In terViews: C++ Graphical In terface olkit Mark A. Lin ton, aul R. Calder, and John M. Vlissides Stanford Univ ersit Abstract ha implemen ted an ob ject-orien ted user in ter- face pac age, called In terViews, that supp orts the comp osition of graphical user in terface from set of in teractiv ob jects. The base class for in teractiv ob jects, called an in teractor and base class for comp osite ob jects, called scene de�ne proto col for com bining in teractiv eha viors. Sub classes of scene de�ne common yp es of comp osition: tiles its comp onen ts, tra allo ws comp onen ts to erlap or constrain eac other’s placemen t, dec stac ks its comp onen ts so that only one is visible, frame adds order, and viewp ort sho ws part of comp onen t. Prede�ned comp onen ts include men us, scrollers, buttons, and text editors. In ter- Views also includes classes for structured text and graphics. In terViews is written in C++ and runs on top of the windo system. In tro duction Graphical user in terfaces are di�cult to implemen ecause of div erse user needs and preferences. ols that assist graphical in terface programmer ust balance con icting requiremen ts carefully High- lev el to ols can restrict the ariet of in terfaces that can created, while to ols at to lo lev el ma not pro vide uc help to the programmer. In terViews Inter activ Views is library of C++[ classes that can used to construct graphical user in terface from in teractiv comp o- nen ts. The design of In terViews has een driv en three desires: (1) to oid constraining the st yle of the in terface, (2) to allo the in terface to de- �ned comp osition of existing comp onen ts, and (3) to allo new comp onen ts to deriv ed easily from existing ones. Researc supp orted the SUNDEC pro ject through gift from Digital Equipmen Corp oration and gran from the Charles Lee ell oundation. An early ersion of this pap er titled \The Design and Implemen tation of In terViews" app ears in Pr dings of the USENIX C++ Workshop San ta e, New Mexico, No em er 1987. Lik MacApp[ and Smalltalk MV C[ ], the ap- proac used in In terViews separates in teractiv e- ha vior from abstract eha vior. An in teractiv ob- ject, called view de�nes the user in terface to an abstract ob ject, called the sub ject The separa- tion of sub ject and view supp orts di�eren views of the same sub ject to suit the particular applica- tion or to customize in teractiv st yle. view can customized dynamically using meta view view of another view’s in ternal state. or example, meta view migh allo the user to in teractiv ely mo d- ify the mapping from eystrok es to commands in text view. Building graphical in terfaces from reusable com- onen ts requires the abilit to de�ne an in teractiv ob ject that can used in ariet of con texts. ful�ll this requiremen t, ust consider the in whic the haracteristics of comp onen and its con text a�ect eac other. In In terViews, eac in teractiv comp onen t, called an in teractor has preferred shap and size. The preferred shap and size of comp osition of com- onen ts, called scene is calculated from those of the comp onen ts. Ho ev er, the actual displa space allo cated to an in teractor migh not corresp ond to its preferred size|the in teractor is resp onsible for making est use of the space it has een allo cated. Di�eren scenes allo cate displa space to comp onen in teractors using di�eren algorithms. or example, tiles its comp onen ts, but tra allo ws them to erlap. ha implemen ted In terViews on top of the windo system[ ]. small set of primitiv classes completely encapsulates the in terface. The re- maining library classes and applications do not con- tain an calls; they call op erations de�ned the primitiv es. Class Organization Figure sho ws subset of the In terViews class hi- erarc Sev eral factors in uenced the structure of the hierarc The erriding goal as simplicit y| to mak the classes easy to understand, straigh tfor- Figure 1: In terViews class hierarc ard to implemen t, and con enien to extend. rom most imp ortan to least imp ortan t, the factors ere: Shallo Nesting Classes are go partitioning mec hanism, but there are dra wbac ks asso ciated with large um er of classes. Our exp erience has een that large class hierarc er- whelms programmers, esp ecially when there are man lev els of sub classes. An earlier li- brary had man small classes nested up to 12 deep. Users of this library had trouble grasping the man di�eren classes and their inherited eha vior. In terViews curren tly has one class nested deep; most classes are at lev el or 3. Throughout the dev elopmen of In terViews often hose to add an op era- tion to an existing class rather than adding new class. Ob ject Sharing One reason for in tro ducing new classes is to allo state to shared among sev eral ob- jects. or example, sev eral in teractors should able to use the same graphics state; there- fore, graphics state is separate class. Sim- ilarly sev eral graphics states should able to refer to the same fon t, so fon is sep- arate class. The top set of classes in Fig- ure are sub classes of resource ecause they are shared ob jects. Resources con tain reference coun that can man ually in- cremen ted. When resource is destro ed, the reference coun is decremen ted; then the resource is deallo cated if the coun is zero. Common Usage It is often preferable to design for sp eci�c common case than for the general case. or example, In terViews do es not de�ne uni- fying class for all kinds of men us. Instead, it pro vides particular st yle, op-up men us. The adv an tage is that user need not under- stand complicated men mo del to use op- up men us. The disadv an tage is that there is no direct supp ort for other kinds of men us, though they are straigh tforw ard to imple- men t. 2.1 In teractors All user in terface ob jects are deriv ed from the in- teractor class. Ev ery in teractor has an asso ciated shap that it uses to sp ecify its desired displa space allo cation. Shap es de�ne natural size, shrink abilit and stretc habilit The natural size is the in teractor’s preferred width and heigh t, the stretc habilit is the amoun whic it is prepared to stretc ey ond its natural size, and the shrink- abilit is the amoun whic it is prepared to shrink. An in teractor’s paren scene ma use the shap es of its comp onen ts to allo cate their displa area and to determine its wn shap e. The actual displa area allo cated to comp onen in teractor is assigned to its can as If the in teractor is scene, it ma in turn allo cate parts of its can as to its wn comp onen ts according to their shap es. Because the curren implemen tation is on top of X, can ases are alw ys rectangular and ma erlap. An in teractor de�nes set of op erations that har- acterize its eha vior. Figure giv es the C++ in ter- face to these op erations. The Draw op eration de- �nes the app earance of the in teractor. Calling Draw causes the in teractor to displa represen tation of itself on its can as. If the in teractor is scene, it will also call Draw on eac of its comp onen ts. Redraw is called whenev er part of an in teractor needs to redra wn, erhaps ecause it had een obscured but is no visible. The Update op eration indicates that some state on whic the in teractor dep ends ma ha hanged; the in teractor will usually Draw itself in resp onse to an Update call. ypically when sub ject hanges it will call Update on its views. Re- shape pro vides of con trolling an in teractor’s shap e. If an in teractor hanges its shap e, it will usu- ally propagate the hange to its paren scene. Re- size indicates that the in teractor’s can as has een hanged in size. If the in teractor is scene, it will reallo cate its comp onen ts’ can ases. An in teractor erforms output to its can as us- ing pain ter pain ter pro vides dra wing op era- tions and manages graphics state suc as foreground and bac kground colors, fon t, and �ll pattern. Eac dra wing op eration is passed the target can as. Can- as co ordinates refer to pixels but can expressed in inc hes or cen timeters ultiplying the pre- de�ned global alues \inc h" or \cm". Also, pain ters can erform co ordinate transformations comp osed of translations, rotations, and scalings. sensor de�nes in terest in certain kinds of ev en ts. In teractors in terested in input ev en ts ha sensor that de�nes their curren input in terest. Eac ev en is targetted to particular in teractor. An in teractor can receiv input ev en ts in one of ys: (1) it can read the next ev en from the (global) input queue, or (2) an ev en can passed from another in teractor using the Handle op eration. The reader of an ev en ma ho ose to pro cess or ignore the ev en t, or to pass it to the ev en t’s target in teractor. purely ev en t-driv en organization, suc as in MacApp, can pro duced using the C++ lo op for (;;) Read(e); e.target->Handle(e); more traditional con trol o w, not ossible in purely ev en t-driv en systems, can pro duced reading ev en ts as part of in teractor op erations. or example, when button is pressed in op-up men it ma desirable to ignore ev en ts for tar- gets other than men items. In cases suc as this, reading ev en ts directly is more straigh tforw ard than an ev en t-driv en implemen tation. Most in teractors handle input and generate out- put. Th us, ev ery in teractor has sensor called \in- put" and pain ter called \output" for whic initial alues are de�ned when the in teractor is created. This approac lets in teractors de�ne ev en in terest and graphics state dynamically In teractors can also de�ne additional sensors and pain ters. or example, an in teractor represen ting men selection migh use one pain ter when it is not selected, and another (with rev ersed colors) to highligh itself when it is selected. Scenes often pass \input" and \output" to their comp onen in teractors, e�ectiv ely sharing the state among sev eral in teractors. Because the state ma shared, it is incon enien to mak particular in teractor resp onsible for destro ying the sensor and pain ter. The sensor and pain ter classes are therefore sub classes of resource. The in teractor constructor explicitly incremen ts the reference coun ts of \input" and \output", and the destructor decremen ts them. 2.2 Scenes All in teractors that con tain comp onen in teractors are deriv ed from the scene class. Scene sub classes di�er primarily in the their shap dep ends on the shap es of their comp onen ts and in the they allo cate displa space to their comp onen ts. virtual void Resize(); virtual void Draw(); virtual void Redraw(Coord left, Coord bottom, Coord right, Coord top); virtual void Reshape(Shape&); virtual void Update(); virtual void Handle(Event&); Figure 2: In terface to In teractor base class op erations Scenes de�ne op erations for managing their com- onen ts. The C++ in terface is giv en in Figure 3. Insert and Remove are used to sp ecify scene’s comp onen ts. An in teractor can comp onen of only one scene|the in teractor structure is hier- arc Some scenes ha only one comp onen t; in- serting comp onen implicitly remo es an existing comp onen t. Raise and Lower mo dify the fron t-to- bac ordering of comp onen ts within scene. Move suggests hange in the osition of comp onen within the scene. Not all scenes implemen all of these op erations. or instance, it do es not mak sense to call Raise on scene that can ha only one comp onen t. The Change op eration tells scene that one of its comp onen ts’ shap es has hanged. scene can do either of things in resp onse to Change it can recalculate its wn shap and propagate the hange calling Change on its paren t, or it can simply reallo cate its comp onen ts’ can ases based on the new shap e. The Propagate op eration is used to sp ecify whic eha vior is required for particular instance. 2.2.1 Bo Man graphical in terfaces can comp osed ar- ranging comp onen ts side-b y-side either horizon tally or ertically The scene sub classes and vb supp ort this st yle of tiled comp osition. Glue pro- vides of inserting space et een the comp o- nen ts in x. This mo del is simpli�ed ersion of X[ xes and glue. x’s shap is the sum of its comp onen ts’ shap es. When allo cating its comp onen ts’ can ases, tries to allo cate eac comp onen its natural size. If there is discrepancy et een the ailable space and the natural size, distributes the ex- cess or shortfall according to the prop ortion of the total stretc habilit or shrink abilit con tributed eac comp onen t. or example, consider whic con tains one in teractor whose shap e, expressed as natur al shr ink str etch is 10 and an- other whose shap is 15 10 If the is giv en can as of size 25, it can allo cate eac comp onen its natural size. If the is giv en size 19, then it will shrink the �rst comp onen 12 and the second comp onen 10 12 5. If the is giv en size 33, then it will stretc the �rst comp o- nen and the second comp onen 1. shap whic is in e�ect in�nitely stretc hable or shrink able can sp eci�ed using the prede�ned alues \h�l" and \v�l." Figure illustrates ypical comp osition using xes and glue. The upp er part of the �gure sho ws views of an alert that consists of vb con taining �v comp onen ts. rom the top, they are piece of glue, an in teractor con taining the text of the alert, another piece of glue, an con taining the button, and �nal piece of glue. The is comp osed of button with glue on oth sides. By suitable hoice of the shap es of the arious comp o- nen ts, the la out of the alert can con trolled for range of displa sizes. The lo er part of the �g- ure sho ws that, in this instance, the glue to the left of the button is made \in�nitely" stretc hable and shrink able, while that to the righ is rigid. Th us when the alert is made wider, all of the extra space is absorb ed the glue on the left. Bo xes and glue allo exible sp eci�cation of the presen tation of user in terface. Man common la y- out strategies can expressed easily or example, comp onen can cen tered within plac- ing \�l" glue on either side, or um er of comp o- nen ts can spaced equally inserting iden tically sized glue et een them. 2.2.2 ra comp osition in whic comp onen ts can placed at sp eci�ed ositions is supp orted the scene sub- class tra tra has \bac kground" comp onen that is allo cated all of the tra y’s can as and um- er of other comp onen ts eac of whose osition is void Insert(Interactor*); void Insert(Interactor*, Coord x, Coord y); void Change(Interactor*); void Move(Interactor*, Coord x, Coord y); void Remove(Interactor*); void Raise(Interactor*); void Lower(Interactor*); void Propagate(boolean); Figure 3: In terface to Scene op erations Figure 4: An example of comp osition with xes and glue determined set of individual alignmen ts. If no explicit alignmen is de�ned for comp onen t, it is assumed to aligned to the lo er left corner of the tra Comp onen ts in tra are arranged from bac to fron in insertion order and can erlap arbitrar- ily Eac alignmen of comp onen in teractor is to some other \target" in teractor, often another com- onen of the tra or the tra itself. The alignmen sp eci�es oin on the target, oin on the com- onen t, and the haracteristics of the \glue" with whic to connect the alignmen oin ts. The aligned oin ts can corner of the in teractor, the mid- oin of side, or the cen ter. The tra will place eac comp onen to satisfy its alignmen ts as far as ossible. The in teractor and the connecting glue will stretc hed or shrunk according to their con tri- butions to the total stretc habilit and shrink abilit in the same manner as comp onen ts within x. ra ys pro vide natural to describ la outs in whic comp onen ts \ oat" in fron of bac kground. or example, consider comp osition to cen ter title near the top of diagram. Figure sho ws ossible la out. The in teractor represen ting the diagram is the bac kground of the tra and an in teractor con- taining the title has een inserted with an alignmen from the midp oin of its top edge to the midp oin of the tra y’s top edge. The natural size of the glue con- necting the aligned oin ts determines the distance of the title from the top edge of the diagram. Other examples of la outs easily describ ed using tra in- clude \pull do wn" men us where the men is aligned to �xed \men bar" and transien \alert xes" whic are often cen tered atop another in teractor. 2.2.3 Dec third st yle of comp osition is pro vided the scene sub class dec Comp onen ts in dec are concep- tually stac ed on top of eac other so that only the topmost comp onen is visible at time. dec tak es the shap of the largest of its comp onen ts and allo cates all of its can as to the topmost comp onen t. set of op erations pro vide the means to \sh u�e" the dec to bring the desired comp onen to the top. The visible comp onen can also selected in terac- tiv ely using scroll bar. dec is useful in comp osing la out suc as ulti-page do cumen in whic eac page is repre- sen ted an in teractor in the dec k. Another use migh to comp ose \dialog" in whic there are sev eral alternate \panels" of options|a dec could used to switc et een the panels. 2.2.4 Single Comp onen Scenes Graphical in terfaces commonly require in teractors that are est describ ed using another in teractor. or example, men is implemen ted as con- taining men items. Ho ev er, men do es not share the eha vior of in the sense of sub class; it simply uses the to comp ose the items. This distinction is imp ortan t, and it helps simplify the class hierarc In In terViews suc in teractors are implemen ted using the scene sub class monoscene whic can con tain only single comp onen t. monoscene normally giv es all of its displa space to the in teractor. One sub class of monoscene, frame allo cates all of its displa space except for an out- line around the in teractor. or example, the alert of Figure has frame around the vb whic comp oses the inner comp onen ts. Another sub class, viewp ort allo ws its comp onen to larger than the ailable space. art of the comp onen is visi- ble through the viewp ort; ho uc is visible can con trolled the user through in teractors suc as scroll bars. 2.3 ersp ectiv es In terViews pro vides standard to handle scrolling, zo oming, and panning op erations on an in teractor. An in teractor that implemen ts suc op- erations main tains ersp ectiv The ersp ectiv de�nes range of co ordinates represen ting the to- tal exten of the in teractor’s view and subrange for the ortion of the total range that is curren tly visible. or example, the ertical range for text editor migh the total um er of lines in �le; the subrange ould the um er of lines actually displa ed in the editor’s can as. Scrolling and zo oming are erformed mo dify- ing the in teractor’s ersp ectiv e. An in teractor can mo dify its wn ersp ectiv (when the text editor adds line to the �le, for example), or the er- sp ectiv can mo di�ed as result of an external op eration suc as user request. scroller is an in teractor that is view of the ersp ectiv asso ciated with another in teractor. scroller displa ys sliding bar whose length re ects the fraction of the total range that is curren tly vis- ible. The user can mo dify the ersp ectiv in terac- tiv ely through the scroller using the mouse. Other kinds of views of ersp ectiv es are also pro- vided In terViews: panner supp orts mo emen in oth and dimensions from single in terface, and zo om and scroll buttons allo stepp ed adjust- Figure 5: la out using tra men ts. Sev eral views of the same ersp ectiv can exist at once. or instance, ersp ectiv could mo di�ed zo om and scroll buttons in addition to scroller. When ersp ectiv is hanged, it noti�es its views. Th us, hange made through one view of ersp ectiv will re ected in all of its views. 2.4 Buttons button is an in teractor sub class that is view of button state The user can \press" button to set the asso ciated button state to particular alue. Sev eral buttons can visible for the same button state, making it ossible to use buttons to select from discrete set of alues, eac button represen t- ing di�eren alue. Lik an sub ject, button state noti�es its views (buttons) when it hanges. Three common kinds of buttons are pro vided. push button has round-cornered rectangle sur- rounding its lab el. It is dra wn in rev erse colors when it is pressed. push button remains pressed only as long as the user hold do wn the mouse button. radio button has circle to the left of its la- el; the circle is �lled when the button is pressed. radio button acts lik tuning button on car radio. Pressing the button sets the asso ciated but- ton state to particular alue. The button will sta pressed un til the button state is hanged to new alue, usually pressing another radio button for the same button state. hec has square to the left of its lab el; the square is hec ed when the button is pressed. hec has \push- on/push-o� action. Successiv clic ks of the mouse button alternately press and release the hec button. Figure sho ws all three yp es of button comp osed in dialog x. In addition to eing attac hed to button state, buttons can attac hed to other buttons. If but- ton is attac hed to button then is disabled while is not pressed. disabled button ignores input and dra ws itself \gra ed out" to sho that it is disabled. The button mo del implemen ted the In ter- Views library is ell suited to dialog mo de of user in teraction|buttons are used to set state ariables but cause no immediate action. Only when the di- alog is dismissed, often with push button, are the curren alues of the state ariables examined and in terpreted. Other button mo dels, suc as button with an asso ciated action rather than state, can deriv ed easily 2.5 Structured ext In terViews pro vides text ob jects that can struc- tured hierarc hically using comp osition ob jects that supp ort ariet of la out st yles. The comp osi- tion class de�nes the ob jects of class text are arranged to �ll ailable space. Sub classes of com- osition sp ecify di�eren la out strategies. There is close parallel et een comp osition con tain- ing text ob jects and scene con taining in teractors. In oth cases, sub classes of general comp osition class determine the comp onen ts are laid out to �ll ailable space. Primitiv textual ob jects deriv ed from the text class include ord and whitespace The edit ord sub class pro vides haracter editing op erations suc as Insert and Delete Sub classes of comp osi- tion include sen tence whic causes line break at the righ margin; paragraph whic de�nes righ and left margins; text list whic comp oses com- onen ts horizon tally or ertically dep ending on the ailable space; and displa whic inden ts its com- onen ts. Conceptually text ob jects form one long line of text. Comp osition ob jects can used to place con- strain ts on ho this line is brok en to �t ailable space. or example, text list ob ject will arrange text ob jects horizon tally if there is enough ro om; otherwise it will place eac of its comp onen ts on separate line. Comp osition ob jects also supp ort hit detection returning the text ob ject corresp onding to co ordi- nate pair. This facilit lets views determine whic text ob ject is selected without kno wing the la out. 2.6 Structured Graphics Graphic is base class for de�ning structured graphics ob jects. Eac graphic has its wn graph- ics state that includes attributes suc as color, line st yle, and co ordinate transformation. Sub classes of graphic include line circle rectangle and pic- ture (for represen ting collection of graphics). All graphics can dra and erase themselv es and pro- vide op erations for examining and hanging graph- ics state attributes. Pictures are the basic mec hanism for building hi- erarc hies of graphics. picture main tains list of comp onen graphics and dra ws itself dra wing eac comp onen with graphics state formed com bining the comp onen t’s state with its wn. or example, com bining color attributes means the com- onen t’s color is erridden the picture’s (if the picture de�nes one); com bining co ordinate transfor- mations means ultiplying the comp onen t’s trans- formation matrix the picture’s. This sc heme mak es op erations on picture a�ect its comp onen ts so that an op eration orks on the picture as unit. Graphics also supp ort hit detection; for instance, hit can registered on spline ob ject within one pixel. Pictures erform hit detection hec king for hits on their comp onen graphics in the picture’s co ordinate space. Damage is class that automatically redra ws ortions of graphic that ha een hanged, erased, or are otherwise inconsisten with the graphic’s in tended app earance. Damage ob jects try to minimize the amoun of redra needed to repair graphic. They are most useful for repairing graph- ics that are complicated enough to mak redra wing the en tire can as undesirable. 2.7 Other Classes Rubb erband is base class for graphics ob jects that trac user input. or example, rubb er rect- angle can used to drag out new rectangle in- teractiv ely Another sub class, sliding rectangle can used to mo around an existing rectangle. These classes completely isolate programmers from device-dep enden metho ds commonly used to imple- men \rubb erbanding", suc as use of exclusiv e-or dra wing or an erla plane. bitmap represen ts bit-mapp ed mask suitable for dra wing icons or for constructing other ob jects suc as cursors and �ll patterns. Op erations suc as scaling, rotation, and bit manipulations are pro- vided. Ev ery program using In terViews ust create orld ob ject. This ob ject represen ts the ro ot scene of the displa The constructor op ens connec- tion to the windo serv er. Other In terViews classes include banner whic displa ys headings, order whic visually separates comp onen ts in xes, and men whic is of men items that inserts itself in to the orld when its Popup op eration is called. After insertion, men aits for the user to release button and then returns the men item that as hosen. Example Usage Squares is demonstration program that uses man of the In terViews classes. The program con- tains simple sub ject that manages list of squares of di�eren sizes and ositions. The user in terface is constructed from view of the squares list, frame around the view, and meta view for simple cus- tomization. The frame surrounds ertical con taining banner and horizon tal xes, all separated horizon tal orders. The upp er horizon tal con- tains the squares view, ertical order, and er- tical scroller. The lo er horizon tal con tains horizon tal scroller, ertical order, and piece of glue. Figure sho ws what the squares frame lo oks lik e, and Figure sho ws the C++ co de that con- structs the frame. Using op-up men u, the user can create another view of the squares list, add square to the list, op en meta view to customize the squares frame, or exit the program. The squares list noti�es its views when the square is added, so the new square Figure 6: Squares view frame new VBox( new Banner("squares demo", "InterViews 2.3", "2/8/88"), new HBorder, new HBox(view, new VBorder, new VScroller(view, vwidth)), new HBorder, new HBox(new HScroller(view, hwidth), new VBorder, new HGlue(vwidth, 0)) ); Figure 7: Co de to construct squares frame Figure 8: Squares meta view dialog 10 is visible in all views. Eac view can scrolled and zo omed indep enden tly Figure sho ws the meta view used to customize the frame around view. The meta view consists of dialog con taining hec xes for sp ecify- ing the presence of scrollers, buttons for sp ecifying attributes of the scrollers, and con�rmation but- ton to indicate that customization is complete. The comp onen ts of the dialog are separated glue ob jects with carefully hosen shap es; the dialog will main tain pleasing la out for range of sizes. Implemen tation It to ok ab out six man-mon ths to implemen the ini- tial ersion of In terViews on top of X. In this sec- tion, discuss some of the problems in in terfacing to X, some details of implemen ting scenes, and some commen ts on using C++ and ob ject-orien ted pro- gramming in general. 4.1 In terfacing to In terViews primitiv class op erations mak direct library calls to implemen their seman tics. The ey issues in in terfacing to ere managing win- do ws and translating input ev en ts in to In terViews ev en ts. 4.1.1 Windo Managemen Eac can as is represen ted as an windo w. The orld’s can as is the ro ot windo for displa The scene class con tains op erations to handle the cre- ation, mapping, and con�guration of windo ws. The op erations ailable for use scene sub classes when allo cating comp onen in teractors’ can ases are Place and UserPlace Place puts an in teractor at sp eci�c osition in scene and is implemen ted creating sub windo of the scene’s windo and as- so ciating the sub windo with the in teractor’s can- as. UserPlace creates windo and lets the user in teractiv ely osition it. 4.1.2 Input Ev en ts The mo del of input ev en ts is somewhat di�eren from the In terViews mo del, but an imp ortan simi- larit is that eac input ev en is asso ciated with destination windo w. The in teractor Read op era- tion maps the windo to the target through global hash table main tained scenes. The ev en is then hec ed against the in teractor’s curren sensor to see if the in teractor is in terested in the ev en t. Nor- mally can tell to ignore ev en ts that are not of in terest; ho ev er, cannot alw ys distinguish ev en ts at the lev el wish. or example, cannot send ev en ts for the left mouse button and ignore ev en ts for the middle and righ buttons. is ery di�eren from In terViews in the sizing and redra wing of windo ws. represen ts the need to redra part of windo as an input ev en t; In- terViews represen ts it as an out-of-band pro cedure call. When the Read op eration sees redra ev en t, it calls Redraw on the destination windo and pro- ceeds to read the next input ev en t. 4.2 Scene Shap es An imp ortan asp ect of implemen ting scenes is the computation of the scene’s shap e. graphical in- terface designer should free to concen trate on the comp onen ts and rely on the scene to comp ose their shap es appropriately or example, consider the calculation of the shap of x. ust compute its wn shap as function of the shap es of the in teractors inside it. Along the ma jor axis (horizon tal for an x, ertical for vb x), the natural sizes, stretc habilites and shrink abilities can simply added. Computing the parameters for the minor axis is more complicated. The mo del adopted is that the should big enough to accommo date the largest comp onen and should stretc and shrink no more than the most rigid comp onen will allo w. If these requiremen ts con ict, the larger um er is used. Letting represen natu- ral size, minim um size, maxim um size, shrink abil- it and stretc habilit resp ectiv ely then for set of comp onen ts the parameters are calculated as follo ws: minor max minor max where and minor min where 11 4.3 Exp erience with C++ Using C++ as the implemen tation language for In- terViews has had sev eral ene�ts. Class inheritance and virtual functions simplify the structure of co de and data, making the implemen tation easier to de- bug and understand. Muc of the complexit is in the primitiv classes, hidden from in terface design- ers. Ease of understanding is esp ecially imp ortan for In terViews, since it is in tended that in terface de- signers will deriv application-sp eci�c classes from library classes to suit particular needs. C++ is also ortable, enabling us to bring up In terViews on new orkstation quic kly signi�can adv an tage of using C++ for In ter- Views as that there as go matc et een the language and the soft are ere designing. It as uc easier to implemen an ob ject-orien ted user in terface pac age using an ob ject-orien ted lan- guage than it ould ha een with pro cedural language. Classes de�ne ob jects that mo del closely the real ob jects and concepts the system is mean to manage. The programmer fo cuses on the ob jects that are manipulated, not on the o of con trol. In fact, an earlier ersion of In terViews as imple- men ted in Mo dula-2. Rewriting the co de in C++ resulted in considerably cleaner implemen tation. An observ ation made during the design of In- terViews as that it is imp ortan to concen trate on the pr oto ols for comm unication et een ob jects. If these proto cols are ell designed, then the imple- men tation of the ob jects is relativ ely straigh tfor- ard. Con ersely if consideration is not giv en to suc issues, uc reorganization of class hierarc hies and considerable reco ding is lik ely to result. Curren Status In terViews curren tly runs on MicroV AX and Sun orkstations on top of either X10 or X11. The li- brary is roughly 25,000 lines of C++ source co de. ha also implemen ted sev eral applications on top of the library including reminder service, scalable digital clo k, dra wing editor, load mon- itor, windo manager, and displa of incom- ing mail. The applications ha een used daily ab out 20 researc hers for ear, and the library is eing used in man dev elopmen e�orts at Stanford and other univ ersities, and in industry are cur- ren tly orking on more general dra wing system, program structure editor, and visual debugger. Conclusion In terViews pro vides simple organization of graph- ical in terface classes that is easy to use and extend via sub classing. Scene sub classes suc as x, tra dec and frame mak it ossible to comp ose in ter- activ comp onen ts in to complete in terfaces without sp ecifying la out details. Abstract and in teractiv eha vior are separated in to sub ject and view ob jects to supp ort di�eren in terfaces to the same function- alit The In terViews library completely hides the un- derlying windo system from application programs. This means that can ort In terViews applica- tions to new windo system simply orting the primitiv classes. Using an ob ject-orien ted language to implemen In terViews resulted in pac age that is oth simple to use and easy to extend. The in terface designer is encouraged to think in ob ject-orien ted terms, usu- ally the most natural of expressing in teractiv eha vior. References [1] Goldb erg, A., Smal ltalk-80: The Inter active Pr gr amming Envir onment Addison-W esley Reading, Massac usetts, 1984. [2] Kn uth, D., The Xb ok Addison-W esley Reading, Massac usetts, 1984. [3] Sc hei er, R.W., and J. Gett ys, \The Win- do System", CM ansactions on Gr aphics ol. 5, No. 2, April 1986, pp. 79-109. [4] Sc hm uc er, K. J., Obje ct-Oriente Pr gr am- ming for the Macintosh Ha yden, Hasbrouc Heigh ts, New Jersey 1986. [5] Stroustrup, B., The C++ Pr gr amming anguage Addison-W esley Reading, Mas- sac usetts, 1986.