
Algorithms

NP - Hardness :

some Final
reductions



Recaps
a HW8 due

. HW 9 next Wed .

• Final worksheet
, aft

problem on final

. Reading next week :

every day .



Last time
-

:

Graph reductions :

- Ind Set

- Clique
- Vertex Cover

In book :

- Hamiltoniancycle
- Traveling Salesman



Subset Sum
-

:

Given a set of numbers

X= Ex
, ,xaXz ,

. . .

,
xn }

and a target t
,

does
some subset of X sum to t ?

Ee : Cactually did this one !

See lecture from Ch
.

2

Runt .

Well
,

Xe IS either in

subset or not
.

⇒ Dyn . programming

exponential



Subset Sum is Np - Hard .

Reduction : Vertex Cover

Input : Graph G a size k
.

Q : Is there a set of vertices of size
k that

"

Cover " all edges.

Construct a set of
numbers :

-

Reminder : Base 4 # S

- -
-

- -

To -3

IZZ=3+2-4 't 1042

Take each edge of G t giveit a # in base et :

edge I : I

edge 2 '

- to

edge 3 :

.

100¥:{ e :get edge



Currently ,
have E # s

.

Now ,
for each vertex

,

add a # to set :

:✓

4€ put Iseisfadgaon

¢ to
v

↳ tree
i

Add 'V more # s
.

Target : t -

-

49kE-I

+ E 4%2
E- O



:

Ee :

K - -2

-041¥X.
E- ¥÷

.
> an

-111100

ar

-110010p:
t -

-

45.2*7%4%2

-



Then : Vertex Cover Subset sum

Proof :

⇒ suppose have VC of sized :

choose those ai 's to be
1h subset .

Sam : most significantdigit
⇒ ko4E

other digits : = 2.48
( since each edge

IS covered )
⇐ : Suppose have subset

&deletes.ci

must have chosen
exactly k vertex # 's

\



Another : Parton
Given a set of n numbers

,

can you part ton Into 2

sets X a Y so that

⇐xx=¥y ?

Easyon :

Reduce subset sum to
2- partition :

Given X -

- Ex .
. . . xD at .

Hint : Let 5- Eye
Create X

'

:X
.

:=XU{ Stt
,

as - tf

={ x. ,
.

. .

, Xn
,

Stt
,

25 - t}



is

X
'

=

Exist
,

Sit
,

25 - t}

Claim: X has subset  
= t

⇐ X
'

can be pet honed

⇐ Suppose X
'

can be part boned
.

= S - t at
m m

2 parts €
s

⇒ some subset sums
to t ! )

⇒ psi:*seas:&:Ex :



Seta
Given a set U of n elements

,

- a collection Se
,

Sz
,

. . .

, Sm of

subsets of U
,

- a number k
,

IS there a collectors of k

of the Si 's whose union IS

all of U ?

Ee :

÷:÷÷
.

O O



Set Cover is NP-Hard :

Reduction from vertex cover
,

so input is G a K .

Construct :

U = { edges ur EG }
Si 's : For each vertex

,
Si  ={ edges Vi connects

ok : Kek
to 3

in
U

¥→hay
↳

get , 2,343



Vertex cover of size K

# set cover
of size K



Some fun examples

-



⇐ : Tetris

NP - Hard :

Reduce 3- Parkton



Again : An active area of
research !



For after break :

- Reading due by Monday
Suggestion : Do it earlier !

(Parton lady 12.14 )
- HW : due next

Wednesday ,
over these reductions

- trial topic :

Linear
programming

CSadly , skipping approximation
a randomness )


