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LastWeek : Undecidability

This Week : Turing Machines

↳ What isComputable ?

Eday : TMs => Complete Problems
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* For all KENP
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K reduces to ↓ in polynomial -
time

NP- Cj- . L
·

K

↑OO NP

Why do NP-Complete
problems exist ?
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Definitionof NP

LENP if L can be verified in polynomial time.
-

J polytice verifier v

st
.

XEL Ex Fye["st . V(x,y) accepts

Idea. Complete problem must encode

Turing Machine computation of V
.



TheComputation Tableau

↓9start

TX1 - 1 . 1 · (x13012 . 1 . 1 - 1 · (a) (1) -

Question Given a TM V,
-

What does the tape & state

look live at the Th step ?
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TheComputation Tableau

↓9start

I↓9 ,

↓ 92

T= 2-x1- 1 . 1 · (x13012 . 1 . 1 - 1 · (a) (1)--

i i computation

EPT↓
C1- 1 . 1 . 181 1 + 1 + 1 . 1 - 1 . (i) (1)- -

Tolynomial-timeverification

successful if ends inT in In steps



TheComputation Tableau

↓9start

TX1 - 1 . 1 · (x13012 . 1 . 1 - 1 · (a) (1) -
↓9 ,

T= /-x1- 1 . 1 · (x13012 . 1 . 1 - 1 · (a) (1) -
↓ 92

T= 2-x1- 1 . 1 · (x13012 . 1 . 1 - 1 · (a) (1)--
↑

i does Tableau window respect i computation
S(a ,

+) - (g , +, M) ?

-↓
ACCEPT

Cr1 - 1 . 1 . 181 1 + 1 + 1 . 1 - 1 . (i) (1).
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Tableau- SAT

Given Verifier TM V and input X

Does there exist a witness y and

completion c of the Tableau

consistent with V(x ,) epts

Theorem Tablean-SAT is NP-complete.
-

Every LEND has a poly-time verifier

On instance X =>Construct tableau S .

t
.

Tableau (x) > XL
.

satisfiable



Tableau- SAT

Given Verifier TM V and input X

Does there exist a witness y and

completion c of the Tableau

consistent with V(x ,) epts

There Tableau-SAT is NP-complete.

Them(Cook-Levin) .
Tableau-SAT Ep 3 SAT

-



Announcements

* HW8 Ongoing

* Recitation on Saturday
- on Turing Machines !
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Standard Measure of Complexity : Time

Other Resources : Se

A problem LE PSPACE if L is decided

by a Turing Machine M that uses

at most polynomial spacee.

-

5 c
,
k
, no st . for all inputs of length n > no,

M accesses at most cont tape cells.
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P vs .
PSPACE ?

poly-time TM cannot access super-poly-space.

=> PE PSPACE

NP vs . PSPACE ?

- verifier runs in poly-time
- try poly-length witness one-by-one

(i . e. Reuse space)

=> NPE PSPACE



O&



#PACE- Completeness ?

* L E PSPACE

* UKEPSPACE
,

K reduces to L in poly-time

Are there PSPACE-Complete Problems
7
8



DirectedSt-Connectivity

Given a directed graphGw/ vertices SteV,

is there a path from s to t ↳

0
- zu

↓
O

t- -
--⑦

O
O ↑
- N



Consider the "Tableau Graph" for Space-Bounded Machine

9 start M
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Consider the "Tableau Graph" for Space-Bounded Machine

9 start M

-x-1m

⑫
(u ,v) = E

#E Dr-- V

> State/Tape of M transitions
-

from U to V

EEPT
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Consider the "Tableau Graph" for Space-Bounded Machine

9 start M

--Xo - - Xnm

L

⑫↓ (u ,v) = E

#E Dr-- V

> State/Tape of M transitions
-

from W to V

So Machine M accepts X - -ACCEPT
↓

=> J path from Start -Fl
toKept
P -
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For PSPACE
,
we need to consider an

Exponentially - Large graph.

(defined implicitly)

For smaller space , we can consider poly-sized graph.

Theorem st-Connectivity is NL-Complete:-

w

Nondeterministic

LLog-space


