
Algorithms -2020

NP-Hard
(part2)



Recapped
a Hw over flows :

- now posted .

- due next week -
oral grading onnext Thurs ←Fri.

- sign -up with group ok
• Reading : canvas

- Th#y this week
- Switching to a different

book Gtk on Perusell)
for next week

- Last reading: sundayiNou.IS
• No class on Monday , Nov .

16

F-of days as usual)
° Check for final exam

conflict



Quantifying Hardness:

Fundamental question-
Are there " problems ?
How do we rank ? Polynomial

↳ run tones : Haaretz

m ¥÷*JfpoYmno:i¥s
??v→sub#ha , →Ex : factoring
→
- exponential#backtracking chapter)

→ worse? Yes.§und
]Some problems areimp to solve !



Theltalhngproblem.TO#wSI-3dsD

14¥ *.

tynfnde
'

loop ←decision
Output : False
( utility should be obvious !)
Note: pcagf-I.stwns.im?ulak ]
If it goes forever,
won't stop islet me
answer

↳Idon'tknow when
to output true .



Thmfturing1936I.TKhalting problem is

undecidable .

(That day %, squish algorithm
Prootiwelbynaeugntrsaudhchoy)- suppose

progremh.tk?sE)=fTruenaHsfoPnIgrainput Fatsehefdseoopg
Need a contradiction now . . .

=

(see last notes)



So . .
.
what next ?
-

l l

clearly , many things are usolvable
.

in polynomial .

, ,
Some thmgpossbe.rs
But - what is in between ?
t ? ? What can we do ?

idea:

set the idea of

what are limits

of (prodded
computing .

-If NP-Hard , reasonable
to use heretics or

approximations .



The first problem found ; j¥.
"

Boolean circuits 0

AND OR Not

er
" gfeehesoE.tn)
I EEE ¥ rooff÷÷÷÷÷÷÷÷:÷÷÷÷÷o.Given a set of inputs , canclearly calculate output
II.w in'¥¥*upt÷¥:

in tree OR

f:÷E÷¥E¥t¥←O l / O l O l
l

- l l l l l l



Q : Given such a boolean
circuit

, is
there a set

of inputs which result
in TRUE output ?

Isomer assignment
2 HE a¥h?
Y

'Ef i
.

ETH t
ET"

Tm gots
④pub

known as CRATISFt#TY
( or CIRCUIT SAT)

"

clearly
" Xiaoneutral fuel.

2
" possible Tffinpats
For each ,

trace in
Ocmtn)
time



Best known algorithm :

try all possible 2
" inputs

¥÷!¥¥*e
Running time :

↳ Ocmtn) (27=0427
p
-

check
each

Note :

Might be a polynomial
algorithm !
Hasn't been

found yet.



P.NL?tco-NP-
Consideronlydeaswnproblems.isYes /No output⑦ sqataffeandeaseonsopergbb.gs↳ IIs.ie?dOkT-NEx:,svalue x in list

?←

fears stew inGEZE.TT?NfI:fetI.9EtEEbYnssuersYshyesJ)??
t you hand me proof ,

Iste?Et:
all of P

Co-N¥. Can verify a
"

Now" answer.

pyo
HP sorted

,
is x inset,

flow .

E: pr.mu#hng:tCph*Ef



• PE NP , PE co -NP

• circuitsATE NP
Eco-NP

unknown if GATE P ?

o primality testing
:

→
' 'obviously

"
in co

-NP

is it in NP or P?
↳ in NP, notobvious[

give you peg
which

You can multiply
's

Oln)← x?
Q : NP = coNP ?

Copen)



Pfe: NP-Hard

¥¥÷÷÷÷÷i
So if any NP-Hard problem
could be solved in polynomial
time

,
then all of NP

could be
.



CoolFisNH①
- unknown,oINp?

( beyond scope of class)
NP-complete: :=

• in NP
• and is NP-Hard

if in Paso , then NP -43



to:÷÷÷÷÷÷÷:i¥

⇒ ÷:

.



We've seen reductions !

upbuild G
'

addsa myth:L

:÷i¥w←%Yf:O
¥:÷÷÷:÷±¥⇐¥:'



This will feel odd , though :
To prove a new problem
is hard , we'll showhow we could solve a
known hard problem
using new problem as

a subroutine .

Why?wµ
,
if a poly time

algorithm existed
, than

you'd also be able to

solve the hard problem!
K

Therefore can 't be any(
such
"

solution . )



Other NP-Hard Problems :

SATI. Given a boolean
formula

, is there a
a way to assigninputs so result is 1?

±:¥¥÷÷⇒⇒
?
,

.

h
.

variables ,wa÷d Xy . ..gl/n
M. clauses :S =m

In Npi
-

Given n TTF inputs,
scan the clauses tp0 check each

Total : Olntm)
nm

of clones
are

OG) long



Thx : SAT is NP- Herd .

PI : Reduce arau,ts¥EwnNPttd
to SATI
t new

one

[ -


