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Cack-Levin Theorem : Let Le HP,

specifically L is decided in

time I Ink by a non-deterministic

Turning machine M .

Then

LEp3SDT : i.e. there is a

Lis P-time reducible to 35AT)

polynomial time program , taking

Se[V ("input") and producing a

formula
,
f = f(m

, s) ,
such that

seL) f(m
,
s)-3SDT .
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i-step 1
, --

.

Cnt

Proof idea : Let 5 cell--,
Cri

ver
, gQ

Xijy =

(T
if at step i, sell; has

symbol veM

F otherwise

Yij :(T if tape head is over celling
at step i

I F otherwise

if we are in state a

S at stepTFig
otherwise

Then- a mess of Bodeen algebra
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3- Chap 9 or (Sip]
Hidden Stategy to trying to show PAP P-NP]
Scholium : If Lep

,
then for

eachwell
, there is a circuit

=>

On of size poly (n) that on

input so &" computes whether

or not SeL .

Circuit :

outdegree large
formul :

outdegree /

⑳ etc.

① ①
T

①
1f ① IXt

O

↓ X
,
X

= +X
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M is namdet Tom
.

We'll run M

for steps (t : (n") on an input

se["
,

we want a formula

I massive + redundancy-- ) f + f(s) : f(M , s

is satisfiable iff s is accepted by

withintime
1) Step

1 must be blah blah bluh

D
(2) Steep 1 to step I must be al with
AKAD respect to M
-

(3) step 2 to Step 3
- >

some element
of quP



ALD - 4 .
5 -

must be

19 : 0 . R)
:
AHD

(t) Stept-1 to stept GK wiret
.
M

AISD
Stell State at step t = gas
So

~

candl AND and 2 BAD cano3
AND---

~

3 CHF : (3 literats OR-ed toghl AND

< ---- (AND

i

eventually
m 3 (7 formula
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cellt

Stepl :
Input S = W

..
- Un I#

-

⑳retralukut

Step 1 to ↑
↓ ↓ ↓ Step I has to

be K with M
Step 2

⑨tur -
--

↑

step 3

! *stept(
Gen cellt
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i-step 1
, --
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Cnt

Proof idea : Let 5 cell--,
Cri

ver
, gQ

Xijy =

(T
if at step i, sell; has

symbol ve M

F otherwise

Yij :(T if tape head is over celling
at step i

I F otherwise

if we are in state a

S at stepTFig
otherwise

Then- a mess of Bodeen algebra
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Xijy =

(T
if at step i, sell; has

symbol veM

Fotherwise

e
is this a N ?

for all i
, je[t]

,
ver

So:

among all Xijs ,

with ij fixed

↑ = Esta - -- Unn]

(exactly one of Xijy, Xijd , Xijk--
X i

. j, u should be true
um



Xijo
, Xija

↓ I --
u
.. 42 ,

--

, Un

exactly one of U,. Un

is T
, the rest are

f

e-3 um - Un

= + + -
-
-
f -

-)

TTfz--

ComNon-only



AND
can we write in JCH)

thn ,

and Un : T

AND

In "U
,
and Us : T

AND

i

AID

&UnA
= (-u ,
)ar(+ Uz)

- (Vr
. ) are (202) onU



②
U

,
or U2 or Uy--ou Un

nas u
.

= Goya

What about

4 on I an us an Up ?

Trick : add W new variable

vVVz vUyvUy = T

E)

(0 , 002- 2) AND/ -W vUgrey)
iselifiable ,

i .e. via WsT
a w =f


