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Logic Connectives:

- negation (=A, pronounced: not A, it is not the fact that A)

A conjunction (A A B, pronounced A and B; only True when A, B are both True)

V disjunction, inclusive or (AVv B, pronounced: A or B; only False when A, B are both False)

@ exclusive or, XOR (A € B; true only if A and B are different, e.g., Ais True and B is False)

= implication ( A= B, pronounced: if A then B, A implies B; only False when the premise is True but
the conclusion is False)

& equivalence (A & B, pronounced: A if and only if B, A is equivalent to B; only True when A, B are
both True or A, B are both False.)

Set notation: {x : x has a property P}

€ membership (a € A, aisamember of A, ais an element of A)

& non-membership (a & A, ais not amember of A, g is an element of A)
Set A is a subset of set B, if, and only if, each element of A is an element of B;

C proper subset A C B, Ais a proper subset of B: A is included/contained in B but it is not equal to it)
¢ not a proper subset the opposite of the above, i.e. =(A c B))
C subset (subset equal) A € B, Alis a subset of B: Ais included/contained in B and it may also be equal to B)
& not a subset the opposite of the above, i.e. =(A € B))

D proper superset A D B, Ais a proper superset of B: A includes/contains B and it is not equal to it)
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2 superset A 2 B, Alis a superset of B: A includes/contains B and can be equal to it)
. Union: AUB={x:xEAorxE€ B} ( : Difference: A\ B={x:xE€EAandx & B}
Thus:xEAUB S XEAVXEB s Thus:xEA\BSXEAANXEB
—— Intersection: AN B={x:xEAandxEB} Complement: A= {x:x ¢ A}
' . Thus:xEANBS XEAANXEB a Thus:xEA S x A

Powerset P(A) ={ X : XS A}, i.e.itis a set containing all the subsets of A.

P={} (empty set; @ is a subset of any set)
B ={0, 1} (binary digits, or bits)
N={0123 ...} (natural numbers)

Z={..,-2-1,012 ...} (integers)
Q={%im,nEZ,n¢0} (rational numbers)

R ={x:xisareal number } (real numbers)

For intervals, ( and ) mean that the corresponding elements are not included, [ and ] means that the corresponding
elements are included.
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Predicate logic (quantifiers):

V - universal quantifier (Vx P(x): for all x P(x))

3 - existential quantifier (3x P(x): there exists x, such that P(x))

3!x P(x) pronounced “there exists a unique x such that P(x)” logical equivalent to: Ix (P(x) A -3y(P(y) Ax #Y))

Equivalences: -Vx P(x) & Ix -P(x) -3x P(x) © Vx -P(x)

Functions:
A B Given a subset S € A of the domain of f, the image of S under fis defined by
O oomen f1s) = {fla) : a €5}
Given a subset T € B of the codomain of f, the preimage of T under fis defined by
© codomain
fUT)={a €A fla) €T}
O Range
A function f : A = B can be represented by its graph:
graph(f)={(a, b) €A xB:b=fla)}
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B can have B cant have Every B has
[ s el Dl ] [ many A ] [ many A ] [ some A ]
If f: A= Bis a bijection, then the inverse function f: B > A is the function that assigns to each b € B the unique a €
A such that f(a) = b:

f1(b) =aif, and only if, f(a) = b.
Givenf: A - Band g : B - C, the composition of g and f is the function g » f: A - C defined by
(g ° f)(x) = g(f(x)).

Note In order to form composition of g and f, the codomain of f must be the same as the domain of g.

Relations:

o reflexive if, and only if, every element of A is related to itself by R.
That is, Vx € A (x R x).
o rreflexive if, and only if, no element of A is related to itself.
That is, Vx € A -(x R x).
e symmetric if, and only if, y is related to x whenever x is related to y.
Thatis, Vx,y €A ((x Ry) = (y Rx)).
e antisymmetric if, and only if, y is never related to x whenever x is related to y, except possibly for when x =y.
Thatis, VX, y EA((XRY) A(yRXx)=>x=Yy).
= is both symmetric and antisymmetric
e transitive if, and only if, x is related to z whenever x is related to some y which is related to z.
Thatis, Vx,y,Z€EA((xRy)A(yRz) = (xR z)).



