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Ì�~Ya
era � s���� � u y-d�· lUyry}m:p<j'tÏfgu loj?v1� � u y-dõ��a
É
cYeglq�qpYt
u^jY�Í¥Ua
erj<a
·�Ö�u · ¤'a�ezf#ygcYdot
a u ��ß4Öbs v l m$m:pYjYtÏfru^lUjYy
Ì�u^fg~3¥oa�egj<a�·��Þv � [ � c�d era}era�do·WÉÊxPd · p<a���cYdoerdohia�fga�ery�v,d jY�
� �qa�j<l fra�ybfg~Ya¼lo¤qô|aNtÏfgu xoa!m:p<jYt�fgu loj�¸i¾�~<a¼t�lUjYyzfge&d u jUfÝu jqÉ
t
loerc'lUerd fgaNy	c<eru^lUe6¥�j<lPÌ�· a��<�oabdo¤'lUpqf£t
· dUygy£e&dPfru^lkyO� � u�y\fr~<a
m:e&dot�fgu loj�l m,fr~<aFj�p<h!¤'a�e�l m�p<j<·�d ¤Sa
· a��ça�æ<d hic<· a�y�¤Sa
· lojY� É
u j<�Rfglifr~<a4cSlUyguWfru^xUaÝt
· dUygy�¸
é*a �qa�ËYjYa fr~<a a�ëEa�tÏfru^xUa · lUyry m:p<jYtÏfru^lUj � clPxUa
e×d j p<jY· do¤'a�·^aN� a�æ<dohRcY·^a�X doy � c u f u X v�v j
hiu jQ� � u f u X v�v [ � u qCf u X v%v�� t�loerera�ygc'lUjY�qu j<� frl h¼d ¥kÉ
u j<�Ødoj§locqfru^h¼do·Rt&~<lUu t
a�m:loe¶fg~<a3p<j<¥�j<lPÌ�j§·�d ¤Sa
·Flom�X�¸
¾�~�pYy�v�loj<a t
d j m:loerhFp<·�dPfraØd j aNåkp<u^xPdo·^a�jUfÂt�lUjUfru^j�p<lUpYy
lUcqfgu hiu^ÈNdPfru^lUjÜc<erlo¤Y·^a�h lPxoa�e�� � d · loj<aUv¼Ì�uWfr~ � d jY�

� cbdUy}fr~<a¶· lUyry#m:p<jYtÏfru^lUjYy¯lPxoa
e¯· do¤'a�·^aN�Úd j'�êp<j<·�d ¤Sa
· a��
a
æ<d hic<· a�y�era�ygc'aNtÏfgu xoa�·^{U¸
Î�u �op<eraR¨byg~<lPÌ�y	fr~<a4yz~'d cSablom � cSm:lUe£t
lohihiloj¯t&~Ylou�t�a�y6l m
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u ygu loj}¤Slop<j'��É
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e&d ·Ed cYc<eglkdot&~im:lUe£yga
hiu^ÉÊygp<cSa
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lUjÞfr~<a��O =¡0¢	£�¤O¥m¦5¢§¢	¡'¨,©8£$ª¬«�­ts�fg~Yaçdoyryzp<hicqfru^lUjÞfr~YdPf¼fr~<a
fregpYa��qa�t
u ygu^lUj¯¤SlopYjY�<d er{}�ql�a�y�j<l f�t�p<f$�<dPf&dRt
·^p'y|fra
e&y
¸
¾�~YaRt
lohF¤Yu^jYd fglUegu�d ·MjYdPfrp<ega!l m	fr~<u�ybcYeglU¤<·^a�h �qp<a!fgl¯�<u yzÉ
t
ega
fga	·�d ¤Sa
·UxPd eru do¤<·^aNy
vNloeMa�åkp<u xPd · a
jkfg· {ov�fg~<a6j<loj<ÉÊt
loj�xoa
æ�u^f|{
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(a) Hinge Loss

f(x)

lo
ss
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(b) Quadratic Hinge Loss

f(x)
lo

ss
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(c) Squared Loss

f(x)

lo
ss
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(d) Logistic Loss

f(x)

lo
ss

lomEfg~<a�a
ëSaNtÏfru^xUa�·^lkygy�m:p<jYtÏfru^lUj � cYhido¥oaGM6åUj?¸<¨$d4�qu^è}t�p<·^f
cYeglU¤<·^a�h�¸ên6p<erera
jkfg· {õd�xPd u · do¤<·^a�d cYc<eglkdot&~<aNy u Û	d c<jYu^¥ON
s�fga
eru j�v�¨�¦��o�0��¢£a
j<jYa�fzfGNÜ`$a�hRu era
Èov�¨N¦o¦U¦ v m:lUe��o· lo¤Ydo·SlUcqÉ
fru^hiu È�d fgu lojçlomPM6åkjõ¨4m:loeÝs�Ûb�¶ybdoega�pYj<egaNd · u yzfgu�t
do·^· {¯yg· lPÌ
m:lUe�f|{�c<u�t
do·Myga
hiuWÉÕygp<c'a�egx�u�yzaN��c<erlo¤<· a
h¼y�Ì�~Ya
era�p<j<·�d ¤Sa
· a��
�YdPfrd�u yMc<· a
jkfgu^m:p<· ¸	ãbjÝfr~<a£l fg~Ya
e?~'d jY��vPh¼dojk{�era�t�a�jkf�fgaNt&~qÉ
jYu åkp<aNy uRQ lUdUt&~<u^h¼y�v\¨N¦o¦o¦t��n6~'d cSa
· ·^aSNUTSu a
j�v�½ �U�U©'�	n6lo·^É
· lo¤Sa
egfba
fÝdo·±¸ v�½ �o�k©'��¿Ýd egfgj<a�e$a
fÝdo·±¸ v�½ �o�k© v doegaFygpYyrt�a�cqfgu^É
¤Y·^a£fgl�· l�t�d ·�hiu^jYu^h¼d�lojR�quWè}t
p<·Wf�era�do·kÌ£loer·���t�·�doyryzu^Ë't�dPfgu loj
cYeglU¤<·^a�h¼y
¸
¾�~Ya4hidou^j�t
lojkfgeru^¤Ypqfgu lojYy�lom,fg~<u�y�cYdoc'a�e$d era4yzp<hih¼d eru È
a��
dUy�m:lU·^· lPÌ�y�s u ¨ v éÍa-c<era�yga
jkfRdÍ�qa�fra
erhiu^j<u�yzfgu�t¯doj<j<a�do·^u j<�
m:e&d hia�Ì6lUeg¥*m:loei�U·^lU¤Yd ·�loc<fgu hRu È�d fgu lojÐl m�lo¤qô|aNtÏfgu xoa¯m:p<jYt�É
fru^lUjYyÍl m¼fg~Yaõm:loerh u^jVM6åkj ¨o¸×ãbpYeÍd cYc<eglkdot&~á�oa�j<a
egÉ
d fgaNy#dÞyga�åkp<a�jYt�a¶l m�loc<fgu hRu È�d fgu lojêc<erlo¤Y·^a�hiy¯d c<cYeglkdot&~qÉ
u j<�¼fr~<a��Uu^xUa
j�c<erlo¤<· a
h Ì�uWfr~��oe&do�qp'd · ·^{}u jYt
egaNdoygu^j<�}t
lohRÉ
cY·^a
æ�u^f|{o¸ ¾�~<a�yga¶lU¤qô|a�t�fgu xoaÍm:p<jYtÏfru^lUjYy�d era¶· lqt
d · · {êhRu j<u^É
hiu È
aN� ��fg~Ya¯yglo· pqfgu loj�m:lUe�loj<a#c<eglU¤<· a
h�u y!yza�a��qaN�*fglçfr~<a
jYa�æ�fõdoy¶fg~<aÂu j<uWfru do·i�op<aNygy�¸�¾�~<u�y�y|frerd fga
�U{ÓmAd · · y*u jÜd
t
· dUygyMl m'~<lohil frloc�{4loc<fgu hRu È�d fgu loj�hia
fg~<lq�<y�v ao¸ �Y¸ v yga
a u ¡�loÉ
t
a��<do·"N é*eru^�U~UfNvR½o�o�o�t�#`bp<j<·�d�xk{WN�ã�X ��a�doeg{UvR½o�o�U© v v
dojY��t
doj�¤'aFdo· ygliu^jkfra
erc<ega
fgaN�¯u j�fga�egh¼y�lom�hid æqu^h!p<hÑa�jqÉ
freglUc�{¼c<egu jYt
u^c<· a�y�dojY�#�qa
fga�eghiu j<u yzfgu�t�xPd eru dojUf&y\lom�yzfglqt&~YdUy|É
fru t�yga�doert&~�fra�t&~<jYu åkp<aNy u ��lUygaov$¨�¦o¦U» �£Ö�l m:h¼doj<j2N ¢6pY~qÉ
h¼doj<j�v#¨N¦o¦�� v ¸â�öega�· d fgaN� t�·�doyryçlomRfra�t&~<jYu åkp<aNy¶u�yçfr~<a
¿�e&do�<pYdPfra��Ú¡$lojqÉzn6loj�xoa
æquWf|{Ðhia�fg~Yl��Øl m u ¢£· do¥oaYNZTSu yzÉ
yga
erh¼d j�v,¨N¦o»k� v ¸4s�lohia!egaNt�a
jkf�Ì6lUeg¥�lojÍyza�hRu^ÉÕyzp<cSa
erx�u yga��
· a�doegjYu^j<�ÝÌ�u^fg~#ygu hRu ·�d e�hil fru^xPdPfru^lUj}d c<cSa�doery,u j u n6~Ydoc'a�·^· a
a
f�do·±¸ vS½o�o�o� v ¸ u ½ v é*a!�qa�egu xoa�dojY��a
xPd · pYd fgaFdojçd ·^fga
erjYd fzÉ
u j<�-t�loj�xUa�æ�locqfru^hiu È�dPfru^lUjçc<erlqt�a��<p<egaFÌ�uWfr~<u^j¶fg~<u�ybm:erdohia�É
Ì£loer¥E¸4¾�~<u y�hia�fr~<lq�Ít�d jçp<fgu ·^u È
ail ëSÉ fg~<a
ÉÊyg~<a
·^m\lUcqfgu hiu^ÈNdPÉ
fru^lUj�fgaNt&~<j<u�åkp<a�y$m:loebega��op<·�d eru^ÈNdPfru^lUj�do·^�UloeruWfr~<h¼y
¸�ÎYloe�a�æ�É
dohic<·^aUvquWf�{�u a
·��<y�d!· doeg�Ua�yrt
do·^a4yga
hiuWÉÕygp<c'a�egx�u�yzaN�#� � É|s�Ûb�
m:lUe	yzc'd e&yzaUvP·^u j<a�doe	yza
fzfru^j<�ky u s�u jY�q~�Ì�d j<u�NØßÝa
a�ezfr~<u vU½ �U�o� v
Ì�~Ya
jRu^hic<· a
hia
jkfra��!u^jit�lUjPô|p<jYt�fgu lojFÌ�u^fg~iygc'aNt�u�d · u^È�a��!c<egu^É

h¼do·Rhia
fg~<lq�<y u ßÝa�a
egfg~<u�NÙ`ba�n6lUyzfgaUvi½o�o�k© v ¸ u � v é*a
cYegaNyza�jUf$doj�a�æqcSa
eru^hia
jkf&d ·Myzfgp'�q{-�<a
hilojYyzfge&dPfru^jY�ifg~<a�u hRÉ
cSloegfrdojYt�a¼lom6fr~<a}u��qa�d�lom�doj<j<aNd · u^j<��lUj�yza�hRu^ÉÕyzp<cSa
erx�u yga��
f&doyg¥qy
¸3ãbjÐyzlUhRa��qu^è}t�p<·^f}t�·�doyryzu^Ë't
d fgu lojõcYeglU¤<·^a�h¼y
v	lUp<e
hia
fg~<lq�<y�yz~YlPÌ yzu �oj<u^Ë't�d jkf$u hRcYeglPxUa
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dUy¯dÞpYyga
egÉ c<erlPx�u �<a��ÂcYdoerdohRa
fga�e�¸Ü�Êf-h¼d�{êd ·�yzlÞ¤'a*a�yzfgu^É
h¼d fga��¯m:erlohàfr~<a4·�d ¤Sa
· a��-a�æ<d hic<· a�y�¸
¾�~Ya yglo· pqfru^lUjâfgl�fr~<a locqfru^hiu È�dPfru^lUj�cYeglU¤<·^a�h d ¤SlPxoau fih* [g°ah * v j doeg�Uhiu^j w;x�y z | � x@K L�| `�M � � * u fi[z° v u�y�frerdUt&¥oaN��doy
fr~<a�cYdoerdohia�fga�eL� u�y�· lPÌ£a
era��#fgl}�<¸£¾�~<a4ËYj'd ·?yglo· pqfgu loj�u�y
�Uu^xUa
j�doyCfih j · u h *�N L fih* ¸	�Õj�cYerdUtÏfgu�t�aUvqÌ6a4hilUj<uWfrloe�fr~<a
xPdo·^p<a\l mkfg~<a6lo¤qô|aNtÏfgu xoa,m:pYjYtÏfru^lUj4u^jÝfr~<a	loc<fgu hRu È�d fgu loj4cYd fg~
dojY��era�frp<erj�fg~Ya�yglo· pqfru^lUjFt�lUegera�ygc'lUjY�qu j<��frl$fr~<a£hRu j<u hFp<h
xPdo·^p<a4dUt&~<u^a�xoaN��¸

O �RnS� « °M�N8Rsõ8�Po;q�N8RqS@
ÎYloe¼d j�{*Ë<æqa��ÞxPd · p<a¯loml��v,fr~<a�c<erlo¤<· a
h1u j M6åUj'y
¸,ªYv�©
u�y£locqfru^hiu È
aN�#¤�{}d ·^fga�egj'dPfgu j<�!fg~<aÝhiu j<u^hiu È�d fgu loj#lPxUa
e1fmn� � d jY�Í° n � � [�¨ � e�egaNyzcSa�t�fgu xoa
· {o¸¼Î�u^æ�u j<��°£v�fg~Ya¼hRu j<u^É
hiu È�d fgu loj�lPxoa�eQf3t�d j�¤Sa¯�qlUj<a¼¤�{*yzfrdojY�<d e&�¶fga�t&~Yj<u åkp<aNy
m:lUe!yglo· x�u^j<�¶Ì6a�u^�U~Ufra���era
�Up<·�d eru^ÈNdPfgu loj*c<erlo¤<· a
h¼y�¸¶Î�uWæqu j<�f�vYfg~<aFhRu j<u hiu^ÈNdPfgu loj�lPxUa
e�°Ðt
d j�do· ygl¼¤'a!�qloj<aFa�doygu ·^{-doy
�<a�yrt�eru^¤Sa���¤Sa
· lPÌ4¸�éê~<u ·^a#fg~<a¯loeru^�Uu^jYdo·	c<erlo¤<· a
h�u�yFj<lUjqÉ
t
loj�xoa
æ�v�¥oa
a�c<u j<�¶lUj<a¯¤Y·^lqt&¥�l m$xPdoegu�d ¤<· a�yFË<æqa��Þ{�u^a�· �<yRd
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t
loj�xoa
æÍlUcqfgu hiu^ÈNdPfgu loj�cYeglU¤<·^a�h�lPxUa
eÝfr~<a#lofg~<a�e�¤<· l�t&¥*l m
xPdoegu�d ¤<· a�y�¸!¢£lofg~çfr~<a�yga¼t�lUjkxUa�æçc<erlo¤Y·^a�hiyÝt�d j*¤'a¼yglo· xoa��
a
æ<dotÏfr·^{ d jY� a�è}t�u a
jkfr·^{U¸ �$jádU�<�qu^fgu lojYdo·�do�qxPdojUf&d �Ua¶l m
ygpYt&~}¤Y·^lqt&¥ilocqfru^hiu È�d fgu loj#u�y\fg~Yd f£u^f�do·^· lPÌ�y	a
è}t�u a
jkf�do·^�Ul É
eru^fg~<h¼y�m:loe,frerdou^jYu^j<��¥oa�egjYa
·qt�·�doyryzu^ËYa�eryMfglÝ¤Sa�pYyzaN�!�<u^era�t�fg· {
Ì�u^fg~Yu^jFfg~<a£�qa�fra
erhRu j<u�y|fru t6d j<jYa�d · u j<��c<erlqt�a��<p<egaU¸�é*a\j<lofga
fr~YdPf�dÚygu^hiu · doeÍd ·^fga�egj'dPfgu j<�ÚlUcqfgu hiu^ÈNdPfru^lUjÔygt&~Ya
hiaõÌ�doy
cYeglUc'lkyzaN�õu j u ¿Ýd egfgj<a�eia�f#d · ¸ v£½ �U�U© v u jÐfg~<a�t�lUjkfga�æ�f¼l m
yga
hiu^ÉÊygp<cSa
erx�u yga��3·^lU�ou�y|fru t-era
�UegaNygygu^lUj�¸ÐéÍa�j<lPÌ c<erlPxku��qa
yglohia4�qa
frd u ·�y
¸

� ²<³EHJ�bH�� HJ�?Z f��U[M����H��?]<_3°
¢£{�fr~<a¼��a
cYegaNyza�jUfra
ebfg~<a�loera
h�v�fr~<aihRu j<u hiu^È�a
e4lPxoa�ePf n� � l m\fr~<ailo¤qô|aNtÏfru^xUaFm:p<j'tÏfgu loj*u j�M6åUj?¸Sª¯m:loeÝËYæ�aN�ç°êu�y
�Uu^xUa
j�doy�s

f u X v j ^� Y�_a`�� Y � u X�[�XZY v r e�
d _a`	� ^�
 d � u X�[�X cd v u � v

¾�~Yaçt�l�a�è}t�u a
jkf&y
� j u � ` lOl�l � ^�
Ze v t
dojÂ¤'a¶t
lohic<pqfra��
¤�{*yzlU·^x�u j<�çd�ËYj<u^fga¯�qu^hia�jYyzu loj'd ·	lUcqfgu hiu^ÈNdPfgu loj�cYeglU¤<·^a�h
fr~YdPf¼d eru�yzaNyF¤�{õygp<¤Yyzfgu^fgpqfru^j<�Ífg~Yu yia
æ�cYegaNygygu^lUj�u^j�M\åkj�¸�ª
Ì�~Ya
era#fr~<a�j<loerh � f � �� j � * ���F¸õ¾�~<a�era�ygp<·^fgu j<�ÍlU¤qÉ
ô|aNtÏfru^xUa}m:p<jYt�fgu lojõu j�� u�y!�qa�j<l fra��õdUy � * u � [z° v ¸�¢£a
· lPÌ
Ì£a�a�æqc<· u�t�u^fg· {3Ì�eruWfraç�qlPÌ�jÐfg~<aÍyzlU·^pqfru^lUjYyim:lUe¼f|Ì6lõt
lohRÉ
hilUj*t&~<lUu t
a�ybl m£·^lkygybm:p<jYt�fgu lojYy�¸}ãbj<a¼t
d j*d ·�yzl�yglo· xoa!m:loe� pYygu j<�¶lofg~<a�e!lUcqfgu hiu^ÈNdPfgu lojÞfgaNt&~<j<u�åUpYa�yRd jY�õm:loeRl fg~Ya
e
t&~Ylou�t�a�y�lomM· lUyry£m:p<jYt�fgu lojYy�¸�¯� ��w ¬ ;q�P8�Po��B��\��;<=��}>��Bw�;q�P�k= u ����s v
ÎYloe���a��op<·�d eru^È�a�� ��a�dUy|f�yråUp'd era�y u ����s v v � u � v j u ¨�q
� v ��� ½q¸4s�a�fgfgu j<����� � * u � [z° v j �#dojY�¶yglo· x�u^j<�}m:loe��ÔÌ£a
lU¤qfrdou^j-s � j u�� r ��� v � ` � u � v
Ì�~Ya
era � j � \ ` lOl�l \ ^ [ u ½ � ` q3¨ v lOl�l u ½!� e q3¨ v�� * v � u y�fr~<a
�UerdohÔh¼dPfregu^æilPxoa
e,fr~<ab÷�r b}c'lUu^jkf&y
v � u y6d��qu�d �UlojYdo·<h¼dPÉ
fregu^æ¯Ì�~YlUygaÝËYeryzf$÷��qu�d �UlojYdo·�a
jkfgeru^aNy�d era�÷�d j'�¯era
h¼dou^j<u j<�b��qu�d �UlojYdo·Ma�jkfgeru^aNybdoega b � � c±¸��ÕjYM6åkj�¸?��v�j<lofga!fg~Yd f�fr~<a
h¼d fgeruWæ u�� r ��� v � ` u�y�u jY�qa�c'a�jY�qa
jkf$lom�°Ðd jY�¯fr~<a
era�m:lUega
jYa
a��Yy£fgl¼¤Sa�t�lohic<p<fga��-lUj<·^{#lojYt
ao¸	s�p<¤Yyga�åkp<a�jkf�p<cS�YdPfgaNy
u j�fr~<a¯u^fga�erd fgu loj�lUj<·^{�u j�xolo· xoa#hid fgeruWæ�xoaNtÏfrloeFcYeglq�qpYt�fry�¸
¾�~�pYy�v�u^m�fg~<a-u jkxUa
e&yza u�� r ��� v � ` t
d j3¤'a#m:loerhia���v�fr~<a
pYcS�<d fgaNy,m:loe!�êu jRfg~<a��<a�fga�eghiu j<u�y|fru t�doj<j<a�do·^u j<�Ýu^fga
e&dPfru^lUjYy
doegaÝxUa
er{}t&~<a�doc�¸
>�7
u D¼8:�NC#"SwM;YB?�P;q�N8)�ro�8A@ �S���IqS=�=
¾�~YaiåkpYdU�qe&dPfgu�t�~Yu^j<�Uai·^lkygy$m:p<jYt�fgu loj�u y��Uu^xUa
j¶¤�{ � u � v j
h¼d æ u � [�¨�qt� v �$� ½q¸iéÍa}doc<c<· {çfr~<a¼c<eru^h¼d ·,Ë'j<uWfra¼j<a
Ì�frloj
hia
fg~<lq�<y#m:eglUh u ßÝa
a�ezfr~<u]N1`$aPn6lUyzfgaov�½ �o�k©'�4n6~Yd cSa
· ·^aUv
½o�o�U� v frl�yzlU·^xUa�M6åUj?¸�ª*Ì�u^fg~Ðfg~<u�yi· lUyry
¸Ð� yga�åkp<a�jYt�a-l m
t�d jY�<u �<d fga�yglo· pqfgu lojYy{W�� "�% & ]�u y,�Ua
j<a�erd fgaN�!dUy?m:lU·^· lPÌ�y�¸�ÎYloe
doj�{&� "�% & u^j-fr~<aFyga�åkp<a
j't�aov'�qa
j<lofgaÝfr~<a4lopqfrc<pqfNv'doy��ou xoa
j
¤�{2M\åkj�¸\�Yv6lUjÂdoj�{Þa�æ<dohRcY·^a Xádoy f�"�% & u X v d jY�Â�qa
ËYj<a
fr~<a�m:lo· · lPÌ�u^j<��u jY�qa
æÐyga�fry�s�' L j W(' s{\;Y$f�")% & u XZY v�* ¨;]Uv

' ` j W,+4s0f�")% & u XZcd v ��q4¨�]Uv-' � j W.+ s0f�")% & u XZcd v0/ ¨�]Uv'd jY�'21 j W.+ s43 f�")% & u XZcd v 3 * ¨;]U¸
n6lUjYygu �qa�e�fg~<aRm:lo· · lPÌ�u^j<�¯lo¤qô|aNtÏfru^xUaFm:p<j'tÏfgu loj*u j¶fr~<aix�doegu^É
do¤<· a5� s

� ")% & u � v j �
½ � * �6�or ¨

÷
� Y - � � u \;Y$f u)C Y v�v

r � cb
7 � Y 1 � d � � � f u X cd v � r � Y)8 u ¨1qI� d v � � � qCf u X cd v �

r � Y)9 � d � � � f u X cd v � r u ¨1qI� d v � � � qCf u X cd v �,:
Ì�~Ya
era � � u � v j u ¨3qO� v � � ½<¸�¾�~<u y!lo¤<ô|a�tÏfru^xUaim:p<jYt�fgu lojõu�y
dF·^lqt�d ·EåUp'do�qe&dPfru tbd c<c<erl�æqu^h¼d fgu loj¼l m?fg~<a�lo¤qô|aNtÏfru^xUa�m:p<jYt�É
fru^lUj M\åkj�¸�ªõd j'�Ðygu hRcY·^{3u^j�xolU·^xUa�yiyråUp'd era��õ· lUyryRfga�egh¼y�¸
`ba
jYl fga<;� j d er�ohiu j � � ")% & u � v ¸ ¾�~<u y*t
dojÔ¤SaÐt
lohRÉ
cYpqfgaN�Â¤k{3yzlU·^x�u j<��dÍ· u j<a�doe#yz{qyzfga�h1fg~Yd f#d eru yga�yi¤�{Þyga�fgÉ
fru^jY�=�>� � "�% & u � v j �Y¸ Î�u^j'd · ·^{Uv�lo¤qf&d u j?�<")%,
 ` & j�<")% & rA@5h u ;� q#� ")% & v Ì�~Ya
era#fr~<a�y|fra
cÞ· a
jY� fg~�@5h�u yilU¤qÉ
f&d u j<a��*¤�{¶cSa
egm:loerhiu^jY�çd j�a�æ<dot�f�·^u j<a}yga�doert&~*¤�{Íyglo· xku j<�
fr~<a�lUj<a�ÉÕ�qu hRa�jYygu^lUjYd ·�cYeglU¤<·^a�h?@ h j d er�ohiu jCB,D L � * u � r@ u ;�FE�GIH�q#� E�GIH v [g° v ¸Þ¾�~<u�yit
d j3¤'a��qlUj<a¯p'yzu j<�*a�è}t�u a
jkf
era�t
p<e&yzu xoa4p<cE�<d fga�yÝdUy�lop<fg· u^j<aN�çu j u ßÝa�a
egfg~<u1Nà`ba�n6lUyzfgaUv
½o�o�k© v ¸�ÎYeglUh fg~<a�d er�opYhRa�jkfry!u^j u ßÝa
a�ezfr~<uLN `ba�n6lUyzfgaUv
½o�o�k© v v'uWfÝt
doj�¤'aiyz~YlPÌ�j�fg~Yd f$fg~Ya!yga�åkp<a
j't�a�W��J%�]Ry|f&d egfzÉ
u j<�Fm:eglUhädoj�{!u j<u^fgu�d ·Sc'lUu^jkf£t
loj�xoa�eg�Ua�y�u j#d�ËYj<u^fga$j�p<h!¤'a�e
lomSyzfga�cYy�fgl�fg~Ya£hiu j<u hRu È
a�e u u jK� v lom�L * u � [z° v m:loe�d��ou xoa
j
ËYæ�aN�4°£¸M¢£{4y|f&d egfgu j<��fg~Ya\loc<fgu hRu È�d fgu loj4m:erloh fg~Ya£yglo· pqfgu loj
lom	fg~YaRcYega�xku lop'y�`$�Üu^fga�erd fgu loj u �gyga
aN�qu j<�$� v vSfg~<a¼t
loj�xoa�ezÉ
�Ua
jYt
a4t
d j-¤Sa4xoa
er{¼mAdUy|fN¸�6;q� �'�*>4�U; ¬ �NM,s�° ¬ � sõ��@E��;q�N8RqS@M=
�Õj�fr~<a#t�doyga¼l m�·^u j<aNd e�¥Ua
erj<a
·�y
v�u jYy|fra�dU��l m�pYyzu j<��M6åkj�¸?�
Ì£a!t�d j*�qu^era�t�fg· {�Ì�egu^fga f u X v j D * XõÌ�~<a
eraRp<cS�YdPfgaNybm:loe
fr~<a�Ì£a
u �o~kf\xUa�tÏfrloe�D doega�lU¤qfrdou^j<aN�R¤k{!fg~Ya�ËYj<u^fga�¡�a
Ì�frloj
cYeglqt�aN�qp<era�lopqfr·^u j<aN�Úd ¤SlPxoaU¸áÎYloe¯· doeg�Uaçygt�d · açc<erlo¤<· a
h¼y
ygpYt&~�doy�fga�æ�f$t
· dUygyguWËSt
dPfru^lUj¯Ì�~Ya
era u ÷Br b v dUy�Ì£a
· ·?doy�fr~<a
�<u^hia
j'yzu loj¯l m-X*d era$cSlUyryzu ¤<· {¼· doeg�Uabd j'�¼fg~YaÝ�YdPfrd!h¼dPfregu^æ
t
lojYygu�y|fru^j<�$l mqfg~Ya}X Y ~YdoyMloj<· {Ýd$yghido·^·om:erdUtÏfru^lUj�l mqj<lUj<È
a�egl
a�·^a�hia
jkfry�v'a
ëSaNtÏfru^xUaFt�lUjPô|p<�Ud fga��UerdU�qu a
jkf$ygt&~Ya
hia�ybt
d j�¤Sa
p'yzaN��fglÍu^hic<· a
hia
jkf!fg~<a-p<cE�<dPfra�yFm:loeFD�¸�¾�~<a¯egaNyzp<·^fFu�y
doj�u^hic<era�yryzu xoa�·^{}mAdoyzf$d · �oloeru^fg~<hàm:lUe�yzp't&~-cYeglU¤<·^a�h¼y
¸6sqa
au s�u jY�q~�Ì£doj<u~NÜßÝa
a
egfg~Yu±vY½o�o�o� v m:lUe�m:p<· ·?�qa�f&d u · y�¸
� ²<³EHJ�bH�� HJ�?Z3°O�k[?���kH��M]<_ f
ÎYloe¶fg~<a3· d fzfga�e¶c<erlo¤Y·^a�h lom¼locqfru^hiu È
u j<�Ø° m:loe*dÂË<æqa��f�viÌ£aÐt
lojYyzfgerpYt�fÍfr~<aê�?d �Uerdoj<�ou�d j-sQP j � * u fi[z° v qR u `e�S ed _a` � d q � v ¸6s�lo· x�u^jY�UT4P � T � d j �YvqÌ6aÝ�oa
f�s

� d j ¨
¨�rWVYX[Z,\^]_ u » v
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Ì�~Ya
era�� d j � c�� � u f u XZcd v�v q � u qCf u XZcd v%v�� ¸Þs�p<¤Yyzfgu^fgp<fgu j<�
fr~<u�y#a
æ�cYegaNygygu^lUjêu^jÚfg~<a*¤Yd ·�d j't�a¶t
lojYyzfge&d u jkf#u^j M\åkj�¸£©<v
Ì£a��oa
fÍdÂlojYa�ÉÕ�qu^hia�jYyzu loj'd ·�j<lUjqÉÊ·^u j<a�doe�a�åkpYd fgu loj§u j R s`e�S ed _a` `` 
�� X�� \^]_ j � ¸�¾�~<a#erl�l f!u�yRt�lohic<p<fga��Þa�æ<dot�fg· {
¤�{ pYyzu j<�Údê~�{�¤<eru �át
lohF¤Yu^jYd fgu lojál m¼¡�a�Ì�fglUjqÉÊ�$d c<~Yygloj
u^fga�erd fgu lojYy¼dojY�Þfg~<a�¤<u�yga�tÏfru^lUj3hia
fg~<lq�3fglU�oa�fr~<a
e¼Ì�u^fg~Âd
t�d era�m:p<· · {#yza
f�u^jYuWfru do·�x�do·^pYao¸
ÎYloe4d#Ë<æqa����FvEfg~<a¼d ·^fga�egj'dPfga!hiu^j<u hiu^ÈNdPfru^lUjÍlom{fon�� �dojY��°Ðc<erl�t
a
aN�<y$pYjUfru^·,yglohia!yzfglUc<c<u j<�¯t
egu^fga�egu loj�u�ybyrdPfru yzÉ
Ë'a���¸��êjYd fgp<e&d ·St�eruWfra
eru^lUjiu y	fg~<a$ß4��ÉÊ�<u^xUa
er�oa
j't�a�¤'a
f|Ì6a�a
j
xPdo·^p<aNy4l m�°Úu jõt�lUjYyzaNt�pqfru^xUaiuWfra
e&dPfgu loj'y
¸}¾�~<a#cYd e&d hia�fra
e
�Øu y£�qa�t
egaNdoyga��¼u j¯doj}lop<fga
e£· lklUc#p<jkfru^·Sfg~Ya$frl frdo·'a�jkfgerloc�{
mAdo·^·�y�¤Sa
· lPÌ§dRfg~<era�yg~<lU· ��¸�¾�d ¤<· a}¨�lUpqfg· u j<a�y�fg~<aRy|fra
cYy�m:loe
fr~<a!do·^�UloeruWfr~<h Ì�uWfr~¶�qa�mAdop<·^f�cYdoerdohia�fga�ery�¸��Õjçfr~<aFera�yzf$l m
fr~<u�y,cYd cSa
eNvPÌ6a£Ì�u ·^·<do¤<¤<era
x�u d fga£lop<e�hia�fr~<lq�!dUy�`$� u ·^lkygy v
Ì�~Ya
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(a) Hinge Loss
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(b) Quadratic Hinge Loss
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(c) Squared Loss
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(d) Logistic Loss
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a4Î�u^�Up<eraR¨ v ¸
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(a) JTSVM
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Increasing λ’
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(b) ∇ TSVM
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·^pYyzfga�ery�¸ Ö$a
eraov�do·^·�hia
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a
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¤Sa£hRu j<lUeMu j�fra
erhiyMl m'¤'aNy|f,c'a�ezm:lUegh¼dojYt�a\dUt&~<u a
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�YdPfrdUyza
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xUa���pYygu^j<��`��
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�YdPfrdUyza
fÝdUy4d}m:pYjYtÏfru^lUjÍlom6j�p<hF¤Sa
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· a��Ía�æ<d hic<· a�y�¸
é*a6yga
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¾�~Ya¶hiu �Y�q·^aÍc<· l f¯yg~<lPÌ�y¼fr~<aÍt
loeregaNyzcSloj'�qu^jY�Ífra�yzf¯a�egerloe
e&dPfra¼c<· l fry�¸-éê~<a
era�dUy
v�`�� yg~<lPÌ�y4pYyga�m:p<·6u^hic<erlPxoa�hia
jkfry
lPxUa
e Q ¾�s�Ûb� u j*fga
erh¼y4l m��oa�j<a
e&d · u È�dPfru^lUj¶cSa
egm:loerh¼d jYt
aov
fr~<a�ygaõu hic<eglPxUa
hia
jkf&yçd era�j<l f*doyçh!pYt&~ doyçloj<aõhiu �o~kf
a
æqc'aNtÏf¼�ou xoa�j�fg~Yd f}`�� Ë'jY�<y¼ygu^�Uj<uWËSt
d jkfr·^{�¤Sa�fzfra
e}yglo· pqÉ
fru^lUjYy�¸!é*a¼t�loj ô|a�tÏfrp<era!fr~YdPf4lUj¶h¼d j�{�fra�æ�fgpYdo·�c<erlo¤<· a
h¼y
fr~<a4lo¤<ô|a�tÏfru^xUa�m:p<jYtÏfru^lUj�u^jY�<a
a��-~YdUy�h¼d j�{}· lqt
d ·�hiu j<u hidYv
¤Ypqf$· lPÌ6a�e�x�do·^pYa�y�l m�u^f�j<a
aN��j<l f�jYa�t�aNygyrd eru ·^{#t
loeregaNyzcSloj'�
frl*ygu �oj<u^Ë't
dojkfg· {*· lPÌ£a
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e&d · u^ÈNdPfgu loj�cSa
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