Notes for Smalltalk Solutions1How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonHow to Develop FrameworksRalph E. JohnsonUniversity of Illinois at Urbana-ChampaignDepartment of Computer Science1304 W. Springfield Ave.Urbana, IL 61801johnson@cs.uiuc.edu(217) 244-0093http://st-www.cs.uiuc.edu/users/johnson/2How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonFrameworksInterface design and functional factoring constitute the key intellectualcontent of software and is far more difficult to create or re-create thancode. Peter DeutschA design of an application or subsystem represented by¥ a set of abstract classes and¥ the way objects in those classes collaborate.Use framework to build application by:¥ Creating new subclasses¥ Configuring objects together¥ Modifying working examples

Notes for Smalltalk Solutions3How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonFrameworksFramework prescribes how to decompose a problem.Not just the classes, but the way instances of the classes collaborate.¥ shared invariants that objects must maintain, and how they maintainthem¥ framework imposes a collaborative model that you must adapt to.Inversion of control -- "don’t call us, we’ll call you".4How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonExamplesApplicationModel>>postBuildWith:¥ called after window is built so you can initialize variables¥ customize by making subclass¥ your code is called by system codeMenus¥ you write method that creates menu and give name to model¥ you write methods for messages on menu¥ model calls method, gets menu, and selects an operation¥ customize by making components¥ your code is called by system code

Notes for Smalltalk Solutions5How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonGoal of Framework Design¥ Minimize amount you have to learn¥ Build application from preexisting components.¥ Use small number of types of components over and over.¥ Write as little code as possibleultimate goal is zero code - build program by direct manipulation.¥ Maximize powerIt shouldn’t take a good programmer to build a good program.6How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonGeneralizations Require Concrete CasesPeople think concretely, not abstractly.Abstractions are found bottom-up, by examining concrete examples.Generalization proceeds by¥ finding things that are given different names but are really the same,¥ parameterizing to eliminate differences,¥ breaking large things into small things so that similar componentscan be found, and¥ categorizing things that are similar.

Notes for Smalltalk Solutions7How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonGeneralization Occurs Piece by PieceOne insight leads to another.One improvement shows another problem.Gradual improvement is rule, but revolutions are memorable.8How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonDupont Model

Notes for Smalltalk Solutions9How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonDesign History for Dupont Model1)Make VisualWorks widget that is parameterized with aspects for actual,budget, and target.Aspects are in the DupontModel.2)Separate domain model from application model.Dupont Model contains a set of domain models, one for each object.Aspect methods forward to domain model.3)Domain object should have actual, budget, and target aspects.VisualWorks widget is parameterized with name of domain model.10How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonDomain Models

Notes for Smalltalk Solutions11How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonSeparate Domain Model from Application ModelReduce duplication between DupontModel and summary reports.Reduce duplication between summary reports.NetsalesactualbudgettargetFixedCostactualbudgettargetnetsalesBudgetnetsalesActualnetsalesTargetfixedCostTargetfixedCostActualfixedCostBudgetSplit classes and move codeRename methodsReorganize class hierarchy12How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonPrinciples of Framework DesignCode is not reusable until it has been reused.Fixing reuse bugs means changing interfaces.You can’t generalize from one example.

Notes for Smalltalk Solutions13How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonExample-driven DesignExamplesFrameworkGeneralization

TimeSystemsize14How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonHow to GeneralizeTo generalize faster:¥ get different points of view¥ explain/defend current design¥ develop catalog of patterns

Notes for Smalltalk Solutions15How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonPatternsDesign Patterns: Elements of Reusable Object-Oriented SoftwareGamma, Helm, Johnson, and Vlissides, Addison-Wesley, 1995.Data Model Patterns: Conventions of ThoughtDavid C. Hay, Dorset House, 1996. Order from 1-800-342-6657Pattern Languages of Program Design. Ed. Coplien & Schmidt,Addison-Wesley, 1995. ISBN 0-201-60734-4http://st-www.cs.uiuc.edu/users/patterns/patterns.html16How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonComposite PatternComponentContainerChildrenCompositeLeafComposite and Component have the exact same interface.¥ interface for enumerating children¥ Component implements Children() by returning empty set¥ usually interface for adding/removing children is private to Composite.

Notes for Smalltalk Solutions17How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonComposite in the Financial ModelComplex queries are made of simpler queries.CompositeReport lets you build report that contains other reports.Convert domain objects into TransactionSpace and CompositeValueModel18How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonWhite-box vs. Black-box FrameworksWhite-box framework:reuse by inheritancemust understand details of how framework worksBlack-box framework:reuse by compositiononly need to understand client interfaceWhite-box framework is easier to design.Black-box framework is easier to use.White-box frameworks evolve to become more black-box.

Notes for Smalltalk Solutions19How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonA Reusable History of a FrameworkApplicationsWhitebox frameworkBlackbox frameworkVisual builder20How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonHistory of Financial Modeling FrameworkApplications for three business units,Application model for each window except Detail Reports, but manyreused between business unitsReusable components: QueryObjects, Report viewWhitebox frameworkReportModel / ReportValues (application model / domain model)Blackbox frameworkComponetize ReportModelComposite ReportValuesBuilder to describe business unit

Notes for Smalltalk Solutions21How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonIdeal Way to Develop Framework1) Analyze problem domain¥ Learn well-known abstractions.¥ Collect examples of programs to be built from framework.(Minimum of 4 or 5).¥ Deciding whether an example is legitimate depends partly onyour vision for the framework.2) Design abstraction that can be specialized to cover examples.¥ Develop theory to explain these examples.3) Test framework by using it to solve the examples.¥ Each example is a separate application.¥ Performing a test means writing software.AnalysisDesignTest22How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonWhy Ideal is Never FollowedAnalyzing domain requires analyzing individual examples, andanalyzing examples is already very hard.¥ Only practical if examples have already been analyzed.¥ Analyzing and implementing examples is large fractionof the cost of the project.Typically some applications (the one you want to do next) aremore important than others (the ones you have alreadydone) so some examples are analyzed more than others.Old applications work, so there is no financial incentive toconvert them to use new software.

Notes for Smalltalk Solutions23How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonGood Way to Develop FrameworkPick two similar applications that need to be developed and that areobviously in your application domain.Make sure your staff has some people who developed earlier applications inthe same domain.Divide project into three groups:¥ 2 application groupsTry to reuse as muchsoftware as possibleComplains about how hardsoftware is to use¥ framework groupBoth gives and takes softwareConsiders how other applicationswould reuse frameworkDevelops documentation andtraining for framework24How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonTypical Way to Develop FrameworkRealize that many applications are similar.Develop next application in that domain in an OO language.Try to divide software into reusable and nonreusable parts.Develop second application reusing as much software as possible.Surprise! Framework is not very reusable.Fix it.Develop third application reusing as much software as possible.Surprise! Framework is not completely reusable.Fix it....

Notes for Smalltalk Solutions25How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonProblems with Reuse as a Side-effectConflicting goals¥ get system out on time¥ make it reusableHard to pay for reusabilityHard to enforce reusability26How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonAnother StrategyDesign framework - prototype several small applications.Build real application.Refactor and extend framework and old applications.Build real applicationRefactor and extend framework and old applications....

Notes for Smalltalk Solutions27How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonHotDrawFramework for 2-D graphicsDrawing toolDiagramming inspectorOscilliscope user interfaceprototyperElectronic schematic editor.PERT chart editor.Components of frameworkDrawing -- a collection of figuresFigure -- a visible component of adrawingTool -- a user interface "mode"Handle -- a small box that controlsan aspect of a figureObject-oriented graphics package for Smalltalkwritten by Ward Cunningham and Kent Beck at Tektronixhttp://st-www.cs.uiuc.edu/users/brant/Hotdraw.st28How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonHotDraw example

Notes for Smalltalk Solutions29How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonDrawingDrawing keeps track of figuresadd, add:behind:, remove:, bringToFront:, sendToBack:Drawing can be displayeddisplayOn:Drawing can be animated (default does nothing)stepKeeps track of "damaged region" for efficient redisplay.30How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonFigureA figure knows its location on the screen.origin, offsetA figure can display itself.displayOn:A figure knows the drawings and other figures that depend onit and notifies them when it changes.A figure can create handles for itself.handles

Notes for Smalltalk Solutions31How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonToolTool has an icon (for pallette) and acursor (for canvas).Tool acts like a part of the controller.The drawing controller delegatesall operations to the current tool, sochanging the current tool changesthe behavior of the editor.Most Tools only define a fewoperations.Operations performed by controlleractivatedeactivatebackspacecontrolCharacter:type:presspressBackgroundpressFigure:release32How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonHandleA handle is a little black boxthat is attached to a figure andthat does something to the figure when you press it.One operation -- invoke: aView-- perform special function-- default is to follow cursor

Notes for Smalltalk Solutions33How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonOther ClassesDrawingEditorResponsible for creating the pallette of tools.DrawingViewDrawingControllerResponsible for knowing the current tool and directing events towards it.In general, you have to subclass DrawingEditor to define the tool pallette and(sometimes) the class of a new Drawing, but you never have to subclassthe other two.34How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonPERT Chart

Notes for Smalltalk Solutions35How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonPERT ChartNew classes:PERTEvent: figure with a duration and a completion time.¥ subclass of ComposedFigure with TextFigures forlabels and numbers¥ can edit title, duration with text tool¥ add handle to connect events¥ connection causes constraint between completion timeof one PERTEvent and starting time of the other¥ internal constraints between starting time, duration,and completion time of a PERTEventPERTChartEditor: subclass of DrawingEditor that specifiesthe palette.36How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonProblem with HotDrawTools are hard to build¥ have to decide which methods to redefine¥ usually duplicate code- code for following mouse- code in other toolsChange Tool to be compositional¥ icons for pallette and cursor¥ table mapping events to Commands

Notes for Smalltalk Solutions37How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonCommandsMouseCommandsinitialize: aPoint gets called at start of gesturemoveTo: currentPoint gets called repeatedly throughout gesture as mouse is movedTextCommandsinitializekeyboardEvent: anEventCommand knows its figure and its tooleffect - evaluate Commandundo - undo effect of CommandHandle is now just a Figure with an embedded Command.Tool doesn’t have to be subclassed, just a table of Commands.HotDraw can now support undo.38How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonToolBuilder

Notes for Smalltalk Solutions39How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonBlack-box FrameworksReplacing reuse by inheritance with reuse by object composition makes iteasier to make programs without defining new classes.Ultimate framework lets you plug objects together with visual language.Black-box framework tends to have¥ more kinds of objects¥ more artificial kinds of objects¥ more complex relationships between objects¥ more objectsNot-quite-ultimate framework forces you to debug more complex system.40How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonProcess of Framework DesignFramework is generalization of implementation of several problems.¥ study solution domain as well as problem domain¥ need to look at real programs¥ need a wide range of carefully chosen examples¥ generalization is the same process that occurs in all object-oriented design- find common abstractions- figure how to decompose problem into standard components- parameterizeExample-driven: the examples you choose determine your framework

Notes for Smalltalk Solutions41How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonScheduling DevelopmentSoftware is not reusable until it has been reused.Reusing software that is not reusable will point out reusability defects.1) Domain analysis, collect examples (small group)2) Make preliminary design(small group)3) Implement examples (many groups)In addition to the framework design group, there probably needs to bea group for each example, unless the examples are small.4) Fix framework and examples(many unhappy groups)As usual, every order of magnitude increase in the number of users willillustrate some (reusability) defects that you haven’t detected before.42How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonRefactoringRefactoring-- changing the structure of a program, but not its function.-- the most common way to fix reusability problems.-- refactoring can usually be viewed as "applying a pattern to a design"Smalltalk Refactory - tool for refactoring programs on Visualworkshttp://st-www.cs.uiuc.edu/users/brant/Refactory/RefactoringBrowser.html

Notes for Smalltalk Solutions43How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonStrategic ConcernsDeveloping a framework is expensive, so look before you leap.¥ Framework development requires long term strategic commitment.¥ Pick frameworks that will give you competitive advantage.¥ Start small and work up.- get experience with OOP- requires good abstractors, who must be selected and trained- build small frameworks first- generalize existing systems44How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonCustomers are CrucialGet customers involved early, and incorporate their feedback.Make your initial customers succeed.Customers tell you what needs to be changeable and what is hardto understand.First set of customers are really part of the development team.¥ their input is critical¥ they will suffer from redesign of framework¥ they must feel that their contribution to framework isimportant

Notes for Smalltalk Solutions45How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonReuse ScenariosIdeal: Successive versions of your frameworkmeet the needs of a growing customer base.Actual: Projects may customize the initialframework, and even start competing streamsof development.46How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonDealing with IterationDon’t claim framework is useful until your customers say it is. Thiswill take two or three versions.Keep customer base small while framework is evolving.A successful framework is a living framework, evolve it to meet newcustomer needs.Don’t constantly tinker. Plan releases and coordinate with customers.

Notes for Smalltalk Solutions47How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonDocumentation and TrainingSoftware must be understandable to be usable.Improving documentation can make software more reusable.Base documentation on examples.Budget time to debug documentation and training.Framework is culture as well as software.48How to Develop Frameworks -- Copyright 1993,1994,1995, 1996 by Ralph E. JohnsonNIH vs. TILIProblem with reuse is NOT fault of customer.It is hard to make software reusable.¥ Must be abstract and powerful - good theory of applicationdomain.¥ Must be easy to understand-- simplicity is crucial-- needs good documentation¥ Must be customizable - theory of what users want to change.