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1 Introduction

Imagine two mathematicians working at a blackboard, discussing their work as
it develops; imagine three students sitting around a workstation, working on a
homework assignment with the help of a mathematics system such as Maple or
Matlab. What if one of the mathematicians is in Philadelphia, and the other
is in Bombay? What if two of the students are in their dorm rooms while the
third is at her parents’ home? TechTalk is a mathematical collaboration system
for the World Wide Web. It enables a group of people in different locations
to perform calculations, generate graphical output, and discuss their results. It
allows them to interact as though they were in the same room, even if they are
located in different parts of the world. TechTalk attempts to simulate one or
more rooms with several people with access to Maple and Matlab in each room
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(imagine all the people in a room looking at the same screen, but each with a
separate keyboard). Since people sitting in a room tend to talk to each other,
TechTalk includes support for conversation. A user needs only a Java—enabled
web browser to participate in a TechTalk session.

2 Computing and Collaborating on the Internet

In the past several years, we have seen a maturing of general purpose computer
algebra systems such as Maple and Mathematica and the evolution of several
“next-generation” systems (Magma, Macaulay II, and Kant to name a few).
Besides having extensive libraries of mathematical functions, these systems come
with the capability to write generic programs. There are also numerous special
purpose packages that are meant to perform huge computations in particular
domains — for instance, PARI and Kant for number theory, Singular and GB
for commutative algebra. Often, there is a need to use the capabilities of more
than one of these systems/packages to solve a problem. For example, in order to
solve a certain system of polynomial equations, one might perform some initial
simplification of the equations using Maple, then compute a Grobner basis for
the ideal generated by the system on GB, use Maple again to generate matrices
of multiplication for certain endomorphisms on the residue class ring modulo the
ideal generated by the input polynomials and then use a numerical package to
compute the eigenvalues of these matrices from which one can infer the solutions
to the input polynomial system. We would like to be able to perform such
computations involving several computational engines, possibly running on very
different hardware configurations located in different geographical locations, in
a seamless manner. With the wide spread use of the World-Wide-Web, we find
code repositories and servers accessible from the web that provide mathematical
services — for example, the Netlib facility offers a huge repository of routines
for solving a host of numerical problems [?]; the NEOS server at the Argonne
National Laboratories [?] offers numerical optimization services and the partial
differential equations server at Purdue University [?] offers the capability of
solving partial differential equations. We would like to be able to configure such
servers in a smooth manner to carry out computations that might need multiple
services.

In recent years, computer algebra systems have made deep inroads into the
mathematical curricula at the high school and college levels. There has been
much discussion on harnessing the power of computers for effective teaching
of mathematics [?]. There appears to be general agreement that too much
time may be spent in learning the intricacies of one or more computer algebra
systems and timely answers to specific questions concerning the use of these
systems may be of great help to students. We believe that a web-based tutorial
environment can be quite helpful in this regard. On a certain level, such an en-
vironment would require infrastructure similar to the distributed mathematical



computations described earlier.

TechTalk was designed as a prototype to gain an understanding of the issues
involved in the above situations and to perform some experiments in collabo-
rative computing and web- based tutorials for elementary mathematics. There
have been servers offering mathematical services, including Maple and Mathe-
matica servers, on the web. Most of these offer a single user the ability to in-
teract with a server. TechTalk offers a much richer environment where multiple
users can share multiple mathematical servers, chain computations on differ-
ent servers, talk to each other, record and replay sessions etc. A user enters
a TechTalk-session (or TechTalk-room) by hitting a web-site that is set up for
running TechTalk. A password mechanism ensures that only authorized users
can enter the room. Upon entering a TechTalk room, a user can interact with
Maple, Matlab and other users in the room. TechTalk offers the following fea-
tures:

e TechTalk makes it possible for multiple users in different locations to share
Maple and Matlab sessions running on remote servers. Each user can send
Maple/Matlab commands/programs to the remote servers. The results of
the computations can be viewed by all the users in a TechTalk room or
just by the sender of the command. The results of a computation can be
textual/graphic.

e Under certain situations, the results of a Maple computation can be sent
directly to the Matlab server and the results of the Matlab computation
observed by all the users: for instance, a user might use Maple to generate
Matlab code for solving an ordinary differential equation and send the code
directly to the Matlab server and have its output (a color plot, perhaps)
displayed to all the users.

e The users can have a multi-way conversation in a separate talk window
on each user’s screen. A logging facility enables one to save a session
and replay either the entire session or selected portions of it; the flexible
replay facility allows different uses of a log including broadcasting of class
lessons/notes in an electronic tutorial setting.

e TechTalk is implemented in the Java programming language. This has
several obvious advantages for the designer and the users of the system.
TechTalk takes advantage of the communication infrastructure offered by
the world-wide-web. Java makes it easier to use this infrastructure. The
implementation is largely platform independent. Users of TechTalk only
require a Java-enabled web-browser; users of TechTalk do not need to have
accounts on the server/s running TechTalk.

In our set-up, the Maple and Matlab servers run on Unix systems and the
users of TechTalk connect from Unix/Windows/Macintosh systems. After a



simple, guided initial set-up, TechTalk requires very little additional adminis-
tration; such things as adding new users or changing the host servers can be
done remotely over the web by an authorized administrator. TechTalk has been
successfully used to conduct remote tutorial sessions in an elementary numerical
analysis course. It has also been used to conduct mathematical conversations
(involving computations) among small groups of people in different geographic
locations. In the rest of this paper, we describe TechTalk system and its archi-
tecture in detail and mention some of the experiments that we have conducted
with it. More details of the use of TechTalk as a web-based tutorial for teaching
of mathematics can be found in [?].

3 TechTalk Behind the Scenes

In this section we give a short description of the architecture of TechTalk. There
are three main components to TechTalk: the TechTalkClient, the TechTalk-
Server and the TechMathServers.

o The TechTalkClient handles client side affairs such as maintaining dis-
plays, packaging client requests and interpreting server responses.

o The TechTalkServer holds together a TechTalk session by maintaining
connections to and relevant information about the users in a session. It
also maintains connections to any number of mathematical engines such
as Maple/Matlab (in principle, TechTalk can wrap any interactive pro-
gram as a server; we use Maple and Matlab as they were suitable for our
purposes and easily available to us). The TechTalkServer collects client
requests, interprets and routes them to the appropriate mathematical en-
gines. It also directs the responses from the mathematical engines to the
appropriate clients waiting for those responses.

e The TechMathServers are essentially wrapper programs that make servers
out of interactive programs such as Maple and Matlab. One TechMath-
Server is needed for each mathematical server. It maintains a connection
with a TechTalkServer, interprets computational requests (which are com-
mands that the mathematical engine can understand, wrapped in different
protocols), passes them to the mathematical engine, and sends responses
from the engine to the TechTalkServer after appropriate packaging.
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We now describe the capabilities of each of these components in detail.



3.1 The TechTalkClient

The TechTalkClient is responsible for handling client-side affairs such as manag-
ing the displays and relaying user inputs/responses to the servers. This compo-
nent is implemented as a Java applet. When a user hits a TechTalk session from
a web browser, the applet comes over to his machine and starts communicating
with a TechTalkServer. The TechTalkClient performs the following functions:

e Requests user id and password for authentication by the TechTalkServer.
It opens up a communication link with the TechTalkServer running on
the same host that it (the applet) came from and passes the information
collected from the user to the TechTalkServer in a convenient form.

e Once a user is authenticated by the TechTalkServer, the TechTalkClient
applet opens up a window that can be used to communicate with Maple/Matlab
or with other users in the session. A user can direct a message to any of
the above destinations by hitting buttons labelled as “to Maple”, “to Mat-
lab”. Alternately, a user can request three separate windows — a Maple
window, a Matlab window and a conversation window — for communicat-
ing with the servers and other users. The windows have several buttons
for sending commands to the servers and getting various kinds of infor-
mation. For instance, in the conversation window, there is a “list users”
button that causes the client to obtain a list of all users currently logged
on to the TechTalk session and display it. In the Maple and Matlab win-
dows, the client applet tries to present interfaces close to the standard
Maple/Matlab interfaces respectively. The current implementation sup-
ports two- dimensional textual output from Maple and Matlab. The user
can type text into any window. The client applet packages chunks of text
from a window with additional information such as the name of the win-
dow the text was typed into, whether the user requested the results to be
broadcast/returned only to him, and the length of the text. It then sends
the package to the TechTalkServer.

e The client applet receives information from the TechTalkServer in pack-
ages with information about what to do with it, such as which window to
display it in, and displays it accordingly. The client applet does not refor-
mat textual output from Maple/Matlab in the present implementation.

e A user with permission to do so can login as an administrator.An admin-
istrator performs such functions as maintaining a list of all bona fide users
and their passwords, creating/terminating users, fixing the numbers and
locations of various servers etc. If a user logs in as an administrator, the
client applet displays a special button (in addition to the various windows)
called the Administrator Button. Pressing this button causes the client
to show an editor interface for changing any of the above information. At
any time, only one user can login as administrator to ensure integrity of



administrative information. Password files and information about server
locations and socket numbers are maintained on the same file system as
the one used by the host running the TechTalkServer. Any request from
an administrator to update this information is handled by the TechTalk-
Server.

e A user can choose to record an entire TechTalk session (or a part of it) in
a log or peruse the log of an earlier session. The StartLog, EndLog and
ShowLog buttons enable the user to perform these tasks. The log facility
is particularly useful and we will describe it in more detail later.

3.2 The TechTalkServer

The TechTalkServer is the hub of the activities performed by TechTalk. The
TechTalkServer is a stand-alone Java application that must be running on the
same host as the web-server that houses the TechTalk homepage and hands
out the TechTalkClient applet. The TechTalkServer maintains connections to
the TechTalkClient applets for every user in each TechTalk room as well as
various servers offering Maple/Matlab services and directs the flow of infor-
mation among these. As part of the system set-up, one has to start up the
TechTalkServer and several Maple/Matlab servers. All this is achieved by a
single command that uses information about the number, type and locations
of the servers; this information is to be maintained by the person responsible




for running TechTalk. During the start-up process, the TechTalkServer estab-
lishes connections to the Maple/Matlab servers and maintains those connections
through the life of the TechTalk session. When a TechTalk user downloads
the TechTalkClient applet from the web-site offering TechTalk, the applet con-
nects to the TechTalkServer running on the same host as the one on which
the TechTalk web-page resides. A single TechTalkServer is capable of support-
ing several TechTalk rooms/sessions. Some of the specific functions that the
TechTalkServer performs are:

e Password Authentication: TechTalkServer is responsible for authen-
ticating TechTalk users. It has access to a password file which it uses to
authenticate the user id- password pair sent to it by TechTalkClient ap-
plets. The TechTalkServer recognizes two kinds of users: administrators
and regular users. The type of a user is part of the information main-
tained in the password files. Password information is transmitted after
encryption by the TechTalkClient. The TechTalkServer maintains a list
of active users for each TechTalk room that it supports. After a user is
authenticated, the TechTalkServer adds the user name and the location of
the user to the list of active users for the particular TechTalk room that
the user has chosen.
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e Conversation Handling: Users in a TechTalk room converse by typ-
ing text into his conversation window and pressing a “send” button. The
user’s TechTalkClient applet packages the text along with information




about the user’s identity, the room to which the user belongs and the type
of information — conversational text in this case, and sends it to a specific
port on the host running the TechTalkServer on which the TechTalkServer
is listening. A listener thread constantly monitors the port. Upon receiv-
ing such a package, the listener thread hands it off to another thread for
dealing with it and goes back to its monitoring duty. The other thread
extracts the text and sends it to every user on the current list of active
users who are in the same TechTalk room as the sender. Other requests
from the conversation window such as for listing all the users in a TechTalk
room are handled similarly (this request results in a response only to the
client that requested it).

Maple/Matlab Requests: A user can type any Maple/Matlab com-
mands into the appropriate window and press the send button. The com-
mands can be multi-line/single line. The results of a command can be
either broadcast to all the users in a room or sent back just to the per-
son issuing the command (we have found the second mode to be helpful
in somewhat embarrassing situations such as when we have forgotten the
first three decimal digits of some universal constants). The user can spec-
ify the mode by ticking off a toggle on the appropriate window. As before,
the user’s TechTalkClient applet packages the command along with in-
formation about the user’s identity, the room to which the user belongs
and the type of information — Maple/Matlab commands in this case and
the response mode (broadcast/single user response) sends it to the lis-
tening port of the TechTalkServer. The client does not perform any syn-
tax check —this is done by the actual mathematical system itself and if
there are syntactic errors, the user receives error messages/warnings from
the particular system (just as when the user types commands directly
into Maple/Matlab). On receiving a package containing user commands,
the listener thread hands it off to another thread. This thread creates a
new package containing the commands and the source of the command
(the user’s identity and location), whether the results are to be broad-
cast or not, and sends it to the appropriate Maple/Matlab server. Each
TechTalk room has a separate Maple and Matlab server at this point.
All users in a TechTalk room interact with them. Certain shell escapes
from Maple/Matlab are disabled (a user cannot issue them from the ap-
plet) for security reasons. The responses from Maple/Matlab are sent in
packages (created by TechMathServer). They contain the actual response
from the Maple/Matlab session to a command sequence and some header
information indicating the source of the response (Maple/Matlab) and the
intended recipient (user name, TechTalk room number, broadcast/single—
user response). The TechTalkServer handles the package based on the
header information.



e Graphical Output: Graphical output from Maple/Matlab is handled
differently. Maple/Matlab is made to save the graphical output in GIF for-
mat and send the location of the file containing the output. The TechTalk-
Server conveys this location to the TechTalkClient applets that are sup-
posed to see the output which then load the image on to the users’ screens.
This mechanism requires the GIF files to be saved on the same host as
the TechTalkServer since the TechTalkClient applets can only connect to
that one host. In our present implementation, we run the Maple/Matlab
servers on different hosts that share the same file system as the one run-
ning the TechTalkServer. The GIF files are saved in a directory known to
all the servers and no special protocols are needed for this task. Maple
to Matlab: This mode lets a user type commands in to a Maple window
and have the results sent directly to a Matlab server and the results of
the Matlab computation displayed to the TechTalk room. At this time, it
is assumed that the output of the Maple command/s will be understood
by Matlab. We have used this mode to generate Matlab code for solving
ODEs and PDEs in Maple and send the code directly to Matlab and then
display the Matlab output (usually graphical) to a TechTalk room. For
the TechTalkServer, this is a two step process, the first one involving an
interaction with a Maple server followed by an interaction with a Mat-
lab server. Messages in this mode are tagged differently from others and
trigger different protocols.

¢ Recording a TechTalk session: A user can choose to record a TechTalk
session by pressing the StartLog button. Upon receiving a request to
record a session, the TechTalkServer issues a message to all the users
currently in the same room as the requesting user to the effect that the
current session is being recorded. Since the typical TechTalk session has
a small number of cooperating participants, we assume that such requests
are agreed upon by all the participants in the room. It prompts the user
for an identifying session name, whether the user wants only the Maple
part, or Matlab part, or the chat part, or all of the session recorded.
Messages coming from a client who is in the “record session” mode are
specially tagged and depending on what parts of the session the user wants
saved, the TechTalkServer saves the relevant messages passing through it
into a named file after putting some tags on them. Allowing clients to
save sessions on the host server introduces some administrative problems
such as space management and there is also the potential for some user
to inadvertently/maliciously fill up the host’s disk. To prevent this, the
TechTalk administrator can set limits on the amount of space available to
a single user for logging purposes. It also helps to clear up logs older than
a certain length of time. Pressing the end-log button ends the recording
(the session continues).



¢ Replaying a log: A user can view the log of an earlier session by pressing
the ShowLog button. He will be prompted for the session name (name
of the file in which the log is stored). After checking access rights, the
TechTalkServer will ask the user whether he wants to view the entire log
or only portions of it (such as just the Maple queries and responses in the
log). The log file is shown in a separate window with basic scrolling and
the capability to jump to the next/previous (next + a number, previous
- a number) chunk of information. A chunk of information is one entire
query, or the response to a query, or a single chat message. The user
can cut and paste information from the log-window to any of the other
windows.

Each type of interaction described here is implemented through a general set of
protocols that can also be used in other settings. The TechTalkServer clearly
handles a lot of traffic and can be a bottle-neck. In our trials with up to a
couple of dozens of users, we have not experienced any significant delay other
than web-traffic delays (which is location and time dependent).

3.3 The TechMathServer

The TechMathServer module is essentially a Java wrapper for stand-alone ap-
plications such as Maple and Matlab. It communicates with the TechTalkServer
on one side and an application (Maple or Matlab in this case) on the other.

The TechMathServer controls the standard input/output/error streams of
the application it is running. It receives requests from the TechTalkServer
(which is one of the packages described earlier), extracts the commands to be
sent to the application, sends the commands to the application and waits. Re-
quests that arrive while the TechMathServer is waiting are queued on a first-
come-first-served basis.

The TechMathServer has special ways of handling input errors, unexpected
command termination etc. and these depend largely on the application at this
time since there are no standard ways yet for applications such as Maple to inter-
act with other programs in a client- server mode. TechMathServer also performs
some buffering since the size of the output in many cases in unpredictable and
can be quite large.

The TechMathServer is fairly general in its conception and implementation
in the sense that it can be used as a wrapper for other applications besides
Maple/Matlab. Still, it is the most application and platform dependent part of
the TechTalk system. The Java language makes the platform dependence less
of a problem than in other languages. We are currently investigating the use
of common standards such as MathLink and OpenMath for exchanging mathe-
matical information to decrease application specific actions in TechMathServer.
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3.4 System Start-Up and Shut-Down

Starting up a system like TechTalk with multiple servers on different hosts can
be quite a task. Recognizing this, we have made up a command to start up
TechTalk and a command to shut down TechTalk. These commands make use
of some initialization files and the password file. The password file contains
basic user information, the privileges that each user has (guest, regular, admin-
istrator) and encrypted passwords.

The initialization files contain such information as the hostnames of the hosts
running the various servers along with relevant port numbers, fully qualified
path names of directories to be used for temporarily storing GIF files and log
files and access permissions for various user levels. These files have to be created
before starting TechTalk.

A stand-alone initialization program called InitTT prompts the administra-
tor for all the information needed to start TechTalk and creates the password
and initialization files. The StartTT command starts a TechTalkServer and sev-
eral TechMathServer-s running Maple/Matlab (their number and resident host
information is found in the initialization files). The ShutTT command needs
a handle to a TechTalk session and systematically shuts down all the servers
that are part of the TechTalk session with the given handle. It also removes
several temporary files/GIF files created by the TechTalk session. The ClearTT
command can be invoked periodically to delete dated log-files and GIF files to
free up space on the host running the TechTalkServer. The current implemen-
tation of these commands assumes that all the TechTalk servers are running on
a network of computers with a shared file system. The StartTT, ShutTT and
ClearTT commands are written in Perl. A short online manual provides all the
information needed to set up and use TechTalk [?].

3.5 The Log Facility

As mentioned before, users can log part or all of a session and replay it later. The
TechTalkServer views a log file as a sequence of messages where each message is
one unit of information that passed through the TechTalkServer at some point.
The messages are tagged with information about the source, recipient/s and
other information. A user can replay a session by hitting the ShowLog button.
The user is shown a list of viewable session logs and asked to choose one. The
user can only choose to view a session that he was part of. The user can choose
to view the entire session, or just the Maple queries and responses (including
graphical output), or just the Matlab queries and responses or just the chat
part or some combination of these. The chosen part of the log is displayed in a
separate window. The displayed messages are numbered and can be referred to
by those numbers. The log window has basic scroll features and the user can
display messages numbered next + increment/previous - decrement or a range
of messages. The user can reissue a command or a range of commands from the
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log window by either referring to them by their numbers or cutting and pasting
the commands to TechTalk’s Maple/Matlab window. The results are displayed
in the Maple/Matlab window as appropriate. Simple editing features enable the
user to make changes to a command from the log file prior to reissuing it.

Fil= Edit S=md Help I

‘Warning ApplaT balimndoe

:Il*sm-:-n Lag Lag.w.1.1: § commsnds =
Sand
[1] Gerver: allibroadonat] Bat 0T ©F 18 57.00 BET 1597
gulosbsy bas stactsd logyisg this TechTalk session o Chai
a3 of Bak ot 25 14-57.00 BST 1597 ~
O ok
d Fiull sh

2] Extlak:biosdonsst{broadoass) Bat OcT 25 14-57.47 PET

d

B
Bl

The log files are stored as HTML files (with some additional tags) and can
be viewed independently if desired. Allowing TechTalk users to save logs intro-
duces the problem of maintaining files and the risk of someone accidentally or
maliciously filling up TechTalk’s host’s disk space. We adopt a simple policy of
allowing each user a certain maximum amount of disk space (to which the user
has access only through the TechTalkServer) and log files have a fixed lifetime
after which they are deleted. A log file can only be viewed by the creator of the
log file or in his company.

The log facility turns out to be particularly helpful when TechTalk is used
in a classroom/tutorial setting. For example, an instructor can prepare a Maple
lesson, test it out in a TechTalk session, save it as a log and replay it to the class
later, or a student can study the lesson on his own at a later time. Students can
save their work and show it to a tutor who can see exactly what the students
did.

TechTalk was used in a small class on introductory numerical analysis with-
out the log facility. We plan to use it (with the log facility) in a large introduc-
tory calculus class in the near future. Our experiences with using TechTalk in
the introductory linear algebra class are reported in [?].

4 Lessons Learnt and Future Plans

In implementing TechTalk, we ran into two kinds of problems: the first was that
the mathematical packages that we used were not built to be used as servers;
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the second kind had to do with the communication support provided by the in-
ternet. One of the key features of a TechTalk-like system is that mathematical
information can be passed from one engine to the other. To do this in a reason-
able way, the various engines should share a common language or interface. At
present, there is no adequate candidate for this job. In the context of computer
algebra, open standards are under development for exchanging mathematical
information. The OpenMath[?] standard proposed by the OpenMath consor-
tium focusses on semantic markup and the MathML[?] standard proposed by
the World Wide Wed Consortium’s task group for mathematics concentrates on
presentation mark-up. They provide a common notation for sharing informa-
tion involving the basic entities that one plays with in computer algebra systems
(polynomials, rational functions, general arithmetic expressions) and the ability
to extend this notation to other composite types. While these may be adequate
in a situation involving the interaction of one or more pure symbolic systems, we
need the ability to represent a much richer domain of entities as we are interested
in setting up interactions among engines that perform quite different types of
computation — for instance, a symbolic, a numeric and a visualization engine. In
our current set-up, we pass Matlab code or just numerical matrices from Maple
to Matlab. If we were to use say, the NAG Explorer for visualization, then,
we would need to provide a “lattice” for the visualizer. It is essential to bring
together the efforts of the symbolic, numeric and visualization communities to
evolve acceptable standards for communicating mathematical information.

As users of software systems, we have to get used to different interfaces on
different machines. Such a situation in an introductory class (using two different
interfaces for Maple, for example) can create tremendous confusion. This is a
problem we have had to face in building TechTalk. The user interfaces provided
by systems such as Mathematica and Maple are getting more sophisticated
with each new release; the parts of the system that handle the interface are
proprietary and built into the system (meaning, one can not find a free floating
module that can recreate the Mathematica interface). The effort involved in
replicating the interfaces of all the systems that we might want to connect in
a TechTalk session is tremendous. Again, it would be useful to have these
systems put out things for display in a standard mark-up language. There are
efforts underway to evolve such standards, notably, the MathML working group
under the WWW consortium is attempting to come up with specifications for
a mark-up language for mathematical notation [?].

Another difficulty encountered in building TechTalk was the process of coax-
ing Maple and Matlab to pretend to be servers. Considerable effort had to be
put in to understand how these systems handle low level I/O. The task was
made harder by the fact that these details are not spelt out and are very hard
to get out of the makers of the systems. An even more vexing problem was that
having found out some of the intricacies of a particular system, we found that
a new release of the system had quite different ways of doing I/O! All this of
course points to a need for acceptable server interfaces. In light of the problems
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mentioned with replicating interfaces, we feel that the nice interfaces that some
of these systems provide may be in the way when it comes to their functioning
as servers. Maple provides a version called MathEdge that comes without the
worksheet interface but all the other parts of Maple intact. Such a stripped down
version capable of communicating through a standard mark-up language with
the rest of the world would be a desirable thing. In addition, the server version
ought to be able to respond to simple remote system queries/commands such as
“are you ready for the next job?”, “are you busy?”, “please stop whatever you
are doing!” The need for platform independence cannot be over-emphasized.
Based on our experiences with building these servers, we are currently devel-
oping a generic “server for mathematics” to work with existing computational
programs inlcuding typical interactive mathematics systems (IMS). The design
of our generic server is guided by our desire to

e provide simple mechanisms to encapsulate commercial or non-commercial
mathematics engines (such as Maple, Matlab, Mathematica, Singular, Gb
or other Grobner software[?] etc.), as well as suitably wrapped up code
libraries for doing symbolic, numerical and graphic processing into servers
capable of providing their services to client requests on the Internet;

e provide means for incorporating these mathematical servers as components
of distributed applications including a simple and powerful communication
infrastructure;

e support existing and upcoming protocols for exchanging mathematical /graphical
information;

e use existing commercial and public domain software as much as possible
to realize the above goals.

More details of the generic server can be found in [?].

In using TechTalk locally, we found hardly any delays in communication.
While using it long distance (coast-to-coast), occasionally, we found serious
network delays. One of the users would not see anything for a long time and a
bunch of things all at once. The delays are not uniform and appear to be location
and time dependent. In any case, this is not acceptable for a collaboration tool!
Currently, the amount of data sent between the various servers and clients is
not large (a few kilobyte chunks) and we are trying to understand the reasons
for the delays and what can be done to lessen them.

Currently, we are working on a new version of TechTalk. Our plans include
the use of OpenMath with some enhancements to set up communication pro-
tocols among symbolic and numeric engines. We also plan to provide a visual
interface for specifying and setting up distributed computations and the ability
to access code repositories on the web. The Java bytecode for the current im-
plementation of TechTalk along with instructions for installation and use can
be downloaded from http://penguin.mcs.drexel.edu, see [?].
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