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UWVYX2Z�Z�X\[^]+_�`ba�cTdfeg`bhjiWk=lnm�dfopcqesr�ctU@m�u�ovopc+[^wx`vopopc2y

z6{�|S}L~'{
�s� u�e=c���Z�o � d � _�e�rnm�_�e^�Tc�h�m�d�hj`p�qopcYo���u�hg`pop`vejm�hg` � _tr�c2� � `p_�r�dgcqe���iT_�iqdjm�ov`pegiqe=� � dgdfcT�qhge=� � �?��c
m�Z�Z�dgcq_nm�_�h2�Nm�`v��opcCr�m�_�e2r�cTe+hgcT��l�_�`p��u�cTeCr�c6���������N�����'�������� !¡�¢ �s� u�e2i�h�m���op`pefe � _�e+rnm�_�e2u�_
Z�dfcT��`pcqdLhjcq�?Z�e£��u�c��Tc�hghjc�`vr�iTc=cTefh¤Z�cTd�hj`v_�cT_�hjc2¥LovcTe£c���Z�iTdf`p��cT_�h�m¦hj` � _�e£egu�d£r�cTe�Z�d � ��ov§T��cTe
�qo¨m�efeg`p��u�cqe©r�c6oª�«]2k=¬��®­�¯E��°�¡)� � _�hjdfcT_�h©��u±�®²©³±´£µ+¶£¶I·!¸¹`p_�efh�m�_��T`vi6mSa�cq�;u�_%m�Z�Z�dfcT_nm�_�h
�Nm�`v��opc=º4�nm�efcsr�cs� � `v_�r�dgcqe£��iq_�iTdgm�op`vegiTe � ��hj`vcT_�h¤r�cqe¤hjm�u��©r±�®cqdgdfcTu�d¤Z�ovu�e£�Nm�`p��opcTeL��u�cC»2¼¾½v¿nÀ
Á©Â�¶�µ+¶Ã�ÅÄ � dg���¦¡4ÆNe�Ç�efhj§q�?c;u�hj`pov`pegm�_�h7ovcTeW� � `p_�r�dfcTe7��iT_�iqdjm�ov`pefiTeW�Èm�`ve7egm�_�eÉ���������N������ÊCcqh
²t³±´�µ+¶I¶£·�¸Ë�©u�_�`nr¾�®u�_Èm�Z�Z�dfcT_nm�_�h^�Nm�`p��opc�Z�ovu�e¤�To¨m�egeg`v��u�c�¢�Ì�u�`veTÀ�r�cqa�m�_�h^o¨m@� � _�efh�m¦h�m�hg` � _
��u�c©_ � hjdfct_ � u�a�cToIm�Z�Z�dfcT_nm�_�h2�Nm�`p��ovc7Z�cTu�h4Íqhgdgc©� ��Î hgcTu��ËcT_ËhgcT��Z�e4r�c7�Sm�ov�Tu�oªÀ�_ � u�e4Z�d � [
Z � e � _�e^u�_6� � r�cYr�c+��iT_�iqdjm�hg` � _?r�cTe^l�Ç�Z � hgl�§TefcTe)��u�`�Z�cqu�h)Í�hjdfc2r�`vefhjdf`p��u�isefu�d=r�`vÏ�iTdgcq_�hjcTe
�?m���l�`v_�cTeWcqhtu�_�c6r�i�Ðn_�`bhj` � _'r�uÑZ � `vr�eWr�cTe©l�Ç�Z � hjl�§qegcqeÓÒÈÔn�����ÖÕ�×����¦×���¢Bk=cqo¨mËm�� � u�hj`vh7m�u
_ � u�a�cqo�m�op� � dg`bhjl���c;ÁØÂ�¶¤µ+¶£¶I·!¸.c�hSÀ¤ºB_ � u�a�cSm�u±À¤opcTetc���Z�iqdg`v�?cq_�hjm�hj` � _�e7_ � u�eØcq_�� � u�djm¦[
��cq_�h©rnm�_�e©�Tc�hghjc?a � `vcB¥6ÁØÂ�¶¤µ+¶I¶£·�¸ � ��hj`vcT_�h©r�cTeØZ�cTdf� � dg�?m�_��Tcqet� � �?Z�m�djm���opcTe7ºË�qcTopovcTe
r±�®²©³±´£µ+¶£¶I·!¸£¢ �+� u�e�r�`pef�Tu�h � _�eIÐn_�m�opcq�?cq_�hIr�cTe�dfiTefu�ovhjm�hje � ��hjcq_�u�eTÀ�r�c)ovcTu�dLeg`p��_�`vÐn�Tm�hj` � _
a�`peÙ[Ùº¦[�a�`pe)r�uÑ���������N�����Ècqhsr�cTesZ�cTdgefZ�cq�qhg`va�cqe � u�a�cqdfhjcqeT¢

Ú6Û |�Ü�Ý!Þnß�Ü
Ä�l�c^Z�dg`v�Èm�dfÇ4� � m�o � ��hgl�`peàZnm�Z�cTdà`peáh � Z�d � Z � egc)mY_�c�âãâ=cTm�ä7ovcSm�df_�cTdqÀ�_�m��?cqovÇØåpÕgÒ¦���n��Õ��¾Õ�×gÒ�å
��Õ��¾Õ�×fÒ�åæ�bç�Ò��N���¦�%m�_�r'h � � ��� e�ht`bhWu�eg`v_��Bm�_Ñm�op� � dg`bhjl��èhglnm�h7r � cTet_ � ht�?m�_nm���c�mEâ=cq`p��l�h
r�`vefhgdg`p��u�hj` � _ � a�cTd=hgl�c2hjdgm�`p_�`p_��Wc���m���Z�opcqe)m�_�r6� � ��Z�u�hgcTe)l�Ç�Z � hjl�cqegcqe)â=cq`p��l�hjeCÒ4Ôn�����ÖÕ�×���é
�¦×���¢��I`vdge�hSÀ�c���Z�cqdg`p��cT_�hge�� � _�r�u��qhgcTr � _;��cT_���l��?m�dfä�e)�êd � �ëhjl�c@]2k=¬^VYcTZ � ef`vh � dfÇË�®­�¯E��°�¡
efl � âìhjl�m�h�²©³±´£µ+¶£¶£·�¸í� ��� efhg`p_��ãåpÕgÒ¦���s��Õ��¾Õ�×fÒ�å£��Õ��¾Õ�×gÒ�åæ�bç�Ò��N���¦� � ��h�m�`v_�eØeg�?m�ovopcTd7cTdfd � d
hglnm�_1dgc��êcTdfcT_��qc�e�Ç�efhjcq�?eq¢©Ä�l�cî� � �?Z�u�h�m�hg` � _Ëhg`p��ct_�cqcTr�cqr'��ÇEhjl�cqegcîc���Z�cTdg`v�?cq_�hjeCopcTm�r�e
u�e@hjl�cT_Ñh � r�c�Ðn_�c6mÓ�?c�hjl � r'hglnm�h7� � u�oprï��c?cSm�ef`povÇBr�`pe�hjdg`v��u�hgcTr±¢;Ä�l�`ve7��cqhgl � r±ÀL�Tm�opovcTr
UCo � ­ ��� e�hSÀ�`pe¤m���ovc=h � Z�d � r�u��TcYl�Ç�Z � hgl�cTefcTe�`p_�r�cTZ�cT_�r�cq_�hjovÇ � � � _�cYm�_ � hgl�cTd¤m�_�rØhjl�cq_?��`ba�c
mEâ^cT`v��l�hth � cSm���lãZ�d � r�u��Tcqrãl�Ç�Z � hgl�cTef`peT¢ � cqâðc���Z�cTdf`p��cT_�hjetm�dgc?hjl�cq_ñ� � _�r�u��qhgcTròm�_�r
efl � â\o � â�cTdgd � d�djm¦hjcTe�� � d�� � hglË²t³±´�µ+¶I¶£·�¸Ñm�_�r1Á©Â�¶�µ+¶£¶£·�¸£¢^¯ � dfc � a�cqdTÀxÁØÂ�¶¤µ+¶I¶£·�¸
lnm�eYhgl�cWm�r�a�m�_�h�m���c4h � ��cW_�m�hju�dgm�opobÇÈr�`pefhgdg`v��u�h�m���opc2h � r�`vÏ�cTdfcT_�hs� � ��Z�u�hgcTdgeq¢
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²t³±´�µ+¶I¶£·�¸ ����������¡xâ � dfä�e+��ÇÉegc�hghg`p_���mØâ=cq`p��l�hY� � d�cSm���lËc���m���Z�ovc7m�_�r;hjl�cq_Ë��ÇÉ�Sm�ovop`v_��
mî�nm�efc7ovcSm�df_�cTd � _Éhjl�c@â^cT`p��l�hgcTrEc���m���Z�opcqesh �?� ��h�m�`v_Em�_El�Ç�Z � hjl�cqeg`peshjlnm¦h+� � _��qcT_�hjdgm�hjcqe
� _Ec���m���Z�opcqe+âY`bhjlË��dgcSm¦h+â^cT`v��l�hjeT¢+Ä�l�cT_¾À¾c���m���Z�ovcTe+â^cT`v��l�hje2m�dgc7� � r�`vÐ�cTrÉâY`vhjlEdgcq��m�dgr
h � hjl�`ve©l�Ç�Z � hgl�cTef`peÓÆêâ^cT`v��l�hje � �Yâ^cTovo)�Topm�egef`vÐncqrãc���m���Z�opcqeØm�dgc;r�cT�TdfcSm�efcTr m�_�rñhgl � egc � �
��`pef�To¨m�egeg`bÐncTrÉm�dgcC`p_��TdgcTm�egcqr�Ê)m�_�rÉhjl�cCZ�d � �Tcqeges`pe)`bhjcTdgm�hjcqr±¢�¯ � dfcC� � dg�?m�opobÇ�À�X2ov� � df`vhjl����
efl � âYe©²©³±´£µ+¶£¶I·!¸%� � dChÖâ � �Topm�egefcTe7m�_�r<â=cTm�ä<l�Ç�Z � hjl�cTegcqe7hglnm�h7m���e�h�m�`v_ �®�������¦¡�¢?Ä�l�`pe
a�cTdgef` � _ïr�c�Ðn_�cTe@hjl�dgcTcî��unm�_�hg`vhj`vcTeq¥

W+

hjl�c�efu�� � ��â^cT`p��l�hge � �=c���m��?Z�opcTe4hglnm�hWm�dfcØâ=cqopo
�qo¨m�efeg`vÐ�cTr±À

W−

hjl�c<efu�� � �7â=cq`p��l�hje � �7��`peg�qo¨m�efeg`bÐncTr.c���m��?Z�ovcTeÓm�_�r
W0

hgl�c<egu�� � �
â^cT`v��l�hje � �Lc���m���Z�opcqe � _ÓâYl�`p��lÉhjl�c@l�Ç�Z � hgl�cTef`pe+m���e�h�m�`v_�eT¢

Ú������ Ý ��Ü"!à~ # ²t³±´�µs¶£¶£·�¸
$&%('L}xÜ�)

n
c���m��?Z�ovcTe

xi

m�_�r hjl�cT`pd?�Topm�egefcTe
yi ∈ {−1, +1} * T

mÑ_�u��©��cTd � �@d � u�_�r�e
� �C� ��� efhj`v_�� * A

m<â=cTm�ä%opcSm�dg_�cqdîhjm�ä�`p_��'m�e�`p_�Z�u�h?m'egc�h � �4â=cq`p��l�hgcTr m�_�r opm���cTopovcTr
c���m���Z�opcqeT¢

+ }xÜ,'L}áÜ	)
H
hgl�cCÐn_nm�o¾�To¨m�egeg`bÐncTdq¢

- � Ý
i = 1

h �
n . �

wi = 1/n / `v_�`vhg`¨m�ov`10Tm�hj` � _ � �Ic���m��?Z�opcTe)â^cT`v��l�hje324 % . - � Ý
- � Ý

t = 1
h �

T . �
ht = A({(xi, yi, wi)})� � d

b ∈ {−, 0, +} : Wb =
∑

i:
ef`p��_

(yiht(xi))=b

wi

αt =
1

2

o � � (W+ + 1
2
W0

W− + 1
2
W0

)

Zt =
n
∑

i

[wiexp(−αtyiht(xi))]- � Ý
i = 1

h �
n . �

wi =
wiexp(−αtyiht(xi))

Zt4 % . - � Ý
4 % . - � Ý
dgc�hju�df_

H(x) =
ef`p��_ ( T

∑

t=1

αtht(x)

)

5
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� `vefh � dg`v�Sm�ovovÇ�À¦²t³±´�µ+¶I¶£·�¸É� � ��cTeI�êd � � hgl�cYÌ�Xskñ�êdjm��?c�â � dfäÈ�
	�m�op°��¦¡�`p_©âYl�`v��lîm4efhgd � _��
dfcTegu�ovh7lnm�et��cTcq_ñegl � âY_¾¥�c�a�cqdfÇ'opcSm�dg_�`v_��Ëm�op� � df`vhgl�� hglnm�h7Z�d � a�`pr�cqe©l�Ç�Z � hgl�cTefcTeØmÓop`bhghjovc
��`bht��cqhfhjcqd7hjl�m�_Ñdgm�_�r � � ��u�cTegef`p_��Ë�Sm�_ñ��cÈ`v�?Z�d � a�cqr'h � m���l�`pc�a�cÈm�_ñcTdfd � dtm�eWeg�?m�opo�m�e
â=m�_�hjcqrÈm�_�rîhgl�`peqÀ�`p_ØZ � obÇ�_ � �?`pm�o�hj`v�?c2�«����l���
�À��ndgcT���!¡ª¢ �+� â^cqa�cTdTÀ�dgcTm�o�rnm¦h�m4r � _ � h£op`pä�cTobÇ
Ð�hLhjl�c � dgc�hj`v�Sm�o�� � _�r�`vhg` � _�eàhglnm�h£��unm�djm�_�hgcTc=m�_©cqÏ�cT��hj`ba�c)� ��� efhj`v_��s`p_thgl�c)Ì�Xskñ�êdgm���cqâ � dgä�¥
� _�c��Sm�_W_�cT`bhjl�cqdx��c¤efu�dgc�h � lnmSa�c�cq_ � u���l7c���m��?Z�ovcTeqÀ¦_ � dáä�_ � âÑ`v��hjl�c�_�u��t��cqd � ��d � u�_�r�e � �
� ��� efhj`v_��W`pe¤��dgcTm�h)cq_ � u���l±À�_ � d^��unm�djm�_�hgcTcshjlnm�h�hjl�c2�nm�efc2ovcSm�df_�cTd�u�egcqr;`pe^mWâ^cSm�äîovcSm�df_�cTd
Æê`�¢�c�¢I`bh=Z�d � a�`pr�cqe^l�Ç�Z � hjl�cqegcTe���cqhfhjcqd�hglnm�_Èdgm�_�r � �ð��u�cTefeg`p_��7� � d^m�_�Çîr�`pe�hjdf`p��u�hg` � _ � _?hjl�c
hgdjm�`v_�`p_��tc���m���Z�opcqe�Ê�¢
¬Ö_îegZ�`bhjc � ��hjl�cTegc � ���fcT�qhg` � _�eTÀ��Èm�_�Çtc���Z�cTdg`v�?cq_�h�m�o�c�a�m�opunm¦hj` � _�e£lnmSa�cYefl � âY_?hjl�m�h�²©³±´��

µ+¶I¶£·�¸'cqÏ�cT��hj`ba�cTobÇÉm���l�`vcqa�cTe2ef�Èm�opo±��cq_�cTdgm�op` 0Sm�hg` � _;cqdgd � dgeY`p_Em©âY`pr�c@a�m�dg`vcqhÖÇ � �Ir � �Èm�`v_�e
�������� �À�����
�
�¡ª¢¤¯Ëm�_�Ç�â � dgä�e)m�`v�?cqr?h � c���Z�opm�`p_îhjl�cTegc2� ��� r�Z�cqdf� � df�Èm�_��TcTeq¢¤� � d^`v_�efhjm�_��qc�À
��­=dgcT�� �m!¡xm�_nm�ovÇ�egcqeY²©³±´£µ+¶£¶£·�¸£��e)Z�cqdf� � df�Èm�_��Tcqe)��Ç6r�cq� � ��Z � eg`p_��thjl�c2cTdgd � d=`v_;��`¨m�e)m�_�r
a�m�df`¨m�_��qcÉm�_�r �To¨m�`p��ethjlnm¦hÈ²t³±´�µs¶£¶£·�¸Fr�cq�TdfcSm�efcTeÈhgl�cE��`¨m�eØ� � �?Z � _�cq_�h � �shjl�cEcqdgd � dTÀ
ov`pä�c@m�opo¤Ò�×�����������åbÒ¦����� �)Õ�×j�7m�_�rEop`pä�c���Ò����������1�®­=dfcS�� ���¡�¢^Ä�l�`peY`vr�cSmî`peY�Tdf`vhg`p�T` 0TcqrÓ`v_ï�®������°�¡
âYl�cqdgc�²©³±´£µ+¶£¶I·!¸ã`veCegl � âY_ïr�cT�qdgcSm�eg`p_��Ó� � hgl1��`¨m�e4m�_�r1a�m�dg`pm�_��Tc�¢7X+_ � hgl�cTdCZ�d � Z � egcqr
c���Z�o¨m�_nm¦hj` � _ï`veWhglnm�hW� ��� e�hj`v_��ÓhgcT_�r�e7h � Z�d � r�u��TcÈopm�dg��c��?m�df��`p_�eî�®���£­=wà�	�!¡ª¢É� � opo � âY`v_��
hgl�`peî`pr�cSm�À�_�cqâ m�op� � df`vhgl��?e7lnmSa�cE��cqcT_ Z�d � Z � egcqr h � c���Z�op`p�q`vhgovÇñ�?m¦��`p��`10qcÈhjl�cE�?m�dg��`p_
��V���
 5 À�V���
�y�À�UW����°�À � m�dj���¦¡L��u�h+hgl�cTefct��cqhgl � r�e2m�dfcCÐn_nm�ovovÇ � u�hjZ�cTdf� � dg��cTrÓ��ÇB²©³±´��
µ+¶I¶£·�¸£¢�Xèopm�efhÈm�Z�Z�d � m���l.� � _�ef`pefhge6`p_ m�_nm�obÇ 0T`p_��ã²©³±´£µ+¶£¶£·�¸\`v_ hjl�cÓ�êdjm���cqâ � dfä � �
¯ � _�hgc©k)m�dgo � Ä�l�c � dfÇï������
�y�¡ª¢^Ä�l�`peYâ � dfä;egu�����cTe�hje2c���Z�o¨m�_�m�hj` � _�e � _Ól � â ²©³±´£µ+¶£¶£·�¸£À
m�_�rÓ� � dfcC��cT_�cqdjm�ovovÇ�ÀLÕ�����Õ ���TåpÕCåpÕgÒ�×��n�����È��cqhjl � r�e)â � dfä�¢
X2_ � hjl�cqd � Z�cq_Ñ`pefegu�c�`peWl � â h � ��l ��� egc�hjl�cîâ^cSm�ä<opcTm�dg_�cTd@h � ��c�u�egcqr"!ÃÄ�l�cÈm�u�hjl � dge

� �W²t³±´�µs¶£¶£·�¸ `p_�r�`p�Tm�hjcØhjl�m�h7mE� ��� r1â^cSm�ä<ovcSm�df_�cTdW`pe?Ò��òÒ�å����¦×����$#%� �&#�Ò������&'�Õ��Ø� ��Ò�å�å
Õ�×�×j�¦×j�)(*#nÕ��1× +��,+��.-�Õ�×0/1-�Ò����������@�®������°�¡ª¢C�®­^dgcS�� �m¦¡à��`ba�cTe+m?� � dfcWZ�djm���hj`p�Tm�oám�_�e�â=cqd2��Ç
�qo¨m�`v�?`v_��Ehglnm�h?m<â^cSm�äòovcSm�df_�cTdî�©u�efh���cÉu�_�efh�m���opc�¥Ëm<� ��� rãâ^cSm�ä%opcTm�dg_�cTdî�©u�e�h?efl � â
opm�dg��c?a�m�dg`¨m¦hj` � _�e©`p_ãhgl�cÉopcSm�dg_�cqr l�Ç�Z � hjl�cqegcTe�âYl�cT_òhjl�c;hgdjm�`v_�`p_��1efcqh?u�_�r�cqdg� � cTeîef�Èm�ovo
a�m�df`¨m�hg` � _�eq¢x¬Ö_Whgl�`peáZnm�Z�cqdTÀ�â=c�r�c��êcT_�rWhjl�c¤`pr�cSm�hjlnm�hàm�â^cSm�äCovcSm�df_�cTdx�Tm�_7��c¤u�_�e�h�m���ovc¤cqa�cq_
`b��hgl�cîZ�d � r�u��qcTr'l�Ç�Z � hjl�cTegcqet��`pef�To¨m�egeg`b��ÇÓ_ � hgdjm�`v_�`p_��;c���m���Z�opc�¢2�ÑcîZ�dfcT�T`vegcqovÇ1Z�d � Z � egc
h � u�egcEm1â^cSm�äãopcSm�dg_�cqd©hjlnm�h�Z�d � a�`vr�cTe � _�ovÇñ� � dgdfcT��h?l�Ç�Z � hjl�cqegcqeT¥Ëefu���l m�_ l�Ç�Z � hjl�cqeg`pe
�Tm�_Ém���e�h�m�`v_ � _6e � �?c2c���m���Z�opcqeTÀ���u�h�_ � h=��c+âYd � _���¢�Ä�l�cTefcW� � dgdfcT��h�l�Ç�Z � hgl�cTefcTesm�dgc+hjl�c
���¦×�×jÕ3���¤åpÕgÒ¦���£��Õ��¾Õ�×fÒ�å���Õ��¾Õ�×fÒ�åæ�bç�Ò��N���¦����¢
Ä�l�c�åpÕgÒ¦���£��Õ��¾Õ�×fÒ�å���Õ��¾Õ�×fÒ�åæ�bç�Ò��N���¦���@lnmSa�c7��cqcT_Ëc���hjcT_�eg`va�cTobÇEu�egcTrE`p_Ó�Èm���l�`p_�c@ovcSm�df_�`p_���¢

¬Ö_ Znm�dfhg`p�qu�o¨m�dqÀ�hgl�cqÇ m�ovo � âðhjl�cÓ� � _�efhjdfu��qhg` � _ � �Cu�_�r�cTdfefh�m�_�rnm���ovcÓhgl�c � dg`pcqeT¢.Ä�l�cE�Èm�`p_
r�dgmSâY�nm���äï`pe@hjl�c?� � ��Z�u�hjm�hj` � _ïhg`p��c?_�cTcTr�cTrã��Çï� � dfdgcT��hØopcTm�efh7��cq_�cTdgm�o^��cT_�cqdjm�ov`10Sm¦hj` � _�e
âYl�cq_�hgl�c�_�u��©��cTd � �¾mSa�m�`popm���opc�c���m���Z�ovcTe���d � âYeq¢£Ä�l�cYu�efc � �±m�_�c���Z�cq_�eg`ba�c�â=cTm�ä©ovcSm�df_�cTd
dgm�`pefcTeYhjl�cWZ�d � ��opcq� � ��r�`vefhgdg`p��u�hj`v_��Øhjl�cW� � ��Z�u�hjm�hj` � _É�Èm�r�c@��ÇË²©³±´£µ+¶£¶I·!¸ Æªm�_�rE_ � â
hgl�`pe�Znm�dgm�opovcTop` 0Sm�hg` � _t`pe=r�`54��Tu�obh=ef`p_��qc4²t³±´�µ+¶I¶£·�¸B� � ��Z�u�hgcTe)m�_6l�Ç�Z � hgl�cTef`pe)`v_?hjcqdg��e � �
Z�dfcqa�` � u�e � _�cTejÊ�À�m�_�rÓâ^cT`v��l�hj`p_��©hjl�cCâ^cSm�ä;l�Ç�Z � hjl�cqegcTe©ÒWÔn�����ÙÕ�×����¦×���¢
X2_ � ��egcqdfa�m�hj` � _6`ve � ��hjcq_;dgcqZ�cTm�hjcqrEm�� � u�h�²©³±´£µ+¶£¶I·!¸£¥£hgl�cC��cq_�cTdgm�op` 0Sm�hg` � _�cTdfd � d)� � _�[

hg`p_�u�cTeØh � r�cq�TdfcSm�efcE�Nm�dØ��cqÇ � _�r hgl�cÓZ � `v_�hî`p_ãâYl�`p��lòhjl�c;hgdjm�`v_�`p_��1cqdgd � dîdgcSm���l�cTe 0Tcqd � ¢
¯ � dgc � a�cTdTÀ±â^cØlnmSa�c � ��egcqdfa�cqr � _Ba�cTd�Ç1eg`v�?Z�opcWZ�d � ��opcT��e+hglnm�h4hgl�cØ��cq_�cTdgm�op` 0Sm�hg` � _ÓcTdfd � d
e�hj`povo�r�cq�TdgcTm�egcqe�m���hgcTd�m�opo�Z � efeg`v��opcYl�Ç�Z � hgl�cTefcTe)l�m�a�c2��cTcq_6Z�d � r�u��qcTr?��ÇØhgl�cYâ=cTm�äîopcSm�dg_�cqdT¢
¬Ö_ � hgl�cTd�â � dgr�eqÀnm�_;l�Ç�Z � hgl�cTef`pe)�Tm�_Ém�Z�Z�cSm�d=egc�a�cqdjm�o±hg`p��cTe^m�_�r6âY`povonÐn_nm�ovovÇØa � hjcTe)âY`bhjl;m
â^cT`v��l�h4� � dgdgcqegZ � _�r�`v_��Èh � hjl�c©egu�� � �¤m�opoá`vhge

αt

¢2Ä�l�`ve4egu�� efcTcq�?e2h � ��c©mÈ��cTe�h4â=cq`p��l�h
hglnm�_ïm�_�Ç

αt

m�_�r � _�cØ�Sm�_ïl � Z�c©h � � � ��Z�u�hgcØegu���l'm6â=cq`p��l�hCâY`bhjl � u�h4hjl�c�²t³±´�µ+¶I¶£·�¸
m�r�m�Z�h�m¦hj`va�cCZ�d � �Tcqegeq¢

y
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Ä�l�c�Znm�Z�cTd@`pe � df��m�_�` 0TcqrÑm�eC� � ovo � âYeT¢È��cq�qhj` � _ 5 `v_�hgd � r�u��qcTe@hjl�c ���¦×�×�Õ3���såpÕgÒ¦���=��Õ��¾Õ�×gÒ�å
��Õ��¾Õ�×fÒ�åæ�bç�Ò��N���¦�Øm�_�r©`bhjeáu�efc)m�eLmsâ^cSm�ä@ovcSm�df_�cTdà`p_7²©³±´£µ+¶£¶£·�¸£¢£��cT��hj` � _©yYZ�dgcqegcT_�hge£c���Z�cTd�[
`v�?cq_�hjm�o�dfcTefu�ovhgeTÀ�h � ��cqhgl�cTd�âY`vhglîdgcTefu�ovhge � ��� � dfc)u�efunm�onefÇ�e�hjcT��eTÀ�hjl�m�h �fu�efhg`v��Ç � u�d�`v_�hgcTdfcTefh
`v_ åpÕgÒ¦������Õ��¾Õ�×fÒ�åL��Õ��¾Õ�×fÒ�åæ�bç�Ò��ª���¦�n¢É¬Ö_ãefcT�qhg` � _ ��ÀLhgl�c6dgcqZ�o¨m��TcT��cT_�h � �7²©³±´£µ+¶£¶£·�¸ ��Çñm
��cqhgl � rî�Tm�opovcTr;ÁØÂ�¶¤µ+¶I¶£·�¸Ó`ve�Z�d � Z � egcqr * Á©Â�¶¤µs¶£¶£·�¸ÓZ�d � r�u��Tcqe�â^cSm�ä�l�Ç�Z � hjl�cqegcqe)m�_�rr�c�Ðn_�cqe=hjl�cq`pd¤â=cq`p��l�hge@Ò4Ôn�����ÖÕ�×����¦×���¢¤��cT��hj` � _ �@r�cTef�Tdg`v��cqe)c���Z�cTdf`p��cT_�h�m�o�dgcqegu�obhje�� � dsÁ©Â�¶ �
µ+¶I¶£·�¸£¢7�L`p_nm�ovovÇ�À�efcT��hj` � _< 6Z�dgcqegcT_�hge7m?egu����Èm�dfÇ � � � u�d2â � dfäBm�_�r1e � ��c©Z�cqdgefZ�cq�qhj`ba�cqe
� � d)�êu�dfhjl�cTd�dgcqegcTm�dg��l±¢

� � � ��� ��� ��� �	��
�� �
��� ��� ��
������ ��� ��
�� ����
����������

����� ���! " $#&%('*)+#-,/.�'10!#324#/ $,5)60!#324#/ $,5)87+9:,;'<7=�>24.
wxcqh^u�e^efh�m�dfh^��Ç�r�c�Ðn_�`v_��7hgl�c7åpÕgÒ¦���x��Õ��¾Õ�×gÒ�å���Õ��¾Õ�×fÒ�åæ�bç�Ò��N���¦�ïÆ�å�����Ê � ��hÖâ � c���m��?Z�opcTe^m�e�hjl�c
� � efhsefZ�cq�T`vÐ��7l�Ç�Z � hjl�cqeg`peshjlnm¦h+� � a�cTdfe2hjl�cT�Ó¢��¹`vhglËm�_Em�hfhjdg`v��u�hgc�[ a�m�ovu�cCdgcqZ�dgcqegcq_�hjm�hj` � _±À
hgl�`pe�l�Ç�Z � hgl�cTef`pe6`veÈu�_�`v��u�cBm�_�r �Sm�_.��cËr�cqÐn_�cqr¹m�e?hgl�cB� � _ �fu�_���hj` � _ � �@ovcSm�e�h6��cq_�cTdgm�o
��cq_�cTdgm�op` 0Sm�hg` � _�e � �LcSm���lËm�hghgdg`v��u�hjc�¥

•
hjl�c©��cT_�cqdjm�ov`10Sm¦hj` � _ � �¤hÖâ � r�`peg�qdgc�hjc©a�m�opu�cTe

v1

m�_�r
v2

`pe
v1

`v�
v1 = v2

À � hgl�cTd�âY`pegc
hgl�cCu�_�r�cqÐn_�cqrËa�m�opu�c�?�À

•
hjl�c©��cT_�cqdjm�ov`10Sm¦hj` � _ � �¤hÖâ � � � _�hj`v_�u � u�e4a�m�opu�cTe

v1

m�_�r
v2

`pe+hjl�cØef�Èm�ovopcqefh+`p_�hjcqdfa�m�o
hglnm�hY� � _�h�m�`v_�e)hjl�cChÖâ � a�m�ovu�cTeqÀ�_nm���cTobÇ

[v1, v2]
¢

Ä�l�cC� � ovo � âY`p_��tc���m���Z�opcCr�cqeg�qdg`p��cTe�hgl�`peY� � �?Z�u�h�m�hg` � _±¥

Þ � 4 |S~ �A@ 4 Ý | 4CB DFEHGAI"I
e1

5 � _ � �Èm�ovc Z � eg`vhg`va�c
e2

y�� _ � �êcT�?m�opc Z � eg`vhg`va�c
g1 [25, 35]

_ � ! Z � eg`bhj`ba�c

�'cC�Sm�_Éhjl�cq_Eu�egc�å����6h � ��cT_�cqdjm�ov`10qc@m�_Él�Ç�Z � hjl�cTeg`ve2m�_�rÓm�_Ec���m��?Z�opc�¥
Þ � 4 |S~ �A@ 4 Ý | 4CB DFEHGAI"I

g1 [25, 35]
_ � ! Z � eg`bhj`ba�c

e3

y�
 Ç�cTe �Èm�ovc Z � eg`vhg`va�c
g2 [25, 35]

! ! Z � eg`bhj`ba�c
e4

��
 _ � �êcT�?m�opc Z � eg`vhg`va�c
g3 [25, 40]

! ! Z � eg`bhj`ba�c

�nd � �9hgl�c4egu�Z�cqdfa�`pefcTrÓopcSm�dg_�`v_��tZ � `p_�h � �áa�`vcqâ@À�`bh)`ve=`p_�hgcTdgcqefhg`p_��©h � ��cT_�cqdjm�ov`10qc+h � ��cqhgl�cTd
c���m��?Z�ovcTe � �+hjl�cÉejm��?cÉ�Topm�egeqÀ)��u�h���cT`v_��'�Tm�dgc��êu�o�_ � h�h � efu���egu��?cEc���m���Z�opcqe � � � hgl�cTd
�qo¨m�efegcTeq¢+Ä�l�`pes�?c�hjl � rE� � df�Èm�opovÇ?r�c�Ðn_�cTr1��ÇÓX2ov� � df`vhjl�� 5 Z�d � a�`vr�cTe2m ���¦×�×jÕ3���=åpÕgÒ¦���¤��Õ��né
Õ�×fÒ�åà��Õ��¾Õ�×fÒ�åæ�bç�Ò��ª���¦�.Æ3��å�����Ê2hjl�m�ht`ve@� � dfc � a�cqd ��ÒKJ��&��Ò�å�åML ���¦×�×jÕ3����ÆN`ª¢®c�¢;m�r�r�`v_��Em�_ � hgl�cTd
hgdjm�`v_�`p_���c���m���Z�ovct`p_�a � ova�cTe2hgl�c©o � ege � ��hjl�c©� � dgdfcT��hj_�cqege�Ê�¢Wwác�hCu�eCm�ope � dgcq�Èm�dfä;hjlnm�h2hjl�c
Z�d � r�u��TcqrEl�Ç�Z � hjl�cqeg`pesr�cqZ�cq_�r�e � _;hjl�c � dfr�cTdY`p_;âYl�`v��lÓhgl�c@c���m���Z�opcqeYm�dgc@� � _�eg`vr�cTdfcTr±¢

�
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Ú������ Ý ��Ü"!à~ � k � dgdgcq�qh
�
wàUWU

�
�

$&%('L}xÜ�)
s
mCegcqcTr?c���m���Z�opc�À

P = {p1, . . . , pn}
m�_1�¦× -�Õ�×jÕ -Øegcqh � �

n
c���m���Z�opcqe � ��hjl�cY�Topm�ege

� ��hjl�cîegcqcTr±À
N
m;egcqh � �=� � u�_�hgcTdfc���m���Z�opcqeT¢îÄ�l�c?m�op� � dg`vhgl�� u�egcqeWhgl�c�� ��� � Z�cqdjm�hg` � _

m�_�r;mWegu���egu���Z�hj` � _?hgcTe�h
�
Æêh � r�cq�T`pr�c+âYl�c�hjl�cqd�m�_Èl�Ç�Z � hjl�cqeg`ve)� � a�cqdge�m�_Èc���m���Z�ovc � d

_ � h�Ê�¢
+ }xÜ,'L}áÜ	)

g
mî��cT_�cTdjm�op`10Tm�hj` � _ � �

P
À��?m¦��`p�?m�opobÇî� � dfdgcT��hYâY`vhjlÉdfcTegZ�cT��h+h �

N
¢

g = s- � Ý
i = 1

h �
n . �

g′ =
� ���

(g, pi)� -?Æ
∀n ∈ N :

��� Ä
(g′ � n)

Ê Ü"! 4 %
g = g′ / `b� g′

`ve�� � dfdgcq�qhSÀn`bhY��cq� � ��cTe�hgl�c@�Tu�dfdgcT_�hs��cq_�cTdgm�op` 0Sm�hg` � _±¢ 2
4 % . � -

4 % . - � Ý
dgc�hju�df_

g

Ä�l�cØ_�c���h7c���m��?Z�opc©efl � âYe@hgl�dgcqcØZ � egeg`v��opctc���cT�qu�hj` � _�e � �¤hjl�cØX+op� � dg`vhgl�� 5 ÆNc���m��?Z�ovcTe
hglnm�hY�Sm�_�_ � hs��cC��cT_�cqdjm�ov`10qcTr;âY`vhgl � u�hYo � eg`v_��©hjl�c@� � dgdfcT�qhg_�cTefe4m�dfcCu�_�r�cqdgov`p_�cqr�Ê�¥

egcqcTr � hgl�cTdYZ � eg`bhj`ba�cCc���m���Z�ovcTe
→

�Èm!��`v�Èm�opovÇî� � dgdfcT��h+�qopu�e�hjcqd
p1 p5 p8 p2 p14 . . . → {p1, p5, p8, p14, . . .}
p2 p14 p3 p1 p12 . . . → {p2, p3, p12, . . .}
p3 p7 p4 p18 p12 . . . → {p3, p7, . . .}Ä�l�`ve£c���m���Z�ovc=egl � âYe�hglnm�hIhgl�c � dfr�cTd � ��Z � ef`vhg`va�c^�Sm�_�r�`prnm¦hjcTeI��lnm�_���cqe�� � dIcTm���lî�Sm�ovo�h � hjl�c

m�ov� � df`vhjl��ìm�_�rBm�ove � hjlnm¦h+� � dgdfcT��hj_�cqege4Z�d � Z�cTdfhÖÇÉovcSm�r�eYh � ��cq_�cTdgm�op` 0Sm�hg` � _�e=hjlnm¦h2m�o � _�c@r �
_ � h2� � a�cTdCm�opo±hjl�ctZ � eg`bhj`va�c@c���m���Z�opcqeT¢Y¬Ö_ � hgl�cTdYâ � dgr�eqÀ¾egu���l<m?��cq_�cTdgm�op` 0Sm�hg` � _É�Sm�_ � _�obÇ
� � _��Tovu�r�c � _6mWeg`v_���opcY�qo¨m�efeTÀ�hjl�cs�Topm�ege � �±hgl�c2efcTcTr¾¢¤� � d^m�opo � hgl�cTd^c���m���Z�opcqe4Æêc���m���Z�opcqe � �
r�`bÏ¾cqdgcq_�h£�To¨m�ege � dIc���m���Z�opcqe � �nhjl�c�egcTcqrî�To¨m�ege£��u�h�_ � h�`v_�a � oba�cTrî`v_�h � hjl�c)��cT_�cTdjm�op`10Tm�hj` � _�Ê�À
hgl�c@l�Ç�Z � hjl�cTeg`vesm���efhjm�`p_�eT¢
Ä�l�`veØeg`p��Z�ovc6`pr�cTm1lnm�eî��cqcT_òu�egcqr h � r�cqÐn_�cÓm�_òX��+[Öov`pä�cÈopcSm�dg_�`v_��<m�op� � dg`bhjl�� _nm���cTr

Á©Â�¶�µ+¶^¢ Ä�l�`ve;�?c�hjl � r¹u�egcqeEc�a�cqdfÇ¹c���m���Z�ovc1m�eÉegcqcTrFm�_�r.hjd�Ç h � m�r�r.h � hgl�`pe;efcTcqr
m�ovoLc���m��?Z�opcTe � �¤hjl�cØegm��?ct�To¨m�ege4`v_<m6djm�_�r � � � dgr�cqdT¢7�I`p_nm�opovÇ�ÀxÁØÂ�¶¤µ+¶ � _�ovÇEä�cTcqZ�e@hjl�c
��`p_�`v�Èm�o�egc�h � ��l�Ç�Z � hjl�cTegcqe£hjlnm¦h£� � a�cTdge£m�opo�hjdgm�`p_�`p_��Yc���m���Z�ovcTeT¢LÄ�l�c)m�`p� � ��hgl�`peà��`p_�`v�Èm�o
� � a�cTdf`p_��Ø`ve=h � Z�d � r�u��Tc@m�_;u�_�r�cqdgefhjm�_�rnm���opc4hgl�c � d�Ç�¢�Ä�l�`ve�m�Z�Z�d � m���l;l�m�e���cqcT_;a�m�op`vrnm�hgcTr
r�u�dg`p_��4hjl�cYÌ�Ä �ãk=lnm�opopcq_���cC�®�	�@­)���¦¡�âYl�cqdgc+U@o � ­ � l�m�e¤��cqcT_îegl � âY_?m�e£hjl�cs��cTe�h¤efÇ�efhgcT�
m�� � _��©hgl � efcWZ�d � a�`pr�`v_��îu�_�r�cqdgefhjm�_�rnm���opcChjl�c � df`pcTeq¢
¬Ö_Ëhgl�`pesZnm�Z�cTdqÀ�â^ctdgcq_ � u�_��Tcthgl�c©u�_�r�cTdge�h�m�_�rnm���`vop`vhÖÇÉ`v_ � dfr�cTdYh � � ��� efh ��å����Em�_�rËhjl�u�e

`v�?Z�d � a�cCZ�dfcTr�`v�qhj`ba�c@Z�cTdf� � dg�?m�_��TcqeT¢

���8� 
 #���257='<7=�>2 ��
 , 24#�� ��#-,�� )=#&,4 2/#/ 
X+op� � df`vhgl�� ytr�cTeg�qdg`v��cqe�m�_6m�rnm�Z�hgcTr;m�ov� � df`vhjl�� h � � � ��Z�u�hgc ���¦×�×jÕ3����åpÕgÒ¦���á��Õ��¾Õ�×fÒ�å���Õ��¾Õ�×�é
Ò�åæ�bç�Ò��N���¦����À�âYl�`p��l?`pe�r�cTef`p��_�cTr?h � ��c+mWâ^cSm�äîopcTm�dg_�cTd�� � d�²©³±´£µ+¶£¶£·�¸£¢¤� � d�hjl�`pe¤Z�u�dfZ � efc�À
hgl�c?��cqhgl � r'lnm�e7h � h�m�ä�c?c���m��?Z�opcTe@â^cT`p��l�hget`v_�h � m��T� � u�_�h©`p_ � dfr�cTdWh � Ðndge�h©��cq_�cTdgm�op` 0Tc
c���m��?Z�ovcTe¤âY`vhglÈ��dfcSm�h�â=cq`p��l�hgeT¢¤wxcqh=u�e=cq�?Z�l�m�eg` 0TcYhjlnm�h^Z�d � r�u��TcTrÈl�Ç�Z � hjl�cTegcqe��©u�e�h=e�hj`povo
��cØ� � dfdgcq�qhS¥4âYl�m�hjc�a�cTd@hjl�cîâ^cT`v��l�h � �=mÉ_�cT��m�hg`va�cØc���m���Z�opc�Àx��cT_�cqdjm�ov`10Tm�hj` � _�e4m�dgcî_ � hWm�o [
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c���Z

(−αt)
� � d;cSm���l\l�Ç�Z � hgl�cTef`pe

ht

� � a�cqdg`v_��òhgl�cïc���m���Z�opc�¢ � _��qcïhgl�cTefcïâ^cT`v��l�hjeEm�dgc
r�c�Ðn_�cqr±À^hgl�cqÇòm�dfcÉ_ � dg�?m�ov`10Tcqrñ��Ç%r�`va�`vr�`p_��1cTm���l � �2hgl�cT� ��Ç

Z =
∑

i wi

¢ �+� â@À�hjl�c
â^cT`v��l�h � �sm�_'l�Ç�Z � hgl�cTef`pe

h
�Sm�_Ñ��c?r�cqÐn_�cTr±¥

W+

`pe7hgl�cÈefu�� � ��â=cq`p��l�hge � �Yc���m��?Z�ovcTe
hglnm�h@m�dfcØegu���egu���cTrï��Ç

h
m�_�r

n
`ve4hjl�cØ_�u��t��cqd � �^hg`p��cTe2hgl�`pe2l�Ç�Z � hjl�cTeg`ve@`pe@m�Z�Z�cSm�dgcTr

r�u�dg`p_��©hjl�c@Z�d � r�u��qhj` � _±¢¤�I`v_nm�ovovÇ�À�hjl�c@â^cT`v��l�htÒ�-�Ò�åæ�! �Õ � �
h
`pe�r�cqÐn_�cqrBm�e�� � ovo � âYeT¥

α(h) =
n

2

o � � (1 + W+

1 − W+

)

n
m�Z�Z�cTm�dgeYl�cqdgcCh � eg`v�©u�opm�hjcshjl�c@egu�� � �àâ=cq`p��l�hjeYr � _�c@��ÇÓ²t³±´�µs¶£¶£·�¸ïâYl�cq_Óhgl�cCâ=cTm�ä

ovcSm�df_�cTd���`ba�cqeYhgl�c@ejm���cCl�Ç�Z � hgl�cTef`pesegc�a�cTdgm�oxhj`v�?cqeT¢
Ä�l�dfcTc@eg`v�?Z�ovcTd=â^cT`v��l�hjesm�dfc7m�ope � � � _�eg`vr�cTdfcTr±¥

•
��� '�Õ�×�������¥IcSm���lÓr�`pefhg`p_���h)l�Ç�Z � hjl�cqeg`pe

h
a � hgcTe)âY`bhjlÉmtâ^cT`p��l�hY� � dgdfcTefZ � _�r�`p_��©h � hjl�c

_�u��t��cqd � �Lhgdjm�`v_�`p_��Øc���m���Z�opcqe�� � a�cqdgcTrË��Ç
h
À

• " ×�Õ$# +nÕ�� � L�¥LcTm���l6r�`vefhg`p_���h^l�Ç�Z � hjl�cqeg`ve h
a � hjcqe^âY`vhglÈmCâ^cT`p��l�h�âYl�`v��lÈ`pe¤hjl�c+_�u��©��cTd

� �Lhg`p��cTe
h
m�Z�Z�cTm�dgcqrEr�u�dg`v_��Øhjl�c@Z�d � r�u��qhj` � _;Z�d � �qcTegeqÀ

•
+��n� " �¦× �Ó¥¤m�opo�r�`pe�hj`p_��qhYl�Ç�Z � hgl�cTefcTesa � hgc@âY`bhjl;hjl�cWegm���c@â^cT`v��l�hS¢

�
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� �8� � # 24#  ,4'<7�240 ����� � '��/#-. #-. � 7='��4���;'����5,������3. '
Ä�l�c?_�c���h7efhgcTZñ`veWh � Z�d � r�u��Tc?l�Ç�Z � hjl�cTegcqetâY`vhgl � u�h7u�ef`p_��1²t³±´�µs¶£¶£·�¸£¢;� � d@hjl�`veWZ�u�d�[
Z � egc�À�â^c)Z�d � Z � efc+Á©Â�¶�µ+¶£¶£·�¸1ÆêX2op� � dg`bhjl�� ��Êáhjl�m�h£Z�d � r�u��Tcqe0��å����W`v_�r�cTZ�cT_�r�cT_�hjobÇ � � � _�c
m�_ � hjl�cqdT¥)efu���l<m?��cT_�cqdjm�ov`10Sm¦hj` � _Ó`ve+��u�`pobh � _BmÈdgm�_�r � ��ovÇ6��l � egcq_1egcqcTr1m�_�rBc���m���Z�opcqe � �
hgl�c©ejm��?c7�To¨m�ege4dgm�_�r � ��ovÇÉefl�u	��cTr±¢��¹l�cq_ïl�Ç�Z � hjl�cqegcqeWl�m�e2��cTcq_ïZ�d � r�u��Tcqr±ÀáUCo � ­ ��� e�h
� � �?Z�u�hjcqeWâ^cT`v��l�hje7� � dWcTm���l � �^hjl�cq�E¢È¬Ö_'hjl�c?o � _��Ódgu�_±À�ÁØÂ�¶¤µ+¶I¶£·�¸òâY`povo¤m�opo � âÃu�e@h �
r�`vefhgdg`p��u�hjc2hgl�c@Z�d � r�u���hj` � _ � �Il�Ç�Z � hjl�cqegcqe+h � efcqa�cqdjm�oà� � �?Z�u�hjcTdfeT¢

Ú������ Ý ��Ü"!à~ � Á©Â�¶¤µ+¶£¶£·�¸
$&%('L}xÜ�)

n
o¨m���cTovopcqr;c���m���Z�opcqe

(xi, yi) * T hjl�c@_�u��©��cTd � �Ld � u�_�r�eq¢
+ }xÜ,'L}áÜ	)

H
hgl�cCÐn_nm�o¾�To¨m�egeg`bÐncTdq¢

- � Ý
t = 1

h �
T . ���Ò�×ª��Õ���� mî�Topm�ege�dgm�_�r � ��ovÇ?egcqopcq�qhjcqr

��Õ�Õ -&� m�_Óc���m���Z�ovcCdjm�_�r � �?obÇÈefcTovcT�qhgcTrÓ`p_;hjl�c���Ò�×ª��Õ��)�Topm�ege
P = {xi|yi =

��Ò�×ª��Õ��
, xi 6=

��Õ�Õ -
}

N = {xi|yi 6=
� Ò�×ª��Õ��

}dgm�_�r � ��ovÇ?egl�u	��c
P

ht =
� ��������
!	� � ���! � Æ ��Õ�Õ -�À

P
À
N
Ê / k)m�opo�h � X2op� � dg`bhjl�� 5 ÀnZnm���c)� 2

4 % . - � Ý
- � Ý6Þ � �

t
egu���lËm�e

1 ≤ t ≤ T . �
αt = 
 �n������	 (ht) / �êu�_��qhg` � _;h � ��c@r�cqÐ�_�cTr 24 % . - � Ý

dgc�hju�df_
H(x) =

ef`p��_ (
∑T

t=1 αt.ht(x)
)


 #�$&%�� � �(' � ��� �
¬Ö_%hjl�`veØegcq�qhj` � _±À^Z�dgc�a�` � u�eîZ�d � Z � eg`vhg` � _�eØm�dgcÉc�a�m�opunm�hgcTr±¥É��cq_�cTdgm�hj` � _ � �+l�Ç�Z � hjl�cTegcqeÈ��Ç
Á©Â�¶�µ+¶£¶£·�¸ðm�_�r r�cqÐn_�`vhj` � _ � ��â=cq`p��l�hje Ò%Ôn�����ÖÕ�×����¦×���¢ �£��Z�cTdf`p��cT_�h�m�oØZ�d � h � � � oØm�_�r
rnm¦h�m�efcqhjesm�dfc@`pr�cq_�hg`p�Tm�o�âY`bhjlÉhjl � efc@r�cTef�Tdg`v��cqrE`v_ÉegcT��hj` � _Óy�¢

� ��� ��� � #  "7�� #32;'�,5) #�� ,5)��/,;'<7=�>2 ��
 ��# 7=0��;'�.
�I`vdge�hÉ²©³±´£µ+¶£¶£·�¸ `pe;u�efcTr¹h � Z�d � r�u��Tc<l�Ç�Z � hgl�cTefcTeT¢ðÄ�l�`ve;� ��� efhg`p_��ãZ�lnm�egc<Z�d � a�`vr�cTe
m<egc�h � �2l�Ç�Z � hgl�cTefcTe?â^cT`v��l�hjcqr ��Ç ²t³±´�µs¶£¶£·�¸\m�_�r%hjl�cEr�cqeg�qdg`p��cTròâ=cq`p��l�hgeÈm�dfc;hjl�cq_
� � �?Z�u�hjcqr � � dîcSm���l � �2hgl�cTefcBl�Ç�Z � hgl�cTefcTeq¢F¬Ö_ � hjl�cqd�â � dfr�eTÀ)hgl�`peîZ�d � �qcTr�u�dfcËZ�d � a�`vr�cTe
efcqa�cqdjm�oáa � hj`p_���e�Ç�efhjcq�?e2m�opo¾��u�`pobh � _Éhjl�cWejm���c@egc�h � �Il�Ç�Z � hgl�cTefcTeT¢ � u�dY`v_�hgu�`vhg` � _;��m�egcqr
� _ïhjl�cÈr�`vÏ�cTdfcT_�htâ � dgä�ethglnm�htm�`p� h � �?m¦��`p��`10Tc©hgl�c6�?m�dg��`p_ò�«���£­)wá����ÀLV���
 5 ÀLV���
�y�À
UW����°�À � m�dj���!¡�À¤`peWhjlnm¦hî²©³±´£µ+¶£¶£·�¸.��cTlnmSa�cqe � Z�hj`v�Èm�opovÇB`p_Ñhgl�c6hju�_�`p_�� � �+l�Ç�Z � hjl�cqegcqe
â^cT`v��l�hjeT¢�k � _�egcq��u�cT_�hjobÇ�À�hjl�`pe£c�a�m�opunm�hg` � _©m�`p��eLh � �?cTm�egu�dgc)hjl�c�o � efe£Z�d � r�u��qcTrî��Ç©ovcSmSa�`p_��
hgl�cCâ=cq`p��l�hje � ��²©³±´£µ+¶£¶£·�¸£¢
VYcTegu�ovhje�� � d � 
�
îm�_�r � 
�
�
Ød � u�_�r�e � �L� ��� efhg`p_���m�dfc@egl � âY_Ë`v_ÉÄIm���opcWy�¢��I`pdfefhTÀ � _�cW�Sm�_

� ��egcTd�a�cØhjl�m�hW²©³±´£µ+¶£¶£·�¸%`pe2hgl�cî��cqefhCh � r�cqÐn_�cØhgl�c©â=cq`p��l�hge � �^l�Ç�Z � hjl�cqegcqe7Z�d � r�u��Tcqr
��ÇB`bhjefcTov�ÙÀ�`p_1Znm�dfhj`v�Tu�opm�dYâYl�cT_<hjl�cØ_�u��t��cqd � ��d � u�_�r�e � ��� ��� e�hj`v_��6��d � âYeq¢tÄ�l�cÓÒ�-�Ò�åæ�! �Õ
â^cT`v��l�hSÀ���Ç � 
�
©d � u�_�r�e � �à� ��� e�hj`p_���À � ��h�m�`v_�e=hjl�cCeg�?m�opovcTefh=cTdfd � dfe)� � d�_�`p_�c4rnm�hjm�egc�hjeY��u�h

� 
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ÄLm���ovc�y�¥ ��dfd � d�dgm�hjcqe�`p_©hjcqdg��e � ��â=cq`p��l�hge^m�ege � �T`pm�hjcqrØh � ��å����tZ�d � r�u��qcTrî��Ç?²©³±´£µ+¶£¶£·�¸£¢

�ÉÞ�Ü�Þn| 4 Ü Þ . Þ Û � � |qÜ Þ . Þ � � @ 4 ß ��� 4 Ý ��% � - Ý 4�� } 4 %àß�� } %(� - � Ý¦~
m�u�r�` � o � ��Ç 5 ��¢ ��° �"��� #�� 5 °�¢®y 5 5 ��¢«�	� 5  �¢ 5 �
��dgcTm�efh�[Ö�Sm�_��Tcqd y�¢ 
 5 ��¢ �"� ����� � ��¢® �y ��¢® ��
�Sm�d �"��¢«� 5 # � ����� ��°�¢ � � �S°�¢«y�� ��°�¢«y��
�T��� �� �¢«y 5 �� �¢«y �  ��#� � � �� �¢«  5 �� �¢«  5
�Td�� �"��¢«° 5 # � � # � �"��¢ �	� 5 
�¢ ��� 5 
�¢ ��y
r�cTdf�Èm�h � o � ��Ç  �¢ ��° �#�� � ��¢ 5 
 ��¢ ��° ��¢®y 5

#.��� cT� � op` � ��� �"� 5 ��¢ 5 � 5 ��¢ 5 � 5 ��¢«y	� 5 ��¢«y 5
Ý � }(% . | ��o¨m�efe � � � � � � � � ��¢«°�y ��� � � ��¢®°�y

� - l�cTZnm¦hj`vhg`pe �"��¢«°�° #! ����� ��°�¢®��° 5 
�¢« 	� 5 
�¢ � 5
Û � � |�Ü"��% � l � dgefc�[ � � ov`p� ���#����� 5 ��¢ 
�  5 ��¢ 5 � 5 y�¢ �S  5 y�¢ ��


l � u�efc�[ a � hjcqe�[Ö°�� � � � � 5 y�¢ � � ��¢«� � y�
�¢«� �  �¢ 5 �
` � _ � egZ�l�cqdgc °�¢ � � 5 ��¢«��� ��¢«  � ����#�� ����#��
`pdg`ve ��¢®��y  #��� �  �¢ 
�
  �¢ 5 �  �¢ 5 �
Z�`p�?m 5 ��¢« �° ������� # y�
�¢ 5 y y 5 ¢ ��  y 5 ¢ �� 
Z�d � � � hgcTdge # ����� � �� �¢ � 5 �� �¢���� � ��¢ � 
 � ��¢«y�y
e � _nm�d 5 ��¢ 5 � ��
�¢ ��
 5 ��¢ 5 ° ����� ��� ����� ���
hj`p��[ hjm���[�h � c ��� � � ��� � � �#� �e� 
�¢ � � ��¢ ��y
a � â=cqo 5 ��¢«y�
 5	5 ¢« �
 5 ��¢®y�° ���#� #�� ���#� #��
âY`p_�c ��¢�� � �� �¢ ��
  �� �  ��¢���   ��Z�� 
0 ��� y�¢ 5 � y�¢® �
 ��¢ 
 5 ����#!� ��¢ 
 5
/ '�Õ�×gÒ���Õ /�� 1�� � %+*.' *�* %!&('�,�, %"5 ' 5 % %!&(')4!&
m�u�r�` � o � ��Ç ����¢ 5	5 #!��� # � 5  �¢®°�� 5 
�¢« �  5 ��¢ � 5
��dgcTm�efh�[Ö�Sm�_��Tcqd y�¢ � 
 � 
�¢«y�  ����� � y�¢®��  y�¢®���
�Sm�d ��¢ � � �#�� �� ��¢ � � � ��¢«°�y � 
�¢ 5 

�T��� ����¢«  � ����¢ 5 � � �#����� � ��¢ 5 � � ��¢ 
�y
�Td�� #����$� � 5  �¢ ��
 � ��¢® �
 5 ��¢ 5 5 5 
�¢ � �
r�cTdf�Èm�h � o � ��Ç � ��� � � 5 ¢«��y ��¢«� 5 ��¢ � � ��¢ � �

#.� ��� cT� � op` #!��� �� 5 y�¢«� 5 5 ��¢ 
 5 5 5 ¢ ��  5 ��¢«  5
Ý � }(% . | ��o¨m�efe � �� �� °�¢® ��  �¢«y�y ���� ��  �¢®y�y

� - l�cTZnm¦hj`vhg`pe #!��� ��� 5	5 ¢ � � ����¢ 5 ° 5 ��¢ 5 � 5 y�¢ 
� 
Û � � |�Ü"��% � l � dgefc�[ � � ov`p� ��°�¢ � 5 #!��� # � ����¢ � � �S��¢«°�
 ��°�¢«°� 

l � u�efc�[ a � hjcqe�[Ö°��  �¢ � 5 y���¢«°��  ���� � y�
�¢ 
�  ��¢®°�

` � _ � egZ�l�cqdgc � �$��� �	��¢ ��� ��¢ 5 y ��¢® �� ��¢ �� 
`pdg`ve  #� � �  �¢® ��  �¢ 
�
  �¢ 
�
  �¢®°�

Z�`p�?m 5 ��¢ ��y �"��� �  5 ��¢ ��� 5 ��¢«y	� 5 ��¢«y��
Z�d � � � hgcTdge � ����� 5 ��¢«y�° � 5 ¢®°�y °�¢ 
 5 ��y�¢« �y
e � _nm�d 5 y�¢«y�� ����¢ � 5 5	5 ¢ ��y � #���� � � #���� �
hj`p��[ hjm���[�h � c ������� ������� �#��� � 
�¢ � 5 5 ¢ � �
a � â=cqo ��¢®y�
 y���¢ ��y ��¢«°�� ��¢ �"� ����#!�
âY`p_�c ��¢ ��y ����¢«��
 ����� � ��¢ 5 y ��¢® ��
0 ��� �#� � � ��¢®y�
 y�¢«� � y�¢ ��� y�¢®���
/ '�Õ�×gÒ���Õ /��#1���/ , � '�� � %+-.' 5 � %�4�'��
	 %�� ')4�%

�	�
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`bh=��cTlnmSa�cTe�a�cqdfÇ6��m�r�ovÇ � _ÈÐ�a�c � hgl�cTd)Z�d � ��ovcT��eT¢�]s_�� � d�hju�_nm¦hjcTobÇ�À�hjl�`ve=��cTlnmSa�` � d=��cq� � ��cTe
â � dgefcï� � d � 
�
�
ãd � u�_�r�e � �7� ��� e�hj`p_���¢9Ä�l�c1â=cq`p��l�hge ��� '�Õ�×������ m�_�r " ×jÕ$# +�Õ�� � L � ��hjm�`p_`v_�hgcTdfcTefhg`p_���dgcqegu�obhjeq¢)¬Ö_ËZnm�dfhj`v�Tu�opm�dTÀ�hjl�c ��� '�Õ�×������;â^cT`v��l�h2efcTcT��eYh � ��c@a�cqdfÇE�To � egcCh � hjl�c
²t³±´�µ+¶I¶£·�¸ � _�c�¢�¬ hYefl � u�ovr;��c � ��egcqdfa�cqrÓhglnm�h)hgl�cCZ�d � Z � egcTr6â^cT`v��l�hjeYm�dfc �fu�efh)r�cq�êcTm�hjcqr
��Çîhjl�c2²©³±´£µ+¶£¶£·�¸£��e=â^cT`p��l�h)m�_�rÈhgl�cqÇ � u�hjZ�cTdf� � dg�ë� � hjlE»+¼¾½p¿Øm�_�rËÁ©Â�¶¤µ+¶ïc�a�m�opunm¦hjcTr
`v_6egcq�qhj` � _Éy�À�ÄIm���opc ��¢�¬Ö_;� � _��qopu�ef` � _ � �áhgl�`pe^c���Z�cqdg`v�?cq_�hgeTÀ�dfcSm�e � _nm���opc2â^cT`v��l�hjeYm�dfc4_ � â
mSa�m�`popm���ovc+h � dfcTZ�opm��Tc4hgl�cW²©³±´£µ+¶£¶£·�¸ � _�c�¢

� �8� ��� � #  "7�� #32;'�,5) #�� ,5)��/,;'<7=�>2 ��
 � )=� �����!.�'
Á©Â�¶�µ+¶£¶£·�¸Ë`ve=_ � âícqa�m�ovunm�hjcqr?âY`bhjlÈhgl�c2r�`bÏ¾cqdgcq_�h)mSa�m�`po¨m���opc�â^cT`p��l�hgeT¥sÒ�-�Ò�åæ�! �Õ�À���� '�Õ�×�������À
" ×jÕ$# +nÕ�� � L6m�_�r +��n� " �¦× �Ø¢¤Vscqegu�obhjesm�dgcCefl � âY_Ë`v_ÓÄLm���ovc���¢
� _©hjl�c � _�c�lnm�_�r¾À � _�c)�Tm�_ � ��egcqdfa�c � _��Tcsm���m�`p_Øm���cTdfdjm�_�h�cqdgd � dge � ��hgl�cWÒ�-�Ò�åæ�! �Õ)â^cT`v��l�hS¢

� _Bhjl�c � hjl�cTd4lnm�_�r±À ��� '�Õ�×������Em�_�r " ×jÕ$# +�Õ�� � LÉâ=cq`p��l�hge4� � _�Ðndg� hjl�cq`pd2`v_�hjcTdfcTe�hCe � �©u���l
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