BPP Lifting using
Inner prac&u&%
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Lifting

o Transfer lower bounds from weals
models to strowng

e Weale @ Decision Trees

o Strong : Communication &omytexi&j



Peciston Trees

o Model : Tree
Qu,eryivxg variables

8 Cost : ‘b@.p&k

o Wealk model -»
E&sj ko prove lower
bounds




Commuinicakion
Cmmptex&v

fo {0, by 101" — (81

X&' {01} Y € {0,1}"
compu&e fX,Y)

Cost : number of bits communicated



Commuinicakion
Cmmptex&v

Xe 0l Ye {0.1}1"
Is there an index ien], X, =1 and Y. =17

DISJ (X,Y) asks whether f XnY=¢



Tjiv\g vk all:
Qu,@.rv to Communicakion
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Lifting ko Communication

Complexik
e A
o One party function: f
F Gl = {01}
(

o Two party gadqget : z 7\1 an
g:{0,1}°x{0,1}> - {0,1} ' [
) Composed 2 party @5\ % Q

function: fog B s . Knl Ya




Lifting theorems
Mebka stabtement

CC(f> 8) = Di(f) X CC(g)




”»o\sv direction c:}ﬂf
Lifting

CC(feg) < Di(f) X CC(g)
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Easy direction of
Lifting
CC(f-8) < Di(f) X CC(g)

o T : best decision tree for
o Protocol :
o Alice and Rob simulabes T

® When T queries z; , they compute
g(xia yl)

o Cost : #queries x CC(g)



Why Lifting
theorems?

o A fundamental question about
computation

o Is Naive = OP&E,MQL?
@ Direct sum
o XOR Lemmas

o Separations of complexity classes



Brief survey of
resulks

o [Ran Raz, Plerre McKenzie 97,
¢ o 'os, Pikassi, Wakson '15]

8 Delerministic Decision bree -3
DPeberminisktic communicabion

o PCC(fo INDEX) = PP'(f) x O(log n)
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Brief survey of
resulks

o [Chattopadhyay, Koucky’, Loff,
Mukhopadhyay ‘17, Wu, Yao,

Yuen'17]
PCC(fo IP) = PP'(f) x ©(log n)
IP: Alice Bob. Goal : Compute

Xe{01)er ye (0]t — D, (X, AY)



Brief survey of
resulks
o [ o os, Pikassi, Wakson '17]

o Randomized Decision bree -»
Randomized communicakion

® BPP““(f+ INDEX) = BPPP'(f) x O(log n)



Story so far

o [GPW18]
P “(fo INDEX) = PP'(f) x ©(log n)

o [CKLM'17, WYY '17]
P“C(f~IP) = P”(f) x ©(log n)

o [GPW17]
BPPC“(fo INDEX) = BPPP'(f) x ©(log n)



Our Kesulk

Worlkes even ffm search F?robi.ems

BPP““(f o IP) = BPP"'(f) x ©(log n)

Logarithmic sized qadqget of
exyov\emﬁauv smaall dLs&r@.pamcv

*Also: deterministic Lifting



lmpt&aﬁmms

o Unification : Gives a unified proof of
both deterministic and randomized
Lifting

o Improved gadqet size

o Gives a simplified proof of GI'16 :
BPP Llower bound for AND-OR,
MAIORITY krees



(3 P@.M ?T’Qb Llevws

o Swaller than logarithmic sized
gadqeks?

o “"Low” discrepancy gadgets?
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