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The currently available software and hardware has made mathematical symbot
manipulation a more fruitful and productive activity than just a few years ago.
The combination of the new inexpensive hardware and software will certainly
cause a substantial growth in the user community. In the present paper we
discuss several of these developments.
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can be conveniently divided mto two
categories; special purp [he interest here is in general
purpose symbol manipulators, but it is important to res ize that spec1al pur-
pose programs have played a crucial roie in certain scientific areas. Symbol
manipulators have 1 enificant contributions to a wide range of problems
as a bnief look at the conierence proceedings listed below will show. 1h

cles by Elvey, Ogil Pavelle et al., Steinberg, and Stoutemeyer provide a
more detailed overview of general purpose symbol manipulators than will be
given here.
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gwen below). The - program D has been available to the pub]ic for
MATH has been available for several, MACSYMA and SMP

31’3 I u’ avmlabl t the general public in 1983, Maple was released in 1934,
S Cra tch D ad 1 and M

fathematica are just now being released. Until 1983

_ the most powerful of the symbol manipulators, was available on
com puters aE MIT to which many users around Ehe country had access using
. MACSYMA i1s now available for many different computers; it
iS bemg sold (at modest cost to universities) by Symbolics. Maple, S (P, and

DUCE than of aH other

AA. There are probably more users of R
symbol mani pulato rs combined. The facilities in REDUCE are modest when
compared with those of MACSYMA. On the other hand, the program is well
documented, easy to use, and powerful, so if a problem falls within its domain,
1t 1S erhaps the best program to use. A user library 1s being built which wall

ke this program much more useful. Maple requu'es hittle 1n terms of
hine resources, but still has excellent famhues [hus 1t 1s excellent for stu-
dents m a resource-shared environment. The muMATH program is designed
to run on small micro-computers and seems not to be powerful enough to do
any large scientific computing. This program could be used in high school and
college to interest students and faculty in symbol manipulation. High school
students are probably prepared to do nontrivial symbohc problems before they
can do nontrivial numerical problems. In early 1987, Hewlett-P

ackard 1ntro-
duced a hand-held calculator (model 28C for apprommately two hundred dol-
lars) that 1s capable of doing nontrivial symbolic calculations.

mmon experience for a person who is first using a symbol manipula-
tor to feel that the program is incredibly powerful. In fact these programs are
very powerful but they also have their limitations. Symbol manipulation pro-

ams are capable of doing infinite precision rational arithmetic, algebraic
simplification, expanding and factoring, finding greatest common denominators
and other operations of the type found m high school algebra courses. Tk
programs are also programming languages and this adds much to their power.
Some of the programs are capable of handling expressions that contain mul
lions of characters and perform, in seconds, calculations that would require
humans many tedious hours. The programs also ‘know’ how to differentiate
and integrate. Although it 1s not well-known, there are algorithms for integrat-
ing certain large classes of functions. When an integration problem falls in
one of the known classes, the programs are capable of doing integrations
where the answer may fill several printed pages and appear impossible to do
by hand. It is experience with these types of problems that leads to optimism

about symbol manipulation. However, it is also not difficult to find examples
that humans can do easily and the existing programs cannot.
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and semor-—ievel (co lege) - . MA packages for
solving ordin al €q and manipulations are two of the
creating progr hem aﬂcs, there 1s too little effort
bein g expended On 1Nncoj DOT aim g this m into the main body of the
ms. There are hibraries of user—conmbm d programs but this seems to
be a rather meffective way of making a wide range of facilities available to the
user community. Some workers have made some inroads mto this problem in
certain mathematical areas (for instance, see the thesis of M. W u'th)
example of mathematics being set up in a symbol manipulation program
way that imits the usefulness of the program is given by the dependencies idea
used in the MACSYMA dif ims. This 1dea works well mn
simple problems but causes considerable trouble for problems involving com-
plicated coordinate changes (see Wester and Steinberg, and Golden). These
problems and many others are now under serious attack by the symbol mani-
pulation community as a brief perusal of the conference proceedings listed
shows.

4. NEW DEVELOPMENTS

The most promising news for the symbol manipulation community 1s that
there are several groups working on a new generation of symbol manipulators;
these include a system called Scratchpad II at IBM (see Jenks), a one called
Newspeak at UC Berkeley (see Fateman, and William on) and one called
Views at Tektronix (see Abdal

, Cherry, and Smﬁ"er) will
longer be based on LISP or other standard languages but instead will be based
on a new language that will attempt to merge the underlying mathematics and
mathematical objects with the algorithms and data types and the hardware to
provide a substantial gain in speed and reduce memory requirements over the
existing systems. Because much care is being exercised to embody good
mathematics in the underlying language, there seems little doubt that many
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roblems that are now tedious or impossible to do with the current systems
manageable with the new syste m. Consid erable effort is being dus
developing user interfaces that are appropriate for both the expenenced
and the novice user. Another component of the project will bring
together experienced LUSEers Of Sy pulation 1S Whno have a str Ong
ied mathematics background in order to incorp higher levels of
mathematics in the new system.

Symbol manipulation programs are large and need to be able to handle
large expressions. As the size of the expressions grows so does the use of com-
puter time; 1t 1s not uncommon to hear experienced users talk about problems
that run many hours on a large computer. Thus sy mbol manipulators place a
considerable strain on the computing resources. Because of this demand on
computing resources, many symbol manipulators used to run in batch mode or
on Speci 1al machin MACSYMA did at MIT. Batch mode symb olic co m-
puting turns out to be unsatisfactory because of another problem inherent in
symbolic computing; the powerful symbol manipulation programs are not
predictable enough to be easily programmed without first testing various ideas
interactively. All of the programs mentioned above are now interactive.

An important hardware development for the symbol manipulation community
was the appearance of the VAX computer. The ability of these machines to
automatically page information on the disk to the main memory allows the
machine to easily run large mteractive jobs. Maple, REDUCE, SMP and
MACSYMA now all run on these machines. If a VAX-class computer has
four or more megabytes of main memory ‘and 1s hghtly loaded, then
MACSYMA will run VEry mcely and M aple will run easﬂy However, if the
machine 1s heavily loaded or has a small main memory, then the performance
of MACSYM/ Ine 18 serlously degraded while small jobs 1n

. \ and the mach
Maple cause no more problem than an editor.

Another hardware related problem with the current symbol manipulators is
their input and output. The input is typed in a linear FORTRAN like format.
Programs that can understand written formulas are feasible but expensive and
inconvenient. However, once some information is typed into a symbol mani-
pulator and displayed on a graphics screen, then a ‘mouse’ or light pen can be
used to mampulate the information or direct the program to manipulate the
information. The output of current programs is usually a relatively primitive
two-dimensional format. However, some programs are capable of producing
text-book quality output by using a laser printer, and similar results can be
obtained by using a high resolution graphics screen. Since human vision plays
an i1mportant role in understanding formulas, high quality output will greatly
enhance the usefulness of symbol manipulation programs. Such technology will
aliow symbol manipulators to mimic pencil and paper calculations which will
make the use of the programs more intuitive. The system being developed by
the Fateman group will take advantage of graphics screens and the ‘mouse’
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