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» An intfroduction to formal languages,
computation models, and logical foundations
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Automata Theory

What is Automata Theorye

Study of abstract machines (automata) and computational
problems they can solve

Foundation of theoretical computer science and compiler design

Classifies machines by their computational power (Finite
Automata, Pushdown Automata, Turing Machines)
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Complexity Theory
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What is Complexity Theory?e

Studies the resources required to solve computational
problems (time, space)

Classifies problems into complexity classes (P, NP, NP-
complete, EXP)

Key question: P vs NP problem — are problems easy to verify
also easy to solvee
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Sets and Relations

» Sefts

» Collection of distinct objects: A = {1, 2, 3}
» Operations: union (U), intersection (N), GD @

complement (A')

Complement of A

» Relations
» Subset of Cartesian product: R € A x B
» Properties: reflexive, symmetric, transitive
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Functions and Relations

Functions

Special relation where each input maps to exactly one
OUTpUT One to One

f:A—B,vaeA, 3l beBsuchthatf(a) =b

Relations vs Functions
Relations can have multiple outputs for same input
Functions must have single, unique output

MR 5 JI sl
allall; Jadd asl g 2 jaa Jad yn JAae JS s Aald d83e
Gl Janall il cila jaa sae L 6K of Sy CilEdlall



Predicates
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What are Predicates?

Statements whose truth depends on variables
P(x): "x > &" — true or false depending on x
Bassis of first-order logic and quantifiers (v, 3)
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Concatenation

String Concatenation

Operation joining two strings end-to-end
"ab" + "cd" = "abcd"

ldentity element: empty string €
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Language Concatenation
Lil, ={Xy | X€ Ly, Yy € L}
» If L, ={a, ab}, L, = {b, bb}, then L;L, = {ab, abb, abb, abbb}
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Kleene Star
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Kleene Star Operation (x)

L+ ={eUuLULLULLLU ... (all concatenations of zero
or more strings from L)

Example: {a}* = {¢, a, aqa, aaaq, ...}

Kleene Plus (+): L* = LLx (one or more
concatenations)

Example: {a}+: Generates {a, aq, aaaq, ...}.
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Regular Expressions
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What are Regular Expressionse
Notation for describing regular languages

Built from: symbols (a, b), union (+ or | ), concatenation,
Kleene star (x)

Example: (a+b)*xabb describes all strings ending with
"abb"
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Graphs
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Graph Theory Basics

G = (V, E) where V = vertices, E = edges

Types: directed/undirected, weighted/unweighted
Applications: networks, social graphs, routing

Graph Terminology
Path: sequence of connected vertices
Cycle: path that starts and ends at same vertex

Tree: acyclic connected graph
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Boolean Logic
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Boolean Algebra

Values: TRUE (1), FALSE (0)

Basic operations: AND (A), OR (v), NOT ()
Laws: De Morgan's, distributive, identity

Logic Gates & Circuits
Building blocks of digital circuits
AND gate, OR gate, NOT gate, XOR gate

Foundation of computer hardware
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Connections Between Topics
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How These Concepts Relate

Automata recognize languages described by Regular Expressions
Boolean logic implements computation in automata

Graphs model state transitions in automata

Complexity theory classifies automata capabilities

Sets/relations are the mathematical foundation
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Applications

Real-World Applications

Regular Expressions: Text search, validation, NLP
Automata: Compiler design, protocol verification
Boolean Logic: Circuit design, database queries
Graphs: Social networks, GPS navigation, web crawling
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Complexity: Algorithm design, cryptography
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