
Algorithms 2020

NP-Hardness :
Lastday !



- Lecture notes are now
updated

- Oral grading : ThirstFri .
- Final HW : due wed

.

before

Thanksgiving
- Pracha MTofnot - up later

today
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Thepaltrni Reductions

1) Find an NP-Hard problem,& solve it usingunknown problem as

a subroutine
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So far
-
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Subset sum

to't numbers
I
y natt { ' 'target

'

' Ees input
some subset of X sum tote?
Exe: (actually did this one!

See lecture from Ch .

2

Runtime

backtracking :

every
# is either inset,

or not n
#s

inseam.!?g?
:

exponential

FEE



Subset sum is NP-Hard .

Reduction : Vector
Input: Graph G a size

challenge: Need to construct
a set of numbers

,

so that we hit some

target sum if +only
if a vertex cover

in G of size k exists .
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idea: Use base 4 :

force a targetT that
requires you to use only
vertices

,
but to

" '

cover
"

edges
edge

"gadget
"

Number edges 0
..
E-1

↳ create a numbed
subset sum : E #s

e. : b. = 1=40 = y

e
.
:-b

, = 41=4 -10¥ ok,
ee : bz = 42=16--0 -- - - loot,

es. : by = 43 = 100074
! : : :

e be-1=4
"

= A



For each vertex , make

another # :
o

Av := yet£4
'

* get:EtC-
-

>

any edge(ftp.T?*.s*n.+bionneetedtovTh.nktofEftBsase4representation :
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Now
,
set F- t 4

:

why ?
I ng
- K . 4E is big - if
only get k vertices, the
only way to get IT is to
pick k of vertex IS .

only 1 edges #s t 2 -vertex

Hs w/ f's in lower spot

I
- - to a

"

✓ eth edge#

any sum of#s
+2vertexes

has E3 in lower places

in order to
hit target,

I need exactly
k vertex

numbers .



Proofs: size K VC⇒ sum toT

⇒VC : K vertices .

[
Then Home:p:iIj"

yes

Sam to ko 4
E (for top

term)

+ E .4e → not quite
edesoefoed

However,
add edges toget

Sam =E2 . 4
i

edge i
→ k ai's - E ei 's

numbers

Ei. subset sum
=T

*are ai's t bi's =T

*
hnuusthcve = Kai

's

* cover all e's
+ included
e.
.

#s



⇐ : take the aistb.isthat
El

= K.Yet{2 o 4T

÷
..

all e #s sum to

¥ It ①If
so must have

another

lotfi from a #s

⇒ k vortices
cover

all

edges



Time to reduce :
-

1-EIF 30ftE)

Sg: If I could solve
subset

sum in poly time ,
I could

use it to solve KC .

⇒SubsetSum is

also NP- Hod

(t since MIN, also NP-Complete)



Set cover-
Given a set U of n elements

,

- a collection Se
,
S
,

. . .

, Sm of (m
subsets of uYtaIbomk
Is there a collector of k
of the Si 's whose union IS

all of U ? uz . . .
.
His

Ee: s
, in

K=

elements u .
-aa
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Set core is NP-Hard :

Need to reduce !

✓C poly
6
,
k¥77

Ipo
't

y
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so : if I could

softie

set cover in poly
time
,

could solve some known

NP-Hod problem .



Redactors from vertex if
,

edges

so input is G t k .

Construct :

"

Cv, E)

U = each item an edge
- Ha , . . . XE

Si 's : makea set perverter
- contain all elements

which V is
incident£
six,÷÷¥,

Sv
v .¥÷÷ex

ok : k same



Vertex cover of size K

⇐ seoftsQe
⇒ of vertex cover

of sizeK :

take those K
sets is

setcover

since all edges m
G
,

are covered ,
-U -- V

,

all HAMS in U are
covered

⇐ : Spps k
set cover

Then corresponds to
K

vertices
,
-
all elements

in U were
covered
,
sane

vertex set covers edges



Some fun examples
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Another : Tetris

NP-Hard :
-

Reduce 3- partition



Again : An active area of
research !

-

O

←
OS

→ Almost any problem in AI

is NP-Hard .

Not impossible ! Just exponential
to solvepy :[



Frida
1-
- Finally on to LP

Monday
- No class
-

Resume on Wed.


