
CISC-102
Winter 2016

Lecture 4

The first quiz will be held on Tuesday, January 26. 
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How many ways are there to pick  7 people out 
of a class of 70 and seat them into 7 numbered 
chairs? (Selection with ordering.)

1st pick has 70 choices.
2nd pick has 69 choices.
3rd pick has 68 choices.
4th pick has 67 choices.
5th pick has 66 choices.
6th pick has 65 choices.
7th pick has 64 choices.

So the number of ways to pick 7 people out of a 
class of 70 is: 

70 × 69 × 68 × 67 × 66 × 65 × 64 = 70!/63!
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Ticket to paradise: Powerball jackpot could 
hit $1.3B 
(USA TODAY Jan. 11, 2016)

Powerball Lottery game: Choose (un-ordered 
choice) 5 numbers from 69, (white balls), then a 
6th number from  26 (red balls). 

The number of choices are:


= 292,201,338

The cost of a ticket is $2 so with an investment 
of $584,402,676 you would be a guaranteed 
winner! However, there are additional details 
see: http://www.pennlive.com/news/2016/01/
how_to_win_powerball_you_can_g.html
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CHAP. 1] SET THEORY 7

We note that:

(i) There are m = 2n such fundamental products.
(ii) Any two such fundamental products are disjoint.

(iii) The universal set U is the union of all fundamental products.

Thus U is the disjoint union of the fundamental products (Problem 1.60). There is a geometrical description
of these sets which is illustrated below.

EXAMPLE 1.6 Figure 1-5(a) is the Venn diagram of three sets A, B, C. The following lists the m = 23 = 8
fundamental products of the sets A, B, C:

P1 = A ∩ B ∩ C, P3 = A ∩ BC ∩ C, P5 = AC ∩ B ∩ C, P7 = AC ∩ BC ∩ C,

P2 = A ∩ B ∩ CC, P4 = A ∩ BC ∩ CC, P6 = AC ∩ B ∩ CC, P8 = AC ∩ BC ∩ CC.

The eight products correspond precisely to the eight disjoint regions in the Venn diagram of sets A, B, C as
indicated by the labeling of the regions in Fig. 1-5(b).

Fig. 1-5

1.5 ALGEBRA OF SETS, DUALITY

Sets under the operations of union, intersection, and complement satisfy various laws (identities) which are
listed in Table 1-1. In fact, we formally state this as:

Theorem 1.5: Sets satisfy the laws in Table 1-1.

Table 1-1 Laws of the algebra of sets
Idempotent laws: (1a) A ∪ A = A (1b) A ∩ A = A

Associative laws: (2a) (A ∪ B) ∪ C = A ∪ (B ∪ C) (2b) (A ∩ B) ∩ C = A ∩ (B ∩ C)

Commutative laws: (3a) A ∪ B = B ∪ A (3b) A ∩ B = B ∩ A

Distributive laws: (4a) A ∪ (B ∩ C) = (A ∪ B) ∩ (A ∪ C) (4b) A ∩ (B ∪ C) = (A ∩ B) ∪ (A ∩ C)

Identity laws: (5a) A ∪ ∅ = A (5b) A ∩ U = A

(6a) A ∪ U = U (6b) A ∩ ∅ = ∅
Involution laws: (7) (AC)C = A

Complement laws:
(8a) A ∪ AC = U (8b) A ∩ AC = ∅
(9a) UC = ∅ (9b) ∅C = U

DeMorgan’s laws: (10a) (A ∪ B)C = AC ∩ BC (10b) (A ∩ B)C = AC ∪ BC
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Verify these properties with U = {1,2,3,4,5,6,7}, 
A = {1,2,3}, B = {2, 4, 6} C={4,5}.
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Definition: A set S is said to be finite if S is 
empty or if S contains exactly m elements where 
m is a positive integer; otherwise S is infinite. 

Some finite sets: 
A =  {1, 2, 3, 4}, 
B =  {x : x ∈ ℕ, x ≥ 0, x ≤ 1}

Some infinite sets: 
C =  {1, 2, 3, 4, … }, 
D =  {x : x ∈ ℝ, x ≥ 0, x ≤ 1}

Notation: We use vertical bars | | to denote the 
size or cardinality of a finite set. 

| A | = 4.

B = {1} (0 is not in ℕ), so | B | = 1.

Lecture 4! January 11 , 2016

8



Definition: The set of all (different) subsets of S 
is the power set of S, which we denote as P(S). 

If S is a finite set we can prove that:

| P(S) | = 2 |S|.

Some examples: 

∅ : the empty set has 0 elements, and 1 subset. 
So | P(∅) | = 20.

{a}: has 1 element and 2 subsets. 
So |P({a})| = 21.

{a,b}: has 2 elements and 4 subsets. 
So |P({a,b})| = 22.
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