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1. INTRODUCTIONo,pKqsr2tvu/wyx#wyqgz%{0z#x#t>|/}s~#x#}st6pQpQt8p6�/�Kt>r
z���tvz%q�~��/}�u/wypQ|*~�psz%{�z#�jwy�/�
� }st�z#pQwy�2x�z#�W~#�2��qb~#�)u/wyx�w�qswy�6t�uWwy�/��~#}s�jz�qsw�~#�W}gz#�2x#wy�2x_��}s~#��|/{4z%wy�
qstJ��q]qs~�z#�
u�wy~/�<�<w�u/t6~���z#�
uW���2{�qswy�Wt�u/w�z � ~#��qst6��q��@���W~%}gu/t8}���~#}�z
|*tJ}spQ~���qs~_pQw���q]qsr/}s~��/x�rSqsr/wyp]�#z#p�q]���
z%�<qsw�qP�S~%�0w����"~%}s�jz%qswy~�����w�qKwyp
�/t � t6pQpsz�}Q�aqs~jt6�2{ywyp�q>qsr/t�z%w�u�~%�]qsr/t � ~��W|/�/qst8},��r2w � rLp�qs~%}st6p>w�q��
� ~#}�qst8�<q���}gz#|/w4u=�jz�q � r/wy�2x1�WtJqsr2~<u/p�r2z���tW�*t � ~��Wt�qsr/tW��z#�Wwy{��
w�z�}_pQt�z%} � r�t6�2x#wy�2t6p�~%�.qsr2t��=~#}s{�u1�7w�u�t��nt6�'�,�=~%}s�1~����<w�u/t6~
� wy�jz%x�t���}st � ~#x��2w�qswy~��Bz#�2uMz#�2u/wy~ � pQ|*t6t � r*��}st � ~#x��2w�qswy~��Cr2z#pGz
{y~#�2xjr2wyp�qs~#}Q���v�>�/{��1}st � t8�<qs{��1r
z���t_��t_}st � ~#x��/w��8t�u�qsr/t��2t6t�u1qs~
u�t6��t6{y~#|�}st � ~�x#�2w�qswy~��jp���p�qst6�Wp.�"~#}K~#qsr/t8}]qP��|*t6p.~#�'z#�2u/wy~/�<|2z%}Qqsw � �
�/{�z%}s{��1���2pQw � �

� r/tS|�}s~��2{yt6�h��t���wy{y{bz�u/u�}st6pQp_wy�aqsr2wyp�|2z#|*t8}_wyp�qsr2z%q�~%�����2pQw��
� z#{�u/z%qgz%�
z#pQtj���/t8}Q�L�<���Wt8{�~<u<���j����pQ� � r=z1p���p�qst6�A��qsr2tW�/pQt8}
|�}s~���w�u�t6pGqsr/t����/t8}Q�:�Wt8{�~<u<� � ���?r��/�W�Wwy�2x/�K��r2wyp�qs{yw��/x/�>��t8�<�
�*~�z%}gu0��t8q � � ��z%�
uDqsr2t1���2pQw � z%{vu/z%qgz%�
z#pQt1p��/p�qst8�`}st8qs��}s�2pSqsr/t
�W~#p�qS{ywy��t6{��n�jz%q � r2t6p�qs~aw�q�� � r<�/p6�@��tGz%}stjwy�<qstJ}st6p�qst�uDwy�=}st � �
~#x��/w��8w��/xGqsr/t��Wt8{�~<u�w �S� ~#�<qst8�<qv~#�KzW|2wyt � t�~#�]�S�/pQw � �
qsr
z�q�|
z�}Qq
��r/w � r�wyp.�W~�p�q@}st � ~�x#�2wy��z#�/{yt,qs~>qsr/t � z%pQ�
z#{/{yw�p�qst8�2t8}��<z%�
u0�#qsr/t8}st8�
��~#}st��2�W~�p�q�t�z%p��G��~#}vr2wy� qs~�}st � z#{y{��

� r2tJ}st>wypmz�x#}s~���wy�2xS�*~<u<�W~#��}st6pQt�z�} � rGz�u/u�}st6pQpQwy�/x�qsr/tv|�}s~��2{yt6�
~#�2�S�/pQw � wy�/�"~%}s�jz%qswy~���}st8qQ}swyt6�#z#{ �E¡ ��¢>�'~���qsr2t]�Wt6{y~<u��_{yt6��t8{£�����
qsr2t��"~#{�{y~���wy�2xApQt � qswy~��'����t���wy{�{bz#u2u�}st8pQp_pQ~��Wt�~#�Kqsr/t��WtJqsr2~<u/p
�2pQt6uDqs~�z#|/|/}s~�z � r¤qsr/wyp�|/}s~ � t8pQp�wy�?|�}st6�<w�~#�2p�}st6pQt�z%} � r'� � r/t6�
wy�F¥�t � qsw�~#�[¦�� §<�v��t���w�{y{_t8��|/{�~%}st�~��2tL~#��qsr/tL�/t8�¨u�w�}st � qswy~��/p
wy�=��r2w � r=qsr2wyp�}st8pQt�z%} � r¤u/w�}st � qsp��2p6�.z#u2z%|/qswy�2xAqsr/t��/pQtj~#��r2w�u<�
u/t8� ¡ z�}s��~����W~<u/t6{ypK�4}s~�� pQ|*t8t � rj}st � ~#x��/wyqswy~#�Gqs~�qsr/t6w�}m�2pQt,�"~%}
�Wt6{y~<u��j}st � ~�x��/w�qsw�~#�'�]���A¥�t � qswy~#�a§��Kt���w�{y{'{�~�~#�Az�qmqsr2t�u/tJqgz#wy{yp
~#�@qsr/t_p���p�qst6� ��t_|�}s~�|*~�pQt#��¥�t � qswy~��a©���wy{y{@u�w�p � �2pQpmqsr2t�}st6pQ�/{�qsp
~#�]|/}st8{�wy�Wwy�
z�}Q�Aqst6p�qswy�2x�~#�bqsr2wyp�p���p�qst6�A� � �/qs��}st�u/w�}st � qswy~��/p��"~%}
}st6pQt�z�} � rnz#�2u � ~#� � {y�/pQw�~#�2p_��wy{y{]�*t�|/}st6pQt6��qst�u�wy�Lqsr/t�ª2�
z#{@pQt � �
qswy~����

1.1 Melody-Level MIR Research� r2tKpQt6�Wwy�
z#{��K~#}s�<p.w����Wt6{y~<u/w � ¡ �P¢���qsr2~#pQt�����«>r2w�z#p6��t8qbz#{��/¬ ­�®
z#�2u ¡ �6¯ z#����tJqnz%{��S¬�¦�¦J®£����~#}s�°qsr2t=�2z#pQwypa�"~%}n��� � rB~%��qsr2t
�Wt6{y~<u��<�E{yt6��t6{ ¡ ��¢B}st6pQt�z%} � rA��r2w � rA�"~#{�{y~���t6u�qsr/t6�A� � ~#{y{�~���wy�2x
qsr2t8wy}K�"~#}s�jz�q�����r2w � rGwyp�x#t6�2t8}gz%{yw��8t�uGwy� � wyx��/}st�¦���z�u2z%qgz%�
z%pQt�~#�
�S�/pQw � z#{�}st � ~#}gu/wy�/x�p�wyp�u/t8��t6{y~�|*t�ua���Ar2z#�2u�wy� ¡ ��±�� � ~%}_pQ~��Wt
pQwy�Wwy{4z�}ju/wyp � }stJqstG�"~%}s�jz%qJ�Sz%�
uDp�qs~#}st6uZwy�¤�W~��/~�|2r/~��/w � qQ}gz � �<p6�
� r2t8pQtbqQ}gz � �<p�z�}stbqsr/t6���"��}Qqsr2t8}�z#�/p�qQ}gz � qst�u_wy��qs~m�Wt6{y~<u/w � z#�
u2²%~%}
}sr��<qsr2�Ww �j� ~���qs~���}spS��r2~#pQt � ~#��qst6��q��#z%}swyt6pS�4}s~��³x#t6�2tJ}gz#{ � �2|��
u/~������
~#},qsr2t_psz%�Wt��Kqs~Wt8�/z � q � |/{��/p�~#}v�Ww��<�/p�z�pQ|*t � w�ª � �<�2���
�*t8}�~#�,pQt6�Ww��£qs~��/t6p6� �C�7r/t6�nqsr2tj�/pQt8}����/t8}swyt6p�qsr/tjp��/p�qst8�A�@r2t
pQwy�2x#pK~#}]r<�2�Wp�qsr/t�u/t6pQw�}st�u��Wt6{y~<u<��� � r2t�p���p�qst6�Rqsr/t6��t8�<qQ}gz � qsp
qsr2tS|2w�q � r/t6p � z#�2uL}sr��<qsr2���vwy��qsr2z%q����2t8}Q�Lz%�
unt8� � ~<u�t6p_qsr2t6�
z#p_qsr/tWu2z�qgz#�
z%pQtWr
z%p_�*t6t6�nt8� � ~<u�t�u�� � r/tWu2z�qgz#�2z#pQt � ~#�<qst8�<qsp
z#�2u�qsr/tm���2t8}Q��z�}stKqsr2t6� � ~��W|2z%}st�u0��x#t6�2tJ}gz#{y{��S�/pQw��/x>pQ~#�Wt���z�}sw��
z%qswy~#�A~#�bu<�/�2z#�Ww � |�}s~�x%}gz#�W�Wwy�2x � ±_´K�J��t6pQ|*t � w�z#{y{��1qsr
z�q,u/t6��t6{��
~�|*t6uL��� ¡ ~#�2x�t6z#�=z%�
u�¥/z%�2��~%µM¬�¦�§�®E� � r2wyp�|�}s~ � t6pQp_|/}s~<u�� � t8p
z1}gz#�/��t�u={ywyp�q�~%�mqsr2tjpQ~��/x�pSwy�=qsr/tGu/z%qgz%�
z#pQtW��r/w � rZz%}stj�W~�p�q
{ywy��t6{��aqs~ � ~���qgz#wy��qsr2t��Wt6{y~<u������7r/wy{�t�qsr2wyp_u�~�t6p��2~%q�z#|/|2{��Aqs~
z#{y{.�Wt6{y~<u/w � ¡ ��¢ep���p�qst6�Wpv��r/w � rLr
z���t��*t6t6�L|/}s~�|*~#pQt�u����jz%�<�
~#�@qsr/t6�kz#u/~�|�q,z%q,{yt�z#p�qvpQ~��Wt>|*~#}Qqswy~��A~%�@qsr2wypm��}gz%�Wt8��~%}s�0�

� r2tJ}st�z�}st�z����/�S�*t8}�~%�.|/}s~#�2{yt6�Wp�w�u/t6��qsw�ª*z%�2{yt�w��Aqsr/wyp,x#t6�2tJ}gz#{
p�qQ}s� � qs�/}st�� � r2t�ª2}sp�q>~#�.qsr2t8pQt�wypvqsr/t��2pQt�~#�]r2wyx�r/{y�1p�qQ}s� � qs��}st�u
z#�2u/wy~��"~%}s�jz%qsp6��pQ� � r�z#p ¡ �P±��J�%qs~�}st6|�}st6pQt6��q.qsr2t�u2z�qgz#�2z#pQt � ~����
qst6��qsp6��ov�Lz �8� �/}gz�qstWz#��qs~��jz%qsw � |/}s~ � t6pQp���~#}�x#t6�2t8}gz�qswy�2x ¡ �P±��
��}s~#�N|*~�{���|2r2~#�2w � }gz6�hz#�
u�wy~=r
z%pj��t8qjqs~=�*t�u/t6��t6{y~�|*t�u0¶,qsr/wyp
�Wt�z%�2pGqsr2z%q ¡ ��±��Wt6� � ~<u/wy�/x?���2p�qG~#��qst8�B�*t�u/~#�2tL�<�:r
z%�
u
z#�2u=wyx��2~%}st6p�zA�#z#p�q��Kt�z#{�qsr¤~#�vu2z�qgzaz#{�}st�z#u��Du�wyx�w�qswy�6t�uDwy�D{�t8pQp
p�qQ}s� � qs�/}st�u1��~#}s�jz%qsp � {yw���t ¡ ´b·K«i¸)z6��t8}�©��J� � r2wyp>��~#}s�jz�q�z%{�pQ~
}st����2w�}st6p]qsr
z%qKqsr2t � ~���qst6��qspK~%�)qsr2t>u2z�qgz#�
z%pQt>�*t,ª2}s�W{�� � t6��t8��w��
t8}Q}s~#�2t6~#�2pQ{��2��u�t8ª
�/t�u��*t8��~#}st�|/}s~ � t8pQpQw��/xa�*t6x�wy�/p6��¸'wy��t8��wypQt��.w��
qsr2tSu2z�qgz#�
z%pQtW�/qswy{ywy�6t6p�~��/{y���Wt8{�~<u�wyt6p�w��L|/}s~ � t6pQpQwy�2x/�)qsr2t8�aqs~�~
�S�/p�q��*tA|�}st8�Et8�<qQ}gz � qst6uZ���Zz#�?t8��|*t8}Qq���~#}jx#}st6z%qst6p�qGz �8� �/}gz � �
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z%�2{��ax#~�~<u��Wt8{�~<u<�<�E�4}s~���� ¡ ��±>�Kt8�<qQ}gz � qs~#}sp�z�}st
�*t8w��/x�u�t6��t6{y~�|*t6uL¬�¦�½�®���z%�
u�z�r2z%}guGu/t � wypQwy~��G�jz�u�t>z%�*~��/qmqsr/t6w�}
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pQt8��t8}gz#{��W~��/~�|/r2~��/w � �Wt6{y~<u/wyt6pmt6z � rG}st6|�}st6pQt6��qswy�2xS~#�2t���~�w � t�~%�
qsr/t1{�z%}sx#t8}j|*~�{���|2r/~��/w � |2wyt � t#� � r2t1t8� � ~<u�w��/xn~%���Wt6{y~<u/wyt6pSw��
|/w�q � rnz#�
ua}sr��<qsr2� � ~���qs~���}sp_w�p�z�x�~�~<u���z6�Lqs~�}st6pQ~�{y��tWtJ}Q}s~#}sp
wy�Lqsr2tWu/z%qgz#�2z#pQtjz%�
u��jz#u/t����aqsr/t��2pQt8}���¿>~���t6��t8}��)�Kt��S�/p�q
�*t � z%}st8���2{��2~#q�qs~Wu�wyp � z%}guGqs~�~S�S� � r����2t8}Q��wy�/��~#}s�jz%qswy~#�1��r2t6�
�Kt � z#�1r
z���t_z�}st6z#pQ~��2z#�/{�t�{yt6��t8{'~%� � ~���ª*u/t8� � t�wy�Aw�q��

� r/~��/x�rF~#qsr2tJ}a�Wt8qsr2~<u�p1z%|2|/{�wyt�u7qs~Z�Wt6{y~<u/w � ¡ �P¢¨r
z���tLwy�/�
� {��2u/t�u>qst � r/�2w����2t6p0pQ� � r�z#p)u/wyp�qgz#� � t.�Wt�z#pQ��}st�²�qst8�W|2{�z%qst.�jz%q � r/�
wy�/xM¬ ½�®£��À*�Px%}gz#�Á�jz�q � r/wy�2x:¬�¦6Â%®£�mqQ}st6tAwy�
u�t8��wy�2x:¬ ©�®E�,z%�
uDqst8�<q
}stJqQ}sw�t8��z%{>¬ Ã#®v¬ Â%®£�@qsr2t�|�}swy�jz%}Q���Wt8qsr/~<u/~�{y~#x#��~#���W~�p�q��Wt8{�~<u�w �
¡ �P¢ p���p�qst6�Wp�wypSz%pSu�t6p � }swy�*t�uDz#�*~���t#��¥�� � rnt8� � {y�2pQwy��tW�2pQtj~%�
u<���
z#�Ww � |�}s~�x%}gz#�W�Wwy�2xS��~#}v�Wt6{y~<u/w � ¡ ��¢Bwyx��2~%}st6p,~#qsr2tJ} � ~#���
|2z%}swypQ~��Lqst � r2�2w����2t8pv��r2w � r�r
z���t��*t6t6�LpQ� �6� t8pQp��"�2{y{���z#|/|2{ywyt�u�qs~
~%qsr2t8}'�"~%}s�Wp�~#�2z#�2u/wy~�pQw�x#�
z%{��2�
u�t8}sp�qgz#�2u/wy�2x��%|
z%}Qqsw � �/{�z%}s{���qsr2~#pQt
qs~�~#{yp��2pQt�un��~#}WpQ|*t8t � r=}st � ~�x#�2w�qswy~��'�����=qsr/tj�2t8�<q�pQt � qswy~����b�Kt
��wy{y{�t8��|/{�~%}stAqsr2ta�/t8�¾}st6pQt�z%} � rCu/w�}st � qsw�~#�2pjpQ�2x#x�t6p�qst6uM�<�¤qsr/t
|�}s~��/{�t8�Wpmu/t6p � }sw��*t6u�z%�*~���t�z%�
u�z�|2z%}Qqsw � �2{�z�}�qs~�~�{0�2pQt6uj��~#}�z%�/�
qs~#�jz%qsw � pQ|*t6t � rA}st � ~#x��2w�qswy~����*qsr2t�r2w�u/u/t6� ¡ z�}s��~��1�W~<u�t6{�z%p>w�q
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Auld Lang SyneÄmØ � Ø_·]Ø � Ø_o>Ø�«�Ø � Ø�«�Ø_o>Ø�«�Ø � Ø � Ø_o,Ø�ÄmÙ>±_Ù
±_Ù_Ä,Ù�o,Ø�ovØ � Ø�«�Ø � Ø�«_Ø_o,Ø�«�Ø � Ø�±�Ø�±_Ø�ÄmØ � Ø

Barbara AllenÄ Ø · Ø � Ø « Ø � Ø · Ø ± Ø Ä Ø ± Ø · Ø « Ø Ä Ù Ä Ù Í Ø « Ø
Ä�Ù_ÄmÙ_o,Ø�«�Ø � Ø_ovØ�«�Ø_·KØ�±>Ø�Ä�Ø�±�Ø_·]Ø � Ø�«�Ø � Ø_·]Ø�±�Ø

Frere Jacques«_Ø_o,Ø Í Ø�«�Ø�«�Ø_o>Ø Í Ø�«_Ø Í Ø�Ä�Ù>±�Ù Í Ø�Ä�Ù>±�Ù
± Ù · Ù ± Ù Ä Ù Í Ø « Ø ± Ù · Ù ± Ù Ä Ù Í Ø « Ø
«_Ø�±>Ø�«�Ø�«�Ø_±>Ø�«�Ø

Happy Birthday« Ø « Ø o Ø « Ø Ä Ù Í Ø « Ø « Ø o Ø « Ø ± Ù Ä Ù
«�Ø�«�Ø�«_Ù�·�Ù_ÄmÙ Í Ø_ovØ � Ù � Ù�·]Ù_ÄmÙ�±_Ù_Ä�Ù

I’m a Little TeapotÄmØ�±�Ø�·bØ � Ø�«�Ø�ÄmÙ�ovØ�Ä�Ù_«�Ø
� Ø � Ø « Ø · Ø · Ø ± Ø ± Ø · Ø Ä Ø
ÄmØ�±�Ø�·bØ � Ø�«�Ø�ÄmÙ�ovØ�Ä�Ù_«�Ø
Ä�Ù_Ä�Ø�±_Ø_·KØ � Ø_·bØ�±_Ø�ÄmØ

Mary Had a Little LambÍ Ø o Ø « Ø o Ø Í Ø Í Ø Í Ø o Ø o Ø o Ø Í Ø ± Ù ± Ù
Í Ø�o,Ø�«�Ø_o,Ø Í Ø Í Ø Í Ø Í Ø_ovØ_ovØ Í Ø_ovØ�«�Ø

Scarborough Fair±_Ø�±_Ø_o,Ø�ovØ_ovØ_·]Ø � Ø_·bØ�±_Ø
o>Ø�ÄmÙ�±�Ù_Ä,Ù�ovØ Í Ø�«_Ø_ovØ
±�Ù>±�Ù>±�Ù�ÄmÙ�o>Ø_o>Ø�«�Ø � Ø�·bØ�ÄmØ
±_Ø_ovØ�«�Ø � Ø_·KØ�±_Ø�Ä�Ø�±_Ø

This Old Man±�Ù Í Ø_±�Ù>±�Ù Í Ø�±_Ù_·]Ù>±�Ù_ÄmÙ Í Ø_o>Ø Í Ø�ÄmÙ
Í Ø�ÄmÙ>±�Ù_«�Ø�«�Ø�«�Ø�«�Ø�«�Ø_o>Ø Í Ø�ÄmÙ>±�Ù
±�Ù�ovØ_ovØ�Ä�Ù Í Ø_o,Ø�«�Ø

ThreeBlind Mice·bØ�±>Ø�ÄmØ_·]Ø�±_Ø�ÄmØ�«�Ø � Ø � Ø_·bØ�«�Ø � Ø � Ø�·bØ
« Ø Ä Ù Ä Ù Í Ø o Ø Í Ø Ä Ù « Ø « Ø
«�Ø�ÄmÙ_Ä�Ù_ÄmÙ Í Ø_o>Ø Í Ø�Ä�Ù_«�Ø�«�Ø
« Ø « Ø Ä Ù Ä Ù Í Ø o Ø Í Ø Ä Ù « Ø « Ø « Ø � Ø · Ø ± Ø Ä Ø

Twinkle, Twinkle, Little Star« Ø « Ø ± Ù ± Ù · Ù · Ù ± Ù Ä Ù Ä Ù Í Ø Í Ø o Ø o Ø « Ø
±�Ù>±�Ù_ÄmÙ_Ä�Ù Í Ø Í Ø_ovØ�±�Ù>±�Ù_ÄmÙ_Ä�Ù Í Ø Í Ø_ovØ
« Ø « Ø ± Ù ± Ù · Ù · Ù ± Ù Ä Ù Ä Ù Í Ø Í Ø o Ø o Ø « Ø
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