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Pa-Pi-Pun: Creativity-Support Tool for Generating Jazz Harmony

Keiji Hiratay and Tatsuya Aoyagiyy

This paper presents the design principle, musical knowledge representation method, system

organization, and implementation of a musical system called \Pa-Pi-Pun". Pa-Pi-Pun is a

creativity-support tool that takes a simple chord progression as an input and then generates a

new progression that reects the user's intention and takes into account the harmonic context

on a cadence basis. The primary goal of a creativity-support tool is to give diverse stimulation

to a user. In order to do so, Pa-Pi-Pun employs a deductive object-oriented database tech-

nique for musical knowledge representation and case-based reasoning. Moreover, it invokes an

existing music analysis theory to represent the user's intention, introduces a relative similarity

using the subsumption relation, and uses a new case retrieval method based on the relative

similarity which provides a high a�nity for musical introspection and intuition. It has been

con�rmed that a new data structure, called the cadence tree, is e�ective in representing a

user's intention and various, yet consistently avored, pieces are created e�ciently.
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/��û£U�'��'ùí����O�R¼�&_

F9��Å�YY R����.ÜçRE� MIDI 5��

K*SMF+(�&õ2�K�Å��S�S�/��

�°�; KL118) '������û£U�'���I

MIDI Plug-in Rä#���. SMF RWg�K�(�

'K�

�û£U�'��.��S)�R¿ 2 +o��¿?¸

¿ 2 �û£U�'��.��S)�

.Ã���+/���'S����.���.��+Ë

»��#×�((B+Jo�LK�F��.Ao'�

��.JoRyS JÍ$��J'K���S)�

Ã¡+/���'S��.}ù�>S)*add child�

undo *)+(e«?.��O�RM�)�K<�S

*load al� load sbs *)+��J�F��/�.}

ù�>S)RÖ�&��O�.��'S��Rr¸+

¿Ý�K���S)�c¡+/�_F9��.Gí<

�S*al, sbs *)+��û£U.��A¡*context

extent� 3.6  +� harmonize <�S� play <�S

��K��ê.7M(��7��&@'/� 4 ®.4�

+�(.pk 3 ]��k 1 ].¦r�IÙu�� 5 ¶

C._F9���ª4�L&�K�

1�4�7S.â>�*}ù±�/h.H�'�K�

>�Ò�+_F9��Rùí�*3.2  +�F��/

1�4�7S(Ë��*�I�Ä�IL��Ö«�+

Ë�&F��.4¿Rî����S].�LD<��

J�'�S�Rz�+qL&¦rRjí�&��*3.3

 +�)×��+!g�K�

YY
1�4�7S'/�Kû._F9��Å�+µ>LK_F9��

f�/�#&�*��
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4
4

Cm7 F7

4
4

(1)

(2)

? ?

¿ 3 �è.¦r.�K�4S�

3.2 _F9��.ùí

)×.H�*�&#7'_F9��R®±+HJùí

�K�1�4�7S+
�K 1 $._F(/�"�²«

ì play Rf$ cdc 
6���(�*2.6  +'�K�

�&#7 1. ®.�è.¦rRÙu�K*¿ 3 (1)+�

�&#7 2. �è+¦r�L�ÖD�Ö.ÞÖ��?

S�.t�B.)��R�K�4S��K*¿ 3

(2)+�

�&#7 3. ¦r�L�].�Ö«�R��'S�
+

>'���K*¿ 4+�

�&#7 4. h. 3. '����?��'S�+�2. '

ùí��Ë»�K�ÖVR play «ì(�&bÄ

��Q��'S�R_F9��+C��K�

��'S��.è?.�)+Ë»�K��'S�B_F

(�&_F9��+C��K�

�&#7 2 +
�K�K�4S�.FR¿ 3 +o��

�è.¦r (1) +
�&�ÖS¿+êÜ*ÖR�=.

H�+�K�4S��& (2) .H�*�Ö.VR3K�

��.�Ö� voicing 
6���(*2.6  +(�&J

��LK�

�&#7 3.FRo��((Cm7�F7�B
[

M7)�E
[

M7)�

(Am7�D7�G7).H�+¨�L��Ö«�/�¿ 4

.H�*��'S��(�&J��LK� ��*Kk

.]+BË»'KH����'S�Dj�6^�Ö+

µ>LKÖe/�9&k+Ë�&�ËØ�%e'J��

��&��è.��'S��'/ key «ì.àOJ+

d «ìR��&�uh.��'S�(. key .ÄR�

Ë¿+J��¿?� 1 $.á²� 1 $.��'S�R

J�&
J�Òh#»c� prom «ì*j�6^¿*�

Öe+R�?# d = N � d «ìR�Ò×#� seq «

ìRJ���Ö«�(��'S��.Ë»RhM.�

T'o��� (2) ?. d = 3 /� (3) . key G +Ë�

K (2) . key B[ .Ö¯Ä�íÖ 3 ��*��î+'

C
C
C
C
C

�
�
�
�
�

IIm7�V7�IM7

d = 0

(1)

C
C
C
C
C

�
�
�
�
�

I
M7
�IVM7

d = 3

(2)

C
C
C
CC

�
�
�
��

I
M7

� I
M7

d = 0

I
M7

(3)

C
C
C
C
C

�
�
�
�
�

IIm7�V7�IM7

d = 0

(4)

Cm7 F7 B[M7 E[M7 Am7 D7 GM7

key B[ key G

IIm7 V7 IM7 IVM7 IIm7 V7 IM7

� �
I
M7 � �

I
M7

� �
I
M7

� �
I
M7

6

6

6

6

¿ 4 �Ö«�.��

�K�(RJO�&�K� d = 0 /�uh.��'S

�($� key Rf#&�K�(RJO�&�K�

3.3 F��(.�S�I��GS

Y®�)×.H�*�&#7'�û£U�'��

+HK��O�ùí(_F9��Å�R���

�&#7 5. F��/�û£U�'��RÖ�&q2

*K'+].�Ö«�R��'S��'J��K�

�&#7 6. �û£U�'��'ùí����'S��

+Ë��<��S�RbÞ������RA¡��

��O�Rùí�K�

�&#7 7. ��O�.��'S��+ÒBC`��

��'S��R_F9��?�Ið��K�

�&#7 8. ð�Üç.��'S��*Kû+/�Õ+

�I���O�'A¡�L����Rãõ���

. play «ìR¯Jõ��ÒBcI�*<��J�

'�S�Rf$<��S�RGS'�h$*�&�

��

�&#7 5� 6 /F��.4¿RJ��K7M��'

�J��&#7 7� 8 /��&@�F��.4¿Rî�

��R÷í�K7M��'�K��è+1�4�7S

R1Ö�Kg/��.f$.7M��RA.+�JÁ�

�('F��(1�4�7S.�S�I��GS���

�LK�

3.4 ���.ùí

�&#7 5 'F���ùí�K���.��'S�

�/�¿ 4 .��'S��(Q�$�j�R�&�K�

�&#7 6 '/�F�0¿ 5 .H�*��'S��(

�L+Ë�K<��S�AoRùí�K� ¿?���

'S�R.@ 2 ê=�6��'S�QÉ.?'�.��
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Q1

C
C
C
CC

�
�
�
��

IIm7�V7�IM7

d = 0

I
M7

C
C
C
CC

�
�
�
��

Q2

C
C
C
C
C

�
�
�
�
�

I
M7
�IVM7

d = 3

C
C
C
C
C

�
�
�
�
�

I
M7

� I
M7

d = 0

I
M7

C
C
C
C
C

�
�
�
�
�

IIm7�V7�IM7

d = 0

C
C
C
CC

�
�
�
��

¿ 5 2 ¶C.��O�F

+<��S�RbÄ�H7(��AoRJ��

3.5 �Ë¿*C`î

�&#7 7 .�A���'�Ë¿*C`î(��.�

Rª%�K�


6���( A�B�C ��Kg�A�B + �>

��&6A, B /C`�&�K�7(����/\4J

'�J�6A �Iú&�A, B ( A, C .)!I�HJ

C`�&�K�7(����+/4J��K�>���

.��+Ë�&� A, B*�K�/ A, C+.è�HJ

C`�&�K�$� �C`�&�K�ì¡'*��

. 3 �J.��Rõ�.�rP'�K�F�0� p (

p(l = a)� p ( p(m = b) R�9K(�)!I�HJ

C`�&�K�/ì¡'*��

1�4�7S'/�Ü�¯©�í��'�K�(Rý

Ö�&��Ë¿*C`îRh.H�+¡ö�K�>�ì

¡.�A.��w RS R¡ö�K�

RS(A,B,C)

� lub(A,B) 6= > ^ glb(A,B) 6= ?

^ (lub(A,B) v lub(A,C)

^ glb(A,C) v glb(A,B))

��' lub / least upper bound*Ò1h�+� glb

/ greatest lower bound*Òâ×�+.4J'�K

*lub ( glb BÜ�¯©RÖ�&E�¿*èê'¡

ö�L&�K+�
6���(� A, B, C +¯�&

RS(A,B,C) �íJ�$g� A, B .è� A, C H

JC`�&�K(¡ö�K�¡öHJgI�*H�+�

$K.
6���(�r+ÒC`'�K��Ë¿*C`

î/h.H�+u�¿+�'K�
6���(R�

.«ì�IíKÝ�(ú*��g�Ý� A, B �HJC

`�&�K(���(/� A ( B .�Ý��HJâ

�*J�$ A ( B .�Ý��HJ1��*K(���

(+Ë»�K�

��.C`î+Ë�&� lub .�L �'�Ë¿*C

`îRÈ$�Kèw20)
�ª%�L&�K��è.1�

4�7S.�'/� lub $7/���&B glb $7�

:*Ko���K.'� 20) .èw'/aâ�'�K�

3.6 C`_F.ð�

�&#7 7 R���K�A+�1�4�7S/'+

¡ö���Ë¿C`î RS(A,B,C) RÖ�&ÒC`_F

Rð��K�®�_F9��?+ n �._F*C1, � � �

Cn+�³ê��F�����O� Q (��
6���

(�Rªo��(�K���'�ú6�.�A+h.â

êR&q�K: A 6� B � : (A v B _ A w B _ A =

B)��K(�

Q +ÒBC`��_F.Ý�

� fCi j 8Cj RS(Q,Ci,Cj)

_ (lub(Q,Ci) 6� lub(Q,Cj)

^ glb(Q,Ci) 6� glb(Q,Cj))

_ (lub(Q,Ci) = lub(Q,Cj) = >

^ glb(Q,Ci) = glb(Q,Cj) = ?)g

�L/�í��.%u+
�&h�.Ý�RÈ$�K�

(+����hw�IgI�*H�+� Q +ÒC`.

_F/Kû+�Õ�³ê�K�

F(�&�¿ 5 . Q1 /¿ 4 . (1) ( (4) +K�

��Q2 / (4) .?+K��K�Å..�û£UBµA

�ð�R��(�wJ�>LK�(���K�

�è+�û£U�'��h'e?�&ILK��O�

/�ß<ìRz��&�<��S�RÈ$������

( 0 )h.ïÕ N .:�(��²R�&�K*¿ 2 ?

. context extent (��ø+��L/�<��S�

�������'S��R?�+z�&��LHJ N

#h+=#���'S��R�û£U(�H(��4J

'�K�

3.7 <��S�.Gí

�&#7 8 '�ÒÏ¿+ 1 $.<��S�+wJ«

@�<��S�.DÏ��Õ+*K./�ÒBC`��

_F��Õ�ð��L�o�(�ð��L�_F+
�

& play «ì.&'�K voicing 
6���(.Ý�Ü

d��Õ�.o�'�K�®�<�'��KS]��.

<��S�/�'+Ù¡Ü?(���.Ò4.�ÖR T

(�K� T +Ë�&4®�K<��S�V.DÏ� n

��K(���LI<��S�V.Ò�.�ÖR Bi*i

= 1, � � �, n+(�K�1�4�7S/T ( Bi .<��

J�'�S�*2.7  ++Ë�&�Ü�¯©+¯�KÒ

1.<��J�'�S�R��õ���LR(�K�
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4. ¯ c õ �

4.1 ¹._F9��Å���&@(.�L

/�3� 
8)
/1�4�7S.M©(*#��Ö.¢

.ÙR�ü�K_F9����&@'�K�/�3� 

+
�K_F*Ñjí.Ò1
++(£U/��L�L

�Ö(��'S�'�K�/�3� '/���'S�

+6+¯©Rb�*�#�A���'S�.<��

J�'�S�+arP*���º2-#&�K�>��

1�4�7S'/��'S��RF���¿Ý�K�(

'F��.4¿R��&@+Ö�K�(�ß�(*#�

��/�3� /�.H�*.e?Rª4�&�*�#

���LHJ�1�4�7S'/�/�3� +�9&

S]QÉR��&Kªì.�K¦r�3ILK�

EMI5) /��.ºûS].¢.ÙR�ü�&���

ºûS]Rr#÷í�K��&@'�K� EMI +
�

K_F*signature (�0LK+/ 1 1 '�K�£

U/� Cope �ª%���û����*SPEACY++

Ç%�&xx�LK�C`_F.ð�/�? signature

+bÄ�L�6^/9�(K)��.�);#�*�L

'���K�R÷í�Kg/� SPEAC +HK��

Üç(A\H;}RÖ�& signature RÑe���K�

EMI '/�F��(.�S�I��GSR�O�+

â*Õ.S]R÷í���F��/�è+�LIRWg

�&HR+�#�S]RGí�K.'�I��"r+�

��1�4�7S'/�F��.4¿R�S�I�&�

6+$�K+Ö�&R÷í�K.'�I�,�Ì��

K�3ILK�

4.2 �#�GS��&@(.�L

Kû+��#�GS��&@+
�K�/�±.¦

rR'I�����»�R÷í�K(�� 3 #%�I

íJ2)
�»�.÷íR�g'�����(���BÕ

R!�0�1�4�7S(9�Õ�º��

º�.�#�GS��&@+
�&�'I7M��/

�±.¦r.Í$�.6^*Ö.â��Ö.��.þ

.��Ö++>����LIR¡/Ø��6^/9�(

K+¼��K�('�J��/6^/�+
�&Á

�*,�£îRÖ�&6¡.1��S*�±.4¿+R

xx�K�('�J�÷í/�'3IL�6¡.1

��SR�+Á�*¦rRù]¿]�K�('�K�

�#�GS��&@'/��.q2'��RKî6^

/9�(K+¼��&�Ixx�K��1�4�7S'

/�.q2'��*�Ö«�++Ë�u�¿+xx*C

Y SPEAC (/� Statement�Preparation� Extension�

Antecedent�Consequent .�£c'�K�

`ð�+R���6^/9�(K�I/�.q2'��

���'*�(���(�I��KH�+�6^/9

�(K+¼��K(���(/sÞ.�`R4J�K�

�LHJ�ÖS.KÜÇ�/
�7S*�A�`��s

Þ�0í9Ü+*K�(��J�åc*�.��+*

K�6^/�+
�KÚI�.4¿Rf$���.

q2'��+
�&$�4¿Rf$È]�*�(��Ø

Õ+$*�K�

F�0� 3.5  'ª%���Ë¿C`îR�,�&«

ì+¯�Kê?b�R��o�Rz�K���'ÙÖ�

� DOOD D��'S��+HKJ�/���'K

(��4J'q2'��.sÞR�Q+È³�&�K.

'�ÖS'x.J�èwRK�¼f�K9Ü/*��

F��.4¿+¥#�ê?b�Rq2'��+u�ÁÖ

�K�(�'�hâ.ØÕR�!'K�

5. 
 O J +

�è+1�4�7SRWÖ�&�F��4¿RJ��

K.+��'S���²I'�K�(�ºÒ'Kª��

]k.S]RI�,�÷í'K�(RGx���

��'S��+HK�K�4S�� GTTM . TSR

(9�ÕRf$(���(/��Ë¿*C`î�Rµ@

1�4�7S.��ÖSã.u¨+�0�&�K(�

��(RoÁ�&�K�����GTTM /ºJ¿*

S]��ÉÀ'�J�TSR )).��±êBµS'�

K��è�<�����'S�.¯©.?'/��9

&.go¿�$�¿*è��â÷'KO�'/*��

DOOD +Ç%�ÖS'xJ�/q2'��.sÞR

�Q+È³�&�K.'�%J�ê.h' GTTM R

/�A(�KÖS��.¤ÖR�I+«AK./�L¿

Ë6'�K(z�K���&��I+I�¿*�S�

5���Rª4�}ùR¡Ã+�K�((F��.4¿

RHJ��r¸îRB#&J��K�(.!���3
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*�C��M4�.+

+Z�K�(R�A����

� z £ ô

1) Ames, C.: Protocol: Motivation, Design, and

Production of a Composition for Solo Piano,

Machine Models of Music (Schwanauer, S. M.

and Levitt, D. A.(eds.)), The MIT Press, pp.

357{382 (1993).

2) ��º3: �C@�#�GS��&@, �S4E�

�(ÖS.ã� (pýÓK, I%Å3, ª�|, ªÙ

®f (¿)), 9�õö, pp. 283{305 (1998).

3) Balaban, M., Ebcio�glu, K. and Laske,

O.(eds.): Understanding Music with AI , The



Vol. 42 No. 3 641

MIT Press (1992).

4) Boulanger, R.(ed.): The Csound Book, The

MIT Press (2000).

5) Cope, D.: Experiments in Musical Intelli-

gence, A-R Editions, Inc. (1996).

6) Cope, D.: The Composer's Underscoring En-

vironment: CUE, Computer Music J., Vol. 21,

No. 3, pp. 20{37 (1997).

7) Dannenberg, R. B.: Music Representation Is-

sues, Techniques, and Systems, Computer Mu-

sic J., Vol. 17, No. 3, pp. 20{30 (1993).

8) 4� T, ªÙ®f: /�3� : ¦ý
6���

(AM+Ç%�&�C�I����)+J/�B*

���K��&@, sÞ�Q�õ�Þ�, Vol. 96,

No. 75, pp. 33{38 (1996). 96-MUS-16.

9) Hirata, K.: Representation of Jazz Piano

Knowledge Using a Deductive Object-Oriented

Approach, Proc. of Int'l Computer Music

Conf., ICMA, pp. 244{247 (1996).

10) ªÙ®f: �S4E��h'.ÖS'x.J�, �

S4E��(ÖS.ã� (pýÓK,I%Å3, ª�

|, ªÙ®f (¿)), 9�õö, pp. 163{181 (1998).

11) Hirata, K. and Aoyagi, T.: Musically Intel-

ligent Agent for Composition and Interactive

Performance, Proc. of Int'l Computer Music

Conf., ICMA, pp. 167{170 (1999).

12) ªÙ®f, ����: 1�4�7S: �'B)�'

B�S�I�&�6+1�K'¿�C��Ö÷í

��&@, sÞ�Q�õ�Þ�, Vol. 99, No. 68,

pp. 7{12 (1999). 99-MUS-31.

13) ªÙ®f, ª�?-: ¦ý
6���(AM'�

�9��RÖ��¦r÷í�7J���GS
S

(M��, ®V'�Q�X, Vol. 14, No. 6, pp.

1033{1040 (1999).

14) Johnson-Laird, P. N.: Jazz Improvization: A

Theory at the Computational Level,Represent-

ing Musical Structure (Howell, P. et al.(eds.)),

Academic Press, pp. 291{325 (1991).

15) Kifer, M.: Deductive and Object Data Lan-

guages: A Quest for Integration, Proc. of 4th

Int'l Conf. on Deductive and Object-Oriented

Databases (1995). Also in LNCS 1013.

16) 1ÖÚ: dìj� (1) �3 (2), ®V'�Q�X,

Vol. 8, No. 2&3, pp. 184{191&305{311 (1993).

17) Kolodner, J.: Case-Based Reasoning, Morgan

Kaufmann (1993).

18) KLIC;�;�@:��: http://www.klic.org/

index.ja.html (1998).

19) Lerdahl, F. and Jackendo�, R.: A Generative

Theory of Tonal Music, The MIT Press (1983).

20) Plaza, E.: Cases as Terms: A Feature Term

Approach to the Structured Representation of

Cases, Lecture Notes in Arti�cial Intelligence

Vol. 1010 , Springer-Verlag, pp.265{276 (1995).

Proc. of ICCBR-95.

21) Rowe, R.: Interactive Music System, The MIT

Press (1993).

22) Rowe, R. and Garton, B.: Editor's Note:

Putting Max in Perspective, Computer Music

J., Vol. 17, No. 2, pp. 3{11 (1993).

23) Sadie, S.(ed.): The New Grove Dictionary of

Music and Musicians, Macmillan Publishers

Limited (1980).

24) Wiggins, G., Miranda, E., Smaill, A. and Har-

ris, M.: A Framework for the Evaluation of Mu-

sic Representation Systems, Computer Music

J., Vol. 17, No. 3, pp. 31{42 (1993).

25) Winkler, T.: Composing Interactive Music,

The MIT Press (1998).

26) Xenakis, I.: Formalized Music, Pendragon

Press, pp. 329{334 (1992). Appendix III: The

New UPIC System.

27) ¾ÙKô: ¦ý
6���(AM'��9��+

$�&, �S4E���5(���, Vol. 9, No. 4,

pp. 3{18 (1992).

(ªí12�4ß 3o¼b)

(ªí13�1ß11oÙ�)

ªÙ ®f*ô�V+

?� 33�÷� 1987� �3âQs

ÞVQ+�ø¯¿7ø¯É��VQ¿

7�$� NTT Ç`õ���1990 �

�I 1993 �*í+�ãà�S4E�

�ðö$ÞÖj*ICOT+� 1999 �

HJ���ÖSsÞ��3���°7M�I?S

�.õ�+ã_�o%�5(���åQ��V� Int'l

Computer Music Assoc. �_�KLIC ;��_�

�� ��*ô�V+

?� 35 �÷� 1988 � �3âQ

sÞVQ+�ø¯¿7ø¯É��$

�ÚÙ��âQ�ÖSsÞ��3

CAI .õ�+ã_� 1998 �HJ�

��


