6 Applying Patter ns

Within this pr ocess, every individual act of building is a pr ocess in which space gets dif ferentiated.

It is not a pr ocess in which pr e-for med parts ar e combined to cr eate a whole: but a pr ocess of unfolding, like the evolution of an embryo, in which the whole pr ecedes its parts, and actually gives birth to them, by splitting.

Christopher Alexander , The T imeless W ay of Building

Using patter ns in a r eal-world pr oject r equir es mor e than detailed guidelines for their implementation. Several issues ar e not addr essed. For example, how to integrate a patter n into a partially existing design? Complementary to patter n-specific implementation guidelines we ther efor e need general guidelines for applying patter ns.

6.1 Intr oduction

As we have lear ned, every well-described patter n pr ovides infor mation about its implementation [GHJV95] [BMRSS96]. Every patter n also pr ovides infor mation about its r efinement and combination with other patter ns. However , all these guidelines ar e patter n-specific. They do not support applying patter ns in general, when building a real-wor d softwar e system. But how to integrate a patter n into a partially existing design? What kinds of patter ns should be applied in which or der? How to solve pr oblems that cannot be solved by a single patter n in isolation?

Answering such questions is important for being able to use patter ns effectively. Otherwise we apply patter ns, but the r esulting design will likely expose unnecessary complexity. Even worth, the ar chitectur e under construction may not pr ovide the pr operties we need. For example, many patter ns intr oduce a level of indir ection to solve a design pr oblem. Connecting several of such patter ns in a r ow may, however , result in an inef ficient indir ection cascade. Instead we want to combine the patter ns without intr oducing multiple levels of indir ection, but in a way such that the essence of each patter n still r emains.

The above example r eveals that the application of patter ns is not a mechanical task. It needs some experience to compose them to lar ge structur es in a meaningful way. The r eason for this is obvious. Lar gescale softwar e ar chitectur es intr oduce pr oblems and for ces just because of their sheer size and inher ent complexity. These pr oblems and for ces ar e independent of the design issues addr essed by individual patter ns.

A patter n language for softwar e ar chitectur e is one appr oach for supporting the ef fective use of patter ns (see Chapter 7, Towar ds Patter n Languages ). Its constituent patter ns would not only pr ovide solutions to specific design pr oblems. The language would also pr ovide a pr ocess—embedded in the patter ns—that helps applying them: when, how, and in which or der . A good example for such a language is Kent Beck’s ‘Smalltalk Best Practise Patter ns’ [Bec97]. However , we neither have such a patter n language for softwar e ar chitectur e available, nor is it likely that such a language could be pr ovided in the near futur e. Today, most patter ns for softwar e ar chitectur e ar e or ganized in pat-

Introduction 57

ter n catalogs and patter n systems [GHJV95] [BMRSS96] [PLoP94] [PLoP95] [PLoP96]; but these do not pr ovide the support for using patter ns that we need.

To apply patter ns of a catalog or system ef fectively ther efor e calls for appr opriate guidelines. These should enable us to act like an expert softwar e ar chitect who has designed systems with patter ns for years. At least they should help us being awar e of the pr oblems that may arise when applying patter ns and the pitfalls into which we can stumble. For this r eason, the kinds of guidelines we ar e looking for cannot be simple one- or two-line statements telling us what to do or not. W e need a mor e structur ed for m. What pr oblem in applying patter ns does a specific guideline addr ess? When does this pr oblem occur? And how do we apply patter ns corr ectly in the pr esence of the pr oblem?

Consequently, guidelines for applying patter ns should be patter ns by themselves: exposing a context, a pr oblem that arises in that context, and a solution that r esolves the pr oblem. W e can describe the patter ns by using an appr opriate patter n for m.

In this chapter we pr esent several patter ns for applying patter ns . They wer e mined over the past years and r eflect what we, and our colleagues world-wide, have lear ned when using patter ns to design and implement industrial softwar e systems.

Some of our patter ns for applying patter ns build dir ectly on Christopher Alexander’s work [Ale79] [ANAK87]. Others emer ged fr om the growing experience in using patter ns for softwar e development [Gab96]. Altogether they complement and complete the specific implementation guidelines that accompany well-described patter ns for softwar e ar chitectur e, for example the ones in [Cope92] [GHJV95] [BMRSS96] [PLoP94] [PLoP95] [PLoP96] and this book. For the description of our patter ns for applying patter ns we use Christopher Alexander’s patter n for m: Name-Context-Pr oblem-Solution-Example .

6.2 A Patter n Language for Applying Patter ns

Befor e describing our patter ns for applying patter ns in full detail we want to briefly characterize their intents, and also the global context in which they ar e to be seen. In total ther e ar e 9 patter ns:

• Piecemeal Gr owth (61) outlines the overall pr ocess for constructing softwar e systems with patter ns.

• Architectural V ision (64) focuses on how to specify—with help of patter ns—fundamental system structur es and design principles that can serve as a starting point for the pr ocess of piecemeal growth.

• Step-wise Refinement (67) describes how to r efine and complete a given design structur e with patter ns.

• Repair Instead Lar ge Lump Design (69) specifies how to pr oceed if the optimal solution of a design pr oblem does not integrate with the existing structur e in which it must be contained.

• Stable Design Center (72) addr esses how to specify structur es that allow for extension and adaptation, but without the need to modify their key elements and abstractions.

• One Mechanism for One Kind of Pr oblem (74) states how to solve similar and r elated design pr oblems.

• One Patter n at a T ime (76) defines how many patter ns should be applied at once.

• First Integrate Then Implement (77) describes how to best codify a given patter n.

• Merge Similar Responsibilities (80) shows how to combine patter ns with existing design structur es whose participants partly pr ovide similar or r elated r esponsibilities.

All 9 patter ns str ongly depend on each other . You start with the first patter n— Piecemeal Gr owth (61)—and will be dir ected to the patter ns that apply ther eafter . Every patter n makes most sense in the context of the patter ns it pr ecedes and completes. In other wor ds, our patter ns for applying patter ns for m a patter n language . The diagram below briefly illustrates the dependencies between the patter ns.

The overall goal of ‘Applying Patter ns’ is, as we have said, to support the use of patter ns fr om patter n catalogs and patter n systems. Fr om a technical perspective this means that we want to support developers in defining ar chitectur es which meet the needs of the systems they ar e building. In particular , that patter ns help them to cr eate the most ef fective solutions for the design pr oblems at hand, under the constraints that must be consider ed. Fr om a human perspective the intent of ‘Applying Patter ns’ is to enable developers to understand and contr ol the pr ocess of building systems with patter ns, to be cr eative when constructing these systems, and to feel habitable in their design and code.

The language works best under the following thr ee conditions:

• Ther e is an evolutionary development pr ocess in place that allows to adjust the design and implementation of the system whenever necessary; rather than a water fall-like pr ocess, in which the system is constructed in a strictly top-down fashion.

Piecemeal Gr owth

One Patter n at a T ime

Stable Design Center

First Integrate Then Implement

Mer ge Similar Responsibilities

Step-wise Refinement

Architectural Vision

One Mechanism For One Kind of

Problem

Repair Instead Lar ge Lump Design

• A softwar e ar chitect or a team of ar chitects is in contr ol and char ge of the system’s design.

• Specific patter ns ar e selected accor ding to the guidelines given in [BMRSS96].

In Section 6.3, Discussion we will r etur n to both the goals and pr econditions of ‘Applying Patter ns’ and discuss them in full detail. Befor e, we pr esent the language itself.

Piecemeal Gr owth

Context We want to design a new softwar e system.

Problem How can we ensur e that the system is well-structur ed and or ganized ?

In particular , that its ar chitectur e meets specific functional and nonfunctional r equir ements, and that ar chitects, designers, and pr ogrammers feel habitable in it [Gab96]. Thr ee forces ar e to be balanced:

• The system should expose a defined global structur e, and its design should obey to certain common principles. Both the structur e and the design principles should be well-documented, so that developers can understand and follow the ‘vision’ of the system’s ar chitects.

• Every design pr oblem should be appr opriately solved. Dealing with each design pr oblem in isolation, however , will r esult in an ar chitectur e that does not consider the needs of the system as a whole.

• Assembling the system’s ar chitectur e bottom-up will likely r esult in a structur e wher e many parts will be designed accor ding to different principles that do not match. However , when following a strict top-down appr oach, lar ger structur es will often be inappr opriate for r esolving lower -level design pr oblems ef fectively.

Solution Create the ar chitectur e of the system in a pr ocess of piecemeal gr owth [Gab96]. It is a pr ocess of unfolding, in which the whole pr ecedes the parts [Ale79]—and also gover ns their r efinement and detailed specification. Unfolding means dif ferentiating space: a given structur e is extended with new elements, and existing elements ar e r eplaced by finer grained structur es that fit into the lar ger structur e.

Basic ar chitectur e: 1 the ‘Whole’

Refinement 2

Refinement 3 of a part

of another part

Adjust existing 4 parts, if needed

Adapted to softwar e construction this means that we first define an Architectural V ision (64): what is the fundamental structur e for the system and what ar e the general design principles for its r efinement. The structur e pr ovides the basis for the pr ocess of piecemeal gr owth, the design principles impact the r esults of its subsequent steps. Further mor e, the Architectural V ision (64) helps with communicating the ar chitectur e of the system to developers.

Unfold this ar chitectural skeleton by Step-wise Refinement (67)—abstraction level by abstraction level and separately for every design pr oblem. By this we consider each pr oblem’s own needs, but gover ned by the Architectural V ision (64) and the lar ger structur es in which the solutions ar e contained. Every part that we add to the architectur e then serves as a new whole that can be unfold, until the ar chitectur e is complete.

It will likely happen, however , that the optimal r esolution of a design pr oblem does not integrate with the structur e in which the solution is to be contained. When this happens, Repair Instead Lar ge Lump Design (69), to adjust the existing ar chitectur e.

As a r esult, the pr ocess piecemeal gr owth helps cr eating a coher ent softwar e ar chitectur e. Due to a balanced interplay between Step-wise Refinement (67) and Repair Instead Lar ge Lump Design (69) we look onto every design pr oblem fr om thr ee perspectives: the system view, the view of the pr oblem itself, and the view of lower -level issues that may impact its r esolution. At every level of abstraction the design of the system follows common principles, fr om its coarse-grained structur e down to the very details of its implementation.

Example Suppose we ar e building an interactive softwar e system. Its ar chitectural vision can be defined by the Model-V iew-Contr oller patter n [BMRSS96]. Model-V iew-Contr oller intr oduces a structur e wher e cor e functionality is separated fr om its contr ol and the pr esentation of information.

Architectural vision:

Model

Contr oller

View

Model-V iew-Contr oller

Piecemeal Growth 63

By step-wise r efinement we can unfold the details of this ar chitectural skeleton. The general communication between components of the Model-V iew-Contr oller triad can be specified with help of the Publisher -Subscriber [BMRSS96] or Observer [GHJV95] patter n.The r elationships between contr oller components and the model can be refined by applying the Command Pr ocessor patter n [BMRSS96], the relationships between view components and the model by using the View Handler patter n [BMRSS96]. The model itself can, for example, be structur ed accor ding to the Layers patter n [BMRSS96].

We now could further r efine the Command Pr ocessor structur e. Singleton, Command, and Composite [GHJV95] may help with this. Other patter ns apply for unfolding the details of other parts of the design.

Step by step the system will gr ow until its complete ar chitectur e is defined. Space gets dif ferentiated with every patter n we apply, but always accor ding to the principles pr e-scribed by the lar ger structur e whose parts we ar e r efining.

Model Contr oller

ComPr oc

Refinement of Model-Contr oller relationship:

Command Pr ocessor

Model

Contr oller

View

Refinement of Command Pr ocessor:

Command, Composite, Singleton

Model Contr oller

ComPr oc

ACom

Com1

Com2

Macr o

Model Contr oller

ComPr oc

Singleton

Command & Composite

Architectural V ision

Context We ar e at the beginning of the pr ocess of Piecemeal Gr owth (61).

Problem How can we define an ar chitectural skeleton that captur es the system’s fundamental structur e and design principles? Five forces arise:

• The structur e must pr ovide a global view onto the system: all its relevant parts must be pr esent, and every part must have defined responsibilities and r elationships to other parts. The system’s underlying design principles must be clearly exposed.

• The skeleton should be as simple as possible—so that essential design ideas s ar e not hidden within overly fine-grained structur es.

• The ar chitectur e must be usable as a basis for the pr ocess of Piecemeal Gr owth (61): stable in its essence, but open for extension, r efinement, and change.

• We must be able to communicate the structur e—and its design principles—to avoid an ar chitectural drift during its r efinement and implementation.

• We want to base the ar chitectural skeleton onto pr oven design concepts.

Solution Create an ar chitectural vision : a fundamental design structur e which gover ns the specification of the system down to its implementation.

To define the ar chitectural vision, first collect all aspects that have an impact on the system’s fundamental design. One kind of aspect ar e

Select ar chitectural 1 patter ns

Combine them to 2 an ar chitectural skeleton

Communicate 3 the ar chitectural vision to the team

Architectural Vision 65

system-wide pr operties the application must expose, for example that it is distributed and interactive. Other factors that impact a softwar e ar chitectur e ar e r elated to the use and integration of existing artifacts, such as legacy code and pr e-fabricated components. For example, that it is possible to plug-in and access components that follow a specific component model.

If ther e ar e several of such pr operties and factors, bring them into an order ed sequence, with the most important pr operty at its head and the least important pr operty at its tail.

Select appr opriate ar chitectural patter ns [BMRSS96] that addr ess these pr operties and factors—by pr oviding corr esponding system structur es and their underlying design principles. Apply the selected patter ns, One Patter n at a T ime (76), accor ding to the or der of importance of the aspects they addr ess. By this, design structur es and principles that help with implementing a mor e important aspect will gover n the ar chitectur e of the system mor e than design structur es and principles that expose a less important aspect.

For aspects which ar e not addr essed by the available ar chitectural patter ns implement suitable structur es by using a ‘conventional’ design method. Or , use patter ns that guide the pr ocess of constructing such structur es, like the ones pr esented in [Coad95].

As a r esult we will r eceive the fundamental ar chitectur e of the system: its subsystems, their r esponsibilities and collaborations, and also the design principles that guide its further specification and r efinement.

Due to the use of patter ns this ar chitectur e defines an ideal basis for the pr ocess of Piecemeal Gr owth (61). It is built with help of pr oven design concepts. It is stable in its overall structur e, but open for extension and modification of local parts. And, the design is not overly detailed. W e only focus on the system’s decomposition into subsystems. The patter ns that we used also help with communicating the ar chitectural vision: what kind of structur e is it, why is it exactly this structur e, what ar e its underlying design ideas, and how is it built.

Example Suppose we want to develop a distributed and interactive system.

Ther e ar e, among others, two ar chitectural patter ns that help with this. The Br oker patter n [BMRSS96] supports distribution, the Model-View-Contr oller patter n [BMRSS96] human-computer interaction. Let us assume, in the context of this example, that distribution is the most important system pr operty. Thus, we apply Br oker first. The resulting structur e basically consists of clients and servers, and a br oker for r outing messages acr oss pr ocess boundaries. The Model- View-Contr oller patter n is then integrated into this structur e, with the servers r epr esenting the dif ferent parts of the model, and the clients the view and contr oller components.

The two patter ns also define the basic communication and cooperation mechanisms for components of the system. Br oker defines how clients can access r emote servers. Model-V iew-Contr oller specifies how user inter face components interact with the functional cor e.

Both patter ns also define the two general design principles for the system: separation of application fr om communication functionality and separation of the system’s functional cor e fr om its user inter face.

Model

Contr oller

View Broker

Bridge

Proxy

Proxy

Client Server

Broker

Bridge

Proxy

Proxy

View Model

Contr oller

Client

Architectural vision for a distributed interactive system

Model- View- Contr oller

Broker

Step-wise Refinement

Context We ar e specifying a softwar e ar chitectur e in a pr ocess of Piecemeal Growth (61).

Problem How can we r esolve a given design pr oblem most ef fectively ? Thr ee forces must be consider ed:

• The solution must meet the pr oblem’s own needs, but also those of the whole system. It must further obey to the global design principles defined by the Architectural V ision (64).

• We do not want to solve similar design pr oblems dif ferently. Otherwise the ar chitectur e of the system would expose unnecessary complexity.

• We like to solve the pr oblem with help of well-pr oven design concepts.

Solution Resolve the design pr oblem by step-wise r efinement . Extend the given ar chitectur e with new components and r elationships, and detail existing ones. Select appr opriate patter ns that help with this r efinement. These patter ns should not just addr ess the design pr oblem at hand. Their pr operties should also match with the design principles and pr operties pr e-scribed by the structur e we ar e r efining.

Split complex pr oblems that cannot be solved by a single patter n into smaller subpr oblems that can be r esolved by several patter ns in combination. Always use One Mechanism for One Kind of Pr oblem (74): a design pr oblem that is similar to a pr oblem that we tackled alr eady should be solved similarly—with the same patter ns and design principles. This helps with avoiding complex and patch-work-like design structur es. Apply the selected patter ns, One Patter n at a T ime (76), to support their corr ect implementation.

Identify a pr oblem 1 in the existing design

Select a patter n 2 that solves the pr oblem Refine the design by 3 applying the patter n

When r efining self-contained subsystems and lar ge components, each of these should define a Stable Design Center (72). This supports us in specifying structur es that allow for extension and adaptation, but without the need to modify their key elements and abstractions.

If no patter ns ar e available for solving a specific design pr oblem, create the solution by using an appr opriate analysis and design method. Or , even better , use patter ns that guide the analysis and solution of the pr oblem, such as the patter ns pr esented in [Coad95].

Example As an example, take the implementation of an interactive version of the dice game ‘Game of Gr eed’ [Ree92]. Like many systems with human-computer interaction, its basic ar chitectur e can be defined with help of the Model-V iew-Contr oller patter n [BMRSS96].

To r efine the model part of this triad, we can apply a domain-specific patter n that intr oduces a general structur e for or ganizing dice games [Ree92]. The patter n specifies thr ee kinds of participants. A game component r epr esents the game, manages its rules, and validates thr ows. A game or ganizer component manages the curr ent standings, the players, and the game’s pr ogr ess. Player components r epr esent the players that ar e playing the game.

In the next step of r efinement we specify the fundamental collaboration between the components of the ‘dice game triad’. The analysis of the pr oblem r eveals that it is very similar to the pr oblem of or ganizing the cooperation between the participants of the Model-V iew-Contr oller patter n, which we applied in a pr evious step. Thus we r esolve the pr oblem similarly, by applying the Publisher -Subscriber [BMRSS96] or Observer [GHJV95] patter n again.

The game component of our structur e can be further r efined by intr oducing components that r epr esent the rules of the game, the dices, and a dice cup. The Objectifier patter n [PLoP94] helps with implementing the rules as objects. The Manager patter n [PLoP96] can be used to or ganize dice management: the dice cup is the manager , the dices ar e the managed subjects. Other patter ns apply for r efining the game or ganizer and player components.

Step by step we r efine the original structur e, until its details ar e fully unfold. However , the pr ocess of this r efinement is always gover ned by the existing structur e we ar e r efining.

Repair Instead Lar ge Lump Design

Context We ar e developing a softwar e system in a Piecemeal Gr owth (61) fashion.

Problem How can we deal with design pr oblems that arise later in the design process , but which solution impacts existing parts of the system’s architectur e? For example, pr oblems due to ‘add-this-featur e-immedi-ately’ r equests by our customers. Or , when pr efabricated components we like to use do not integrate into the existing design. Resolving this conflict means to balance two forces :

• Aspects of the design pr oblem that have an impact on the specification of alr eady existing structur es cannot be ignor ed. Rather the structur es have to be specified under consideration of these aspects.

• The solution to the design pr oblem should integrate with the existing design. It should also be consistent to the Architectural V ision (64) and global design principles.

Solution ‘Repair’ the existing ar chitectur e [Gab96]. Do not constrain the optimal solution to the design pr oblem at hand by inappr opriate lar ger structur es and global design principles.

Identify all aspects of the solution to the design pr oblem that impact the existing softwar e ar chitectur e—specifically the part which contains the solution to this pr oblem. Adjust this part of the design ac-

The solution to a pr oblem 1 does not integrate

Repair the existing 2 ar chitectur e

Patter n X

Integrate 3 the solution with existing structur es cor ding to the identified aspects. Similarly, r evise the specification of all sub-parts of this structur e which ar e af fected by the adjustment. We may need to modify these as well. Then embed the solution to the design pr oblem into the r evised structur e.

In other wor ds, we r esolve—by Step-wise Refinement (67)—those design pr oblems again which lead to the structur e that is inappr opriate for integrating the solution to the design pr oblem at hand. However , this time we do not just take into account the needs of the system as a whole and the lar ger pr oblems themselves, but also the needs of the lower -level design pr oblem we ar e curr ently facing.

When adjusting a given structur e, avoid violating even mor e design principles, if possible. Otherwise r ecursively r epair the af fected design structur es—if necessary up to the Architectural V ision (64).

As a r esult, the softwar e ar chitectur e under construction is not a pr oduct of lar ge lump design [ASAIA75]: a fixed construct wher e each part, once being specified, stays untouched for ever . Rather the ar chitectur e changes and gr ows continuously all the time, and at all levels of granularity, to stay coher ent and consistent. Thus, the aspect of repair is a vital principle of the pr ocess of Piecemeal Gr owth (61).

Example Suppose we want to decouple the r equest for a service fr om the details of contr olling its execution. In a first specification we apply the Command patter n [GHJV95] and encapsulate r equests as objects. The user inter face elements of our application, such as menu entries and dialog boxes, invoke the execution of commands.

Model ACom

Com1

Com2

Macr o

Menu

Dialog creates & invokes

creates & invokes

suspend resume?

After specifying this structur e, an additional r equir ement comes up: suspending and r esuming of command execution must be possible. The design as described above is insuf ficient to fulfill this r equir ement. W e need access to all commands that ar e under execution—at every given point in time. The knowledge about which commands ar e active is, however , distributed among the invokers, rather than being centralized within a single component.

The Command Pr ocessor patter n [BMRSS96] pr ovides the structur e we need. Thus, we r evise the existing design by inserting a command pr ocessor and r eor ganizing the r elationships between invokers and commands. Invokers still cr eate commands, but instead of triggering their execution, they pass them to the command pr ocessor . The command pr ocessor maintains the r eceived commands and also starts and contr ols their execution. Functionality for suspending and r esuming commands can now be implemented ef fectively [BMRSS96].

Model ACom

Com1

Com2

Macr o

Menu

Dialog creates

passes command

creates invokes suspend resume

ComPr oc

passes command

suspend resume

Stable Design Center

Context We ar e specifying a given subsystem or lar ge component by Step-wise Refinement (67).

Problem How can we ensur e that the structur e is coher ent and stable on the one hand, but open to evolution and change on the other hand ? Thr ee forces ar e associated with this pr oblem:

• The mor e that a subsystem or component cannot be modified, the mor e stable and coher ent it stays over the lifetime of the system. The less, however , we support the system’s evolution.

• The mor e that a design structur e is open for change, the mor e aspects of a system can be adapted to customer -specific r equir ements. On the other hand, the mor e likely a modification will br eak the coher ency of the softwar e ar chitectur e.

• Fundamental aspects of subsystems or lar ge components should not be subject to change. Rather their structural and behavioral integrity should be pr eserved over the lifetime of the system. Otherwise we may endanger its general operability.

Solution Create stable design centers for important aspects of the system: cor e services that ar e needed in every version, and structur es on which many services operate. Examples include the fundamental domain model or the system’s communication infrastructur e.

Captur e these key aspects in a design structur e which essential parts cannot be changed: its general r esponsibility, the inter face to clients, the communication pr otocols for using the inter face, but also its basic structural decomposition and the principles of how these inter nal components cooperate. Consider that the design center must fit into every context of the system in which the captur ed aspects play a r ole.

Stable cor e

Hooks for extensions

Customer -specific extensions

A stable design center

Stable Design Center 73

Prepar e those parts of the design center for evolution which—over the lifetime of the system—ar e likely to be modified or adapted to customer -specific r equir ements. Use appr opriate design patter ns for this, if possible. For example, to support filtering existing behavior , or adding new behavior , we can apply the Decorator patter n [GHJV95]. Or , to adapt a general behavior to a specific one, we can apply the T emplate Method patter n and the Strategy patter n [GHJV95].

Provide the design center with hooks that allow to attach futur e extensions that cannot be for eseen by today. Several patter ns help with this, such as V isitor [GHJV95] and Facet [PLoP96].

Avoid dir ect dependencies between clients and the inter nal structur e of the design center . The Facade patter n [GHJV95], for example, supports a defined access to services of a center , but without exposing its inter nal structur e. Abstract Factory and Builder [GHJV95] fr ee clients fr om details of how to instantiate the design center .

As a r esult we r eceive design that is stable over the lifetime of the system—fr om the perspective of its clients. It has defined boundaries and responsibilities, and it is well-specified how it is to be used. Parts of the system that depend on the design center can r ely on this stability.

Yet the design center is open for evolution. Details can be adapted to specific r equir ements without the need to change the center’s key elements or any other part of the system. Futur e extensions can be attached with only few and local modifications to existing parts.

If, however , we must change an aspect of a design center that is visible to clients—and though minimizing this need we cannot completely exclude it for the whole lifetime of the system—this modification will be expensive. Such a change will af fect almost all parts of the system that depend on that aspect. This is the major liability of cr eating stable design centers.

Example The Br oker patter n [BMRSS96] defines a stable design center that pr ovides an infrastructur e for component communication and cooperation in a distributed system. Inter nal aspects may dif fer fr om implementation to implementation of a Br oker ar chitectur e. The general structur e and its inter face to clients, however , is fixed and even standar dized [OMG95a]. This allows client and server components, and even dif ferent Br oker implementations, to cooperate with each other , using pr otocols that stay stable over the lifetime of the system.

One Mechanism for One Kind of Pr oblem

Context We ar e specifying and decomposing a softwar e ar chitectur e by Stepwise Refinement (67).

Problem How can we handle similar and closely r elated pr oblems that occur in different places of the system? An example is decoupling the specifics of concr ete input and output devices fr om the general handling of input and output in an application. Two forces arise:

• Handling r elated design pr oblems dif ferently may r esult in a complex system structur e. Though all pr oblems shar e a common cor e, design and implementation of their solutions may vary significantly—even in their essence. As an ef fect, the ar chitectur e becomes har d to understand and maintain.

• The mor e general principles ar e used to solve r elated design pr oblems, the less coher ent a softwar e ar chitectur e is.

Solution Solve r elated design pr oblems similarly —by using the same or r elated design principles and patter ns. Implement their solutions accor ding to the same coding principles and idioms. If such pr oblems arise at the same level of abstraction, specify their solutions to the same level of granularity.

As a r esult, parts of the ar chitectur e that deal with r elated system aspects expose similar finer -grained design structur es and implementations. This makes a system easier to understand and change. Its architectur e becomes balanced and coher ent. Ther e is a common vision behind the solutions to design pr oblems of a similar kind.

Resolve r elated design pr oblems with the same patter ns

One Mechanism for One Kind of Problem 75

Example When specifying a Model-V iew-Contr oller ar chitectur e [BMRSS96] you may want to decouple the general handling of input fr om specific details of the input devices used, such as mouse and light pen. The Sensor variant of the Adapter patter n [GHJV95] helps with this. In short, a sensor pr ovides an unidir ectional adaptation fr om a specific to a general inter face. However , the system does not only r eceive input, it will also pr oduce output. Thus, when r efining the ‘input-side’ of a system, it is wise to also r efine its ‘output-side’. The Display variant of the Adapter patter n [GHJV95] pr ovides a unidir ectional adaptation fr om a general to a specific inter face. It is the appr opriate counterpart to the Sensor patter n applied pr eviously.

Model

Contr oller

View Output

Input

Use the Display variant of Adapter to decouple output devices ...

... and the Sensor variant of Adapter to decouple input devices.

Model

Contr oller

View Display

Sensor

Output

Input

One Patter n at a T ime

Context We ar e specifying either an Architectural V ision (64) or— by Step-wise Refinement (67)—the details of a given softwar e ar chitectur e. T o r esolve a specific design pr oblem we selected several patter ns.

Problem How many patter ns should be applied at once to specify the solution to the design pr oblem at hand? Two forces arise:

• The r esulting design should r eflect the essence of the patter ns that we apply.

• The mor e patter ns we apply at the same time, the mor e aspects regar ding their optimal implementation, combination, and integration arise. Dealing with many of such aspects may, however , distract our attention fr om solving the original pr oblem.

Solution Apply one patter n at a time [Ale79]. Begin with the patter n that addr esses the most important sub-aspect of the pr oblem, followed by the patter ns that r esolve less important aspects. First Integrate Then Implement (77) every patter n that is applied.

Step by step we develop the solution to the pr oblem. By applying only one patter n at a time, the r esulting design will most likely r eflect the essence of the patter ns we apply. W e can follow their implementation guidelines mor e easily, and aspects of other , not yet applied patter ns, do not need to be consider ed. The concr ete implementations of all patter ns together for m a coher ent structur e which ef fectively solves the design pr oblem at hand.

Example When implementing the Command Pr ocessor patter n [BMRSS96], several other patter ns help with specifying its details, such as Command and Composite [GHJV95]. However , we do not apply both patter ns at the same time. First we apply Command to encapsulate user r equest into objects. Composite is applied ther eafter to support macr o commands.

First Integrate Then Implement

Context We ar e defining a specific part of a softwar e ar chitectur e with patter ns by applying One Patter n at a T ime (76).

Problem How can a given patter n be best implemented ? Two forces must be consider ed:

• The implementation must be tailor ed to the needs of the design pr oblem at hand, and also accor ding to the needs of the whole system.

• Specifying the details of a patter n befor e integrating it with the existing softwar e ar chitectur e may r esult in an inappr opriate patter n implementation. Y ou may cr eate a design pearl, which is per fect and beautiful by itself, but which is not usable for the application under development.

Solution Integrate the patter n into the existing ar chitectur e befor e implementing its details . First, identify the patter n’s clients. Merge Similar Responsibilities (80), if these pr ovide r oles that the patter n intr oduces. Otherwise, specify each patter n component accor ding to the needs of its clients. Examples include input and output parameters, function names, data structur es, and algorithms. Then, implement each patter n component accor ding to its specification.

First integrate 1 a patter n ...

Patter n X

... then implement 2 its details.

Parts of the patter n—components or r elationships between them— that ar e too complex to be implemented straight forwar d, should be further r efined. Follow the pr ocess of Piecemeal Gr owth (61) to unfold these details appr opriately.

Parts of the patter n that can be implemented dir ectly should not be further decomposed—even if you know patter ns that help with this. It will only r esult in a complex patter n implementation. The mor e that a component is split into subcomponents, the har der that it becomes to understand, implement and maintain. Further mor e, an overly finegrained decomposition may intr oduce per formance penalties, due to additional communication between subcomponents.

Example Consider applying the Command Pr ocessor patter n [BMRSS96] to refine the r elationships between the contr ollers and the model of a Model-V iew-Contr oller ar chitectur e [BMRSS96].

The implementation of the Command Pr ocessor patter n r equir es us to specify contr oller components that r eceive user input, cr eate socalled command components, and pass these command components to the command pr ocessor for execution. However , we do not define completely new contr ollers when implementing the Command Pr ocessor patter n. Rather we extend the contr ollers that wer e specified when applying Model-V iew-Contr oller with the two latter r esponsibilities fr om above.

New kinds of components ar e the command pr ocessor and the commands. Their specification, on the other hand, is constraint by general system r equir ements. For example, when pr oviding undo/r edo and logging services, we must define appr opriate inter faces for both the command components and the command pr ocessor .

After integrating the Command Pr ocessor patter n with the existing design we can pr oceed with implementing its details. Several patter ns help with this. Command [GHJV95] specifies how to encapsulate user request into objects. Composite [GHJV95] can be used for pr oviding macr o commands. Singleton [GHJV95] helps with ensuring that the command pr ocessor can be instantiated only once. The r elationships between the patter n participants can be implemented straight for-

First Integrate Then Implement 79

war d and without further r efinement, for example by using pointers or r efer ences.

An example for a detailed and a straight forwar d implementation of a patter n is the use of Observer [GHJV95] when r efining the model-view relationship in a Model-V iew-Contr oller structur e. The model plays the r ole of the subject, the views the r ole of observers. The concr ete implementation of this structur e must be able to handle multiple views ef fectively. For maintaining these multiple views, we pr ovide the model with a r egistry component. T o notify views about changes to the model, we apply the Iterator patter n [GHJV95]: an iterator iterates over all r egister ed views and calls their update method.

For r easons of r obustness, we need to notify the iterator about every unsubscription of a view fr om the model’s view r egistry. Otherwise, the iterator might try to notify a view that does not exist. T o r esolve this pr oblem, we can apply Observer a second time: with the view r egistry as subject and the iterator as observer . However , this time we can implement the patter n straight forwar d. T o notify r egister ed views about changes we only need one iterator . Ther e is no need to pr epar e the view r egistry for handling multiple iterators. Ther efor e, the view registry maintains a defined har d-coded r efer ence to the singleton iterator and notifies it dir ectly whenever a view r egister ed or unr egister ed with the model. W e do not need to apply Iterator her e, as in the first application of Observer .

Implementation of Command Pr ocessor:

Command, Composite, Singleton

Model Contr oller

ComPr oc

ACom

Com1

Com2

Macr o

Model Contr oller

ComPr oc

Singleton

Command & Composite

Integration of Command Pr ocessor:

Connect it with the model and existing contr oller components

Mer ge Similar Responsibilities

Context We First Integrate Then Implement (77) a specific patter n.

Problem How can we optimally integrate a patter n into a partially existing softwar e ar chitectur e? Five forces must be consider ed:

• We must integrate the patter n such that the existing ar chitectur e gover ns its implementation.

• Elements of the existing ar chitectur e may alr eady pr ovide r esponsibilities that ar e defined by the patter n.

• Responsibilities of patter n participants may complement or complete r esponsibilities of existing design elements.

• Adding new components or r elationships to the design likely increases the structural complexity of the system.

• Assigning overly many and distinct r esponsibilities to a design element will likely br eak the principle of separation of concer ns. The resulting ar chitectur e becomes har d to understand, change, and extend.

Solution Assign r esponsibilities of patter n participants to elements of the existing softwar e ar chitectur e wher ever it is useful and simplifies the system’s structur e and complexity.

Assign r esponsibilities of patter n 1 participants to existing design

Patter n X

Add new components 2 and r elationships elements wher ever useful

for new r oles

Merge Similar Responsibilities 81

If a design element of the structur e into which we ar e integrating the patter n must, or should, play the r ole of a specific patter n participant, thr ee situations ar e possible:

• The design element alr eady pr ovides all r esponsibilities of the patter n participant. In this case we ar e set. Otherwise we would implement the same r esponsibilities twice.

• The design element pr ovides parts of the patter n participant’s responsibilities. In this situation extend and complete the design element’s specification with the missing parts. Otherwise we separate aspects that belong together .

• The design element does not pr ovide any r esponsibility of the patter n participant. In this case, assign the r esponsibilities to the design element. Do not intr oduce a new component or r elationship. Otherwise we incr ease the structural complexity of the system.

If responsibilities of a patter n participant and an existing design element complement each other , it may be useful to attach the patter n participant’s r esponsibilities to the design element. However , this depends on the concr ete context of the system.

On the one hand, combining r oles can avoid communication over head between otherwise str ongly coupled components—and thus per formance penalties. For example, when separating an inter face fr om its possible implementations with the Bridge patter n [GHJV95] it may be useful to also attach authorization services to the inter face, as defined by the Pr otection Pr oxy patter n [BMRSS96]. On the other hand, overloading a component with overly many dif ferent r esponsibilities may intr oduce inef ficiency. If the component plays distinct r oles in several dif ferent contexts, it may become a per formance bottleneck. Keeping the r esponsibilities separate fr om each other would be mor e effective.

In general, assigning r esponsibilities of patter n participants to existing design elements helps r educing the structural complexity of a softwar e ar chitectur e. It also ensur es that the implementation of the patter n is tailor ed to the needs of the system, and not vice versa.

However , do not assign r esponsibilities of a patter n participant to an existing design element that it does not need to pr ovide or which must be implemented separately. Specify these, accor ding to the patter n’s implementation guidelines, as components or r elationships of their own and integrate them with the existing softwar e ar chitectur e. Otherwise we would br eak the principle of separation of concer ns.

Example Suppose we ar e encapsulating service r equests as objects by applying the Command patter n [GHJV95]. An extension to this would be a support for macr o commands. The Composite patter n [GHJV95] helps with solving this pr oblem. W e r efine our design as follows.

The r esponsibilities of the command component in the Command patter n and those of the component component in the Composite patter n complement each other . Clients would not need to distinguish between macr o commands and ‘atomic’ commands—they would just execute a command. Thus, we attach the r esponsibilities of the component component to the command component. The concr ete commands in the Command patter n alr eady pr ovide the r oles of leafs in the Composite patter n. W e do not need to do anything her e.

In our design context, the composite component of the Composite patter n plays the r ole of a macr o command. This r esponsibility, however , must be kept separate fr om atomic commands. Otherwise we lose flexibility in composing macr o commands. W e ther efor e implement a separate macr o command component and integrate it into the design accor ding to the guidelines of the Composite patter n.

ACom

Com1 Com2 Macr o

ACom

Com1 Com2

Comp

Leaf Composite

Extend the abstract command with the responsibilities of component

Concr ete commands ar e leafs

Add a new macr o command that plays the r ole of a composite

Integrating Composite into a Command structur e to pr ovide macr o commands

6.3 Discussion

In the intr oduction section we have said that ‘Applying Patter ns’ addr esses technical and human aspects of using patter ns for softwar e ar chitectur e. Now that we know the language in full length, we can discuss this statement in detail. W e can also r evisit the pr e-conditions under which the language works best, and discuss their impact as well.

Technical and Human Aspects

A technical aspect—with r espect to using patter ns—is r elated either to a specific design goal, such as keeping a design flexible, or to the implementation of a given patter n. In the first case, the language lists concr ete kinds of patter ns that help with achieving the goal. For example, that the Br oker ar chitectural patter n [BMRSS96] defines a flexible infrastructur e for distributed systems. In the latter the language pr ovides appr opriate implementation guidelines. For example, that a patter n should be integrated with the existing design first befor e it is implemented in full detail. 5 patter ns of ‘Applying Patter ns’ addr ess such technical aspects:

• Architectural V ision (64) tells us what kind of patter ns help best with defining a system’s basic structur e and how these patter ns ar e to be used.

• Stable Design Center (72) names specific patter ns for softwar e architectur e which support us in keeping a design stable and flexible at the same time.

• One Patter n at a T ime (76) , First Integrate Then Implement (77) and Merge Similar Responsibilities (80) complement patter n-specific implementation guidelines with aspects of their integration into an existing design structur e.

Human issues deal, in general, with specific needs of developers when constructing softwar e systems. For example, how can developers be supported in tackling a design pr oblem most ef fectively, but without being swamped with overly many aspects that impact its solution.

Human aspects ar e very important for a softwar e development pr oject, mor e than they tend to be on a first look. The r eason for this is simple. Softwar e was built by humans in the past, it is built by humans today, and it still will be built by humans in the futur e—despite the numer ous attempts to automate softwar e construction. Thus, if we do not addr ess the many human aspects that arise in a softwar e development pr oject, we neglect an important success factor .

‘Applying Patter ns’ addr esses several human aspects that ar e specifically r elated to using patter ns for softwar e ar chitectur e:

• One Patter n at a T ime (76) supports developers in keeping their focus on the original design pr oblem when solving it with patter ns, rather than on issues of handling the details of their combination and integration to mor e complex structur es.

• Keeping a softwar e ar chitectur e understandable is supported by Merge Similar Responsibilities (80) and One Mechanism for One Kind of Pr oblem (74).

Most human issues in softwar e development, however , ar e independent of the use of patter ns. ‘Applying Patter ns’ addr esses these in 4 of its patter ns:

• Piecemeal Gr owth (61) , Step-wise Refinement (67) and Repair Instead Lar ge Lump Design (69) addr ess, together , 4 general human aspects of softwar e design. In particular , that humans usually cannot define the most optimal design in one pass, that they can handle only a limited number of design issues simultaneously, that they may for get to addr ess important design aspects, and that unforeseen design pr oblems may arise.

• Architectural V ision (64) addr esses the aspect of communication:

what ar e the key design ideas and concepts of the system.

Within our language both technical and human issues of constructing softwar e systems with patter ns ar e tightly interwoven. For example, Architectural V ision (64) addr esses how to define a subsystem structur e and how to support communication of key design concepts. The purpose of Merge Similar Responsibilities (80) is to avoid structural complexity and to help with understanding the system.

The tight inter connection between human and technical aspects is not accidental. Most activities in r eal-world softwar e development expose both a technical and a human side. Only if we consider this inher ent coupling, as in ‘Applying Patter ns’, we can achieve the original goal: constructing a softwar e ar chitectur e that meets its functional and non-functional r equir ements, and in which ar chitects, designers, and pr ogrammers feel habitable.

Integration W ith Methods and Pr ocesses

The main pr e-condition for ‘Applying Patter ns’ is that we use an evolutionary softwar e development pr ocess, in which we can adjust the given ar chitectur e whenever necessary. That our language does not work otherwise, for example when using a water fall-like pr ocess model, is obvious. Neither Repair Instead Lar ge Lump Design (69) for itself, nor its interplay with Step-wise Refinement (67) would be applicable. Both patter ns, however , describe fundamental aspects of the pr ocess of piecemeal gr owth.

But how does ‘Applying Patter ns’ integrate into existing evolutionary pr ocess models, such as the fountain appr oach [HE95]? A close look onto such models r eveals that they only define between which phases of softwar e development we can jump back and forth. They do not specify in detail how this step should look like, and how bottom-up, top-down and ‘r epair’ aspects ar e interwoven. This, however , is subject of ‘Applying Patter ns’. Fr om a pragmatic view the languages defines how evolution happens. It does not r e-define any concr ete pr ocess step and the connections between them.

Ther e is only one change or add-on that ‘Applying Patter ns’ suggests to existing pr ocess models. The language str esses the importance of specifying an ar chitectural skeleton for the system right at the beginning of its development, as manifested by the patter n Architectural V ision (64). This ar chitectural skeleton is defined even befor e the specification of the domain model, which is usually the first activity in existing pr ocesses. W ith r espect to integrating ‘Applying Patter ns’ with these pr ocesses, we can simply add an ar chitectur e specification phase up-fr ont. After that, we pr oceed with following the original pr ocess, for example with specifying the domain specific parts. ‘Applying Patter ns’ is then used to support the steps as defined by that pr ocess.

With this discussion another question arises. Does ‘Applying Patter ns’ define a new softwar e development pr ocess or method? A pr ocess or method that may r eplace exiting appr oaches, such as Booch [Boo94], Coad/Y our don [CY91], Object Modeling T echnique [RBPEL91] or even the Unified Modeling Language (UML) [RGB97]. This is, however , not the case.

Instead, ‘Applying Patter ns’ complements existing appr oaches with respect to using patter ns for softwar e ar chitectur e. One Patter n at a Time (76), First Integrate Then Implement (77), Merge Similar Responsibilities (80) and One Mechanism for One Kind of Pr oblem (74) define specific activities and principles for selecting, integrating, r efining, and coding patter ns for softwar e ar chitectur e. Architectural V ision (64), Step-wise Refinement (67) and Repair Instead Lar ge Lump Design (69) specify how to use patter ns within general design activities that ar e defined by existing methods. The same holds for Stable Design Center (72), which defines a general design goal, but under consideration of using patter ns to achieve it. Piecemeal Gr owth (61), finally, details the idea of evolutionary development, as we discussed above.

In summary, ‘Applying Patter ns’ help with using existing pr ocess and methods ef fectively when constructing systems with patter ns.

The Need for a Softwar e Ar chitect

The second pr e-condition for ‘Applying Patter ns’ is that a softwar e architect or a team of ar chitects is in contr ol and char ge of the system’s design.

This r equir ement is r eflected most obviously in Architectural V ision (64). An ar chitectural vision usually cannot be defined by all developers of the system in a committee-like pr ocedur e. Rather it has to be created by a single person fr om the pr oject team, or by a small gr oup of key persons. All who ar e defining the ar chitectural vision must be experienced developers. They must have an overview of the system as a whole, and its specific needs and r equir ements. They must define a fundamental design structur e for the system and must communicate this structur e to those who develop specific parts of it. And finally, they must integrate individually developed subsystems or parts to a coher ent whole again. In other wor ds, persons who develop an ar chitectural vision need to be softwar e ar chitects.

Other patter ns in our language also define activities that call for a softwar e ar chitect. For example, One Mechanism for One Kind of Pr oblem (74). If pr oblems that ar e similar to each other arise in dif ferent parts of the system, and if these parts ar e implemented by dif ferent developers, the developers must agr ee on the same mechanisms and patter ns to r esolve the pr oblems. It is the r esponsibility of a softwar e ar chitect to establish and supervise this coor dination.

‘Applying Patter ns’ is certainly useful even when ther e is no softwar e ar chitect in place. However , the lar ger that a softwar e development team is, and the mor e that work is distributed among developers, the greater is the need for a softwar e ar chitect in or der to use ‘Applying Patter ns’ successfully.

Summary

‘Applying Patter ns’ helps us to use patter ns for softwar e ar chitectur e effectively for two r easons. First it considers both human and technical aspects of softwar e development and using patter ns. Second, it complements and completes existing softwar e development pr ocesses and methods with patter n-specific steps and aspects. Thus, as concrete patter ns for softwar e ar chitectur e ar e a pragmatic appr oach to resolve concr ete design pr oblems, ‘Applying Patter ns’ pr ovides a pragmatic appr oach for integrating the use of patter ns with existing softwar e engineering practise.

Credits

We like to thank Dirk Riehle for pr oviding us with many insights and suggestions, which helped us shaping, impr oving, and polishing our patter n language for applying patter ns.