
  

Wrap-Up



  

Outline for Today
● Announcements

● The Big Picture
– Where have we been? Why did it all matter?
–

● Where to Go from Here
– What’s next?

● Your Questions
– What do you want to know?

●



  

Announcements

● The final exam is Saturday 8:30am-11:30am
● Same ground rules as the midterms

– 1 8.5”x11” sheet of notes
– No electronic devices
– Cumulative, all psets and lectures in scope

● Except this lecture 



  

Announcements

● There is a review session immediately 
after class 4:30-6:30

● Will work through a practice exam



  

Please evaluate this course on Axess.
Your feedback really makes a difference.



  

A Fun Historical Note
● The results you’ve seen presented in CS103 

were not discovered in the order you may have 
expected.

● For example:
– Regular languages were developed after Turing 

machines.
– Cantor had worked out different orders of infinity 

before the ∪ and ∩ symbols were invented.
● Check out the “Timeline of CS103 Results” on 

the course website for more information!



  

The Big Picture



  

Take a minute to reflect on what we have 
covered.



  

Set Theory
Power Sets

Cantor’s Theorem
Direct Proofs

Parity
Proof by Contrapositive
Proof by Contradiction
Modular Congruence
Propositional Logic
First-Order Logic
Logic Translations
Logical Negations

Propositional Completeness
Vacuous Truths
Perfect Squares

Triangular Numbers
Tournaments

Functions
Injections

Surjections
Involutions

Monotone Functions
Minkowski Sums

Bijections

Graphs
Connectivity

Independent Sets
Vertex Covers

Trees
Bipartite Graphs

The Pigeonhole Principle
Ramsey Theory

Mathematical Induction
Complete Induction

The Spanning Tree Protocol
Formal Languages

DFAs
Regular Languages
Closure Properties

NFAs
Subset Construction

Kleene Closures
Error-Correcting Codes

Regular Expressions
State Elimination

Monoids
Distinguishability

Myhill-Nerode Theorem
Nonregular Languages
Context-Free Grammars

Merkle-Damgård Construction
Fixed Point Theorems

Turing Machines
Church-Turing Thesis

TM Encodings
Universal Turing Machines

Self-Reference
Decidability

Recognizability
Self-Defeating Objects
Undecidable Problems
The Halting Problem

Verifiers
Diagonalization Language

R and RE
co-RE

Complexity Class P
Complexity Class NP

P ≟  NP Problem
NP-Completeness



  

You’ve given yourself the foundation
to tackle problems from all over

computer science.



  

Functions between sets! K 
× X is the set of all pairs 

made from K and X.

Functions between sets! K 
× X is the set of all pairs 

made from K and X.

Definitions in terms of 
efficiency!

Definitions in terms of 
efficiency!

 

From CS255
Intro to Cryptography

 

 

From CS255
Intro to Cryptography

 

Injectivity!Injectivity!



  

 

From CS124
From Languages to 

Information
 

 

From CS124
From Languages to 

Information
 

New definitions on 
graphs!

New definitions on 
graphs!What do graphs with 

these properties look 
like?

What do graphs with 
these properties look 

like?

Transform some 
object to make it 

closed under some 
operation!

Transform some 
object to make it 

closed under some 
operation!



  

 

From CS124
From Languages to 

Information
 

 

From CS124
From Languages to 

Information
 

It’s a big regex!It’s a big regex!



  

 

From 
CS237A

Principles of Robot 
Autonomy

 

 

From 
CS237A

Principles of Robot 
Autonomy

 

Describing the 
world in set 

theory!

Describing the 
world in set 

theory!

Model paths as 
functions!

Model paths as 
functions!



  

 

From CS251
Cryptocurrencies and 

Blockchain 
Technologies

 

 

From CS251
Cryptocurrencies and 

Blockchain 
Technologies

 

Whoa, it’s a 
function!

Whoa, it’s a 
function!



  

 

From CS143
Compilers

 

 

From CS143
Compilers

 

It’s a CFG!It’s a CFG!

It’s an automaton 
derived from a CFG!

It’s an automaton 
derived from a CFG!



  

 

From CS221
Artificial Intelligence

 

 

From CS221
Artificial Intelligence

 

It’s a 
DFA!

It’s a 
DFA!



  

 

From CS243
Program Analysis with 

Optimizations
 

 

From CS243
Program Analysis with 

Optimizations
 

It’s functions with 
specific 

properties!

It’s functions with 
specific 

properties!



  

 

From CS161
Design and Analysis of 

Algorithms
 

 

From CS161
Design and Analysis of 

Algorithms
 

It’s FOL and 
functions!

It’s FOL and 
functions!



  

 

From CS224W
Machine Learning with 

Graphs
 

 

From CS224W
Machine Learning with 

Graphs
 

First-order 
definitions on 

graphs!

First-order 
definitions on 

graphs!Set difference and 
cardinality!

Set difference and 
cardinality!



  

 

From CS242
Programming 

Languages
 

 

From CS242
Programming 

Languages
 

It’s a 
CFG!

It’s a 
CFG!



  

 

From CS166
Advanced Data 

Structures
 

 

From CS166
Advanced Data 

Structures
 

Definitions in 
terms of 
strings!

Definitions in 
terms of 
strings!



  

 

From CS144
Introduction to 

Computer Networking
 

 

From CS144
Introduction to 

Computer Networking
 

It’s a generalization of 
DFAs!

It’s a generalization of 
DFAs!



  

 

From CS168
The Modern 

Algorithmic Toolbox
 

 

From CS168
The Modern 

Algorithmic Toolbox
 

A Myhill-Nerode-
style argument!

A Myhill-Nerode-
style argument!



  

 

From CS154
Introduction to 
Automata and 

Complexity Theory
 

 

From CS154
Introduction to 
Automata and 

Complexity Theory
 

Using Turing machines 
to define intrinsic 

information content!

Using Turing machines 
to define intrinsic 

information content!



  

 

From CS246
Mining Massive Data 

Sets
 

 

From CS246
Mining Massive Data 

Sets
 

Functions, set 
union, and set 

cardinality!

Functions, set 
union, and set 

cardinality!



  

 

From CS250
Algebraic Error 

Correcting Codes
 

 

From CS250
Algebraic Error 

Correcting Codes
 

Alphabets!Alphabets!

Languages!Languages!



  

You have the foundation
to tackle problems from all of

computer science.



  

There’s so much more to explore.
Where should you go next?



  

Course Recommendations
● CS154: Introduction to the Theory of Computation

● The “spiritual sequel” to CS103; does a deep dive into 
automata, TMs, and computability/complexity theory.

● If you enjoyed the tail end of this course, highly recommended 
as a next step.

● CS161: Design and Analysis of Algorithms
● A natural next course in CS theory, focusing on the design of 

efficient algorithms.
● (Super helpful for job interviews!)

● CS143: Compilers
● Use your automata and CFG prowess to translate source code 

into machine code. Extremely rewarding!
● CS257: Introduction to Automated Reasoning

● See how to automate formal proofs, play around with SAT and 
propositional logic, etc.



  

Course Recommendations
Theory

● CS154 - Automata
● CS161 – Algorithms
● CS229M – ML Theory
● CS250 - Codes
● CS255 - Cryptography
● CS259Q – Quantum Com.
● CS265 – Randomized Alg.

Applications
● CS112 – Operating Systems
● CS124 – LLMs
● CS131 – Computer Vision
● CS143 - Compilers
● CS224W - ML on Graphs
● CS242 – Prog. Languages
● CS243 – Prog. Optimization
● CS246 – Mining Data Sets
● CS251 - Blockchain



  

Your Questions



  

Thanks!


