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LNMPOGQSRST�UWVSRGXZYM[OGQ]\_^`O�aZOcbMPYdT�OGQ]\Ee f]OGQ]R%XZV]RZfNbgb�Xih jlk�XZQSRGmnOcbV
oPOcb�jp\rqsXGmgbfSjpMtmu\]Mwv jdmjpQ'b
x XGmy7Y	XZQ_bfSjzXGmnMtRZM{Q]OGo�|.\]OG}~X7XZY�bgOGotRGXGmnMtbf]� x Mtbf�jpOcmnota�Y�b�XG�]�
MPQ]R_��LNMPOGQSR'�9T`OGQ��B���>� jpQ]OGo{Mt�djp\
� jdmnYMPXZQ3XGq�h X7XZY�bMPQSR���U�VSRGXZYnM�OGQ]\3^`OpaZOcbMPY0�9T�OGQ]\3Olk�XZQ � j��i�uMPQ]MP��Mt�pOcbMtXZQ%�gjdbfSXK\ x f]MPk9f%kdOGQ
h j � MPj x jp\�OGY4OGQl�d�n�>� jpQ]OGo{Mt�djp\ � jdmnYMtXZQ�XGqWh X7XZY�bMPQSR��>e f]OGQ]R'�9�
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�gXZQ��
Ocmb�XGqOGoPo`bfSmnjdj��
Oc� jdmnY«MPY«bf
Ocb�}[OpaGjpYgm9MPY�y3k�XZQ]YMPY�b�jpQ
k�aikdOGQ�h j�OGk9f]Mtj � jp\®h7aiO¯oPM{QSjpOcm
XGm�k�XZQ � j��¨k�XZ��h
MPQ]OcbMPXZQ°XGq±YMP�g��otjlkdoPOGYYMw²�jdmnYd� ª fSj��gXZY�b��]mXZ�uMPQ]jpQNbgj��SOG�g�
otjpYpT~j��Sf]Mth�MtbMPQSR
RGX7X7\�� jdmq#XGm9�uOGQ]k�j�MPQ�O � OcmnMtjdb�a�XGq\]OcbOGY�jdbYdT`Ocmnjzk�XZ��h
MPQ]OcbMPXZQ]Y+XGqY��OGoPo`XGm¬�gXK\SjdmnOcb�j��³YMt�djp\
kdoPOGYYnMw²�kdOcbMtXZQzb�mjdjpYd�~´µOGk9flXGq�bfSj±b�mnjdjpYMPY�otX x �³\]MP�gjpQ
YMtXZQ]OGo�T'h
VSb[h7a�oPMPQ]jpOcm~XGm@k�XZQ � j���OG\]\]MPbMtXZQXGq¶b�mjdjpY x j+XGh]bOGMPQ�Ouk�XZ�«h�MPQSjp\lkdoPOGYYnMw²
jdm x fSXZYj«k�XZ�g�
otj��SMtb�azMPY+���	V]k9f��[oPOcmRGjdm��|·�
mXGh
otjp� x Mtbf®YMPQSRZoPj�kdoPOGYYMt²�kdOcbMtXZQ®b�mjdjpY¬MPY�bf]Ocb¬bfSjda¸Ocmj¹XGqsb�jpQ®M{QKº
j��SMth
otjuXGmgkdOGQ]Q]XGb
h j«k�XZQ]Y�b�m9V]k�b�jp\�oPOcmnRGj«jpQSXZVSRZf�q#XGm@XG�]bMP�uOGo�kdoPOGYYMw²�kdOcbMtXZQl� jdmqsXGmn�uOGQ]k�jG�~»�j	YnfSX x MPQ�¼¶MtRZVSmj�½
bfSj+b�jpYb@Y�jdb4��MPYkdoPOGYYnMw²�kdOcbMtXZQlotXZYnY«��¾B¿�½�oPXZYY9��qsXGm4À%ÁÂ½d¾G¾�M��ÃM��Ã\©�µmjpOGoPMt�pOcbMtXZQ
Y�XGq�sÄ�ÅÆu�[MPQlbf]j
�gXK\Sjpo
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ª fSj¹b�mjdjpYgOcmnj�k�XZQ]Y�b�mnV]k�b�jp\rM{Q®O3RGmnjdjp\Sa x Opaß��OGYuV]YV
OGo#�±XG�
bMP�uMt�pMPQ]R�bfSj¯ãäM{Q]M�M{Q]\Sj��i²
b�bM{QSR
k�mnMtb�jdm9MtXZQ©��»�j@bV]Q]jp\ubfSj4YnMt�dj4XGq©O«kdo{OGYYMw²�kdOcbMPXZQub�mjdj@h'a¬bfSj.�uMPQ]MP��OGoSQ'V]��h jdm`XGq©XGh
Y�jdm � OcbMtXZQ
Ybf]Ocb¶q�OGoPoKMPQNb�X.bfSj[b�jdmn�uM{Q]OGo'Q]X7\SjpYpTZOGQ]\	bfSj�oPOcmRGjpY�b¶b�mjdjpY�Ocmj�k�XZQ]Yb�mnV]k�b�jp\gV]Q]\]jdmWbfSj�k�XZQ]Yb�mnOGMPQ'b
bf]Ocb�bfSjdmj�OcmjzOcb�otjpOGYb+b x X�XGh
Yjdm � OcbMPXZQ]Y+� jdm+b�jdmn��MPQ]OGo`QSXK\SjG��»�jzY�jdjzMPQ�¼¶MtRZVSmj¯½ubf]Ocb+XZQ
O � jdm9OcRGjGTWbfSjgoPOcmnRGjpY�b±kdoPOGYYMw²�kdOcbMtXZQ%b�mjdjpY+f]O � juOch�XZV]b¬½d¾zXGmu½G½¬b�jdmn��MPQ]OGo¶QSXK\SjpYd�+»�juOGoPYX¹Yjdj
bf]Ocbbf]j±b�jpY�b4Y�jdb�jdmmnXGm4MPY�Y�uOGo{otjpY�b�OcbXZVSm4o{OcmRGjpY�b�b�mjdjGT]h�VSb x j«kdOGQ
QSXGb4�uOcyGj+bf]j±b�mjdjpY4oPOcmnRGjdm���gXGmjlk�XZ�g��otj��]�«b�X�� XGb�jpQ'bMPOGoPotai\Sjpk�mnjpOGY�jlbfSj¹b�jpY�buY�jdb¬jdmmXGm�� x jlk�XZV]oP\®jpQ]oPOcmnRGjzbf]jp��O¯h�Mtb
h7a¯mjpå7V]Mtm9MPQSR�Ocb+oPjpOGY�b±XZQSjuXGh
Yjdm � OcbMPXZQ3��jdm±b�jdm9�uMPQ]OGo¶QSXK\SjGT©h
VSb±bf
MPY.bVSmnQ]YäXZVSb±b�Xlh j¬mnOcbfSjdm
V]Q]YbOch
otj x Mtbf¨oPX x �]mjp\]M{k�bM � j¯� X x jdm0�9� ª f]MPY�f
OGY�b�Xr\SX x MPbfEb x X_bf]MPQ]RZYdæ�²
mnYbdT4Mtb¹MPY�bf]j
k�XZQ]Y�b�m9OGMPQSjp\rQ]OcbVSmnjlXGq.b�mnjdjpY x MtbfrY���oPMtbY	�
OcmnOGoPoPjpo[b�Xik�X'XGmn\
MPQ]Ocb�j�O��KjpYdç4Y�jpk�XZQ]\
otaGT~O3RGmnjdjp\]MPota
k�XZQ]Y�b�m9V]k�b�jp\ÜkdoPOGYYMw²�kdOcbMtXZQ°b�mjdj3MPY�mjpY�b�mnM{k�bM � j¯OGQ]\èfSjpQ]k�j%MPQ � XZo � M{QSR¸�	V]knf¨q#j x jdml\SjdRGmjdjpYzXGqqsmjdjp\SXZ�-��otjpYnYµk�XZ�g�
oPj��KMtb�aS�Wbf
OGQ x fSjpQgk�XZQ
Y�b�mnV]k�b�jp\�MPQgO+QSXZQK�>RGmnjdjp\Sa x O�aG�`éjdRZOcmn\]M{QSR±bfSj�²
m9Y�bMPYYnVSjGTGXGbfSjdmµ�
mXG� XZYOGoPY x MtbfgY���oPMtbY�bf]OcbµOcmjQ]XGb`�
OcmnOGoPoPjpo'b�X�O��7jpY�f]O � jh jdjpQ¬�]mnXG��XZYjp\©TNk�qê�¶ë«MP�OGQ]\�UIXZf¨��ìc¾G¾S½��9ç�bfSj�Yjpk�XZQ]\¸MPYnYVSj�MPY«�gXGmj�\
Mwí�kdV]otbdT�h
VSb+mjpk�jpQ'botaiY�XZ�uj��]mXGRGmnjpYY«f]OGY«h jdjpQ
�uOG\SjgMPQ3k�XZQ]Yb�mnV]k�bMPQSR¹b�mjdjpY«MPQ¯Ol�uXGmj¬j��Kf]OGV
Y�bM � jGT�otjpYnY@RGmnjdjp\Sa x Opar�>ã.jp�uOGQ¸OGQ]\iLGjp\SaKQ]Ocy�T
ìc¾G¾S½��9� ª fSj+Y�jpk�XZQ]\�mjp�gjp\Sa¹MPYQSXZQS�>b�mnM � MPOGo OGQ]\ x Mtbf��	V]k9f�f]MtRZfSjdmk�XZ�u�
VSbOcbMtXZQ]OGo�k�XZY�bYd�
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��jdmnf]Oc��Y�O¸k�XZQ
k�jd�]bV]OGoPota_YMP�u�
otjdm x OpaGTMtq x j�Ocmj¯k�XZQ
k�jdmnQSjp\°XZQ
ota x MtbfrRGX7X7\¨kdoPOGYYMt²�kdO��
bMtXZQ¸��jdmnq#XGmn��OGQ]k�jGT�M{Y±RZM � jpQih7a�h X'XZYbMPQSR¸��|.\]OG}~X'XZY�b x f]M{knfi�uO�a�h jumjpOG\¸OGY���OG\®O�h X'XZYb��N�
x f]M{knf��Þh X'XZYbY��iOiYM{QSRZotj�kdoPOGYYnMw²�kdOcbMtXZQ_b�mjdj¯b�X¸�uOcyGj%Mtbu�gXGmjlº�j��KMth�otjzOGQ
\E�gXGmj�k�XZ�u�
otj�� �
¼¶MtRZVSmj¹½	OGoPY�X¹YfSX x Y.f]X x �	V]knf%bfSj	b�jpY�b±Y�jdbäjdmmXGm±k�XZV]oP\¯h j	M{�g�]mX � jp\�h7a�V]YM{QSR�U�XGRZMtb}~X'XZY�b
� x Mtbf¸bfSj¹otXGRc�³oPMtyGjpoPM{fSX'XK\�otXZYY�q�V]Q]k�bMtXZQ�� x Mtbf¸YbV]�g�
YdT¶Q]OG�gjpoPa%h7aiOch XZVSb��c¾	�¹� ª f7V]YdT�q#mnXZ�
Oz�]mnOGk�bMPkdOGo�� XZMPQ'b4XGq � Mtj x T©oPM{QSjpOcm4XGm+k�XZQ � j��3k�XZ��h
MPQ
OcbMtXZQ]Y@XGq`b�mjdjpYäX � jdm9k�XZ�gjubfSj¬oPMP�uMPbOcbMtXZQXGq
�Þh XZV]Q]\Sjp\��lk�XZ�g�
otj��SMtb³a�XGq�YM{QSRZotjub�mjdjpYp���XGmjdX � jdmpT`OGY x jzV]Q]\SjdmnYbOGQ]\�qsmXZ� mnMPRGXGmXZV]Y+mnj��
YV]oPbY.M{Q¯bf]j
�µ�9�>h X'XZY�bM{QSRzkdOGYj x Mtbf%bfSjgYå7V]Ocmjp\3jdmmnXGm+otXZYYu��}��V]f]oP��OGQ]Q¯OGQ
\��µV©T�ìc¾G¾��Z�9TWbf]j
MPQ]k�mnjpOGY�j�XGq©k�XZ�g�
otj��SMtb³a¬MPY�MPQgO � jdma�RGm9OG\]V]OGoSq�OGYf]MtXZQ����	V]k9fuYotX x jdm�bf]OGQuk�XZV]Q'bMPQSR±bfSj@Q'V]��h jdmXGqµbf]j	b�jdm9�uY9� x f]MPk9f¯OGo{otX x YäOG\]Oc�
bOcbMtXZQ3b�X¹�]mXGh
otjp��Y4XGq~\]Mwv jdmjpQNbäk�XZ�g�
oPj��KMtb�aG�«U�OGYb.h�VSb.Q]XGb
otjpOGY�bdT�h X'XZY�bM{QSRuf]OGY4OGo{Y�X�h jdjpQlqsXZV]Q]\lb�Xzf]O � j	j��Sk�jpoPotjpQ'b4� jdmqsXGmn�uOGQ]k�j+MPQ¯O x MP\]j±mnOGQSRGj«XGq�mnjpOGo\]OcbOGY�jdbYp� ª fSj«�
Oc� jdmnY@V]Q]\Sjdm.\]MPYkdV
YYMtXZQ�Ocmnj��V]Y�bMPq#aKMPQSRuYV
knf%k�XZ�«h
M{Q]OcbMtXZQ¯�]mXKk�jp\]VSmjpY x f]MPk9fY�jdjp�-b�X�OGk�b4MPQ'b�jpoPoPMtRGjpQ'bota x Mtbf¹bfSj+kdVSm9Y�j+XGq¶\]MP�gjpQ]YnMtXZQ]OGoPMtb�aG�
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LogitBoost with stumps

boosting iterations
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¼¶MtRZVSmj3½cæ ª jpY�bgY�jdbg�uM{YkdoPOGYYMt²�kdOcbMtXZQijdmnmXGmnY¬MPQ®�gX7\]jpoä�Þ½��9��UIjdqsb	��OGQSjpo�æ�kdoPOGYnYMw²�kdOcbMtXZQ®b�mjdjpY
x Mtbf � OcmaKMPQSR��uMPQ]MP��OGoSQ'V]��h jdmnY�XGq©XGh
Yjdm � OcbMPXZQ]Y`� jdmµb�jdm9�uMPQ]OGo]Q]X7\SjpYpTN\]MPY���oPOpaGjp\�OGY�O«qsV]Q
k�bMtXZQXGq�O � jdmnOcRGjlQ7V]��h�jdm«XGq~b�jdm9�uMPQ]OGo`Q]X7\SjpYpçWbfSj�otX x jdm�m9MtRZfNb+kdMPmnkdotj�k�XGmmnjpY�� XZQ]\]Yäb�X¯kdo{OGYYMw²�kdOcbMPXZQ
b�mjdjpY x MtbfgOcb`otjpOGY�bµìäXGh�Y�jdm � OcbMtXZQ]Y¶� jdm�b�jdmn�uMPQ
OGo7Q]X7\SjG�¶é4MPRZfNb��
OGQ]jpo�æWU�XGRZMtb}~X'XZY�b x Mtbf¬Y�bV]�g��YOGY4O¬q�V]Q]k�bMPXZQ¹XGq�h X7XZY�bMPQSRgMtb�jdm9OcbMtXZQ]Yd�
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O��
ota7�djpY�bfSjXGm9MtRZMPQ]OGoK|.\]OG}~X'XZY�b~OGotRGXGmnMtbf
� x Mtbf¬jpOcmnota¬Y�b�XG�]��MPQSRST x f]jdmjpOGY � jdmnYMPXZQ]Y�XGq�mjdRZV]oPOcmnMP�djp\h X'XZYbMPQSR�Ocmj¬k�XZQ]YM{\Sjdmjp\�h7a�U�V]RGXZYMWOGQ
\�^`O�aZOcbMPYu�#�B�äk�XZQ]Y�b�mnOGM{QSjp\�h X7XZY�bMPQSR'�OGQ]\¯OGo{Y�X¹e f
OGQSR
�#�d�ä��jpQ
OGoPMt�djp\zh X'XZY�bM{QSR'�9�
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Yk9fSjp�gj�Y��jpkdMt²
jpY�j��K�
oPMPkdMtboPa�bfSj	Q'V]�ujdmnMPkdOGoIOGotRGXGm9Mtbf]�·qsXGm@XG�
bMP�uMt�pOcbMtXZQ�b�X�h j+RGmjdjp\SaGT MPQ�k�XZQS�
b�mnOGY�bzb�X_�uOGQNaEXGbfSjdmlkdoPOGYYMPkdOGo.Y�bOcbMPYbMPkdOGo4jpYbMP�uOcbMtXZQèYknf]jp�gjpY x f]MPk9f¨Ocmj3\Sj�²�Q]jp\°bfSmXZV]RZf
OGQ°MP\]jpOGo�XG�
bMP�uMt�pOcbMtXZQ_XGqäOGQ_XGhZ��jpk�bM � j�q�V]Q]k�bMtXZQI��|.Q]\ x j�h�jpo{Mtj � j�bf
MPY¬XGmnMtRZMPQ
OGo � jdm9YMtXZQ_XGq
h X'XZYbMPQSR�� x MtbfujpOcmnota¬Y�b�XG�]�
MPQ]R'��f]OGYµOGQuM{�g� XGmbOGQNb`k�XZ�u�
VSbOcbMtXZQ]OGo�OG\ � OGQNbOcRGj.q#XGm�k�XG�
MPQSR x Mtbff]MtRZfS�³\]MP�gjpQ]YnMtXZQ]OGo]k�XZ�g��otj��¹\
OcbOGY�jdbY x Mtbf¹\]M{�gjpQ]YMtXZQ�XGq�bf]j±�]mjp\]MPk�b�XGm�MPQzbfSj±bf]XZV]YOGQ]\]Yp��»�j
bf]MPQ]y�bf]OcbzMtb�M{Ygj��KOGk�boPa°q#XGmzYV]k9f°�]mXGh�otjp�uY x f]jdmj�h X'XZYbMPQSR¨��V]YnMPQSRiO¸oPjpOcmnQSjdm x f]MPknf¨\SX7jpY
� OcmnMPOch
otjzY�jpotjpk�bMtXZQ��+��oPOpaKY¬O%YnMtRZQ]Mw²�kdOGQ'b	mXZotjGT`YMPQ
k�jz�gXGmnjzb�m9OG\]MtbMtXZQ]OGo~�gjdbfSXK\]Y	h jpk�XZ�gj � jdma

ì



\]MwízkdV]otb�b�X¹V]Y�j«OGQ]\¯bV]QSjGç�qsXGm4bfSj¬oPOcb�b�jdmpT�q#XGm x Ocmn\ � Ocm9MPOch
otj«Yjpotjpk�bMtXZQ%MPY4Y�bM{oPo©qsjpOGYMth
otjGT
h
VSb@OGY��
YMtRZQ
MPQSR � OcmnMtXZV]Y�Y�gX7XGbf]MPQSR��
OcmnOG�gjdb�jdm9Y�qsXGm[Y�jpotjpk�b�jp\z�]mjp\]M{k�b�XGmnY`XGm[b�jdmn�uY~MPY � jdma�\]Mtí�kdV]otb4��Y�jdjOGoPY�Xgbf]j+jpQ]\lXGq�bf]MPY�Y�jpk�bMPXZQ��9�
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Y�b�mnOGMPQSjp\%h X7XZY�bMPQSR¹OGotRGXGmnMtbf
� �
mXG� XZY�jp\�h7a
U�V]RGXZYM�OGQ]\�^`OpaZOcbMPY±kdOGQ¯h j«V]Q]\]jdmnY�b�X7X7\�OGY.Y�jdjdyKMPQSRzO�k�XZ��h
MPQ]OcbMtXZQ�XGq�h
OGY�j	otjpOcmnQSjdmnY x Mtbf�OGQ���ê�³k�XZQ
Y�b�mnOGMPQ'b�XZQ¹bfSj+k�XZ��h
MPQ]OcbMtXZQ x jpMtRZf'bYdT]bf]Ocb�MPYdTKXZQSj+��MPQ]MP�uMP�djpYµbfSjäjp�g��MtmnMPkdOGo�mnMPY�y���� �
	I�V]Q]\]jdm�bfSj4k�XZQ]Y�b�m9OGMPQNb���á0â ��� á���� ��QSXGbOcbMtXZQ�OGY�MPQgU�V]RGXZYMSOGQ]\g^`O�aZOcbMPY9�9� ª f]MPY¶MPY�h jpY�b�yKQSX x QMPQ«bfSj~YbOcbMPY�bMPkdY¶k�XZ�u�	V]Q]Mtb�a+OGY�bfSj�UWOGYY�Xä�gjdbfSXK\z� ª MPh
Yf]Mtm9OGQ]M�TN½������Z�9TZXGm�OGoPYX@OGY�h
OGYMPYW�
VSm9YV]Mtb
���[fSjpQ�jdb4OGo��tTI½������Z�4MPQlYMtRZQ]OGo �
mX7k�jpYnYMPQSRS�

´`í�kdMtjpQ'b@k�XZ�g�
V]bOcbMtXZQ�XGq`UWOGYY�X�XGm4h
OGYM{Y�
VSm9YV]Mtb�MPY@MPQ�RGjpQSjdm9OGo�OzQSXZQK�>b�mnM � MPOGo©MPYnYVSj����[f]jpQjdb�OGo��tT¬½������7ç��±Y�h XGmnQSj%jdb�OGo��tTäìc¾G¾G¾N�9�·| QSXGbOch
otj3� XZMPQ'bzM{Y�bf
Ocb�U�OGYY�X°YXZoPVSbMtXZQ]YzOcmjiV]YnVK�
OGoPota :�+62 k�XZ�g�
VSb�jp\3V]YM{QSR�RGmnjdjp\Sa¯OGotRGXGm9Mtbf]�uY x f]M{knf%OcmjgMPQ3\]OGQSRGjdm±b�X¹h j�X � jdmnota%RGmjdjp\Sa¯OGQ
\
kdOGQÜRGjdb�Y�bV
ky¨M{QèYnVSh XG�]bMP�uOGo.Y�XZoPVSbMPXZQ]Yd� U�V]RGXZYM±OGQ]\è^`OpaZOcbMPY¯V]Y�j�MPQèbfSjpMtm¹j��SOG�g�
otjpY¹bf]j
�%OcmRZMPQ]}~X7XZY�bd� � � OGotRGXGmnMtbf
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