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« Questions & answers: x,y,a,b € {0,1} winning condition
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CHSH Game (Clauser—-Horne-Shimony-Holt)

« Questions & answers: x,y,a,b € {0,1} _z y | winning condition
0 O a=2>
« No communication between A and B 0 1 a="b
. . ng 1 O a — b
e Winning conditionia @ b =x -y 1 1 a b

. maximal winning probability
wc(g) T for classical players

W (g) . maximal winning probability
9 ' for ® quantum players



Compiled
Nonlocal Game

E R E Compiler \Y P
| ﬂ Q : |
LA B : :

L Ty

Y

A

A

CHSH Game (Clauser—-Horne-Shimony-Holt)

 Questions & answers: x,y,a,b € {0,1} _z y | winningc 28
0O O n — t X 70
* No communication between A and B 0 1 a = Quenl’efp,o
. y 10 a=b Uy o
« Winning condition:a @ b = x - y 1 1 a#b Oss
we(G) := maximal winning probability wWe(Gensh) = 75%
¢ ' for classical players
1 1
.__maximal winning probability wq(Gchsn) = = + —= ~ 85%
w‘I(g) ' for ® quantum players 2 22
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e Quantum Completeness ([KLVY23])
Wq(Geomp) = wq(G)

e Classical Soundness ([KLVY23])
wc(gcomp) < wc(g)
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Our Compiler

* |dea 1: Replace QFHE with interactive
blind classical delegation of any A
quantum computation

e |dea 2:
Blind classical delegation

Modification of universal blind quantum computation (UBQC) [BFKQ09]
in the measurement-based quantum computation (MBQC) model
_|_
Blind remote state preparation (blind RSP)
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 Assumption: V can prepare single qubits in the state

1 i
+g) = EUO) + €' (1)),
(X, Y)-plane Bloch sphere
where 6 € © :=={k-7/4 | k=0,...,7} is uniformly random.
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Half-Blind Quantum Computation (HBQQ)

 Assumption: V can prepare single qubits in the state

1 i
+o) = E(IO> + € (1)),
(X, Y)-plane Bloch sphere
where 6 € © :=={k-7/4 | k=0,...,7} is uniformly random.
 HBQC protocol:
V(classical description of U) P(|¢))

Outputs: a;, b; Outputs: (U' ® I) |¢)
U= (X1 2" @@ X"z U
» Security: Prover gains no information about U and a;, b,

e Security holds unconditionally (no computational assumptions!)



Half-Blind Quantum Computation (HBQQ)
« HBQC protocol:
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« HBQC protocol:
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Blind Remote State Preparation

» Blind RSP = Classical client delegates preparation of single-qubit
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Blind Remote State Preparation

Blind RSP = Classical client delegates preparation of single-qubit
states to quantum server without revealing information about the state

{|+9> — % (\0> + et |1>) 0 cio,.. .,7}}

Assumption: Existence of a post-quantum secure trapdoor claw-free
function (TCF)

e TCF:

1. Family of injective function pairs (fo, f1) : X — Y with same image
2. Claw-freeness: Infeasible to find a claw (7o, 71) s.t. fo(zo) = f1(z1)

3. Given trapdoor and ¥ € Y in the image, possible to efficiently
invert to obtain a claw (zg, x1) s.t. fo(wo) = fi(z1) = v.



Blind Remote State Preparation

Subroutine parameterized by n and state |¢) = a|0) + 3 |1) held by the prover:

Vin) P(I%))
((fo, i), td) < Gen(1%) n, (fo, 1)
> Compute claw state

&/ |07X0> + B |17X1>
fx0) ~ Cx)
o\Xo) = Nn\X1)=Y

(x0, x1) < Invert(td, y) P4

ro, rn < {0,1}PMN) (ro, n)

> 1. Compute
o |07X0) _X0r0> + f |1,X1,X1I’1>

2. Apply QFT, to last register and
measure; abort if outcome # 1.

a0, x0) + w131, X )
3. Measure last register in Hadamard
J basis with outcome d € {0,1}P).
b:=d- (Xo >, X1) < o |0> + 5(_1)d°(xo€BX1)wi7<0fo+X1r1 |1>
0 = xoro + x1n1




Blind Remote State Preparation

Blind RSP Protocol: Use the subroutine three times:

e Subroutine with n =2 and |+).
Let (b1, 601) be the output of V/, and |v1) the output state of P.

e Subroutine with n =4 and |¢1).
Let (b2, 02) be the output of V/, and |12) the output state of P.

e Subroutine with n = 8 and [1/»).
Let (bs, 03) be the output of V/, and |13) the output state of P.

The prover P holds the final state
1 b 0
= —(|0) +(—1) wg |1
[1)3) ﬁ(l )+ (—1)"ws [1))
The verifier V holds
b:= b ®b,P bz and 0 := 401 + 20> + 63 mod 8.

« Security: From the prover's point of view, @ is uniformly random



Summary

« HBQC = generalized UBQC protocol [BFK09]
+ TCF = blind RSP for {1+ = 5 (10 +¢“T[1) 0 € (0.7}
« HBQC + blind RSP = classical blind delegation of QC

 New compiler from classical blind delegation of QC, satisfying

1. Quantum Completeness

2. Quantum Soundness

 Extending Mahadev's result from
'specific TCF from LWE = CVQC' to 'any TCF = CVQC'
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Thank you for your attention!



