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lecture 25 12 4

Today 000s Enos

Exponential time
algorithms

Approximation

algorithms

Odosd.tn

How to prove decision problem L is in

P give A x that decides x e L

portative

NP give A x w s t
Ag In

proven

Text me
YES Xe L there's a list AlxW Yes

NO V4 L there's no w sit AlxW YES

Kitten



NP hard reduce from L E NP hrd

Ep L G simulates 8
Mythbusters

True False If P NP then all
NP complete takes exponential time

If P I NP then 211 NP
problems take Superpolynomial time

They're both false as implications

P NP have very precise defs

Conclusion requires stronger assumption e.g ETH



Today coping with NP hardness

Sonethes you just have to do it

Option 1 Prove P NP
option 2 Sacrifice rate

today

Option 3
Sacrifice Correctness

Some problems today provethey're NP complete

MinMakespan Given list of Job lengths KEN
how to assign jobs to k

machines

W min largest total length on machine

MaxSAT Given 35nF formula I
how many clauses can we satisfy

TSP Compute HamCycle of min weight
stay tuned



Exponatial
timealsorthms
35AT M davies a Boolean varbles

e.g X V x V7 Xy A X2 V7XsVXs
OR AND

Naive O 2 m

Ideal Divide and conquer

Recuse

Find any unsatisfied clause

Try all 7 assignments to C
Eliminate all satisfied clauses

Tn E 7TH 3 O m



Can check Tca 0 7 m

Tain
Idea 2 Divide and conquer redux

let Cliff
be satisfied

Case 1 l TRUE

2 h FALSE la TRUE

3 h he FALSE Is TRUE

Tca E Th 1 Tn 2 Ta 3 0 m

Works out to Tn 0 1.84 m

A
root of P Rt rt I



SOTA theory

35AT in a 1.31 m time

KSAT in a 24
044

m time

SETH For large constant K KSAT

strong ETH not solvable in the 4 2

SOTA practice

SAT Solvers work reasonably well CDC

TSP Input complete weighted dieted G
70

É Visitevery vertex once



Naive algo try every permutation cycle

an time i

Bellman Helo Karp 2 the via DP

es 30 2.65 x 10

230 1.07 109

Key claim let S j min cost of

cycle free path that starts I as j

usesexactly intermediate vertices S E V

Ther Csi king skid k Was



Idea exponential sized DP

DP 5 G Csi

I 2 n subprobs x 0 n time subpros

If we know all S j just try all

S V 91,5 to tho optimal

j

total cost s t We D



Approximationalsouthms

Usually our goal is to compute

OPT min
in my

some problem over choices

If the problem is too hard maybe we're ok

w a solution between OPT and C OPT

approximation
J

factor hopefullysmall

MinMakespan 1,213,4 12,13 3

i Figg

7
makespan mix machineload



Idea greedy assignment

For job ie Cn

Assign job i to machine JECK

With Current Smallest load arbitrary tiebreak

Quiz what is runtime

Wave O nk Better Oculus Kl hea

IGreedyachievesf2approxty
letOPTeminomiasT
hi le la be lengths



Claim 1 Fifa OPT I l

Claim 2 OPT Egli
Suppose greedy produces mix low ALC

Tetsu time n t

ALG before t hit claim2 arm

E Egli lit E OPT OPT
E 2 OPT 8 in fact l S

w more carefulanalysis



MayJSAT try to Satisfy as many clauses

I Am Oi Oi hi V lil hi

Lola randomness EachOi satisfied wip

Pick uniformly radon assignment

clauses satisfied

Gfg1 Oi
satiter

si
4

iiH



We have randomized 3 approx.mston

Can be more determined in the O mn

Proof sketch Assign one a the best E

Suppose Xi Xk assigned

clauses sitsfed Xi Xk

In

Gf causes sated YEYEX
kg

I Egg clauses satited
Xk

XKt i FALSE

We can determine which is bigger lin ex again



Fun fact

It's NP had to get 8 0117 approx

for MaxJSAT Moshlioutz Raz 08

Based on smarter reduction Fraction

Normally NP had to distinguish M I
v1 M l I I

Using amplification can boost It smiler

at some cost in problem size

Turns out to be equivalent to PCP theorem

Probabilistically checkable proof randomly examine

0 i bits of witness string w


