Documenting Frameworks using PatternsRalph E. JohnsonUniversity of Illinois at Urbana-ChampaignDepartment of Computer Science1304 W. Springfield Ave.Urbana IL 61801Abstract: The documentation for a frameworkmust meet several requirements. Theserequirements can all be met by structuring thedocumentation as a set of patterns, sometimescalled a �pattern language�. Patterns can describethe purpose of a framework, can let applicationprogrammers use a framework without having tounderstand in detail how it works, and can teachmany of the design details embodied in theframework. This paper shows how to usepatterns to document a framework, and includes aset of patterns for HotDraw as an example.Christopher Alexander, an architect, developedthe idea of a �pattern language� to enable people todesign their own homes and communities[Alexander et. al.]. A pattern language is a set ofpatterns, each of which describes how to solve aparticular kind of problem. His pattern languagestarts at a very large scale, explaining how theworld should be broken into nations and nationsinto smaller regions, and goes on to explain howto arrange roads, parking, shopping, places towork, homes, and places of worship. Thepatterns focus on finer and finer levels of detail,passing though a discussion of how to arrangerooms in a house, and finally describing the typeof material to use for walls, how to decoraterooms, and how to provide lighting.Alexander’s pattern language is supposed to be adocument that non-architects can use to designtheir own communities and homes. Nospecialized training is needed to use it. It focuseson common design problems that non-architectswill encounter, like how to build bedrooms androw houses, rather than uncommon ones, likehow to build concert halls and cathedrals.To be presented at OOPSLA�92.Although Alexander uses the term �patternlanguage� to describe his document, it is not aformal language like a context-free language, forexample. A pattern language is a structuredessay, not a mathematical object. Therefore, wewill replace that term with the term �patterns�.A framework is a reusable design of a program ora part of a program expressed as a set of classes[Deutsch][Johnson and Foote]. Like all software,it is a mixture of the concrete and the abstract.Since frameworks are reusable designs, not justcode, they are more abstract than most software,which makes documenting them difficult. Frame-works are designed by experts in a particulardomain and then used by non-experts. Theprincipal audience of framework documentation issomeone who wants to use the framework tosolve typical problems, not someone building asoftware cathedral. Patterns seem to be wellsuited for this audience.This paper shows one way to documentframeworks with patterns. It is essentially anexperiment to see how well patterns work todescribe a framework. The result is a set ofpatterns that are included in the appendix. Themain purpose of a set of patterns is to show howto use a framework, not to show how it works,but patterns can also describe a great deal of thetheory of its design.1. A Format for PatternsOne of the important features of Alexander�spattern language is its structure; each pattern iswritten in a particular format and patterns arearranged so that each pattern leads into the next.The format that Alexander uses is unlikely to besuitable for software. For example, since he isbuilding physical objects, he requires picturesboth for stating the problem that a pattern solvesand for stating the solution. Thus, the patterns inthis paper have a different format that the one heused.

Each pattern describes a problem that occurs overand over again in the problem domain of theframework, and then describes how to solve thatproblem. Each pattern has the same format. Theformat used in this paper is to first give adescription of the problem in italics. This isfollowed by a detailed discussion of the differentways to solve the problem, with examples andpointers to other parts of the framework. Thepattern ends with a summary of the solution,again in italics, followed by pointers to otherpatterns that are needed to fill it out and embellishit.The appendix to this paper describes a set of tenpatterns for HotDraw, a drawing framework. Forexample, pattern 4 isPattern 4: Complex FiguresSome figures have a visual presentation withinternal structure. For example, they may haveattributes that are displayed by other figures. Itshould be possible to compose them fromsimpler figures.Complicated figures like PERTEvent can bethought of as being composed of simplerfigures. For example, a PERTEvent has aRectangleFigure and several TextFigures forthe title, the duration, and the ending date.Complex figures like PERTEvent aresubclasses of CompositeFigure. ACompositeFigure is a figure with other figuresas components, and it displays itself bydisplaying its components. It has a boundingbox that is independent of the bounding box ofits components, and it will display itscomponents only if they are inside of itsbounding box. The selection tool and text toolwill operation on its components when the leftshift key is pressed. Custom tools can operatedirectly on the components, if you want.. . . Complex figures should be a subclass ofCompositeFigure, and figures that display oneof its aspects should be a component of it.To enforce constraints between the componentsof a complex figure, see Constraints (5).This pattern assumes that the reader has read otherpatterns. In this case, pattern 4 is preceded bypattern 2, which defines figures and boundingboxes. It also depends on pattern 1 to introducethe PERT chart example.Patterns are problem-oriented, not solution-oriented. Each pattern describes how to solve asmall part of the larger design problem.Sometimes the solution is to make a new subclass(e.g. pattern 2), sometimes it is to parameterize anobject of an existing class (e.g. patterns 10), andsometimes it requires connecting several objectstogether (e.g. pattern 3).2. Framework documentationDocumentation for a framework has threepurposes, and patterns can help fulfill each ofthem. Documentation must describe¥ the purpose of the framework¥ how to use the framework¥ the detailed design of the framework.Patterns are best suited for teaching how to use aframework, but we will see that with care, a set ofpatterns can meet all three of these purposes forframework documentation.2.1. Describing the purpose of a frameworkA framework is a reusable design for solutions toproblems in some particular problem domain.The purpose of the framework, i.e. the problemdomain for which it is designed, must be the firstthing that the documentation describes. If theframework turns out to be inappropriate then thereader does not have to continue reading. Thefirst section should be small, so that everypotential reader will have time to read it. It is notunreason-able to expect that an experienceddesigner will have read the first section of thedocumentation for every framework owned by hisor her organization and so know the purpose ofeach one. This will reduce the problem of findingthe right software to reuse.Each pattern describes the problems it is meant tosolve. The first pattern for a framework describesits application domain. It does this by givingexamples, as do other ways of documentingframeworks. In addition, the first patternintroduces the rest of the patterns in the language,and it will usually tell which patterns should be read next. Thus, it acts both as a catalog entry forthe framework and as a road map.2.2. Describing how to use a frameworkNext, the documentation for a framework shouldshow how to use it to build applications. Mostusers of a framework want to know as little aspossible about the framework. This means thatthey are not interested in a description of thedesign of the framework, but want a kind ofcookbook, giving detailed instructions for usingthe framework. This is similar to the minimalistinstruction of Caroll[Caroll][Rosson et. al.],which tries to show how to solve particularproblems and make a system useful to a user assoon as possible.Most documentation for frameworks describeshow the framework works first, and thendescribes how to use it. However, part of thefolklore of frameworks is that nobodyunderstands a framework until they have used it,so using it is more important than reading aboutthe theory behind it. In fact, I believe that theoryshould follow practice, that a discussion of thetheory behind a framework is only understandableonce the framework itself is understood, and thatthe best way to get a general understanding of aframework is to use it. Thus, we need to explainhow to use a framework without explaining howit works.This is not a new idea; the documentation forMacApp has long contained a cookbook [Apple]and the first documentation for Model-View-Controller (MVC) was called a �Cookbook forModel-View-Controller� [Krasner and Pope].Patterns are more like the MacApp cookbook thanthe MVC cookbook. The MCV cookbook is acollection of examples, but is still a tutorialdesigned to be read as a unit. The MacApp cook-book is a collection of �recipes� with some crossreferences, where each recipe solves a particularproblem like how to drag an object. It does notmake use of structure as much as the set ofpatterns for HotDraw. None of these documentsis as deterministic as a typical cookbook, whichgives algorithms for making dishes, not just hintsor rules of thumb.2.3. Describing the design of a frameworkThe third purpose of documentation for a frame-work is to describe its design. This not onlyincludes the different classes in the framework,but also the way that instances of these classescollabo-rate. Although programmers can usuallyinterconnect objects without completely under-standing how they work, and can even makesubclasses following a cookbook, a framework ismost useful to someone who understands it indetail.The major weakness of cookbooks is that theydescribe the typical way that the framework willbe used. A good framework will be used in waysthat its designers never conceived. Thus, acookbook is insufficient to describe every use ofthe frame-work. This is probably why the MVCcookbook also includes an informal descriptionof the design of the framework, as well asinstructions on how to use it[ Krasner and Pope].On the other hand, someone’s first use of aframework usually fits the stereotype of theframework’s designer, and using a frameworkhelps provide the intuition needed to read a moreformal specification.In contrast to formal specifications like contracts[Helm et. al.], patterns are an informal techniqueaimed primarily at describing how to use a frame-work, not describing its algorithms, patterns ofcollaboration, or shared invariants. However,patterns provide many opportunities fordescribing a design, and it is possible to includemuch of the design of a framework in patterns forit. The section between the statement of theproblem to be solved and the summary of thesolution elaborates upon the solution and explainswhy it works. This section usually describes partof the design of a framework. If the patterns aredesigned carefully then they can also describe thedesign of a framework.Where should design information be placed in aset of patterns? In general, detailed design infor-mation should be hidden as long as possible fromthe reader, because most readers are not interestedin seeing it. On the other hand, it is necessary tomake sure that the patterns contain the informationsomewhere and that the information is not dupli-cated. The technique that I used was to treat theset of patterns as a directed graph, using thereferences from one pattern to another as theedges, and to place design information as far fromthe first pattern as was feasible. Some design information, such as the fact that a HotDrawapplication is made up of Figures, Drawings,Handles, and Tools, must be described in the veryfirst pattern, but most of it can be moved tosubsequent patterns without using forwardreferences.3. The Role of ExamplesExamples play a key role in the documentation offrameworks. The documentation for MVC[Krasner and Pope], MacApp [Apple], and Uni-draw [Vlissides] all include many large examples.Examples make frameworks more concrete, makeit easier to understand the flow of control, andhelp the reader to determine whether he or sheunderstands the rest of the documentation.Examples are also important in documentationbased on patterns. Both the problem that a patternis supposed to solve and its solution are oftendescribed in terms of examples. This is mostobvious when describing the initial pattern, theone that describes the purpose of the framework.It is usually hard to specify a problem domainprecisely, but a small set of examples usuallymakes the general area clear. These examples arenot intended to show how to use the framework tobuild applications, nor to explain the design of theframework, but rather to show what the frame-work is good for. Thus, the examples for a userinterface framework will be finished user inter-faces, while the examples for a compiler frame-work will be finished compilers. The exampleswill point out user-level features that the frame-work provides, but they will not explain howthese features are provided or how the applicationdesigner uses them.Examples can also be used to show features of thedesign. The patterns for HotDraw use examplesto motivate the need for complex figures (pattern4) and for constraints (pattern 5). These patternsstart with example applications of HotDraw andfinish with a discussion of the code needed toimplement these applications.Examples can be used to test drive the patterns.The examples should exercise all the patterns, sosomeone can make sure that they learn all thepatterns by trying out all the examples. Theexamples that have been used to describe thepurpose of HotDraw (i.e. the examples in the firstpattern) are sufficient to test drive all the patterns.Not only does the documentation for HotDrawuse examples heavily, but HotDraw comes withseveral applications that show concrete examplesof applying the framework to a particularproblem. Studying working examples is a time-honored way of learning a framework, andpatterns are a way of reinforcing, encouraging,and system-atizing this method, not a replacementfor it.It is interesting to note that examples also play akey role in design (c.f. use cases [Jacobson] orwalk-throughs [Wirfs-Brock et. al.]). This isjust another example of the general rule thatconcrete examples are easier to understand thanabstractions.4. Patterns for HotDrawMost of this paper is an appendix that contains anexample of patterns for a framework. Theframework is HotDraw, which is a framework forsemantic graphic editors that was originallydeveloped at Tektronix by Kent Beck and WardCunningham. It has been reimplemented severaltimes. The latest version, and the one that thepatterns describe, was written by PatrickMcClaughry for ParcPlace ObjectWorks forSmalltalk-80 release 4.0. This implementationwas simpler than previous ones because thedesign of the user interface framework forSmalltalk-80 release 4.0 was influenced byHotDraw.HotDraw is not unique as a graphics editorframework. Unidraw is a similar framework forthe C++/X windows environment that is builtupon the InterViews user interface framework[Vlissides]. DRAW_Master is a graphics editorframework for the C++/OS 2 and Windowsenvironment that is built upon the GUI_Masterapplication framework[Veltman and Riksen].HotDraw is simpler and less powerful than theothers, but this simplicity makes it a betterexample for a paper like this.The first pattern describes the purpose ofHotDraw. The patterns form a directed graph,with the first pattern as the entry point. Otherpatterns are arranged so that those closest to thefirst pattern are the ones that are most often used.For example, the second pattern describes how tomake subclasses of Figure, which is something that almost every user of HotDraw will need toknow. The third pattern describes (among otherthings) how to install a handle on a figure, but thesixth pattern describes how to make new kinds ofhandles, which is usually unnecessary.The patterns assume that the reader knowsSmalltalk. Some of the patterns contain fragmentsof Smalltalk code. They also assume that thereader is using Smalltalk, so they often refer toexamples in HotDraw and imply that the readercan quickly look them up using the browser. Thissuggests that patterns would work well with anon-line documentation system, perhaps one that isbased on hypertext.5. ReflectionsThe set of patterns got its start at the workshop on�Towards an Architecture Handbook� organizedby Bruce Anderson at OOPSLA’91. Kent Beckand I shared an interest in both HotDraw andAlexander�s pattern language, so we took theopportunity to write some patterns for HotDraw.Later that fall I gave the patterns to some graduatestudents learning HotDraw, but the patterns werenot helpful. At the time each pattern was only aparagraph, and both the examples and the theoryof design of HotDraw were separated from thepatterns.I studied Alexander�s pattern language again, andrealized that each pattern relied on examples andthat he provided explanations for his patterns interms of underlying theories of the properties ofbuilding materials or social interaction. When Iintegrated the examples with the patterns I foundthat the examples did not illustrate all the patterns,so I created another one or two examples. I putenough of the theory of design in the first patternto define the main vocabulary and put the rest asfar down in the patterns as possible, but farenough forward to both avoid duplication and tomake sure the information was present before itwas needed.The next group of people who read the patternsknew Smalltalk well, but most did not knowHotDraw. Their feedback provided a fewchanges, but after a few iterations they weresatisfied. The patterns are the only documentationfor a version of HotDraw that has been distributedsince early 1992, and users say they are satisfiedwith it. Since there are no complaints, it is hard toimprove the patterns, which shows the weaknessof this kind of informal testing. It wouldprobably be worthwhile to try out the patterns in acontrolled setting where it would be possible towatch how people use the patterns and whataspects of HotDraw are hard to learn.Writing the patterns was not hard once I figuredout the format. Picking good examples is nevereasy, but the patterns showed the features thatthey needed to demonstrate. Probably the hardestpart of writing a set of patterns for a framework isknowing the framework well enough to knowhow likely a feature is to be customized.The structure of the patterns seemed to helpdesign them. Thinking about patterns as adirected graph made it easier to decide where toplace examples and design information, and madeit easier to analyze the patterns for completeness.Designing patterns for HotDraw took a lot ofwork, but it also helped clarify the design of theframework, so it was a useful exercise in itself.Designing patterns requires analyzing how peopleare expected to use the framework, and this pointsout ways that using it is awkward.Although the HotDraw patterns are easy to followon paper, patterns might be even more effective ashypertext. A hypertext system could make iteasier to follow links to patterns, to show moreexamples, to hide technical design explanationsfrom casual readers, and to separate the variousparts of a pattern. Several people who read earlierversions of this paper commented that patterns aresimilar to hypertext documentation systems thatthey have seen, though I have little experiencewith hypertext systems. The HotDraw patternswere an imitation of Alexander�s pattern language,not hypertext or the MacApp cookbook. It isinteresting that the final result is so similar tothem.ConclusionPatterns are a good way to describe frameworksbecause first-time users of a framework willusually not want to know exactly how it works,but will only be interested in solving a particularproblem. As long as the patterns are powerfulenough to describe most initial uses of theframework, it will meet the needs of the users.

A set of patterns for a framework will besufficient documentation for many of theframework’s users. Only those who want to gooutside the usual bounds of the framework orthose with an emotional need to know how theframework works in detail will need to readtraditional design documentation. The internalstructure of a set of patterns minimizes the amountthat has to be read to solve a problem, and alsoprovides places to put design information.This paper is just a first step in creating a methodfor documenting frameworks. In the future,patterns should be tested against other ways ofdocumenting a framework to see which best helpsusers build applications. Patterns should be usedfor larger frameworks to see whether they scalewell, though Alexander’s work suggests that theywill. Although just a first step, the patterns forHotDraw in the appendix show that patterns arean attractive possibility for solving the problemsof documenting frameworks.Acknowledgements Kent Beck and WardCunningham not only invented HotDraw, theyalso introduced me to Alexander’s patternlanguages. This paper also owes a great deal tothose who read it and provided it with much-needed criticism, including Bruce Anderson, KentBeck, Bob Hinkle, Brian Foote, Pat McClaughry,Carl McConnell, Bill Opdyke, Don Roberts,Michael Seif, Dan Walkowski, and the reviewers.Bibliography[Alexander et. al.] Christopher Alexander, SaraIshikawa and Murray Silverstein, with MaxJacobson, Ingrid Fiksdahl-King and ShlomoAngel. A Pattern Language. Oxford UniversityPress, New York, 1977.[Apple] MacApp Programmer�s Guide. AppleComputer, 1986.[Carroll] John M. Carroll. The Nurnberg Funnel:Designing Minimalist Instruction for PracticalComputer Skill. MIT Press, Cambridge, Mass.,1990.[Deutsch] L. Peter Deutsch, �Design Reuse andFrameworks in the Smalltalk-80 ProgrammingSystem�, pages 55-71, Software Reusability, VolII, ed. Ted J. Biggerstaff and Alan J. Perlis,ACM Press, 1989.[Jacobson] Ivar Jacobson, �Object OrientedDevelopment in an Industrial Environment�,Proceedings of OOPSLA �87, pages 183-191,October, 1987.[Johnson and Foote] Ralph E. Johnson and BrianFoote, �Designing Reusable Classes� Journal ofObject-Oriented Programming, 1(2):22-25, 1988.[Krasner and Pope] Glenn E. Krasner andStephen T. Pope, �A Cookbook for Using theModel-View Controller User Interface Paradigmin Smalltalk-80�, Journal of Object-OrientedProgramming, 1(3):26-49, 1988.[Helm et. al.] Richard Helm and Ian M. Hollandand Dipayan Gangopadhyay, �Contracts:Specifying Behavioral Compositions in Object-Oriented Systems�, Proceedings of OOPSLA’90, pages 169-180, October 1990.[ParcPlace] User’s Guide to Objectworks\Smalltalk Release 4. ParcPlace Systems, 1990.[Rosson et. al.] Mary Beth Rosson, John M.Carroll, and Rachel K.E. Bellamy, �SmalltalkScaffolding: A Case Study of MinimalistInstruction�, In Proceedings of CHI�90, pages423-429, May 1990.[Veltman and Riksen] B.W.J. Veltman andA.J.O.M. Riksen, �DRAW_Master, a new branchof the GUI_Master class tree�, Journal ofSoftware Research, special issue, 14-23,Vleermuis Software Research, December, 1991[Vlissides] John M. Vlissides, GeneralizedGraphical Object Editing, PhD Thesis, StanfordUniversity, 1990. Also technical report CSL-TR-90-427.[Wirfs-Brock et. al.] Rebecca J. Wirfs-Brock,Brian Wilkerson, and Lauren Wiener, DesigningObject-Oriented Software, Prentice Hall,Englewood CLiffs, NJ, 1990.

Appendix Patterns for HotDrawPattern 1: Semantic Graphic EditorsHotDraw is a framework for structured drawingeditors. It can be used to build editors forspecialized two-dimensional drawings such asschematic diagrams, blueprints, music, orprogram designs. The elements of these drawingscan have constraints between them, they can reactto commands by the user, and they can beanimated. The editors can be a completeapplication, or they can be a small part of a largersystem.Figure 1 - PERT chart editorMany programs need to edit two-dimensionaldrawings such as schematic diagrams orblueprints. Sometimes the elements of thesedrawing can be treated independently, but oftenthe elements have constraints between them. Forexample, Figure 1 shows a PERT chart consistingof rectangles representing events and arrowsbetween the rectangles representing dependenciesbetween events. Events display duration andending dates, and have starting dates that are notdisplayed. The starting date of an event is themaximum of the ending dates of all the events thatprecede it, i.e. that have a connection to it, and theending date of an event is the sum of its startingdate and its duration. Changing the duration ofone event will cause its ending date to change.This may cause the starting dates of other eventsto change, and so the ending dates, as well.Direct manipulation techniques are usually the bestway to edit a drawing. A user will manipulate anelement of a drawing by using the mouse to selectthe element and then operating upon it. Forexample, when an event in the PERT chart isselected (e.g. the left-most event-rectangle inFigure 1), it presents a set of handles. Draggingthe corner handles will change the size of theevent’s rectangle, and selecting the handle on itsright side will create an arrow that can be droppedon another event to indicate that the first eventmust precede the second. Moving an event orchanging its size will cause the arrows connectedto that event to move, too.There are many ways to operate upon an element.One way is to move a handle that controls anattribute of the element. For example, eventscould have handles that control durations, and theduration would then be changed by moving thehandle. A second way is to pop up a menu ofoperations on the element and select one. Eventscould have a �change duration� menu item, whichwould prompt for a new duration. A third way isto choose a specialized tool from the palette tochange the element’s attribute. For example, thetext tool can edit text, so a good way to change theduration and title of an event is to edit them withthe text tool. In the case of the PERT chart editor,the text tool is the best way to change theduration, but handles are the best way to changethe size of the display of an event, and menus arethe best way to cut and paste events. Thedesigner of a drawing editor needs a wide rangeof options, but must pick the most appropriateones to keep from confusing the user.The palette on the left of the editor in Figure 1offers four tools: a selection tool (which iscurrently active), a scrolling tool, a text tool, and atool for creating new events. Selecting a tool withthe mouse makes it active.HotDraw is a framework for semantic drawingeditors (i.e. editors for drawings whose elementshave constraints on their behavior) that was usedto build the PERT chart editor of Figure 1. Themost important class in HotDraw is Figure, whichis the class of drawing elements. Figures areresponsible for rendering, hit-testing, andnotifying dependents when their appearancechanges. Other important classes are Drawing(which represents the entire drawing), Tool,Handle, and DrawingEditor.Drawing editors created with HotDraw can be partof a larger application. For example, Figure 2shows a network editor. The top pane in theeditor is a HotDraw drawing of a network. Theleft two panes on the bottom select two of thenodes, while the bottom right pane lets the user display and change a weight on the edge betweenthe two nodes. The network is drawn so thatnodes are close together if they have a lot ofcommunication between them, i.e. if their edgehas a large weight. Adding and deleting nodesand edges is done using the three lower panes, butthe user can rearrange (within limits) the nodes inthe drawing directly. Note that the network editorhas no palette. All the user can do with thedrawing directly is drag nodes.Figure 2 - A Network EditorThe network editor is also an example of howdrawings can be animated. It treats the graphlayout problem as a variation of the n-bodyproblem, and solves it iteratively. Each node hasa repulsive force on every other node, but edgesact like springs to keep nodes together. Thedrawing is animated by showing intermediatesteps in the n-body solution. This lets the userrearrange nodes if the network is in a suboptimal,but stable, configuration.DrawingEditor new open will create thedrawing editor shown in Figure 3, which is thedefault version of HotDraw. This is what youwill get if you don’t redefine the tools that thedrawing editor has in its palette.Figure 3 shows the default drawing editor. Mostof the tools in the palette on the left create differentkinds of figures. The exceptions are the first two,which are the selection tool and the scrolling tool,the third and fourth, which rearrange the order offigures by bringing a figure to the front or to theback, and the fifth, which deletes figures. It isprobably a good strategy to play with this editorfor a while to learn the user interface. The menuon selected figures provides commands to cut andpaste them, but all other changes to figures areperformed by manipulating their handles.Figure 3: Default drawing editorTo design a drawing editor using HotDraw, firstlist the atomic elements of the diagram. Each onewill be a subclass of Figure. Decide whether thedrawing needs to be animated. List the tools thatwill be in the palette and make a subclass ofDrawingEditor with a tools method that returnsan array of the tools making up the palette.To create a subclass of Figure, see Definingdrawing elements (2).To animate a drawing, see A n i m a t i n g drawings (9).If the drawing editor is going to be part of a largertool, see Embedding a drawing in anothertool (7).To put a tool in the palette, see Tools(8).Pattern 2: Defining Drawing ElementsThere are an infinite variety of primitive figuresthat can be included in a drawing. Thus, thereneeds to be a way to make new figures for eachapplication.Each kind of drawing element is a subclass ofFigure. Note that there are already subclasses ofFigure for the simple geometric objects, such asEllipseFigure, RectangleFigure, and LineFigure.Class CompositeFigure is the superclass ofcomplex figures liked PERTEvents, which cancontain other figures as components. Sometimesthese classes are suitable to be used directly. Forexample, the lines connecting events in the PERT chart are just instances of LineFigure. Often it isnecessary to make a subclass of Figure or one ofits existing subclasses.Most figures will be either CompositeFigures orsubclasses of existing geometric figures likeRectangleFigure or LineFigure, so they willinherit the visual presentation of their superclass.A subclass of Figure that is not a subclass of anyother subclass must define its own visualpresentation. Figure is a subclass ofVisualComponent, so it must define displayOn:.It must also define o r i g i n , e x t e n t , andtranslateBy:. These are the only methodsnecessary to render and move a figure, and are theminimum methods necessary to define a newsubclass of Figure.The main distinction between Figure and othersubclasses of VisualComponent is that a figurekeeps track of other objects that depend on it.This has no effect on methods that do not changethe state of a figure, such as origin, extent, anddisplayOn:. However, methods that changesome attribute of a figure must notify the objectsthat depend on it. This is done by sending thewillChange message to itself before changingthe attribute, and sending the changed messageto itself afterwards.For example, EllipseFigure has an instancevariable �ellipse� that contains a rectanglerepresenting its bounding box. It implementsorigin and extent by returning the origin andextent of ellipse. It implements translateBy: astranslateBy: aPointself willChange.ellipse := ellipse translateBy: aPointself changedIn HotDraw, the dependents of a figure are almostalways constraints (to create a constraint, seeConstraints(5)).Most figures have other attributes. For example,geometric figures like RectangleFigure andEllipseFigures have an interior color, a bordercolor, and a border width. PERTEvents haveduration, ending dates, and titles. Changing anyof these attributes also requires notifying thedependents of the figure. An easy way to ensurethat a figure gets the willChange and changedmessages whenever it changes one of its attributesis to change the attribute in only one place, and tohave that method send the messages to itself.Each drawing element in a HotDraw application isa subclass of Figure, and must implementdisplayOn:, origin, extent, and translateBy:. Inaddition, a subclass of Figure can implement anymethod needed by the application.To write displayOn:, see [ParcPlace 90]1.To let the user change the size or the color of afigure, see Changing drawing elementattributes (3).To see how to implement complex figures likePERTEvents, see Complex Figures (4).To enforce constraints between different figures,see Constraints (5).Pattern 3: Changing drawing elementattributesThere are at least three ways to edit a figure’sattribute; with a handle, with the figure’s pop-upmenu, or with a special tool. Each technique isappropriate in different cases.The size of a figure and other numeric attributesare best edited with handles. Textual attributeslike names, or numeric attributes that must beprecise like dates, are best edited by displaying thetext as part of the figure and letting the user edit itwith the TextTool. Use of the TextTool impliesthat the figure is a CompositeFigure (seeComplex Figures (4)).A figure’s handles method returns a collection ofhandles on the figure. The handles method forFigure returns resizing handles on the fourcorners, so it is common for a handles method tocall it (with super handles) and add morehandles. SelectionTrackHandle has class methodsthat create customized handles. For example,colorOf: will change the inside color of a figure,borderColorOf: will change the color of theborder, and so on. For good examples of ah a n d l e s method, see LineFigure orRectangleFigure.A figure’s menu is returned by its menu method.By default, an operation in the menu is sent to the1Ideally this reference would be to another pattern, but the setof patterns for a complete system will be very large.Providing a pointer to existing documentation is an easy wayto reduce the number of patterns.

DrawingView. Operations whose selectors are ina collection returned by the menuBindingsmethod of a figure are instead sent to the figure.The default menu defined in Figure implementscut and paste. See Figure for a simple exampleand TextFigure for a more complex example withhierarchical menus.List the attributes of the drawing element that youwant to edit. For each attribute, decide whether toedit it with a handle, an operation from the menu,or a tool, and update the handles method, themenu method, or the list of tools in the drawingeditor.To make new kinds of handles, see Handles(6). To make new kinds of tools, see Tools(8).Pattern 4: Complex FiguresSome figures have a visual presentation withinternal structure. For example, they may haveattributes that are displayed by other figures. Itshould be possible to compose them from simplerfigures.Complicated figures like PERTEvent can bethought of as being composed of simpler figures.For example, a PERTEvent is a RectangleFigurewith several TextFigures for the title, the duration,and the ending date. Complex figures likePERTEvent are subclasses of CompositeFigure.A CompositeFigure is a figure with other figuresas components, and it displays itself by displayingits components. It has a bounding box that isindependent of the bounding box of itscomponents, and it will display its componentsonly if they are inside of its bounding box. Theselection tool and text tool will operation on itscomponents when the left shift key is pressed.Custom tools can operate directly on thecomponents, if you want.In general, a figure should be a subclass ofCompositeFigure whenever one of its attributeswill be edited directly by a tool. The mostcommon example is that an attribute is a string,and must be edited with the text tool. Instead ofstoring the text attribute in an instance variable,store it in a TextFigure. Do this by first ensuringthat the attribute is read and written only by a pairof accessing methods. Instead of a string-valuedinstance variable, make a TextFigure-valuedinstance variable, and make the string�s accessingmethods read and write it from the TextFigure.This can be generalized for any kind of attributethat is represented by another figure. The attributeshould be stored in the component figure, changesto the attribute result in changes to the figure, andchanges to the figure result in changes to theattribute. If changes to one component mighteffect others then constraints should be used.(See Constraints (5)).The initialize method of the complex figuremust create the figure representing the attributeand add it to the complex figure. It may also needto create constraints. PERTEvent is a goodexample.Complex figures should be a subclass ofCompositeFigure, and figures that display one ofits aspects should be a component of it.To enforce constraints between the components ofa complex figure, see Constraints (5).Pattern 5: ConstraintsOften an attribute of one figure is a function of theattributes of other figures. For example, in thePERT chart editor of Figure 1, the starting date ofan event is the maximum of the ending dates of allthe events that precede it, i.e. that have aconnection to it. As another example, theendpoints of the lines connecting events dependon the locations of the events. Handles alsodepend on the figure to which they are attached.Smalltalk has a standard way of keeping track ofdependences between objects. Each object has acollection of dependents (usually empty), and theaddDependent: and r e m o v e D e p e n d e n t : messages update this collection. Sending thechanged: message to an object will cause theupdate: message to be sent to all its dependents.This same mechanism is used to maintainconstraints in HotDraw.HotDraw extends the standard Smalltalk classlibrary by making constraints be objects.Traditionally each object that can depend onanother defines its own update method. Theproblem with this is that many update methods aresimilar, so there is a lot of duplicated code.Making constraints be objects means one figure does not directly depend on another. Instead, thedependents of an object are always constraints,and updating a constraint will cause it to modifyother figures in response.Many of the HotDraw figures have the constraintsthat they need built automatically. For example, aline that connects two figures is just a LineFigure,except that there are two constraints that arecreated along with it. The first constraintdepends on the starting figure and updates thestarting point of the LineFigure, and the seconddepends on the ending figure and updates theending point of the LineFigure. These constraintsdo nothing more than keep track of the twofigures and the messages to be sent to get aposition from one figure and to change theposition of the other. These constraints arec r e a t e d b y t h e L i n e F i g u r e c l a s s startLocation:stopLocation: method, whichcreates a line connecting two figures.Other times you will need to create constraints fora figure. There are two standard classes ofconstraints, PositionConstraint andMultiheadedConstraint. A PositionConstraint istypically used to maintain a constraint between theposition of two figures. For example, it is used toconnect a line to other figures. AMultiheadedConstraint depends on a set offigures.Both kinds of constraints are customizable. APositionConstraint refers to a position on a figurewith a Locator, and also knows a message that itsends to the dependent object when the figure thatit depends on changes. A Locator refers to aposition on a figure by keeping track of the figureand knowing the message to send to the figure tolearn its position. The �bounding box accessing�protocol of class Figure defines methods tocompute many positions, such as center, left,bottomRight, etc. A MultiheadedConstraint iscreated with a block that it evaluates whenever anyone of the figures that it depends on changes.It is not hard to create new kinds of constraints.A constraint must define the update: method, butotherwise its design is entirely up to you.Fortunately, simple uses of HotDraw will notrequire using constraints explicitly.Each constraint in a drawing should berepresented by a constraint object.To add constraints between figures automaticallywhen you add lines between them, see AddingLines (10).Pattern 6: Making new kinds of handlesHandles vary in behavior. Sometimes handleschange the size of a figure, sometimes theychange its color, sometimes they create new lines.In general, one could imagine pressing on ahandle performing any kind of operation.Moreover, handles can be attached to any part of afigure, and they move when the figure moves.This means that handles must be parameterized insome way.Figure 4 - Handles on Two FiguresFigure 4 shows some of the different kinds ofhandles in HotDraw. It has three figures in it, andthe rectangle figure and the text figure have beenselected and so have handles. The interiorhandles in the rectangle change its inside color andthe color and the width of its border. Its cornerhandles change its shape. The right-most handleon the text figure controls the width of the textfield and the bottom handle controls the font sizeof the text. All the handles shown, except the onein the center of rectangle, are instances ofSelectionTrackHandle. Like most of the Handlesubclasses, SelectionTrackHandle isparameterized and so a new subclass rarely needsto be written.SelectionTrackHandle changes an aspect of eachselected figure, including its own. It is a subclassof TrackHandle, which only changes an aspect ofits own figure. Both kinds of handle areparameterized by a message that the handle sendswhenever it is dragged, with an argument that is the distance that the handle has been moved.Nearly any numeric attribute can be edited by aTrackHandle or a SelectionTrackHandle. Theonly precondition is that there must be a messageto set the numeric attribute.The expression S e l e c t i o n T r a c k H a n d l e widthOf: aFigure will create a handle that canchange the width of a RectangleFigure or anEllipseFigure. It does this by sending theborderWidthBy: message to the figure, as canbe seen in the definition of the widthOf: method,which specifies that the handle will be -10@0 off-center of the figure, and will only �sense color�(which means to use just the y-value of thedistance that the handle has been dragged as anargument to the borderWidthBy: message).widthOf: aFigure ^self on: aFigure at: #offCenter: with: -10@0 sense: #senseColor: change: #borderWidthBy:The handle in the center of the rectangle of Figure4 is a ConnectionHandle, which is a handle thatcreates a line from its figure to another figure. AConnectionHandle can be parameterized with ablock taking the source and destination figures asarguments; that block is evaluated when the figureis created. See Adding lines (10).If you do need to make a new subclass of Handle,you only need to define one method, invoke:.The argument of invoke: is a DrawingView,since it needs to access the controller (and hencethe mouse), the drawing, and the display. Sinceinvoke: gets sent whenever the user presses themouse button on a handle, it is possible to makehandles with any kind of behavior.For example, Figure 5 shows the diagramminginspector, a HotDraw application that displays theinterconnections between objects. Each box is aninstance of ObjectFigure, and represents anobject. When an ObjectFigure is selected, itpresents handles for each instance variable that isnon-nil. Clicking on one of these handles createsa new ObjectFigure representing the value of theinstance variable, unless that object already has anObjectFigure, in which case a line is drawn to it.ObjectFigure requires a new kind of handle, onethat is activated by clicking, not dragging.ReferenceHandle is a subclass of Handle thatimplements these new handles. It redefines theinvoke: method to first find an ObjectFigure forthe object, creating a new one if necessary. Itthen creates a line to the ObjectFigure and adds theline to the drawing. It takes several methods toimplement all of this.Figure 5 - The Diagramming InspectorA handle that changes only an aspect of its figurewhen it is dragged is an instance of TrackHandle.A handle that changes an aspect of all the selectedfigures when it is dragged is an instance ofSelectionTrackHandle. A handle that creates aline from its figure to another figure is aConnectionHandle. Handles that perform otherfunctions will need to be new subclasses ofHandle.To create a ConnectionHandle, see Addinglines (10).Pattern 7: Embedding a drawing inanother programDrawings are often part of a complex userinterface that includes text panes, buttons, lists,and so on. HotDraw is built on top of theSmalltalk-80 Model/View/Controller framework,and so should be able to be a small part of acomplex application.In addition to Drawing and its components, aHotDraw application will have a DrawingView, a

DrawingController, and a DrawingEditor. TheDrawingView and DrawingController aredesigned to fit into the Model/View/Controllerframework and are rarely customized, so littleneeds to be said about them. The DrawingEditoris the model, and is responsible for keeping trackof the drawing, the set of tools, the current tool,the menu of operations on the drawing (indistinction to the menus of operations on figures,for which each figure is responsible), and manyof the operations on drawings. For example, thestandard DrawingEditor class has methods forreading and writing drawings to files.For simple applications of HotDraw, a subclass ofDrawingEditor only needs to redefine the tools(See Tools(8)). For example, that is all that isneeded for the PERTChart. The DiagrammingInspector of Figure 5 does not even have its ownsubclass of DrawingEditor, but just uses thedefault palette. However, complex user interfaceslike that of the network editor of Figure 2 requiremore complex subclasses. The editor must notonly support DrawingEditor protocol, it must alsosupport the other panes of the user interface.If an application only displays one drawing at atime then the model should be a subclass ofDrawingEditor, but if there is more than onedrawing then it is better to make the model be acompletely new class. DrawingView is apluggable view (see [ParcPlace]) so it can beparameterized with the messages to get the tools,menu, and drawing from the editor. To see howto parameterize a DrawingView, look in theinstance creation protocol of the class methods ofDrawingView.The DrawingEditor is responsible for creating theuser interface. This usually is nothing more thancreating a top-level window and embedding thepalette and the DrawingView within it. However,a complex application like the network editor ofFigure 2 requires a method for creating all thepanes and connecting them together. A goodexample is the open method of NetworkEditor.For more on how to embed a DrawingView in alarger application, see Chapter 17 of [ParcPlace].Make a drawing part of a complex application bymaking a DrawingView be a subview of theapplication’s view and giving the DrawingView amodel that responds to DrawingEditor protocol,i.e. that implements the currentTool, menu,drawing, and drawing: methods.Pattern 8: ToolsTools represent the modes of the user interface toa drawing. Selecting a tool from the palette letsthe user manipulate figures, create new figures, orperform operations upon a figure or the entiredrawing. An important part of designing an editorusing HotDraw is to design the set of tools thatwill be on the palette.The tools method in DrawingEditor returns anordered collection of tools that makes up thepalette. These tools usually include the selectiontool, creation tools for each drawing element thatthe user will create with a creation tool, a tool toscroll the drawing, and tools to move figures fromfront to back and from back to front. There arestandard Tool subclasses for these tools, but it isalso possible to define new subclasses of Tool.Several of the subclasses of Tool areparameterized, so new subclasses of Tool arerare. CreationTool is parameterized by the classof the figure to create, the icon to display in thepalette, and the cursor. Most subclasses of Figuredefine a class method creationTool that returnsan initialized CreationTool that can be installed inthe palette. EllipseFigure and RectangleFigureboth contain good examples.Two more parameterized classes of tools areDrawingActionTool, which performs an action onthe drawing, and FigureActionTool, whichperforms an action on a figure. ADrawingActionTool is parameterized with twoblocks, one that is evaluated when the tool isselected and the other when it is deselected. Onthe other hand, a FigureActionTool isparameterized with a single block that is evaluatedwhen the mouse is clicked on a figure.DrawingActionTool has class methods loadTooland saveTool, which return tools to read andwrite the current drawing to a file, respectively.FigureActionTool has class methods that returntools to bring a figure to the front of the drawing,that send it to the back, and the delete it. To makeother tools that perform single actions, use thesemethods as models.The tools method of the DrawingEditor definesthe tools that will be on the palette by returning an ordered collection of tools, which are instances ofsubclasses of Tool.Pattern 9: Animating drawingsConstraints, handles and tools let a drawing reactto a user, but cannot give a drawing a life of itsown. Animation requires a controlling object todirect all the figures in a drawing.Animation is provided in HotDraw by making asubclass of Drawing that defines the s t e p method. This is the main reason that Drawing issubclassed. A drawing is repeatedly sent the stepmessage whenever HotDraw is running. Thepurpose of the step method is to move each of thedrawing’s figures. For example, MovingDrawingsimulates the n-body problem by giving eachfigure a velocity and assuming that figures exertforces on each other. Its step method isstepanimating ifFalse: [^super step].�First, calculate the new velocities of each figure by calculating the gravitational forcethat each has on the others.�self figures do:[:fig1 | fig1 calculateForceFrom:self figures] .�Last, move each figure.�self figures do: [:fig1 | fig1 step]Typically there is some way to turn animation off,in this case by setting the �animating� variable ofthe moving drawing to false. The easiest way toset this variable is by a tool. The tool should bean instance of DrawingActionTool that isparameterized by a block that sends thestartAnimation message to the drawing whenthe tool is selected and a block that sendsstopAnimation when the tool is deselected.(See Tools (8)).Animate a drawing by making a subclass for itthat defines the step method to perform the nextstep in the animation.Pattern 10: Adding linesLines are often used to connect figures.Sometimes these connections have no semantics,i.e. they are a by-product of other actions anddeleting or moving them does not affect otherfigures. However, sometimes adding a line willresult in constraints being added or other figurescreated.The best way to create a connecting line from onefigure to another is to add a ConnectionHandle atthe point from which the line starts. By default,this line has no semantics. However, aConnectionHandle can be parameterized with ablock that is evaluated when the line is added.For example, adding a line from one PERTEventto another means that the destination PERTEventdepends on the source. The handle to create theselines is created (in the handles method ofPERTEvent) byhandle := ConnectionHandleon: selfat: #rightCenterclass: LineFigure.handleaction:[:source :dest |dest startConstraint addSource: source endFigure].The action block depends on the fact thatPERTEvents have startConstraints (to computethe starting date) that are MultiheadedConstraints(see Constraints(5)), and so understand theaddSource: message.The user should create lines that connect figuresby pressing a ConnectionHandle on one of thefigures. ConnectionHandles can be parameterizedso that connecting two figures with a line canperform some other action on them as well, suchas adding a constraint or testing whether aconnection is allowed.HotDraw is available by anonymous ftp fromst.cs.uiuc.edu in /pub/st80_r4/hotdraw.