Experiences with Using TANGO Interactive

in a Distributed Workshop

TroyBaer, David Ennis, James Giuliani, and Leslie Southern

Ohio Supercomputer Center

1224 Kinnear Road

Columbus, Ohio 43212

David E. Bernholdt*

Northeast Parallel Architectures Center

Syracuse University

111 College Place

Syracuse, NY 13244-4100

* Author for correspondence. E-mail bernhold@npac.syr.edu

Abstract

Together, the Ohio Supercomputer Center (OSC) and the Northeast Parallel Applications Center

(NPAC) at S yracuse Universit ydelivered high-performance computing (HPC) training courses

to a geographicallydistributed Department of Defense (DoD) user community. In S eptember of

1998, the Ohio Supercomputer Center (OSC) delivered a one da yoffering on the Fortran 90

programming language from the CEWES MSRC in Vicksburg, Mississippi. In Januar yof 1999,

the OSC delivered a two-da yoffering on OpenMP from the CEWES MSRC. The TANGO

Interactive collaborative software was used to deliver these courses simultaneouslyto

participants at DoD Modernization Major Shared Resource Centers and Distributed Centers.

This report describes these protot ype distance HPC courses, our experiences, and provides

instructor and student guidelines.

Table of Contents

I.

Introduction and Background

II. Course Materials

III. TANGO Interactive

IV. Classroom and Network Configuration

V. Problems Encountered

VI. Student Reactions

VII. Instructor Reactions

VIII. Lessons Learned

IX. Future Directions

X. Acknowledgments

XI. References

XII. Figures

1. Figure 1: TANGO Startup Windows

2. Figure 2: TANGO Login Screen

3. Figure 3: TANGO Control Application

4. Figure 4: TANGO Chat Client

5. Figure 5: TANGO Object Whiteboard

6. Figure 6: DREN ConnectivityMap

XIII. Appendix

A. Guidelines for Distance Training with Tango Interactive

Introduction and Background

One of the important missions of the DoD HPC Modernization Programming Environment and

Training (PET) program is to provide user training to assist with the transition to scalable parallel computers and related leading-edge technologies. However the fact that the

Modernization Program’s user communityis distributed over such a large geographical area relative to the four Major Shared Resource Centers at which the PET program is based poses a real challenge to the development of a training program that is both effective and convenient for users and instructors. "Distance learning" is one obvious response to this challenge. This paper describes a project aimed at transferring the tools and experience gained from a successful academic distance education effort into the more compressed, and in some wa ys more demanding environment of short-duration training, as traditionallyused in the PET program.

Since the fall of 1997, the Northeast Parallel Architectures Center (NPAC) at S yracuse

Universityhas been working with the Computer Science Department at Jackson State Universit y

(JSU) to deliver semester-long academic credit courses to JSU students over the Internet, using the TANGO Interactive collaborative framework, developed at NPAC. This work, which has been described in more detail elsewhere [ 1 , 2 ] has been quite successful at several different levels. It has been used to successfullydeliver four classes (as of Spring 1999) covering material in large part unavailable locallyto the participating students. At a more fundamental level, it has served as an excellent venue to explore the social dynamics of distance education -- teaching styles, student and instructor interaction with the deliver ytools -- and the technical demands. In addition to new and improved tools to facilitate distance learning, the distance education effort has also driven significant improvements in the stabilityand robustness of the core TANGO

Interactive system. B ythe fall of 1998, we judged that TANGO, and our distance education experience, had reached a sufficient level that it made sense to begin the staged transfer of this technologyinto the PET training program.

The training environment differs from a regular academic environment in several important wa ys. Most importantly, the timescale is significantlycompress ed -- training t ypicall yruns one to three consecutive da ys six to eight hours a da yrather than two to three days a week (typicall y three hours) for twelve or more weeks. This means that technical problems with the deliver y tools or the network can be much more disruptive in a training, placing a greater demand on the tools and the support staff. Connected to this is the fact that attendees who experience technical problems with the class are less likelyto return for another class using the same t ype of deliver y.

In the interest of having things run as smoothlyas possible, we made the conscious decision that in this earlystage we should deliver trainings onlyto training rooms with support staff with some knowledge of TANGO present locall y. The ultim ate goal of "direct to the desktop" deliver yto individual researchers was deferred to future stages of the distance training deplo yment.

Also important to the use of TANGO in training was the fact that so far, the instructors for all of the distance education work to date had been NPAC staff who were thoroughl yfamiliar with

TANGO. In practical use in training, however, a great man ydifferent instructors, perhaps with little or no prior experience in distance learning, would have to develop and adapt courseware to this new medium and deliver it. It was primarilyfor this reason that the Ohio Supercomputer

Center (OSC) was involved in this project. OSC has over ten years experience with highperformance computing, and as such, continues to build a repertoire of qualit ytraining offerings for the high-performance computing user. At the beginning of this project, one of the two OSC instructors involved attended a two-da ytraining on the installation, operation, and support of

TANGO, while the other had no formal training with TANGO at all.

In the course of this project, two distance trainings were delivered. The first, in September 1998 was a one-da y, lecture-onl yclass on a topic familiar to the instructor, Fortran90, presented to 24 participants. The se cond, delivered to 34 participants was presented in Januar y1999 was a twodayclass on OpenMP on the SGI Origin2000, which included a hands-on laborator ycomponent and was newlydeveloped, so that the instructor had not taught it before either in normal or distance fashion. The first class was also more conservative in that the number of remote sites was intentionallylimited to two -- the AR L MSRC and OSC’s training room -- while the second class was offered to all four MSRC training rooms, as well as to the Naval Research Lab in DC, and OSC. Both were successful in delivering the class to a geographicall ydistributed audience located at multiple sites. At a more fundamental level, the ywere also successful as a framework in which to examine the issues around a more routine use of TANGO Interactive for the deliver y of remote training. The remainder of this paper describes in more detail the training conducted in this project, criticallyassess the results, and discusses prospects for expanded use of interactive distance training in the PET program.

Course Materials

Fortran90

The first training class, presented in September 1998, was on the Fortran 90 programming language. In particular, the course is designed to present to users familiar with the Fortran 77 language standard the new features available in the Fortran 90 standard, such as d ynamic memoryallocation, derived data t ypes, modules, and arra ys yntax. The course has been taught several times b yinstructors at OSC, t ypicall yin an intensive one-da ylecture format.

The notes used in this Fortran 90 course were originall ywritten using Frame Maker b yDr.

David Ennis of OSC. The ywere then converted to HTML b yVictoria Sauber and placed on

OSC’s technical information server , and in this case the ywere presented b yMr. Tro yBaer.

These notes are split into sections dealing with specific Fortran 90 topics:

1. Preliminaries

2. Source, T ypes, and Control Structures

3. Procedures and Modules

4. Arra yProcessing

5. Pointers

6. New I/O Features

7. Intrinsic Functions

The course is taught as a series of lectures on the topics listed above. In "local" presentations, the notes usuallyare projected on a screen at the front of the classroom, using either an overhead projector and transparencies made from the Frame Maker source, or a projector attached to an instructor computer station which runs a Web browser to displaythe HTML version of the notes. The TANGO-based deliver yused a shared web browser to present the HTML notes, and as is normallydone in OSC ’s local presentations of the class, attendees are given the option of following along using either a hard cop yof the notes or the online HTML notes using a Web browser on the classroom workstations.

Parallel Programming on the Origin2000 Using OpenMP

In Januar y1999, the second training entitled Parallel Programming on the Origin2000 Using

OpenMP was presented. This course targets the experienced programmer who is interested in the

Origin 2000 architecture and the OpenMP application program interface (AP I). OpenMP is a portable, scalable model that gives shared-memor yparallel programmers a simple and flexible interface for developing parallel applications.

The materials used in this course were developed using Microsoft PowerPoint byDr. David

Ennis of OSC and first delivered in conjunction with this project. The yinclude the following sections:.

1. Introduction

2. MIPS R10000 Processor

3. Origin 2000 Architecture

4. Processes and Load Sharing

5. OpenMP Parallel Programming

6. Data Distribution Directives

7. Automatic Parallelization

After discussions of the processor, architecture, and creation and scheduling of parallel threads, the OpenMP directives were presented in detail along with examples of their use. The cour se concluded with an equally important topic of how to distribute the data used b yparallelized

OpenMP regions among the local memories on the Origin 2000.

The notes were projected on a screen at the front of the classroom, using a projector attached to an instructor computer station which runs a Web browser to displa ythe HTML version of the notes. Local and remote attendees were given the option of following along using either a hard copyof the notes or the online HTML notes using the Tango Interactive shared web browser on the classroom workstations.

TANGO Interactive

The software infrastructure used to deliver this course content simultaneously to several sites over the Internet is TANGO Interactive , from the Northeast Parallel Architectures Center

(NPAC) at S yracuse Universit y. This software consists of a plugin for the Netscape Navigator

Web browser and several Java, Javascript, and native (i.e. compiled C++) collaborative applications. The TANGO suite allows applications to be shared between users in a master/slaves or peering collaboration.

To use TANGO, the user first connects to a web page containing a Javascript applet which brings up a TANGO startup window (shown in Figure 1 ). This allows the user to select the interface (the set of shared applications available) as well as the TANGO collaboration server to which to connect. This TANGO server need not reside on the same s ystem as a Web server, although it is often convenient to collocate the two. Once the user selects a collaboration server and interface, he or she is presented with a login window (shown in Figure 2 ) where the ycan enter an identifier for themselves. Once an identifier is entered, the user is presented with the

TANGO control application (shown in Figure 3 ), which is used to initiate sessions of shared applications or to connect to alread yexisting sessions.

There were four TANGO applications used in the two distance trainings: shared browser, Buena

Vista, chat, and whiteboard. The first of these, the shared browser, is a normal Netscape

Navigator window, except that it tracks the current UR L in the shared browser window of the user who is the master of the shared browser session. When the master user’s shared browser moves to a new UR L, the shared browser of all the other users in that session also move to the new UR L. The shared browser is designed so that onlythe UR Lis shared through the TANGO framework, and each browser loads the UR L as if it had been t yped in locally. This makes it possible WWW caches at recipient sites to reduce the bandwidth consumed over the long-haul networks.

The second TANGO application used for these classes was the Buena Vista audio/video conferencing software. Buena Vista is a two-wa ystreaming audio and video conferencing tool which can be run in either full or half duplex ("click to talk"), though in most cases so far, the half-duplex mode has been used based on practical site considerations, described in more detail below. Versions of Buena Vista are available for Intel based PCs as well as SGI workstations, and the two versions are completelyinteroperable. For the Fortran 90 workshop, Buena Vista was used to deliver a "talking head" consisting of audio and video streams of the instructor’s lectures to the remote sites, as well as the facilitation of discussions between the instructor and remote attendees. During the OpenMP training, vid eo was not used.

The third TANGO application was the chat client (shown in Figure 4 ). This is a fairl y conventional chat program, similar to man yIRC (Internet Rela yChat) clients. The chat tool provides a mechanism for students at remote sites to pose questions without worr ying about audio configurations, and for support personnel to discuss and handle technical problems with minimal intrusion on the class itself (using a separate instance of chat from the ones the students and instructor use).

The final TANGO application used in these classes was the whiteboard (shown in Figure 5 ). The whiteboard is a shared vector drawing package, which was used to displa ydiagrams and example code fragments.

For the OpenMP class, an additional TANGO application was used experimentally. This was a shared telnet session, designed to allow instructors to share a live telnet session with students for demonstration purposes during a lecture, or during a hands-on laborator ysession to allow students to show the instructor problems the yare having when asking for assistance. The tool was a protot ype, created b yinterfacing an existing Java telnet/terminal emulator to the TANGO system. For securitypurposes, it was designed so that ke yboard input was accepted onl yfrom the master instance of the tool, with the others displa ying onlythe characters returned from the remote host. In a hands-on lab setting, the idea was that students would each have their own separate (not shared) telnet session, and when the yneeded to consult with the instructor the y would use TANGO to launch a cop yof their session to the instructor’s workstation. The tool was used brieflyb ythe instructor during a demonstration; due to time constraints, there was insufficient time to tryto use it in the hands-on laborator yenvironment.

Except for Buena Vista, the TANGO applications used require minimal bandwidth, on the order of 10 kB/s or less. Buena Vista, because it does s ynchronous audio and video streaming, requires considerabl ymore bandwidth depending on the qualityof the audio and video streams generated.

The TANGO developers recommend that for best results, networks should be able to sustain 100 kB/s with minimal latencyor jitter. As will be seen below, this can be difficult to achieve over the "commercial" Internet backbone, but is generall yavailable on the DREN (Defense Research and Engineering Network), to which most would-be PET training recipients are connected.

Classroom and Netw ork Configuration

Both classes were presented b yOSC instructors in the Training and Education Facility(TEF), located in the Information TechnologyLaborator y( ITL) at the Arm yCorps of Engineers

Waterworks Experiment Station (CEWES) Major Shared Resource Center (MSRC) in

Vicksburg, Mississippi. This classroom is outfitted with SGIInd yworkstations at each of the student desks and an SGI O2 workstation at the instructor desk. The O2 is connected to a projection system which projects an image of the O2’s displa yonto a screen at the front of the classroom; it is also equipped with a digital video camera and a headset microphone, as well as a

PA system and analog video cameras for capturing classes on videotape.

The second classroom for these classes was the "Fishbowl", located at the Ohio Supercomputer

Center (OSC) in Columbus, Ohio. This glass-walled classroom is configured similarlyto the

TEF at CEWES, except that the student workstations are mostlySG I O2s rather than Indies.

There is also no analog video camera in the Fishbowl.

During the first training, a Windows95 workstation at the Arm yResearch Laborator y(AR L)

MSRC served as the other remote recipient. For the second training, AR Lmade use of their training room, located at the HEAT Center, which is equipped with SGI O2 workstations.

Other participants in the second training were the Aeronautical S ystems Center (ASC) MSRC at

Wright-Patterson Air Force Base (WPAFB) in Dayton, Ohio, the Naval Oceanographic Office

(NAVO) MSRC at the Stennis Space Center in Mississippi, and the Naval Research Laborator y

(NR L) in the District of Columbia. ASC and NAVO used SGI O2 workstations in their training rooms, while NR Lused two WindowsNT systems. Both classes were also monitored at NPAC for support purposes.

All four MSRCs and NRL are connected to the Defense Research and Engineering Network

(DREN) backbone, shown in Figure 6 . Network traffic between NPAC or OSC and the DREN sites was carried partlyover the commercial Internet. Through its work with Jackson State

University, NPAC has been able to work with S yracuse Universit y’s Internet service provider and DREN staff to obtain an efficient routing of network traffic from NPAC to the DREN (JSU’s distance education classroom is connected b ya T-1 link to the CEWES MSRC, and is part of the

DREN). The distance training made use of the same routing, so network performance to NPAC was not a problem. However OSC, which did not have an yhistorical special arrangements, suffered from some degradation of audio performance during the later afternoon, when the

Internet is most heavil yloaded.

Preparationand Support

Part of the original design of this project was the use of centralized training facilities with local support staff knowledgeable in the computer hardware and software configurations available.

Our concern was two-fold: first, proper setup of TANGO, particularl ythe audio/video conferencing s ystem (BuenaVista), while not terriblycomplicated does require some attention;

second, we felt it was important to have someone at each site with at least a basic familiarity with TANGO and the distance training setup to assist students and handle problems that might crop up during course deliver y.

Familiaritywith TANGO was developed in two wa ys. Although it was not required, some of the local support staff (from AR L, CEWES, NAVO, and OSC) were able to attend training offered byNPAC staff on the installation, operation, and support of TANGO. B efore each of the two trainings, we also undertook a number of test sessions involving site support staff and the instructor with the dual purpose of increasing the experience and familiarityof ever yone involved with the distance deliver ysetup and the particular tools and techniques that would be used to deliver the class, and to tr yto identifyin advance an ypotential problems with the hardware and software configurations at each of the sites. Two or three advance tests were held before each training, each test lasting from 30 to about 90 minutes. T ypically the first test was designed to get all of the sites connected with at least one workstation and to run through the specific tools that the instructor planned to use during the class to insure that the ywere operational at all sites (we experienced several problems due to the use of different versions of

Netscape Navigator at different sites which were identified during these tests, and handled b y reverting to a simpler version of the tool in question). This gave all sites a working installation, which the ycould then replicate on the rest of their computers. The second test was originally intended to allow sites to double check the configuration of the remainder of their s ystems, though in fact it was not reall yused in this wa y. Primaril y, it served as an opportunityto develop more experience among the sites involved.

Problems Encountered

As might be expected, a number of problems occurred during the deliver yof the two classes.

These problems were anno ying and/or temporaril ydisruptive but were fixed or worked around so that theydid not jeopardize the overall class. We describe some of the problems here in order to provide a feeling for what instructors and support staff might be called upon to address on short notice.

Fortran 90

The first problem, seen about an hour before the workshop started, was that NPAC’s web server

(

trurl.npac.syr.edu

) was down during part of the morning of the workshop. This caused

problems with OSC’s TANGO installation, which expected to be able to download the TANGO

startup web page from the NPAC web server. Luckil y, this necessar yweb page was replicated on

the CEWES TANGO server ( tango.wes.hpc.mil

), and the OSC installation of TANGO was

temporaril ymodified to use the CEWES version of the page instead of the NPAC version.

An ongoing problem throughout the da ywas the network congestion seen between OSC and

CEWES. This became progressivel yworse as the da ywore on and the public Internet backbones

became saturated from cross-continental network traffic. This caused the downloading of applets

and web pages to slow to as low as 3 kB/s. It also created problems with Buena Vista such that

no one at OSC who joined the workshop’s Buena Vista session after 10 a. m. (EDT) was able to

get both audio and video streams to work consistently. OSC had multiple BV clients running, so

in this instance, transmissions in a multicast manner would have been preferred. To alleviate this

problem, onlyone BV client was used during the second course.

Another Buena Vista problem, unrelated to network performance, was that the SGI version of

Buena Vista initiallyoverrides the current audio settings of the workstation and sets the

output/speaker level to between 90 and 100 percent of maximum. This can cause discomfort or

potentiallyeven hearing damage for users wearing headphones. It can also lead to acoustic

feedback problems on s ystems where a microphone is set to transmit.

Parallel Programming on the Origin2000 using OpenMP

One problem encountered during the testing phase in advance of the second training was that

different sites were running different versions of Netscape Navigator. C ertai n of the recentl y

developed TANGO applications ("interactive chat" and "object-oriented whiteboard") have

problems due to bugs in some releases of Navigator. Since it was not practical for all sites to

upgrade to the latest version of Navigator, we fell back to earlier versions of the tools in question

which did not suffer the same problems ("simple chat", "paint"). This was a minor but

noticeable inconvenience to the instructor, who was expecting to use the newer versions of the

tools.

Several problems with TANGO and the network infrastructure were experienced throughout the

workshop. Some of these problems were caused by high latencies, while others were caused b y

application bugs or in one case a server being down. Though not the fault of TANGO per se,

these problems made it difficult to get consistent performance out of the TANGO applications,

especiall yBuena Vista.

Due to an equipment problem at OSC immediatelyprior to the start of the OpenMP training,

there was a problem with audio echoing due to switched cables through the sound mixer at OSC.

The problem was diagnosed and resolved during the first hour, but it was anno ying to the

participants until it was fixed.

Another audio related problem that occurred onl yduring the second training was a series of

"drop-outs", where AR Llost the audio feed. These drop-outs either ended without intervention

after a period of 20-60 seconds or the AR L BuenaVista client was restarted to restore audio.

While obviouslydisruptive for the AR L students, and generall yundesirable, we have been

unable to reproduce, or even adequatelyexplain the problem. In several years of using

BuenaVista, we have never experienced such a problem before, and in this case it was onl yAR L

that experienced the problem. This rules ou t problems with the transmitting client (at CEWES),

which should have randomlyaffected all receiving clients. Nor is there an yevidence that there

were network problems between CEWES and ARL. The possibilitythat there was a problem

with the receiving workstation at AR Lwas not investigated.

Finally, it is worth noting that twice during the class, the Netscape Fasttrack HTTP server being

used to provide the slides froze and had to be restarted. These outages were believed to be due to

the relativel yhigh demand placed upon it b ythe size of the class. This t ype of behavior has been

experienced before with this server (which is commonlyavailable because it is part of the

standard software installation on recent SGI s ystems), and as part of the guidelines we have

developed for future training (see Appendix ), we recommend avoiding this HTTP server.

Student Reactions

Fortran 90

Much of the confusion surrounding the TANGO format centered on getting the software loaded

and configured. When students entered the classroom, the ywere given a logon account,

password and a instruction sheet on how to load TANGO. The local instructor went through the

TANGO procedure before class, but students who arrived late missed out on the TANGO

walkthrough.

Once connected and observing the lecture, students did not seem to have any problems. The ydid

seem to benefit from the video image of the instructor as his hand movements did add

clarification. Most seemed comfortable with the headsets and audio settings, once the ywere

shown how to bring up the audio panel that contained the volume setting. The audio qualitywas

good, while the video image was of marginal quality. The qualityof image did not seem to

bother the students a great deal. Some asked if it could be improved, but seemed satisfied when

theyfound out that it could not.

A few students lost their Buena Vista session midwaythrough the course and were unable to

reconnect. As discussed above, full BV sessions could not be established after approximately11

a.m. (EDT). This did create some problems as once students became used to the video image,

theyhad difficult yadjusting to it’s absence.

Students also appeared uncomfortable asking questions via the TANGO tools. To avoid

background noise, the mics were turned off when students were asking questions. Since there

was no mute switch on the headsets, the yhad to stop and start Buena Vista audio or adjust the

mic input lever in the audio panel to activate their mic to talk. Usuall yb ythe time the ygot read y

to ask the question, the instructor moved on to new material. The natural network dela ywas also

a detriment. The students did not feel comfortable interrupting the instructor. If the instructor

paused and asked for questions, theyseemed more willing to speak up. Posting questions to the

chat window and having the instructor address them at his convenience might be a better

approach.

Parallel Programming on the Origin2000 using OpenMP

For the second course, support staff prepared student workstations bypreloading TANGO prior

to each da yof the course. Instead of having the students responsible for connecting to the

appropriate applications, connections were the responsibilityof the instructor. For stude nts

entering late, support staff provided assistance. Also, onl yone BV application ran from the

instructor workstation alleviating some of the a/v problems students encountered during the first

course.

All remote questions were received through the chat application. In this instance, students asked

a multitude of questions. Video showing the remote classrooms ma yhave enhanced this process

as some students at other locations would have preferred less emphasis on certain topics.

Through video, the instructor could visuall ysurvey the majorit yof students and focus on their

reactions..

Instructor Reactions

Fortan 90

The instructor’s reactions to this teaching environment were mixed. While the TANGO tools

were generallyeffective in delivering the course content, answering remote questions required

more time than expected. Simultaneousl yrepeating questions so all the students could hear and

formulating responses extended the class time and placed additional demands on the instructor.

The TEF classroom environment was such that it was difficult for the instructor to pa ythe same

attention to the local users as the remote users. The O2 instructor workstation in the TEF was at a

right angle to the main axis of the classroom. The instructor had to choose between facing the

workstation and its digital camera and "ignoring" the local class, or facing the local class and

"ignoring" the remote students. This was especiallyproblematic when questions were asked from

remote sites via the chat window.

Parallel Programming on the Origin2000 using OpenMP

The instructor had some problems with timing of the class, and was forced to rush through the

final chapters of the planned material and essentiall yskip the hands-on lab exercises. This is

likelydue to a combination of factors. Some experienced TANGO instructors do find that the

natural pace of a TANGO class is slightl yslower (though the ygenerall ydigress from the

planned material less), however it is also true that this was the first presentation of the course

material in an ycontext, so it seems likely. It does seem likelythat the minor technical problems,

which can cut into lecture time, have a more pronounced impact in the training environment than

in the academic environment because in the latter there is more opportunit yto adjust both pace

and content.

The instructor felt that having the students use the chat tool to ask questions was cumbersome.

The instructor would hear the incoming signal, a bell, read the question, repeat the question out

loud, and answer it. The general preference would have been for two-wa yaudio. This was not

feasible because of concerns about more audio/video clients possiblytriggering known stability

problems in the particular version of BuenaVista being used for this class. This problem is

eliminated in BuenaVista 3.0, which is part of the TANGO Interactive 1.4 release distributed in

March 1999, so future events should be able to experiment with two-wa yaudio more readil y.

The other main issues during this class from the instructor’s viewpoint had to do with features

and capabilities of the tools used to deliver the class which the instructor would have liked to

have had: