
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 23 (2012) 230501

�«·b�èS�±ÏA5uÿ#�{*

xýR1) yø2) Ú��1) �¬1) ¶+1)†

1) ( ç9ô�Æ>fó§Æ�, M�T 150080 )

2) ( M�Tó��ÆO�ÅÆ�, M�T 150001 )

( 2012 c 4 � 1 FÂ�; 2012 c 6 � 18 FÂ�?Uv )

�éêi·b�èS�u)ì�)���S�ÛÜ��S�3�±ÏA5µdJ¯K, JÑ�«#�±ÏA
5©Û�{ ——BSPD (binary sequence’s periodic detection) �{, ^uµd��S�äk�±ÏA5. T�{Ø�
^uuÿ��S�´Ä�3°(±Ï, ½3Ü©����S�3±Ïy�; ��uÿÑS�ÛÜÑy�±Ï5­U
��, ^uäN©Û��S�¥±Ïy��ÚOA�. ��Äu²; Logistical N�� BSPD u�L², T�{�±
k�/½ ��aq�Å·b��S�¥%¹�±Ïy�.
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1 Ú ó

·bXÚduäkûÐ�ÚOA5!Ð�¯
a5Ú��Å5, ¦�Ù3Ï&XÚÚ\�XÚ�
�O�¡äkwÍ`³ [1−4], ùÌ�Ly3·bX
Úæ^,
O��dé���{, Ò�U���Å
5�p���S� [4,5]. 8cd·bXÚ¼���
S��'�Ï��V)�ü��¡ [6−18]: �´·
bXÚüzL§¥�O�°Ý, X2:°Ý!½:
°ÝÚi�°Ý�; �´·bN�L§���S�
�m�N�'X=þz�{. êi·bXÚ3d�
[=�êi�L§¥, ÙÚOA5Ú�Å5ò¬u
)Cz.

@3 1997 c Kohda Ú Tsuneda ®²�Ä�O
�°Ýé·bS��Å5�K� [19]. �5�©
z [20−24] ¥�J�duÄåÆòzêi·bS�
�ªòüz���±ÏS�,©z [24] K²(�Ñ
duO�°Ý�¯K¬��·bS�òz� “0 S
�”. ��Ù¦a.��Åê)¤ì, êiXÚ��
äØ�Ú�\Ø�é·b�Åê)¤ì�K��

\²w. ù¦��
Ï&XÚ½\�XÚ=A^·
bS��,�ÛÜ�, Ù�Å5ÚS�5É��½
�%�. 8céõïÄö [25−29] |^�
~���
Å5u�IO, X SP800-22[30] Ú TestU01[31,32], 5
ïÄþãÏ�é·bS��K�. �
äkûÐ�
Å5�·bS�)¤ì [16−18] ���). ,
, <
�3'5S��Å5�Ó�,  �Ñ
S��A
äk�­½5. �
�Nþwq�Å5ûÐ�·b
S�  3ÛÜ��S©ÙX�þ�±Ï5Ñy
� “0” “1” ?è¬. ©z [33] l\�A^�ÝJ2
·�, Ø
'5S��Å5�A'5S�­½5é
·bS�\�A^�K�. dd, ?Øêi·bS
�ÛÜ��S�±Ïy�äk¢S¿Â.

�â©z [5, 15, 19, 22, 25, 26, 29—33],·�ò
yk�±Ïuÿ�{8B�üa: �a´�éS�
°(±ÏÚCq±Ïy��u��{, Xg�'¼
ê!Fp�C�!õÇÌ±9�«��©Û{. ,
�a´Äu±Ï���u���÷�{. ùüa�
{3µdS�±Ïy��, þ�U�é3S��Û
Ñy�±Ïy��Ñ�A, A^����. 8c, ?
Øêi·bS�ÛÜ��S�,
d3�±ÏA
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5�'�ïÄ��, AO´"yé��êi·bS
�3ÛÜ��S�3�±Ïy��©Û!?ØÚ
uÿ�{.

�©�â���ÅS�g�º¹�Ü6éX,

ÄkJÑ
�«*Ð�±Ïy�½Â, ¦�°(
±Ïy�!Cq±Ïy�Ú=3S�ÛÜÑy�
±Ïy�þ�±��ù«½Â�A~. Ùg, Uì
¤JÑ�½Â, y²
�ÅS�ÛÜ��SÑy
�±Ïy��ÚOA5, ¿3���ÅS��ÛÜ
±ÏA5�A½­�S��i§A5�mïá

éA'X. ��, �âù«éA'X, (Ü2�A^
� SP800-22 ¥�éi§A5�ÿÁ�{, �Ñ

uÿS�±Ïy���«#�{, = BSPD (binary

sequence’s periodic detection) �{. T�{Ø��±
�ä��S�´Ääk°(±Ïy�!Cq±Ï
y�, �U
éS�ÛÜ��S�±Ïy�?1©
ÛÚuÿ, l
½ ¢�S��ÛÜ±Ï��, �
½Ù´ÄU��·bS�3,�ÛÜÑy$�Å
5!$S�5�¯K, =uÿS�´Ä�3wÍ�

±Ïy�.

2 ±Ïy�µÿ�n

3�©¥,·�- N L«g,ê�8Ü, ¯ L
«Ó½$�, f(t) L«����S�, P {A} L«
¯� A �VÇ, bKc L«é�ê K ��.

2.1 ½Â*Ð�8I

��¿Âþ, <�é±Ïy��n)�3,�
����S, eS� f(t) þk f (t + nT ) = f (t) �
3, K¡S� f(t) �3��î�� T ±Ïy�. U
ìþã½Â, ��¡, <�éJé��S�ÛÜ�
�S±Ï5Ñy�ÎÒG?1½þµd. Xã 1 ¤
«, XJ��dêi·bXÚ)¤���S�=3
,�����Szm� 11 'A (bits) ­EÑyë
Y� 5 'A��G ‘10111’, 8cÒéJÏLk�
��{µd.

ã 1 ÛÜ��SÑy�±Ïy�

,��¡, ·bXÚduÏ~äkáÏ�ýÿ
5, ��3��·bS�¥7,�3�þ�ÛÜ±
Ïy�, l
éS�E¤�Å5fz; Ó�du·
bXÚ��ÏØ�ýÿ5, <�éJ|^®k�±
Ïy�uÿ�{Ú�Å5u��{, éÑù
ÛÜ
±Ïy��ÚOA�.

~X: 3d²; Logistic N� (1) ª£ã��
�·bS�)¤ì [4], (2) ª9 (3) ª�A
 (1) ª
¥�3��«áÏ�ýÿA5:

xn+1 = 4xn(1 − xn),

f(n) =

 0, xn < c,

1, xn > c,
c = 0.5.

(1)

e^ M 'AéÙG�?1*	�P¹. b
� ∆xn��äØ�, Xn�*	�, (1) ª¥?¿ xn

��^ (2) ªL«:

xn = 2−M (Xn + ∆xn), −1 < ∆xn < 1. (2)

ò (2) ª�\ (1) ª, KT·bXÚe�G��
±^^�Ø�ª (3) ?1ýÿ:

22−2MXnXn − 22−M

6 xn+1 6 22−2MXnXn + 22−M , (3)

Ù * 	 � 7 3 22−MXnXn − 22 < Xn+1 <

22−MXnXn + 22 ��S.

d (3) ª � y, 3 M = 32 � X Ú ¥,

� � X Ú G � 0.5 < xn < 0.5005 �, Î
Ò “11000000000000000” ò�?\��S�. w,
3Ëã|Á�S�¥ÎÒ “11000000000000000” �
ÑyVÇ���u·bXÚ?u�� 0.5 < xn <

0.5005 �VÇ, ù¦�3²; Logistic N�£ã�
��·bS�)¤ì7,�3�
ÛÜ��, 3ù

��þ, ÎÒ “11000000000000000” ò��E?
\S�, l
¤�ÛÜ��Å5fz«m.

�©�é��·bXÚ�U3ÛÜ�3�Å
5fz¯K, é±Ïy��½Â?1*Ð, Ï"¦
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�
2��3�±Ïy�9ÙÚå��Å5fz
��)º�µd.

2.2 ±Ïy��*Ð½Â

½½½ ÂÂÂ 1 e � 3 ë Y � g , ê 8 Ü φε =

{εi|0 6 ε1 < εi < εω 6 LT , εi ∈ N , 1 6 i 6 ω,

i ∈ N,LT ∈ N}, ¦���S� f(t) 3 [L0, Ln] þ,

éu?¿� εi ±9 [1, (Ln − L0) /LT ] þ?¿��
ê k, þk

f (L0 + (k − 1) · LT + εi)

= f (L0 + k · LT + εi) ¯ C, (4)

K¡S� f(t) 3 [L0, Ln] þ�3�� LT ±Ïy
�. “f(L0 + ε1)f(L0 + ε2) · · · f(L0 + εω)”�Ty�
¥±Ï5Ñy�ÎÒG (±e{¡±Ï��), ÎÒ
G�Ý ω ¡�±Ï���Ý. Ù¥ C �~ê 0 ½ 1,

εi L«±Ï��¥1 i  ��3��±Ï��S
��é �.

1) e L0 = 0, Ln → +∞ � εi = i, i� [1, LT ]

ëY�g,ê, (4) ª£ã
��±Ï� LT �°(
±Ïy�.

2) e L0 → 0, Ln → +∞, � ω → LT , (4) ª£
ã
��±Ï� LT �Cq±Ïy�.

3) e [L0, Ln] �� � S � ¥ � , � Û Ü,

� 0 < ω < L
T

, (4) ª£ã
��3ÛÜ��S
±Ï5Ñy�ÛÜ±Ïy�.

dþã½Â��, 1) e����S��3°(
±Ïy�½Cq±Ïy�, KTy�þ�À�ÙÛ

Ü±Ïy�3 [L0, Ln] ��S�,«A~: 2) e�
���S��3°(±Ïy�½Cq±Ïy�, K
Ù?¿��S�3�ÛÜ±Ïy�éA���±
ÏþØ�L®��°(±Ï½Cq±Ï.

2.3 ±Ïy��ÚOA�

�µdS��3�±Ïy�, �!±��Ëã
|¢�S�¥�«ÛÜ±Ïy�Ñygê�êÆ
Ï"�Ä�ëì, �Ñ
�Å5fz«m��«Ú
OA�.

ÚÚÚnnn 1 3�|��Ëã|Á�S�¥, b
� L�ÛÜ±Ïy��3��S«m�Ý, LT �
±Ï, ω �±Ï���Ý, e 1 6 ω < LT ¿ L,

- k = bL/LT c, K3?¿�Ý� L �«mþ± LT

�±Ï�ÛÜ±Ïy�Ñygê�êÆÏ"�

E(L,LT , ω) = (LT − ω − 1) · 2−(k−1)ω

×
(
1 − 2−k+1

)2

+ 2 · 2−(k−1)ω ·
(
1 − 2−k+1

)
. (5)

yyy²²² Äk?Ø��Ëã|¢�S�3�Ý
� L �«m [L0, Ln] þ�½ �Ñy± LT �±
Ï, ± ω�±Ï���Ý�ÛÜ±Ïy�VÇ.

b���S� f(t)�Ëã|¢�S�, e f(t)

3 [L0, Ln] þ�3±Ï� LT � ω ��±Ï�
��ÛÜ±Ïy�. d½Â 1 ��, ÃØ±Ï�
�3 [1, LT ] þ��o �, Xã 2 ¤«, Ñ��
k (k − 1)ω ��pÕá��ª¤á.

ã 2 (k − 1)ω ��ª
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�?�Ú, �â±Ï��3 [1, LT ] ��S��
é �, ��òÛÜ±Ïy�8�eãna¯��
�.

¯̄̄ ��� A £ ã � � ± Ï� LT � Û Ü ± Ï
y � ¥, Ù ± Ï � � ¥ ? ¿ � � � � εi ÷
v 0 < ε1 6 εi 6 εω < LT , ¿3 [1, k] S�3
�ê k1, k2 ÷v (6) ª¤á�¯�:

f (L0 + (k1 − 1)LT + ε1 − 1)

6= f (L0 + k1LT + ε1 − 1) ¯ C,

f (L0 + (k2 − 1)LT + εω + 1)

6= f (L0 + k2LT + εω + 1) ¯ C,

(6)

=éu��Ëã|¢�S� f(t), T¯�u)�^
�VÇ: P (A) = 2−(k−1)ω ·

(
1 − 2−k+1

)2
. T¯��

3 [1, LT ] ��S (LT − ω − 1) � �þu).

¯̄̄ ��� B £ ã � � ± Ï� LT � Û Ü ± Ï
y � ¥, Ù ± Ï � � ¥ ? ¿ � � � � εi ÷
v 0 < ε1 6 εi 6 εω = LT , ¿3 [1, k] S�3
�ê k1 ¦� (7) ª¤á�¯�:

f (L0 + (k1 − 1)LT + ε1 − 1)

6= f (L0 + k1LT + ε1 − 1) ¯ C, (7)

=éu��Ëã|¢�S� f(t), T¯�u)�^
�VÇ: P (B) = 2−(k−1)ω ·

(
1 − 2−k+1

)
. T¯��

3 [1, LT ] ��S 1 � �þu).

¯̄̄ ��� C £ ã � � ± Ï� LT � Û Ü ± Ï
y � ¥, Ù ± Ï � � ¥ ? ¿ � � � � εi ÷
v 0 = ε1 6 εi 6 εω < LT , ¿k [1, k] S�3
�ê k1 ¦� (8) ª¤á�¯�:

f (L0 + (k1 − 1)LT + εω + 1)

6= f (L0 + k1LT + εω + 1) ¯ C, (8)

=éu��Ëã|¢�S� f(t), T¯�u)�^
�VÇ: P (C) = 2−(k−1)ω ·

(
1 − 2−k+1

)
. T¯��

3 [1, LT ] ��S 1 � �þu).

dd��Ëã|¢�S�3�Ý� L �«
m [L0, Ln] �½ �þÑy± LT �±Ï!ω �±
Ï���Ý�ÛÜ±Ïy��êÆÏ"�L«�

E(L,LT , ω) = (LT − ω − 1) · P {A} + 1 · P {B}

+ 1 · P {C}

= (LT − ω − 1) · 2−(k−1)ω

×
(
1 − 2−k+1

)2

+ 2 · 2−(k−1)ω ·
(
1 − 2−k+1

)
.

Ún 1 �y.

ÚÚÚnnn 2 éu?¿��Ëã|Á�S� f(t),

Ùi§�Ý�êÆÏ"� 3.

yyy ²²² d©z [34] �, é u ? ¿ � � Ë ã
|Á�S� f(t), �Ý� ω �i§Ñy�VÇ
� ω · 2−ω−1.

=Ún 2 ¤?Ø�êÆÏ"�±L«� E =
+∞∑
ω=1

ω2 · 2−ω−1. � (9) ª

2 · E =
+∞∑
ω=1

ω2 · 2−ω

=
1
2

+
+∞∑
ω=2

ω2 · 2−ω

=
1
2

+
+∞∑
ω=1

(ω + 1)2 · 2−ω−1

=
1
2

+
+∞∑
ω=1

ω2 · 2−ω−1 +
+∞∑
ω=1

2 · ω · 2−ω−1

+
+∞∑
ω=1

1 · 2−ω−1

=
1
2

+ E + 2 +
1
2

= E + 3 (9)

¤á.

��i§�Ý�êÆÏ" E = 3.

Ún 2 �y.

du·bòz�ÏE¤
��·bS��
Å5fz, @où
S�Òò3,
����S
Ñy�X����Ý���ÛÜ±Ïy�. b�
±Ï� LT �ÛÜ±Ïy�3�Ý� L �ÛÜ
��Sk�Ý� ω �±Ï��, @o� ω > 3,

L > LT ·

(
1 +

lbLT

ω

)
�, Ty��êÆÏ"äk

²w�ÚOA�= E(L,LT , ω) < 1. �©¡ù�
aÛÜ±Ïy��: ± LT �±Ï�wÍÛÜ±
Ïy�.

½½½ÂÂÂ 2 éu�½��S�, XÙ3�Ý� L

�«mþ�3�X�± LT �±Ï, ± ω ����
Ý�ÛÜ±Ïy�, ¿�ùaÛÜ±Ïy�Ñyg
ê�u E(L,LT , ω)+∆(L,LT , ω), K¡TS�¥�
3± LT �±Ï�wÍÛÜ±Ïy�, ∆(L,LT , ω)

�wÍY²�uÿþ.

w,½Â 1 ¥�°(±Ïy�ÚCq±Ïy
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��´wÍÛÜy��A~, ¿�kwÍ�ÚOA
5 E(L,LT , ω) ¿ 1 − ∆(L,LT , ω).

2.4 ±Ïy��S�­�

d±Ïy�½Â��, eS� f ′(t) ´d��
S� f(t) ²�{

f ′(t) = f(t) ¯ f(t + LT ), LT ∈ N,

­�)¤���S�, KS� f(t) � f ′(t) mAä
kXe5�.

ÚÚÚnnn 3 eS� f(t)���Ëã|¢�S�,

Ù­�S� f ′(t) �Aäk��Ëã|¢�S��
ÚOA5.

yyy²²² Äkéu­�S� f ′(t) ¥�?¿�
S i �þ���, Ù��� “0” �VÇ�±d (10)

ª�Ñ

P{f ′(i) = 0}

= P{f(i) ¯ f(i + LT ) = 0}

= P{f(i) = 0 & f(i + LT ) = 1}

+ P{f(i) = 1 & f(i + LT ) = 0}

= P{f(i) = 0} · P{f(i + LT ) = 1}

+ P{f(i) = 1} · P{f(i + LT ) = 0}. (10)

d u f(t) �� � Ë ã | ¢ � S �, 7
k P{f(i) = 0} = P{f(i) = 1} = 1/2.

d d � �, P{f ′(i) = 0} = 1/2. Ó n �
� P{f ′(i) = 1} = 1/2. w,­�S�¥?¿�
���� 0 ½ 1 �VÇþ� 1/2. Ón�y f ′(t) ¥
?¿�S � i Ú � j þ���3Xe'X

P {f ′(i) & f ′(j) = 1} = P
{

f ′(i) & f ′(j) = 1
}

= P
{

f ′(i) & f ′(j) = 1
}

= P
{

f ′(i) & f ′(j) = 1
}

= 1/4,

=­�S� f ′(t) ¥?¿�� f ′(i) � f ′(j) �pÕ
á.

dd��, ­�S� f ′(t) = f(t) ¯ f(t + LT )

�Ó�À���Ëã|¢�S����Cq.

Ún 3 �y.

ÚÚÚnnn 4 éu?¿��Ëã|Á�S� f(t),

3 LT ��«m [L0, Ln] þ, ���Ý� ω (1 6

ω 6 LT − 1) � i § Ñ y g ê � ê Æ Ï"
� (LT − ω − 1) · 2−ω−1 + 2−ω+1.

yyy ²²² Ä k b � “f (L0 + ε1) f (L0 + ε2) · · ·
f (L0 +εω)” ���3��Ëã|¢�S��½
«m [L0, Ln] þÑy�i§, Ti§��Ý� ω, �
½«m�Ý� Ln − L0.

�Ún 1 �y²L§aq,·�Ó�Ui§3
«m¥� �, ò¯�©¤n«�¹: i§l«m
�å© �m© {head}!i§�«m�(å �
(å {tail}!Ù¦�¹ {middle}.

éul«må© �m©�i§, �keã ω

��ª¤á

f (L0 + ε1) = f (L0 + ε2) = · · · = f (L0 + εω)

6= f (L0 + εω+1) .

dd P{head} = 2−ω, Ón�� P{tail} =

2−ω.

Ù¦�¹e, K�keã ω + 1 ��ª¤á

f (L0 + ε1 − 1) 6= f (L0 + ε1) = f (L0 + ε2)

= · · · = f (L0 + εω)

6= f (L0 + εω+1) .

dd P{middle} = 2−ω−1, ù��k (LT − ω

−1) «�U.

¤±, Ún 4 ¤¦�êÆÏ"

E = (LT − ω − 1) · P {middle}

+ P {head} + P {tail}

= (LT − ω − 1) · 2−ω−1 + 2−ω+1.

Ún 4 �y.

d	, Uì½Â 1 Ú½Â 2, ��±��S
� f(t) ±9­�S� f ′(t) �m�3��
Ù¦5
�.

555��� 1 eS� f(t) �3± LT �±Ï�°
(±Ïy�½Cq±Ïy�, KS� f ′(t) ��3
± LT �±Ï�°(±Ïy�½Cq±Ïy�.

yyy²²² db�S� f(t) �3± LT �±Ï�
°(±Ïy�. d½Â 1 �é?¿�S i �þ�
��� f (i + LT ) = f (i) ¯ C.

dS� f ′(t) ½Â�

f ′ (i) = f(i) ¯ f(i + LT )

= f (i) ¯ (f(i) ¯ C) = C = f ′ (i + LT ) ,
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f ′(t) ��3± LT �±Ï�°(±Ïy�.

Ón, eS� f(t) �3± LT �±Ï�Cq
±Ïy�. d½Â 1 ��3 L0 → 0, Ln → +∞
± 9 ë Y � g , ê 8 Ü φε = {εi|0 6 ε1 <

εi < εω 6 LT , εi ∈ N , 1 6 i 6 ω, i ∈ N ,

LT ∈ N , ω → LT }, ¦�S� f(t) ¥��÷v:

f (L0 + (k − 1) · LT + εi) = f (L0 + k · LT + εi)

¯C.

dS� f ′(t) ½Â�

f ′ (L0 + (k − 1) · LT + εi)

= f(L0 + (k − 1) · LT + εi)

¯ f(L0 + k · LT + εi)

= f (L0 + k · LT + εi)

¯ (f(L0 + k · LT + εi) ¯ C)

= C

= f ′ (L0 + k · LT + εi) ,

= f ′(t) ��3± LT �±Ï�Cq±Ïy�.

5� 1 �y.

555 ��� 2 e S � f(t) 3 [L0, Ln] þ � 3 �
� ± LT �± Ï � Û Ü ± Ï y �, K S � f ′(t)

3 [L0, Ln − LT ] þÓ��3��± LT �±Ï
�ÛÜ±Ïy�.

yyy²²² eS� f(t) 3 [L0, Ln] þ�3± LT

�±Ï�ÛÜ±Ïy�. d½Â 1 ��3ëY�
g,ê8Ü φε = {εi|0 6 ε1 < εi < εω 6 LT ,

εi ∈ N , 1 6 i 6 ω, i ∈ N,LT ∈ N}, ¦�S
� f(t) ¥��÷v: f (L0 + (k − 1) · LT + εi) =

f (L0 + k · LT + εi) ¯ C.

dS� f ′(t) ½Â�, 3 [L0, Ln − LT ] þ,

f ′ (L0 + (k − 1) · LT + εi)

= f(L0 + (k − 1) · LT + εi)

¯ f(L0 + k · LT + εi)

= f (L0 + k · LT + εi)

¯ (f(L0 + k · LT + εi) ¯ C)

= C

= f ′ (L0 + k · LT + εi) ,

= f ′(t) 3 [L0, Ln − LT ] ��3��± LT �±Ï
�ÛÜ±Ïy�.

5� 2 �y.

555��� 3 eS� f ′(t) 3 [L0, Ln − LT ] þ�3
��± LT �±Ï�ÛÜ±Ïy�, KS� f(t)

3 [L0, Ln] þ7�3��± 2 ·LT �±Ï�ÛÜ±
Ïy�.

yyy ²²² e S � f ′(t) 3 [L0, Ln − LT ] þ
� 3 ± LT � ± Ï � Û Ü ± Ï y �. d
½ Â 1 � � 3 ë Y � g , ê 8 Ü φε =

{εi|0 6 ε1 < εi < εω 6 LT , εi ∈ N, 1 6 i 6 ω, i ∈ N,

LT ∈ N}, ¦ � S � f(t) ¥ � � ÷ v:

f ′ (L0 + (k − 1) · LT + εi) = f ′ (L0 + k · LT + εi)

¯C.

dS� f ′(t) ½Â�, 3 [L0, Ln] þ,

f ′ (L0 + (k − 1) · LT + εi)

= f(L0 + (k − 1) · LT + εi)

¯ f(L0 + k · LT + εi)

= f ′ (L0 + k · LT + εi) ¯ C

= f(L0 + k · LT + εi)

¯ f(L0 + (k + 1) · LT + εi) ¯ C,

= f(L0 +(k − 1) ·LT +εi) = f(L0 +(k + 1) ·LT +

εi) ¯ C.

= f(t) 3 [L0, Ln] ��3��± 2 ·LT �±Ï
�ÛÜ±Ïy�.

5� 3 �y.

ÚÚÚnnn 5 éu?¿��S� f(t) 9Ù­�S
� f ′(t) = f(t) ⊕ f(t + LT ), eS� f ′(t) �i§C
z���Ëã|Á�S��i§Cz�'wÍC
ú� [25], KS� f(t) ¥7�3± LT �±Ï�w
ÍÛÜ±Ïy�.

yyy²²² e f ′(t) ���Ëã|Á�S��i
§Cz�'wÍCú�, dÚn 2 ��, 7�3«
m [L0, L0 + LT ], ±9�X��Ý (ω > 3) �Ó�
i§�, ¦�ù
i§3«m [L0, L0 + LT ] þ�
Ñygê�u (LT − ω − 1) · 2−ω−1 + 2−ω+1. d
½Â 1 ��, S� f(t) 3 [L0, L0 + 2 · LT ] þ�3
�X�± LT �±Ï, ± ω ����Ý�ÛÜ±
Ïy�, §��Ñygê�u E(2 · LT , LT , ω) =

(LT − ω − 1) · 2−ω−1 + 2−ω+1.

d½Â 2 ��, ù
3 [L0, L0 + 2 · LT ] þ�
3!± ω ����Ý�ÛÜ±Ïy��¤
S
� f(t) ± LT �±Ï�wÍÛÜ±Ïy�.

Ún 2 �y.
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3 ±ÏA�uÿ�{

3.1 BSPD �nVã

�u�© 2.2 Ú 2.3 !¥JÑ�±Ïy�*Ð
½Â9ÙÚOA��y², elS��Å5uÿ
�Ý*	, éu��S�¥�Ý� ω �fG3 L

��ÛÜ�S��S±
1

LT
�ªÇ�EÑy�y

�, � E(L,LT , ω) ¿ 1 � (L²þãy�3��
Ëã|¢�S�¥�ÑyVÇ�~�), ��Ty
���3ü$
S���Å5. ,��¡, elS
�±Ïuÿ�Ý�Ä, �ÿ�þãy�¥�3�
fG�ê��u��Ëã|¢�S�¥Ty��
Ï" E(L,LT , ω) �, ��S�3 L ���S�3
± LT �±Ï�wÍÛÜ±Ïy�.

,
, =|^ 2.2, 2.3 !�(Øé��S�?
1u�, I�¡Þ�þ�C��S«m L Ú�Ý
� ω �fG±9�U�3�±Ïê LT , �XS�
�Ý�O�, T�{�O�I��Ñ�þ�O�]

. éÛÜ±Ïy��?�ÚïÄ¥ (X 2.4 !¤
ã), ·�uy���S�Å Ó½ö�/¤��
�­�Ý
�en�Ý
�1 LT ^é��, =S
��Ùm£ LT  �S�Ó½ö��/¤�­�S
�, äk�i§A5Ú�S�± LT �±Ï�±Ï
A5�m�3²(�éA'X. �âù«éA'X,

�©/Ï SP800-22 ¥�Å5u��{é­�Ý

é���'i§ëê?1uÿ��ä, ¢y
é�
�S�±Ïy��¯�uÿ. ÏLéuÑS��?
�Ú©Û, �Ñ
(½wÍÛÜ±Ïy��S �
�äN�{, ¿3 3.4 !¥�Ñ
�(5©Û, �ª
��
é±Ïy�uÿ�½ �8�.

3.2 ±ÏuÿÝ
½ÂÚ5�

½½½ÂÂÂ 3 éu�Ý� n �?¿��S� f(t),

½Â�� n × n Ý
 R : Ri,j = f(i) ¯ f(j)�S
� f(t) �±ÏuÿÝ
, Ù¥ f(i) Ú f(j) ©O�
��S� f(t) ¥1 i Ú1 j ���.

-Ý
en���k�, K��S� f(t) �Ù
±ÏuÿÝ
 R �mäkXe5�.

555��� 4 e��S� f(t) ���Ëã|Á�
S�, dÚn 3 9Ún 5 ��, |^S� f(t) )¤
�±ÏuÿÝ
 R ¥?¿�^é���¤��S
�þ�±������Ëã|Á�S��Cq, Ù

i§Cz�Ý���Ëã|Á�S��'�vk
wÍ�É.

555 ��� 5 e � � S � f(t) ¥ � 3 ' X:

f(i) · · · f(i + ω − 1) = f(i + j) · · · f(i + j + ω − 1).

=��S�¥l1 i Ú1 i + j  m©këY ω

 �����Ó, K3±ÏuÿÝ
¥, ÷Ý
 R

1 j ^é��c? i Ú�7këY�Ý� ω, ¿�
��� 1 �i§.

555 ��� 6 e � � S � f(t) ¥ � 3 ' X:

f(i) · · · f(i+ω− 1) = f(i + j) · · · f(i + j + ω − 1).

=��S�¥l1 i Ú1 j  m©këY ω  
������, K3Ù±ÏuÿÝ
, ÷Ý
 R ¥
1 j ^é��c? i Ú�7këY�Ý� ω, ¿�
��� 0 �i§.

±S� f10 = 1100101000�~, ��� n × n

Ý
 Q ¥?¿�� Qi,j = ω L«l��S�1 i

 Ú1 j  åk ω  ëY���Ó�y�, KÝ

 Q Ú±ÏuÿÝ
 R (U½Â 3 �E) �©OL
«�

R =



1

0 0

0 0 1

1 1 0 0

0 0 1 1 0

1 1 0 0 1 0

0 0 1 1 0 1 0

0 0 1 1 0 1 0 1

0 0 1 1 0 1 0 1 1



,

Q =



1 0 0 1 0 1 0 0 0

0 0 2 0 3 0 0 0 0

1 0 1 0 2 2 1 0 0

0 3 0 1 1 1 0 0 0

0 2 0 0 0 0 0 0 0

0 1 1 1 0 0 0 0 0

0 0 0 0 0 0 0 0 0

2 1 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0



.

lþãÝ
¥�±²(5� 5, 5� 6 éA'
X, XÝ
 Q ¥k Q4,2 = 3, KÝ
 R ¥÷1 2
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^é��r 4 ÚKk 3 �ëY� 1 Ñy: d÷Ý

 R ¥1 5 ^é��r 2 Ú�k 3 �ëY� 1 Ñ
y; KÝ
 Q ¥k Q2,5 = 3. Ón, eÝ
 Q ¥?
¿�� Qi,j = ω L«l��S�1 i Ú1 j  
åk ω  ëY�����y�, Ý
 Q Ó�äk
�Ý
 R ¥�Aé�����éA'X, ùpØ2
Kã.

þã5�L², ?¿��S��±Ï��Ñy
� ��±ÏuÿÝ
äk²(�éA'X. �â
Ún 5, �±ÏuÿÝ
1 j ^é���i§Cz
���Ëã|¢�S�wÍCú�, �uS�¥7
�3± j �±Ï�°(±Ï!Cq±Ï½wÍÛ
Ü±Ïy�.

3.3 BSPD �{£ã

3u���S�i§A5�®��{¥, �2
�Ú^�;.�{´ SP800-22[25] IO¥� RUN

Test �{ [15,16,18,35]. BSPD �{|^ RUN Test é
±ÏuÿÝ
�é��Å^?1i§u�, l
/
¤ÚO�I8 {π,Vobs} �äi§Cz��Ý, �
â1 j ^é����I8�S�±ÏA5Úi§
Cz�m�'X�½S�´Ä�3±Ï� j �±
Ïy�.

Äk0�±ÏuÿL§¥�I8�ëê��.

b�����S� f(t) ��Ý� L, sj(t)�±
ÏuÿÝ
¥1 j ^é��, lj �1 j ^é���
Ý, si

j � sj(t) ¥�1 i ����, 0 < i < lj , K-
1) πj =

∑
i

si
j/lj ,

2) Vobsj =
lj−1∑
i=1

ri
j + 1, e si

j 6= si+1
j k ri

j = 1,

�� ri
j = 0.

= Vobsj �é�� j ¥i§ 1 Ú 0 i§oê.

3) τj = 2/
√

lj , ηj = 0.01,

4) ppvaluej = erfc

(
|Vobsj − 2ljπj(1 − πj)|

2
√

2ljπj(1 − πj)

)
.

BSPD �{é1 j ^é��±Ïy�©Û�½
�ÌXeL§.

ÚÚÚ½½½ 1 À�±ÏuÿÝ
 R ¥1 j ^é�
�. e j − 1 ^é���Ý
¥���^é��, =
Ú½ 6; ��, =Ú½ 2.

ÚÚÚ½½½ 2 O�ëê πj , Vobsj , τj , ppvaluej .

ÚÚÚ½½½ 3 u� πj = 1 �ý�, �ä��S

� f(t) �3±Ï� j �°(±Ï, (åé1 j ^é
���uÿ, J�±Ï��, j = j + 1, =Ú½ 1; �
�, UYe�Ú.

ÚÚÚ½½½ 4 u� |πj − 1/2| > τj �ý�, �ä�
�S� f(t) �3±Ï� j �Cq±Ï, (åé1 j

^é���uÿ, J�±Ï��, j = j + 1, =Ú
½ 1; ��, UYe�Ú.

ÚÚÚ ½½½ 5 u ÿ Vobsj < 2ljπj(1 − πj)&

ppvaluej < ηj �ý�, �ä��S� f(t) �3
±Ï� j �wÍÛÜ±Ïy�, J�±Ï��, (
åé1 j ^é���uÿ; ��, �ävkuÑ±
Ï� j �wÍÛÜ±Ïy�. j = j + 1, =Ú½ 1.

ÚÚÚ½½½ 6 euÿÝ
¥¤ké��þ�uÑw
Í±Ïy��, @���S� f(t)���Ëã|Á
����CqS�; ��, �ÞS��3�ØÓ±
Ïy�.

BSPD �{�uÿ`³Ø=Ny3U
�÷Ñ
��S�þ�3��«±Ïy�, �LyÑéS�
ØÓ±Ï��S�±Ï���{BJ�. ±�Ý
� L ���S� f(t) ±ÏuÿÝ
 R ¥1 j ^é
���~, eÙþuÑäkwÍÛÜ±Ïy�, K
æ�XeÚ½, ½ ÚJ�ÛÜ±Ï��.

ÚÚÚ½½½ 1 Ä�Té��þ�Ü lj ���|¤
S� S(t).

ÚÚÚ½½½ 2 òS� S(t) ± j �±ÏòU, ïáä
k k 1 j ����Ý
 G, ¿k

k =

 lj/j, ljmodj = 0,

blj/jc + 1, ljmodj > 0,
(11)

Ù¥ lj = L − j, K G ¥1 o 1 p �����±L
«�

Go,p =

 S(o · j + p) o · j + p 6 lj ,

0 o · j + p > lj ,
(12)

ÚÚÚ½½½ 3 3Ý
 G ¥, é¤k “0” ¬½ “1” ¬
?1¡Èu�, J�¤k¡ÈØ�u lbmax(L−j,j) +

∆(j) � “0” ¬½ “1” ¬, ¿ò§\\8Ü {Block}.

Ù¥ ∆(j)�wÍ5u�^�, 3�©¤k¢�¥
� ∆(j) = lbj/2. ¤k8 {Block} ¥¬, þéA�
�wÍ±Ïy�.

3.4 BSPD �{�(5©Û

Äkb�, 8Ü {Block} ¥��� Blocki L«
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Ý
 G (G � R ¥1 i ^é��E�òUÝ
)

¥���¡ÈØ�u lbmax(L−j,j) + ∆(j) � “0” ¬
½ “1” ¬, Blocki �°Ý� ω(1 < ω < j), pÝ
� h(1 < h 6 k), ¡È ω · h Ø�u lbmax(L−j,j) +

∆(j) � “0” ¬½ “1” ¬.

d½Â 1 9Ún 1 ��, 3�Ý� j · (h+1) �
��Ëã|Á�S�þ, ± j �±Ï, ±Ï���
Ý� ω �ÛÜ±Ïy�, ÙÑygê�êÆÏ"�
L«�

E(j(h + 1), j, ω) = (j − ω + 1) · 2−ωh · (1 − 2−h)2

+ 2 · 2−ωh · (1 − 2−h).

� ωh > lbj +
lbj

2
, ¿� j > 1 �, eª

E(j(h + 1), j, ω)

6 (j − ω + 1) · 2−1.5lbj

· (1 − 2−h)2

+ 2 · 2−1.5lbj

(1 − 2−h)

= (j − ω + 1) · j−1.5 · (1 − 2−h)2

+ 2 · j−1.5(1 − 2−h)

< 1 (13)

¤á.

=d½Â 1 9Ún 1, ½n 5 ��, � ω · h >
lbj +

lbj

2
, j > 1 �, 3S� f(t) ¥7�3��«

m [o · j + p, o · j + p + j · (h + 1)], 3ù�«mþ
k± j �±Ï, ω ����Ý�ÛÜ±Ïy��Ñ
y, �ù«ÛÜ±Ïy�3��Ëã|Á�S�¥
Ñygê�êÆÏ" E(j · (h + 1), j, ω) < 1.

Ó�, du±ÏuÿÝ
1 j ^é����
Ý Lj = L − j, ¤±Ý
 G ¥?¿¡È� ωh �¬
Ñygê�Ï"����� E(L − j, L − j, ωh) =

(L−j−ωh+1)·2−ωh ·(1−2−1)2+2·2−ωh ·(1−2−1).

� ωh > lbL−j +
lbj

2
, ¿� j > 1 �, eª

E(L − j, L − j, ωh)

6 (L − j − ωh + 1)
4

· 2−(lbL−j+lbj) + 2
−

(
lbL−j+

lbj

2

)

=
(L − j − ωh + 1)

4
· 1
(L − j)

√
j

+
1

(L − j)
√

j

< 1 (14)

¤á.

dd��, éu���Ý� L ���S� f(t),

BSPD 3Ù±ÏuÿÝ
�é��J��¤k “0”

¬½ “1” ¬, þòéAS� f(t) ¥��°(±Ï!
Cq±Ï½wÍÛÜ±Ïy�. e¬3S� S(t) ¥
�å©�S �� L0, (å � Ln, ¬�°Ý� ω,

@o [L0, Ln + j]� BSPD ½ �wÍ±Ïy��
3«m, ÎÒG “f(L0)f(L0 + 1) · · · f(L0 + ω − 1)”

�J�Ñ�±Ï��.

4 Logistic ·bG��ÛÜ±Ïy�

3Ï&Ú\�A^L§¥Nõ·bXÚØ�
;��I�=z���S�, AO´�
Äu·b
N�)¤��ÅS�. ,
mk�'�{^u�
ãÚ©Û·b��S�SÜ�3�ÛÜ±ÏA5
9ÙéA^�K�. �©�´Ñuéþã¯K��
Ä, �O
 BSPD �{, ^±uÿÚ½ ?¿��
S��±Ïy�.�
�[`² BSPD �uÿ�J,

�ý¢��OÏLeã�{)¤�uS�: |^²
; logistic �§ (1) ª, òlÐ� x0 m©S�, �æ
^ M  ½:°Ý, ²Lþz¼ê©O)¤��Ý
� 104 ��S�, ¡��u·bS� fM (x0, t).

�©æ ^ BSPD � é M = 16, 24, 32, 64,

x0 = i/255, i = 1, 2, 3, · · · , 254, � 1016 �ØÓ
�uS�?1
¢Su�. L 1�u�(J, L²
ù
�uS�¥þ�3°(±Ï!Cq±Ï½w
ÍÛÜ±Ïy�.

L 1 �uS� BSPD u�(J

S�°Ý �3±Ïy���uS�ê

M /bits °(±Ïy� Cq±Ïy� wÍÛÜ±Ïy� ÃwÍ±Ïy�

16 254 0 0 0

24 19 235 0 0

32 0 2 252 0

64 0 0 254 0
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ã 3 S� f16(15/255, t) g�'�{±Ïu�(Jã

ã 3—5 ��uS� f16(15/255, t) �u�(
J. 3ã 3 ¥, g�'u� [29] w« f16(x0/255, t)

�3±Ï� 79 �±Ïy�; 3ã 4 ¥, BSPD L

² f16(x0/255, t) �3±Ï� 79 �°(±Ïy�;

ã 5� BSPD J��T°(±Ïy��&Ò��.

ã 4 S� f16(15/255, t) ±Ïu�(Jã

ã 5 S� f16(15/255, t) ±Ï&Ò��

ã 6 S� f24(28/255, t) g�'�{±Ïu�(Jã

ã 6—8 ��uS� f24(28/255, t) �u�(
J. 3ã 6 ¥, g�'u�w« f24(x0/255, t) �
3±Ï� 272 �±Ïy�; 3ã 7 ¥, BSPD L

² f24(x0/255, t) �3±Ï� 272 �Cq±Ïy�;

ã 8� BSPD J��T°(±Ïy��&Ò��.

ã 7 S� f24(28/255, t) ±Ïu�(Jã

230501-10



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 23 (2012) 230501

ã 8 S� f24(28/255, t) ±Ï&Ò��

ã 9 S� f32(179/255, t) g�'�{±Ïu�(Jã

ã 9—11 ��uS� f32(179/255, t) �u�
(J. 3ã 9 ¥, g�'u�w« f32(179/255, t)

±ÏA5��Åy�Cq; 3ã 10 ¥, BSPD L
² f32(179/255, t) ¥�3éõwÍÛÜ±Ïy�;

ã 11� BSPD l f32(179/255, t) J��ü�±Ï
� 610 �wÍÛÜ±Ïy��&Ò��, Ù¥�

�L«3 [6125, 6128], [6735, 6738], [7345, 7348],

[7955, 7958] Ú [8565, 8568] ��S � 3 � ± Ï
��� {1111} �ÛÜ±Ïy�, ,��KL«
3 [8362, 8380] Ú [8872, 8890] ��S�3�±Ï
��� “1010110010001100000” �ÛÜ±Ïy�.

ã 10 S� f32(179/255, t) ±Ïu�(Jã

ã 11 S� f32(179/255, t) ÛÜ±Ïy�½ (J

5 ( Ø

�©ÄgJÑ
é��S�±Ïy��*Ð

½Â. �ÌT*Ð½Â, �O¿¢y
�«^u
u�·b��S�äk�±Ïy���{ ——

BSPD.©¥±Ëã|¢�S���'�é�, ÏL
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�X�y², �ã
·b��S�äk�±Ïy�
±9§�Ù­�S��m�éA'X. y²
�±
ÏuÿÝ
é���i§Cú�, ��S�7�3
wÍ±Ïy�, ¿?�Ú�Ñ
wÍ±Ïy��±
Ï��J��{, l
¢y
é?¿��S�, A

O´·b��S�?1±Ïy��u�Ú½ . ¢
�(JL² BSPD �{Q�^uuÿ��S�ä
k�°(±Ïy�!Cq±Ïy�ÚÛÜ±Ïy
�, �U
éS�ÛÜ��SwÍ�3�±Ïy�
?1k���S½ .
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Abstract

For any digital chaotic sequence generator, evaluating periodic characteristics which exist in only part of domains of binary chaotic

sequences is extremely difficult. In this paper, we present a method which we name the binary sequence period detection (BSPD). The

BSPD is a novel detection which evaluates the periodicity in a binary chaotic sequence, by which both the accurate-periodic phenomena

and periodic phenomena in part of domains can be detected. Moreover, any periodic phenomenon pattern of a binary sequence can

be located by the BSPD method. The experimental results show that the BSPD can detect and extract the periodic phenomena of the

classical Logistic chaotic sequence generators.
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