
 

Computational hemplexity Lecture 11

Recap IE ITE
defn via quantified verifier

defn via oracle TMs

defn via Alternating TMs

Alternating TMS
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Hierarchy theorems
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No complementary speed up
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Agenda Timespace tradeoffs for SAT NTIME n

Introduction to Boolean circuits

Some annoying open questions

D Is SAT E L We believe no

D Does SAT have an Oln time algorithm We believe
No

Footnow we aren't wrong on both

Them If SATEL then there is an E o s t
SAT TIME n
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Adifferent kind of tradeoff
Qm Is SAT E TISP n not

time space
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j nd

We wait quite get there but we will try and get
close to it

Thm NTIME n Msp no no

we'll try and keep improving e

key ingredients
i No complementary speedup
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I Alternation elimination

is Alternation trading

Lemma Alternation elimination If NTIME n e TIME ne

then Ta TIME n E IT TIME ne
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lemma Alternation trading
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Pf 17
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Optimised at r Fts to give total time Outs B

het's now prove the time space tradeoffE TIME n

AFSOC NTIMECn E TISP no no
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And will yield a contradiction if as 1 ie are
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Suppose c r2 what can we say
New lemma Tz TIME n ETISP ne no

Belter att elimination Iz TIME n E 2 TISPCnd.no
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Revisiting alternation trading
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Back to time space tradeoffs
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i We get a contradiction if de b
ie C L TG E 1.565
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If c I we get a new facts

Is TIME n E Tisp nah ol not
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we get a contradiction if 9 48 or c 1.62

or we get new facts and so on

Eventually limits to 2 5 4 5432 e 1 but

William What is the best constant that can be obtained
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New topic Boolean circuits

whatis a circuit
A BAG madeup of A Vi

in with leaves labelled n san
v v

ly a output computes f o.ifsfo.is

1 1 1 On Does this boolean circuit
solve say SAT

Hunh We only have length n
for input

Defnoo circuit family C cilia n is a circuitfamily
if Ci has i inputs
We say C is a family of size Scn if
1Cil E Sli Hi

We say e computes f fois't fo.is if
tf se E foB 1 1 i flu Cite

Fact Every function f o.Bnsfo.is can be computed by
circuits of size 0th I Intact 0h24m is

enough

Phooey class of languages that can be decided by
a poly size circuit family

U SIZE me
c o languages decby



Thmoo P E Phooey

Pfoo Very similar to Cook Levin

f

Composeing all gives
a circuit of size
0 Tat

D

Claim't L is any Unary language ie LE In new

Then L E Plpoly

Pf Ci ANDHi Mi if I e L
0 if gi L

is clearly a circuit family deciding this language
D

Groo Pypoly contains languages that are undecidable

Pf UHALT In the nth machine halts
is unary
is undecidable D
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Phooey

Qu IS NP E phooey Probably no but what if

Thm Karp Lipton If NP EPpoly then PH Zz

Pf We'll show NPE Pypoly Tz Zz

LEITE NEL Hy Iz MLx y t

Is Ge y ZZ MHz E NP

If NP E Pfpoly then I has small
circuits but how do we know which
is right
Can we ask the circuit to actually output
a satisfying assignment if one exists

But any decision algo can be modified to
actually yield a satisfying assignment z

i Wait to show this is an equiv
formulation
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