
Lecture 5 - Sep 18

Math Review

Converting ∀ and ∃ : Equational Proofs
Understanding the Choose Operator
Power Sets



Announcements/Reminders

• Today’s class: notes template posted
• Event-B Summary Document
• Priorities: 

+Lab1 → Due: This Tuesday (Sep 16)
+Lab2 → Due: Next Tuesday (Sep 23)

• To be released:
+ ProgTest guide
+ 2 Practice Tests
+ Lab1 solution
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Logical Quantifications: Conversions

(∀ X • R(X) ⇒ P(X)) ⇔  ¬(∃ X • R ∧ ¬P ) 

(∃ X • R ∧ P) ⇔  ¬(∀ X • R ⇒ ¬P)

R(x): x ∈ 3342_class
P(x): x receives A+

De Morgan

7(Pvg) = TP" 78

Axiom : Ex :R(x)= (Jx · < O(X)
p(x) (4(X)
T

(x · R(x) = P(x) 24 = % = Tp-g3= FX . R(X)( 25x: + R(x)3 27x · 1 (7 R(x) vP(x))
LEX · < (R(x) = P(X) = 51(pg) = -4/293

77x · ThRcx1) 1 + P(X)
↓ < [2(p) = p3

Exercise
.

77x · R(x) 17Pcx
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Relating Sets: Exercises mES +(m = S)- meS

Si [S21 Sz[Si Si = Sz 91 . 23-91 . 73 3]

SC S always fails but they're not equal
↳ not-empty: 91.23 C91 : 23 X

↳ empty : ↑ c 10k101X

O C & sometimes holds sometimes fails
↳ S empty >

Y.
↳ S not empty >



Sets: Exercises

Set membership: Rewrite e ∉ S in terms of ∈ and ¬

Find a common pattern for defining: 
1. = (numerical equality) via ≤ and ≥

 2. = (set equality) via ⊆ and ⊇

S = {1, 2, 3}, T = {2, 3, 1}, U = {3, 2}
S T U

S
T
U

  ⊆ ⊂

  ⊆ ⊂

  ⊆ ⊂

  ⊆ ⊂

  ⊆ ⊂

  ⊆ ⊂

  ⊆ ⊂

  ⊆ ⊂

  ⊆ ⊂

Is set difference (\) commutative?

S1) S2 members butWe (e = S)-> in
S
inS2x

X=y( Xsy xy= X
S =52 SieSzi Sad Si

Exercise 5)--
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S1)S2S21Si
~ D Give some witness of

violation.



Exercise: 
How many sets of size 3 can be made out of values 1, 2, 3, 4, 5?

5 .

-

(Step 1) Make sequences (with no duplicates) of size 3 . (5)
~

- 5x4x3
element =

23 +
5

- -

# sequences
dim -
element 5

34
(Step2) Disregard ordering of sequences with the same set of contents
* For 9133 . 53 s we would've made sequences : (Step 3) #segy size

~! 3x2 *
/

-
315

= Sequencecorrespo gdig35/
- 51 3
53 &



-> n se = (1 > [ : [ <0) (n) = (5) = 1

(E) out ofn given elements

II

how many ways tomakea s?

I
(h) = (21)

(10) = 10 x 4x8x7x6x5x4x3

8 !
I terms 11

n . (n- 1) · (n -2) . . .. . · (n -i +1)(() = 1072
In-itD I !
"D .



Power Set

Calculate the power set of {1, 2, 3}.

Given a set S, formulate the cardinality of its power set.

portP(S) = <x x &S3 7
Each member in

Ps) is
a set

1 smallest member
P(9132;33) = 9xX29123333 inTs) : 0

=

①
5
smallest (5) = (subset of card) & S

513
,
923

,
933

,
(3) =3 (subsets of card & 2

. largest memberE 352,33 : [153]s[la23
, (2) =3 (subsets of

card2) in PCS) : S
91 .2333 largest (5) = 1 (subsets) S & S

|(91 , 2 ,33)) = (5) + (i) + (32) + (5)



Set of Tuples

Example: Calculate {a, b} ✘ {2, 4} ✘ {$, &}

n elements intheple
sets

.
que 3

el e2 es
&

~

S(el . e2ses) ele 22+Neb33-

a b

Each root-
to
leaf

(9 , 2 > $) correspondsaf
=

E 3Re pathto at



Relation : set of orderedas
S T

e
.g. a relation on 91.2 , 33 and Garb3

· Is (l: 9) a relation on Sand T ?
No ! " (1 ,a) is not a set.


