Introduction to Complexity Theory

The field of complexity theory deals with how fast can one solve a certain type of
problem. Or more generally how much resource does it take: time, memory-space, number of
processors etc. The most common resource is time: number of steps. This is generally computed
in terms of n, the length of the input string. We will use an informal model of a computer and an
algorithm. All the definitions can be made precise by using a model of a computer such as a
Turing Machine

CLASSES OF PROBLEMS

We can categorize the problems into the following broad classes

1. Problems which cannot even be defined formally.

2. Problems which can be formally defined but cannot be solved by computational means.

3. problems which, though theoretically can be solved by computational means, yet are infeasible
ie., these problems require so-large amount of computational resources that practically is
not feasible to solve these problems by computational means.

These problems are called Intractable or infeasible problems

4. Problems that are called feasible or theoretically not difficult to solve by computational means.
The distinguishing feature of the problems is that for each instance of any of these
problems, there exists a Deterministic Turing Machine that solved the problem having
time-complexity as a polynomial function of the size of the problem. The class of
problem is denoted by P

5. Last class Includes large number of problems for each of which it is not known whether It is In

P or not in P.

Decision Problems
6.

Decision problems are the computational problems for which the intended ouput is either
"yes" or “no”. In other words, a decision problem is a problem with yes / no answers. Hence in a
decision problem, we can equivalently talk of the language associated with the decision problem,
namely, the set of inputs for which the answer is yes.

Typically, we assume that the input is coded in binary, so the set of all possible inputs is {0, 1 } *
and the language associated with a decision problem Q is
L(Q)={x€ {0,1} *|the answer is yes for problem Q on input x}
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