Chapter one-sets
Representation of sets
1) Tabulation method
Examples:
1) A={1,3,7,10}
2) The set of student in computer science
2) Rule method
Examples:
1) A = { x; x is student in university of Diyala}
2) B = {x; x2-3x-2= 0}

If ais an element in the set A then we write a €A. If a is not an
element in the set A then we write a ¢ A.

Examples:

1) A= {1,3,45,6,7},4 €A, 2 €A.
2)B={x;xiseven}.2€B,5¢ B

Finite and infinite set

Examples:

1) The set of days in week is finite
2)A=1{2,4,6,8,....} is infinite

3) B = { x;x is river in the earth} is finite
Natural numbers N = {0,1,2,3.4,....}

Integer numbers Z = { ...-3,-2,-1,0,1,2,3.4,....}

Positive numbers Z* = {1,2,3,4,....}
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Negative numbers Z~ ={...-3,-2,-1}

Rational numbers Q = {% a,bez b=0}

Real numbers

Complex numbers C = {x+iy, X,y €R, i =+V—-1}

Even numbersZ, ={x,x=2n,nezZ}={....-4,-2,0,2 ,4 ...}
Odd numbers Z, ={x,x=2n+1,nezZ}={...,-3,-1,1,3,5,... }

The set which contains no element is called empty set or null set
and denoted by @

Examples:

1) The set of people in the world who are older than 200 years.
DA={X;X€EZy,; x*=4}

3)B={X;xXEN;2 < x< 3}

HC={x;X€EZy; x> =15}

5D={x;x€eZ;0 < x <1}

The set A is a subset of a set B denoted by (A < B) if each
element in A belong to B

Examples:
1) A={1,3,5} isasubset of B ={1,2,3,4,5}

2) G = {x ;xis even}is a subset of F = {x ;X is a positive power
of 2}

The null set is a subset of every set

If there is at least one element in A that is not a member of B
then A is not subset of B, denoted by A £ B.



Example:

A={x;xeZ;-3<x<3}={-2,-1,0,1,2}ycZ,butA
ZN.

Example: A ={2,3,4,5}, B = {2,456}, A ¢ B.
IfACBandB c A, then A=B
Example: A={x;x?-3x+2=0}, B={1,2}, A=B

If A< B, A=+ B,then Ais aproper subset of B, denoted by
A c B.

Example:NcZcQcRcC
Properties: Let A, B, C be sets then
1)ACA

2)IFAcB,B cCthenAcC
3)IFAcB,B cCthenAcC

If the set is a subset from big set or another set then this set is
called universal set , denoted by U

Example: A={1,3,5}, B={2,4,6}, C={2,9,10}
U, =4{1,2,345,6,78910},U,= N,U3= Z

The set of all subset of any set S is called the power set of S,
denoted by P(S) or 2°

If S has n elements then P(S) has 2™ elements

Examples:

1)M={ab},P(M)=1{0, {a}, {b} . M}

2)T={4,7,8} P(T) ={0.{4}.{7}{8}{4.7}{4.8}.{7.8}, T}



Properties: 1) If ACB , then P(A) < P(B)
2) If P(A) < P(B then ACB

3) If A =B then P(A) = P(B)

4) 1f P(A) = P(B) then A=B

Operation on sets

1) The intersection of sets

Let A, B be sets, the intersection of A and B ( denoted by A N
B)istheset ANB={x;Xx€Aandx eB}

Example: A={2,3},B={35,7}, ANB={3}
Properties: Let A, B be sets then
1)ANBCSA,ANBCB

2)ANA=A

2) ANB=BNA
3)(ANB)NC=ANBNC)

4YAND=0

5)ANU=A

7)P(A N B)= P(A) N P(B)

Let A, B besets, Aand B iscalled disjointif ANB=0
Examples: 1) Even numbers and odd numbers.

2) A={134,5} B={2,6,7,9}



2) The union of sets

L et A, B be sets, the union of A and B ( denoted by AU B) is
theset AuUB={x;x€AorxeB}

Properties: Let A, B be sets then
1)ACAUB,BSAUB

2) AUA=A

3) AuUB=BUA
H(AuB)uC=Au(B uUC)
5)Aup=A

6)AuU=U

7) P(A) U P(B) € P(A U B)
Distribution laws

Let A, B, C be sets then
1)AN(BUC)=(ANB)U(ANC)
2)AUu(BNC)=(AuB)N(AUC)
3) Difference of sets

Let A, B be sets, the difference of A and B ( denoted by A -
B)istheset A- B={x;xe€eAand x & B}

A-BcA A-BZB

A-B = B-A

Example: A ={3,47,8,9}, B={1,2,3,4,6,10}
A-B={789},B-A={1,2,6,10}



Incase B € A, A- B is called complement of B in A ( denoted
by Ba®)
BC=B;°=U-B={x;x€eUand x¢ B}
Properties: Let A, B be sets then

1) If A € B then B¢ c A©

2) (A9 =A

Demorgan laws

Let A, B, C be sets then

1) (A u B)¢ = A® N B¢

2) (AN B)¢ =AC U BC

Properties:1) AU A® = U, AN A¢ =¢

2) 0y =U,U; =0

Properties: Let A, B be sets then

1)A- B=A-(ANB)

2) A-B=B¢-AC

3)A-B=ANBC

4) The delta

AAB=(A U B)-(ANB)

AAB =BAA



Chapter two-logic
Statements
1) Baghdad is the capital of Iraqg (T) Statement
2)2+1=4 (F) Statement
3) m is the rational number (T) Statement
4) Where do you live not statement
Compound Statements

Let p, g b two simple Statements. If we take p and g together,
we get new Statement called Compound Statements.

There are three connectives
1) And A

2)0Or V

3) Not ~

The truth tabular of pAg

Y q PAQ

m | ™|
M| | T |-
m|m|m—




The truth tabular of pvq

P q | pvq
T T T
T F T
F T T
F F F

The truth tabular of ~p

P | ~p
T
F T

Example: Write the truth tabular of 1) pA~qg 2) ~pV~q

p q9 | ~q |pA~q

T T F F

T F T T

F T F F

F F T F

P 9 | ~p | ~q | ~pV~q
T T F F F

T F F T T

F T T F T

F F T T T

Conditional statements

The statements if p then q is called if statements and denoted
by p— g



P—q

pP—~q

(pva) =( pAq)

P—(q—r)

~q

PAq

q-r

The truth tabular of p — g

pVq

Example: Write the truth tabular of 1) p =»~q

2) (pva) =( pAa) 3)P—(g-r)




The Biconditional statements

peq = (p — q) A(g—p)

The truth tabular of pe—q

P q |pP—a|g=p | peq
T T T T T
T F F T F
F T T F F
F F T T T

Example: Write the truth tabular of 1) ( pAg) & (pVvq) 2) ~ (
pAQ) V ~ (q<p)

p | a|pAg|pVa| (pAg)—(pva) | (pva) — (pAa) | (pAag) < (pva)
TIT| T T T T T
T|F| F T T F F
FIT| F T T F F
FIF| F F T T T

p q pAq | ~(pAqg) | gop | ~(gep) | ~ (pAg) V~ (g <p)

T T T F T F F

T F F T F T T

F T F T F T T

F F F F T F T

The Conditional statements is called Tautology if it is always

true




Example: p—( pVvq)

p q pvg | p—(pVva)

MM |-
M| | ™|
m |- -

T
t
t
T

The Conditional statements is called Contraduction if it is
always false

Example: (p = q) A ( pA~Q)

pla|~q|p—q|pA~q]| (p—q)A(pA~q)

m M| — |-
m|H|m |-
—~|mT || ™
—A| | T |-
M M|
M| T MM




Chapter three-Relation
Cartesian product

Def: Let A, B be two sets, the cartesian product of A and B is the
set AXB={(a,b),a€A,b € B}

Example: LetA={1,2,3},B={a, b}
AXB={(1,a),(1,b)(2,a),(2,b),(3,a),(3, b)}
BxA={(a,1),(,2)(a,3)(b,1),(b,2)(b,3)}
Remarks

1) Let A be set contains n elements, B be set contains m
elements, then AXB contains mX n elements

2) AXB# BXA

Proposition Let A, B, C and D be sets, then
1) A X( BUC) = (AXB) U(AXC)

2) A X(BNC) = (AXB) N (AXC)

3) A X( BUC) = (AXB) U(AXC)

4) A X( B—C) = (AXB)—(AXC)

Def: Let A, B be two sets, each subsets of AXB is called relation
from A to B denoted by R(R € AXB)

The relation is called relation on A, If R € AXA.
Example: LetA={1,2,3},B={a, b}
R={(1,a),(1,b),(3,a)}is relation since R € AXB

R, ={(1,b),(3,a), (b, 2),(2,a)}is not relation since R ZAXB



Example: Let W={a, b, c},

R={(a, b),(a,c),(c,c),(c,b)}isrelation on A since R &
WXW.

Remark: Let A be set contains n elements, B be set contains m
elements, then there is 2™ different relation from A to B

Def:LetA={a1,a2,a3,a4,...},B={b1,b2,b3,b4,...}

R= { (al ’ bl) ’ (aZ ’ bZ)I ((13 ’ b3),( Ay , b4-) ’ (Cl5 ’ b5), (a6l b6) ’
e}

The domain of the relation is the first element
The range of the relation is the first element
Domain R € A, Range R €B

Example: Let A={1,2,3},B={0,3,4,5, 6}
R, ={(1,0),(2,5),(3,6)}
Dom(R;)={1,2,3}=A
Range(R;)={0,5,6}<S B
R,={(1,3),(1,5),(3,4),(3,0)}
Dom(R{)={1,3}CA
Range(R;)={3,5,4,0}CB

A relation R on set A is called

1) Reflexive if foeeacha€ A4, (a,a)€ER

2) Symmetricif (a,b) € Rthen(b,a) ER

3) Transitiveif(a,b)E RA(b,c)E Rthen(a,c)€ER



Example: Let A={0,1, 2, 3},

R, ={(0,0),(1,1),(2,2),(3,3),(1,3),(3,1),(0,2),(2,0)}
reflexive , symmetric, transitive

RZ = { (0,0), (111) ’ (212) ’ (313)1 (1 ’ 3 ) , (311) ’ ( 0 , 2 ) ’ (2 ’ 0 )
,(2,3)} reflexive , not symmetric, not transitive

Def: The relation R is called equivalence relation if it is reflexive

, symmetric, transitive

Remark: Let R, , R, be two equivalence relations on set A,
then

1) R, N R, is an equivalence relation on A

2) R{ U R, is not equivalence relation on A



Chapter four-Function

Def: A relation f from set A to set B is called function if it
satisfies

1)VaeA, 3 beBsuchthat (ab) ef

2) If (a,b) ef, (a,c)efthena=c

A is called domain of f

B is called codomain of f

Remark: f(A) = {b €B, (a,b) f} is called range of f
f(A) cB

Example: Let A= {1, 2,3,4} , B ={u,v,w}

f={(1, u), (2,v),(3,v),(4,w)} is function

Dom f=A,Rangef=B

Example: Let A= {1, 2,3,4}

f={(1,2), (2,3), (3,4),(4,1)} is function
Domf=A,Rangef=B

f1=4(1,3), (2,4), (3,1)} is not function

> ={(1,4), (2,3), (3,3),(1,2),(4,2)} is not function
Example: Let A = {1, -1,i,-i}, f(x) = x?
f={(1.1).(-1.1).(1, -1),(-1.1)}

Domain f = A, Range f = {1,-1}

Every function is relation , the converse is not true
Example: Let A= {a,b,c}, B ={2,3,4, 5}

f={(a,2), (a,3), (b,4),(c,5)} is relation which is not function

Vo



Def: Let A, B be two sets and f : A—B be a function.
1) fis called injective (one to one) if f(x;) = f(x,) then x; = x,

2) f is called surjective (one to) if for each b € B, there exists
a € Asuchthat f(a) =b [f(A)= B]

3| fis called bijective if it is injective and surjective.

Example: f: R-R, f(x) = x3 is injective and surjective
Example: f: R-oR, f(X) = x? is not injective and not surjective
Example: Let A= {3,5,7,9,11}

f={(3,5), (5,9),(7,3),(9,5), (11,3)} is not injective and not
surjective

Def: Letf: A-B, g : C—D be two function then f =g if

1)A=C
2)B=D
3) f(x) =g(x) vx

Example: f: R-R, g: R-R, f(x) = |x|,, g(x) = Vx2 ,f=g
Def: Letf: A—B, g : C—D be two functions

Define fx g: AXC—-BxD by fxg(a,c) = (f(a), g(c))

1) If f and g are injective then fx g injective

2) If f and g are surjective then fx g surjective

3) If f and g are bijective then fx g bijective

The converse is not true

Def: Let A,Band Cbesetsand f: A-B,g:B— C betwo
functions. The composition function defined as follows: (gof)(x)
= g(f(x)) vxe A



Example: Let A ={a,b,c}, B ={x,y,z}, C ={rs,t,u}
f={@y).(b.x),(cy)l. 9={(x1).(y.s)(z.u)}

(gof)(a) = g(f(a)) = g(y) =t

(gof)(b) = g(f(b)) = 9(z) =

(gof)(c) = g(f(c)) =a(y) =t

Domain gof = A, Range gef = {s,t}

gef is not injective and not surjective.

Theorem Let A, Band C be setsand f: A—»B, g : B—C be two
functions.

1) (fog) oh = fo (geh)
If f and g are injective then gof injective

2) If fand g are surjective then geof surjective

3) If f and g are bijective then geof bijective

4) If gof injective then f injective

5) If gof surjective then g surjective

6) If gof bijective then f injective, g surjective

The converse is not true

Example: f: RoR,g:C->R , f(x) =2 x? , g(X) = 6x+2
(fog)(X) = f(g(x)) = f(6x+2) = 2 (6x + 2)? = 72x%+48x+8
(gof)(X) = g(f(x)) =g(2x?) =6(2x?%) +2 = 12x2+2

gof # fog

Example: Let A={1, 2,3,4,5}



f={(1,2), (2:3).(34).(45). (5.1}
g={(1 3). (24)(35).(4.), (5.2}
gof = {(1, 4), (25),(3.1).(42), (5.3)}
fog = {(1, 4), (2.5).3.1).(4.2), (53)}
gof = fog

Def: Let A be any set, a function f : A—A defined by f(x) = x is
called identity function , denoted by 1,

Theorem Let A, B be two sets, f: A—B be a function then
foly=f , Igof=f

If f : A—B be a bijective function then f~1: B>A be a function
Example: Let A = {a,b,c}, B ={x,y},
f={(a,x), (b,x), (c,y)}s not bijective
f~1 ={(x,a), (x,b), (y,c)} is not function
Example: Let A = {x,y,z}, B ={a,b,c,d},
f={(x,a), (y,b), (z,c)}is not bijective
f =1 ={(a,x), (b,y), (c,2)} is not function
Example: Let A ={a,b,c}, B ={x,y,z},
f={(a,y), (b,x), (c,2)}is bijective
f =1 ={(y,a), (x,b), (z,c)} is function

Proposition Let f : X—Y be a function has an inverse then each
of f, 1 is bijective

Proposition Let f: X-Y be a function has an inverse, then it is
unique



Proposition Let f : X—Y be a function has an inverse then
1) f_l of= IA ,
2) fo f_l = IB

Proposition Let A, B and C be setsandf: A—»B,g: B—C be
two functions have an inverse, then the composition function
gof : A»Chasinverseand (go )™ 1 =f"1og™t

Def: Let f: X-Y be a function and ACX . The set {f(x) ; xe A}
Is called the direct image of the set A under the function f,
denoted by f(A)

Def: Let f: X>Y be a functionand B €Y. The set {x € X, f(x)
€ B} is called the opposite image of the set B under the
function f, denoted by f~1(B)

Example: X ={c,d,e,w},Y ={1,2,3,4} , A={c,d,e},B={1,2}
f={(c.1), (d.3).(e,2), (w.3)}

f(A) = {f(c), T(d), f(e)}= {1.3,2}

f71(B) = {c.e}

Proposition Let f : X—Y be a function has an inverse, B €Y,
then f~1(B) € X

Theorem Let f: X->Y be a function and A,B be any two subsets
of X

1) f(AU B) = f(A) Uf(B)

2) f(An B) < f(A) nf(B)

3) f(A) —f(B) < f(A—B)

Example: Let X ={1, 2,3,4} , Y ={a,b}
f={(1, b), (2,a),(3,b),(4,a)} is function
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A={1,2},B ={a, b}

AN B = {2}, f(An B) = {a}

f(A) Nf(B) = {a, b} n{a, b} = {a, b}
A—B = {1}, f(A—B) = {b}

f(A) —f(B) = @

Theorem Let f: X—>Y be a injective function and A,B be any
two subsets of X then f(An B) = f(A) nf(B)

Theorem Let f: X-Y be a function and A,B be any two subsets
of Y

1) f~1 (AU B) = f~1(A) Uf~! (B)
2) f~1 (AN B) = f~1(A) nf~! (B)
3) f~1(A) — 1 (B) = f~! (A—B)



