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1. ABSTRACTfhgBikjTl$mNn$oBmNikpqpsr�tBo:u�iktBo$vBikoBw
xygBn$v$u+z:{Ow
j+i|vBoBgBj�r�tHiktHr�tBj+mNn$zOvB}kj�n$mN~q}kn$pql$vBj�wkmUx�}kr�wkt$}kw
}knOvBmNx�w��X��j�vBzOr+w|x#iktBz:w|�Bl$w|m r�wktB}|wkx
ikj�fhwkxyj��Tn$r+t$j�lOm nO�Br+zOw�xyn$pqw�r�tBx�r�oBgBj�r+tBj�n�j�gBwkxyw��$v$wkx�j�r�n$tBx��1��gBr�x�l$i|l$wkm�m w|l$n$mNj�x�j+g$w�x�j�ikj�r+xyj+r�}ki|uUmNwkxyvBu+j�x�nO{$j�ikr�tBwkz�� m nOp�i
side-by-

x�r�z$w�}|n$pql$i|m r�x�nOt:n$�3�Tikx�}|ikuTiktBz���zOi��s�UgBw�vBtBr��$vBw�t$ikj�vBm w�n$�3nOvBmUr�tBx�j�r+j�vBj�r+nOt:l$mNn$�Br�z$w|z:j+g$w
n$l$lOn$mNj+v$tBr+j�~qj+n:r�x�nOu+i|j+w
ikt$zsxyj+vBzO~�}ki|vBx�i|u�� ik}|j+nOm xy�$ikt$zsi|u+u�n$�IwkzqvBx�j+nq��nOu+u�n$�hj�gBw�w|�Bl$w|m r�pqwktBj�iku5ikt$zs}knOtBj�m nOu�o$m nOvBl$x�j+g$m nOvBoBg�o$m i|z$vBi|j+r�n$tT�
fhw�}knOtBz$v$}kj+w|z'i�xyr+zOw�{$~�x�r�z$w1}kn$pql$i|m r�x�nOtRn$��j�gBw�v$x�w�nO�
�%ikxy}ki|u+���IgBr+}|g��Iikx:xyl$w|}kr���r�}kiku�u�~�zOwkx�r�oBtBw|zR��nOm�r+t$x�j�m vB}|j+r�n$t$iku
l$v$m lOn$x�w|x���iktBzH��z$i�r�tsi|t�r�tBj+mNn$zOvB}kj�n$mN~�}|n$vBmNx�w5����gBw�w|�Bl$w|m r�pqwktBj5z$w|psnOtBx�j�m i|j+w|zsj�gBi|j�xyj+v$z$wkt$j+x���w|m wIpqvB}kgspsnOm wIx�vB}|}kw|x�x�� vBu
r�t���z$i�j�gBi|t�r+t��Tikxy}kiku��3i|tBz1u�wkz�j+n�j+gBw�m w|�Br�x�r�n$t�nO��j�gBw���}ki|z$w|ps~�}|n$mNw�}kvBmNmNr+}|vBu+v$p�j�n1vBxyw���z$i��$��r+t�nOvBmIr+tBj�mNn$z$v$}kj�n$mN~
compu

j�wkm�xy}kr+w|tB}kw:}|u+i|x�x����Ug$r+x�l$i|l$w|m#z$r�x�}kv$x�x�w|x�j+gBwHzOwkj�ikr�u+x�n$��nOvBm#}knOpslOikm r�x�nOtB��}kr�j+r�tBo�x�l$w|}kr���r�}Hwk�Bi|pslOu+w|xIj�n*r+u�u�vBx�j�m i|j+wHi
mNikj�r+nOtBiku5{$i|x�r�x�� n$m�wk�Bi|u+v$ikj�r+tBosl$mNn$oBmNikpqpqr+tBosu+i|tBoBvBi|oBwI��wki|j+v$m w|x��
�� �¡�¢¤£�¥1¦�§�¨¤©�£
¡�¦�¢
�Ug$w�oBwktBw|m i|u�wkzOvB}ki|j+r�n$tBi|u�oBnOiku#n$��j�gBw*ª
tBr�j+w|z��%j+i|j+w|xq«�r�u+r�j�ikmN~1��}ki|z$wkpq~1i|j#f¤w|x�j#�Tn$r�tBj#r+xHj�n�¬­wktBi|{$u�w*r+j�xHoBm i|z$vBi|j+w|xHj+n
ikt$j+r�}kr�l$i|j+wsiktBz�j�n�mNwkxyl$nOtBz�w|����w|}kj�r+�$wku�~:j+n�j�gBw�v$tB}kw|m j�ikr�tBj�r+w|x�n$�3i�}kgBi|tBoBr�tBo:j+w|}kgBtBnOu+nOoBr�}kiku��F�F���In$mNu+z�� ®@¯Nt:j+gBr�x�w|tB�Br�m nOtBpsw|tBj
j�gBwkmNwsr�xIu+r�j+j�u�wsz$r�x�i|oBmNwkwkpqwkt$j�nO�Bwkm�j�gBwqtBwkw|z�� n$m�j+g$wsr�tBx�j�r�j+vBj�r�n$tT°Fx�oBmNikzOvBikj�wkxIj+n�vBtBzOwkmNx�j�iktBz�j�gBws� vBtBzOikpqwktBj�iku�x�nO�U}knOpslOvBj�wkm
x�}|r+w|tB}kw5�D±3�BwkmN~�x�j�vBz$w|tBj��IgBn'i|j+j�wktBzOx�fhwkxyj��%nOr+tBj�r+x:mNwk�OvBr+mNwkzRj�nR}knOpslOu+w|j+w�²#�´³�µO�$��¯NtBj+mNn$zOvB}kj�r�n$t�j+nR²#nOpslOvBj�wkmNx:iktBz
�%mNn$o$m i|pspqr+tBo��¶²#�·³­µ$�'r�x�i�²#�¸µ¹}kn$v$m xyw�{$~���²#«ºxyj+i|tBz$i|m zOx��D�Ug$w�}kn$v$m xyw�r+x:nOtBw�x�w|psw|x�j�wkm�u�n$tBo$���Ir�j+g�j�gBr+mNj�~

-
��nOvBm

u�wkx�xyn$tBx*nO�q� r+� j+~
-
��r��Bw�psr�tBvBj�wkx*ikt$z¤xyr+�¤j���n

-
gBnOvBm:u+i|{$x��»²#�¼³­µ$�h}knOtBx�r�x�j�x�nO�sj�gBmNwkw�l$gBi|x�w|x�½�j+w|t¹u�wkxyx�n$t$x�nOt¹}knOpslOvBj�wkm

}knOtB}kw|l$j�x��#j���w|tBj+~
-
j+g$m w|w�u+w|x�xyn$tBx�nOtRl$mNn${Ou+w|p

-
x�n$u��Br�tBoRj�gBm nOvBoBgRlOm nOoBm i|pspqr+t$oB�#iktBz¹x�wk�$wktRu�wkx�xyn$tBx�n$tRj�gBw�vBxyw�n$�
n$� ��r�}kw

ikv$j+nOpsi|j+r�n$t�i|l$lOu+r�}ki|j+r�n$tBx���¯Nj�r+xIr�pslOn$mNj+i|tBj�j+n�}ku�wki|m u�~�vBtBzOwkmNx�j�iktBz�j�gBwso$n$iku�x�nO�Uj�gBw�xywk}knOtBz�lOgBikxyw�nO�Uj�gBw�}|u+i|x�x��:f¤ws��nO}kvBx
n$thw|tBoBr�tBwkw|m r�tBohl$mNn${$u�wkp¾x�n$u��Br�tBoB��j�n¸gBwku�l¸j+g$wRx�j�vBz$w|tBj+x�zOwk�Bw|u+nOl¸j+g$w�xy¿Br+u�u�x�j�nhx�~JtBj�gBw|x�r�Àkw�}knOpslOu+w|�Xr�tB��nOm pqikj�r�n$t¤iktBz
��nOm pqvBu�ikj�ws}|n$tB}|m w|j+w|�%�In$mN¿Bik{Ou+wqx�nOu+vBj�r�n$tBxIj+n�ik{Ox�j�m i|}kj�l$mNn${Ou+w|psx���²#�h³�µO��l$mNn$�$r+zOwkxIl$mNn${$u�wkp

-
xyn$u��Br�tBo�w|�Bl$w|m r�wktB}|w�j�gBmNn$vBoBg

j�gBw�v$x�w�n$�Ii�Á rd oBwktBw|m i|j+r�n$t�l$mNn$oBmNikpqpqr+tBo�u+i|tBoBvBi|oBw�Â ÁOÃ
ÄÆÅÇ�¹fhw�}|gBn$xyw�i�ÁOÃ
Ä¸{$w|}kikv$x�w��Iw�{Owku�r+w|�Bw�w|�B}kw|x�xyr+�Bw�vBx�w�n$�
ikv$j+nOpsi|j+w|z'j+nOn$u�x���nOm�r�tBj+mNn$zOvB}kj�n$mN~

-
u�wk�$wku�lOm n­È;wk}kj�x:�In$vBu�zRx�vB{Ox�j�r+j�vBj�w¹ÉNl$nOr+tBj�i|tBzR}ku�r�}k¿TÉ�}knOz$w�oBw|tBwkmNikj�r+nOt���n$m�j+gBw�zOwkxyr+oBt

wk� ��nOm j�tBw|}kw|x�x�i|m ~8j+n¼oBi|r+t8gBiktBzOx
-
n$t·lOm nO{$u�wkp

-
xyn$u��Br+t$o·wk�$l$wkmNr�wktB}|w��dÊ
vBm�w|pslOgBikxyr+x¤r�xXlOm nO{$u�wkpËx�nOu+�Br�tBoB��tBn$j*mNiklOr+z

iklOl$u�r+}|ikj�r+nOtHz$wk�Bw|u+nOl$pqwktBjM�
¯Nj�r�x#iku�x�n:r�pslOn$mNj+i|tBj�� n$m3j�gBwkxyw
x�j�vBz$w|tBj�x#j+n:vBt$z$wkmNx�j�iktBzHtBnOjÌn$tBu�~�i�}|n$pql$vBj�wkm�°Íx�}ki|l$i|{$r�u+r�j+r�wkxy�O{OvBj
iku�x�n�r+j�x�u�r�psr�j+i|j+r�n$tBx����Ug$wkx�w�}ki|l$ik{Or+u�r�j+r�wkxy�3iktBz�Î�ÏOÐ�Ñ�Ò+Ó|Ô$Õ�Ï$Ð�Õ Ö�Ñ�×$Ø�Õ�Ò�Ù
Ò+Ñ�Ï$Ñ�Ò+ÚOÛ$Ü�ÝÆi|m w�psnOx�jUw|��� wk}kj�r��Bwku�~*z$wkpqn$t$x�j�m i|j+w|z�vBx�r�tBo�i
3GL.

¯Nt�i�mNwk}|wktBj�x�vBmN�Bw|~:n$�U� r+�$w�r�tB}knOpsr�tBo�� ik}kv$u+j�~:psw|ps{OwkmNx���w|ik}|g���i|x�i|x�¿Bw|z�j+n�tBikpqw�j�gBw|r+m�z$w|x�r�m w|z�}kg$ikmNik}kj�wkmNr�x�j�r+}|x�n$��i�ÁOÃ
Ä
x�v$l$l$nOm j�r�tBosj�gBw�n${­ÈMw|}kj�r+�$wkx�n$��²#��³­µ$��ÞFßOàÇ�I�TikmNwktBj�gBw|j+r�}ki|uÌtBvBpq{$wkmNx�r+t$z$r�}kikj�w���gBw|tspqn$mNw�j+g$iktqn$tBw�mNwkx�lOn$tBzOwktBj5pqwktBj�r�n$tBw|zsi
characteristic.
• á wku�r�ik{$r�u+r�j�~�Â âOÅ
• 

ÄÆn$�h}|n$x�j5ÂNâ$Å
• 

��j�m nOtBoBu�~�j+~JlOwkzqÂ ÁOÅ
• Standards-based/Platform-

r+t$z$wklOwktBzOwktBj5ÂNã$Å
• Basi

}�}|n$tB}kw|l$j�x�ä�}knOtBx�j�m v$}kj�x�i|m wIx�r�pslOu+wIÂNã$Å
• 

±3pql$gBi|x�r�x�nOt�}knOpslOr+u�w
-
j+r�pqw�ÂN�BwkmNx�v$x�mNvBt

-
j+r�psw|Å�wkmNm nOm�zOwkj�wkmNpsr�tBi|j+r�n$tsÂ ãOÅ

• 
Ã
n$nOzszOwk{$v$oBoBr�tBo�xyvBl$lOn$mNj�ÂNã$Å

• å u�n$}|¿�x�j�m v$}kj�vBm w|z
• 

�%mNn$�$r+zOwkx�w|�B}kw|l$j�r+nOt�gBi|tBz$u�r�tBo
• Security
• Regularity



• Fully-
z$w|�Bwku�n$lOwkzql$mNn$��w|x�xyr+nOtBiku5x�j�mNwktBoBj�g

• 
��vBlOl$nOm j�x�w|tBoBr�tBwkw|m r�tBo�zOwkxyr+oBtspsw|j+g$n$z$nOu+nOoB~

• 
��gBi|u+u�n$�hÂNm w|u+i|j+r��Bwku�~�xyl$wki|¿Br�tBoBÅ�u+w|ikmNtBr�tBo�}|vBm �$w

• 
��l$lOu+r�}kik{Ou+wIj�nsmNwki|u

-
��nOm u�zslOm nO{$u�wkpqx

• 
��vBlOl$nOm j�x�Ê
{­ÈMw|}kj5Ê
mNr+w|tBj+w|zslOm nOoBmNikpqpsr�tBo

�Ug$wkx�wqikt$z�n$j�gBw|m�� ik}|j+nOm xI��w|m wq}knOtBx�r�z$w|m w|z�r�t�zOwkj�wkmNpsr�tBr�tBo�iqu�iktBoBv$ikoBw|Â xyÅ�j�n�w|�Biku�vBi|j+wqikxIismNwklOu+i|}kw|psw|tBjT� n$m��%i|x�}ki|uK�:�UgBw
á wkr�z á w|l$nOm j��3}knOpslOr+u�wkz�i|tBz�vBlOz$i|j+w|z�{$~*æ
m�� á ��ç�� á w|r+z�nO��«�r+}|gBr�oBikt���j�ikj�w�ª
tBr��BwkmNx�r�j�~RÞ�è$àN�Ær�tBz$r�}ki|j+w|x�j+g$ikjUj�gBw�lOm r�pqikmN~
l$mNn$o$m i|pspqr+tBosu+i|tBoBvBi|oBwkx�r�t�ik}|ikzOwkpqr+}IvBx�wIj�n$z$i|~�ikmNwk�Or+tsiku�l$gBi|{$w|j+r�}ki|u�nOm zOwkmN�$��z$i|�$²#ä�²#é%é%�O�%i|x�}ki|u+�O«�n$z$v$u+iIiktBzq��}|gBwkpqw��
�Ug$w
z$r�����r�}kv$u+j�r+w|x#n$�ÆvBxyr+tBoH²¤iktBz:²#éTé���nOm3wkzOvB}ki|j+r�n$tBi|u�l$v$m lOn$x�w|x#ikmNw
��w|u+u%z$n$}|vBpsw|tBj�wkz��I��gBw�}knOtB��vBxyr+t$osxy~JtBj+i|�sr�x�z$w|j+i|r+u�wkz
r�t�Þ�ê$àN�Ti|tBz*x�n$pqwHn$��j�gBwHr+xyx�vBw|xI�Ir�j+g�²#é%é�ikmNwHz$r�x�}|vBx�xywkz*r+tRÞN³�à���±3�Bwkt���r�j�g�j�gBwsmNwk}|wktBj�xyvB}k}|wkx�xy��vBu�{Oiku�u+nOj+r�tBo�nO��j�gBwq²#é%é
x�j�ikt$z$ikmNz$�ÌlOn$l$v$u+i|mU²#é%é1}kn$pql$r�u�wkmNx�}knOpsw��Ir�j+g:pqiktB~HlOm nOl$mNr+w|j+i|m ~H��w|ikj�vBmNwkx��s��}|gBwkpqw�r�x�tBn$jTvBx�w|z�ikt$~J��gBw|m w�ikj%fhw|x�j%�Tn$r�tBj
ikt$z�j+g$wkmNw���i|x�u+r�j�j+u�w�n$m�tBn�� ik}kv$u+j�~�w|�Bl$w|m j�r�x�w:r�t��%}kgBw|psw|���IgBi|j+w|�Bwkm�r�j�x
pswkmNr�j+x�����j3j�gBw:j+r�pqw:n$�#j�gBw:x�j�vBz$~J��çëik�Bi:�Iikx
t$n$j
�Iwku�u3¿BtBnO��t*iktBz�j�gBw:lOm nO}kvBmNwkpqwktBjUn$�#i:u�ikmNoBw:tBvBpq{$w|m�n$�#çëik�Bi:}|n$pql$r�u+w|m x
�Iikx
}|n$tBxyr+zOwkmNwkz�r�pslOm vBzOwktBjM����gBw:j�gBwkt*mNwk}kw|tBj
¯N��Ê¶xyj+i|tBz$i|m z$r�Àki|j+r�n$tqn$����z$i��O�$��j+gBw�zOm nOl$l$r�tBoqn$��j�gBw�ª�� ���kæ
wkl$i|m j�pqwktBj5n$��æ
wk� wktBxyw�j�m i|z$w|psi|m ¿siktBzqj+g$w�xyvB}k}|wkx�xy��vBu5mNwklOn$mNj+x
n$����z$iI�$�qwkikmNu�~�ikzOn$l$j�wkmNx�u+w|zsvBx�j�ns}|gBn$nOx�wI�IzOi�� n$m�n$v$m�j�wkxyjK�
ì� R©1¦1¢1§�¨¤©1£´í1¢�§î¥:ï�ð�¨1ñ�£�ðò¦1ó�£�ô1ï�ï�õ1ö
ï�¥:¡�÷øï�¢¤£
fhws}|n$tBzOvB}kj�wkz�is¬kx�r�z$wq{$~:x�r�z$w|®�}|n$pql$ikmNr�x�n$t�n$�Uj�gBwsr+pql$i|}kj�n$�U�Tikxy}kiku�iktBz���z$i�nOt�j�gBw�xyvB}k}|wkx�x�n$��n$vBm�²#�X³�µO��xyj+vBzOwktBj�x��
��tHr+tBxyj+mNvB}|j+n$mUl$mNn$��r�}kr�wkt$j�r+tH{On$j�gq�Tikxy}kiku%iktBzH��z$i��Iikx�x�w|u+w|}kj�wkz��I��gBwktq�IwIxywku�wk}kj�wkzHnOtBw�ÉNik�Bw|m i|oBw�É3²#��³­µ$�Hx�w|}kj�r+nOtsi|x�j�gBw
wk�$l$wkmNr�psw|tBj+i|u�oBmNn$vBlO�I�IgBr�}kgh�In$vBu�z¸vBx�wRj�gBwR��z$iRlOm nOoBmNikpqpsr�tBohu+i|tBoBvBi|oBw��ù�UgBwRj���n¸�Tikxy}kiku�x�wk}|j+r�n$t$x�j+i|vBoBgBj�{O~Xj�gBw
wk�$l$wkmNr�psw|tBj+i|uToBmNn$v$l�°Íx�r+t$x�j�m vB}|j+nOm�� n$mNpsw|z�j�gBw�}|n$tBj�mNn$u�oBm nOvBl��:f¤wsiku�x�n�wk�Biku�vBi|j+w|z�j�gBw�lOwkmN��n$mNpqiktB}|w�n$��j+g$r+x�}kn$t$j+mNn$u�oBmNn$vBl
iko$ikr�tBx�j�j�gBw
�%i|x�}|iku�xywk}kj�r�n$tBx#j�ikvBo$gBj�{$~qn$j�gBw|m3r+t$x�j�m vB}|j+nOm xy�5j+n:w|tBx�vBmNw
j�gBikjÌi|tB~�l$w|m � n$mNpsi|tB}kw�zOr+� ��wkmNwkt$}kwkx�}|n$vBu�zH{$w�ikj�j+mNr�{$vBj�wkz
j�nsj�gBwIu+i|tBoBvBiko$wkx�iktBzqtBn$j5j�gBwIr+tBxyj+mNvB}|j+nOmÇ�
±3�Bw|m ~�w|����nOm j���i|x�psi|z$w�j�n'pqr+t$r+pqr+À|w�z$r���� wkmNwktB}|wkx�{Owkj���w|wktRj�gBw�w|�Bl$w|m r�psw|tBj+i|u�i|tBzR}knOtBj+mNn$u�oBm nOvBl$x��¸��gBw�x�j�vBz$w|tBj�x:iktBz
u�wkx�xyn$t�}|n$tBj�wktBj��IwkmNw��Bw|m ~�xyr+pqr+u�ikm�r+t�{On$j�g�oBmNn$vBlOx����UgBw�x�wk}|j+r�n$t�r�z$w|tBj�r+� r+wkz1ikx�j�gBw�w|�Bl$w|m r�psw|tBj�ikuUo$m nOvBl��Iikx�¬­i|�BwkmNiko$w�� ®
��j�vBz$w|tBj�x���w|m w�t$n$j�xyl$wk}|r+i|u+u�~qx�wku�wk}|j+w|z:��nOm3j+g$r+x#xywk}kj�r�n$tT���UgBw|x�w
x�j�vBzOwktBj�x#gBikz:¬­i|�BwkmNiko$wk®
Ã
�%��x#�IgBr�}kgH��i|x#}knOtBx�r�x�j�wktBj%��r�j+g
j�gBw�j�gBwkr�mU�����'xy}kn$mNwkx�ikx�zOwkj�ikr�u+w|z�r+t:��ik{Ou+w|xs³�ikt$z:ã��
�D��w|�òx�j�vBz$w|tBj�x#gBikz:x�nOpsw
lOm w|�Br�n$vBx#lOm nOoBm i|pspqr�tBoHwk�BlOwkmNr+w|tB}kw|��{OvBj
pqn$x�jÌzOr+zHtBnOjK�I��gBw�x�ikpqw�}knOtB}kw|l$j�x�i|tBzHl$mNn$oBmNikpqpqr+tBoq}knOtBx�j�mNvB}kj�x���w|m wI}kn$�$wkmNwkz$�Ou+w|x�xyn$t

-by-
u�wkxyx�nOtB�$�Ir+j�g�w|ik}|g�oBmNn$vBl���ú%n$m

wk�$ikpql$u�wk��j+gBw�xywk}|n$tBzRlOm nOoBm i|pspqr�tBo�u+w|x�x�nOt���n$}|vBx�w|zRn$t�{$i|x�r�}�r+t$l$vBj�i|tBzRn$vBj�l$v$j���nOm�j+g$w�¿Bwk~J{On$ikmNz�iktBz�pqn$tBr�j�n$m��¤�UgBw
cont

m nOu�oBmNn$vBl:u�wkikmNtBw|zqi|{$nOvBjÌm w|ikzO�OmNwki|z$u�tB�O�ImNr+j�w�iktBzH�Im r�j+w|u+t$�O�IgBr�u+w�j�gBw�wk�Bl$w|m r�pqwktBj�ikuÌoBmNn$v$lqu�wki|m t$wkzHik{On$vBjÌoBw|j+��oBw|j+ûOu+r�tBwk�
l$v$j�i|tBzql$vBj�û$u�r+tBw5�

å i|x�wkz�nOt*ikt*iktBi|u+~Jxyr+x
nO�#�����¸x�}knOm w|x
iktBz�o$m i|z$w:l$nOr+t$j3ik�Bw|m i|oBwkx
nO�#j+g$w:}kn$tBj�mNn$u3i|tBz�wk�BlOwkmNr+pqwkt$j+i|u3oBmNn$vBlO�T�IwH}kn$t$}ku�vBz$w
j�gBikjÌj�gBw�j+�InHoBm nOvBl$x��IwkmNw�}kn$pql$i|m i|{$u�w�j+nHwki|}kgqn$j�gBwkm�����vBpqpsi|m r�Àkw|zszOikj�i�� n$m�}knOpslOikmNr+tBos������pqikj�g�i|tBzq�BwkmN{$i|u�xy}knOm w|x�� n$m
j�gBw�wk�$l$wkmNr�pswkt$j+i|uUikt$z�}knOtBj+mNn$u�oBmNn$vBlOx�r+x�l$mNwkx�w|tBj�wkz�r�t�j+i|{$u�wkx�³:iktBz�ã��1¯Nt�i�xyj+mNikr�oBgBj���nOm �IikmNz�iklOl$u�r+}|ikj�r+nOt*n$�#i:j

-
j�wkx�jU��w

}knOtB}ku�vBzOwkzqj+gBi|j�j�gBwIpsi|j+gsiktBzq�Bw|m {Oiku5psw|iktsx�}knOm w|x��IwkmNwItBn$j5l$mNn$�$ik{$u�~�zOr+� ��wkmNwktBj5{Owkj���w|wkt�j�gBwIj+�InqoBm nOvBl$x��

Mean Median Variance ü�ý þ�ÿ����
Pascal 554.35 555 5077 71.25
Ada 530 520 2650 51.48�����
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Mean Median Variance ü�ý þ�ÿ����
Pascal 641.24 630 4644 68.14
Ada 641.76 640 4152 64.44�����
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ú�vBmNj�gBwkm:w|�Br+zOwktB}|w�j�nhx�vBlOl$nOm j
j�gBw�}ku�ikr�p j+g$ikj
{$nOj+g¤j�gBw�wk�BlOwkmNr+pqwktBj�iku
i|tBzX}|n$tBj�mNn$u�oBmNn$vBlOx��IwkmNw�i|}ki|z$wkpqr�}kiku�u�~'x�r�psr�u�ikm
mNwkx�v$u+j�x�� m nOpbj�gBwIiklOl$u�r+}|ikj�r+nOt�n$��iIj

-
j+w|x�j5j+nqj�gBw�� r+t$iku5oBmNikz$wIl$nOr+t$j�i|�BwkmNiko$wkx�n$�Tj�gBwIx�j�vBz$w|tBj�x�i|x�xygBn$�It�r�t�j�ik{Ou+wIÁ��

Mean Median Variance ü�ý þ�ÿ����
Pascal 2.78 2.772 .215 .464
Ada 2.88 2.862 .140 .375�����
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 ú�r�tBiku5oBmNikzOw�lOn$r�tBj5ik�Bw|m iko$wkx��

�Ug$vBx��Iw�}kn$t$}ku�vBz$w|z�j+gBi|j3j�gBwkmNw:r+x
t$n�x�j�ikj�r+xyj+r�}ki|u3wk�Br�z$w|tB}kw:j�n�}knOtBj�m i|r+tBzOr+}|ikj�w:j+gBw:}|u+i|r+p�j+gBi|j3x�j�vBzOwktBj3lOn$lOvBu+i|j+r�n$t$x
r+t*{$nOj+g
j�gBws}|n$tBj�mNn$u�Â �Tikx�}|iku�Å�iktBz�wk�BlOwkmNr+pqwkt$j+i|u�ÂN��z$i|Å�o$m nOvBl$xIgBikz�x�r�pqr+u�ikm�ik}|ikzOwkpsr�}qx�vB}|}kwkxyx�r�tBzOr+}|ikj�n$mNx�r�t�j�wkmNpsx�n$�Uo$m i|z$w�lOn$r�tBj
ik�$wkmNikoBw|x�i|tBzs������x�}|n$mNwkx��
Ê
vBm3mNwkxywki|m }|gqgB~JlOn$j�gBwkxyr+x#�Iikx#j�gBi|j�j+g$w
l$mNn$oBmNikpqpsr�tBoHx�}|n$mNwkx#nO��j�gBw�wk�$l$wkmNr+pqwkt$j+i|uÌoBm nOvBlHvBx�r�tBoq��z$i���nOvBu�zq{Ow�gBr+o$gBwkmÆj�gBikt
j�gBw
x�}|n$mNwkx#n$�Æj�gBw
}knOtBj�m nOu�oBmNn$vBl:vBxyr+t$oq�Tikxy}kikuM�
¯Nj��Iikx�r�pslOn$mNj+i|tBjÌ��nOmÆvBx�j+nHgBik�$wIxyn$vBt$zqw|�Br�z$wkt$}kw�j+g$ikjÌj�gBr+x�gB~JlOn$j�gBwkxyr+x��Iikx
j�m vBw5� ��u�j+gBnOvBoBg¼��z$i@gBi|x¸{$wkw|t¼vBx�w|z\x�vB}|}kwkxyx�� vBu+u�~»r+t¼pqiktB~»}knOpslOvBj+w|mRx�}kr�wkt$}kw l$mNn$oBmNikpqx���x�n¼gBi|�Bw psi|tB~·nOj+g$wkm
l$mNn$o$m i|pspqr+tBoRu�ikt$oBvBiko$wkx��D«�n$xyj�nO��j+g$w�x�vB}|}kw|x�x�xyj+nOm r�wkx�i|m w1iktBw|}kz$nOj+i|u�r�tRtBikj�vBmNw��¶�UgBw�mNr+o$n$mNn$vBxyu+~�x�j�m v$}kj�vBm w|zRª
��«��
}kv$m mNr+}|vBu�vBp i|tBz¤j+gBw�u�ikmNoBw�t$vBps{OwkmHn$�qx�j�vBzOwktBj�x�ÂN}kv$m mNwktBj�u�~'psnOm w�j�gBiktXÁ$µXxywk}|j+r�n$tBx�n$�q²#�»³­µ$�O���Ir+j�gb³­è¹x�j�vBzOwktBj�x�lOwkm
x�w|}kj�r+nOtB�$w|ik}|g�x�w|psw|x�j�wkmNÅ�u�wkzqj�nsj�gBwIz$wk}|r+xyr+nOt�j�ns}|n$tBzOvB}kj5i|t�wk�$l$wkmNr�psw|tBj5ikx�i�l$r�u�n$j5x�j�vBz$~%�
�Ug$wsmNwkxyvBu+j�x�nO��j�gBwqwk�BlOwkmNr+pqwkt$j��IwkmNwqr+tBxyj+mNvB}|j+r��Bw����Ug$wkmNws�IwkmNwsj�gBmNwkwq��vBu�uTlOwkmN}kw|tBj+i|oBw�lOn$r�tBj�x�z$r���� wkmNwktB}|w�r�t�n$�$wkmNiku�uT}|n$vBmNx�w
l$w|m � n$mNpsi|tB}kw
{Owkj���w|wktHj+g$w
}kn$t$j+mNn$u�o$m nOvBl:iktBz:j�gBw
w|�Bl$w|m r�psw|tBj�ikuÌoBmNn$vBl��I�òx�j�ikj�r+xyj+r�}ki|uÌiktBi|u+~Jxyr+x�nO��� n$mNj+~

-s
r��sxywk}|j+r�n$tBx�nO��²#�

³�µO��r�t�j�gBw�³��$�O��i|}ki|z$wkpqr�}s~Jw|ikm�r+t$z$r�}kikj�wkxIj�gBikj�iqz$r�����w|m w|tB}kwqn$��j�gBm w|wslOwkmN}kwkt$j+i|oBwslOn$r�tBj�x�{Owkj���w|wkt�xywk}|j+r�n$tBx�j+i|vBoBgBj�{$~:j�gBw
x�i|psw»r�tBx�j�m vB}|j+nOmh��nOvBu+z {$w»x�r�oBtBr���r�}ki|tBjM� ²#nOtBx�w|�$vBw|tBj+u�~J�1�Iw»}kn$t$}ku�vBz$wkz j�gBikj�x�j�vBzOwktBj�xDu�wki|m t$r+tBo�iktBz�vBx�r�tBoù{Oikxyr+}
l$mNn$o$m i|pspqr+tBos}knOtB}kw|l$j�x�r�t���z$i

would
lOwkmN��nOm p {$w|j+j�wkm�j�gBiktsj+g$n$x�wIu�wkikmNtBr�tBo�j�gBn$xyw�xyikpqw�}|n$tB}|wklOj+x�r+ts�%i|x�}ki|uK�

�Ug$w�ÉNn$�Bw|m i|u+uMÉ�ik�Bw|m i|oBw�mNwkl$mNwkxywktBj�x�j�gBw�oBmNikzOwkx�w|ikmNtBwkz1r+t�j�gBw�w|tBj+r�mNw�}knOvBm xyw�Â rM� w5� �Æj+g$w�ik�Bw|m i|oBw�i|}kmNn$x�x�iku�uUj�gBm w|w�l$g$ikx�w|x
--}knOpslOvBj�wkmI}kn$tB}|wklOj+xy�3l$mNn${Ou+w|p

-
x�n$u��Br�tBo�j�gBmNn$vBoBg1l$mNn$oBmNikpqpsr�tBoB�UiktBz�ikl$lOu+r�}ki|j+r�n$tBxsx�nO��j���i|m w|ÅÇ����gBw�oBmNikzOwkx�� n$m�ÄÆik{$x�³��Æã$�

ikt$z:Á:m w|l$mNwkx�w|tBj�j�gBw
psi;È;n$m3oBmNikzOwkz:w|�BwktBj�x#��mNn$p·n$tBu�~sj�gBw
lOm nOoBm i|pspqr�tBoHl$gBikxyw
n$�Æj�gBw
}knOvBmNx�w����UgBw
o$m i|z$wkzHu�ik{Ox�}|n$tBxyr+xyjÌn$�
x�lOwk}|r+i|u
j+�In

-
g$n$vBm:}|u+i|x�x*l$w|m r�n$zOx��»��j�vBz$w|tBj�x�i|m w�oBr��BwktXi�lOm nO{$u�wkp_iktBz¤ikmNw�w|�Bl$w|}kj�wkz¤j+n¤vBxyw�i|t¹wkt$oBr+t$wkwkmNr�tBo¹lOm nO{$u�wkp

x�nOu+�$r+tBoHlOm nO}kwkxyx#j+nHz$w|x�r�oBtqiktBzHr�pslOu+w|psw|tBjÌi�x�n$u�vBj�r+nOtT��$
n$j�w�j+g$ikjÌj�gBw�z$r�����w|m w|tB}kw�r�tslOwkmN��n$mNpqiktB}|wI{Owkj���w|wktqj+g$wIj��Inqo$m nOvBl$x
z$v$m r�tBohj+g$wRl$m nOoBmNikpqpsr�tBo¤l$gBi|x�w�r+x*oBmNwki|j+w|m:j+g$ikt¤j+gBw�nO�BwkmNiku�u
z$r���� wkmNwktB}|w��»�UgBr�x*n$}|}kvBmNm w|zh{$wk}|ikvBxyw�j+gBw�}|n$tBj�m nOu
oBmNn$vBl
mNwk}kw|r+�$wkzq{$wkj�j+w|m�oBm i|z$w|x�j�gBiktsj+g$w�w|�Bl$w|m r�psw|tBj�iku5oBmNn$vBlqr+tsj+g$w�� r+mNx�j5l$g$ikx�wIn$��j+g$w�}|n$vBmNx�w5�

Overall % ��� � % ��� � % ��� "& ��� ý � ��	('*)+���!����	-,
Group

85.08 82.83 87.28 80.60

Experimental' �
þ ��,/. � ��0
1 88.45 87.96 91.14 83.96
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 �TwkmN��nOm pqiktB}|w�nO�T}|n$tBj�mNn$u5iktBzqwk�$l$wkmNr+pqwkt$j+i|u�o$m nOvBl$x��
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fhw�x�j�vBzOr+w|z�j+gBw�r+pql$i|}kj�x�j+g$ikj�i
lOm nOoBm i|pspqr�tBoHu+i|tBoBvBi|oBw
psi|z$w
nOtqi|}kgBr�wk�$r+tBoHn$v$m3}knOvBm xyw
n${­ÈMw|}kj�r+�$wkx���fhw
z$wkj�wkmNpqr+tBw|z:j+g$ikj
l$mNn$o$m i|pspqr+tBoqu�iktBoBv$ikoBw�}kg$n$r�}kwIik��� wk}|j+w|zsxyj+vBzOwktBj�x�°$vBtBzOwkmNx�j�iktBzOr+t$o�n$��x�nO��j���i|m wIwktBo$r+tBw|wkmNr+t$o�}knOtBx�j�mNvB}kj�x�i|tBzqj+gBw|r+m�i|{$r�u+r�j+~�j+n
oBmNikxyl·gBnO� mNwkiku

-
�In$mNu�z·n${­È;wk}kj�x¹i|m wDm w|l$mNwkxywktBj�wkz8r+t´iD}knOpslOvBj+w|mÇ� f¤wDiku�x�n·nO{$xywkmN�Bwkz8j+gBwDr+pql$i|}kj�x¹nO�1x�~Jt$j+i|�@iktBz

z$w|�Bwku�n$lOpsw|tBjHwktB�Br�mNn$tBpqwktBj�x�n$t¶t$n$�Br�}kw¤l$mNn$oBmNikpqpqwkm�n$vBj�}knOpsw|x��øfhw¹i|m wX}kn$t$��r�z$wkt$jsj�gBikjqj�gBw¹mNwkxyvBu+j�x1{Owku�n$� }ki|tò{$w
ikj�j�m r�{$vBj�wkzqj�nsz$r���� wkmNwktB}|wkx�r+tsj+g$w�j���nql$mNn$o$m i|pspqr+t$o�u�iktBoBv$ikoBw|x��
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}knOpspqvBtBr�}ki|j+w|z�j+g$w�}knOtB}kw|l$j�x�n$�3w|tB}ki|l$xyvBu+i|j+r�n$t$�Ìik{$xyj+mNik}|j+r�n$t:i|tBz�mNwkvBxyw��BwkmN~Hwk� ��wk}|j+r��Bw|u+~Hj�n�j+g$w�wk�BlOwkmNr+pqwkt$j+i|u�oBmNn$vBl��
�Ug$r+x
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�Ug$wI� r+mNx�j5}|n$vBmNx�wIoBn$i|u�nO�T²#��³�µO�sr�x�j�nq{$wk}|n$pqw�� ikpqr+u�r�ikm���r�j�g�j�gBw�� vBtBzOikpqwktBj�iku5}knOtB}kw|l$j�x�nO�T}|n$pql$vBj�wkm�x�}|r+w|tB}kw5��fhgBr�u�w�r�j5r+x
z$w|x�r�m i|{$u�wsj�n�lOm nOoBm i|p8i|jTisgBr�oBg�u�wk�Bw|uTnO�Uik{Ox�j�m i|}kj�r+nOtB��r�jTr�x�i|u+xyn�r�pslOn$mNj+i|tBjT� n$m�j+g$w�x�j�vBzOwktBj�x�j�n�vBt$z$wkmNx�j�ikt$z��IgBikj�r+x�¬­oBnOr+tBo
n$t*vBt$z$wkm�j+gBw:gBnOn$z�� ®�fhwHn${Ox�w|m �Bw|z*j+gBi|jÆx�j�vBz$w|tBj�xIr�t�j+gBwH��z$iHxywk}kj�r�n$t�z$r�z�pqikmN¿BwkzOu+~�{$w|j+j�wkm#nOt�j�gBwkr�m#��r�tBi|uÆwk�Bi|psr�tBikj�r�n$tBx
n$�$wkmNiku�u+��{$vBj#lOikmNj+r�}kvBu�ikmNu�~1r�t�j�gBw*ikmNwki*n$��}|n$pql$vBj�wkm
xy}kr�wktB}|w�� vBtBzOikpqwktBj�iku�x��%�UgBw*��z$i�x�j�vBz$w|tBj�xsxywkwkpqwkz�j�n�gBi|�Bw�i�pqvB}kg
wki|x�r�wkmHj�r+pqw�vBt$z$wkmNx�j�ikt$z$r�tBo¹j�gBw�z$r�����w|m w|tB}kw|x�i|psnOtBo¹j�~Jl$w|x����$ikmNr+i|{$u�wkx�nO��j�gBn$xyw1j�~Jl$wkx�iktBzXj+g$w1mNwkikuI�In$mNu+zXwktBj�r+j�r�wkx�j�gBw|~
mNwkl$mNwkxywktBjM�
ú�nOm�tBnO�Br�}kw�lOm nOoBm i|pspqwkmNx��%r+pql$u�r+}|r+j�j�~Jl$w�}|n$tB�$wkmNx�r�n$tBx�Â i|x�l$mNn$�$r+zOwkz�r�t:�%ikxy}ki|u+Å�gBr+zOw�j�gBw���i|}kjTj+gBi|j%zOr+� ��wkmNwkt$j%z$i|j+i�j+~JlOwkx�i|m w
mNwkl$mNwkxywktBj�wkz�z$r�����w|m w|tBj�u+~:r�tBx�r�z$wsj+g$w�}knOpslOvBj�wkm��H¯ t�}kn$t$j+mNikxyj+��j�gBwswk�BlOu+r�}kr�jTj�~Jl$ws}kn$t$�BwkmNx�r�n$tBx�m w|�$vBr�m w|z�r�t:�IzOi�mNwkr�tB��nOm }|w�j+g$r+x
}knOtB}kw|l$j5ikj5j�gBw�}|n$xyj�nO�TnOtBu�~�i�� wk�h¿Bw|~Jx�j�m nO¿Bwkx��
¯NjÆr+x�iku�x�n*r�pslOn$mNj+i|tBjÆ��nOm#{$wko$r+tBt$r+tBo�x�j�vBzOwktBj�x�j+n*¿BtBnO�@x�nOpsw|j+gBr�tBo�ik{On$vBjÆj�gBwHr+tBj�wkmNtBi|u+x�n$��j�gBwspqik}|gBr�tBwkxIj+g$wk~�i|m wq��nOm ¿$r+tBo
n$t$��ikt$zXlOm n$o$m i|pspqr+t$o¹r�t¹��z$i�gBwku�l$x�x�j�vBzOwktBj�x�i|l$lOm w|}kr�ikj�w�j�gBr�x��·²#n$tBxyr+z$w|mHj+gBw�z$r���� wkmNwktB}|w�{Owkj���w|wktXj+gBw�psi|j+g$wkpqikj�r+}|iku
}knOtB}kw|l$j:nO��i|tDr�tB��r�tBr�j+whxywkj:n$�*r�tBj�wkoBw|m x�ikt$zbj�gBwh}knOtBx�j�mNikr�tBj+x�r�pslOn$xywkz n$tbj+gBwh� r+tBr�j�w¤xywkj:nO��r�tBj�wkoBw|m x��IgBr�}kgb}kiktD{$w
mNwkl$mNwkxywktBj�wkzq{$~�iIpqik}kg$r+tBwIikmN}kg$r+j�wk}|j+vBmNw��
¯Nt���z$ik�Ui�}knOtBx�j�m i|r+t$j�w|m mNn$mIr+xsm i|r+xywkz���gBw|t�i�lOm nOoBmNikpqpsw|m�i|j+j�wkpql$j�x�j�n1i|x�x�r�oBt�i��Biku�vBw�o$m w|ikj�wkmIj+gBi|t�Á$ãO�Fß$êOß�j+n1i�³�ê

-
{$r�j

r�tBj+w|oBwkm����UgBr�x
psi|¿Bwkx
r�j3w|ikx�~���nOm�tBnO�Br+}|w:l$mNn$oBmNikpqpqwkmNx
j+n�mNwk}|n$oBtBr�Àkw:j�gBikjUikt*wkmNm nOm�gBi|x
n$}k}|vBmNm w|z$��iktBz�j�n�vBtBzOwkmNx�j�iktBzO��ikj
u�wkikxyj5ikj5i�}|n$tB}|wkl$j�vBi|u�u�wk�$wku��$�IgBikj5}ki|vBx�w|zsj�gBwIwkmNm nOmÇ�
¯Ntq�Tikxy}kiku��5tBn:wkmNm nOm3pqwkx�xyikoBw
r�x#l$mNn$�$r+zOwkz��Jj+gBw
lOm nOoBmNikp´xyr+pql$u�~slOm nOz$vB}|wkx#j�gBw
��mNn$t$oqmNwkxyvBu�jK�I¯N��j+gBr�x�ikzOz$r�j+r�n$tqr+x�w|ps{Owkz$zOwkz
r�t�r�tBj+w|m pqwkzOr+i|j+wq}ki|u+}|vBu+i|j+r�n$t$x��%r�j�psr�oBgBj�tBnOj�wk�Bw|t�n$}|}kvBm�j�n�i�t$n$�Br�}kwsl$mNn$oBmNikpqpsw|m�j�n�w|�Biku�vBikj�w�j�gBwsikz$zOr+j�r�n$t�i|x�i�xyn$vBmN}kwsn$�
j�gBw�wkmNm nOmÇ�:É*�
n$�¸}|n$vBu�zHr+jÌ{Ow�l$n$xyx�r�{$u�w�j+gBi|jÌj+g$w�}|n$pql$vBj�wkm�}ki|tBtBnOj�xyr+pql$u�~�i|z$zsj��Insr�tBj�wkoBw|m x�j+nOoBwkj�gBw|mÇ��¯�z$nOtA� j5wk�Bw|t�tBw|wkzqj+n
}kg$wk}k¿¤j�gBikjk��ÉHj�gBr�tB¿Bx�j+gBw�x�j�vBzOwktBj��IgBnXg$ikx�tBn$j�~Jwkj�u�wki|m tBw|zXj�n¤z$r�����w|m w|tBj+r�ikj�w�{$wkj��IwkwktXpsi|j+g$wkpqikj�r+}|iku�}knOtB}kw|l$j�x�i|tBzXj�gBw
implementation

n$��j+g$wkx�wI}knOtB}kw|l$j�x�nOt�j�gBwI}kn$pql$v$j+w|mÇ�
3�  ì ïF=H=H;>=s§zG�?DGH��?�LB;>I�E>I:�ò©{;>=H=HGH��?�L

on��z$iH}ki|t�pqik¿BwHr�jÆwki|x�r�wkm#j�n�zOwkj�wk}kj�i|tBz�}|n$mNm w|}kj�wkmNmNn$mNx����UgBw|x�wq��wki|j+v$m w|x��IwkmNwsw|�Br+zOwktBj�i|j�{On$j�g�}|n$pql$r�u+i|j+r�n$t�j+r�pswqikt$z�mNvBt
-j�r+pqw�����j�m nOtBo�j+~JlOr+t$o�iktBz�}|n$tB}|n$pqr+j�iktBjUj+~JlOw:}kgBw|}k¿Br�tBo*l$mNn$zOvB}kw:i:}|n$pql$r+u�ikj�r�n$t*wkmNm nOm�r��#j+gBw:lOm nO{$u�wkpù}|ikt*{$w:zOwkj�wk}|j+w|z�ikj

}knOpslOr+u�w1j�r�psw��@Ê
j+gBw|m �Ir�x�wk��iktRwk�$}kwklOj+r�n$tRr�x�mNikr�x�w|z'ikj�m vBt
-
j�r+pqw��D�Ug$w�tBvBpqwkmNr+}�nO�BwkmN��u�n$��z$r�x�}|vBx�xywkz'i|{$n$�$w�m i|r+xywkx�j�gBw

wk�$}kwklOj+r�n$t$�$}knOtBx�j�m i|r+t$j+ûOwkmNm nOmÇ�
��j�m nOtBo�j�~Jl$r�tBo�r+t���z$i:� n$mN}kw|x
x�j�vBz$w|tBj+x
j�n�l$i|~�pqn$mNw:ikj�j�wktBj�r+nOt*j+n�j�gBw:x�r�oBtBr���r�}ki|tB}kw:nO�#z$ikj�i:j�~Jl$wkx�����x
l$mNwk�$r+nOvBx�u�~�t$n$j�wkz$�
j�gBr+xHxyvBl$lOn$mNj+xHx�j�vBz$w|tBj#vBtBzOwkmNx�j�iktBzOr+t$o1n$�Iz$i|j+i�mNwkl$mNwkxywktBj�ikj�r�n$t1r�x�xyvBwkx��'��gBr+xqiku�x�n�pqik¿Bw|xsr�j�wkikxyr+w|m���n$m�xyj+vBzOwktBj�xqj+n�z$w|j+w|}kj
l$mNn${Ou+w|psx
w|ikmNu+~%��f¤w|ik¿�z$i|j+iHj�~Jl$r�tBo�}|ikt�{$wH}knOtB��v$x�r�tBo�w|�Bwkt���nOm#psnOm wHi|z$�Bikt$}kwkz*lOm nOoBm i|pspqr�tBo�xyj+v$z$wkt$j+xy�Ti|xI�Iwku�uÆikx�� n$m
l$mNik}|j+r�j�r+nOtBwkmNx��



�Ug$wslOn$�Iwkm�n$�Uj�gBw���zOi�wk�$}kwklOj+r�n$t�psw|}kgBi|tBr+xyp8pqikt$r+� wkx�j�x�r�j�x�wku��Uw|�Bwkt�r+t�i|t�r+t$j+mNn$zOvB}kj�n$mN~:}knOvBm xyw��HÊ
v$m�tBnO�Br�}kwkx���w|m wsik{Ou+w
j�n�mNwk��w|m w|tB}kwsj+gBw|r+m�vBtBg$iktBzOu+w|z�wk�$}kwklOj+r�n$t$x�r�t�j+g$w���z$isÄÆiktBoBv$ikoBw á wk��w|m w|tB}kws«�i|tBvBi|uTi|tBz�vBt$z$wkmNx�j�ikt$z

why
j+g$wkr�mUl$mNn$o$m i|psx

�IwkmNw:��ikr�u�r+tBoT���UgBr�x
oBi|�Bw:j+g$wkpùi:xyr+oBt$r+� r+}|iktBj3i|z$�Bi|tBj�ikoBw:nO�Bwkm�j�gBw:�Tikx�}|ikuÆx�w|}kj�r+nOtBx�z$vBmNr�tBo�zOwk{OvBoBoBr�tBoT��fhwH}knOtBj+w|tBz*j+g$ikj
j�gBw�i|}kj�r+�$r+j�r+w|x�mNwk�OvBr+mNwkzqj�nszOwkj�wk}kj��$r�x�nOu+i|j+w|�$i|tBzsmNwkpqn$�$w�¬­j�gBwIu+i|x�j5��w|�h{$vBoBxy®�i|m wI}kmNr+j�r�}kiku5j�nsj�gBwIl$mNn${Ou+w|p

-
x�n$u��Br�tBo�lOm nO}kw|x�x��

3�  3dð/�:I/?~E��R¡
���!7<GH�
��pqiku�u

--
{$vBj5x�r�oBtBr���r�}ki|tBj

--
z$r�����w|m w|tB}kw|x�w|�Br�x�j5{$w|j+�Iwkw|t�j�gBw�xy~JtBj�ik��nO�T�Tikxy}kiku5ikt$zs��z$i5½

• 
��w|psr�}knOu+n$tsvBx�i|oBw

• 
¯NtB}ku�vBx�r�n$tsn$��i�{Ou+nO}k¿�nO�Txyj+i|j+w|psw|tBj�x�r�t�xyj+mNvB}kj�vBmNwkzql$mNn$oBmNikpqpqr+tBos}knOtBx�j�m vB}|j+x

• 
�UmNwki|j+pqwktBj5nO�T� n$mNpsi|u�lOikmNikpqwkj�wkmNx

�Ug$wkx�wIz$r���� wkmNwktB}|wkx�gBikzqi�}|m r�j�r+}|iku5wk� ��wk}|j5n$t�xyj+v$z$wkt$j+x�°BxyvB}k}|wkx�x��
��w|psr�}knOu+nOtBxqi|m w*j�m w|ikj�wkz�z$r���� wkmNwktBj�u�~1r�t���z$i*i|tBz��%ikxy}ki|uK�¤¯Nt���zOik��x�wkpqr�}kn$u�n$tBxHi|m w�iku���i|~JxslOu+i|}kw|z�i|j�j�gBw�wktBz�n$�Iwk�$wkmN~
x�j�ikj�wkpqwkt$jK��¯ t��%ikxy}ki|u+�Tisxywkpqr+}|n$u�n$t�r�x�lOu+i|}kwkz�ikj�j+g$w�wkt$z�n$��i�xyj+i|j+w|psw|tBj

unless
j+g$ikj�x�j�ikj�wkpqwktBj�r+x�wkpq{$w|z$z$w|z�r�t�i�xyl$w|}kr�iku

l$nOx�r�j+r�n$t�r�t�ikt$n$j�gBwkm#xyj+i|j+w|psw|tBjK��ú�nOm�w|�Bikpql$u�wk�Tj+g$ws�Tikx�}|iku�x�j�ikj�wkpqwkt$j�¬k��½ ��~������ µ��O¬s��nOvBu+z�tBnOm pqiku�u+~�{$wq��n$u�u�n$�Iwkz�{$~�i
x�w|psr�}knOu+nOtT���
n$�Iwk�$wkmN��r+��j+g$ikj�x�ikpqw�xyj+i|j+w|psw|tBj�r+x�u+nO}kikj�wkz�ikx�j+gBws���
±+$@}|u+i|vBx�w�r�t:ikt:¯Nú

-THEN-
±3ÄÆ��±Rx�j�ikj�wkpqwkt$j+�Ìj�gBwkt:r�j

pqvBx�j
not

{$w�� n$u�u+nO��w|zs{O~�iIx�wkpqr�}kn$u�n$t�½
ú�nOm�w|�Bikpql$u�w�½

g>� nkY��r�Wu�Z>d:X�mY��k�S���S�WV��
{ note:

xywkpqr+}|n$u�n$t
forbidden

�
x�j�r+u�u5r+t$x�r�z$wIr+��x�j�ikj�wkpqwktBjk�

el seY��k�S���S�WV��:]
  tBn$j�w�½|xywkpqr+}|n$u�n$t

required
�

r+zOwktBj�r���r�wkx�j+gBwIwkt$zsnO� å Ê
�¡�òj�gBw�r���¢
ikxyx�r�oBtBpqwktBj5x�j�ikj�wkpqwkt$j+xD�

�Ug$r+x�xywkw|psw|z�r+tB}|n$tBxyr+xyj+w|tBj%j�n�j�gBw�xyj+vBzOwktBj�x�r�t:j+g$w�}knOtBj+mNn$uToBmNn$vBlO�Ì��gBn�n$��j�wkt:r�tBikzO�BwkmNj�wktBj�u+~qwkt$z$wkz:i|t
i f

xyj+i|j+w|psw|tBj�{$w|��nOm w
r�j+x

el se
}|u+ikv$x�wH��r�j�g�nOtBwHpsr�x�lOu+i|}kwkz*xywkpqr+}|n$u�n$tT����gBr+x�lOm nO{$u�wkp\�Iikx�wk�Bi|}kwkmN{$i|j+w|z*{$~�j�gBwHr�tBx�vB� ��r�}kr�wktBj�u�~�x�lOwk}|r+� r+}HwkmNmNn$m

pqwkx�xyikoBwIÂN¬­±3m mNn$m�³O³�Á�½|±3mNmNn$m�r+ts��j�ikj�wkpqwktBj�®kÅ�l$mNn$�$r+zOwkzq{$~�j�gBwI�UvBmN{$nq�%i|x�}ki|u�}|n$pql$r�u+w|m�vBtBz$w|m�j+gBw|x�wI}kr�m }|vBpqx�j�iktB}|wkx��

Stude
tBj�x�r+t:j�gBw�w|�Bl$w|m r�psw|tBj�iku%o$m nOvBl�iku�x�n�{$wkt$wk��r�j�wkz�� m nOp·��z$i5°Íx�}|u+w|ikmUxy~JtBj+i|�H��n$mUr+zOwktBj�r+� r+}|ikj�r+nOtHn$�Æi
{$u�n$}|¿Hn$�Æx�j�ikj�wkpqwkt$j+x

j�n�{Owsr�tB}|u+vBzOwkz�r+tBxyr+zOwsiqx�j�mNvB}kj�vBmNwkz�l$mNn$oBmNikpqpsr�tBo�}kn$t$x�j�m vB}|j�Â w5� oT� �T¯ ú��T²#�I�%±3�%f£�
¯NÄÆ±3�%ú�Ê á Å���¯ t��IzOik�Tm w|x�wkmN�Bw|z��In$mNz$x
z$w|u+r�pqr+j3j�gBw:z$r���� wkmNwktBjUl$ikmNj�x
n$�#i:x�j�mNvB}kj�vBmNwkz�l$mNn$o$m i|pspqr+t$o�}|n$tBxyj+mNvB}|jK�*ú%n$m#wk�Bi|pslOu+w|�Tg$wkmNwqr�x�j+g$wq��zOiqxy~JtBj�ik����n$m#iH�IgBr�u+w
loop:

- -
s>X>h>X>s�¤:X>Trq:f>s>T>hSh�d:f�q>m�g�mSl>j>j:X>sS¥>U>h>X

N>Q:O>¦�aS§:f>f>e>X>U�m>[:¥>f�m:T>g�Z:g>f�m�¦�\>\>^
h�Z:U�Z:X�¨:X�m>ZW]VVVh�Z:U�Z:X�¨:X�m>ZW]a>v>b�¦�\>\>^W]

��j�vBz$w|tBj�x#psik~qr�tB}ku�vBz$w�i|x�pqikt$~�x�j�ikj�wkpqwkt$j+x�ikx�tBw|wkzOwkzH{$w|j+�Iwkw|ts¬­u�n$nOl$®�iktBzH¬­w|tBzHu+nOn$l�� ®ò�Ug$wI}|n$pql$r�u+w|mÆl$mNn$�Br�z$w|x�iIv$x�wk� vBu
ÂNrK� w5� ��x�vBr�j+i|{$u�~�x�lOwk}|r+� r+}|ÅÆwkmNm nOmÆpsw|x�x�i|oBwIr+��i�xyj+v$z$wkt$j�nOpsr�j�x�nOtBw�nO�Tj�gBwIm w|�$vBr�m w|zsmNwkxywkmN�Bwkzq�In$mNz$x�j+gBi|j5x�wkmN�BwIikx�z$w|u+r�psr�j�wkmNx�� n$m
j�gBw��IgBr�u+wIu�n$n$l��
¯Nt��%i|x�}|iku��$j�gBw�xy~JtBj+i|��� n$m�i��IgBr�u+wIu�n$n$lqr�x�i|x�� n$u�u+nO��x�½



q>d:g>e>X n�§:f>f>e>X>U�m>[:¥>f�m:T>g�Z:g>f�m©urT>fh�Z:U�Z:X�¨:X�m>ZW]
¯N��i1xyj+v$z$wkt$j�tBw|wkz$x�j+nXr+t$}ku�vBz$w�psnOm w�j+gBi|t'n$t$w1x�j�ikj�wkpqwkt$j�r�t'j�gBw1�IgBr�u+w1u�n$nOl$��g$w1n$mqx�g$w1pqvBx�jI}knOtBx�j�m v$}kj�i1}kn$pql$nOvBtBz
x�j�ikj�wkpqwkt$jT{O~H¬k{$mNik}k¿$wkj�r+tBo$®�j�gBw�xyj+i|j+w|psw|tBj+x�j+n�{$wsik}k}|n$pql$u�r+xygBwkz�r+t$x�r�z$w�j�gBw�u�n$n$l���r�j+g:i

begi n
i|tBz

end
�s¯N�3j+g$w�x�j�vBz$w|tBj

n$pqr�j+x�j+gBw
begi n

iktBz
end

��j+g$w�}knOz$ws��r�u+u�x�j�r�u+u�}knOpslOr+u�w
–

{$vBj�n$tBu�~:j�gBw�� r+mNx�j%xyj+i|j+w|psw|tBj%�Ir�u+uTik}kj�vBi|u+u�~H{$w�w|�Bwk}|vBj+w|z�r�tBx�r�z$w
j�gBw1u�n$nOl�� ��u+uImNwkpqikr�tBr+t$oRx�j�ikj�wkpqwktBj�x��Ir+u�u�{Ow�wk�Bw|}kvBj�wkz¹wk�Bi|}kj�u+~�n$t$}kwk�#i|��j�wkm�j�gBw�u�n$nOl'gBi|x�j+w|m pqr�tBikj�wkz��¶��gBr�x�j+w|tBz$x�j+n
l$mNn$zOvB}kw*nOvBj+lOvBj#j+g$ikj#r�xq�$wkmN~1z$r���� wkmNwktBj#� m nOp ��g$ikj#j�gBw*l$mNn$oBmNikpqpsw|m
r+t$j+wkt$z$wkzO��i|tBz�r+j#}|ikt�{$w*i��BwkmN~�z$r���� r+}|vBu�j�w|m mNn$m�� n$m
tBnO�Br+}|w�lOm nOoBm i|pspqwkmNx�j+nqz$w|j+w|}kjM�
�Ug$w
vBx�w
nO�Æ}kn$pql$nOvBtBz:x�j�ikj�wkpqwkt$j+x#r�tH�%ikxy}ki|u+�5}knOpslOikmNwkz:�Ir+j�gHz$w|u+r�psr�j�ikj�r+nOtsvBxyr+tBoqmNwkx�w|m �$wkzH��nOm zOx�r+tq��z$ik��r�x�i|u+xynHiktqr+xyx�vBw
�Ir+j�g�x�wku�wk}|j+r�n$t�}knOtBx�j�mNvB}kj�x:Â r�����}|ikx�w|ÅÇ�¸Ê
psr�x�xyr+nOt�nO�Ij�gBw*{$w|oBr�tBä+w|tBz�l$i|r+m
��nOm
x�w|u+w|}kj�r+nOt�}|n$tBxyj+mNvB}kj�xH}ki|vBx�w|xq}|n$pql$r�u+w
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}ki|vBx�w|zspqikt$~�z$r�����r�}kv$u+j�r+w|x�� n$m�n$v$m�²#��³�µO�s�Tikx�}|iku5x�j�vBzOwktBj�x��



3� 6­ ïFI:®�LB=H;>I/|¯GHI/?:©{;�|}8<E>=�LB�D;
n�¶pqiMÈ;nOm3}knOtB}kwkmNtqikjÌj�gBw�n$vBj�x�w|jÌn$��j+g$wIw|�Bl$w|m r�pqwktBjÌ�Iikx�j�gBikj��OmNwko$ikmNz$u�wkx�x�nO��j�gBw�psw|m r�j�x�nO���IzOik��j+g$wIi|�Bikr�u�ik{$u�w�wktB�$r+mNn$tBpqwkt$j+x

pqr+oBg$js{Ow¹j�n$n¶gBi|m zD��nOm�tBnO�Br�}kw¹lOm nOoBmNikpqpsw|m x�j+nDvBx�w5��¯N��tBnO�Br�}kw'xyj+vBzOwktBj�x�ikmNw'vBt$ik{$u�w'j�nòx�v$}k}kw|x�xy��vBu�u+~h�In$mN¿¸r+t¸j�gBw
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