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Resources 

1.  Introduction to the Theory of Computation (Third Edition). Michael Sipser. Thomson Course 

Technology, 2013. ISBN: 978-1-133-18779-0.  

2. Class notes 

Course 

Outline 

This course emphasizes theoretical models of computation and their analysis. The aim of analysis 

is to identify and prove the capabilities and limitations of particular models of computation. It is 

shown that there are problems that are unsolvable, that is, there are questions that cannot be 

answered by any model of computation. Limits on computation in the context of resource bounds 

are also investigated. Techniques (reductions) are developed to show that one model of 

computation is equivalent in power to another or that it is different in power from another. Models 

of computation that are covered include finite automata, pushdown automata, and Turing 

machines. Some complexity theory is covered as well. 

Course 

Objective 

Finite automata are useful models for many important kinds of hardware and software. Here are 

the most important kinds: Software for designing and checking the behavior of digital circuits; 

The “lexical analyzer” of a typical complier, that is, the compiler component that breaks the input 

text into logical units, such as identifiers, keywords, and punctuation; Software for scanning large 

bodies of text, such as collections of Web pages, to find occurrences of words, phrases, or other 

patterns; Software for verifying systems of all types that have a finite number of distinct states, 

such as communication protocols or protocols for secure exchange of information. 

Learning 

Outcomes 

Students will learn several formal mathematical models of computation along with their 

relationships with formal languages. In particular, they will learn regular languages and context 

free languages which are crucial to understand how compilers and programming languages are 

built. Also, students will learn that not all problems are solvable by computers, and some 

problems do not admit efficient algorithms. Throughout this course, students will strengthen their 

rigorous mathematical reasoning skills. 

At the end of this course, students will be able to do the following: 

 Students will demonstrate knowledge of basic mathematical models of computation and 

describe how they relate to formal languages. 

 Students will understand that there are limitations on what computers can do, and learn 

examples of unsolvable problems. 

 Students will learn that certain problems do not admit efficient algorithms, and identify such 

problems. 

Course Policy 

Lesson organization: General information on the subject will be provided for the students during 

lectures. 

Attendance: Participation of students at class is important. Students should inform dean’s office 

about missing lessons for particular reasons (illness, family issues and etc.). 

Lates: Students have to get to class on time. 

Exams: All the issues related to the participation and admission to the exam are regulated by the 

faculty dean. Topics of midterm and final exams are provided for the students before the exams. 

Violation of the rules of the exams: Cheating and plagiarism is equal to Zero. 

The rule for completing the course: In accordance with the University rules the overall success 
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rate to complete the course should be 60% or above. The students who failed the exam would be 

to take this subject next semester or next year. 

Rules of conduct for Students: Disruption of the lesson and not following ethical norms during the 

lesson, as well as conduction of the discussions by the students without permission and using 

mobile phones is forbidden. 

Evaluation 

Midterm Exam 30% 

Attendance 5% 

Project 10% 

Homework (3) 15% 

Activity 10% 

Final Exam 30% 

Weekly Lectures 

1 Review of Mathematical Theory 

2 Finite Automata and Regular Languages 

3 Equivalence of DFA and NFA, and regular expressions 

4 Regular languages and Non-regular languages and pumping Lemma, and closure properties 

5 Context-free grammar and Chomsky Normal Form 

6 Pushdown automata and Non-Context-free languages 

7 Computability Theory: Turing Machines and The Church-Turing Thesis 

8 Midterm Exam 

9 Decidability and Rice’s Theorem 

10 Computability Theory: Mapping Reductions, More Undecidable Languages 

11 Complexity Theory: Time Complexity, the class P and NP 

12 Complexity Theory: NP-Completeness 

13 Complexity Theory: Space Complexity 

14 Complexity Theory: The Classes L and NL and NL-completeness 

15 Advanced Topics in Complexity Theory and Review 

16 Final Exam 

 


