
CS 4511: AUTOMATA THEORY & FORMAL LANGUAGES 

 
  
Catalog Course Description 

Fundamentals of formal languages and the mathematical theory of 
computation. Finite-state automata, nondeterminism, regular 
expressions, and Kleene’s Theorem. Context-free grammars, 
pushdown automata, correspondence theorem and the pumping 
lemma. Computability, Turing machine, and the halting problem. 

Prerequisites: CS 1521, Math 3355 

 
Course Outcomes 

1. Further develop ability to understand, apply and prove 
precise mathematical cla ims using a range of fundamental 
definitions from discrete math and formal languages. 
a. Understand and apply definitions and notation for sets, 

relations, functions. 
b. Comprehend and analyze formal languages (sets of 

strings over finite alphabets), including Kleene closure. 
c. Solidify ability to comprehend, synthesize and present 

proofs by mathematical induction. 
d. Solidify comprehension of recursive definitions of sets, 

and learn to comprehend and synthesize proofs by 
structural induction (based on such definitions). 

2. Detailed knowledge of foundational results for regular 
languages and finite automata. 
a. Understand recursive definitions of regular languages 

regular expressions, and the use of regular expressions 
to represent regular languages. 

b. Understand definitions and properties of finite 
automata, including the role of nondeterminism. 

c.  Detailed knowledge of the correspondence between 
regular languages and finite automata (Kleene's 
Theorem), including ability to carry out and reason 
about the various mathematical constructions used in 
proof of Kleene's Theorem. 

d. Knowledge of characterization of minimal finite 
automata in terms of equivalence classes of strings, and 
associated algorithm for finding minimal FAs. 

e. Pumping Lemma and other methods for proving that a 
language is not regular. 

3. Knowledge of foundational results for context-free languages 
and pushdown automata.. 
a. Ability to represent context-free languages using 

context-free grammars, and ability to prove properties 
of context-free grammars. 

b. Knowledge of pushdown automata and the 
correspondence theorem for pushdown automata and 
context-free languages. 

c. Some familiarity with role of nondeterminism in 
context-free languages. 

d. Ability to apply the Pumping Lemma for context-free 
languages to show that a language is not context-free. 

 
Coordinator/Prepared By:  H. Turner 

Course Outcomes (continued) 

4. Some exposure to Turing machines and concept of 
computability. 
a. Ability to apply basic definitions related to Turing 

machines. 

b. Familiarity with definitions of recursive and recursively 
enumerable languages. 

c. Exposure to decision problems, including unsolvable 
problems such as the halting problem. 

d. Some understanding of the role of nondeterminism in 
Turing machines. 

5. Ability to work individually on hard problems. 
 

Relationship to Program Outcomes 

CS 4511 is an elective course that may be taken upon successful 
completion of the introductory sequence and discrete math. This 
course contributes to meeting the following program outcomes: 

a. Students understand the mathematics and statistics that 
underlie scientific applications. 

 Students further develop ability to understand, apply and prove 
precise mathematical claims using a range of fundamental 
definitions from discrete math and formal languages.  They 
understand how these foundational mathematical techniques are 
used to develop the theory of computation.  They are able to 
comprehend and synthesize proofs of precise claims about 
various aspects of the theory of computation, including proofs 
by mathematical and structural induction. 

c. Students understand the fundamentals of computer 
organization and architecture, data structures and related 
algorithms, and programming languages 

 Students learn the fundamentals of formal languages, including 
regular languages, finite automata, context-free languages and 
pushdown automata.  This necessarily involves some 
consideration of the fundamental idea of an algorithm as it is 
made precise in the theory of computation.  They also learn 
many algorithms (constructions) used to establish fundamental 
results in theory of computation. 

d. Students can apply computer science principles and practices 
to a variety of problems. 

 This course increases a student's knowledge of the theory of 
computation. Students develop their abilities to determine what 
is computable, by what means, and in what amount of space 
and time.  They gain considerable experience in the precise 
statement and proof of claims about various forms of 
computation 

e. Students can work independently and also work effectively in 
teams. 

 This class strengthens a student's ability to work independently. 
All submitted work must be their own. 

 


