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Chapter 1

INTRODUCTION

1.1 WHAT IS AN ALGORITHM?

The word algorithm comes from the name of a Persian author, Abu Ja’far
Mohammed ibn Musa al Khowarizmi (c. 825 A.D.) who wtote a textbook
on mathematics. An examination of the latest edition of Webster's dic-
tionary defines its meaning as “any special method of solving a certain
kind of problem.” But this word has taken on a special significance in
computer science, where algorithm has come to refer to a precise method
useable by a computer for the solution of a problem. This is what makes
the notion of an algorithm different from words such as process, technique
or method.

An algorithm is composed of a finite set of steps, each of which may re-
quire one or more operations. The possibility of a computer carrying out these
operations necessitates that certain constraints be placed on the type of
operations an algorithm can include. For example, each operation must
be definite, meaning that it must be perfectly clear what should be done.
Ditections such as ‘“‘compute 5/0” or “add 6 or 7 to x”" are not per-
mitted because it is not clear what the tesult is or which of the two pos-
sibilities should be done. Another important property each operation should
have is that it be effective; each step must be such that it can, at least in
principle, be done by a person using pencil and paper in a finite amount of
time. Performing arithmetic on integers is an example of an effective oper-
ation, but arithmetic with real numbers is not, since some values may be
expressible only by an infinitely long decimal expansion. Adding two such
numbers would violate the effectiveness property. An algorithm produces
one or more outputs and may have zero or more inputs which are externally
supplied.

Another important ctitetion we will assume about algorithms in this
book is that they terminate after a finite number of operations. There is
another word for an algorithm which obeys all of the above properties ex-
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Chapter 2

ELEMENTARY DATA STRU. .o RE ~

Now that we have presented the fundamental methods we need to express
and analyze algorithms you might feel all set to begin. But alas we need to
make one last diversion to which we devote this chapter, and that is a dis-
cussion of data structures. One of the basic techniques for improving algo-
rithms is to structure the data in such a way that the resulting operations
can be efficiently carried out. Though we can’t possibly survey here all of
the techniques that are known, in this chapter we have selected several
which we feel occur most frequently. Maybe you have already seen these
techniques in a course on data structures (hopefully having used Fundamen-
tals of data structures). If so, you may either skip this chapter or scan it
briefly. If you haven’t been exposed to the ideas of stack, queues, sets, trees,
graphs, heaps, or hashing then lets begin our study of algorithms right now
with some interesting problems from the field of data structures.

2.1 STACKS AND QUEUES

One of the most common forms of data organization in computer programs
is the ordered or linear list, which is often written as A = (a,, a;, ... a,).
The ais are referred to as atoms and they are chosen from some set. The
null or empty list has » = 0 elements. A stack is an ordered list in which
all insertions and deletions are made at one end, called the top. A queue
is an ordered list in which all insertions take place at one end, the rear,
while all deletions take place at the other end, the front.

Front Rear
E «Top & |
D AB C DE
C Queue
B
A
Stack

Figure 2.1 Example of a stack and a queue
48



Stacks and Queues 49

The operations of a stack imply that if the elements A,B,C,D,E are inserted
into a stack, in that order, then the first element to be removed/deleted
must be E. Equivalently we say that the last element to be inserted into
the stack will be the first to be removed. For this reason stacks are some-
times referred to as Last In First Out (LIFO) lists. The operations of a
queue require that the first element which is inserted into the queue will be
the first one to be removed. Thus queues are known as First In First Out
(FIFO) lists. See Figure 2.1 for an example of a stack and a queue each
containing the same five elements inserted in the same order. Note that the
data object queue as defined here need not necessarily correspond to the
concept of queue which is studied in queuing theory.

The simplest way to represent a stack is by using a one-dimensional
array, say STACK(1:n), where n in the maximum number of allowable en-
tries. The first or bottom element in the stack will be stored at STACK(1),
the second at STACK(2) and the ith at STACK(#). Associated with the array
will be a variable, typically called zop, which points to the top element in
the stack. To test if the stack is empty we ask “if top = 0", If not, the top-
most element is at STACK(zop). Two more substantial operations are in-
serting and deleting elements. The corresponding procedures are given as
algorithms 2.1(a) and (b).

procedure ADD(item, STACK, n, top)
//insert item into the STACK of maximum size n; top is the//
//number of elements currently in STACK//
if top = n then call STACKFULL endif
top — top + 1
STACK(top) ~— item
end ADD

(a) Insertion of an element

procedure DELETE(item, STACK,, top)
//tremove the top element of STACK and store it//
//in item unless STACK is empty//
if top < 0 then call STACKEMPTY endif
item — STACK(top)
top — top — 1
end DELETE

(b) Deletion of an element

Algorithm 2.1 Stacking operations



