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þþþfffLLL§§§   ²²²���äää���...���{{{999AAA^̂̂*

o�³† �°= �� �ù

( À��h�ÆO�Å�&EEâÆ�, �� 163318 )

( 2011 c 9 � 30 FÂ�; 2012 c 2 � 8 FÂ�?Uv )

�JpL§ ²�ä�%CÚ�zUå, lïÄL§ ²�&E?n�þfO�¢yÅn\Ã, JÑÄuþf
^=�9õ É����Ôn¿Â�EþfL§ ²��#g�. òlÑz��L§ªÑ\&E��É����
�� , ²Lþf^=��^���8Iþf �G�, ±8Iþf ?uG� |1〉 �VÇÌ��þfL§ ²�
�ÑÑ. ±þfL§ ²��Û�, ÊÏ ²��ÑÑ�, ��¤þfL§ ²�ä. ÄuþfO�Åní�
T�
.�ÆS�{. òT�.^u��çfêcþ�ýÿ, A^(JL², ¤J�{�ÊÏL§ ²�ä�', ýÿ°Ý
k¤Jp, éuE,ýÿ¯Käk�½nØ¿ÂÚ¢^d�.

'�c: þfO�, þfL§ ²�, þfL§ ²�ä, �{�O

PACS: 03.65.−w

1 Ú ó

�Ï� ²)nÆ¢�Ú)ÔÆïÄL²,)
Ô ²XÚ�&E?nA�Ì��)�màÜ!
õÏ�àÜ!�m\È�A!-yK�A5!g
·A5!,¯�³�A5!ò�A5ÚD��Ñ
ÑA5 [1] � 8 ��¡. d M-P ²��.�½Â
�±wÑ, DÚ<ó ²��Ð/�[
)Ô ²
���m\�àÜ!g·A!D�ÚÑÑ��Ü
©A5, �"yéu�mò´Ú\È�A±9õÏ
�àÜ�^�£ã. du)Ô ²XÚ3¢S&E
?nL§¥,)Ô ²��PÁÚÑÑQ�6u�
�Ñ\&E��màÜ�^, Ó����m�ò´
Ú\È�Ak', D��Ù¦õÏ�àÜ�^k'.

Ïd, �)u 21VÐ, d He � [2] JÑ�L§ 
²��ä (process neural networks, PNN)´î8�
��U
�[)Ô ²�ù
�&E?nA5
� ²�ä�.. �� ²��ä�U^5£ãÑ
\ÑÑ��m�]�N�'X, L§ ²��ä
K�£ãÑÑéuÑ\3�m¶þ�\È�A½

àÜ�J, §´DÚ ²��ä3��þ�*Ð.

L§ ²��ä�ïÄSN´L, �ÙnØÚ�
.JÑ��mÑØ�, Ïd, 3�.�EÚ�{�
O�¡ÿkéõ¯Kk�u?�Ú�\ïÄÚ�
õ.

éuL§ ²�ä�Ôö¯K,©z [3, 4] �
Ñ
Äu��ÄÐm�ÆS�{, |^Ä¼ê�
��5, k�{z
��àÜ$�. 3�ä5U�
¡,©z [5] ïÄ
 PNN �ëY5!%CUå!O
�Uå�nØ5�. 3�.�E�¡,©z [6—12]

k�JÑ
g|�!»�Ä!?é!V¿é!©
ã!�"!VÇ�õ« PNN nØ�.. 3þã¤
k�.¥, PNN �Ñ\þ��C�ëY¼ê, ,
3Nõ¢S¯K¥, XÚÑ\þ�lÑz�êâL.

8c�?n�{´kòlÑzêâ[Ü¤)Û¼
ê, ,�2é)Û¼ê¢���Ä¼êÐm [13]. ù
«?n�{�":, �´)Û¼ê�/ª (=²�
úª) Ø´(½; �´æ^pgõ�ª¼ê[Ü�,

Ï�39���y�¬��[Ü�ý; n´��Ä
¼ê��êÀ�ÿÃnØ�â, Ï~(ÜäN¯K
dõgÁ�(½. þã":����
 PNN %C
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Ú�zUå�eü.

8c, òþfO�� ²�äKÜ�þf ²
�ä´�c<ó ²�änØïÄ�c÷�K, ®
ÚåIS	Æö�pÝÀ, ¿®JÑ�
k¿
Â�nØ�. [14,15]. �
;� PNN ?nlÑÑ
\��[Ü9��ÄÐm$�, ¿k�JpÙ�z
Uå, �©JÑòþfO��L§ ²�ä�K
Ü�#g�. æ^õ É���¥8Iþf �Ì
�üz�[ PNN ���àÜ$�, Äuþf^=
�ÚÉ����Ôn¿Â�O
þfL§ ²�
ä (quantum process neural networks, QPNN) �.Ú
�{. ¢�(JL², � PNN �', QPNN �%C
Ú�zUåþk¤Jp.

2 þf'A9þf�Vã

2.1 þþþfff'''AAA

3 þ f O � ¥, þ f ' A � ^ þ f � Å ¼
ê |φ(t)〉 £ã. 3�½�� t ∈ [0, T ], Ù¥ T

��m (½L§) ��Ý, þf'Akü��U�G
� |0〉 Ú |1〉, �²;'A�«O3uÙG��±á
3 |0〉 Ú |1〉 �	, =�±?ueª¤«��5U\
�:

|φ(t)〉 = α(t)|0〉 + β(t)|1〉, (1)

Ù¥ α(t), β(t) ¡�þf�VÇÌ. þf'A��
^VÇÌL«� |φ(t)〉 = [α(t), β(t)]T.

2.2 üüü'''AAAþþþfff^̂̂===���

þf�´¢yþfO��Ä:, §�¹
þf
O��A:. ü'Aþf^=�½Âª�

R(θ(t)) =

 cos θ(t) − sin θ(t)

sin θ(t) cos θ(t)

 . (2)

- |φ(t)〉 =

 cos(θ0(t))

sin(θ0(t))

, d R(θ(t)) é |φ(t)〉 �

�^ R(θ(t))|φ(t)〉 =

 cos(θ0(t) + θ(t))

sin(θ0(t) + θ(t))

 �, Ù�

^�¢yé |φ(t)〉 �� ^=.

2.3 õõõ'''AAAÉÉÉ���������

3 ý¢� þ f X Ú ¥, ü � þ f ' A �

G �  Ó�Éõ þ f ' A |xi(t)〉 � é
Ü � �, õ ' AÉ� � � Cn(X(t)) ´ù « �
� �ª� � .. õ ' A þ f X Ú � ^ Å ¼
ê |x1(t)x2(t) · · ·xn(t)〉 5 £ã. 3 n + 1 ' A
þfXÚ |x1(t)x2(t) · · ·xn(t)〉|φ(t)〉 ¥, �8I'
A |φ(t)〉 Ó�É n Ñ\'A |x1(t)x2(t) · · ·xn(t)〉
�éÜ���, XÚ�Ä�A5�^õ'AÉ��
� Cn(X(t)) �.£ã, Xã 1 ¤«.� � � � � � �� � � � � � � ���� � 	 � � � �� 
 � � � � � 
 � � � � �

ã 1 õ'AÉ���

�3 t ∈ [0, T ] ��, n + 1  þfXÚ�G
�� |x1(t)x2(t) · · ·xn(t)〉 |φ(t)〉, X(t)´ü'A�
�, Kõ'AÉ��� Cn(X(t)) �$�'X�½
Â�

Cn(X(t))|x1(t)x2(t) · · ·xn(t)〉 |φ(t)〉

=|x1(t)x2(t) · · ·xn(t)〉

× X(t)x1(t)x2(t)···xn(t) |φ(t)〉, (3)

=ec n ���'A�� 1, K�� X(t) �^�
8I'A¦Ù�=, ÄK��Øå�^.

- n ���'A� |xi(t)〉 = ai|0〉+ bi|1〉, 8I
'A� |φ(t)〉 = c|0〉 + d|1〉, �â (3)ª, õ'AÉ
����ÑÑ�

Cn(X(t))|x1(t)x2(t) · · ·xn(t)〉|φ(t)〉

=|x1(t)〉 ⊗ |x2(t)〉 ⊗ · · · ⊗ |xn(t)〉 ⊗ |φ(t)〉

− b1b2 · · · bnc|
n�1︷ ︸︸ ︷

11 · · · 1 0〉

+ b1b2 · · · bnd|
n�1︷ ︸︸ ︷

11 · · · 1 0〉

+ b1b2 · · · bnc|
n�1︷ ︸︸ ︷

11 · · · 1 1〉

− b1b2 · · · bnd|
n�1︷ ︸︸ ︷

11 · · · 1 1〉. (4)

dd��, õ'AÉ��� Cn(X(t)) �ÑÑ?
u n+1 �þf'A�Å��¥, �8I'A |φ′ (t)〉
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?uG� |1 〉 �VÇ�

P = (b1b2 · · · bn)2(c2 − d2) + d2. (5)

d�, ² n �Ñ\'AéÜ���, 8I'A�½
Â�

|φ′ (t)〉 =
√

1 − P |0 〉 +
√

P |1 〉. (6)

3 þfL§ ²�ä�.

3.1 þþþfffLLL§§§   ²²²������...

�©JÑ�þfL§ ²�dþf^=�Ú
õ'AÉ���|¤, Xã 2 ¤«. ÙÑ\�½Â
3��«m [0, T ] þ�þf�Å¼ê |xi(t)〉, ÑÑ
�þfL§ ²�3 [0, T ] þ�àÜ(J |y〉, �
�ëê�þf^=� R(θ̄i(t)) �^=�Ý θ̄i(t),
i = 1, 2 , · · · , n. ��� �θ �� ��θ ��� �θ

� � � � � � �� � � � � � �� � � � � � � � 	 �� 
 � � � � � 
 � � � �  � �
ã 2 þfL§ ²�

���«m [0, T ] þ�æ���� 0 = t1 <

t2 < · · · < tq = T , K |xi(t)〉 3 t ∈ [0, T ] þ�lÑ
z�

|xi(tr)〉 = cos θi(tr)|0 〉 + sin θi(tr)|1 〉, (7)

Ù¥ 1 6 r 6 q.

� |φ(t1)〉 = |0〉, �âþf^=�Úõ'AÉ

����$�'X�

|φ′(t1)〉 = cos ϕ(t1)|0〉 + sinϕ(t1)|1〉, (8)

Ù¥

ϕ(t1) = arcsin

(
n∏

i=1

sin(θi(t1) + θ̄i(t1))

)
.

- t = tr, 1 < r 6 q, d |φ(t)〉 = |φ′(t − 1)〉,
� |φ(tr)〉 = |φ′(tr−1)〉, �âþf^=�Úõ'A
É���$�'X�

|φ′(tr)〉 = cos ϕ(tr)|0〉 + sinϕ(tr)|1〉, (9)

Ù¥

ϕ(tr) = arcsin
(√

Sr cos 2ϕ(tr−1) + sin2 ϕ(tr−1)
)

,

Sr =
∏n

i=1
sin2(θi(tr) + θ̄i(tr)).

þfL§ ²�3 [0, T ] þ�àÜ(J�

|y〉 = |φ′(tq)〉 = cos ϕ(tq)|0〉 + sinϕ(tq)|1〉, (10)

Ù¥

ϕ(tq) = arcsin
(√

Sq cos 2ϕ(tq−1) + sin2 ϕ(tq−1)
)

,

Sq =
∏n

i=1
sin2(θi(tq) + θ̄i(tq)).

�©5½± |y〉 ?uG� |1〉 �VÇÌ��þ
fL§ ²��ÑÑ, Ïd,ÑÑ�

y =
√

Sq cos 2ϕ(tq−1) + sin2 ϕ(tq−1). (11)

3.2 þþþfffLLL§§§   ²²²���äää���...

�©JÑ�þfL§ ²�ä�.Xã 3

¤«. Ù ¥ |x1(t)〉, |x2(t)〉, · · · , |xn(t)〉 �Ñ\,

h1, h2, · · · , hp �Û�ÑÑ, y1, y2, · · · , ym ��ä
ÑÑ. Û�dþfL§ ²�|¤, ÑÑ�dÊÏ
 ²�|¤. ÑÑ�-yæ^ sigmoid ¼ê.����� �θ ����� �θ ���� ��θ ����� �θ ����� �θ ���� ��θ ���� ��θ ��� ���θ

〉�� 	
〉�� 	
〉�� 	� �
 �
 �
�� ����� ��θ

� � � � � � �� � � � � � �� � � � � � �� � � � � � �� � � � � � �� � � � � � � � � � � � � � � ��� � � � � � � � ��� � � � � � � � �
ã 3 þfL§ ²�ä
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� ã 3 ¤ « QPNN � . ¥, Ñ \ þ f
  |xi(t) = cos θi(t)|0〉 + sin θi(t)|1〉,��æ�«m
� [0, T ], æ���� 0 = t1 < t2 < · · · < tq = T ,

|φj(t1) = |0〉,ÑÑ���� wjk.

P h̄j,r =
n∏

i=1

sin(θi(tr) + θi,j(tr)), �âþfL

§ ²��Ñ\ÑÑ'X, Û�1 j �þfL§ 
²�3 [0, tr] þ�àÜ(J�

hj(t1) = h̄j,1, (12)

hj(tr) =
√

h̄2
j,r(1 − 2h2

j(tr−1)) + h2
j(tr−1), (13)

T ²��ÑÑ (= [0, T ] þ�àÜ(J)�

hj = hj(tq), (14)

ÑÑ�1 k � ²�ÑÑ�

yk =
1

1 + e(−
∑p

j=1 wj, k hj)
. (15)

±þ�ª¥, 1 6 i 6 n, 1 6 j 6 p, 1 6 k 6 m.

4 þfL§ ²�ä�{

4.1 ������lllÑÑÑzzz999þþþfff���£££ããã

���æ�«m� [0, T ], æ���� 0 = t1 <

t2 < · · · < tq = T . é n�î¼�m¥�L§ª�
� X̄(t) = (x̄1(t), x̄2(t), · · · , x̄n(t))T, ÄkòÙl
Ñz�

X̄(tr) = (x̄1(tr), x̄2(tr), · · · , x̄n(tr))T, (16)

Ù¥ 1 6 r 6 q.

�?1��þf�£ã, P

Mmaxi = max(x̄i(ti), x̄i(t2), · · · , x̄i(tq)), (17)

Mmini = min(x̄i(ti), x̄i(t2), · · · , x̄i(tq)), (18)

θir =
x̄i(tr) − Mmin i

Mmaxi − Mmini

π

2
, (19)

Ù¥ 1 6 i 6 n. T���^Xe½Â�þf��
þ5£ã:

|X(tr)〉 = [|x1(tr)〉, |x2(tr)〉, · · · , |xn(tr)〉]T,

(20)

Ù¥ |xi(xr)〉 = cos(θir)|0〉 + sin(θir)|1〉.

4.2 ���äää������ëëëêêê���NNN���

3ã 3 �.¥, �Nëê�Û�þf^=��
^=�ÝÚÑÑ���. �8�z��Ï"ÑÑ
� ȳ1, ȳ2, · · · , ȳm, ½ÂØ�¼ê�

E =
1
2

m∑
k=1

(ȳk − yk)2, (21)

P h̄j,r =
n∏

i=1

sin(θi(tr) + θi,j(tr)), hj(t1) = h̄j,1,

Sjr = h̄2
j,r(1 − 2h2

j(tr−1)). �âFÝeü{, Û�
^=�Ý θi,j(tr) �FÝ�Ue��ªO�

− ∂E

∂hj(tq)
=

m∑
k=1

(ȳk − yk)yk(1 − yk)wj,k, (22)

∂hj(tr)
∂hj(tr−1)

= (1 − 2h̄2
j,r)hj(tr−1)/hj(tr), (23)

∂hj(tr)
∂θi,j(tr)

= Sjr cot(θi(tr) + θi,j(tr))/hj(tr), (24)

nÜ±þnª��

− ∂E

∂θi,j(tr)

= − ∂E

∂hj(tq)
· · · ∂hj(tr+1)

∂hj(tr)
∂hj(tr)
∂θi,j(tr)

=
m∑

k=1

(ȳk − yk)yk(1−yk)wj,k

×
q∏

s=r+1

(1 − 2h̄2
j,s)hj(ts−1)

× h̄2
j,r(1 − 2h2

j(tr−1))

× cot(θi(tr) + θi,j(tr))
/ q∏

s=r

hj(ts), (25)

Ù¥ 1 6 r 6 q. ÑÑ��� wj,k �N�þO�ª
�

− ∂E

∂wjk
= (ȳk − yk)yk(1 − yk)hj(tq), (26)

nþ,�äëê�UXeüªN�

θ
(s+1)
i,j (tr) = θ

(s)
i,j (tr) − α

∂E

∂θi,j(tr)
, (27)

w
(s+1)
j,k = w

(s)
j,k − β

∂E

∂wj,k
, (28)

Ù¥ s �S�Úê, α, β �ÆS�Ç, 1 6 i 6 n,

1 6 j 6 p, 1 6 k 6 m, 1 6 r 6 q.
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5 ¢SA^

5.1 ZZZLLLzzzXXXþþþ���àààÜÜÜ���AAALLL§§§ïïï���

ZLzXþ�àÜ�A´zÆó�¥�a
��zÆ�A, 3ùa�A�ÃõK�Ï�¥, §
Ý´K�)¤ÔßÝ����Ï�. �
��
§ÝCz�)¤ÔßÝ�m�N�'X, DÚ�{
´/Ïu�©ÄåÆ�§Ú9åÆ�§. �du

ÔnzÆ�.�E,5,   J±é�üö�m
�ý¢'X,  QPNN TÐ·ÜT¯K¦). L 1

�Ñ
ZLzXþ�àÜ�A¢��Ü©(J,

Ù¥ t L«l 0 ��m©±©¨P�\O�m,

Ti(i = 1, 2, · · · , 9) L«1 i |¢��§Ý (ü 
� ◦C) ÿÁ(J, Nm �z|¢�éA)¤Ô�©
fê (ü � 106/cm3), =ZLzXþ�àÜ�A
)¤Ô�ßÝ.

L 1 9 |àÜzÆ�A¢�(J

t/min T1/◦C T2/◦C T3/◦C T4/◦C T5/◦C T6/◦C T7/◦C T8/◦C T9/◦C

0 17 18 18 18 14 15 15 14 13

10 19 16 21 18 15 16 16 15 15

20 23 16 23 19.5 17 16 18 16 16

30 27 17 26 21.5 20 16.5 21 17.5 18

40 30 18 31 24.5 22 18 25 19.5 19

50 34 19 36 29.5 25 20 30 22 21

60 39 20 43.5 34 28 22 36 24 23

70 45 21 52.5 38 33 24 40 26.5 25

80 52 22.5 59 46 38 29 54 30.5 27

90 64 24 68 56 46 32 64 35.5 30

100 73 26 73 63 52 36 73 43 34

110 81 28 77 74 60 40 76 54.5 41

120 82 32 79 78 66 44.5 77 67 44

130 84 36 83 93 72 50.5 78 79.5 49

140 88 45 87 95 76 57.5 79 83 54

150 92 54 96 97 81 66.5 84 87 65

160 101 64 98 100 83 67 86 93 77

170 113 68 102 110 94 69 89 98 80

Nm/106 cm−1 1811 1838 1894 1853 1496 1701 1754 1915 1644

� � � � � � � � � ��� �� �� � � � �� �� 	� 
� �� �� � �� �� � � ���
ã 4 ZLzXàÜ�A§Ý�mCzã

ã 4 �Ñ
£ãZLzXþ�àÜ�A¢�
§Ý��mCz� 9 |�, éu QPNN ó, z
^�éA����m�'�Ñ\S�, )¤Ô
�©fê� QPNN �ÑÑ.

�¢�©O^ QPNN Ú PNN ï�. d¯K5
���, �äÑ\ÚÑÑþ� 1 �!:, lÑæ�
:ê� 18. �u�ü«�ä�%CUå, Û�þ
©O� 5, 6, · · · , 20 �!:, 8�z����ý
éØ�þ�½� 10−3, S�Úêþ�½� 1000.

QPNN Û�^=�ÝÐ©z� (−π/2, π/2) �m
��Åê,ÑÑ���Ð©z� (−1, 1) �m��
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Åê. 3 PNN ëê��¥, [Üæ^.�KFõ�
ª¼ê, ÄÐmæ^ Walsh ��Ä¼ê, Ä¼ê�
ê� 32, ü���þÐ©z� (−1, 1) �m��Å
ê. �µdü«�.�%CUå, �©½Âµd�
I F ���ýéØ��S�Úê�¦È. w,ýé
Ø���, S�Úê��, %CUåÒ�Ð. �¢�
¥, Û�!:ê p��«��e�S�ÚêN Úµ
d�I F é'Xã 5 Úã 6 ¤«.

� � � � � � �� � �� � �� � �� � �� � � � �� � 	 
 
	 
 

ã 5 QPNN Ú PNN �S�Úêé'

� � � � � � ��� � �� � �� � �� � �
�� � 	 
 
	 
 


ã 6 QPNN Ú PNN �%CUåé'

¢�(JL², éuÛ�!:� �«��,

QPNN �%CUå' PNN þk²wJp.

5.2 ������çççfffêêêcccþþþ���ýýýÿÿÿ

�¢� æ ^ � � ç fê��¢�êâ, æ
^ QPNN Ú PNN ¢y��çfê�mS���
�5ýÿ.

ýÿ�Y �¢�æ^ëY 259 c (1749—

2007 c) ��çf�êâÚcêâ. �êâ���
����çf²þê, cêâ��c���çf²
þê. ýÿ�Y�^c n c��êâýÿ1 n + 1
c�cêâ. �Ün(½ n ���, �©æ�O�
��çf1 k—k + n cÚ1 k + 1—k + n + 1 cê
â�mg�'Xê��{. O�(JXã 7 ¤«.

dã 7 ��, n > 10 ��'Xê�C���.

�ýÿ�Y�æ^c 10 c�êâýÿ1 11 c�
cêâ.

� � � � � � � ��� � �� � �� � �� � � �	
ã 7 ��çfêS��g�'ã

���E ��çfêS���©êâX
L 2 ¤«. �âýÿ�Y, �dL 2 �EÑ^u�
äÔöÚýÿ���êâ,êâ�ªXL 3 ¤«.

L 2 ��çfêS���©êâ

c°
�êâ

cêâ
1 2 3 4 5 6 7 8 9 10 11 12

1749 58.0 62.6 70.0 55.7 85.0 83.5 94.8 66.3 75.9 75.5 158.6 85.2 80.9

1750 73.3 75.9 89.2 88.3 90.0 100.0 85.4 103.0 91.2 65.7 63.3 75.4 83.4

1751 70.0 43.5 45.3 56.4 60.7 50.7 66.3 59.8 23.5 23.2 28.5 44.0 47.7

1752 35.0 50.0 71.0 59.3 59.7 39.6 78.4 29.3 27.1 46.6 37.6 40.0 47.8

1753 44.0 32.0 45.7 38.0 36.0 31.7 22.0 39.0 28.0 25.0 20.0 6.7 30.7

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·

2007 16.8 10.7 4.5 3.4 11.7 12.1 9.7 6.0 2.4 0.9 1.7 10.1 7.5
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L 3 ��çfêS����êâ�ª

S Ñ\c° (�êâ) ýÿc°

Ò x1(t) x2(t) x3(t) x4(t) x5(t) x6(t) x7(t) x8(t) x9(t) x10(t) (cêâ)

1 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759

2 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759 1760

3 1751 1752 1753 1754 1755 1756 1757 1758 1759 1760 1761

4 1752 1753 1754 1755 1756 1757 1758 1759 1760 1761 1762

5 1753 1754 1755 1756 1757 1758 1759 1760 1761 1762 1763

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·

249 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

�ä(� �âýÿ�Y, QPNN Ú PNN �
Ñ\!:� 10 �, lÑæ�:ê� 12, ÑÑ!:
� 1 �.�¿©é' QPNN Ú PNN �%CÚ�z
Uå, Û�!:� 5—20 �. éu PNN, lÑ��æ
^.�KFõ�ª¼ê[Ü, ¿^ 16 � Walsh Ä
¼ê���ÄÐm?n. éuü«�ä�ÔöL§,

��8�z����ýéØ�þ�½� 10−5, S�
Úêþ�½� 1000.

Ô ö L § 3 ¤ k � � ¥, À � c 180

c (1749—1928 c) �êâ^uÔö, ¦Ù%C�
�çfêS�3ØÓ�ã�m�N�'X, � 79

c (1929—2007 c) �êâ^uÿÁ�ä��zU
å. ½Âµd�I F ���ýéØ��S�Úê�
¦È, QPNN Ú PNN 3Û�!:�«��e�µ
d�I F é'Xã 8 ¤«.

� � � � � � ����� �� � 	 
 
	 
 

ã 8 QPNN Ú PNN �%CUåé'

ýÿL§ ^ 1929—2007 c���êâ, é
ÔöÐ��ä?1ÿÁ, ±u�Ù�zUå. QPNN

Ú PNN 3Û�!:ê��«��e, ýÿ(J�
��ýéØ� E Ú�� σ é'Xã 9 Úã 10 ¤
«. ± 15 �Û�!:�~, QPNN Ú PNN �ýÿ
(Jé'Xã 11 ¤«. ýÿ(JL² QPNN ��

zUå`u PNN.

� � � � � � �� �� �� �
�	 
 � � �� � �

ã 9 QPNN Ú PNN �ýéØ�é'

�� � � � � � ��� � �� � �� � �� � 	 
 
	 
 

ã 10 QPNN Ú PNN ���é'

� � � � � � � � � � � � � � � ��� � �� � �� � � � 	 
 
	 
 

ã 11 QPNN Ú PNN �ýÿ(Jé'
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±þü�¢�(JL², QPNN �%CUåÚ
ýÿUå' PNN þk¤Jp. éd(J��Xe
©Û. QPNN Ú PNN éu��àÜ$�æ�
Ø
Ó�?n�ª. QPNN ���ÂlÑÑ\S�, æ
^þf&E?nÅnòÙÌ�N��Û�þfÉ
����ÑÑ, duÉ����ÑÑ¥y�õ�þ
f �Å��, Ïdù«N�äkpÝ��5, l
¦þfL§ ²����àÜ(Jäk�r�
�ªPÁUå. éu PNN, duØU��?nlÑ
Ñ\, I�élÑ��?1[Ü, l�3[Ü
Ø�. 3�����ÄÐm¥, nØþÄ¼ê��
êA�Ã��, k���Ä¼êÐmq7,¬�5
�äØ�, Ïd3 PNN &E?nL§¥Ø�;�
/�3�ªA��¿�. l3�ä(�Úëê�
��q��¹e, QPNN �%CUåÚ�zUåþ

`u PNN.

6 ( Ø

�©JÑ
�«ÄuþfO��n�þfL
§ ²�ä�.Ú�{. ¢�(J�«Ñ, /Ïõ
 þfÉ����&E?nÅn�k�?nÊÏ
L§ ²�ä¥���àÜ$�, ¿�;�ÊÏL
§ ²�ädulÑ��[Ü9��¼ê���
ÄÐm$��5�&E¿�, l�Jp�ä�%
C9�zUå. ¢SA^�J�y
JÑ�.Ú�
{�k�5. 'uþfL§ ²�ä�ëY5!%
CUå!�zUå!O�E,Ý�eZnØ5�
´��?�Ú�\ïÄ�¯K.
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Abstract

To enhance the approximation and generalization ability of process neural networks (PNNs), by studying the quantum imple-

mentation mechanism of information processing of process neuron, a new idea of designing quantum process neuron is proposed in

this paper, based on the quantum rotation gates and the quantum controlled-non gates. In the proposed approach, the discrete process

inputs are expressed by the qubits, which, as the control qubits of controlled-non gates after being rotated by the quantum rotation

gates, control the target qubits to reverse. The model outputs are described by the probability amplitude of state |1〉 in the target qubits.

Then the quantum process neural networks (QPNNs) are designed by the quantum process neurons for the hidden layer and the normal

neurons for the output layer. The algorithm of QPNN is derived through the quantum computing. The proposed approach is utilized

to predict the smoothed yearly mean sunspot numbers, and the results indicate that the QPNN has higher prediction accuracy than the

normal PNN, thus it has a certain theoretical meaning and practical value for the complex prediction.

Keywords: quantum computation, quantum process neuron, quantum process neural networks, algorithm design
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