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2What is Quantum Secret Sharing Schemes ?

Quantum Secret Sharing Schemes (QSSS)

to encode classical messages (bit)
to encode quantum states (qbit)

into quantum states

・
 

outputs of quantum computer
・

 
outputs of expensive apparatus

・
 

quantum key in cryptography with quantum algorithm

○

○ What for ?

Classical Secret Sharing Schemes (SSS)○

(Shamir
 

1979, Blakley
 

1979)

(Yamamoto 1985, Blakley-Meadows 1985)

・

・



3Literature on QSSS

Coding efficiency of perfect QSSS (Gottesman, 2000)

Information theoretical treatment (Imai et al., 2003)
based on coherent information

 
and reference system

Information theoretical treatment
based on reversibility

 
and Holevo

 
Information

○

○

○

○

○

Our Goal

Coding efficiency of ramp QSSS
 

and optimal construction



5Quantum Secret Sharing Schemes (QSSS)

○



6Authorized and Unauthorized Sets
encoder partial trace

○

○

○

○



7Perfect Schemes and Ramp Schems

○

○



8Reversibility of Quantum Operations

trace preserving
completely positive
affine map

quantum operation○

○

○

○



9Quantum Relative Entropy

Theorem (Petz, 1986)

The following conditions are equivalent.

monotonicity

○

○



10Holevo
 

Information

○

○

also written as○

○



11Holevo
 

Information and Reversibility

Theorem 1
The following conditions are equivalent.

monotonicity

○

○

○

○ cf. Schumacher and Nielsen, 1996



12Authorized (Unauthorized) Condition for Shares

Theorem 2
The following conditions are equivalent.

0 for pure state

○

○

○



13
Coding Efficiency of Perfect QSSS

Theorem 3 (cf. Imai et al. 2003)

Corollary 1 (Gottesman
 

2000)

(uniform distribution on pure states)



14Proof of Theorem 3 (1)

○

○

○

○



15Proof of Theorem 3 (2)

○

○

○



16Proof of Theorem 3 (3)

no cloning theorem no deleting theorem

○

○

○ ○

○



17Proof of Theorem 3 (4)

0 for pure state scheme


