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Abstract

\Musical Knowledge and Intelligence programming" enables one to manipulate musical information and data

on a computer as one intends. We have been inventing and developing many media technologies and protocols

for communicating with each other. Music can be considered as one of the communication media. Since

music has the features of ambiguity and subjectivity, it has not been considered as a communication media

that can transfer information as measured in units of bits. The investigation into the possibility of music as

a communication media may open up a new communication media that can carry information that has not

been carrieable so far. In light of the relationships between musicology and computer science, we discuss the

technologies required for making the idea of music as a communication media a reality. Musical Knowledge and

Information programming is a new paradigm that enables the user to manipulate music, which is an ambiguous

and subjective media, and to transfer his/her intention and the meaning of a piece. We introduce prototype

musical systems that verify the e�ectiveness of musical knowledge and intelligence programming. We hope that

the readers of this paper would be interested in the broad perspective of studying music as a communication

media.
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L0�F��/��.ÖS��&@��7

J���GS�Ö�Rr¸rê+'��S'
KH�+*K���+�A&�?E+���GSA'��(�&.Ö

S.í�R®\�K�(�'
H��

ÖS¿*xJ+
�&®����&�K�IFK����ÖS'7M�I?S�.Ë`(*K�F�0�/�B

*���<��S��J/�B*����)J6�%�¦r.�A.`Ñ�W��<(r�KÜ�:*K²w /Òw

/²Ñ'F3��ÖS'.���âÌ�cx�QÑ�ÁÖ�'��>�+S��ÖS¿+��¿* UI DßTØ��

g­�S�I��GS*)'�K�

ÖS'7M�I?S�/�Ä�IL�Ç%ÜdRe�O�&��.�5(���Rj4�K(��Õ'/ãí.

7M�I?S�($Ò'�K�����È$.Ë`(*KÖS'/� 1 $.Juj�(Ú¶C�.�uj��e+

*#&�K�Juj��$�'B:*K�uj�Rf#&�Ko���K�ã#&�e+*#&�K�uj�(F�

2¯J��Ë`.h+¡ö�LK¯Õ�Ë`.f$ì�DË`.­+íJ�$¯©�RK%÷;��w'J��������'�÷;(��.

/���+µ>LK¼Õ.&��É¿+Ä�ILK( ë�Ù>KH�*�g.�(�K%(��./�÷;+µ>LK¼Õ.&G��QÉ+�¡

�L�÷;Rµ>*�o�R4J�K�
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��bÄ�H�(�&�K�uj��$��:*K��:*Ko�/).H�+:*K�R7M�I?S�?+ð

Å�F��ªo�K±#�9Ü(*M��

ÖS'7M�I?S�.6^R>(AK: (a) ÖS'RJ��Kâ�D�+/��Õ.ÖS��+Ç%�ºJ¿'

Kª��4J�ºê+bÄ�L&�K� (b) ÖS¿*4JRî���Ç%¦$R&�&
J��.4J/u�¿+�


'
K� (c) S]�.Ju+/ (a) '÷9�H�*�uj� (= 4J) �bÄ�LK���. (��¿*) �uj�

RÒ�+ (r#¿+) Juj�+bÄ��4+�.�uj�R�Þ�Éô�f��K
��9Ü'�K�

��'F4�9
/�7M�I?S�(��ù[�í��K�A.uà'�K��.ÒBêÜ*uà/�).H

�*7M�I@R��().H�*ÜçD�K~���LK.�RF���ùî,�Â§'
K�('�K�ÖS'

7M�I?S�/�.uàR�J��K�(�'
K'�M���B!MS���/�.uàR�J��9�ÖS'

7M�I?S�.�eRj4�*�L0*I*��h. (c) .6^�ãí.sÞ
�+/\�#����øåRªä

�K.'/*��(@OLK�

5 Wù��ÖS��&@

��/ÖS'7M�I?S�.��+M�&��L>' 4 á.ÖS��&@RWù�� (J 1)���LB9�

.ÖS���ÖS'J�±ê�Å�±êRÙÖ�&�K� ÖS��(�&/ Generative Theory of Tonal Music

J 1: �L>'Wù��ÖS��&@

��&@e Ö� $Þ�

/�3�  [2] �Ö�I¦r÷í 1996

1�4�7S [3] �Ö«��I¦r÷í 1999

0�3�6S [4] S].¿] 2000

/�2�5S [5] ¦r.Jsb� 2001

(GTTM) [1]R�ÖS'J�±ê(�&/¦ý
6���(AM'��9�� (Deductive Object-Oriented Database,

DOOD3) [8]R�Å�±ê(�&/_F+Ç%�Å� (Case-Based Reasoning, CBR) [7]RÙÖ�&�K���'�

GTTM / F. Lerdahl �3 R. Jackendo� � 1983 �+ª%��S]��.��'�J��S4E��h8.���

ÒB²�T�L&�KB..K$'�K�DOOD /¡Ú'ôG*'xJ�R���K�A+K%÷;��RA\�

�'xJ�±ê'�K� CBR /�K�å.
R÷í�Kè��.�å+C`��_FRýÖ�&
Rjí�KÅ�

±ê'�K�

��/��LIÖS��&@.WùR��&Kª�&ÖS'.J�±êR�������&�/�3� �1�

4�7S'/��)«�.f$j�R�0�3�6S�/�2�5S'/ºû.:
.f$j�RJ��K±êRª

%����LI 4á.ÖS��&@+¯�KZ$D��S)õ2� web:�� http://www.brl.ntt.co.jp/people/hirata

+>(A&�K.'��PJ.�Kè/�K�L���

h. 4 $.ÖS��&@'/ÖS'+Ë�K 3 ¶C.Ç%¦$Rª4�&�K��L/�Ü�¯©� 2 $.��

Ä�IL�g+�.9���R¯Jõ�¦$ (lub)��.ê-�O�RÈ$�K¦$ (glb) '�K�Ü�¯©/��

KS](�LHJC`¿*S]R¯cb�K��K�/
+��KS](�LHJ�É¿*S]R¯cb�K¦$;

'�K�ÕQ¿+/� lub /Ò1h� (least upper bound) +� glb /Òâ×� (greatest lower bound) +Ë»�

K��ê/��LIÜ�¯©� lub� glb  �RÖ�&�K�J�@Rjí�&�K���Öhâ�(/��*��

�ã�.��*ÖS���.��+â�²I*7J?&�6.eR��õ�9Ü��K�

h+�1�4�7S(0�3�6S. 2 $R¯Jh�&�I+_��!gRÞ�K�

5.1 1�4�7S

1�4�7S [3] /�q2(�&Ä�IL�
�*��)«�R�C��.�Ö+r#¿+�LS��KÖS��

&@'�K�Kû+�#ó��ÏH�RÄ�KH�*6¡.��)«�1��S/��'S� (�C�D=#7�.

o�� 1 $.��'S�/�rÕ�.�ÖV�IíK) (�0LK��1�4�7S/��'S�
+'�û.�L

(�û¿£U) Rz��*�I�LS�R���

3DOOD (��Ö;/B(B(�è�ùDõ���.eQ(�&Ö�IL&����%�£'/'xJ�±ê.eQ(�&Ö�K�
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¿ 3: �û£U�'��.��S)�

1�4�7S'/��LS����S]+¯�K¦rãDù]ã.4¿RJ��K�A+� GTTM +Ç%�6

·*'��j� (��'S��) (� lub� glb �Ijí�LKÖS¿*C`îRÈ$�K�K�J�@Rª%���

���1�4�7S/+Ö. GUI (¿ 3��û£U�'��) Rf$�F��/�.�û£U�'��RÖ�&��

'S�U.j�(��'S�­.j�RAo��F��.4¿�J.��'S��Rùí�K�

¿ 3 ?¸.Ã���+/���&@+Ë�K���O�RJ��K��'S����.���.��+Ë»��

#×�((B+Jo�L&�K�F��.Ao'���.JoRyS JÍ$��J'
K�F�0�ÒB#×��

L���.�Ö«�/�ÖR 3 $µS'
J��.��/ B[m7 ! E[7 ! A[M7 '�K��I+�. 1 �h+

61,1 A[M7 12 � � �7(�����K���L/� B[m7 ! E[7 ! A[M7 (���Ö«���K�4S��L&

A[
M7 (���Ö'àJ�LK(���(R4J�&�K���S)�Ã¡+/���'S��.}ù�>S) (add

child, undo *)) (e«?.��O�RM�)�K<�S (load al, load sbs *))��K�F�0 group (�

��>S)/Gí���Õ.�ÖR 1 $.�K�7+>(AK�]Rf#&�K�F��/�LI}ù�>S)RÖ

�&��O�.��'S��Rr¸+¿Ý�K��L��Juj�(�&.�Ö«�+ÖS'.�uj�RbÄ�K

ù[+Ë»�&�K���S)�c¡+/, _F9��.Gí<�S (al, sbs *)) D� harmonize <�S� play

<�S*)��K��ê.1�4�7S'/� 4 ®.4�+�(.pk 3]��k 1].¦r�IÙu�� 5 ¶C.

_F9���ª4�L&�K���)«�.�uj�R��'S��(��²'�êØ��ÖS��&@/1�4�

7S��A&'�K�

�LHJ�1�4�7S/�ãí.ÖS��&@'/¯d #�h.H�*�(Rß�+���>���K6¡

.F��.�ì¿*ÖSJ��F�0].�LD��).¼��è.µ�Rgo¿+J�'
K��û£U�'��

R1�(F��.4¿R��&@+Öü'
K.'�F���R
*H�+õ2.¦rRÉô��J¿Ý��J�K

�(�'
K�Å�+Ö�K_FI�6IJRGí�K�('�F��.Ì��K®¨¿T`Ds#+�>��0�

KH�*¦rR÷í'
K�

5.2 0�3�6S

0�3�6S [4]/�q2.
�*AM'��I£P¦rR���C�4�+�(.H�+¿]R��ÖS��&

@'�K�0�3�6SB_F+Ç%�&õ2R÷í�K�>���K
�*AM'��Ä�ILK(�����+

¿]�K(��<
C6IJ (_FÝ) R�I��A��&@U+8�&
��h+��è+K'.
�*AM'�
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¿ 4: S]���
¨RÄ�K�A.�'��

�Ä�IL�g��.<
C6IJ.?�IÄ�IL�AM'�+ÒBC`��_FR��õ���LIRe�O�

&¿]R��.'�K�

ãí.¿]��&@.º�/�AM'�Ru�¼²�KH�*¦$RÖ4�&�*�#���.àOJ�AM'�

RK�6^�­+������'Á�*
�RE�Ñ3�è.AM'�+�����'�6^�­Rjí�K�A.

6^(�&F�0ÖG�ÖqÕ�AM'�.ªdÖ�Dª���Ö�ILK�(�º���.6^�­R��Kãí

èw.ØÕ/�K�6^9�(K+���&�>�(�.AM'�+µ>L&��sÞ.K���OL&�>��(

'�K�ãíèw'/a�Q*sÞ+Ç%�&
�R�O�KR3*�.'�F��.4¿DS].4JRâ�+î

���
����'
*�#��

Kè�0�3�6S'/�-=u+â÷�L�AM'�RJuj�(�&��L�f$�uj�RS]��+H

J�êØ����&@U'/r+Juj�(�uj�Re+�&
�R����L+HJ�AM'�+µ>LKsÞ

RK��`�K�(*�u�AM'�+¦$RE��(�ß�(*#��

0�3�6S'/¿](��ÖS���R�¯ÕR){�K�å(�&²wØ�&�K�>��_F+Ç%�&

¿]�K�A+/�K'.
�*AM'� X �3_F (�KAM'� E (�.¿]Üç A.e)(��'���9

Ü'�K�¿].�A.¯ÕR f (�K(�X R¿]�K(/� f (E) = A RG��H�* f +Ë�&� f(X) .

&RÅ¡�K�('�K��.g�F��.4¿R f(E) = A (��uà(�&go¿+J��&�K�(+F4�

L���Kû+�.H�* f /ºÕ³ê�K����/ÖS¿+��¿'�K�A+Í$�.uàRø��M÷. 3

¶C.Ç%¦$�Ijí'
KB.+�¡����.Üç�_F.f$¿].¢.ÙR�>�a��&�Ä�IL�

AM'�RÁ�+¿]�K�(�'
���.H�*¯Õ.�È�ß�+*#�./�ÖS'.�e+ã�AM'�

R�S4E��h+Á�+J�'
��I'�K�AM'�.�uj�R�êØ��AM'�Ru�¦$.Ë`(�

�¿]��&@/0�3�6S��A&'�K�

0�3�6S/�AM'�R����uj�RbÄ�K�A.+Ö�'��RF��+ª4�&�K (¿ 4)� �

L/�S]��.�A.K¶.O�7M?��*B.(�#&BH� M��%�'��RÖ�&<J��Ö)��

Rh�(�K�4S��� 1 $.S]RÒ4+/ 1 $.�K�7+>(AK�®�L�L�ÖS.��è�:*KH

�+��.Ö.>(Aè��.F��.S].
¨RJ�&
J��L��uj�+Ë»�K�%�'��Rª4�

K�('�S]��.I�/#�¿+Mh�K�(�ÓÏ�LK�

6 >(A

%�£'/�®(ÖS(ðö.Í?D�?E+���GSA'��(�&.ÖSõ�.êJèRù���ÖS'

7M�I?S�Rª*����.õ�_FU�R�#���S4E��(ÖS.õ�/Kû+/�>J^6?�*�

�����.�å4xD¯Je?è+¯�&�ã.?�I2*�I�<
R¼�K�(�º��%�£��.<
R

	I�K�+*L0Y�'�K�

Ò4+�ÖS'7M�I?S��3¯c�Kõ�&�>+$�&�L��(@��

� ÖS'RJ��Kâ�D�+/�:*KÖS��+Ç%�ºJ¿'Kª��4J�ºê+bÄ�L&�K��:*

KÖS��)���).H�+9³�;k�8��K�/!S)K
g'�K�
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� �?E+���GSA'��(�&.ÖSRíJ���Kðö¿Üà/ï�$$�K�h/��è+�S��-#

(h.�7J���GSùí+ÖS'7M�I?S�R»Ö�K#%'�K�ãí.ÖS��&@/���S)�M

S.�S4E��h'ï"��ù]�¿]�£P�ër�.ãí���Rà��KB.'�#��ÖS'7M�I?

S�/�ãí+/\�#����Þx.ÖS���D�7J���GSRB�Kðö(*K�(�ÓÏ�LK�

� ÖS(��A'��.â
*6^/�/'®¨¿(��Õ'�K�(�M��ÖS))+B�/'®¨¿*A'�

���K�F�0�!����!C�À.Js*)'�K��LI�/'®¨¿*A'��.
�ðö/> K$î

'�K��ÖS'7M�I?S�'®OL�ðöRKûØ�K�('��.H�*A'��.
�ðö8.�ô�Ó

Ï�LK�

� 5  'U���ÖS��&@/��LB CBR RÙÖ�&����HJl�ì.��ÖS��&@Rj4�K+/

CBR '/����K M���è�%�.�C�4�+�(/��.o.K
'@�B��*�dñI��£P¦

rR�K�(��K��.H�*�(&B®­¿'l�¿*�K~�R���K+/).H�*ÖS'7M�I?S

�.�eRj4�L0,�. M����/�®­.l�ìR�
�&KH�*ÖS��&@/).H�+j4�L

0,�. M���

� �?E+���GSA'��(�&.ÖSõ�R@
�A&��(�ÖS¿'ì(/Ú�(��·%¿*�å+�


��K�£P¦rR���K+/5L�@�åR
�*�L0*I*� M��ÖSRg�&�#�K�S4E�

�D�#�KÖSRlù�K�S4E��R���K+/â��(�å(r4x.�åR
�*�L0*I*� M

� [6]���/�ÖS(�����»Ö1G'õ�R���('�'ì�.B.+Ë�&���
Ù.TÕD��o

Rª4'
K.'/*��(ÓÏ�&�K�

ÖS/®.'xa#.�#'�K�ÖSQ/��S4E��(��MªR/��+�p�ÖS+
�K®.'¿

a#Râ÷����&
������®4.ðöD£Ø.ÞÍRz�K(�ÖS'R�S4E��h'J��}ù

�Kðö�£!ÖS'7M�I?S�.G���Z'�K(z�K���.õ���®4.ÖSQ(�S4E��å

Q.Iä�(*J��?E+���GSA'��(�&.ÖS(�����õ���R�Jî��(*L0Y�'�

K�

�t: %�£'U���ÖS'7M�I?S��3Kc.ÖS��&@ùí+¯�Kõ�/�|ÙóâQ ����

�H¿�3£HâQ ª�?-�>(.9$õ�(�&«A&�J>���o­.ãê*ù�D7M�I@$Þ+Ë�
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