Financial Mathematics

Foundational material:
logic and set theory




Standard Notation

YV stands for for all
or, sometimes, for any

- stands for there exists
or, sometimes, there exist

s.t. stands for such that
— stands for implies

“"A=B'" is equivalent to “if A then B".

'ff and < both stand for if and only if

“"A< B" is equivalent to “both A=B and B=A"".
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Standard Notation

YV stands for for all
or, sometimes, for any

- stands for there exists
or, sometimes, there exist

s.t. stands for such that
— stands for implies
'ff and < both stand for if and only if
e.g.:

Viff and < both stand for if and only if
TO<|r—al<d, then|[f(x)]—-L|<e.




Standard Notation

YV stands for for all
or, sometimes, for any

- stands for there exists
or, sometimes, there exist

s.t. stands for such that
— stands for implies
'ff and < both stand for if and only if

e.qg.:
Ve > 0,40 > 0 s.t.

TO<|r—al<d, then|[f(x)]—L|<e|

)

O<|lz—al<déd = |[f(x)]-L|l<e
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Standard Notation

QED marks the end of a proof
B marks the end of a problem

e.g. means for example
j.e. means that is Y

— stands for implies
'ff and < both stand for if and only if

e.qg.:
Ve > 0,40 > 0 s.t.

TO<|r—al<d, then|[f(x)]—L|<e|

)

O<|lz—al<déd = |[f(x)]-L|l<e




The size (a.k.a. cardinality) of a set S,

denoted

ials)

iIs the number of elements in S.

e.g.: The size of {2,7,8} is 3. #{2,7,8} =3

M= { 1lis the set with no elements ‘ #0) =0

union:{4,5,6}U{5,6,7,8}=1{4,5,6,7,8}

intersection:{4,5,6}N{5,6,7,8}=1{5,6}[snot an

elt of

complement: {4,5,6}\{5,6,7,8}={4} —1

€ stands for is an element of | 7€{7,8,9} | 6¢{7,8,9}

[Z]:= {integers} = {...,—2 ~1,0,1,2,...}
[R]:= {real numbers} “= \ .
NG

= {rationals} U {lrratlonals}

[Q]:= {rational numbers} | I |
[Cl:= {complex numbers} *= |  |ofoe




disjoin union:{4,5,6}H{1,2,3}={1,2,3,4,5,6}

}
meaning:Roth {4,5,6}U{1,2,3}={1,2,3,4,5,6}
and {4,5,6}@{1,2,3}=@

<

disjoint := empty intersection

union:{4,5,6}U{5,6,7,8}=1{4,5,6,7,8}
intersection:{4,5,6}N{5,6,7,8}=1{5,6}[snot an

elt of

complement: {4,5,6}\{5,6,7,8}={4} —1

€ stands for is an element of | 7€{7,8,9} | 6¢{7,8,9}

[Z]:= {integers} = {...,—2,—-1.0,1,2,...}
[R]:= {real numbers} “=" - :
= {rationals} U {irrationals}

[Q]:= {rational numbers} ]

[Cl:= {complex numbers} = | |olo=




ACB means:. Vx € A, x € B.
read: A "is a subset of" B

BOA means: Vx e A, x € B.
read: B ‘“is a superset of” A

ed.. ZCQCRCC
‘A B < B D A‘\ CigiQiz

¢ stands for is an element of | 7€{7,8,9} | 6¢{7,8,9}

[Z]:= {integers} = {...,—2,—-1.0,1,2,...}
[R]:= {real numbers} "= :
= {rationals} U {irrationals}
[Q]:= {rational numbers} |

[C]:= {complex numbers} = l : 00018




Venn diagrams

ion

1zat

Union of two sets

IC VISUA

Set theoret

in
?

points
ther set

el




Set theoretic visualization: Venn diagrams

Union of two sets
x A "union” B

AUB

: ' The “union”
points In
either set? ‘ of A and B
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Set theoretic visualization: Venn diagrams

Intersection of two sets

common
points?




Set theoretic visualization: Venn diagrams
Intersection of two sets
x A ‘Yintersect” B

ANB

The
Commo?n . “intersection”
points: of A and B
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Set theoretic visualization: Venn diagrams

Intersection of two sets

intersection?
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Set theoretic visualization: Venn diagrams
Intersection of two sets

X If
A=ANB ACB

N then
intersection?
ANB = A.
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Set theoretic visualization: Venn diagrams

Complement of a set

Def'n:

X\ A

the complement of A (in X), or
X minus A

={zrx e X|x ¢ A}

X\2

All sets under discussion are inside X;

X Is the “universe’ . 15




Set theoretic visualization: Venn diagrams

Set-theoretic difference

Def'n:

B\A

the complement of B in A, or
B minus A

={x e B|lx ¢ A}

B\A
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Set theoretic visualization: Venn diagrams

Complement of the union

X

X

(XA\A)




Set theoretic visualization: Venn diagrams

Complement of the union

X

X

(XA\A)

X
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Set theoretic visualization: Venn diagrams
Complement of the union

X (X\A)

Y MU
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Set theoretic visualization: Venn diagrams
Complement of the union

X

(XA\A4) N (X\B)

(X\A4)

X\(AU B)

20
0001C
fndtn




Set theoretic visualization: Venn diagrams
Fact: X\(AUB) = (X\4) N (X\B) X

X

(XA\A) N (X\B)

(XA\A)




Definition: A partition of a set S is a set P
of subsets of S such that

both |J P=S

Pep pairwise disjoint
and WVP,QeP, (P£EQ = PnQ=2>0)

e.g.: { {1} , {2,3,5} , {4,6} }
is a partition of {1,2,3,4,5,6}.
e.g.: { {1} , {2,3} }
is a partition of {1,2,3}.
non-e.g.: { {1,2} , {2,3} }
1,2} 0{2,3}#0 js not a partition of {1,2,3}.
non-e.g.. { {1} , {3} } 2¢{1}u{3}

] is not a partition of {1,2,3}./d00:0
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Definition: A partition of a set S is a set P
of subsets of S such that

both |J P=S
PeP
and VP,QeP, (P£EQ = PnNnQ=10),
)
Il P=S5S
PeP
e.g.. {1}]1{2,3,5}][{4,6} ={1,2,3,4,5,6}
non-e.g.: { {1,2} , {2,3} }

is not a partition of {1,2,3}.
non-e.g.. { {1} , {3} }

] is not a partition of {1,2,3}./000:0

fndtn




Definition: A partition of a set S is a set P
of subsets of S such that

both |J P=S
PePp
and VP,QeP, (P£Q = PNnQ=0)
0
IT P=5S
PcP

e.g.. {1}]1{2,3,5}]1{4,6} ={1,2,3,4,5,6}
meaning: {1}U{2,3,5}uU{4,6} ={1,2,3,4,5,6}
and  {1}n{2,3,5} =0

anc {2,3,5}n{4,6

}
— anc {1} a {4,6} Ozlé:lod%nD




Definition: A partition of a set S is a set P
of subsets of S such that

both |J P=S
PeP
and YP.QeP, (P£Q = PNnQ=20)
(x
P=S5 —
P]E[P \VSet S, SIEIS{S} S

e.g.. {1}]1{2,3,5}]1{4,6} ={1,2,3,4,5,6}
e.g.. - [{—=2}H{—-1}H{OH{1}H{2}] - - =Z

e.g.: || {a} =R
] aER

e || {n} =%

nez
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A X Bl:={(a,b)|a € A,bec B}
:: {(al,---,an)lal,---,aneA}

e.g.: R?2:={(z,y)|z,y e R} = ._'_.
R x {3} = {(x,3) € R?|z € R}.

(a,b) is an ordered pair,
i.e., (a,b) = (b,a).

By contrast, {a,b} is a set, and so is unordered,
i.e., {a,b} = {b,a}.
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A X Bl:={(a,b)|a € A,bec B}
:: {(Cl]_,-..,an)la]_,...,anEA}

e.9. R?:={(z,y)|z,y R}~ —|-
R x {3} = {(x,3) € R?|z € R}.
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A X Bl:={(a,b)|a € A,bec B}
:: {(Cl]_,-..,an)la]_,...,anEA}

e.9.: R?:={(z,9)|z,y €R}= —|~
R x {3} = {(x,3) € R?|z € R}.

Def'n: Vintegers n > 1,

Euclidean n-space .= R"

o
»
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