
 
Today
Toda's Theorem PH p

P

Part 1 PHE BP P

Part 2 BP p e p P

Toda's Theorem pH c p P

part 1 PH E BP P Valiant Vagrant2 extensions
Pant 2 BP P E P PLModular Arithmetic

Magic

Part 1 PA EBP top

theorem tk.fmthere is a probabilistic
polynomial time reduction A that when given
as caput an instance 4gFESAT an alternating
quantifedBoolean formula starting 01 I
at most k alternationsof guanffers outputs
an instance Acy of SAT s 1

Y is true LILA c SAD 1Im
y is false Bae A 4 c SAT E Em

Recall
SAT 9 9 has an odd g sat

assignments



Nofahon BP E C

E complexity class Gg D

IE L IFL ee
c L Fy Gsg EL

Ods gTFpoGaxe
FP NP

E L JL E E
xE2L y leg EL od

BP E L IF L E C
x EL Ey16cg c d 3 g
x L 1g lay Ef y

Obs
BP P BPP

Classesfft
BP BP p

Conaseguartergthmi
Theorem I E E BP P foperator

Algebra
Fhm 7 in the flavourof Valeant Kajaani



Tkm Valeant Vazirani
There exists a polynomial tense randomized
reductionA s f f n var Boolean formulae f

g C SAT Biffle C OSATy gin

got SAT Puffed c OSA L
Open If fgm can be increased farther in short

adoreCck unlikely
Iis an odd 0 is an even

Tkm Valeant Vazirani
There exists a polynomial tense randomized
reductionA s f f n var Boolean formulae f

g C SAT Biffle C SAT 3 In
got SAT Puffed SAT L

Throw we can inserease In 1 Imformof our choice

TAnffmefc with SAT formulae

964 gong



0964 n 481 learned
GOP is closedunder n

964 C tDGcDCtOP.sclosed under
complementary

H x ya if x on
I 964 if oceon

Hence it is also closed under

IO9G4lvGtO4GD QgCthG4C4tDcy7tDRunfhekVoeed.e
on elp g R Ames
to get 4 Ya

q C SAT PaGo.ee 14eEtOSATJ3l ffnJR

of 4 SAT REJECTED He c SAT O

Fi F c SAT 0 Y C SAT

Choose 12 0Cmn

qe SAT Pa L Y E SAT 1 Im
q SAT Pnf Cfe SAT 7 0

When written in terms of SAT Gnetead
of USAT the conclusion of RV can



be strengthened ie the error probability
can be reduced arbitrarily

This proves Thm I be the Casey xp

How do we extend it to all 7 SAT

Ide a By inductors on

Valiant Vagoeani is oblivious

do want for 8 2

EI Expect y
3 964 RLY c SAD tfm
8 964 Pal 3 0

EI Fx tggcx.gg
gyTxtygCx.yBLUE SATI 1 In
V xJ yy cx.gl BLYE SATIE Im

FGfriousnessoftf
p y

ya geyn Chloe 1



Tkm Valeant Vazirani Offvious version

There exists a polynomial tense randomized
reductionA s f on 7 outputs a Boolean
formula 264g where x is n vans

y is a new setof roses S f f Boolean

Ea p GB
Fx pay PnL

g
pG4neGy In

He Pal
g reagDT o

IoggTseoeemI
3 464 Xcx CEc gaankfers

By inductors hypothesis
there is a randomized red
that maps for each x

464 peel paid
is egarovalent Go 46401

Oblivious VV will tell you Prob m

that Cx7nrCo4 y c SAT afp1
8h

f p te is true



Ron Odorous VV D 0cm tones

x II cpcxlnzcx.gg
Fx 464 Bike SATI's R

G an Ee.EEeoTLtfmtiJ
xyG4 PsLdEtOSATJso zme

D 0cm n f Is
R
Imei

Hence zmt.azm fm regdearoey


