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S : IN-> IN

S(n) = 0(nt

S
S(n) >0 2 x= legz3 = 1

.
58
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15 S(n) t

Ot
Karatsuba

LOGIC (VS()(S(n)=o(n)
disprove it: counterexample

5(n)= n for n = 2
"

-

-

2 = Ih Slu) : = 12423h
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Cn2 ↳
↓

all
T(n)[< +((z) +0(n2)(=)T(m)=On
=> T(r) = 0 (n) bets ?
-

How do weguess I ?

[(n)=7+'(z)
: B= 27

n =2 = T'(n) =y

d)+(2)
Gross g(n) : = A . nP +Bin

NEED g(1)T(1)
AnitBu2?7 .(A (2)+B())+ (n2
L E

-n BB +C
Bi=-C

-EBC
A : = +(1) - B

↳
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Conclusion so far :

* =(74)(((k)(T(24) =C(2")9
-

Ca : (EC") (fn T(u) =Cine)

If <2 In

T(u) = T(24) = C . (48
EC'(2n)"= 7 .Cus

zu

hi but poss.The andfollow

-

-

-
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for induction ,
we need

OT
2 Base case

3 Inductive step :

4 Assume 2" =O(n) &

5 Desired coud 24t =0(n + 1)

2h+ =2 . 2"=2 - O(n)

3 =n) =0(u+1)
-

F(u)= O(g(u)

=> 7 . f(u) =Olga)9
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b =b(n) # bits of n +N

26n2

26- < n + 1 = 2

b - 1 < losz(n+1) = b

5bound
an=& (bn)

this
but

I wood

2 n even
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⑮6
Comm complexity of identity
XI Y n-bit umben

Alice Bob

Amoda# Ymodemod a
g k-bit umber

&: find i s.t . X:Yi
+1) Fog, n" bits of come

-Y
--Lara #IS

HX, =Y, (d) Ibit X = 22X, +X
#nEY(q)o Y = 2?4, + Ye

ob
: (X

, moda
Bob-> Alice : 1 if X

, EY (g)
O Ow
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5 . 18 T(r) = 7 .T(E) + O(uz)

①

-R usereverse
in

a
m(i ,j) =max size·
p of all1-sq ending

(ii) ESia-(ii)
9) m(0 ,j) = ~(i , 0) =0

# Alii]=0 ther m(1, j)=0

elem/i ,j) = 1+mihim(i ,j) ,m[i , j -1,in[i+,j-1
- = = S
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*
r =S (m)Lemma -EX /Pf : Assa mires-

(m) DC m/cr-es
m/c(r-S)

Lur-sk(r-s)
a = b (m) x=y(m)
1 H LIV

ax=bx(m) bx= by (m) "Emode" is I
-m - = transitive
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#
1

P vs NP
e

5
. 15
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Et n lga = Pla

.
NP

Ocoup#
polytime : On'
T

quazipoly time : O(eap(11)n)Y) =+ (n)

exp . time : exp(n) = Th)

exp/p(n) exp(m)
THM If GI is

engit (n)) =catNP-complete

log)t(n))= n
+ then [ =T2
-

19via "interactive proofs
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I pll-
Interactive Proofs (B

, Coldwasser-Micali-Rackoff
Arthur - Merlin 1485)games

IP=PSPACE (lund-Fortnow- Karloff-Nisan ,
Shamir 1989)

in polynomial time , an all-powerful prover (Merlin)
can convince a polynomial-time , randomizing
verifier (Arthur) that in a given configuration
in generalized chess

. Black has awinning strategy
-

much more can be done with 2 provers

MIP = NEXPTIME (B-Fortnow-Lund , UChicago 1990)

#"probabilistically checkable proofs
"

In 12 PINP then one cannot approximate
-

the CLIQUE NUMPER in polynomial time

within a constant factor
withinth

I can't tell these
wewithinutd I

JOHAN
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