Ordered pairsand n-tuples

PThe ordered pair (a, b) is acollection that has a
a5 itsfirst element and b as its second element
<Notehowthis is different from asd; in sets the

elements are not ordered
<Theset{1, 2} isthesameastheset { 2, 1}, but the
ordered pairs(1, 2) 0 (2, 1)

PTheorderedtriple (a b, ¢) is acollectionwith a
s itsfirst element, b as itssecond element and ¢
& its third element.

PThe ordered n-tuple (a, ..., a,) isthecollection
whichhes a as itsith element, for 1# i #n

Cartesian Products

PThe Cartesian product gives us away to “multiply”
setstogether

PIf A, B, ..., Qare sets, then the Cartesian product
AxBxpxQistheset {(a, b,..., )| a0A,..., q0Q}

P Notethat the Cartesian product of ksets is a set of
ordered k-tuples

PWhat is{x, y}*x{p, q}
<{(xp), (X9, p), y, A}
PWhatis{1, 2, 3} x{a b} x{5, 6}?

<{(1,2a5),(1a6),(1b5)(1b86),(2a5),(2aH6),
(2,b,5),(2, b, 6),(3 a5),(3 a6),(3,b,5), (3, b, 6)}

A Familiar Cartesian Product
P You'veprobably heard theteam “Cartesian
coordinates”

Pltusually refersto the (%, y)-coordinatesystemwe
usewhen graphing in the plane

Por (X, Yy, 2-coordinates when graphing inspace

PIf we let U denote all real numbers (the number
line), then the plane is GxG = 4?

Pandspaceis uxuxa = G*

Union of Sets

PThe union of Aand B is theset that contains all
elementsfound in either A or B

PAcB={x|x0Aw x0 B}

PEg: A={12,3},B={3 4}, C={1 4, 7}.
< Wha is AcB?

<Whdais AcC?

<Whdais AcBcC?

PWhat is AxBcC
< It dgpends on wherey ou put theparentheses!
< (AxB)cC={(1,3), (2, 3),(3,3),(1,4),(2,4),(3,4),1,4 7}
< Ax(BecC)={ (L, 1), (1, 3),(1,4), (1, 7), (2,1), (2 3), (2 4),
(2,7),(31),(33), (34, (B n}




| ntersection of Sets

Theintersection of A and B is theset that
contains all elements found in both A and B

A1B={x|x0A v x0 B}

BEg: A={12,3},B={3 4}, C={14,7}.
Wha is A1B?
Wha is A1C?
Wha is A1B1C?
What is AxB1C
(AxB)1C = i
Ax(B1C) ={(1, 4), (2, 4), (3, 4)}

Set Difference

PThe difference of Aand B is theset that contains
all elements found in A, but not B

PAIB={x|xXx0A Vv x 6B}

PEg: A={12,3},B={3 4}, C={14,7}.
<Whais AIB?
<Whais AIC?
<Whais AIBIC?
— Hereitdepends on whereyou put the parentheses!
- (A1B)IC={2}
—-AlBIC)= {1, 2}
<Whais AxBIC
- (AxB)1IC =i
— Ax(B1C)={ (1, 4), (2, 4), (3, 4)}

Complement of a Set

Thecomplement of aset isthe set of all elements
that are not in that set.
Doesthis make sense?
Wha’smissing?
Be oredefining the complement of a set, we must
havethe notion of a universal set
Theuniversal setisthe set of all  ementsunder
oonsideraion. This must be made clear.
This is analogous to the universeof discourse for
predicates

Alltogether: | will not write “ compliment” of a set

Complement of a Set

PSuppose U isthe universal set. Then for aset A,
A={xi U|xi A
PThus U — A is another way of writing the

complement
PSuppose U istheset of all integers

<A={x]| xisan even integer}

— complement = set of odd integers

<B={x| xisa multiple of 3}

— compl ement = set of integers whichleave arema nder of 1
or 2 when divided by 3




Set |dentities

PSeveral set identities aregive on page 49:
Aci= A
AcU = U
AcA= A

A1(BcC) = (A1B)c(A1C)

Ac(B1C) = (AcB)1(AcC)

P How would one prove such identities?

P Threeways:
<M embership T ables
<Useof simpler identities

<In general,to show two sets are equd, it is enough to
show that each set is a subset of the ot her set

Membership Tables

PFor echsimpleset in the expression, make a
columnthat will indicatew hether an element is
(1) or is not (0) in that set

PFor morecomplicated columns, combine the
simpler columns

PFar example, let us prove one of DeMorgan’'s
laws: The complement of the union isthe
i nter section of the compl ements

Membership Tables

Prove (AIB)ICTC!B

PThistime, what would werequire of the
membership table?
<Tha every “1” on the |eft-hand side has a
corresponding“1” ontheright-hand side.
< But therecould be more“1s” on the RHSthantheLHS

A B| C|A!B |(AIB)IC Cc!B

1|11 0 0 0 >

1 1 0 0 0 0 Every* 1” in this

1 0 1 1 1 1 column

1 0 0 1 0 0 Has a corresponding
0 1 1 0 0 0 [“1”inthat column,
0|l1]0 0 0 0 | provingthe desired
0Ol o0 1 0 0 1 |subset rd ati onship.
0]0]O0 0 0 0




