Title: Foundation Patterns

Authors: Dwight Deugo

E-mail: deugo@scs.carleton.ca

Address: School of Computer Science

Carleton University

1125 Colonel ByDrive

Ottawa, Ontario, Canada, K1S5B6

Telephone: (613) 520-2600 ext. 8438

(613) 520-4333

Fax: (613) 520-4334

Abstract:

Manypatterns depended on one important distinction: the distinction between an object’s class and its type.

For example, manypatternsrelyon interface inheritance, although, on examining their structures, most are described using implementation inheritance. The making of this implicit distinction gives evidence that there are patterns, fundamental to many, that live within other patternsand areat the foundation of good object-oriented principles. I give these patternsthe name foundation patterns. I discuss two such foundation patterns: delegation and substitution, separating the two into their rightful positions, making clear what each patterns’ role is in object-oriented design.

Foundation Patterns

Dwight Deugo deugo@scs.carleton.ca

School of Computer Science

Carleton University

Intr oduction

Although not mentioned, manypatternsdepend on one important distinction. This is thedistinction bet ween an object’s class and its type. Stated another way, these patterns relyon interface inheritance rather than on implementation inheritance. Nevertheless, on examining their structures, most pattern descriptions use implementation inheritance. Thisisnot surprising, since languages likeSmalltalk and C++ donot explicitlysupport thenotion of a type or a subtype within the language. Java is the exception to this, directlysupporting interfaces and their inheritance, bringing attention to these well deserving topics.

The making of thisimplicit distinction gives evidence that there are other patterns, fundamental to many, if not all patterns, which are either assumed and undocumented or still waiting to be discovered. These patternslive within other patterns. Moreover, I believe theyalso live at the foundationsof good objectoriented principles and object-oriented application development. From thelocation at which we find these patterns, I give them the name foundation patterns. Foundation patterns are patternseither used byor specialized byother patterns. Thecaptureof these patterns benefits theunderstanding of all those involved with object-oriented application devel opment and with patterns.

I begin the project with a discussion on two such foundation patterns: delegation and substitution. The use of delegation will be familiar to many. However, I often find that delegation and substitution arecombined under the single heading of delegation, due to substitution incorporating delegation. In this paper, I separate the two patternsinto their rightful positions, making clear what each patterns’ role is in objectoriented design.

Pattern 1: Delegation

Intent

Delegation allows objects to share behavior without using inheritance and without duplicating code.

Delegation decreases thenumber of responsibilities of an object and their corresponding implementation sizes. Consequently, when used properly, delegation minimizes theamount of code a devel oper is responsible for and the number of bugs he or she creates. Moreover, successful delegation increases the collaboration between class, therebyincreasing theflexibilityof the immediate application and thereuse of classes in it and subsequent applications.

Motivation

There are several well-known heuristics t t hat one should follow when designing and developing objectoriented software.

One heuristic isto have many objects, eachhaving a small number of responsibilities, rather thana few objectsthat do everything. Another is to keepthe implementation sizesof an object’s responsibilities small.

An object that hastoo manyfundamental responsibilities (10, +/- 2), or whose resulting methods are large

(more than 10 statements), is usuallydifficult to understand because it istoo complex [ Wirfs-Brook, 1990].

Well-designed methods are usuallysmall [Barry, 1989]. Objects with large numbers of responsibilities are problematic for developers to create, maintain, extend and debug, or for others to use. From a developer’s point of view, the more responsibilities of an object, the greater the amount of time required to implement them. Moreover, both the original and futuredevel opers will need longer to understand the implementation before theycan maintain or extend theobject. Also, the more lines of code implemented, the greater the probabilityof introducing a bug. Finally, from a user of an object’s point of view, an object with many responsibilities always require more time to understand than one with few.

Consider the situation of implementingan object representing a deck of cards called CardDeck. Two responsibilities required by CardDeck are void shuffle() and Carddraw() . Draw() returnsthe Card positioned at the top of the CardDeck and shuffle() places all 52 Cardsback intothe CardDeck and arranges them randomly. One could use an arrayof integers of length 52 torepresent the internal structure of thedeck of cards along with a marker indicating which position in the arrayrepresents thetop, initially set to 0. Draw() returnsthe corresponding Cardrepresented bythe number found in the arrayat themarker position and incrementsthe marker byone, returningnull if the CardDeck isempty. Shuffle() resets the marker to the top of the deck andreinitialize the arraywith random numbers between 1 and 52, using each number in the range onlyonce.

One approach to filling thearrayin theshuffle method is to grabDonald Knuth’s ’TheArt of Computer

Programming’ Volume 2, down from your shelfand implement a stream of pseudorandom numbers using a

48-bit seed which is modified using a linear congruential formula in a loop. However, taking this approach one would find that the shuffle method is rather long and complicated.

Knowing good object-oriented practices, one refactors shuffle() into several smaller methods that shuffle() can invoke. However, looking at theresponsibilities for CardDeck, one nowfinds behaviors such as void setSeed ( int) , double next() and double nextInRange( int,int) . One passes the setSeed ( int) method a seed integer which is required bythe pseudorandom algorithm implemented in the method next() . Next() returns a floating point number in the range 0.0-1.0, used bythe method nextInRange( int,int) .

NextInRange ( int,int) returnsan integer in the range 1-52, used to fill in the arrayof integersrepresenting the Cards.

In hindsight, noneof these behaviors, even implemented asprivate methods, seems as if theybel ong in

CardDeck and might confuse devel opers either using or changing CardDeck. Theproblem is that CardDeck has captured two abstractions! The first abstraction is a deck of cards. Thesecond abstraction is a random number generator.

A better solution is to separate the abstractions into two classes and have the first one delegateto the second, shown in figure1. The RandomNumberGenerator has the behaviors setSeed ( int) , next() and nextInRange( int,int) and the internal integer seed variable supporting them. The CardDeck still has the behaviors draw() and shuffle(), theinternal integer marker and theCard arraysupporting them. However, now shuffle() uses the services of the RandomNumberGenerator. Each class supports a smaller interface than theone original, and their behaviors and internal structures arefocused on thespecific abstractions, making them both easier to use and understand. Theearlier refactoring exercise has alsohelped to keep the implementation sizes of these behaviors at reasonable complexitylevels and sizes.

Figure 1.

Another heuristic isnot to implement identical behaviors intwo or more places. This leadsto an obvious maintenance problem: if a developer changes one implementation, he or she must also do the same for all othersor inadvertently introduce bugs into the application.

Objects often have similar responsibilities. Howmanytimes have you implemented an object that needed to sort a list of objects, required a random number or needed tomaintain and process information about a person’saddress, client or company? Without good browsing skillsor access to a good IDE that supports searching, and theabilityto copyand paste, developers often choose one of two techniques for devel oping newobjects and their responsibilities. Theydevel op everybehavior from scratch, or theycopythe implementation from a previous object to thenewone. In either case, the result is thesame. The same behavior or code segment is located in two or more places which causes an updatesynchronization problem. In the latter case, provided sufficient commenting, updating one implementation maydraw the developer’s attention to the fact that another update isrequired. However, in the former case no such forwarding exists. Tomake things worse, multipledevelopers have spent time doing the same work, which is not something their managers would appreciate.

Consider the case where, in addition toneeding a deck of cards, one alsoneeded a Die. The Die has the behavior role, returning a number between 1 and 6. If both the Die and CardDeck supported their own abstractionsand that of a random number generator, there isa problem. If one changes therandom number generator algorithm in either, there isa good chance it needs to change both. Not onlydoes one duplicated effort in implementing the Dieand CardDeck, one also increases the maintenance effort. Effectivel y, one change needs to be done twice.

As before, thesolution is to separate the abstractions into three classes: Die, CardDeck and

RandomNumberGenerator. And, have Die and CardDeck delegate the responsibilityof generatingrandom numbers to the RandomNumberGenerator, as shown in figure 2. To change the algorithm for generating random numbers because, for example, a newone is faster or ’more’ random, one need onlyalter the appropriate RandomNumberGenerator methods. Die and CardDeck automaticallyincorporatethose changes as a result of delegating to the same object.

Figure 2.

All of these heuristics fall under the general one of not reinventing the wheel. If some other object

knows how to do something, use it! Delegate responsibility.

You must always remember that you are not the first one to develop objects. There is a long line of

developers before you that have implemented objects with similar, if not identical, responsibilities. I don’t

knowhowmanytimes Ihave seen a ’new’ implementation of a Sorter, a RandomNumberGenerator, a

Company, a Profile, a Broker or a Name object. The realityof object devel opment is that manygood

objects, frameworks, and patterns alreadyexist. It maysound strange, but I would rather have members of

mydevel opment team use other devel oper’s objects than write their own. Everyline of code they don’t

write, is one less line containing a potential bug for the team to fix. The conflict is that you need to devel op

newobjects, which involves coding, but if you write less code, you create fewer bugs. Toresolve the

conflict you can have your objects delegate their responsibilities to other devel oper’s objects. Let the bugs

showup in their code. If your objects work well, you look good. If your object doesn’t work because of a

problem with an object you delegated responsibilityto, it is someone else’s problem. You still look good. In

addition, using other people’s classes encourages them to produce better qualitycode. Strong identifiable

ownership for code, usuallybrings with it quality. No one ever wants to be the one responsible for inferior

code. And, if bugs do occur and arefixed, more developers benefit. Who said object-oriented

programming was difficult?

Consider our previous solution of having the Die and CardDeck objects delegating the responsibilityfor

generatingrandom numbers to the RandomNumberGenerator. However, this time, I search theexisting

classes in the standard Java packages and find that a random number generator class alreadyexists, called

java.util.Random . Rather than having to write, maintain, update and debug myown

RandomNumberGenerator object, I remove it completel yand have Die and CardDeck delegate to

java.util.Random. The two objects Dice and CardDeck still work thesame, but I am nowresponsible for

one less object.

The general delegation solution has manyobjects delegating partial or full responsibilities for oneof their services to manyother objects. This solution does not advocate that ever yobject delegate to ever yother

object. Rather, is suggests that there are those types objects, call them subcontractors, that are created with

the purpose of servicing manyothers. And, there are other types of objects, call them service providers, that

service fewbut use manyof the services of others.

As a manager, you struggle to find developers that you can trust tohelp you with your work. Asa

developer, you should struggle to find objects that you can trust tohelp you with your devel opment. The

search is worth the effort, asno one or no object should work in isolation. Thereward is not having to write

and maintain as much code.

Applicability

Use the Delegation pattern when:

· An object contains many methods supporting more thanone abstraction. Break the object into

multiple objects, each containing a single abstraction and have one delegateto the other.

· Youwant to factor out and share common behavior betweendifferent classes. Don’t put the same

implemented behavior in two or more classes, it causes an update problem. Put thebehavior in one

class andhave the others delegate responsibilityto it.

· A class already exists that can service a request. Never implement classes that alreadyexist.

Delegate.

· Youwant to be responsible for lesscode. If you can, relyon other people’s code. You will get the

same job done and not generate anynewbugs.

· Youwant to share implementation and the inheritance mechanism will not provide it. Since

inheritance is a code sharing mechanism, it is possible to write a behavior once in a superclass and

have all of the subclasses inherit the use of it. However, often classes that need the behavior arenot

related byinheritance. Rather theyare associated byaggregation or byreference. In these situations,

one can not use inheritance to share thebehavior, it must be delegated

· Y ouwant to build flexible, adaptable, non-brittle classes.

Structure

Shown in figure 3.

Participants

· ServiceProvider ( CardDeck)

Þ identifies one or more service responsibilities for client objects to request.

Þ knows which subcontractors to use tohandle its service requests.

· Subcontractor ( RandNumberGenerator)

Þ identifies and implements one or more subservice behaviors that arepotentiallyrequested bymany

different ServiceProviders.

Figure 3.

Collaborations

1. A Client requests a service from a ServicePovider.

2. The ServiceProvider delegates the responsibilityto one or moreSubcontractors, collates their results

and returns the final result to the Client.

Consequences

The Delegation pattern hasthe following advantages:

· It makesobjects easier to understand, develop and maintain. Delegation forces the separation of

an object containing multipleabstractions into multiple objects containing single abstractions. The

refactoring of behavior into two or more objects resultsin a decreases in the number of methods found

in anyone object compared to the original. Also, refactoring accountsfor a decrease in method sizes,

as methods nowcontain mostlymessage sends to other objects, rather than elaborate computations.

These decreases make objects not onlyeasier to understand, but also to develop and maintain.

· The size of an application using delegation is less thanone not using it. With different

ServiceProviders delegating to common Subcontractors, not onlydoes one achieve better reuse , there

is a decreases in the overall amount of code. This is a result of not replicating common code in each

ServiceProvider. Rather, thecommon code is located in onlyone location ˘ one object. The more

ServiceProviders that use common Subcontractorsand themore combinationsof delegated services,

the greater the overall decrease in the amount of code.

· It decreases the potential for bugs. I argue that as the amount of code decreases, so does the potential

for bugs. In addition, because common behavior is factored into oneplace, if it is in error, it onlyneeds

one correction for the overall impact of thefix to be felt everywh ere. Ifthe behavior was replicated in

several places, finding an error in one place requires the diligence of the developer to ensure all other

cases have also been fixed, which is not always guaranteed.

· Less documentation is required. Objects that are easyto understand and use require less documentation. This saves devel opment time for both past and future developers. Past developers do

not need to write as much documentation and explain their objects to othersin the future, and future

developers do not need toread as much documentation and ask past developers so manyquestions.

· It enables the use of the Substituti on pattern. Without delegation, it is impossible to support

dynamic substitution of different subcontractors, leading to static, brittle objects and resulting

applications.

The Delegation pattern hasa fewdisadvantages:

· It increases the number of messages betweenobjectsin the system. Manypeople express difficulty

in understanding and following the computation resulting from message sendsbetween collaborating

objects to satisfya service. I believe this has more doto with experience than a real issue in

complexity. However, messages dohave a cost: theycost time to process. Therefore, the misuse of

delegation can lead to spaghetti code that is difficult to understand andhas poor performance, out-

weighing the advantages mentioned above. Typicallythough, noticeable performance problems are an

indication of an overuse of delegation. Wise use of delegation rarelycauses performance problems and

often makes performance problems easier to locate and fix.

· In some situations, it may increase the number of objectsin the system. Asindividual objects are

broken into smaller ones, there isan obvious increase in the number of objects in the system. Objects

need to be managed, version numbers need to be assigned, and often compatibilityand synchronization

issues arise. The greater the number of objects, the greater the time spent on these tasks and issues.

· Taken to anextreme, delegation results inobjects do not represent anabstraction! Taking a

single object with twentybehaviors and breaking intoto twentycollaborating objects each with one

behavior isdelegation overload! Instead of one object with multiple abstractions, you nowhave twenty

objects with noabstractions. Asingle behavior does not usuallymake for a good object. Twenty

behaviors for an object are too many. No more than ten responsibilities isa good target for a well-

designed object. However, the 10 by10 rule (ten responsibilities and methods of no longer than 10

statements) should be considered asa measuring stick. There is always balance to strike.

Implementation

· Subcontractors as Singletons . In rare situations, a Subcontractor does not keep track of anynew

information, but onlyprovides computational services on existing data. In thiscase, it can be

implemented as a singleton and associated with ServiceProviders byreference or temporary

association. Thisminimizes the number of Subcontractors instantiated, improving both space and time

efficiency.

· Not every ServiceProvider requires all Subcontractors . Different Service provider mayneed the

services of different Subcontractors. There are norestrictions placed on ServiceProviders on who they

delegate responsibilities to.

Sample Code

Here is a partial Java implementation of two ServiceProviders and two Subcontractors. The first

ServiceProvider requires the services of both Subcontractors, while the second ServiceProvider requires

only SubcontractorA. Also, both ServiceProviders requirethat theybe given the objects to delegate

responsibilityto when being constructed.

public class ServiceProviderA extends Object {

private SubcontractorA firstSubcontractor;

private SubcontractorB secondSubcontractor;

public ServiceProvider ( SubcontractorA firstHelper, SubcontractorB secondHelper) {

firstSubcontractor = firstHelper;

secondSubcontractor = secondHelper;

} public String serviceRequest() {

return

firstSubcontractor.subservice1() +

secondSubcontractor.subservice2();

}

}

public class ServiceProviderB extendsObject {

private SubcontractorA firstSubcontractor;

public ServiceProvider ( SubcontractorA firstHelper) {

firstSubcontractor = firstHelper;

}

public String differentServiceRequest() {

return firstSubcontractor.subservice1();

}

}

The following two Subcontractors provide the subservices.

public SubcontractorA extendsObject {

public String subservice1() {

�;

}

}

public SubcontractorB extends Object {

public String subservice2() {

�;

}

}

Related Patterns

Delegation isa pervasive pattern. Manypatterns, tonumerous to mention here, use delegation, a reason for

it being identified as a foundation pattern. However, I mention the following patterns as good examples of

patternsincorporating thedelegation pattern: Whole-Part [ Buschmann, 1996a], Proxy[Gamma, 1995a] and

Master-Slave [ Buschmann, 1996b].

Known Uses

A good example of a pattern using delegation, is theMaster-Slave pattern. In theMaster-Slave pattern, a

master distributes work involved with one of its services to slave components, computing its final result

from the results of the slaves. Amaster could implement itsslaves’ responsibilities as its own, but then

would contain multiple abstractions. Instead, the Master-Slave pattern separates the abstractions intoa

Master and a Slave, enabling not onlythree variants for fault tolerance, parallel computation and

computational accuracy, but also the potential of different Masterssharing the same slaves.

Pattern 2: Substitution

Intent

Substitution enables an object to change its implementation using composition rather than bysignificant

coding or relying on inheritance. It also weakens the dependencybetween collaborating objects to one

based on type rather than on class. Consequently, substitution permitsobjects to alter (or compose) their

implementations on-the-fl yat runtime, rather than strictlyat compile time. Thisabilityincreases therange

of behaviors an object can exhibit without increasing its implementation size and decreasing thenumber of

classes in an application overall.

Motivation

In addition tothose noted in thediscussion of delegation, developers should followseveral additional

heuristics when designing and developing object-oriented software.

Developers do not always needto handle unfolding and modifications to requirements by force-

fitting their solutions and changesinto the inheritance hierarchy.

Particular domains requirethat one type of object be specialized manytimes. For most developers, this

means creating subclasses of the original and implementing the specialized behaviorsin them. However,

when manyspecialized classes arerequired, it can be ver ydifficult to determinethe complete set required,

even more difficult to determinehowto implement thespecialized behaviors, andnearlyimpossible to

figure out howto arrange the behaviorsand classes in an inheritance hierarchyto get thebest level of reuse.

Of course, as newconditions arise andrequirementschange other newspecialized classes arerequired,

forcing one to experience these difficulties again.

Developers must not subject users to unwanted recompilations and redeployments of an application.

Instead, developers need toconsider allowing users to configure their own objects atruntime, rather

than forcing them to accept only those create at development time.

Byusing inheritance to shareimplementation, one must provide a different classfor each specialization.

This forces one to compile anytime a newclass is added or when an existing class is modified. In addition,

anytime one wantsto sharebehaviors between classes, one must recompile the class thebehaviors are

added to and, even worse, compile those classes who have hadtheir inheritance relationshipschanged to

use the shared behavior. Thismeansthat changes can onlyoccur at compile time. However, manychanges

are often a result of situationsthat arise after an application hasbeen deployed, where compiling maynot

be an option.

Take for example a bank account. The world would be simpleplace if we all used the same type of bank

account. However, most banks have manydifferent types of accounts: saving, personal, checking, stock,

mutual fund, register retirement saving, personal self directed, register retirement self-directed saving, and

more! If you pick up your bank’s account brochure, I am sure you will see what I mean. In addition, some

accounts shareinterest calculations, others don’t. Some have service charges, other’s don’t. All have

different combinations of features, such asfree web access, andrequire different minimum balance to

enable free features.

One could decide not to use inheritance or delegation when implementing the accounts. Taking this

approach resultsin approximatelythesamenumber of classes as with inheritance. However, since there is

no longer anycode sharing through inheritance, different accountswill duplicate behavior, which creates

an update problem.

The short-term solution is to use delegation. Byabstracting common behavior into subcontractor objects,

and having the accounts delegate tothem, at least we sol ve the update problem. However, we still have the

original problem. If we want to develop a newform of Account or change an existing one, we either have

to directlyadd or change the behavior of it, have it delegate to a different subcontractor, or change the

behavior in thesubcontractor. Therefore, whether using inheritance or delegation to share behavior, we

must compile a classever ytime we need to change its behavior, either from point of viewof the

ServiceProvider or the Subcontractor.

In thebanking industry, newt ypes of accounts come and go at the frequencyof changes in the weather. In

order to keep pace, bankingapplications can not go through redevelopment andrecompilation everytime a

newAccount or change to an existing account is required. The solution to this problem isto configure

accounts - assembled them bycomposition - rather than to developed them from scratch. Delegation ispart

of thesolution, it enables use to build an account using different objects, but to complete the solution we

need theabilityto perform substitution for those objects at runtime.

Similar to delegation, we develop subcontractor objects for our ServiceProvider object ˘ BankAccount - to

delegate responsibilities, as shown in figure 4. However, rather than one subcontractor, we develop

multiple subcontractors having the same interface ˘ objects that implement identical methods, at least in

signature but not necessarilyin computation. Since these subcontractorshave identical interfaces, a

BankAccount can delegate to anyone of them, provided it relieson onlythe interface, not on the class of

objects. And, since the subcontractors are different classes of objects which can varytheir behaviors, when

substituted for another the result is a variation in thebehavior of the delegating object. In thebanking

application, we can repeat the exercise, developing different subcontractors supporting interest, service

charges and other related abstraction interfaces. Having subcontractorssupport similar interfaces and being

able to be substituted for one another, we can assemble different combinations torepresent a BankAccount,

creating a wide range of behaviors representing different accounts from a single Account class.

Figure 4.

Thisapproach has manybenefits. Thefirst is that at either at development time, or more importantly, at

runtime one can varythe composition and resulting behavior of an Account. The second isthat we only

need one Account class. Rather than specializing different Accounts, we represent different Accounts as

different assemblies of subcontractors. Third we have reduced the number of classes need torepresent

Accounts. In the original approach, let’s saywe had twentydifferent bank accounts. We would need twenty different Account classes. Using delegation and substitution, we can conceivabl ycut thisnumber in half.

One class for Account, four classes implementingan Interest interface and five classes implementing the

ServiceCharge interface. Theone Account can contain anyone Interest subcontractor and anyone Service

Charge contractor, which gives us twentydifferent combinations, each representing one Account. Would

you rather be responsible for twentyclasses or ten? Theanswer is obvi ous!

Applicability

Use the Substitution pattern when:

· Youneed to develop many similar types of objects that do not fit into a well-structured hierarchy

and their enumeration is difficult to determine a priori, making their implementation

problematic at best. It isoften difficult to predict all variations of specialized objects. And, although

theyvaryin behavior, in some cases arranging them into a hierarchyresults in code duplication in

different branches. Rather than subclass, use delegation and substitution to assemble the object from

othersto generate the correct behaviors.

· Youneed to dynamically change or configure anobject’sbehavior at runtime. One can change or

sharebehaviors between classes byaltering one class’ composition or byusing inheritance . Since

inheritance relationships can change onlyat compile time , byusing substitution and changing an

object’s composition, whoand what an object delegates can be changed at runtime.

· Youwant to support many similar objects inas maintainable a fashion as possible. Combined

with delegation, substitution allows one object tohave different behaviors resulting from different

com binations of othersused in its composition. The benefit to the developer is that the overall design is

easier to understand as there are fewer classes needed to provide the same range of behaviors had the

original object been implemented once for each specialization. Fewer classes also implya decrease in

maintenance costs.

· Youwant to loosen the dependency between objects. The weaker or fewer dependencies between

objects, the easier it isto use them in other applications. The reason isthat when you use an object in a

future application, you must also include the objects it depends on though inheritance or by

association. If thedependencyis on interface, rather than on class, onlyone object supporting the

interface must be used in the future application, not all. Thedecision is yours to make , it isnot forced

upon you.

· Youwant to build flexible, adaptable, non-brittle classes

Structure

Shown in figure 5.

Figure 5.

Participants

· ServiceProvider (Account)

Þ identifies one or more service behaviors for client objects to request.

Þ is assigned one or more Subcontractor to help handle service requests.

· Subcontractor Interface ( InterestInterface, ServiceChargenterface)

Þ identifies subservice behaviors that are requested bymanydifferent ServiceProviders.

· Subcontractors( FreeServiceCharge, CorporateServiceCharge, IndividualServiceCharge)

Þ implements one or more subservice behaviors identified in an interface that are requested bymany

different ServiceProviders.

Þ assigned to and invoked bythe ServiceProvider.

Collaborations

1. Before a ServiceProvider requires thehelp of anysubcontractor, it is provided with one that

implements the required interface.

2. The ServiceProvider delegates responsibilityto the Subcontractors ˘ independent of their classes -

collates the resultsand returns the final result to the Client.

Consequences

The Substitution pattern has several advantages.

· It prevents bloated interfaces andkeepsthem more static. It is always difficult to predict

beforehand new wa ys of servicing a request and on which parameters will playa role in the service.

Taking an approach that considers each variation asa different request continuallyincreases a

ServiceProvider’s interface, leading tothe bloated interface. Using substitution, the ServiceProvider’s

interface remainsstatic, but still enables the ServiceProvider toassemble thedesired behavior.

· It allows one to derive objects by composition rather than by implementation. Rather than

increase the number of behaviors an object hastohandle different service request conditions, a better

technique is to look at the potential causes of those variations, configure andhave the ServiceProvider

delegate theresponsibilityfor the service to the appropriate Subcontractors. This allows one to varythe

Subcontractorsinstead of the ServiceProvider to generate the desired behavior. Newconditions may

lead to the production of newSubcontractors, but the ServiceProvider needs onlyto varyits

associations with Subcontractors, not itsimplementation, to service the newrequests.

· It allows one to dynamically alter an object’s behavior. Without substitution, one can onlycompose

an object of speci fic classes of objects, which limits the possible combinations. With substitution, an

object can be composed of manydifferent classes of objects, provided these objects implement the

appropriate interfaces. In addition, since different types of objects can be used for the same purpose,

theycan be changed at anytime. In manydomains, especiallythe financial industry, domain objects

need torespond differentlyto service requests almost daily. It isimpractical for one modeling such a

domain or devel oping applications for it to force a recompilation with ever ychange in service. Rather

one should build applications that permit the assemblyof objects on-the-fl yto provide the appropriate

behavior. This isonlypossible when objects use delegation combined with substitution. The

com bination provides the potential for dynamicallychanging or configuring ServiceProviders with

Subcontractors.

The Substitution pattern has several disadvantages.

· Object using Substituti on can be difficult to understand. As mentioned byGamma [Gamma, 1995,

p 21] ’highlyparameterized software is harder to understand than more static soft ware’.

· Due to substitution relying on delegation, it hasdelegation’s main disadvantage : an increase in the

number of messages bet ween objects in thesystem .

· When using substitution at run-time, one must provide a configuration mechanism. Therefore,

the flexibilitysubstitution gives you does not come free. However, the cost of the alternative (creating

newclasses bycoding) maybe prohibitivel yexpensive in an environment where onemust provide

newvariations quickly. One must take care to avoid creating a configuration mechanism that does not

become unwieldyor too complicated.

Implementation

· Substitution relieson interface not class . Manyexisting patternsuse substitution andhave their

structures use abstract classes to describe the interfaces of thecorresponding Subcontractors. The

abstract Subcontractorsare subclassed to provide specific subservice implementations. It isimportant

to recognize that this is an implementation detail, not a structural detail. A ServiceProvider does not

have to relyon its subcontractor beinga specific class or subclass. Rather, it relies on a subcontractor

supporting a specific subservice interface.

· In Java , interfaces are first classentities. In Java, one can define an interface andhave different

objects implement it. Thisis an important feature since it identifies immediatelyto developers which

objects can be substituted for one another. Since we don’t want ServiceProviders torelyon the

subclasses of a Subcontractor, onlythe type of service theyprovide, it is important that we define

interfaces in Java for ServiceProviders to use and for Subcontractorsto implement.

· In an untyped language like Smalltalk, interfaces are usuallyin theminds of the developers. In one

sense, Smalltalk isthe ultimate language for substitution , anyobject can be substituted for anyother.

However, there isno guarantee that the substituted object will respond to the same messages supported

bythe original. The developer must verifythis fact. He or she can gain some confidence byensuring

that the substituting objects inherits from a common superclass and program toits interface, but this

check is not automatic. This isone case where I like strong typing. In Java, it would detect this form of

error at compiletime. Whereasin Smalltalk, the error would onlyshowup at development timeif the

testing was good. Where would you rather catch an error? Aswe all know, runtime errorscan be

expensive to fix.

Sample Code

Here is a partial Java implementation of one ServiceProvider and four Subcontractors. In this example, the

ServiceProvider handles its serviceRequest bydelegating to two Subcontractors. The ServiceProvider is not

dependent on the specific classes of Subcontractorsbut, rather, on two Subcontractor interfaces:

FirstSubcontractorInterface and Second SubcontractorInterface. When the ServiceProvider is constructed, it

requires the objects that implement these interfaces in order to delegate responsibilities later.

public class ServiceProvider extendsObject {

private FirstSubcontractorInterface firstSubcontractor;

private SecondSubcontractorInteface secondSubcontractor;

public ServiceProvider ( FirstSubcontractorInterface firstHelper,

SecondSubcontractorInterface secondHelper) {

firstSubcontractor = firstHelper;

secondSubcontractor = secondHelper;

}

public void serviceRequest() {

firstSubcontractor.subservice1();

secondSubcontractor.subservice2();

}

}

The following interfaces represent thetwo different subservices that concrete Subcontractorsmust provide.

public interface FirstSubcontractorInterface {

void subservice1();

}

public interface SecondSubcontractorInterface {

void subservice2();

}

The difference with the delegation pattern code is that multiple classes nowimplement the subcontractor

interfaces. The following two Subcontractors provide the subservice noted in the interface

FirstSubcontractorInterface. Therefore, they can be used interchangeablybythe ServiceProvider, although

theyarenot subclasses of one another.

public SubcontractorA extendsObject implements FirstSubcontractorInterface {

void subservice1() {

�

}

}

public SubcontractorB extends Object implements FirstSubcontractorInterface {

void subservice1() {

�

}

}

Moreover, thefollowing two Subcontractors provide the subservice noted in theinterface

SecondSubcontractorInterface. Therefore, theytoo can be used interchangeablybythe ServiceProvider.

However, in this case thetwo Subcontractors are arranged as subclasses. This isonlyan implementation

detail, of which has no effect on howthe ServiceProvider uses them.

public SubcontractorL extends Object implements SecondSubcontractorInterface {

void subservice2() {

�

}

}

public SubcontractorM extends ContractorLimplements SecondSubcontractorInterface {

void subservice2() {

�

}

}

Related Patterns

Substitution is a pervasive pattern. Manypatterns, tonumerous to mention here, use substitution, a reason

for it being identified as a foundation pattern. However, I mention the following patterns as good examples

of patternsusing thesubstitution pattern: Strategy[Gamma, 1995], Bridge[Gamma, 1995] and Acyclic

Visitor[Martin, 1998].

Known Uses

A good example of a pattern using substitution, although manyof Gamma’sGOF patternsmake use of it, is

the Strategypattern. In theStrategypattern, a Context object delegates a responsibilityto a Strategyobject,

which implements a specific algorithm. All Strategyobjects implement the same interface, enabling the

Context to swap one Strategyfor another at runtime, which allows the Context to varythe algorithm it uses.

The Structureof the Strategypattern shows different Strategyobjects arranged in a hierarchy. This is

reasonable approach in order to enable Strategyobjects to sharecode, although it is not a fundamental

aspect of the pattern. This arrangement onlyensures that ever yStrategyobject has a default

implementation for the method that the Context expects the Strategyobject to have. The fundamental

aspect of the pattern isthat theStrategyobjects have thesameinterface, from the Context perspective.

Acknowledgements

I want to thank Ken Auer who went beyond the call of dut yin shepherding earlyversions of this paper. His

comments not onlymadethe paper better; theymade the patterns clearer to me.

References

F. Buschmann , R. Meunier , H. Rohnert , P. Sommerland , and M. Stal (1996a). ’Pattern-Oriented Soft ware

Architecture: A System of Patterns’, NewYork: John Wiley& Sons, 225-242.

B. Barry(1989). ’Protot yping a Real-Time Embedded System in Smalltalk’, Proceedingsof OOPSLA ’89,

NewOrleans, ACM SIGPLAN.

F. Buschmann , R. Meunier , H. Rohnert , P. Sommerland , and M. Stal (1996b). ’Pattern-Oriented Software

Architecture: A System of Patterns’, NewYork: John Wiley& Sons, 245-260.

E.Gamma , R. Helm, R. Johnson, and J.Vlissides (1995a). ’Design Patterns: Elementsof Reusable Object-

Oriented Soft ware’, Reading, MA: Addison-Wesley, pp. 207-217.

E.Gamma , R. Helm, R. Johnson, and J.Vlissides (1995b). ’Design Patterns: Elementsof Reusable Object-

Oriented Soft ware’, Reading, MA: Addison-Wesley, pp. 315-323.

E.Gamma , R. Helm, R. Johnson, and J.Vlissides (1995c). ’Design Patterns: Elements of Reusa ble Object-

Oriented Soft ware’, Reading, MA: Addison-Wesley, pp. 151-161.

R. C. Martin (1998). In Pattern Languages of Program Design 3, Eds. Robert Martin, Dirk Riehle and

Frank Buschmann , Addison-Wesley, Chapter 7.

R. Wirfs-Brock , B. Wilkerson , L. Wiener (1990). ’Designing Object-Oriented Soft ware’, Prentice Hall.

W. Zimmer (1995), ’RelationshipsBetween Design Patterns’, Pattern Languages of Program Design, Eds. J.

O. Coplien , D. C. Schmidt, Vol. 1, Addison-Wesley, Chapter 18.