


Pattern Problem Solution

Relationship

As Attribute

How do you design a very simple relation-

ship?

Make an attribute

to represent the relationship.

Relationship

Object

How do you design a big,

important, or common relationship?

Make a Relationship Object

to represent the relationship.

Collection

Object

How do you design a

one-to-many relationship?

Make a Collection Object

to model the relationship.

Active

Value

How do you design an

important one-to-one relationship?

Make an Active Value

to model this relationship.

Mutual

Friends

How can you represent a

two-way relationship?

Make a consistent set of

one-way relationships.

Figure 1: Summary of the P atterns
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Figure 2: Structure of the P atterns

F orces

Eac h of these patterns resolv es a n um b er of di�eren t forces, and some con
icting patterns (suc h as

Relationship as Attribute (1) and Active Value (4)) resolv e similar problems in di�eren t w a ys.

Man y of the patterns consider the e ase of r e ading or writing of a particular solution | generally , solutions

whic h are easy to write are more lik ely to b e c hosen b y programmers, and solutions whic h are easy to

read are lik ely to b e easier to main tain. Sev eral patterns also address the c ohesion and c oupling of

the resulting designs, as designs with high cohesion within ob jects and lo w coupling b et w een them are

more 
exible, understandable, and easier to main tain. This is often related to whether a relationship is

represen ted explicitly b y a single elemen t of a design, or whether it is disp erse d across sev eral ob jects,

attributes, and metho ds. Represen ting a relationship explicitly generally mak es it easier to identify the

relationship within the design, to change the implementation of the relationship if necessary , to main tain

c onsistency in t w o-w a y relationships, and to r euse b oth the relationship and other participating ob jects

elsewhere. The patterns are marginally concerned with e�ciency | the time and sp ac e cost of a design,

and the numb er of obje cts it requires.

Example

The patterns in this pap er use examples dra wn from a simple system for an insurance o�ce, see Figure 3.

The most imp ortan t ob ject in the system is Policy, whic h represen ts an insurance p olicy . Eac h Policy

b elongs to a Client (although a single clien t can ha v e man y p olicies), and a p olicy can also ha v e a

n um b er of Endorsements to c hange its w ording. When a p olicy is issued, it is asso ciated with one or

more Underwriters, who receiv e a share of the premium in return for meeting a share of the costs of an y

claims. Finally , a PolicyWindow, not sho wn in the diagram, pro vides a GUI in terface for the system.



Figure 3: Insurance Analysis Mo del

F orm

The patterns are written in a mo di�ed P ortland form. Eac h b egins with a question (in italics) describing

a problem, follo w ed b y a one paragraph describing the pattern's con text, and a second paragraph

describing the forces the pattern resolv es. A b oldface \ Therefore:" in tro duces the solution (also

italicised) follo w ed b y the consequences of using the pattern, an example of its use, and some kno wn

uses and related patterns. All the examples are presen ted in Smalltalk, although the patterns are

applicable to most ob ject orien ted languages.

1 Relationship As A ttribute

How do you design a very simple r elationship?

Simple, one-w a y , one-to-one relationships are v ery common in ob ject orien ted mo dels. F or example,

an insurance Policy ob ject m ust record the date and time the p olicy w as issued, and an clien t ob ject

m ust record the name and address of the clien t it represen ts. Suc h relationships generally carry v ery

little w eigh t in the application domain | the ob jects themselv es are imp ortan t, but the fact that these

particular ob jects are related is coinciden tal. Often, the fact that the ob jects are related is imp ortan t

to only one of the related ob jects (the date is imp ortan t to the p olicy , but the p olicy isn't imp ortan t

to the date). Changes in the relationship | for example, a clien t c hanging their address | are only

imp ortan t insofar as they record the c hanging circumstances of that ob ject in the program domain, and

don't ha v e far-reac hing e�ects within the program.

Because these kinds of relationships arise so often, they need to b e simple to represen t in a program,

so that they are easy to write and can b e immediately understo o d b y programmers later reading the

program. F or similar reasons, they m ust b e implemen ted so that they imp ose a minimal o v erhead on

the program | b oth in terms of the space required to represen t the relationship, and the time tak en to

manipulate it.

Therefore: Make an attribute to r epr esent the r elationship.

Ob ject orien ted programming languages pro vide attributes (v ariables, slots, data mem b ers) whic h

are lo cal to eac h ob ject instance. These attributes are ideal for mo delling one-to-one relationships.

Add accessor messages if the relationship should b e publicly a v ailable, and m utator messages if the

relationship should b e publicly c hangeable.

Example

Consider mo delling an insurance p olicy . Eac h Policy ob ject m ust record the date and time it w as issued,

the sum insured, and an y excess. The Policy ob ject's b eha viour do esn't dep end up on the precise v alues

of an y of these ob jects, and they can b e c hanged as necessary , without an y consequen t e�ects on the

program's mo del of the domain. Because the relationships are v ery simple, all this information can b e

stored as attributes of the Policy ob ject.



Consequences

Setting and accessing attributes is easy and e�cien t in ev ery ob ject orien ted programming language.

This pattern tigh tly couples the ob ject with the attribute to the ob ject referred to b y the attribute.

A ttributes o ccup y space in ob jects ev en if they are not needed in a particular case, for example, if a

p olicy has no excess, an attribute to store the excess will still b e allo cated in the Policy ob ject.

This pattern is fundamen tal to ob ject orien ted design, just as ob ject's attributes (that is, state)

are fundamen tal to ob ject orien ted programming. Although this pattern is simple it is not necessarily

trivial, and in m y exp erience needs to b e learned, esp ecially b y programmers with a predilection for

mo delling ob jects as tuples using collections. More imp ortan tly , it pro vides alternativ es to the other

patterns in this language whic h deal with more complex relationships.

Known Uses

Ev ery ob ject orien ted program represen ts simple relationships as attributes.

Related Patterns

Relationship Object (2) is a complemen tary pattern whic h describ es ho w to represen t imp ortan t

relationships with ob jects.

2 Relationship Ob ject

How do you design a big, imp ortant, or c ommon r elationship?

Relationships b et w een ob jects can b e v ery complex, in v olving t w o-w a y comm unication b et w een

man y participating ob jects whic h are essen tially p eers. F or example, the risks (and premiums) of all

the p olicies issued in an insurance o�ce m ust b e distributed carefully to underwriters and reinsurers.

This distribution do es not dep end solely on the details of a single p olicy . Rather it m ust tak e in to

accoun t con tracts with underwriters, reinsurance treaties, and arrangemen ts made for other p olicies.

These kinds of relationships em b o dy imp ortan t concepts and constrain ts from the programs' domain,

and can require complex state or b eha viour to implemen t.

Complex relationships can b e implemen ted directly using features of programming languages suc h

as attributes (see Relationship As Attribute (1)), but this has sev eral disadv an tages [2, 21 ]. The

relationship is disp ersed among its participating ob jects | it cannot b e easily iden ti�ed within the

program, and th us cannot b e easily lo cated or main tained. P articipating ob jects are tigh tly coupled, so

a c hange to the relationship necessitates a c hange to sev eral of the participating ob jects. P articipating

ob jects' cohesion is reduced, b ecause they m ust mo del a p ortion of the relationship as w ell as the

abstractions they represen t. If individual dev elop ers or teams \o wn" eac h ob ject, they will need to

co op erate to implemen t the relationship.

Therefore: Make a Relationship Object to r epr esent the r elationship.

Mo v e an y metho ds or v ariables asso ciated with the relationship from the participating ob jects, and

place them in to the Relationship Object. Change the implemen tations of the participating ob jects so

that they refer to eac h other via the Relationship Object. The Relationship Object ma y need to

use in ternal sub ordinate ob jects to implemen t the relationship, but these should not b e visible through

the Relationship Object's in terface.

Example

Consider designing a system to supp ort an insurance underwriting o�ce. The core of suc h a system is

a relationship b et w een p olicies and underwriters whic h records the business written b y the o�ce. This

relationship is man y-to-man y (a p olicy can b e underwritten b y man y underwriters, and a underwriter

can underwrite man y p olicies), partial (eac h p olicy is underwritten b y a few underwriters, and eac h

underwriter underwrites a small fraction of the p olicies). The relationship is sub ject to a large n um b er



of business rules. Distributing the implemen tation of this relationship o v er the Policy and Underwriter

ob jects w ould unnecessarily complicate b oth these ob jects.

In tro ducing a Relationship Object | a Portfolio | simpli�es the design (see Figure 4). All the

details of the relationship are collected in to the Portfolio. The Portfolio ob ject can use whatev er in ternal

implemen tation structures are needed for an e�cien t implemen tation, and these can b e c hanged as

necessary without a�ecting Policy or Underwriter. The Portfolio can implemen t the business constrain ts

and b eha viour required b y the relationship.

Figure 4: Relationship Ob ject

Consequences

A Relationship Object explicitly represen ts a relationship in the program. The other ob jects in v olv ed

in the relationship are indep enden t of it (coupling is reduced), so the relationship ob ject can b e c hanged

more easily , and ma y b e able to b e reused in other con texts. An explicit Relationship Object also

increases cohesion, since the other participating ob jects do not need to mo del part of the relationship.

In tro ducing Relationship Objects increases the n um b er of ob jects in the program, whic h can increase

memory fo otprin t, and accessing ob jects indirectly via Relationship Objects can reduce execution

e�ciency . Relationship Objects are curren tly under discussion in the literature on ob ject orien ted

design [10 , 18 ].

Known Uses

P arcPlace Smalltalk pro vides sev eral examples of Relationship Objects. Collections and ValueHold-

ers are sp ecialised kinds of Relationship Objects ( Active Value (4) and Collection Object (3)

resp ectiv ely). Ob jectW orks in tro duced DependentsCollection ob jects to record and manage the rela-

tionship b et w een an ob ject and its dep enden ts [19 ], where the earlier Smalltalk-80 implemen ted this

relationship using a global dictionary [9 ].

Related Patterns

Relationship As Attribute (1) is a complemen tary pattern whic h describ es ho w to represen t sim-

ple one-to-one relationships e�cien tly . Observer and Mediator [8] and Director [5 ] describ e ho w

Relationship Objects can co ordinate or con trol the b eha viour of their participating ob jects. Rela-

tionship Objects can also record supplemen tary information, suc h as the time span of the relationship

[3 ]. Martin F o wler has describ ed Relationship Objects in detail [6 ].



3 Collection Ob ject

How do you design a one-to-many r elationship?

One-w a y one-to-man y relationships are almost as common as one-w a y one-to-one relationships. F or

example, a standard insurance p olicy can b e endorsed to deal with sp ecial situations. One p olicy can

ha v e m ultiple endorsemen ts, so this should b e mo delled as a man y-to-one relationship b et w een Policy

ob jects and Endorsement ob jects. Since Endorsements are meaningless outside their particular p olicies,

this is a one-w a y relationship.

Because they are so common, one-to-man y relationships need to b e implemen ted as easily and as

e�cien tly as p ossible. Unfortunately , in most ob ject-orien ted programming languages, one-to-man y

relationships are rather more di�cult to implemen t than one-to-one relationships. The Relationship

As Attribute (1) pattern do es not extend cleanly to relationships where one ob ject is link ed to

more than one ob ject. Although the one ob ject can ha v e m ultiple attributes, eac h attribute m ust b e

accessed individually | the attributes cannot b e managed as a group. Multiple attributes can b e

used to implemen t m ultiple one-to-one relationships, but not one-to-man y relationships. One-to-man y

relationships can b e implemen ted b y hard-co ding the relationship in to every participating ob ject. This

disp erses the relationship across all participating ob jects, couples them v ery tigh tly together, and has

to b e rewritten for eac h relationship in a design.

Therefore: Make a Collection Object to mo del the r elationship.

Most ob ject orien ted libraries pro vide a v ariet y of con tainer or collection ob jects whic h can b e used

to represen t one-to-man y relationships. The \one" ob ject simply stores a collection whic h holds the

\man y" ob jects participating in the relationship.

Example

Consider mo delling an insurance p olicy whic h can ha v e one or more endorsemen ts attac hed. This

relationship can b e represen ted b y a List Collection Object. The Policy class simply k eeps a List of

all its Endorsements (see Figure 5). If necessary the List can b e replaced with a sp ecialised collection

ob ject (p erhaps an EndorsementList) to implemen t an y additional constrain ts or b eha viour required b y

the relationship.

Figure 5: Collection Ob ject

Consequences

Using a Collection Object to represen t a one-to-man y relationship explicitly greatly simpli�es a

program, esp ecially as in most ob ject orien ted languages, collections are almost as easy to use as

attributes. The Collection Object and the ob jects stored inside it are v ery w eakly coupled, and so

eac h can b e reused in di�eren t con texts. A Collection Object in tro duces one or more extra run time

ob jects, dep ending on its implemen tation, and the extra lev el of indirection reduces execution sp eed.



Known Uses

Collections are ubiquitous throughout ob ject orien ted programming. They are the most common kind

of Relationship Object (2), and they form the core of man y class libraries [2, 9 , 16 ]. Most collections

implemen t one-to-man y one-w a y relationships, although some, suc h as Smalltalk's Dictionaries, can

implemen t man y-to-man y relationships.

Related Patterns

Pattern-Oriente d Softwar e A r chite ctur e [4] describ es the c ol le ction-memb ers v arian t of the Whole-Part

pattern. Smal ltalk Best Pr actic e Patterns [1] includes a n um b er of patterns ab out using Smalltalk's

Collection Objects.

4 Activ e V alue

How do you design an imp ortant one-to-one r elationship?

Some one-to-one relationships are imp ortan t in themselv es, rather than simply connecting t w o ob-

jects. F or example, a PolicyWindow ob ject (a GUI en try windo w for a Policy) needs to store the v alues

en tered b y the user. The PolicyWindow ob ject has a one-to-one relationship with the v alue of eac h of

its en try �elds. If one of these v alues (suc h as the sum insured) is c hanged, co de em b o dying business

rules m ust b e run to v alidate the en tered v alue.

One-to-one relationships are often imp ortan t b ecause of their p osition in the program's arc hitecture.

That is, ob jects in the program whic h do not participate directly in the relationship ma y b e a�ected if

the relationship c hanges | in the example, c hanging the sum insured �eld means that business rules

m ust b e called to v erify the en tered v alues. Alternativ ely , one-to-one relationships ma y b e imp ortan t

to a program due to the underlying domain. That is, a c hange in the relationship represen ts a c hange

to an imp ortan t parameter of the domain, whic h the program m ust deal with. The imp ortance of the

relationship can b e judged b y the consequences of a c hange to the relationship.

A one-to-one relationship can b e implemen ted using Relationship As Attribute (1). This requires

that co de to detect and handle c hanges in the relationship (i.e. assignmen ts to the attribute) m ust b e

included in the ob ject con taining the attribute, and m ust b e in v ok ed whenev er the attribute could ha v e

c hanged. Observer [8] can b e used to notify dep enden t ob jects of an y c hanges, but this requires co de

whic h detects and signals c hanges to b e written esp ecially for eac h attribute. This reduces the cohesion

of the class con taining the attributes, and increases that class's complexit y .

Therefore: Make an Active Value to mo del this r elationship.

An Active Value is essen tially an ob ject whic h represen ts a single v ariable. It should ha v e an

attribute to hold the v ariable's v alue, and should understand t w o messages | an accessor to retriev e

the v alue of the v ariable, and a settor to c hange the v alue. T o use an Active Value, mak e it an

attribute of the source ob ject of the relationship, and access the relationship b y sending messages to the

Active Value, rather than to the source ob ject. The Active Value can detect when its v alue c hanges,

and then act as the Sub ject in Observer [8] to up date an y dep enden t ob jects.

Example

The PolicyWindow can use Active Values to store the v alues of the en try �elds | see Figure 6.

Business rules for data v alidation can access the Active Values directly , rather than via the Policy

Window. Eac h Active Value can detect when it has c hanged, and then notify in terested BusinessRules.

The PolicyWindow needs no sp ecialised co de to signal up dates, pro vided all accesses to its �elds are

directed via the Active Values. Similarly , a BusinessRule do es not need to access the PolicyWindow

b ecause it can access the information it needs via the ActiveValues.



Figure 6: Activ e V alue

Consequences

Lik e Relationship Object (2), this pattern reduces the coupling and increases the cohesion of the

ob jects in v olv ed. Co de to detect and signal up dates in the relationship can b e written once for all

ActiveValues, rather than b eing disp ersed within the participating ob jects. Active Values complicate

the program's structure b y in tro ducing man y small ob jects, with the indirection in v olv ed increasing the

time and space costs of the program. Active Values also reduce the clarit y of program text, since

otherwise simple v ariable accesses and assignmen t statemen ts m ust b e replaced b y messages sen t to

Active Values.

Known Uses

Activ e v alues w ere �rst pro vided as part of the language in LOOPS [23 ]. VisualW orks's V alueMo del

framew ork is based on this pattern [19 ]. In particular, the ValueHolder ob ject is a generic Active Value.

The Co oldra w [7], Unidra w [24 ], and QOCA [11 ] constrain t solv ers all use Active Values to represen t

v ariables explicitly: the last t w o uses are men tioned in Design Patterns [8 ].

Related Patterns

Understanding and Using the V alueMo del F r amework in VisualWorks Smal ltalk [26 ] describ es ho w to

use Active Values in VisualW orks. Observer [8] is often used to link Active Values to the ob jects

whic h dep end on the relationship. Sev eral Active Values can form a Connected Group [13 ].

5 Mutual F riends

How do you design a two-way r elationship?

Y ou ha v e a t w o-w a y relationship (also kno wn as a bidirectional or m utual relationship) where all

participating ob jects are equally imp ortan t. F or example, in the insurance system a Client ob ject needs

a t w o-w a y relationship with its Policy ob jects | clien ts need to b e able to en umerate their p olicies to

compute the total premium due and p olicies need to kno w their clien ts in the ev en t of a claim.

In a t w o-w a y relationship, eac h participating ob ject needs to b e easily accessible from ev ery other

ob ject. A c hange in an y one participating ob ject ma y a�ect all other ob jects in the relationship. If an

ob ject joins or lea v es the relationship, the other ob jects m ust b e informed so the relationship remains

consisten t. Note that a t w o-w a y relationship ma y b e a one-to-one, a one-to-man y , or ev en a man y-to-

man y relationship.

Unfortunately ob ject orien ted programming languages' supp ort for t w o-w a y relationships is ev en

more limited than their supp ort for one-w a y relationships. While one-w a y one-to-one relationships can

b e mo delled with attributes ( Relationship As Attribute (1)), and one-w a y one-to-man y relationships



mo delled with collections ( Collection Object (3)), there are no ob vious language or library constructs

whic h can mo del t w o-w a y relationships.

Therefore: Make a c onsistent set of one-way r elationships.

Implemen ting Mutual Friends has t w o steps. First, the t w o-w a y relationship should b e split in to

a pair of one-w a y relationships. Second, the one-w a y relationships m ust b e k ept consisten t.

1. Splitting the r elationship. The simplest kind of Mutual Friends in v olv es a one-to-one t w o-w a y

relationship. This can b e split in to a pair of one-to-one one-w a y relationships, t ypically implemen ted

using Relationship As Attribute (1). A one-to-man y t w o-w a y relationship can b e split v ery similarly ,

except that one ob ject will need a one-w a y one-to-man y relationship, suc h as a Collection Object (3).

A t w o-w a y man y-to-man y relationship can b e split using t w o collections.

2. Ke eping the split r elationships c onsistent. Cho ose one of the Mutual Friends as a le ader , and

ha v e it manage the other ob jects as its fol lowers . The leader ob ject should pro vide an in terface to manage

the whole relationship. The follo w ers' implemen tation of the relationship can b e made m uc h simpler,

b ecause they should only b e in v ok ed b y the leader. Language mec hanisms (suc h as C++ 's friends or

Ei�el's selectiv e exp ort) can b e used to enforce this restriction. In a one-to-man y relationship, the \one"

ob ject is usually the b etter c hoice for the leader, since this cen tralizes the resp onsibilit y for main taining

the relationship in a single ob ject. If one ob ject in the relationship creates the other participating

ob jects, this ob ject should b e the leader. If a follo w er needs to mak e a c hange to the relationship, it

should delegate the c hange to its leader.

Example

Consider again the relationship b et w een Policies and Clients. This is a t w o-w a y , one-to-man y relationship,

and it can b e implemen ted b y making clien ts and p olicies Mutual Friends. The relationship can b e

brok en do wn in to t w o one-w a y relationships | a one-to-man y relationship from Clients to Policies, and

a one-to-one relationship from a Policy to its Client (see Figure 7). A Client uses a List Collection

Object (3) to record its Policies. The Policy ob ject's one-w a y relationship can b e implemen ted using a

client attribute, as describ ed in Relationship As Attribute (1).

Figure 7: Mutual F riends

The Client ob jects are the leaders of their Mutual Friends, b ecause they are the \one" ob jects

in the relationship. Client pro vides addPolicy: and removePolicy: messages to acquire and disp ose of

Policies. These messages set the Policy's client attribute via a privateSetClient message. In Smalltalk,

the relationship could b e implemen ted in Client as

addPolicy: aPolicy

policies add: aPolicy.

aPolicy privateSetClient: self.

removePolicy: aPolicy

aPolicy privateSetClient: nil.



and in Policy as

privateSetClient: aClient

client := aClient.

although a robust implemen tation should c hec k for errors in the parameters. If a Policy needs to c hange

its o wn Client, it should not c hange its client v ariable directly , rather it should delegate this to its leader,

that is, to Client:

setClient: aClient

aClient addPolicy: self

Consequences

This pattern disp erses the implemen tation of a t w o-w a y relationship among all the ob jects participating

in the relationship. This increases the coupling b et w een ob jects, b ecause eac h participating ob ject

dep ends up on the details of the other ob ject's implemen tation. It similarly decreases their cohesion,

b ecause eac h ob ject m ust include part of the relationship. This pattern can b e di�cult to write correctly ,

b ecause b oth ends of the relationship m ust b e k ept sync hronised to main tain o v erall consistency .

Known Uses

The Smalltalk class hierarc h y uses a t w o-w a y relationship b et w een sub classes and sup erclasses. A class

and its sub classes are Mutual Friends, with the sup erclass as the leader. Eac h class k eeps a collection

of it sub classes, and eac h sub class has a p oin ter to its class [9]. Similarly , Smalltalk views and con trollers

are Mutual Friends, as are VisualW orks' VisualPart and CompositePart [19 ].

Related Patterns

If the con trol 
o w across a relationship is primarily in one direction, y ou ma y b e able to mo del the

relationships as if it w ere a one-w a y relationship, and use Self Delegation [1 ] for access in the other

direction. Composite [8] can use Mutual Friends to main tain a t w o-w a y relationship b et w een con-

tainers and lea v es. A Relationship Object (2) can mo del an en tire complex relationship, and one or

more Observers [8] can b e used to main tain t w o-w a y links b et w een the participating ob jects [12 , 18 ].

James Rum baugh [22 ] and Martin F o wler [6], amongst others, ha v e describ ed ho w t w o-w a y relation-

ships can b e split in to m utual one-w a y relationships. W ard Cunningham wrote a v ersion of Mutual

Friends on the WikiWikiW eb, and it w as discussed b y Ralph Johnston and Stev e Metsk er [15 ]. Stev e

Metsk er subsequen tly describ ed ho w concurren t t w o-w a y relationships can b e managed b y a Judge [14 ].

Databases often pro vide supp ort for t w o-w a y relationships. F or example, all relationships in relational

databases can b e tra v ersed in either direction, and ODMG-93 ob ject orien ted databases automatically

main tain the consistency of in v erse relationships [10 ].
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