
CS311—Computational Structures

What’s it all about 
or

Why do I need those 
prerequisites, anyway?

Lecture 1
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The Geography Game

• How could you write a computer 
program to play the geography game?
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What’s the course about?

• “Formal” Languages, and computers 
that “recognize” languages.

• What computers can do, and what they 
can’t do

• What’s easy to compute, and what’s 
hard
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What’s the course about?

• “Formal” Languages, and computers 
that “recognize” languages.

• What computers can do, and what they 
can’t do

• What’s easy to compute, and what’s 
intractable
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• Regular languages and regular expressions, 
deterministic and nondeterministic automata, 
constructing efficient automata, topics (regular 
grammars, pumping lemma).

• Context-free languages and pushdown automata, 
topics (transforming grammars, pumping lemma).

• Turing machines, Church-Turing thesis, equivalent 
models of computation.

• Computability: undecidable problems, hierarchy of 
languages, complexity (P, NP, PSPACE, 
completeness).
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Major Topics



Course Objectives
Upon the successful completion of this course students will be able to:


1.
 Find regular grammars and context-free grammars for simple 
languages whose strings are described by given properties.


2.
Apply algorithms to: transform regular expressions to NFAs, NFAs 
to DFAs, and DFAs to minimum-state DFAs; construct regular 
expressions from NFAs or DFAs; and transform between regular 
grammars and NFAs.


3.
Apply algorithms to transform: between PDAs that accept by final 
state and those that accept by empty stack; and between context-
free grammars and PDAs that accept by empty stack.


4.
Describe LL(k) grammars; perform factorization if possible to 
reduce the size of k; and write recursive descent procedures and 
parse tables for simple LL(1) grammars.


5.
 Transform grammars by removing all left recursion and by 
removing all possible productions that have the empty string on the 
right side.

6



6.
 Apply pumping lemmas to prove that some simple languages are 
not regular or not context-free.

7.
 State the Church-Turing Thesis and solve simple problems with 
some of the following models of computation: Turing machines 
(single-tape and multi-tape); while-loop programs; partial recursive 
functions; Markov algorithms; Post algorithms; the lambda calculus; 
and Post systems.

8.
 Describe the concepts of unsolvable and partially solvable; state the 
halting problem and prove that it is unsolvable and partially 
solvable; and use diagonalization to prove that the set of total 
computable functions cannot be enumerated.

9.
 Describe the hierarchy of languages and give examples of 
languages at each level that do not belong in a lower level.

10.
 Describe the complexity classes P, NP, and PSPACE.
11.
 Use an appropriate programming language as an experimental tool 

for testing properties of computational structures.
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• Register for the course!

• Read the class web page
• http://www.cs.pdx.edu/~black/CS311

• Sign up for the email list

• Make sure that you have Blackboard 
access
• http://bb.pdx.edu/

• Do the first homework assignment.
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Things to Do



Warning!

• I expect you to read the class web page

• I expect you to read the class email list

• I expect you to read the textbook
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If you can’t or won’t or don’t have time to
read, you will have trouble with this course.



Onward!
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Regular Languages

• A language is a set of strings over an 
alphabet

• Suppose that the alphabet A = {x, y, z}
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2 Regular Languages and Finite Automata 

Chapter Guide 

Section 11.1 introduces the regular languages that we’ll be discussing in the 

chapter. We’ll see that these languages can be represented algebraically 

by “regular” expressions. We’ll also discuss some techniques to simplify 

regular expressions.  

Section 11.2 introduces finite automata as machines that recognize regular 

languages. We’ll present algorithms to transform between finite au-

tomata and regular expressions. We’ll also introduce finite automata as 

output devices, and we’ll present interpreters for finite automata.  

Section 11.3 introduces algorithms to help construct efficient finite automata. 

We’ll see how to start with a regular expression and end up with a min-

imum-state deterministic finite automaton. 

Section 11.4 introduces grammars for regular languages. We’ll see how to 

transform between regular grammars and nondeterministic finite au-

tomata. We’ll introduce some properties of regular languages given by 

the pumping lemma, set operations, and morphisms. We’ll also see some 

examples of languages that are not regular.  

11.1   Regular Languages 
Recall that a language over a finite alphabet A is a set of strings of letters 

from A. So a language over A is a subset of A*. If we are given a language L 

and a string w, can we tell whether w is in L? The answer depends on our 

ability to describe the language L. Some languages are easy to describe, and 

others are not so easy to describe. In this section we’ll introduce a class of 

languages that are easy to describe and for which algorithms can be found to 

solve the recognition problem. 

 The languages that we are talking about can be constructed from the let-

ters of an alphabet by using the language operations of union, concatenation, 

and closure. These languages are called regular languages. Let’s give a specific 

definition and then some examples. The collection of regular languages over A 

is defined inductively as follows: 

The Regular Languages 

1. !, {"}, and {a} are regular languages for all a # A. 

2. If L and M are regular languages, then the following languages are 

also regular: L $ M, ML, and L*. 

 For example, the basis case of the definition gives us the following four 
Hein, §11.1 (p 634)



Regular Expressions

• Regular expressions (so far) are just formulae 
involving the operations +, . and *.

• Next, let’s give them meaning
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  11.1   Regular Languages  3 

regular languages over the alphabet A = {a, b}: 

!,     {"},     {a},     {b}. 

Now let’s use the induction part of the definition to construct some more reg-

ular lanagues over {a, b}. Is the language {", b} regular? Sure. We can write it 

as the union of the two regular languages {"} and {b}: 

{", b} = {"} # {b}.  

Is the language {a, ab} regular? Yes, and we can write it as the product of the 

two regular languages {a} and {", b}: 

{a, ab} = {a}{", b}. 

Is the language {", b, bb, ..., bn, ...} regular? Sure. It’s just the closure of the 

regular language {b}: 

{b}* = {", b, bb, ..., bn, ...}. 

Here are two more regular languages over {a, b}, along with factorizations to 

show the reasons why: 

  {a, ab, abb, ..., abn, ... } = {a}{", b, bb, ..., bn, ... } = {a}{b}*,  

  {", a, b, aa, bb, ..., an, bn, ...} = {a}* # {b}*. 

 This little example demonstrates that there are many regular languages 

to consider. From a computational point of view, we want to find algorithms 

that can recognize whether a string belongs to a regular language. To accom-

plish this task, we’ll introduce a convenient algebraic notation for regular 

languages. 

Regular Expressions 

A regular language is often described by means of an algebraic expression 

called a regular expression. We’ll define the regular expressions and then re-

late them to regular languages. The set of regular expressions over an alphabet 

A is defined inductively as follows, where + and ! are binary operations and * 

is a unary operation: 

The Regular Expressions 

1. ", !, and a are regular expressions for all a $ A.  

4 Regular Languages and Finite Automata 

2. If R and S are regular expressions, then the following expressions are 

also regular: (R), R + S, R!S, and R*. 

 For example, here are a few of the infinitely many regular expressions 

over the alphabet A = {a, b}: 

!,   ",   a,   b,   ! + b,   b*,   a + (b!a),   (a + b)!a,   a!b*,   a* + b*. 

 To avoid using too many parentheses, we assume that the operations 

have the following hierarchy: 

    *  highest (do it first), 

     ! 

    +  lowest (do it last).  

For example, the regular expression  

a + b!a*  

can be written in fully parenthesized form as 

(a + (b!(a*))).  

We’ll often use juxtaposition instead of ! whenever no confusion arises. For ex-

ample, we can write the preceding expression as 

a + ba*. 

 At this point in the discussion a regular expression is just a string of 

symbols with no specific meaning or purpose. For each regular expression E 

we’ll associate a regular language L(E) as follows, where A is an alphabet and 

R and S are any regular expressions:  

  L(")  = ",  

  L(!)  = {!}, 

  L(a)  = {a}   for each a # A, 

  L(R + S) = L(R) $ L(S), 

  L(R ! S) = L(R)L(S) (language product), 

  L(R*)  = L(R)* (language closure). 

 From this association it is clear that each regular expression represents 


