NAR > {:A=8:4 & fAAD,4:32A
—‘a?%ﬂg A %0{;7,&.
(9=~ f=5)-

Calculus of bi) 2 ctions

11,"E ) £ ’ : : : : : : of - : Qo
>&A§AT’FA%B'}ﬁéB%A , (‘ﬁ\zB"/\rBEC)’(%%Azcﬂf

» IfA=XandB = Y then
PA)=P(X) , AxB=XXY , AWB=XWY ,
Rel(A,B) = Rel(X,Y) , (A=B)=(X=Y) ,
(A=B)=(X=Y) , Bij(A,B)=BijX,Y)
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A Tame lie Laws
Rocedl TUnak O&Mqﬂ\mﬁ, oo ds A ond B,

# AxB )= HA): #H13) W,Ue\"ﬁc&hm«
# @ 9B)= #H) + #(B) additish

Eg: (éL-F-b)' o= O0.Ctbec @(YBB>>< CE&WC)%ES@@



A= (ob-m VRN 0o, (ag)) | x= (00) ,
2w e (M8)x C I 7§ e
(*% 3;)5 (,be’EEBQQ’?eg}

» A=[1]xA, (AxB)xC=ZA x|
» OJWA=A, AUB)UC=AUW(BWC) , AWUB=BWA

» 0] x A=[0] , (ALﬂB)xC%(AxC)Lﬂ(BxC)7

A=1])=[], (A= (BxC)=(A=B)x(A=C)

(
» (0J=A)=[1], (AWB)=C)=(A=C)x (B=C)
(
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A‘ffm(hﬂtbfhm B%Chwg
AwB)xC=E Ae)J(Bxe)
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(pxB)mr ) E (A2 )
In 0Cam| wilabon:
wﬂv-@) = ,FVLV\ 6. = fun b= L(ab)
o] TW (sx (s> ) 7 CEVEY D
WLG&E_V‘}LM?- fun (aik) = hab

) %ac (A (A7) ) (x>

EX\OX (L& SI/\W %J CALY arol \L,L\Czud‘l"a,
3ot onverses 51 eoh other,




Characteristic (or indicator) functions

P(A) = (A =1[2]) nafobi

1. P@)— (A20) o X
ScA f(s):A-ﬁ(Z o afS

i JC(S)L“)%Z @ S
G (A= (233 — 2

AN B — §O

{aé»él h(e)= i}

i
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Finite cardinality

Definition 136 A set A is said to be finite whenever A = [n] for
somen € N, in which case we write #A = n.
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Theorem 137 For all m,n € N,

1. P([n]) = [2"]
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fw "M IA et
() [m) = (n) = [m-n]
(i¢) [M)W () = [mtn]
(i) Cowsidor
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(re) AT (W)

Qe 63) < (1# g@)) = ()
z ([rI° (w1 )x ([112T))
[nR] % [x]



Infinity axiom

There is an infinite set, containing () and closed under successor.
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Bijections

Proposition 138 For a function f : A — B, the following are
equivalent.

1. f Is bijective.

2. VbeB.dlae A.f(a) =b.
S'/MJ‘C%&

3. (VbeB.3aeA.fla)=b)

/\

(Va1,az cA.fla)) =flay) = a; = az) D\j&fhm |
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Surjections

Definition 139 A function f : A — B is said to be surjective, or a
surjection, and indicated f : A — B whenever

YbeB.3acA.fla)=b
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Theorem 140 The identity function is a surjection, and the
composition of surfections yields a surjection.

The set of surjections from A to B is denoted
Sur(A, B)
and we thus have

Bij(A,B) C Sur(A,B) € Fun(A,B) C PFun(A,B) C Rel(A,B) .

— 393 —



Enumerability

Definition 142

1. A set A is said to be enumerable whenever there exists a
surjection N =8 A, referred to as an enumeration.

2. A countable set is one that is either empty or enumerable.

(o), €01y €@l oo N
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Examples: e
. | N =54
1. A bijective enumeration of Z.
—3|=2|-1(0]|1]2]|3]-
e T T
; 4 2013 s 7~
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4 oo
/A’xN(_?N -——?—')N

w
(m, %) — 2 .('sz\)
2. A bijective enumeration of N x N.

ol1]2]34]5]. ..
012|113 |6
1|L\% 7
25%/
3(9]

AV
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Proposition 143 Every non-empty subset of an enumerable set is

enumerable.
PROOF: N —E5 A
e v/
Y SQ&
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Countability

Proposition 144
1. N, Z, Q are countable sets.
2. The product and disjoint union of countable sets is countable.
3. Every finite set is countable.

4. Every subset of a countable set is countable.
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