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Abstract
This paper presents a music summarization system called ”Papipuun” that we are developing. Papipuun
performs quick listening in a manner similar to a stylus skipping on a scratched record, but the skipping
occurs correctly at punctuations of musical phrases, not arbitrarily. First, we developed a method for rep-
resenting polyphony based on time-span reduction in the generative theory of tonal music (GTTM) and
the deductive object-oriented database (DOOD). The operation, least upper bound, plays an important role
in similarity checking of polyphonies represented in our method. Next, in a preprocessing phase, a user
analyzes a set piece by the time-span reduction, using a dedicated tool, called TS-Editor. For a real time
phase, the user interacts with the main system, Summarizer, to perform music summarization. Summarizer
discovers a piece structure by similarity checking. When the user identifies the fragments to be skipped,
Summarizer deletes them and concatenates the rest. Papipuun can produce the music summarization of
good quality, reflecting the atmosphere of an entire piece through interaction with the user.
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l�}�×#Êx��«�¬{ÒjÓ�Ô�Õ�vBÏgÐ�Ò¢Ó�Ô�Õ�z�|jl�}B�jÊ
å��
©
ª Æ �B��ËO��Ì{  2 °��xÏWÐ�Ò{Ó�Ô�Õ���t c
���
þ
u^��ÊBå�;m°�n
o�p�q�r�s�u^é�Ï Ð�Ò{Ó�ÔmÕ
zm|dl�}j°K×�ï¸�Í�����¢¹mzmv¢�
©
ª Æ ���9ËO��Ì
  2 °��xÏWÐ�Ò{Ó�Ô�Õj�jª
hj�tnjo�p�q�rts���ò��
ÊBåm��ö�÷���[�&� tl�}
� 4 zmv¢�¢ÏÑÐÒ{Ó�ÔmÕd�±i²K§�¨
5tn¢o�p�q�r�s��
ò��=�����m �}��B�
���
ØiÎ=Ï9��v¢���{��¶O·���«�¬tÒmÓ�ÔmÕxh��tlm×�z¢þ-tÊ�åj�9	�5�©xh��æíü¨Kl|«�¬mÒ
Ó?Ô
Õ���´
 �}���ê
�{zmvx��Ø*«9¬tÒ{Ó�ÔmÕ¢� head á{k�Ûd���
ò�8 ( �
��� ) ��ð�:�Ý¢±{©�ÞU��±¢àm��×�×#Ð
	�å
�{l�}dµ¢µ
z��Eí1¨�5�«9¬dÒtÓ�ÔmÕ�}t�Bþ9-^�aÑ�Ò{ tl�njo�p
q�r�s�u�v¢����Ó���ÏWÐ�Ò{Ó�Ô�Õ
��þ�ÿ� �l 1 °��Ô�Õ ��rUn�Õ{s�h�Ö6×����¢}Oé�Ê�%t�tl�þ
ÿ�rKn�Õ
s�Û9�fí$¨�5�Ø ¶ v¢��Ù��Bþ�-æ�jnjo�p�q�r�s�u�Û�Gí$¨�l�}
3 Ú�ÛÝÜßÞáàãâ
Ë
ÌdÍBÎO��¯m��å 2 °��xÏÑÐÒmÓ�ÔdÕ�ª{��ä�å*æt�$9�m tl�@�A�çÑÐéè�p{���9êm tlB}��¢��¡�ë Æ �=ìí v�î�ï¢º�ð (least upper bound, lub) z�|{l�}=t=ñ Æ
hx� lub v 2 °
��ÏgÐ?Ò�Ó�ÔjÕ¢��î�ò���>��¢þt��ó í
 dlB}=>�ô�� lub õ÷öùøûúýü�vlþ ÿ�� õ N���� öxú ��� ú�ú � O üü���ÃU§?¨^l�}	��å��rö , ú�hx°
�xå
�=öxú lub õ÷ö ø^úýü £
¤ ú�ú lub õ ö øûúýüÀÛxî�!
°x} lub ��º�
 Æ ���*�¢v��Eâ� í1¨då��{l�}�é�Ê 2 °����9>��jþ
Û�t��ñ������
â %m�{l��¢�jÛ�&9�Kí�¨Ul
��� lub �����mvx���j°�×
ï�îæé Ä
Å{Æ z¢ÙxÚ��¢Û��{�����th¢�ml ( �^���Ñâ ) }�^v�±æ�¢ÊBå�~ â�µ¢��Û{zUÜ��
����z���ô�h lub ������|~Wâ�µ���vBz�Ü��¢��}��9��¯
� lub ó í ���{h
ÖG×?¨æl�|dl�±dhj°��jå����x�BÝ�±d©�Þæ��±
à���Ù
Údv����OÊ�å���l�Ûj±�wd��jÛ��O��Ø ¶ ���¢��±t�®��{��±���Ê�å��Uí� Kµ¢��v�z�Ü��
��}������ä9å�æm��$��¢¹æ��v lub ��¯{�Bå 2 °
�B�
�t��î�ò���>���þ���ó í  tldµ¢��z{|dl�}��¢� 2 °
���x��h���>���þxÛ��{k�¨
¯����� ¢ÉB�xñ�ï�i"!m��äå�Ê�å
�ml
��$���§1¨�l�} Plaza [12] z�v��"��°����
[1] v����t�Bûj»th�#UÊBå�iEï�� lub v�î9ä9å������
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Figure 4: ÏQÐ�Ò{Ó�Ô{Õx�dn¢o�p
qBrts��jò
+�, h�#OÊ�å���l{�.-�²tÊ�å���l ( 5�ámÊ Plaza ��¶
·�´¢¸�¹dv����I���j��¨æ��v�~�/ Æ h�%m��	�å��
l ) }
3.1 lub 0214365�798;:
� 5 vx� C4 G4 � C4 ���æ�ü��<{� 2 °����j�m� lubó í ����z{|dl�}Kµ?¨gí 2 °��������{n
o�p
q�rts

lub( , )=

M M M {{ M M M M M M

Figure 5: lub ���j�d���
u�v��KÊBåm|ml�Ûd�
©
ª=����v�g<hdÊ�5¢}Kµ
µ�zmv\ �j� C4 G4 ú
�¢� C4 _{���E�-ËjÌmÍBÎ¢Û
î�!OÊ�å
iGï lub �����mv��j� C4 z�|ml�}
� 6 v=��Ê|¹�»d���¢�d����z{|�l�} 2 °����
�d�

lub( , )=

M M M >>>>> M M M >>>@?? M M M >>>

Figure 6: lub h�ñBl|î�ò���>9�jþt� ÄBA
¡"Ct��±dvBØ
� D4, F4 z{|æï"�Kµ1¨Eí�v�±�w
ßKn�o
pjq�rds�u�h¢Í�Ê�å=Á ¶ ÊB�¢� ( D�	�åj©¢ª����dhxÍ
ÊBåKé�Á ¶ Êx�
� ) ��z�� lub �����dh�vOµ?¨Ií D4,
F4 ��±�v�Ö^×�¨��j�¢}

� 7 v���±�wmvjð9:�á�Û¢±¢à¢Û�%{�{l
ñ������jz
|ml ( � 3 h�ð*: ) }Uµ�� lub ���*�tvj��±
à���ÙjÚ
Û����KÊ��j� C4, F4, G4 Û
±9x��"EQï"��î97jÛiÎ�þ
±�/{� C5 z�|�l
ñd�1���¢�jz�|�l�}�°�×tï"�����m�Ä�ÅmÆ ���j�tv¢��FHGm� 2 °������{ìæí(�Eí$¨æl��
�t��I���îæé(��>��¢þjÛ��d���j�����6	�å
�ml�} C4,
F4, G4 vx��±�wdvJ���OÊBå��{l�Ûd��±jàjÛ�K����æ�
�^�¸����z	K�L���z{|ml�}

lub( , )=

z z
z z
z z {{
{ {{
{{
{

z z
z z
z z {{
{ {{
{{
{

C4F4G4

z z
z z
z z {{
{ {{
{{
{

Figure 7: Ä
Å�Æ ��±æ�ö
÷d��Ù¢Ú

Çmh¢���
é�h C4 ��ÖNM D4 C4 ���G���¢�æ� C4
G4 ���E���¢����y���l ( � 8) }B~j¶�·�´j¸¢¹�z{v¢©

lub( , )=

M M {{
{

M M
M
{{ {{

{

Figure 8: ©jª Æ �=O�x
ª�ÙjÚ^é�´�¸OÊ�å��dl��xz����j����P�Qd©�ÞO�R#HS
hJT*�¢å¢ìæí lub ��ó í  dl�}j� 8 z{vx� C4 t�8m�ï�U�Vd�WT9�xå�ì�í lub ��ó í Ê�åj��l�}�~x¶m·�´x¸
¹{z	XHF�Ê�5x©jª=����vx� auftakt ��;m°B����zKéZY
Êæâ��Qï�§i�dl�}Ñ�Á Æ h¢� 9 v��|8��U��ð�:�±�xjz�|{lÛ[P=Q{©
Þ�Û�%��{l����m� lub �����t���tÊ�åj�{l�}=PRQ{©�Þ

lub( , )=

M M {{
{

M M
M
{{

\

Figure 9: O ¶ °d�¢�
�����d� lub

Û�%m�dl���z=���tv]�mz{|ml�}
µ¢µ�×z�����z�v��W^[_����¢�{hx {l=5�X��¢�¢�

��ë�§�	|5�Û
��~¢¶m·�´x¸�¹d� lub vBÏgÐ?Ò¢ÓÔ�ÕBh
é�ð=`dh�#*¯�a	b�z{|{l�}
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3.2 798;: ndce:
lub ����E���t�ñ Æ hB»�0Ol�} lub vJF�G{� 2 °
�B�
����î�ò���>��
þO��ó í  tl���z{��ó í �9��Û�FHG
�ZfKÊ���Ø ¶ v lub ��ó í Ê�5Oµ
��h�ñjl�ÙjÚ��	gh Û�Qâ"���x� 2 °
���¢�mv"f¢à
z�|
l ( îKé#ä�å�Ê
å��ml ) �ay��Uí�¨�l�}�idh=ó í ���jÛ��O��Ø ¶ v��F�G{���
�d�BÙxÚjÛ���å h )�¨�5t���^�Bµx��zm|^ï-�F�G
� 2 °
���x�mvR{Í�Îjz�|jl ( �Wâ ä�å�Ê�å
���
� ) �ay9��í�¨Ul�} b ºd��u9�Kñtï�������v lub ó í
hOñ�	�å h )¢¨�5�Ù¢Ú����O�té=	�å 2 °����
�d��äå�æ���ó�jm tltµ¢�
�� tl�} h )¢¨æl�ÙjÚth�v¢��n
oBp�q�r�s�umh
Íj tldé��O��©�ª=����h¢Íj �l{é��
Ûm|æï-�dµ�¨Gí�v��I��Û�����2dÊ=5�ÏQÐ?Ò
Ó�Ô{Õ�� 2
°
���9emh�Ñ�Ò�Ê�å��ml�}
~ � z�k�l� dl ä�å�æ{�Rm9æt��ûx»� dl�5�X��d×Ê�ºn
 Æ ��û¢¹O�"X�F{ tlB}	oE�BÏÑÐÒmÓ�ÔdÕm�xÊ

å�� � o � p �qoQh�ÖE×�¨Gl�±��Jr*ºt� � o � s ��oW�
note t�uHvHw9¾Ef1hBÖæ×�¨�lZx�°t�"r�º�� � o � y �zo
��©¢ª�t�u�v[w9¾<f1h�Ö^×$¨Ul{x�°d�"r�º��� ml�} 1
°
�B± (note t�uHv|w�¾�f ) v 2 °��=x9° ( ±�w / ±jà
�Ý¢±m©�Þ ) ��;�°��Bz�� well-formed ( �U��Öæ×��j�
ñ{� ) �}o�h�Í
Ê�å � o � s�~ � o � p���� z
|jl�}�ð�`{hB�
1 °���©xª�t�u�v�w�¾6f (temporal t�u�v�w�¾Ef ) v 4
°
�Jx�° ( 4��
±{�=7��j±{��ãEä1±{�
©jª�v
þ ) ��;
°
�Bz�� well-formed �;oOhjÍ{Ê�å � o � y ~ � o � p �R�
zm|{l�}

µxµ�z�� h )�¨�l�Ù¢Ú��|���92� dl�� p , � s , � y
���æ� 3 °
��ä�å9æ{�Rm�æd�RX�F� {l�}�o , ����ÏQÐ
ÒmÓ�Ô{Õ{��Ê�å
�

��� õ�o ø���ü ~ �
lub õ�o ø@��ü � �þZ��� õ � o � � ø � � � � ü

� ��Ã{ dl ( � ~B� ø���ø�� ) }� p ��� s v�n�o�pxq�r{s�u�h�Í�Æ�Ê�å¢i�ï��Z� y
v�©�ª����{hxÍ�Æ�Ê�å¢�{l�}W� p v��.K�LJ�m��±jzOé
1 °j��±K��óx��Ê�åx��±d�n� B�A
z���n�o�p¢q�r{s�u
��ä�å�æd��´tÊ�å
�
l�}.� s v��Zx�°{�|� B�A�z���n
o�pjq�rds�ut��ä�å�æt��´�Ê�åjiGï�� lub �����mh�Ö
×1¨^l.�dåm��±�h¢°��¢å¢±9w^��±
à���x�°
Û�É
�J�æ�����Ê�å
�{l�ìd���� �}¢ðW`mhx�"� y v��Wx�°d�|�B=A�z���©jª����d��ä�å�æd��´�Ê�åji^ï"� lub �����
h�ÖG×1¨Gl.�må{��±��BÝ
±d©
ª�hj°��jå�ºj»��j©
ªt�unvnw�¾�f�� 4 °���x�°
ÛtÉ
���9æ�����ÊBå{�{l
ì{���� B}�5Bá�Ê��±{�Wx�°���©xª����m�"x�°{v"��å
ð�:��më�z����92U§?¨då��ml�}Ç�hx�dµ�¨fí ä�å�æ	m�æxÛ�®���h¢Éj�dñd�1��t���l���ìO���*0Kl�}	o ~ �g�=Ø ¶ v�� p ~ � s ~� y ~���� � z�|Ol�}�iKh lub õ�o ø��#ü ~ � ��Ø ¶ v� p�~ � s�~ � y ~N��� � z{|{l�}	���J d��Ø ¶ ��Ê�åo^ú[�K��Ø ¶ ��y9�tl�} � o � �¢¡ � � � � ($ = N, A, T) �
��zx�£��� ~ � � � ��¤ � o � �$����l�}�§jí�h���µxµ1z�v|º�
� í A  {l�¥�¦{����ö{h�°¢�xåjvR^n_�ÊB�x��Û���� 6
����zmv§� p4~;� ¤�¨ , � s�~;� ¤�¨ , � y ~;© ¤�ª����fï"�
� 7 �=�
zmv;� p ~z�«� � , � s ~2© ¤¬ , � y ~e�®� ¤ � ¨��
��ï"��� 8 ���¢z
v�� p ~2� ¤ � , � s ~2� ¤ � , � y ~¯� ¤ ©

���tl�}�~
¶O·�´
¸j¹mzmv¢�xÏÑÐ�ÒdÓ�Ô�Õ
�=ä9å*æm�æ���µ���ñO�1h��9e Æ h�ó í  tldµj��Û�¨9-{zKÜ
ñ���}D�°m��¶�·�´¢¸x¹jß¢�x�d��ä�å�æ�$��x¹�z�v����
�t�B´�± Æ �=���UÊBì�²fä�ÊBå��j�¢ìI	�5 [13] }B�
�t�= �±����G×�z�y�³{ tl�h�v��jò (reduction) �J´µ ��¶ ï£F
¨Glj��Û*�[·dz�|�l�} Selfridge-Field v\ �¢�m� +�, ß�¸�¹nº"#KÊ=5��¢òmv���¶d·�þ¢ÿt��5�Xº�XnF^§�¨
5 Narmour ����� - ®
¸<¬���AO���mòN 
É�»�,
z{|{laÄj�mvj�j��á6�K�(_m��»�0�å���l [13] }
Selfridge-Field v GTTM º�¼�½¿¾���ò|ºj°��jå�vJÀ
¨då{�j����é��
���B~ � z�k�lKÊ�5�� ���B¶�·�´�¸
¹dv�� Selfridge-Field ����Ánº�Ñ� [¾ 1 °
�WÂ���z�|¾��ay��jåOéa����á6�U��}
4 Ã6ÄÆÅ6ÇÉÈËÊ Ì�ÍÆÎÐÏ�ÑÆÒÉÓÔ

1 ÕHÖ�×HØnÙ�Ú�ÛÝÜ�Þ	ß�à¿Ü�á�â�ã�äBå�æ	çHè�éê|ë=ì�íBî=ï Û : (1) ð�ñ�ò�ó�ô[Ü�Ú�õWâNö"÷�ø ëJùú Þ (2) û�ü�ý�õ�þ�é�ÿ��JünõZâ[ö���� ë�� ô�Þ (3) ãä	��
��û�ü=â¿ö���� ë���� Þ{Ö�ý�õ��������������å�æ�ç�è����� �"!�!$#�% ë�&�í(' Þ*),+"-�Ü�é�. ë/�0 Ü21]Û ( 3 10) �24$5$6 ë87�9 Öné�Þ�:;!�<[é>=

?@ AB
SMF

ë ã�ä$C$D

?@ AB
SMF

ë�E�F ö
G

G
H$I(JLK Ù�âBö�$� ë��M�
NPO C$D ë8Q$R �*S$T

ð�ñ�ò�ó�ô[ÜNÚ�õ"U�V�æ��>WX#�Y
���Jè�æ2��#�Z�ä[ÜNÚ	õX�$[G

G
G

\

(3)

(2)

(1)

G

\

] #MV$��#�5$6

4$5$6

^^^_ _a`bbbbbbbbb

ð�ñ�ò�cVd !"�

Figure 10: �; ���!�!M# ë å�æ�ç�è ì�í
e

SMF
ë�E�F ö�Ü����=è�æ8��#�Z�ä��,[ îWï þ�Þ�fgMh !�i TS-Editor

î g þ8��j�k�ünõ����=è�æ��#Xlë�m�n¿î�o�p ü[õ (4.1 q ) � ] #�V$��#X5�6 ë�7;9 Öé	Þ:M!<né�r�å�æ�ç�è Summarizer
î g þ���ã�ä îï Ûs��= e Summarizer é"â¿ö���� ë �,�Jè�æ8�t#�lë

lub
î�u8v 
"Þ{ð�ñ�
�ÙRâ¿ö���� î�w 
,x�
=Þ2y Kz î =,��{��c|$}8#;~�|��¿Ü Q�R ü|õ (4.2 q ) ����W�$��� ! ë ð�ñ�ò�ó	ô�Ü,�"
���:�!�<�é����2� ë �cVd !;� î2��� õ��;y ëM��ë 3 ��é���� , ��� , ��� ë$�� �2
8� g þ z K õ8�,:"!�<[é�Þ Summarizer

ë
GUIî g þ���. K z �	V d !;� î������ 
��q	
�ÞJð�ñ
	Ù�âBö�$� î�� ô>
8��þ�� (4.3 q ) �:"!<, �ã�ä[Ü2¡�
"ÿM�	üJØ	¢£âBö���� î�� ô�üõM�RÞ Summarizer é�y K z î ÿ"�;
�Ù=û � ��� î��� 
JÞ�:;!�<[Ü8SMT J�£ õ��"y ë (

NcO
) C$D$ ":;!
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< ë2¤t¥ Ü�¦M§nü¿õ;�.ã�äBé�¨c©�üBõ8� ' 
$y�Û¢Öª þ2«M¦[Þ�ð�ñ�ò�ó�ô ë �¬V d !�� î ��q[ü¿õ 7t9Ü2�õ� TS-Editor � Summarizer é�� ' Ü Java Ö�®¯ JLK ��þHõ8�°¬± ë å�æ�ç�è² uHë�³2´ é�Þ"á�â�6�µ[Ü�¶�·>¸J�K �Hþ¿õ�5M6Bé¬¹ ìMº 
�ÞMy�Û¢Ö ª þ85M6Bé /�ì
( :t!8<¬� ë �$#"��V"U	å¼»�# ) Ö ì�í J�£ õ"�Jþ}Û'Wë Ö�ý�õ����; ��;!,!�# ë «,¦�Þ��½W ���*� ! ëQ¾$¿ é GTTM  $¶�·¬¸�
2��þ|õ� |Þ�ã�ä ë�³ ¿ ( ðñ�ò ë2À ò ëÁ þ8�PÂ2Ã�ã�ä¼�,
2��û[ü�âNö8��� ëH$I�Ä

) é�Å�Æ ª á�â�6�µ ' ¶$·	¸,
���þ ª þ��BÚ�Ç��Þ ð	ñc
�ÙRâ|ö���� î =���{Hõ�5,6néc¹ ì�º 
"Þ�yK"È�É ë 5�6Bé /�ì �"ü¿õ8� /�ì Ü�Ú	õ�5�6 ë ß��Ü8jt
���Þ�Ê ± ë;ËÌ !(WÝæ�çt}8U"æ î�Í g ü[õM.��'�Î�Ï Ö[ý|õ� ¿Þ"y ë C$D�Ð z K ÙJã�ä� "Ñ[Ü�:t!< ë2¤t¥ Ü�¦ Û�ÒtÂ	Ö[é ª þ"
	Þ;Ó;
$Ô8:t!8<|Ü�ÕÖ î× � £ õ�«$¦ ' ý|õØ�Ô�Ûs�
4.1 TS-Editor Ù�ÚÜÛ	ÝßÞáà
:t!2<¿é�Þ�f g�h !8i TS-Editor

î g þ$� EMF ö ë���Jè�æ8�c#Xl îo�p ü[õ�� TS-Editor â ëo"p é EF ö ë SMF
��ã �Xi[Ö[ý � Þtx p é�Þ o"p|ë SMF�$ã ��i î XML Üä�å�
JÙ 'Wë ��j,k�üHõ$���=è�æ�P#�l ë2m�n (XML

��ã �Xi ) ÖHý[õ���3 11 é ì�íO ë
TS-Editor

ë |�}8#"~,|ZÖ�ý � Þ� �æ;ç��2!�i�èé Ö Q,R JêK Ù"â|ö;�,����è�æ8��#�l�  ú � õ ( â|öé “ ��i¬ë ï�ì ö ”
ë"íî

7 ï$qnÖ[ý|õ ) ���$�	è�æ

Figure 11: TS-Editor � ë  ,æ"ç���!�i�è é ë �ÜW �,�� !;��y ë �$��è�æ2�c#�l
�>#�l ë O�ð ç�!t~ ë HMI îñ;ò Ü�üBõ	Ù${�Ü�Þ��ótô ë�õ�ö |�}�#t~�|=ÜHé�Þ �"÷ ���	è�æ��>#�l� 
Windows

��� itø2è é Ö Q�R JLK ��þnõ�� oMpHë2&í é�ù>¢c� 2 Ê�ðnÜ�;Â z K õ�� 1 ��é;���=è�æ��#l ë8o�p Öný � Þ ' Û 1 ��é�ú ð ÷�ø ë2o$p ÖnýHõ��= e TS-Editor   SMF
�$ã �Li îXû"¥�ü Ó;�{Þ.üØ�� ë á î.ù á"ú�ý 0 Ütþ!P�X
"ÞLÿ ��� !Xi½� ë ��Jè�æ��>#�l (
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