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FINAL PROGRAM

Conference on

COMPUTER ALGEBRA as a Tool for
Research in Mathematics and Physics

April 5-6, 1984
251 Mercer Street
New York, NY 10012

New York University
Courant Institute of
Mathematical Sciences

All lectures will be held at COOPER UNION, 41 Cooper Square,

near 7th Street and Third Avenue, a short distance from NYU.
Systems will be demonstrated on 13th Floor of Courant Institute

Thursday Morning, April 5 (Cooper Union)

7:45- 8:45 Registration; Coffee and Danish
8:45- 9:00 Opening Remarks: S. R. S. Varadhan, Director, CIMS
Chairman: David Y. Y. Yun (SMU)
9:00- 9:45 Anthony C. Hearn (RAND Corp.)
What is Computer Algebra?
9:45-10:30 James H. Davenport (U. of Bath)
Algorithmic Constructions and Problems in Algebra
10:30-11:15 Wwilliam H. Kahan (UC, Berkeley)
Symbolic Singularities and the IEEE Floating-point
Arithmetic Standard
11:15-12:00 Jacob T. Schwartz (NYU)
Some Computational Decision Procedures in Logic
12:00- 1:45 LUNCH
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1:45- 2:30

2:30- 3:15

3:15- 4:00

5:00-10:00

9:00- 9:45

9:45-10:30

10:30-10:50
10:50-11:35

©11:35-12:20

12:20- 2:30

2:30- 3:15

3:15- 4:45

4:45- 5:00

Thursday Afternoon, April 5 (Cooper Union)
Chairman: Richard Fateman (Berkeley)

R. William Gosper (Symbolics, inc.)
Computer-assisted Strip Mining in Abandoned Ore Fields of
19th Century Mathematics

Stephen Wolfram (1AS)
The Computer Mathematics System: SMP

Richard D. Jenks (IBM Research)
The New SCRATCHPAD System and Language for
Computer Algebra

Thursday Evening, April 5

Reception and DEMONSTRATIONS
(13th Floor of the NYU Courant Institute)

MACSYMA (Symbolics, Inc.)
MAPLE (U. Waterloo)

muMATH (Soft WareHouse)
REDUCE (Rand Corp.)}
SCRATCHPAD'84 (IBM Research)
SMP (Inference Corp.)

CAYLEY (U.Sydney)

Friday Morning, April 6 (Cooper Union)
Chairman: S. Eilenberg (Columbia)

George E. Andrews (Penn. State)
Physics, Ramanujan and Computer Algebra

Charles Sims (Rutgers) -
How Well Can You Get to Know a Group?

Coffee Break

David and Gregory Chudnovsky (Columbia)
The Use of Computer Algebra for Diophantine and
Differential Equations

David B. Mumford (Harvard)
What Can Be Computed in Algebraic Geometry?

LUNCH

Friday Afternoon, April 6 (Cooper Union)
Chairman: John W. Milnor (1AS)

William P. Thurston {Princeton)
Some Geometric Problems and Computations

PANEL DISCUSSION:
The Potential of Computer Algebra as a Research Tool

Jacob T. Schwartz (NYU) - Moderator
Richard A. Askey (Wisconsin)

Michael E. Fisher (Cornell)

John McCarthy (Stanford)

Joel Moses (MIT)

Closing Remarks: J. Barkley Rosser (Wisconsin)
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The Maple Symbolic Computation System

Bruce Char  Keith Geddes  Gaston Gonnet

Symbolic Computation Group
Department of Computer Science
University of Waterloo
Waterloo, Ontario Canada N2L 3G1

1. A brief description of Maple

Maple is an interactive mathematical manipulation system. (The name “Maple” is not an
acronym but rather it was simply chosen as a name with a Canadian identity.) The primary
motivation for the development of Maple when the project started in December, 1980, was to pro-
vide user accessibility to symbolic computation. In particular, there was a need for a system
which large numbers of students could use simultaneously on a time-sharing mainframe computer,
or alternatively on microprocessor-based workstations. This general goal has translated into two
subsidiary goals: to be portable across several kinds of computer systems, and to provide an effi-
cient system for both student and general-purpose scientific usage.

In order to pursue the former goal, Maple was implemented with a package of macros using
the Margay macro processor written at Waterloo. The macros are designed to be easily expanded
into “BCPL-like” languages. Currently, Maple runs in B on Honeywell GCOS-8 systems, and in C
on DEC VAX/Berkeley Unix, Spectrix 68000/Xenix, and DEC 20/TOPS20 systems. Demonstra-
tion ports have been also been made to Pixel and SUN Microsystems computers.

There are several ways in which Maple was designed to meet the latter goal. One is through
compactness. Maple initiaily loads a small kernel of modest power, implemented completely in
the system implementation language (e.g., B or C). This kernel contains facilities such as integer
and rational arithmetic, simple polynomial manipulation, the garbage collector, pretty-printing,
file input/output, and the user command interpreter. Most of the other capabilities of the system
are contained in external library routines which are automatically loaded as required. These
library routines are coded in the user-level language, which is Algol-like in syntax.

THE MODERN ALGEBRA SYSTEM CAYLEY

John Cannon
Rutgers University and the University of Sydney

SUMMARY

The utilization of ideas from modern algebra in various branches of pure

mathematics (e.g. topology, number theory, geometry), together with their

application to areas of modern applied mathematics (e.g. coding theory, graph

theory, solid state physics) has produced a demand for efficient computation

in such structures as discrete groups, rings and modules.

Cayley is designed to permit efficient computation with the more useful

examples of such structures. The associated language enables the user to work

with sets, sequences and mappings, as well as with algebraic structures.

system is supported by an extensive library of powerful functions for

determining structural information, with particular emphasis on groups. As

an indication of the power of the system, Cayley can construct and identify

the composition factors of a permutation group having degree 10,000.

The system has successfully solved problems arising in group theory,

topology, knot theory, geometry, number theory, graph theory, coding theory,

numerical analysis and in solid state physics.
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Example 2: Rational Function Integration
u:QF UP(x,RN}) {QuotientField UnivariatePolynomial in x over RationalNumber}
= (x+1) *#%2/ ((X+1) #%6+1)

2
x + 2x +1

(0)
6 5 4 3 2
x + 6x + 158 + 20x + 158 + 6x + 2
Time: 2.936(I) + 0.051(E) + 0.187(P) = 3.174 SEC.

integrate u

- 3 2
1) >  a*log(x + 3x + 3x + 6a + 1)
2 1
@ + ----=10
36

Time: 0.699(I) + 0.208(E) + 0.117(P) = 1.024 SEC.

= (2HRARD4L) KEL [ (xF*2-2) %45

8 6 4 2
16x + 128x + 384x + 512x + 256

(2)
10 8 ] 4 2
X - 10x + 40x - 80x + 80x - 32
Time: 0.922(I) +76.072(E) + 0,146(P) = 1.14 SEC.

integrate u

7 5 3
- 10x - 12x - 24x - 8Ox ——
(3) + > a*log(a*x - 3)
8 6 4 2 ——
x - 8x + 24x - 32x + 16 2 -9
o + —----=0

2
Time: 0.047(I) + 0.249(E) + 0.215(P) = 0.511 SEC.
Uz =KARS/ (RERLLREH24T) ¥%2

5
x

)
8 6 4 2
X +2x + 3x +2x +1
Time: 0.627(I) + 0.042(E) + 0.08{P) = 0.749 SEC.

integrate u
-— 12

(5y —=—mmmmmmm e + > a*log((a + ---)x + 2a)
3

27
Time: 0.048(I) + 0.17(E) + 0.197(P) = 0.415 SEC.
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