CS223—Data Structures and Algorithms

Lecture 1
Jan 15, 2009

Textbook: Algorithms in Java (4th Edition)
by Robert Sedgwick
and
Introduction to Algorithms
by Cormen, Leiserson, Rivest and Stein



0. About CS223

e Course homepage: http://www.cs.montana.edu/bhz or
http://www.cs.montana.edu/courses.php.

e We will cover elementary data structures, discrete mathematics
and algorithm design.

e Java will be the language used. In fact, for the first time, we
will be using Eclipse for labs.

e If you want to know the overall contents of the course, check
the old 223 homepage at
http://www.cs.montana.edu/courses/223. But the details of
the two courses might be slightly different.

e Evaluation: in-class tests (30%), lab assignments (30%) and
final exam (40%)

e Evaluation: in-class tests (30%), lab assignments (40%) and
final exam (30%)

e To pass the course, you must get at least 30 out of 100 in the
final exam.

e This is a course in which we start to incorporate some for-
mal /theoretical analysis into programming, so DONT SKIP
CLASSES CONSISTENTLY! If you do (like skipping 4 con-
secutive lectures), when you come back, you will probably find
that you can’t follow me anymore.



1. Overview

e Basic concepts on data structures and algorithms
e Solving recurrence relations

e Elementary probability

e Balanced binary search trees

e Searching and hashing techniques

e Graph algorithms and applications

e Some more advanced topics to be determined



2. Review of algorithmic complexity

e The measure of efficiency of a program (algorithm) f(n) is
called algorithmic complexity of f(n).

e O-notation. O(g(n)) is defined as the set of all functions f(n)
such that there exist positive constants ¢, N and f(n) < c¢-g(n)
for all m > N.

e Properties of O-notations



e (-notation. Q(g(n)) is the set of all functions f(n) such that
there exist positive constants ¢, N and f(n) > ¢ - g(n) for all
n > N.

e O-notation. ©(g(n)) is the set of all functions f(n) such that
there exist positive constants ¢1, co, N and ¢; - g(n) < f(n) <
co-g(n) for allm > N,



3. Establishing Order Relationships

e Notice that the notion of order is restricted to real-valued func-
tions f(n) : N — R that are eventually positive; i.e., there

exists an integer ng such that f(n) > 0 for all n > ng. Let F
be the set of such functions.

e Given f(n),g(n) € F, we say that f(n) has smaller order

than g(n) if O(f(n)) C O(g(n)), i.e., O(f(n)) is strictly con-
tained in O(g(n)).

o Let P(n) = apnf +ap_in* 1+ ...+ an+ag be any polynomial
of degree k, then P(n) € O(nF).



o Let f(n),gn) € F. Letthehmltoffg g be L asn — oo, i.e.,
L =lim,,_, (( ; then the following results hold.

—If 0 < L < oo, then f(n) € O(g(n)).
—If L =0, then O(f(n)) C O(g(n)).
— If L = oo, then O(g(n)) C O(f(n)).

o Let f(n),g(n) € F. We define o(g(n)) as the set of all func-
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e Let f(n),g(n) € F. Wesay f(n) is strongly asympotic to g(n)

if hmnﬁm% = 1. (Certainly f(n) € ©(g(n)).)
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e [’Hopital’s Rule: Let f(x) and g(z) be functions that are differ-
entiable for sufficiently large real numbers x. If lim, . f(x) =
oo and lim,_,,g(x) = oo, then
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