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More reductions



Announcements
- HW due Wednesday

For HW
Show A is

-
: NF Complete

�1� in NP - "

yes
" solution

can be checked in

poly time

�2� NP - Hard i.

reduce knows Nfltrd

problem to A

In general :

may use any
listed problems in lecture

notes



Last time
-

:

Graph redactors :

- Ind .

Set

- Clique
- Vertex Cover

In lednr notes :

- Hamiltoniancycle
- Traveling salesman

↳ weighted graph , design
a tour that visits

every
vertex of

minimum length



Subset Sum
-

:

Given a set of numbers

Xt { x , ,x2×3 ,
... ,Xn]

and a target t
,

does
some subset of X sum to t ?

Ef : (actually did His one !

See lecture on Sept 8)

Runkle exponential
inn



Subset Sum is NP - Hard .

Reduction : Vertex Cover

Input : Graph G a size K
.

Construct a set of
numbers : X

Label each edge 0
,

. ,m
- I

Add a number to X for
each ei : 4i = b :

Add a number to X for
each voter v :

av : 4Mt Eliei adjacent
to v

View these as base 4*5 :

edges E:

QQ.ie?v:I_ftsaafredges



¥6 :

Et :

4 O 0

3 MM a
0

o

3µ , a feature : for ism
,

only 3 1 's anywhere in X

⇒ no carrying for any
subset of these !

set t  = K . 4m + ftp.t.li

Poly time conversion :

htm numbers



redact cont
.

⇒ :

-

if cover of size K
⇒ subset of value t

Take a vertex cover in G
.

For each v
,

choose au
Is subset of X .

Have 't K . 4mt.tl#4
For

every edge 4 only 1

endpoint in cover ,
also

add bi to subset
.

⇒ Sum is exactly K . 4h
t { 2. 4i

⇐ : Spps subset XEX

sums to t=k4mtI§24i
Know chose exactly k of av 's

,

since lowertvms can't carry .

These are a cover
,

since including
bi isn't enough to hit 2.4

"

Dm



Another : Parkton
Given a set of n numbers

,

can you Patton into 2

sets X + Y so that

€x×=§yy ?

tact :

On worksheet ...



Set Cover-
Given a set U of n elements

- a Collection St
,

£
,

... ,5m of

subsets of U
,

+ a number K
,

is there a collection of K

of the Si 's whose union Is

all of U ?

# : L

0 O

as!¥Ei¥f00§
+ IE 3 .

0@
×

Answer ? Yes !



Set Cover is NF Hard :

Reduction from vertex cover
,

so input is G ← K .

Construct :

U = edges ={e , ... ,em}

Se is : sitqdgeswqdayaqntz

- k : K Gane )

Vs
es lb

vz.o@dnUie.iea3ef_JeS-Ee.ec3Vie.wSEEee.e

} }
;



Vertex cover of size K

# set cover
of size K



Some fun examples



⇐ : Tetris

NP - Hard :

Reduce 3- Parkton



Nutting


