Real Time Training and Integration of Simulation and Planning using the TangoInteractive

Collaborative System

Marek Podgorny and Geoffrey C. Fox

{ marek ,gcf}@npac.syr.edu

Northeast Parallel Architectures Center

Syracuse University

111 College Place

Syracuse, NY 13244-4100

Phone 315 443 2163 and FAX 3154434741

Abstract

We describe TangoInteractive, a Web-based collaborative system which has shown promise in several

prototype activities and which can be deployed in a large-scale fashion over the next two years. We

present it in terms of a general taxonomy of collaborative or groupware systems represented by other

commercial and research activities including Lotus Notes, NetMeeting fromMicrosoft and Habanero

from NCSA. We then describe two applications ˘ command and control and distance learning where we

have implemented successful prototype and which represent areas similar to those of interest to the Test

and Evaluation Community. We give lessons from this initial work.

1. Introduction

There has been a growing understanding of the importance of technologies that support collaboration and

training in DOD. In this paper, we describe the TangoInteractive Web-based collaborative systemwhich

has shown promise in several prototype activities and which can be deployed in a large-scale fashion over

the next two years. We suggest that such technologies could be very important to theT and E community

and extrapolate current uses to this area. We include a general discussion of the TangoInteractive system

and its base capabilities in sec. 3. We present this in sec. 2 in terms of a general taxonomy of

collaborative or groupware systems and contrast TangoInteractive with several other commercial and

research activities including NetMeeting fromMicrosoft and Habanero fromNCSA. In a computational

model based on distributed objects, TangoInteractive is used to share access to and views of them. We

then illustrateTangoInteractive and the capabilities of such systems in terms of two applications, which

have particular relevance to the training and evaluation community. TangoInteractive already includes

basic collaborative tools, such as audio/video conferencing, shared whiteboard, chat tool, etc. Firstly we

illustrate how these can be exploited and extended use in "computational steering" --real time interactive

control of networked systems by a distributed team. Secondly we show how it can be used in training

where simulations can be augmented and annotated by interactive training material.

As described in sec. 4, originally TangoInteractive was developed for Rome Laboratory as the software

integration framework for Command and Control and we showthat this can be extended to T and E

simulations. Note that software like TangoInteractive can run on modern wearable computers with

wireless networks and so it is quite practical to imagine large-scale collaborations between all parties in a

T and E scenario involving people in field as well as central command centers. As well as specialized

planning aids, TangoInteractive provides a rich environment for shared geographical information systems

providing 2D and 3D scenes on which one can overlay events and results of a weather simulations which

are shared among participants. More generally TangoInteractive can share any simulations with a well-

defined API.

In the fall of 1997, Syracuse University and Jackson State University undertook a pilot project for the delivery of "distance training" to DOD Modernization Programusers. In sec. 5, we describe howthe pilot

involved the use of the TangoInteractive collaboratory systemto deliver a for-credit, full-semester

academic course frominstructors located in Syracuse, New York to students located in Jackson,

Mississippi using web-based tools. The effort was highly successful, and the course was taught a second

time in the spring 1998 term; moreover, the lessons learned fromthis experience naturally can be used in

other applications. We note natural extension to T and E community, where for instance simulations can

be shared between teachers and students with both the user input and resultant actions shared.

2. Collaboration

In DOD, industry, academia and society, there is a growing interest in geographically distributed linked

activities. These are enabled by communication infrastructure such as the Internet and illustrated by the

World Wide Web and its growing acceptance as a premier information resource. Distributed collaboration

is not a revolutionary new concept but today´s high performance communication and computing

technologies are accelerating the creation of what some call knowledge networks. These link people,

computers and instruments exchanging data (or if possible wisdom) interactively and asynchronously.

The computers are used for rather mundane storage and dissemination tasks but also for predictive

simulations and aids to intelligent planning.

There are several base technologies of importance; for the physical network, ATM and optical fiber

illustrate them; however our interest is the higher level distributed systemsoftware where the emerging

"object web" provides a powerful set of capabilities. The latter include both "web technologies" (from

Java to HTML) and distributed object models such as CORBA and COM. Databases are an example of a

more complex but critical building block. One builds many high level sophisticated distributed services

on top of such base technologies. In this article, we will discuss collaborative capabilities using the

systemTangoInteractive as an exemplar.

Collaboration has an intuitive meaning ˘ human society is built around this concept with examples at

many different emotional and technical levels. Used in distributed (computer-based) systems,

collaboration implies technology to share distributed objects. In the simplest such example, two

individual collaborate electronically by reading each other´s web pages or by exchanging e-mail with

each other. These are perhaps the simplest asynchronous collaboration mechanisms. At another extreme,

we have individuals interacting through avatars in a virtual environment. This could be a detailed

representation of a battlefield for command and control or perhaps a peaceful summer meadow for a

kindergarten virtual field trip.These are examples of synchronous collaboration in which class we can

also put audio-video conferencing, chat rooms and shared whiteboards. We know fromgeneral

experience in society that not only do essentially all activities involve collaboration but also they involve

it in both asynchronous and synchronous forms.

Thus collaboration systems involve the sharing of distributed objects ˘ these can be web-pages, databases,

visualizations, sensors, instruments, simulations or indeed general computer programs. The latter could

include design packages such as AutoCAD or CATIA, planning aids, word processors, spreadsheets and

any authoring package. These shared objects can be client or server side. We need tools to allow two or

more individuals to share dynamically any number of these distributed objects and interact with them

such that state changes are properly seen by all participants. We can also get shared objects with just one

participant as in the case that a doctor gets a replicated copy of the readings of a remote medical

instrument with no other individuals involved.

There are many examples of collaboration systems available today ˘ each of which supports just a subset

of all the features one might wish to use. Let us briefly discuss three examples: Lotus Notes, Microsoft

NetMeeting and Habanero/TangoInteractive. Lotus Notes is a rich systemwhich focuses on support of

asynchronous collaboration built around a shared document database. It offers many features including shared calendars (event lists) and threaded discussion lists with a good security model. It is designed to

support enterprise administration. Microsoft NetMeeting is an impressive product, which has good

support for the basic collaborative tools (audio-video conferencing, chat rooms and whiteboard). In a high

performance computing language, we can consider SIMD and MIMD collaboration. In the shared display

or SIMD model of collaboration, we have only one copy of a given application and the output (display) of

this is shared between each client. NetMeeting supports the shared display model for general PC

applications but this means that if one shares, say Microsoft Word, only one individual can interact with

the application and the others j ust get a copy of the output frame-buffer and input event queues.

NetMeeting uses the more powerful shared event model for its shared whiteboard and chat where each

participant runs a separate copy of the application and the collaboration shares the "change-events" ˘ this

is for instance the text of messages for chat rooms. NCSA´s Habanero and NPAC´s TangoInteractive use

this MIMD (in SPMD Single ProgramMultiple Data) model for all applications. This provides a much

more powerful collaborative model where all participants can interact with each shared object. This

interaction is controlled by application-dependent logic that could limit the action of some individuals.

For instance when teaching, only the lecturer can choose the web page holding the next set of notes.

However these could contain applets or multimedia data. We could set up the sharing rules to allow each

student to separately control the invocation of these features fromthe given curricula page. A more

detailed description of this model is given belowusing our TangoInteractive as an example.

3. TangoInteractive

TangoInteractive is a pragmatic collaboration system, which does not always use the most elegant

solution but uses a modern architecture and is designed to support a wide range of client and server

applications in essentially any language. The overall structure of this systemis shown below in fig. 1.

TangoInteractive and the associated shared application objects are invoked froma browser which gives

themconvenient dissemination and user access. This design choice has brought with it a set of difficult

software development problems for today´s browsers are a moving target with still erratically changing

features and quite serious bugs. TangoInteractive´s obj ect sharing model has the following characteristics:

1.

Each client (users) runs a small control daemon, which is currently structured as a plug-in but this feature is only necessary in Netscape 3 with its limited security model. The signed applets and

JavaScript modules used by TangoInteractive allow the daemon to be moved outside the plug-in in the latest browsers. The daemon is responsible for coordinating messages with the main server and between the linked client-side applications. These use Netscape´s LiveConnect for applets and web pages invoked in the browser but socket communication for standalone applications outside the browser. For Internet Explorer, a functionally equivalent Java/COM communication model replaces the LiveConnect mechanism.

2. Each client has one special applet called the CA or control applet. The CA provides many useful functions including information on all connected users, applications available for sharing and those that are currently activated.

3. A group of users can share any one of the applications and this is termed a session. A given application can be launched multiple times with different subsets of the logged-in users involved.

Thus many sessions can correspond to the same core application with perhaps multiple chat rooms and whiteboards used with various collaborations.

4. Each client executes a separate copy of the application in a session. This is usually invoked using the standard web mechanismwith the clients fetching the code and data froma web server. The web server can in fact be different for each client and we use such replication of source material to minimize communication on Internet connections in our distance education use of

TangoInteractive. As always, one can also invoke client applications outside the browser from client side file systems, in the same way that helper application are used by web browsers. This mechanismis for instance used to share our C++ (Open Inventor) 3-dimensional geographical information system( GIS) and NPAC´s Buena Vista audio video conferencing system, as well as

Xemacs (written in LISP) with its powerful set of GNU utilities.

5. The application developer is responsible for implementing event sharing by supplying routines that send or receive appropriate tagged messages when properties of an application change. These messages are received by TangoInteractive´s J ava server and then multicast to the daemon and thence to all other involved client applications. We have an elegant interface ˘ the TangoBean --under development which assumes the shared objects are built as J avaBeans and then allows one to use visual software development tools to specify which of the Bean´s properties and events are to be shared.

6. TangoInteractive keeps track of a simple flag indicating the

"master" or "slave" status of a client for each session. However the developers can interpret this as they please. For chat rooms and whiteboards all users can send messages or modify the shared view respectively. In most of shared simulations, only the master can set parameters and start the simulation running. In this case one can use the

CA to exchange the master token in a flexible fashion among involved clients.

7. Note that TangoInteractive does not require the developer to share all the change events. In a collaborative visualization, one could choose to share the image but allow the sharing of viewpoint to be an option which can be separately set by each participating client. In fact

TangoInteractive does not even require the linked applications to be identical and taking our 3D

GIS again, we use this feature to link 2D and 3D client GIS applications. Each client has a separate configuration file specifying the web server and programfile associated with each application button in CA. Thus, the systemprovides support for the independent data views. This is an important concept that enables further work on adaptive session management.

8. It appears that TangoInteractive´s mechanismonly allows one to share client side applications but this is not true. The shared client can invoke a server side object (e.g. as a servlet or CGIscript) and in this way we share databases and web-linked simulations. This simple mechanismcan share any server side distributed obj ect whose properties can be exported to the web. We intend to link

Lotus Notes to TangoInteractive using this approach which is more general than appears at first sight. We expect the newXML standard to be very helpful in specifying obj ect properties in a web compatible fashion.

9. What objects can be shared? Essentially, one can share any object where it is known which properties are needed to specify its relevant state and for which there is an API(with get and set