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Modulo

- a = bimodn) - b = d(modn)

* a = b(modn)
,

b = cmodn) -- a = c(modn)
* a = b (modn) (a +c) = (b +d) modn

C = d (modn) Y (d) = (bd) modu

n
Euler's = 1 modn) ; (a
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n) = 1 visit # rigt mission

↳
(m)(1- E)(1-y)(i -E)

= vacuously true
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true by default
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Logic A
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proposition= Wewow

paradox => (e . g .
this statement is false) ~ De Morgan's :

implies (ii then
~ (p19) E-PUnq

orily if iff
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logical operators=in pain (ep

conjuctiondistinction'negation "biconditional
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equivalent = ""
&
associativity Isawin Absorption : Idempotent :
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commutative= Down
&
distributive = 15: 07s

pv(p1q) = p p1p = p

#
contradiction = proposition that's always false p1(p(g) = p pvp = p
-tautology = proposition that's always true

conversion theorem

Arguments = premises + conclusion
p - q = - pVg

= valid" : (Premise n premise) -> conclusion
predicates statements containing values PCK

* Critical rows : rows that all premises are true
①

· Domain of predicate variables -> 2
,
R ...S&

on all critical lows conclusion true -> Valid &quantifier
- existential

& universalQuantification
* counter examples : critical rows with false conclusion universal gen: 8818 domain

um

* fallacy:ror in reasoning results in invalid argument universal instant: EXED
,
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,
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existential gen: use domain

Inference rules existential instant: 77ED
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P(X)

-> "ErminE,= 4 : Jam= 4 "
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Addition 1 .. pVg) p- g ; peq ; p - q ;
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Proof Techniques

① Direct proof

-
Basis P(O)

,
P(1) True

② induction >
Inductive Step : P(K) True -> PCK+) True

③ Contradiction wat(n) -> a(m)
Swam wein) now

assume P(n)1wa(n) 115unipin)

proveAde

Linear recurrence relations -> an = k . any + - m-

⑤ other linear homogenous eg .
= unrigh an-1

Geometric 0 An = (1) An-1
progression do = C & characteristic polyno .

an = 0
,an-1 + 829n-z+.

. .

+ Cd & n -d

: an = (c) (k") # characteristic equat. Xa = 0
,

Xa - 1
+ 02Xd
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*Hir X mis min

⑪ solve for 7
root

minon ⑪ an = u(x
,
") + v(xz)

hirKan- - N

YN an = U . X
,

"
+ v . n . X

,

"
+ won=x"

solver for U
,
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an = c + zd
i = 1 ⑧ substitute base case as , an

example : an-4an-1+*n-z
= 0 Where do= 1

, a ,
= 3

: an= 2"+ (2) · (n) · In

dn = 4an-1
- 4an-2 an

= u(2)"+ v = n - 12/n
y

"
= 4qn+

- 47-2
a = u(2) + v(1) · (2) Fanta+ no zn

- >

-x2 = 4x - 4 an = 2n + 28 - 3 = 2U+28

↑
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- 4x + 4 = 0 u= 1

(X-2)2 = 0
do

= u(i) + 0
V=

do = U -> u = 1

X = 2

Sets explicit 0
. 9 .

# = 52
,3 ⑳

implicit e . g .
A = Exisprimetrmic !! hA5

· subset ? -

· empty set 6
,

33 =[03
· partition =mutually disjoint = mutually ex

·Jet in
· A - B = AlB/

·Cardinality :(sl = /(1 ,
2

, 33) = 3

ridwee in · Demorgan's (FUB) = Ans

·Power set PCs)o
.
Swin 2"

e set of subsets

·Cartesian product AX B
↑

-maswinnowndun .

8 . 9 . A = 51 , 2 y
,

B = Gid, by · Ms Panel ↑

AXB = [( ,9) (1
,
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, (2,
9)

,
(2

,
b) · (PCP(A))) = zancA)



subset of AXB with certain conditions
Relations - Binary relations : between 2 sets &W . e

. g .
(X , 4) that x-y = even

· denotes with 'R' e. g. A = <2,
3

,43
,

B = <2, 6183,WORX divides y

matrix
· Inverse of binary relation

·

p
-

= <y
,x))(x, y)= R transpose Rt = R + (b)

·Composite of relations Ros = [ca, AX) (obriw] ↑ transitive

unmis in
->Reflexivity -> symmetry -> Transivity o Antisymmetry
#z XR7 EXBy EM (xRy(A(yRz) FmE(XRy)1(yRx) -> X= Y
MMR SwyYRX -> XRz ↑ Was w Creatings

Equivalence v v -
relations

partial
order v v V

Transitive v
closure

nms

· n-ary relations (2 variables) · operations u
,

n
,

· complement of relations. U - R ~ equivalence classes

Functions
setoages

1
. injectivity 11-to-1)

f(x, ) = f(xz) + X
,
=42X: y/x

xE xz +
f(x)preimage ⑧

&

image

E #
Domain codomain

2. Onto/surjective

① setrwn N FYIxtE ,
fix) =y OnRange

* Domain in ms

* Crdomain &Fr Ms Ok 3. Bijective 1-to-1 + onto /1-1 Corespondence

n

Inverse function (must bijective)o pigeon hole principle > k

Koles ,a pigeon at least
· f (b) = when F(a) = b small big birds

codomain domain in at least 1 net

composition function countable set

(countable - 1-1 corres · tosetof int

gat = g(f(x)) ↓ uncountable
C · Fog Eg of i no commutative - proof uncountable sets : cantor-diagonalisation
· 1-1

,
91-1 : g of 1-1 ① suppose Rauntablebrig · fonto

, gonto : g of onto ② get contradiction

③ 1-1 comes with positive int -> can label



Graph Theory
~
nodesvertices

· subgraphs
Vsub- Vini

~ linesjoiningedsis Esub -> Ermgraph G = (V , E) ·
· simple graph-noloop v:

- 1edge/pair =
& · ~

· nev dre adjacent (no multiedge) iv
· e is an incident low : Multigraph-no loopG -

with vertices u &V - atleast 1> edge/pair
If multiedge

e = 240)
& &

I w
· Directed graph-edges have direction

- allow parallel edges~

OUdWin
walk all edges once

& directed parallel
Euler Theorem · euler path edges

· Euler circuit "p
↑ 7

nineiwL degree of a vertex = number of edges incident with it ↑v
· ifG eulercircuit ornina

addreven ?

Tonnlz = all even nodes path decus -
in-degree

· euler path Oudwin ,
Griz circuit &

= 2 odd nodes -> isn + or
out-degree

vo
Total degree/deg(G) = [deg(V) =

2014Cundirected
VEV

fedges
-> complete graphs = simple graph + resumed -adjacency matric- Bipartite graphs

Arangle= Sipor
every edge

1 : 0785
on w join X

each in w notadjacent
Ho each other completthe

-> Graph Isomorphism : same graph ISSWWAilw

OsameStructure GEH ,
HEG

4 : V(G) -> V(H) uno2 vertices map to same one dric

: (a) aka. 1-1 (injective S bijective !~ every node in 4 at node & mapori (1-1 correspondence)
akd , onto (surjectives

* same #edges&vertices isomorphic ~ UVz E(G) (adjacent) if & only if $(V, ) $(V2) (adjacent
but diff . Fedges & # vertices = non-isomorph .

E
Eedge = adjacent all

Hamiltonian Circuit walk all nodes onceis inwoumision

Purch


