onen ts of the same class. Figure 5 presen ts a Bo o c h class diagram [Bo o c h 94] for the

con�gurable comp onen t hierarc h y . The main elemen ts in this hierarc h y are:

...

newCompGen()

stateTransfer()
...

concreteStateTransfer()

removeComponent()

concreteStateTransfer();

A

addComponent()

A

ReconfComponent

removePlug()

addPlug()

changePlug()
N

CompositeComponent

stateTransfer()

newConcreteConfigurator()

getPlug()

Figure 5: The Con�gurable Comp onen t Hierarc h y

� R e c onfComp onent - de�nes the necessary in terface for a recon�gurable comp onen t.

It de�nes the recon�gurable comp onen t in terface manipulation metho ds and the

state transfer metho d for a basic recon�gurable comp onen t. Concrete recon�gurable

comp onen ts should deriv e from this base class. Metho ds addPlug , r emovePlug and

changePlug will allo w a recon�gurable comp onen t to add new Plugs accessing other

comp onen ts, c hange these Plugs or remo v e them (see section 4.3 for a description on

Plugs ). The stateT r ansfer metho d will allo w the transfer of the comp onen t's state to

another comp onen t. This metho d implemen ts the Plug transfer b et w een comp onen ts

and uses the template metho d pattern to allo w customization of concrete recon�gurable

comp onen ts. Metho ds c oncr eteStateT r ansfer and newCompGen are abstract metho ds.

In c oncr eteStateT r ansfer , sp eci�c class state transference b eha vior should tak e place. In

newCompGen , the generation of concrete Comp onentGener ator ob jects should tak e place.

� Comp ositeComp onent - pro vides the necessary abstractions for comp onen t nesting and

con�guration. A Comp ositeComp onent should b e capable of nesting its recon�gurable

comp onen ts and b e capable of directing the con�guration (migration, in terface rede�nition,

creation and destruction) of these recon�gurable comp onen ts. It de�nes a particular

con�guration p olicy for its enclosed comp onen ts.

Sp eci�c con�gurable comp onen ts should deriv e either from R e c onfComp onent or from

Comp ositeComp onent . In b oth cases this new sp eci�c comp onen t should pro vide a de�nition for

c oncr eteStateT r ansfer where the comp onen t sp eci�c state transfer op eration should o ccur and

newCompGen where the generation of a class-sp eci�c Comp onentGener ator should b e p erformed.



4.2 CompositeComponent Structure

The Comp ositeComp onent structure describ es the class structure necessary to obtain

con�gurable comp onen t nesting and con�guration.

Figure 6 presen ts a Bo o c h class diagram [Bo o c h 94] for the Comp ositeComp onent class

structure. The main elemen ts in this structure are:
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getPlug()

bind()

resolveName()

unbind()

getPlug()

getComponent()

configureNode()

configureApp()

stateTransfer()

concreteStateTransfer()

newCompGen()

stateTransfer()

Figure 6: Comp ositeComp onent class structure

� Comp ositeComp onent - as previously presen ted.

� R e c onfComp onent - as previously presen ted.

� NameManager - asso ciates comp onen ts names with its lo cation (its Plug ). It will b e capable

of obtaining a comp onen t's lo cation from it's name through the use of it's r esolveName

metho d. Registration and de-registration of name/lo cation pairs is p erformed through the

use of the bind and unbind metho ds.

� Con�gur ator - implemen ts the basic in terface for comp onen t con�guration. P ossesses

all the necessary in teraction b eha vior b et w een con�gurators to attain con�guration.

It is resp onsible for the con�guration of the Comp ositeComp onent at the time of its

creation. It has three metho ds for this con�guration: c on�gur e , c on�gur eNo de and

c on�gur eApp . The c on�gur e metho d calls the c on�gur eNo de metho d follo w ed b y a

call to the c on�gur eApp metho d. It should b e used for full Comp ositeComp onent

con�guration. A t c on�gur eNo de , no de-sp eci�c con�guration is p erformed namely

NameManager initialization, generation and registration of plugs for external requests.

A t c on�gur eApp , application-sp eci�c con�guration is p erformed, namely sub-comp onen t

generation and connection establishmen t.



R e c onfComp onents placed inside the Con�gur ator's Comp ositeComp onent are also

con�gurated b y the Con�gur ator . Metho ds gener ateComp onent , destr oyComp onent ,

moveComp onent and changeConne ction handle the con�guration of R e c onfComp onents

placed at Comp ositeComp onent . Metho d cr e ateComp onentIn handles requests for the

creation of comp onen ts on remote Comp ositeComp onent .

� Comp onentGener ator - implemen ts the comp onen t generation functionalit y . It decouples

the comp onen t con�guration (placed in Con�gur ator ) from comp onen t generation.

This decoupling allo ws a generic b eha vior of the Con�gur ator class. Application

sp eci�c b eha vior suc h as creation of application-sp eci�c comp onen ts is placed in the

Comp onentGener ator class.

4.3 Plug Structure

Con�gurable comp onen ts should comm unicate using Plugs . Plugs will b e resp onsible for in ter-

comp onen t co op eration. T o ac hiev e maxim um con�guration capabilities all co op eration b et w een

comp onen ts should b e p erformed through these elemen ts. Figure 7 presen ts the comp onen t

co op eration structure.
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NameManager
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N

Figure 7: Plugs for Comp onen t co op eration

The main elemen ts in this structure are:

� R e c onfComp onent - it will ha v e an LPlug and a set of asso ciated RPlugs . T o a

R e c onfComp onent its corresp onding LPlug will represen t the en try p oin t for requests from

other recon�gurable comp onen ts. The set of asso ciated RPlugs will represen t remote

represen tations of other comp onen ts.

� LPlug - in tercepts an y order coming from a RPlug ob ject. This class represen ts the en try

p oin t to request from other comp onen ts.

The LPlug deliv ers pro cessing requests to its related R e c onfComp onent .

� RPlug - o�ers a lo cal represen tativ e of a remote comp onen t. RPlugs are asso ciated with the

Name of the remote comp onen t. Using NameManager's r esolveName metho d, an RPlug

can reac h its corresp onding LPlug for comm unication.

RPlugs decouple a comp onen t from its remote comp onen t lo cation, therefore allo wing

remote comp onen t recon�guration.

� NameManager - as previously presen ted.



F rom classes RPlug and LPlug , sp eci�c co op eration plugs are deriv ed. These sp eci�c Plugs

should conform to its corresp onding comp onen t class in terface.

T o ac hiev e maxim um con�guration, a recon�gurable comp onen t's co de should use references

to these RPlugs instead of referencing other con�gurable comp onen ts directly .

5 Collab orations

As far as con�guration is concerned there are four imp ortan t functionalities whic h m ust b e

supp orted b y the pattern: recon�gurable comp onen t generation, recon�gurable comp onen t

migration, connection establishmen t b et w een recon�gurable comp onen ts and recon�gurable

comp onen t destruction.

5.1 Recon�gurable Comp onen t Generation

A Recon�gurable Comp onen t generation in v olv es co op eration b et w een classes Con�gur ator ,

Comp ositeComp onent , NameManager and Comp onentGener ator . A comp onen t generation is

triggered b y a request to Con�gur ator . The �rst step for the Con�gur ator is to request a

new name from NameManager . The Con�gur ator then in teracts with Comp onentGener ator

whic h is resp onsible for the new comp onen t allo cation and creation of the comp onen t's LPlug

for future co op erations. The name obtained from the NameManager can no w b e asso ciated

with the comp onen t created b y Comp onentGener ator . The generation pro cess ends with the

Con�gur ator placing the new generated comp onen t in its corresp onding Comp ositeComp onent .

Figure 8 presen ts this collab oration.

bind(name,comp)

name=generateName()

bind(comp,plug)

generateComponent(compGen)

:Configurator

:NameManager

:ComponentGenerator

:ReconfComponent
comp

compGen
:LPlug
plug

:CompositeComponent

addComponent(comp)

plug=generateLocalPlug() new()

comp=generateComponent() new()

Figure 8: Recon�gurable Comp onen t Generation Collab oration Diagram

5.2 Recon�gurable Comp onen t Migration

A recon�gurable comp onen t migration in v olv es co op eration b et w een classes Con�gur ator ,

NameManager and R e c onfComp onent . A comp onen t migration is triggered b y a request to

Con�gur ator . The �rst step for the Con�gur ator is to obtain the comp onen t asso ciated

with the giv en name. After this, the Con�gur ator m ust obtain from this R e c onfComp onent

a Comp onentGener ator ob ject capable of generating an instance of this R e c onfComp onent .

This is done b y calling the newCompGen metho d on R e c onfComp onent . Using this

Comp onentGener ator the Con�gur ator co op erates with a remote Con�gur ator in order to create

the migrating comp onen t on another Comp ositeComp onent . Next the Con�gur ator in teracts

with the R e c onfComp onent b y ordering it to transfer its state to the new comp onen t on the

remote Comp ositeComp onent . It is then that the Con�gur ator renames the new comp onen t



giving it the name of the old comp onen t and unregistering the lo cation of the old comp onen t

from NameManager . The pro cess ends b y destro ying the old comp onen t. Figure 9 presen ts this

collab oration.

unregister()

plug=createComponentIn(compGen,nameTo)

generateComponent(compGen)

compGen=newCompGen()

destroyComponent(comp)

stateTransfer(plug)

:Configurator :NameManager :ReconfComponent
comp

moveComponent(nameComp,nameTo)

comp=getComponent(nameComp)

remote
:Configurator

local

Figure 9: Recon�gurable Comp onen t Migration Collab oration Diagram

5.3 Reconnection Bet w een Comp onen ts

A Reconnection op eration b et w een comp onen ts in v olv es co op eration b et w een classes

Con�gur ator , NameManager , R e c onfComp onent and RPlug . A comp onen t reconnection is

triggered b y a request to Con�gur ator . This request iden ti�es the original comp onen t whose

connection m ust b e c hanged, the connection that m ust b e c hanged and the comp onen t to

whic h the connection m ust b e redirected to. The �rst step for the Con�gur ator is to obtain

the comp onen t whose connection m ust b e c hanged. F rom this comp onen t the Con�gur ator

comp onen t can obtain the RPlug used as in terface. Finally the connection can b e redirected b y

in v o quing the r e c on�gur eConne ction metho d in RPlug . Figure 10 presen ts this collab oration.

:Configurator :NameManager :ReconfComponent :RPlug
comp plug

changeConnection(compName,itfName,nameTo)

comp=getComponent(compName)

reconfigureConnection(nameTo)

plug=getPlug(itfName)

Figure 10: Reconnection b et w een comp onen ts

5.4 Recon�gurable Comp onen t Destruction

A recon�gurable comp onen t destruction in v olv es co op eration b et w een classes Con�gur ator ,

Comp ositeComp onent and NameManager . A comp onen t destruction is triggered b y a request

to Con�gur ator . The Con�gur ator in teracts with NameManager obtaining the LPlug for this

comp onen t. F or this LPlug the Con�gur ator gets its lo cation. It no w in teracts again with

NameManager un-binding the lo cation and LPlug from it. As a �nal step it remo v es the



comp onen t from its Comp ositeComp onent and �nally un-binds the comp onen t's name from the

NameManager . Figure 11 presen ts this collab oration.

plug=getPlug(comp)

:Configurator :NameManager

unbind(comp,plug)

removeComponent(comp)

name=getName(comp)

unbind(name,comp)

destroyComponent(comp)

:CompositeComponent

Figure 11: Recon�gurable Comp onen t Destruction Collab oration Diagram

6 Consequences

The use of the pattern has the follo wing adv an tages:

� Con�guration/computation decoupling - the use of this pattern allo ws strong decoupling

b et w een con�guration and computation. The comp onen t's dev elopmen t e�ort can b e

directed to the functionalit y dev elopmen t. Con�guration asp ects are w ell isolated from

the comp onen t's functionalit y and partially automated.

� Dynamic application dev elopmen t - the use of this pattern allo ws the dev elopmen t of

highly dynamic applications. The use of elemen ts suc h as RPlug and LPlug in tro duces

lo cation transparency at the comp onen t lev el allo wing, among other op erations, comp onen t

migration to pro ceed transparen tly for comp onen ts using migrating comp onen ts.

� Con�guration cen tralization - the con�guration asp ects of applications is lo cated within

the Con�gur ators ob jects. These elemen ts are the ones resp onsible for the application's

structure therefore simplifying an y application con�guration co de replacemen t.

� Concern separation - the presen ted pattern pro vides a solution to the sp eci�c concern of

con�guration. The pattern presen ts a design solution whic h promotes the decoupling of

the con�guration concern from other concerns suc h as naming and distribution.

� Migration of comp onen ts - the pattern foresees the p ossibilit y of comp onen t migration

with state transfer in opp osition to simple stateless comp onen t migration.

The use of the pattern has the follo wing disadv an tages:

� Added complexit y - the use of this pattern causes some class explosion whic h adds

complexit y to the o v erall design.

� P erformance reduction - due to the in tro duction of a series of indirections, the use of the

pattern can reduce p erformance.



7 Implemen tation

Sev eral implemen tation v ariations can b e in tro duced when implemen ting this pattern:

NameManager v ariations, Rplug's Name ev aluation v ariation and distribution in tro duction

v ariation.

7.1 NameManager V ariation

Di�eren t NameManagers can b e used with this pattern. The used Name's prop erties can ha v e

some impact on the degree of con�guration o�ered b y the pattern.

In [Sousa 96] di�eren t v arian ts for Names are presen ted.

Names are univ ersal if they are v alid in all applications that refer to an ob ject and lo cal if

otherwise. Names are absolute if they refer to the same ob ject in all applications where its v alid

and relativ e if they refer to di�eren t ob jects in di�eren t applications. Names can b e pure if they

con tain no information concerning the ob jects they denote and impure otherwise.

The presen ted pattern deals with names as univ ersal, absolute and pure. Di�eren t prop erties

can b e admitted, ho w ev er this use of di�eren t prop erties can ha v e some in
uence in the degree

of con�guration allo w ed.

Univ ersal names are allo w ed b y ha ving ev ery name b eing resolv able on ev ery

Comp ositeComp onent . Lo cal names are allo w ed simply b y ha ving names whic h are lo cal to

Comp ositeComp onents .

Absolute and relativ e names can b e supp orted in a similar w a y . Absolute names are

supp orted b y all names b eing in terpreted the same w a y on ev ery Comp ositeComp onent and

relativ e names b y ha ving di�eren t name in terpretation on di�eren t Comp ositeComp onents .

Pure and impure names are also allo w ed b y the pattern. The resolution of names in the case

of impure names will b e greatly simpli�ed. Impure names will b e built out of a comp onen t's

lo cation and can therefore represen t direct references to a comp onen t.

The nature of the application can therefore allo w di�eren t prop erties for names.

Applications with a great n um b er of comp onen t reference exc hange b et w een Comp osite-

Comp onents w ould b e b etter suited to use univ ersal and absolute names.

Applications in whic h clusters of Comp ositeComp onents can b e iden ti�ed could use lo cal and

relativ e names.

Applications where recon�guration is strictly at the comp onen t creation, destruction

and connection re-establishmen t lev el could use impure names and gain the p erformance

enhancemen t of using these names while applications using migration should use pure names.

Being aimed at applications with a great n um b er of comp onen t references exc hanged, where

recon�guration includes migration the pattern is b etter suited for univ ersal, absolute and pure

names.

7.2 RPlug's Name Ev aluation V ariation

The instan t when Names are ev aluated at the RPlug ob jects can ha v e some impact on the

implemen tation of this pattern. Tw o v ariations can b e implemen ted: ev aluation at the time of

access and ev aluation at the time of creation.

Ev aluation at the time of access means that ev ery time a RPlug needs to access its

corresp onding LPlug , its Name is resolv ed b y the NameManager . This basically means that

there shouldn't b e an y "dangling references" to destro y ed or migrated LPlugs .

Ev aluation at the time of creation means that Names are ev aluated when the RPlug is

created. This results in "dangling references" to destro y ed or migrated LPlugs . The solution

to suc h a problem in v olv es enhancing the LPlug ob jects with the capabilit y to reference not

only R e c onfObje cts but also, if necessary , other RPlug ob jects and b y this w a y implemen ting

forw arding functionalities. LPlug comp onen ts should also k eep a coun ter of RPlug references

to it. Eac h time a LPlug ob ject is ordered to b e destro y ed it should c hec k its coun ter and



if necessary sta y aliv e to receiv e incoming requests. If destruction should tak e place, LPlug

comp onen ts should return error messages to the requesting RPlugs whic h in turn should re-

ev aluate its Name . If migration should tak e place, LPlug should resp ond b y redirecting the

request to a new RPlug to the new comp onen t lo cation. This v ariation in v olv es some kind of

garbage collection whic h is implemen ted b y the existence of the coun ter and op erations resulting

from its c hange.

The nature of the application can ha v e an in
uence on the c hoice of the v ariation to b e

used. Applications where comp onen t migration seldom o ccurs will b e more suited to use the

ev aluation at the time of creation v ariation. On the other hand, applications where comp onen t

migration ma y b e frequen t gain b y using the ev aluation at the time of access v ariation.

7.3 Distribution V ariation

Distribution can also b e added to the pattern. The pattern is w ell suited for compliance with

concepts suc h as no des and distributed ob jects.

The Con�gurer pattern in tro duces t w o lev els of abstraction: R e c onfComp onent and

Comp ositeComp onent . F rom the distribution p oin t of view, top-lev el Comp ositeComp onents ,

i.e. Comp ositeComp onents not con tained in others, are w ell suited for no de represen tation.

Con tained Comp onen ts can b e con�gured at eac h Comp ositeComp onent and migrated b et w een

Comp ositeComp onents .

Since comm unication b et w een con�gurable comp onen ts o ccurs via RPlug and LPlug ob jects,

distribution can b e in tro duced b y enhancing classes RPlug and LPlug in order to supp ort

distribution. One p ossible implemen tation to this enhancing could b e the com bination of these

elemen ts with distributed pro xies elemen ts. Also lo cations used b y RPlugs should b e altered to

express distributed lo cations.

There are to w a ys of enhancing these classes: delegation and inheritance. Using delegation,

one can enhance these classes b y ha ving RPlugs and LPlugs reference its distributed pro xies

and b y using them to send out its messages. Using inheritance, one can enhance these classes

b y creating a class DistRPlug deriv ed from b oth RPlug and the distributed Pro xy . Distributed

comm unication can th us b e ac hiev ed b y using this class. The same pro cess can b e done on the

LPlug class.

Distributed pro xies will also pro vide a w a y to encapsulate sp eci�c comm unication

mec hanisms. These pro xies can b e so c k et-based, pip e-based, can use framew ork mec hanisms

suc h as R e actor and A c c eptor [Sc hmidt 96 ] from the A CE framew ork [Sc hmidt 94 ] or ev en systems

suc h as Orbix [T ec hnologies 96 ] for comp onen t comm unication purp oses.

A p ossible v ariation using the A CE framew ork can b e sho wn.

The Comp onen t Con�gurer pattern is com binable with the Service Con�guration pattern

allo wing the jump from the higher lev el comp onen ts to the lo w-lev el so c k et-based connection.

Going from logical distribution to ph ysical distribution in v olv es iden tifying whic h are

the comp onen ts to b e placed in diferen t ph ysical no des. As previously stated, top-lev el

Comp ositeComp onents allo w this iden ti�cation.

The ph ysical distribution implemen tation using the Service Con�guration pattern can b e

ac hiev ed b y adaptation mainly at the Plugs lev el in the follo wing w a y:

� Eac h top-lev el Comp ositeComp onent will ha v e one A CE Servic e Con�g instance and one

A CE A c c eptor deriv ed class instance. This A CE A c c eptor deriv ed class instance will b e

resp onsible for the acceptance of all comm unications in to this ph ysical no de and will b e

resp onsible for the generation of no de-sp eci�c A CE Svc Hand ler deriv ed classes instances.

Instances from classes deriv ed from A CE A c c eptor and A CE Svc Hand ler will b e registered

in to the A CE Servic e Con�g instance.

The A CE Svc Hand ler deriv ed class instances will b e resp onsible for comm unication

in to the no de. They will b e in c harge of receiving incoming messages, and calling the



correct metho d on the correct LPlug using the correct parameters. The LPlug /metho d

determination will b e based on iden ti�ying information sen t in the message.

� Comp onen t Names are resolv able in to the so c k et address of it's corresp onding top-lev el

Comp ositeComp onent's A CE A c c eptor deriv ed class instance.

� An RPlug connecting to a remote comp onen t will use an A CE Conne ctor deriv ed class

instance to establish connection to the remote no de. It will then use, after a successfull

connection, an A CE Svc Hand ler deriv ed class instance for no de in teraction. This

A CE Svc Hand ler deriv ed class instance will b e resp onsible for message marshalling with

addition of target comp onen t and metho d iden ti�cation.

Only one pair A CE Conne ctor / A CE Svc Hand ler deriv ed classes instances will exist on

a no de for connection to one other remote no de, b eing this pair shared b et w een RPlugs

connecting to that same no de.

This w a y there will b e at most one op ened so c k et b et w een eac h pair of ph ysical no des and

comm unication will o ccur through the A CE framew ork.

Figure 12 and �gure 13 presen ts the structure of the use of the Service Con�gurator pattern

in the Con�gurer pattern.
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ACE_SOCK_STREAM,  ACE_MT_SYNCH

NodeReceiver

ACE_Acceptor

NodeReceiver, ACE_SOCK_Acceptor

Component Configurer PatternService Configurator Pattern

Figure 12: Lo cal Plug class diagram using the A CE framew ork

This w a y , the Service Con�gurator pattern complemen ts the Comp onen t Con�gurer pattern

b y allo wing pro cess service con�guration as opp osed to comp onen t con�guration.

8 Sample Co de

The presen ted pattern has b een applied to the shared agenda example.

Classes A gendaUser , A gendaApp ointment and A gendaMe eting (from this p oin t on referred

to as the agenda sp eci�c classes), should act as recon�gurable comp onen ts. Ob jects from these

classes will ha v e to b e able to migrate with state transference. These classes will inherit from

R e c onfComp onent the recon�gurable comp onen t b eha vior. F or eac h of these classes, abstract

metho ds c oncr eteStateT r ansfer and newCompGen will ha v e to b e de�ned. Also, a remote plug

class and a lo cal plug class will b e de�ned for eac h class. T o attain maxim um con�guration
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Figure 13: Remote Plug class diagram using the A CE framew ork

capabilities, all in ter-comp onen t comm unication should no w b e p erformed through this plug

classes.

The follo wing co de presen ts class A gendaUser and its c oncr eteStateT r ansfer metho d. As

presen ted, this metho d mak es use of an A gendaUser sp eci�c remote plug in order to comm unicate

with the remote A gendaUser for state transference.

class AgendaUser: public ReconfComponent

{

public:

AgendaUser (char*, CompositeComponent*);

void addAppointment (RPAgendaAppointment*);

void addMeeting (RPAgendaMeeting*);

char* getUserName (void);

RPlug* concreteStateTransfer (Name*);

ComponentGenerator* newCompGen (void);

private:

char _userName[30];

List<RPAgendaAppointment> _appList;

List<RPAgendaMeeting> _meetList;

};

RPlug* AgendaUser::concreteStateTransfer (Name* toName)

{

// _parentComponent is inherited from ReconfComponent and

// references it's parent CompositeComponent

RPAgendaUser* rpau = new RPAgendaUser(_parentComponent,toName);

ListIterator<RPAgendaAppointment> ait(&_appList);

RPAgendaAppointment* el1;

while ( !ait.over() )

{

el1 = ait.getElement();

if ( el1 )

rpau->addAppointment(el1);

ait.next();

}

ListIterator<RPAgendaMeeting> mit(&_meetList);

RPAgendaMeeting* el2;

while ( !mit.over() )

{



el2 = mit.getElement();

if ( el2 )

rpau->addMeeting(el2);

mit.next();

}

return rpau;

}

Class A gendaManager acts as a comp osite comp onen t, more sp eci�cally as comp osite of the

agenda sp eci�c classes. Ob jects from this class m ust b e able to migrate, since A gendaManager

m ust migrate b et w een ManagerSessions , but m ust also b e able to con�gure an y agenda sp eci�c

ob ject whic h it con tains. Class A gendaManager can therefore b e enhanced b y inheriting from

class Comp ositeComp onent as presen ted in the follo wing co de.

class AgendaManager: public CompositeComponent

{

public:

AgendaManager (CompositeComponent*);

~AgendaManager (void);

RPAgendaUser* addUser (char*);

RPAgendaUser* getUser (char*);

List<RPAgendaUser>* getUserList (void);

RPAgendaAppointment* addAppointment (RPAgendaUser*, AgendaDate&, AgendaTime&);

RPAgendaMeeting* addMeeting (RPAgendaUser*, AgendaDate&, AgendaTime&);

// Defined for CompositeComponent inherited behavior

Configurator* newConcreteConfigurator ();

// Defined for ReconfComponent inherited behavior

RPlug* concreteStateTransfer (Name*);

ComponentGenerator* newCompGen (void);

private:

List<RPAgendaUser> _userList;

};

Finally , classes ManagerSession and A gendaSession act as comp osite comp onen ts. A

ManagerSession ob ject will b e a holder for an A gendaManager ob ject. T o satisfy the higher

rank ManagerSession requisite, the A gendaManager con tained in a ManagerSession ma y

ha v e to migrate b et w een ManagerSessions . This migration will b e con trolled b y the higher

rank ed ManagerSession 's Con�gur ator . This con�gurator will collab orate with the curren t

ManagerSession A gendaManager holder to p erform this migration.

The follo wing co de presen ts the A gendaManager migration pro cedure implemen ted using

the functionalities in the pattern. The ManagerSession 's Con�gur ator is used to p erform the

migration of the A gendaManager ob ject to the higher rank ed ManagerSession .

Name* ManagerSession::giveUpAgendaManager (Name* giveTo)

{

AgendaManager* am = getAgendaManager();

if ( am )

{

Name* name = _nameManager->getName(am);

if ( giveTo && name )

{

_configurator->moveComponent(name,giveTo);

setAgendaManager(0);

return name;

}

}

return 0;

}



Figure 14 presen ts a diagram with the nested structure promoted b y the use of this

pattern. The diagram presen ting a sp eci�c scenario of the shared agenda sho ws ho w

A gendaManager ob jects will b e placed inside ManagerSession ob jects and b e con�gured

b y ManagerSessionCon�gur ator using ManagerSessionNameManager . Sp eci�c agenda classes

ob jects suc h as A gendaUser , A gendaApp ointment and A gendaMe eting will b e placed

inside A gendaManager ob jects and b y con�gured b y A gendaManagerCon�gur ator using

A gendaManagerNameManager . A gendaManager ob jects will migrate b et w een ManagerSession

ob jects taking along all its agenda sp eci�c ob jects.

AgendaMeeting

AgendaManager
NameManager

ManagerSession
Configurator

Configurator

AgendaUser

AgendaManager

ManagerSession
NameManager

AgendaAppointment

AgendaUser

ManagerSession

AgendaManager

Figure 14: The P attern applied to the Distributed Agenda

9 Kno wn Uses

The presen ted pattern w as dev elop ed in the scop e of the D ASCo framew ork [Silv a 95 ]. Within

D ASCo this pattern represen ts a solution to the con�guration concern. According to the D ASCo

dev elopmen t pro cess, the pattern ma y b e com bined with other concerns, namely Naming and

Replication [Silv a 96].

The concept of R e c onfComp onent as primitiv e comp onen t and Comp ositeComp onent as

comp osite comp onen t is used in the con�guration language Darwin [Magee 94 ].

The concept of con�gurator co op eration for the application con�guration is used in the Olan

system [Belissard 96].

10 Related P atterns

The presen ted pattern is related to the follo wing patterns:

� Comp osite [Gamma 95] - the Comp ositeComp onent represen ts a use of the Comp osite

pattern.

� T emplate Metho d [Gamma 95 ] - the use of metho ds suc h as c oncr eteStateT r ansfer in the

R e c onfComp onent class, represen ts a use of the T emplate Metho d pattern.

� Pr oxy [Gamma 95]- the use of classes suc h as RPlug and LPlug can b e seen as a particular

use of the Pr oxy pattern.



� A bstr act F actory [Gamma 95]- class Comp onentGener ator represen ts a use of the A bstr act

F actory pattern. Classes deriv ed from Comp onentGener ator will encapsulate the

generation of concrete R e c onfComp onent , LPlug and RPlug ob jects,

� F actory Metho d [Gamma 95 ]- metho d newCompGen in class R e c onfComp onent represen t

a use of the F actory Metho d pattern.

� Distribute d Pr oxy [Silv a 97 ] - RPlug and LPlug classes can mak e use of the Distribute d

Pr oxy pattern as a mean of supp orting application partitioning.

� Servic e Con�gur ator [Jain 96] - this pattern deals with service con�guration in to

comp onen ts. It aims at in ternal serv er comp onen t con�guration, addition, c hange and

deletion of comp onen t services, as opp osed to in ter-comp onen t con�guration with addition,

c hange and deletion of serv er comp onen ts.

� Pip es and Filters [Busc hmann 96 ] - this pattern again deals with the in ternal con�guration

of pip eline based comp onen ts.

� Cal lb ack [Berczuk 95] - the pattern for the separation of assem bly and pro cessing can

pro vide a w a y for comp onen t in teraction. The structure of the pattern foresees the

existence of some dynamic con�guration allo wing the connection establishmen t b et w een

comp onen ts.

� Br oker [Busc hmann 96 ] - the existence of a NameManager class in the prop osed pattern can

b e related in some w a y to the brok er pattern. The NameManager is used as a rep ository

of a v ailable Names and lo cations used to establish comm unication b et w een comp onen ts.
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