aul Asen te, Ralph Swic k. The Window System olkit. Digital Press. ISBN 1-5555 8-0 51- 3. Op en Soft are oundation. OSF/Motif 1.1 Pr gr am mer’s efer enc e. Pren tice Hall. ISBN 0-13-6406 81 -5. Dan Heller. Motif Pr gr amming Manual. olume Six O’Reilly Asso ciates, Inc. ISBN 0-937175 -70 -6 Kee Hinc kley and Andrew Sc ulert Ge ometry Management with Xt: dvic for Widget uthors. Xhibition 91 Conference Pro ceedings, June 1991. Hub ert Rec hsteiner. The Self Moving Widget. Xhibition 91 Conference Pro ceedings, June 1991. 14 hanged, rep ort the hange to the paren of the GeoT attler (using XtSetV al- ues on the GeoT attler itself ). The same co de is used at Constrain tSetV alues time to trac the hange et e en the curren and the new constrain attributes. This is not generic solution but it orks ell for giv en to olkit at giv en time. It is also ery lo cali zed co de, easy to adapt for new Constrain widgets. olkit appr ach issues The main concern with the mo di�ed to olkit approac is the main tenance of the co de, since the origina Xt con tin ues to ev olv and are not planning on ha ving MIT adopt our co de. But since the libXtGeo is only subset of the en tire Xt and (the OSF/Motif team) are orking in close relationship with the consortium for Xt sp eci�cations, this is not big problem as long as main tain libXtGeo ourselv es. clear adv an tage of libXtGeo er the GeoT attler is its indep endence of the widget set tested. libXtGeo is more than simple DEBUG ersion of Xt (outline output, geoT attler sub-resource sp eci�cation, sp ecializatio in Geometry Managemen t) but it is still to used as replacemen of part of Xt, on top of whic the widget sets are built. C o n c l u s i o ha used only libXtGeo in tests for Motif and it has already pro e to ery helpful. An one dev eloping new widget or debugging an applicatio that has la out problems migh in terested this to ol (freely ailable on the serv e export.lc s. mit .ed in the arc hiv contri b/l ibX tGe o. tar .Z ). The GeoT attler ork asn’t done in ain though. It ga us etter understanding of the consequences of mo difying gen uine widget instance tree (and there are other examples of suc tec hnique, lik the self-mo ving widget). Both the GeoT attler widget and the libXtGeo pac age giv information ab out the curren o of requests in the widget set, but using these to ols, ou’d nev e really erform an exhaustive hec king of the geometry managers. If the XtCW QueryOnly ag is nev er used an hild widget, for instance, there is no to �nd out that comp osite paren ts in widget set are not prop erly dealing with query only requests. Another test ed needs to built, with an enhanced ersion of the GeoT attler as the cen tral comp onen t. The �nal program ould resem ble small in terface builder, allo wing the user to create arious hierarc hies of widget classes, em edded with GeoT attlers. It ould let the op erator activ ate ery sp eci�c geometry actions, th us really alidating the geometry managemen of an comp onen t. B i b l i g a p h Rob ert W. Sc hei er, James Gett ys. The Window System. libr ary and Pr oto ol efer enc e. Second edition. Digital Press. ISBN 1-5555 8-0 50- 5. 13 it breaks the eha vior of applicati ons and to olkits that ere relying on sp eci�c prop erties of this hierarc In ter-dep endence et een widget classes is the �rst oin ha to lo ok at. In Motif esp ecially there are lot of places where the XmIs Class macros are used, and in tro ducing GeoT attler somewhere in the instance tree is often an issue. The Ro wColumn widget, for instance, has an XmNen tryCallbac resource whic is used to rev ector the activ ateCallbac of all its Buttons hildren. It do es that hec king the class of the hildren efore systematically adding its wn callbac k. If one of the button is reparen ted to GeoT attler, whic is not button and has no activ ateCallbac an yw the en tryCallbac on’t ork an ymore for the button hild of the GeoT attler. Another example is the BulletinBoard widget whic hec ks if its paren is Dialog Shell efore rep orting its dialogTi tle attribute up one lev el. Note that these widget class in ter-dep endencies ouldn’t presen if had general widget pr op erty me chanism in the In trinsics (eg. raits). Another problem is found in the resource �le themselv es, when they ecome ery sp eci�c ab out the hierarc Things lik e: myapp*XmFrame.XmPushBu tton.sh adowThi ckness: on’t ork an ymore if widget is systematically inserted in the hierarc y: myapp*XmPushButton.geo Tattler ON The new description is breaking the initial paren t-c hild relationship et e en the frame and the push buttons (since all PushButtons are no reparen ted to GeoT at- tlers). But since the resource �le can easily up dated when the geoT attler resource itself is added, this problem can considered as minor. uc more nast issue app ears with constrain resources. Constrain resources are main tained the paren for the hild, and if the paren class hanges, they are not main tained an ymore. Consider anedWindo for instance, it has XmNpaneMax constrain resource whic con trols the maxim um size the user can resize particular pane (the pane hild the resource is set for). If this pane hild is reparen ted to GeoT attler, the GeoT attler then ecomes the hild of the anedWindo and the paneMax con- strain originall set on the hild is lost. or constrain resources that are related to geometry managemen (lik orm attac hmen ts), it is ery serious problem, ev e in test en vironmen t. The only solution to this problem ha found so far is to mak the GeoT attler itself constrain widget (whic it as already as sub class of the Motif Xm- Manager) with set of constrain resources equal to the union of all the constrain resources presen in the widget set tested. creation time, when the GeoT attler Constrain tInitialize metho is called, hec the curren constrain resource alues against their default; if they ha 12 Figur 5: Bottom-to-top esize quest. original label string geo_push*push.lab elString :Hello World.\n\ Click to see some changes\n\ in geometry. needed to allow bottom-top requests to succeed geo_push*allowShe llResize :True we want exhaustive report for this demo geo_push*geoTattl er: ON the output is (when the user clic ks on the button and the setv alues on the lab el is erformed): XtSetValues on "push" sees some geometry changes. "push" is making geometry request to its parent "geo_push". Asking for change in width: from 235 to 127. Asking for change in height: from 58 to 26. Go ask the geometry manager. "geo_push" is making geometry request to its parent Root. Asking for change in width: from 235 to 127. Asking for change in height: from 58 to 26. Go ask the RootGeometryMan ager. Configuring the Shell window width 127 height 26 ConfigureNotify succeed, return XtGeometryYes. Root returns XtGeometryYes. Reconfigure "push"’s window. "geo_push" returns XtGeometryYes. XtSetValues calls "push"’s resize proc. XtSetValues calls XClearArea on "push". or regular applications (h undreds of widgets), this kind of rep ort ecomes ery dense and the geoT attler:OFF alue is used to fo cus on ery sp eci�c area of the widget tree. D i s c u s s i o n Ge oT attler issues Since the design principle of the GeoT attler widget is to insert additional widgets in widget’s tree, it also mo di�es the underlying hierarc side e�ect is that 11 SetV alues.c, whic mak es geometry requests at the end of the hain. Shell.c, for the Shell Ro otGeometryManager. The new library libXtGeo.a is made of mo di�ed ersion of these �v mo dules. Note that the Create and arCreate mo dules are not needed an ymore, since the XtGetSubResources ork is no done dynamically function GeoIsT attled that tak es widget is pro vided for this purp ose. It �rst lo oks in cac he to see if the triple [widget, widget name, class name] matc hes something, and if not, it calls XtGetSubResources and cac hes the result (implemen tation sho wn in �gure 3) In addition the libXtGeo library includes mo dule whic pro vides public func- tions: GeoPrin tT race, whic tak es widget and prin tf sp eci�cation. This function uses GeoIsT attled(widget) to determine if the trace is an ted. GeoT abT race, whic adds tabbing to the inden ted output. GeoUnT abT race, whic ops tabbing. The mo di�cations made to the Xt mo dules themselv es are fairly straigh tforw ard: efore an in teresting action, the libXtGeo functions are called (�gure sho ws the new XtCon�gureWidget routine, from Geometry .c ). The output trace giv en libXtGeo is uc more complete than with the GeoT at- tler. rac king the calls to the shell ro ot geometry manager and made the shell ro ot geometry manager, for instance, is only feasible at this lev el. In addition and since the \blac x" as op ened, the Editres ev en handler as added to Shell.c (so that the widget hierarc easily view able) and hac as added to XtSetV alues in order to erform dynamic setting of the geoT attler sub- resource. The result is the follo wing: pro viding that our applicatio has een link ed with libXtGeo, ou can in teractiv ely turn ON and OFF geometry managemen rep ort using the editres resource editor. How to use libXtGe The libXtGeo library pro vides the programmer with the same in terface (XtNgeo- attler:ON/OFF) than the GeoT attler pac age. Programs only need to re-link ed with -lXtGeo efore -lXt and the resource en vironmen to mo di�ed as ell. Let’s consider the rep ort generated single push button inside shell, when the activ ate callbac of the button calls XtSetV alues to hange the lab el string to GoodBye world (as sho wn in �gure 5). With the follo wing .Xdefaults �le: 10 Figur 4: Mo di �e version of XtCon�gur eWidget. #define XtNgeoTattler "geoTattler" #define XtCGeoTattler "GeoTattler" typedef struct Boolean geo_tattler ;} GeoDataRec static XtResource geo_resources[] XtNgeoTattler, XtCGeoTattler, XtRBoolean, sizeof(Boolean), XtOffsetOf(GeoDa taRec, geo_tattler), XtRImmediate, (caddr_t) False Boolean _GeoIsTattled (Widget widget) GeoDataRec geo_data Boolean is_geotattled /* First check for matching widget in the cache */ if (_is_geo_cached (widget, &is_geotattled)) return is_geotattled /* no widget found in the cache, look in the database */ XtGetSubresources( widget, (XtPointer)&geo_data, XtName(widget), XtClassName(widget), geo_resources, XtNumber(geo_resources ), NULL, 0); /* now add this guy in the cache */ _geo_cache(widget, geo_data.geo_tattler) return geo_data.geo_tattle r; Figur 3: Ge oIsT a ttle implementation. T h lib X t G li b a r While dev eloping the XtCreateWidget wrapp er for the GeoT attler, it app eared that mo difying the Xt library as an easy and ery erf ul to see what really happ ens at the In trinsics lev el (ob vious, isn’t it?). Descri ption ollo wing this idea, the Xt mo dules (R5 MIT implemen tation) dealing with geom- etry managemen ere isola ted: Geometry .c, of course, for the basic mec hanisms. Manage.c, for the ChangeManaged calls. In trinsic.c, for XtRealizedWidget whic calls ChangeManaged. By doing just that, the eha vior shouldn’t ha hanged. Then, if these lines are added to the resource en vironmen (i.e the .Xdefaults �le): *XmForm*geoTattler: ON sample*Push1.geoTattle r: OFF the widget tree ecomes as illustrated in the righ part of �gure and the program pro duces this sp eci�c output: (after an XtSetV alues (..XtNwidth..) on Push2 the applicatio n) "Push2" is doing geometry request: width wants to move from 226 to 284 to its parent "Form". "Form" is resizing its child "Push1" to (200,32) "Form" replies Yes to the request. (after resize of the toplev el shell the user) "sample" is resizing its child "Form" to (300,200) "Form" is asking "Push1" for its preferred geometry "Form" is asking "Push2" for its preferred geometry "Form" is resizing its child "Push1" to .. etc, etc... The XtNgeoT attler resource (really pseudo-resource), with the Bo olean alues ON and OFF (default) is the only new external in terface the user needs to learn. Since the implemen tation uses standard function to retriev the alue, the matc hing rules (bindings class or instance name, con ersion) and the sp eci�cation niceties of the resource manager apply The seman tic of this resource is that if widget has the attribute XtNgeoT attler set, it is reparen ted to GeoT attler widget. The libGeo.a arc hiv is made of only mo dules: the GeoT attler widget itself, GeoT attler.o, and mo dule GeoCreate.o that simply replaces the XtCreateWidget function. Instead of just calling the in ternal XtCreateWidget routine, it no calls XtGetSubResources with the class, name and paren of the widget eing created and if geoT attler resource has een set, GeoT attler is created as hild of the giv en paren and the widget itself is created as the hild of the GeoT attler. Tw additiona ho oks are pro vided for the realization and the destruction of the tree at creation time. If the paren is already realized, the GeoT attler needs also to realized, since its hild can realized at an momen in the future and an proto col error ould generated if the GeoT attler as not realized. destro yCallbac is also added to the hild, so that it will destro the GeoT attler if it is eing killed efore its original paren t. Figur 2: Widget tr mo di�c ation. The Motif widget set has mo e to coheren XtGeometryY es olicy for all its man- ager in the 1.2 release, so this is particularl imp ortan to hec efore incorp orating an new manager in the to olkit. The GeoT attler is sub class of the Motif XmManager, and it is really sp eci�c to the Motif to olkit due to its constrain resources set (see the Discussio ns hapter for details). As Motif manager sub class, it also inherits other features of XmManager including Gadgets handling and Motif eyb oard tra ersal managemen t. Adapting the GeoT attler for di�eren olkit, though, ould not di�cult. How to use the Ge oT attler: libGe The GeoT attler widget is fairly transparen in the sense that it nev e men tions its wn name in the output trace. It’s alw ys in the form: parent is doing something to child ", ev en if the truth is that parent is doing something to the GeoT attler, whic in turn is doing something to child The goal of the libGeo library is to exten this transparency to the applicatio itself, so that the GeoT attler usable without recompiling an program. Let’s describ ho it orks from the user oin of view (the user eing dev e lop er who an ts to hec the geometry eha vior of an applicatio n) and then e’ll describ the implemen tation. Let’s consider ery simple hierarc of widgets: main windo con taining men ubar and form with buttons in it (as illustra te in the left part of �gure 2). The initial pro duction line for this test is: cc -o sample sample.o -lXm -lXt -lX11 where sample.c is the applicati on creating the widgets, Xm is the motif library Xt the to olkit In trinsics and X11 the library The �rst thing to do is to re-link the program with the Geometry tester library inserted efore Xt: cc -o sample sample.o -lXm -lGeo -lXt -lX11 ould also in teresting, to not only trace, but also to test whether the paren and the hild react prop erly to geometry managemen actions. The tec hnique of testing used in the GeoT attler is ery simple: it has certain um- er of ags stored in the instance widget, and the geometry related class metho ds set and hec them at the righ time. Let’s start the curren list of predicates the GeoT attler is able to erify and then will describ the implemen tation of the �rst one in detail. The paren has complian XtGeometryDone or XtGeometryY e olicy (it calls the resize pro of the hild on acceptance of geometry request or not). The hild is not requesting its paren from its resize pro (migh result in in�nite lo op). The paren is not considering an unmanaged hild. The hild deals prop erly with the XtGeometryAlmost prop osal The paren alw ys accepts its wn last XtGeometryAlmost prop osal An XtGeometryNo or an XtGeometryAlmost reply from the paren didn’t hange the curren geometry The XtCW QueryOnly bit set do esn’t hange the curren geometry either. widget is not making geometry request from its SetV alues metho (th us allo wing sub class to hange the eha vior). hild QueryGeometry is conforman to the sp eci�cation for XtGeometryNo, XtGeometryY e and XtGeometryAlmost. Because of the Xt sp eci�cations eing frozen to early in the life time of the In trin- sics, the XtMak eGe ometryRe quest function is not able to rep ort if the paren has ef- fectiv ely resized the requestor hild. The managers’ GeometryManager metho can return either XtGeometryDone or XtGeometryY es, but the In trinsics will hange an Done to es efore returning from XtMak eGeome tryReq uest. rom the hild’s oin of view, after request has een accepted, this means that either it trusts its widget set olicy (if there is one) and alw ys, or nev e r, call its resize pro itself, or it has to trac the calls to its wn resize metho to see if it needs to re-la out (b ecause its paren didn’t do it et). That’s exactly what the GeoT attler sim ulates. In its resize metho d, it sets an in- stance olean rue and its Geometry Manager sets it alse efore making (passing really) request to its paren t. If the olean alue is rue after the return of XtMak eGeometryR equest, the paren is XtGeometryDone, otherwise, its XtGe- ometryY es. Note that this do esn’t mean that the paren returned XtGeometryDone or XtGeometryY es to Xt; it can wrong in its in terpretation of its wn reply Not to help the erall understanding, the structures used in the API (XtWidget- Geometry XtGeometryResult) are shared the request and the query geometry functions but with di�eren seman tics If add that all this stu� happ ens sim ultaneously and often requires in ter-pro cess comm unications (clien t/X serv er/windo manager), ou’d con vinced that new to ol as needed! T h G o a t t l e w i d g e This hapter describ es new widget, the GeoT attler, whose purp ose, once inserted in widget hierarc is to hec the compliance to the Xt geometry managemen sp eci�cations of its hild and its paren t. It do es that rep orting in uman- readable form the o of requests and the inconsistencies ccurring during the up and do wn pro cess of the Xt la out mec hanism. sp ecial section is dedicated to complemen tary library libGeo, whic includes the GeoT attler co de and an XtCreateWidget wrapp er that uses Xt subresources to determine where to insert GeoT attler widget in the applicati on widget hierarc at startup time. Descri ption The basic idea is to create new comp osite widget, the GeoT attler, an instance of whic is inserted et e en paren and hild widget, for the purp ose of tracing and rep orting their geometry managemen negotiation s, no routed through the GeoT attler class metho ds. This idea of inserting an activ comp onen in to the o of giv en pro cess for debugging purp ose has already een pro en useful, at the proto col lev el, the success of the xscope or the xmon program. GeoT attler is going to \fak e" the hild from the paren t’s oin of view, and fak the paren from the hild’s oin of view. It can easily detect, for instance, actions suc as the paren resizing the hild, since GeoT attler will resized �rst and will ha to resize the hild itself; at this time, it can rep ort the geometry request coming from the paren efore passing it to the hild. The GeoT attler has of course all the metho ds needed to handle geometry manage- men prop erly: Initialize, Resize, GeometryManager, ChangeManaged, and Query- Geometry In addition, since the curren design forces the GeoT attler to ha only one hild, it has an InsertChild metho whic con trols that um er. eliev it’s etter to use higher lev el set of faciliti es to test the eha vior of sev eral hildren in same paren (lik the use of subresources describ ed in the next section). Lo ok at the Xt sp eci�cation (R4/R5), hapter 6: Ge ometry Management and ou’ll see that it is full of shoulds and musts and that there is in fact ery formal proto col hidden ehind these 12 pages of esoteric English text :-) Giv en this complexit it from its hildren’s preferred geometry (whic themselv e ma comp osites). Figure illustrates the di�eren kind of \tra ersal" that Xt geometry managemen can erform on giv en applicatio widget instance tree. The �rst message la out (top-left, \natural sizes") results from initial ottom- to-top o that is implemen ted as ostorder top-do wn tra e rsal. The push buttons and the message lab el are �rst ask ed their preferred sizes, the message then arranges all its hildren and computes its wn geometry whic is ev e tually used to size the top lev el shell windo w. In the second la out (top-righ t, \resized the user"), top-to-b ottom hain of recon�guration orders is sho wn. When the top-lev el shell windo is resized, it resizes its unique message hild. In turn, the message accommo dates its wn la out to its new oundaries: the preferred geometry of the lab el is ask ed and giv en the ro om left in the manager, an alternate button-placemen algorithm is used. The last windo is an example of ottom-to-top request- o w. When the application hanges the message lab el, Xt manages to ha the paren (the message itself informed. As result of the gro request made the lab el, the message computes new push buttons la out and asks the top lev el shell windo to ecome larger. The shell widget itself needs to comm unicate with the windo manager (as it is di�eren pro cess in the arc hitecture) and if the size hanges are accepted as is, the re-con�guration ev en tually ccurs. Xt, lik the proto col, pro vides generic mec hanisms, not olicies. The widgets ha to implemen their wn la out algorithms within the Xt framew ork. The generic for widget to resize another widget (usually hild) is thru call to XtResizeWidget, but most widgets ha priv ate la out olicy resources (orien tation, pac king, visibili etc) that con trol their own ge ometry inside the new oundaries. The lev el of complexit and the bugs found in the manipulati on of these resources are orthogona to the Xt geometry managemen mec hanisms, but one should understand oth dimensions in order to main tain the widget set co de. The Application Programmer In terface pro vides three basic mec hanisms: for paren widget to recon�gure the size and osition of hild widget: XtCon�gureWidget (with its arian ts XtResizeWidget and XtMo eWidget). It’s top-to-b ottom order. for hild widget to request hange in geometry: XtMak e GeometryRe quest (and its arian XtMak e ResizeRe quest). It’s ottom-to-top o w. for paren widget to ask its preferred geometry to hild: XtQuery- Geometry Comp osite widgets need in turn to implemen GeometryManager metho that re- ceiv es and ossibly mak es calls to XtMak e GeometryRe quest, and ChangeManaged metho that handles the hanges in the list of hildren. The actual space allo cati on is implemen ted in the Resize metho d. Figur 1: Dynamic e-layout in Motif with Xt. geometry managemen t, and he ma sp end aluable time deciding where to put his break-p oin ts. As the resources in disk space (for the debug libraries) and engineering ecome scarce, this yp of e rhead ecomes unacceptable. The idea of this ork is to pro vide ery exible framew ork that allo ws the applica- tion’s dev elop er and/or the to olkit’s dev elop er to trac most geometry managemen problems without ev en ha ving to recompile the origina co de. By just relinking with sp ecial library the dev elop er is no able to oin to particular area in widget tree instance (using pseudo-resource descriptions in �le or an in teractiv to ol lik editres the resource editor), and he will get rep ort of the geometry o for this sp eci�c zone of the applicati on. The next hapter brie y presen ts some asp ects of the Xt geometry managemen t. The kno wledge of the la e red arc hitecture with the In trinsics pro viding the widget abstraction is required. X g o m e t r m a n a g e m e n Wh is the Xt geometry managemen so di�cult to understand? Mainly ecause it is erful. If ou lo ok at MacIn tosh or Windo ws 3.0 screen, ou’ll see that there is almost no dynamic la out. Either the applicatio ns include scrollable viewp ort, and ev- erything is clipp ed when the top lev el windo gets smaller, or there is no scrolled windo and user’s resize handles aren’t presen t. There is in oth to olkits for the applicati on to called bac when the top lev el windo is resized, but since no generic mec hanism is pro vided to handle the re-la out, few applications tak adv an tage of these resize noti�cations In Xt, on the other hand, the to olkit pro vides all the mec hanisms for doing dynamic re-la out. The ey oin is that the preferred geometry of comp osite is computed e s t i n W i d g e G o m e t r M a n a g e m e n Daniel Dar dail ler b s t a c The complexit of the Xt geometry managemen and the ariet of OSF/Motif la out olicies com bine to mak the understanding of the la out activities in an Xt/Motif based applicatio ery di�cult task. This pap er presen ts set of to ols in tended to help programmers follo the complex o of geometry requests and hec the compliance to the Xt sp eci�cations of program or widget set library �rst tec hnique using sp ecialized widget is describ ed, and then library-bas ed system is presen ted. The adv an tages and dra wbac ks of oth approac hes are then discussed in separate section. In t d u c t i o Debugging large Motif applicatio ns is not simple task and the �rst thing OSF usually asks from the programmers rep orting bugs is to extract from their large applicati on minimal program that sho ws the same anomaly While this tec hnique usually orks �ne for most defect issues, la out problems still remain ery complex to trac do wn, the problem residing most of the time in the to olkit itself, in the form of un tested com binations of nested Comp osite and Primitiv widgets. Ev en the simpler of those geometry-related problems almost alw ys in olv stepping through the widget co de, and if in terpreter (lik Sab er) is not ailable, the dev elop er usually needs to re-build the library -g efore actually starting to debug. In addition, with or without re-compilation needed, once the test is ready to run in the sym olic en vironmen t, the engineer ma ha forgotten the \magic" of the Xt Daniel Dar dail ler (daniel@osf.or g) joine the Op en Softwar oundation in 1990 as Senior Soft- war Engine er in the User Envir onment Comp onents gr oup. His esp onsibil ity in the OSF/Motif pr oje ct includes the ge ometry management of most widgets. He holds Ph.D. in Computer Scienc fr om the University of Nic e/Sophia ntip oli s.