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§1 5 4�5�6�7 ��8���9;:=<�>�?�@

(error correcting code) ACB , DFE�GHI.�J�K L	M�NPO�QSR1A	T , L1T�R+U�V >WYX
( Z+[-\�] ^	_a`�]YbC0dc�eSOCfFV	gYhji�kal-]FmFn X ) QPR8o�p�0dq�rFs�LtR . u�0dvw B xzy�{-|d}~ O���|��	��A	md| . |�� , ��)�� X %a�SOj�F|+g�� � X QYRFA8�8m n . ���Y� ,

Q����-R����+L	� ������|ag , 1 �+���1�agS�$��n�A��FR .

1 7 5 2 =⇒ 1 7 � 2

uF�IL �Y�¡ -A£¢¥¤d��tR+0�O�¦�§¨��g , ©a%ª0d« 1 + 7 + 5 + 2 = 15 O��¥Tj¬F��g�ª� n :

1 7 5 2 | 15 =⇒ 1 7 � 2 | 15

�1RFA£�1�+gS�$�� 	od%ªB 15− (1 + 7 + 2) = 5 A¯®�°LªT8R . ��0-m n X , ±�4 ²$³�´ªµI¶¸·¹ªºd»�¼�½¾�ºa¿
, À8ÁCÂ�Ã	Ä Å�²�Æj²-Ç ½FÈIÉ�Ê 51Ë�ÌÍA�|�n�0+� , Î�Ï�\]dÐF�	J-U . Ñ�ÒX B , Q : o�|�M�N�OÔÓª,ÖÕ×.�Ø�3 F2

k 0	°ÙA��Ig	ÚÖ�Ig�ªT , xÛ¢Ü1]�M�Nª0ÔÝYVd¬F�+~-B ,

m : iYT$]8Ó1,ÞÕ×.�Ø3 F2
n ß F2

k O�à�pdá1â , A�|Pn	��AjL$Ñ�ã¥äC�-R . u �CL+å+æ�\]dçè ?�@ 0Cé�êPO�ë�ì1R1A£í�0Fm-n X ]�R :
î ï

1 q O�ð%-ìPTFA��ªR . ÓÍ,ÖÕ=.�Ø 3 Fq
n 0 k í °añ�Ü Ø�3 C (k ≤ n) O Fq ò 0

[n, k]-( ç è )
?�@

(linear code) A�|Pn . n, k O8u$��ó$� C 0 ?�@8ô (code length), í�°¨A�|Pn .

�F� : , à�pdá-õ�U�tÍAI0CöF�$é�êª0 C LtR . Ñ�Ò X bC0-m n X 9;:÷<�> �$ø�]8ù��FR$��B?�@ w &Í0d��ú XIû R���A X �Ig , �	0�tÍAýü�þ�A�] R���A$Oä-� XIÿ �����Ö�amFn . C 08Ó
, Õ . c (

?�@�� A�|¨n ) O���Ü-L	ÚÖ�doSA	T , 0 L�]�|���Ü�0
	�%PO c 0 (Hamming) �1sSA
|�| , C 0 ?�@�� �aì�g (0 �� ) O�Ð-��oªA$T$0 , �-s�0������SO C 0�������� ( �����-s ) A
|¥n . ������� (d Aj�� ) h����-�FR1A�T�B [n, k, d]-

?�@ A£��� . d B ?�@ 0 9;:=<�>! !" X
iYT#�%$+ù�R ( iÍT�|�&ªb	md| cf. [10, p.106], [11, p.99]). ��' X �-s)(�*�KYOjé�ê �-R . c ∈ C

0)�Fs�O wt (c) L	Ú�� . Ai := ]{c ∈ C ; wt (c) = i} Aj+��A	T ,

WC(x, y) :=
n

∑

i=0

Aix
n−iyi

O C 0),.-�/�0�1 (weight enumerator) A32!4 .
5

1 C = {00, 11} ⊂ F2
2. ��0PA�T WC(x, y) = x2 + y2. C O 2 ��687�g C ′ = C ⊕ C =

{0000, 0011, 1100, 1111} O39PR1A WC′(x, y) = x4 + 2x2y2 + y4 = WC(x, y)2. ��0-mFn X , �Fs
(�*�KPO�ÐF� R�� AjL ,

?@ 0)�1s X $��1R�|;:�|<:a]1��Aj��(�*�KÍ0�=a}-L�ù��-RªA�|¥n�>?�@ Õ ��tR .

?@ w &�A�æ X $���R�B;C	��A���g [10], [11], [13] ( o�UÍ���I�-B�&ÍA�õ�bED�� ), [15] ]Sb .F è�G K AI0�$�6ªB [9], H�%�I�J ?�@ X ��|�gB [16] ]Yb���t�R .
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§2 Zeta
���1� î�ï �����

?�@ 0 zeta $Ô%ªB , Duursma [5] L��1p8g���BSäI��o . u$��B��-s�(�*�K����	���PäC�-R . C

O Fq ò 0 [n, k, d]
?�@

, ua0��-s)(�*�KYO WC(x, y) A��-R . �8o��
�LB d h C⊥ ( tªA�L�é
ê ) 0
�������Ùh 2  ò A��FR . C 0 zeta $$%�BÔí�0-m-n X é�ê¥äC�FR :

î ï
2 ([6], p.58) C

X� ��g , í�% n − d �
-0�tR�(�*�K P (T ) ∈ Q[T ] ��o�U 1 �����
��g ,

P (T )

(1 − T )(1 − qT )
(y(1 − T ) + xT )n = · · ·+ WC(x, y) − xn

q − 1
T n−d + · · ·

����� �-R . P (T ) O C 0 zeta /�0!1 , Z(T ) := P (T )/{(1 − T )(1 − qT )} O C 0 zeta
���

A32!4 .

�$0Cé�êªB������ :�� ��|a� , ���ªB T 0� w KF]�08L , ìÍT���%� "!FO��-|�	� . u�0 T n−d

0$#a% X C 0��PäM(�*�K ��ã��FRm n X ]�R , A�|¥n$�AjLt�R . �8o , P (T ) 0$��� A å&%�'
h)(Ö��g��¥����L�B�]�|+� , �I� X ��|ag�B [1], [2], [12] ]Yb�O+*�, .

í X , C 0.-�/ ��� (dual code) C⊥ O
C⊥ := {u ∈ Fq

n ; u · v = 0, ∀v ∈ C}

L	é�ê��FR . o�U1� , u = (u1, u2, · · · , un), v = (v1, v2, · · · , vn) ∈ Fq
n
X� ��g ,

u · v = u1v1 + u2v2 + · · · + unvn.

�ao , C⊥ = C 0ÍA	T C O"0�1.-�/ (self-dual) L�tR�A�|�n .

��2 C, C⊥ 0 zeta (�*�K P (T ), P⊥(T ) 083 X B
P⊥(T ) = P

( 1

qT

)

qgT g+g⊥

AI|�nR$&#-��t�R ([6, p.59]). o�Uª� , g := n + 1 − k − d, g⊥ B C⊥ 0 ��3 �FR54 . 6 � X B
MacWilliams 07�8�K

WC⊥(x, y) =
1

]C
WC(x + (q − 1)y, x − y)

([13, p.146, Th. 13]) ��§ |P� �FR . m+ �g�9 X , C �;:<$= � ]Y� , P (T ) = P⊥(T )
X m : ,

�
��> 1

P (T ) = P
( 1

qT

)

qgT 2g

��� : �-� ( H�%@?dçÍ0.A@B zeta AOA �)BDC G !).

§3 Riemann E�F
Ha%G?Cç (Fq ò ) 0HAIB zeta $�%�05J�A x Riemann K�L�~ (Weil

X m	 Ig�6 �1äI�o ) A�B

zeta (�*�K�0M�%ª0$N α
X� ��g , |α| =

1√
q

2



A�|�n	h�0�L�t�R . ���-L���o�� : , : <= � ?�@ 0 zeta $	% P (T ) hBDC $$%�8�KSO���o��
��Aj��� , :<= � ?�@ X� �1R Riemann K�L�B , H�%D?dç�A5B
	�íª0-m-n X é�K����FR+08��� Lt.:ªn :

î ï
3 ([7], p.119) C OG:<�= � ?�@ , u�0 zeta (�*�KPO P (T ) Aj��R . P (T ) 0 M�%Í0N

α
X � ��g ,

|α| =
1√
q

��� : �-��A	T , C B Riemann K�LSO���o8�¥A�|Pn .

����B��1]R G K�\������������������ ��! , "$#&%��
'�(*)�+ Riemann ,�-/.&0214365&'7�8*9;:�<*= ��>�?@1;�;�&A . B�+ , (C);� zeta D 8 �FEC'G% �
HI�&JLKNMPO�Q�RTSNUV+ ,

W X
1 Riemann ,*-7.�0�1@37Y�ZP[*\�(C)]5�+V^��;�;�&M����@_N`*a*b c/� .

5d'6�N���Fe > � . fdg��@D7#�% Duursma + 1 E �NhGi�j*k7.&,�-$#�%l'�� :

W X
2 ([7], p.119) m Extremal M�Y
Z
[*\*(C);+ Riemann ,*-7.�0�1@3Gn;+Po$#�'p_ .

fCf�e , (l)pq n �VY
Z�[*\*( );��rpe , HCs�t*u;!@HI��JLKN'�����. extremal code 5d'6�
( fdg�+�vT_����P'�w x�A ).

y
2 [8, 4, 4] zCJ Hamming (C) C8 ([11, p.112], [15, p.35] { ). fdg�+ F2 | � extremal M

YPZ
[�\�(C) . };~����*a�+ WC8
(x, y) = x8 + 14x4y4 + y8 e ([15, p.135]),

P (T ) =
1

5
(1 + 2T + 2T 2).

P (T ) �P��+ α = (−1 ± i)/2 M*�@e , |α| = 1/
√

2 = 1/
√

q, Riemann ,*-7.�021@3 .

YNZP[ \l(l)V�*+N�*� : M4�C�T! 4 E;> � (I � ∼ IV � , cf. [4]) ! , �C�6���p�NB*�T3��
extremal code 3��*%��P\]#&% Riemann ,*-�!@�����;EVf 5�+ 8�9;: ��v�_l�7��g�%C'�� . �
1 Duursma + IV �$Y�Z�[�\�(*)��
�p�2��\I#&% m extremal M/��� Riemann ,�-��p�ln .&�
#d%C' � ([8]).

§4 � �
H�������+ , B����
(C)���}T~P����a�elMp'P�����p�*a��;�
���/� zeta ����a P (T ) !N`��
eVKG� f 5����; C'C1 . ¡;�l�

W12(x, y) = x12 − 33x8y4 − 33x4y8 + y12.

f�g +�>C��¢p£�ap¤V��¥Ce , F2 | ��Y�Z�[�\�(*);�4DN¦�!l>C� ([2, §5], [14, pp.104-105]). ��f
e q = 2 5G#�% zeta ����a7.�§�� �25

P (T ) =
1

15
(2T 2 − 1)(2T 2 + 1)(2T 2 + 2T + 1)
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5�MI� , fdg�+ Riemann ,C- ( 3��C% ��� α ! |α| = 1/
√

2) .�0�1@3 ! B�+FD 8 {�a�+

P (T ) = −P
( 1

2T

)

2gT 2g

5�' � ,
� #��6?@1��7.25N� . ��#�% , � 8��	��
 B��/�N( )T���� 5
�P�L� P (T ) �P���Pi� .����l%l~��25 , Riemann ,l-I���P�/��`C�;eVKG�;f 5 !��C_T� . �T�
� , extremal 5d'6�

"��$� `C�Te�K , Riemann ,l-��GD7#�% , B��V�N(l)T����� 5������T��M�f�5 (extremal M7�
Riemann ,*-���� ?) !	� KP%*'��25��I� gT�! @e >l� ( " #$#�+ [2], [3] .�%�& ).

f�g �' <�= _6� , m (*)( zeta D 8 n� �wCxFQ*)*+p+ , Bp�, 
(*)* �};~P�p��a,+�fPA	�I�-
, .V�0/;'�1(2* P¢�£*����aL.43 =  P\65�+�#
1	7l!,.P'8 Fe +�Mp'p_ 5 �8�*g;�! Ge >l� .

(2005 9 11 : 28 ;�<,= )
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