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1.2 Fundamentals of Algorithmic Problem Solving

Let us start by reiterating an important point made in the introduction to this
chapter:

We can consider algorithms to be procedural solutions to problems.

These solutions are not answers but specific instructions for getting answers. It is
this emphasis on precisely defined constructive procedures that makes computer
science distinct from other disciplines. In particular, this distinguishes it from the-
oretical mathematics whose practitioners are typically satisfied with just proving
the existence of a solution to a problem and, possibly, investigating the solution’s
properties.
We now list and briefly discuss a sequence of steps one typically goes through
in designing and analyzing an algorithm (Figure 1.2).

Ndrsanding the Problem ..

From a practic:ﬁ;)erspective, the first thing you need to do before designing an
algorithm is to understand completely the problem given. Read the problem'’s
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description carefully and ask questions if you have any doubts about the problem,
do a few small examples by hand, think about special cases, and ask questions
again if needed.

There are a few types of problems that arise in computing applications quite
often. We review them in the next section. If the problem in question is one of
them, you might be able to use a known algorithm for solving it. Of course, it
helps to understand how such an algorithm works and to know its strengths and
weaknesses, especially if you have to choose among several available algorithms.
But often, you will not find a readily available algorithm and will have to design
your own. The sequence of steps outlined in this section should help you in this

exciting but not always easy task.
An input to an algorithm specifies an instance of the problem the algorithm

solves, It is very important to specify exactly the range of instances the algorithm
needs to handle. (As an example, recall the variations in the range of instances for
the three greatest common divisor algorithms discussed in the previous section.)
If you fail to do this, your algorithm may work correctly for a majority of inputs

but crash on some “boundary” value. Remember that a correct algorithm is not

one that works most of the time, but one that works correctly for all Tegitimate

inputs. .
Do not skimp on this first step of the algorithmic problem-solving process; if

you do, you will run the risk of unnecessary rework.

Ascertaining the Capabilities of a Computational Device

Once you completely understand a problem, you need to ascertain the capabilities
of the@omputational' device the algorithm is intended for)] The vast majority of
algorithms in use today are still destined to be programmed for a computer closely
resembling the von Neumann machine—a computer architecture outlined by the
prominent Hungarian-American mathematician John von Neumann (1903-1957)

in collal?oration with A. Burks and H. Goldstine, in 1946. The essence of this archi:
tecture is captured by the so-called random-access machine (RAM)! Its central

-assumption is that instructions are executed one after another, one operation at

—

a time, Accordingly, algorithms designed to be executed on su i
called sequential algorithms.”] | S Rechines 99
2 | The central assumption of the RAM model does not hold for some newer

“?:f‘zft:: filq(;lali?ed no. Asf you will see in Section 2.1, most computer scientists
g articulb udy algorithms in terms lqdependent of specification parameters for
anI;wer m:)r' fl‘():r;g:c}c;n" youb?re designing an algorithm as a practical tool, the
¢ : a problem you need to solve. Even low” R
today are almost unimaginably fas -+ =ven “slow™ computers of
y fast. Consequently, in many situation

: ! 8, you need

not worry about a computer being too slow for the task. There are ir);lportant
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problems, however, that are very complex by their nature, have to process huge
volumes of data, or deal with applications where time is critical. In such situations,

it is imperative to be aware of the speed and memory available on a particular
computer system. j AT R

Choosing between Exact and Approxumate
Problem Solving

The next principal decision is to choose between solving the problem exactly or
solvmg it approx1mately In the former case, an algorithm is called an exact algo-
rithm; in the latter case, an algorithm is called an approximation algonthm Why
would one ‘opt for an approximation algorithm? First, there are important prob-
lems that simply cannot be solved exactly for most of their instances; examples
include extracting square roots, solving nonlinear equations, and evaluating def-_

inite integrals. Second, available algorithms for solving a problem exactly can 1be

unacceptably slow because of the problem’s intrinsic complexity. This happens,

in particular, for many problems involving a very large number of choices; you

will see examples of such difficult problems in Chapters 3, 11, and 12. Third, an

approximation algorithm can be a part of a more sophisticated algorithm that
solves a problem exactly. :

Deciding on Approprlate Data Structures e onp

Some algorlthms do not demand any mgenulty in representmg their inputs. But
others are, in fact, predicated on ingenious data structures. In addition, some
of the algorithm design techniques we shall discuss in Chapters 6 and 7 depend
intimately on structuring or restructuring data specifying a problem’s instance.
Many years ago, an influential textbook proclaimed the fundamental importance
of both algorithms and data structures for computer programming by its very
title: Algorithms + Data Struci Structures = Programs [Wir76]. In the new world of object-
oriented programming, g, data structures remain crucially important for both design
and analysis of algorithms. We review basic data structures in Section 1.4.

gEeT
Algorlthm Design Techmques —= phlm O‘V’e Cé gﬁ ‘
Now, with all the components of the algonthmlc problem solvmg in place, , how
do you design an algorithm to solve a given problem? This is the main question

this book seeks to answer by teaching you several general design techniques.
What is an algorithm design technique?

Q\n algorithm design technique (or “strategy” or “paradigm”) is a general
approach to solving problems algorithmically that is applicable to a variety
of problems from different areas of computing.>

Check this book’s table of contents and you will see that a majority of its
chapters are devoted to individual design techniques. They distill a few key ideas
that have proven to be useful in designing algorithms. Leammg these techniques
is of utmost importance for the following reasons:

v _:*‘:_G,\ el ‘,"'
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First, they provide guidance for designing algorilthm'st li()r rjrc}:a‘/: r[::rf(())t;::c_rzlts(,) l,:l:;
oblems for which there is no known satisfactory algorithm. 1herc .
problems for which there . ‘ | Al
roverb—le: such techniques 1s a g
the language of a famous proverb—learning Al
| ¢ ing gi sh caught by somebody else. It i 1
to fish as opposed to being given a fis . ) g i
sral techniques will be necessarily app ¢

of course, that each of these general tec y et
ay . But taken together, they do constitute

to every problem you may encounter. Bul ! : .
a powgrlf:ﬂ collection of tools that you will find quite handy in your studies
and work. ; : ;
Second, algorithms are the cornerstone of computer science. ]j:vcry science is
interested in classifying its principal subject, and computer science 1§ no exc::iptnon.
Algorithm design techniques make it possible to classify algorithms according to
an underlying design idea; therefore, they can serve as a natural way to both

categorize and study algorithms.

Methods of Specifying an Algorithm

Once you have designed an algorithm, you need to spo?cify it in.some. fashion. I.n
Section 1.1, to give you an example, we described Euclid’s algorithm in words (in
a free and also a step-by-step form) and in pseudocode. These are the two options
that are most widely used nowadays for specifying algorithms. : ;

Using a natural language has an obvious appeal; however, the inherent é.lmbl-
guity of any natural language makes a succinct and clear description of algqnthms
surprisingly difficult. Nevertheless, being able to do this is an important skill that
you should strive to develop in the process of learning algorithms.

A pseudocode is a mixture of a natural language and programming language-
like constructs. A pseudocode is usually more precise than a natural language, and
its usage often yields more succinct algorithm descriptions. Surprisingly, computer
scientists have never agreed on a single form of pseudocode, leaving textbook

authors to design their own “dialects.” Fortunately, these dialects are so close to
each other that anyone familiar with a modern

programming language should be
able to understand them all. » |
This book’s dialect was selected to cause minimal difficulty for a reader. For
the sake of simplicity,

we omit declarations of variables and use indentation to
_ show the scope of such statements as for, if, and while. As you saw in the previous
section, we use an arrow < for the assignment operation and two slashes // for
comments, ' 318
In the earlier days of computing,
rithms was a Jlowchart, a method of

the dominant vehicle for specifying algo- |
connected geometric shapes containi
\

expressing an algorithm by a collection of
! ' ng descriptions of the algorithm’s steps. This
representation technique has proved to be inconvenient for all but very simple
algorithms; nowadays, it can be found only in old algorithm books.

' T,he state of the art of computing has not yet reached a point where an algo-
.mhm $ description—whether in a natural language or a pseudocode—can be fed
into an electronic com
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