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Sec |.3 Cartesian products & power sgets

Cartesian product

WE_'E The Cartesian produc+t o-‘C ‘two gets A and R

is AxB:{(O;b) la€A>1>€152>

—Uae ordevr W\a'\'dg‘rSE
ie. AxR is the Set of all Posc?lo(e, ordered pairs

Whoce 13{- Co N\FO net CoxnesS ‘F(’om A &

Wwhose 2.d 1 S _B
Ex RxR = | }
- /

Can be Vitualized at ':rc“m‘ts

N the XYy - ”‘>l0me_

A\\4




Cartesian product

~D_e_'.E The Cartesian product of two Cets A and R

s AxB:{(a,b) ‘aeA—,béB})
Ex The elements of —the produce {1,2,§ %[V, Of are :

1. (1, &)
2
3.
4
5.
(.

Note Is (@ 0fx{,2,3 equal 4o f1,2,§%(V0f ¢
No




Cartesian product
~D_C:E The Cartesian product of two Cets A and R

s AxB:{(a;foD ‘aéA')bég'})

No te SuFro:e, A, D are mone.m?-&% cetg.

When are AxXB and B xA efyxa/ 2

\/O‘I\Qn A = B



Cartesian Frodu&t
EEE The (Cartesian produc+ of two gSets A and R

is AxB:{(a,b) laé/\'Jb€B'2>

Ex Nxf1a}= [@o]aeN, s elnd]

:{ (o, 1), (o, 2),
C1, O, (1,2,
(2, 1), (2,2),
2, 1, (3, 2),
4, 1), 4,2,

Ce, 1), (k, 2D,



Cartesian Froduc'l:

ex N = N=[@o|aen, beN ]

:{Co,o)) (o, 1), ('032_)1 (o, 3D,
C1S O)) (1) D) Ci)l)) C"; 3))

(z, 0)) (2, 1)) (2)9—))

(3,0), (3, D, (3,2),
(4)0>) (4) 1)) C‘}')Z))

Visualize as “Tn'i"eﬂef ?o?n'tS” on the 1%t cl,uac\f‘an‘t :

J

§



Cartesian product

ng The Cartesian produc+t of two Cets A and R

s AxB={(a,b)laeA;b€32

.E_’( Let 7‘(:{112333-
What i< A’(A?

{(|’1>) CI)Z)\

Note : |AxA|= 2 (Al [A] < 23=9



Cartesian product

ng The Cartesian produc+t of two Cets A and R

s AxB:{(a,b)laéA')bé'B}

Face [ Oe,nera}, if A and B are {inite cets,
+Hoen

IAx&l = ]A}xl&‘

Ex | {1223 x {o,0¢]= 32=/,
12,35 « § v =£(l)\7)) (2,¥) [3)%}

A < @ %



Cartesian product

ng The Cartesian produc+t of two Cets A and R

s AxB={(a,b)laeA;5€32

Def The Cartesian product of three Sets AR, ad C

s AxBxC = [(a,b,c) laeA) bé&)ceC}

B RARxR = {Gog2) [ 5042 < RS
or  JR®
The elementS can be visualized

as all Toits in —the xye- Lpace

Y



Cartesian Frodu ct

Def The Cartecsian product of K cets A1 5 AZ) .-.,Ak

S Al;(AZ)(,,, XAK: {CO’,Qz,...,ah) l Q,€A4> Qa, € Az,..., ateAkj

Ex {’v"sxfﬁz(} x {v,alx [a% = ’



Cartesian Frodu ct

Def The Cartecsian product of K cets A1 5 AZ) .-.,Ak

A1’<Az)(... XAK: {Cm,az,‘..,ah) l O"éA‘; Q, € Az,..., at€Ak_}

1S

Ex {V"SX{MZ(B x fv,ad x {g_z =

—

L (%,1,%,2), (%, ,0,2),
(‘#J Z)V)Q.)) (#)2)':[32) 3

_&JCL The Carol'mm(}-ej heve is 1-2.2-1< ‘f

[n general {Aix---‘/\k‘ = ’Afl' IA?-,' ‘AK]



Cartesian Produc'b

£ the sets 1n a Cordtesian :]>roc\uc:(: are —the

1t7s Cornrmon ‘- use

A= AxA
A?>=A)<Ax/\

ln ‘je_ne_rad) Ak =&:/_id\)

k ~Fa ctors

e < ?one_mes :

ex {013 s

Samg



Cartesian Produ ct

£ the sets in a Cortesian :]>roc\uc~(: are —the same,

1t s Corvrmon —to use exFone_n-éS :

A= AxA
A)> = AXAxA
[V‘ ﬂtne(‘u|) Ak =/A\’<A X ... XA .(Mq'gq_‘-‘;ou"
L/—\/—\—) Cof (@Syo

k ~Fac+or's £o
Ex {0>733 is {01 x {091}’({0)1}: Lofto
{ (050y0) , (0,0,1), (0,1,6), (o, 15D
(1568 (156D, (o), Csmnt
Note: |

Sovded e e(ements

Us (Qxicoqraphfc ovder

(|'rte in Q O“C_-Q'f-onarla_>



Pseudocode

PSCudococ\e_ s a lf\%&rfol between exFlaTnTna_ Some_'tmn%

to o 'FerSon and e,xflaim’ma_ it to a CDmFute_(‘.

To yvead PSe_ucQQCocle‘ Fr‘e-f:e_ncﬁ You are a Compuker,

To write Pseucﬁococle‘ 'umo%:ne_ e,xquTﬂTan_ .Some:l:hinﬁ.
te a vergy [iteral-minded person
With wo  Shock- ferm meaory
Who haf Lo worite QA/QV‘("WIVQ_ dowin.
Ex Pse_ucoo(‘.oc'e Vit o looF:

-For a from 1 to 3 -
}>r'mt a, a+1



PS eudo code.

Ex Pseucroocle with nested lan :

-‘For a -Fram O +o 1 do :

'for L -,Crom O +o 1 alo :

}>r7nt a, b

cutput



Pseudocode

Ex PseucQoC_oc'e width nested looF :

-For‘ a -Fram O +o 1 do :
"ounter [ao7>”

Within This 'for b 'IC""'”’ 0 te 1 do: exec utes
“inner loop, print a, b €he nner
a is fized loop +wvice
ard b ranges

~From O to 1

output : 0)0 -F?rsk £ me "Hn*rouﬂ)q
0 1 -é_he_ outer ’ooF)
’ a=o

+tle outer loop,
o= 1

1)0 E Cecond +£Tme '('L\Y‘ougl,,



Pseudocode

_E_)_< A PSeucQoCocle :

for @ from O to 1 do:
—for E from 0 to 1 elo:
for ¢ frem 0 4ot do:
print (asb,c)
The ouvtput 'S +he ovrdered -é;rT?(es

(0,0,0) , (0,0,1), (0,1,0) (o,1,0,
(15058)5 (150,0) ) (ly 1,00, Cl5057)
le. —él«e, elements ojc +the (ardesion ?foc’uCG

{0,0% = 10,7} x {013 x {0,177

written  in lexicographic (aka &;C.;]QMQD order.



Power set
Recall The cet S is a <Subset o-F T (no{:a-b'fon: S c T)

if every element of S is an element of T

Ex What are -the cublets of {O‘)bacg ?

—

O O o o | o I |

(@) (@) ( @)
fa, b, ¢ fa, by ) Lo, by, ey Lay b, ¢}

o O @) N ') [ l
{,a7 b) C} {-q) b) C} {Q) b) C} {-qﬁ b) C}

MQH\o& - Lisk Tn « “Lexic;ogmt\nlc” ocder



Power set
Recall The cet S is a <Subset o-F T (no{:a-t'foni S cC T)

if every element of S is an element of T

Ex What are -the cublets of {q)b)c?; ?

—

©O O O o o | o | O o I |
fa, b, <3 fa, b5 c) Loy by, 3 Lay b, e}

/@ [c} {53 Lk, "—}

l o \ l l
Cay by e} Lo by cd Lo b @) La b )
{a’)l {a’ C"g L‘bbﬂs (a5 b, C}

Pnsier: 7 [c"ﬁ, (3, L&, c.}>
tal ;Lo ¢y y{abhy (osbs ]




Power set
Recall The cet S is a Subset o-F T (no{:a-t'fom S c T)

if every element of S is an element of T

Ex What are -the cublets of {O‘)bacg ?

—

Al%e,rvm-\—ive,\ﬂ) draww a —tree (Me:Ur\oJ Z.>=

@’

| O~
[a} (b} {c'}
/SN LA
{a, ‘D’B {a ¢} i‘oa;

\I/ou need 1o be able 4o uste bsth ethods



Power set

Recall The cet S is a <ubset o-F T (no{:a-t'foni S cC

if every element of S is an element of T

Ex Find all f-elemect subteb of fo,b,c3

—

called "STnale_ tont”

,@
[N
{a} (b} Lc
/NN
{a, ‘D’?} {o ,C} 6‘036\5

/
Yo,b, Y

)



Power set
Recall The cet S is a <ubset o-F T (no{:a-b'fon: S cC T)

if every element of S is an element of T

Ex Find all 2-element sublete °-F {O‘)b)c?]

—

@

| O~
Xa} &y
A
{a, ‘D’B {Q,CP} 6.‘036\5

/
Yo,b, Y



Power set
A Fseudowale 4ot lists all +ro-element <cubsets

n lex?caﬁthfc ocher) lfs'-F?r% each Subse+t on[n ovice

name of ~Y ?Studowc'e—

/Fvorr;;(syz
-For a in S do:

'FOT' all L a'f:éer a in S do-
output (lab3)
Ex \'F "y "\n”blft S is S = {:],2_,3’1)

+lhe chafam would OWEFWE {1)2-'}) [lJS’EJ {2‘233
in £his order



Power set
Recall The cet S is a <ubset o-F T (no{:a-b'foni S c T)

if every element of S is an element of T

Def The Power cset of a Set T s

FCT) = iall subsets of T

Note The Fwo “extreme ” Subsets, @/ and T,
are. &[emen-ES O-F ?[T.)

Ex The power set of {a)lo,cz XN

P(lab,c3) =£/® Y {C-IB ) {53 3 {b, C_}>

(0} 5 la, ey la by osks e f
Note | s {aJ an element of F({a,b,cl) C

2. Is & an element of ?[{a)b,(;]} .?






Exercise H#1
Let A=10,2,3%, B=(2,33, and C={1,4]

be subsets of the untverse U={0) ---)43.

COMFM'EC_ the 7Eo ”oanc:]_

oA x AC

2. B xF(R)

s U XD



i

2.

3.

Exercise H1
Let A= iD)Z,S?)) &= [2)3?13 and C=[/,43

be subsets of the wuntverse U=[0, ---)4}.

Compute the following.

Ax AS = 10233 < [ 1,47 = (0,0, (04,
(2,1>, (2.4)
(3,1, (2,4)]

o F =51l ol o o
{2/3} (3 ),@/), (3, (21>) G, {-333) éa{2\§D}

Uxg = ¢



E xercise 2

SuF*Fp.se, You are Flatﬁ_'”ﬂ a game,
When t’s your —+turn, You -FI:F a 1uar-l:e_r then roll a die.

1. We can wodel <€his situation using_ Cartesian ?‘Foc&MQ_‘b

{7 Y=<t 7 ]

2, The cet o-F all “Foss'\\ole ocut conne 8 i 7

3. lhe number o-F ’rossﬂclc outComes IS Z



E xercise

SuF*Fp.se, You are Flatﬁ_'”ﬂ a game,
When 1t’s yeur —+turn, You -FIFF a 1uar-l:e_r then roll a die.

We can wodel LThis Situotion using_ Cartesian ?foduc_t

1.
{ 1’Z>3>4)§) é'}

=

{ Heabs, Tans} x

Lk A B
2, The cet c-F oll “Foss'\\o\e out Conmne 8

and

s AxXB

3. "The number o-F ’rossﬂclc outComes s IAXBl ’—“—lA)-IBJ
= Z.é
= 2



N ex+4 —TOF;'C:
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