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KdcLegfihBjikljihBm�npoqjLfLrNsutav�wIrIxHxyezhBf/nRhJxH{yeg{y|B{Hr

} h�eg~�rVtaxyeg{y�/v,�Uc�v,|J{y�BrVtHh��:jikzez��vitHhEegj�����vLx-�-hJf�rVkgrIxI���:�7�L���L���
KVKa�:rdw��Eo�j,h�n�hBxH{yeg{y|J{Hr

} hEeg~Lrataxyeg{y�/vi�UnRkzkzezhJv,egxI� } tH�BjihBj���np���E�I�����
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����rI�&�Bjita{%vi�UjihE�&ra�+wVegrVhE{NxHv,|�tawIrqwIv�m�ratNezhE~Lvikg~�rIx4{y�Jr4vi�B{yez�
o�j,k�jikzkgv�wIj�{yegvih�v,�J��eg{ltajL{Hr-jLo�v,hJf4j m�egxHwVtarI{HrNxHrd{uvi��wIvLo4��rI{yezhBf
¡ |BjihE{yeg¢Ij�{yegvih£w��BviegwdrIxI�4jLx&rdo_��kgv,��rIm�ezh¤{y�Jr�xHrVkgrIwI{Hrdm�wIv�m�ezhBf�BjitajLm�egfLo
¥-¦;�Eegx-wIjih/��rNwVkgjLxHxyez§BrIm/|�hBm�ratN{y�BrNfLrVhBrVtajik�kgji��raklvi�
�E|JmEfLrI{y�XwIv,hJxH{ytaj,ezhJrdm�m�egxHwVtard{Hr&vi�B{yego_eg¢Ij�{yegvih��-¨:eg{y�.wIv�m�ezhJf�j,���
�EkzegwIjL{yegv,hJx_ezhBwVkz|Bm�ezhBf/vi�B{yego�j,k©�Eeg{ j,kzkgv�wIjL{yegv,h�ezh�xHwdjikgjitªvitª~LrIwV�
{Hvit ¡ |Jj,hE{yeg¢IrVt-�Jj�xHrIm"�«tajLo�rI¨UvitH�ExI�ErVhE{ytavi�E�L�XwIv,hJxH{ytaj,ezhJrdm ¡ |BjihE�{yeg¢Ij�{yegvih��RtajLo�rd¨:vitH�ExI�EjihBm/wIv�mErV��v�v,�/xHrIj,taw��/�Pv,t-xHwIj,kgjitH�X~LrIwd{Hvit
¡ |BjihE{yeg¢Ij�{yegvih­¬Xc�®%¯N°V¥:±Jv,t&{y�Eegx&wakgjLxHx&v,�N��tav,��kgrdo�xI�NmE�LhJj�o_egw�EtavLfitaj�o�o_ezhBf�¬P² sU°�o�rI{y�Bv�m�x:¬Pxy|BwH��j�x�{y�Br©®-eg{HrVtH��eBjikgf�vitHeg{y�Bo+°
�Etavi~LegmEr4{y�Jr%vi�B{yego�jik³xHvikz|B{yegvih�¥-´ v,¨:rI~�rVt-² s�egx-{y�L�EegwIj,kzkg�&~Lrata�
wIv�xH{ykg�)wIv�o_�E|J{Hj�{yegvihBjikgkg�L¥��µh�jikg{HrVtHhBjL{Hr
{HrIw��EhEe ¡ |Jr
{Hv/xHvikg~LezhBf{y�Eegx�wVkgjLxHx+v,�µ�Etavi�EkgrIo�x4|JxHrIxq��jLf,tajihBfLr/oN|�kzez�EkzegrVtaxI¥�¦:��egx�j,���
�EtavLjLwH�/egx oN|Bw��¶o�vitarNrV�ZwVegrVhE{ {y�Bjih�²%s·�E|J{%wIjihEhBvL{ f,|Jj,tajihE�
{HrIr
vi�B{yego�jikzeg{X�¸ezh¹fLrVhBrVtajikªjLx�eg{�kzego_eg{Hx"eg{HxHrakz��{Hv�wIvihE~�rIºL�P��|�kzk
vi��rVtajL{yezhBf·��v,ezhE{HxI�4¨;�EegwH��o�j,�·��r�xy�Jj,taxHr�ezh¤o�j,hE�(ji�E�EkzegwIji�
{yegvihBxI¥.nRh�{y��egx�¨UvitH���l¨:r���tav,��vLxHr/j&hBv,~LrVk-�E�L�EtHegm({HrIwH�Eh�e ¡ |Br{y�BjL{NwIv�o»�EezhJrdx�{y�Jrqxy��rIrIm�vi�-{y�Br���jLfitaj,hJf,egjih�ji�E�EtavLjLwH�.¨:eg{y�
{y�Brµ~�rVtaxHjL{yezkzeg{X�+vi��{y�JrU² s�{HrIwH�Eh�e ¡ |BrN{y�Jj�{¼egxljiegoqrIm+jL{lrIº�{ytajLwI{y�ezhBf/{y�Jr.½p��rIxH{_v,�:��v�{y�.¨:vitHkgmExI¥ ¾­¿)r_�EtarIxHrVhE{qjih�ji�E��kzegwIj�{yegvLh
vi��v,|�t:�E�L�EtHegm&{Hrdw��Eh�e ¡ |BrN{HvN{y�Brµwdv�m�rV��v�vi�
xHrIjitawH�+��tav,��kgrdoÀ�Pvitc�® ¯_��mErIo�v,hJxH{ytaj�{yezhJf/xyegf,h�ez§BwIj,hE{ykR�)ego4��tav,~Lrdm�xy��rIrIm�v,~LrVt4{y�Br
�EtarI~Legvi|Bxykg����tav,��vLxHrIm�² su�p�BjLxHrdm�xHrIjitawH�.o�rd{y�Jv�mEx_¨:�Eezkgr+o_eg{yez�
fLj�{yezhJfN{y�Br:xy|E��vi�B{yego�j,kzeR{X��vi��{y�Br:��jLfitaj,hJf,egjih+�BjLxHrIm�j,���EtavLj�w���¥
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¿·eg{y��jih�ezhBwVtarIjLxyezhBf�m�rIoqjihBm��Pv,tNrV�ZwVegrVhE{ykg��wIvLo_�EtarIxHxHrIm�tarV���
tarIxHrVhE{Hj�{yegvih�v,� ego�j�fLrIx+jihBm.~Legm�rdv·xyegf,hJj,kgxI� {y�Br&{Hj�xy�.vi�ªvi�B{yez�
o�j,k©�Eeg{�jikzkgv�wdjL{yegvih��BjLx4jLxHxy|Bo�rIm�tarVhBrI¨:rdm)ego_��v,ta{HjihBwIrLÉ��Bvi¨
xy�Bvi|Ekgm){y�BrNj,~ij,ezkgji�Ekgr�tarIxHvi|EtawIrIx4¬PwIv�m�ezhBf�tajL{Hr4Ê%°U��r_j,kzkgv�wIjL{HrIm
{Hv4o_ezh�ego4eg¢Ir�{y�BrNwIv�m�ezhBf+m�egxH{Hv,ta{yegvih�ËÌ¬Po�rIj�xy|�tarIm&|BxyezhBf"xHv�o�r
o�rI{ytHegwÍ°HÎÌÏ-jL{HrV�Xm�egxH{Hvita{yegvih£¬PÏ:�X²N°_v,�J{yego_eg¢djL{yegvih���rVta~,jLmErIx+jikzk
vi��xHvi|EtawIr wIv�m�ezhBf�����vL{y�+�Rtav�o7jihqezh��Pv,tao�jL{yegv,h��X{y�BrIvitard{yeRwNxH{Hj,hJm��
��v,ezhE{_j�xN¨:rVkzkUjLx �Pv,tN{y�Br�m�rdxyegfih�vi�l��taj�wI{yegwIj,k-wIv�m�ezhJf/xH��xH{HrIoqx
¬P¨:�Jratar:{y�Jrl{HrVtao7ÐaÑJÒ�ÓIÔEÕyÖRÐ�×JÔ�Ø�taj�{HrV�Xm�egxH{Hv,ta{yegvih+egx�|BxHrImJ°V¥³�µ�E��kzez�
wIj�{yegvihBx¼ezhBwVkz|Bm�r-{y�Br©{ytaj�m�eg{yegv,hJj,k�mErIxyegf,h�v,�Jv,ÙJ�PkzezhJr%~LrIwI{Hv,t ¡ |BjihE�{yeg¢IrVtax.¬P®%¯N°Z�BjLxHrIm¤vih¤vi�B{yego_eg¢IjL{yegv,h­v,��xH{Hj�{yegxH{yegwIjik
{ytajiezhEezhBf
mEjL{Hj)Úg�VÛX��jLxN¨:rVkzkUjLxNoqvitar_tarIwdrVhE{ hJv,h��X{ytaj,ezh�ezhBf)�BjLxHrIm)�«tajLo�rV�
¨:v,tH�Ex_¨:�BrVtar&{y�Br+rVhJwdv�m�rVt
o�j,��rIx�½yv,h�{y�Jr+ÜJ��¾�m�rdwVegxyegvihBx+vih
�Bvi¨Ýo�j,hE�·�Eeg{Hx&{Hv�j�xHxyegfih¤{Hv�m�ezÙ�rVtarVhE{&wdv�m�ezhBf·|Eh�eg{Hx&ezh�{y�Br
xH��xH{HrIo­Ú ÞÍÛX��vitl�Jv,¨�{Hv §�hBm+{y�Jr-��rIxH{lxy|��B{ytarIr v,��jNfikgvi�Bjik ¡ |BjihE�{yeg¢Ij�{yegvih�jihBmJß,vitN{ytaj,hJxy��vitao­{ytarIr�Ú à��Bá���âIÛy¥³�µh/rdº�jLo_�Ekgr�vi�l{y�Br
��rVhBrV§B{Hx�vi�;Ï;�X²­v,�J{yego_eg¢drIm.jikzkgv�wIj�{yegvih�wIj,h���r��Pvi|EhBm)ezhÄÚ �,Ûy�
¨:�Jratar&jih�Ï:�X²Ìv,�J{yego4eg¢IjL{yegv,h�vi�N{y�Br&¢drVtavL{ytarIr
wIv�m�ezhJf)�«tajLo�rV�
¨:v,tH�&v,�-ÚzãIÛ�tarIxy|�kg{Hx-ezh�xyegfihEez§JwdjihE{N��rVtH�Pv,tao�jihBwIrNfLj,ezh�¥
¦:�L�EegwIjikzkg�L�Ujih.v,��rVtaj�{yegvihBjik%Ï:�y²­v,�J{yego4eg¢IjL{yegv,h(�Etavi�EkgrIo�ezhE�

~Lv,kg~LrIxl{y�Br©xy��rdwVez§JwdjL{yegvih
v,��{y�JrlwH�Jv,egwIr-vi�BwIv�m�ezhBf �BjitajLoqrI{HrVtax�ezh
{y�Br;�EegwH��rIm+�RtajLo�rd¨:vitH�q¨:��egwH�/o_ezhEego_eg¢IrN{y�Br wdv�m�ezhBf�m�egxH{Hvita{yegvih
äVåuæ�çzè%é�ê,ëyì/é�í,èNèyî�ï�ïEêiëXðyñaò&çzó/ï�í,ëyð%ôLõ/ðXæ�ñ_ölí,ðyçzê,ó�í,÷uøLùaçzñVó�ùañ
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�Pvitqj&f,eg~LrVh�j,~,jiezkgj,��kgr/��eg{4tajL{Hr_�E|JmEfLrd{I¥)�8��rI�/��v,ezhE{_egx�{y�BjL{
{y�JrUxHrI{uvi�J�Bjitaj�o�rI{HrVtaxuegxuj m�egxHwVtarI{Hr-xHrI{u{y�BrVtarV��vitar-m�egwd{HjL{yezhBf_{y�Br
|JxHr%vi�³m�egxHwVtard{HrNvi�B{yego_eg¢IjL{yegv,h�{Hrdw��Eh�e ¡ |BrIxI¥U¦;�Br rahJwIv�mErVt�� x:{HjLxy�egx:{y�BrVh/{HvN§�hBm+j_f�v�v�m)¬Rez��hJv�{:vi�B{yego�jik«°:v,��rVtajL{yezhBf���viezhE{:�Rtav�o
{y�JrNj,~,jiezkgj,��kgr
m�egxHwatarI{Hr_xHrd{µv,�lvi��ratajL{yezhBf"��v,ezhE{HxI� eP¥ rL¥:{HvqxHrIjitawH�
{y��tav,|Jf,��{y�JrNv,��rVtaj�{yegvihBjiklÏ:�X²7xy�Jj�wIr �Pv,t {y�Br ��v,ezhE{ ¨:��egwH�&�BjLx
{y�Jr-kgrIjLxH{-m�egxH{Hvita{yegv,h�¨;�Eezkgr hBvL{:rIº�wdrIrIm�ezhJf�{y�Br {Hj,tafLrI{ltajL{HrL¥l�µh
jLmEm�eg{yegv,hJj,k�tar ¡ |EeztarIo�rahE{;egxUvi�E~Legvi|Bxykg�&{y�BjL{l{y�BrµxHrdjitawH�"��rµwdvLo_���|B{HjL{yegv,hJj,kzkg��rV�+waegrVhE{I¥
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Convex hull solution

di j( )∑
min di j( ) λri j( )+{ }∑

by Lagrange multipliers

θ
λ θtan–=( )

ri j( )∑

RT
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n�h�{y�Eegx"�Bji��rVt¶¨:r&¨:ezkzk4mErIxHwVtHez��r�rV�+wVegrVhE{
¨:j,��x+vi�N§EhJm�ezhJf

{y��egx%vi��ratajL{yezhBf&��viezhE{ �Pv,t%{y�JrNego_��v,ta{HjihE{NwVkgj�xHx vi�l�Ekgv�w����P�BjLxHrIm
wIv�mErVtaxu¨:��egwH�+wIv,hJxyegxH{lvi�EezhJmErV��rahJmErVhE{ykg�+wIv�mErIm_�Ekgv�w��Exl{y�Jj�{�wIj,h
w��BjihBfLr%{y�Jraezt-wIv�m�ezhJfN�Jj,tajLo�rd{HrVtax ¬PrL¥ f�¥ ¡ |BjihE{yeg¢drVtaxa°©vih
j-��kgv�wH��E�)�Ekgv�w����BjLxyegxI¥�n�h�{y�Eegx_tarIfLj,tam �lv,|�t��Etavi�EkgrIo �Rtaj�o�rI¨:v,tH�)egx
xyego_ezkgjitq{Hv+{y�Jj�{ wIv,hJxyegmErVtarIm��E��c �Bvi�BjLo j,hJmMo rataxy�Jv�ÚzÞIÛu¨:eg{y�
{y�Jr%~Leg{Hjik�m�egxH{yezhJwI{yegv,h�{y�Jj�{:¨:r-mEv»hBvL{©tardxH{ytHegwI{:vi|EtaxHrVkg~�rIx-{Hv_v,���
rVtajL{yezhBf���viezhE{Hx-{y�BjL{-jitar%vih¶{y�Jr%wIvihE~�rIº"��|Ekzkuv,�u{y�Br wIv�mErVt�� xµÏ:�
²7wH�Jj,tajLwI{HrVtHegxH{yegw+¬PxHrIrN±�egfE¥��-�Pvit%jih¶rIº�jLo4��kgrNv,�lj»hBvihE�XwIvihE~�rIº
��|�kzklxHv,kz|J{yegv,h.¨:��egwH��egxN×JÐ�Õ©j�{H{HjiezhBji�Ekgr��E�&{y�Br_��jLfitaj,hJf�r_oN|Ekz�
{yez��kzegrat"�BjLxHrdm·oqrI{y�Jv�m.v,�NÚzÞIÛy¥ °�¦:�L��egwdjik-rIº�j�o_�EkgrIx+vi�%{y�Jr+j,���
��kzegwdjL{yegvih�xHwIvi��r�vi�ªvi|Et&�Etavi��v�xHrIm�{HrIwH��hEe ¡ |Br)ezhJwakz|JmEr�wIv�m�ezhJfvi�%ezhE{ytaji�Rtaj�o�r�¬Xn��P�Rtaj�o�r,°»�Ekgv�w��Ex+ezh<p/s�q]o ¬P¨:�Eegw��¹{y�L�EegwIjikzkg�
v�wIwV|E�E�£ãLâ�r'vi�¶{y�Jr�vi~�rVtajikzk
��|BmEfLrI{a°V�
rVhE{ytavi�E�L�XwIv,hJxH{ytaj,ezhJrdm
xHwIjikgj,tdßi~�rIwI{Hvit ¡ |Jj,hE{yeg¢IjL{yegv,hÌ¬�qU�-c�¯Nß�q:�:®%¯N°�Ú ���%�iÛX�Nj,hJm�ezhfLrVhBrVtaj,k�jihE� �Ekgv�w����XwIv�m�ezhBf�{y�L��r:�Rtaj�o�rI¨:v,tH�4¨:�JrVtarUwIvihE~�rIºL�P��|�kzk
vi��ratajL{yezhBf_��viezhE{HxU¨;ezkzk�hBvL{lxy|��ZwIrµezh
fLrahJrVtaj,kP¥l�µh�ezkzkz|Bo_ezh�j�{yezh�f

¦uv�j,����rdjit ezhLs TXA,^�tdu�v�Mxw'w s�ymz/{�|
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rIº�j�o_��kgr/v,�-xy|Bw���j&�Rtaj�o�rI¨:v,tH��ezhE~Lv,kg~LrIx+{y�BrZ�Etavi�EkgrIo2v,� v,���
{yego�j,k-wIv�mErV��v�vi��xHrIj,taw��.�Pv,t�{y�Br�tarIwIrVhE{ykg��ezhE{ytav�m�|BwIrIm�c�wIjikgj,tH�
®lrIwI{Hvit¼¯µ|Jj,hE{yeg¢IrVt-¬Xc�®%¯N°³Úg�I�,ÛE¨:��egwH�_egx�j-xH{ytH|JwI{y|EtarImN§Jº�rdm��PtajL{Hr
¡ |BjihE{yeg¢IrVt%{y�BjL{lji�E��tav,ºLego�j�{HrIx-{y�Jr:��ratH�Pvitao�j,hJwdr vi��qU�-c�¯_¥�¿�r¨:ezkzku��tardxHrVhE{NrIºL��rVtHegoqrVhE{HjikltarIxy|Ekg{Hx ezh.c�rIwI{yegv,h�á+~LratHez�P�LezhJf/{y�Br
xy|E��rVtHegvit/��rVtH�PvitaoqjihBwIr/vi�4v,|�t+�Etavi��v�xHrIm�{Hrdw��Eh�e ¡ |Br�v,~Lrat&{y�Br¬PxH{HjihBmEjitamB°©m��LhBjLo4egwV�P��tav�fitajLoqo_ezh�f/¬P² sU°p�P�Jj�xHrIm+o�rI{y�Bv�mZ�Etavi�
��v�xHrIm&ezh.Ú �d�iÛ��Pv,t {y�Br4c�® ¯7wIv�mErV��v�v,��xHrIjitawH�&�Etavi�EkgrIo&¥
¿)r(hBv,¨ ��tav,~LegmEr�j��EtHegrV��o�vL{yeg~,j�{yegvihÝ�Pvit.v,|�t���tav,��vLxHrIm

o�rI{y�Bv�m��uj&�E�L��tHegm���rd{y¨:rIrah.{y�Jrq��jLf,tajihBfiegj,h��P�BjLxHrIm�j,hJm�²%s¼�
�BjLxHrIm/v,�J{yego_eg¢djL{yegvih�{HrIw��EhEe ¡ |JrIxI¥¦:�Jr���jLf,tajihBfiegjihE�P�Jj�xHrIm.vi�B{yego_eg¢Ij�{yegvih�j�m�m�tarIxHxHrIm/ezh�Ú ÞVÛu�Jj�x
{y�Br©j�m�~,jihE{Hj�fLr-vi�E��rVezhBfµ��jLxH{ �E|B{I�Lj�xuo�rVhE{yegvihBrIm��L�BjLxu{y�Br©m�taj,¨;�
�BjLwH�.vi�-j�w��EegrI~LezhBf.xHvikz|B{yegvihBx"{y�BjL{Nkzegr&xH{ytHegwd{ykg�·v,h.{y�Br"wdvihE~Lrdº
��|EkzkNvi�ª{y�Jr/j,~,jiezkgj,��kgr�tajL{Hr&m�egxH{Hvita{yegv,h7wH�BjitajLwd{HrVtHegxH{yegwL¥�¿·�Eezkgr
{y�Eegx©egx©hBvL{lj_o�j � v,t©�Etavi�EkgrIo­¨:�Jrah+{y�Jr-wIv,hE~LrIºL�P��|Ekzk�egx:mErVhBxHrVkg�
��v,��|EkgjL{HrIm��Jxy�BjitaxHr-wIv,hE~LrIºL�P��|Ekzk�xHrI{Hx©j,tar:��tav,��kgrIoqjL{yegw j,hJm+o�j,�
tarIxy|Ekg{_ezh�|EhJj�wIwIrV�B{Hji�Ekg�(xy|E��v,�J{yego�j,k-��rVtH�Pv,tao�jihBwIrL¥/¦:�Eegx_wdjih
v�wIwV|Et ezh/�EtajLwd{yegwIjikUxHwIrVhBjitHegv�x ezh�{ytarIrV�P�Jj�xHrIm/wIv�m�ezhJf
¨:�JrVh�{yta�L�
ezhBf&{Hv�v,��rVtajL{Hr4jL{-kgv,¨�tajL{HrIxI�BjLx%o�rVhE{yegvihBrIm/ezh.Ú á,Ûy¥�� v�{Hr_{y�BjL{
{y�Br�xy|���vi�B{yego�jikze«{y�.vi�;{y�Jr���jLf,tajihBfiegjih�j,���EtavLj�w���xH{HrIo�x �«tavLo
{y�BrZ��jLwI{4{y�Jj�{�{y�Br"xHrd{�vi�%vi��rVtajL{yezhBf)��v,ezhE{HxZegxqm�egxHwVtard{HrL¥�n�h�j
wIv,hE{yezhJv,|Jx+vi�B{yego_eg¢Ij�{yegvih���tav,��kgrIo ¨:�JrVtar+j,kzk-vi�B{yego�jik;vi��rVtaj�{y�
ezhBf)��viezhE{Hx+hJrdwIrIxHxHjitHezkg�(kzeg~�r)v,h�{y�Br&wIv,hE~LrIº.��|�kzkªvi�ª{y�Jr/Ï:�X²
wV|Eta~LrL��{y�Br4��jLf,tajihBfiegj,h(j,���EtavLj�w���¨:ezkzkljikg¨:j,��xN�LegrVkgm�{y�Jr4vi�B{yez�
o�j,kuvi��rVtajL{yezhBf&��viezhE{I¥%¿·�Eezkgr�ezh�{y�Jr4m�egxHwVtarI{Hr�wIj�xHrL�JxH{Hj�{yegxH{yegwIjik
½y{yegoqrV�Xxy�Jj,tHezhJf�¾�vi��wdvihE~Lrdº»��|Ekzk�vi��rVtajL{yezhBf»��viezhE{HxlwIjih+v,�J{yego4eg¢Ir
��rVtH��vitao�j,hJwIr/Ú àiÛX��{y��egxNegx |Bxy|Jj,kzkg��hBvL{ ��rIjLxyez�Ekgr�ezh.o�vLxH{ egoqjLfLr
wIv�m�ezhJfNj,���EkzegwIj�{yegvihBxi�E¨:�Jratar©j+½yv,hJra�y{yegoqrI¾NwIv�m�ezhJfNv,�J{y�Br¼egoqjLfLr
�Ekgv�w��Ex-egx wIj,kzkgrIm���vit,¥
�-{N{y�Jr�v�{y�Jrat�rVhBm�vi�-{y�Br�xy��rIwd{ytH|Jo kzeg~Lrdx�{y�JrqwVkgjLxHx4vi�-²%s¼�

�BjLxHrIm/{HrIwH�Eh�e ¡ |BrIx4¨;�EegwH��jitarNfi|Bjitaj,hE{HrIrIm�{Hv_§EhJm�{y�JrNv,�J{yegoqjikvi��rVtajL{yezhBf)��v,ezhE{I�-¨;�BrI{y�BrVt+v,t_hBvL{�{y�BrI��j,tar&wIv,hE~LrIºL�P��|Ekzk tarIxy�
egmErVhE{Hx)¬PxHrIr¶c�rdwI{yegvih�àE¥ �&��vit+mErI{Hjiezkgxa°V¥�n�hBm�rdrIm �:��vit+{y�Br�c�®%¯
wIv�mErV��v�v,�&xHrdjitawH����tav,��kgrdo&�J��jitaviegj4jihBm+±Jjita~,j,tam�ezh+ezh�Ú �d�iÛJ�Etavi�
��v�xHr)xy|Bw���j.²%s¼�P�BjLxHrIm�o�rd{y�Jv�m�{Hv)§EhJm�{y�Jr/v,�J{yegoqjikqvi��rVtH�
jL{yezhBf���viezhE{I¥�¦:�Br&o�j,ezh�m�taj,¨:�Jj�w���v,�N{y�Br/² sÀ{Hrdw��Eh�e ¡ |Br/egx{y�BjL{-vi�B{yego�jikzeg{X�&wIv�o�rIx-jL{U{y�Jr �EtHegwIrNvi�³j_xy|E�BxH{HjihE{yegjikuezhBwVtarIj�xHr
ezh�wIvLo_�EkgrIºLeg{X�L�ljihBm�ezhBm�rdrIm)�Pv,t4o�vLxH{-��taj�wI{yegwIjikZ½yvihE�PkzezhJrd¾�ego_�
jLf�r&wIv�m�ezhBf�xHwIrVhBjitHegv�xI�:mE�LhJj�o_egw&��tav�fitaj�o�o_ezhBf)egx�vi|B{�v,� {y�Br
¡ |BrIxH{yegvih�|�hEkgrIxHx�{y�Br"h�|Bo»��rVt+vi�;wIjihBm�egmEjL{Hr/v,��rVtaj�{yezhJf)��viezhE{Hxegx xHoqjikzkuv,t%wIjih
��r»tardm�|BwIrIm�¥
n�h�{y��egxN�Bji��rVt,�³¨:r»ezhE{ytav�m�|BwIr&j�hBvi~�rVk:�E�L�EtHegm�o�rI{y�Bv�m�{y�BjL{

egx {Hj,tafLrI{Hrdm/jL{ wdvLoN��ezhEezhJf/{y�Br4jLmE~ij,hE{HjLf�rIxNvi�l{y�Br_��jLf,tajihBfiegjih
jihBm�² su�P�Jj�xHrIm�ji�E��tav�jLwH�JrIxI¥ ¦;�Br/�Jj�xyegw)egm�rdj·egx&{Hv�|BxHr){y�Br
�Pj�xH{:��j�fitajihBfiegj,h��P�BjLxHrIm/xHv,kz|J{yegv,h�jLx:j,h+ezh�eg{yegj,klfi|BrIxHx©�Pv,t-j_²%s¼�
�BjLxHrIm�{HrIwH�Eh�e ¡ |Br�{y�BjL{��Jj�x&j)�«tajLwI{yegv,h�vi�4{y�Br/wIvLo_�EkgrIºLeg{X��vi�{y�Br�tarIf,|�kgj,t&�R|Ekzkz�X² sÝji�E��tav�jLwH��¥£¿�r/¨;ezkzk4mErIo�v,hJxH{ytaj�{Hr)�Bvi¨
vi|Et4��tav,��vLxHrIm�{HrIwH��hEe ¡ |Jr&§EhBm�x�j,���EkzegwIj�{yegvih�ezh.�PvitaoN|EkgjL{yezhBf�joN|JwH�(ego_�Etav,~LrIm�¨:j,�.vi�%xHvikg~LezhBf({y�Br/c�®%¯ÌwIv�mErV��v�vi�¹xHrIjitawH�
wIv�o_�Jj,tarIm/{Hv�{y�BrN² su�P�Jj�xHrIm/ji�E��tav�jLwH��xy|BfLf�rIxH{HrIm&ezh.Úg�I�,Ûy¥l�µkz�
{y�Bvi|Bfi�.¨:r4|JxHr+c�®%¯ÀjLxNj
~LrV�EegwVkgr&{Hv
m�rdo�vihBxH{ytajL{Hr+vi|Et4{HrIwH���
hEe ¡ |JrL�U¨:r�rIo4���BjLxyeg¢Ir/{y�BjL{Neg{Hx�xHwIv,��r+vi�%ji�E�EkzegwIjL{yegv,h�egx ¡ |�eg{Hr�EtavLjLm���j,hJm_ezhBwVkz|Bm�rdx:jihE�NÏ:�X²(v,�J{yego_eg¢djL{yegvih
�RtajLoqrI¨:vitH�4¨:�BrVtar
wIv,hE~LrIºL�P��|Ekzkz�yv,h�k«��v,��rVtajL{yezhBf&��v,ezhE{Hx_o�j,�+hJv�{ xy|E�+wIrL¥4nRhJmErIrIm��
eg{Hx:xHwIv,��r rdº�{HrVhJmEx:��rI��vihBmZegoqjLfLrNwdv�m�ezhBf�vitUrI~�rVh
rVhJf,ezhJrdrVtHezhJfE�
jLx4eg{"j�m�m�tarIxHxHrIx+{y�Br"|Eh�eg~�rVtaxHjikN�Etavi�EkgrIo2v,�Nvi�B{yego�j,k tarIxHv,|�tawIr
jikzkgv�wdjL{yegvih�ezh�j�m�egxHwatarI{Hr_v,�J{yego4eg¢IjL{yegv,h.xHrI{H{yezhBf�Úg�L�aÛy¥
¦:�Jr��Bji��rVtqegx_v,tafLjihEeg¢IrIm.j�x»�Pv,kzkgv,¨µxI¥�n�h�c�rIwI{yegv,h�Þ&¨Ur_�PvitH�

oN|�kgj�{Hr_{y�Br»�Eeg{-jikzkgv�wIj�{yegvih.�Etavi�EkgrIo nRh�c�rdwI{yegvih�à�¨UrNm�rIxHwatHez��r
{y�Br&{y¨Uv/ji��v,~Lra�yoqrVhE{yegvihBrIm�{HrIwH��hEe ¡ |BrIxI�-² s8jihBm(��jLf,tajihBfiegjihvi�B{yego_eg¢Ij�{yegvih�¥ n�h�c�rIwI{yegv,h7á.¨:r&ezhE{ytav�m�|BwIr.j�xHrI{&v,�N�E�L��tHegm
{HrIwH��hEe ¡ |BrIx-¨;�EegwH�&¨:ezkzk�jikzkgv,¨�|Jxl{Hv4{ytajLmErµv,Ù&��ratH�Pvitao�j,hJwdr jihBmwIv�o_��kgrdºLeg{y�L¥
±�ezhJj,kzkg�L�uezh�c�rIwI{yegvih·â"¨:rN��tardxHrVhE{_{y�Br_tarIxy|Ekg{Hx4vi�
ji�E�Ekg�LezhJf/{y�EegxµhBrI¨�{HrIw��EhEe ¡ |Jr4{Hv�wIv�mErV��v�v,��xHrIjitawH�/�Pvitµc�®%¯_¥

� Â�� ��Æ+� ����� f Æ+� � È � �N� Ã Æ Å
cL|��E��vLxHr
¨:r��Jj,~�r
	 ezhE��|B{_�Ekgv�w��ExI�U¨;eg{y���#m�ezÙ�rVtarVhE{ ¡ |BjihE�{yeg¢IrVtax-��rVezhBf/j,~ij,ezkgji�Ekgr+{Hv ¡ |BjihE{yeg¢dr�rIjLwH�/�Ekgv�w���¥N�%xHxy|Joqr_{y�BjL{{y�BrµtajL{HrNj,hJm+{y�BrNm�egxH{Hv,ta{yegvih���Ó�
�¬�� °ujihBm
��
y¬�� °¼tarIxy��rdwI{yeg~LrVkg���J�Pvit
rIj�w��+�Ekgv�w��
Ö�jihBm ¡ |Jj,hE{yeg¢IrVt��ªjitar:��hJv,¨:h�¥��µ|EtUfLvLj,k�egx©{Hv §EhJm��

jLo�v,hJf
jikzkU{y�Jr4��vLxHxyez�Ekgr&j,kzkgv�wIjL{yegv,hJxZD.xy|JwH��{y�Jj�{Nj ¡ |BjihE{yeg¢drVt� ¬XÖP°©egxµj�xHxyegfihBrIm�{Hv_��kgv�wH��Öy�B{y�JrNv,�J{yego�j,kljikzkgv�wIj�{yegvihRD K ¨:��egwH�o_ezhEego_eg¢IrIxN{y�Br_{Hv�{Hjik�m�egxH{Hvita{yegvih

D K�� jitafUo_ezhD
��

�� ä

��
H¬ � ¬XÖP°H° ¬H�,°

¨:��ezkgr-hJv�{©rIº�wdrIrIm�ezhJf4{y�Jr:�EtarImErI{HrVtao_ezhBrIm�tajL{Hr:�E|JmEfLrI{UÊ k �,eP¥ rL¥ �
��

�� ä
Ó 
 ¬ � K ¬XÖP°H°��¹Ê k�� ¬XÞL°

¦:��egx�xHwIrVhBjitHegv�wIjih¤��r.rVhJwdvi|EhE{HrVtarIm��Pv,t�rdº�jLo_�Ekgr�ezh �Ekgv�wH���
�Jj�xHrIm�²N�:¦­ego�jLf�r�wIv�m�ezhJf�¨:�JrVtar�rIj�w���ezhE��|B{&�Ekgv�w���ezh7{y�Br
ji��v,~�r_�PvitaoN|EkgjL{yegvih�wIv,tHtarIxy��v,hJmEx_{Hv+j+²N�:¦7wdv�m�rIm/�Ekgv�w���jihBm
rIjLwH��vi�l{y�Br ¡ |Jj,hE{yeg¢IrVtaxNwIv,tHtarIxy��vihBmExN{Hv�j+w��BviegwIr4vi� ¡ |BjihE{yeg¢dji�{yegvih�xHwIj,kgr_j�x:ezhMp/s�qKo_¥

 Â �u�©� Å Ç��
�+Ç�Æ � � Ã � Ã�! �N� Ã Æ Å
� � �#" Å/Ã%$ È � �

 ÂPÁ�Â ���0 2"1�'$
 #&��'$ Æ *
+1&F,L&�./�!+�&�(#$
¦:�Jr%��jLf,tajihBfLrNoN|�kg{yez�EkzegrVt4o�rd{y�Jv�m��BjLx©��rdrVh/jN��vi�E|EkgjitNwH�BviegwIr
�Pvitq{y�Br"j,��v,~Lr+��tav,��kgrIo ÚzÞIÛy¥
¦:�Jr��BjLxyegw+egm�rIj�egx_{Hv&ezhE{ytav�m�|Jwdr
{y�JrN��jLf,tajihBfiegjih�wIv�xH{

& �
��

'� ä
¬(� 
 ¬�� °*)aWJÓ 
 ¬���°H° � ¬Pà�°

¦;�BrVh�{y�Br/xHrIjitawH�(egx+��rVtH�Pv,tao�rIm.�E�·wH�Bv�vLxyezhBf�� �Pv,t
j�fieg~�rVh
��j�fitajihBfLrqo»|Ekg{yez��kzegratZW ��{y�Br ¡ |BjihE{yeg¢IrVt+�E¬ WJ°:¨:��egwH��o_ezhEego_eg¢IrIx{y�Jr+wIv�xH{,��
y¬�� °�)<WJÓ�
H¬�� ° jL{Nj/fieg~�rVh�xH{HjLf�rL¥&¦:�Br�fLv�jik:egx4{y�BrVh
{Hv)§EhJm�{y�Br/��j�fitajihBfiegj,h7wdvLxH{+¨:��egwH��tarIxy|Ekg{Hx"ezh�j�{Hv�{Hjik taj�{Hr
- �
'� ä Ó�
y¬�� °©{y�BjL{©egx � |BxH{¼��rVkgv,¨�{y�Br mErIxyeztarIm&�E|JmEfLrd{ Êgk¼¥lnR�u{y�Br��|BmEfLrI{-egx rIº�j�wI{ykg�&o�rd{µ{y�BrVh¶{y��egx%xHvikz|B{yegvih�egx jikgxHv+v,�J{yego�j,kP¥
¦;�Eegxl{HrIw��EhEe ¡ |Jr-�Jj�x©j-kzego_eg{HjL{yegv,h�vi�JtarIj�w��EezhBf_v,h�kg�4{y�JrUwIv�m�ra�~LrIwd{Hvitax4vih�{y�Jr+wIv,hE~LrIº���|�kzk-v,�%{y�Jr+Ï:�X²ÌwH�Jj,tajLwI{HratHegxH{yegwIx/¬PxHrIr

±�egf�¥��,°:jihBm&{y��|Bx v,h�kg�
ji�E��tav,ºLego�j�{HrIxN{y�Jr-��rVtH�Pv,tao�jihBwIr4vi�l{y�Br
vi�B{yego�jik;² su�p�BjLxHrdm·j,kgfLv,tHeg{y�Jo�xI¥¶¦;�Eegx4xy�Jv,ta{HwIvLo_ezhBf�wIvi|Ekgm���r
wVtH|BwVegjiklezh)�Etavi�EkgrIo�xNxy|BwH��j�xNc�® ¯8¨:�JrVtar4{y�Br»�Ekgv�w���xyeg¢IrIxNj,tar
xHo�jikzk³jihBm/¨:�JrVtarN{y�BrNwIv,hE~LrIº+��|�kzkuegx%xy�Jj,taxHrL¥
 Â'� Â Ç O�$
�%,L&�9 � "�(% #"��%,L,-&�$
 
¦uv.vi�B{yego�jikzkg�7xHv,kg~Lr�{y�Br�j,��v,~Lr�j,kzkgv�wIjL{yegv,h �Etavi�EkgrIo'¨:r/wIj,h
jikg{HrVtHhBjL{yeg~�rVkg�"tardxHvita{l{HvNm��LhBjLo_egw �EtavLf,tajLo�o4ezhJf&¬P²%s:°V¥�¦:�Jr-j,kz�
fLv,tHeg{y�Jo xHr ¡ |BrVhE{yegjikzkg����|EezkgmEx)j�{ytarakzkzegx/{Hv)tarV�EtarIxHrVhE{���vLxHxyez�EkgrxHvikz|B{yegvihBxI¥+Ï-rV�PrVtª{Hv&±�egf�¥�Þ+¨:�JrVtar4{y�Br � j�ºLegx_wdvitHtarIxy��v,hJmEx4{Hv{y�JrNxH{Hj�fLr4¬Pvit-ezh��E|B{µ�Ekgv�w��B°:jihBm&{y�Br+._j�ºLegxµtarV�EtarIxHrVhE{Hx-{y�BrNjLwV�
wV|Bo»|EkgjL{HrIm(taj�{HrL¥<qljLwH��{ytarVkzkzegx/xH{Hj�fLr/wIv,tHtarIxy��v,hJmEx&{Hv�v,hJr/v,�
{y�Jr/	 ezh��E|B{Hx"j,hJm�rIjLwH��{ytarVkzkzegx+xH{HjL{Hr�egx�jLxHxHv�waegjL{HrIm�¨;eg{y��{y�Br
jLwIwa|JoN|�kgj�{HrIm&m�egxH{Hvita{yegv,h/j,hJm�tajL{Hr�¥u±JvitUrIº�j�o_��kgr���wdvihBxyegm�rVt%{y�Br
hJv�mErN¬XÖy�10,°�ezhq{y�Br:{ytarVkzkzegx:¨:�Eegw���tara��tarIxHrahE{Hxuj xHvikz|B{yegvih+�Pv,tl¨:��egwH�0;�Eeg{Hx¼�Bj,~Lr-��rIrVh�|BxHrIm�|E�+{Hv ��kgv�wH�
Ö�jL{ljN{HvL{Hjik�m�egxH{Hv,ta{yegvih/wdvLxH{2 ¥u¦:�BrVh+ez�u¨:r-xHrVkgrIwd{ ¡ |BjihE{yeg¢drVt�� �Pv,t:��kgv�wH�¶Ö3)��-¨:r-¨:ezkzkufLrah��rVtajL{Hr-j �EtajihBw��
wIv,h�hBrIwI{yezhBf&¬XÖy� 0i°�{Hv�¬XÖ%)��L� 04)
Ó 
�5 ä ¬���°H°�j,hJm+{y�BrjLwIwa|JoN|�kgj�{HrIm.m�egxH{Hv,ta{yegvih¹¨;ezkzkU��r 2 )6� 
�5 ä ¬�� °V¥+²%s7wIjih�{y�BrVh��r"|BxHrIm�ezh�{y�Jr+|Jxy|Bjik%¨:j,��{Hv��EtH|EhJr
vi|B{�{y�Jr
{ytarVkzkzegxI¥.�:j�xHrIm
vih��:rVkzkgoqjih�� x
vi�B{yego�jikzeg{X�(��tHezhBwVez�Ekgr�vi�ªjikzk �BjL{y�Bx+jitHtHeg~LezhBf.{Hv
j�hJv�mEr�vihEkg�/{y�Br_v,hJrN�Jj,~�r_kgrIxHx m�egxH{Hvita{yegv,h.�Jj�x jihE�
w��BjihBwIr�v,�
��rVezhBf�fikgv,�Jj,kzkg��vi�B{yego�jikP¥�¦:��|Jxq¨:r+wIjih�rVkzego_ezhBjL{Hr�vi|B{�v,� j,kzk
{y�Jr4�Jj�{y�JxN¨:eg{y�.{y�Br_xHj�o�r�{Hv�{HjikltajL{Hr�j�{ j&f,eg~LrVh�xH{HjLfLr���{y�BvLxHr
¨:eg{y�&kgjitaf�rVtNm�egxH{Hvita{yegv,h�¥
¦;�Eegx�o�rI{y�Bv�m¸�BjLx/{y�Br)j�m�~,j,hE{HjLfLr.v,��j�w��EegrI~LezhBf�xHv,kz|J{yegv,hJx

{y�Jj�{�j,tar¼hBvL{�tarIjLwH�Jj,��kgr:|BxyezhJf%{y�Jrl��j�fitaj,hJf,egjih+o�rd{y�Jv�m�¥l¦;�Eegx egx
�Jj,ta{yegwV|EkgjitHkg�"|BxHrV�R|Ek�¨:�JrVh���j�x¼egx:{y�Br wdjLxHr:ezh¶c�®%¯_��{y�BrVtar-o_egfi�E{
��r&½XfLj,�JxH¾_ezh
{y�Br wIv,hE~LrIº���|EkzkP¥:´%vi¨UrI~LrVtU{y�Br o�j � vit;m�taj,¨:�Jj�w��
egx-{y�Jj�{:{y�Jr%wIvLo4��kgrIºLeg{X�/vi��{y�BrNxHrIjitawH�
fitav,¨-x©kzezhJrdjitHkg�/¨:eg{y�/{y�Br
h�|JoN��rVt%v,��xH{Hj�{HrIxI¥Uc ezhBwIr �Pv,t-rIj�w��
xH{HjLf�r_¬Pv,t:��kgv�wH�B°:rIjLwH�/xH{Hj�{Hr

Þ



tarV�EtarIxHrVhE{Hx%j_��vLxHxyez�Ekgr+{HvL{Hj,k�tajL{Hr���eg{µegx%wVkgrIj,tN{y�BjL{ {y�Br h�|Bo»��rat
vi��xH{Hj�{HrIx©j,hJm+{y��|Bx:{y�BrµwdvLo_�EkgrIºLeg{y�+¨:ezkzk�ezhJwatarIjLxHr kzezhBrIjitHkg�+¨:eg{y�
{y�Br;taj�{Hr©�E|JmEfLrI{;Êhk¼� {y��|Jxlo�ji��ezhBf4{y��egx:{Hrdw��Eh�e ¡ |Brµego4��taj�wI{yegwIjikezh�o�jihE�
xyeg{y|Jj�{yegvihBxI¥_¿.��ezkgr+{y�EegxNo�rI{y�Bv�m)wdjih/��r4rV�+wVegrahE{ �Pvit
xHo�j,kzku~LrdwI{Hvit%xyeg¢Irqc�®%¯¸eg{-¨:v,|�kgm/wakgrIjitHkg�&hBvL{:��r |BxHrV�R|Ek��Pv,t:�Eeg{
jikzkgv�wdjL{yegvih�ezh�j_kgjitaf�r»ego�j�fLr �

State

Stage0 1 2 3 4

1

5

10

15

b0 = 3

RT + b0

Optimal
DP solution
(pruned out)

Suboptimal
Solution by
buffer constraint

Allowable
states at i = 2

Slope = r
   = 2

d4

d1

s

s+ri+1(1)

s+ri+1(2)

s+ri+1(3)

s+ri+1(4)

i i+1

.

.

.
.

d2

d3
.

±�egfi|Etar/Þ�¥ Ç � �'$
A � 3��K8!"[: 9/(2$
5�+�"��%&�$
8/A Ç � (#*
+�&�,-&�./� :
+�&�(#$ Â¶Ã $<+�7
8@ '8!$
8!"1�'= Ç � 9/�05�8L+�7
8R$
3>,MN>8!" (!SG5�+��!+�8/5
 #"�(!Qn5X=�&�$
8/�%"�=�O Â�� 7
8!$_+�7
8��!N>3��]8!"�&�$
 ��R9/(#$
5�+�"��'&�$;+Z&�5
&�$;+�"�(#A�3
9/8/A +17
8H$
3>,MN	8!"-(0SM5[+��0+[8/5<�0+a8/�09 7 5�+[�0 %8 &�5
	 8!*
+T9/(#$
5[+��%$#+ Â � 7
8Z5�+��!+�8/5n�'"18b�%=�=�(!Q\8/A-(2$>=�OMN>8/+ Q\8/8!$
+�7
8^N>3��]8!"]5�+[�0+�8 N	(#3>$
A>5�A>8!$
(%+�8/ALN;OZ+�7
8TA>�!5�7
8/AL=�&F$
8/5 Â
Ã $B+�7>&�5`8/D#�',-*>=�8JSm(#" +17
8_9/7
('5�8!$BN>3��K8!" 5�&�./8R+�7
8a(#*;:
+�&�,@�'=\5�(#=�3
+�&�(#$B9/�'$>$
(%+LN	8a�09 7>&�8/C'8/A Â " (0QG8/C%8!"R$
(%+�8
+�7
�!+T(#$
8Z9/(#3>=�AX�%=�QG�/O#5hIK$
A-�`5�3�
 9!&�8!$#+�=�OX=��'"1 '8`N>3��K8!"
+�7
�!+hQG(#3>=�A-$
('+T*>"�3>$
8\(23
+h+�7
8n(2*
+�&�,@�%= Ç � 5�(#=�3
+�&�(#$ Â
��Â � �
�/�Z� Å � Ã � Å : ÃIÅ/Ã � Ã � � Ã%! � Ç­�4È fdf � � � Ç

Æ � � Ã � Ã�! �ª� Ã Æ Å
��ÂPÁEÂ � 3��K8!"n9/(#$
5�+�"��'&�$
8/A Ç � (2*
+�&�,-&�./�0+�&�(#$
cLezhJwIr+{y�Br»kzezhBrIj,t�f,tavi¨-{y��ezh�{y�BrNh�|JoN��rVt4v,�:xH{Hj�{HrIx ezh�{y�Br�²%s
�Pv,tao»|EkgjL{yegv,h7egx/{y�Jr�o�j � vit�v,�JxH{Hj�wVkgr�{Hv�eg{Hx/ji�E�EkzegwIji�Ee kze«{y���Pvit
kgjitaf�r"ezhE��|B{�xyeg¢Irdx_¨:r4§�taxH{N��tav,��vLxHr
j&o�rd{y�Jv�m.{Hv&oqjiezhE{Hjiezh¹j
§Bº�rIm�h�|JoN��rVtUvi��xH{HjL{Hrdx¼ezh+v,tam�rat-{HvµtarIm�|BwIr {y�Br-wIvLo_�E|B{HjL{yegvihBjik
�E|�tamErVh�¥-�:vihBxyegm�rat��Ó � Ê k V�	)��{y�Brµj,~�rVtajLf�rµtajL{Hr:��rat©�Ekgv�w����BjLx
{y�Br j,~LrVtaj�fLrN~,jikz|Br4{y�Jj�{©egx-jikzkgv�wIj�{HrIm/{Hv�rIj�w��+�Ekgv�w��
�E��{y�JrNv,���
{yego�j,klxHvikz|B{yegvih�¥N¦:�JrVh���{y�Br)½Xji~�rVtajLf�rI¾+xHvikz|B{yegvih��BjL{y��{y�Etavi|Bfi�
{y�Br_{ytarVkzkzegxNwdjih/��r4m�ra§�hBrIm�jLx {y�BjL{%vihBr_¨:�BrVtar4o�vLxH{-��taj,hJwH�Jrdx
|BxHr_tajL{Hr�wakgvLxHr+{Hv��ÓL¥#�%vL{Hr4{y�Jj�{N{y��egx4o�j,�&hBvL{NwIv,tHtarIxy��vihBm.{Hv
jih�j�wI{y|Bjiku�BjL{y��xyezhBwIr��Ó4o�j,�"hBvL{µ��r ezhE{HrIfLrVtN�E|B{ ¨:r |BxHr»eg{%{Hv
ezkzkz|BxH{ytajL{Hr/{y�BrZegmErIjE¥ � v,¨N��{y�Br��Jj�xyegw"egmErIj&egx�{Hv
jLxHxy|Bo�r&{y�BjL{
o�v�xH{��Jj�{y�Jxl¨:ezkzkJhJv�{©mErI~Legj�{Hrµ{Hv�vNoN|Bw����«tavLo7{y�Br:j,~LrVtaj�fLr:�BjL{y�
jihBm/{y��|Bxµ¨Ur ezhE{ytav�m�|BwIr4j_hJrd¨�xH{Hj�{HrL���%
©jL{UxH{HjLfLrqÖujLx

� 
 � 0 
 U��Ó�� ¬Pá�°
¨:�Jratar 0 
 egx+{y�Br&xH{Hj�{Hr/jL{�xH{Hj�fLr�ÖNjLx_ezhEeg{yegjikzk«�(ezhE{ytav�m�|BwIrIm�ezh
{y�Br»�EtarI~Legvi|Bx�xHrIwd{yegvih�¥_¦:�Eegx wIj,h)��r�xHrIrVh�{Hv+��r_r ¡ |�eg~,jikgrahE{�{HvwIv,hJxyegmErVtHezhBf�� 
 jLx%j+~Lezta{y|Jj,k©�E|�Ù�rVt4xH{HjL{HrL¥%¦:��egxN~Lezta{y|Bjikl�E|�Ù�rat
��rdrV�Jxq{ytajLwH�.vi�-�Bvi¨£o»|BwH�(rdjLwH�·�BjL{y��mErI~LegjL{Hrdx_ezh(taj�{HrZ�«tavLo
{y�Br)j,~LratajLfLr/�BjL{y��¥£c ezhBwIr�o�v�xH{"�BjL{y�Bx&{HrVhBm�{Hv���r/wVkgv�xHr�{Hv
{y�Brµj,~�rVtajLf�rL�E¨:r-wIjih�ego4��vLxHrNj,h+jLmEm�eg{yegv,hJj,klwIvihBxH{ytajiezhE{UxHv_{y�BjL{
{y�Br jLmEo_egxHxyez�Ekgr�xHvikz|B{yegvihBxhD&hBvL{UvihEkg�ZhBrIrIm+{HvN�Jj,~�r {HvL{Hj,k�tajL{HrIx
��v,|�hBm�rdm&�E�+Êhk&��|B{-jikgxHv�wdjihEhJv�{µrdº�wIrIrIm
wIrVta{Hjiezh
§�hEeg{Hr �E|�Ù�rat
xH{HjL{Hr-��vi|EhBm�x%jL{:rI~�rVta�+xH{HjLf�r4Ö ¥³´ rVhBwIrN¨:r-hJv,¨�xHrIj,taw��
�Pvit-{y�Br
o_ezhEego»|Bo m�egxH{Hvita{yegv,h�xHv,kz|J{yegv,h�xHj�{yegxy�P�LezhJfE�

����
�� ���%
 ������������vit%jikzk¼Ö�� ¬XâL°
jLx%¨:rVkzklj�x {y�Br_wIv,hJxH{ytaj,ezhE{"¬Xã�°V�J¨:�BrVtar � ��
�� j,hJm!� ����� j,tar_j,���
�Etavi�EtHegjL{HrVkg��w��BvLxHrah)�E|�Ù�rVt4xH{HjL{HrN��vi|EhBm�x#"E¥ ¿.eg{y��{y�EegxNw��BjihBfLr
"%$ ñ%ñ�&Nï�æ�í,èyç('añlðyæ�í,ð©ðXæ�ñVëXñ:çzè:ó�êNí,ùaðyî�í,÷�ô�î*)Bñaë©í,ðlðyæ�ñ-ñVó�ùaêLò�ñaëí,ó�ò:é�ñ,+yî�èXð�î�èXñ�ðyæ�ñ�í,ó�íi÷zê.-,õ�ôEñaðpé�ñVñaó:ô�î*)BñVëPþPùaêió�èyðXëyíIçzó�ñaò�í,÷z÷zêLùaí,ðyçzê,ó

{y�JrqxHjLo�r+² s�{HrIwH��hEe ¡ |BrIx�wIj,h)��r�|BxHrIm�rIº�wdrV�J{N{y�BjL{NhBvi¨8{y�Brh�|JoN��rVt
v,� xH{Hj�{HrIx�egx�wIv,hJxH{Hj,hE{�¬Pj�x�mErV§�hBrIm.�E�·v,|�tZw��BviegwIr/v,�
��|EÙ�rVtªxyeg¢Ir,°V¥
n�h
{y��egx:�Pv,tao»|EkgjL{yegv,h��B¨:��egwH�&egx:j,hJj,kgvLf�vi|Bx {Hv4{y�Jr-��|EÙ�rVt%wIv,h��

xH{ytajiezhBrIm.vi�B{yego_eg¢Ij�{yegvih�vi�ªÚ �ÍÞÍÛX�u{y�Jrqo�jiezh.��rVhBrV§B{_egx4{y�Jj�{_{y�Br
h�|JoN��rVt
v,� xH{Hj�{HrIx�egx_��ra�J{�wdvihBxH{HjihE{+jihBm({y��|Bx�wIv�o_��kgrdºLeg{y�·egx
��rV�B{utarIjLxHv,hJj,��kgrNrI~�rVh��Pv,tukgjitaf�r 	)¥u¦:�Br:jLmEm�eg{yegv,hJj,kuwIv,hJxH{ytaj,ezhE{
o�j,�(��vL{HrahE{yegjikzkg�8rVkzego_ezhBjL{Hr�{y�Jr�{ytH|Br�vi�B{yego�jik+xHv,kz|J{yegv,hÝ¬PxHrIr
±�egf�¥;ÞL°V�:�Bvi¨UrI~LrVt,�lezh�fLrVhBrVtaj,kN¨:r
wIjih¹rIºL��rIwI{
{y�Jj�{+{y��egx+¨:ezkzk
hJv�{�v�wIwV|Et
vi�P{Hrah�¬Pj,hJm.{y��|Bx+xy|���v,�J{yegoqjikzeg{y��¨:ezkzk%��r"kzego_eg{HrdmJ°V¥� v�{HrL�µ�Bv,¨:rI~�rVt/{y�BjL{
j)kgjitaf�r�rVhBvi|Bfi����|EÙ�rVt�wIj,h Y���/uY/~%0 ��r
�Pvi|EhBm/xy|JwH�/{y�BjL{%{y�JrNv,�J{yego�j,kuxHv,kz|J{yegv,h.wIjih¶xH{yezkzku��rNjLwH�EegrI~LrIm�¥
��Â'� Â ���0 2"1�'$
 #&��'$;:[&F$>&�+�&��'=�&j./8/A � 3��]8!" � (#$
5[+�"��%&�$
8/A

Æ *
+1&F,L&�./�!+�&�(#$
¦:�Jr-hJrI¨(�Etavi��vLxHrIm
{HrIw��EhEe ¡ |JrNegx:�Jj�xHrIm&v,h&{y�BrµezhE{y|Eeg{yeg~LrakR�/v,���~Legvi|Bxµ�Pj�wI{:{y�BjL{:rd~LrVh¶{y�Jv,|Jf,��j_wIv,hE~LrIº���|EkzkuxHv,kz|J{yegv,h�o�j,��hBvL{
��r/vi�B{yego�j,kNeg{"oqji����r ^��gA*0IW {Hv�{y�Br/vi�B{yego�jik4xHv,kz|J{yegv,h�¥8¿�r
{y��|JxN§EtaxH{ tH|�h.{y�Br���jLfitaj,hJf,egjih¹jikgfLv,tHeg{y�Jo jihBm�{y�BrVh)|BxHr+{y��egx
xHvikz|B{yegvih�jLx4vi|EtNezhEeg{yegjik%fi|BrIxHxI¥+¦:��egxNegx4jLwIwIv�o_�Ekzegxy�JrIm.�E�/rIo_�
��kgv,�LezhBf+{y�Jr �E|�Ù�rVtarIm&v,�J{yego4eg¢IjL{yegv,h)ezhE{ytav�m�|JwdrIm�ezh¶c�rIwI{yegv,h�á�¥g�
1,C�O�C20IQRD F Og`JW43�Y,F�TXY�D�F�QRY�D50dA��gC�OPQRA�DNY*0UOg`JW76,QRTaOPC�Y�� ^a`JY�DJDJW���TyY�OPW
QRD80dOPWVY�b4A#9 �Ó�¥
p/vitar��Pvitaoqjikzkg�L��kgrd{4Ó�
�¬ WJ°µ��r�{y�Jrqvi�B{yego�jik:taj�{Hr�jLxHxyegf,hJoqrVhE{

|JxyezhBf�{y�Br ��jLfitaj,hJf,egjih�{HrIwH�Eh�e ¡ |Br»��vit-{y�Br ~,jikz|BrNvi� W+¨;�EegwH�&tarV�xy|�kg{Hxuezh+j%{HvL{Hjik�taj�{Hr:wVkgv�xHrIxH{©{Hv4¬R��|B{uxHo�j,kzkgrVt-{y�Bjih�°�{y�Jr©�E|Bm�f�rI{I¥
¦:�JrVh¶¨:rNmErV§�hBr4j_hJrd¨�~Lezta{y|Bjiku�E|�Ù�rVtNxH{Hj�{Hr:�<;
 �Pvit-�Ekgv�w���Ö¼j�x

� ;
 � 0�U�Ó�
y¬ WJ° ¬P��°
¨:r�{y�BrVh8j,���Ekg�7{y�Br)��|EÙ�rVt�wIv,hJxH{ytaj,ezhJrIm£vi�B{yego_eg¢Ij�{yegvih­j,kgfLv,�
tHeg{y�Jo2v,�%xHrIwI{yegvih¹à�¥ Þ�{Hv&§EhBm({y�Br&vi�B{yego�j,kNxHvikz|B{yegvih�¥¹n�h�{y��egx
o�jihEhBrVt%¨:r j,tar ��vi|EhJm�ezhBf&{y�Br xHvikz|B{yegvih�{HvN��r ^��gA*0IW {Hv4{y�Jj�{µv,�
{y�Jr4��j�fitaj,hJf,egjih.{HrIwH�Eh�e ¡ |BrL¥N±Jv,tNxy|E�+wVegrVhE{ykg�/kgjitaf�r»�E|EÙ�rVt4xyeg¢Ir¨:rlwIjih+f,|Jj,tajihE{HrIrU{y�Jj�{u{y�Jr:v,�J{yegoqjik�xHv,kz|J{yegv,h&¨:ezkzkE��r:j�w��EegrI~Lrdm �
jLx
wIvihE§�taoqrIm��E�(v,|�t�rdºL��rVtHego�rVhE{HxI¥ c ezhBwIr�{y�Br���jLfitaj,hJf,egjih
{HrIwH��hEe ¡ |Jr/j,kztarIjLmE�.fieg~�rIx+j/fLv�v�m(j,���Etav,ºLego�jL{yegv,h�{y�Jr+ego_��v,tH�{HjihE{u��viezhE{U{Hv hJv�{Hr;egxl{y�BjL{ O `JW=1,C�>%WiT?0dQ(@iW-DJWaWab�WVbNOPA%F�CEY�TyY�DBOpWaW
A�A�OPQR]_Y��gQ«OF~B/uQj� �EOF~#A�QR^aY���� ~B1VW�0d]_Y���� t � vL{HrUjikgxHvN{y�BjL{u¨:��ezkgr-v�{y�JrVt
��j�fitajihBfiegj,h/{HrIwH�Eh�e ¡ |BrIx:{Hv-tarIjLwH��hBvihE�ywdvihE~Lrdº_��|�kzkB��viezhE{Hx©�Bj,~Lr��rIrVh/�Etavi��vLxHrIm�Ú ÞÍÛ³{y�JrI�+mEv_hBvL{ f,|Jj,tajihE{HrIr4vi�B{yego�j,kzeg{y�L¥

C�Â � � � � Ã �4�N� Ã Æ Å �_Æ �ED $
C ÂPÁ�Â � 9/�%=��'"[: D 8/9/+�(#" $ 3
�%$#+�&�./�0+1&�(2$
c�wdjikgjitH�X~�rIwI{Hvit ¡ |Jj,hE{yeg¢IjL{yegv,h�¬Xc�® ¯N°V�Ej_§Bº�rIm��PtajL{Hr4® ¯�xHw��BrIo�rL��Jj�x(��rIrVhÝ�Etavi��v�xHrImÌ{Hv8j,���Etav,ºLego�jL{Hr£{y�Jr���rVtH�Pv,tao�jihBwIr7v,�
q:�-cE¯7¨;�EezkgrN��rVezhBfZtav,��|BxH{µezh
hJv,egxH�/rVhE~LeztavihBo�rVhE{Hx�Úg�I�,Ûy¥¼c�®%¯
egx({y�BrIvitard{yegwIjikzkg� � |BxH{yez§JrImÀ�E�8{y�Br Y*0�~�]4A�OPA�OPQR^�W�F,CEQ ABY�TVOPQROPQRA�D
A�TyA�ABW,TVO�~ ¬P�hqlsU°¶�Pv,t)eP¥ eP¥ m ¥ taj,hJmEvLo9~,jitHegji�EkgrIx�Úg�IàiÛX¥2±�tav�o
{y�Jr.�gq©su�%j�wIv�m�r.¨:eg{y�8§Jº�rdm��PkgrVhBfL{y� wVkgvLxHr.{Hv�×��X{yego�rIx�{y�Br
xHvi|EtawIr4rVhE{ytavi�E�+wIj,h/tarV��tardxHrVhE{-o�vLxH{-vi�l{y�BrNxHjLo4��kgr4xHr ¡ |BrVhJwdrIxvi�:kgrahJf�{y��×�¨;eg{y��o_ezh�egoqjik-rVtHtav,t,¥�¦:�Br_�Jj�xyegw"egmErIj/vi�;c�® ¯ egx
{Hv�|JxHr4jih/|EhJmErVtHkg�LezhBf/xHwIjikgj,t ¡ |Jj,hE{yeg¢IrVt
¬ } cE¯N°:jihBm/jLxHxHv�wVegj�{Hrj/½pkgrVhBfL{y�B¾_�BjLxHrIm+v,h+{y�Jr%xHjLo_�Ekgr rahE{ytavi�E��{HvNrIj�w��
v,�Jeg{Hx ¡ |BjihE�{yeg¢IjL{yegv,h)kgrd~LrVkgxI¥+�µ�lj,kzk���v�xHxyez��kgr+wIv�o»�EezhBjL{yegvihBx�v,� } cE¯¤kgrd~LrVkgxI�
vihEkg�/{y�Jv�xHr_¨:eg{y��xHj�o_��kgrqrVhE{ytavi�EegrIx�¬ReP¥ rL¥ �B{y�JrN{Hv�{HjikukgrVhBfL{y��°;hBv
fitarIj�{HrVt
{y�Jj,h�j Og`JTyW<0 `JA��gb jitar�o�jLmEr&�Jj,ta{+vi�4{y�Br/wIv�m�ra��v�vi��¥
¦:�Jr
{y��tarIxy�Bvikgm�egx+m�rd{HrVtao_ezhBrIm�xHv�{y�BjL{+{y�Jr
{HvL{Hj,k h�|Bo»��rat&v,�
wIv�mErI~LrIwd{Hvitax"ezh�{y�Br�wIv�m�ra��v�vi��o�j�{Hw��BrIx
{y�Jr/mErIxyegfih�tajL{Hr&��vit
c�®%¯_¥
c�®%¯ ¡ |BjihE{yeg¢drIx©j,h_ezhE�E|J{u~�rIwI{Hvitu�E�NwH�Bv�vLxyezhBf���j�o�vihBf j,kzkJ{y�BrwIvLoN�EezhJj�{yegvihBx&vi� } cE¯ kgrI~�rVkgxI�:{y�Br+vihBr&¨:�Eegw��.o4ezh�ego_eg¢drIx&{y�Br

m�egxH{Hv,ta{yegvih /uQROg`JA�C�O-WHG�^VWaWVb�Q«D�F&Og`JW+O `JTXW<0H`JA��gb ¥^p/vitar"��vitao�j,kzkg�L�
jih�I��Xm�ego�rahJxyegv,hJj,kutajL{HrV� ×"xHwdjikgjitH�X~�rIwI{Hvit ¡ |Jj,hE{yeg¢IrVt4¬Xc�®%¯N°�wIj,h��r4m�rV§EhBrIm&�E�"eg{Hx-�Jj,tajLo�rI{HratN{ytHez�Ekgr&¬HJK�ML4��Nl°V��eP¥ rL¥ ��¬Re«°:J»��{y�Br
xHrI{:v,�u{y�BrN×)¬X×PO�ÞRQ,°¼kgrI~Lrakgx7S 
¼v,��j,h&|EhJmErVtHkg�LezhBf&xHwIj,kgjit ¡ |BjihE�{yeg¢IrVtq¬ } cE¯N°V��¬Reze«°:L:��{y�Jr4xHrI{ v,�l{y�Jr4wIv,tHtarIxy��vihBm�ezhJf/kgrVhBfL{y�Bx5T 

�Jj�xHrIm&v,h
{y�Jr%xHvi|EtawIrNrVhE{ytavi�E����j,hJm�¬Rezeze«°5N:�Ej_{y�EtarIxy�Bvikgm&v,h/{y�Br
í,ó�ò"ðXæ�ñ4ø*UWV�ñaó�ùVê�ò�ñVëlðyê�ùa÷zí,ëyç X«õ_ê,î�ë:í,÷(-,ê,ëyçzðXæ2&n�h�l÷zèyê�ó�ê,ðXñ ðyæ�í,ð
Y ��
�� ùaí,ó_ôEñ:ó�ñH-,íiðXç(Z,ñ��

à



{HvL{Hj,k©kgrahJf�{y� - �� � ä T�¬�� � °µ�Pv,t�j
wIv�m�rd~LrIwI{Hv,tZ.�� ¬�� ä �������<��� � °¨:�Jratar
T�¬�� � °
	 L¸egx4{y�Jr�kgrVhBfL{y��vi��� � ¥¶c�wIjikgj,t ¡ |Jj,hE{yeg¢VezhBf�IxHjLo4��kgrIxNegxNwIv,hJwIra�J{y|Bjikzkg��r ¡ |�eg~,jikgrahE{�{Hv+~LrIwI{Hv,t ¡ |BjihE{yeg¢VezhBf�jih
IZ�X~�rIwI{Hvitq¨:eg{y��j)®%¯­wIv�m�ra��v�vi��wIv,hE{HjiezhEezhJf.jikzkª× � ��v�xHxyez��kgr
wIv�o»�EezhJj�{yegvihBx)ezh J � ¥£¦:�Jr.c�®%¯�wIv�mErV��v�v,�7wdvihE{HjiezhBx�vihEkg�
wIv�mErI~LrdwI{Hvitax%xy|JwH��{y�Jj�{

�
�
� � ä

T�¬�� � °�� N ¬XãL°

¨:�Jratar�N kzego_eg{Hx�{y�Br�wIv�mErV��v�vi��xyeg¢dr(¬ �2Þ � Q,°�o�ji��ezhBf�c�®%¯
§Bº�rIm��P�Eeg{y�PtajL{HrL¥
¿)r/wdjih.tarIjLm�ezkg�(xHrdr&{y�BjL{
c�®%¯ÌrahJwIv�m�ezhBf�egxqjihBjikgvLf�vi|Bx/{Hv

{y�Br�jikzkgv�wIj�{yegvih���tav,��kgrIo ezhE{ytav�m�|BwIrIm�ezh�c�rIwI{yegv,h�Þ��³¨;�BrVtar�{y�Br
tajL{Hr%Ó�
y¬�� °�egx¼tarV�EkgjLwdrIm"�E�4{y�Jr:kgrVhBfL{y�
j�xHxHv�wVegjL{HrIm
{HvNrIjLwH� ¡ |BjihE�{yeg¢Ij�{yegvih.kgrI~Lrak T�¬�� � °µj,hJm�{y�Jr_taj�{Hr_�E|JmEfLrI{qÊhk�egx tarV�EkgjLwIrIm��E�{y�Br»kgrVhBfL{y��{y�EtarIxy�Jv,kgm � N;¥-¦:��|Bx jikzkl{y�Br4m�rIxHwatHez��rIm�{HrIwH�Eh�e ¡ |BrIxwIj,h/��r_j,���EkzegrIm)ezh�{y�Brqc�®%¯7wIvihE{Hrdº�{I¥NnRh/{y�Eegx �Jj,ta{yegwV|�kgj,t�wdjLxHr
{y�Br:jikzkgv�wIj�{yegvih
��tav,��kgrIo7tarIxy|Ekg{Hxuezh�j%xy�Jj,taxHrµÏ:�X²(wH�BjitajLwd{HrVtHegxH{yegw
jihBm&eg{:egx {y��|Bx-j_��rVtH�PrdwI{-{HrIxH{y��rIm&�Pv,t%vi|Et j,kgfLv,tHeg{y�Jo&¥
C Â'��Â ��D�*>8!"�&�,@8!$#+��'= � 8/5�3>=�+�5
¿�r hJv,¨�wIv�o_�Jj,tar»��vi|Et-wIv�mErV��v�vi��xHrdjitawH�/xHwH�JrIoqrIx-¨;�EegwH�/tarV���
tarIxHrVhE{N{y�Br_�Pv,|�tNtardxHvi|EtawIr+jikzkgv�wIj�{yegvih�j,kgfLv,tHeg{y�Jo�xqm�egxHwV|BxHxHrIm�ezh
{y�Eegxµ�Bji��rVt,¥-¦:�BrIxHrNjitar�É ¬Re«°µv,�J{yegoqjik-¬R�R|EkzkuxHrIj,taw���°µ²%s7¬Xc�®%¯N°V�
{y�BrNo�rI{y�Bv�m/vitHegfiezhBjikzk«�/��tav,��vLxHrIm/ezh.Úg�I�iÛX��¬Reze«°µ��jLfitaj,hJf,egjih.j,���
�EtaviºLegoqjL{yegvih�¬P� � c�® ¯N°V��¬Rezeze«°��E|�Ù�ratH�ywdvihBxH{ytajiezhBrIm&²%s(¬P�©� c�®%¯N°V�
jihBm)¬Reg~E°-��j�fitajihBfiegj,h��PezhEeg{yeRj,k e«¢IrIm/�E|�Ù�ratH�ywdvihBxH{ytajiezhBrIm�² s�¬P���©�
c�® ¯N°V¥�� v�{Hr){y�BjL{
vi|Et/tarIxy|�kg{Hx/mEv�hJv�{&j,Ù�rIwI{/{y�Br)wdv�m�rV��v�vi�
mErIxyegfih���vihEkg�&{y�Br_wdv�m�rV��v�vi�/xHrdjitawH��¥
Ï-rIxy|�kg{Hx+j,tarZ�Etav,~Legm�rdm(�PvitqjMo ji|BxHxyegjih¹xHr ¡ |JrahJwIr
vi�%�L�E� ���L�

eP¥ eP¥ m�¥4xHjLo_�EkgrIx4¨;eg{y� o ji|BxHxyegjih�m�egxH{ytHez�E|J{yegv,h 	)¬P�,�I� " °V¥ª±Jvitªjikzk
{y�EtarIr&xHwH�Jrdo�rIx�¨:r+|JxHr+egm�rahE{yegwIjik»c�®%¯ �Bjitaj�o�rI{HrVtax&¬HJ:�HL���N©°
mErIxyegfihBrIm.vih.j
m�egxH{yezhBwI{�{ytaj,ezh�ezhBf�xHrI{Nv,�-áL�E� ���L�/xHj�o_��kgrdx_¨:eg{y�
	)¬P�8�d� " ° |JxyezhBf�{y�Br+o�rI{y�Bv�m�x_ezh�Úg�I�,Ûy¥/¦:�Br
c�®%¯ tajL{Hr+egx�Ó �
Þ � �+¬R��eg{Hxaß,xHjLo_�Ekgr,° jihBm+{y�Jr h�|BoN��rVt%vi�³{y�Jr } cE¯ ¡ |Jj,hE{yeg¢IjL{yegv,hkgrI~�rVkgx egx%× � ã�¥
� x4m�egxHwa|JxHxHrIm�ji��v,~�r&{y�BrZ�E|EÙ�rVtqxyeg¢Ir"ezh.�E|�Ù�ratH�ywdvihBxH{ytajiezhBrIm

² s¤rVhE~LeztavihBo�rVhE{Hx
wIjih���r&xHrVkgrIwd{HrIm.xHv)j�x_{Hv/f,|Jj,tajihE{HrIr/{y�BjL{
{y�Br vi�B{yego�j,kuxHvikz|B{yegvih�egx-jLwH��egrd~LrIm�¥-nRh&{y�Eegx wdjLxHr ¨Ur vi�B{Hjiezh�{y�Br
o_ezhEego»|Bo!��|EÙ�rVtHezhBf(tar ¡ |EeztarIo�rVhE{Hx/{Hv.f,|Jj,tajihE{HrIr�v,�J{yegoqjikzeg{y��Pv,t+{y�Jr/f,eg~LrVh�wdv�m�rV��v�vi��¥�¿)r/mErVhBvL{Hr
����jihBm������©tarIxy��rdwV�
{yeg~Lrakg�L��{y�Jr-|��E��rVtªjihBm"kgv,¨:rVt-��v,|�hBmEx vih¶{y�Jr �E|EÙ�rVt%xH{HjL{HrN{y�BjL{
fi|Bjitaj,hE{HrIrN{y�BjL{:{y�Br-vi�B{yego�jik³² s.xHvikz|B{yegvih/egx:xH{yezkzk³jLwH��egrd~LrIm�¥-nRh
vi|Et tardxy|�kg{HxN�©� c�®%¯
����mErVhJv�{HrIxN{y�Br»�E|�Ù�rVt4wIvihBxH{ytajiezhBrIm�wIv�mErV�
��v�v,��xHrIjitawH�.¨:�Jratar_sKr ezhBm�egwIj�{HrIx4{y�Jr_�E|EÙ�rVt4xyeg¢Ir�tarVkgj�{yeg~Lr+{Hv
{y�Br_��|EÙ�rVt4tar ¡ |EeztarIo�rVhE{Hxqm�rI{Hratao_ezhJrdm��E�
���.j,hJm�����¥+¦:��|Jx�©� c�® ¯ ä���� �·tardxy|�kg{Hx-ezh/vi�B{yego�j,ku��rVtH�Pv,tao�jihBwIr+¬Pr ¡ |Jj,ku{Hvqc�®%¯N°¨:��ezkgr4mErIwVtarIj�xyezhJf+~,jikz|BrIx v,�����Etav�m�|BwIrNxy|E��vi�B{yego�jikze«{y�&�E|B{µj,kz�
kgv,¨¸��jLxH{HrVt%xHrIj,taw���¥
¦:�Jr4m�j�{Hj&v,�J{Hj,ezhJrIm��Pvitª� � c�®%¯7jitarN�EkgvL{H{HrIm�j,kgxHv"ezh�±�egf�¥�àE¥

�:vLo_�Bjitardm({Hv�{y�Br&v�{y�JrVt
xHwH�Jrdo�rIxI�-{y�Br&wIv�mErV��v�v,��xHrIj,taw����E�
� � c�®%¯¹egx:rdº�{ytarIo�rVkg���Pj�xH{I¥u´ v,¨:rI~�rVt,��¨:r-wIj,h
vi�BxHrVta~LrN{y�Br-xy|��E�
vi�B{yego�j,kzeg{y��m�|Jr
{Hv){y�Br"hBvihE�XwIvihE~�rIº·��|Ekzk-��viezhE{HxI¥�¿)r&§EhBjikzkg�
rIºL��ratHego�rVhE{ ¨:eg{y�
���l�Hc�®%¯�¨:�Jratar ¨:r-|JxHr�� � jihBm�� � �Pvit-{y�Br
�E|�Ù�ratHezhJf+wIv,hJxH{ytaj,ezhE{I¥:¦:�Jr-��rVtH�Pv,tao�jihBwIrNv,�����©� c�®%¯¸egxI�Ej�x:¨:r
rIºL��rdwI{HrIm�� v,�J{yego�j,k �Pv,t
jikzkN~�rIwI{Hv,t&m�ego�rVhBxyegvihBx�¨;�Eezkgr�{y�Jr&tarV�
m�|JwI{yegv,h�ezh�xHrIjitawH��{yegoqr»egxN~�rVta�/xyegfihEez§JwdjihE{&¬Pv,~LratNjih�v,tam�rat4vi�
o�j�fihEeg{y|JmEr�¨:eg{y�&tarIxy��rIwI{ {Hvq² sU°V¥

� � f � � � Å � � �
Úg�VÛ4�4¥>o rataxy�Jv�jihBm�ÏN¥>p�¥�oµtaj,�L��� Wa^iOPA�T��:CEY�DJOPQ(@,Y�OpQ«A�D/Y�DJb

w�QzF�DJY��dvuA�]�A�TyW<0�0dQRA�D ¥¶�:vLxH{Hv,h��Kp/�_É�  kz|E¨:rVt+�%wIjLmErIo_egw
sutarIxHxI���I�L� Þ�¥

Ú ÞÍÛ"!4¥EcL�Jv,�Jj�oÀjihBm&�4¥/o rataxy�JvE�:½ qu�+wVegrahE{©��eg{-j,kzkgv�wIjL{yegv,h/�Pvit
j,h�jitH�Eeg{ytajita��xHrI{&v,� ¡ |Jj,hE{yeg¢IrVtaxI� ¾ u�#$#�#&%�TXY�D80�t-MTw%w sl�
~�vikP¥BàL���E����¥��dáLá â('J�dá�â,à��³c�rV��¥��d�L����¥

Ú àiÛ4su¥��4¥u�©�Bvi|��u¦N¥���v�vi��j,�Jj,|Jf,���ljihBm�ÏN¥�p�¥>oµtaj,�L�%½ �µ�B{yez�
oqjikL�EtH|Eh�ezhBfN¨:eg{y�4ji�E��kzegwIj�{yegvLhJxU{Hv:{ytarIrV�XxH{ytH|BwI{y|�tardm_xHv,|�tawIr

0 20 40 60
9.8

9.9

10

10.1

10.2

10.3

10.4

10.5

Vector Dim. (m)

SN
R

 (d
B)

SVQ

B−SVQ100%

B−SVQ80%

B−SVQ60%

L−SVQ

LB−SVQ

0 20 40 60
10

0

10
1

10
2

10
3

Vector Dim. (m)

C
PU

 T
im

e 
(s

ec
)

SVQ

B−SVQ100%

B−SVQ80%

B−SVQ60%

L−SVQ

LB−SVQ

±�egfi|Etar7à�¥ � (#,-*
�'"�&�5[(#$ (0SB9/(#A>8!N>(#( 	 5[8/�%"�9/7 �'=� %(0:
"�&�+17>,@5*) �ED $ QZ&�+�7B(#*
+1&F,M�%=�S 3>=F=j: 5�8/�'"�9/7 Ç � i � : �ED $
S�(#"`C!�'"�&�(#3
5 N>3��]8!"`51&�./8/5�ig�	: �ED $ i]�'$
AB� � : �ED $ Q &�+17
� � �'$
A+� � Â � : �ED $ ��� "18!*>"�8/5�8!$#+�5n+�7
8 N>3��]8!"�8/A �ED $
QZ&�+�7,�Tr (0S-���c�'$
A.���a�05M&�+�5M,@�!D�&�,@3>, �%$
AH,L&F$>&j:
,@3>, �%=�=�(!Q\�'N>=�8@5�+[�0+�8/5 Â7Å ('+�8R+�7
�0+MN>(%+�7 � : �ED $ ä���� ��%$
AE� � : �ED $ �!9/7>&�8/C%8<+�7
8c(#*
+�&�,@�'=0/ Ç ��1 (#*	8!"��!+�&�$
 
*	(2&F$#+�in+17
3
5R+�7
8/5�8H+�7>"�8/8B9!3>"�C%8/5a�%"�8B5�3>*>8!"�&�,-*	('5�8/A Â
� � : �ED $  #3
�%"��'$;+�8/8/5b(#*
+�&�,@�'=�&�+ O-QZ&�+�7R�R"�8/A�3
9/+�&�(#$J(!S
�%N>(#3
+g�%$X(#"�A>8!"h(0SK,@�! #$>&�+�3
A>8^&F$`5[8/�%"�9/7M+�&�,@8 Â �>: �ED $
&�5X+�7
8-S��!5�+�8/5�+-5[9/7
8!,@8aN>3
+X&�5M=�&�,-&�+�8/Ac+�(c$
(#$;: 9/(#$#C%8/D
7
3>=�=>*>(#&�$;+�5G�%$
Aa+�7
3
5^9/�%$>$
(%+G�!9/7>&�8/C%8`(2*
+�&�,@�%=�&�+ O Â

wIv�m�ezhBf)j,hJm�o�v�mErVkzezhJfE� ¾ u�#$#�#2%ETyY�D80[t:A�D@uaD�9IA�TV]Gt�%J`JW y
A�T ~ �E~Lv,kP¥Jà â����E��¥�Þi���3' à��,â��#p/jit,¥��I�L����¥

Ú áiÛqcJ¥ �54�¥6  egj,hJfE�NÏN¥:�l¥:�:j,��rVt,� o_¥87�¥;c |Ekzkzeg~,jih��_j,hJm�� ¥ �9!_¥
�©�Eez|��l½yÏ-rIwa|�taxyeg~�r_v,�J{yego�j,k���tH|Eh�ezhBf+¨:eg{y�&j,���EkzegwIj�{yegvihBxN{Hv
{ytarIrlxH{ytH|BwI{y|�tardm_~�rIwI{Hvit ¡ |Jj,hE{yeg¢IrVtaxI� ¾ u�#�#�#�%ETyY�D80[t�A�DTua] yY,F�W s TXAi^�t � ~LvikP¥u��������¥u�I� Þ('J�d�L�E�J�µ�Et,¥��d�L� Þ�¥

Ú âÍÛ" �¥dÏµj�o�wH�Jj,hJm�tajih
jihBmGp�¥I®lrI{H{HrVtHkzeP�u½X�:rIxH{�¨Uji~�rVkgrI{��BjLwH��rI{
�BjLxHrIx-ezh/j_taj�{Hr:'�m�egxH{Hvita{yegv,h.xHrVhBxHrL� ¾ u�#$#�#;%ETyY�D80[tuA�D`ua] y
Y,F�W s TXAi^�t � ~LvikP¥�Þ�������¥u�I���3'J�ÍãLâ��J�µ�Et,¥��d�L��à�¥

Ú �iÛ<4�¥�=µegv,hJfE�6 �¥uÏ-jLoqw��BjihBm�taj,h��-j,hJmap�¥ �µtawH�Jj,tam �q½�7LviezhE{
v,�J{yego_eg¢djL{yegvih¶vi��xHwdjikgjitUjihBm4{ytarIrV�XxH{ytH|Jwd{y|�tarIm ¡ |Jj,hE{yeg¢IjL{yegv,hv,��¨Uji~�rVkgrI{©egoqjLfLrNmErIwIv�o_��v�xyeg{yegvih�� ¾+ezh@s TyA,^�t�A#9UMK0dQj�gA�]4Y�T
vuA�D�9�t ��¬PsujLwVez§Bw^oµtavi~�rL���:�ª°V���E��¥J�L�E�:' �L��â�� � v,~J¥��I���Là�¥

Ú ãÍÛ<7�¥Tp�¥»c �Bji�Eeztav���½ q©oN��rImEmErIm ego�j�fLr�wIv�m�ezhBf�|BxyezhBf7¢IrV�
tav�{ytarIrIx:v,�u¨:j,~LrakgrI{:wIv�rV�ZwVegrVhE{HxI� ¾ u�#�#�#,%ETyY�D80[t�A�DZw�QzF�DJY��
s TyA,^aW 0H0dQRD�F �L~�vikP¥Bá��L�E����¥Jà�áLá â('�à�áL� Þ���² rIwL¥��I���Là�¥

Ú �iÛ+�4¥�±Jjita~,jitam�ezh�jihBm>7�¥�¿�¥
p/v�mErIxH{yezhBv��4½ �µ�B{yegoN|Jo ¡ |BjihE�{yeg¢Iratµ��rVtH�PvitaoqjihBwIr»��vit%j�wVkgj�xHx vi��hJv,h��Xf�ji|BxHxyegjih.o�rdo�vita�L�
kgrIxHxlxHvi|EtawIrIxI� ¾ u�#$#�#?%�TXY�D80[t2u@% �L~�vikP¥EnP¦;�Xà����,����¥�áL� â(' áL��ã��
p/j,�/�I���Lá�¥

Ú �iÛ4su¥.�_¥��©�Bvi|��8¦N¥.��v�vi��j,�Jj,|Jf,���­j,hJm ÏN¥_p�¥aoµtaj,�L�
½ q¼hE{ytav,�E�L�ywdvihBxH{ytajiezhBrIm ~LrIwd{Hvit ¡ |BjihE{yeg¢Ij�{yegvih�� ¾ u�#�#$#
%ETyY�D80[t�Mxw%w s©��~�vikP¥�à ã�������¥�à��A'�á Þ��B7Lj,h�¥��I���L��¥

Ú �d�iÛ4ÏN¥���jitav,egj/jihBm �_¥�±Jj,ta~ij,tam�ezh��4½y�£xH{ytH|JwI{y|EtarIm)§Bº�rIm)taj�{Hr
~�rIwI{Hvit ¡ |BjihE{yeg¢drVt�mErVtHeg~�rIm)�Rtav�oÌj
~ij,tHegji�EkgrV�PkgrVhBfL{y��xHwdjikgjit
¡ |BjihE{yeg¢IrataxIÉ©suj,ta{:nJ��p/rIo�vita�LkgrdxHx:xHvi|EtawIrIxI� ¾ u�#$#�#C%�TXY�D80�tuaD<9dA�TV]Gt8%J`JWaA�T ~ ��~Lv,kP¥�àL���E����¥J� â��A'��L� ã��#p/j,�/�I���Là�¥

Ú ���VÛ4´4¥#q©~�rVtarI{H{I�%½�o rVhBrVtajikzeg¢drIm.��jLf,tajihBfLr+oN|�kg{yez�EkzegrVt
o�rI{y�Bv�m
�Pv,t�xHvikg~LezhBf �Etavi�EkgrIo�x�vi��vi�B{yego»|Bo jikzkgv�wIj�{yegvih2v,��tarV�
xHv,|�tawIrdxI� ¾ S�ABW,TyY�OPQRA�D,0:\:W<0[t �E~Lv,kP¥��L�����E��¥BàL���3'�áE�,ã��u�I�L��à�¥

Ú �ÍÞÍÛ4�4¥ �µta{HrIfLjE�D �¥�Ï-jLoqw��BjihBm�taj,h��lj,hJm-p�¥�®lrI{H{HrVtHkzeP�ª½ �µ�B{yez�
o�j,kE{ytarVkzkzegxy�P�Jj�xHrIm���|EÙ�rVtardm�wIvLo4��tarIxHxyegv,h
jihBm»�Pj�xH{�j,���Etav,ºL�
ego�j�{yegvih�� ¾ u�#�#$#C%ETyY�D80[t�A�DZua]_Y,F�W s TyA,^�t �L~�vikP¥Bà��L�E��¥BÞ,�3'
á����B7Lj,h�¥��I���Lá�¥

Ú �dàiÛ4¦N¥!p�¥��:v,~LrVt%j,hJm�7�¥E�_¥E¦:�BvLo�j�xI� #��gWi]4W,DJO 0%A#9huaD<9IA�Ta]_Y y
OPQRA�D�%J`JWaA�T ~ ¥J¦uv,tavihE{Hv��B�:jihBjLmEj�ÉE7�¥�¿·ezkgrI�-F�c�v,hJxI���I�����L¥

á


