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Logic 
 

Truth Table 
 

𝑝 𝑞 𝑝 ∨ 𝑞 𝑝 ∧ 𝑞 ¬𝑝 𝑝 → 𝑞 𝑝 ↔ 𝑞 𝑝⨁𝑞 

0 0       

0 1       

1 0       

1 1       

 

看 equivalence，看 tautology，看 contradiction 
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Laws of Logics 
 

 

逻辑化简步骤： 

1. Implication reduction: 𝑝 → 𝑞 ≡ ¬𝑝 ∨ 𝑞 

2. DeMogan and Double Negation 

3. 原则：一样或相反的凑一块 

 

 

 
 

 
  



                      FINAMACM101 Andrei || 2021-04-14 

 

 

导师： Stacy Cao  |  S F U 校 区 P a g e  3  o f  3 8  

 

 

3 

Translation 
 

1. 𝑝 → 𝑞 

If p then q. 

If p, q. 

p implies q. 

p only if q. 

p is sufficient for q. 

A sufficient condition for q is p. 

q is necessary for p. 

A necessary condition for p is q. 

q if p. 

q when (whenever) p. 

q follows from p. 

q unless ¬𝑝 

 

2. Converse: 𝑞 → 𝑝 

3. Inverse: ¬𝑝 → ¬𝑞 

4. Contrapositive: ¬𝑞 → ¬𝑝 ≡ 𝑝 → 𝑞 

 

5. 𝑝 ↔ 𝑞: if and only if 
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Rules of Inference 
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Quantifier 
 

Predicate: Statements with variables 带有不确定变量的 statement 

Universal quantifier: ∀ for all 

Existential quantifier: ∃ exist, some 

 

判断带有 quantifier 的 predicate 的 True or False 

 

Negate of Quantifier 

 

Translation of Quantifiers 
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                      FINAMACM101 Andrei || 2021-04-14 

 

 

导师： Stacy Cao  |  S F U 校 区 P a g e  4  o f  3 8  

 

 

4 

带有 quantifier 的 inference 
 

Rule of Universal Specification: 

 If ∀𝑥𝑃(𝑥) is true, then for arbitrary c, P(c) is true. 

 用来去掉∀ 

 

Rule of Universal Generalization: 

 If for any c, P(c) is true, then ∀𝑥𝑃(𝑥) is true. 

 用来加上∀ 

 

Rule of Existential Specification: 

 If ∃𝑥𝑃(𝑥) is true, then for some c, P(c) is true. 

 用来去掉∃ 

 

Rule of Existential Generalization: 

 If for some c, P(c) is true, then ∃𝑥𝑃(𝑥) is true. 

 用来加上∃ 
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Proof 
 

1. Direct proof 

2. Proof by contrapositive (Indirect proof) 

3. Proof by contradiction 

4. Proof by cases 
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Sets 
 

Sets: unordered, no repetition collection of objects 

 

表达 Sets： 

Roster Format：列举 

Set Builder：公式 

 

Some Concepts: 

1. Elements: 𝑥 ∈ 𝐴 

2. Subsets: 𝐴 ⊆ 𝐵: ∀𝑥(𝑥 ∈ 𝐴 → 𝑥 ∈ 𝐵) 

1) Improper Subsets: 𝐴 ⊂ 𝐵: ∀𝑥(𝑥 ∈ 𝐴 → 𝑥 ∈ 𝐵) ∧ ∃𝑥(𝑥 ∈ 𝐵 ∧ 𝑥 ∉ 𝐴) 

 

 

 

3. Empty Set ∅ ∀𝑥(𝑥 ∈ 𝑈0 → 𝑥 ∉ ∅) 

 

4. Power Set: 𝑃(𝐴): sets of subsets of A 

5. Number of subsets of 𝐴 

1) Number of subsets of 𝐴 contain/not contain element 𝑋 

2) Number of subsets of 𝐴 contain 𝑛 elements 

 

 True or False 
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Operation of sets 
 

1. 𝐴 ∩ 𝐵 intersection {𝑥|𝑥 ∈ 𝐴 ∧ 𝑥 ∈ 𝐵} 

 

2. 𝐴 ∪ 𝐵 union {𝑥|𝑥 ∈ 𝐴 ∨ 𝑥 ∈ 𝐵} 

 

3. 𝐴̅ complement {𝑥|𝑥 ∈ 𝑈0 ∧ 𝑥 ∉ 𝐴} 

 

4. 𝐴 − 𝐵 difference {𝑥|𝑥 ∈ 𝐴 ∧ 𝑥 ∉ 𝐵} 

 

5. 𝐴 △ 𝐵 symmetric difference {𝑥|𝑥 ∈ (𝐴 ∪ 𝐵) ∧ 𝑥 ∉ (𝐴 ∩ 𝐵)} 

 

6. 𝐴 × 𝐵 product of sets {(𝑥, 𝑦)|𝑥 ∈ 𝐴 ∧ 𝑦 ∈ 𝐵} 

 

Membership Table 

𝐴 𝐵 𝐴 ∩ 𝐵 𝐴 ∪ 𝐵 𝐴̅ 𝐴 − 𝐵 𝐴 △ 𝐵 

0 0      

0 1      

1 0      

1 1      

 

Venn Diagram 
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Law of Sets 
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Cardinality 
 

Finite Sets 
 

If set 𝐴 has finite elements, then cardinality of 𝐴 (also called size of 𝐴) is |𝐴| = number of 

elements in 𝐴. 

 

 

 

 

 

Infinite Sets 
 

Countable Sets 

Cardinality of the set of natural number is |ℕ| = ℵ0. 

Any sets with the cardinality less than or equal to ℕ is a countable set. 

 

Example of countably infinite sets 

All integers 

Positive odd/even integers 

Positive rational numbers 

Decimals consist of only 1’s 

 

Uncountable Sets 

Any sets with the cardinality greater than ℕ is uncountable. 

 

Example of uncountably infinite sets 

Irrational numbers 

Irrational numbers within any interval 

Decimals consist of 2 or more kinds of numbers 
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Relation 
 

Binary Relation 

If R is a binary relation from A to B, then 𝑅 ⊆ 𝐴 × 𝐵 

 

Operation on Relations 
 

𝑅1 ∩ 𝑅2, 𝑅1 ∪ 𝑅2, 𝑅1
̅̅ ̅, 𝑅1 − 𝑅2, 𝑅1 ∘ 𝑅2 

 

𝑅−1 = {(𝑏, 𝑎)|(𝑎, 𝑏) ∈ 𝑅} 
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Properties of Binary Relation on A 
 

Reflexive 

∀𝑎((𝑎, 𝑎) ∈ 𝑅) 

 

Anti-Reflexive 

∀𝑎((𝑎, 𝑎) ∉ 𝑅) 

 

Symmetric 

∀𝑎∀𝑏((𝑎, 𝑏) ∈ 𝑅 → (𝑏, 𝑎) ∈ 𝑅) 

 

Anti-Symmetric 

∀𝑎∀𝑏((𝑎, 𝑏) ∈ 𝑅 ∧ (𝑏, 𝑎) ∈ 𝑅 → 𝑎 = 𝑏) 

 

Transitive 

∀𝑎∀𝑏∀𝑐((𝑎, 𝑏) ∈ 𝑅 ∧ (𝑏, 𝑐) ∈ 𝑅 → (𝑎, 𝑐) ∈ 𝑅) 
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Counting of Relations 
 

Let |𝐴| = 𝑎 and |𝐵| = 𝑏 

 

1. Number of relations from 𝐴 to 𝐵: 2𝑎𝑏 

2. Number of relations on 𝐴: 2𝑎2
 

3. Number of reflexive / anti-reflexive relations on 𝐴: 2𝑎2−𝑎 

4. Number of symmetric relations on 𝐴: 2(𝑎2+𝑎)/2 

5. Number of anti-symmetric relations on 𝐴: 2𝑎 ∙ 3(𝑎2−𝑎)/2 
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Representation of Binary Relation 
 

Matrix 

Relation from A to B, 行代表 A 的元素，列代表 B 的元素。 

1 代表在 relation 里，0 代表不在。 

 

Direct Graph 
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Equivalence Relation 
 

An equivalence relation is a binary relation on A that is reflexive, symmetric, and transitive. 

 

Equivalence Class and Partition 
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Partial Order 
 

Partial Order 又叫 Poset. 

A partial order is a binary relation on A that is reflexive, anti-symmetric, and transitive. 

 

Hesse Diagram 

 

Total Order 

∀𝑥∀𝑦((𝑥, 𝑦) ∈ 𝑅) 

Hesse Diagram 是一条直线 

 

Maximal / Minimal Element 

 

Greatest / Least 
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Function 
 

Definition: 
 

1. Every input can only have one output. 

2. Every element in the set of input must have an output. 

 

Domain: 

 

Codomain: 

 

Range: 

 

Special functions: 
 

Absolute function: 

 

 

 

Floor and ceiling functions: 

 

 

 

Identity function: 

 

 

 

Factorial: 
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Bijection and Inverse 
 

One-to-one (injective): 

∀𝑎∀𝑏(𝑓(𝑎) = 𝑓(𝑏) → 𝑎 = 𝑏) 

一个 output 只对应一个 input。从𝑓(𝑎) = 𝑓(𝑏)开始证，推出𝑎 = 𝑏. 

 

Onto (surjective): 

∀𝑦∃𝑥(𝑓(𝑥) = 𝑦) 

Range = codomain. 从𝑦 = 𝑓(𝑥)开始变形成𝑥 = 𝑔(𝑦)，得到 y 的取值范围(range)和

codomain 比较。 

 

Bijective function (one-to-one corresponds) 

𝑓 is bijective if 𝑓 is one-to-one and onto. 

 

Inverse function: 

𝑓 has an inverse 𝑓−1 if and only if 𝑓 is bijective. 

𝑓−1(𝑥) = 𝑔(𝑥) 
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Counting of Function 
 

For 𝑓: 𝐴 → 𝐵, if |𝐴| = 𝑎 and |𝐵| = 𝑏, then 

 

Number of functions: 

𝑏𝑎 

 

Number of one-to-one: 

𝑃(𝑏, 𝑎) for 𝑏 ≥ 𝑎 

 

Number of onto: for 𝑎 ≥ 𝑏 

𝑏! ∙ 𝑆(𝑎, 𝑏) = ∑(−1)𝑘 (
𝑏
𝑘

) (𝑏 − 𝑘)𝑎

𝑏

𝑘=0

 

 

Number of bijective functions: 𝑎! for 𝑎 = 𝑏 
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Composition functions 
 

(𝑓 ∘ 𝑔)(𝑥) = 𝑓(𝑔(𝑥)) 

𝑓 ∘ 𝑓−1 = 𝑓−1 ∘ 𝑓 = 𝑥 

 

If 𝑓 ∘ 𝑔 is one-to-one, then 𝑔 must be one-to-one. 

If 𝑓 ∘ 𝑔 is onto, then 𝑓 must be onto. 
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Recurrence 
 

普通 recurrence 
 

 

 

 

 

 

 

 

 

 

特殊 recurrence 
 

1. Fibonacci 

𝐹1 = 1, 𝐹2 = 1, 𝐹𝑛+1 = 𝐹𝑛 + 𝐹𝑛−1 

 

2. Lucas 

𝐿1 = 2, 𝐿1 = 1, 𝐿𝑛+1 = 𝐿𝑛 + 𝐿𝑛−1 

 

3. Others 
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Mathematical Induction 
 

Simple MI 
 

1. Basic Step: prove that for smallest 𝑛0, 𝑃(𝑛0) is true 

2. Inductive step: 

1) Assume for 𝑛 = 𝑘, 𝑃(𝑘) is true 

2) Use basic step and assumption to prove that for 𝑛 = 𝑘 + 1, 𝑃(𝑘 + 1) is true. 

 

Strong MI 
 

1. Basic Step: prove that for smallest 𝑛0, 𝑃(𝑛0) is true 

2. Inductive step: 

1) Assume for all 𝑛0 ≤ 𝑛 ≤ 𝑘, 𝑃(𝑛) is true 

2) Use basic step and assumption to prove that for 𝑛 = 𝑘 + 1, 𝑃(𝑘 + 1) is true. 
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Counting 
 

Rule of Sum and Rule of Product 

 

Counting Equations 

 

 

单词排列 

 捆绑，插空 

 

坐标系问题 

 

旋转问题 
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Binomial 
 

(𝑥 + 𝑦)𝑛 = ∑ (
𝑛

𝑘
) 𝑥𝑘𝑦𝑛−𝑘

𝑛

𝑘=0
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Probability 
 

Pr(𝐴) =
|𝐴|

|𝑆|
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Pigeonhole 
 

If there are 𝑁 pigeons (objects) and 𝑘 pigeonholes (categories), then there is at least one 

pigeonhole contains at least 𝑚 = ⌈
𝑁

𝑘
⌉ pigeons. 

𝑁 ≥ 𝑘(𝑚 − 1) + 1 
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Number Theory 
 

Divisibility 
 

整除符号 

𝑎|𝑏 ⇔ 𝑏 = 𝑎𝑛 (𝑛 ∈ ℤ) 

 

 

𝑎 = 𝑑𝑞 + 𝑟 

𝑎: dividend; b: divisor; q: quotient; r: remainder 

 

𝑞 = 𝑎 div 𝑑, 𝑟 = 𝑎 mod 𝑑 
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Congruence 
 

𝑎 ≡ 𝑏(mod 𝑚) 

𝑎 和 b 对 m 求余相等, 𝑚|(𝑎 − 𝑏) 

 

Operation on mod 

If 𝑎 ≡ 𝑏(mod 𝑚) and 𝑐 ≡ 𝑑(mod 𝑚), 

Then 𝑎 + 𝑐 ≡ 𝑏 + 𝑐(mod 𝑚), 𝑎 − 𝑐 ≡ 𝑏 − 𝑑(mod 𝑚), 𝑎 ∙ 𝑐 ≡ 𝑏 ∙ 𝑑(mod 𝑚) 

 

Residue: 余数 

Set of residues: 余数的集合 ℤ𝑚 

Operation tables for ℤ𝑚 

 

 

 

 

Proper divisor of 0 

𝑎 is a proper divisor of 0 if there is a b such that 𝑏 ≢ (mod 𝑎) and 𝑎 ∙ 𝑏 ≡ 0(mod 𝑚). 

 

 

 

 

 

Inverse of x mod m 
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Prime 
 

Prime: integer ≥ 2, that is only divisible by 1 and itself 

Composite: integer ≥ 2 that has divisors other than 1 and itself 

 

进制转换 

 

 

 

 

 

 

 

 

Represent integers using product of primes 

Every integer ≥ 2 can be represented as product of primes. 

If 𝑁 = 𝑝1
𝑎1𝑝2

𝑎2 ⋯ 𝑝𝑘
𝑎𝑘 , then it has (𝑎1 + 1)(𝑎2 + 1) ⋯ (𝑎𝑘 + 1) divisors. 

 

 

Find lcm and gcd of a, b 

 

 

 

 

 

Relative Prime (Coprime) 

𝑎 and 𝑏 are relative primes to each other if gcd(𝑎, 𝑏) = 1. 
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Euclidean algorithm 
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Cryptography 
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Chinese Remainder Theorem 
 

If 𝑛 mod 3 = 𝑎, 𝑛 mod 5 = 𝑏, 𝑛 mod 7 = 𝑐 

Then 𝑛 = 70𝑎 + 21𝑏 + 15𝑐 − 105𝑚 

 

 

 

 

 

 

 


