
WebWiseTclTk, OmniDesk and OmniFlows:A User-Con�gurable Distributed DesignEnvironment inside a Web-BrowserHemang Lavana Franc BrglezApril 19981998-TR@CBL-03-Lavana, Version 1.0
Reprinted, with permission, fromhttp://www.cbl.ncsu.edu/publications/Publications at this site are occasionally revised,please check for the latest version under the same title.For more information about CBL, visithttp://www.cbl.ncsu.edu/or write toinfo@cbl.ncsu.edu

c
1998 authors and CBL, All Rights Reserved



About This DocumentAcknowledgments. The work presented in this document has been supported by bycontracts from the Semiconductor Research Corporation (94{DJ{553), SEMATECH (94{DJ{800), and DARPA/ARO (P{3316{EL/DAAH04{94{G{2080 and DAAG55-97-1-0345),and a grant from Semiconductor Research Corporation.Abstract. Today, Web browsers provide a convenient access to the Internet while (1)increasing the number of useful desktop functions, and, (2) reducing the platform depen-dence on the operating system of the host. This paper introduces a toolkit WebWiseTclTkand demonstrates a range of its applications in support of a heterogeneous computing en-vironment where CAD tools, data, and users are distributed across the continent. Speci�-cally, we implemented OmniDesk, as a Tcl applet that creates a user-con�gurable desktopwithin the Web browser window. User can place any number of objects onto the Om-niDesk, ranging from windows that display the contents of a directory or a �le on a remotehost, to OmniFlow applets that can execute any sequence of user-de�ned, tool-speci�c, anddata-dependent tasks. Identical versions of OmniDesk and a variety of user-con�gurableOmniFlow class libraries can be mirrored on several Web sites or can be installed locallyfor faster access and execution.The WebWiseTclTk toolkit is an enhancement of the existing feature set of Safe-Tcl andSafe-Tk, that does not compromise security. The toolkit re-de�nes the functionality ofthe auto load mechanism in Tcl such that it works for packages located anywhere on theWorld Wide Web. It also re-introduces several commands not available in Safe-Tk suchas toplevel and menu to provide a much richer feature set of Tk commands. The toolkitis written entirely in Safe-Tcl/Tk and uses the home policy for running applications asTcl-plugins.The toolkit supports (1) creation of new Web-based Tcl applications with greatly enhancedfunctionality, and (2) migration of existing Tcl applications to the Web by merely writingan encapsulation script. For example, only a simple encapsulation script is required forWeb-based execution of the Tk Widget Demonstrations, distributed with the core Tcl/Tk.Keywords. Internet, desktops, frameworks, Web browsers, html-forms, CGI scripts,applets, security.Note.This document has been published for viewing on the Web in Postscript and HTMLformats. The latter is annotated with active hyperlinks to facilitate quick browsing of thisand related documents.Citation. If you choose to cite this report, please add the following entry to your bibli-ography database:@techreport{1998-TR@CBL-03-Lavana,author = "H. Lavana and F. Brglez",title = "{WebWiseTclTk, OmniDesk and OmniFlows:A User-Configurable Distributed DesignEnvironment inside a Web-Browser}",institution = "{CBL, CS Dept., NCSU, Box 7550,Raleigh, NC 27695}",number = "1998-TR@CBL-03-Lavana",month = "April",year = "1998",note = "{Also available at{\tt http://www.cbl.ncsu.edu/publications/}}"}



ContentsI Introduction 1II Background on WebWiseTclTk 1III Motivation 2IV OmniDesk { User View 4V OmniFlow { User View 5VI OmniFlow Scheduling and Execution 6VIIApplications and Experiments 7VIIIConclusions 8
List of Figures1 Architecture for WebWiseTclTk tookit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 Dependency graph, OmniFlow and OmniDesk. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 OmniDesk and OmniBrowser within a Web-browser. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 OmniFlow depicting the partitioning, logic optimization, placement and routing. . . . . . . . . . . . . . 55 Expanded view of a hierarchical OmniFlow node. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 HTML-form for executing partitioner. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 Program node con�guration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 Data and script node con�guration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 Firing schedule of an executable Petri net. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 710 Cell-based placement and evaluator OmniFlow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
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to OmniFlow applets that can execute any sequence of user-de�ned, tool-speci�c, and data-dependent tasks. Identical ver-sions of OmniDesk and a variety of user-con�gurable OmniFlowclass libraries can be mirrored on several Web sites or can beinstalled locally for faster access and execution.The WebWiseTclTk toolkit is an enhancement of the exist-ing feature set of Safe-Tcl and Safe-Tk, that does not compro-mise security. The toolkit re-de�nes the functionality of theauto load mechanism in Tcl such that it works for packages lo-cated anywhere on the World Wide Web. It also re-introducesseveral commands not available in Safe-Tk, such as topleveland menu, to provide a much richer feature set of Tk commands.The toolkit is written entirely in Safe-Tcl/Tk and uses the homepolicy for running applications as Tcl-plugins.Since both the OmniDesk and any OmniFlow are executedas applets in WebWiseTclTk [1, 2], users need to install a Tcl-plugin [3, 4] in their browser. Implementing either or both asapplets in Java [5] is feasible but not necessary. Our decisionto extend Tcl/Tk [6, 7] to WebWiseTclTk is based on favorableexperience with the Tcl/Tk reported in the CAD tool suppliercommunity.An OmniFlow is a user-created directed dependency graphof data, program, decision, and OmniFlow nodes. Data andprogram nodes may reside anywhere on the Internet. The pro-posed approach has a number of advantages over the currenthtml-form-based execution of CGI programs and applets. Mostsigni�cantly, the OmniFlow captures, hierarchically, any num-ber of user-de�ned and data-dependent task sequences, includ-ing ones that have cycles { a feature that would be impracticalto implement with current html-form-based approaches. Thedata and program node con�gurations consist of one-time-onlyform entries which can be used and re-used in any number ofOmniFlows.Formalized descriptions of work
ow modeling concepts, archi-tecture, and implementation are still evolving, e.g. [8]. Manyare application-speci�c rather than generic. Our approach ex-pands on the attributes of the design control language decol [9]devised to deal with a large number of data �les and programsand applied to integration of many tools into a comprehensiveVLSI design system [10]. Some aspects relate to the work inthe area of design methodologies and design frameworks suchas [11, 12, 13, 14].The paper is organized into the following sections: (2) back-ground on WebWiseTclTk; (3) motivation; (4) user view of theOmniDesk environment; (5) user view of the OmniFlow envi-ronment; (6) highlights of OmniFlow scheduling and execution;(7) summary of current applications; and (8) conclusions.II. Background on WebWiseTclTkA large application, written in Tcl, typically consists of a shortmain script and a library of support scripts. Applications startup quickly by invoking the main script. As new features are ac-cessed, the code that implements them is loaded automatically,using the auto load mechanism available in Tcl.



The Tcl-plugin, based on Safe-Tcl, restricts running suchlarge applications inside a Web-browser. A few of these re-strictions are listed below:� Auto load scheme fails, unless the application package is in-stalled on the client host. Another alternative is to merge allthe scripts in the application into a single script which can bedownloaded as a tclet.� Applications are restricted to a single window since the com-mand toplevel is not available in Safe-Tk and new windowscannot be created.� Menu widgets are also disabled in Safe-Tk.� Tclets do not have access to standard input/output.The Tcl-plugin supports multiple security policies so that thetclets can perform any of the functionality described above.However, this requires every client host to devise and customizetheir security policies for every application before accessingthese as tclets.It is desirable that the Tcl applications be easily translatedinto tclets and made readily available on the World Wide Web:� without requiring any major changes in the code, and� without requiring any sophisticated security policy.We have developed the WebWiseTclTk toolkit as an enhancementto the Tcl-plugin that makes use of the home policy only. Thehome policy is, by default, enabled in the Tcl-plugin and henceapplications using WebWiseTclTk do not require the host clientsto change their existing security policies.The toolkit WebWiseTclTk consists of two parts: (1)WebWiseTcl which is an enhancement for Safe-Tcl and is usefulfor applications that do not require display, and (2) WebWiseTkwhich is an enhancement for Safe-Tk for applications requir-ing display. The toolkit itself consists of several smallerscripts and uses the modi�ed auto load mechanism designedfor WebWiseTclTk.Figure 1(a) shows the general architecture that implementsthe auto load mechanism. Special cases of the generalized archi-tecture, shown in Figures1(b), (c) and (d), are described below:1. Typically, a client host downloading a tclet from a Webserver has only the Tcl-plugin installed for its Web-browser.The server site hosts not only the tclet scripts but also theWebWiseTclTk toolkit as shown in Figure 1(b). The client hostdownloads the main script for the tclet which requests to use thehome policy. If the client host has not disabled the home pol-icy, then the main script downloads the initialization script ofthe WebWiseTclTk toolkit from the server site. Once the initial-ization has completed, the auto load mechanism is modi�ed todynamically download the remaining scripts of the applicationas and when needed during its execution.2. In the second case, shown in Figure 1(c), the client host haslocally installed the WebWiseTclTk toolkit. The main script ofthe downloaded tclet uses the locally available toolkit and visitsthe server site only to retrieve its other scripts. This results infaster execution of the tclet code.3. In the third case, shown in Figure 1(d), the WebWiseTclTktoolkit is neither available on the server site nor is it installedon the client host. It is available at the software repository site.This requires the client host to install a special WebWiseTclTkpolicy that allows the tclets to download scripts not only fromits server site but to also download the toolkit from our site.This mechanism has the advantage of always using the latestversion of the WebWiseTclTk toolkit.The generalized architecture allows the main tclet script todynamically use one of the above three mechanisms, basedon the con�guration of the client host. Full details aboutWebWiseTclTk are available in [1]. To check out a demo ordownload WebWiseTclTk, see [2].

III. MotivationThe most frequent use for Web-browsers today is to access dataon the Internet. The use of html-form-based tools on the Web,whether executed as CGI programs on remote hosts or down-loaded as applets to execute on the local host, is just emerging.URL-based access to data and tools over the Web has distinctadvantages over the existing methods, including:� It is no longer necessary to create accounts for every remoteuser planning to access the tool,� Tools do not have to rely on X-based connections, requiringhigh bandwidth for broadcasting GUI to the remote user,� Installation of the software on the remote user's site is notneeded, and� Remote users always access the latest version of the tool.To motivate the introduction of the proposed approach, we con-trast the use of html-form-based tools with the more generalcontext of OmniDesk and OmniFlows.HTML-form execution. We can summarize a typical scopeof their use as follows:� user speci�es an URL of the html-based entry form for a spe-ci�c program (access may be password controlled);� once the form is available, user may be requested to enter:1. names of input data �le(s) (using the `browse' button);2. any required/optional parameter values;3. a click on the `submit & execute' button (typically, theprogram noti�es the user as to the location of all relevant outputdata �les);� once the output data �les are available, user downloads themfor examination and for potential use as input data to any otherprogram in a speci�c work
ow sequence.Advantages include:� simplicity of implementation (for Web-page designers);� convenience for one-time use (for Web-page users).Drawbacks include:� user must re-enter the entire entry form to re-execute thesame program;� user needs to download and examine output data �les of theWeb-based program before submitting them to another Web-based program;� user may get overwhelmed when executing a number of com-plex sequences, especially if they include cycles.An alternative to HTML-form execution. The variousphases of the design of complex electronic systems involve in-teraction of heterogeneous data (in proli�c formats) with a num-ber of complex and specialized tools in several con�gurations.Potentially, html-form-based applications can �ll the need formany point tools. However, there is no single con�guration ofpoint tools that can support a complex design process nor are allrequired tools available from a single vendor and a single Website. Consider the scenario illustrated in Figure 2(a). Here, weconsider the role of three point tools on the Web to support atypical segment of the design process:� partitioner@URL4 extracts init-partition@URL5 from thecircuit description circuit@URL2;� optimizer@URL8 attempts to reduce the size of the initial cir-cuit partition, returning opt-partition@URL9;� place&route@URL10 tool that conditionally reads the opti-mized circuit partition and generates a circuit layout imple-mentation layout@URL11.The dependency graph of data, tools, and decisions in Figure2(a) can be executed, step-by-step, using the html-form-basedapproach. However, the process is tedious, error-prone, andhard-to-coordinate with distributed designers, especially in viewof the decisions such as re-partition? that may lead to a new2
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(d) WebWiseTclTk toolkit on the our site.
Typical scenario of a tclet execution:1. Client host visits the Web server.2. Main tclet script is downloaded to client host.3. WebWiseTclTk toolkit is loaded and initiallized.4. Main tclet script executes.5. Individual tclet scripts are downloaded as and when re-quired.

Fig. 1. Architecture for WebWiseTclTk tookit.3



iteration. It is always possible to create an executable batchscript that invokes a series of single-point tools. However, a highlevel of programming skill is required for creating such a script.In addition, nominal users cannot re-con�gure these scripts tosuit their needs without the assistance of a skilled programmer.We argue that distributed users be given the 
exibility to con-�gure dependency graphs, such as shown in Figure 2(a), into ex-ecutable work
ows { OmniFlows which are rendered platform-independent as objects within the Web-browser window of theOmniDesk. We describe both concepts in this paper in more de-tails later. First, we illustrate the context for their use in Figure2(b). Here, we depict two users, user1 and user2, engaged invery di�erent tasks. The main objectives of user1 are:� to download the applet OmniDesk@cbk;� to con�gure a speci�c OmniFlow that uses programs such asprogram2@mit and data such as data1@ucb;� to execute the OmniFlow and archive output data asResultsReport1@anywhere.On the other hand, user2 appears to have a local copy of Om-niDesk already. Her objectives are:� to browse OmniFlow-lib@mpi and download a speci�c Omni-Flow;� to execute the speci�c OmniFlow and archive output data asResultsReport2@anywhere.Both scenarios above are extreme cases. In general, user maystart with an existing OmniFlow and modify it as appropriate.
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OmniFlow-lib1@mpiFig. 2. Dependency graph, OmniFlow and OmniDesk.Scope of OmniDesk/OmniFlows. A desktop that supportsdrag and drop of a �le onto the printer icon is a simple exam-ple of a universally understood paradigm. Such a simple tasksequence can be easily remembered. However, typical designtasks consist of longer sequences, involving data, programs andusers anywhere on the Internet. OmniDesk, implemented as

an applet, creates a user-con�gurable desktop within the Web-browser window. User can place any number of objects onto theOmniDesk, ranging from windows that display the contents of adirectory or a �le on a remote host, to OmniFlow applets thatcan execute any sequence of user-de�ned and data-dependenttasks. Identical versions of OmniDesk and a variety of Omni-Flow class libraries can be mirrored on several Web sites or canbe installed locally for faster access and execution. The premiseof a user-con�gurable desktop, where partners can collaborateat any time, from anywhere, with anyone, is clearly within reachwith this technology.OmniDesks and OmniFlows can be thought to be analogousto the proxy-based distributed architecture described in [15].Proxies that implement the role of a conventional legacy tool`wrapper', by hiding a custom interface for a particular tool orclass of tools on the client side, are represented in OmniFlows asprogram nodes that provide a uniform interface to the client sidefor accessing any type of tool { be it a conventional legacy tool oran html-form-based CGI tool. Similarly, OmniDesk representsseveral other services provided by proxies such as data hiding,security management, etc.We contrast the �rst-time set-up of an OmniFlow with thehtml-form-based tool execution discussed earlier:� user speci�es an URL of the entry form for a speci�c program(this access may be controlled with a password);� once the form is available, user may be requested to enter:1. URLs of existing input data �le templates or create newones;2. URLs of existing output data �le templates or create newones;3. any required/optional parameter values;4. a click on the `submit' button to SAVE the form's contentas a speci�c program template;� once the templates for all program and data nodes are com-pleted, user creates and executes the OmniFlow within the Om-niDesk window. In general, OmniFlow executes all programs inthe work
ow speci�cation either sequentially or in parallel.Advantages include: (1) convenient for repetitive applications,since each form is entered only once and saved as a con�gura-tion �le; (2) URL for the html form is never accessed duringthe execution, reducing the network tra�c; (3) output data ofany Web-based programs are transferred automatically as in-put data to other Web-based program; (4) OmniFlow captures,hierarchically, any number of user-de�ned and data-dependenttask sequences, including ones that have cycles, a feature thatwould be impractical to follow-through with the current Web-form-based approaches; and (5) libraries of OmniFlows, each ex-ecutable within the OmniDesk, can be created and maintainedat any Web-site. Drawbacks include slightly higher setup-time,not suitable for one-time use.Combined Approach. CGI programs and applets availableon the Web for html-form-based execution are a valuable re-source. The proposed OmniDesk/OmniFlow implementationalso supports the use of html-forms to automate the one-time-only setup of data and program node con�guration templates.These templates in Tcl[6] can then be used and re-used in anynumber of OmniFlows.IV. OmniDesk { User ViewOmniDesk may be invoked by downloading the Tcl applet froma Web-server using Web-browser such as Netscape or InternetExplorer. Upon invocation, the OmniDesk appears as a scrol-lable window embedded inside the Web-browser and occupiesthe entire size of the Web-browser, as shown in Figure 3. Ini-4



Fig. 3. OmniDesk and OmniBrowser within a Web-browser.

Fig. 4. OmniFlow depicting the partitioning, logic optimization,placement and routing.tially, it contains only two windows - the OmniDesk Managerand the OmniBrowser.The OmniBrowser allows the user to traverse and browse thelocal �le system as well as the various Web-sites available onthe Internet. On traversing the local �le system, the directoriesand the �les are listed as shown in Figure 3. On the other hand,when a URL corresponding to a speci�c Web-site is visited, thecontents of the speci�ed URL are parsed for hyperlinks and onlythe hyperlinks are displayed in the OmniBrowser, in a fashionsimilar to the directory/�le listing of the local �le system. Auser may then select and invoke any number of pre-con�guredOmniFlows, which may be located either on the local �le systemor anywhere on the Internet.OmniBrowser is hidden from the user's screen as soon as theOmniFlow is invoked. However, to invoke other OmniFlows, auser may retrieve the hidden OmniBrowser window by clickingon the Browse button of the OmniDesk Manager window.

Fig. 5. Expanded view of a hierarchical OmniFlow node.V. OmniFlow { User ViewAny OmniFlow, such as shown in Figure 4, is an executablegraph-based representation of user-speci�ed, data-dependenttask sequences. It is represented as a directed dependency graphof data, program, decision, and OmniFlow nodes. The Omni-Flow node itself may consist of data, program, decision, andother OmniFlow nodes. Data and program nodes, representedby ovals and rectangles respectively, may reside anywhere onthe Internet. Data-to-program edges represent activities, suchas downloading the data �les from URL host to local host, anduploading the data �les to a URL host where the program nodeis executed. During execution, each edge is blinking during the�le download and all input edges to a program node blink si-multaneously during data upload. Program-to-data edges linkthe executable program node to the output data nodes. Bothreside on the same host. The program node can be an applet,downloaded from URL host to local host, or a program residingon the local host. Program nodes can be scheduled to executeserially or in parallel; all are blinking during their execution.Hierarchical nodes, such as an Optimizer in Figure 4, expandinto OmniFlows of their own as shown in Figure 5.We next describe the steps involved in creating program anddata node con�gurations to execute a CGI program and contrastit with the html-form-based invocation of a program.Program Node Con�guration. A program node con�gura-tion template is either fully created by the user, or it may begenerated automatically from the corresponding html-form.Figure 6 shows an html-form-based entry for a CGI programthat partitions a given netlist into several smaller partitions. Itexpects the user to specify two �les residing on her local host -an input design �le which needs to be partitioned and a devicelibrary �le. The input design �le may be one of several formatsacceptable to the CGI program such as `blif', `kiss', etc. Inaddition, a user is expected to supply several other parametersfor partitioning the netlist. After entering the html-form, auser typically submits the data for execution by clicking on theExecute button. This invokes the corresponding CGI programand upon completion of its execution, it reports the URLs ofthe generated output data.Figures 7 and 8 show an equivalent representation of the html-5



Fig. 6. HTML-form for executing partitioner.

Fig. 7. Program node con�guration.form-based entry as program node con�guration and data nodecon�guration templates. To create a program template, such asin Figure 7, a user speci�es the URL for the html-form. TheProgram Manager then fetches the speci�ed URL and automat-ically generates a graphic representation consisting of severalnodes, depending on the contents of the html-form. Speci�-cally, here four nodes are created: Partitioner, New Netlist,Device Library, and Initial Parameters.The Partitioner node corresponds to the CGI program lo-cated at URL2/a. The Input Design File and the DeviceLibrary are represented as data nodes New Netlist and DeviceLibrary in this template, while all the remaining parameters arespeci�ed as script node Initial Parameters. Figure 8 showsa data node con�guration template for New Netlist. It essen-tially consists of a base URL and a matching pattern to rep-resent a class of data. Thus, in this template, the data is notrestricted to reside on the users local host, but can reside on

Fig. 8. Data and script node con�guration.any of the Web-sites on the Internet. During execution, one ormore data �les, based on matching pattern speci�cation in thetemplate, are downloaded and submitted for execution of theCGI program. Similarly, data node con�guration is speci�edfor the Device Library. For remaining parameters, the scriptnode comes up with a window containing all the parameter en-tries. The user is required to specify the default values for theseparameters.The contents of the html-form, however, provide no informa-tion as to the output results generated. Therefore, the user isexpected to execute the CGI program once through the html-form, determine the URLs of the output data generated and addthe corresponding output data nodes in the program template.Depending on the results, the CGI program may be requiredto be re-executed with the same data but di�erent partition-ing parameters. Figure 8 shows a window for specifying a scriptnode template Modify Parameters that decreases the maximumnumber of CLBs and at the same time tracks the number oftimes the program is invoked with the same data.Other CGI programs on the Web can be similarly accessed bycon�guring a program template for each one of them. These pre-con�gured program and data templates can be interconnectedwith directed edges to construct an OmniFlow and thus specifytheir sequence of invocation in relation to one another. Thenext section describes the formalism necessary to schedule andexecute an OmniFlow.VI. OmniFlow Scheduling and ExecutionA user-created OmniFlow consists of several nodes and edges.Any node, dependent on data generated by execution of othernodes, cannot execute until all its earlier nodes have executed.On the other hand, some nodes can start execution concurrentlywith any other node, if the two are not interdependent. Inaddition, a program node may have to be executed several timesin a loop before a condition is satis�ed.To schedule OmniFlow for execution, we adopt the formalPetri Net based approach as follows:1. Program node templates in OmniFlows are transformed intotransitions in a Petri Net, whereas data node templates in Om-niFlows are transformed into places in a Petri Net.6



OmniFlow nodesBegin ?Initialize Parameters ?Modify Parameters ?Partition Acceptable? ?Any Remainder ?End ?Nodes on URL1Optimizer ?Copy ?List Remainder ?Nodes on URL2Partitioner ?Evaluator ?Copy ?Place and Route ?Level of Petri net transition 0 1 2 3 4 5 6 7 8 9Fig. 9. Firing schedule of an executable Petri net.2. All cycles existing in OmniFlows are identi�ed and brokendown to form conditional loops.3. A �ring schedule is generated based on the transformed PetriNet.4. The �ring schedule is applied to execute the OmniFlow.Figure 9 shows a feasible �ring schedule for the OmniFlowshown in Figure 4.VII. Applications and ExperimentsThe applications and experiments, summarized in this section,are the initial part of the OmniDesk environment performanceand functionality evaluation. Each of these experiments relieson interactive user inputs and is repeated two or three times todetermine variations in measured performance. Speci�cs aboutthe testbed con�gurations, test cases considered, and tabulatedresults follow.Applications. The OmniFlow example in Figure 4 illustratesits potential to customize a design 
ow of distributed tools. Itrepresents one of the Internet-based desktop environments thatwill be tested as an integral part of a national level collaborativeand distributed design project involving teams at several sites.Another set of applications that provides the motivation forthis work is related to benchmarking of heuristic algorithms inEDA. The Web browser-compatible OmniDesk/OmniFlow en-vironment can facilitate access to benchmarking data archives,can support execution of collaborative peer-reviewed bench-marking experiments, and can provide unbiased evaluation, re-port generation, and archival of any newly posted results ofbenchmarking experiments.Figure 10 shows an example of an OmniFlow as a testbed tosupport comparative benchmarking of algorithms during vari-ous phases of cell-based placement. The testbed uses the equiv-alence classes of circuit mutants to support rigorous statisticalanalysis, including a test of hypothesis such as `Is the improve-ment due to choice of the algorithm or due to chance?'The signi�cant feature of the 
ow is the collection and evalua-tion of data generated by any user-selected options that controlexecution of the 
ow. The evaluator, Place Eval, is shared byall phases of any placement algorithm, and reports on not onlyarea and wire length, but also wire crossing, critical wire cross-ing, and critical wire length, etc. Any number of placementalgorithms, located on remote hosts, can be encapsulated intothis testbed and evaluated, with all data being archived auto-matically at a common site for further analysis.Testbed Con�gurations and Test Cases. In order toapproximate typical instances of a distributed multi-site Om-niDesk environment, we have created: (1) local environment by

Fig. 10. Cell-based placement and evaluator OmniFlow.installing the Tcl-plugin on our host1; (2) cross-state environ-ment by installing the Tcl-plugin on a host2 at Duke Univer-sity in Durham, NC; and (3) cross-country environment by in-stalling the Tcl-plugin on a host3 at the University of Californiain Berkeley, CA.We carefully selected six test cases of typical short durationOmniDesk sessions, with useful attributes that demonstratetypical user-invoked tasks. The brief description that followsincludes the reports of real time, user time and system time asproduced by the Unix utility time. The `real time' correspondsto the `stopwatch time' that could have been obtained by theuser monitoring the task. The `user time' is the time requiredby the CPU to complete the task. The `system time' is theCPU time required by the system on behalf of the task. A briefdescription of all test cases follows.(1) Editing-1: Using OmniDesk, we open, and edit, a simple4-node, 3-arc OmniFlow by selecting, opening, and closing asingle data �le node-con�guration window.(2) Editing-2: Using OmniDesk, we open, and edit, the same4-node, 3-arc OmniFlow by selecting, opening, and closing asingle data �le node-con�guration window and a single programnode-con�guration window.(3) Editing-3: Using OmniDesk, we open, and edit, the 17node, 22 arc OmniFlow by selecting, opening, and closing 3data �les and a single program node-con�guration windows.(4) Browsing-1: Using OmniBrowser, we traverse a direc-tory structure, located on the client's local �le system, across3-levels, with up to 141 items in each directory. The directorystructures of all the three clients were made exactly the samefor uniform comparison.(5) Browsing-2: Using OmniBrowser, we select, open, andscroll, from start to end, the same copy of a text �le of about1000 pages (2.2Mb), located on each client.(6) Execution-1: Using OmniDesk, we open, and execute, thehierarchical OmniFlow in Figure 4. As shown, the OmniFlowhas 20 nodes and 25 arcs; during execution, the node labeled as1SUN SPARC 20 (chip=60MHz memory=64Mb swap=732Mb)2SUN SPARC Ultra 1 (chip=167MHz memory=256Mb swap=288Mb)3SUN SPARC 20 (chip=60MHz memory=96Mb swap=365Mb)7



optimizer expands into a sub-OmniFlow with 14 nodes and 15arcs.For all the six test cases, the OmniDesk applet is downloadedfrom a Web-site on our server.Evaluation Method. From each of the three hosts, each testcase is executed 2-3 times, with an interval of at least 30 sec-onds between each execution. A log �le, generated by time(real time, user time, system time) command, archives timingdata for each experiment. Similarly, a log �le, generated bythe sar (system activity report) command, archives the loadon each of the three hosts during the execution of these exper-iments. The log �le generated by sar provides information asto whether or not both the load on the server and the networkwas su�ciently stable to accept the `real time' and `user time'results for tabulation.Table I summarizes results of these experiments, performed onthe three hosts. Each cell in the table contains four values. Thetop two entries report the minimum and maximum values of`real time' whereas the bottom two report the average values of`user time' and `system time' for each experiment.Summary of Results. The data presented in Table I allowsus to evaluate the performance of the OmniDesk environment.1. The `real time' for the three hosts varies, depending on thecharacteristics of the host processor and the distance betweenthe OmniDesk Web-site and the host. Speci�cally, Duke hostconsistently reported least execution times, followed by our hostand UCB host. This is attributed to its higher performance hostprocessor.2. The minimum and maximum values of `real time' for eachexperiment, when performed during the night, are close to eachother. However, the same experiments showed signi�cant varia-tions during the day when the network tra�c and the host loadis unpredictable.3. Comparing the `user time' and the `system time' for eachhost, we �nd that our host requires the most CPU time and theDuke host requires the least CPU time. This follows directlyfrom the di�erent types of processors and the con�guration ofeach host. TABLE ISummary of experiments performed on the Internet.Operation OUR-host Duke-host UCB-hostReal Timea Min Max Min Max Min MaxCPU Timeb Usr Sys Usr Sys Usr Sys122.4 125.2 118.7 119.9 127.8 128.8Editing-1 4.0 1.0 2.2 0.7 3.9 1.2157.8 168.3 151.9 153.6 162.5 162.9Editing-2 5.2 1.0 5.5 1.3 5.2 1.4248.1 258.4 232.8 236.2 246.9 247.8Editing-3 14.3 1.2 8.4 1.2 14.3 1.8131.2 134.5 128.8 129.9 140.0 151.1Browsing-1 6.2 1.2 3.5 0.8 6.3 1.6158.6 167.2 155.3 156.7 167.3 170.4Browsing-2 28.5 2.0 6.5 0.9 28.6 1.9337.7 357.8 326.4 328.2 353.1 356.1Execution-1 20.4 4.4 5.5 1.3 19.8 4.0aBoth minimum and maximum values of `real time' are reported.bOnly average values of `user time' and `system time' are reported.Observations. The successful completion of preliminary ex-periments provides us with assurance that the experiments areconsistently reproducible on a variety of client hosts, given thatthe nominal cpu load is small and that the network is stable.Speci�cally, we con�rmed that

� Repeated real time executions of experiments, where user-inputs are carefully and consistently entered, gives `real time',`user time', and `system time' performance that is comparable(within 10%) to one another { under favorable network condi-tions and sever load.� Performance of the Web-based OmniDesk environment isquite good under nominal network tra�c and server load.Hence, with su�cient network bandwidth and powerful proces-sors, it is possible to work e�ciently and e�ectively on a designproject, via the Web-browser, accessing the tools and data dis-persed across the continent.VIII. ConclusionsWe have demonstrated the capabilities of the WebWiseTclTktoolkit by encapsulating a number of Tcl/Tk applications, in-cluding the Tk Widget Demos, as an executable Tclet on theWeb [2]. In addition, we have proposed and implementeda Tcl-based platform-independent desktop environment (Om-niDesk) on the Internet. This environment supports user-con�gurable OmniFlows of distributed data and distributed uni-versity/commercial software, each executable within the Web-browser's OmniDesk window.The initial applications are driven by the motivation to sup-port a distributed university-based design project and a series ofdistributed benchmarking experiments. The initial experimentsdemonstrate the feasibility and advantages of the proposed ap-proach.Acknowledgments. We appreciate the access to remoteservers and tools used in this research: user accounts on tworemote servers, facilitated by Dr. Richard Newton at UC Berke-ley and Dr. Gershon Kedem at Duke U., SIS and WELD fromteams at UC Berkeley, PROP from Roman Ku�znar from U. ofLjubljana (Slovenia), and APR from Xilinx Inc.References[1] H. Lavana and F. Brglez. WebWiseTclTk: A Safe-Tcl/Tk-based ToolkitEnhanced for the World Wide Web. Technical Report 1998-TR@CBL-02-Lavana, CBL, CS Dept., NCSU, Box 7550, Raleigh, NC 27695, Apr 1998.Also available at http://www.cbl.ncsu.edu/publications/.[2] The WebWiseTclTk Toolkit Home Page. The software is available athttp://www.cbl.ncsu.edu/software/#WebWiseTckTk.[3] The Tcl Plugin Home Page. Published under URL:http://sunscript.sun.com/plugin, 1997.[4] J. K. Ousterhout, J. Y. Levy, and B. B. Welch. The Safe-Tcl SecurityModel. Published under URL:http://scriptics.com/people/john.ousterhout/safeTcl.ps, March 1997. Draft.[5] The Java Home Page. Published under URL:http://java.sun.com/, 1997.[6] The Tcl/Tk Home Page. Published under URL:http://sunscript.sun.com/, 1997.[7] J. K. Ousterhout. Tcl and the Tk Toolkit. Addison-Wesley, 1994.[8] S. Jablonski and C. Bussler. Work
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