SUIL: A System Independent User Interface
for an Integrated Scientific Computing Environment

Yaser Doleh and Paul S. Wang'
Department of Mathematics and Computer Science

Kent State University
Kent, Ohio 44242-0001

ABSTRACT

The design and implementation of a Scientific
User Interface is presented. Written in the C
language, SUI is a window-menu-mouse oriented
graphical user interface that i1s designed to provide
a modern and integrated computing environment
for scientific work. SUI can serve multiple client
systems in parallel including symbolic, numeric,
graphics and document formatting systems. SUI
achieves hardware and operating system indepen-
dence as well as network transparency by employ-
ing the X11 protocols and achieves client system
independence by defining a client-SUI protocol
that is simple and effective. Features of SUI in-
cludes nput editing, history, 2-D mathematical
expression display, interactive selection of subex-
pressions, interactive display and manipulation of
2-D and 3-D plots of mathematical functions, cut
and paste with syntax translation, command tem-
plates, incremental 2-D display of mathematical
input, and interactive configuration. A prototype
system demonstration is planned for ISSAC’90

1 Introduction and Background

A well designed user interface not only makes a computing
system more appealing and convenient to use but also in-
creases the computation power provided to the user. The
availability of modern workstations with high-resolution
graphics displays has revolutionized user interface design
for many computer systems. Scientific systems, whether
numeric or symbolic in nature, are no exceptions. The
Matlab system provides a user interface more convenient
than most numerical packages. Research on better user in-
terfaces for symbolic computation systems has been active
as well. Work on the Maple [4] user interface [9]

implemented at University of Waterloo, GI/S [19] for Vax-
ima [12] at Kent State, and MATHSCRIBE [14] for Re-
duce [7] at Tektronix and Mathematica front end on the
Macintosh are examples. These systems have introduced
many important ideas and features to the design of user
interfaces for scientific computation. Among them are the
use of multiple windows; the graphical display of mathe-
matical symbols, formulas, curves and surfaces; convenient
mouse-menu interaction with the user; interactive selection
of subexpressions; and the separation of the user interface
from the compute engine that it controls.

Drawing on experiences gained through these earlier sys-
tems, we embarked on the design and implementation of a
new user interface system called SUI. Initial design work
started in the latter part of 1988. SUI is a window-mouse
oriented graphical user interface system intended to con-
trol/integrate computation systems used in engineering
and scientific work including symbolic systems, numeric
packages, graphics and document formatting. A standard
protocol is used by SUI to interact with the various client
systems that it controls. Hardware and operating system
independence is achieved through the X11 protocol. The
main features of SUT are discussed in section two.

An initial version of SUI was taken to the ISSAC’89 con-
ference as a demo to collect reactions and suggestions from
a wider audience. The resulting prototype system repre-
sents a collection of features we felt appropriate and im-
portant, subject to compromises between user convenience
and system performance, as well as the available manpower
for implementation. A demonstration of SUT is planned for

ISSAC’90. !

2 Principal Features of SUI

SUI enables a user to invoke different computation systems
to run concurrently either on the local workstation or on
powerful remote hosts. It allows convenient and useful in-
teractions among these systems. For example, a symbolic
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manipulator, such as Vaxima, can produce formulas that
can be included directly in a document and viewed on the
screen before a hard copy is produced. Results derived in a
symbolic system can be passed to a code generator through
SUI to produce ready to compile numerical code. A sym-
bolically derived function can be passed to a numerical
package for repeated evaluation. A set of points produced
by one client representing a curve or surface of a mathe-
matical function derived by another client can be graphi-
cally displayed and interactively manipulated via another
graphics engine. The resulting graphics can be included
in a document. Forgot exactly how to use that command?
Just type part of the command and activate SUI supported
client specific command template processing to help. Want
to transfer information from one client to another? Just
use SUI cut-and-paste with inter-client translation. SUI
also defines a protocol for inter-client requests that allow
clients to take advantage of one another’s computational
capabilities.

A good user interface is a substantial piece of software
that requires significant efforts for its design and imple-
mentation. Thus, it stands to reason that the design of a
user interface should be totally independent of the under-
lying compute engines, called client systems, that it con-
trols. This will allow us to easily adapt the user interface
to work with a number of existing systems, and to allow
future compute engines to take advantage of SUI without
difficulty. To achieve client system independence, the user
interface must define a protocol for information exchange
with a client compute engine. The evolving protocol that
SUI uses will be discussed in detail.

In order for SUI to work on a wide variety of com-
puter systems, the user interface must be easily portable to
many popular workstations/computers running under dif-
ferent operating systems. This host system independence is
achieved through the standard X11 window system. Thus,
SUI is written in C for speed, portability and ease of inter-
face to X11.

Another major feature of SUT is that it provides a scien-
tific computing environment in which symbolic, numeric,
graphic, code generating, document formatting, and other
systems used for scientific computing are integrated. It
is also an experiment to identify the desirable user inter-
actions in such an integrated environment. Other major
features of SUTI are as follows.

1. SUI supports a set of well selected features for the
graphical display and interactive manipulation of
mathematical symbols and formulas on a bit-mapped
display. Major functionalities include interactive se-
lection of parts of expressions, cut-and-paste, and in-
teractive expression perusal.

2. User input is handled nicely with features like visual
input editing, cut-and-paste from output to input,
client-definable command templates, history facility,

and incremental 2-dimensional display of mathemati-
cal input.

3. SUI supports network-based operations and can initi-
ate/control clients running on remote hosts.

4. SUI has an associated graphics facility, XGP, for the
display and interactive manipulation of 2-D and 3-D
graphs of mathematical functions. XGP evolved from
the SIG system [18] and works as a client of SUIL

5. For client systems, SUI provides facilities for re-
porting system status, setting options, displaying er-
ror/diagnostic messages, interactive help, and consult-
ing on-line documentation.

6. SUI 1s customizable and extensible.

3 SUI Architecture

3.1 Overview of X11
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Figure 1: SUI and X System Architecture

The X Window System [6] provides software facilities
to support a window-mouse oriented user interface envi-
ronment. X11, the latest version of X, is supported by
a consortium of hardware and software vendors who have
made a commitment to use this standard across their prod-
uct lines. The X11 software 1s in the public domain and is



distributed freely by MIT and also redistributed by others.
The basic X11 consists of two major components: the X
server and the Xlib. On top of the basic X11, there are
also easy to use toolkits [11], [15]. The X server uses de-
vice dependent drivers that handle T/O for one or a set
of graphics displays (keyboard, mouse and CRT display)
being controlled by the server. An X server performs ac-
tual I/O on behalf of client processes which make requests
to the server to perform desired 1/O operations. The X
server defines a standard protocol for 1/O requests. Any
program that operates a graphics terminal through the X
server is a client. And the X sever can simultaneously take
care of multiple clients and displays. The X client is always
device independent and will work with any graphics equip-
ment that comes with an X server. The distributed X11
package already contains servers for most popular graphics
workstations and displays. The client program may run
on the same graphics workstation as the server or on an-
other computer, in which case it can communicate with the
server through a network.

The Xlib is a library of C functions that can be used by
a client program to interact with the X server. Xlib pro-
vides, for example, a function to initiate connection with
a particular X server, a function to establish a window of
a certain size and type, and a function to draw a line or
a polygon in a graphics window. Once a client program
is compiled and linked with the Xlib, it will work without
change with any X server transparently across the network.
X also supports multiple networking protocols including
TCP/IP [16], DECnet and Chaos. Figure 1 illustrates the
way SUI and its clients fit into the X architecture.

3.2 SUI Organization and Interfaces

The entire SUI package is organized into three major
parts: a graphics terminal part that 1s X11 dependent, a
scientific interface part that supplies the symbolic mathe-
matical expertise and the integrating environment, and a
client interface part that communicates with SUI clients
using a protocol defined by SUI.

SUT sits between the user and the clients (Figure 2). Tt
receives keyboard and mouse input from the user to control
the clients. On the other hand, SUT responds to I/O and
other requests from the clients and performs the desired
actions through the X11 window system.

4 Using SUI

When SUI is initially invoked, a control panel appears that
contains butions to select actions or to initiate activities
managed by SUI. Each of these buttons selects a different
second level menu. There is a button for each type of client
that SUT can control and there is one for SUT itself.

By selecting the SUI button, the user can control, setup
and customize SUI. This customization and setup involves
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Figure 2: SUI Interfaces

several commands. A user may ADD a client through a
dialogue box to fill in the necessary information in order to
setup the configuration file for that particular client. Other
menu choices allow a user to DELETE and CHANGE the
configuration file of any client.

To start a client system is just as simple. Selecting
a specific client button offers such options as: START,
SAVE CONFIGURATION, CHANGE STATUS, SEND
SIGNAL, SAVE YOURSELF and EXIT. Once a client is
established, another instance of that same client cannot be
started. If another instance of the same client is needed, a
user should have another entry in SUI for it.

If START is selected, and the client is invoked success-
fully, windows and control panels for the desired client ap-
pear. The configurations of windows and/or control panels
depend on the client requirements and user preferences.
The information is kept in a per client configuration file.
For example, the information may specify input, output,
help and error message windows to work with the client
program. The configuration file is generated when a new
client is introduced into SUI.

To terminate a running client, the user may issue a par-
ticular exit command directly to that client from its input
window or, alternatively, may select the EXIT button on
the client control menu.

SUI provides tools for easy customization of client win-
dow layout. The user may choose the window types, sizes,
positions, names, colors and other attributes interactively
until the screen looks just right. Then the configuration



can be saved by simply clicking a mouse button. SUT will
use the saved configuration every time until it is modified
again. After a window is established, it can also be modi-
fied dynamically.

5 The Input Windows

Input to a client program is entered in an input window
supplied by SUI when the client is started. Input windows
for different clients may of course exist at the same time.
Keyboard input goes to the current input window, which is
selected using the mouse. Input typed is basically passed
directly to the client program. There is no checking of
client-defined syntax on the part of SUT.

The basic input window provides a simple emacs or vi
style visual editor, depending on the user’s preference. The
editor buffer contains all the text ever entered in that par-
ticular input window. The editor is convenient for cor-
recting typing errors and modifying one or more previous
command to be reentered. The edited buffer can also be
saved in a file for later use.

If the client keeps a history of the received commands,
there is an optional window which can be used to display
the history. The client may choose to use the SUI protocol
to employ this window for the display of history resulting
in a generalized redo facility.

Helping the user enter commands is important. To this
end, SUI supports command templates that guide the user
in entering commands and arguments correctly. SUI main-
tains a table of command names and their arguments for
each type of client. This table can be loaded from a file,
transferred from the client at any time, or augmented by
the user interactively to support user-defined functions. To
use the command templates, the user simply types a com-
mand (or a prefix of it) followed by a hot key (default ‘?°).
This action causes command template processing and the
command constructed will be transmitted to the client.
If the given prefix matches more than one command, all
matches are displayed. Otherwise the selected command
is used to guide the entering of the arguments. A similar
facility helps the user examine and set client defined flags,
switches and options.



Mathematical expressions entered in infix notation can
be displayed incrementally (in real time) in two dimen-
sional text book fashion. This helps greatly the input of
mathematical formulas.

It 1s important that keyboard interrupts accepted by a
client system be processed correctly by SUI. For example, a
Control-C causes Vaxima to abort its current computation
and to go into a “break loop”. Therefore, the configuration
file also contains information of keyboard interrupt charac-
ters and their functions. An interrupt character detected
by SUI causes an appropriate out of band message to be
sent by an SUI daemon on the target host to the client.
Other special characters may be substituted by predefined
characters and sent to the client directly. This character-
action mechanism works in general and is not restricted to
handling interrupts.

6 The Output Windows

SUI provides multiple output window types. The two most
important types are the text display window and the 2-D
mathematics display window. The former is simply a ter-
minal emulation window supported by X11. The latter is
used to display mathematical formulas and to allow inter-
active selection of expressions using the mouse. In addition
there are the client help window, the client choice menu,
and, of course, the interactive graphics window. Within
the mathematics display window, each expression returned
by the client is displayed in a separate subwindow. Each
subwindow contains only one expression with its optional
label. If the expression does not fit in the subwindow, hor-
izontal and/or vertical scrollbars will appear for the user
to view the rest of the expression. The size of each sub-
window can also be enlarged to take in more of a large
expression. At any time, one expression 1s the current ez-
pression, which is always the last expression displayed. It
can, however, be temporarily set to any other expression
using the mouse. The subwindow containing the current
expression is clearly distinguishable from the other sub-
windows. Operations such as scrolling and subexpression
selection are always performed on the current expression
(CE).

In the mathematics window there are a variety of facili-
ties to help the user manipulate and understand mathemat-
ical expressions. The following operations are supported.

e Cross copy: Cut and Paste 1s an important way to in-
terface systems under SUIL. Copying of text strings is
supported by X and readily available to an SUT user.
In addition, the CE or a subexpression can be copied
into certain input windows. This operation may in-
volve interactive selection of the subexpression and
transformation into the correct input syntax for the
target input window. For example, Vaxima output
can be cut and pasted in the Vaxima, Reduce TgX,

GENTRAN, or GENCRAY input window. The ex-
pression is run through a converter which transforms
SUI internal representation to the correct input syn-
tax. The conversion 1s only limited by the type of
converters programmed.

e Zoom: Going into and out of component parts of the

CE.

e Mouse apply: An interactively selected subexpression
of the CE is replaced by the result obtained by ap-
plying a user supplied command to the subexpression.
The result is displayed as a new expression. The mouse
apply operation was first described in GI/S.

e Substitution: All occurrences of an interactively se-
lected subexpression in the CE are replaced by a vari-
able or value supplied by the user. The variable is
automatically assigned the subexpression as its value.
The result 1s displayed as a new expression.

e Expression skeleton: The CE can be displayed in more
or less detail to help the user digest large expressions.
For example, a skeleton expression may be shown as a
sum of 16 terms without displaying the details of any
of the terms. Any subexpression may be examined by
expanding it or by making it the current expression
using the zoom function. Individual terms can be ac-
cessed also by their position in the expression. A user
can, for example, make term 1310 the CE, select term
105 of a sum or scroll the window to the last term.
All these actions are bound to certain keys that can
be changed by the user.

7 The Graphics Windows

SUI has an associated interactive graphics package,
XGP, which is developed as part of the master’s thesis work
of D. Bennett [3] at KSU. XGP evolved from SIG [18] and
Hsu’s master thesis work [8]. XGP is written specifically
to interface to SUT and plots 2D /3D graphics in a graphics
window that allows interactive manipulation of the graph-
ics displayed. Any graphics requests received by SUI from
a client are directed to XGP for processing. The language
used between SUI and XGP to control graphing is a subset
of the language defined for SUI-client communication.

Figure 4 shows the interactions that take place when a
client requests graphics display from SUI. Part of the SUI-
client protocol has to do with graphics requests such as
establishing a graphics window, display of 2D /3D graphics,
axes, labels, and so forth. The graphics window is an object
that can handle many interactive graphing requests from
the user including rotation, zoom, overlay etc. with great
speed.

A graphics engine for mathematical functions runs as an
SUI client. It can perform many computations for plotting
functions including finding extreme points, limit points
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(points where the function goes to infinity), and evaluating
the function in the given plot interval. All these are done
by generic requests to SUI that are then taken care of by
an appropriate SUT client.

8 Interfacing A Client System to
SUI

One of the design goals for SUI is to provide the ability
to interface with existing compute engines as well as fu-
ture clients that are written to take advantage of SUI. SUI
interfaces with existing programs by replacing their own
user interfaces. The modification to existing client sys-
tems involve reducing output handling to simply sending
the appropriate display requests to SUI and reading user
input from SUT rather than the keyboard. For example, An
interface to Vaxima has been produced by replacing its en-
tire output display package with a single Lisp function and
making a few modifications in the Vaxima input function.

8.1 The SUlI-client Protocol

One important aspect of this research i1s to define a
compute-engine-to-user-interface protocol that is both sim-
ple and effective for our purposes. It is realized that only
through sufficient experimentation and usage experience

can such a protocol evolve into any standard form. Never-
theless, we shall describe what is currently being used for
SUI-client communication. A programmer who writes SUI
client programs needs to become familiar with this proto-
col.

Messages between SUI and a client are sequences of char-
acters sent through TCP/IP stream socket connections.
Protocol processing of incoming messages to SUI are han-
dled in two levels: a low level which receives and analyzes
the requests lexically. Individual requests thus identified
are then sent to the next level sequentially for processing.
Outgoing messages to clients are processed by the client’s
interface module to SUIL. Conventions are used to identify
the origin of the client input: from the input window, from
a dialogue box, or an option menu, for example.

The protocol defines the following categories of requests:

1. Display Requests (sending information to the user):
(a) Material to be displayed in an output window
(b)
(c)

)

(d) Dialogue boxes for user input

Prompts for input from the user

Pop-up menus for user selection

2. Requests to another SUI client. In this case, SUI does
not change the data, it simply acts as a pipe between
the two clients.

3. Requests to SUT (not displayed):

(a) Operations on input/output windows. For exam-

ple, OPEN, CLOSE etc.

(b) Create internal structures for menus or dialogue
boxes.

(¢) Change the client configuration file.
(d) Change the client status.

4. Requests for generic services. SUI keeps a table of
certain generic capabilities of clients that may be of
use to other clients of SUI. This is to provide the pos-
sibility of a client sending requests to SUI to access
services provided by others. For example, XGP, as a
mathematical function graphing system may request
the derivative of a function f(x) or the roots of a poly-
nomial from SUI. SUT will check its internal tables and
send an appropriate request to a computer algebra sys-
tem or a numerical system, collecting the results and
return the answer to the requesting graphical system.
We expect to provide this service only for a few well
defined requests. This also allows us to study the its
general utility in a wider range of cases.

To interface a client to SUI, it must have a front end that
communicates with SUI using the protocol. In addition,
the programmer writing the interface must define all special
control characters with a list of functions.



9 SUI Implementation

SUI consist of four major parts:

e Network layer: this provides the connection to clients.
It sets up the socket connection to receive and send
data. It understands the lower level of the client-SUI
protocol.

e Kernel: this is the heart of SUIL It is responsible for
directing traffic between the clients and the user. It
includes all the functionalities that are hidden from
the user.

e X interface: this part talks to the user through the X
window system. One may modify this module to make
SUI work with another window system.

e Configuration and initialization files.

An SUI network daemon process is used to start clients
on remote hosts. The SUI network layer connects to this
daemon and sends the necessary information to start and
terminate the client. This daemon is also used to send
interrupt signals to the client program.

The windows are implemented as widgets, window graph-
ics objects, using the X toolkit and Athena widgets from
M.I.T. [15]. One example is the SUT math widget, a self
contained object with functions for equation manipulation.
The object-oriented approach provides an avenue for future
expansion. One may write new widgets or change existing
widgets without changing other parts of SUIL

10 Discussion

The Scientific User Interface is being developed to help
provide an integrated computing environment for scien-
tists and engineers. The most important systems to in-
tegrate include symbolic mathematical systems, numerical
computation systems, graphing systems for mathematical
functions, document preparation/formatting systems, and
program development tools: text editors, compilers and
debuggers.

The purpose is to make the individual and combined use
of such systems much easier for scientists and engineers
regardless of their computer expertise. The implementa-
tion of SUI will continue to evolve to support additional
client types and new useful interactions in this integrated
environment.

In addition to the features described here, SUI will also
provide an interface library. This library will allow pro-
grammers to interface clients easily with SUIL.

Even though SUI has been developed to control multiple
clients it can still be used as a nice and efficient user inter-
face for a single, stand-alone compute engine. SUI has the
potential of providing a standard user interface that would
be the same for many different technical applications.
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