Math205 Handout 1: Sets and Logic Formulae 2009

e Basic Definitions

e Set Relationships

Set Theory Notation || Definition
Complement | A€ (or A) || not in

Intersection ANB in both

Union AUB in either or both
Disjoint Union ANAB in either but not both
Universal Set u all elements

Empty Set %} no elements

Two sets are equal if they have exactly the same elements in, we write X =Y.

If element is inside a set we write z € X, otherwise we write z & X.
If a set X is wholly inside of another set Y we write X C Y.

The cardinality of a set X is written |X| and is the number of unique elements in X.

A set is designated {z | f(z)} if it is made up of the universal elements x for which f(z) is true.

e Set Algebra

The following are the various set relationships we established using Venn Diagrams:

e Inclusion Exclusion

IXUYUZ = |X|+Y|+|Z] -1 XNnY|-|XNnZ|—-|YNZ+|XNYNZ]

Complementation (X9 = X
Commutativity (XUY) = YUX
(XNnY) = YNnX
Associativity (XuY)uz = Xulu2z
(XNnY)nzZz = Xn{{¥n2
De Morgan (XUY) = (X°NnY"
(XNY) = (X°UY©
Distributive (XUuYy)nz = (Xn2Z2)u(¥yn2z)
(XNY)UZ = (XUZ)Nn(YuZz)
Idempotent (Xux) = X
(XNX) = X
Absorbtion (XUuYy)nx = X
(XNnY)ux = X
Identity (Xug) = X
Xnu) = X
Domination (XNw) 1)
Xuu) = U
Inverse (Xuxe) = U
(XnXxe) = o

IXUY|=|X|+|Y]-|XNY]|



e Basic Definitions

Set Theory Notation || Definition Logic Notation
Complement A° not in Not ~p
Intersection ANB in both And pAgq
Union AUB in either or both Or pVq
Disjoint Union ANB in either but not both Xor pVyq
If p is true then ¢ is true | Implies p—q
If p and ¢ are the same Ifand only if | p< ¢
Universal Set u Always true Tautology To
Empty Set %} Never true Absurdity (~To)
pla|~p|pAg|pVg|pNg|p—qg|p—gq|To
010 1 0 0 0 1 1 1
Truth table: | 0 | 1 1 0 1 1 1 0 1
110 0 0 1 1 0 0 1
1|1 0 1 1 0 1 1 1
e Logic Relationships
Double Negation ~(~p) = p
Commutative (pVqg) = (¢qVp) (pANqg) = (qgAp)
Associative (pVg)Vr = pV(gVr) (pAg)AT = pA(gAT)
De Morgan ~pVvey = (~p)A(~q) ~(pANg) = (~p)V(~g)
Distributive pV(gAnr) = (Vg A(pVr)) pA(gVr) = (AqV(pAT))
Idempotent pVp = p pPAp = p
Absorbtion pV(pAqg = p pA(pVyg) = p
Identity pV(~Ty) = p p ATy, = p
Domination p V(Ty) = To p AN~Ty) = (~Tp)
Inverse pVi~p) = To p A~p) = (~Tp)
Xor pYqg = (~@Ag)N(PVQ
= (~pArgVvnr(~a)
Implication p—q = (~p) Vg
Biconditional p—oq = ((~p)VgA(pV(~q)
= p—aNl@—p)
= (~(va)Vvprg
e Quantifiers
There Exists 3
For All v
Negation ~ Vz (p(z)) = 3Tz (~p))
~ (@ (pla) = Vo (~pl)
Contrapositive Vo (p(z) — q(x)) = Va ((~qx)) — (~p(x)))
Equivalences Vo (p(z) Ag(z)) = (Vz p(z)) A (Vz g(x))
Jz (p(z) Va(z)) = (G pl@)) Vv (G g(a))
Implications Jz (px) Ag(z)) — Tz plx)) A Gz q(z))
(Vo p(z)) vV (Vo q(x)) — Vz (p(z)Vq(z))



