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xx00

xx00⊕⊕zz==rr00

xx11

xx11⊕⊕zz==rr11
xx00⊕⊕xx11==((xx00⊕⊕zz))⊕⊕((xx11⊕⊕zz)) == rr00⊕⊕rr11
ppoossssiibbllee wwiitthh pprroobb.. aatt mmoosstt 22--nn

Classically
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Quantumly

MAIN THEOREM

Let ZZ and OO be POVMs such that outputs x0 and x1
one could obtain by applying one of them to the
state shared among the two provers.

Suppose the success probability of unveiling is
p0+p1 > 1+δ,

then the (prediction probability of y0⊕⊕y1) > δ.

This prediction probability is achieved by first
applying ZZ to the shared state followed by OO on the
leftover system or the other way around.
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((99))
WW AA RR NN II NN GG !!
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Oblivious
Transfer

(message multiplexing)

B0

B1

Bc

C
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Oblivious
Transfer

(message multiplexing)

B0

B1

Bc

C

Brassard, Crépeau, Mayers, Salvail 97
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Mutual
Identification

x

x=y?

y

x=y?

=,=
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Mutual
Identification

x

x=y?

y

x=y?

=,=

S U C C E S S !
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Mutual
Identification

x

x=y?

y

x=y?

=,=

F A I L U R E !
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((1100)) CCllaassssiiccaall
MMuullttii--ppaarrttyy CCoommppuuttiinngg
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Classical Multi-party Computing

• Network of n players

• Each has input xi

• Want to compute

f(x1,…,xn) for some

known function f

• E.g. electronic voting

Protocol
x1

x2
x3

xn

f(x1,…,xn)
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Classical Multi-party Computing

Protocol
x1

x2
x3

xn

f(x1,…,xn)

Even if t out of n
players try to cheat:

1. Cheaters learn nothing
(except output)

2. Cheaters cannot affect output
(except by choice of input)
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Results

Classical MPC
(with broadcast)

Classical MPC
(without broadcast)

n/2n/3

IMPOSSIBLE

t = number of cheaters
0

VSS (without broadcast)

VSS (with broadcast)
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((1111)) MMuullttii--PPaarrttyy
QQuuaannttuumm CCoommppuuttiinngg
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Multi-party Quantum Computing
• Players' inputs are quantum states

– Possibly entangled
– No description necessary

(protocol is “oblivious”)

• Output is quantum
• Want to evaluate a known

quantum circuit U

• Player i gets i-th component of
output

Protocol

ρ1

ρ2
ρ3

ρn
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• Players' inputs form an
arbitrary state
ρ in H1⊗H2 ⊗... ⊗Hn

• Player i holds i-th
component:
ρi

• Each player gets one
output:
ρi’= i( UρU† )

ρ1’
ρ2’

ρ3’

ρn’

ρ’=UρU†

Protocol

Multi-party Quantum Computing
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Protocol

ρ1

ρ2
ρ3

ρn

Even if t out of n
players try to cheat:

1. Cheaters learn nothing
(except output)

2. Cheaters cannot affect output
(except by choice of inputs)

Multi-party Quantum Computing
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Results

•• tt << nn//66:
Any Multi-party Quantum Computation

•• tt << nn//44::
Verifiable Quantum Secret-Sharing

•• tt ≥≥ nn//44::

Even (perfect) VQSS is impossible
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Results

Classical MPC
(with broadcast)

Classical MPC
(without broadcast)

MPQC

n/2n/3n/4n/6

IMPOSSIBLE

?

t = number of cheaters
0

Verifiable Quantum
Secret Sharing

VSS (without broadcast)

VSS (with broadcast)
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MPQC and Fault-Tolerant Computing

• MPQC is like FTQC with a different error model...

– Similar protocol techniques:
Classical MPC [BGW,CCD] → FTQC [AB99] → MPQC [CGS]

– Different proof techniques
(Need different notion of “proximity” to coding subspaces)

Error
location

Type of
errors

At most tt positionsCan occur anywhere

maliciously placed,
entangled with data

randomly spread,
independent

MPQCFTQC
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CCllaauuddee CCrrééppeeaauu

SScchhooooll ooff CCoommppuutteerr SScciieennccee
MMccGGiillll UUnniivveerrssiittyy

an Introduction to
theoretical quantum
CRYPTOGRAPHY
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