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2.2 Properties of the Poincaré Projection
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2.3 All in one Picture:
Usage of Isometric Transformations
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6. APPLICATION TO NAVIGATION

IN UNSTRUCTURED TEXT:
THE “SPACE OF MOVIES”i]k�low�xzp:|Y~���p:s�tu~1kqp:k&low������Fvo~���lonm~F����wy�1w�l*�F�/wyk4�8~Fvoxj��low�~Fk(lonqp|ap�xj��k&lowy��kq����wy�1��lowy~1kzwykr�4��l*��|ap:lo|�©$tD��valowy���4����vo�����8~Fv�lonqp����F|ap�~F��qk4|�lavo�q�:lo��vop���lop:s&l���~{���qxzp:k&lo|/©�w�|���xj��5�~�v��*nD�F�y�yp�k4�1p1h�i]krlon4wy|p:s�tup:vowyxzp�k{lE��p��4p�xz~Fkq|�lav*��lop
lonqp��Ft4tq�ywy����lowy~1k�~F�&lon4p�n{��tup:vo�u~F��wy�Ç�È<Ézlo~�lonqwy|�|aw�lo�D��lowy~Fk!h

6.1 Bag of Words –
Standard Representation for Text Miningi]k(lon4p��4~1xj��wyk�~F��lonqp<wyk4�8~Fvoxj��lowy~Fkmvop�lavow�p:�1���/�Fkq��lop:s&l}xzwyk4�wykq��lop:s&l!w�|���p:va��~��8lop�k$lavop���lop��<�F|76*¶�¿1º]µ98�º;:�µF¬9<F®���kD��vop�t�vop�|ap�k{lop���F|<��p�va�^n4wy�1n4�¥��w�xzp:kq|awy~1kq�F����p��:lo~�v�h>=}kqp�xj���U��vo�1�4prlonD��l$lon4wy|wy�1k4~Fvop�|���~Fxztq�yp:lop����$|ap�xj��k{low���wyk4��~�voxj��lowy~1k���~�v*��~Fv*��p:v�©$�Fxj�F���wykq�F�y�ÃlonqpYvop�|a�q��lo|?5��4|�lowy����lon4w�|��&v*�F|�lowy�<|�lop�t!hÒ}wy��p�k��Y��~F���yp���low�~Fkz~F�A@Ólop�s�l���~{���qxzp:k&lo|���¡4vo|�l��}��~{�����q�q����va�©@�Æ|ap:l�~��<��~Fv*��|/�'B72 �^wy|(��p:lop:voxzwykqp��Eh � ~�v*�4|Ãw�k·lop�s�l���vop�F��������|�t4vop�t�vo~{��p�|a|ap��r�{����|a�qw�l*�F�4�ypC:�µF¬9<�®o´¥³�����­�À&¿�t4vo~{��p����4vop�Fkq��¡D��lop:vowykq�z~F�4lY~F��®o´�µ��D:�µF¬9<F®oh}Å�n4p<��~{���F�4�q����va��wy|Ylonqp:k�lonqpwyk{lop:vop�|�lowykq�ztq��valY~F���F�y�
�4kqw�Ë{�qp���~Fv*�(|�lop�xz|��qw�h p1h4lonqp<xz~1|�lY��kD�lonqpf�yp��F|�l��8vop�Ë{�qp:k&l���~�v*�4|���vopfvop�5�p��:lop��6h�Ä�����nzlop:s&l��4~{���4xzp�k{l�Ewy|�vop�t4vop:|ap�k{lop��Ã�{�j�$��p���lo�4vop}��p��:lo~�vGFH�I �&��n4p:vop}lonqpf��~Fxztu~1kqp:k&lo|H IKJ 2 ��vop<�4p:lop:voxzwyk4p��Ã�{�H�ILJ 2M!ONMP�¤9E9�QBR2�¦��y~F�TS @U P�¤9BV2¥¦�W # ¤�¯��1¦

NMP�¤9E9��BV2�¦<wy|<lonqp�´¥³�¬X�Y8�¬a³�Z:½D³�ÀD»\[X��kD�X��~F�qk{lo|$lonqpjk&�qx��up:v<~F�lowyxzp�|�lon4pflop�vox]B 2 ~{���:�4vavop��jwyk���~{���qxzp:k&l^Eah U P�¤9B 2 ¦���p�kq~�lop��lonqpG<�µ�»:½$�j³�À4´^8�¬o³�Z:½q³�Àu»\[·�Fkq�·��~1�4k&lo|ÃlonqpUk&�qx��up�vj~F���4~{�����xzp�k{lo|<��nqp:vopÃlonqpjlop:vox ~{���:�4vavop��Eh`Å�nqwy|r|�l*��kD�q��v*�`��p�wy�1n{lowykq�|a�*nqp�xzp�p:xztqnD��|awy��p�|/v*��vop���~Fv*�4|���|�xz~�vop�|awy�1kqw�¡q���Fk{l�lonD��kr��~1xr�xz~1km��~�v*�4|��!��~Fv�xz~�vopz�4p:l*��wy��|<|ap�p)
y¯Q_`
�hTa�vo~�s�wyxzw�l]�`¤;! ¯�b`Â�¦�Fkq�jlon4p:vop:��w�lon(��wy|a|aw�xzwy����vow�lowyp�|�~F�!l]��~r�4~{�:�qxzp�k{lo|�wy|���~Fxztq��lop����w�lon�lonqp}��~1|awykqp<xzp:lavowy�
ÂQ2 3c!M¯,bU��~1|�¤ FH`Ied � FH�I f ¦g!M¯hb FH�iIed FH�iI f ����wylon FH�i ! FHjkj FH jlj ¤�¯Q��¦

�Fkq�(p\mz��wyp�k{lo���(wyxzt4��p:xzp�k{lop����{��|�lo~�vowykq�zlonqp<kq~�voxj�F�ywy��p��m�4~{����qxzp:k&l���p���lo�4vop$��p���lo~Fvo|nFH i h



a: 

α small o,prqtsvu1wyx{zT|�}�~9�Q���X�\�����'}��;}����Q���7�����������\�`���k���L�^�`�k�$�X�X���,�$�\���`�r���������\�����+���������r�A�X�����'��\�'�������L�%�V���$�V�L���A�L���'�\�����+ %�Q���'�k�7¡T�$�\¢$���Q��£¤|;}Q�h�������R����¡T�+�r�l���g¥�¦�§+�R�A�L�X�\�L¡¨�r�l�$���l�� �\�������+�r�L��©������+�n|;ª���£,«O�t�r�l�¬|;}Q�%�k§­§­¢­����§­¡)���$�\�$�A�l�C��§>�T��§­¡¨¡T§­�¨®��+¡)¡T§­�¨¡T�$�/�r�¯ °R±�² �r�³|�ª��c´n|��\���Q�����C�L�����C�����$���µ�k��¶�·T�L���������y�+���¸���+�/�{���`¹��A�l§­�����¬�­ y¡T§'º��r��©�����%¦�§��`���c�A§­�r�$��»¼ºt�k�>¡>§������%�t�\�½©­¾h��§��������$�����$�,§$¦V�r�$�����\�����`£h¿������$�Q�\§����^�r���A�L���'���������§­�Q�k©­�r���+�A¦�§��`�����k§����'���l§��/�L�³|;ª���£

b: 

α large 

c: 

center of (b) 

d: 

center  
   of (b) 

1

2

3

4

5

6

0 1 2 3 4 5 6
X_ij

Y_ij

X_ij

Y_ij

-0.75

-0.5

-0.25

0

0.25

0.5

0.75

-0.75 -0.5 -0.25 0 0.25 0.5 0.75

H2

2.5

5

7.5

10

12.5

15

17.5

20

22.5

0 2.5 5 7.5 10 12.5 15 17.5
X_ij

Y_ij

X_ij

Y_ij

-10

-7.5

-5

-2.5

0

2.5

5

7.5

10

-10 -7.5 -5 -2.5 0 2.5 5 7.5 10 12.5

R2 

Dij 

dij 

Dij 

dij 

a b 

c d 

o^pLqtsvu1wDÀAz�|XÁ­Â\Ã½��Än�t�e���e�9�A�L¡T�����\�l§����+������+�r�L��©Å§+¦ÇÆ�È½ÉËÊ%�+�����Ì�A�L���\���L�A�­������{§­�r�½�Q�T�r�ÎÍÐÏYÑXÒ�Òy�A�L¡T�����\�l§����T�r�½�\§�����n|;}Q� ¯ ° ± �+���O|;ª��)�r�½�\§��Q���/�+ ��{������{§­�r�k��¶�·�£|XÁ­Â\ÃAÓ � ¿����ÔÄGÕ%®Ö�r�Y×Ø���`�L�L�A�k�+������$���¤|;}Q�)©$�1�Q��¡T§+�\�¨�`�$�X Ù�l§��Q¢½���¤�r��k§����+�R¡¨�r�t�L¡T�>�Q���+�¬�Q���¨ÄÙÕ�®Ú�r�¸�Q����+ ��A���Q�{§­�L�L���X���$���+£7¿����C���k©­�$�7���L���)|;ª���\��§'�c�¸�����Î���L��©½���L�L¢½�³���Q�����Q�Q���\�³�t�\�1�ºt�k§­�����k Ô�\���{§+�������Î�\§Î�A�n¡T§+�\�D§+�����e�¡T�+�v¦�§+���Q�t�L�C�t�l©­�­�9�A�L¡T�'�����k§­���+�M¡>�$����A�r��©C�\�$�X¢{£RÛh�\§+���$�A�k ���������¹+�Q���C�����$����r�Ü¶�·/�+�r�k§����c�\§y�`�L�Q�`�t¡�º$�'�½�%�$��§��t��������¸�k§��1�+�^¡¨�L�t�r¡T�y�A�����L��©D�����¸�l�������'����lº+��ÄGÕ%®y�t��§������X��£|KÝ^Â��¼��Â1Þ>Ó � ¿��������^§T�1§+�Q�����X�{§­���A�L��©�����'�X�\���Q�A�k§½�¸��¹��t�L�A�l�¸�����¤���$�\©$�`�D�A�L����\�L¡¨�r�l�$���l�� ��Vß7à áM�+���µ�Q����§+���\�+�L�����T�A�L����\�+�������Râ1ã ä$£R¿����^§+�����L¡T�+���A�k���\���L�A�­�Q�k§­����$�Ú�r�l�X�Q�k�G�\�����Ú���Q�����X�D�+���Ì�$�t�t��§'¹t�e�¡T�'�\���h���������$�\�����/�A�k�½©$§­���+�å�L�r���$£�|;�Q�æ �Ö¶�·"�����"¡T�'ç�§+���l�� "§+¦¨�{§­�r�½�Q�G�k�� ���l§+�X���>�Q���+�¤�r�Ú�����¬�k�`¦K�T�A�k�½©+�\�+¡è|;é���C�t�L���%�������t�V��§C�\¡T�+�L�k���Râ1ã ä��A�'�l§'�n�Q����A�k�½©$§­���+�¼£



6.2 Computing the Movie Representation:ê^ëØì`í>î�ï�ì`ð�ñ�òlîhóØî^ô�ë�î�õµìcö�î\ï$öR÷Qø�òlòlîQ÷\ö�ùlø�íT÷Qø�í­ë�ùlë9ö�ùkí­ú%ø`ûåü�òlð÷�ý�ùlö�ùkþ½ô�î\ëµöXì`ÿ'îQíÚûrý�ø�ð ö � îTý�î\÷�� ì`ý�ö�� ð�ø��+ùlîQë�� ý�î��$ùlî\ó,ë>í�î\ó,ë�ú`ý�ø�ô­ñì`ô�ú�ð�îQí½ö�î�õGó,ùeö � ú�îQí+ý�î/ùkí+ûKø`ý�ðµì`ö�ùlø�íÎõ$ýXì�ó,í¤ûLý�ø�ð ö � î�ùlí½ö�î\ý	�í­î\ö�ð�ø��$ùlî)õ­ì`öXì�
�ì�ë�î
� � ö�ö�ñ�� ����óhóhó�� ùlðµõ�
�� ø�ý�ú������ � î���ø½÷�ì�
­ô��òkì1ý	�>ó,ùeö �������� õ­ùlë9ö�ùlí�÷�öØö�î\ý�ð�ë7óØì�ë,î\ï$ö�ýXì�÷\ö�îQõTì`í�õ�ö � î�ûrî�ì`ö�ô+ý�î
��îQ÷\ö�ø�ý�ë"!#�$ ÷Qø�ð�ñ�ô+ö�î�õ%�KûKø�ýCð�ø`ý�î�õ+î\öXì�ùlòlë�÷Qø�í­ë�ô�òeö'&)(�(�*+���-,Øì�ë�îQõø�íTö � ùkë,ùlí½ö�î\ý�ð�î�õ+ùLì1ö�î�ý�î��$ùlî\óÔõ�ì1öXì�
�ì�ë�îcóØî�ë�îQòlîQ÷\ö�î�õ¨ì`òlòåð�ø��$ùlîQëø`û�ö � îT÷Qì`ö�îQú�ø�ý�ùlîQë/.�0�1+23.�45156�0Gì�í�õ87�9:1<;�0=9�;:> ?@9:45156�0¤ó � ùl÷ �A� ì�õð�ø`ý�îcö � ì`íTü=��î�ý�îQ÷Qø`ýXõ­î�õTý�î:�+ùlî\ó,ë��B� � îQí�C­î�ì�÷ � .�D�;�EF.�GH;I236�D�1<;
J ;K.�45L�E	;3D�;	9:4<6�EµóØì�ë�÷�ì`òk÷\ô�òkì`ö�î�õ/ûrý�ø�ð ö � î�ë�î\öCø�ûRùeö�ëCì�ë�ë�ø½÷Qùkì1ö�î�õý�î:�+ùlî\ó,ë

!#�MON"P$RQ�S !#UT$ CWV N"X�Y[Z�Y õ­î\ë�÷\ý�ù\
�ùlí�ú�ð�ø��$ùlî^]/_�` �F( � �

a íD÷Qø�í$ö�ýXì`ë9ö%ö�ø¨ö � î�ô�ë�ì`ú�î>ø�û^õ­ùeý�îQ÷�ö�ò\�Dì�÷Q÷\îQë�ë�ù\
�òlî�Cb
­ý�ùlî\û^ð�ø��$ùkîñ­òlø�ö?õ+îQë�÷\ý�ùlñ­ö�ùlø�ícö � ùlëåñ+ý�ø½÷Qî�õ+ô­ý�îVùkí­÷\ý�î�ì`ë�îQëví­ø�öåø�í�ò)��ö � îVì�ð�ø�ô�í½öø`û�ë�ø�ô+ý�÷QîÜùlí­ûrø�ý�ðµì`ö�ùlø�íc
�ô+ö/ì�òlë�ø³ùlí�÷\ý�îQì�ë�îQë¬ì�ô+ö � ø�ý/ùlí�õ­îQñtîQí��õ+îQí�÷\î�
d�>ì��'î�ýXì�ú�ùlí­ú��
e ùlú��gf¬ë � ø�ó,ë�ö�óØø � �+ñtî\ýK
tø�òlùk÷�hjilkDý�îQë�ô�òeö�ë�ø�û�ö � îm(�n�o/ë�î:�òlîQ÷�ö�î�õpChó7îQòlò�ý�î��$ùlî\óØîQõnð�ø��+ùlîQë��q� � î�÷Qø�òlø�ýTðµì`ý�ÿ�î\ý�ë�ùlí�õ­ùl÷�ì1ö�îö � î�ú�îQí+ý�î�ø�ûhö � î�ì�÷\÷Qø�ð�ð�ø$õ­ì`ö�î�õyð�ø��$ùlîQë��srt�'îQíyö � ø�ô­ú � ö � ùlëùlí+ûKø�ý�ðµì1ö�ùlø�í)óØì�ë,í�ø`ö,îQí�÷Qø$õ+î�õTùlí>ö � î�ûrî�ì`ö�ô+ý�î��'îQ÷\ö�ø`ý�ë�C­ö � î � �d�ñtî�ýK
tø�òlùl÷jhji�k¬ú�ý�ø�ô�ñtî�õ¬ö � î�ð�ø��$ùkî\ë�ø�
d�+ùlø�ô�ë�ò)�¸ùlí¸ì¨ë�îQðµì�í½ö�ù)�÷Qì�òlò)�Dð�î�ì`í�ùlí�ú`ûKô�ògðµì`í�í�î�ý��'� � î%uFvxw¨ðµì`ý�ÿ'îQõ/ü�òkðy
tîQòlø�í�ú¨ö�ø


tø`ö � ðµì`ùlí>ú�îQí­ý�î\ëhõ­ùlë�ñ�òkì��½î�õ � î�ý�î{z%óØî�ü�í�õ�ö � î\ð ùlíµö � î^ð�ùLõd�õ+òlî�C�÷\òkø�ë�î�ö�ø�ö � îcë�î\ñ�ì`ýXì1ö�ùlí�ú3
tø�ýXõ+î\ý��
6.3 Proximity Contrast Enhancement:e ùlú���|µë � ø1ó,ëcö � î � ùkë9ö�ø�ú�ýXì`ð ø�ûRö � î�ø�
­öXì`ùlí�î�õ � f  f)õ+ùkë�ë�ùlð�ù)�òkì1ý�ùlö�ùlîQë�ûKø�ý^ö � î-(�n�o�ë�îQòlîQ÷\ö�îQõpC�ó7îQòlòåý�î��$ùlî\óØîQõ¨ð�ø��$ùlîQë��}� � î�õ­ùlëF�ö�ý�ù\
­ô­ö�ùlø�íDý�îQë�î\ð~
�òlîQë�ì � ùkú � ��õ­ùlð�îQí­ë�ùlø�í¸ýXì`í�õ­ø�ðÅõ­ùlë9ö�ý�ù\
�ô+ö�ùkø�í�C

­ô­öRó,ùlö � ì�íAu�î:�AîQ÷\ö�ù\�'î�w�õ­ùlð�îQí­ë�ùkø�í�ì`òkùeö�����÷Qø�ð�ñ�ì`ý�î e ùlú��  �V÷Qî\ý	�öXì`ùlí�ò)��òlø�óØî\ýcö � îQí¨ö � î ������ õ­ùlð�îQí­ë�ùlø�í�ë�ø�ûgö � îCð�ø��$ùlîCûrî�ì`ö�ô+ý�î
��îQ÷\ö�ø�ý�!# �
e ø�òlòlø1ó,ùlí­ú¤ì�í�ùkõ­î�ìÜûrý�ø�ð�& � *Có7î¸î\ï+ñtî\ý�ùlð�îQí½ö�î�õnó,ùeö � í�ø�í��òlùlí�îQì`ýhö�ýXì�í­ë9ûKø`ý�ðµì`ö�ùlø�ísi-�F` ��C'ó � ùl÷ � ë � ùeûrö�ëØî:�Aî\÷\ö�ù\�'îQò)��ö � î � ùlú � �õ+ùlð�îQí�ë�ùlø�í�ì�òVõ­ùlë�ë�ùlð�ùlòkì`ý�ùeö��yð�ø$õ­î\ë�Cåë�î\îQí¸ùlí e ùlú��  C{ö�øTö � î%òlî\ûrö��

� � î�ðµì`ö � îQðµì`ö�ùl÷�ì`òAõ­î\öXì`ùkòlë^ì`ý�îcý�î\ñtø�ý�ö�î�õ>îQòlë�î\ó � î\ý�î3��ùlíTñ­ý�îQñ�ì��ýXì1ö�ùlø�í[���b� � îØü�ý�ë9öVú�î\í�î\ýXì`ò�î:�AîQ÷�ögùkëgö � îRý�î�õ­ô­÷\ö�ùlø�í�ø`ûtö � î-u;ý�ùkí­ú��òlùlÿ'î�wTë9ö�ý�ô�÷\ö�ô+ý�î%ö�ø�óhì1ýXõ¸ìµð�ø�ý�î%ô�í�ùeûrø�ý�ð ð�ø��$ùlî�ñ­òLì`÷QîQð�îQí½öcì�ëë�î\îQí¨ùlíTö � îcòlî\ûrö{�'î\ý�ë�ô­ë7ö � î�ý�ùkú � ö�ú`ýXì�ñ � ùl÷cùlí e ùlú��gfd�B� � îcðµì`ùkíýXì1ö�ùlø�í�ì`òlî�ùkë%ö � î�9K6�0�45E	.�7K43;�0���.�0=9g;�2';�0U4-
tî\ö ó7îQîQíGõ­ø½÷Qô­ð�îQí½ö�ëø`ýCð�ø��+ùlîQë��^óØî�óhì`í$ö�ö�ø)ë�îQî�ý�îQòkì`ö�î�õyð�ø��$ùlîQëc÷\òkø�ë�î\ý�ö � ì`íyö � îQùeýñ­ô­ý�î�ý�î:�+ùlî\ó�ö�î\ï$ö,ë9öXì`ö�ùlë9ö�ùl÷Që,óØø�ô�òkõI�9ô­ë9ö�ùeû��H�
� � îµùkð�ñ+ý�ø��'îQð�îQí½öC÷�ì`í%
tîTî\ï­ì`ð�ùkí­î�õ¸ùlíDö � îµòlø�óØî\ý�ñ�ì1ý�ö�ø`û

e ùlú��gf��b� � î�òlø1ó7î\ý,òlî\ûröØú�ý�ø�ô­ñTø`ûåö�ý�ùkì`í�ú�òlî�C­ùlí�õ+ùk÷Qì`ö�ùlí�úCö � î^ú�îQí+ý�î
.�0U1+2-.�451�6�0�7gC­õ+ùkë�ñ­òkì��+ëRë9ö�ý�ø�í�ú�î\ýØ÷\ø � î\ë�ùkø�í�� a í�÷\ø�í�� ô�í­÷\ö�ùlø�íµó,ùlö �ö � îØûKô­òkò)�%òkì�
tîQòlî�õ�ë�í�ì�ñ�ë � ø�ö�ëgùlí e ùlú�ë�� � C ��ö � î:��÷�ì�í~
tîØùkõ­îQí½ö�ùeü�î�õì`ë3icùlë�í�î:�%�¸ø�ý�òkõÚ÷�ì`ý�ö�ø½ø�í�ë�� e ô­ý�ö � î\ý�ð�ø�ý�îµö ó7øyö�ùlú � ö�ú`ý�ø�ô­ñ�ëì`ñ�ñtî�ì1ý���ö � îµòlø�óØî\ý�òlî\ûLö'� ñ�ì`ùlý�ý�îQñ+ý�îQë�îQí½ö�u��vø���k$ö�ø`ý	��(�v�o�w�Cö � î����;÷Qòlô�ë9ö�î\ý�ø�í¬ö � î�ø�ñ­ñtø�ë�ùeö�î/�F(µø�� ÷Qòlø½÷XÿU��÷�ì`í�
tî�ùkõ­îQí½ö�ùeü�î�õì`ë^ûrø�ô+ý�u ê�òlùlîQíUw%ü�òlð�ë���ë�îQî e ùlú��g�����
7. DISCUSSION AND CONCLUSION� � î�ë�í�ì`ñ�ë � ø`ö�ëhùlí e ùlú�ë�� � C ��ú�ù\�'îCì%ú�òkùlð�ñ­ë�îCì`öhö � î�ñtø�ö�îQí½ö�ùkì�òî�ï­ñ­òlø�ýXì`ö�ø`ý	�µô�ë�ì`ú�î�ø`ûvö � î�ùlí½ö�ý�ø$õ­ô­÷Qî�õ3����hjilk[C'ö � î � �­ñtî�ýK
tø�òlùl÷ð%ô�òeö�ù)��õ­ùlð�îQí�ë�ùlø�í�ì�òAë�÷�ì`òlùkí­ú�ö�îQ÷ � í�ùkþ½ô�î��
� 
d�$ùlø�ô­ë^÷\òkô­ë9ö�î\ý�ë,òlùkÿ�îCö � î�u	k½öXì`ýx�åý�îQÿdw�ú`ý�ø�ô�ñpC�ø`ý^ö � î�ñ­ý�ø�ïd�ùlð�ùeö���ø�û@uF,7ô­ú�� ë��åùeûrî�wcì`í�õ�u9ê^í$öK�:w^ë9ö�ý�ùlÿ'î��t�7ùlí�î�ì`ë9ö�îQë?ðµì���óØì�í½öö�øÜð�ùlí­î¨ûKô­ý�ö � î\ýTî\ï­ì�ð�ñ�òlîQëµùlí¤ö � î/ì`ñ�ñtîQí�õ­ùeïÙü�ú�ô+ý�îQë�����ø`ö�î�Cö � ì`ö�í�ø>î\ï$ö�ýXìµùlí+ûKø�ý�ðµì1ö�ùlø�í/óhì�ë�ùlð�ñtø�ë�î�õp�^� � î�ë�ñ�ì`ö�ùkì�ò?ë9ö�ý�ô­÷:�

H2-Sammon

H2-Sammon

�����[������ p¡�¢I£�¤=¥:£�¦K£�§=¨d¥:¨�©�ª\«�¤­¬lª\©�®­¨�¤=¯�¬lª\©�®U«�°�©-¯±ª²¦K©�¨�¤=³�£
³�«�¤d©:¥:¨d¦K©�£�¤[®U¨�¤=³�£�´�£�¤d©�µ·¶�®U£¸´�«�¹[ª²£"º±£�³�«�´�£"¬�£�»�»s¦g£�§U¼
¨d¥:¨�©�£�¯½¨�»\«�¤U¾c©�®U£�ªR¥¿´s¨�ÀK«�¥A¾d£�¤=¥�£�¦�ÁÂ©�®U£Ã¥:£�¯ÅÄUÆ�Ç½´�¨d¥:È
É�Ê�Ë<Ì�Í±ÊKÌ�Î\Ï@Ê�Ð+Ë<Ñ�Í[Ò ©�®U£­º±»²¨d³�È"Ä�Ó^ÇqÔ Í�Ë+Õ Ô Ð5Ë�Ñ�Í[Ò ¨�¤=¯�©�®U£­¾�¥:£�£�¤Ä�ÖIÇ×´�¨d¥�È�Ø�»�´j¦3º±£�»²«�¤U¾�ª�¤U¾�©�«Aºp«H©�®×¾d£�¤=¥:£�¦�µ�Ù�¾d¨�ª�¤ Ò ©�®[ª²¦¾d£�¤=¥�£�ª�¤UÚ5«�¥�´s¨�©�ª\«U¤�¬{¨d¦~´�¨d¥:Èd£�¯%ªR¤�§p«�¦	©3§[¥:«U³�£�¦g¦:ªR¤U¾/Û�¤U«H©
¾�ª²¹d£�¤�µ
ÜKÝ Ñ�Þ±ß àâá ª\©�®U«�°�©�©�®U£O¯±ªR¦	©:¨�¤=³�£¿³�«�¤d©:¥:¨d¦	©�£�¤[®U¨�¤=³�£�´�£�¤d©%¨¥�ªR¤U¾×¦	©:¥�°=³�©�°=¥:£­ªR¦'¹[ª²¦:ª²º±»²£dã Ü<ä Ñ�Ð�Ð<Ñ�Õlà ©�°=¥�¤[ªR¤U¾�ª\©�«U¤ Ò ¨�»R»²«�¬�¦©�«
º±£�©�©�£�¥~§p«�§±°[»²¨�©�£'©�®U£�³�£�¤H©:£�¥~¨d¥:£�¨�¨�¤=¯%¦K©:¥:«�¤U¾�»²åm¥:£�»²¨�©�£�¯
Ø�»�´�¦^³�¨�¤/¾d£�©æ¤U«�¬ç¹�£�¥:å/³�»²«�¦K£'ª�¤/èBé'µ�êU£�£'©�®U£'Ó�¼�³�«U°=§±»\£�ë�ì
«[í)³�»²«U³�È=î�¨�¤=¯/©�®U£mÆp¼�³�»�°=¦	©:£�¥'ëKïI«[í)³�»²«U³�È=î�µ

0

200

400

600

800

0.2 0.4 0.6 0.8

Dissimilarity Histogram   

�����[�����ñð±¡óò-ªR¦	¼
©�«�¾�¥:¨�´ «dÚô¯±ªR¦	¼
¦�ª�´�ªR»²¨d¥�ª)©�ª\£�¦ õgö ÷
Ú5«�¥c©�®U£ø¦K£�»²£�³�©�£�¯
´�«�¹=ª²£�¦�µ



H2-Sammon

X_Files,_The_(1998)

Wing_Commander_(1999)

Wild_Wild_West_(1999)

What_Planet_Are_You_From?

Waterworld_(1995)

Virus_(1999)

Virtuosity_(1995)

Unbreakable_(2000)

Twelve_Monkeys_(1995)

Truman_Show,_The_(1998)

Toy_Story_2_(1999)Toy_Story_(1995)

Total_Recall_(1990)

Titan_A.E._(2000)

Timecop_(1994)

Tigger_Movie,_The_(2000)

Thirteenth_Floor,_The_(19

Terminator_2:_Judgment_Da

Tarzan_(1999)

Tank_Girl_(1995)

Supernova_(2000)

Strange_Days_(1995)

Starship_Troopers_(1997)

Stargate_(1994)

Star_Wars:_Episode_I_-_Th

Star_Wars_(1977)

Star_Trek:_Insurrection_(

Star_Trek:_Generations_(1

Star_Trek:_First_Contact_

Sphere_(1998)

Species_II_(1998)

Species_(1995)

Space_Jam_(1996)

Space_Cowboys_(2000)

South_Park:_Bigger,_Longe

Soldier_(1998)

Smilla’s_Sense_of_Snow_(1

Small_Soldiers_(1998)

Screamers_(1995)

Rugrats_Movie,_The_(1998)

Rocketeer,_The_(1991)

RoboCop_(1987)Road_to_El_Dorado,_The_(2

Red_Planet_(2000)

Quest_for_Camelot_(1998)

Puppet_Masters,_The_(1994

Prince_of_Egypt,_The_(199

Postman,_The_(1997)

PokØmon_the_First_Movie:_

Pocahontas_(1995)

Pitch_Black_(2000)

Pi_(1998)

Perfect_Blue_(1997/I)

Orgazmo_(1997)

Nutty_Professor,_The_(199

No_Escape_(1994)

Nightmare_Before_Christma

Naked_Lunch_(1991)

Mystery_Science_Theater_3

My_Favorite_Martian_(1999

Mulan_(1998)

Mononoke_Hime_(1997)

Mission_to_Mars_(2000)

Mimic_(1997)

Men_in_Black_(1997)

Matrix,_The_(1999)

Mars_Attacks!_(1996)

Lost_World:_Jurassic_Park

Lost_in_Space_(1998)

Little_Mermaid,_The_(1989
Lion_King,_The_(1994)

King_and_I,_The_(1999)

Jurassic_Park_(1993)

Junior_(1994)

Judge_Dredd_(1995)

Johnny_Mnemonic_(1995)

Island_of_Dr._Moreau,_The

Iron_Giant,_The_(1999)

Independence_Day_(1996)

Hollow_Man_(2000)

Highlander:_Endgame_(2000

Hercules_(1997)

Gojira_ni-sen_mireniamu_(Godzilla_(1998)

Gattaca_(1997)Galaxy_Quest_(1999)

Frequency_(2000)

Fifth_Element,_The_(1997)

Fantasia/2000_(1999)

Faculty,_The_(1998)

eXistenZ_(1999)

Event_Horizon_(1997)

Escape_from_L.A._(1996)

Emperor’s_New_Groove,_The

Dr._Strangelove_or:_How_I

Doug’s_1st_Movie_(1999)
Dinosaur_(2000)

Delicatessen_(1991)

Deep_Impact_(1998)

Deep_Blue_Sea_(1999)

Dark_City_(1998)

Cube_(1997)

Cool_World_(1992)

Contact_(1997)

Congo_(1995)

Clockwork_Orange,_A_(1971

CitØ_des_enfants_perdus,_

Chicken_Run_(2000)

Cell,_The_(2000)

Bug’s_Life,_A_(1998)

Brazil_(1985)

Blade_Runner_(1982)

Bicentennial_Man_(1999)

Beavis_and_Butt-head_Do_A

Beauty_and_the_Beast_(199

Battlefield_Earth_(2000)

Astronaut’s_Wife,_The_(19

Arrival,_The_(1996)

Armageddon_(1998)

Antz_(1998)

Anastasia_(1997)

Alien‡_(1992)
Aliens_(1986)Alien:_Resurrection_(1997

Alien_(1979)

Aladdin_(1992)

Akira_(1988)

Abyss,_The_(1989)

Abre_los_ojos_(1997)

6th_Day,_The_(2000)

2001:_A_Space_Odyssey_(19

H2-Sammon

X_Files,_The_(1998)

Wing_Commander_(1999)

Wild_Wild_West_(1999)

What_Planet_Are_You_From?

Waterworld_(1995)

Virus_(1999)

Virtuosity_(1995)
Unbreakable_(2000)

Twelve_Monkeys_(1995)

Truman_Show,_The_(1998)

Toy_Story_2_(1999)Toy_Story_(1995)

Total_Recall_(1990)

Titan_A.E._(2000)

Timecop_(1994)

Tigger_Movie,_The_(2000)

Thirteenth_Floor,_The_(19
Terminator_2:_Judgment_Da

Tarzan_(1999)

Tank_Girl_(1995)

Supernova_(2000)

Strange_Days_(1995)

Starship_Troopers_(1997)

Stargate_(1994)

Star_Wars:_Episode_I_-_Th

Star_Wars_(1977)

Star_Trek:_Insurrection_(

Star_Trek:_Generations_(1

Star_Trek:_First_Contact_

Sphere_(1998)

Species_II_(1998)

Space_Jam_(1996)

Space_Cowboys_(2000)

South_Park:_Bigger,_Longe

Soldier_(1998)

Smilla’s_Sense_of_Snow_(1

Small_Soldiers_(1998)

Screamers_(1995)

Rugrats_Movie,_The_(1998)

Rocketeer,_The_(1991)

RoboCop_(1987)

Road_to_El_Dorado,_The_(2

Red_Planet_(2000)

Quest_for_Camelot_(1998)

Puppet_Masters,_The_(1994

Prince_of_Egypt,_The_(199

Postman,_The_(1997)

PokØmon_the_First_Movie:_

Pocahontas_(1995)

Pitch_Black_(2000)

Pi_(1998)

Perfect_Blue_(1997/I)

Orgazmo_(1997)

Nutty_Professor,_The_(199

No_Escape_(1994)

Nightmare_Before_Christma

Naked_Lunch_(1991)

Mystery_Science_Theater_3

My_Favorite_Martian_(1999

Mulan_(1998)

Mononoke_Hime_(1997)

Mission_to_Mars_(2000)

Mimic_(1997)

Men_in_Black_(1997)

Matrix,_The_(1999)

Mars_Attacks!_(1996)

Lost_World:_Jurassic_Park

Lost_in_Space_(1998)

Little_Mermaid,_The_(1989
Lion_King,_The_(1994)
King_and_I,_The_(1999)

Jurassic_Park_(1993)

Junior_(1994)

Judge_Dredd_(1995)

Johnny_Mnemonic_(1995)

Island_of_Dr._Moreau,_The

Iron_Giant,_The_(1999)

Independence_Day_(1996)

Hollow_Man_(2000)

Highlander:_Endgame_(2000

Hercules_(1997)

Gojira_ni-sen_mireniamu_(

Godzilla_(1998)

Gattaca_(1997)
Galaxy_Quest_(1999)

Frequency_(2000)

Fifth_Element,_The_(1997)

Fantasia/2000_(1999)

Faculty,_The_(1998)

eXistenZ_(1999)

Event_Horizon_(1997)

Escape_from_L.A._(1996)

Emperor’s_New_Groove,_The
Dr._Strangelove_or:_How_I

Doug’s_1st_Movie_(1999)

Dinosaur_(2000)

Delicatessen_(1991)

Deep_Impact_(1998)

Deep_Blue_Sea_(1999)

Dark_City_(1998)

Cube_(1997)

Cool_World_(1992)

Contact_(1997)

Congo_(1995)

Clockwork_Orange,_A_(1971

CitØ_des_enfants_perdus,_

Chicken_Run_(2000)

Cell,_The_(2000)

Bug’s_Life,_A_(1998)

Brazil_(1985)

Blade_Runner_(1982)

Bicentennial_Man_(1999)

Beavis_and_Butt-head_Do_A

Beauty_and_the_Beast_(199

Battlefield_Earth_(2000)

Astronaut’s_Wife,_The_(19

Arrival,_The_(1996)

Armageddon_(1998)

Antz_(1998)

Anastasia_(1997)

Alien‡_(1992)
Aliens_(1986)Alien:_Resurrection_(1997

Alien_(1979)

Aladdin_(1992)

Akira_(1988)

Abyss,_The_(1989)

Abre_los_ojos_(1997)

6th_Day,_The_(2000)

2001:_A_Space_Odyssey_(19

ù{úRû[ü�ý�þ ÿ �������	��
���
	������������
���
������
��������� �"!���
��$#%�&
'
�($)��*�+���,#.-0/1�2�	���������
����(43	($
�(�5����6(7398$���	��!�( ��:<;=��
,��(��.>,#
?.@�A�B6C DFE ��(4;G���,�6�&
��G�H�1(�I����05%���G�2��(
���������J����3	(K��:%�L���,#�MON6���QPR�S���45���N6(�5&�&
��
���	��
�(73T��
U#
?WV1A�XYX"A[ZGC D]\1^ ���,��:W�2�&
��T����(F:_�	!$�	�`���
����(a�	�,�%(7�cb�d�eYf�g6dhf2i�j<d X e A gk��(7������
k�mlmn
;=���2o�(�36/'��
�(p!��0
q36����!���
�(7�7r (�# �,#&rR�
N	�0
	34��:s87t������ E ��(7o�>`;G��
,��(���r��������,
	3
u0u �,v !75��	!2o6#xw*��Py�2��(z���������F8${*5&��(�
	>
!75H�	�h��(7�|!��0
}N%(��&
	�.�%(7!2��(73�~������
�6v !$5��	!�oq:_���	��;G��
,��(�����:'�2�,�H���h(7����(7�
�0���2��(7��(�3F
�(�� ^ !75��0�.(�#



H2-Sammon

X_Files,_The_(1998)

Wing_Commander_(1999)
Wild_Wild_West_(1999)

What_Planet_Are_You_From?

Waterworld_(1995)

Virus_(1999)

Virtuosity_(1995)

Unbreakable_(2000)

Twelve_Monkeys_(1995)

Truman_Show,_The_(1998)

Toy_Story_2_(1999)
Toy_Story_(1995)

Total_Recall_(1990)

Titan_A.E._(2000)

Timecop_(1994)

Tigger_Movie,_The_(2000)

Thirteenth_Floor,_The_(19

Terminator_2:_Judgment_Da

Tarzan_(1999)

Tank_Girl_(1995)

Supernova_(2000)

Strange_Days_(1995)

Starship_Troopers_(1997)

Star_Wars:_Episode_I_-_Th

Star_Wars_(1977)

Star_Trek:_Insurrection_(Star_Trek:_Generations_(1
Star_Trek:_First_Contact_

Sphere_(1998)

Species_II_(1998)

Space_Jam_(1996)

Space_Cowboys_(2000)
South_Park:_Bigger,_Longe

Soldier_(1998)

Smilla’s_Sense_of_Snow_(1

Small_Soldiers_(1998)

Screamers_(1995)

Rugrats_Movie,_The_(1998)

Rocketeer,_The_(1991)

RoboCop_(1987)

Road_to_El_Dorado,_The_(2

Red_Planet_(2000)

Quest_for_Camelot_(1998)

Puppet_Masters,_The_(1994

Prince_of_Egypt,_The_(199

Postman,_The_(1997)

PokØmon_the_First_Movie:_

Pocahontas_(1995)

Pitch_Black_(2000)

Pi_(1998)

Perfect_Blue_(1997/I)

Orgazmo_(1997)

Nutty_Professor,_The_(199

No_Escape_(1994)

Nightmare_Before_Christma

Naked_Lunch_(1991)
Mystery_Science_Theater_3

My_Favorite_Martian_(1999

Mulan_(1998)

Mononoke_Hime_(1997)

Mission_to_Mars_(2000)

Mimic_(1997)

Men_in_Black_(1997)

Matrix,_The_(1999)

Mars_Attacks!_(1996)

Lost_World:_Jurassic_Park

Lost_in_Space_(1998)

Little_Mermaid,_The_(1989

Lion_King,_The_(1994)

King_and_I,_The_(1999)

Jurassic_Park_(1993)

Junior_(1994)
Judge_Dredd_(1995)

Johnny_Mnemonic_(1995)

Island_of_Dr._Moreau,_The

Iron_Giant,_The_(1999)

Independence_Day_(1996)

Hollow_Man_(2000)
Highlander:_Endgame_(2000

Hercules_(1997)

Gojira_ni-sen_mireniamu_(

Godzilla_(1998)

Gattaca_(1997)
Galaxy_Quest_(1999)

Frequency_(2000)

Fifth_Element,_The_(1997)

Fantasia/2000_(1999)

Faculty,_The_(1998)

eXistenZ_(1999)

Event_Horizon_(1997)

Escape_from_L.A._(1996)

Emperor’s_New_Groove,_The

Dr._Strangelove_or:_How_I

Doug’s_1st_Movie_(1999)

Dinosaur_(2000)

Delicatessen_(1991)

Deep_Impact_(1998)

Deep_Blue_Sea_(1999)
Dark_City_(1998)

Cube_(1997)

Cool_World_(1992)

Contact_(1997)Congo_(1995)

Clockwork_Orange,_A_(1971

CitØ_des_enfants_perdus,_

Chicken_Run_(2000)

Cell,_The_(2000)

Bug’s_Life,_A_(1998)

Brazil_(1985)

Blade_Runner_(1982)

Bicentennial_Man_(1999)

Beavis_and_Butt-head_Do_A

Beauty_and_the_Beast_(199

Battlefield_Earth_(2000)

Astronaut’s_Wife,_The_(19

Arrival,_The_(1996)

Armageddon_(1998)

Antz_(1998)

Anastasia_(1997)

Alien‡_(1992)Aliens_(1986)Alien:_Resurrection_(1997Alien_(1979)

Aladdin_(1992)

Akira_(1988)

Abyss,_The_(1989)

Abre_los_ojos_(1997)

6th_Day,_The_(2000)

2001:_A_Space_Odyssey_(19

H2-Sammon

X_Files,_The_(1998)

Wing_Commander_(1999)Wild_Wild_West_(1999)

What_Planet_Are_You_From?

Waterworld_(1995)

Virus_(1999)

Virtuosity_(1995)

Unbreakable_(2000)

Twelve_Monkeys_(1995)

Truman_Show,_The_(1998)

Toy_Story_2_(1999)
Toy_Story_(1995)

Total_Recall_(1990)

Titan_A.E._(2000)

Timecop_(1994)

Tigger_Movie,_The_(2000)

Thirteenth_Floor,_The_(19

Terminator_2:_Judgment_Da

Tarzan_(1999)

Tank_Girl_(1995)

Supernova_(2000)

Strange_Days_(1995)

Starship_Troopers_(1997)

Star_Wars:_Episode_I_-_Th
Star_Wars_(1977)

Star_Trek:_Insurrection_(Star_Trek:_Generations_(1
Star_Trek:_First_Contact_

Sphere_(1998)

Species_II_(1998)

Space_Jam_(1996)

Space_Cowboys_(2000)

South_Park:_Bigger,_Longe

Soldier_(1998)

Smilla’s_Sense_of_Snow_(1

Small_Soldiers_(1998)

Screamers_(1995)

Rugrats_Movie,_The_(1998)

Rocketeer,_The_(1991)

RoboCop_(1987)Road_to_El_Dorado,_The_(2

Red_Planet_(2000)

Quest_for_Camelot_(1998)

Puppet_Masters,_The_(1994

Prince_of_Egypt,_The_(199

Postman,_The_(1997)

PokØmon_the_First_Movie:_

Pocahontas_(1995) Pitch_Black_(2000)

Pi_(1998)

Perfect_Blue_(1997/I)

Orgazmo_(1997)

Nutty_Professor,_The_(199

No_Escape_(1994)

Nightmare_Before_Christma

Naked_Lunch_(1991)
Mystery_Science_Theater_3

My_Favorite_Martian_(1999

Mulan_(1998)

Mononoke_Hime_(1997)

Mission_to_Mars_(2000)

Mimic_(1997)

Men_in_Black_(1997)

Matrix,_The_(1999)

Mars_Attacks!_(1996)
Lost_World:_Jurassic_Park

Lost_in_Space_(1998)

Little_Mermaid,_The_(1989
Lion_King,_The_(1994)

King_and_I,_The_(1999)

Jurassic_Park_(1993)

Junior_(1994)Judge_Dredd_(1995)

Johnny_Mnemonic_(1995)

Island_of_Dr._Moreau,_The

Iron_Giant,_The_(1999)

Independence_Day_(1996)

Hollow_Man_(2000)Highlander:_Endgame_(2000

Hercules_(1997)

Gojira_ni-sen_mireniamu_(

Godzilla_(1998)

Gattaca_(1997)Galaxy_Quest_(1999)
Frequency_(2000)

Fifth_Element,_The_(1997)

Fantasia/2000_(1999)

Faculty,_The_(1998)

eXistenZ_(1999)

Event_Horizon_(1997)

Escape_from_L.A._(1996)

Emperor’s_New_Groove,_The

Doug’s_1st_Movie_(1999)

Dinosaur_(2000)
Delicatessen_(1991)

Deep_Impact_(1998)

Deep_Blue_Sea_(1999)Dark_City_(1998)

Cool_World_(1992)

Contact_(1997)Congo_(1995)

Clockwork_Orange,_A_(1971

CitØ_des_enfants_perdus,_

Chicken_Run_(2000)

Cell,_The_(2000)

Bug’s_Life,_A_(1998)

Brazil_(1985)

Blade_Runner_(1982)

Bicentennial_Man_(1999)

Beavis_and_Butt-head_Do_A

Beauty_and_the_Beast_(199
Battlefield_Earth_(2000)

Astronaut’s_Wife,_The_(19

Arrival,_The_(1996)

Armageddon_(1998)

Antz_(1998)

Anastasia_(1997)

Aliens_(1986)Alien:_Resurrection_(1997Alien_(1979)

Aladdin_(1992)

Akira_(1988)

Abyss,_The_(1989)

Abre_los_ojos_(1997)

6th_Day,_The_(2000)
2001:_A_Space_Odyssey_(19

�1�H�,���[�=�%�`���������$���+���,�����s�h���*���	���2�� ��
��¡�¢,����¡���������£���¡�¤,£�������£F�&������ x¥	 7¢� �¦�§
��¤6 7¥k¨$£�¤	¡���  ���L©=��¢,�� �£.ª,�
«.¬�­�®6¯ °�± �� F�_�	�$�	£4�����G¥,��¡��0�� 7¥��&�����
���� T¦����� 7�c¦� 7�W�G���0���� 7� ²k�H�³�2�� '¡��� 7¡
�R�� ��� ´�2�� Rµ$¶�·&¸4µ�¹W· ­ ¶4©=��¢	�� 7£º�����	�[ ���§
�2��¡��� 7¥³�"©=¡��2»� 7¥z¼�½T¾�¿À���
«WÁ1­ ¹Y¹ ­ ¸ ¯ °ÃÂ ���	�.���� 7���7¦��0£. ��	¤����Ä¡
¦�¡����� 7�=�0�����	¤k���R�� �¦�¡��� �¥�ÅO�H£��� $½�¡0��§
�&©=¡��2�����z©=��¢	�� 7£���¡0�F¼% G��¥	 ������SÆ6 �¥��



ÇhÈ0ÉhÊ�Ë�ÌxÍQÎ$ÏzÎ7È0ÇhÐ�Ñ4Î[ÇhÊ�Ò2Î7Ó�ÓSÔ�Õ�Ö�ÇhÖ�ÉhÑ Ê�Ë�Ö�Õ6×ØÕ�ÉhÊ�Ù�Ö2Ë�Ú�Ô³ÇhÛ�Ö�ÜYÕ�Ê�ÏÞÝ
ß ÏàÊ�Ñ Ê�Ó�Î$ÉhÊSÇhÊ�Ö2ÏFÐ7á*ÍJÐ$É.ÕpáHÉhÖ�â�È�Ö2Ë�Ò2Ê�Ö2ÏzÊ�Ë�ÏàÖ2Ò�Ð�Ë	Õ�Î$ÉàÔ�×KÕ�Ö2ÏàÒ�ÉhÊ�ã0ÇhÊ�Ù�Ö
ÇhÖ�ä0ÇhÏ´Ð$áºÇhÐ7Ç.Î$Ó�ÓSÔ=È�Ë0ÉhÖ2Ó�Î$ÇhÖ�ÕaÎ$È�ÇhÛ�Ð7ÉhÏ2å
æ Û�Ö2ÏàÖsÉhÖ2ÏàÈ�ÓSÇhÏ�ÏàÛ�Ð�ÍTÇhÛ�Î$Ç%ÇhÛ�Ösç�ÝmècéRêØÎ$ã�ã0ÉhÐ�Î7Ò.ÛÀÊ�ÏUÍ<Ö2Ó�Ó�ÏàÈ�ÊSÇhÖ�Õ

ÇhÐ�ÏàÈ�ã�ã,Ð7ÉàÇkëmÏàÖ2Ñ4Î$Ë�ÇhÊ�Ò'Ú�ÉhÐ�Í´ÏàÊ�Ë�Ì7ì9Ê�ËíÕ�Î[Ç.Î7ÏàÖ�ÇhÏ=Ð7ÉaÕ�Ð�Ò2È�Ñ Ö2Ë�Ç
Ò�Ð�Ó�Ó�Ö2Ò�ÇhÊ�Ð�Ë�Ï2å�î<Ð�Ñ ã	Î[ÉhÖ�Õ=ÇhÐ`ÇhÛ�ÖÀçÀê�ïÀèðÎ$ã�ã�ÉhÐ�Î7Ò.ÛcÍ´ÊSÇhÛFÎòñ�ä0Ö�Õ
Ì$ÉhÊ�Õ�ó�ô7ô�õY×sÇhÛ�Ö ç1ÝÞècéÀê'á&ÉhÖ2Ö�Ó�ÔöÚ�È�Ê�Ó�Õ0ÏOÎaÏàã�Î$ÇhÊ�Î7Ó<ÏÞÇàÉhÈ�Ò�ÇhÈ0ÉhÖ4Î7Ë	Õ
Ò2Î7Ë4ÇhÛ�Ö�ÉhÖ�á&Ð7ÉhÖÀÕ0Ê�Ïàã�Ó�Î2Ô ÇhÛ�Ö1Ò2Ó�Ð�ÏàÖ2Ë�Ö2ÏàÏ´Ð7áUÐ�Ú�÷ÞÖ2Ò�ÇhÏ<ø`Î7ÏQÏàÖ�Ö2ËU×�Ö�å Ì0å�×
Ê�ËcÇhÛ�Ö�ÇhÊ�Ì�Û�ÇGëÞù1Ó�Ê�Ö�Ë�ì`Ò2Ó�È�ÏÞÇhÖ�ÉRÜYúºÊ�Ì�å.û ß å æ Û0ÉhÐ�È�Ì7Û=ÇhÛ�ÖØü	ýàþ2ÿ����������
�_ý	��
���
2þ$ý��������Yþ�
=ÇhÛ�ÖQÉhÖ2ÏàÈ�ÓSÇhÊ�Ë�Ì*Õ0Ê�ÏÞÇàÉhÊ�Ú�È�ÇhÊ�Ð�Ë4Î$Ë	ÕOÇhÛ�Ö�Î$Ñ Ð�È�Ë�Ç+Ð$á
Ù�Ê�ÏàÊ�Ú�Ó�ÖØÊ�Ë0áWÐ7ÉhÑ4Î[ÇhÊ�Ð�ËGÒ�Î7Ë4Ú,Ö�Î�Õ$÷mÈ�ÏÞÇhÖ�Õ ÇhÐÀÇhÛ�Ö�Õ�Ö2ÏàÊSÉhÖ�Õ4ÏàÊSÇhÈ	Î[ÇhÊ�Ð7ËUå
ú0ÉhÐ�Ñ ècéRêTÇhÛ�Ö4ç1ÝÞècéÀêTÊ�Ë�Û�Ö�ÉhÊ�ÇhÏ*ÇhÛ�Ö4Ó�Ê�Ñ Ê�ÇhÊ�Ë�ÌzÏàÒ�Î7Ó�Ê�Ë�Ì'Ú,Ö�Ý

Û�Î�Ù0Ê�Ð$ÉKÐ7á��öÜ����9ô ß���� ÉhÖ�â�È�ÊSÉhÖ�ÕaÕ0Ê�ÏàÏàÊ�Ñ Ê�Ó�Î$ÉhÊSÇhÊ�Ö2ÏKá&Ð7É��ðã,Ð7Ê�Ë�ÇhÏ2å
ïØË�ÖKÇhÛ�ÖÀã,Ð7ÏàÊ�ÇhÊ�Ù�ÖÀÏàÊ�Õ0Ö*ÊSÇ�Î7Ó�ÏàÐ4Î$Ó�Ó�Ð�Í´Ï�ÇhÐòã�ÉhÐ�Ò2Ö2ÏàÏ1Ë�Ð7Ë�Ý�Ù�Ö2Ò�ÇhÐ7ÉhÊ�Î7Ó
Õ�Î$Ç.Î�×,Î�Ù�Î$Ê�ÓHÎ$Ú�Ó�ÖÀÐ�Ë�ÓSÔaÎ$Ï1ã�Î7ÊSÉàÍ´Ê�ÏàÖRã�ÉhÐ�ä0Ê�Ñ ÊSÇhÊ�Ö2Ï2å
ú0ÉhÐ�ÑqÇhÛ�ÖKÖ2ÑòÚ,Ö2Õ�Õ�Ê�Ë�ÌOÊ�Ëcç � ÇhÛ�Ê�ÏQË�Ö�Í�Î7ã�ã�ÉhÐ�Î$Ò�Û=ã�ÉhÐ$ñ�ÇhÏQË�Ð$Ç

Ð7Ë�ÓSÔRá&ÉhÐ7Ñ�ÇhÛ�Ö<Ö�ä�ÇàÉ.ÎØÏàã�Î7Ò2ÖLáWÐ7ÉLÒ2Ð7Ñ ã�ÉhÖ2ÏàÏàÊ�Ë�Ì�ÏàÖ2Ñ4Î7Ë�ÇhÊ�Ò<ÉhÖ2Ó�Î[ÇhÊ�Ð7Ë�Ý
ÏàÛ�Ê�ã�Ï2å���Ç�Î7Ó�ÏàÐ4Ì�Î7Ê�Ë�Ï�ÇhÛ�ÖÀÏàÈ�ã,Ö�ÉhÚaÙ�Ê�ÏàÈ	Î$Ó�Ê���Î[ÇhÊ�Ð�Ë'Î7Ë�ÕcË	Î�Ù�Ê�Ì�Î$ÇhÊ�Ð7Ë
ã0ÉhÐ�ã,Ö�ÉàÇhÊ�Ö2Ï2×LÍ´Û�Ê�Ò.Û³Í<Ö�ÉhÖcáWÐ7È�Ë�Õ�ÇhÐFÔ0Ê�Ö�ÓHÕ�ÏàÊ�Ì�Ë�Ê�ñ�Ò�Î7Ë�Ç Ê�Ñ ã0ÉhÐ$Ù�Ö�Ý
Ñ Ö�Ë�ÇØÊ�Ë'Ç.Î$Ï��aÇhÊ�Ñ Ö*Ò2Ð7Ñ ã	Î$ÉhÖ2ÕzÇhÐ4ÇàÉ.Î�Õ0ÊSÇhÊ�Ð7Ë	Î$ÓLÚ0ÉhÐ[Í´ÏàÊ�Ë�ÌcÑ Ö�ÇhÛ0Ý
Ð�Õ0Ï2å
ú�È�ÇhÈ�ÉhÖ´ÍJÐ$É �`Í´Ê�Ó�Ó%Î7Õ�Õ0ÉhÖ�ÏàÏ�!��#"�ÇhÛ�ÖKÎ7È0ÇhÐ�Ñ4Î[ÇhÊ�Ò1Ò2È�ÏÞÇhÐ�Ñ Ê���Î$ÇhÊ�Ð7Ë

Ð$áUÇhÛ�Ö´ã�ÉhÐ�ä0Ê�Ñ ÊSÇ"ÔOÇàÉ.Î$Ë�ÏÞáWÐ$ÉhÑ4Î$ÇhÊ�Ð�Ë%×$!����#"QÇhÛ�Ö´Ò2Ð7ÑòÚ�Ê�Ë�Î$ÇhÊ�Ð�Ë4Ð7á6ÇhÛ�Ö
ç1ÝmècéRê4Í´ÊSÇhÛcÇhÛ�ÖÀçÀê�ïÀèyá&Ð7É1Ù�Ê�ÏàÈ	Î7Ó�Ê��2Ê�Ë�Ì4Ù�Ö�ÉàÔ4ÓHÎ[ÉhÌ�ÖOÕ�Î[Ç.Î7ÏàÖ�ÇhÏ2å
!����%�#"�&�Û�Ö2ËzÓ�Ð�Ð��0Ê�Ë�ÌcÎ[ÇØÇhÛ�ÖRÓ�Î7Ú,Ö�Ó Ê�Ë�ÇhÖ2Ë�ÏàÖ*Î7ã�ã,Ö�Ë	Õ�ÊSä=ñ	Ì�È0ÉhÖ2Ï2×6ÊSÇ
Î$ã�ã,Ö�Î[ÉhÏòÐ7Ú0Ù�Ê�Ð�È�ÏOÇhÛ�Î$Ç*ÇhÛ�Ö4Õ�Ê�Ïàã�ÓHÎ2Ô Ò2Î7Ë Ú,Ö4ÏàÈ�Ò2Ò�Ö2ÏàÏÞáWÈ�Ó�ÓSÔ�Ò2Ð7Ñ`Ý
Ú�Ê�Ë�Ö�Õ4Í´Ê�ÇhÛ=Ù�Î[ÉhÊ�Ð�È�ÏQÏàÖ2Î$ÉhÒ.ÛaÐ�ã,Ö�É.Î[ÇhÊ�Ð�Ë�Ï1Î$Ë	Õ=ÏàÈ�ÊSÇ.Î7Ú�Ó�ÖKÌ$É.Î7ã�Û�Ê�Ò�Î7Ó
Î[ÇàÇàÉhÊ�Ú�È�ÇhÊ�Ð7ËUå

8. REFERENCES
' (�)+*-,/.�0213,�4$576$198;:=<?>�@�A#B	C�.�:=D�E+5F6G198H5FIKJ�L M�N%O3NQPSR9T7U	N%V3TFW3L

XHY W3L NQT�Z25F@�13<?13[3,/:=\?C?]^13<`_ba/:cadA#]dadA#B9]e:=<?>�E�\?\?A#. >�fg,/13h7:=h�A#D#A a�ib5
6$C?:=\?jk:=<�:=<?>�le:=D#D�mn(9o3o=p?5

' qc)rls5 _n5 @t5?6G1�8�. ad. ,�5�uvV2T7w%x$J Y L N%O2R	W3Tzy{R	V3PSR9M�|�}357~^<?A 02. ,/]/A a�ik1=�
*-13,/13<2a/1�fg,/. ]/]9m�(9o3�2��5

' �c)r�75?>?. ��. .9�2��:=<?>��	57_bad1�13\�5FE�<��?\�\n. ,^hF13�?<?>;��13,�_?_�*^�{�$_?_n5
� U	} Y�� V3PrR�M�|�N#�2W3mF��(3�#( p2o��F(9�3��m-(9o3�3��5

' p=)r�75 Es57l�:=,dadA#[2:=<�5F�{.9\�,/. ]/. <2a	:cadA#13<�1=��]/A#j�A#D�:=,dA a�iSjk:cad,/A#B . ]$hbi
a/,d.9. ]95��?���eP�� X M�W3M�N�U/M����vU	U �#mF�3q��#(3( p2���F(3(9�3��m-(9o3�2��5

' �c)rle:=<?]��9�13,d[���D#1�B/�k:=<?>`�312:=B	C?A#j��G�?C?jk:=<?<�5?@��?D adA#>?A#j�. <?]/A#13<7:=D
]/B9:=D#A#<?[Sh2i�>?.�a/. ,/j�A#<�A#]dadA#Bv:=<?<?.9:=D#A#<?[?57��< � | V Y xGI�I¢¡e£ �G¤
£nR�T7N Y R9mH(9o3o2��5

' �c)r�75?�-:=j�\?A#<?[?m��¥5?��:=1?m7:=<?>�f¦5?fgA#,/13D#D#A�5�E§��1bB9��]�¨eB 13<bad.�8�a
a/. B	C?<�A#©��?.sh7:=]d.9>;13<�C2i�\F. ,/hF13D#A#Bv[3. 13j�.�a/, ik�%13,$0�A#. �^A#<?[rD�:=,/[3.
C?A#. ,	:=,/B/C?A#. ]�5?��<��r¡-I X?ª yv¡�« ª ¡gV3T�¬�R�| R�T Y RSV3T`«�J�PrW2T
­ W Y M�V3|�UvN�T¢¡�V3Pe®FJ�M�NQT�Z X }3U	M�R�PrU/m?\7:=[3. ]ep2��(	�bp2�3��m-(9o3o3��5

' ��)r�213C�<��-:=j�\?A#<?[r:=<?>��^:=jk:=<7:+��:=1?57��:9i�A#<?[S13��ae:=<?>
0�A#]d�7:=D#A#¯ A#<?[SD�:=,/[3.�a/,d.9. ]^�?]/A#<�[�:rC2i�\F. ,/hF13D#A#Bv]/\?:=B9.357��<��r¡-I
X }3Pe®�V2U/N�J�P°V3T²±¦U	R�| ª T7M�R�|�¬�W Y R X Vd¬�M%³´W3| RSW3TFOtµFR Y�� TFV3L V	Z3}3m
\7:=[3. ]+(9���F( p?m�(9o3o=p?5

' �c)+47,	:=<?��@�13,/[2:=<H5 ¤ N�R�PSW3T7T7N�W3T¶y{R	V3PrR�M�|�}b·{�¹¸�R�Z2NQT7TFR�|�º U
y$J�N�ObR95F�313<?. ]e:=<�>`�$:=,dadD#.�ada^f´��h?D#A#]/C?. ,d]�m�(9o3o3��5

' oc)+*¦:=jk:=,	:r@���<?¯ <?. ,�5Fl����g��:9i�A#<?[S13��a^D�:=,/[3.v>�A#,/. B�a/. >�[3,/:=\?C?]{A#<
�=>�C2i�\F. ,/hF13D#A#Bv]/\?:=B9.357��< � | V Y R	R	O3N�T�Z3UsV/¬vM � RS»2¼2¼�½ ª xgx´x
X }3Pe®�V2U/N�J�P°V3T ª T�¬ V3|�PSW3M�N�V3T¾£-N�U/J?W3L N ¿�W3M�N�V2T�� � � V9R�T7N À=�´�vÁ�m
\7:=[3. ]�q��F(9��m�(9o3o2��5

' (9�c)+*¦:=jk:=,	:r@���<?¯ <?. ,�5FÂe,/:9�^A#<?[+D�:=,/[3.�[3,/:=\?C?]{��A adC�C?�c0�A#.��$. ,�:=<?>
]/A ad.vjk:=<7:=[3. ,�5?��< � | V Y R	R	O3NQT�Z2U+V/¬�y$| W ® �;Ã | W2³�NQT�ZÄº ¼2Åc�
IÆV3T7M�| R	W3L �¥¡�W3TFW2ObWc� X ®F|�NQT�ZbR9|�w=£FR�|�L WcZ3m?��. B�ad�?,/.¥Ç^1=a/. ]eA#<
6$13j�\���a/. ,e_�B A#. <?B .k(9�=pb��m?\7:=[3. ]e�3�=pc���3o3��m-(9o3o3��5

' (3(�)r�7�13,d[kÈe<2a/,d�?\�:=<?>�l�. D#[3.¥�{A adad. ,�57*-.�8ba�B9:cad. [313,/A#¯9:ca/A#13<K:=<�>
]/. jk:=<badA#Bvh?,d1��^]/A#<?[s�^A a/C;]/. D ��É�13,/[2:=<?A#¯ A#<?[+jk:=\?]{13<
<?13<�É�. �?B D#A#>?.9:=<�]d\7:=B .9]957��< � | V Y �´Ê Ã�Ã w�Ë�ÌbÌ3»3m7\7:=[3. ]e�3�3�����=p2o�5
_�\?,/A#<�[3.9,^�-Ç^Ee�Gq�(9�3��mnq3�3��(35

' (9qc)+f�.�ad. ,�fgA#,/13D#D#A�m?_ba/�?:=,da��r5F6$:=,/>Hm7:=<?>`@�A �d:s@t5�Í´:=<�Âe. ,$ÎÆ.9[3.35
Í�A#]/�?:=D�A#<���13,/jk:cadA#13<��%13,/:=[3A#<?[SA#<;:+�%1bB �?]e¨ÏB 13<bad.�8�a
0�A#]d�7:=D#A#¯9:ca/A#13<�5?��<¶¡�« ª m7\7:=[3. ]��3�3������(9��mnq3�3��(35

' (9�c)sÎ�57fg,/. ]/]9m?�e5?4�D�:=<�<?. ,di2mF_n5?*-.9���313D#]/�2ibm7:=<?>;ÎÏ5?Íg. a ad.9,dD#A#<?[?5
uvJ�PrR�|�N Y W3L ¤ R Y N ®�R�UvNQT¢¡¢Ð;M � R���|�M{Vd¬ XHY N�R�T7M�N Ñ Y ¡�V3Pe®FJ�M�N�T�Z35
6{:=j+h?,/A#>�[3.v~�<?A 0n5?fg,/. ]/]9m�(9o3�3��5

' ( p=)r��A#,/]dad. <��{A#]/>�.9<HmF@`:=,dikf¦5F6G¯ . ,d�^A#<?]/�bA�m?*¦:=jk:=,/:+@���<?¯ <?. ,�mF:=<?>
Â�:=<?A#. D��e5?6G1�13�F5?E�<;A#<?A adA�:=Dn. 8�:=j�A#<7:cadA#13<;1=��.�:=]d.v1=�-�?]d.e�%13,{q=>
:=<?>��=>;A#<��%13,djk:ca/A#13<k0�A#]/�7:=D#A#¯9:cadA#13<?]�1=�-�G.9h;B 13<bad. <ba95
ª T7M�R9|�TFW3M�N%V3TFW3L-��V2J�|�TFW3L¦V/¬e«vJ�PSW3T¶¡�V3Pe®FJ�M�R�| X M�J�O2N�R�U/m
�3��Ò��2Ó	� �3o3������( p?m�q3�3�3��5

' (9�c)rls57�{A a a/. ,�5F_�. D ��É�13,d[2:=<?A#¯ A#<?[rjk:=\�]^13<;<?13<�É�. �?B D#A#>?.9:=<�]d\7:=B . ]�57��<
_n5nÈ´�d:�m��^5FÔ¹�v:=]d��A�m�.9>�A a/13,9m Ê V � V2TFR9TKIKW ®FU	m?\7:=[3. ]eo2�9�F(3(9��5
�´D#]/.�0�A#. ,�m?E�j�]dad. ,/>7:=j�mF(9o3o3o�5

' (9�c)SÕe.9,/:=,/>�_�:=D a/13<�:=<?>`6GC?,dA#]dad13\?C?. ,^�G�?B	�bD#. i25F*-. ,/jSÉ%�$. A#[3CbadA#<?[
:=\?\?,/12:=B/C?. ]eA#<�:=��a/13jk:cadA#B�a/.�8bae,d.�a/,dA#. 0=:=D�5 ª T�¬ V3|�PrW2M%N%V3T
� | V Y R�U	U	NQT�Z�W3TFOkIÆW3TFW�ZbR9PSR9T7M�m7��Ò%q=pbÓ�� ��(9�����3q3��m�(9o3�3��5

' (���)r�75�Î�57_�:=j�j�13<�m��2,95?E§<?13<�É�D#A#<?.9:=,^jk:=\�\?A#<?[r��13,$>7:ca/:
]dad,/�?B�ad�?,/.s:=<7:=D i�]/A#]95 ª x´x´xÖµF| W3T7U�W Y M%N%V3T7UsV3Tz¡�V3Pe®FJ�M�R�|�U	m
(9��� p2��(	�bp2�3o�m�(9o3�3o�5

' (9�c)r�75 Es5?*{C?13,d\n.35nx$L R9PSR�T7M�W2|�}KµFV�®FN Y UvN�T Ã N ×�R9|dR9T7M�N�W2Lgy{R	V3PSR9M�|�}35
_�\?,/A#<�[3.9,{Íg.9,dD�:=[?m�(9o2�=o�5

' (9oc)sÎ²A#D#D#A�:=jÖf�5�*{C��?,d]dad13<�:=<?>��3. Øn,d. i��v5�ÎÆ. .9�b]�5?*^C�.
jk:ca/C?. jk:cadA#B ]^1=�¦adC?,/. .�É�>?A#j�. <?]dA#13<7:=D�jk:=<�A �%13D#>?]95 XHY N�R�T7M�N Ñ Y
��PrR�|�N Y W3T7mF�3�?D in� o=pc�F(9�2��m-(9o3�=p?5

AcknowledgmentÂ�:=<?A#. D�ÎÆ. Ù3D#A#<?[k>?. ]/. ,d02. ]�jk:=<bi�a/C?:=<?��]��%13,^C?A#]eC�.9D#\�A#<�B 13<?>?�?B�adA#<?[
.�8�\F. ,/A#j�. <2a/]G:=<?>kA#j�\?,/190�A#<?[vB 1b>?.�:=<�>;�?�13,d[SÈe<2a/,d�?\S��13,G]/C7:=,dA#<?[¥C?A#]
j�1�0�A#.S.�8�\n. , a/A#]d.k:=<?>t,d. 0�A#.��Ú>7:ca/:=h7:=]/.35;*{C7:=<?�b]sad1`�3.�ØH,d.�iÆÎÆ. . ��]
��13,e4¦A#[?5 (r:=<�>Kad1;6G13,/>?13<`E�,da^É{�$:3:=,/<�mHl^13D#D�:=<?>��%13,�\F.9,dj�A#]/]dA#13<;ad1
�?]d.v4�A#[?5dq;Ò%:=D#D�,dA#[3Cbad]{,/. ]/. , 02.9>;13<�:=D#D�@t5 6e5��g]/B	C?. ,{�$13,/�b] BÛ q3�3�3q2Ó	5


