
DetAsetis a collection of distinct,
-
unordered items called elements

&xD =30,1,2,3,...,93 has 10 elements

bits=90,13 has a elements

Bool:True, Falses has I elements
2:integers has no elements

3..., - 2, - 10,12....3
① =rationals
# =reals

V = Sa,e,i,0,u,y3 has belts.
= =

2a,b,c,..., x,y, z 3
has 26 elts.

DeftnosetAsBare equaldenotedare
ex. 30, 13 =21,03 =50,0,13 (but

We usually don't
write down repeats)

Det we write XES(X*S) iffx is in
-
(notin) S.

ex. Ofbits 24 bits ++Z

Danthecardinalityor sizeofasones
distinctelements in S.

ex. lbits) =2 15) =26

note:we don'tconsider infinitytobe a number,
so we don'twriteIII:anything. We just
say "I has infinitecardinality"or similar.



① Can we have a sets such that(st.)
-

1S1 =04

&ofthe emset, denoted 33 or 0,
is theset with no elements.

10/1 =0.

Note3037% - emptybox
↳ boxcontaining an empty box

12031 =1

F=50, 503,350333 has 3 elements.

F is a boxwith 3 elements:#is HIS
1. an empty box
2. a boxcontaining an empty box
3. a boxcontaining a box containing an
emptybox

⑦IfA =Bdoes (A1:1B1?Yes, by substitution

②Is theconvene true?If1A =(B1, does
A =B?

Disproof by counterexample:

Consider A =553
1A1 = 1 and (B1 =1.B2 +B-5in



&ef set builder notation defines a set

S = 9X: a rule about x 3
I

"Such that
"

S contains the elements x st. the rule
about X is true.

eX. evens =Ex:XEI and x even]
evers = 2x:x= 2c for ct23
evens = 2x-2: X even 3
bit s = 2x+2:0 =x=13

Deff every dimentofof BidenvotedA
B

-
i -

wecanal9 that is is a sparsetof

ex. evens?1 (R
but IR*** devens
- p

#EIR but -2tQ

↑

3Etevens
##D bu+ yz+z

bits[X: XEZ and 0 1x 193
30.53130,13

Not d IS for any set s
& ES for any sets



Q 1) A (B what can we say about-

Al, IBI?

1AlIB), because every elf. of A also in B

&is the converse true?

claim If 1A1= IB), then A lB.
-

&isproof by counter example: let A = E13 and
B = 923.1A1=1 and 1B1 = 1, so 1A)-IB1.
But ItA and It B, so AB. I

divides
s

&m 3x+2:181x31[X72:6)x3
Step 1: understand notation, terms. Sometimes
it's useful translate between math notation
and English or vice versa.
-The set of numbers divisible b 18 is a
subset of the numbers divisible by 6.
- Every number divisible by 18 is also div.

by C.

Step 2: do some examples.
ex. X 18(x? 6 Ix?

T T

1 F T
T T
-

-

t + 18x 61X

what would a counter example look like ?TF



#)WTS Ext2:181x3 =9X=2:6/x3
~is a t 3X(2:181x3 then at 9X=1:61x3
by def. of I

Suppose that at EXE2:181x3.

statement reasoning
a=182 for CEZ by def. of dive by 18

a= 6.32 by factoring
a
=6.K for some because product of

I
xt- 2 into is info (3a)

61a by def. of div. by 6
atExt2:6(x3 rewriting I

PefAUB "A union B"is EX: XEA or xEB3

↑, B
I

note that elements XEA
and XEB are in AUB.

ex- 32,4,63092,3,43 = 32,3,4,63
even into Vodd ints =2

-
1R=0 U IRF0 = 1R

rea's greater I

or ego
reals 1.t. AUD: A for any setAor ego AVA: A for any setA



Bet ANB "A intersect B" Ex:XEA and xEB3

A0B
not disjoint

ex- 92,4,63152,3,4) = 32,43
evens 1 odds = 0 disjoint ·

oint
A10 = 0 for all sets Adiss
ANA:A for all sets A not disjoint
11"11R=

0
= 903 not disjoint

Det Sets A, B are ofpoint if AlB = 0.
-

That is, they have no elements in common
i.e. O & disjoint 88 "asjoint

A B

#A-B or ALB "Aminus B"EXEA: XEA and
x AB3

*O
A B

ex- 22,4,6) - 32,3,43:263
-2,3,43 - 32,4,63 = 333
evens-odds =evens

A-B EA for all sets A, B
A- O = A for all sets A



Det A or - A "A complement" 2x:XEA3
- Universe U

NO20,1,3,5,7,8, 93 if
& is EX72: 0 =x193
- 3... - z,-1,0,1,3,5,7,8,9,...3

if u =z

A B

tim 2xt z:x(2312xt2:x193
↓ 3X+ 2:6/x3

C

2 and x div. by 9,Step 1: iei *a by56.
Step2: examples

X xc AlBT xtC?

G F T

O T
T

3 F T
18 T T XEAB XEC

what would be a counter example? T F



Isuppose xcAB. WTS XtC.
statement reasoning

XEA and xtB by def. of 1

21x and 9/X by def. of A, B

x
=2c and x = 9d by def. of divisibility

for c,dtz

2c = 9d by substitution

219d by def. of 1 (we wrote
ad as 2c

dis even 219d, but 9 is odd, so
dmust be even

d= 2d'fordEZ by def of even

x =9(2d') by substitution

x= 3.3.2.d' by factoring
x = 6.3.d' by mult

6/X because 3d't2

xtC by def. of C 1

goal: x=bkkx2



Inm (DeMorgan's) AB =(Av5)
The complementoftheintersection is

theunion ofthecomplements.

**********
AnB Av5

Ifwe will prove that
AB I (AUB) and

=>ATB=(ANSe)X

(AVB):ATB

ADB = (AUB):we will show thatifXEAIB,
menxt (AU5).

Suppose XATB. WTS XAUB.

x*AnB by det. of
-

* not in both A andBby def. of1 and l
x*Aor XABby reasoning formalized later
xtcor xt5by def. of

-

xtAVB by det. ofU



Now suppose XCAUB. WTS x+ AAB.-

xEA or XCBby definition ofU. So we
will prove by cases.

Case 1:xtA. WTS xEAB.

x *A by def. ofA

Xt/ ANB since ANB1A

XtNB by def. of-

case2:xCB. WTS XEAB.

symmetric- replacew/Band vireversa.

Since thecases are exhaustive, the claim is
#

proved.

Det Given a sets, theeversetofS
idenoted PCs)) is thesetofall subsets ofS.

P(s) =5A:ACS3. p(s)
ex. 5 = 51,2,33. X

30,313,323,333,31,23,31,33,52,33,51,3,333
Anotherway tothink aboutthis for every
elementof5, we eitheradd itor don't.



adda? add b? add c?

N 23 /
N - ·

↓ & x - 5c3

3 y - [33 -
N - 263

N
-y - 5b,c3

/(VY
-
a3

(a) - N - 2a)
·y - 2a,c3-

Y- 5a,b3- N - 2a,b3
how many
leaves in this tree? · y - 2a,b,c
8

fact(8(5) 1 =2
)

ex. B =51,2,21,333. 1B1 = 3. (P(B)1 =8.

[0,213,223,931,333,51,23,51,31,333,32,51333,
51,2,51,3333

Notepower setis also denoted IS forsetS.

0 IS forall sets S

SELS forall sets S



caim IfP(A) < P(B) thenA CB.

=7⑭8B7 ↳i
can't have

&x B from before - B =5 1,2,31,333.
A =513.8(A) =20, 2133.

O(A) =8(B) AB
T -

I(direct)

suppose P(A) = O(B). WTS ALB.

suppose if(- OLA) then(EP(B), thenifAtrenyY-> B.
so we WTS ify - Ateny+B, and we have
if(t8(A) then(tP(B) towork with

suppose y EA.

2y)IA by det. of

[y3=0(A) by def. ofPLA)

(y) =p(B) by 0(A)
=P(B)

y
-B by def. ofP(B)
ACB by def. ofa



Def Aseellisttoplearray
a

recent
-
ordered

eX. <o,17 gtheseare notthesame

(1,07

10,07
A =(a,a2,as,ay,..., and array ofn

elements

-petplett,Bbesetse ttesianprodcin
Aand B in thatorder.
so AXB =3 <a,b>:atAand be B3

ex. (a,b,c3 x30, 3= (a, 0), <b,07, <4,0")
(a,K,<b,(),x,1>)

2xz =G(x,y):xt 2,yzz3
all integer points in 2Dplane
1Rx(R =5(x,y):x*(R, y-R3 all points
< - in IDplane
..

· 1
i

=

2 x 2

-ii
& ②

Q Whatis 1AXB1?1AIXIB).



utimes

PetFor setS, Jis x...X S
so [(S,5,,..., Sn):SitS)

ex. 50,133:5,000,001,010,011,100, 101, 110,")
all length three bits
R =n-dimensional space

caim Ax(BUC) =

(AXB)U(Ax()

Step 1:notation, terms... w

this looks like thedistributive property from
regular anthmetic:a (b tc)

=ab +bc

Step 2:examples.
A =21,23 B =263 c =D,03

Ax(BVC) =A X2b,b,0) =2,b,1b,1,0,2b,2,5,203
AXB =21b,263
Axc =21D,10,25,203
(AXB)u(AX() =21b,zb,11,10,25,203

# We will prove and I separately.
2:prove thatAx(BUC):(AXB)U (AXC).
Thatis, ifyeAX(BUC), then yfCAXBUCAXC).

suppose yeAX(BUC),

ye <a,d)merearest by det. of X



There are twocases:either dtBor dtC.

Case I:dtB.

y
=<a,d)tAXB by def. ofX

yt (AXB)u(AXC) U only adds elts toAxB

Case2:dt C.

symmetric.
↳ is done.

2:prove that(AxB)U (Ax() = AX (BVC).
wis ifye(A XB)U(AXC) thenye AX (BVC).

suppose ye (AXBTU (AxC).

Case 1:yEAXB. exercise:show yEAX(BUC)
case2:y

)AXC. snowytAX(BUCI

&moreset-related notation.
ex. 5 =52,7,33

min xminimum elf. in S minX =2
XtS XtS

ma x max elf. in max x =4
xtS XtS

&xsum of altsins =X =9
XtS XtS



# xproductofeltsofs x
=24.3

xt 5 xt5 =24

#xz =2=.y
=

3)
xt 5 =1.16.9

Ifwe have sets A,A, ..., An, men

VAi =A.AzV...VAn
i =1

EAi =A , 1A1... An

GetAFaitionis setofsubsetofSisa
2x.22,3,43

352,33,54332

252333x


