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Overview for Today
• Logistics
• Review
• Functions

– Question 1 (3 minutes)
– Question 2 (3 minutes)
– Question 3 (3 minutes)

• Counting
– Question 4 (5 minutes)
– Question 5 (5 minutes)
– Question 6 (5 minutes)
– Question 7 (5 minutes)
– Question 8 (5 minutes)

• Homework



Logistics

• HW2 is due Monday night (September 23rd) at 23:59 PM
• HW3 is being released September 23nd and is due next 

Monday, September 30th



Anti-symmetry

Definition: if the relation, R, contains both (a, b) and (b, a), then 
a = b must be true for the relation to be Anti-symmetric.

An alternative way to think of it is that a relation, R, is 
Anti-symmetric only if every time we have (a, b) in the relation 
we do not have (b, a) if a and b are not the same.

Anti-symmetric does not mean not Symmetric. They are 
essentially independent: relation can be both Symmetric and 
Anti-symmetric, just one of the two, or neither.



Symmetry vs. Anti-symmetry

Symmetry

If: (a, b) is in R
Then: (b, a) must also be in R

Anti-symmetry

If: (a, b) is in R and (b, a) is in R
Then: a = b

Alternatively:
If: (a, b) is in R and a ≠ b
Then: (b, a) must not be in R



Anti-symmetry (cont.)

Not Symmetric, Not Anti-symmetric: {(1, 2), (2, 1), (1, 3)}
Symmetric, Not Anti-symmetric: {(1, 2), (2, 1)}
Not Symmetric, Anti-symmetric: {(1, 3)}
Symmetric, Anti-symmetric: {(1, 1)}

To check for Anti-symmetry we can use the same approach we use for 
testing Transitivity: if we can't provide a counter-example then we must 
accept that the relation is Anti-symmetric. In other words, if we can't 
show that it's not Anti-symmetric, then it must be Anti-symmetric.



Anti-symmetry (cont.)

Here’s an example of an Anti-symmetric relation:
aRb if a <= b

The term (x, y) translates to x <= y
Let’s say (x, y) is in the relation
When will (y, x) also be in the relation?
(y, x) translates to y <= x
The only time x <= y and y <= x can both be true is when:
x = y



Transitivity

• Transitive: if whenever aRb and bRc, then aRc

aRb bRc aRb and bRc



Transitivity
• Transitive: on S if whenever aRb and bRc, then aRc

aRc cRc aRc and cRc



Reflexivity
• Reflexive: if for all elements a in set S, aRa.

aRa bRb cRc 



Review Question

Consider the set A={1,2,3} and the relation R on A defined as 
follows:
R={(1,1),(2,2),(3,3),(1,2),(2,3)}
Determine if the relation R is:
● Reflexive
● Symmetric
● Transitive
● Antisymmetric



Review Answer

Consider the set A={1,2,3} and the relation R on A defined as 
follows:
R={(1,1),(2,2),(3,3),(1,2),(2,3)}
Determine if the relation R is:
● Reflexive Y
● Symmetric N
● Transitive N
● Antisymmetric Y



Review

• Functions
• Injection (one-to-one)
• Surjections (onto)
• Bijections



Review - Functions

Which of these are 
functions, and why?

English

French

Spanish

Mandarin

British

USA

Spain

China 

France
Y

N

N



Review - One-to-One (injective)
A function f: A→B is called injective (or one-to-one) if every 
element in the codomain B is mapped by at most one 
element in the domain A.

 if a1 maps to b1, then a2 cannot map to b1



Review - Onto (surjective)

A surjective function is a 
function f such that, for every 
element y of the function's 
codomain, there exists at least 
one element x in the domain. 
In other words, every y must 
have an x. No element of the 
codomain can be left out.



Review - Practice

Which of the following are functions?
Injective? Surjective? Bijective?



Review - Practice

English

French

Spanish

Mandarin

British

USA

Spain

China 

France

Spiderman

Superman

Ironman

The Dark Knight

Jurassic Park

Marvel

DC 

Warner Bros

Universal

Paramount



Question 1



Answer 1



Question 2

Try to solve this algebraically,
but you may graph it for some intuition.



Answer 2



Answer 2 cont.

Contradiction. f is one-to-one.



Question 3



Answer 3



Question 7



Answer 7



Counting

Recall- The product rule

If Set A has m elements and Set B has n elements, the Cartesian product A × 
B has m × n pairs.
Example:

● A = {1, 2}, B = {x, y}
● A × B = {(1, x), (1, y), (2, x), (2, y)}
● Total pairs = 2 × 2 = 4



Counting (Product Rule)
Similarly- The product rule is connected to the Cartesian product of sets 

The Product Rule (Multiplication Rule):
● If one event can occur in m ways and another independent event can 

occur in n ways, the total number of ways both events can occur together 
is m × n.

● Example:
○ You have 3 shirts and 2 pants. 
○ Total outfits = 3 (shirts) × 2 (pants) = 6 outfits.
○



Counting(Product Rule No Repeats)

If we have no repeats, we must remove the item from the one set of the 
cartesian product. 

I have 5 books. How many ways can I arrange 3 of them on a shelf?

After choosing 1 of the 5 books, then we have to choose 1 of the remaining 4, 
then 1 of the remaining 3. 

5 x 4 x 3 = 60



Counting (Sum Rule)

The Sum Rule (Addition Rule):

● If one event can occur in m ways and a different, mutually exclusive event can 
occur in n ways, the total number of ways either event can occur is m + n.

● ∣A∪B∣=∣A∣+∣B∣

Two events are mutually exclusive if :
● They cannot occur at the same time (if one event occurs, the other cannot.)

● Example:
○ You have 4 types of sandwiches or 3 types of salads.
○ Total meal options = 4 (sandwiches) + 3 (salads) = 7 options.



Counting(Inclusion Exclusion)

If events are not mutually exclusive we use the Inclusion Exclusion Principle: 

When events are not mutually exclusive,                double counts 



Inclusion Exclusion Example

In a group of 60 students:

● 25 students take CIT 5920.
● 30 students take CIT 5930.
● 15 students take both CIT 5920 

and CIT 5930.

Question: How many students 
study either or both?



Question 4 (with Repetitions)
How many three digit numbers between 100 and 500 (both 
included) can be formed from the digits 1, 2, 3, 4, 5, 6, and 7 with 
repetitions allowed? 



Answer 4 (with Repetitions)
For the first digit, we can either have 1, 2 , 3, or 4. 
For the second digit, we can choose 1, 2, 3, 4, 5, 6, 7
For the third digit, we can choose 1, 2, 3, 4, 5, 6, 7

For this we have the cartesian product |1st| x |2nd| x |3rd|

Or             4 x 7 x 7 = 196 



Answer 4

1

2

3

4

7 numbers
4 Options

We could pick any of these

These digits will give us 
numbers between 100 and 500

1

2

3

4

1

2

3

4

5

6

7

5

6

7



Question 4 (without Repetitions)
How many three digit numbers between 100 and 500 (both 
included) can be formed from the digits 1, 2, 3, 4, 5, 6, and 7 with 
NO repetitions allowed?



Answer 4 (without Repetitions)

No longer a cartesian product A x A x A 
Now we have X * (N-1) * (N - 2)

4 * 6 * 5 =120



Answer 4

1

2

3

4

6 remaining 
numbers

Choose 2

4 Options
We could pick any of these

These digits will give us 
numbers between 100 and 500



Question 5

* Doesn’t have to be an actual word
* Include capital letters



Answer 5



Question 6

Note: Assume that each bowl must be eaten by the end, i.e. each bowl must be eaten by exactly one dog



Answer 6

Each bowl has three 
options for dogs that 

can eat it



Answer 6 (cont.)



Follow-up Question
What if there was no requirement that every bowl 
must be eaten?



Follow-up Answer

Each bowl has three 
options for dogs that can 
eat it, plus a 4th option of 

no dog eating it!

Solution: 43



Question 7

Note: An “n”-digit number must start with something non-zero, 
otherwise it wouldn’t be “n” digits



Answer 7

B



Bonus Question

We can use both uppercase and 
lowercase letters, but once we use 

say an uppercase B, both the 
uppercase and lowercase versions of 

b are now unavailable to us



Bonus Question Answer A

Since both uppercase and lowercase letters are allowed, the total number of available letters is 52 (26 
uppercase + 26 lowercase). Since repeats are allowed, for each position, you have 52 possible choices. 
The letters in one position does not affect the choices in other positions.

To find the total number of possible strings, you multiply the number of choices for each position 
together. This is an example of the product rule, where each position is independent of the others.

52 × 52 × 52 × 52 = 524

String of length 4:



Bonus Question Answer B

String of length 4:
52 × 50 × 48 × 46

The first position can hold any of the 52 letters (uppercase or lowercase).

After you have chosen a letter for position 1, you cannot use that same letter (uppercase or 
lowercase) for any of the remaining positions (no repeats).

This means, for position 2, you have 52 − 2 = 50 options, for position 3, you have 50 − 2 = 48 options, 
and for position 4, you have 48 − 2 = 46 options.



Question 6



Answer 6

Basically, you can think of a line in a polygon as having to choose two points out of n points to connect. 
But, since we only want diagonals, we have to ignore the n lines that already exist to form the boundary 
of the polygon



Question 7



Answer 7



Question 8



Answer 8



Question 8



Answer 8



Homework Question Poll
Functions
Counting



See you next week! <33333


