The following paper was originally published in the

Proceedings of the Fourth USENIX Tcl/Tk Workshop

Monterey, CA, July 10-13, 1996

For more information about USENIX Association contact:

1. Phone: 510 528-8649

2. FAX: 510 548-5738

3. Email: office@usenix.org

4. WWW URL: http://www.usenix.org

Managing Complexity in TeamRooms,

A Tcl-Based Internet Groupware Application

Mark Roseman

University of Calgary

Calgary, Alta, Canada

Managing Complexity in TeamRooms, a Tcl-BasedInternet Groupware ApplicationMark RosemanDept. of Computer Science, University of CalgaryCalgary, Alta, Canada T2N 1N4Tel: +1-403-220-3532E-mail: roseman@cpsc.ucalgary.caAbstractThis paper describes TeamRooms, a Tcl-based real timegroupware application that provides �network places�for users to collaborate. TeamRooms is significantlymore complex than previous groupware applications,providing not only generic tools such as sharedwhiteboards, but also custom groupware appletsrunning within an OpenDoc-style embedded window. Aswell as describing TeamRooms itself, the paper relatesthe use of several Tcl programming techniques � meta-architectures, multiple interpreters, and embeddedwindows � that are used to manage the resultingcomplexity of the system.IntroductionThis paper describes a novel groupware applicationcalled TeamRooms, written using Tcl/Tk. Groupwaresystems provide a means for several users to worktogether, even though they may be separated bydistance. TeamRooms approaches this problem byproviding �network places� on the Internet, where userscan gather to meet in real-time or can asynchronouslyleave information for each other. The metaphor is basedon the physical team rooms used by many co-locatedwork groups [4].Previously, we had developed a number of applicationsin GroupKit, a Tcl/Tk extension or toolkit we haddeveloped for building groupware [7]. TeamRooms wassomewhat of a departure from these applications,demanding a different network architecture, moreprovisions for security and robustness, and needed to gocross platform. The user interface was to move from therelatively straightforward model of �one tool perwindow� to a model where several tools could exist in asingle window, as found in compound documentarchitectures such as OpenDoc or OLE [5].In developing TeamRooms, we were faced with thefollowing constraints: there was not enough time orresources to just completely rewrite everything, and itwas important to keep the ease of building applicationsfound in the original GroupKit. Even though the entiresystem was becoming much more complex, that addedcomplexity had to be carefully managed and controlled.This paper consists of two parts. The first part providessome background on real-time groupware and GroupKit,and then carries on to describe TeamRooms and its userinterface. The discussion emphasizes the novel aspectsof TeamRooms as a Tcl/Tk program: it is multi-user,multi-process, and an example of a highly-interactiveInternet application. Its combination of several smallerTcl programs with a compound document interface isalso new.The second part of the paper describes how TeamRoomswas constructed, while still keeping our investment inexisting GroupKit code and its straightforward API. Thetechniques used include meta-architectures, multipleinterpreters, and embedded windows. Because some ofthese techniques may be applicable to managing thecomplexity in other Tcl/Tk programs, some problemsthat were faced along the way are also described.About Groupware and GroupKitBefore delving into TeamRooms, some background isnecessary. For those unfamiliar with the domain, thissection first introduces real-time groupware applications.It then describes our GroupKit extension, and inparticular the scope of applications which it has beenpossible to create with GroupKit.Real-Time GroupwareGroupware is software that helps two or more peoplecollaborate. It is a pretty general category that includes applications like e-mail or Usenet bulletin boards.Workflow and document management systems likeLotus Notes are the most commonly known groupwareapplications today.Real-time groupware is groupware that lets people worktogether at the same time. A common example is the�talk� facility in Unix. Another example is a �sharedwhiteboard� program, that let people across a networkdraw together � any drawings marks made by one useron their computer are seen by all other users workingon the shared drawing. Other examples are text editorsthat allow editing the same document at the same time(usually with some form of locking so users don�tconflict), brainstorming or voting tools for distributedmeetings, card games, and so on.GroupKitGroupware can be both productive and fun to use. It isnot, however, much fun to write. Even ignoring theconsiderable technical hurdles of network infrastructuresand concurrency, there are many human factors issuesthat have to get worked out for anyone to be willing touse it. We developed GroupKit to make it easier forprogrammers to build real-time groupware applications.GroupKit is a toolkit or extension that relies on lowerlevel support from Tcl, Tk, and Tcl-DP. Some of thefacilities it provides to groupware developers aremessage passing, shared data structures, sessionmanagement, and high-level multi-user interfacewidgets.Figure 1 shows some typical applications constructedwith GroupKit. The session manager is used to starteach tool, which runs as its own process in its ownwindow. When several users join a groupware session(for example, a shared whiteboard tool), each user�sprocess makes a socket connection to every other user�sprocess, which is known as a replicated architecture.Though GroupKit supports many different tools andeven different session managers, the basic run-timearchitecture is always the same.Just as Tcl/Tk have made single-user applications easyto build, GroupKit has made groupware applicationseasy to build. The toolkit�s learning curve is quick toclimb, making it suitable when time is limited, such asfor university class projects. It has been used at a largenumber of sites, and a number of substantial systemshave been built using it. Its design has also made iteasy to transform many existing single-user Tcl/Tkprograms into groupware. The toolkit has also servedwell in supporting our own research interests ofexploring groupware user interface issues. Thecombination of high-level programming constructs andease of learning have made GroupKit one of the mostpopular groupware development platforms availabletoday.ChallengesStill, there were areas we wanted to explore where wewere hindered, particularly as we started focusing moreon interesting applications. Besides running on Unix,Figure 1. Some GroupKit applications, including (a) the open registration session manager, (b) information on a user, (c) a brainstorming tool, (d) a shared whiteboard, and (e) a shared text editor.

we wanted to be able to deploy applications acrossplatforms like Macintosh and Windows. Our fullyreplicated network architecture worked well in a world ofstable workstations and networks, but can beproblematic with unreliable machines and modemconnections. Finally, we wanted to explore richer, moreintegrated environments, where several groupware toolswere closely tied together, for example embedded insideother applications, documents or web pages.TeamRoomsTeamRooms is our most ambitious groupwareapplication to date. Unlike most of our tools whichsupport isolated real-time meetings, the system providesa fully persistent environment for collaboration,whether in real-time or asynchronously. TeamRooms ismodelled after physical team rooms, which provide aplace for teams to meet, work, leave things for otherteam members, add comments and changes to shareddocuments, and so on. Our goal is to provide anelectronic equivalent for teams whose members may bedistributed. TeamRooms is a �network place� that hostsa team�s collaborations.This metaphor is not new; Multi-User Dungeons(MUDs) also provide a persistent shared space, wherepeople can meet in rooms containing various objects[3]. As with MUDs, TeamRooms uses a central serverto hold information on rooms and their objects, and aseparate client provides the user interface � but ratherthan a telnet client, TeamRooms has a full graphicalinterface (on Unix/X or Macintosh, with Windowsunder development). We wanted to move beyond thelimited text-based interfaces of today�s MUDs, andprovide �useful� fully interactive groupware applicationsas tools in the room. We stopped short of fullaudio/video support to keep network requirementsreasonable, though an external system could be added.User InterfaceFigure 2 illustrates the user interface of theTeamRooms client, where the user (Mark) is in a roomcalled �Mark Roseman�s Room� with two other users(Carl and Saul). Along the bottom of the screen are atext-based chat tool and different colored pens fordrawing on the �walls� of the room (a sharedwhiteboard). User snapshots show who else is in thecurrent room or on the server, and if a video camera isavailable, these pictures are periodically updated. Alsoshown are six different applets: a URL reference, animage, a concept map, a postit note, an outliner, and atetrominoes game.AppletsEach applet is embedded in its own frame, in a similarfashion as OpenDoc or OLE components. Users selectnew applets from the Tools menu, as well as delete,move and resize them. All changes are immediatelyvisible to all users in the room. TeamRooms alsoallows users to retrieve earlier versions of applets, tocompare changes over time.Applets can be practically any groupware application,such as meeting tools (e.g. for brainstorming ideas orvoting), shared document editors, drawing tools, orgames. Some specific examples we built include:PostIt. The ubiquitous yellow sticky note allows usersto leave text messages in the room for other users, asreminders, or to comment on other room objects.Outliner. A hierarchical outline tool lets users organize aset of notes or ideas. Users can add or delete ideas, dragexisting ideas to rearrange them in the outline, andcollapse or expand portions of the outline.Image Tool. As a way to decorate rooms, we created theimage applet, which displays a GIF image fetched froman HTTP server.Games. The tetrominoes applet is one simple groupwaregame; others could include card games, chess orcheckers, and so on.URL References. To help tie in external information,this applet lets users leave pointers in the form of aURL for others. Clicking on the applet loads therequested URL into their web browser. Another appletuses Stephen Uhler�s infamous HTML parsing library todisplay a web page inside TeamRooms for discussion.Applets differentiate TeamRooms from most groupwaretools that provide only simple facilities such as chatrooms or shared whiteboards. Applets allow theenvironment to be customized to suit the team�s specificneeds. Because we expected many users to want customapplets, we needed to make it easy to construct newones, ideally as easy as constructing normal GroupKitapplications.SummaryTeamRooms provides a shared �network place� on theInternet where team members can collaborate, either inreal-time or asynchronously. As a Tcl/Tk based Internetapplication, it is novel because of its multi-user, highlyinteractive nature, and its use of OpenDoc-style customapplets embedded inside the application.

serverroomsserver users

Strategies for Managing ComplexityTeamRooms represents a rather significant challenge fora GroupKit application. Its architecture is centralized,not replicated; it requires user authentication; it demandsa very robust, multi-versioned persistence facility; itneeds to be multi-platform; and several groupwareapplications need to be embedded in the same toplevelwindow.This section describes three techniques that were used tobuild TeamRooms while still leveraging the existingGroupKit code base and API where possible: meta-architectures, multiple interpreters, and embeddedwindows. After a description of these techniques, someof the particular issues that were encountered in buildingTeamRooms are addressed.Meta-ArchitecturesMeta-architectures provide a way to change theunderlying behavior of a software system while stillretaining an existing interface or API. For example, wewanted to provide a centralized network architecture(new behavior), though still allowing developers toview the system as having direct connections to otherprocesses for passing messages (a key component of theAPI).In a meta-architecture, the user level API calls a smallnumber of well-defined underlying primitives. Themeta-architecture provides hooks to allow replacingthose primitives. In GroupKit, we had primitives foropening, accepting and closing sockets, and passingmessages. The existing primitives supporting areplicated architecture were replaced with new ones for acentralized architecture, and the user level routinescontinued to do the right thing. When it came time toadd authentication (i.e. logins), we could again use thehooks to add the new behavior.Building good meta-architectures comes down to goodsoftware design. It happens that highly dynamiclanguages like Tcl make them easy to implement. Amore in-depth discussion on meta-architectures in Tcl isprovided in [6].Multiple InterpretersThe main problem for TeamRooms is dealing with allthe different pieces: locating and navigating rooms,tools such as the shared whiteboard in the room itself,and then the numerous applets. Everything needs to bekept fairly separate and modular, while still beingbundled together in the same application process.Our first approach was to use an object system. Aprototype of TeamRooms was built using [incr Tcl],where each applet was a mega-widget with groupwarefacilities added. While this worked, for this particularapplication it was not the ideal solution for two mainreasons.New Programming Model. Using an object systemintroduced a new programming model, where eachgroupware tool was an object. This added an extra levelof complexity that we thought would be an obstacle toour target audience, most of whom are not experiencedprogrammers or familiar with languages like C++.GroupKit�s existing message passing paradigm was hardto resolve with objects, and imposing a particularstructure on applications would impede the ability toadapt single-user applications.Modularity Concerns. Surprisingly, modularity was alsoa concern. The burden was on the object�s developer toensure it did not use globals or otherwise interfere withother objects running in the application (despiteinteracting with its equivalent objects in other users�processes). This also had implications for security;though we were not immediately concerned with appletsbeing downloaded over the network, the need to �trust�each object to interact nicely with the system seemed topreclude the possibility.For the final version of TeamRooms, we abandonedobjects and implemented the system with multipleinterpreters, using the �stcl� extension that was added tothe core in Tcl 7.5. Multiple interpreters allow us toview each piece as a completely separate groupwareapplication that looks almost exactly like standardGroupKit code.The TeamRooms client application consists of severalGroupKit interpreters, as shown in Figure 3. The overallapplication interpreter is logically connected (via thecentral server) to all other users on the server, and dealswith navigating between rooms, finding who is loggedin to the server, and what rooms are available. When theuser enters a room, a room interpreter is created tomanage the overall room. Logically connected to allusers in the room, this interpreter manages the chat tool,shared whiteboard, creates and resizes applets, etc.Finally, each applet runs in its own applet interpreter.Some advantages of this technique are noted below.Standard Tcl Programs. The main advantage is that eachcomponent looks just like a standard �run-on-its-own�Tcl application (or in this case, GroupKit application).There are no extra constructs, and no specialconsiderations to worry about. This perfectly addressed our concerns with learning curve, and preserved ourinvestment in existing applications.Modularity and Security. Unlike with objects,programmers using multiple interpreters must explicitlygo out of their way to access code out of the program�sscope. This meant no accidental interference betweenapplications. By providing a clear dividing line betweenpieces, it also makes it easy to replace pieces, such asthe program for the room interpreter. Finally, this leftopen the possibility to enforce security restrictions onapplets, using the model supported in Safe Tcl [2].Shared Resources. Multiple interpreters were used toshare resources across the entire application. Forexample, a single socket connection is shared betweenall interpreters. When an applet sends a message to itscounterpart running in another user�s client, themessage is first routed to the application interpreter. Itis then sent over the network to the server, which relaysit to the application interpreter of the other user�s client.From there, it is routed to the interpreter managing thespecific applet. The actual mechanism was implementedby having the application interpreter set up an alias inthe applet interpreter to intercept communications. Ofcourse, the flexible routing scheme was specified usingGroupKit�s meta-architecture.Embedded WindowsThough multiple interpreters give TeamRooms theneeded lower level functionality, all those interpretersstill had to be able to share the screen somehow.Luckily, Steve Ball had already done most of the workfor us in his SurfIt! web browser [1], which features Tclapplets running in their own subinterpreters and havingaccess to Tk features. The basic approach is to carve offa piece of the Tk window hierarchy for the applicationinterpreter, alias that to �.� in the applet interpreter, anduse aliases to redefine all Tk commands in the applet torun in the application interpreter, with appropriatechanges to window names, etc.We made several changes to this code. First, we allowedthe window hierarchy of child interpreters to be rooted atan internal frame widget rather than only at a toplevel,so that interpreters could share the same toplevelwindow. We removed many of the security limitationsenforced by SurfIt!, since at this point we wanted fullaccess to Tk facilities. Finally, we moved several piecesof the code from Tcl into C to improve performance incritical areas.The frame surrounding each applet is constructed as astandard Tk mega-widget (itself containing 20 smallframes for the different pieces of the border), whoseinside frame is the root of the applet�s windowhierarchy. We followed the practice found in theOpenDoc compound document framework [5] that theparent determines the layout of the child, so all resizedecisions etc. are managed by the parent.IssuesThe previous section describes some of the techniquesthat we used in building TeamRooms. Because thesemay be applied to managing complexity in other Tcl/Tkapplications, we now look at some of the obstacles thatwere faced in applying these techniques in TeamRooms,as well as the solutions we found.Startup TimeThe first difficulty had to do with startup time. Becauseeach interpreter acts like its own application, starting upseveral different interpreters is like starting up severalapplications. While a two second initial applicationstartup time may be reasonable, if it takes two secondsfor every single applet to be created, the time it takes toenter a room in TeamRooms holding five or ten appletscan seem like an eternity.It took a lot of profiling (mostly using Tcl�s �time�command) and subsequent performance tuning to get thetime it took to create an applet interpreter and its framedown from about 2.5 seconds to a more reasonable .2seconds. Some of the changes we made are describedbelow. Note that most are common sense optimizationsFigure 3. Structure of TeamRooms client, showing use of multiple interpreters.

ApplicationInterpreter(communications, who is around, room navigation, �)

RoomInterpreter(whiteboard, applet sizes, �)

AppletInterpreter socket to server�

that were just never an issue before, and that the typical�if its slow, recode it in C� would only address a smallnumber of the problems in this case.Do the minimum amount of work. Our subinterpreterstook a lot of time initializing code they didn�t need. Forexample, we�d originally initialized Tcl-DP even thoughthe applets used the application interpreter�s socketfacilities (removing this saved about .15 seconds). Weused to read one large Tcl configuration file, whichincluded much information used only by other parts ofTeamRooms; this was moved into a different file(saving about .2 seconds). Obviously, minimizing workis especially important if the work is done at the slowerTcl level, rather than C.Avoid autoloading. While autoloading is a veryconvenient way to load Tcl source code, it is extremelyslow! We explicitly sourced all scripts rather thanrelying on unknown handlers and auto-loading (totalsaving around .5 seconds, depending on the applet).Identify special cases. One data structure we use iscreated and maintained mostly through Tcl code. Whencreating a new instance, the programmer may specify anumber of different options, which requires a lot ofslow Tcl code to parse. We identified a frequently-usedspecial case and handled that separately. These types ofoptimizations saved about .2 seconds.Use smarter Tcl constructs. We found manyimprovements here. Our best example is a constructlike �lsearch [info commands] foo� rather than �infocommands foo� which runs about forty times faster.While Tcl is great to �glue� primitives together, itsworth checking the manual pages to see if yourfavourite Tcl command will do the work for you itself.Embedded Window IssuesMost of the embedded window issues we faced wereperformance issues, not surprising given that the codeto do the embedding was written in Tcl. In this case,profiling identified some special cases which wererewritten (e.g. there is no need to search through acommand using an expensive regular expression searchto find window pathnames if the character �.� doesn�tappear anywhere in the command), or some generalroutines which were used everywhere where it wasworth it to rewrite just those routines in C.Using mega-widgets was another issue. Both the mega-widget framework we used and the mega-widgetsthemselves were written in Tcl. Given the overhead ofthe window embedding code, both creating and usingmega-widgets that run in the child interpreter was veryslow. Moving them into the parent interpreter (andmaking them available in the child interpreter with analias, as is done with the built-in Tk widgets) improvedthat situation considerably (creating the mega-widget forthe applet�s object frame took .5 seconds when run inthe child interpreter, and just under .1 seconds when runin the parent interpreter).There were a few other difficulties, such as not beingable to access the �-variable� associated with somewidgets in a subinterpreter (which was resolved by a setof variable traces). Deciding how images were sharedbetween interpreters is also an issue (we let childinterpreters have full access to the parent�s images,though this decision may have to be revised if we allowuntrusted applets). These will need to be resolved as the�safe Tk� code is redone and integrated into the Tk core.Interactions Between InterpretersInterpreters need to communicate with each other toshare facilities, such as sockets, information on users,and so on. The multiple interpreter package in Tcl uses a�parent/child� paradigm for interpreters, which wefollowed closely. Shared facilities were always suppliedby the parent (the application interpreter) to the child(the room or applet interpreters), using interpreteraliases. This resulted in the application interpreterprogram needing extra code, while the code used in theroom and applet stayed quite simple, which worked wellfor our need of simplifying applets.Though it is possible to use hierarchical interpreters,after some brief experimentation we rejected them. Withthe applet interpreters being a child of the roominterpreter (rather than the application interpreter), andeven at one point with applets as children of otherapplets, things got out of control quickly. Speed was anissue (mainly in the interface code), and responsibilitieswere spread over many pieces. When possible, a shallowhierarchy of interpreters seems to be more effective.Another decision we had to make was about menusharing, so that applets could have access to the mainmenubar. We chose to add a single menu to the menubarfor each applet (available via an alias), and theapplication interpreter packed and unpacked the menu asthe focus changes. An alternative would be to clone theentire menubar for each applet.PackagingBecause our audience is not only developers but alsopeople who just want to use the system, we needed topackage a binary that would not require users to compile their own Tcl, Tk, GroupKit, etc. Existing solutionsneed some changes to work for applications usingmultiple interpreters. Typically these systems�compile� Tcl code into arrays of C strings, and loadthem via Tcl_Eval() at the start of the program. Butmultiple interpreters are not always created at theprogram�s start, and interpreters may use different files.The solution we used in TeamRooms was to use anexisting package (Joe Touch�s �tcl2array� package) togenerate C arrays of the Tcl code. We then created ahash table containing pointers to these arrays, indexedby their original Tcl filename. We replaced Tcl�sstandard �source� command with a new version that firstchecks if the requested filename is in the table. If so, thecode is read from the array, otherwise the file is readfrom disk.Cross Platform IssuesWhile TeamRooms now runs on several flavours ofUnix, Macintosh, and Windows, at the time of writingwe have little to report in terms of cross platform issuesthat were difficult to resolve. Most difficulties have todo with missing native functionality (e.g. proper menusand dialog boxes), differences with fonts (which areimportant if we want identical views of the room acrossplatforms), and so on. Other common cross-platformissues such as layout, naming conventions and so onhave not been significant issues with TeamRooms.This is likely because the system relies on a verycustomized, direct-manipulation interface built usingTk�s canvas widget, rather than using a moreconventional forms based interface.ConclusionsThis paper has described TeamRooms, a Tcl/Tkgroupware application built with our GroupKit toolkit.TeamRooms provides �network places� on the Internetfor collaborators, who can interact with generic toolslike shared whiteboards. They can also customize theirelectronic rooms by using applets, which are fullgroupware applications that run embedded in the room�swindow, OpenDoc style. TeamRooms is a goodillustration of a highly interactive Tcl-based Internetenvironment.To accomplish this while still keeping the application�scomplexity reasonable, TeamRooms relies heavily on anumber of techniques. Meta-architectures provide theflexibility to support new run-time architectures.Multiple interpreters allow us to structure the system sothat each component acts as its own self-containedapplication, without requiring extra knowledge aboutthe overall environment. Finally, embedded windowsextend the power of multiple interpreters to Tk. Ourexperiences with these techniques should prove useful asother Tcl/Tk applications begin to use these newerfeatures.AcknowledgementsThanks go to early users, in particular Saul Greenberg,Carl Gutwin, Gordon Paynter and Simon Gianoutsos,who braved early versions of the system, and offeredmany useful suggestions and improvements. Variousbits of code have been borrowed from Steve Ball (appletembedding), Stephen Uhler (HTML library), andShannon Jaeger (megawidget framework). The financialsupport provided by Intel Corporation and NSERC isgratefully appreciated.More information about TeamRooms, includingsoftware availability, related projects, and publications,can be obtained on the World Wide Web at: http://www.cpsc.ucalgary.ca/projects/grouplab/teamrooms/References1.Ball, S. SurfIt! A WWW Browser. In Proc. ofTcl/Tk Workshop. 1996..2.Borenstein, N. EMail with a Mind of its Own: TheSafe-Tcl Language for Enabled Mail. In Proc. ofULPAA. 1994.3.Curtis, P. and Nichols, D. MUDs Grow Up: SocialVirtual Reality in the Real World. In Proc. of theThird International Conference on Cyberspace.May 1993.4.Johansen, R., Sibbet, D., Benson, S., Martin, A.,Mittman, R. & Saffo, P. Leading BusinessTeams. Addison-Wesley. 1991.5.Orfali, R., Harkey, D. and Edwards, J. TheEssential Distributed Objects Survival Guide. JohnWiley and Sons. 1996.6.Roseman, M. When is an object not an object? InProc. of Tcl/Tk Workshop. 1995.7.Roseman, M. and Greenberg, S. Building RealTime Groupware with GroupKit, a GroupwareToolkit. ACM TOCHI . March 1996.