
0 Introduction

Preface
This book is intended to supplement Ken Rosen's Discrete Mathematics and its Applications, Seventh
Edition,  published  by  McGraw-Hill.  It  was  developed  with  Mathematica  9,  created  by  Wolfram
Research.  This is  intended to be a guide as you explore concepts in discrete mathematics and to pro-
vide you with tools you can use to investigate further on your own. This text can significantly enhance
a  traditional  course  in  discrete  mathematics  in  several  ways.  First,  it  makes  a  plethora  of  examples
readily available that you can interact with easily. Second, it  makes the notion of algorithm, which is
central  in  discrete  mathematics,  concrete  by  giving  you  the  opportunity  to  actually  implement  algo-
rithms  rather  than  only  analyze  them  in  the  abstract.  Finally,  and  most  significantly,  it  provides  you
greater  freedom  to  make  conjectures  and  experiment  without  getting  bogged  down  in  repetitive
calculation.
The focus of this manual is on Mathematica  code and does not attempt to explain discrete mathemat-
ics. It is expected that you are taking, or have taken, a course in discrete mathematics. Ideally you have
access to Ken Rosen's Discrete Mathematics and its Applications. It is not assumed that you have any
prior  experience  with  Mathematica.  The  introductory  chapter  that  follows  this  preface  is  designed  to
introduce you to Mathematica. Likewise, it is not assumed that you have any experience with computer
programming  languages.  Part  of  the  Introduction  is  devoted  to  the  basic  concepts  and  techniques  of
computer  programming.  Subsequent  chapters  gradually  introduce  increasingly  sophisticated  program-
ming ideas. While this is not a textbook on computer programming, you will likely find yourself fairly
comfortable with the basics of programming by the end.
With the exception of the Introduction, the structure of this book follows that of Discrete Mathematics
and its Applications. For each section of each chapter in that text, this manual contains a corresponding
section  describing  Mathematica  commands  and  providing  Mathematica  functions  that  are  used  to
explore  the  mathematics  topics  in  that  section.  Each  chapter  also  contains  solutions  to  some  of  the
Computer  Projects  and  Computations  and  Explorations  exercises  found  at  the  end  of  the  chapter  of
Discrete Mathematics and its Applications. You will also find a number of exercises at the conclusion
of each chapter designed to suggest additional questions that you can explore using Mathematica.
This  manual  strikes  a  balance  between  describing  existing  Mathematica  functions  and  creating  new
procedures  that  extend  Mathematica's  capabilities  for  exploring  discrete  mathematics.  For  example,
Mathematica  does  not  fully  support  calculations  on  pseudographs.  Therefore,  in  Chapter  10,  in  addi-
tion to describing Mathematica's  capabilities  for  modeling graphs,  we also write  functions relating to
pseudographs.  Some readers  may not  be  interested  in  the  detailed  descriptions  of  how new functions
and  programs  like  these  are  created.  However,  even  if  you  are  not  interested  in  the  programming
aspect, the functions we create are still available to you to explore those topics.
This  book is  based on the second edition of  Exploring Discrete  Mathematics  with  Maple,  which was
substantially updated from the first edition of that book. However, this book retains the spirit and goals
of that work and thus we reproduce the preface of the original book below.
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Preface to the First Edition of Exploring Discrete Mathematics with Maple
This book is a supplement to Ken Rosen's text Discrete Mathematics and its Applications, Third Edi-
tion,  published by McGraw-Hill.  It  is  unique as  an ancillary to a  discrete  mathematics  text  in  that  its
entire focus is on the computational aspects of the subject.  This focus has allowed us to cover exten-
sively  and  comprehensively  how  computations  in  the  different  areas  of  discrete  mathematics  can  be
performed,  as  well  as  how results  of  these  computations  can be  used in  explorations.  This  book pro-
vides a new perspective and a set of tools for exploring concepts in discrete mathematics, complement-
ing the traditional aspects of an introductory course. We hope the users of this book will enjoy working
with it as much as the authors have enjoyed putting this book together.
This book was written by a team of people, including Stan Devitt,  one of the principle authors of the
Maple  system  and  Eithne  Murray  who  has  developed  code  for  certain  Maple  packages.  Two  other
authors,  Troy  Vasiga,  and  James  McCarron  have  mastered  discrete  mathematics  and  Maple  through
their studies at the University of Waterloo, a key center of discrete mathematics research and the birth-
place of Waterloo Maple Inc.
To effectively use this book, a student should be taking, or have taken, a course in discrete mathemat-
ics.  For  maximum  effectiveness,  the  text  used  should  be  Ken  Rosen's  Discrete  Mathematics  and  its
Applications, although this volume will be useful even if this is not the case. We assume that the stu-
dent has access to Maple, Release 3 or later. We have included material based on Maple shareware and
on  Release  4  with  explicit  indication  of  where  this  is  done.  (Where  to  obtain  Maple  shareware  is
described in the Introduction.) We do not assume that the student has previously used Maple. In fact,
working through the book can teach students Maple while they are learning discrete mathematics.  Of
course, the level of sophistication of students with respect to programming will determine their ability
to  write  their  own  Maple  routines.  We  make  peripheral  use  of  calculus  in  this  book.  Although  all
places where calculus is used can be omitted, students who have studied calculus will find this material
of interest.
This volume contains a great deal of Maple code, much based on existing Maple functions. But substan-
tial  extensions  to  Maple  can  be  found  throughout  the  book;  new Maple  routines  have  been  added  in
key places, extending the capabilities of what is currently part of Maple. An excellent example is new
Maple code for  displaying trees,  providing functionality  not  currently part  of  the network package of
Maple. All the Maple code in this book is available over the Internet; see the Introduction for details.
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This volume contains a great deal of Maple code, much based on existing Maple functions. But substan-
tial  extensions  to  Maple  can  be  found  throughout  the  book;  new Maple  routines  have  been  added  in
key places, extending the capabilities of what is currently part of Maple. An excellent example is new
Maple code for  displaying trees,  providing functionality  not  currently part  of  the network package of
Maple. All the Maple code in this book is available over the Internet; see the Introduction for details.
This volume contains an Introduction and ten chapters. The Introduction describes the philosophy and
contents of the chapters and provides an introduction to the use of Maple, both for computation and for
programming. This chapter is especially important to students who have not used Maple before. (More
material  on  programming  with  Maple  is  found  throughout  the  text,  especially  in  Chapters  1  and  2.)
Chapters  1 to  10 correspond to the respective chapters  of  Discrete Mathematics  and its  Applications.
Each chapter contains a discussion of how to use Maple to carry out computation on the subject of that
chapter. Each chapter also contains a discussion of the Computations and Explorations found at the end
of  the  corresponding  chapter  of  Discrete  Mathematics  and its  Applications,  along with  a  set  of  exer-
cises and projects designed for further work.
Users of this book are encourage to provide feedback, either via the postal service or the Internet. We
expect that students and faculty members using this book will develop material that they want to share
with  others.  Consult  the  Introduction  for  details  about  how  to  download  Maple  software  associated
with this book and for information about how to upload your own Maple code and worksheets.

Introduction
Modern mathematical computation software, such as Mathematica, allows us to carry out complicated
computations  quickly  and  easily.  As  a  supplement  to  traditional  exercises  solved  by  hand,  having
computational  tools  available  while  learning  discrete  mathematics  provides  a  new  dimension  to  the
learning  experience.  Specifically,  Mathematica  supports  an  inquiry  and  experimental  approach  to
learning.  This  book  is  designed  to  connect  the  traditional  approach  to  learning  discrete  mathematics
with this experimental approach.
Using computational  software,  students  can experiment  directly  with  many objects  that  are  important
in  discrete  mathematics.  These  include  sets,  large  integers,  combinatorial  objects,  graphs,  and  trees.
Furthermore,  by  using  interactive  computational  software,  students  can  explore  these  examples  more
thoroughly, fostering a deeper understanding of concepts, applications, and problem solving techniques.
This supplement has two main goals. The first is to help students learn how to carry out computations
in discrete mathematics using Mathematica.  The second is to be a guide and a model as students dis-
cover mathematics with the use of computational tools.
This  book  is  intended  for  use  by  any  student  of  discrete  mathematics.  No  previous  familiarity  with
Mathematica is required. Likewise, we do not assume any previous experience with computer program-
ming.  The  fundamentals  of  Mathematica  and  the  basic  concepts  of  computer  programming  will  be
thoroughly explained as they are needed.

Structure of This Manual
This  supplement  begins  with  a  brief  introduction  to  Mathematica,  its  capabilities,  and  its  use.  The
material  in  this  introductory chapter  explains  the philosophy behind working with Mathematica,  how
to use Mathematica  to  carry out  computations,  and its  basic structure.  This  introduction continues by
explaining the basic concepts and syntax for programming with Mathematica. This will provide those
who are new to Mathematica and programming languages the background they will need in the rest of
the book.
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This  supplement  begins  with  a  brief  introduction  to  Mathematica,  its  capabilities,  and  its  use.  The
material  in  this  introductory chapter  explains  the philosophy behind working with Mathematica,  how
to use Mathematica  to  carry out  computations,  and its  basic structure.  This  introduction continues by
explaining the basic concepts and syntax for programming with Mathematica. This will provide those
who are new to Mathematica and programming languages the background they will need in the rest of
the book.
Following the introduction, the main body of this book contains thirteen chapters. Each chapter paral-
lels  a  chapter  of  Discrete  Mathematics  and  Its  Applications,  Seventh  Edition,  by  Kenneth  H.  Rosen
(henceforth  referred  to  as  the  text  or  the  textbook).  Each  chapter  includes  comprehensive  coverage
explaining how Mathematica can be used to explore the topics of the corresponding chapter of the text.
This includes a discussion of relevant Mathematica commands, many new functions written expressly
for this book, and examples illustrating how to use Mathematica to explore topics in the text.
Additionally,  we  discuss  selected  Computer  Projects  and  Computations  and  Explorations  from  the
corresponding  chapter  of  the  text.  We  provide  guidance,  partial  solutions,  or  complete  solutions  to
these exercises. A similar philosophy governs the inclusion of these solutions as does the inclusion of
answers  to  selected  exercises  in  the  back  of  most  mathematics  textbooks.  You  should  attempt  the
problem on your own first. The solutions in this manual are intended to be referred to: after you have
succeeded in solving a problem to see a (potentially) different approach; when you've stopped making
progress  on  your  own  and  need  a  slight  boost  to  continue;  or  when  you're  trying  to  solve  a  similar
problem.
Finally, each chapter concludes with a set of additional questions for you to explore. Some of these are
straightforward computational exercises, while others are more accurately described as projects requir-
ing substantial additional work, including programming.
The  chapters  of  this  manual  are  available  in  two  formats:  as  a  pdf  document  and  as  a  Mathematica
Notebook.  The  pdf  format  contains  all  of  the  text  and  Mathematica  functions  and  other  information
that you need. The Mathematica Notebook version of the chapter includes additional features, specifi-
cally  active  Mathematica  code and links  to  Mathematica  documentation.  It  is  recommended that  you
primarily  work  with  the  Mathematica  Notebook  version  of  this  manual,  and  use  the  pdf  version  for
when you do not have access to Mathematica.
When you first open the Mathematica Notebook for any chapter, it is recommended that you evaluate
the initialization cells in that notebook by selecting Evaluate Initialization Cells from the Evaluation
menu.  This  way,  the  vital  symbols  within  the  chapter,  those  associated  with  variables  and  functions
you may want to use, will be available for you, without your having to execute each of their definitions
manually. 
If you do not explicitly cause the initialization cells to be evaluated, the first time you evaluate any cell
in  the  notebook,  you  will  see  a  dialog  box  like  the  one  below.  Selecting  “Yes”  is  recommended and
will cause all of the initialization cells to be executed.

Alternatively, selecting Evaluate Notebook  from the Evaluation  menu will  cause every input cell  in
the notebook to be evaluated. If you choose this option, you will also see a message similar to the one
above  asking  whether  or  not  you  want  to  evaluate  all  of  the  initialization  cells.  In  this  case,  having
selected Evaluate Notebook,  it is recommended you choose “No” in the dialog. Selecting “Yes” will
cause all of the initialization cells to be evaluated and then every cell in the notebook will be evaluated,
meaning the initialization cells would each be evaluated twice, which is unnecessary.
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Alternatively, selecting Evaluate Notebook  from the Evaluation  menu will  cause every input cell  in
the notebook to be evaluated. If you choose this option, you will also see a message similar to the one
above  asking  whether  or  not  you  want  to  evaluate  all  of  the  initialization  cells.  In  this  case,  having
selected Evaluate Notebook,  it is recommended you choose “No” in the dialog. Selecting “Yes” will
cause all of the initialization cells to be evaluated and then every cell in the notebook will be evaluated,
meaning the initialization cells would each be evaluated twice, which is unnecessary.
The  main  benefit  of  the  Mathematica  Notebook  version  of  this  book  is  that  it  is  interactive.  That  is,
you can execute the Mathematica  functions demonstrated in the chapter. Even better, you can modify
the examples so that you can experiment right within the body of the chapter. Additionally, you have
immediate  access  to  Mathematica's  help  and  documentation  pages.  Within  the  text  of  this  manual,
built-in Mathematica functions appear in blue and are underlined indicating that clicking on them will
open the corresponding documentation page.
This volume has been designed to help students achieve the main goals of a course in discrete mathe-
matics. These goals, as described in the preface of the textbook, are the mastery of mathematical think-
ing,  combinatorial  analysis,  discrete  structures,  algorithmic  thinking,  and  applications  and  modeling.
This  supplement  demonstrates  how to use the interactive computational  environment  of  Mathematica
to enhance and accelerate the achievement of these goals.

Interactive Mathematica
Exploring  discrete  mathematics  with  Mathematica  is  like  exploring  a  mathematical  topic  with  an
expert  assistant  at  your  side.  As  you  investigate  a  topic,  you  should  always  be  asking  questions.  In
many  cases,  the  answer  to  your  question  can  be  found  by  experimenting.  Mathematica,  your  highly
trained mathematical  assistant,  can often carry out  these directed experiments quickly and accurately,
often with only a few simple instructions.
By hand, the magnitude and quantity of work required to investigate even one reasonable test case may
be  prohibitive.  By  delegating  the  details  to  Mathematica,  your  efforts  can  be  much  more  focused  on
choosing the right mathematical questions and on interpreting results. Moreover, with a system such as
Mathematica, the types of objects you are investigating, and tools for manipulating them, already exist
as  part  of  the  basic  infrastructure  provided by the  system.  This  includes  lists,  variables,  polynomials,
graphs,  arbitrarily  large  integers,  rational  numbers,  and  most  important,  support  for  exact  and  fast
computations.
The  use  of  Mathematica  is  merely  a  means  to  the  end  of  achieving  the  goals  of  a  course  in  discrete
mathematics. As with any tool, to use it effectively you must have some basic understanding of the tool
and its capabilities. In this section we introduce Mathematica by working through a sample interactive
session.
Starting Mathematica
A new Mathematica session begins when you start the Mathematica software. When you start Mathe-
matica,  you  will  usually  see  the  Mathematica  welcome  screen,  which  will  look  something  like  the
window  shown  below.  If  you  do  not  see  this  window  when  you  start  Mathematica,  go  to  the  Help
menu and select the option Welcome Screen....
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The central potion of the welcome screen welcomes you to Mathematica and introduces one of the new
features  in  the  latest  version  of  the  software.  There  are  also  links  to  documentation,  support,  and
demonstrations.
On the left side of the welcome screen are icons for creating new documents or opening existing docu-
ments. To open an existing file that is not in the list of recent documents, perhaps a notebook that you
created  or  one  of  the  chapters  of  this  manual,  you  click  on  “Open...”  and  a  standard  file  selection
dialog will appear that allows to you select the file you want. Otherwise, to create a new document to
work in, simply click on “Notebook” under “Create New...” at the top of the left panel.
Mathematica Notebooks
This Introduction, and in fact all the chapters of this manual, were created as Mathematica Notebooks.
A Mathematica  Notebook can be thought of like a document in a word processing program. You can
type  text,  change  the  font,  insert  images,  and  use  other  typical  word  processing  tasks.  But  you  also
have a powerful mathematical engine at your fingertips.
In a Mathematica  Notebook, everything you enter and all  of the results of computations are stored in
cells. We will mention three kinds of cells: input, output, and text.
To create a new cell, use the mouse or keyboard arrow keys to the bottom of a Notebook or between
two  existing  cells.  You  should  see  a  faint  horizontal  line  across  the  entire  window  with  a  plus  sign
hanging below the line at the left margin: .
By clicking on the plus symbol, Mathematica  will present you with a menu of the most common cell
types.  To create  an  input  cell,  click  on “Mathematica  input”,  or  click  on “Plain  text”  to  create  a  text
cell.
Alternately,  you  can  press  the  command  key  (the  cloverleaf  on  a  Mac)  and  the  number  7  (·+7  or
Ì+7) to create a text cell. For an input cell, press ·+9 or Ì+9.
Finally, if you simply start typing, Mathematica will automatically create a new cell for you. The kind
of cell  depends on options set  in the software and on the particular Notebook’s style,  but for a brand
new  Notebook  with  the  default  options,  an  input  cell  should  be  created  if  you  start  typing  with  the
cursor not in an existing cell.
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Finally, if you simply start typing, Mathematica will automatically create a new cell for you. The kind
of cell  depends on options set  in the software and on the particular Notebook’s style,  but for a brand
new  Notebook  with  the  default  options,  an  input  cell  should  be  created  if  you  start  typing  with  the
cursor not in an existing cell.
Evaluating Expressions
To have Mathematica evaluate a mathematical expression, first make sure that the cursor is somewhere
in the input cell containing the expression you wish to evaluate. Then press shift together with the enter
or return key on the keyboard. Or press the enter key on the numeric keypad. Try this with the input
below.

In[1]:= 2 + 3

Out[1]= 5

Here are a few more expressions. Try entering them on your computer.
In[2]:= Sum@i^2, 8i, 1, 10<D

Out[2]= 385

In[3]:= Integrate@Hx - 1L^3, xD

Out[3]=
1

4
H-1 + xL4

In[4]:= Expand@%D

Out[4]=
1

4
- x +

3 x2

2
- x3 +

x4

4

The percent symbol, referred to in Mathematica as Out (%), is used to refer to the contents of the most
recent output cell. It does not always refer to the value immediately above it, as evaluation can be done
out of order.
The line numbers, which are automatically attached to the input and output cells, can be used to refer
to specific results by following the Out (%) with the line number. For example, to use the value from
output line 3, you would enter %3.

In[5]:= %3 + 1

Out[5]= 1 +
1

4
H-1 + xL4

Note  that  Out  (%)  is  useful  when  working  interactively,  but  line  numbers  change  every  time  you
evaluate  cells.  In  particular,  if  you save a  Notebook and quit  Mathematica  and then reopen the same
Notebook  later,  the  line  numbers  may  not  refer  to  the  same  expressions,  particularly  if  you  do  not
evaluate the same cells in the same order. Except in this chapter, we tend to avoid using Out (%) in this
manual, but you should keep it in mind for your own computations.

A First Encounter with Mathematica
As already indicated, working with Mathematica is like working with an expert mathematical assistant.
This requires a subtle change in the way you think about a problem. When working on an exercise by
hand,  your  attention is  focused on the  details  and quite  often you can lose  sight  of  the  “big  picture.”
Mathematica takes care of the details for you and frees you to focus on deciding what needs to be done
next. This is not to say that the details are not important, nor does it imply that you should forgo learn-
ing how to solve the problems by hand.

Chapter00.nb  7



As already indicated, working with Mathematica is like working with an expert mathematical assistant.
This requires a subtle change in the way you think about a problem. When working on an exercise by
hand,  your  attention is  focused on the  details  and quite  often you can lose  sight  of  the  “big  picture.”
Mathematica takes care of the details for you and frees you to focus on deciding what needs to be done
next. This is not to say that the details are not important, nor does it imply that you should forgo learn-
ing how to solve the problems by hand.
Much  of  discrete  mathematics  is  about  understanding  the  relationships  between  objects  or  sets  of
objects and using mathematical models to capture some property of these objects. Understanding these
relationships  often  requires  that  you  view either  the  objects  or  the  associated  mathematical  model  in
different ways.
Mathematica  allows  you  to  manipulate  the  mathematical  models  almost  casually.  For  example,  the
polynomial Hx+ yHx+ zLL3 can be entered into Mathematica as

In[6]:= Hx + y*Hx + zLL^3

Out[6]= Hx + y Hx + zLL3

The  result  of  evaluating  this  expression  is  displayed  immediately.  In  this  case,  Mathematica  simply
echoes the polynomial as no special computations were requested.
The power of having a computational tool like Mathematica is that a wide range of standard operations
become immediately available. For example, you can expand, differentiate, and integrate just by telling
Mathematica  to  do  so.  Suppose  you  decided  that  it  would  be  useful  to  see  the  full  expansion  of  the
polynomial above. All you need to do is issue the appropriate command to Mathematica. In this case,
the  function  you  would  want  is  the  Expand  function,  which  tells  Mathematica  to  expand  the
polynomial.

In[7]:= Expand@%D

Out[7]= x3 + 3 x3 y + 3 x3 y2 + x3 y3 + 3 x2 y z +

6 x2 y2 z + 3 x2 y3 z + 3 x y2 z2 + 3 x y3 z2 + y3 z3

(Recall that Mathematica uses the percent symbol, the Out (%) operator, to refer to the output from the
previous expression.) 
Perhaps you decide it would be useful to look at this as a polynomial in the variable x, with the y's and
z's placed in the coefficients of x. Then you would use the Collect function.

In[8]:= Collect@%, xD

Out[8]= x3 I1 + 3 y + 3 y2 + y3M + y3 z3 +

x2 I3 y z + 6 y2 z + 3 y3 zM + x I3 y2 z2 + 3 y3 z2M

To return to the factored form, simply ask Mathematica to Factor the previous result.
In[9]:= Factor@%D

Out[9]= Hx + x y + y zL3

We used several functions above without explanation. Rest assured that in the body of this manual we
will always provide detailed explanations of the usage and syntax of new functions. The purpose of the
last  several  paragraphs was not to introduce the commands,  but to illustrate how easy it  is  to quickly
move  between  different  representations  of  the  same  object.  Having  these  kinds  of  routine  tasks  per-
formed quickly and accurately means that you are freer to experiment and explore.
A second very important benefit is that the particular computations that you choose to have Mathemat-
ica evaluate are performed accurately. Thus, the results you get from your experiments are much more
likely to be feedback on the model you had chosen rather than nonsense arising from simple arithmetic
errors.
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A second very important benefit is that the particular computations that you choose to have Mathemat-
ica evaluate are performed accurately. Thus, the results you get from your experiments are much more
likely to be feedback on the model you had chosen rather than nonsense arising from simple arithmetic
errors.
Finally, the sheer computational power of Mathematica allows you to run much more extensive experi-
ments and many more of them. This can be important when trying to establish or identify a relationship
between a mathematical model and a collection of discrete objects.
It is worth making some comments about terminology and syntax. First, in this manual, we will use the
terms function or command to refer to Expand, Collect, Factor and the like. Mathematica func-
tions  will  always  appear  in  blue  and  will  be  underlined  to  indicate  that  it  links  to  the  Mathematica
documentation system.
Second, when you apply a function to one or more objects, the objects are referred to as arguments. To
evaluate a  function,  you type its  name followed by a pair  of  square brackets.  Inside the brackets  you
list the arguments, separated by commas.

In[10]:= Max@9, 2, 12, 14, 7, 11D

Out[10]= 14

Even  functions  that  do  not  need  any  arguments  require  the  brackets.  For  example,  the  TimeUsed
function returns the total amount of computer time that the current Mathematica session has used.

In[11]:= TimeUsed@D

Out[11]= 0.742392

The Basics
This section and the next are devoted to introducing you to the most essential Mathematica  functions
and concepts that will be used throughout this manual. Some of this material will be repeated, often in
more depth, in the first few chapters when the topics arise naturally in conjunction with the content of
the textbook. This section is focused on basic commands and the next focuses on programming.

Help
The  most  important  command  is  the  help  command.  Mathematica  includes  extensive  documentation
on  all  its  functions,  including  examples  of  how the  function  is  used.  There  are  two  primary  ways  to
access  Mathematica’s  documentation.  First,  you  can  select  Documentation  Center  from  the  Help
menu.  The documentation center  window will  open and from there  you can browse or  search for  the
function you need.
To  access  documentation  on  a  specific  function,  you  can  enter  a  question  mark  (?)  followed  by  the
name  of  the  function.  For  example,  if  you  wanted  more  information  on  the  function  for  computing
square roots, you would enter the following.

In[12]:= ?Sqrt

Sqrt@zD or z gives the square root of z.  à

A brief description is displayed. If you click on the à,  the full documentation page will open for the
function.  Also  remember  that  functions  discussed  in  this  manual  will  appear  blue  and  underlined.
Clicking on them will open the documentation page for the function, provided you are using the Mathe-
matica Notebook version of the chapter.

Chapter00.nb  9



A brief description is displayed. If you click on the à,  the full documentation page will open for the
function.  Also  remember  that  functions  discussed  in  this  manual  will  appear  blue  and  underlined.
Clicking on them will open the documentation page for the function, provided you are using the Mathe-
matica Notebook version of the chapter.

Wolfram|Alpha Integration
Another  useful  feature  of  Mathematica  is  the  integration  with  Wolfram|Alpha.  In  particular,  you  can
use the seamless integration to take advantage of the free-form linguistic input to have Wolfram|Alpha
help  you determine  the  appropriate  Mathematica  syntax.  For  example,  suppose  you want  to  compute
the  square  root  of  9,  but  do  not  know about  the  Sqrt  function.  You  invoke  the  free-form linguistic
interpretation by beginning an input with an equals sign, or selecting “Free-form input” from the new
cell  drop-down  menu  (obtained  by  clicking  on  ).  Then  you  simply  type  what  you  want,  e.g.,
“square root of 9”. So you would type the below.

= square root of 9

When  you  evaluate  such  a  cell,  Mathematica  connects  to  Wolfram|Alpha  to  interpret  your  input  and
displays  the  proper  Mathematica  function.  Mathematica  then  evaluates  that  expression  to  obtain  the
result.

‹In[13]:= square root of 9

Sqrt@9D

Out[13]= 3

This is a useful way to determine the right function to use. Then you can explore the documentation to
learn more about the function and its arguments in order to get precisely what you want.
Also note that beginning an input cell will two equals signs will produce results just as if you entered
the query on the Wolfram|Alpha website.

Arithmetic
Mathematica uses the typical notation for arithmetic. For addition and subtraction, Mathematica uses +
and - just as you would expect. The - symbol is used for negation as well. Multiplication and division
are performed with * and /, and ^ is used for exponentiation.
Mathematica  also obeys the usual order of precedence for arithmetic operators, and parentheses serve
as  grouping  symbols.  However,  brackets,  braces,  and  angle  brackets  all  have  different  meanings  in
Mathematica  and  cannot  be  used  as  grouping  symbols  in  arithmetic  expressions.  So  to  compute  the
expression 7+ 2 ÿ B5- J

2
3
pN
2
F, you would enter the following, using Pi for p and parentheses in place

of the brackets.
In[14]:= 7 + 2*H5 - H2ê3*PiL^2L

Out[14]= 7 + 2 5 -
4 p2

9

Note  that  the  multiplication  symbol  following  the  2  is  optional.  Also,  Mathematica  performs  some
algebraic  simplifications  automatically.  If  you  desire  additional  simplification,  you  can  use  the  Sim-
plify function.
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Note  that  the  multiplication  symbol  following  the  2  is  optional.  Also,  Mathematica  performs  some
algebraic  simplifications  automatically.  If  you  desire  additional  simplification,  you  can  use  the  Sim-
plify function.

In[15]:= Simplify@%D

Out[15]= 17 -
8 p2

9

If  you  prefer  a  floating-point  approximation  of  the  result,  you  can  use  the  N  function.  This  function
takes one required argument, an expression, and evaluates it with floating-point arithmetic.

In[16]:= N@%D

Out[16]= 8.22702

Note that N can accept an optional second argument, a positive integer specifying the number of digits
of precision.

In[17]:= N@Pi, 10D

Out[17]= 3.141592654

Mathematica  works  with  exact  values  such  as  integers  and  the  symbol  Pi  differently  from  floating-
point values. By including any decimal in an expression, Mathematica  will treat the entire expression
as a floating-point computation. Compare the following two expressions.

In[18]:= 2ê3 + 3ê2

Out[18]=
13

6

In[19]:= 2ê3 + 3.0ê2

Out[19]= 2.16667

The  presence  of  3.0  caused  Mathematica  to  evaluate  with  floating-point  computations  rather  than
rational arithmetic. Note that the trailing 0 is not necessary: entering 3. is sufficient to tell Mathematica
that you want the number evaluated using floating-point arithmetic.

In[20]:= 3.ê5

Out[20]= 0.6

This  discussion  illustrates  the  concept  of  a  type.  A computer  can  be  much more  efficient  if  it  knows
what  kinds  of  things  it  will  be  working with.  If  the  computer  knows that  one object  is  going to  be  a
floating-point number while another is going to be a string, it will allocate memory differently for the
two objects, for instance.
Types  also  allow  programming  languages  to  make  use  of  operator  overloading.  This  means  that  the
symbol + means one thing when applied to two integers, something else when applied to floating-point
numbers,  and  something  completely  different  when  applied  to  matrices.  The  concept  of  type  is  what
makes it possible for Mathematica to figure out which version of + is called for at the time. 
In Mathematica, types are implemented using heads. In Mathematica, every expression is of the form
h[…], just like a function, at least in the internal representation. The symbol h is called the head of the
expression. You can use the function Head to determine the head of any expression.
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In[21]:= Head@3D

Out[21]= Integer

In[22]:= Head@3.D

Out[22]= Real

To reveal the internal representation of an expression, you use the FullForm function. Below, we see
that  even  an  expression  as  simple  as  x+ 3  is  viewed  by  Mathematica  as  a  function  applied  to
arguments.

In[23]:= FullForm@x + 3D
Out[23]//FullForm=

Plus@3, xD

In the chapters that follow, understanding the internal representation of expressions will be very useful
to us.
The functions just discussed, N, Head, and FullForm, are similar in that they each require only one
argument. It is common in Mathematica to apply functions such as these, particularly those have primar-
ily  an  effect  on  the  form of  output,  using  the  Postfix  (//)  operator,  which  allows  you  to  apply  a
function  by  ending  an  expression  with  the  symbol  //  followed  by  the  name of  the  function.  This  is
illustrated below.

In[24]:= 2ê7 êê N

Out[24]= 0.285714

In[25]:= 81, 2, 3< êê Head

Out[25]= List

In[26]:= 3 x êê FullForm
Out[26]//FullForm=

Times@3, xD

Symbols, Assignment, and Equality
In mathematics, we talk about variables as letters that stand in for something else. In Mathematica, this
role  is  filled  by  symbols.  The  simplest  definition  of  a  symbol  in  Mathematica  is  that  a  symbol  must
begin with a letter  and may be followed by letters or digits.  The following are all  valid Mathematica
symbols: n, x, Pi, a15.
Symbols can be used as a variable in an algebraic expression as in the following.

In[27]:= 3 x^2 + 5 x - 7

Out[27]= -7 + 5 x + 3 x2

Symbols can also be used to store particular values using the assignment operator, which is called Set
(=).  To assign a  value to  a  symbol,  you begin with  the  symbol,  followed by the  assignment  operator
(the equals sign) and then the expression that you want stored in the symbol. For example, to assign the
value 12 to the symbol y, you type the statement below.
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In[28]:= y = 12

Out[28]= 12

When a value or other expression has been assigned to a symbol, then any time that symbol appears in
an expression, it is resolved to the value stored in it.

In[29]:= y + 5 x

Out[29]= 12 + 5 x

When  Mathematica  encounters  an  assignment  statement,  it  first  evaluates  the  right  hand  side  of  the
expression and then makes the assignment. You can use this fact to modify values as follows.

In[30]:= y = 2 y + 1

Out[30]= 25

In the statement above, the right hand side is evaluated first, meaning that the y on the right is resolved
to its “old” value of 12. Mathematica then computes 2 ÿ 12+ 1 and assigns the value 25 to the symbol
y, overwriting the value stored earlier.
You can remove the value assigned to a symbol by using the Clear function applied to the symbol or
with the Unset (=.) operator. Both of these are illustrated below.

In[31]:= Clear@yD

In[32]:= y =.

Practically any expression can be assigned to a symbol, not just numbers. For example, we can assign
the algebraic expression 2 y+ 5 x to the symbol f.

In[33]:= f = 2 y + 5 x

Out[33]= 5 x + 2 y

Then every time f appears, it is resolved to this expression.
In[34]:= Sqrt@fD

Out[34]= 5 x + 2 y

Even an equation can be assigned to a symbol.
In[35]:= eqn = F ã H9ê5L*C + 32

Out[35]= F ã 32 +
9 C

5

Observe in the last example the use of the equal sign as the Set (=) operator defining the symbol eqn.
To express mathematical equality, you must use the Equal (==) relation, which consists of two equal
signs.  The  previous  statement  assigns  the  symbol  eqn  to  the  mathematical  equation  F = 9

5
C+ 32.

Since Mathematica understands this to be an equation, we can, for instance, solve it. Given an equation
and a symbol appearing in the equation, the Solve function solves the equation for the given symbol.
So we can solve for C as follows.
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In[36]:= Solve@eqn, CD

Out[36]= ::C Ø
5

9
H-32 + FL>>

We will  have more to say about  the format of  the output  in later  chapters.  Here,  it  suffices to under-
stand that Mathematica has solved the equation eqn and determined that C is 5

9
H-32+FL.

Numbers and Strings
We have already seen that Mathematica distinguishes between integers and real numbers. It also recog-
nizes rational and complex numbers, with the symbol I used to indicate the imaginary unit.

In[37]:= Head@2ê3D

Out[37]= Rational

In[38]:= Head@3 + 4 ID

Out[38]= Complex

Strings are another basic kind of object in Mathematica. You form a string by enclosing any sequence
of characters within a pair of double quotes. For example, Einstein wrote,

In[39]:= quotation = "Pure mathematics is,
in its way, the poetry of logical ideas."

Out[39]= Pure mathematics is, in its way, the poetry of logical ideas.

In[40]:= Head@quotationD

Out[40]= String

String may be combined with the concatenation function StringJoin (<>) or its operator, as demon-
strated below.

In[41]:= quotation <> " - Einstein"

Out[41]= Pure mathematics is, in its way,
the poetry of logical ideas. - Einstein

In[42]:= StringJoin@"abc", "def"D

Out[42]= abcdef

Lists
In Mathematica,  a list is an ordered sequence of expressions. Note that the elements or members of a
list can be any expression whatsoever, from numbers to graphics objects. You create a list by entering
the members separated by commas and enclosed in a pair of braces. For example, the following is the
list of integers from 6 to 12.

In[43]:= L = 86, 7, 8, 9, 10, 11, 12<

Out[43]= 86, 7, 8, 9, 10, 11, 12<
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The head of a list is List.
In[44]:= Head@LD

Out[44]= List

The Part function
Given a list, you access individual elements, and sublists, with the Part  ([[…]]) function, typically
using  the  double-bracket  operator.  Elements  of  a  list  are  indexed  beginning  with  1,  that  is,  the  first
element is in location 1, the second in position 2, etc. So to access the third element of the list L, you
enter the following.

In[45]:= L@@3DD

Out[45]= 8

Negative integers can be used with Part ([[…]]) in order to refer to elements of a list counting from
the end. That is, -1 refers to the last element of the list, -2 the next to last, etc.

In[46]:= L@@-2DD

Out[46]= 11

Mathematica  also  provides  two  functions,  First  and  Last,  that  can  be  used  to  access  those  ele-
ments.  These  have  the  same  effect  as  calling  Part  ([[…]])  with  index  1  or  -1,  but  are  more
descriptive.

In[47]:= First@LD

Out[47]= 6

In[48]:= Last@LD

Out[48]= 12

Lists can be nested, as in the example below.
In[49]:= nestedL = 881, 2, 3<, 84, 5, 6<, 87, 8, 9<<

Out[49]= 881, 2, 3<, 84, 5, 6<, 87, 8, 9<<

Using Part ([[…]]) with a single index will refer to the corresponding sublist.
In[50]:= nestedL@@2DD

Out[50]= 84, 5, 6<

To  obtain  individual  elements  in  the  sublist,  you  can  either  apply  Part  ([[…]])  a  second  time  or
follow the index of the sublist with a comma and an index into the sublist. Both of the following access
the first element of the second sublist.

In[51]:= nestedL@@2DD@@1DD

Out[51]= 4

In[52]:= nestedL@@2, 1DD

Out[52]= 4

Part ([[…]]) is also used to obtain sublists. To do this, you provide a list (enclosed in braces) of the
desired indices to Part ([[…]]). Note that the order of the indices determines the order of the output.
For example, to obtain the sublist of L consisting of the third, seventh, and fifth elements, you enter the
following.
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Part ([[…]]) is also used to obtain sublists. To do this, you provide a list (enclosed in braces) of the
desired indices to Part ([[…]]). Note that the order of the indices determines the order of the output.
For example, to obtain the sublist of L consisting of the third, seventh, and fifth elements, you enter the
following.

In[53]:= L@@83, 7, 5<DD

Out[53]= 88, 12, 10<

You can use the Span  (;;) operator in conjunction with Part  ([[…]]) in order to obtain a sublist.
Within Part ([[…]]), a ;; b  refers to the sublist of elements from index a to index b. The follow-
ing produces the sublist of L from index 2 through 5.

In[54]:= L@@2 ;; 5DD

Out[54]= 87, 8, 9, 10<

You can use 1 and -1 within a Span (;;) to refer to the beginning and end of the original list. You can
also  simply  omit  a  or  b  and  Mathematica  will  interpret  that  Span  (;;)  as  beginning  at  the  start  or
stopping at the end of the list, respectively.

In[55]:= L@@ ;; 3DD

Out[55]= 86, 7, 8<

In[56]:= L@@5 ;;DD

Out[56]= 810, 11, 12<

We mentioned above that every expression in Mathematica is, internally, represented as a head applied
to a number of arguments. Lists are no different, as FullForm reveals.

In[57]:= FullForm@LD
Out[57]//FullForm=

List@6, 7, 8, 9, 10, 11, 12D

This recognition leads us to two observations.
First, Part ([[…]]) is not a function that applies exclusively to lists. Rather, it can be used with any
expression in Mathematica, with the index referring to the positions of the elements within the brack-
ets. For example, consider the sum below.

In[58]:= sum = a + b + c + d + e

Out[58]= a + b + c + d + e

In[59]:= FullForm@sumD
Out[59]//FullForm=

Plus@a, b, c, d, eD

We can use Part ([[…]]) to access the individual elements being summed.
In[60]:= sum@@3DD

Out[60]= c

The second observation is  that  this  universality  of  Part  ([[…]])  provides  a  natural  meaning to  the
index 0. Namely, index 0 refers to the head of the expression.
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In[61]:= L@@0DD

Out[61]= List

In[62]:= sum@@0DD

Out[62]= Plus

The Range Function
Having discussed Part ([[…]]) for accessing elements of lists (and other expressions), we now turn
to two important functions for creating lists. The first of these is Range, which is used to create simple
lists comprised of sequential numbers.
Range can accept one, two, or three arguments. Given a single argument, max, Range produces the
list of positive integers beginning with 1 and up to max. For example, the following creates the list of
integers from 1 to 10.

In[63]:= Range@10D

Out[63]= 81, 2, 3, 4, 5, 6, 7, 8, 9, 10<

With two arguments, min and max, the output of Range is the numbers beginning with min and up to
max. For example, the following produces the list of integers from -3 to 7.

In[64]:= Range@-3, 7D

Out[64]= 8-3, -2, -1, 0, 1, 2, 3, 4, 5, 6, 7<

Adding a third argument, step, Range will output the list beginning at min up to a maximum of max
and increasing by step each time. For example, to produce the even integers from 10 to 20, you would
give a step of 2.

In[65]:= Range@10, 20, 2D

Out[65]= 810, 12, 14, 16, 18, 20<

Note that max is not necessarily an element of the output, it serves as an upper bound. In the following
example, the maximum will not be included in the list, given the step.

In[66]:= Range@1, 10, 4D

Out[66]= 81, 5, 9<

Also note that  the arguments  to  the Range  function are  not  required to  be integers,  as  the following
illustrate.

In[67]:= Range@3.7D

Out[67]= 81, 2, 3<

In[68]:= Range@2.3, 7.9D

Out[68]= 82.3, 3.3, 4.3, 5.3, 6.3, 7.3<

In[69]:= Range@.1, 1.5, .2D

Out[69]= 80.1, 0.3, 0.5, 0.7, 0.9, 1.1, 1.3, 1.5<
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The Table function
The Table  function is  a  more flexible  way to create  lists.  Table  requires  two arguments.  The first
argument is an expression, usually written in terms of a variable called the table variable or table index.
The  second  argument  specifies  the  values  that  the  table  variable  are  to  take.  The  result  of  Table  is
that the expression given as the first argument is evaluated for each of the specified values of the table
index, and a list is built out of those results.
To make this more precise, consider the example below, which produces the list of the squares of the
first ten positive integers.

In[70]:= Table@i^2, 8i, 10<D

Out[70]= 81, 4, 9, 16, 25, 36, 49, 64, 81, 100<

In the above, the symbol i is used as the table variable. The first argument to Table, the expression
i^2,  indicates  that  the  list  that  is  produced  will  contain  the  squares  of  the  values  of  i.  The  second
argument to Table, called the iteration specification, has a variety of forms, but is always a list. In the
above,  the  first  element  of  the  iteration  specification  identifies  i  as  the  table  variable.  The  second
element, 10, indicates that the variable i will be assigned the integers from 1 up to a maximum of 10.
Note the similarity to Range applied to a single value.
There  are  two  more  forms  of  the  iteration  specification  corresponding  to  the  other  ways  to  invoke
Range. To specify both a minimum and maximum for the table variable, you give the iteration specifi-
cation as 8var, min, max<, where var is the table variable. The following produces the squares of
the integers from 5 to 12.

In[71]:= Table@i^2, 8i, 5, 12<D

Out[71]= 825, 36, 49, 64, 81, 100, 121, 144<

A step  is  specified by the iteration specification 8var, min, max, step<.  The following outputs
the list of squares of the first 10 even integers.

In[72]:= Table@i^2, 8i, 2, 20, 2<D

Out[72]= 84, 16, 36, 64, 100, 144, 196, 256, 324, 400<

You  can  also  identify  a  specific  list  of  possible  values  by  giving  the  iteration  specification
8var, list<. For example, the following produces the list of the squares of the first 6 primes.

In[73]:= Table@i^2, 8i, 82, 3, 5, 7, 11, 13<<D

Out[73]= 84, 9, 25, 49, 121, 169<

Note that this form can be used with non-numeric iteration specifications. For example, the following
uses the StringJoin (<>) operator with Table to create a list of the five English words of the form
“p”-vowel-“t”.

In[74]:= Table@"p" <> v <> "t", 8v, 8"a", "e", "i", "o", "u"<<D

Out[74]= 8pat, pet, pit, pot, put<

The  last  possible  iteration  specification  consists  of  a  single  integer,  omitting  the  table  variable.  The
output  from Table  will  be  that  number  of  copies  of  the  first  argument.  For  example,  the  following
produces a list of 10 zeros.
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In[75]:= Table@0, 810<D

Out[75]= 80, 0, 0, 0, 0, 0, 0, 0, 0, 0<

Note  that  the  same  effect  can  be  obtained  with  ConstantArray,  where  the  second  argument  is
simply the integer number of copies.

In[76]:= ConstantArray@0, 10D

Out[76]= 80, 0, 0, 0, 0, 0, 0, 0, 0, 0<

The table below summarizes the possible forms of the iteration specification.

8count< count copies
8i, max< i ranges from 1 tomax

8i, min, max< i ranges frommin tomax
8i, min, max, step< i ranges frommin tomax by step

8i, list< i ranges over elements of list

The Map Function
The Map (/@) function is used to apply a function to a list of elements. As a function, Map (/@) takes
two arguments: the name of a function and a list. (Technically, the second argument can be any expres-
sion,  not  just  a  list,  but  we will  not  explore that  here.)  For example,  the following applies  the square
root function to a list of elements.

In[77]:= Map@Sqrt, 84, 9, 16, 25, 36<D

Out[77]= 82, 3, 4, 5, 6<

Observe that the function used in Map  (/@) is the name of a function, not an expression, and there is
no  variable  involved.  Map  (/@)  should  be  viewed  as  a  more  fundamental  version  of  Table,  and  in
fact, Table could be defined as a particular application of Map (/@).
Like  many of  the  more  fundamental  commands,  Map  (/@)  has  an  operator  form,  which is  illustrated
below.

In[78]:= Sqrt êü 84, 9, 16, 25, 36<

Out[78]= 82, 3, 4, 5, 6<

It  can  be  helpful  to  look  at  the  result  of  applying  Map  (/@)  with  an  defined  symbol  in  place  of  the
function.

In[79]:= function êü Range@5D

Out[79]= 8function@1D, function@2D,
function@3D, function@4D, function@5D<

This reveals the operation of Map (/@) very clearly. When Mathematica applies Map (/@) to a symbol
and a list, it applies the symbol to each member of the list. If the symbol is a defined function, Mathe-
matica would then evaluate the function at those values.
The Apply Function
Apply  (@@)  is  another  fundamental  function  of  which  you  should  be  aware.  Keeping  in  mind  that
every  expression  in  Mathematica  consists  of  a  head  followed  by  a  list  of  arguments  in  brackets,
Apply (@@) simply replaces the head of an expression. 
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Apply  (@@)  is  another  fundamental  function  of  which  you  should  be  aware.  Keeping  in  mind  that
every  expression  in  Mathematica  consists  of  a  head  followed  by  a  list  of  arguments  in  brackets,
Apply (@@) simply replaces the head of an expression. 
We can make this explicit by using Apply (@@) with two undefined heads. First we define an expres-
sion applyExample.

In[80]:= applyExample = head1@1, 2, 3, 4, 5D

Out[80]= head1@1, 2, 3, 4, 5D

Since  head1  is  undefined,  Mathematica  simply  echoes  the  definition.  Using  Apply  (@@),  we  can
replace the head head1 with a new head, say head2.

In[81]:= head2 üü applyExample

Out[81]= head2@1, 2, 3, 4, 5D

One important  use  of  Apply  (@@)  is  to  apply  a  function  to  a  list.  More  precisely,  given a  list  and a
function, Apply (@@) can be used to evaluate the function with the elements of the list as arguments.
For example, using Apply (@@) and the Plus function, we can sum the elements of a list.

In[82]:= Plus üü 81, 2, 3, 4, 5<

Out[82]= 15

Using symbols instead of actual numbers and FullForm  reveals that,  just as before, Apply  (@@) is
causing the head of the expression to be replaced, this time List is replaced by Plus.

In[83]:= applyExample2 = 8val1, val2, val3, val4, val5<

Out[83]= 8val1, val2, val3, val4, val5<

In[84]:= FullForm@applyExample2D
Out[84]//FullForm=

List@val1, val2, val3, val4, val5D

In[85]:= Plus üü applyExample2

Out[85]= val1 + val2 + val3 + val4 + val5

In[86]:= FullForm@%D
Out[86]//FullForm=

Plus@val1, val2, val3, val4, val5D

Printing
We end this section with a brief description of the Print function. In most cases, the only information
we need displayed is the final result of some computation. But occasionally we may want to explicitly
cause  some  information  to  be  displayed.  For  example,  in  troubleshooting  functions  you  create,  it  is
common to have information printed as the function is evaluated so as to track internal variables.
The Print  function can be applied to any number of  arguments.  The result  is  that  the values of  the
arguments  are  displayed  together  on  a  single  line  of  output.  For  example,  the  following  displays  the
value of 2+ 3, the string “hello”, and the list L from above.
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In[87]:= Print@2 + 3, "hello", LD

5hello86, 7, 8, 9, 10, 11, 12<

Observe that the arguments to Print are evaluated, but no space is added. Also note that Print does
not produce output (technically, its output is the special symbol Null.)
Similar to Print is Row, which is applied to a list and displays the elements in a row.

In[88]:= Row@82 + 3, "hello", L<D

Out[88]= 5hello86, 7, 8, 9, 10, 11, 12<

Row can take a second argument, which is used as a separator between elements of the list. For exam-
ple, to add a comma and space between the elements when displayed, enter the following.

In[89]:= Row@82 + 3, "hello", L<, ", "D

Out[89]= 5 , hello , 86, 7, 8, 9, 10, 11, 12<

Note that both Print and Row will split lines as needed to fit to the width of your window.
Finally, Column is used to print the elements of a list vertically.

In[90]:= Column@82 + 3, "hello", L<D

Out[90]=

5
hello
86, 7, 8, 9, 10, 11, 12<

Column  can  accept  a  second  argument  specifying  the  alignment  of  the  elements.  Valid  options  are
Left, Center, and Right.

In[91]:= Column@82 + 3, "hello", L<, CenterD

Out[91]=

5
hello

86, 7, 8, 9, 10, 11, 12<

And a third argument can be used to increase the vertical spacing between rows.
In[92]:= Column@82 + 3, "hello", L<, Center, 1D

Out[92]=

5

hello

86, 7, 8, 9, 10, 11, 12<

Programming Preliminaries
This section is intended for those readers who have little or no previous exposure to programming. We
will endeavor to provide you with enough information to get you started so that you can work produc-
tively  with  Mathematica.  For  further  information,  you  are  encouraged  to  consult  the  Mathematica
manuals,  which will  provide you with additional  examples of  the use of Mathematica's  programming
facilities.
All programming languages provide a few basic means for the construction of algorithms. On the most
basic level, a computer program is a sequence of instructions that the computer executes one after the
other. Programs become more sophisticated when you start changing the flow of execution. Mathemat-
ica  provides  the  same  sort  of  mechanisms  for  flow  control  as  is  found  in  traditional  programming
languages such as  C.  While  the syntax varies  from one computer  language to  the next,  there  are  two
primary kinds of control structures used: branching and iteration.
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All programming languages provide a few basic means for the construction of algorithms. On the most
basic level, a computer program is a sequence of instructions that the computer executes one after the
other. Programs become more sophisticated when you start changing the flow of execution. Mathemat-
ica  provides  the  same  sort  of  mechanisms  for  flow  control  as  is  found  in  traditional  programming
languages such as  C.  While  the syntax varies  from one computer  language to  the next,  there  are  two
primary kinds of control structures used: branching and iteration.
Mathematica,  from  a  programming  perspective,  adopts  a  functional  programming  paradigm,  which
gives it a substantially different flavor from an imperative, or procedural, paradigm. Those readers with
experience  with  imperative  languages,  and  object-oriented  languages  particularly,  will  find  that  a
functional approach requires a slight shift in the way you think about programs.

Branching
We will first discuss the concept of branching and its implementation in Mathematica. Branching is a
mechanism that allows you to choose between expressions based on conditions that can only be deter-
mined  during  a  program's  execution  or  evaluation.  This  is  also  called  a  selection  or  conditional
statement.
If

As  an  example,  suppose  that  you  want  to  display  a  message  based  on  whether  a  particular  value  is
positive. First we'll assign a value to the symbol z.

In[93]:= z = 5

Out[93]= 5

The following will output the string “That's positive” if the value stored in z is greater than zero.
In[94]:= If@z > 0,

"That's positive"
D

Out[94]= That's positive

First  note  that,  in  order  to  begin a  new line within a  single  input  cell,  you simply press  the return or
enter key on the alpha-numeric keyboard. The line breaks and extra spaces are not required, however,
and  in  fact  Mathematica  ignores  them  entirely.  But  they  often  make  functions  easier  to  read  and
understand.
Typically,  the condition in an If  depends on a value input  to a  function,  some intermediary calcula-
tion, or a value that changes during execution. In these examples, think about the symbol z as storing
some value that varies based on some other computations. For instance, z could be the value of some
function at a particular point. Then the value of z would depend on which point was chosen.
Let us now dissect the expression above. You can think of the expression as an application of a func-
tion If  to two arguments. This perhaps seems odd to think of If  as a function, especially if you are
familiar with imperative languages, and it may be more comfortable to think of the input above merely
as an expression with head If. However, If is a perfectly valid function, in that it accepts arguments
and returns output.
The first argument to If is a conditional expression, that is, an expression that Mathematica can evalu-
ate to True or False. Conditional expressions may include expressions that include relational opera-
tors (e.g., <, <=, ==, >, >=, !=), logical operators (&&, ||, !), or functions that return logical values
(True or False). We will see many examples of conditional expressions in Chapter 1.
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The first argument to If is a conditional expression, that is, an expression that Mathematica can evalu-
ate to True or False. Conditional expressions may include expressions that include relational opera-
tors (e.g., <, <=, ==, >, >=, !=), logical operators (&&, ||, !), or functions that return logical values
(True or False). We will see many examples of conditional expressions in Chapter 1.
The  second  argument  to  If  is  the  expression  evaluated  in  the  case  that  the  condition  evaluates  to
True. This is commonly referred to as the “then clause” in many languages. Note that you can include
more than one expression in the “then clause” by separating them with semicolons.
When  you  evaluate  the  expression  above,  Mathematica  first  evaluates  the  conditional  expression
z > 0. Since this is a true statement (because z happened to be 5), Mathematica evaluates the second
argument  of  the  If.  The  result  of  evaluating  the  “then  clause”,  that  is  the  second  argument,  is  the
output from the If expression. If the first argument had not evaluated to True, then the second argu-
ment would not have been evaluated and the output of the function would have been Null.
Below is another example, in which the conditional statement is false.

In[95]:= If@z ¥ 10,
"That has at least two digits."

D

Notice that in this case, nothing is displayed. In fact, the output is the symbol Null, which we can see
by applying FullForm to the outcome of the expression.

In[96]:= FullForm@%D
Out[96]//FullForm=

Null

The Else Clause
Often,  you  will  want  to  take  one  action  if  a  condition  is  true  and  a  different  action  if  a  condition  is
false.  The  optional  third  argument  to  If,  called  the  “else  clause”  in  many  languages,  allows  you  to
specify an expression to be evaluated if the condition is false.

In[97]:= If@z < 0,
"Negative",
"Not negative"

D

Out[97]= Not negative

In the expression above, Mathematica determines that the result of evaluating z < 0 is False. Since
there is a third argument to the If expression, Mathematica then evaluates that third expression caus-
ing it to be the output for the cell.
Note that,  in Mathematica,  some expressions are neither True  nor False.  For example, the expres-
sion in the first argument of an If could evaluate to a number, as below.

In[98]:= If@z + 2,
"true",
"false"

D

Out[98]= If@7, true, falseD

To handle cases such as this, If allows for a fourth argument to be evaluated whenever the first argu-
ment resolves to any value other than True or False.
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To handle cases such as this, If allows for a fourth argument to be evaluated whenever the first argu-
ment resolves to any value other than True or False.

In[99]:= If@z + 2,
"true",
"false",
"neither"

D

Out[99]= neither

This is particularly useful to ensure that the expressions you create are robust, that is, they can handle
“bad  data”.  For  example,  if  the  symbol  z  were  assigned  to  a  letter,  Mathematica  will  not  evaluate  a
comparison using Greater (>).
In[100]:= z2 = "x"

Out[100]= x

In[101]:= z2 > 0

Out[101]= x > 0

In this case, the If expression above will simply be echoed.
In[102]:= If@z2 < 0,

"Negative",
"Not negative"

D

Out[102]= If@x < 0, Negative, Not negativeD

The fourth argument can be used to call attention to the bad value.
In[103]:= If@z2 < 0,

"Negative",
"Not negative",
"Something's wrong"

D

Out[103]= Something's wrong

Which

Many programming languages provide an “else if” structure. In Mathematica, this is accomplished via
the Which function.
The Which function requires an even number of arguments in test/value pairs. Consider the following
example.
In[104]:= z3 = 1

Out[104]= 1
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In[105]:= Which@
z3 ã 0,
"z3 is 0",
z3 ã 1,
"z3 is 1",
z3 ã 2,
"z3 is 2"

D

Out[105]= z3 is 1

The  Which  expression  above  has  six  arguments,  that  is,  three  test/value  pairs.  The  first  argument,
z3 == 0, the third argument, z3 == 1, and the fifth argument, z3 == 2, are expressions that test the
value of z3 against the integers 0, 1, and 2. The value arguments, that is, the second, fourth, and sixth,
express the output should the corresponding test evaluate to True. In the above, since z3 was set to 1,
the output is the value expression following the test comparing z3 to 1.
When Mathematica encounters a Which expression, it first evaluates the first argument. If the result of
the first  argument  is  True,  then it  evaluates  the second argument  and that  result  is  the output  of  the
Which.  If  the  first  argument  does  not  evaluate  to  True,  then  Mathematica  moves  on  to  the  third
argument and evaluates it. If the third argument evaluates to True, then the fourth argument is evalu-
ated and is the output. Continuing in the same way, Mathematica evaluates each odd argument in turn
until  one  produces  True,  at  which  point  the  next  value  argument  is  evaluated  and  that  value  is  the
output  of  the  Which.  If  no  test  argument  evaluates  to  True,  then  the  output  of  the  Which  will  be
Null.
Note  that  once  a  test  expression  evaluates  to  True,  Mathematica  evaluates  the  corresponding  value
expression and then terminates evaluation of the Which.  In particular,  no further test expressions are
evaluated,  so  if  multiple  test  expressions  evaluate  to  True,  the  output  is  determined  by  the  value
expression from the first such test.
To illustrate this, we modify the Which expression above to test for less than or equal. We also use the
fact that each argument can be given as a sequence of expressions separated by semicolons in order to
embed Print statements within the arguments. This allows us to see exactly which arguments in the
Which are being evaluated.
In[106]:= Which@

Print@"testing <=0"D; z3 § 0,
"z3 is at most 0",
Print@"testing <=1"D; z3 § 1,
"z3 is at most 1",
Print@"testing <=2"D; z3 § 2,
"z3 is at most 2"

D

testing <=0

testing <=1

Out[106]= z3 is at most 1

Observe that “testing <=2” is never printed, indicating that the third test argument is never evaluated.
Once a true test is encountered, any further arguments are ignored.

Chapter00.nb  25



Observe that “testing <=2” is never printed, indicating that the third test argument is never evaluated.
Once a true test is encountered, any further arguments are ignored.
To include an “else clause” within a Which,  that is, to specify output for the case where none of the
tests  evaluate  to  True,  simply include a  final  test/value pair  with the test  expression set  to  True.  If
any of the other test expressions are satisfied, then Mathematica will never encounter the final test. But
if none of the other tests are true, then True certainly is satisfied and the final value will be evaluated.
This is illustrated below.
In[107]:= Which@

z3 ã 5,
"z3 is 5",
z3 ã 6,
"z3 is 6",
True,
"z3 is neither 5 nor 6"

D

Out[107]= z3 is neither 5 nor 6

Iteration
The  previous  subsection  showed  how  to  use  branching  in  Mathematica  to  evaluate  different  expres-
sions depending on whether or not a specified condition was met. In this subsection, we look at ways
to repeat a block of code. Iteration is the mechanism for doing a given task repeatedly and is typically
accomplished by a loop structure.
For loops
The most basic type of iteration is the For loop. The simplest kind of For loop executes a statement
for each integer in a particular range. The example below prints the squares of the integers from 3 to 5.
In[108]:= For@i = 3,

i § 5,
i++,
Print@i^2D

D

9

16

25

A  For  expression  in  Mathematica  has  four  arguments  with  the  following  structure:
For@ init, test, incr, bodyD.  The first argument, init,  is the initialization statement. This is
typically, like i = 3, an assignment of a symbol, called the loop variable, to an initial value. Note that
the loop variable in a For  loop is not automatically local to the loop, so if i  had meaning before the
loop above was evaluated, that value is now changed. Later in this chapter we will see how to define
scope for variables.
The second argument to a For loop, the test, defines the bound of the loop. This is typically a numeric
inequality. In the example, i § 5 indicates that the loop will continue until the value of the loop vari-
able is greater than 5.
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The second argument to a For loop, the test, defines the bound of the loop. This is typically a numeric
inequality. In the example, i § 5 indicates that the loop will continue until the value of the loop vari-
able is greater than 5.
The third argument, incr, is the increment. This argument defines how the loop variable is to be modi-
fied each time the body of the loop completes. Be certain that your increment expression modifies the
loop variable, or the loop will never terminate. In the example, we used the Increment (++) opera-
tor,  which is  equivalent  to  i = i + 1.  The Decrement  (--)  operator,  which decreases  the  value of
the  variable  by  1,  is  also  popular  for  this  purpose,  but  any  expression  that  modifies  the  value  of  the
loop variable is  valid for the third argument,  provided that  repeated execution of incr  will  eventually
cause the test to fail.
The  final  argument  is  the  body  of  the  loop.  This  argument  contains  the  expression,  or  sequence  of
expressions separated by semicolons, that are to be executed. 
Now that we have established the meaning of each of the arguments to For, let us trace through what
Mathematica actually does when evaluating a loop like the above.
First, Mathematica evaluates the initialization expression. In our example, this sets the loop variable i
to 3. 
Second,  Mathematica  immediately  evaluates  the  test.  If  test  evaluates  to  False,  then  the  loop  is
terminated. Observe that this makes possible For loops that never execute their body, if the initializa-
tion assignment causes the test to immediately fail. This is a sometimes useful technique.
Third, assuming the initial value passes the test, the body is evaluated next.
Each  time  the  body  has  been  evaluated,  evaluation  then  moves  to  the  third  argument,  the  increment.
Again, the increment argument needs to modify the loop variable in such a way as to eventually force
the test to fail. Otherwise, you will create an infinite loop, which can cause Mathematica to crash and
you to lose your work. Always be careful with loops, and it is recommended that you save your work
before evaluating them.
After each increment, test is evaluated. If the test is True, then flow returns to the body, otherwise the
loop is terminated.
Note  that  the  output  of  a  For  loop  is  Null.  They  are  typically  used  not  to  produce  output  of  their
own, but to repeatedly perform some action that affects values or structures stored in symbols.
While loops
A While loop is a more general type of loop structure. A While expression in Mathematica involves
only two arguments:  a  test  and a  body.  In  a  While  loop,  the  test  and body are  evaluated alternately
until the test fails to produce True.
Consider the following example.
In[109]:= i = 2;

While@i < 10^7,
Print@iD;
i = i^2 + 2

D
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2

6

38

1446

2 090 918

Let's look at that example carefully. First, we assigned the value 2 to the symbol i.  This is similar to
the  initialization  in  a  For  loop,  but  must  take  place  outside  the  structure  of  the  While  expression.
This should be viewed as adding flexibility, since in many cases the initialization process itself can be
quite involved. The first argument is the conditional statement that controls the loop. This can be any
condition  you  want.  The  condition  is  followed  by  the  body  of  the  loop.  The  statement  sequence  is
executed repeatedly until the condition is false.
In our example, there are two expressions in the body argument. First, the current value of i is printed.
Then the value of i is changed to the result of squaring it and adding 2. This continues as long as the
value of i is less than 107.
It is very important in a While loop to be sure that the body of the loop will eventually have the effect
of making the controlling condition false. Think about what would happen if the second expression in
the body of the previous loop had been i = i - 2.  In that  case,  i  would have started out equal to 2.
Then it would become 0, then -2, then -4, then -6, etc, and it would never exceed 107, so it would never
cease  –  an  infinite  loop.  It  requires  great  care  to  avoid  creating  infinite  loops  in  While  loops,  even
more so than with For loops.
Do loops
A third kind of loop in Mathematica is the Do loop. While the Do loop is less flexible than While, its
syntax and unique semantics make it very useful.
A Do expression requires two arguments, but unlike both While and For, the body of the loop is the
first argument. The second argument defines a loop variable and specifies its iteration using the same
syntax  as  the  Table  function.  In  fact,  Do  and  Table  operate  in  very  similar  ways,  the  difference
being in the output.  Where Table  builds a list  from the results of evaluating its body, Do  should be
thought of as merely executing the commands in its body and outputs Null, just as For and While.
For reference, we repeat the table of allowed iteration specifications from above.

8count< count copies
8i, max< i ranges from 1 tomax

8i, min, max< i ranges frommin tomax
8i, min, max, step< i ranges frommin tomax by step

8i, list< i ranges over elements of list

Below, we use a Do loop to print the squares of a list of integers.
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In[111]:= Do@
Print@"The square of ", i, " is ", i^2D,
8i, 82, 5, 6, 11, 8<<

D

The square of 2 is 4

The square of 5 is 25

The square of 6 is 36

The square of 11 is 121

The square of 8 is 64

Premature Loop Exit
Sometimes it is necessary to terminate a loop prematurely. This may be in order to prevent an error or
because the logic of a particular problem dictates that it must. In imperative and procedural languages,
it is common to use “break” to terminate a loop or “return” statements to terminate a loop with a particu-
lar value. Mathematica includes both of these. 
Break  will immediate exit the enclosing Do,  For,  or While  loop. Note that Break  must be called
with brackets but no argument.
Similarly, Return will also terminate a loop in which it is contained. Return can also be called with
no argument, but it can also be given an argument, in which case that argument will be the output from
the loop it is terminating. Return can also be used within a function definition or module (described
below) to prematurely terminate evaluation of those structures.
In this manual, however, we avoid the use of both Break and Return. Part of the reason for this is
practical. In particular, Return behaves somewhat differently in Mathematica than in many program-
ming languages, specifically with regard to its scope. While its behavior in Mathematica is completely
predictable,  it  can be confusing if  you are used to procedural  languages.  The other part  of  the reason
for  avoiding  Break  and  Return  is  stylistic.  Mathematica  follows  a  functional  paradigm,  whereas
Break and Return are more properly part of imperative languages.
Instead, we will use the Catch  and Throw  mechanism. In some languages, “catch” and “throw” are
used for error handling. In Mathematica, they are used for more general flow control and short-circuit-
ing of loops. They have a more functional style than Break and Return and, unlike Return, their
scope is explicit.
The basic idea of Catch  and Throw  is that you surround an expression, such as a loop construct or
sequence  of  expressions,  within  Catch.  The  first  time  Throw  is  encountered,  evaluation  within  the
Catch is terminated and the output of the Catch block is set to be the argument of Throw.
Consider  the  example  below,  which  determines  the  smallest  positive  integer  n  for  which  the  total
stopping  time  of  n  is  greater  than  50.  (The  reader  is  encouraged  to  research  the  Collatz  conjecture,
which forms the basis of this example.) 
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In[112]:= n = 1;
Catch@
While@True,
n = n + 1;
m = n;
count = 0;
While@m ¹≠ 1,
If@OddQ@mD,
m = 3*m + 1,
m = mê2

D;
count = count + 1;
If@count > 50,
Throw@nD

D
D

D
D

Out[113]= 27

In  the  above,  the  outer  While  loop  is  intentionally  an  infinite  loop  — the  condition  under  which  it
continues  is  the  expression True.  The inner  While  loop executes  the  Collatz  process,  which,  given
an integer m, either multiples by 3 and adds 1 if it is odd, or divides by 2 if it is even. Once this is done,
count  is  incremented.  The inner  While  loop is  conditioned on the  relation  m ¹≠ 1,  so  the  loop will
continue  until  m  becomes  1.  When  the  inner  While  loop  terminates,  the  value  of  count  will  be  the
number of steps of the Collatz process required to take the integer n to 1. This value is called the total
stopping time of n.
The  If  expression  within  the  inner  While  watches  for  the  value  of  count  to  exceed  50.  When
count is found to be greater than 50, the Throw is encountered with argument n. This causes evalua-
tion to stop, terminating both loops, and causing the value of n to be the outcome of the Catch.

Defining Functions and Modules
In Mathematica,  functions and programs are nearly synonymous. Here we will  explain how to define
functions in Mathematica and how the module structure is used to protect symbol definitions.
A function definition consists of four elements: the symbol used to name the function, the definition of
the allowed arguments, the assignment operator, and the body of the function.
We  first  comment  on  the  assignment  operator.  Thus  far,  we  have  used  Set  (=)  to  define  values  for
symbols.  When  defining  a  function,  however,  you  should  always  use  SetDelayed  (:=).  This  pre-
vents  the  body  of  the  function  from  being  prematurely  evaluated,  which  can  result  in  a  variety  of
unexpected behavior.
Consider the simple function definition below, which creates a function that simply adds its arguments.
In[114]:= mySum@a_, b_D := a + b

To  the  left  of  the  SetDelayed  (:=)  operator  is  the  name  of  the  function  we’re  defining,  mySum,
followed by square brackets surrounding the argument specification. The arguments are given as a list
of patterns. We will return to patterns momentarily. On the right side of the assignment is the expres-
sion defining the function, written in terms of the names of the arguments.
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To  the  left  of  the  SetDelayed  (:=)  operator  is  the  name  of  the  function  we’re  defining,  mySum,
followed by square brackets surrounding the argument specification. The arguments are given as a list
of patterns. We will return to patterns momentarily. On the right side of the assignment is the expres-
sion defining the function, written in terms of the names of the arguments.
Observe the function behaves as expected.
In[115]:= mySum@1, 2D

Out[115]= 3

Now we briefly explain the patterns that define the parameters to the function. In Mathematica, when-
ever you attempt to evaluate an expression, it looks to see whether the head of the expression is known,
and,  if  so,  whether  the  arguments  match  the  pattern  of  the  definition  associated  with  the  head.  If  we
attempted to call mySum with anything other than two arguments, Mathematica would simply echo the
input, indicating that it failed to find a definition for that form of an expression.
In[116]:= mySum@1, 2, 3D

Out[116]= mySum@1, 2, 3D

At the heart of any pattern is the Blank  (_),  which is entered as an underscore. A Blank  (_) is the
generic  wild-card  in  Mathematica,  matching any single  expression.  For  example,  mySum  is  perfectly
suited to adding two polynomials, since a polynomial is an expression.
In[117]:= mySum@3 x^2 + 5 x + 7, 2 x - 3D

Out[117]= 4 + 7 x + 3 x2

By preceding  a  Blank  (_)  with  a  symbol,  such  as  x  or  L,  you  effectively  name the  expression  that
matches that particular Blank (_). In our example, the symbols a and b are identified with the argu-
ments and then used in the function definition.
You can restrict the types of expressions that are matched by a Blank (_) by following the underscore
with  the  name  of  a  head.  For  example,  to  restrict  the  function  to  apply  only  to  integers,  which  have
head Integer, you would define it as follows.
In[118]:= integerSum@a_Integer, b_IntegerD := a + b

This function works just as before on integers, but will not be applied if other kinds of expressions are
entered.
In[119]:= integerSum@1, 2D

Out[119]= 3

In[120]:= integerSum@3 x^2 + 5 x + 7, 2 x - 3D

Out[120]= integerSumA7 + 5 x + 3 x2, -3 + 2 xE

Note that symbols used to name patterns are automatically local to the function definition. That is, they
do not  retain their  value once the function is  complete.  Below we see that  a  can be assigned a value
and that value neither affects the evaluation of mySum nor is modified by it. 
In[121]:= a = 23

Out[121]= 23
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In[122]:= mySum@1, 2D

Out[122]= 3

In[123]:= a

Out[123]= 23

This is not true, however, for other variables you may introduce in the body of the function. For exam-
ple, the function below, given a positive integer, uses the StringJoin (<>) operator and a Do loop
to  form a  string consisting of  the  given number  of  “x”s.  (Note  that  there  are  certainly  better  ways  to
achieve this result, but this example illustrates the relevant concept.)
In[124]:= xstring@n_D :=

Hstring = "";
Do@string = string <> "x", 8n<D;
stringL

Note that the parentheses are necessary to prevent the first semicolon from terminating the assignment.
Also, the output of a semicolon separated sequence of expressions is the value of the final expression.
Since Do has output Null, we must issue the expression string in order to obtain the desired output.
In[125]:= xstring@5D

Out[125]= xxxxx

Unlike mySum and the parameters a and b, the value of string remains after the function has been
executed.
In[126]:= string

Out[126]= xxxxx

More concerning, if string had previously been assigned a value, it would have been replaced.
Mathematica  provides  the  Module  structure  to  encapsulate  program  definitions  and,  in  particular,
define variables to have local scope. We illustrate with a second example. 
In[127]:= ystring@n_D := Module@8string, i<,

string = "";
For@i = 1, i § n, i++,
string = string <> "y";

D;
string

D

The Module encloses the entire body of the function. It begins with a list of the variables to be used
that are local to the function. This list is followed by the semicolon separated sequence of expressions
comprising  the  function  body.  The  output  of  Module  is  the  last  expression  evaluated,  so  again  we
must end with the expression string.
Note that both of the variables used in ystring have values: string from its use in xstring and
i from the last time it was used in a loop.
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In[128]:= string

Out[128]= xxxxx

In[129]:= i

Out[129]= 4 371 938 082 726

If we call ystring on a positive integer, it produces the expected result.
In[130]:= ystring@11D

Out[130]= yyyyyyyyyyy

However, string and i are not changed.
In[131]:= string

Out[131]= xxxxx

In[132]:= i

Out[132]= 4 371 938 082 726

It is good practice to always use Module when defining any but the simplest functions.

Mathematica Versions
This  manual  was  created  using  Mathematica  9.  Most  of  the  functions  used,  however,  are  compatible
with older versions of the software.

On-Line Material
The files for this manual,  including both the pdf and Mathematica  Notebook versions of all  chapters,
are  available  at  the  website  for  the  seventh  edition  of  Discrete  Mathematics  and  Its  Applications  by
Kenneth Rosen: www.mhhe.com/rosen. This site includes many other kinds of supplementary material
for students and instructors.
In addition to the chapters of the manual, the website also includes Mathematica  packages containing
the useful functions defined in the chapters that you may use to further explore the concepts of discrete
mathematics. To use these packages you need to download them to your computer and load them into
your Mathematica session. The packages are saved as files named “Chapter##.mx”, where “##” refers
to the two-digit chapter number.
To load a package, you use the Get (<<) operator. Suppose that Chapter01.mx is located in the direc-
tory /Users/myaccount/DiscreteMath/ on your computer. Then you would execute the following expres-
sion, replacing the directory shown with the directory on your computer.

<< "êUsersêmyaccountêDiscreteMathêChapter01.mx"

Loading the package will give you access to the functions defined in that chapter, without needing to
open and evaluate the function definitions in that chapters Notebook file.

Exercises
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Exercises
1. Compute 17 ÿ I12634 - 93M.

2. Form the List of the first 100 positive integers that are 3 greater than a multiple of 7, using 
the Table function.

3. Use a For loop to Print the string “Hello World!” ten times.
4. Use a While loop to Print the string “Hello World!” ten times.
5. Use a Do loop to Print the string “Hello World!” ten times.
6. EvenQ applied to an integer returns True if the argument is even. Loop over the list you 

created in Exercise 2, and within the loop, use an If expression to Print “even” or “odd” 
for each element of the list.

7. Define a function f by the formula f HxL = x2 + 3 x- 2 and then use Map to apply that function 
to the list 8-5, -4.5, -4, …, 4, 4.5, 5<.

8. Write a function using Module that has one parameter with head List and outputs the list in 
reverse order. You should use only functions discussed in this Introduction.

34   Chapter00.nb


