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Welcome to MSW 2004
Since our last gathering in the summer of 2002, many changes have occurred
for both Maple™, and its parent company, Maplesoft™. In fact, even the name
"Maplesoft" is new since 2002!
Maplesoft has grown and transformed itself in many exciting ways. It has
updated Maple to version 9.5 with its many new features. In addition to such
enhancements as an Optimization package, or a further development of the
Student package with its visualization commands and interactive Maplet tutors,
Maple 9.5 brings together enough user-friendly and "point-and-click" features that
a new paradigm for the use of Maple was born. It is now possible for a user to
obtain significant mathematical experiences with Maple without having to learn
Maple syntax first. This opens the door to new uses of Maple by both students
and instructors.
Maplesoft has brought out a new line of related products. Maple T.A.™, a testing
and assessment tool powered by Maple, has been widely adopted for posing and
scoring placement exams, quizzes, assignments, and even high-stakes tests. Last
month the Maple T.A. Building Block for providing access to all testing and
assessment functionalities of Maple T.A. within the Blackboard Learning System™
was released. MapleNet™, a protocol for interacting with Maple over the Internet, is now available. The Maple Professional
Toolbox Series™ has been initiated, with the Global Optimization Toolbox as the first product in the series.
New programs include MapleConnect™, a third party developer program that assists our customers in commercializing and
selling their Maple-related intellectual property. Initial offerings include a fuzzy-sets Maple package, an OpenMaple™ application
connecting Maple to the numeric matrix programming language GAUSS, and a set of video-based lessons for learning how to
solve problems using Maple.
Maplesoft has opened new offices in the USA and Europe. The Boston office concentrates on commercial sales, and an office in
Switzerland supports European distributors .
Amidst all these corporate changes, a significant personal change has altered my own life. I've retired from academe, and taken
a full-time position with Maplesoft, moving from the US to Waterloo, Ontario.
In addition to all this growth and development, the core product Maple continues to improve, with even greater functionality
on the drawing board.
At the Maple Summer Workshop, you will have the opportunity to learn first-hand about the new features of Maple and the new
products and directions for Maplesoft. Ask questions, interact with your colleagues, provide us feedback. Get the most out of
your time at the conference, and continue to be valuable members of the Maple community.
Welcome to Waterloo. Bienvenue au Canada. Welcome to MSW 2004.
Best regards,

Robert J. Lopez
Emeritus Professor of Mathematics - RHIT
Mathematical Applications Manager - Maplesoft
Program Chair, MSW 2004
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Invited Speaker Biographies
Douglas B. Meade
Department of Mathematics
University of South Carolina
Douglas Meade, Ph.D., is a Professor of mathematics at the University of South Carolina. He has held the position of
Undergraduate Director of the mathematics department since 2001.
Dr. Meade earned a Ph.D., in Mathematics (1989), and received an M.S. in Applied Mathematics (1986). He received a B.S.
in Computer Science (1984), and a B.S. in Mathematics (1984), from Bowling Green State University.
Professor Meade will discuss his journey as a mathematician using Maple technology in his talk: “Maple and its Role in
the Development of a Mathematician”, at MSW 2004.

Hiroshi Komatsugawa
Chitose Institute of Science and Technology
Hiroshi Komatsugawa, Ph.D., is a professor at Chitose Institute of Science and Technology (CIST) in Hokkaido, Japan. Dr.
Komatsugawa received his Undergraduate degree and Masters degree from Keio University in Japan. He later earned his
Ph.D., in Physics from Keio University.
Dr. Komatsugawa works collaboratively as one of the project leaders of a study examining regional network service in the
Hokkaido area. The e-learning system for mathematics developed by his research group, is used by more than 30 secondary schools across Japan.
Dr. Komatsugawa will share his extensive knowledge of online math education with the MSW audience during his presentation: “E-Learning Systems for Mathematics”.

L. F. Shampine
Department of Mathematics
Southern Methodist University
Professor Shampine teaches applied mathematics at Southern Methodist University in Dallas, Texas. He received a B.S. in
Mathematics in 1961 from the California Institute of Technology and then went on to earn a Ph.D. there, in 1964.
Over the past 35 years Dr. Shampine has made significant contributions to the development of symbolic, numeric, and
hybrid methods for solving ODEs while working at various academic and commercial institutions. Professor Shampine has
authored key algorithms for both Maple and Matlab. A textbook written with two colleagues entitled "Solving ODEs in
Matlab" was recently published.
His presentation topic, entitled "Symbolic/Numerical Methods for ODEs" will offer insight into the issues and challenges of
creating advanced algorithms. His talk will take the MSW audience "under the hood" of developing programs for solving
ODEs numerically on a symbolic system such as Maple.

Paul Thagard
Department of Philosophy
University of Waterloo
Dr. Thagard is a leading researcher in the field of cognitive science. He holds a Professorship at the University of Waterloo
in the Philosophy department, and is cross-appointed to the Computer Science and Psychology departments.
Professor Thagard is a graduate of the Universities of Saskatchewan, Cambridge and Toronto, where he earned his Ph.D.,
in Philosophy (1977). He received a M.S. in Computer Science from the University of Michigan (1985). Professor Thagard
has authored several books on Cognitive Science, and his work has appeared in numerous academic journals.
Dr. Thagard will give a talk entitled, "Minds and Mathematics" at the MSW 2004 banquet.
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Program at a Glance
Sunday, July 11th

* Denotes Lab Component

Time

Session

12:30 pm – 4:00 pm

Introduction to Maple*

2:30 pm – 4:00 pm

Technical Q&A

4:00 pm – 6:00 pm

Reception

Monday, July 12th
Time

Session

8:30 am – 9:00 am

Welcome Address

9:00 am – 9:50 am

Invited Speaker – L.F. Shampine

10:00 am – Noon

Contributed Sessions

Noon – 1:00 pm

Lunch

1:00 pm – 2:00 pm

Maplesoft Demonstrations and Announcements I

2:00 pm – 2:30 pm

The Maple Global Optimization Toolbox

2:30 pm – 5:30 pm

Maple Tutorials I*

5:30 pm – 9:00 pm

Banquet

Tuesday, July 13th
Time

Session

8:00 am – 10:00 am

Contributed Sessions

10:15 am – 11:05 am

Invited Speaker – Hiroshi Komatsugawa

11:15 am – 12:15 pm

Contributed Sessions

12:15 pm – 1:15 pm

Lunch

1:15 pm – 2:15 pm

Contributed Sessions

2:30 pm – 5:30 pm

Maple Tutorials II*

6:00 pm – 8:00 pm

Maple Chats

Wednesday, July 14th
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Time

Session

8:00 am – 8:50 am

Invited Speaker – Douglas B. Meade

9:00 am – 12:15 pm

Contributed Sessions

12:15 pm – 1:15 pm

Lunch

1:15 pm – 2:30 pm

Poster Session

2:30 pm – 3:30 pm

Maplesoft Demonstrations and Announcements II

3:30 pm

Conference Closing
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Contributed Sessions
Denotes a presenter who will participate in the poster session, in addition to contributed session.
= Presenter
Math = Mathematics Research

Presenter Name
Abbasian=/

Ed = Education

Sci = Science, Engineering and Computing

Topic

Day Time

Location

Track Page No

Ionescu

Exploring Some Common Misuses of Maple in Undergraduate
Mathematics

T

8:00 AM

BAB 209

Ed

14

Abe

Essentials of PDEs in Mathematical Physics Using Maple 9

M

10:00 AM BAB 209

Ed

15

Anand= et al

Target Recognition Algorithm Employing Maple Code
Generation

W

10:45 AM BAB 211

Sci

16-17

Visualization of Topics in Partial Differential Equations Using Maplets

M

10:30 AM

BAB 209

Ed

18-19

Attanucci

Getting "Old Dogs" to do "New Tricks": Using Community
College Mathematics (and Maple) to Create "Mathematical Art"

W

10:45 AM BAB 209

Ed

20

Bicak=/
Hospodka

Analysis of Switched Capacitators and Switched Currents
Circuits in Maple

M

10:00 AM BAB 211

Sci

21

Bremner

Non-Associative Algebra Structures on Irreducible
Representations of the Simple Lie Algebra sl(2)

M

10:00 AM

Burgoyne

Using Maple to Construct and Plot a Fourier Series

T

Carvalho

Picturing the Oscillations of a Mass-Spring System

Chapman

Anco/Larrass=

BAB 208 Math

22

1:15 PM

BAB 211

Ed

23

W

9:00 AM

BAB 209

Ed

24

An Improved Algorithm for the Automatic Derivation and Proof of
Tensor Product Identities via Computer Algebra

M

10:30 AM BAB 208 Math

25-26

Chow=/Carey

Construction of Powell-Sabin-Heindl Divergence Free Basis
Functions Using Maple

T

11:15 AM BAB 208 Math

27

Collett

Using Maple to Investigate the Poincaré Polarization Sphere
and the Observable Polarization Sphere

T

8:00 AM

BAB 211

Sci

28

Coulliette

Guiding Students in How to Use Finite Difference Methods for
Solving Linear and Nonlinear Boundary Value Problems in Maple

M

11:00 AM BAB 209

Ed

29

deKleine= et al

A Sparse Modular GCD Algorithm for Handling the Non-Monic
Case

M

11:00 AM BAB 208 Math

30

Douglas=/
Harrison

Least-Squares Fitting of Data from the Physical Sciences

W

11:15 AM BAB 211

Sci

31

Drska=/Sinor

Information Physics Curriculum: E-Learning Tools and TLM
Courses

W

9:30 AM

BAB 209

Ed

32-33

Maplets that Display the Heat and Wave Equations

M

11:30 AM BAB 209

Ed

34

Eberhart

Training Teachers to Use Maple to Prepare Classroom Materials

W

11:15 AM BAB 209

Ed

35

Fee=/Monagan

Cryptography Using Chebyshev Polynomials

W

10:45 AM BAB 208 Math

36

Grotendorst

Computer Mathematics with Maple - Numerical Analysis with
Symbolic Computation

T

8:00 AM

37

Hospodka=/
Bicak

SYNTFIL - Synthesis of Electric Filters in Maple

M

10:30 AM BAB 211

Ionescu=/
Abbasian

Use of Maple in Some New Non-Autonomous Numerical
Methods

T

8:30 AM

BAB 208 Math

40

Khanshan

A Maple Approach to Electrical Engineering Problems

W

9:00 AM

BAB 211

Sci

41

Kraft

Functions and Parameterizations to Think With

T

9:30 AM

BAB 209

Ed

42-43

Kunze=/Heidler

Collage: A Maple Package Which Uses the Collage Method to
Solve Inverse Problems for Ordinary Differential Equations

T

9:00 AM

BAB 208 Math

Duchesne=/
Roach=

4

BAB 208 Math
Sci

38-39

44
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Contributed Sessions
Denotes a presenter who will participate in the poster session, in addition to contributed session.
= Presenter
Math = Mathematics Research

Ed = Education

Sci = Science, Engineering and Computing

Presenter Name

Topic

Maron

Efficient Web-Based Grading of Multi-Step Math, Science,and
Technology Problems

T

1:45 PM

Maroti

Implementing Regular Expressions in Maple

T

11:45 AM BAB 208 Math

McCabe

Discourse with Maple: Teaching Maple in an Interactive Classroom

T

9:00 AM

BAB 209

Ed

47-48

McGuire

Manipulate, Solve, Visualize, Question

W

10:00 AM

BAB 209

Ed

49

Monagan=/Fee

A Cryptographically Secure Random Number Generator for Maple

W

9:30 AM

BAB 208 Math

50

Sochacki

Using Picard Iteration and Cauchy Products to Solve Initial
Value Problem Ordinary Differential Equations

T

9:30 AM

BAB 208 Math

51-52

Morris

Maple Schemes for a Fractional Brownian Black-Scholes Equation

T

11:15 AM BAB 211

Sci

53

Nakamura

Simulation Software Integrated with Maple and Java

W

11:45 AM BAB 211

Sci

54-55

Ogilvie

Powerful Procedures for Linear and Non-Linear Regression with Maple

W

9:00 AM

The PolynomialIdeals Maple Package

M

11:30 AM BAB 208 Math

Piatkowski=/
Nelson

Maple and Software Engineering Education

T

1:15 PM

Pindor

Quantum Algebra Package

W

11:15 AM BAB 208 Math

61

Pinter= et al

The Maple Global Optimization Toolbox

M

2:00 PM

BAB 101 N/A

62

Quaintance

mxn Proper Arrays: Geometric Construction and the Associated
Linear Cellular Automata

W

11:45 AM BAB 208 Math

63

Redmond/
McPhee=

Dynamics of Multibody Mechatronic Systems: Symbolic
Modelling with Linear Graph Theory

W

9:30 AM

BAB 211

Sci

64-65

Reynoso-delValle

Interactive Macroeconomics

T

11:45 AM BAB 211

Sci

66

Roche

Analytic Root Finding: A New Maple Command

T

8:30 AM

BAB 209

Ed

67

Dynamics of Multibody Mechatronic Systems: Symbolic
Implementation and Numeric Solution

W

10:00 AM BAB 211

Sci

68-69

Schramm

Experiences Using Maple in Math Education at the Hamburg
University of Applied Sciences

T

1:45 PM

BAB 208

Ed

70

Schwarz

Maple T.A. Supported Learning in "Math for the Life Sciences":
A First Year Grant

T

11:15 AM BAB 209

Ed

71

Shao

Symbolic Computation with Maple for Eddy Current Response
to Variation in Surface Conductivity with Depth

T

8:30 AM

BAB 211

Sci

72

High Order Asymptotic Solutions to Free Standing Water Waves
by Computer Algebra

T

9:00 AM

BAB 211

Sci

73-74

Stenson

Maple in High School Multivariable Calculus

W

11:45 AM BAB 209

Ed

75

Tefera

MultInt: A Maple Package for Multiple Integration by the WZ Method

W

10:00 AM BAB 208 Math

76

Money=/

Pearce=/
Monagan

Schmitke=/
McPhee

Shingareva=/
Celaya

Day Time

Location
BAB 211

Track Page No
Ed

BAB 208 Math

BAB 208

Ed

45
46

56-57
58
59-60

Wachsmuth

Maple in Disguise: Intuitive math tools using MapleNet

T

11:45 AM BAB 209

Ed

77

Whitely Jr.

Acid/Base Equilibrium in General Chemistry Using Maple

T

9:30 AM

BAB 211

Sci

78

Yasskin

Extrusion of Polycrystalline Materials

M

11:00 AM BAB 211

Sci

79-80

Yasskin

Some Pedagogical Maplet for Calculus

M

11:30 AM BAB 211

Ed

N/A
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Poster Session Participants

6

Presenter Name

Topic

Campbell, Colin

Learning Maple 24/7 with "Maple Mastery I" On-line Videos

Campbell, Colin

Structured Maplets

Ebrahimi, Mohammad Ali

Visualizing Direction Fields with an Enhanced DEplot Command

Linder, Dave

The Maple Global Optimization Toolbox

Lo, Simon

Linear algebra over general finite fields, Euclidean domains, and integral
domains in Maple
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Detailed Agenda
Sunday, July 11th . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pg. 7
Monday, July 12th . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pg. 8-9
Tuesday, July 13th . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pg. 10-11
Wednesday, July 14th . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pg. 12
*Denotes lab component
BAB = Bricker Academic Building (May be referred to as “Learning Centre” on some versions of
WLU campus maps)

Sunday, July 11th
Time

Session

12:30 pm – 4:00 pm

Introduction to Maple* – An ideal way for new Maple users to learn
about basic Maple techniques. Participants will become familiar
with the Maple interface during the session. Examples of material
to be covered will include: sectioning worksheets, graphing, distinguishing between functions and expressions and creating animations.
Location: BAB 429

2:30 pm – 4:00 pm

Technical Q&A – Ask senior members of the Maplesoft research
and development team about newest programming, system and
mathematical features in Maple.
Location: BAB 110

4:00 pm – 6:00 pm

Reception – The Wilfrid Laurier University Faculty of Science and
Maplesoft, welcome you to the Maple Summer Workshop 2004.
Join us for complimentary refreshments and mingle with MSW
peers.
Location: Science Building, Courtyard

7
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Detailed Agenda
Monday, July 12th
Time

Session

8:30 am – 9:00 am

Welcome Address – Arthur Szabo, Dean, Faculty of Science, Wilfrid
Laurier University
Location: BAB 101

9:00 am – 9:50 am

Invited Speaker – L.F. Shampine, “Symbolic/Numerical Methods for
ODEs”
Location: BAB 101

10:00 am – Noon

Contributed Sessions
Sci - Loc: BAB 211

Math - Loc: BAB 208

10:00 am – 10:25 am

• Bicak, Jan - Analysis of
Switched Capacitators
and Switched Currents
Circuits in Maple

• Bremner, Murray Non-Associative Algebra
Structures on Irreducible
Representations of the
Simple Lie Algebra

• Abe, Yutaka - Essentials
of PDEs in Mathematical
Physics Using Maple 9

10:30 am – 10:55 am

• Hospodka, Jiri SYNTFIL – Synthesis of
Electric Filters in Maple

• Chapman, Frederick W. An Improved Algorithm
for the Automatic
Derivation and Proof of
Tensor Product Identities
via Computer Algebra

• Larrass, Stefan Visualization of Topics in
Partial Differential
Equations Using Maplets

11:00 am – 11:25 am

• Yasskin, Phil Extrusion of
Polycrystalline Materials

• deKleine, Jennifer A Sparse Modular GCD
Algorithm for Handling
the Non-Monic Case

• Coulliette, David Guiding Students in How
to Use Finite Difference
Methods for Solving
Linear and Nonlinear
Boundary Value Problems
in Maple

11:30 am – 11:55 am

• Yasskin, Phil Some Pedagogical
Maplets for Calculus

• Pearce, Roman - The
PolynomialIdeals Maple
Package

• Duchesne, Ryan and
Roach, Steven - Maplets
that Display the Heat and
Wave Equations

Noon – 1:00 pm

1:00 pm – 2:00 pm

ED - Loc: BAB 209

Lunch
Maplesoft Demonstrations and Announcements I
Core product suite: Exciting news and demonstrations of the
latest versions of the Maplesoft core product line: Maple, MapleNet,
Maple T.A.
Location: BAB 101

8
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Detailed Agenda
Time

Session

2:00 pm – 2:30 pm

The Maple Global Optimization Toolbox
János D. Pintér, PCS Inc.
Location: BAB 101

2:30 pm – 5:30 pm

Maple Tutorials I*

Maple Programming I

Programming Maplets I

Maple T.A. I

Michael Monagan,
Simon Fraser University

Jason Schattman,
Maplesoft

Louise Krmpotic,
Maplesoft

Location: BAB 429

Location: BAB 531

Location: Science Building
1055

5:30 pm – 9:00 pm
5:30 pm
6:30 pm
8:00 pm

Maple in Mathematics
Education
Robert Lopez,
Maplesoft

Location: BAB 206

Maple and ODEs
Edgardo Cheb-Terrab,
Maplesoft

Location: BAB 207

Banquet
Cocktail reception
Dinner
Dinner speaker - Paul Thagard, University of Waterloo
Location: Dining Hall Building, 2nd Floor, Senate Governor’s Room

9
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Detailed Agenda
Tuesday, July 13th
Time

Session
8:00 am – 10:00 am

Contributed Sessions – 3 parallel tracks
Sci - Loc: BAB 211

Math - Loc: BAB 208

8:00 am – 8:25 am

• Collett, Edward - Using
Maple 9 to Investigate the
Poincaré Polarization
Sphere and the
Observable Polarization
Sphere

• Grotendorst, Johannes Computer Mathematics
with Maple – Numerical
Analysis with Symbolic
Computation

• Abbasian, Reza Exploring Some Common
Misuses of Maple in
Undergraduate
Mathematics

8:30 am – 8:55 am

• Shao, S. - Symbolic
Computation with Maple
for Eddy Current
Response to Variation in
Surface Conductivity with
Depth

• Ionescu, Adrian - Maple
in Some New NonAutonomous Numerical
Methods

• Roche, Austin D. Analytic Root Finding: A
New Maple Command

9:00 am – 9:25 am

• Shingareva, Inna - High
Order Asymptotic
Solutions to Free
Standing Water Waves by
Computer Algebra

• Kunze, Herb - Collage:
A Maple Package Which
Uses the Collage Method
to Solve Inverse
Problems for Ordinary
Differential Equations

• McCabe, Michael Discourse with Maple:
Teaching Maple in an
Interactive Classroom

• Whitely Jr., R.V. Acid/Base Equilibrium in
General Chemistry Using
Maple

• Money, James - Using
Picard Iteration and
Cauchy Products to Solve
Intitial Value Problem
Ordinary Differential
Equations in Maple

• Kraft, Roger - Functions
and Parameterizations to
Think With

9:30 am – 9:55 am

10:15 am – 11:05 am

ED - Loc: BAB 209

Invited Speaker – Hiroshi Komatsugawa,
“E-Learning Systems for Mathematics”
Location: BAB 101

11:15 am – 12:15 pm

11:15 am – 11:40 am

11:45 am – 12:10 pm

10

Contributed Sessions – 3 parallel tracks
Sci - Loc: BAB 211

Math - Loc: BAB 208

ED - Loc: BAB 209

• Morris, Hedley - Maple
Schemes for a Fractional
Brownian Black-Scholes
Equation

• Chow, S. - Construction
of Powell-Sabin-Heindl
Divergence Free Basis
Functions Using Maple

• Friedhelm Schwarz Maple T.A. Supported
Learning in “Math for Life
Sciences”: A First Year
Grant

• Reynoso-del-Valle,
Alejandro - Interactive
Macroeconomics

• Maróti, George T. Implementing Regular
Expressions in Maple

• Wachsmuth, Bert G. Maple in Disguise:
Intuitive Math Tools Using
MapleNet

MSW2004 | Final Program

Detailed Agenda
Time

Session
12:15 pm – 1:15 pm

Lunch

1:15 pm – 2:15 pm

Contributed Sessions – 3 parallel tracks
ED - Loc: BAB 211

ED - Loc: BAB 208

1:15 pm – 1:40 pm

• Burgoyne, Janet - Using Maple to
Construct and Plot a Fourier Series

• Piatkowski, Thomas F. - Maple and
Software Engineering Education

1:45 pm – 2:10 pm

• Maron, Melvin J. - Efficient WebBased Grading of Multi-Step Math,
Science and Technology Problems

• Schramm, Thomas - Experiences
Using Maple in Math Education at
the Hamburg University of Applied
Sciences

2:30 pm – 5:30 pm
Maple Programming II

Programming Maplets II

Maple T.A. II

Michael Monagan,
Simon Fraser University

Jason Schattman,
Maplesoft

Louise Krmpotic,
Maplesoft

Location: BAB 429

Location: BAB 531

6:00 pm – 8:00 pm

Location: Science Building
1055

Maple in the Physical
Sciences
Robert Corless, University
of Western Ontario

Location: BAB 207

Maple Packages:
Creation and
Distribution
James McCarron,
Maplesoft

Location: BAB 206

Maple Chats – A series of parallel sessions. You’ll get a glimpse of
what goes into the development of Maple software and will have an
opportunity to make comments and suggestions to members of the
Maplesoft Research and Development team.

Worksheet Interface

Maple on the Web

Numeric Computations

Maple Internals

Kevin Ellis, Maplesoft

Louise Krmpotic and James
McCarron, Maplesoft

David Linder, Maplesoft

Paul DeMarco, Maplesoft

Location: BAB 208

Location: BAB 209

Location: BAB 211

11

Maple Tutorials II*- 5 parallel tracks

Developing
Applications
Paul Mansfield,
Maplesoft

Location: BAB 210

Location: BAB 112
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Detailed Agenda
Wednesday, July 14th
Time

Session
8:00 am – 8:50 am

Invited Speaker – Douglas B. Meade, “Maple and its Role in the
Development of a Mathematician”
Location: BAB 101

9:00 am – 12:15 pm

Contributed Sessions – 3 parallel tracks
Sci - Loc: BAB 211

Math - Loc: BAB 208

• Khanshan, Amir Hussein
- A Maple Approach to
Electrical Engineering
Problems

• Ogilvie, J.F. - Powerful
Procedures for Linear and
Non-Linear Regession
with Maple

• Carvalho, M. Juliana Picturing the Oscillations
of a Mass-Spring System

• McPhee, John Dynamics of Multibody
Mechatronic Systems:
Symbolic Modelling with
Linear Graph Theory

• Monagan, Michael - A
Cryptographically Secure
Random Number
Generator for Maple

• Drska, L. - Information
Physics Curriculum: ELearning Tools and TLM
Courses

• Schmitke, Chad Dynamics of Multibody
Mechatronic Systems:
Symbolic Implementation
and Numeric Solution

• Tefera, Akalu - MultInt:
A Maple Package for
Multiple Integration by
the WZ Method

• McGuire, George Manipulate, Solve,
Visualize, Question

10:45 am – 11:10 am

• Anand, Christopher Target Recognition
Algorithm Employing
Maple Code Generation

• Fee, G.J. - Cryptography
Using Chebyshev
Polynomials

• Attanucci, Frank J. Getting “Old Dogs” to do
“New Tricks”: Using
Community College
Mathematics (and Maple)
to Create “Mathematical
Art”

11:15 am – 11:40 am

• Douglas, Solomon R.C.
- Least-Squares Fitting of
Data from the Physical
Sciences

• Pindor, Andrzej Quantum Algebra
Package

• Eberhart, Carl - Training
Teachers to Use Maple to
Prepare Classroom
Materials

11:45 am – 12:10 pm

• Nakamura, Yasuyuki Simulation Software
Integrated with Maple and
Java

• Quaintance, Jocelyn mxn Proper Arrays:
Geometric Construction
and the Associated Linear
Cellular Automata

• Stenson, Ellen - Maple
in High School
Multivariable Calculus

9:00 am – 9:25 am

9:30 am – 9:55 am

10:00 am – 10:25 am

12:15 pm – 1:15 pm

Lunch

1:15 pm – 2:30 pm

Poster Session
Location: Science Building, Courtyard

ED - Loc: BAB 209

Maplesoft Demonstrations and Announcements II
2:30 pm – 3:30 pm

Add-on products and new technologies: see the latest add-on products and sneak
previews of some of the exciting new technology initiatives from Maplesoft.

Location: BAB 101
3:30 pm
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Exploring Some Common Misuses of Maple
in Undergraduate Mathematics
Reza O. Abbasian1 | Adrian Ionescu2

In this paper we will investigate some of the common misuses and misinterpretations of the
software when used as a tool in teaching undergraduate mathematics. This work is an extension
of our previous paper on the use of Maple in teaching undergraduate mathematics. The reader
may want to consult our earlier paper, Case studies in the Shortcomings of Maple in Teaching
Undergraduate Mathematics, which was published in the proceedings of the 2nd International
Conference on the Teaching of Mathematics (ICTM2). Also, The reader may want to consult a
second paper, Shortcomings and Misuses of Technology (Maple, TI calculators) in
Undergraduate Mathematics,by Abbasian and Sieben, which was published in the proceedings
of the 16th Annual International Conference on Technology in Collegiate Mathematics (ICTCM).
Here, we will present examples where Maple produces correct, but somewhat incomplete, results
that are misused or misunderstood by novice users of the software, specifically the undergraduate
students. The authors have over a decade of experience in using Maple as a teaching tool and
wholeheartedly endorse the CAS-based mathematics instruction. Some examples presented here
are based on our classroom experiences. Other cases have been reported by our students, by our
colleagues and in various newsgroups devoted to discussions on Computer Algebra Systems
(CAS). Many of the previously reported software inadequacies, observed in the earlier versions
of Maple, are now corrected in the most recent releases of the software. So, although we have
occasionally referred to the older versions, we have presented the actual output only from the
latest version of Maple (Maple 9) in the examples presented here. We have many examples at
our disposal; however, for the sake of brevity, we have limited our discussions to the examples
related to the topics that are ordinarily covered in the first few years of a typical undergraduate
mathematics curriculum, topics such as limits, differentiation, single and multivariable
integration, series, optimization and ordinary differential equations. We have also tried to limit
our case studies to the most common features of Maple, specifically those features that are
widely used by the undergraduate students who are new to Maple.
Keywords: Maple, technology, misuse, bugs, undergraduate mathematics
Intended audience: Undergraduate mathematics instructors
Theme: Maple in education
1

Texas Lutheran University, Department of Mathematics and Computer Science
1000 W.Court Street, Seguin, Texas, 78155 USA
Rabbasian@tlu.edu
2

Wagner College, Department of Mathematics and Computer Science
Staten Island, New York, 10301 USA
Ionescu@Wagner.edu
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Essentials of PDEs in Mathematical Physics Using Maple 9
Yutaka Abe1

The method of separation of variables is one of the most popular analytical methods for solving
linear partial differential equations (LPDEs). The Fourier series method for ordinary differential
equations is easily extended to the solution of LPDEs in mathematical physics. The heat (or
diffusion) equation, the wave equation for vibrating strings, and Laplace’s equation can be
treated with minimal mathematical knowledge. Students in physics and engineering are more
familiar with physical rather than abstract mathematical constructs, so the author will explain
how to express selected physical processes in suitable mathematical language. Maple 9 is most
helpful in this regard.
Section 1 provides derivations of the basic partial differential equations that often appear in
mathematical physics. Section 2 explains the decoupling of the LPDEs into a pair of ordinary
differential equations. Section 3 discusses the Green’s function approach to LPDEs, one of the
more powerful methods for obtaining the solution of complex partial differential equations.
In the real world, however, most physical phenomena cannot be described by linear equations. In the
last section, the author, aided by the numerical solution of difference schemes, introduces some specific
techniques for treating several nonlinear differential equations.
1

Hokkaido Automotive Engineering College

15

MSW 2004 | Final Program

Target Recognition Algorithm Employing Maple Code Generation
Christopher Anand 1 | Jacques Carette 2 | Alexandre Korobkine 3 | Mark Lawford 4

In visual tracking applications, a series of images captured from CCD cameras must be processed
in real-time to extract information about spatial position. This information can be used for target
identification, object measurement, and closed-loop target acquisition. In some applications, the
target has a high degree of regularity, and can be modeled mathematically. In our immediate
application, the target is a user-generated pattern, so we are free to design it with this property.
The recognition of patterns with mathematical descriptions can be efficiently modeled as an
optimization problem, and recognition can be implemented as a solver, which in addition to
estimating model parameters, can assign a likelihood to the estimates. Advanced model-based
controllers can make use of the likelihood information to improve the robustness of the controller
to random and systematic noise sources.
Although there are many advantages to mathematical modeling and optimization-based parameter
extraction, such methods are expensive both in terms of run-time computation and software
development. The expense comes proliferation of software from two sources: freedom in
choosing the target pattern/model, need to develop multi-stage solvers to achieve convergence
requirements for the highly-nonlinear models which result.
To solve this problem, we have developed a method of generating a family of efficient Newton
solvers from any target model involving rational functions. Our code generator currently
generates solvers for 2D models, but could easily be generalized to other dimensions. We hope to
test it on 3D problems in medical imaging in the future.
Given a family of Newton solvers (indexed by the power set of the set of model parameters), we
can use heuristics or benchmarking to assemble them into a non-linear solver with good
convergence properties.
Although we make essential use of Maple code generation to produce efficient code for the
Newton solvers, we were required to do our own packaging of the generated code to get sensible
behaviour for image types. We will explain the limits of Maple code generation for imaging
applications, and outline global code transformations which we were able to implement and plan
to implement in the future.
We will also briefly discuss the medical and industrial applications under development at
McMaster which motivated this work on code generation.
Keywords: target recognition, image processing, visual tracking, medical applications, Maple,
code generation, Newton's method, optimization
Intended audience: individuals involved with image processing from academia and industry that are
interested in the area of target recognition and automatic code generation
1

Department of Computing and Software, McMaster University
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Hamilton, ON, Canada anandc@mcmaster.ca
Department of Computing and Software, McMaster University
Hamilton, ON, Canada carette@mcmaster.ca
2

Department of Computing and Software, McMaster University
Hamilton, ON, Canada korobkao@mcmaster.ca
3

Department of Computing and Software, McMaster University
Hamilton, ON, Canada lawford@mcmaster.ca
4
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Visualization of Topics in
Partial Differential Equations Using Maplets
Stephen Anco 1 | Stefan Larrass2

The Department of Mathematics at Brock has launched a new mathematics
undergraduate program–Mathematics Integrated with Computers and Applications
(MICA)–three years ago. MICA incorporates the use of computers in an essential way
for teaching and learning mathematics. Maple has become an increasingly vital part of
how the MICA curriculum is taught and it is now used across a wide range of courses,
from first and second year calculus and linear algebra to advanced differential equations.
An exciting and innovative project we currently have underway using Maple 8&9, and
Maplet worksheets in particular, involves creating visual animations of topics in partial
differential equations–specifically, vibrations and wave propagation on rectangular and
circular membranes, diffusion and heat flow on rods and plates. The animations are
interactive and allow for changing various conditions such as the initial heat distribution,
initial wave/vibration amplitude, nature of the boundary conditions, and then displaying
the effects. These animations are intended to greatly enhance the learning experience for
students taking differential equations courses.
Two examples of our Maplet worksheets will be described.
1. Solution of the heat equation on an infinite line.
Users enter a function for the initial heat distribution, along with a spatial interval for
viewing the resulting heat solution, and select one of the following three options:
(i) a plot of the heat distribution at a future time;
(ii) a 3D plot of heat distribution from an initial time to a final time;
(iii) an animation of the plot of the heat distribution evolving over a time interval.
In all cases the user is prompted to enter the times and then the plot/animation is
displayed. The Maple procedure coded into the worksheet is based on the standard
integral formula for solving the initial-value problem of the heat equation (by means of
the heat kernel i.e. the fundamental solution). Versions of this Maplet for the twodimensional heat equation on an infinite plane and the radial heat equation in two and
three dimensions are being developed.
2. Solution of the heat equation on a finite line with boundary conditions.
Users enter a function for the initial heat distribution and choose the type of boundary
conditions at the endpoints of the line–insulated ends, fixed temperature ends, radiating
ends. Next the user selects one of the same three options as described previously and the
plot/animation of the boundary value solution is then displayed. The worksheet uses the
standard eigenfunction series for solving the initial-boundary value problem of the heat
equation. One interesting aspect is that the order of truncation for the series solution is
controlled in the worksheet by means of an asymptotic formula for the truncated series
error (both pointwise and mean-square). In particular, this allows the truncation to be
automatically determined so the error is less than a given preset tolerance (under user
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control). We plan to create versions of this Maplet for the two-dimensional heat equation
on rectangles and circles.
A noteworthy highlight is that, with the numerical capabilities of Maple, we are easily
able to treat radiating boundary conditions, which are of obvious physical interest but
frequently are skipped in most textbooks since the eigenvalues can be calculated only
numerically.
We intend to design a special Maplet-based web page on which students will be able to
interactively use these Maplets. A longer-term goal is to have the Maplets run on a
Maplenet environment to be set up for all the mathematics courses at Brock.
In summary, our proposal for the Maple Summer Workshop is to present a demo and
written paper on the Maplets we have created, discussing aspects of the use of Maplets
for animating solutions of partial differential equations. We intend to also discuss their
use in teaching advanced differential equations and how they are being integrated into the
courses at Brock.
Keywords: Maplets, animation, differential equations
Intended audience: The audience for this presentation would include college/university
instructors of differential equations courses and engineering mathematics courses, as well
as educators and others interested in visual, interactive animations of mathematics.
1

Professor, Department of Mathematics, Brock University

2

BSc (Honours Chemistry), Brock University; MSc student in Environmental Engineering, School of
Engineering, University of Guelph

19

MSW 2004 | Final Program

Getting “Old Dogs” to do “New Tricks”:
Using Community College Mathematics (and Maple) to Create
“Mathematical Art”
Frank J. Attanucci1

I show how a few ideas and techniques taught throughout the mathematics curriculum of
a two-year college (from intermediate algebra to linear algebra) can, when combined in
new ways, be used to produce eye-catching “Art-(i)-facts.” Some of these will be
dynamic (utilizing Maple’s animation capability), others static (wait till you see what can
be done with a domain!), and some will “evolve”(as an animation provides the inspiration
for some interesting surfaces). The content of my presentation consists of the following
five (5) Maple worksheets:
Making a Designer Vase. (Here we apply some of the graphical transformations that
students encounter in our courses to design a shapely vase.)
Animating the Domain: Moving a Section of a Parameterized Curve along Itself
Animating the Range: Making a Curve Disappear/Change Color as it Passes between
Two "Magic Lines"
Animating Surface-Bound Space Curves (Here we animate space curves whose graphs
are constrained to lie on a surface.)
Sighting the Generator in a Work of Art by M. C. Escher. (Here we show how a
"complicated" sketch by M. C. Escher can be mathematically modeled--once its generator
has been identified.)
Keywords: Graphical transformations, morphing, Heaviside function, parameterized
curves/surfaces, generator.
Intended audience: Community-College students and teachers at (or beyond) the
second-semester calculus level.
1

Scottsdale Community College, Scottsdale, AZ 85256-2626
frank.attanucci@sccmail.maricopa.edu
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Analysis of Switched Capacitors and
Switched Currents Circuits in Maple
Jan Bicak1 | Jiri Hospodka2

This paper presents a library of functions, written in the Maple language, for both
symbolical and semi-symbolical analysis of switched capacitors (SC) and switched
currents (SI) circuits. Circuit description is entered in Spice notation. The system is able
to create the capacitance (SC case) or admittance (SI case) matrices, and compute various
transfer functions and various two-port parameters for the analyzed circuit in the Zdomain. The count of switching phases is not limited to two, but is entered together with
the circuit description. When circuit elements are entered with numerical values and a
semi-symbolical transfer function is computed, the functions for the computation of
magnitude and phase response can subsequently be applied and the frequency
characteristic plotted.
The idea for creating our library comes from the Maple library SYRUP, which served as
an example in the first stages of library development. The library was named SCSYRUP.
Internally the computation system is based on linear algebra. The nodal charge equation
method is used for constructing the capacitance matrix; the nodal voltage method, for the
admittance matrix. The different methods for the computation of the resulting transfer
function depends on the complexity of the analyzed circuit and on the form in which the
circuit is entered (either with symbolic or numeric values).
The paper aims to present the implementation of the SCSYRUP library together with a
few examples of SC and SI circuit analysis.
Keywords: SC Circuits, SI Circuits, Symbolic Analysis.
Intended audience: The SCSYRUP library is drawn up for teaching and research
support at our department. The presentation is suitable for those who are interested in SC
and SI circuits and/or who program in Maple. The part of the presentation that deals with
linear algebra may be also interesting for mathematicians.
1

Czech Technical University, Faculty of Electrical Engineering
Department of Circuit Theory (K331)
Technická 2, 166 27 Prague 6, Czech Republic
Tel: +420 224355886, Fax: +420 233339805
E-mail: bicak@fel.cvut.cz
2

Czech Technical University
Faculty of Electrical Engeneering
Department of Circuit Theory (K331)
Technická 2, 166 27 Prague 6, Czech Republic
Tel: +420 224355886, Fax: +420 233339805
E-mail: hospodka@fel.cvut.cz

21

MSW 2004 | Final Program

Nonassociative Algebra Structures on Irreducible Representations
of the Simple Lie Algebra sl(2)
Murray Bremner1

For every non-negative integer n there is a unique (up to isomorphism) representation
V(n) of the 3-dimensional simple Lie algebra sl(2). The representation V(n) has highest
weight n and dimension n+1. V(n) occurs as a direct summand of its own tensor square if
and only if n is even. The classical Clebsch-Gordan Theorem shows that V(n) lies in its
symmetric square if n = 4m and in its exterior square if n = 4m+2. The projection of the
tensor square of V(n) onto the V(n) summand of the tensor square gives V(n) a
nonassociative algebra structure which is commutative in the former case and
anticommutative in the latter case. I will describe Maple programs that compute the
structure constants of these nonassociative algebras for general n. I am especially
interested in the anticommutative case. For n = 2 we recover the Lie algebra sl(2). For n
= 6 we obtain the simple 7-dimensional non-Lie Malcev algebra. For n = 10 we find an
11-dimensionalsimple anticommutative algebra which has never been studied before
now. (These procedures generalize easily to the quantum group case: representations of
the quantized universal enveloping algebra of sl(2).) A different set of Maple procedures
has shown that this 11-dimensional algebra satisfies no identities in degrees < 7, but
satisfies identities in degree 7. The classification of these degree 7 identities is work in
progress with Irvin Hentzel of Iowa State University.
1
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Using Maple to Construct and Plot a Fourier Series
Janet Burgoyne1

This talk will focus on ways to use Maple in the presentation of the Fourier series in an
undergraduate class. My approach will be two-pronged. Because there are educators
who want to minimize the use of computer algebra systems in the classroom, I will
include an approach that shows how to take the results of a paper-and-pencil generated
Fourier Series and use Maple to visualize the results. This visualization will include a
short animation demonstration, which may be useful in illustrating the concept of the
convergence of a series of functions. Because there are educators who prefer to allow the
student the full use of a computer algebra system, I will include an approach that requires
an understanding of the details of the construction of a Fourier series, but allows the use
of Maple’s powerful CAS at the construction stage, after which, as before, Maple can be
used to visualize the results.
Keywords: Fourier Series, animation, computer algebra system, convergence
Intended audience: educators of undergraduate science, math and engineering students.
1

Department of Mathematics and Computer Science
South Dakota School of Mines and Technology
Rapid City, South Dakota 57701
email: Janet.Burgoyne@sdsmt.edu
phone: (605) 355-3451
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Picturing the Oscillations of a Mass-Spring System
M. Juliana Carvalho1

Newton's second law is the fundamental law of motion. It relates the force imposed on a
system with the acceleration acquired by that system (F = ma). Since, mathematically,
acceleration is the second derivative of displacement with time, Newton's second law
equation is nothing more than a second-order differential equation that can be more or
less complicated to solve depending on the type of force applied to the moving system.
Since Maple is very powerful in the area of differential equations and Newton's second
law describes any type of motion, it is clear that Maple is very useful in the teaching of
Physics. The study of an oscillatory mass-spring system is a topic covered in most, if not
all, first-year undergraduate courses. Though at this level students can not solve
differential equations, it is important to make them aware that the various modes of
motion a simple mass-spring system can undergo are simply different solutions of
Newton's second law equation, each mode corresponding to a particular type of driving
force and/or initial conditions imposed on the system.
The objective of this paper is to present a Maple study of the possible oscillations of a
mass-spring system as an example of how to create a teaching/learning tool whose focus
is the physical significance of the mathematical solutions obtained. For each physical
situation, Maple is used in a step-by-step process to solve the appropriate equation and to
graph the corresponding solution. The innovative aspect of the paper (which makes the
classroom presentation of this subject more realistic) is to show that one can also use
Maple to visualize the mass-spring system itself undergoing any type of oscillatory
motion (see animation on Proceedings CD). A set of Maple procedures makes possible
the display of the up-and-down motion of the mass-spring and the simultaneous drawing
of a path as if it were traced by an (ink-squirting) pen attached to the top of the mass on a
roll of paper moving past the block. In the animation chosen for this abstract, the massspring moves with damped oscillatory motion according to the solution
z(ω, t) = 3 e-0.3 t sin(ω t)
with ω = 2 rad/s.
Keywords: Newton's second law, Differential equations, Initial
conditions, Oscillatory Motion: simple harmonic, damped and forced,
Actual Motion of the Spring.
Intended audience: Those interested in using Maple in Physics Teaching

1

Department of Mathematics, Physics and Computer Science
Ryerson University
Toronto, Ontario M5B2K3, Canada
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An Improved Algorithm for the Automatic Derivation and Proof of
Tensor Product Identities via Computer Algebra
Frederick W. Chapman1

The addition formulas for cosine and sine, the multiplication formula for logarithms, and
the binomial theorem for polynomials all have one thing in common: They are familiar
examples of tensor-product identities (TPIs). Exponential, hyperbolic, and generalized
hyperbolic functions also satisfy TPIs, as do all polynomial-exponential functions and
even some rational functions. In fact, TPIs are quite common in mathematics.
At ISSAC 2003, the author presented an original two-phase algorithm capable of deriving
and proving all of the classical TPIs – and some even more exotic TPIs -- automatically
[1]. The first phase derived the identity by expanding a given closed-form expression in
a dual asymptotic expansion (DAE) -- a new kind of bivariate series expansion
developed by the author [2]. The second phase proved the identity by showing that the
difference of the closed form and the series form solved a homogeneous hyperbolic
eigenproblem -- a problem whose only solution is the zero function [2].
The MSW 2004 algorithm improves the ISSAC 2003 algorithm by replacing the
dual asymptotic expansion of the closed-form expression with its Geddes series
expansion (GSE) -- an even more general class of bivariate series expansions introduced
by the author and named in honour of his thesis supervisor [2]. The benefits of this
improvement are threefold:
1. The ISSAC 2003 algorithm generated the terms of the DAE by evaluating limits of
indeterminate quotients -- at limit-points which were sometimes infinite. The MSW 2004
algorithm generates the terms of the GSE by simple derivative calculations which are
always evaluated at zero. This imposes a lighter computational burden on
implementations of the algorithm.
2. The derivation and proof phases of the ISSAC 2003 algorithm required two potentially
different sets of parameters which had to be creatively determined by the user. The
MSW 2004 algorithm eliminates most of these user-specified parameters to achieve a
higher level of automation.
3. The above simplifications enable us to use the logical conclusions of the derivation
phase to verify most of the logical hypotheses of the proof phase directly, thereby
increasing the efficiency of the proof phase.
This article includes a brief but complete Maple 9 implementation of the improved
algorithm, along with a variety of examples which illustrate the usefulness of this simple
but effective derivation and proof system for TPIs.
References:
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[1] Frederick W. Chapman, "An Elementary Algorithm for the Automatic
Derivation and Proof of Tensor Product Identities via Computer Algebra."
In ISSAC '03: Proceedings of the International Symposium on Symbolic
and Algebraic Computation held at Drexel University, Philadelphia,
Pennsylvania, United States, on August 3-6, 2003, pp. 50-57. ACM
Press, New York, 2003.
[2] Frederick W. Chapman, Generalized Orthogonal Series for Natural
Tensor Product Interpolation. Doctoral thesis, Department of Applied
Mathematics, University of Waterloo, Waterloo, Ontario, Canada, May 2003.
Supervised by Professor Keith O. Geddes. Available through the National
Library of Canada, University Microfilms International, and
www.uwaterloo.ca/~fwchapma/UW/PhD/Thesis/. 326 pages.
Keywords: [Keywords missing from the abstract will appear in the article.]
automatic derivation, automatic proof, bivariate identities, tensor products, computer
algebra, Maple, dual asymptotic expansions, Geddes series expansions, asymptotic
splitting operator, abstract splitting operator, Taylor interpolation, homogeneous
hyperbolic eigenproblem
1

Department of Applied Mathematics
University of Waterloo
200 University Avenue West
Waterloo, Ontario, N2L 3G1, Canada
http://www.scg.uwaterloo.ca/~fwchapma/
<fwchapman@alumni.uwaterloo.ca>
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Construction of Powell-Sabin-Heindl Divergence Free
Basis Functions using Maple
S. Chow1

The Powell-Sabin-Heindl (PSH) element was introduced by Powell and Sabin, and
independently by Heindl, in the late 1970’s as a tool for computer graphics applications.
More recently, it is found useful in approximation theory as realization of the so called
super-splines. Lately, it has been recognized that the PSH element may be used to
construct divergence free finite elements for use in incompressible fluid flow
calculations.
The lowest order PSH element is a piecewise quadratic triangular element consisting of
six subtriangles. The nine basis functions to be constructed correspond to the function
and derivative values at the three vertices. Consequently there are nine continuous
piecewise quadratic functions, each having six quadratic pieces over a reference triangle,
that need to be found. Once these functions are known, one may take a two dimensional
curl to determine the basis functions for the divergence free elements. The tedious task is
made much easier by using Maple to implement an edge condition of Heindl.
In practice, it is more convenient to employ the 12-split PSH element due to some
undesirable properties of the 6-split element. As its name implies, the 12-split element is
a piecewise quadratic triangular element over twelve subtriangles, with twelve degrees of
freedom corresponding to the values of the function and derivatives at the vertices and
the values of the normal derivative at the mid-edge nodes. To construct the divergencefree elements, one determines twelve basis functions, each having twelve quadratic
pieces over a reference triangle, and then twenty four basis functions by taking the twodimensional curl. Without the help of Maple, the whole process of generating such
divergence-free element-basis functions would be very difficult to tackle because of the
complexity in bookkeeping and in enforcing the continuity constraints.
In this paper, we discuss how Maple is used to implement the edge condition of Heindl to
construct the PSH divergence-free elements and to confirm continuity conditions that
must be present in such elements. We also briefly describe their applications in nonNewtonian fluid flows.
Keywords: Powell-Sabin-Heindl finite elements, divergence-free elements,
incompressible fluid flows.
1

Dept of Mathematics, Brigham Young University, Provo, Utah 84602
schow@math.byu.edu
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Using Maple to Investigate the Poincaré Polarization Sphere
and the Observable Polarization Sphere
Edward Collett1

In 1818 A. Fresnel showed that polarized light can be represented as two orthogonal
tkzω− oscillations
with different amplitudes and phases. The elimination of the propagator
between the
orthogonal components leads to an equation known as the polarization ellipse that allows a visual
representation of polarized light. Unfortunately, when polarized light interacts with a polarizing
element (a polarizer, waveplate, or rotator), the mathematical calculation to determine the new
polarization ellipse is found to be very difficult and if several polarizing elements are in the
optical train, almost impossible to do.
In order to overcome this mathematical difficulty, H. Poincaré in 1892 conceived another
visualization method by representing the polarization state on a sphere now known as the
Poincaré sphere. On his sphere, which was analogous to the terrestrial and celestial sphere, the
distance (which represents the polarizing elements) could be determined from an initial point A
along a great arc to a new point B. Unfortunately, using this analogy, Poincare never succeeded in
carrying out the polarization calculations. In fact, the complete theory of the Poincaré sphere
remained undeveloped for nearly 60 years until it was carried out by H. G. Jerrard in 1954. In
spite of Jerrard’s elegant theory, it is still very difficult to use the Poincaré sphere visually to
describe the interaction of polarized light with polarizing elements. Nevertheless, Poincare’s idea
and sphere are eminently useful as a visualization tool, still used today to represent elliptically
polarized light.
We have reconsidered the Poincaré sphere and discovered that Poincaré’s goal for both
calculation and visualization can be attained by reformulating his sphere in terms of the
observable parameters of the polarization ellipse; Poincaré originally used non-observable
parameters. We have found a self-consistent set of Stokes polarization parameters (observables)
for the Cartesian coordinate axes and the angular coordinates. This has led us to develop a new
polarization sphere that we call the Observable Polarization Sphere. In this paper we present the
ideas that led up to the Observable Polarization Sphere and its theory. With this new formulation
we have discovered that not only can we carry out complex polarization calculations using Maple
on the Observable Polarization Sphere but plotting the polarization points for many problems
leads to images of surprising beauty.
Keywords: Polarized light, Poincaré sphere, Stokes parameters
1

The PolaWave Group
P. O. Box 753
Lincroft, New Jersey 07738
USA
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Guiding Students in How to Use Finite Difference Methods for
Solving Linear and Nonlinear Boundary Value Problems in Maple
David L. Coulliette1

Using the finite difference method (FDM) for 1-dimensional boundary value problem
(BVP) solutions provides an excellent platform to review several vital numerical methods
and introduce a powerful technique for attacking a wide variety of applications. Maple is
the ideal environment for teaching these techniques; the right combination of
demonstration and student discovery allows the student to focus on the major concepts
free of the tedium that hampered understanding in years past.
Assuming a basic background in approximating derivatives and solving linear and
nonlinear systems, a background that would be typical for an undergraduate student in the
last third of a numerical methods course, this paper presents a straightforward plan for
implementing FDM on linear BVPs first, and then extends the method to nonlinear
BVPs.
The key to successful student assimilation is balancing what parts to give or demonstrate
versus what concepts to allow the students to discover on their own. The danger for the
Maple-obsessed instructor is to provide an elaborately-coded worksheet that requires very
little student input. This mistake leaves students with a false impression of confidence:
they can solve many typical problems with the instructor's worksheet but they often fail
to understand the principles behind the solution (package blindness). The fundamental
contribution of this paper is to share the most effective combination of student
assignments and classroom demonstrations developed over several years of trial-anderror (many errors!) classroom experiences at the undergraduate level, and to provide a
forum for learning from the shared experiences of others.
Keywords: Boundary Value Problems, Finite Difference Method
Intended audience: Undergraduate mathematics/numerical methods education
1

Asbury College
Wilmore, KY 40390
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A Sparse Modular GCD Algorithm for
Handling the Non-Monic Case
Jennifer de Kleine1 | Michael Monagan1 | Allan Wittkopf1

The sparse modular GCD algorithm was presented by Zippel [2] for computing the
greatest common divisor of two multivariate polynomials over the integers. We extend
this algorithm to work for non-monic GCDs and for polynomials over finite fields and
algebraic number fields.
We have made an implementation in Maple using the new recursive dense polynomial
data structure “recden” [1], which enables an efficient implementation and facilitates
operations on field extensions.
The non-monic case occurs when the GCD has a leading coefficient involving one or
more variables. For example, the GCD G = (4 y + 2 z) x2 + 7 ∈ _[x, y, z] is non-monic in
the main variable x. The problem is that at the bottom level of our algorithm we call the
Euclidean algorithm, which returns a monic GCD. We describe two different approaches
for handling the non-monic case. One involves solving a sequence of large structured
linear systems. The other method uses a sparse rational function interpolation algorithm.
References:
[1] M. Monagan, J. Ales, J. de Kleine, C. Pastro, A. Wittkopf. Data Structures and
Algorithms for Polynomials. Mitacs Research Report, Department of Mathematics,
Simon Fraser University, 2000.
[2] R. Zippel. Probabalistic Algorithms for Sparse Polynomials. Ph.D. Thesis,
Massachusetts Institute of Technology, Cambridge, MA, 1979.
Keywords: Greatest Common Divisors, Modular Algorithms, Sparse Multivariate
Polynomials, Probabilistic Algorithms, Number Fields, Finite Fields
Intended audience: Maple Developers and Users.
1
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Least-Squares Fitting of Data from the Physical Sciences
Solomon R.C. Douglas 1 | David M. Harrison2

In the physical sciences and engineering, fitting of experimental data to linear models,
especially straight lines and polynomials, is one of the most common operations in the
analysis of the results. However, the standard least-squares tools that are commonly
available are often not appropriate for this analysis. The deficiencies in these standard
tools means that inappropriate models and parameters are presented in both research
results published in journals and by students in teaching laboratories.
Among the problems of the standard tools are one or more of:
•
•
•
•

The absence of graphical analysis that is often crucial in evaluating a fit.
An inability to handle explicit errors in one or both coordinates of the data.
Failure to report on the uncertainties in the values of the fitted parameters.
Failure to report the standard statistical measures in evaluating the
appropriateness of the fit.

In this talk we will illustrate, using a variety of real-world data, why these deficiencies
are important. We will also describe a Maple fitting package that we have developed
which addresses all of these issues and more. We will also discuss user-interface issues
and work we are doing on developing a “friendly” front end to our package using
MapleNet.
We believe this talk could be of interest to researchers in the physical sciences and
engineering and also to educators teaching experimental science to students.
Keywords: Least-squares fitting. Data analysis in the physical sciences and engineering.
Intended audience: Researchers and educators in the physical sciences and
engineering.
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Information Physics Curriculum: E-Learning Tools
and TLM Courses
L.Drska 1 | M. Sinor2

Information Physics is a scientific/engineering discipline that synthesizes facts and
methods from physics, applied mathematics and computer science. Its objective is a
comprehensive application of information and communication technology (ICT) (1) to
create new physics knowledge; (2) to develop its novel applications; and (3) to support
effective knowledge transfer in these areas. Education of future specialists in this
demanding branch of study supposes extensive use of computers both as professional
tools for study of physics problems and as educational tools with respect to specific
features of information pedagogy in the exact sciences. Application of TLM education
concepts (class teaching + e-learning) could be very useful.
Characterizing features of e-learning in exact sciences are (1) rich mathematics and many
special symbols in teaching materials; (2) specific character of scientific/engineering
graphics; (3) absolute demand to support interactivity and individual student creativity;
(4) necessity of access to relevant technical software and computing power; and 95)
specific features of knowledge verification unavailable in standard testing programs.
This paper summarizes some experiences with the creation and application of the
courseware for Information Physics and presents some results of this development effort.
Fundamental concepts of our education approach and development work are (1) intensive
application of integrated computing systems (ICS); and (2) coordinated use of
sophisticated development tools for Web and technical software.
Examples of courses offered for the curriculum Information Physics at the Department of
Physical Electronics, Faculty of Nuclear Sciences and Physical Engineering, CTU, are (1)
Practical Information Science for Engineers; (2) Computer Algebra; (3) Introduction to
Modern Physics; (4) Methods of Computational Physics; (5) Development Technology
for Computer-Based Knowledge Transfer. All these courses are characterized by
intensive ICT support—the key software packages employed in the teaching process are
ICS Maple and MATLAB. Some experiences with this approach to teaching physical
sciences will be described and examples of relevant education materials will be shown.
Various sets of tools for e-learning courseware—using both freeware and commercial
programs—have been tested/used. Our newest work is based on a software set whose
main components are: (1) Macromedia Studio MX 2004 with Flash Professional:
Dreamweaver MX 2004, Fireworks MX 2004, Flash MX 2004 Professional; (2)
Maplesoft net-based ICS package: Maple 8/9, MapleNet, Maple T.A. ; (3) Additional
programs: Contribute 2, several Macromedia Extensions, MATLAB 6.
We are using this software set for development of a course of new generation Concepts of
Postmodern Physics, supposed to be available in two versions: (1) Standard one-
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semester TLM course. (2) Intensive one-week version for visiting foreign students.
Some illustrative examples of the courseware from this project will be presented.
Keywords: Information Physics, Twin-Learning-Mode (TLM) courses, Integrated
Computing Systems (ICS), Maple, Web development software, Studio MX 2004
Intended adience: Lecturers of physical sciences at the university level, exact science
courseware developers
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Maplets That Display The Heat And Wave Equations
Ryan Duchesne 1 | Steven Roach2

Maplets give Maple the ability to produce visualizations of solutions of the heat and wave
equations in an interactive, graphical way. As part of a 3rd year course, Mathematics
Integrated with Computers and Applications (M.I.C.A), at Brock we have successfully
created such Maplets, based on Maple worksheets and earlier Maplets developed by Prof.
Stephen Anco in the Mathematics Department. Our Maplets allow users to understand
visually both heat flow and wave propagation in one spatial dimension with various
boundary conditions.
The heat equation Maplet uses the eigenfunction series method to solve the partial
differential equation. A sophisticated feature is that the number of terms in the series is
adjusted automatically to control the amount of error in the solution. In contrast, the wave
equation Maplet takes a different approach and uses a superposition of right and left
moving waves to obtain an exact solution. In each Maplet, users can input the initial
conditions and then view the solution of the partial differential equation in one of three
ways: a snapshot at a specific time input by the user, an animation of snapshots over a
time range, and a space-time graph (3-D plot) using a time interval input by the user. In
addition, users can also select the boundary conditions imposed on the solution.
The interactive visualization of PDE solutions has been beneficial in our learning
processes as students, and can inspire others in the future. The advanced capabilities that
Maple possesses has allowed us to create very powerful learning tools. This has been the
basis for a new approach integrating hands-on computation and visualization for teaching
PDEs. We wish to have the opportunity to show others our accomplishments, and
hopefully instill positive motivation so they can also benefit from Maple's power.
Keywords: Wave Equation, Heat Equation, Partial Differential Equations, Maple,
Maplets, eigenfunctions, propagation, animate.
Intended audience: from undergraduate students to faculty members who are interested
in applications of Maplets to PDEs.
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Training teachers to use Maple to prepare classroom materials
Carl Eberhart1

We will describe how we are teaching pre-service and in-service teachers from
elementary through high school to use Maple to construct homework sets and post them
to the Web Homework System (www.mathclass.org).
Keywords: teacher training, Maple, classroom materials, homework sets.
Intended audience: Mathematics educators and other interested
parties
1
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Cryptography Using Chebyshev Polynomials
G. J. Fee 1 | M. B. Monagan2

We consider replacing the monomial xn with the Chebyshev polynomial Tn (x) in the
Diffie-Hellman and RSA cryptography algorithms. We show that we can generalize the
binary powering algorithm to compute Chebyshev polynomials, and that the inverse
problem of computing the degree n, the discrete log problem for Tn (x) mod p, is as
difficult as that for xn mod p.
1

Centre for Experimental and Constructive Mathematics,
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2
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Computer Mathematics with Maple
Numerical Analysis with Symbolic Computation
Johannes Grotendorst 1
Since 1998 there exists a cooperation between the Research Centre Jülich and the
University of Applied Sciences in Jülich in the new study course Technomathematics.
Students can combine the practice-oriented vocational education in mathematics and
computer science at the Research Centre (first five semesters, basic study period) with the
study course Technomathematics at the University (four subsequent semesters, main
study period). In the last semester the students work on their diploma theses in the
emerging field of Computational Science and Engineering. In 2005 this cooperation will
be revitalized by introducing a Bachelor programme “ Scientific Programming” and a
Master programme “Applied Mathematics and Scientific Computing”. For the main
study period a new lecture “Computer Mathematics with Maple” was developed. The
lecture focuses on computer algebra methods for mathematical modelling, numerics and
programming.
The presentation will show examples from theory and applications of nonlinear
extrapolation methods. Starting with special nonlinear sequence transformations from
Aitken, Shanks and Levin, a general construction principle for extrapolation methods will
be worked out. The acceleration of convergence of iterative procedures is shown.
In the second part of the talk a new Maple package for solving constrained nonlinear
fitting problems by combining symbolic and numerical methods will be demonstrated.
This package comes with a Maplet interface that enables an easy and intuitive solution of
fitting problems. Outliers in the input data may have a significant influence on the
quality of the fitting function; they are identified automatically and can be excluded from
the data analysis process.
There is a book (in German, second edition) on these activities, see
http://www.fz-juelich.de/zam/mathe/tm/information/cmm/index.php?main.html
1
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SYNTFIL – Synthesis of Electric Filters in Maple
Jirí Hospodka 1 | Jan Bicák2

This paper presents a system for the design of analog filters. The system consists of a
special library SYNTFIL created in the Maple environment. The library contains
functions for solving particular tasks in the complete design procedure for electric filters.
These functions allow computation of filter magnitude approximation, consecutive
synthesis of filter electrical circuit, and analysis of designed filter structure. The library
has two main parts:
•

Set of functions for solving approximation tasks, mainly frequency
transformations, computation of filter order for a chosen type of approximation
computation of Butterworth, Chebyshev, Cauer (A, B, C) and Inverse Chebyshev
(A, B) approximation.

•

Set of functions for filter realization, mainly computation of chain matrix from
gain and characteristic function for a chosen load, realization of polynomial and
elliptic LC ladder filters, cascade realization of ARC filters (SFB of 1st and 2nd
order).

The SYNTFIL library is constructed for teaching support of filter design at our university
and for engineering practice. The library includes all necessary tools for complex design
of analog electrical filters in the Maple environment. In addition, a new WWW interface
was created for students and teachers at our university. The interface enables simple filter
design using the SYNTFIL library under Maple program control without the necessity of
any special software installation and without any familiarity with Maple commands and
its syntax. The user interface is based on WWW (client-server conception). The
computation and interface program runs on the server and a user employs an arbitrary
graphic client, that is, a standard WWW browser such as Netscape Navigator, Internet
Explorer, Mozilla, Opera, etc., for displaying results only. The interface between Maple
and WWW is built up on scripts in PHP. According to client requests, the results are
presented by dynamically-created WWW pages. These WWW pages are provided to the
client by means of HTTP server Apache.
Keywords: analog filter design; Butterworth, Chebyshev, Cauer and Inverse Chebyshev
approximation; synthesis of LC ladders filter; cascade realization of ARC filters.
Intended audience: The presentation brings benefit to engineers, especially to electrical
engineers. Some parts of the library solve nontrivial mathematical problems. For
example, a new implementation of elliptic integrals calculation was necessary for the
Cauer approximation computation. Such partial mathematical problems, and the
principles of WWW interface operation implemented makes the presentation interesting
for those who like mathematics and for all who program in Maple environment.
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Use of Maple in Some New Non-Autonomous Numerical Methods
Adrian Ionescu1 | Reza Abbasian2

This work is an extension of our previous paper [3] on the use of Maple in teaching
undergraduate mathematics, completing the study of using Maple in all the nonautonomous methods presented in [2]. We have developed new C software to solve
numerically non-autonomous ordinary differential equation initial-value problems using
the classical Runge-Kutta methods and, more specifically, the new Goeken-Johnson
methods [4].
The nonstiff first-order ordinary differential equation initial-value problem

y ′ = f ( x, y ) ,
y ( x0 ) = y 0 ,

x ∈ ℜ, y ∈ ℜn
x0 ∈ ℜ, y0 ∈ ℜn

can be solved numerically using the Goeken-Johnson recursive algorithm with s stages, s
= 2, 3; cf., [2]. An important component of the new Goeken-Johnson methods is that
they require the use of some specific partial derivatives fy used in the algorithm. Maple is
used in the initial stage and it provides the partial derivatives fy and the related C code
used in the approximation algorithms.
We are using some of these techniques in our Numerical Analysis courses offered on our
campuses. Our majors have a good programming background and they are also familiar
with Maple from their Calculus II and III courses.
References
[1] R.O. Abbasian and A. Ionescu, Vector Calculus with Maple, Houghton Mifflin,
Boston, 2003.
[2] D. Goeken and O. Johnson, Runge-Kutta with Higher-Order Derivative
Approximations, Applied Numerical Mathematics, 34, 207-218, 2000.
[3] A. Ionescu and R.O. Abbasian, Use of a Maple-C Interface in Teaching Ordinary
Differential Equations, Proceedings of ICTM, Hersonissos, Greece, July 1-6, 2002.
[4] A. Ionescu and R.O. Abbasian, C Software for Autonomous Ordinary Differential
Equation Initial-Value Problems: Explicit Runge-Kutta and Goeken-Johnson Methods,
Preprint, 2003.
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A Maple approach to electrical engineering problems
Amir Hussein Khanshan1

As well as their benefits in industrial design, symbolic computation tools are of special
importance in education. First, Maple can solve an electrical problem in a variety of
ways. This plays an important role in electrical education as many problems in circuit
analysis can be solved in more than one way. Going through all the ways can strengthen
conceptual understanding. Our experience says that many students hesitate to solve a
problem in more than one way if the computational burden becomes too large. This
burden can be considerably reduced with an appropriate tool such as Maple.
Another example of the utility of Maple is the analysis of an ideal element such as an opamp. An ideal op can be modeled as a VCVS with gain Av. The analysis is ordinarily
done by processing the circuit equations and then taking the limit as Av goes infinity.
This is straightforward but does not work if the output expression is too complicated. As
an alternative approach, we model an ideal op-amp with just an independent source with
symbolic value, say Vout. We suppress Av and use the virtual connection between input
nodes. This adds an equation to the equation-set describing the circuit. The Syrup
package for Maple currently gives the solution to the equations, but not the equations
themselves. But no matter, the value of Vout can readily obtained by equating the input
voltages and solving for Vout.
In a steady-state sinusoidal network, phasors are usually represented by vectors. This is
a nice interpretation of phasors and a provides good view of amplitudes and phase
differences. We define a procedure to do a vector plot of phasors, using constructs that
are in compliance with the output of the Syrup package.
One of the first discussions in systems theory is the convolution integral. However, there
are examples where direct integration fails. Here, a graphical interpretation of
convolution is useful. One signal is reflected across the y-axis, and is translated along the
t-axis. The area under the product of these two signals, a function of t, represents the
convolution. A procedure for this visualization and calculation is provided.
Alternatively, an integral transform can be used to switch to the frequency domain. The
convolution theorem for either the Laplace or Fourier transform expresses the transform
of the convolution in terms of the product of the transforms of the convolution factors.
Hence, inversion of this product of transforms leads to the convolution! In general, the
Fourier transform is preferred since the Laplace transform is one-sided but the signals
may be non-causal.
Keywords: electrical engineering education, symbolic circuit analysis, ideal op-amp
modeling, phasor plot, convolution, animation.
1
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Functions and Parameterizations to Think With
Roger L. Kraft1

At Purdue University Calumet we require all mathematics majors to take a sophomore
level course on using and programming Maple. The course has three goals, to help
students become adept at using Maple as a problem solving tool, to introduce students to
concepts from computer programming, and to act as a “bridge course” that uses CAS
features to help students improve their understanding of important mathematical
concepts. In this talk I would like to describe two modules from the course, one on
functions and the other on parametric curves and surfaces, and use the modules to give a
sense of the content and methods of the course. The module on functions emphasizes the
third goal of our course, helping students bridge the conceptual gap between upper and
lower level mathematics courses. This part of the course helps students build up their
understanding of functions by having them work on a series of problems about Maple’s
arrow operator. By asking students to understand and work with ideas like anonymous,
recursive, and higher order functions, the exercises stress the distinctions between
defining, naming, and evaluating functions. This module is an example of how Maple’s
syntax and its abilities as a CAS provide opportunities to get students to think carefully
about “elementary,” but subtle, concepts such as variables, parameters, naming,
equations, functions, evaluation, and simplification.
The module on parametric curves and surfaces demonstrates the kinds of Maple problemsolving skills we want students to develop. The module is a series of exercises that ask
students to play with the familiar parameterizations of the circle, sphere, and torus. First,
students are asked to replace the trigonometric functions in the parameterization of the
circle with piecewise linear functions that will parameterize a square and a triangle. Then
they are asked to find periodic extensions of their new component functions in order to
parameterize triangular and square “spirals.” Switching to surfaces, the students are asked
to use the components from the square and triangle parameterizations to replace some of
the trig functions in the parameterization of the sphere in order to parameterize a closed
cylinder, a cube, a closed cone, a pyramid, and a tetrahedron. This requires that students
really understand the role played by every trigonometric function in the parameterization
of the sphere and it leads to a deeper understanding of how these parameterizations work.
The students are given similar challenges with the torus parameterization. All the
parameterizations are then animated, the better to visualize how each parameterization
depends on each of its variables.
Finally we create homotopies between the cosine function and the piecewise linear
functions that parameterize the square and triangle. This leads to a variety of animations
like a sphere morphing into a cube or a tetrahedron. We require a course on Maple
because we believe that using and programming a CAS is, or at least will soon be, an
essential skill for mathematics majors going to work in industry or teaching in schools.
We require an entire course on Maple because we want to cover Maple in greater detail
than is practical in a math course that uses Maple (like a calculus, linear algebra, or
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differential equations course). Through this talk I would like to encourage people to
consider a similar course requirement for their math and math education majors.
Keywords: Maple in Education
Intended audience: Anyone teaching a course on Maple, anyone using Maple in an
advanced calculus course, mathematics faculty who are considering curriculum for
mathematics and mathematics education majors.
1
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COLLAGE -- A MAPLE Package that Uses the Collage Method to
Solve Inverse Problems for Ordinary Differential Equations
Herb Kunze1 | Kristofer Heidler2

Many of the parameter estimation questions posed by researchers in differential equations
can be considered as inverse problems in which one seeks a contractive map with a fixed
point that agrees well with experimental data. This formulation of such problems has
only recently been rigorously justified. The COLLAGE package contains routines for
treating such problems. In this talk, a brief introduction to the mathematical framework
of the collage method is given and various illustrative examples that use the COLLAGE
package are presented.
Keywords: inverse problems, parameter estimation, differential equations
Intended audience: math researchers.
1
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Efficient Web-Based Grading of Multi-Step Math, Science,
and Technology Problems
Melvin J. Maron 1

Problems that typically appear in math, science, and technology textbooks and are used
for quizzes, exams, and assigned homework are formula-based, multi-step problems for
which numeric or symbolic answers to earlier steps are used to obtain subsequent
intermediate and final answers. Moreover, a particular answer may be obtainable from
prior answers in several different but equally valid ways. This paper describes how such
problems can be graded via a browser interface much as would be done by an
experienced human grader. The student is shown the minimal set of parts that must be
answered correctly for full credit and may (re-) submit answers to these and/or other parts
as desired. A particular answer is graded as correct if obtained from prior answers by any
of several correct formulas or methods; credit is then given for subordinate prior parts,
even if not submitted. Additionally, subsequent submitted answers are graded as correct
if they are incorrect but were obtained correctly from prior incorrect submitted answers.
Thus, the student is assured of obtaining maximum partial credit for any choice of
submitted answers.
Keywords: computerized grading, multi-part problems
Intended audience: Math, science, and technology educators, testers, or remote-testing
providers at the middle school through graduate level.
1
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Implementing Regular Expressions in Maple
George T. Maróti1

One of the basic results of the theory of finite automata is the famous Kleene theorem,
which states that a language is acceptable by a finite automaton if and only if it can be
represented by a regular expression. Regular expressions, like x.(x+y)*, can be
considered as strings over a finite alphabet containing symbols for variables, regular
operations and parenthesis. From this point of view their implementation seems to be
straightforward. At the same time, string representation is not able to reflect the inner
structure of regular expressions for which binary trees are much more suitable.
For that reason, in the course of development of the Maple automata theory package,
called aut, we have chosen the data structure of embedded lists. This allowed an easy
implementation of such basic algorithms for the treatment of regular expressions as
evaluation or recursive parsing, which parses the interface level representation of a
regular expression.
The main difficulty of the algorithmic treatment of regular expressions is, however, their
simplification. Although several identities are known concerning regular expressions,
e.g., the rules of Kleene algebra, there does not exist an effective algorithm for solving
the simplification problem of regular expressions. We also miss theoretical results, which
would help to choose a suitable set of identities from which one can derive all further
identities.
Under the circumstances, the only way left is to develop heuristic algorithms for
simplifying regular expressions. For the aut package, this paper outlines the Maple
procedures Rsimplify, Rabsorb and Rexpand. Besides the discussion of algorithmic
questions, we show several examples for the usage of these procedures to point out their
simplification power and also their limitations.
Keywords: Automata, Regular expression, Simplification, Algorithms
Intended audience: Maple users and programmer, Teachers and students who deal with
automata and formal languages, Algorithm developers
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Discourse with Maple: Teaching Maple in
an Interactive Classroom
Michael McCabe1

Over the past 10 years I have explored many different ways of teaching undergraduate
students to use Maple computer algebra effectively. The classic approach is to use a
balance of classroom lectures/demonstrations and computer lab practicals. In the
classroom demonstration I show the basic techniques and explain how a range of
practical problems can be solved. In the computer lab I provide worksheets ranging from
basic tutorials through to extended problem solving. Support is provided for students
while they work through the practical exercises and try to solve the problems. It is
normally at this stage that common misunderstandings and misuses of the software are
dealt with. Engagement with the students takes place primarily during practicals and not
during the lecture/demonstration period. Computer assisted assessment is used for testing
students’ Maple expertise. Since it is Maple proficiency that is being examined, it is
natural to use either on-line or networked CAA as a means of delivering the assessment
(McCabe, 1999).
A past technique used for hiding the intricacies of Maple has been the integrated use of
interactive multimedia software (McCabe and Watson, 1997). The level of interactivity
achieved then still exceeds anything that can be achieved with Maplets today (McCabe,
2002). Nevertheless the interaction is between computer and student and not between
lecturer and student. The involvement of the lecturer and the engagement with students
is relatively low.
My use of interactive classrooms or classroom communication systems is changing the
way I teach students to use Maple. A portable system using handsets (PRS
http://www.educue.com/) has some benefits for teaching, but is quite limited. Instead, a
more flexible system (Discourse http://www.etstechnologies.com/discourse/) is being
exploited. Maple classes become more dynamic, and far stronger interaction between
lecturer and students becomes possible. Ultimately, student learning is improved by
increasing their active involvement and motivation. This approach is based upon
questioning, rich feedback and class discussion. Further opportunities opened up by
combining MapleNet and on-line delivery with Discourse will also be discussed.
References
E.M. McCabe, WHAM! Web Hosted Assessment of Mathematics, Proceedings of the 4th
International Conference on Technology in Mathematics Teaching, University of
Plymouth, ISBN 1-84102-056-7 (August 1999)
E.M. McCabe and J. Watson, “From MathEdge to Mathwise: The Cutting Edge of
Interactive Learning and Assessment in Mathematics”, 3rd International Conference on
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Technology in Maths Teaching, Koblenz, Germany (October 1997) on CD-ROM (ISBN
3-00-002330-5
E.M. McCabe, “Maple Goes GUI with Maplets - A Review of Maple 8”, LTSN MSOR
Newsletter, ISSN 1473-4869 (Nov 2002)
Keywords: Interactive classroom, education, Maple, Discourse, PRS, student
engagement
Intended audience: Users of Maple in education (all levels and disciplines),
users of Maple and MapleNet in distance learning, and e-learning
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Manipulate, Solve, Visualize, Question
George McGuire1

This talk will show how a Maple file can perform the four pedagogical functions listed in
the title of this paper. To illustrate these points, we present a Maple file that solves a very
difficult electrodynamics problem. The problem is easy to state and visualize, but it has a
solution so complex that I could not find it in any of my graduate or undergraduate texts.
An important reason for using computer algebra in the classroom is that it makes such
problems tractable and accessible to students earlier in their academic career. After
Maple manipulates the equations into a solvable form, it produces from the solution a
diagram of the apparatus and its surrounding electric field. These visualizations are
important if we are to determine whether the complex equations are providing the correct
solutions to the problem and if we wish to encourage students to ask “what if” questions.
Maple’s ability to provide immediate and visual feedback to these questions makes it the
indispensable pedagogical tool.
For edification purposes, here is the problem:
A grounded metal sphere centered at the origin has a uniformly electrically charged rod
placed outside the sphere. The rod has a length L and is resting on and is parallel to the xaxis. What is the expression for the electric field outside the sphere? What is the induced
surface charge density on the sphere?
1

Physics Department
UCFV
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Abbotsford, BC V2S 7M8
(604) 864-4641
mcguire@ucfv.bc.ca
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A Cryptographically Secure Random Number Generator for Maple
Michael Monagan1
Greg Fee2
The best-known pseudo-random number generators are the linear congruential generator
(LCG) and the linear feedback shift register (LFSR). Neither, however, is good for
cryptographic applications. The Blum-Blum-Shub (BBS) generator is one of the first and
best know cryptographically secure pseudo-random bit generators. If p and q are primes
and n = pq, the security of the BBS generator assumes that deciding quadratic residuosity
in Zn and factoring n are computationally infeasible.
In this paper we show why an LCG is not good for cryptographic applications. We
sketch the proof of the security of the BBS generator and show how to choose the primes
so that the period of eh BBS generators is guaranteed to be long.
We then construct BBS generators for Maple using primes of length 512, 768 and 1024
bits with guaranteed long period. We also support primes of length 32, 48 and 64 bits.
While not cryptographically secure, these BBS generators are expected to yield pseudorandom bits of high enough quality and speed to be competitive with Maple’s built-in
LCG.
_________________________
Centre for Experimental and Constructive Mathematics
Simon Fraser University
Burnaby, BC
V5A 1S6
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Using Picard Iteration and Cauchy Products to Solve Initial Value
Problem Ordinary Differential Equations
James Money1 | James Sochacki2

In the article, Implementing the Picard Iteration, published in Neural, Parallel &
Scientific Computations, 4 March 1996, pp. 97-112, G. Edgar Parker and James Sochacki
proved
Theorem
Let F = ( F1 ,..., Fn ) : R n → R n be a polynomial and y = ( y1 ,..., yn ) : R n → R n . Consider the
initial value problem ordinary differential equation (IVP ODE)
y j ' = F j ( y ) ; y j (0) = α j

and the Picard iterates
p j ,1 (t ) = α j ; j = 1,..., n
t

p j ,k +1 (t ) = α j + ∫ F j ( Pk ( s ))ds ; k = 1,2,... ; j = 1,..., n .
0

Then p j ,k +1 is the kth Maclaurin polynomial for y j plus a polynomial all of whose terms
have degree greater than k . (Here Pk ( s ) = ( p1,k ( s ),..., pn ,k ( s )) ).
Using the above theorem and Cauchy products we present Maple worksheets that can
solve both symbolically and numerically (in an algebraic framework) any IVP ODE of
the form
n

n

k =1

k =1

n

n

y j ' (t ) = a j + ∑ b j ,k yk + ∑ c j ,k yk2 + ∑∑ d j ,k ,m ym yk ; y j (0) = α j ; j = 1,..., n .
k =1 m =1

The method offers the ability to build at each time step a polynomial approximation of
any desired degree and/or accuracy to the solution. We present a large class of ODE's that
can be put in this form, demonstrating the wide applicability of these worksheets.
We also present Fortran and c codes that can solve any system of IVP ODE's with a
polynomial right side using Cauchy products. The output from these codes is imported
into Maple for visualization. We present some animations using these tools.
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We have used these worksheets for both research and teaching. We have used the method
in both theoretical and numerical differential equations classes. Students find the method
interesting and exciting.
Keywords: Initial Value Ordinary Differential Equations, Picard Iteration, Cauchy
Products.
Intended Audience: Upper level undergraduate and graduate instructors and researchers
who want to solve initial value differential equations numerically.
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Maple Schemes for a Fractional Brownian Black-Scholes Equation
Hedley Morris1

Fractional Brownian motion (fBm) with Hurst parameter H [1] is the stochastic process
BH(t) = BH(t,ω) ; t ≥ 0, _ ∈ Ω with mean E[BH(t)] = 0 and covariance
E[BH(t) BH(s)] = _(t2H+ s2H- |t-s|2H); s, t ≥ 0
If H = _ then BH(t) coincides with the standard Brownian motion B(t). If H > _ then BH(t)
has a long memory or strong after-effect. On the other hand, if 0 < H < _, then BH(t) is
anti-persistent with positive values of an increment usually followed by negative ones
and conversely. A strong after-effect is often observed in the logarithmic returns log
(Yn/Yn-1) of financial time series Yn, while anti-persistence appears in the behavior of
financial volatilities. For all H ∈ (0, 1) the process BH(t) is self-similar in the sense that
BH(αt) has the same distribution as _H BH(t), for all _ > 0. The long-range dependence
observed in stock prices suggests that the usual Black- Scholes (BS) market driven by
Brownian motion should be replaced by a fractional BS market driven by fBm. Hu and
Oksendal [2] have shown that such a market is complete, having no arbitrage, and a
fractional risk neutral evaluation can be carried out to arrive at a fractional Black-Scholes
formula. In this paper we survey the basic mathematics of fBm and present Maple code,
based on the work of Elliot and Chan [3] and Necula [4], for option pricing in a fBm
Black-Scholes market.
References
[1]Mandelbrot B.B. and Van Ness J. W. (1968), Fractional Brownian Motions, fractional
noises and applications, SIAM Review 2 (10) 422-437.
[2]Hu Y. and Oksendal B. (2000), Fraction white noise calculus and applications to
Finance. University of Oslo preprint. Download from:
http://www.math.uio.no/eprint/pure_math/.
[3]Elliot R and Chan L., (2004) Perpetual American options with fractional Brownian
motion. Quantitative Finance Volume 4. 123-128.
[4]Necula C. (2002), Option Pricing in a Fractional Brownian Motion Environment.
Academy of Economic Studies Bucharest working paper. Download from:
http://www.dofin.ase.ro/
Keywords: Finance, fractional Brownian motion, Hurst parameter, Black-Scholes.
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Simulation Software Integrated with Maple and Java
Yasuyuki Nakamura1

In recent years, a lot of software for simulating the motion of particles and finite objects
has been developed in Java, and is available to the public through the Internet [1]. There
are some advantages to developing software with Java – low cost, flexibility,
accessibility. On the other hand, when coding such simulations, special care must be
taken to avoid introducing careless programming errors.
Accordingly, we would like to develop simulation software that integrates Java and
Maple. Solving the equations of motion in Maple, we will use a Java program to display
a simulation via MapleNet.

It is easy to develop simulation software in Maple since it can solve the equations of
motion, and has Maplets – graphical user interfaces that can display the solutions. As
early as Maple 8 it was possible to include animations in a Maple learning object.
Software of this type is available in the public domain [2].
However, a real-time simulation is not possible. Therefore, we would like to propose the
program structure described in Figure 1. In this Java program, solving the equation of
motion is carried out by a communication with a MapleNet server, and the resulting
animation is implemented by the Thread technology of Java. In order to implement
detailed animations, we have to tune the timing of communications between the
MapleNet server, and the output of Java’s plotting functionality. Thus, we can integrate
Maple’s powerful mathematical engine with Java, resulting in a very flexibly structured
program.
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References
[1] http://www.phy.ntnu.edu.tw/java/
[2] http://thomas.phys.human.nagoya-u.ac.jp/~nakamura/Maple/App/ (in Japanese)
Keywords: Simulation software, Maplets, MapleNet, Java, Animation
Intended audience: Java programmers, Physics teachers
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Powerful procedures for linear and non-linear
regression with Maple
J. F. Ogilvie1

An important application of a computer for almost anybody who works with numbers
except a pure mathematician involves the fitting of numerical data according to a selected
algebraic model. A major use of 'spreadsheet' software is just such an application
provided that a model be linear in parameters. Linear models are useful, but there exist
data of many types for which only a model that is non-linear in parameters is appropriate.
Maple 9 includes at least three operators or commands for linear fits according to a
criterion of least squares of residuals, apart from various facilities for interpolation and
splines, but no facility for non-linear fitting; a deficiency of even those commands is that
their output presents fitted values of parameters but no direct indication of the goodness
of fit to a selected model. A general dictum of science is that
a quantity specified without an estimate of its reliability, or its uncertainty, is worthless.
In this context a useful definition of uncertainty is a parameter associated with a result of
a measurement that characterizes a dispersion of values that one can reasonably attribute
to a quantity being measured. To overcome these deficiencies we have produced two
major procedures that operate in Maple to implement linear and non-linear regression
according to a standard criterion of least squares of residuals; each procedure
automatically presents values of parameters and their standard errors, all automatically
appropriately rounded, a table of results, plus other indicators, and a plot of residuals.
A procedure for linear regression named wmlinfit, with provision for weighting of
values for a dependent variable and multiple independent variables or their functionals,
combines three internal procedures devised by G. J. Fee that are called within a single
command, because to fit data a user can select one of three methods -- singular-value
decomposition, direct solution of normal equations and QR decomposition: of these, the
default method is the latter; it exhibits satisfactory numerical precision with moderate
speed, whereas singular-value decomposition yields maximum precision at less speed,
and solution of normal equations operates at maximum speed but least precision. For
most practical purposes QR decomposition suffices, and in any case the precision of
calculations can be selected by a user through setting of a value of Digits; singular-value
decomposition even allows solution for degenerate models.
A procedure for non-linear regression named wmnlfit, also with provision for
weighting of values for a dependent variable and multiple independent variables or their
functionals, employs an algorithm based on work of Levenberg and Marquardt that
involves a compromise with a method of steepest descent to a minimum of
to try to
avoid local minima, applying algebraic calculation of derivatives of parameters with
respect to residuals. Dr. David Holmgren developed an initial version of this procedure,
and the present version includes developments by G. J. Fee and M. B. Monagan to
improve the generality and efficiency. Particularly notable is its ability to accept a fitting
model in a form of a procedure, which utilizes Maple's facility for differentiation of such
a procedure.
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A further procedure for regression, based on a simplex algorithm distinct from that
used in linear programming within Maple, has been generated by Sr. E. Romero in
Universidad de Costa Rica. In principle an advantage of this approach is that no explicit
derivatives need be calculated, as a path down the slope to a valley of
on a
hypersurface is calculated numerically according to criteria that adjust the coordinates of
vertices of a simplex, having vertices numbering one greater than the number of
parameters to be fitted, as it moves down the slope, contracting or expanding as
appropriate. Although in general this algorithm is less efficient than that in mnlfit, in
fact becoming noticeably slow when parameters number more than about four, for two
parameters a plot is readily generated that exhibits useful pedagogical features.
These three procedures will be demonstrated during the verbal presentation, showing
their major features and properties.
Acknowledgement
I am most grateful to Greg Fee for his invariably valuable advice and assistance in
programming, and to Michael Monagan for his encouragement and support of this work
at CECM.
Keywords: statistics, regression, graphics, animations, fitting data
Intended audience: general, scientists, engineers, statisticians, educators
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The PolynomialIdeals Maple Package
Roman Pearce1

The PolynomialIdeals package is a new tool for doing computational algebraic geometry
in Maple. All of the standard operations for ideals in commutative polynomial rings are
available, including prime and primary decomposition, computation of the radical,
primality testing, extension and contraction, arithmetic operations, and ideal
simplification. Additional functionality has been added for Groebner basis calculations
as well; one can express Groebner bases in terms of the input polynomials, and fast
Groebner basis conversion via FGLM is performed automatically. Computed Groebner
bases are stored within the ideal data structure itself, allowing them to be reused in
subsequent computations.
Keywords: algebraic geometry, polynomial systems, ideals
Intended audience: researchers, educators, Maple enthusiasts
1
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Maple and Software in Engineering Education
Thomas F. Piatkowski 1 | J. Donald Nelson2

This paper will describe the use of a large Maple-oriented project cs580Lib in software
engineering education at Western Michigan University.
cs580Lib is a comprehensive coherent well-planned collection of help pages, procedures,
and other Maple objects, currently under creation at Western Michigan University. It
supports research and instruction in formal languages and automata theory, in particular
the upper-level course: cs580 -- Theory of Computation which uses T.A. Sudkamp,
Languages and Machines: An Introduction to the Theory of Computer Science (2e),
Addison Wesley Longman, January 1998 as its text. It is publicly available online at:
http://www.cs.wmich.edu/~piat/cs580/...
The final library is envisioned to contain approximately 100 data structures and 550
procedures, with each data structure and procedure having its own help page. cs580Lib
includes a comprehensive set of help files, written in Maple-style, that are accessible
through the Maple online topic browser.
The ongoing cs580Lib implementation activities provide students an excellent implicit
exposure to the management of a large industrial quality software project, especially the
requirements and specification aspects. More recently, cs580Lib has served as a source
of many objects under test in our graduate course: cs661 – Software Engineering II
(Verification and Validation of Software Systems) where testing techniques are not only
taught, but are also applied both to reinforce learning and to improve an important
product that is used by many students.
Our workshop presentation is capable of online delivery and will include the following
topics:
•
•

•

•
•
•
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History, philosophy, and overview of the cs580Lib project.
Implicit use of cs580Lib in our software engineering requirements and specification
curriculum. Project structure and management with emphasis on software
engineering requirements and specification. Configuration management issues are
also addressed.
Explicit use of cs580Lib in our software engineering verification and validation
curriculum. Verification usage includes testing readme.txt, all help pages, and all
procedure implementation code. Validation usage includes testing installation
procedures, testing the help pages in the online topic browser, and white and black
box testing of all cs580Lib procedure implementations.
Discussion of project management, collaborative learning and research,
documentation practices.
Project status.
Commentary on our experiences and future plans.
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Keywords: automata theory, collaborative education, computer science, cs580,
cs580Lib, cs661, education, formal languages, Maple, programming in Maple, research,
software engineering, testing, validation, verification, Western Michigan University.
Intended audience: students, teachers, and researchers interested in formal languages
and automata theory or software engineering, the sophisticated use of Maple as a
programming language, the management of a large collaborative learning project, the use
of a large Maple-oriented project to support education in software engineering (especially
requirements and specification, and software verification and validation).
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Quantum Algebra Package
Andrzej Pindor1

The Quantum Algebra package (QuantumAlgebra) contains routines that deal with
Dirac's bra (<a|) and ket (|a>) vectors representing quantum states in a finite dimensional
Hilbert space. The package defines data types 'Ket', 'Bra', 'projector' (projection operator
in the Hilbert space), 'Operator' (a general operator in the Hilbert space), 'base' (a set of
vectors spanning the Hilbert space), 'braket' (a result of the inner product of a 'bra' and a
'ket') and a number of operations manipulating these objects. Bra and ket vectors are
presented in the widely accepted graphical form (Dirac's notation), for instance:
|A> + |B> - |C>,

|z,1/2><z,1/2|

<x,-1/2|y,1/2> etc.

Numerous auxiliary routines, necessary for manipulating the new data structures
represented in the traditional form as above, are defined. The package can also handle
Hilbert spaces which are tensor products of Hilbert subspaces. This allows the user to
deal with, for instance, spin states of several particles. The package can be used to teach
quantum algebra and also in research involving quantum mechanics. Examples are
provided for both applications.
1

University of Toronto
Resource Centre for Academic Technology
andrzej.pindor@utoronto.ca
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The Maple Global Optimization Toolbox
János D. Pintér1 | Paulina Chin2 | David Linder2
Maple enables the development of sophisticated ‘live’ worksheet documents that combine technical
description, calculations and visualization, with numerous supporting features (online help and
documentation, debugging, code generation, and so on). These capabilities can be put to good use also in
the development and solution of optimization models.
The objective of global optimization is to find the ‘absolutely best’ solution in nonlinear decision models of
the general form min f(x) x∈D:={l≤x≤u g j(x)≤0 j=1,…,m}⊂Rn ; f and gj are continuous functions. Such
models may have a multitude of global and local optima. Global optimization is an important area of
research that has an increasing range of applications in the sciences, engineering, and economics.
The Global Optimization Toolbox is based on the external LGO global/local solver suite that is seamlessly
linked to Maple. This leads to the combination of Maple’s modeling power with a solver performance
(program execution speed and quality) that is comparable to compiler-based solver implementations. In this
talk, we introduce the Toolbox, review the model setup and solution procedure, and illustrate its usage by
simple and more advanced examples.
Keywords: Maple; nonlinear (global and local) optimization; Global Optimization Toolbox.
Intended audience: businesses, researchers, and students interested in optimization and its applications.
Theme: Maple in business, research, and education.
Illustrative References
Horst, R. and Pardalos, P.M., eds. (1995) Handbook of Global Optimization, Vol.1. Kluwer Academic
Publishers, Dordrecht. http://www.wkap.nl/prod/b/0-7923-3120-6.
Neumaier, A. (2004) Global Optimization. http://www.mat.univie.ac.at/~neum/glopt.html.
Pardalos, P.M. and Romeijn, H.E., eds. (2002) Handbook of Global Optimization, Vol.2. Kluwer Academic
Publishers, Dordrecht. http://www.kap.nl/prod/b/1-4020-0632-2.
Pintér, J.D. (1996) Global Optimization in Action. Kluwer Academic Publishers, Dordrecht.
http://www.wkap.nl/prod/b/0-7923-3757-3.
Pintér, J.D. (2001) Computational Global Optimization in Nonlinear Systems: An Interactive Tutorial.
Lionheart Publishing, Atlanta, GA. http://www.lionhrtpub.com/books/globaloptimization.html.
Pintér, J.D. (2002) Global Optimization: Software, Test Problems, and Applications. In: Pardalos and
Romeijn, eds. (2002), pp. 515-569.
Pintér, J.D. (2004) Applied Nonlinear Optimization in Modeling Environments. CRC Press, Baton Rouge,
FL. (To appear.)
Waterloo Maple (2004) Global Optimization Toolbox. Maplesoft, Inc., Waterloo, ON.
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m × n Proper Arrays: Geometric Construction and the Associated
Linear Cellular Automata
Jocelyn Quaintance1

An m × n proper array is an array of directed cubes, where the direction of the cube is
given by an arrow that extends out of a fixed face. By linking these directed cubes
together, a rectangular array of m rows and n columns is formed. As long as the ensuing
array obeys certain symmetry, connectivity, and arrow constraints, it is said to be proper.
Any proper array can be classified by the connectivity and arrow structure of its right
edge. The aim of this presentation is to describe a method for enumerating all possible
geometric types of m × n proper arrays and to explore recursion patterns inherent in this
enumeration. In order to accomplish this goal, m, the number of rows, must be fixed.
Then, any proper m × n array can be constructed in a column-by-column fashion. This
column-by-column construction is encoded in a linear cellular automaton M m, where Mm
is a p × p matrix, with p counting the number of all possible m × n proper arrays.
Mm is created by a Maple program written by the author. This Maple program is
comprised of three sections. The first section creates S, the start set, containing all
possible m × n proper arrays. Any element in S is a start piece. In the column-bycolumn construction, a start piece is the left side of the array. The second section creates
all the m × 1 columns attached to the right of a start piece. These columns are called add
on pieces. The third section computes the multiplication between any start piece and any
add on piece, forms the matrix M m, and exactly computes its characteristic polynomial
Cm(t). Note that the output of the multiplication is an element of S. The entries of M m
are determined by the start piece and the resulting product between this start piece and an
arbitrary add on. Thus, both the rows and columns of Mm are indexed by the cardinality
of S. For larger m, this Maple program is instrumental in creating Mm. In particular, for
m = 5, M 5 is a 364 × 364 matrix which took Maple 7 over a day to assemble, and the
better part of two weeks to calculate its characteristic polynomial. Once the Maple
program has constructed the ensemble of {M m }5m =2 and {C m (t )}5m =2 , certain patterns
become evident. In particular, for each m, Q is palindromic and has the property that the
factor with the highest eigenvalue is of order 2m. A geometric exploration for the
structure present in Cm(t) leads to the conjecture that for every m, Mm is a time symmetric
cellular automaton.
1
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Dynamics of Multibody Mechatronic Systems:
Symbolic Modelling with Linear Graph Theory
Scott Redmond 1 | John McPhee2

DynaFlex is a Maple PowerTool that symbolically formulates the equations of motion for
general mechanical systems, given only a description of the system as input. The
formulation combines linear graph theory, vectorial mechanics, and the principle of
virtual work to formulate kinematic and dynamic equations for multibody systems with
both rigid and flexible bodies.
We have recently extended DynaFlex by adding a variety of electrical and
electromechanical transducer elements, so that complete models of multidisciplinary
electrical-mechanical systems may be generated [1]. Linear graph theory is used to
combine the electrical and mechanical domains of a mechatronic system within the
DynaFlex formulation. Some recent developments in graph theory allow us to create
symbolic models of various subsystems, and combine these subsystem models in an
efficient manner to get the system-level equations.
We have also added the capability to use indirect coordinates within DynaFlex. Indirect
coordinates take advantage of unique system geometries to reduce and simplify the
equations of motion for many multibody systems.
The DynaFlex formulation, and its extension to include mechatronic systems and indirect
coordinates, is described and applied to the modelling of some typical applications in
engineering and physics. Conclusions are then offered regarding the advantages of a
symbolic approach to mechatronic system modelling, the extent of simplification
achieved via indirect coordinates, and remaining challenges in this area.
In the second part of this paper [2], the Maple computer implementation, efficient
equation generation and simplification, and numerical simulation details are presented.
References
[1]. J. McPhee, C. Schmitke, and S. Redmond, “Dynamic Modelling of Mechatronic
Multibody Systems
with Symbolic Computing and Linear Graph Theory”, to appear in Mathematical and
Computer Modelling of Dynamical Systems, 2004.
[2]. C. Schmitke and J. McPhee, “Dynamics of Multibody Mechatronic Systems:
Symbolic Implementation and Numeric Solution”, Maple Summer Workshop 2004.
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Keywords: Multibody dynamics, graph theory, modelling, mechatronics, indirect
coordinates, subsystems, DynaFlex
Intended audience: This paper will be of particular interest to those using Maple to
create symbolic models of engineering systems.
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Interactive Macroeconomics
Alejandro Reynoso-del-Valle 1

Over the last three decades the Theory of Macroeconomics has required the use of
increasingly complex Math tools.
This has posed a challenge to teaching advanced courses to undergraduate students who
have not had sufficient exposure to those tools.
To meet that challenge, we developed a full 22 chapter (1 semester) course of Advanced
Macroeconomics for Open Economies aimed at seniors and/or first year graduates.
On the Economics side, this course includes topics such as fiscal, monetary and trade
policy in Neoclassical General Equilibrium Models; Optimal Policy design in a
Keynesian setting under uncertainty; Dynamic Open Economy Macroeconomics; Growth
Theory; Modern Theory of Business Cycles; Models of Irreversible Investment; Real and
Financial Options in Macroeconomics; Models of Optimal Regime Choice; Models of
Crisis and Collapse; and Strategic Policy Models.
On the Mathematics side, the course offers numerous examples and applications covering
areas such as Convex and Linear Programming; Linear and Nonlinear Differential
Equations; Fourier Analysis; Dynamic Programming in discrete and continuous time;
Stochastic Dynamic Programming; Partial Differential Equations; Chaos; Game Theory;
and Econometrics and Statistics.
Each chapter has a comprehensive Maple Worksheet with a careful description of the
concepts, models and references. Every model discussed is implemented in Maple. Also,
each chapter offers a section with several solved exercises and at least one Maplet.
A presentation at the MSW would consist of a brief overview of the content of the
course, followed by a detailed discussion of two of its chapters. Such a presentation will
highlight the teaching techniques that have been applied over the past two years in my
course at ITAM (Mexico), and will also reveal the potential for future development.
1
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Analytic Root Finding: A New Maple Command
Austin D. Roche1

A new command has been developed in Maple to find all the roots of an analytic function
within a given region in the complex plane. We use a repeated Newton's method at the
local level, but a global strategy is also involved in order to ensure that no roots are
missed.
The Argument Principle is an essential part of this algorithm, allowing us to determine
the number of zeros in a given region. It gives the number of zeroes as the result of an
integral around the boundary of the region. This integral is estimated numerically using
the trapezoidal rule and should yield a non-negative integer. In fact we are only
concerned with whether or not the number is positive. If it is, we should subdivide;
otherwise the subregion in question can be ignored.
One could use this functionality to subdivide the regions recursively until the roots are
isolated and each subregion is sufficiently small that any initial guess will be close
enough. Having done this, Newton's method may be applied to compute each zero to
arbitrary precision. This type of approach has been studied, but we do not know of any
other implementation in a common computer algebra system.
A unique feature of our implementation, however, is a technique that avoids, to the extent
possible, the more costly steps of counting zeroes and subdividing. Instead of subdividing
until each zero is isolated, we use Newton's method first, and having found a root α,
ignore it for the next step by synthetically dividing it out of the function's definition via
the transformation f(z) = f(z)/(z-α).
The new maple command is found in the RootFinding package as RootFinding[Analytic]
and includes an option to plot the resulting zeroes.
Keywords: Root finding, Analytic functions, Newton's method
Intended audience: This is a very general presentation and should be interesting and
accessible to a wide range of mathematicians, engineers, scientists and educators.
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Dynamics of Multibody Mechatronic Systems: Symbolic
Implementation and Numeric Solution
Chad Schmitke 1 | John McPhee2

One of the goals of multibody dynamic research is the automatic generation of the
governing equations of motion for a given system. In the first part of this paper, we
presented DynaFlex, a Maple PowerTool that symbolically formulates the equations of
motion for general mechatronic multibody systems [1]. Whereas that paper presented the
advantages of combining linear graph theory with symbolic modelling, this paper focuses
on some of the strategies used to implement DynaFlex in a computationally efficient
manner.
Linear graph theory provides a systematic framework to generate the symbolic equations
for complex subsystems. Recent extensions to this theory by the authors allow the
subsystem models to include 3-dimensional mechanical components. Since the equations
are generated symbolically, they can be stored in a library for future use.
When large systems are being analysed, the derived subsystem models can be directly
used as components of the system. This not only makes the modelling process more
intuitive (allowing larger building blocks for system models), but it also allows large
portions of the model to be pre-derived. This reduces the time required to generate
symbolic equations initially and provides opportunities to implement (faster) piecewise
updates of the equations during reformulation. Further, organising the system’s topology
into subsystems facilitates the decoupling of the system’s overall equations, allowing
parallel strategies to be used in simulation as well.
Outside of formulation-level strategies, this paper also examines some of the practical
methods of managing the size of Maple’s internal expressions. This is of particular
importance when considering even moderately large engineering systems, as the
governing equations for these systems can place severe demands on the hardware being
used to generate them.
Once the equations are formed, they must be numerically integrated forward in time in
order to obtain the dynamics of the system. For this purpose, it is beneficial to optimise
the resulting equations in order to reduce the number of operations that need to be
performed at each step in the integration. This paper shows how it is faster and more
efficient (in terms of the number of operations in the generated equations) to run the
optimise routine directly on a computational sequence, rather than performing all of the
substitutions and then generating an optimised list. This approach also reduces the CPU
time required to generate the optimised list.
Some techniques for using Maple’s numerical solvers are also examined.
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Experiences Using Maple in Math Education at the Hamburg
University of Applied Sciences
Thomas Schramm1

In Germany we have to face several problems concerning the mathematical education of
young engineering students. There is a contradiction between the growing mathematical
requirements of modern engineering sciences and the diminishing mathematical skills of
first year students. Two projects at our university should help to overcome these
problems. Our MIAU-group (Mathematik Impulse für den angewandten Unterricht)
prepares complete lectures with Maple worksheets, using internal links to realize
different learning paths. These materials can be used by the lecturers for enriching their
lectures, or by the students for self-learning. We show some examples. The other project
called CATS (Computer Aided Training System) uses Maple T.A. to build up a training
server for math tests with infinite patience. We show first results and present some
feedback from the students.
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Hebebrandstr. 1
D-22297 Hamburg
Germany
mailto:thomas.schramm@rzcn.haw-hamburg.de
URL http://www.haw-hamburg.de/~schramm/
Tel. office: +49 40 428 75 5383
Tel. mobil: +49 175 6546861
Fax: +49 40 428 75 5359
Fax->Mail: +49 1212 5 10758481

70

MSW 2004 | Final Program

MapleTA Supported Learning in “Math for the Life Sciences”:
A First Year Experience Grant
Friedhelm Schwarz1

Recently my project for a technological enhancement of the freshman course “Math for
the Life Sciences” received funding through the University of Toledo’s First Year
Experience Program, which aims at increasing retention of first-year students.
The project, which is running for the first time in the spring semester of 2004, strives to
support an active learning environment. It uses MapleTA to offer students algorithmically
generated problems that usually require free-response answers and are computer-graded
for immediate feedback. In case of an incorrect answer, the student obtains a step-by-step
solution that is algorithmically generated along with his/her individual question. Thus,
students can gauge the nature and severity of their mistakes, learn from them, and repeat
practicing with different, but similar versions of a problem until they have mastered the
material.
The talk emphasizes various aspects of MapleTA as a learning tool. It will report on
experiences with the project itself, such as degree of success, and student and instructor
feedback. Moreover, it will address the experiences in programming the required
MapleTA question banks: ease of use, frustrations, and tips on overcoming the latter.
Keywords: MapleTA, question bank, free-response question, algorithmically generated
step-by-step solution, technology supported learning, FYE (First Year Experience)
Intended audience: College and high school educators; learning center staff and
administrators; MapleTA users, programmers, and developers
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Symbolic Computation with Maple for Eddy Current Response to
Variation in Surface Conductivity with Depth
S. Shao1

An Eddy current is the current induced in little swirls ("eddies") on a large conductor. If a
large conductive metal plate is moved through a magnetic field that is perpendicularly to
the sheet, the magnetic field will induce small "rings" of current which will actually
create internal magnetic fields opposing the change. Eddy currents can be either good or
bad things depending on applications. We need to prevent AC energy from being lost to
eddies generated within the magnetic core. On the other hand, Eddy currents help turn
kinetic energy quickly into other forms of energy. Because of this, braking systems have
been created that take advantage of it. Adding a magnetic field around a spinning piece of
metal will cause eddy currents in that metal to create magnetic fields that will quickly
slow down the spinning object, as long as the magnetic field is strong enough. Eddy
current inspection can be used to detect seams, laps, cracks voids, and inclusions. A
number of factors, apart from flaws, will affect the eddy current response from a probe,
including material conductivity, permeability, frequency, and proximity. Successful
assessment of flaws or any of these factors relies on holding the others constant, or
somehow eliminating their effect on the results. It is this elimination of undesired
response that forms the basis of much of the technology of eddy current inspection. The
purpose of this presentation is to show how the computer algebraic system Maple can be
used effectively in studying a model problem of eddy current response to variation in
surface conductivity with depth.
Keywords: Eddy current response, impedance plane, depth of penetration, surface
conductivity.
Intended audience: mathematics and physics
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Higher-Order Asymptotic Solutions to Free-Standing Water Waves
by Computer Algebra
Inna Shingareva 1 | Carlos Lizárraga Celaya2

The formal construction of higher-order asymptotic solutions is presented for several
water waves problems with the aid of computer algebra methods. Nonlinear standing
waves are studied for four fluid structures cases: infinite-depth capillary-gravity standing
waves [4], infinite-depth pure gravity standing waves [2, 3], finite-depth capillary-gravity
standing waves [1], and finite-depth pure gravity standing waves [2]. Two-dimensional
wave motions of an incompressible irrotational inviscid fluid are considered in a
rectangular domain. The Lagrangian formulation of the problems is used and the method
of Lindstedt–Poincaré is applied to obtain periodic asymptotic solutions up to the 9th
order. The analytic solutions obtained agree to previous solutions known in the literature.
The computer algebra system Maple is used to aid in the formal expansion procedures.
The work is partly supported by CONACYT under grant number F-41421.
References
[1] C. Lizárraga-Celaya, S. Sekerzh-Zenkovich, Surface tension effects on steep
and breaking waves, in ”Fluxes and Structures in Fluids” (ed. Yu. D.
Chashechkin and V. G. Baydulov), Institute for Problems in Mechanics,
Russian Academy of Sciences, Moscow, 143 (2002).
[2] I. Shingareva, Investigation of Standing Surface Waves in Fluid of Finite
Depth by Computer Algebra Methods, PhD Thesis, Institute for Problems
in Mechanics, Russian Academy of Sciences, Moscow, 1995, 136p.
[3] I. Shingareva, S. Sekerzh-Zenkovich and M. G. Garc´ıa A., Ninth-Order
Analytical Solution of Free Standing Gravity Waves in Fluid of Infinite
Depth, ERCOFTAC (European Research Community on Flow, Turbulence
and Combustion) Bulletin, No. 52, pp. 37-41, 2002.
[4] S. Sekerzh-Zenkovich, I. Shingareva, C. Lizárraga-Celaya, Fifth-Order
Approximations for Steep Gravity-Capillary Waves in Lagrangian Coordinates,
Abstracts, Bulletin of the American Physical Society, 54th Annual
Meeting of the Division of Fluid Dynamics, November, 2001, San Diego,
California.
Keywords: free standing waves, higher-order asymptotic solutions, Lagrangian
formulation, method of Lindstedt–Poincaré, computer algebra methods, formal expansion
procedures
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Maple in High School Multivariable Calculus
Ellen Stenson1

In high schools today, more students successfully complete the Advanced Placement
Calculus BC course in their junior year. Since Calculus BC is traditionally the summit of
a high school student’s mathematics experience, our best high school mathematics
students need an appropriately challenging course in their senior year.
At Laurel School, we addressed this need by creating a year-long course in multivariable
calculus with Maple. In this presentation I will discuss the considerations that went into
the creation of the course and our experiences with it for the last four years. Included will
be the positive and negative aspects of offering such a course and the use of Maple in a
high school environment. I will also mention the resources we used in creating the
course, the requirements for the course itself, and highlight some of the Maple work the
students have done.
Keywords: Advanced Placement, multivariable calculus, Maple, high school
1
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MultInt, a Maple Package for
Multiple Integration by the WZ Method
Akalu Tefera1

Most identities in mathematics are usually hard to prove and often require lengthy and
tedious verification. One of the most exciting discoveries in recent years, due to Herb
Wilf and Doron Zeilberger (WZ), is that every proper-hyperexponential multi-integral
identity with a fixed number of integration signs possesses a computer-contructible proof.
In general, the ”objects” of study in the WZ theory are expressions of the kind
∑k ∫ F(n; k, x) dx
and identities between them. In the above general integral-sum, k, and n are discrete
multi-variables, while x is a continuous multi-variable, and F is hyperexponential in all
its arguments.
The amazing dicovery of Wilf and Zeilbeger was a general algorithm that produces a
proof of an identity of the form
∑k ∫ F(n; k, x) dx = answer(n)
and allows us to discover new identities whenever it succeeds in finding a proof
certificate for a known one.
Presently the computer implementation of the WZ method is done by considering two
special cases of the general integral-sum. One is the case of the pure multi-sum; i.e., x is
empty, and the other is the case of the pure multi-integral; i.e., k is empty. Several
implementations have been developed in Maple for the case of sum or multisum. (See,
for example, the sumtools package.)
In this talk we describe MultInt, a Maple implementation of the continuous version of
the WZ method for symbolic evaluation of multiple integrals with application to
computer-generated proof of integral identities.
Keywords: continuous WZ, hyperexponential, multiple integrals, properhyperexponential, WZ.
Intended audience: Anyone who has taken courses in calculus of several variables and
a course in introductory complex variables.
1
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Maple in Disguise: Intuitive Math Tools using MapleNet
Bert G. Wachsmuth1

At Seton Hall University we have created many web-accessible programs we collectively
call Thinklets that illustrate some aspect of mathematics or other areas (see
http://sciris.shu.edu/thinklets/). Most thinklets were created by our Computer Science
students in cooperation with faculty members. However, our applications were usually
restricted to using relatively simple mathematics and/or numerical approximations.
When Waterloo Maple introduced their MapleNet product, we immediately saw its
potential to expand our Thinklets to create more complex applications with problemspecific, intuitive interfaces that use Maple’s exceptional computational power “in the
background” to do most of the hard work.
We have, at this point, created several MapleNet applications that we would like to
introduce in our presentation (source code available):
•

•

•

JCalc: An applet with an intuitive spreadsheet-like interface to Maple functions
for students up to multivariable calculus. You can even create ‘plugins’ for this
applet to expand JCalc’s usefulness. We found that our non-math major students
had trouble using Maple’s standard interface efficiently, so we created JCalc to let
students explore problems in College Algebra, Calculus, or Business Calc using a
spreadsheet interface that most are already familiar with.
JGJ: A tool to help students explore, on their own, the Gauss-Jordan elimination
procedure for solving systems of linear equations or inverting matrices. The
applet can present random matrices and let the user perform legitimate row
operations to bring the matrix into reduced form, or it can start with user-defined
matrices. Using this applet, students can discover on their own how the algorithm
works without having an instructor present the solution to them. The program was
created by Steve O’Brien, a former student.
JComplexGraph: A tool to help students visualize the graph of a complexvalued function by drawing various geometric patterns in a z-plane and their
image under a specified complex map in the w-plane. The function evaluation is
handled efficiently through MapleNet, while interface and graphics are handled in
Java. The program was created by Robert Moore, a current student.

We will discuss the resources necessary to create and support MapleNet applications such
as these and describe student experiences using these applets. Our MapleNet applications
can be found at http://sciris.shu.edu/MapleNet/
1
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Acid / Base Equilibrium in General Chemistry Using Maple
R.V. Whiteley, Jr.1

The study of acid / base (ionic) equilibrium is central to the understanding of many
chemical processes. The concepts are introduced in general chemistry where simplifying
approximations are typically used. These simplifications create three problems: (1) they
are not particularly simple and arguably cause more confusion than does a more rigorous
presentation; (2) their premises contain an insidious approximation that can lead to
incorrect and sometimes absurd results; and (3), they preclude the study of more
interesting problems in ionic equilibrium. Even at the graduate level there has been a
limit to the rigor in the study of ionic equilibrium because the mathematics for the most
interesting problems were once intractable.
In 1964, J.N. Butler published Ionic Equilibrium: A Mathematical Approach. In the three
decades that followed this seminal book, most of the work presented there still could not
be exploited because the algebra remained unmanageable. When desktop computers
began to appear in the eighties, a few scholars were able to address more of the
interesting problems in ionic equilibrium. In the nineties, computer algebra became
available for those desktop computers and all of Butler's work became "doable."
Nevertheless, educators persist in the traditional ionic equilibrium pedagogy. The work
presented here suggests a significant paradigm shift by demonstrating how Maple® can be
used to solve various problems in acid / base equilibrium, and how, beginning with a
simple set of principles, even complicated problems become directly accessible to the
general chemistry student.
This work begins by reviewing the traditional, simplified approach to acid / base
equilibrium and exposing its limitations. Then the three underlying principles for a
rigorous approach to ionic equilibrium are introduced and a general solution to the
classical monoprotic, weak acid problem is provided for comparison to the simplified
approach. The power of computer algebra is then demonstrated by expanding into
polyprotic acid problems. Finally, elementary programming techniques are introduced to
show how corrections for ionic strength can be implemented and how acid / base titration
plots can be easily created.
Keywords: acid, base, chemistry, ionic, equilibrium, titration.
Intended audience: Chemists, especially chemistry faculty. Environmental scientists
might find this useful. Mathematics instructors seeking practical (chemistry) applications,
or more generally applied mathematics faculty, will find a lot of material here.
1
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Extrusion of Polycrystalline Materials
Philip B. Yasskin1 | Robert Barber2 | Tami Dudo3 | Ted Hartwig4

Granular materials (such as polycrystalline metals) may be strengthened by an extrusion
process, whereby a simple shear is applied to the material. However, due to geometric
constraints on the extrusion process, the shear is only applied to a portion of the bar.
Consequently, with successive extrusions, smaller portions of the bar will experience all
of the shears. Maple has been used to graphically examine the portion of the bar which
has been fully sheared by up to 8 or more extrusions, to compute the percent of the bar
which has been fully sheared and to examine graphically the effect of the shears on a
cubic element in the fully sheared region.
The Equal Channel Angular Extrusion process consists of forcing a rectangular solid with
square cross section through an L-shaped pipe also with square cross section. Below are
pictures of an initial bar, the bar halfway through the extrusion and the final bar lifted
back up to be ready for the next pass.

The parallelogram region in the middle of the bar gets sheared while the triangular
regions at the ends do not. The process is repeated but to improve the strengthening, the
bar may be rotated by 90°, 180° or 270° along the long axis between extrusions. With 8
passes, there are 4_=16384 possible rotation sequences. These rotations are the reason
that it is a complicated process to describe the fully sheared regions and to compute their
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volumes. The Maple graphics have led to the identification of rotation sequences that
increase the yield of fully sheared material in the manufacturing process.
Keywords: Extrusion, Plastic Deformation, Simple Shear, Material Science
Intended Audience: Applications of Geometry
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