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Simplicity does not precedecomplexity but
follows it
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simplicity and complexity
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What's this coarse about

Theory of Computation
Computable Notcomputade

Easy Hands computaton

What does it mean to be an

easy hard problems

Different typesof resources

time space randomness
communicationlinterackon

Interplay across the resources

Compere a contrasting interesting
problems

Interesting Problems
Phenomenalclasses

Interesting Problems

7 Parity Gwen xE QB compute Xi

2 Integer Matt.pk hors



g
Guen a b in binary notakony

n bits each

Compute a b

064
is ocn.logn.eoglog.nl

3 Connectivity Covers a graph GET
a 2 S source

E forget
Is there a path s t
directed fondereafed

4 Manthey Gren a GparffegraphG CL R E does there
exist a perfect matching
If so And one

5 SAT saksfahl.ly
Quen a Boolean formula p
is is safe fade

6 SAT Given a Boolean formula 9
find the numberof satisfying

assignments



7 Permanent Gren a matrix MEEoB

m Cmi
Mm n

peam M E ITmira
TGS e

unsigned determinant

8 CNF minimgaton Even a Boolean
formula of an CNF 2 m

Qm Does there exist an evident
CNF 4 of Ci YECf

Cei bye Em

Equivalent of a 4 are equivalent
f FaeEgg yea YG

If there exists an alg for
CNEminimization then can solve SAT

Problem 8 is at least as hard
as Problem 5



Cook Levin SAT is NP complete

Valeant SAT a Permanent are
equivalently hard

Stockmeyer

qty
SAT CNE minimization E SAT

What we would like to show
Problem It is hard

Unfortunately we are far from doing
this

Relate hardness of one problem to
the hardness of anotherproblem

Reduction

A B
A is no harder than B

EbroutneRedetons Tuning Redactors

Can use a subroutine for B to
solve A

Many to oneReductons Karp Redactions
A very speaakged kindofsubroutine seed



Wedge problems inRedactions 5

gaze wants

7 capture the
hardness yallet B P ETB

B complete problem
SOB

yam on

Hardness Easiness model independent

Model TarangMact
captures all reasonalle

models of computation

TaningMachine ETM
K P Q S k tapes

t only M alphabet

Wor Estartg
Q state space
I 9sfarf Graef
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8 Races of TM

S Qxrk Qxrkixgr.sk
TM M K M Q S

Input Readonly L R S

Work output tapes RW 412,5

14 compute F EoB EoB
If the machine M is inhalged factoid
w oxo inputtape

blanks on the other tape as
a start state

Apples transikon 8repeatedly

Eventually does go into q halt
state

2 It that has 164 written on the
outputtape

M computes f foB aB in time T

TIN 71N
On inputs of length n the mk takes

Tca steps
Chetransikon fi 8 is



applied atmost Tau on erea

each elp x

That are T.IN 31N allowed

TG rt numberof2h steps taken Cy
neg the nth TM on

hard input
perverse

I IEme constructible

T IN 31N is Esme constructable

Ce Tfs n

Cee Fa TM M that computes
the fig x Itself

in binary
within Taxd tame steps

Tpeak deff g TH
p

Amazingly Robust

Alpha let Cfnife

Claim Suppose M computes F en
Ame T w alphabet M



then F a N that computes fin
t.me Clog Irl T w Boolean alphalet

tapes does not matter Cas long
as K 2

Claim Can simulate a f tape TMmores
a single 7M of at most
a quadrate

single tape
only inputEpa
RW tape

TI speak def
alphabet robust
tapes
single sided double side

Next feme
Universal TM
Time Complexity Classes P NP

polytime eeed


