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Generalized Union

fDeﬁnition 6: The union of a collection of sets is the set thatT
contains those element that are members of at least one
set in the collection.

We use the notation

n

AluAgu...uAn:UAi
1=1

to denote the union of the sets Ay, A, ..., A,,.
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Generalized | nter section

fDeﬁnition 6: The intersection of a collection of sets is the T
set that contains those element that are members of all sets

In the collection.

We use the notation

n

AmAgm...mAn:ﬂAi
1=1

to denote the intersection of the sets A;, Ay, ..., A,
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Functions

o N

Definition 1: Let A and B be nonempty sets.

A function f from A to B is an assignment of exactly one
element of B to each element A.

We write f(a) = b If b IS the unique element of B assigned
by the function f to the element a of A.

We write f : A — B if f 1s a function from A to B.

sin (x)
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Domain / Codomain

-

Definition 2: If f:A — B, we say that A is the domain and BT
the codomain of F.

If f(a) = b, we say that b is the image of ¢ and b Is the
preimage of 4. O.

The range of f is the set of all images of elements of A.

If f‘A — B, we also say that f maps from A to B.
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| mage

-

DefinitionHLet SCAand f: A— B. Theimage of S under
the function f is the set O

-
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| nj ective Functions

-

Definition 5. The function f : A — B is called injective or
one-to-one Iff

-

Va € AVb € A(f(a) = f(b) - a=0D).
Slin - @ —) [—-I’ [ ] I’bo‘l' “/v,‘eahl/e
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Surjective Functions

-

Definition 7. The function f : A — B is called surjective or
onto Iff

-

Vb€ Bla € A(f(a) =b)).

R — R ot Jw,e,ch
St R — :"// | ) ﬁ/t/,ﬁ@a/\r/c.
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Bijective Function

-

Definition 8: The function f : A — B is called bijective ifitis
both surjective and injective.

-
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Examples
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| nver se Function

-

Definition 9: Let f : A — B be a bijective function.

-

Then, the inverse function f~!is the function from B to A
that assigns to b € B the unigque element a € A such that

f(a) = b. £
A

|
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Composition of Functions

fLet g:A— Band f: B— C. The composition of the T
functions f and g, denoted by (f o g), Is defined by
(fog)la) = flg(a))
A 5 R s C
./ ,r
A g (o) (9()) = (=R Ye)




Composition of f and £~

fjﬁ A= @ bl[@cf\'ve P>k B
. dAA ol 7
10 N o L5

A A

S IRt A
g5 sk

)(0\,)’—" o
U rof = 4y (glah)



Graphs of Functions

-

Let f : A — B. The graph of the function f is the subset of
A x B defined by

-

{(a,b) € A x B|f(a) = b}.

o |
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Examples

-

The graph of f(n) =2n + 1 from Z to Z.
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Examples

-

The graph of f(z) = z? from Z to Z. i o
The graph of f(z) = z* from R to R. Alscs e por s

S
Vv
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Floor and Ceiling Functions

o N

Definition 12: The floor function assigns to the real
number x the largest integer that is less or equal to z.

The value of the floownction IS denoted by |z|.

=

The celling function assigns to the real number = the
smallest integer that is greater or equal to .

The value of the ceiling function is denoted by |z].

] =23 1= 4
o Lel=2 =L
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Functions Graphs of Floor and Ceiling
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Factorial Function

-

The factorial function f:N — Z* is denoted by f(n)

— nl. T

The value of f(n) = n! Is the product of the first n positive
Integers, so

nl=1-2---(n—1)-n

and f(0) = 1.

o |
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(Strictly) Increasing / Decreasing

-

Definition 6: Let f : A — B with A, B C R.

-

The function f Is called

# increasing If

# strictly increasing |If

whenever = < .

o |
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Addition / Multiplication of Functions

o N

Definition 3: Let f{, fo : A — R.
Then fi + fo and fi fo are also functions from A to R defined

by

(fi+ f2)(x) = filz)+ fo(z), (1)
(fifo)(x) = fi(z)fa(z). (2)



Seguences and Summations
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Sequences
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Summation
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