
Sec 1.3 Cartesian products power sets

HW 2 due tonight

HW 3 due next Tue

You can
resubmit as many times

as you want prior to deadline

Quiz 1 this Thurs

10 mins long at the end of class

Topics Sec 1.1 1.2

No notes no electronics



Sec 1.3 Cartesian products power sets

Cartesian product
Def The Cartesian product of two sets A and B

is AtimesBleftleftabrightainAbinBright 1

the order matters

i e AtimesB is the set of all possible ordered pairs
whose 1st component comes from A

whose 2nd B

Ex mathbbRtimesmathbbR
or mathbbR2

can be visualized as points
in the xy plane

wedgey

x



Cartesian product
Def The Cartesian product of two sets A and B

is AtimesBleftleftabrightainAbinBright 1

Ex The elements of the product left123righttimesleft00right are

7 left13right
2

3

4

5

6

Note Is left00righttimesleft123right equal to left123righttimesleft00right
No



Cartesian product
Def The Cartesian product of two sets A and B

is AtimesBleftleftabrightainAbinBright I

Note Suppose AB are nonempty sets

When are AtimesB and BtimesA equal

When AB



Cartesian product
Def The Cartesian product of two sets A and B

is AtimesBleftleftabrightainAbinBright I

Ex mathbbNtimesleft12rightleftleftabrightainmathbbNbinleft12rightright

left01rightleftlangle11rightrangleleft21rightleft31rightleft41rightvdotsleftk1right
left02rightleft12rightleft22rightleft32rightleft42right

leftK2right
vdots



Cartesian product
Ex mathbbNtimesmathbbNleftleftabrightainmathbbNbinmathbbNright

left00rightleft01rightleft02rightleft03rightldots

left12rightleft13rightldotsleft22rightleft32rightleft42right
leftlangle10rightrangleleftlangle11rightrangleleft20rightleft21rightleft30rightleft31rightleft40rightleft41rightvdots

Visualize as integer points on the 1st quadrant

yn



Cartesian product
Def The Cartesian product of two sets A and B

is AtimesBleftleftabrightainAbinBright
Ex Let Aleft123right

What is AtimesA

left11rightleft12right 1

Note leftAtimesAright leftArightcdotleftAright339



Cartesian product
Def The Cartesian product of two sets A and B

is AtimesBleftleftabrightainAbinBright

Fact In general if A and B are finite sets

then

leftAtimesBrightleftArighttimesleftBright

Ex leftleft123righttimesleft7mdlgwhtsquarerightright326

left123righttimesleft8rightleftleft17rightleft27rightleft37rightright

Atimesphiphi



Cartesian product
Def The Cartesian product of two sets A and B

is AtimesBleftleftabrightainAbinBright
Def The Cartesian product of three sets AB and c

is AtimesBtimesCleftleftabcrightainAbinBcinCright

Ex mathbbRtimesmathbbRtimesmathbbRleftleftxyzrightxyzinmathbbRright
or mathbbR3
The elements can be visualized

as all points in the xyz space

Lambdaz

y

xL



Cartesian product

Def The Cartesian product of k sets A1A2ldotsAk

is A1timesA2timesldotstimesAkleftlefta1a2ldotsakrighta1inA1a2inA2ldotsakinAkright

leftrighttimesleft12righttimesleftinfty0righttimesleft2right



Cartesian product

Def The Cartesian product of k sets A1A2ldotsAk

is A1timesA2timesldotstimesAkleftlefta1a2ldotsakrighta1inA1a2inA2ldotsakinAkright

Ex leftrighttimesleft12righttimesleftinfty0righttimesleft2right

left192rightleft102right
left272rightleft202right

Note The cardinality here is 12214

In general leftA1timesldotstimesAkrightleftA1rightcdotleftA2rightcdotldotsleftAkright



Cartesian product
If the sets in a Cartesian product are the same

it's common to use exponents
A2AtimesA
A3AtimesAtimesA

In general AkAtimesAtimesldotstimesA

k factors
Ex left01right3 is



Cartesian product
If the sets in a Cartesian product are the same

it's common to use exponents
A2AtimesA
A3AtimesAtimesA

In general AkAtimesAtimesldotstimesA These four
correspond
tok factors
left01righttimesleft01rightEx left01right3 is left01righttimesleft01righttimesleft01right

left000right l left001right l left010right l left011right l

left100rightleft101rightleft110rightleft111right
Note I sorted the elements

using lexicographic order

like in a dictionary



Pseudocode

Pseudocode is a hybrid between explaining something
to a person and explaining it to a computer

To read pseudocode pretend you are a computer

To write pseudocode imagine explaining something
to a very literal minded person
with no short term memory
who has to write everything down

Ex pseudocode with a loop

for a from 1 to 3 do

print a a 1

output 12
23

34



Pseudocode

Ex pseudocode with nested loop

for a from 0 to 1 do

for b from 0 to 1 do

print a b

output



Pseudocode

Ex pseudocode with nested loop

for a from 0 to 1 do

for b from 0 to 1 do

print a b

outer loop
executes

the inner

loop twice

Within this
inner loop
a is fixed
and b ranges

from to 1

first time through
the outer loop

a0

0,0output
0 1

Second time through
the outer loop

a1

1 0

1 1



Pseudocode

Ex A pseudocode

for a from 0 to 1 do

for b from 0 to 1 do

for c from 0 to 1 do

print leftabcright

The output is the ordered triples

left000rightleft001right left010right l left011right l

left100rightleft101rightleft110rightleft111right l

i e the elements of the Cartesian product
left01right3left01righttimesleft01righttimesleft01right

written in lexicographic aka dictionary order



Power set

Recall The set S is a subset of T notation SsubseteqT

if every element of S is an element of T

Ex what are the subsets of leftabcright

00leftbeginmatrixa1b1aendmatrixright 010leftbeginmatrixa1b1cendmatrixright1 leftbeginmatrix011a1b1cendmatrixrightleftbeginmatrix000a1b1cendmatrixright

leftbeginmatrix111a1b1cendmatrixrightleftbeginmatrix100a1b1cendmatrixrightleftbeginmatrix101a1b1cendmatrixrightleftbeginmatrix110a1b1cendmatrixright

Method 1 List in a Lexicographic order



Power set

Recall The set S is a subset of T notation SsubseteqT

if every element of S is an element of T

Ex what are the subsets of leftabcright

0leftbeginmatrixa1b1cendmatrixright
0

00leftbeginmatrixa1b1aendmatrixright
11

leftbeginmatrix011a1b1cendmatrixrightleftbcrightleftbeginmatrixa1b1cendmatrixright
leftbrightleftcright

leftbeginmatrix111a1b1cendmatrixrightleftabcrightleftbeginmatrix101a1b1cendmatrixrightleftacright leftbeginmatrix110a1b1cendmatrixrightleftabrightleftbeginmatrix100a1b1cendmatrixrightleftaright
leftbright leftbcrightAnswer leftcright

leftarightleftacrightleftabrightleftabcright



Power set

Recall The set S is a subset of T notation SsubseteqT

if every element of S is an element of T

Ex what are the subsets of leftabcright

Alternatively draw a tree Method 2

leftaright leftcrightleftbright

leftabright leftbcrightleftacright

leftabcright

You need to be able to use both methods



Power set

Recall The set S is a subset of T notation SsubseteqT

if every element of S is an element of T

Ex Find all 1 element subsets of leftabcright
called singletons

leftaright cb

leftabright bleftacright

leftabcright



Power set

Recall The set S is a subset of T notation SsubseteqT

if every element of S is an element of T

Ex Find all 2 element subsets of leftabcright

leftaright leftcrightleftbright

leftabright leftbcrightleftacright

leftabcright



Power set

A pseudocode that lists all two element subsets

in lexicographic order listing each subset only once

name of my pseudocode

pairs leftsright

for a in S do

for all b after a in S do

output leftleftabrightright

Ex If my input S is Sleft123right

the program would output left12right left13right I left23right
in this order



Power set

Recall The set S is a subset of T notation SsubseteqT

if every element of S is an element of T

Def The power set of a set T is

PleftTright all subsets of T

Note The two extreme subsets and T
are elements of PleftTright

Ex The power set of leftabcright is

Pleftleftabcrightrightleftleftcrightleftbrightleftbcrightright
leftarightleftacrightleftabrightleftabcright

Note 1 Is leftaright an element of Pleftleftabcrightright

2 Is a an element of Pleftleftabcrightright



Questions

Let Xleft1right and Tleft1left1rightright

a Is xinT

b Is XsubseteqT



Exercise 1

Let Aleft023right Bleft23right and Cleft14right

be subsets of the universe Uleft0ldots4right

Compute the following
1 AtimesAC

2 BtimesPleftBright

3 utimes1



Exercise 1

Let Aleft023right Bleft23right and Cleft14right

be subsets of the universe Uleft0ldots4right

Compute the following
1 AtimesAcleft023righttimesleft14rightleft01rightleft04right

left21right I left24right
C 31 left34right

2

BtimesPleftBrightleft23righttimesleftbeginmatrixvarnothingleft2rightXleft3rightendmatrixrightleftleft2varnothingrightleft2left2rightrightleft2left3rightrightleft3varnothingrightleft3left2rightrightleft3left3rightrightright beginmatrixleft2left23rightrightleft3left23rightrightendmatrix
left73right

3 4times11



Exercise 2

Suppose you are playing a game
When it's your turn you flip a quarter then roll a die

1 We can model this situation using Cartesian product

times

2 The set of all possible outcomes is

3 The number of possible outcomes is



Exercise

Suppose you are playing a game
When it's your turn you flip a quarter then roll a die

1 We can model this situation using Cartesian product

HEADS TAILS timesleft123456right
BandSet A

2 The set of all possible outcomes is AtimesB

3 The number of possible outcomes is leftAtimesBrightleftAleftcdotrightBright
26

12



Next Topic

Sec 1.4 Binary Representation


