
Discrete Mathematics
(for Computer Science)

Zhaoguo Wang, Zeyu Mi

IPADS



Why Choose CDM?
What makes you distinguished?

Understand the “laws of physics” in computer science

Answer the fundamental questions behind computation

Tools change. 
Fundamental principles last.
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Questions To Be Answered In CDM

What problems can computers solve?

How can we know that a program is correct?
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Coding Agents and Human Programmers

Can Coding Agents Replace Programmers?

CODING AGENT

Reads the repository
Writes and edits code

Runs tests
Opens a pull request

+
HUMAN PROGRAMMER

Defines the goal
Supplies context and constraints

Reviews evidence
Accepts responsibility

The question is changing from replacement to division of responsibility.
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Roadmap of Coding  Agent

2021.12

WebGPT

OpenAI

Search and cite

2024.10

Computer 
Use

Anthropic

Operate interfaces

2025.02–05

Claude 
Code
and Codex
Anthropic / 
OpenAI

Code, test, and review

2026.02

Agent 
Teams

16 parallel 
agents

Project-scale autonomy

Agents progressed from retrieving information to changing entire software 
projects.
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Why Did Coding Agents Improve So Quickly?

01

Training on 
code

Models learn from 
code, documentation, 
issues, reviews, and 
test logs.

02

Larger context

Agents can read more 
of a repository and 
keep relevant files in 
view.

03

Context 
engineering

Goals, constraints, 
errors, and test results 
remain available during 
the task.

04

Tools and 
skills

Agents run commands 
and reuse documented 
workflows instead of 
only producing text.

Programming provides immediate feedback: build, run, test, revise.



A C Compiler Built by an Agent Team

16
parallel agents

2 weeks nearly 
$20,000

~100K
lines of code

The compiler can build Linux 6.9 on x86, ARM, and RISC-V.

It passes about 99% of most compiler test suites.

This is an impressive engineering result.
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It Passes the Tests. Is It Correct?

WHAT THE TESTS SHOW

Linux can be built
Most test suites pass

Many real programs compile

WHAT USERS STILL FIND

Unsupported language features
Incorrect edge-case behavior

New bug reports and fixes

Testing can reveal bugs. Passing tests does not prove their absence.
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It Passes the Tests. Is It Correct?

8

9

Many bug Issues and PRs in CCC repoCCC cannot compile Hello World

https://www.reddit.com/r/programming/comments/1qwzyu4/anthropic_built_a_c_compiler_using_a_team_of/
https://github.com/anthropics/claudes-c-compiler/issues/1

Claude C Compiler passes many test suites and even compile Linux correctly

However, there are still many bugs

https://www.reddit.com/r/programming/comments/1qwzyu4/anthropic_built_a_c_compiler_using_a_team_of/
https://github.com/anthropics/claudes-c-compiler/issues/1
https://github.com/anthropics/claudes-c-compiler/issues/1
https://github.com/anthropics/claudes-c-compiler/issues/1
https://github.com/anthropics/claudes-c-compiler/issues/1
https://github.com/anthropics/claudes-c-compiler/issues/1


Coding Agents Change What Programmers Do

Write

Produce most code
by hand

Delegate

Describe tasks and
supervise agents

Specify and verify

State what must hold
and check the evidence

> >

Producing code becomes easier. 
Specifying and checking it becomes more important.
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The Correctness Problem Predates AI

1949 Alan Turing “Checking a Large Routine"

int factorial(int n) {
int u = 1;
for (int r = 0; r < n; r++) {
int v = u;
for (int s = 1; s <= r; s++)
u = u + v;

}
return u;

}

Turing’s idea

Write assertions at key program 
points.

Check each local step.

Use the assertions to establish the 
final result.

What must be true here?

1
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A Familiar Challenge Returns in the AI Era

THE SOFTWARE CRISIS

1960s

Hardware advanced rapidly.
Software grew larger.

Manual debugging did not scale.

THE AGENT ERA

2020s

Agents generate code rapidly.
Software changes faster.

Manual review does not scale.

When code generation scales, correctness checking must scale too.

1
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Questions To Be Answered In CDM

What problems can computers  solve?

How can we know that a program is correct?

3

How to ensure the program generated by coding agent is correct?



Why Choose CDM? 

What makes you distinguished? V.S.

I can write programs.

I can use coding agents to build programs faster.

I can specify what programs should do and verify whether 
they do it.
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这将不是一门普通的
离散数学



Be Practical than Attractive

bool is_power2(unsigned int v)
{

unsigned int i;
for(i = 0; i <= 31; ++i) 
{

if(v == (1 << i))
return true;

}
return false;

}

Is it solvable?

How to prove its correctness?



1983 2015

• 图论
• 数理逻辑
• 集合论
• 组合数学
• ……

Discrete Mathematics  
for Computer Science

• Automata
• Turing machine
• Computation theory

How to module a program How to prove a program

• Satisfiability problem 
• Satisfiability modulo theory

离散数学 =

What we teach:



Three Parts of CDM
Part I. Logic Reasoning. ( ~10 Weeks)

How to prove the correctness?

Part II. Computability. (~ 5 Weeks)
Is the problem computable (solvable)?

Part III. Applications. (~ 1 Weeks)
Solve the problem in real systems.
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To Be Distinguished, You Need To
Take

✓ Lectures 
✓ Recitation (Optional)

Do
✓ 3 Labs
✓ Homework

Pass
✓ Quiz
✓ Final exam

Grading Breakdown
• 30% ：Lab + Lecture + Homework
• 20%：Quiz 
• 50% ：Final



Carnegie Mellon

Policies
You must work alone on all assignments

You may post questions on Canvas.
You are encouraged to answer others’ questions, but refrain from explicitly 

giving away solutions. 

Labs & Exercises
Preview assignments due at course starting time (10:00am on Mon. & 14:00am 

on Thu.) on the due date
Review assignments due at 11:59pm on the due date
Everybody has 5 grace days

Must make the claim before the due
Zero score after the due

https://oc.sjtu.edu.cn/courses/81416


Carnegie Mellon

Integrity and Collaboration Policy
We will enforce the policy strictly.
1. The work that you turn in must be yours
2. You must acknowledge your influences
3. You must not look at, or use, solutions from prior years or the Web, or seek 

assistance from the Internet
4. You must take reasonable steps to protect your work

You must not publish your solutions
5. If there are inexplicable discrepancies between exam and lab performance, 

we will over-weight the exam and interview you.



Faculty Information

Lecturer
Zhaoguo Wang (王肇国)
zhaoguowang@sjtu.edu.cn

Lecturer
Zeyu Mi (糜泽羽)
yzmizeyu@sjtu.edu.cn

TA
Yuexuan Zhang(张岳轩) 
zyx2024@sjtu.edu.cn

TA
Wei Huang (黄炜) 
boogiepop1230@sjtu.edu.cn

mailto:zhaoguowang@sjtu.edu.cn
mailto:yzmizeyu@sjtu.edu.cn
mailto:weijinglin@sjtu.edu.cn


Three Parts of CDM

How to prove the correctness?

Part II. Computability. (~ 5 Weeks)
Is the problem computable (solvable)?

Part III. Applications. (~ 1 Weeks)
Solve the problem in real systems.

Part I. Logic Reasoning. ( ~10 Weeks)



Class Info
Website: 
http://ipads.se.sjtu.edu.cn/courses/cdm

Canvas:
https://oc.sjtu.edu.cn/courses/93251

http://ipads.se.sjtu.edu.cn/courses/cdm
https://oc.sjtu.edu.cn/courses/93251
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What is Discrete Mathematics?



Definition by LLM



30

Continuous and Discrete Models

CONTINUOUS DISCRETE

Time

Distance

Temperature

Differential equations

Bits

Program states

Graph nodes

Execution steps

Distinct objects       Explicit relationships       Step-by-step processes

Computers represent and manipulate discrete states.



Example I – Number Theory   

1. Finite or countably infinite sets.

Definition: Number theory is a branch of pure mathematics devoted 
primarily to the study of the integers and arithmetic functions.

1, 2, 3, 4, 5, …

2. Structures that emphasize relationships and connectivity 
     between distinct elements.

2 > 1, 4 > 5

3. Processes that involve finite-state changes and step-by-step
    procedures (algorithms). 1 + 1 = 2

2 + 1 = 3
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0, 1, 2, 3, ...

MATHEMATICAL INTEGERS 32-BIT UNSIGNED INTEGERS

..., −2, −1, 0, 1, 2, ...

Unbounded
Exact mathematical objects

0, 1, ..., 2³² − 1

Finite
Arithmetic may overflow

A program may behave differently from its mathematical model.

Example I – Number Theory   



Example II – Set Theory   

1. Finite or countably infinite sets.

Definition: Its core subject of study is sets — that is, the totality of 
objects with specific properties or satisfying certain conditions.

{2}, {2, 4}, {2，4, 6, 8}, …

2. Structures that emphasize relationships and connectivity 
     between distinct elements.

{2} ⊆ {2,4} 

3. Processes that involve finite-state changes and step-by-step
    procedures (algorithms).

{2} ∪ {4} = {2,4}
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A set is a collection of distinct objects treated as one mathematical object.

A = {2, 4, 6, 8}

x ∈ A       A ⊆ B       A ∪ B

SETS IN PROGRAMS

• Files modified by an agent

• Functions reachable from main

• Inputs accepted by a program

• States that violate an assertion

A specification often defines a set of acceptable behaviors.

Example II – Set Theory   



Example III – Logic Reasoning

1. Finite or countably infinite sets.

Definition: Its provides the formal system for manipulating discrete truth 
values, establishing the validity of relationships between discrete statements.

True, False, Statements …

2. Structures that emphasize relationships and connectivity 
     between distinct elements.

“Discrete Math is Math” ∧  “I Teach Discrete Math” à “I Teach Math”

3. Processes that involve finite-state changes and step-by-step
    procedures (algorithms).

“Discrete Math is Math” = True
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Example IV – Graph

GRAPH

main → parse → check
↓

report

Objects and relationships
Paths describe reachability

STATE MACHINE

Idle → Running → Completed
↓

Failed

States and transitions
Executions describe behavior

Both models describe discrete computation.



Three Parts of CDM
Part I. Logic Reasoning. 

Part II. Computability. 

Part III. Applications.



Part I: Logic Reasoning – Integrated Circuits

𝐴 ∧ 𝐵𝐴 ∨ 𝐵 ¬𝐴

Use Logic Reasoning to
• Check the logic of a designed circuit

• Verify if an optimized circuit is equivalent to the original one
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Logic and Digital Circuits

AND     A ∧ B
OR      A ∨ B
NOT     ¬A

¬(A ∨ B)

¬A ∧ ¬B

Are these two circuits equivalent?



Logic and Programs



Logic and Programs



Logic and Programs



Logic and Programs



Logic and Programs



Testing shows the presence not 
the absence of bugs.

Edsger Wybe Dijkstra

Logic and Programs



Logic and Programs



More difficult to 
ensure the correctness

Logic and Programs



Even Harder

Logic and Programs



Prompt: Code Requirement

Computer Aided Reasoning
(Automatic Verifier)

Logic and Coding Agents



39

Logic and Coding Agents

if (logged_in && has_permission) {
allow_access();

}

Condition:
logged_in ∧ has_permission

Safety property:
allow_access → has_permission

Program decisions can be represented as logical formulas.

CODING AGENT LOGIC

Generates an implementation

Suggests test cases

Proposes an explanation

States the requirement precisely

Exposes missing assumptions

Checks whether conclusions follow
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A Programming Task

Given a nonnegative integer n, compute the sum from 1 to n.

sum(0) = 0
sum(3) = 6
sum(5) = 15

What exactly should the program guarantee?
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An Agent-Generated Program

unsigned int sum(unsigned int n) {
unsigned int s = 0;
unsigned int i = 0;
while (i < n) {

i = i + 1;
s = s + i;

}
return s;

}

• The code compiles.

• The examples pass.

• The implementation looks 
reasonable.

Is that enough?
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Testing the Program

assert(sum(0) == 0);

assert(sum(1) == 1);

assert(sum(2) == 3);

assert(sum(10) == 55);

• What about n = 100?

• What about the largest unsigned integer?

• What about overflow?

Tests provide concrete evidence.
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Preconditions and Postconditions

PRECONDITION POSTCONDITION

What must hold before execution

n ≥ 0

Example: 4 ≥ 0

What must hold after execution

result = n(n + 1) / 2

Example: result = 10

{ n ≥ 0 }   sum(n)   { result = n(n + 1) / 2 }

THE SPECIFICATION For every allowed n,  result = n(n + 1) / 2.

The specification states the result without prescribing the algorithm.



Part I: Computer Aided Reasoning

Step 1. Convert it into 
mathematical formula.

bool xor(unsigned int v)
{

return v ^ v;
}

A Propositional Formula

Step 2. Ask the computer 
to solve the formula.

1.1 Propositional Logic



Part I: Computer Aided Reasoning

Step 1. Convert it into 
mathematical formula.

A Propositional Formula

Step 2. Ask the computer 
to solve the formula.

1.1 Propositional Logic

void swap(int a, int b)
{

 a ^= b; 
 b ^= a;
 a ^= b;

}

It is complicated for both 
human being and 

computer.



Part I: Computer Aided Reasoning

Step 1. Convert it into 
mathematical formula.

Step 2. Ask the computer 
to solve the formula.

1.1 Propositional Logic

propositional 
logic

First-order 
logic

A Predicate Formula

void swap(int a, int b)
{

 a ^= b; 
 b ^= a;
 a ^= b;

}



Part I: Computer Aided Reasoning

Step 1. Convert it into 
mathematical formula.

Step 2. Ask the computer 
to solve the formula.

1.1 Propositional Logic
Step 1. Convert it into 
first logic formula.

Step 2. Ask the computer 
to solve the formula.

1.2 First Order Logic

A Predicate Formula

void swap(int a, int b)
{

 a ^= b; 
 b ^= a;
 a ^= b;

}



Part I: Computer Aided Reasoning

Step 1. Convert it into 
mathematical formula.

Step 2. Ask the computer 
to solve the formula.

1.1 Propositional Logic

int clone(unsigned int n)
{

int i = 0;
while(i < n)
{

i = i + 1;
}
return i;

}

Step 1. Convert it into 
first logic formula.

Step 2. Ask the computer 
to solve the formula.

1.2 First Order Logic

Loop can not be addressed 
by first-order logic.

Can we tell computer 
this is a loop?



Part I: Computer Aided Reasoning

Step 1. Convert it into 
mathematical formula.

Step 2. Ask the computer 
to solve the formula.

1.1 Propositional Logic

int clone(unsigned int n)
{

int i = 0;
while(i < n)
{

i = i + 1;
}
return i;

}

Step 1. Convert it into 
first logic formula.

Step 2. Ask the computer 
to solve the formula.

1.2 First Order Logic

Step 1. Axiom system

Step 2. Ask the computer 
to check the invariants

1.3 Auto-active Proof

method clone(n: nat) returns (b : nat)
ensures b == n

{
var i := 0;
while i < n

invariant 0 <= i
{

i := i + 1;
}
return i;

}



Part I: Computer Aided Reasoning
int clone(unsigned int n)
{

int i = 0;
while(i < n)
{

i = i + 1;
}
return i;

}

method clone(n: nat) returns (b : nat)
ensures b == n

{
var i := 0;
while i < n

invariant 0 <= i
{

i := i + 1;
}
return i;

}



Part I: Computer Aided Reasoning
int clone(unsigned int n)
{

int i = 0;
while(i < n)
{

i = i + 1;
}
return i;

}

method clone(n: nat) returns (b : nat)
ensures b == n

{
var i := 0;
while i < n

invariant 0 <= i && i <= n 
{

i := i + 1;
}
return i;

}



Part I: Computer Aided Reasoning 
Overview

Step 1. Convert program into 
mathematical formula.
Step 2. Ask the computer 
to solve the formula.

1.1 Propositional Logic
Step 1. Convert program
into first logic formula.

Step 2. Ask the computer 
to solve the formula.

1.2 First Order Logic

Step 1. Axiom system

Step 2. Ask the computer 
to check the invariants

1.3 Auto-active Proof

3 Labs in total. 
Good luck to all!

Step 0. Proof.

TA
Yuexuan Zhang(张岳轩) 
zyx2024@sjtu.edu.cn

mailto:zyx2024@sjtu.edu.cn


Part I: Computer Aided Reasoning 
Overview

每个同学

• 每分钟限流300K TPM，10RPM

• 每周限额1B

TA
Yuexuan Zhang(张岳轩) 
zyx2024@sjtu.edu.cn

mailto:zyx2024@sjtu.edu.cn
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