


Strong NP Hadness
: 3-dim matching-

Given 3 disjoints sets X, Y 57,
each size n

, along with a
set

TEXxYxz of ordered triples ,

can we find a set
SET

St
.

each element
of XVYZ s

in exactly 1 triple
?

Notes !
-

&
eneralization &

ofbipartite
g matching

· No #s in sight !



Reduction : from 3SAT

Input: poolean function
with

n variables & m clauses.

m=
4

Variable gadget :

O

· m elements in core
& C

· m elements in "tips
4

O

G O

O

⑨

Even/odd :



"even" covered
=> true

Clause
· Xi
"odd" covered- false

gadget
O

Xi vTgVYk :

Xi Xg Xk



So : almost there !

Problem : some uncovered "tips"
What if X : is in only 1 claise?



Finally : X, YrZ :

-

⑧

O

8& O

⑧ ⑧ ⑳

O
O

O

·
·

O &

O



Construction time :



Note : No numbers really anywhere !

So : nothing polynomially bounded.

Really about combinatorial structure
of inclusion in the solution.



Complexity Hararchy
We saw

P
,
NP
,
& Co-NP.

In formal turning machines , these are
hed

up
with language recognition :

A language is in Time(f(n)) if it

can be deaded by a Turing
machine

In time f(n).

Ex : TSP + an input graph G
-



Time a space Complexity

Non-determinism



These are connected in a natural way
:

why ?



What we know :



What is in PSPACE?

First problem
:

Word problem for

determinish( context

sensitive grammers
.

Given a word+

grammatical transformations
that only Increase
length , determine

if

a sentence couldbe

produced via the transformations.



Others : Reconfiguration problems
Graph example: Given two 4-colorings of
a graph, can you change one vertex
color at a time,

whilemaintaing
no edge has end points of

same color,

a transform from the first coloring
to the second ?



Polynomial Herarchy : Recursive function theory
Beyond PrNP :

Let D ,
E, toP all

be = P.

Let NP = E
co-NP=

P

Then :

L- E If 7 polynomia pln)
& Turing machineT s .

t.

XeL JyYyz : Yo ,
T(x

,Y -,Yi) . E



Intuitively :
Problems solvable in polynomial time

with a bounded number of
alternation

between "exists" players o "for all "

players.

&: - certificate St. Verifier accepts

# P : V certificates, varifer accepts

2: F a strategy St. no
matter the

challenges we win.



E P example
Given G + K

,
is there a set of

S values , IS =K, St .
for all vertices

not in S, SuGuy is not a aligue?

Ex : Let k=1

k=2



I'll stop her

↳ but happy to discuss
if
you

have questions !

(Note : Not on HW next
week...)


