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ABSTRACT
g0h�i�j;h�k�l�m�n)oap=n�l7l7h�q7ksr2m>k�m>k;t�u�v�wdm�x7wzy�k;{�|�l�w;h}|7h�l�~
�5�8q�h�i�j=h�k�l
|�j��;|7h�i�j=h�k=x�h�|�m>k�|7h�i�j;h�k;x�h�{�n�l7n
�;n(|7h�|�u0m�|an)k�m�r2p-~)q�l7n)k�le{�n�l7n)�
r2m>k�m>k;tVl7n�|��Vn
k;{"w=n�|5��q�~�n�{Vn)p�p�o>m�x�n�l�m�~�k=|����A|�j=n)o>o���uY|7h�i�j;h�k;x�h
p=n�l7l7h�q7k=|"n)q�hVn�|7|7~0x�m�n(l7h�{Ev�m�l�w�{0m>��h�q�h�k�lVx�m>q�x�j=r�|7l7n)k=x�h�|�u,n)k={
|�j=x<w�x�m>q�x�j;r�|7l7n)k=x�h�|E��~)q�r�n�r"jdo�l�m>p�o�h�{�m�r�h�k;|�m�~
k;n
o�|�p=n�x�h(�
�;~
qAh%�0n�r2p�o�h�u�x�j=|7l7~�r�h�qAp�jdq�x7w;n(|7h2|7h%i�j;h�k=x�h�|}n)q�hVn�|7|7~0x�m�n(l7h�{
v�m�l�w�q�h�t)m�~
k5u=l�m�r�h�u;x�j;|7l7~(r�h�q�t
q�~)j�p5u=n)k={�~(l�w;h�q�|�����lKm�|�m>k�l7h�q7�
h�|7l�m>k=tEn)k={Ej;|7h��8jdo}l7~�r2m>k=hz|7h%i�j;h�k�l�m�n
oAp=n�l7l7h�q7k=|�n�|7|7~0x�m�n(l7h�{
v�m�l�w�r"jdo�l�m>��{0m�r�h�k=|�m8~
k�n)oem>k���~)q�r�n(l�m�~)k$�
�8kVl�wdm�|5p=n)p�h�q
u�v�h5p�q�~)p-~�|7h�l�w=h�l�w=h�r�he~)��r"j�o�l�m>��{0m�r�h�k=|�mb~)k=n�o

|7h�i�j=h�k�l�m�n)o}p;n(l7l7h�q7k�r2m>k�m>k;t�u�v\w�m�x7w�m>k�l7h�t
q�n�l7h�|�l�w=h�r"j�o�l�m�{�m>�
r�h�k=|�m�~)k=n)o}n
k;n
o��0|�m�|�n
k;{�|7h�i�j=h�k�l�m�n
oA{�n�l7n�rVm>kdm>k=td����h�n)o�|7~
l�w=~)q�~)j=t)w�o��Vh���pdo�~
q�h�h���x�m�h�k�lar�h�l�w=~0{d|���~)q,r�j�o�l�m>��{�m�r�h�k;|�m�~�k=n)o
|7h�i�j=h�k�l�m�n)o"p=n�l7l7h�q7k�r2m>kdm>k=td����h�h��0n(r2m>k;h���h�n(|�m>�do�h�x�~�r"�dm>�
k=n�l�m�~)k=|�~)�}h���x�m�h�k�l�|7h�i�j=h�k�l�m�n)o�p=n�l7l7h�q7k�r2m>k�m>k=tEn)k={�r�j�o�l�m>�
{0m�r�h�k=|�m�~)k=n)o�n)k=n)o��0|�m�|Vr�h�l�w=~0{d|�u=n�|�v�h�o>o,n�|�{dh%��h�o�~
p�jdk�m>��~)q�r
r�h�l�w=~0{�|A��~)q"w�m�t)w���p�h�q7��~
q�r�n)k=x�hzrVm>kdm>k=td�����0l7h�k=|�m���h�h���p-h�q7m>�
r�h�k�l7|�|�w=~
v l�w=h"n�{��
n)k�l7n�t(h�|"n�|�v�h�o>o5n(|�o>m�r2m�l7n�l�m�~
k�|"~)�el�w=h�|7h
r�h�l�w=~0{�|��eg�~(r�h�q�h�x%~�r�r�h�k;{�n�l�m�~
k;|e~)kV|7h�o�h%x�l�m>k;t�pdq�~
p�h�qer�h%l�w;~0{
v�m�l�wzq�h�|�p-h�x�lAl7~�{dn(l7n�|7h�l�pdq�~
p�h�q�l�m�h�|"n
q�h"{�q�n
v�k$�

1. INTRODUCTION
g0h�i�j=h�k�l�m�n)o$p;n(l7l7h�q7ksr2m>kdm>k=t�¡3¢�£�u(m�� h���u0r2m>k�m>k=t2�8q�h�i�j=h�k�l�|�j��d�

|7h�i�j=h�k=x�h�|�n�|2p=n�l7l7h�q7k;|�m>k�n¤|7h%i�j;h�k=x�h�{�n�l7n
�;n(|7h�u�m�|�n)k�m�r2�
p�~
q�l7n)k�l�{�n�l7nVr2m>k�m>k;t�l7n�|���v\m�l�w���q�~�n({�n
pdp�o>m�x�n(l�m�~�k;|�u;m>k=x�o>j={��
m>k=t¤l�w=hzn
k;n
o��0|�m�|z~)�}x�j=|7l7~�r�h�q���h�w=n
��m�~)q�|�u���h���n�x�x%h�|7|�p=n�l��
��¥ w=hEv�~
q7�¦v�n(|�|�jdp�p�~
q�l7h�{ m>k¦p=n)q�l�����l�w;h�§}n�l�j�q�n)o�g�x�m>�
h�k=x�h�|en)k={��Kk=t)m>k=h�h�q7m>k=t�¨Xh%|7h�n)q�x7ws©�~)j�k;x�m>o5~
�,©\n
k;n({dn�ª�t
q�n)k�l
§"g0�e¨�©���«}¬0­(®)¬0¯�u^l�w;h�§Ah�l�v�~)q7��|s~)��©�h�k�l�q�h�|s~)�����0x%h�o>o�h�k=x�h
~)�K©�n)k=n�{�n�ª�t
q�n)k�l�§"©���°��R¨}��gY��¬0¯�uYn)k={zl�w=hA±Ah%v\o�h%l7l���²an(x<�(n
q�{
³5n
�5u=�2� g-� «2�

l7h�q7k=|�u�pdq�~0x�h%|7|�n)k=n)o��0|�m�|�~)�V|7x�m�h�k�l�m>y=xEh���p-h�q7m�r�h�k�l7|�u"p�q�h�{�m�x��
l�m�~
k�~)�$k;n(l�jdq�n
o${�m�|7n(|7l7h�q�|�u;{0m�|7h�n�|7h"l�q�h%n�l7r�h�k�l7|�u={�q7j=tVl7h�|7l�m>k;t�u
´}§A«¦n
k;n
o��0|�m�|�u5h�l7x(�
«A|en)kµh��0n�rVpdo�h�u=n)kµ��g0²�ª��Sk�l7h�q7k=h�l�g0h�q���m�x�h"²aq�~
��m�{dh�q%¯Xr�n
�

y�k;{V�8q�~�r m�l7|ex�j=|7l7~�r�h�q�p�jdq�x7w=n�|7h�{dn(l7n)�=n�|7h}nA|7h�i�j=h�k�l�m�n)o�p=n�l��
l7h�q7k·¶�¸�¹�º�»�¼�½¤¾E¢%¿�¿�À;Á0Âd¼�Ã�¼�Ä�Ä�Å8Æ;»�Ä
¼�Æ;Ä
»A¾0Ç�Ç�Ä�È�ÈAÉ=¾0Ç�Ê0¾
Ë0Ä0Ì
Í ºRÈ�Â�Î�È�Ç
¼�Å8Î�ÄV»�Áz¢
Ï�À;Á0Âd¼7È�Ð�Ñ2Á0Æ;»�À2É=¾0Ç�Ê�¾
Ë0Ä0Ì Í º�Â'É�Ò
Ë0¼�¾0Ó0Ä�»RÁV¬�¿µÀ;Á0Âd¼7È�Ð�ÑVÁ0Æ;»�À�É=¾0Ç�Ê0¾
Ë�Ä0Ì Í º�Â'ÉYË0¼�¾0Ó0Ä"»�ÁzÂ�ÆdÒ
Ô�Å8ÑVÅ8»�Ä�Ó�É=¾0Ç�Ê0¾
Ë�Ä0Ì�w=~)o�{�|��S~)q�¬Y®�ÕÖ~)�}x�j=|7l7~�r�h�q�|���g�j;x7w�p=n�l��
l7h�q7k=|5x%n)k"��haj;|7h%{2l7~�{�h���h�o�~
p�r�n)q7�0h%l�m>k;t}n)k={�p�q�~0{�j=x�l$|7l�q�n�l7h��
t
m�h�|��
¥ w;h5p=n�l7l7h�q7k;|5��~
jdk={A�8q�~(r |7h�i�j=h�k�l�m�n
odp=n�l7l7h�q7kVrVm>kdm>k=tdu�l�w=~)j=t)w

j�k;x%~)�(h�q�t)o�~)�=n)o�q�h�t
jdo�n
q7m�l��¦n(r�~)k=t�x�j=|7l7~�r�h�q�|�u2r�n)��|�j���h�q
�8q�~(r×nEo�n�x7�¦~
�2�S~0x�j;|��Ø�;~
q�h��0n�rVpdo�h�uVl�w=hEn)�-~)�(hE|7h�i�j=h�k��
l�m�n
o"p;n(l7l7h�q7kÙ¶�¸�r�n
�Úk=~�l���hÛp-~)p�jdo�n
q���~)qsx�j=|7l7~�r�h�q�|�~)�(h�q
Ï(Ï��ÝÜ�n)k���~)��l�w;h�|7h�~
o�{dh�qÞx�j;|7l7~(r�h�q�|�r�n
��j;|7h�l�w=h�m>q�n�x��
x�h%|7|Ap;n(x<�(n�t(h�~)k�o���l7~�x<w=h�x7��h�r�n
m>oeh���h�q���l�v�~�~)q^l�wdq�h�hV{�n)�0|
n
k;{�w;h�k;x�h�l�w;hV¬�¿�w=~)j�q�|�°)r�~
k�l�wEp;n(x<�(n(t�h2m�|}l�w;h�m>q"p�q�h���h�q7q�h�{
x7w;~
m�x�h�� ¥ w0j;|�u�|7h%i�j;h�k�l�m�n
o�p=n�l7l7h�q7k�¶5ß^¹àº�»R¼�½�¢�¿(¿�À;Á0Â�¼aÃ�¼�Ä�Ä
É=¾0Ç�Ê0¾
Ë�Ä Í È%Â�Î'È%Ç
¼�ÅbÎ�Ä"»�Á"¬�¿sÀ;Á0Â�¼<È�Ð�Ñ2Á0Æ=»3ÀAÉ=¾0Ç�Ê�¾
Ë0Ä0Ìar�n
�
w=~)o�{E��~
q�x�j=|7l7~�r�h�q�|2~
�(h�q�Ï(Ï��µáXkEl�w=h�~�l�w=h�qVw;n
k;{�uap;n(l7l7h�q7k
¶�¸Vr�n
�¤w=~)o�{E��~
q�n�r�j=x7wÚw�m�t)w=h�q�p-h�q�x�h�k�l7n(t�h�u�|7n)�Þ­�Ï�Õ�u�~
�
p�q�~)��h%|7|�m�~)k=n)o�x�j;|7l7~(r�h�q�|}��~)j�k=t�h�q^l�w;n
k�¬0Ï0�
©�o�h�n)q7o��(u5m>��|7h�i�j=h�k�l�m�n)o�p;n(l7l7h�q7kErVm>kdm>k=t¤x%n)k���h�n�|7|7~0x�m�n�l7h�{

v�m�l�w�x�j;|7l7~(r�h�q^x�n�l7h�~(t)q���~
qA~(l�w;h�qVr�j�o�l�m>��{�m�r�h�k;|�m�~
k�n)o�m>k���~
q7�
r�n(l�m�~)k$u�m�lVv�m>o>o���h�r�~)q�h�h��-h�x�l�m���hs|�m>k;x%hzl�w=h�x�o�n�|7|�m>y=h�{Úp=n�l��
l7h�q7k=|�n)q�h�~
��l7h�k�r�~)q�h�j;|7h��8jdo��Ùg�m�r�j�o�n)qµ|�m�l�j;n(l�m�~)k=|�h���m�|7l�m>k
r�n
k���p�q�n�x�l�m�x%n)o�n)p�pdo>m�x�n(l�m�~)k=|)� ¥ w�m�|Ar�~�l�m��
n�l7h�|"~
jdq^|7l�j;{��z~
�
ÑVÂ�Ô�»�Å3ÒâÓ0Å8ÑVÄ)Æ=»RÅbÁ0Æ;¾)Ô�È�Ä�ã
ÂdÄ
Æ;»�Å8¾�Ô�É=¾0»�»�Ä
¼�ÆsÑ2Å8Æ=Å8Æ0Ë��
¨�h�x�h�k�l$|7l�j;{0m�h�|5w�m�t)w�o>m�t)w=l7h�{�Ñ2Â0Ô�»�Å3Ò7Ó0ÅbÑ2Ä
Æ;»�Å8Á0Æ�¾�Ô
¾0Æ;¾�Ô�½
È�Å3ÈYn�|

n
k;~(l�w;h�qe�8q�~
k�l�m�h�qe~)�={dn(l7nAr2m>k�m>k=t�q�h�|7h%n)q�x7w5�e�;~
qah��0n(r2pdo�h(u��8q�h��
i�j=h�k�l2p=n�l7l7h�q7k=|�x�n
kE��h�n�|7|7~0x�m�n�l7h�{�v\m�l�wÞl�q�n)k=|7n�x�l�m�~
k;|�w=n)p��
p�h�kdm>k=t"n�l${�m>��h�q�h�k�lax�m>q�x�j=r�|7l7n)k=x�h�|�¡ Ï'£�u
v\w�m�x7w"��~)q�r�|$n�l���m>p�x�n
o
x�n(|7h�~)�Vr"jdo�l�m>��{0m�r�h�k=|�m8~
k;n
o�n�|7|7~0x�m�n�l�m�~)kÙr2m>k�m>k;t��¦±}~)v�h���h�q
u
l�w=h�q�h2m�|"k;~�pdq�h%��m�~)j=|2|7l�j={d��~)k�r2m>k�m>k;t�|7h�i�j=h�k�l�m�n)o�p;n(l7l7h�q7k;|
m>k�r"jdo�l�m>��{0m�r�h�k=|�m8~
k;n
o�x�m>q�x�j=r�|7l7n
k;x�h%|��
�Sk�l�w�m�|�p=n)p�h�q
uAv�h�m>k�l7h�t)q�n(l7h¤|7h%i�j;h�k�l�m�n
o"p;n(l7l7h�q7k�r2m>k�m>k;t

n
k;{�r"jdo�l�m>��{0m�r�h�k=|�m8~
k;n
o�n)k=n)o��0|�m�|Vn)k={zp�q�~)p�~(|7h2l�w=h2l�w=h�r�h"~
�
ÑVÂ�Ô�»�Å3ÒâÓ0Å8ÑVÄ)Æ�È�Å8Á0Æ=¾)Ô0È%Ä�ã
Â�Ä)Æ=»RÅb¾�Ô�É=¾0»�»RÄ
¼�Æ�Ñ2Å8Æ=Å8Æ0Ë��ag0h��(h�q�n)o�p�~(|��
|�m>��o�h2h���x�m�h�k�l�r�h�l�w;~0{�|�n)q�h�p�q�~)p�~(|7h�{z��~)q�r"jdo�l�m>��{0m�r�h�k=|�m8~
k;n
o
|7h�i�j=h�k�l�m�n
oAp=n�l7l7h�q7k�r2m>k�m>k;t�� ¥ w�m�|2x�n
k���h�x�n�l7h�t(~)q7m�ä�h%{Úm>k�l7~
l�v�~�x�n�l7h�t(~)q7m�h�|�åVª7¢
¯�m>k�l7h�t)q�n(l�m�~)k�~
��h���x�m�h�k�l}|7h�i�j;h�k�l�m�n)o�p=n�l��



l7h�q7kzrVm>kdm>k=t�n)k={zr"jdo�l�m>��{0m�r�h�k=|�m8~
k;n
o�n
k;n
o��0|�m�|Ar�h�l�w=~0{�|�u;n)k={
ª�®(¯Qh�r"��h�{�{0m>k;t"r"jdo�l�m>��{0m�r�h�k=|�m�~)k�n
o;m>k���~)q�r�n(l�m�~)k�m>k�l7~}|7h�i�j=h�k;x%h�|
n
k;{�r2m>k=h�l�w;h�v�w=~)o�hA|7h%l5j;|�m>k=t2nAj�k�m>��~)q�r |7h�i�j;h�k�l�m�n)o�p;n(l7l7h�q7k
rVm>kdm>k=t�r�h�l�w=~0{Q�^áXj�qAh%�0l7h�k;|�m��(h�h���p�h�q7m�r�h�k�l7|V|�w;~
v¦l�w=h2n({��
�
n
k�l7n�t�h%|�n(|�v�h�o>o}n(|�o>m�rVm�l7n�l�m�~)k=|�~)�^l�w;h%|7hzr�h�l�w=~0{�|���g0~�r�h
q�h%x�~�r�r�h�k;{�n�l�m�~
k;|�~)kÙ|7h�o�h�x�l�m>k=t�pdq�~
p�h�q�r�h%l�w;~0{�|�v�m�l�w q�h��
|�p-h�x�lAl7~�{dn(l7n�|7h�l�pdq�~
p�h�q�l�m�h�|"n
q�h"{�q�n
v�k$�
¥ w=h�q�h�r�n)m>k�m>k;t�~
��l�w=h2p=n)p�h�q"m�|"~
q�t�n
kdm�ä�h%{En�|A��~
o>o�~
vX|����8k

|7h%x�l�m�~)kÞ®�u�v�h"{�h�y�k;h�l�w;h"pdq�~
�do�h%r ~
�er�j�o�l�m>��{�m�r�h�k;|�mb~)k=n)o}|7h��
i�j=h�k�l�m�n
oap;n(l7l7h�q7k�r2m>k�m>k;tsn)k={zq�h���m�|�m�lAq�h�o�n�l7h%{�v�~)q7����g0h�x�l�m�~)k
¬�m>k�l�q�~0{0j;x�h%|��aÆ=Å���Ä�ã�u�n)k�n
o�t�~)q7m�l�w=r ����h�r"��h�{�{�m>k=t�r�j�o�l�m>�
{0m�r�h�k=|�m�~)k=n)osm>kd�S~)q�r�n(l�m�~)k�m>k�l7~�|7h�i�j=h�k;x%h�|�� g0h�x�l�m�~)k���{dh��
�(h�o�~)p=|�l�v�~�n
o�t�~
q7m�l�w;r�|�u���Ä�ã�Ò	�"ÅbÑ n
k;{
�"ÅbÑ�Ò���Ä�ã�u�v�w�m�x<w�m>k��
l7h%t)q�n�l7h�|7h�i�j=h�k�l�m�n
oXp=n�l7l7h�q7k�rVm>kdm>k=t¤n
k;{�r"jdo�l�m>��{0m�r�h�k=|�m�~�k;n
o
�bq�h�i�j;h�k�lXp=n�l7l7h�q7k�r2m>k�m>k=tzm>k�l�v�~�{0m>��h�q�h�k�l"v�n
�0|���«Xkµh��0l7h�k��
|�m��(hzp�h�q7��~
q�r�n)k=x�h�|7l�j={d��x�~(r2p=n)q7m>k=tÚl�w=h�l�w�q�h�hzr�h%l�w;~0{�|�m�|
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3. UNISEQ: EMBED MULTIDIMENSIONAL
INFORMATION INTO SEQUENCES
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