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Abstract: A novel secret sharing scheme was proposed. This scheme consisted of two layer protocols: in the first layer, a 

larger secret was split into t smaller integers (sub-secrets) based on the Stern-Brocot tree; in the lower layer, t sub-secrets 

obtained from the first layer were regarded as t initial states in one-dimensional cellular automaton model, and then from 

the t initial states it could dynamic create all participants’ shares according to the simple fixed rule. This scheme could 

dynamic add new member, adjust the threshold value and renew the secret and the shares. Besides, there were still other 

advantages that the costs of the computation were very low and the size of the shares was very small. The results of 

analysis show that it was secure and very efficient. 
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{   if 1 2m m<  then  

      { [ ] 1S j ← ; 2 2 1m m m← − } 
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      { [ ] 0S j ← ; 1 1 2m m m← − }   

j + + ; 
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1 1 2 1 2 3

4 1 2 1 2 3

5 1 2 1 2 3

4 6 7 8 8

8 12 14 15 16

s x x m m m

s x x m m m

s x x m m m

= + + + +


 = + + + +


 = + + + +


⇒  

 
1 1 2 1 4

2 4 5

3 1 2 1 4 5

4 2 8

2

3 7

m x x s s

m s s

m x x s s s

= − − + −


 = −


 = + − − +


 (15) 


��%4c���_���h�åæ*í�

��qW�[ , ]t t r+ {�e�`a-��Þ`a�*

íX2ä�ST ix �
�¶-��QR§$ 

3.2  �������� 

h�X�q° (3)ABu��
 is £��Q

1 2, , , tm m mL ��ÓF�­r� 

1 11 1 12 2 13 3 1

2 21 1 22 2 23 3 2

1 1 2 2 3 3

( )mod

( )mod

( )mod

t t

t t

n n n n nt t

s a m a m a m a m p

s a m a m a m a m p

s a m a m a m a m p

= + + + +


 = + + + +






 = + + + +


L

L

M M

L

 (16) 

⇒  

11 12 1( 1) 11
1

21 22 2( 1) 22
2

31 32 3( 1) 33

1
1 2 ( 1)( 1) ( 1)1

1 2 ( 1)

t t

t t

t t

t
n n n t n tn

t
n n n t ntn

a a a as
m

a a a as
m

a a a as

m
a a a as

m
a a a as

−

−

−

−
− − −−

−

 

 

 

 

 

 

 

 

 

 

 

 =
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

L

L

L

M

M M M M M

M

L

L

 (17) 

UC� 5t = ä� 

 

1
1

2
2

3
3

4
4

5
5

1 1 1 1 1

1 2 2 2 2

2 3 4 4 4

4 6 7 8 8

8 12 14 15 16

s
m

s
m

s
m

s
m

s
m

   

 

   

 

   

 

   

 =
   

 

   

 

   

 

   

 

   

   

M M M M M M

 (18) 

Þ�� S;�� *S ä� 1 2, , , tm m mL 	COÏ

;��

* * *
1 2, , , tm m mL $#

*
i i im m m∆ = − � r� 

*
11 12 1( 1) 11 *

1*
21 22 2( 1) 22 *

2*
31 32 3( 1) 33

*
1*

1 2 ( 1)( 1) ( 1)1 *
*

1 2 ( 1)

t t

t t

t t

t
n n n t n tn

t
n n n t ntn

a a a as
m

a a a as
m

a a a as

m
a a a as

m
a a a as

−

−

−

−
− − −−

−

   

 

   

 

   

 

   

 =
   

 

   

 

   

 

   

 

   

  

L

L

L

M

M M M M M

M

L

L

 

11 12 1( 1) 1

1 1
21 22 2( 1) 2

2 2
31 32 3( 1) 3

1 1
1 2 ( 1)( 1) ( 1)

1 2 ( 1)

t t

t t

t t

t t
n n n t n t

t t
n n n t nt

a a a a
m m

a a a a
m m

a a a a

m m
a a a a

m m
a a a a

−

−

−

− −
− − −

−

 

+ ∆
 

 

 

  + ∆
 

 

 =
 

 

  + ∆
 

 

 

  + ∆
 

 

 

L

L

L

M

M M M M M

L

L

 

11 12 1( 1) 1

1
21 22 2( 1) 2

2
31 32 3( 1) 3

1
1 2 ( 1)( 1) ( 1)

1 2 ( 1)

t t

t t

t t

t
n n n t n t

t
n n n t nt

a a a a
m

a a a a
m

a a a a

m
a a a a

m
a a a a

−

−

−

−
− − −

−

 

 

 

 

 

 

 

 = +
 

 

 

 

 

 

 

 

 

 

L

L

L

M

M M M M M

L

L

 



�16� �  �  �  � � 33 � 

11 12 1( 1) 1

1
21 22 2( 1) 2

2
31 32 3( 1) 3

1
1 2 ( 1)( 1) ( 1)

1 2 ( 1)

t t

t t

t t

t
n n n t n t

t
n n n t nt

a a a a
m

a a a a
m

a a a a

m
a a a a

m
a a a a

−

−

−

−
− − −

−

 

∆
 

 

 

  ∆
 

 

 

 

 

  ∆
 

 

 

  ∆
 

 

 

L

L

L

M

M M M M M

L

L

 

 

1 1

2 2

3 3

1 1n n

n n

s s

s s

s s

s s

s s
− −

∆
   

   ∆
   

   ∆
= +
   

   

   ∆
   

∆
   

   

M M

  (19) 

��

*
i i is s s= + ∆ �1 i n� � �����(3)	
��
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1 2 3 1 2, , , , , , ,t nm m m m s s s∆ ∆ ∆ ∆ ∆ ∆ ∆L L ��� is∆ ��

��� !� t"#$% p&'(���) is∆ *+

,� iP � 1 i n� � �&+,� iP -�./0
*
i i is s s= + ∆ �12345./ is � 
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