
 

Problemisubsetsuloptimization
version

Input L xy xn
a list of positive integers and

some eZ

Output A sublist L Xi Xiz xim Metessarily

consecutive

such that

t Xi is nonnegative minimized

That is sum of elements in L as close

to t as possible but does not exceed t

Theorem original Karp problem

Subset sum the decision version YesNo
L t

is NP hard

NPhardness omitted here from vertex cover SAT partition

etc Look up if interested



Given this algorithm

approx SS Lit

f
ftp.tykff

oh

3 for a L

4 If ΣQ a t

append a to Q

15 Return Q

Show that approx SS is a 2 approximation

Proof
Fix input L t

Let OPT denote optimal solution and

ALG the output of approx SS Cit

To show 2 approx we need to show

OPT EALG 2ΣOPT

ΣALG OPT so this is definitely true



We focus on EOPT ALG

For simplicity say L is already sorted

1 e L x x2 Xn Sit

2 22 Xn

Cased approx SS L t
adds to element to Q

at all i e ALG empty list

Can only happen if x t for all i
But then Σ OPT 0 as well and

Σ ALG OPT EOPT



Casel approx Ss Lt adds some but not

all elements Find i j sit 1 i j n and

cnn.fi iEi i
first elt
in ALG

We know
Xi te Xi are all t

otherwise would be
added

Thus none of these in OPT either

Casely
If j n then OPT Eixia EALG

must hold

on then by alg we have

it int X t

Effetent
one of these must be at least



If Xj I then Xj to imply

it x So either way we have

it x Hence

ALG it X EPI
and we're done

Remarks

It is quite hard to find examples

where ALG OPT but for some

small so

L E E E E
will yield ALG E

while OPT



so cg 100000

50001 50000 50000

FblemMaxcotoptimization

Input graph G VE

output A maximumcot t of G

det A cut of G VE is a pair sit
such that SEV T VIS

The size of the cut is

SHEE SES ET

A maximumcot is a cut of max size



Ex EYE
at size

approx CUT G VE

5 0 T 0

FOR VEV
If v has more neighbors in s

I
am in

T TU v3

else
Is SU v3

RETURN ST



Show approx_CUT G is a 2 approx

of max cut

Proof

ALG size of cut by algorithm

OPT true maximum

Maximization problem so show OPT ALG

Fix an order v vn of G's vertices

Consider induced subgraphs Gi Gn G
on these vertices Example

FI.fi

Us

V6



Gives thissequence of graphs

G I G For

Gs 82
III

IT V7
V9

V6 V6

Suppose the FOR loop goes through the vertices in thisorder

Let Si Ti denote the sets S T after the nth

iteration and HiTill the size of this cut in Gi

We now show Si Ti is a

2 approx of max cut in Gi for every
i 1,2

For i I G is a singlevertex graph so s T 43,0

V has no neighbors in G



Sps Si Ti OPTCG her

Foot
some i 1 in Gi

The algorithm ensures that

Site Titi Siti Ideg Viti
degreettfit in
Gitt

Apply Induction hypothesis

Siti fdegf.in OPTIG deg H

option

Vith
neighbors in same set

ti By induction
OPTIG ALG SnTu OPT Gu OPT


