
Passive Replicator:

A Design Pattern for Object Replication

Teresa Gon�calves and Ant�onio Rito Silva

INESC/IST Technical University of Lisbon

R. Alves Redol no9, 1000 Lisboa, PORTUGAL

Tel: +351-1-3100287, Fax: +351-1-3145843

ftsg,arsg@albertina.inesc.pt

Abstract

This pap



pro cessing b ecause it can o�ers guaran tees against Byzantine-failures , also called arbitrary

fails. Execution replication mo dels can b e classi�ed in to passiv e replication (Primary-bac kup

approac h) [Budhira ja 93a ] and activ e replication (State-mac hine approac h) [Budhira ja 93b ]. In

passiv e replication, metho ds are executed b y one ob ject at one no de. The state of the ob ject is

mirrored to other ob ject replicas at certain execution p oin ts (c hec kp oin ting). A usual c hec kp oin t

is the the end of the metho d execution. In activ e replication metho ds, are executed b y all the

replicas.

Some data replication p olicies can b e com bined with the passiv e replication execution: ROWA

(read-one write all) where a read request can b e satis�ed b y reading an y single cop y of a

data item and a write request requires all copies to b e written; Primary-Copy where a read

request can b e satis�ed b y an y cop y of a data item and a write request can only b e satis�ed b y

the primary cop y; Quorum-Based where copies of a data item ma y b e giv en a certain n um b er

of v otes eac h,a read/write request can only b e satis�ed if the sum of the v otes of the a v ailable

replicas is equal or higher than the read/write quorum v alue.

2.2 Example

Consider the example of a Shared Agenda with the follo wing functionalit y:

� users can create, up date and delete app oin tmen ts and can also create, con�rm, shift and

cancel meetings, i.e. users can manage app oin tmen ts and meetings. The di�erence b et w een

meetings and app oin tmen ts is that a meeting requires sev eral participan ts, its creator and

other participan ts and an app oin tmen t requires a single participan t.

� the agenda manager can create new users and delete existing ones.

Consider a Shared Agenda comp osed b y t w o kinds of sessions:

� Manager session: that holds an Agenda Manager and allo ws the creation of new users

and the deletion of existing users.

� Agenda session: that allo ws users to manage app oin tmen ts and meetings.

Figure 1 illustrates the structure of the Shared Agenda using a Bo o c h class diagram [Bo o c h 94].

An Agenda Manager is resp onsible for the manipulation of sev eral agenda users. Eac h Agenda

User can ha v e sev eral Agenda Appointments and sev eral Agenda Meetings . Both Manager

Session and Agenda Session will use the data of the Agenda Manager .
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Figure 1: Diagram Structure of Shared Agenda

Figure 2 sho ws an example of the Shared Agenda where there are t w o Agenda Sessions

and a Manager Session using a common Agenda Manager . Agenda Sessions should allo w the



consulting of Agenda Meetings , in whic h sev eral users participates, without dela ys caused b y the

use of remote data ob jects. So eac h Agenda Session should ha v e lo cal replicas of the meeting

data (in its o wn address space) allo wing fast read access to the meeting data. Mo di�cations

on the meeting data asso ciated with an Agenda Session should b e propagated to the Agenda

Manager asso ciated with the Manager Session and to others Agenda Sessions lo cal replicas

of meeting data.
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Figure 2: Shared Agenda

2.3 Problem

In man y distributed systems, data access p erformance is critical. This is often solv ed using

replication-based approac hes. Because the requiremen ts for data consistency v ary dep ending on

applications seman tics, it is necessary to b e able to supp ort di�eren t replication p olicies. Ho w

can y ou design an approac h to replication that supp orts di�eren t p olicies?

2.4 F orces

The problem m ust consider the follo wing forces:

� Access performance versus data consistency: The data access p erformance for read/

write op erations can v ary according to the data consistency exp ected b y the user of the

application. Read access p erformance can b e impro v ed b y reading lo cal replicas of data.

If strong consistency is desired the write access on a replica implies that data up dates

resulting from the write op eration are propagated immediately to the other replicas of the

replica set. T o ac hiev e strong consistency it is also necessary to assure that op erations are

serialized.

If con trolled inconsistency mo dels are used the write access on a replica do es not imply

the immediate up date of the other replicas. Data replicas of the same ob ject can b e

inconsisten t allo wing the user to sp ecify when replicas consistency will b e restored and the

resolution of up dating con
icts. Optimistic replication mo dels allo w write op erations to

b e executed on lo cal replicas ac hieving write access p erformance.

The Shared Agenda is an example of a distributed application where read access p erformance

to meeting data can b e impro v ed b y reading lo cal data instead of remote data. This

example requires strong consistency of meeting data. Up dates to meeting data should



b e propagated immediately to other replicas b ecause users should alw a ys ha v e up dated

information on their meetings.

Geographical Information Systems bro wsers deal with large amoun ts of data transfer. This

is an example of a distributed application where k eeping data lo cally (lo cal data cac hing)

means m uc h faster access to data. Lo cal cac he copies are only up dated when the clien t

requires an up dated data v ersion. In this example data inconsistency is prefered as a

means of gaining p erformance.

� Di�erent replication policies versus single replication policy: Application require-

men ts ma y v ary demanding the use of di�eren t replication p olicies for di�eren t ob jects.

Therefore the use of single p olicy solutions ma y not b e appropriate.

Consider a Do cumen t Managemen t System where it is p ossible to ha v e di�eren t do cumen t

t yp es: priv ate (only do cumen t creator can view and edit it), shared-read (sev eral users

can view the do cumen t but only the do cumen t creator can edit it), shared (sev eral users

can b oth view and edit the do cumen t). This is an example of a distributed application

where di�eren t replication p olicies can b e used to implemen t the shared-read and shared

do cumen t t yp es.

� Flexibility versus e�ciency: The decoupling of replication issues from ob ject functionalit y

allo ws adding and replacing replication p olicies without c hanging the ob ject's implemen tation.

This increased 
exibilit y has costs in terms of e�ciency through the use of indirections.

2.5 Solution

The solution tak es in to accoun t the forces named ab o v e.

The solution is a three-lev el structure for ob ject replication, namely P olicy-Generic, P olicy-

Sp eci�c and Ob ject-Sp eci�c. The solution pro vides an abstraction that allo ws the use of

sev eral replication p olicies for the supp ort of ob ject replication as an approac h to increase

p erformance. That abstraction m ust allo w the de�nition of di�eren t replication p olicies that ma y

implemen t di�eren t data mo dels of consistency . The P olicy-Generic lev el of the pattern abstracts

what is common b et w een replication solutions that implemen t di�eren t replication consistency

criteria. It decouples the ab o v e abstraction from p olicies implemen tation. The P olicy-Sp eci�c

lev el corresp onds to the implemen tation of replication p olicies decoupled from application's

functionalit y . The Ob ject-Sp eci�c lev el corresp onds to the in tegration of application's functionalit y

with replication solutions implemen ted b y the ab o v e lev els.

3 Applicability

Use this pattern when:

� it is necessary to test sev eral di�eren t replication p olicies with minor c hanges to the co de.

� it is necessary to use ob ject-sp eci�c replication criteria. This pattern allo ws data inconsistency

b et w een replicas of the same ob ject allo wing the user to sp ecify when replicas consistency

is restored. F or example the user can decided to restore replicas consistency only when

executing a particular op eration.

4 Structure and Participants

The structure of the pattern is illustrated in Figure 3 as a Bo o c h class diagram using the notation

referred in [Bo o c h 94 ].

The pattern is structured in to three di�eren t lev els:



� Policy-Generic: This lev el abstracts what is common to replication p olicies and should

b e supp orted b y a framew ork concerned with ob ject replication.

� Policy-Speci�c: This lev el can b e customized b y programmers and allo ws the dev elopmen t

of sev eral replication p olicies that ma y use di�eren t consistency criteria.

� Object-Speci�c: This lev el is ob ject sp eci�c, i.e. at this lev el classes implemen tation

are sp eci�ed and are in tegrated with the replication concern b y sp ecifying sub classes of

Specific Replica Manager and Operation .
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Figure 3: Diagram Structure of the P assiv e Ob ject Replication P attern

The participan ts are describ ed b elo w:

� Replicated Objects Registry: It main tains a registration of the sets of replicated

ob jects. Replicas b elonging to the same replica set are iden ti�ed b y a common designator

the Replica Object Identifier . This class is used b y the Replica Manager ob jects to

in teract with the set of replicas.

� Replica Manager: This class encapsulates replicated ob jects and abstracts di�eren t

replication p olicies, that ma y use di�eren t consistency criteria, to con trol the consistency/-

a v ailabilit y of replicated ob jects. There is one replica manager ob ject asso ciated with eac h

replicated ob ject. The replicated ob jects are isolated from replication issues whic h are

handled b y the corresp onding replica manager ob ject. The replica manager class has also

a list of references to all the other replica managers of the replica set. This list is used

basically to pro vide supp ort to the implemen tation of replication p olicies.

The readFirst op eration is used to calculate one replica ob ject from the replica set

on whic h read metho ds will b e executed. The writeFirst op eration is similar to the

readFirst op eration but calculates the replica ob ject on whic h up date metho ds will b e



executed. The writeReps op eration is used to calculate the replicas on whic h to c hec kp oin t

the ob ject state of the ob ject up dated b y the update metho d. The restoreReps is used to

calculate the replicas that ma y b e inconsisten t and should b e up dated when it is necessary

to restore replicas consistency . The readPolicy and writePolicy are template metho ds

used to implemen t resp ectiv ely the read op eration and write op eration of a replication

p olicy . The consistentReplica is used to �nd out a consisten t replica from whic h to cop y

the consisten t state when restoring replicas consistency . The consistencyAll op eration

is used to restore the consistency of all replicas. The consistencyOne op eration is used to

restore the consistency of one replica. The cloneReplica is used to supp ort the cloning

of the ob ject asso ciated with one ReplicaManager ob ject.

� Object: This class represen ts a sp eci�c (concrete) class whic h can b e replicated. The

replicas of an ob ject are instances of this class. Replicas of the same ob ject are iden ti�ed

b y a common designator the Replica Object Identifier and b elong to the same replica

set. The data asso ciated with an ob ject is alw a ys manipulated b y its metho ds. The

metho ds can b e classi�ed in to query (read) metho ds and up date (write) metho ds.

� Speci�c Replica Manager: This class implemen ts a sp eci�c replication p olicy pro viding

implemen tations for the readFirst , writeFirst , writeReps , restoreReps , readPolicy ,

writePolicy , consistencyOne , consistencyAll and consistentReplica op erations of

the sp eci�c p olicy . The sp eci�c p olicy data is de�ned here. There can b e one or more of

these classes b y p olicy .

� Operation: This class is used b y a Specific Replica Manager class to encapsulate the

execution of di�eren t metho ds ( modify and query ) of replicated ob jects as ob jects. This

class has metho ds lik e updateReplica , readReplica and stateTransfer . The metho d

updateReplica is resp onsible for executing a modify metho d on the replicated ob ject and

sa ving the result on its data �elds. The metho d readReplica is resp onsible for executing a

query metho d. The metho d stateTransfer is resp onsible for state transfer, i.e. cop ying

the result sa v ed in the data �elds to other replicated ob jects.

� modify Operation: This class is a deriv ed class of the Operation class. The �elds of

this class are the �elds up dated b y the modify op eration. This class has to implemen t

the metho ds for setting those �elds setData . The metho d readReplica is rede�ned as a

empt y metho d.

� query Operation: This class is also a deriv ed class of the Operation class. The �elds

of this class are the �elds used b y the query op eration and this �elds are returned b y the

execution of the query . This class rede�nes the abstract metho ds updateReplica and

stateTransfer as empt y metho ds.

� Speci�c Replica Manager for Object class: This class implemen ts the in terface

of the Object class. An application that w an ts to use the replicated ob ject uses the

corresp onding ob ject of the Specific Replica Manager for Object Class. This class

con trols the access to the replicated ob ject. This class rede�nes the abstract metho d

cloneReplica for cloning an ob ject.

5 Collaborations

The collab oration b et w een participan ts can b e seen b y analyzing four main asp ects: adding

replicated ob jects, executing non-up dating and up dating metho ds on replicated ob jects and

restoring the consistency of inconsisten t replicated ob jects.
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Figure 4: Collab oration among participan ts for adding a replicated ob ject

5.1 Adding Replicated Ob jects

Figure 4 illustrates the collab oration b et w een participan ts in the Passive Replication pattern

for creating a replicated ob ject. This �gure sho ws that the pro cess of creating a replicated

ob ject corresp onds basically to the creation of a replica manager, the registration of the ob ject

in an instance of the class Replicated Objects Registry , the creation of an ob ject that will

b e asso ciated with the ab o v e replica manager and the initialization of the replica calling the

consistencyOne metho d.

When the Specific Replica Manager for Object ob ject calls the register op eration

b esides registering the Specific Replica Manager for Object class instance it also adds to

other replica managers (�eld replicas) of the "same" ob ject a reference to the registered replica

manager.

The metho d consistencyOne is resp onsible for cloning an ob ject initializi ng the �elds of the

replicated ob ject, when it joins to the replica set, reading up-to-date �eld v alues b y �nding out

the more recen t replica. The metho d implemen tation is dep enden t on the p olicy used. In the

case of primary-copy replication p olicy it corresp onds to initializin g the replica with the v alues

obtained b y reading the primary replica.

5.2 Executing Up dating Metho ds

Figure 5 illustrates the collab oration b et w een participan ts in the P assiv e Replication pattern for

executing an up date metho d on a set of replicated ob jects. Figure 5 sho ws that only one replica

of the ob ject executes the metho d in v o cation, up dating the remaining replicas after the end of

the metho d in v o cation execution. These collab orations are divided in to t w o phases:

1. Executing the method invocation by one replicated object: The execution of an

up dating metho d using the Passive Object Replication b egins with a call of the up dating

mem b er function on an instance of the Specific Replica Manager for Object class.

The instance of the Specific Replica Manager for Object is selected b y in v oking the

op eration writeFirst . This function selects the replica on whic h the up date metho d

op eration is executed. Its result dep ends on the replication p olicy b eing used.

The up date metho d function should b e implemen ted b y creating a new instance of the

Operation modify class with parameters v alues equal to the up date parameters follo w ed

b y calling the writePolicy metho d with the created instance of Operation modify as

parameter. The implemen tation of the writePolicy metho d corresp onds to reading the

up date data information and executing the up dating metho d on the replicated ob ject



asso ciated with the Specific Replica Manager for Object instance and sa ving the

result on the data structure asso ciated with the Operation modify class instance.

2. State transferring for the remaining objects of the replica set: This phase

corresp onds to up dating a set of the remaining replicas of the replicated ob ject up dated

in phase 1 , in order to preserv e the consistency criteria. It calls the writeReps metho d

whic h returns the remaining replicas to b e up dated. This metho d returns di�eren t results

dep ending on the replication p olicy b eing used. Eac h one of the replicas is up dated with

the v alues recorded on the modify Operation structure on phase 1 .

of 
Execution

the
invocation
method
modify by
one
replicated
object

State
transfering
of the
remaining
objects
of the 
replica
set

Manager for Object
rM: c:Specific Replica

modify(data)

writePolicy(c)

Operation
modify

new(data)

rM*= writeFirst()

updateReplica(rM*)

_data=getData()

list = writeReps()

for rM** in list
stateTransfer(rM**)

Specific ReplicarM**:Specific ReplicarM*:

setData(_data)

obj* = getObj()

Objectobj*:

obj** = getObj()

obj**:
Manager for Object

Object

modify(_data)

Manager for Object 

Figure 5: Collab oration among participan ts for an up dating metho d

5.3 Executing Querying Metho ds

Figure 6 illustrates the collab oration b et w een participan ts in the P assiv e Replication pattern

for executing a non-up date metho d. The execution of the op eration corresp onds to selecting a

replica on whic h the op eration will b e executed. The selection of the replica dep ends on the

replication p olicy used. In a primary-cop y replication p olicy it can b e the replica itself while in

a quorum replication p olicy it is a replica b elonging to the replica quorum for the read op eration

whic h has the greatest up date n um b er.

5.4 Restoring Replicas Consistency

Figure 7 illustrates the collab oration b et w een participan ts in the Passive Replicator pattern for

restoring replicas consistency . The set of replicas up dated b y phase 2 of an up date op eration

ma y not b e equal to all the remaining replicas of one replicated ob ject up dated b y phase 1 . As

suc h, some inconsistency b et w een replicas of the same ob ject ma y exist temp orarily . The metho d

consistencyAll is resp onsible for cloning an ob ject restoring the �elds of replicated ob jects,
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when it is executed. This metho d calls the consistentReplica to �nd out from whic h replica

it should cop y the state. It calls the restoreReps to �nd out on whic h replicas consistency will

b e restored.
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Specific ReplicaSpecific Replica
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consistencyAll()

rm*=consistentReplica()

list = restoreReps()

for rm in list
cloneReplica(rm)

Figure 7: Collab oration among participan ts for restoring replicas consistency

6 Consequences

The pattern pro vides the follo wing b ene�ts:

� Low amount of application speci�c code related with the replication of objects :

T o replicate ob jects using an implemen ted sp eci�c replication p olicy the programmer only

needs to dev elop the Specific Replica Manager for Object class and the Operation

class for eac h metho d op eration of the class to whic h the replicated ob ject b elongs. The

dev elopmen t of this classes requires a lo w amoun t of co de.



� Independence of the replication policy used: The replication of ob jects is indep enden t

of the replication p olicy used. It is p ossible to try di�eren t replication p olicies without

c hanging the application sp eci�c co de related with the replication of ob jects, namely the

co de necessary for the implemen tation of the classes Specific Replica Manager for

Object and Operation . F or testing the application with di�eren t replication p olicies it is

only necessary to c hange the Specific Replica Manager classes.

� Clear separation between the concrete objects and the Speci�c Replica Managers

for Objects: The concrete ob jects do not kno w that they are replicated. The pattern

encapsulates the concrete ob jects from replication issues suc h as the managemen t of

replicated ob jects and the replication p olicy used.

� Decoupling from synchronization: The implemen tation of some replication p olicies

requires atomicit y of the writePolicy op eration when implemen ting some replication

p olicies, i.e either the writePolicy op eration succeeds in all replicated ob jects or the

op eration ab orts. The sync hronization is necessary also to assure that the result of

executing t w o concurren t op erations is equal to executing the t w o op erations sequen tially .

The replication concern is presen ted in this pap er isolated from op eration atomicit y and

concurrency con trol issues since these can b e seen as separate concerns whic h can b e

incorp orated with the replication concern.

The pattern has the follo wing dra wbac ks:

� Great number of classes: F or eac h up date and query metho d of eac h class it is necessary

to create a deriv ed class of the Operation class. This can lead to a great n um b er of classes.

� Fault-Tolerance: The Pattern for Passive Object Replication is not fault-toleran t. This

pattern do es not tolerate fail-stop fails. The replication concern is presen ted here isolated

from fault-tolerance. This pattern can b e used to impro v e read p erformance.

7 Implementation

This section describ es sev eral implemen tation v ariations of the pattern.

7.1 P olicies

� Policy speci�c: P assiv e replication can use sev eral di�eren t replication p olicies and

mo dels. Replication mo dels describ es the user�s exp ectations concerning consistency/a v ai-

labilit y of replicated ob jects:

{ pessimistic: the result of a reading op eration on replicated ob jects alw a ys returns

the result of the last up date. T o implemen t a p essimistic p olicy it is necessary

that when c hanges are done to a replicated ob ject using, passive replication ,

that those c hanges are done atomically to all remaining replicated ob jects of the

replica set. T o implemen t a particular p olicy one should de�ne a deriv ed class from

Replica Manager , i.e de�ne a Specific Replica Manager class and rede�ne the

virtual metho ds of the sup er class.

T o implemen t the ROWA (Read-One-W rite-All ) replication p olicy the readPolicy

should corresp ond to reading the replica accessed b y the query metho d and the

writePolicy should corresp ond to writing the replica accessed b y the update method

and transferring the up dated state to the remaining replicas. The readPolicy

for this p olicy corresp onds to calling the readReplica metho d with the parameter

returned b y the readFirst metho d. The readFirst op eration should return the

Replica Manager accessed b y query . The writePolicy corresp onds to calling the



updateReplica metho d with the parameter returned b y the writeFirst metho d and

to call the stateTransfer metho d with the parameter returned b y the writeReps

metho d. The writeFirst op eration should return the Replica Manager accessed

b y the update . The writeReps metho d should return all the remaining replicas

of the replica set whic h w ere not up dated b y the up date call. The restoreReps

and consistencyAll should b e de�ned as empt y since this p olicy do es not allo w

inconsistency b et w een replicas.

{ controlled inconsistency: when an up date op eration on a replicated ob ject do es

not immediately imply the up date of the others replicas from the replicated ob ject

set. A limit is established concerning data inconsistency ab o v e whic h consistency is

repaired calling the consistencyAll or consistencyOne metho d of the Specific

Replica Manager Class. Consider the implemen tation of a com bined p olicy suc h

as Primary-Cop y with con trolled inconsistency where up dates are alw a ys done on

the primary-cop y and the consistency b et w een primary-cop y and secondary-copies is

restored only when executing a up date op eration X . T o implemen t this replication

p olicy the readFirst and writeFirst op erations should return resp ectiv ely the

accessed Replica Manager b y the query or up date metho d and the Replica Manager

asso ciated with the primary-cop y . The writeReps op eration should return an empt y

list. This implies that the execution of up date metho ds is not propagated to the

remaining replicas. The implemen tation of the X op eration can b e implemen ted as

the execution of the op eration preceded b y calling the consistencyAll op eration.

The restoreReps op eration returns all the Replica Managers asso ciated with the

secondary-copies. The consistencyAll op eration is implemen ted b y cop ying the

state of the primary-cop y ob ject to all the replicas returned b y the restoreReps .

{ optimistic: when an up date op eration can o ccur an ywhere an ytime. The a v ailabilit y

in this case is higher and the consistency is lo w er. T o implemen t a particular p olicy

one should de�ne a deriv ed class from Replica Manager , i.e. de�ne a Specific

Replica Manager class and rede�ne the virtual metho ds of the sup er class. In this

case replica up dates do not need to b e consisten t. In case of con
icting-up dates the

con
ict resolution it is left to the implemen tation of consistencyAll .

� Object speci�c: The de�nition of Ob jects is isolated from the replication issues and these

can b e de�ned indep enden tly of the rest. The in tegration of Ob jects with the replication

concern is done through the de�nition of a Specific Replica Manager for Object class

with the same in terface of the Ob ject. The implemen tation of query and up date metho ds

corresp onds to creating new Operations . It is necessary to implemen t the updateReplica ,

readReplica and stateTransfer metho ds as illustrated in �gure 5 and 6.

7.2 Distribution in tegration

Distribution can b e added to the pattern to supp ort distributed replicated ob jects. The Replica

Manager class can b e instrumen ted in order to supp ort distribution of replicated ob jects. This

instrumen tation consists of com bining the Replica Manager class with distributed pro xies [Silv a 97 ]

suc h that the comm unication b et w een distributed Replica Managers is done through distributed

pro xies.

There are t w o p ossible w a ys for adding the distribution concern to the replication concern:

� b y using delegation. The Replica Manager class will reference a distributed pro xy . The

distributed pro xy will b e resp onsible b y all the lo w lev el details in v olv ed with comm unications

encapsulating the comm unication mec hanisms.

� b y using inheritance. It will b e needed to create a new class Distributed Replica

Manager deriv ed from b oth Replica Manager and Proxy classes. Replication and distribution

can b e ac hiev ed b y using the Distributed Replica Manager class.



7.3 Sync hronization in tegration

Sync hronization can b e added to the pattern to supp ort the execution of concurren t op erations

on replicated ob jects. This can b e done b y using a framew ork that supp orts concurrency

mec hanisms suc h as lo c ks or time stamps or b y using the Customizable Object Synchronization

pattern [Silv a 96 ].

8 Sample Code

8.1 Shared Agenda Application

In the Shared Agenda Application, replication will b e applied to the agenda meetings.

The class AgendaMeetingInt represen ts the in terface abstraction of class AgendaMeeting .

class AgendaMeetingInt

{

public:

virtual void addAgendaUser (AgendaUser* user) = 0;

virtual AgendaUser* getAgendaOwner(void) = 0;

};

Class ReplicaManagerPAgendaMee ting corresp onds to the implemen tation of a Specific

Replica Manager for Object class, supp orting the replication of class AgendaMeeting using

the Primary-Cop y replication p olicy . This class implemen ts the in terface of the AgendaMeeting

class and accesses b y the Shared Agenda Application are done through instances of this class.

class ReplicaManagerPAgendaMeeting:public PrimaryReplicaManager<AgendaMeeting>,public AgendaMeetingInt

{

public:

ReplicaManagerPAgendaMeeting (AgendaUser*,AgendaDate&,AgendaTime&, ReplicaObjectIdentifier);

void addAgendaUser (AgendaUser*);

AgendaUser* getAgendaOwner (void);

};

The up date (write) metho d addAgendaUser is implemen ted b y the replica manager as b elo w:

void ReplicaManagerPAgendaMeeting::addAgendaUser(AgendaUser* agU)

{

addAgendaUserOperation c(agU);

writePolicy(&c);

}

The query (read) metho d getAgendaOwner is implemen ted b y:

AgendaUser* ReplicaManagerPAgendaMeeting::getAgendaOwner(void)

{

getAgendaOwnerOperation c;

AgendaUser* owner;

readPolicy(&c);

owner = c.getAgendaOwner();

return owner;

}

T o encapsulate the execution of the metho ds addAgendaUser and getAgendaOwner the

classes addAgendaUserOperation and getAgendaOwnerOperation had to b e implemen ted one

for eac h metho d.

class addAgendaUserOperation: public Operation <AgendaMeeting>

{

private:

AgendaUser* _aUser;

public:

addAgendaUserOperation (AgendaUser*);

void updateReplica (ReplicaManager<AgendaMeeting>*);

void stateTransfer (ReplicaManager<AgendaMeeting>*);

void readReplica (ReplicaManager<AgendaMeeting>*);

};



class getAgendaOwnerOperation: public Operation <AgendaMeeting>

{

private:

AgendaUser* _aOwner;

public:

getAgendaOwnerOperation (void);

AgendaUser* getAgendaOwner (void);

void updateReplica (ReplicaManager<AgendaMeeting>*);

void stateTransfer (ReplicaManager<AgendaMeeting>*);

void readReplica (ReplicaManager<AgendaMeeting>*);

};

The metho d readReplica of class addAgendaUserOperation is implemen ted as an empt y

metho d. The metho ds updateReplica and stateTransfer are implemen ted as b elo w:

void addAgendaUserOperation::updateReplica(ReplicaManager<AgendaMeeting>* rM)

{

AgendaMeeting* obj;

obj = rM->getObj();

obj->addAgendaUser(_aUser);

}

void addAgendaUserOperation::stateTransfer(ReplicaManager<AgendaMeeting>* rM)

{

AgendaMeeting* obj;

obj = rM->getObj();

obj->addAgendaUser(_aUser);

}

The metho ds updateReplica and stateTransfer of class getAgendaOwnerOperation are

implemen ted as empt y metho ds. The metho d of the class readReplica is implemen ted as b elo w:

void getAgendaOwnerOperation::readReplica(ReplicaManager<AgendaMeeting>* rM)

{

AgendaMeeting* obj;

obj = rM->getObj();

_aOwner = obj->getAgendaOwner();

}

9 Known Uses

The usage of replication as a means of increasing data access p erformance is widely used in

Distributed Database Systems and in Distributed Systems. Most of the solutions pro vided in

these systems restrict the use of replication p olicies to a set of p olicies that can b e supp orted

b y the p olicy-sp eci�c lev el of this pattern.

Arjuna [MCL] is an example of an ob ject-orien ted programming system that supp orts ob ject

replication to tolerate fails. The Arjuna supp orts the pessimistic data replication mo del and the

passive and active execution mo dels.

This pattern w as dev elop ed in the D ASCo [Silv a 95] scop e. The replication concern is

considered with D ASCo concerns of sync hronization, distribution and naming.

10 Related Patterns

� Simple Shared Ob ject P attern [Ott 96] is a pattern for ob ject replication across di�eren t

address spaces using the primary-cop y p olicy for replicating the ob jects with immediate

up date (strong consistency). This pattern allo ws the use of the primary-cop y replication

p olicy decoupled from application's functionalit y and distribution. This pattern can b e

seen as a particular implemen tation of the P assiv e Replicator pattern in tegrated with

distribution where the p olicy used is the primary-cop y p olicy and the copies b elong to



di�eren t address spaces. The P assiv e Replicator pattern allo ws, b esides the primary-cop y

p olicy the use of other replication p olicies that v ary according to data consistency/access

p erformance that they o�er.

� Observ er P attern [Gamma 95 ] is a pattern that de�nes a one-to-man y dep endency b et w een

ob jects so that when one ob ject c hanges state, all its dep enden ts are noti�ed and up dated

indep enden tly . The primary-cop y replication p olicy can b e related with the Observ er

pattern where the primary replica is the subject and the other replicas are the observers .

This pattern can b e seen as a particular implemen tation of the P assiv e Replicator pattern

where the p olicy used is the primary-cop y and distribution is not an issue.

This pattern do es not decouple sub ject functionalit y from observ er noti�cation. The

P assiv e Replicator pattern allo ws b esides the implemen tation of the primary cop y p olicy

the use of other replication p olicies and the consideration of the distribution concern.

� Command P attern [Gamma 95 ] is used to implemen t the Operation class as an abstract

class whic h declares an in terface for executing the Operation metho ds. It is used to

decouple the in v o cation from the kno wledge to p erform the execution.

� Singleton P attern [Gamma 95 ] is used in the implemen tation of the Replicated Objects

Registry class.
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