Annotated slides from Friday (1/48)

MA284 : Discrete Mathematics

Week 1: Intro to Discrete Mathematics; The Additive and
Multiplicative Principles

Niall Madden (Niall.Madden@NUIGalway.ie)
8 & 10 September, 2021

Reminder: please keep your video and audio
turned off during the class. Please DO use the
chat facility: that will not be recorded.
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Combinatorics is the mathematics of counting. It is an ancient field of study,
though its “modern” history began with the systematic study of gambling in
the 17" century.

’
The simplest method of counting is simple enumeration = “Point and count”.

How many students in this calls have a last name that begins with A?

Ans © L.

How many anagrams are there of the letters NUI?

IN W NTU WwTwN Hms:g\
Tw MUT unNT

Usually we don’t want to make a list of all possibilities:

How many car licence plates are there of the form XXX-yyy, where X is a
letter and y is a digit?
Answer: There are 17,576,000, but we don’t want to list them all.
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The first techniques that we will study for solving counting problems are called

The Additive and Multiplicative Principles

For more informatiga see Chapter 1 (Counting) of Oscar Levin's Discrete
' ' ==
Mathematics: an troduction.
\— :

oL -
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There are 5 starters and 6 main-courses on a restaurant’s menu. How
many choices do you have if

main-course?
p main-course?

“ (acld;":ufz. Pr'm)
30 (Mt Pein)

A standard deck of cards has 26 red cards, and 12 face/court cards.

[ How many ways can you select a card that is red and face card?
[@ How many ways can you select a card that is red or face card?

Think about these questions as we go through the next sections.
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The NUIG Animal Shelter has 4 cats and 6 dogs in need of a home. You would
like a new pet (but just one!). How many choices do you have?

Ans. L +6 =10
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The Additive Principle

If event A can occur m ways, and event B can occur n (disjoint) ways, then
event “A or B" can occur in m + n ways.

V.

Can we use the additive principle to determine how many two letter
“words” begin with either A or B?

Uoo: Tse dovds ove AR NS AC,
. B A
‘DTN@ ore oLlo—l-fmJ_ ’BB/BC’ OD/

Can we use the additive principle to determine how many two letter
“words contain elther A or B? ﬂ
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The Additive Principle

If event A can occur m ways, and event B can occur n (disjoint) ways, then
i ” . —~——
event “A or B” can occur in m+ n ways.

The NUIG Animal Shelter has 4 cats, 6 dogs, and 7 donkeys in need of a home.
How many choices do you have for a new pet?
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The Additive Principle

If event A can occur m ways, and event B can occur n dis'loint ways, then
event “A or B” can occur in m+ n ways.

A deck of cards has 26 red cards and 12 “face"-cards.

~

How many ways can you pick a red card? — 26
How many ways can you pick a face-card? ﬂcwg N

How many ways can you pick a card that is red or is a face-card?

oo o E _ 3% T
Ans wev w VL/i 2642=5 -clckuulhqizj

This last example is important because it emphasises the importance of the
sets being disjoint.
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VOON90L

Your favourite ice-cream shop has 8 flavours of ice-cream.
You can also choose between a cone, a waffle, and a cup.
How many choices to you have?
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The Multiplicative Principle

If event A can occur m ways, and each possibility allows for B to occur in n
(disjoint) ways, then event “A and B" can occur in m X n ways.

L

The NUIG Animal Shelter has 4 cats and 6 dogs in need of a home. How many
choices do you have if you would like a cat and a dog as pets?

ﬂ,lﬂSwwi ZPXé = 2%

V.

The NUIG Animal Shelter also has 7 donkeys. How many choices to you have
if you want a cat, a dog and a donkey?

Answor 4)(6?(?: 165 -
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A set is a collection of things. The items in a set are called elements.
Examples:

m The set of natural numbers from 1 to 10 is {1,2,3,4,5,6,7,8,9,10}

m The set of upper-case letters is {A,B,...,Y,Z}

m The set of students registered for Discrete Mathematics has 224 elements.
m A set is unordered.

&, ZI(ZI%/Q/ IS_'6/?/ %(q{(og S
oy 3NT03,5,%,9 46,3 ¢
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S(2Q
You should be familiar with the fo owy/gasm eIe ts of set nefation:

360 ¢c v — 5

\"lS o Efﬂi Oi wi{-i FG .

Let A={1,2,3}, B={1,3,5}, and C = {2,4}.

n2c¢A agAas

n (1,3} CAY

= AUB ={1,2,3,5}

" ANB={1,3}, BﬂCz@,/
a A =3, BN C| =0,

n A\B = {2} A\C = {1,3}

Also, for any set X, XCX 0 CX.
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Let’s return to the restaurant problem again, changed slightly...

wa  hawe o clow o% 3 downts = ?C&./ 6}(‘,%’

o = (OUPP‘Q pie’
Yy = Lo—nmq, sr{’él
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w = wind .



Part 6: Counting with Sets Spoiler (44/48)

Let’s return to the restaurant problem again, changed slightly...

DD)M{'S ; %O‘(E’ICE
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Here are a set of exercises to help you work through the material presented
during this week’s classes.

All but the last are taken either directly from the textbook, or with minor edits.

You do not have to submit your solutions to be graded.

@ Read Chapter 0 of Levin's Discrete Mathematics: an open introduction
from http://discretetext.oscarlevin.com.
Do Exercises 1-9 in Chapter 0 (these are interactive, with hints and

solutions).

Your wardrobe consists of 5 shirts, 3 pairs of pants, 17 bow ties, and one
fez (hat). How many different outfits can you make?

For your job interview at the NUIG Animal Shelter, you must wear a tie.
You own 3 regular (boring) ties and 5 (cool) bow ties. How many choices
do you have for your neck-wear?
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You realise that the interview is actually for ClownSoc, so you should

probably wear both a regular tie and a bow tie. How many choices do you
have now?

Your DVD collection consists of 9 comedies and 7 horror movies. Give an
example of a question for which the answer is:

@ 16.
@ 63.

If |A| = 10 and |B| = 15, what is the largest possible value for |[AN B|?
What is the smallest? What are the possible values for |[AU B|?

@ If |Al=8and |B| =5, whatis |[AU B| + |AN B|?



