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What is Round Collapsing (here we illustrate the honest majority variant)

x−r1 xr2+r1r2
−1 y−r2

deg-3 RE
for NC1

O(1)-round MPC
computing RE write MPC as

a boolean circuit
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Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

garble the circuit!

hand draw later

2-
ro
un
d
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G
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[ABT18]

The garbled circuit is
“effectively” degree-2

on preprocessed
local input and randomness

The garbled circuit
can be computed
by 2-round BGW

assume honest major



What is Round Collapsing (here we illustrate the honest majority variant)

x−r1 xr2+r1r2
−1 y−r2

deg-3 RE
for NC1

O(1)-round MPC
computing RE

write MPC as
a boolean circuit

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

garble the circuit!

hand draw later
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The garbled circuit is
“effectively” degree-2

on preprocessed
local input and randomness

The garbled circuit
can be computed
by 2-round BGW

assume honest major



What is Round Collapsing (here we illustrate the honest majority variant)

x−r1 xr2+r1r2
−1 y−r2

deg-3 RE
for NC1

O(1)-round MPC
computing RE write MPC as

a boolean circuit

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

garble the circuit!

hand draw later

2-
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un
d
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[ABT18]

The garbled circuit is
“effectively” degree-2

on preprocessed
local input and randomness

The garbled circuit
can be computed
by 2-round BGW

assume honest major



What is Round Collapsing (here we illustrate the honest majority variant)

x−r1 xr2+r1r2
−1 y−r2

deg-3 RE
for NC1

O(1)-round MPC
computing RE write MPC as

a boolean circuit

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

garble the circuit!

hand draw later
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The garbled circuit is
“effectively” degree-2

on preprocessed
local input and randomness

The garbled circuit
can be computed
by 2-round BGW

assume honest major



What is Round Collapsing (here we illustrate the honest majority variant)

x−r1 xr2+r1r2
−1 y−r2

deg-3 RE
for NC1

O(1)-round MPC
computing RE write MPC as

a boolean circuit

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)

Ki ,0⊕Kj ,1⊕Kg(0,1)

Ki ,1⊕Kj ,0⊕Kg(1,0)

Ki ,1⊕Kj ,1⊕Kg(1,1)

Ki ,0⊕Kj ,0⊕Kg(0,0)
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Multi-Party Randomized Encoding (MPRE) [ABT18]
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x3, r3
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the boolean circuit

induced by a MPC
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ŷ

decoder

y = f (x1, ...,xn)evaluate GC

Correctness ŷ is decoded to f (x1, . . . ,xn)

Privacy ŷ
d
= Sim(f (x1, . . . ,xn))

t-Privacy (ŷ , ri1 , . . . , rit︸ ︷︷ ︸
up to threshold t

)
d
= Sim(f (x1, . . . ,xn),xi1 , . . . ,xit )

Adaptive t-Privacy
Game Simulator
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ŷ decoder y = f (x1, ...,xn)

local

local

local

global
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Direct Construction of degree-2 MPRE

MPRE for the complete function xyz + s1 + s2 + s3

x ,s1 y ,s2 z ,s3

,P ,Q
P(1),Q(1) P(2),Q(2) P(3),Q(3) P(4),Q(4) P(5),Q(5)

I samples random degree-bn−12 c poly P,Q s.t. P(0) = x ,Q(0) = y

I PQ is a degree-(n−1) poly,

xy = (PQ)(0) = linear((PQ)(1), . . . ,(PQ)(n))

I Thus xyz + s1 + s2 + s3 = linear((PQ)(1) · z , . . . ,(PQ)(n) · z) + s1 + s2 + s3

linear((PQ)(1) · z , . . . ,(PQ)(n) · z) + s1 + s2 + s3︸ ︷︷ ︸
degree 2 if (PQ)(i) is locally computed

I Shamir Sharing: Safe to let i-th party know P(i),Q(i)

Magically, i-th party gets P(i),Q(i), locally computes (PQ)(i)
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Direct Construction of degree-2 MPRE with Honest Majority
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P(1),Q(1) P(2),Q(2) P(3),Q(3) P(4),Q(4) P(5),Q(5)

NEW complete function: P(i) ·Q(i) · z + some linear terms

function = det
[P(i) terms
−1 z

−1 Q(i)

]

IK RE
[
1 r1 r2

1
1

][P(i) terms
−1 z

−1 Q(i)

][1 r3 r4
1 r5

1

]

=

P(i)− r1 r3P(i)+r1z−r1r3−r2 r1r5z+r4P(i)+r2Q(i)−r1r4−r2r5+terms

−1 z−r3 r5z−r4
−1 Q(i)− r5



How to Handle degree-3 term?

i-th party locally computes r1r5

How to Sample r1, . . . , r5?

Let i-th party sample r1, r5
because P(i),Q(i) can be leaked to i-th party
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I i-th party samples ri ,1, ri ,5 and locally compute ri ,1ri ,5

I ri ,2, ri ,3, ri ,4 are jointly sampled
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NEXT

MPRE w/ OLE correlated randomness



Direct Construction of degree-2 MPRE with OLE Correlations
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−r1r4−r2r5+s1+s2+s3
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−1 z−r3 r5z−r4

−1 y − r5

]

How to Handle degree-3 term?

, sample r1, r5 from OLE Correlation!

How to Sample r1, . . . , r5?

Let sample r1. Let sample r5.
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Simple 2-round MPC

Our Results: information-theoretic 2-round MPC for NC1

(i) in plain model, w/ honest majority

(ii) in OLE correlation model, w/ honest minority

extension to P/poly with black-box use of PRG
newsupport arithmetic NC1 with black-box field access
newadaptive security with explicit simulator∗

more efficient

Technique:
a new direct construction of degree-2 MPRE with no round collapsing

xyz + terms = det

x− r1
( r3x + r1z
− r1r3− r2

) ( r1r5z + r4x + r2y
− r1r4− r2r5 + terms

)
−1 z− r3 r5z− r4

−1 y − r5


Thank you! “So simple that can be taught in class.”
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