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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.

1 � �����[;];_^`(Qd{q[;]Ra^bdc;enZqò��d���vô��^ËY������ ±ª�(yn±Fs �½���npP©;sdtPÙ;_x���G¦ { ���ds�!åV�\¤§¦#"§ ¥±\s²�Ä���v��$���%*s*®qbRº��&�*y\zù(' «­� )§  Z\[d]*adbvc;edQv{\Ñ(¢F{+*(¢F{\³,�-*Z	.0/&1P�*®BbYº32dSVZP~�4LpPUBW657'xtY�\~Lzù8':9q®vb�ºªQ;
^Ìx�0�^r <xÖPõ&=��� Ä{F[P]YZ�>ä@?	A^pV±;��tPQF{CB��;DnsFE '*�Ls;G;ExZFH�I^{7JK^{3E L^{CM�K -P��NPOCQ;'xtds^y^�*� p	R(�&9S'xtsny\znùLù­��TVU�Qv{�Ñ(¢B{C*(¢B{�³�,�-*Z^®BbVº õ�R¦SWxÌ^��X��xs�<xÖ(ZV®Fb�º
( Y@Z�[ _;`�\�]0^ )�_9 ò@�`53'²y�a(p�bdc�Ë(yFzF[^](a^bdc^eqõxâVlã;pnX_e^Î�<dÖ*Zn®Fb(º

( Y0Z [ _L`�\�]�^ )
��f�g��� [ {dâVlBã*Qq[^]�1Pp;X��xs�ùP±q��h�i@j;¬*p�dZ;XdexÎ�<PÖ*Z*®Fb(ºF�Fk�l�j^t;
;ÌVZ*®Bb(ºq�¿nã�¯;mª���;yB�nm.� z�ù\ZR���­�`oP�>çqpd¹�rR�Àdç��+s@t��L~B[^]Ra^bdcne;ZFò��d�Rp����¥t^{ >ä�? An�`u�[P]�v�w^Þ;ß0J0xRZ�y�zY��{ � yVùd±�õ

|�}65~'²y\z���*{R¯dmn®ql����V»�\
Web

J�xnõ0�����Ft^©¦�{��_Uè��E0L�\@v�w;õ$ù~'�9ªZF�(pqë0�P1;p��@�57'RtnsRyBzq[;];_;`@\0]0^²±Fsn�ª~�o;�>ç�pv¹�r��Àvç(Zx®Bb(ºd±v¯vm;®Fl��P�x»
/Web

J�xR�+k�l0jyP±�{�E�1L���Pí�¶��´{	�Pln®v¯BZ����v[n{d¯qmP®qíº¥c6��·*�F[;]Ra^bPc^eY±Bs��B~;���vs;!*ådõ�h Z98'.yBz�ù8':9¥Q;sv¬ '.�;mªc(mdæ	�@�Y�;��sVË(yJ�x ±q�Bt |�}`5~'.yBz[L]d_d`�±¥sG��®ªb(º\Qq{\]*¢dXF�qÍ`u�c��V��tsxy¥ïPë��Vyªs^Q��PÊxË(y´ï;ëR�
( ��� 1Pp )

ô&�BËùd±è���*yFzq[;];_;`RZqÃd�RQd{�ù8' «���� Z y �ðx����f0��57'Rtxs;�^sFõ*{�=��� ½¶(l\¿���¶��� î �*Zq��¡.±3¢@ dî �*Zv�;¡(Z
2
þ§¦ pFë � 9(' y\zÝ�£*Z	¤�¥�¦ Y ±q�ªt Logan

±
Chu
ZPa;bqcde

[11]õn�VyBz�§d9¥QP{q]Y¢;Xq�dÍqu@cC�`�èt ¢@¨VpFú yïPë
( © l^Çx�Bl;ª�±+«�¬ )

±ªQªÍ�u~­ ¦¯®q5~'(t^syèï;ëx���Vyn±�°PÒ��q{�±��&53'�~ © lnÇV�Fl;ªR�

1



u��´tL_d` ±èËVyqa;bqc;e;�vUFW��\tns^yFzx�	�V�B{
© l^ÇV�ql�ª*QF�0²�£(Z0³;´�\0R0µVp�=��� �¶�·�5'.yvZv�n{�ùªZ;°PÒRQ ¸xp�¹��vsR±FQ�º`9è�^sLz�59´pd{

Logan
±

Chu
ZPa;bvcnePQL{v](¢ªÿ��VZ;����(�+�0
(�q~(�(� �B_d`Y�ª���nË*y*ùv±�õ^�Y�ª�dsvz

» �n{;¢� ;î��RZv��¡(Qd{;¼�½²�´Àdçx�dÊ;S�57'�~](¢
( Y�Z [ SMF)

�F¾�¿�±F�B{ª¶nl\¿��­¶ �0 dî��Zq� ¡.�(¦Ä[;]Pß�ÀRZ�Á^åLõ0Â�Ã;�&�*yªz
Hurron[8]Q�¢@ Pî �*Zq��¡VZ

1
rL���xy\zT6UèQq{¥](¢¥ÿ��*Z+�&�;�V�F�0
(�q~V�V� �ª_d`Zv���Y�Vc ¼*ËFz�ù\ZY�R���F_;`���2;S*Ë(yL~04;pQ;Ä0Å(�v]Y¢ªò@�R�Bë;ì*ËYy�Æ^_^õn�G¦ {*�LZn~04p;Qª[P]Pß�À;õ�f�gxË*yè[d]�E�Ldõ�Æd_ ±\�xyqZª�n{Æ�Ç�1Pp;¢� Pî �VZv� ¡R�FÈnåPËVyFzMFOd�dQB{¡SqTPU\WnXBZ\k@É(»>®F¯�kdavbªcFe f hj\knlqlPmvo�pqrLsFtFuPw(y¥z­hxjªknlvldmqQ¥�v�d��;�(�Py��;� �ªZ*�Y� �L�B�x�v_P`Y�è����z;~v�V�B{�PZB�^�n�(QB�^�(Zq�;�x�^�Y�^yvZv�*Q^�  ¡{q]Y¢Z^£ª¤�¦Ä¨^�(pP©;sPtL[;]�1;p�¹��²  �(�nyBzqS;TZªh*jBkxlLl;mqZ	t0Ê^Qv{�»�ç�����ËR¢

( Ì lvæ�Í ç»½ÑY¢
)
\

Let It Be ( Î l » ç&ª )
Z;j�rÐÏ�Ñ�É+*Y¢Ò�-*ZPj�r�ÏB¢Fp�ºBÒY�Bt;sxy

(
rR«V¦ { »�Ó ÔVZ\]Ô pV�Fy

format 0
Z

SMF)
znùèZ�Õ�ºdQv{>[d]d_v`*p©;sPt�Ö0×*ËLw���énê��ªÿ*t Ø�ÙP�*sVyn±ªs �½���pP©Psqt^{ » Ú µY�+Ûx���´txsP�dsvzn�dZ¥éPê²±\Qv{Å�Æ�ÇxÈ´É*ldZqÊ;SV{;Ü�Ý(ZBÔ^Õ^Ö^×;Ò��Bå*s;~q]¢ªòPóYZFWVôP{q�;�^�*Ëvw.��ïnë(ZnøªÒV{F_^`.±L�tqúxËqw �­ï;ëVZBûPüx{L�&�*y\zMLO*Z\ò��xQBÌxZ¥þ"¦ �&�ny\zèü§ ¯Þ

2 ß �dÅ0ÆÇ*È´É*ldZBÊ^Sd�(pPr;sdtvunwx{�Þ
3 ß �LÍ^ÎP�PÏpqÁ^Â§ SÜ�Ý;Ô;Õ;ÖP×PÒP���+f0���B{�Þ

4 ß ��¯Lm®dínºªc6��·x�q[;];_^`P���	f0���BkÐÉ�»ª®P¯ªk*abdc^ePpdr;sdtLunw�yªzqÍ0à(p;Þ
5 ß ��á�ÀY�\unw±Câ�à(Z\édêVp;ã�' yªz

2 äæåèçêéìëM ß ��s@txË(yè]�¢ªÊ;SP�YZÐcF1^Qd{R®P¯qenbqhRm°;`(p0íPË(yBÅ�Æ�ÇVÈ�Éxl�înZ0í�ïY�	¢Pu��Ft^{x�'��BÅ"Æ�Ç;È´ÉxlLZ\Ô;Õ;ÖL×PÒxpvåxs^yVùv±´�&�^yBzT@U Qn« ¬L{
generative theory of tonal music (GTTM)

[10]
Zn®q¯\edb¥hxm´°q`�± ³LµP¶F·^¸L¹vºV»¡¼x¾è¿xl®�ÀRlLb

(DOOD) [14, 9]
pFÁPÂ ��Å�Æ�ÇxÈ´Éxld�ªÊSxËVyè¿Rlx®�òPó���ð&ñR�v~Lz

GTTM
Qv{�ñ�ò0ó@ôZ�2�õRp0íV�FtvÍquCö@÷(�q[;];ß�À*���VyBz

DOODQFß�Àn1^�FÁ0øPõ0ù0�`53'�~;E0LPÊ;Sd�YZ
1
rL���¦¡{FúV��t;û�¡@1dp	²"¦¯ü*s�Ã^s

1
z

DOOD
QFý�µdòó

[1]
±���þnøL�Có�KV� ÿ;rqz

DOOD
Z����@íFïxQ »Ú pL{���� –

±�¿xZ�í;ï
(
s��
	Ry

is a
í�ï

)
�èÊdSË*yF~�4PpFånsP9�' yBZF�P{

GTTM
pL©dsqt

DOODZ��
�ní�ïVp�¾0!xË(y�u\ZnQV®P¯ve;bqhRm\°^`n���y;±
�LÒxË*yqZ\õdÍ`u � Ç;�@�*y;±7h Z y [5, 7]
z²Æ

� l Ì
� ¯\ã [4, 2]
{;*�¢La^bdc^e

[3]
{F³�,x���Va

1DOOD ������������������� �"!$#�% &
'�(�)�*"+-, .$��/0 ,1��2-3�4"5 6171�-8�9�: ;$< =�'>(�)�*"+-, .?���>@

bdc^e
[6]
uBøx�G 

GTTM
±

DOOD
ZBA�k(ZÐu;±�nUFW657'*t;sxyFz

2.1 CEDGFIHKJMLONQPSRUTWVWXKYQZ\[^]I_`badcfeg`
GTTM hji
kml
njoBp
qBrts�utvxw�y
u{z{|ml�}�~� z
v����x�����
����� primary ���B���"z��x���m�
secondary �O���B��}�� 1 �B��hB������������������n
o�pxq�rds
ud���� �}��¢¡�� primary �x£�¤ secondary
��z
¥�¦U§?¨^l�©jª�« ( nxoBp�q�rts ) ( ¬­ ­ ­ ­ ­ ­ ­ ­ ­ ­® z��{  )
vx� head ����¯�¨^l 1 °j��± / ²j±�z�³�´U§?¨^l ( µ
µ�z
v C4) }
~x¶m·�´x¸x¹mvB��º�»m��n¢o�p¢q�rms�u

¼ ¼
¼
½½½

head C4
primary secondary¾ ¾À¿ ÁÁ Â

¬­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­ ­®

Ã
¼ ¼
¼head C4

¬® Ä
Å{ÆÇ¢È Æ
Figure 1: �j�mÉG��Ê���ËjÌmÍBÎ

��ÏÑÐ�Ò{Ó�ÔmÕxh�ÖG×1¨^l�Øj±��¢©
ªxÙjÚ���´
¸m 
lmµ¢��Û{zKÜ¢lB}
©
ª�Ù
Údh�v¢��Øj±��BÝ
±d©�Þ�ß
±
àmá{kxz{�Iâ���ãfä�Ê�å��ml�±æ���j��çmè��B±^�
��©¢ªxÍ�ÎUé�Öæ×�¨Kl ( � 1 z�v�©xªBÙxÚd��´¢��Ê�å
�¢�
� ) }
� 1 ê¢�����j�dv C4 ±d�xëxìæí�îgï"�{ð��B�¢�

�B�
�^ñOï"��n¢o�p�q�rOs��
òth
ÍtÊBå Ä�ÅmÆ ��ó
��ôOl ( �¢�����
�dv�ê¢�d���j��ñ�ï ÇjÈ Æ z{|�l ) }
µ������m� ÄxÅ –

ÇBÈ Í�Î���Ë�Ì�Í�Î ( õ�öj÷ ) ��øBù
��ój�{Ê�� “ ú ” ���^�üû{ý¢zx´j¸{ tl�} GTTM þjÿ
�����Ué�Ê�â?v����
z��
	�å
�dn¢o�p
qBrds�ut���m�
head ��
m�
©jª����O�����OÊx�x��þ
ÿ�������~j¶�·
´
¸j¹�h�ñ�	�åx´
¸m �l{����n¢o�p
qxr�s��
ò�� ÄÅ –
Ç¢È Í�Î�Û DOOD ��ËjÌdÍ�Î���Ê�å���� Æ hB´

¸æ§?¨^l�}����x¯��
� 1 � 2 °
���j�O��~j¶O·�´
¸
¹mhdñ�	�å�|
l��tÕjn ������Ê�å�´x¸� ml
����µ�� 2
°����
�dª�h�ËjÌdÍ�Î
Û�î�!m°Uµj��Û"�#� Æ h�$��
z�Ü�l�}xé�Ê�����h�%���l
þxÿ����d��&��dlj����n�o
p
qBr�s�ud���{� head ��
d�
©jª����^é('*)Qï"��%
�dl�ËjÌmÍBÎxÛ
î�!{ dlB}

é�Ê�+�,th GTTM �tnjoBp�q�r�s��jòO��-�.� 
lB�Kí��j��êj��vxw�þj±*/m� C4 h��dl�0OÜ�z{|dl�}
Ê�ì�ÊB�1�#�*2���3*4U§�ô65���z��tnjo�p�q�r�s��
ò����1	�5�7��B±tvB�
ò98��B±æ��ð*:�Ý
±d©�Þ^��±
à���;<5BôOl�µx�j��Ê�5 [7] }

Lerdahl � Jackendoff [10] h�ñ
l{� head �=
�h
v 4 >Qï1��?��x¹jÛm|{l�}�� 1 z�� head 
d��?��x¹
v “ordinary” z�|�ï-�B� 2 ( @�A9B�A�CED�FHG�q ) z��
head 
m��?��x¹dv “fusion” z�|ml�} head 
d��?��x¹
é�þ�ÿæ§�¨I5B�
����-�.dh=J9Km tlB}�~
¶�·�´
¸
¹
zmv¢��njo�p�q�r�s��
ò��j©jh�ãfä�ÊBå{�ml�±��BÝ
±d©�Þ^��±�à���L9Km tl��xz���ç{è�������zm�
��±

2



M M
M M
½½ ½½½ ¾¾¾

N
C4,G4 O N

E4,G4 O
N
C4,E4,G4 O

P
( )

M M
M M
½½ ¾¾¾

N
C4 O N

E4,G4 O
N
C4,E4,G4 O

P
( ) ( )

M M
M M
½½

N
C4,E4 O

Figure 2: @�A�B�A�C
DEFQG�q
��ËjÌmÍBÎ
�=R�S¢ �l{���{�¢��±�hOñ�	�å¢¥x¦G§
¨tå���5j©
ª
«{v
ð9:�TK§���U�/�z�VUÜ(W���í�¨E5dñ���h�ó��dl�}
�¢��5�Xj��¡���U9/{hjv�Y9Zt��[tk�5�}Oµ1¨�v SMF
hjijkdl]\^U9/6_x��ñt�
�té��m�a`*��l�}b�c ��~ � z{v�d9em�1f�±jû�ý�v�gihx dl�}
2.2 jlklmon
prq
~
¶�·�´
¸j¹��¢©�ª=����Û9J�sm �l�t�u�v¢��Ý
±d©
Þ��¢©�ª=v�� Ä�Å 2{ tl���Ýj±�ö�÷mh��dlB�����G�
é���zm|dl�}�±9w�xæ��Ê�å{v�ð*:�á�Û
Ý
±d©�Þ
ß
±
à{v�%m��l 2 °x�����d��y��ml ( � 3) }�µ ¨Gí 2 °¢�

z z
z z
z za{{
{ {{
{{
{

ú C4 F4 G4 C5

z z
z z
z z|{{
{ {{
{{
{

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

ú C4 F4 G4 C5

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

Figure 3: %d�ml��j�d��ðBø��B±�w9x�}{����ò
�
�O��~9�m �l{��������v���ì���>�Ê�5�é��������
 tl�zd|��^�"}{��¨Ov¢�¢�m¡ 2 °����
�th���>m tl
“C4 F4 G4 C5” ������ð�ø
��±�w�x¢z�|�l�}�µ��{ñt�
��u���ì^í���|ml��������
òm �l{���m���
�^��ð*:
ö�÷t��±K��xjÛ��Eí?¨æl{��yi�
å����xá�����}Kµ�µ
z
�������¢�U����¨�� ÄjÅ 2tÊ=5�±m��x ( ©¢ª Æ h��
òU§$¨�5��x� ) vB�¢ð9:
n�o�pjq�rms�u������tÊ�å
�
ldµ¢��h�ã9�æ§�¨I5
�x}O§�í�hj��~
¶�·�´
¸
¹�v��
þ Æ h�ö�÷mh��
òæ§�¨�5��
�æé
´�¸�zUÜ��m�¢�Oñ��
���j�����d� Ä
Å{Æ /

Ç¢È Æ ���j�æ���xª
h�é?Ë
ÌmÍ
Î
Û�îWï�!d°xìtÉE�$ìd���6XKí1¨æl�}�~
¶�·�´
¸j¹
zdv¢� 3 ��ËjÌdÍBÎ�Û�î�!m tl���z��tnjo�p
q�rts
�
ò��j©
ª Æ ö�÷ Æ �B��ethjÍdÊBå���� Æ h����æ§
¨då
�{l��������
h�´¢¸�z�Ü�l����G���i�jhxij��å
�

�j�d�����92�hBî���Ê�5t��`��dl�z{|*�K�ü}
2.3 ���*�¡ 6¢¤£"n1¥l¦
GTTM Û�§W� �¢�tv��=¨�© Æ ��¨Iª�z�«�¬dÒdÓ�Ô{Õ
h�­��K§?¨tå
�{l�}{Ê�ìtÊ���wd��®9¯�°t��59X¢hjvx�
ÏWÐ
ÒmÓ�Ô{Õj� ( £x¤���¨�Û�;�°��6��é ) §*���
k�¨
¯���í��x�{�ay��ml�}�ñ�	�å�� �
��v�ÏgÐ?Ò
Ó�Ô¢Õmé§���l{ñO� GTTM �{n�o�p�q�r�s���òO��±i²� tl�}³ ~ Æ hxÏÑÐ�Ò{Ó�ÔdÕt��v¢��©jh{v�²�´æ�xÊBå�µæÜ¶ �¸·�!{z�¹9º����
��Û9¹9»th�¼të ¶ 	�å�½Ñïüîm C6¾�q�¿�À��mµx�
z�|
l�}�Ê�ìmÊ����������xòK�����
ä Æ h=Á^í� �����ñtïÂ�9� Æ ����ÃjÛ�Äj��z{|{l�}«�¬�ÒBÓüÔjÕ�v c�Å ���B��Ûj©Bª Æ h�t�xjh|Æ���	5dé�� (juxtaposition) �BÊ�å���ÃK§1¨m���x�¢�m�mñt�
h=-9.æ§�¨Gl�}�Çmh¢ÏÑÐ�ÒdÓ�Ô�Õ��=È�É Æ h=�9Ãm 
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¢�¢ÏÑÐ
Ò{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 °��xÏÑÐ
ÒmÓ�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�|{l
Û[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¢Ó
Ô�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�BÏÑÐ
ÒmÓ�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� ' 
$y�Û¢Öª þ2«M¦[Þ�ð�ñ�ò�ó�ô ë �¬V d !�� î ��q[ü¿õ 7t9Ü2­�õ
� TS-Editor � Summarizer é�� ' Ü Java Ö�®¯ JLK ��þHõ8�°¬± ë å�æ�ç�è
² uHë�³2´ é�Þ"á�â�6�µ[Ü�¶�·>¸J�K �Hþ¿õ�5M6Bé¬¹ ìMº 
�ÞMy�Û¢Ö ª þ85M6Bé /�ì
( :t!8<¬� ë �$#"��V"U	å¼»�# ) Ö ì�í J�£ õ"�Jþ}Û'Wë Ö�ý�õ����; ��;!,!�# ë «,¦�Þ��½W ���*� ! ë
Q¾$¿ é GTTM  $¶�·¬¸�
2��þ|õ� |Þ�ã�ä ë�³ ¿ ( ðñ�ò ë2À ò ë
Á þ8�PÂ2Ã�ã�ä¼�,
2��û[ü�âNö8��� ëH$I�Ä

) é�Å�Æ ª á�â�6�µ ' ¶$·	¸,
���þ ª þ��BÚ�Ç��Þ ð	ñc
�ÙRâ|ö���� î =���{Hõ�5,6néc¹ ì�º 
"Þ�yK"È�É ë 5�6Bé /�ì �"ü¿õ8� /�ì Ü�Ú	õ�5�6 ë ß��Ü8jt
���Þ�Ê ± ë;Ë
Ì !(WÝæ�çt}8U"æ î�Í g ü[õM.��'�Î�Ï Ö[ý|õ� ¿Þ"y ë C$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|õ
Ø�Ô�Ûs�
4.1 TS-Editor Ù�ÚÜÛ	ÝßÞáà
:t!2<¿é�Þ�f g�h !8i TS-Editor

î g þ$� EMF ö ë���Jè�æ8�c#Xl î
o�p ü[õ�� TS-Editor â ë
o"p é EF ö ë SMF
��ã �Xi[Ö[ý � Þtx p é�Þ o"p|ë SMF�$ã ��i î XML Ü
ä�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"í
î

7 ï$qnÖ[ý|õ ) ���$�	è�æ

Figure 11: TS-Editor � ë  ,æ"ç���!�i�è é ë �ÜW �,�� !;��y ë �$��è�æ2�c#�l
�>#�l ë O�ð ç�!t~ ë HMI î
ñ;ò Ü�üBõ	Ù${�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
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