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n`lVk
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n`r|x h rvn��y�3tvl9npm9k$	 u ky�3n`t|i9k�n ��n`t|i9i9h n`r'xvhji9mol h uvt|m�h�q|r�w/n3� r|q�m u k npxvk� tvn�m�k�m9q �3n`�|motvlVk�mo{|k
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i9m n�m9hji9m9hj�yi#�Ln�i xvkyi9hj�sr|kyx%�
.�h lVi�m9�j�$	Ln � ky�j� m l9n�h r|kyx i9�si�m9k3w hji�t|i9kyx'm9q)�vk3l ��qsl9w n�xvkym�k3l9w.h r|hji9m9hj��i9monpm9k�n��jhj�srvw.k3r�m
q��7mo{|k

xOn�mon/n`r|x
mo{|hji2np��hj�srvw k3r`mLhji0i9m9qsl kyx
h r mo{|k0��qsl9w q��U� n�uvky�T�O��kyi
�<9L{|k�i9�|i9m9k3w � {|q�i9k3r
io{|q|t|��x �vlVq|xOt|�yk
lVk3�vlVkyi�k3r`monpm9hj~`k7n��jhj�srvw.k3r�m9i7n`r|x
mo{|hji0�3n`r�u k7�y{|ky� ��kyx u`�
k3r|i tvlVh r|��mo{vnpmLhjm9i2l ky�yq`�sr|hjm9hjqsr�np�y�3tvl9n��y�%h�i
lVky� n�m9hj~`ky�j� {|h��|{!�#� r
m {|k7k3n`lV�j�%i9mon���kyiLq���i9�si�m9k3w\xvky~�ky��q|�vw.k3r`m
	 n1� ky�j�dmol�n�h r|kyx �yq|r`m9k�(|mLh r|xvk3�vk3r|xvk3r�m
i9�|i9m9k3w hji�t|i9kyx n`r|x � n�m9k3l�	0� {|k3r n m9hjkyx i9mon�m�k
�yqsr`m�k�(sm%xvk3�vk3r|xvk3r�m
i9�|i9m9k3w hji�n ~*n�hj� n`u|�jk mo{|hji
�3n`r
uvk t|i9kyx%� 9L{|k n�i9i9hj�srvw.k3r�m
xvq|kyi r|q`m {vn3~�k m�q uvk�xvkym9k3l�w.h r|h�i�m9hj� uvt|m
mo{|k�i9m9q|l9n��`k lVk� t|h lVk3w k3r`m9i
��qsl.�vlVqsuvn`u|hj�jhji9m9hj��n�i9i�h��|rvw.k3r`m�iz�3n`r)uvky�yq|w.k��vlVqs{|h u|hjm9hj~`k�n`r|x)hjm�hji�r|q�mz�y�jk3n`l.mo{vn�m/mo{|ky� � qst|�jx u k
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9�{|kyi9kzi9monpm9kzn��jh��|rvw.k3r`m�iFn`lVkzt|i9kyx m9q
�yq`�j�jky�ym�� l qsw!mo{|kzmol�n�h r|h r|��xOn�mon%mo{|k/i9mon�m9hji9m�h��yi@� {|hj� {#n`lVk
r|ky�ykyi9ion�lV�%� q|l�m {|k7xvky�yhji9hjqsr�molVkyk=�yqsr|i�mol9t|�ym9hjqsr!�'4|h r|�ykFk3np� { molVkyk=�3n`r
u k7�yqsr|i9m l9t|�ym9kyx�h r|xvk3� k3r|xvk3r`m9�j�
mo{|hji��jk3n�xvi m9q.n0xOl9n`wznpm9hj� lVkyxOt|�ym9hjqsr/h rzmo{|k0rstvw.uvk3l�q��dxvh�) k3l k3r`mG�yqsr`m�k�(sm9i�� q|lA� {|hj� {/xOn�mon0hjiLlVk� vt|h l kyx
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�7n�t|i9i9h n`r/qsr|kyi+�/� r
u q`mo{.�3n�i�kyi+	|i9�si�m9k3w.iC��h�m {zi9h w.hj� n`lL� k3l ��qsl9wzn`r|�yk�� k3lVk=�vlVqsxOt|�ykyx�n�r|x�i9q�hjm�i�kyk3w.i
mo{vn�m mo{|k��y� t|i9m9k3lVh r|�
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xvhji9molVh uvt|m9hjqsr
mo{vn�m0lVkyiot|�jm9iLh r
m {|k=� n�lV�`kyi9mLh r|�3lVk3npi9k7h r��jh �pky��h {|q|qsx%�#9�{|h�i0hjiL��qstvr|x%��qsl k3n��y{
r|q|xvkFu���ky~�n�� tvn�m9h r|�
mo{|k
h r|�3lVk3n�i9k%h r �jh ��ky�jh {|q|q|x � qsl0k3np� {�np���jq"�Ln`u|�jk2 vt|kyi9m9hjqsr!��9�{|h�iz�vlVq|�ykyxOtvlVkzhji�qsr|�j� �jq|�3n��j�j��qs�|m�h w/n���uvt|m
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wzn �
r|q`m�u kLmo{|k u kyi9m�i9q�� t|m�h�q|r!�C9L{|kL�yqsr|i�mol9n�h r�m9i�mo{vn�m�n`l k �|� n��ykyx%qsr�mo{|kLm lVkyk �yqsr|i9mol9t|�ym�h�q|r.h rzmo{|k � qsl�w q��
mo{|k� t|kyi�m9hjqsr|iLt|i9kyx�m�q7io�|�jhjm k3n�� {%r|q|xvk �yqsr�mon�h r/k�(sm l9n=h r���qsl9wzn�m�h�q|r1� {|hj� {%hji h wz�vq|lVmon`r�m���qsl�xvky�yhjxvh r|�
� {vn�m%{vn`�v�vk3r|i
m9q)tvr|i9kyk3r'�yqsr�m9k�(|m9i+� � � npm9m9k3wz�|m9i%n`lVk�wzn�xvk�m9q)�vlVqsxOt|�yk��`�jqsuvn��j�j� qs�|m9h wzn��Lm lVkykyi
u���t|i9h r|��w.qslVk��yqswz�|�jk�(  vt|kyi9m9hjqsr|i7n�m�k3n�� { r|q|xvk.mo{|hji �yqst|�jx �yqswz�vl qsw.hji9k.mo{|kFn�u|h��jhjmV� m9qz�yqsr|i9m l9t|�ym
n��y�3tvl9npm9k7w.q|xvky��i���qslLtvr|i9kyk3r �yqsr`m�k�(sm9i
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� r.�vlVky�jh w h rvn�lV�zk�(v�vk3lVh w.k3r�m9i+	vn�m9m�k3wz�|m9iUm9q2�vl qsxOt|�yk w qslVk qs�|m9h wzn��vm lVkykyi�u`�.n��j�jq ��h r|�.uvq`m {Fw k3lV�"

h r|�Fn`r|x.io�|�jhjm9m9h r|��m9q q|�y�3tvl�xOtvl h r|��molVkyk uvt|h��jxvh r|��{vn�x.�jhjm9m9�jkLk*)dky�ym�qsr�mo{|k qsu -Vky�ym9hj~`kG� tvr|�ym9hjqsr���qsldm lVkykyi
�Lhjmo{%w.qslVk�mo{vn`rzn2� k��'m9k3l9w.h rvn��^r|qsxvkyi+�0�Lq"� ky~`k3l�	�mo{|hji xvhjx��|lVk3n�m9�j�.�yqswz�|�jhj�3n�m9k=mo{|k�i9mol9t|�ymotvl kLq��dmo{|k
molVkykyi0n`r|x
i9q��Ln�i r|q�m �vtvl iot|kyx n`r��/� tvlVm {|k3l��

9�{|kFq|r|��� k�(|�yk3�|m9hjqsr#h�i�mo{|k�n�xvxvhjm9hjqsr q�� n � rvn���hjm9k3l9n�m9hj~`k%w.k3lV�`h r|� �vnpi9i=h r�� {|hj� {#mo{|k.xvky�3lVk3n�i�k
h r'��h ��ky�jh {|q|qsx �3n�t|i9kyx u`� w.k3l �`h r|�J�vn�h lVi%q��=m9k3l9w.h rvn��0xvhji9molVh uvt|m9hjqsr|i
hji
�3n��j�3t|� n�m9kyx n`r|x � {|hj�ji9m
mo{|k
w.h r|h w.tvw ~*n�� t|k�� np���ji�u ky��q"�@n�m {vlVkyio{|q`�jx m {|k�xvhji9molVh uvt|m9hjqsr|i n`lVk�w.k3l �`kyx i9q#mo{vn�m%mo{|q`i9k
m9k3l�w.h rvn��
r|q|xvkyi io{vn�lVk=mo{|k=ion`w k=xvh�i�molVh uvt|m9hjqsr!�

� r h r�� qsl�wzn��Lk�(v�vk3lVh w.k3r�m9izm {|k�n�xvxvhjm9hjqsr)q��=mo{|hji1� rvn��0�vn�i9i�lVkyxOt|�ykyx'mo{|k
m9q`m n���r|tvw.uvk3l.q��=i9�|i,

m9k3w �vn`l9n�w.kym9k3lVi'�Lhjmo{|qst|m�k*) ky�ym�h r|�/mo{|k=h r|h�m�h np�flVky�yq��sr|hjm9hjqsr
n��y�3tvl9n��y�
n`r|x
mo{|k7�vn�l9n`w.kym9k3l lVkyxOt|�ym�h�q|r
io{|qst|�jx���k3npx�m9qzh r|�3lVk3npi9kyx�i9�|i9m9k3w lVqsuvt|i9mor|kyi�i+�

9�{|h�i0n��j�`qslVhjmo{vw hjiLiotvwzwzn�lVhji9kyx�xvh n��sl�n`wzwzn�m�h��3np���j�
h r7�O�|tvlVk��3���3�
��n�lVm7q��0mo{|hji �vl qs�ykyxOtvlVk�hjizxvkym9k3l9w.h r|h r|� � {|hj�y{)q��0mo{|k�i�kymFqp�N t|kyi�m9hjqsr|i�lVkyiot|�jm9i/h r m {|k�� n`lV��kyi9m

h r|�3lVk3n�i9k=h r%�jq`�z�jh ��ky�jh {|qsq|x%�#4|h r|�yk7k3n��y{%r|qsxvk=�3n`r/qsr|�j�
uvk=io�|�jhjm t|i9h r|��n�iowznp���dr|tvw.uvk3l q��A t|kyi9m�h�q|r|i+	
n�u|�jh r|x i9k3n`l � { h rF�0{|h��y{)m {|k��y{vn`r|�`k
h r'��h ��ky�jh {|q|qsx hji%�3n��j�3t|� n�m9kyx'� q|l.ky~`k3lV�)�vq`i�i9h u|��k� vt|kyi9m9hjqsr h�i
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Yes

No

Pool all 
contexts

Exceeds 
threshold ?

Find node N & question 
Q which give max 

increase in likelihood
when splitting

Split node N using 
question Q.

Yes

No

Beneath 
threshold ?

Merge  N1 & N2  to 
share distribution

Construct 
models

Find nodes N1 & N2 
which give min 

decrease in likelihood
when merging
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=5I/8:.1GJCxGWV�G/I/8O65I/8-K1.DrW9AK1.h,/G/G/Ry2<4WK12<I/KD4W8:.1GJC/0P.10P;e9<4W0:G/C54B=/K1Fp0:8[4W8:.12�4W8-=?9A8\j�9A9<C £�� ��4BC/R � � �S^   .DUH.1KD4B;9�'5659<;e.DUH9<C78:0lG/C�47C���� �7£ " � � & "N2<4B6547=/KM9�GWV   � � � Z .�� & � �7^ � 47C/R   � � � Z\_d�b+ � �B£ ^ � ;:47C�476565;eG%'J.{Z
UN4W8L9AKMFS8ej�GN8:Gg8O,5;e9A9o8:.DUH9A0P4W0-Vd4W0:8�^ �PCq8[,/.M0lU�4W23,/.DC/9 � 9�'/2AKDI/R5.hC/@uGJI/8O65I/8bK1.hrk9AKM.D,/G/GJRw2<4WK12<I/KD4W8:.1GJC/0��
4B6565;eG%'/.DUN4W8:9AK1F " ��� 4W2A8L.MT79lUHGJR59AK10b2<4BCS=59H65;eG/2A9A0:0:9ARq9<4k23,�Vd;:4BUH9 � � � UH0��].DCq;m9<4WK{Zd8:.DUH9B^
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.�.1@JI5;m9 ¢ ^ � � � 47;e.D4W8:.1GJCg.DCq;:I5Cx8:.DUH9Pj-.18O,uCJI5UH=59<;�GWV 4k2A8:.1TB9lUHG/R59AKM0 �
�f9<4�TJFS65;:I5C/.DC/@|^
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+-,/9v;e9A0:G/I5;e2A9yUN4BC54k@B9<UH9<C78p8O4k0Or�I/0:9AR 4�;e9AKD4W8:.1TB9AK1F�0OUN4WK1KPTBG/2<4B=5I/KD4B;eF�4BC/R�,/9<4�TJ.1K1F�2AGJC/0:8O;L4W.DC/9AR
@J;:47UNUN4B;A^ ¡ 9<4WK1.10:8:.12S8O4W0Or70PU�I/0L8l65;eGJ2A9A0L0�4gKD4B;e@B9<;bT7GJ2<4B=5I/KD4B;mF�jf.M8[,v4gK19A0:0l2AGJC/0L8O;:4W.DC/9ARv@J;L4BUNUN4B; ^
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+-,/9 * ¡ � * �y4kKMK   8O;e9A9A8 � GJI5;:C54WK]8O4W0Orxj-4W0P8O,/9g0OI/2A2A9A0:0:GJ;Y8:G ¡ 9A0:G/I5;e2A9p~v4BC54k@B9<UH9<C78l4BC/R I/0L9ARy4KD4B;e@B9<;]TBG/2<4B=5I/KD4B;eFg4W0�j�9AK1K}4W0-4bVdI/K1K1FS2AGJC5C/9A2A8:9ARS@J;:47UNUN4B;A^ * 656?9<C/R5.)' * R59A0:2<;e.D=59A0b8O,/9b8O4W0OrH4W0�j�9AK1K
4W0-8[,/9l4W0:0:G/2A.D4W8:9ARqR|4k8O4B=54W0:9B^

.�GJ;]KD4B;e@B9<;f8O4W0Or70<�/2AGJUN65I/8[4W8:.1GJC54WK�2AGJUN6/K19�'/.18\F�=59A2AGJUs9A0E.DC/2<;e9<4W0L.hC/@7KMFu.DUN65GJ;m8O4BC78E4BC/R�4kR5R5.M8L.MG/C54WK
65;:I5C/.DC/@g.M0P;e9��5I/.D;e9ARq8:GgUN4W.DCB8[4W.DCS9[tp2A.19<C/2AFB^
	�� ����� � 
�� ������

+-,/9g2AGJUN65I/8O4k8:.1GJCv;e9��5I/.D;e9ARvVcGJ;YR59A2AGJR5.DC/@v.10H2AGJC78O;eGBK1K19AR =7Fv65;:I5C/.DC/@vGWV-8O,/9N0L9<4B;e2A,�0O654W2A9B^   .DUN6/K19=59<47U 65;:I5C/.DC/@|� jE,/.12A,�R5.10:2<4B;eR50o8:GJrW9<C/0P8O,54k8l4B;e9pUHG/;e9H8O,54BC�4�z 'J9AR�=59<47U!j-.1R58O,vK19A0:0oK1.hrk9AKMF�8O,54BC
8O,/9qUHG70:8lK1.DrW9AK1F�8:G/rW9<C�VcGJ;o8O,/9gVd;:4BUH9B� .10N8O,/9q65;m.hU�4B;eF�UH9A8O,/G/R�GWVE2AGJC78O;eGBK1K1.DC/@v8O,/9S2AGJU�6/KM9�'/.18eFyGWV
8O,/9g0:9<4B;e2A,�^y�fGWj�9ATB9<;P8ej�G�4WR5R5.18:.1GJC54kK�VnG/;:UH0HGWVE65;:I5C/.DC/@yj�9<;e9g.DCB8[;eGJR|I/2A9AR�8:GSVdI5;e8O,/9<;�;e9AR|I/2A9S8O,/9
2AGJUN65I/8[4W8:.1GJC54WK}K1GJ4kR}^

~v4%'/.DUHI5U#UsGJR59AKX65;LI5C/.hC/@ �n0:9A2A8:.1GJC "5^ £ ^�����0[659A2A.{z|2<4WK1K1F�K1.DUH.18:0P8O,/9P2AG/UN6/K19�'J.18eFSGWVX8O,/9o0:9<4B;e2A, � .DC
=5G78O,H0:.��A9P4BC/Rp2AG/UN65I/8O4W8:.1GJC�;e9��aI/.D;e9AR ��=7FN6/Kh4k2A.hC/@g4BCNI565659<;]K1.DUH.18�GJCN8[,/9ECJI5UH=?9<;�GWVX4W2A8:.1TB9bUHGJR59AK10<^
+-,/.10gj�4k0s;m9��aI/.D;e9AR�8:Gv9<C/0OI5;e9S8[,54W8N8O,/9SR59A2AG/R5.DC/@ 65;eG/2A9A0:0gj�GJI/K1Rwz|8N.DC�8O,/9q65,7FJ0L.M2<4kKiUH9<UsGJ;eFvGWV
8O,/9P2AGJU�65I/8:9<;-I/0:9AR}^   .DC/2A9H4H@J;e9<4W8�UN4BC7FQ4kKM8L9<;:C54W8:.1TB9A0E47;e9i=?9A.DC/@Q4W2A8L.MT79AKMFS2AG/C/0:.1R59<;e9AR�;e9AR|I/2A.DC/@g8O,/99 $}9A2A8:.1TB9lK1.DrW9AK1.D,/GJG/Ry=?9<4BU �c=?9A2<4BI/0:9lGkV�8O,/9PK1.DUH.18PGJCSUHG/R59AK10���0O,/G/I/KMRvC/GB8�.DC78O;eG/R|I/2A9�0L9<4B;e2A,g9<;:;eGJ;e0�^

��GJ;eRv9<C/R�65;:I5C/.DC/@ � 0:9A2A8L.MG/C "5^ £ ^#&��b.DC78O;eG/R|I/2A9A0p4S0:9<6547;:4W8:9S=59<4BU VcGJ;Pj�GJ;mRv9<C/Ry8LGJrW9<C/0<^q+f,/.M0
j�GJ;eRN9<C/Rq=?9<4BU)2<4BCg=59b8:.1@J,B8L9<;>8[,54BCN8[,/9E@B9<C/9<;L4WK�=?9<4BU VnGJ; 8ej�GH;e9<4W0:G/C/0<^A.�.h;m0:8:K1FN8O,/9<;e9b.10-4l@/;e9<4W8:9<;
R59A@J;e9A9gGWV-2A9<;e8O4k.hC78eFv4B=5GJI/8Hj�GJ;eR�.MR59<C78:.18eFy4W8oj�G/;eRv9<C/R50N;:4W8O,/9<;Y8O,54BC�j�GJ;eRv0:8[4B;e8:0<^   9A2AGJC/R5K1Fw8O,/9;:4BC/@79E.DCSKD4BC/@/I54W@B9PUHGJR59AK KM.DrW9AK1.D,/G/GJR50bVcGJ;�4N654B;e8L.M2<I/KD4B;�j�G/;eRpGWTB9<; R5. $ 9<;m9<CB8E,/.10:8LGJ;e.19A0E.10EUHI/2A,NK1GWj�9<;
8O,54BCg8[,/9P@B9<C/9<;:4WKX=?9<4BU j-.1R58O,�^

� 4W2A,HGWVX8O,/9A0L9E8O,5;m9A9-VcGJ;:UH0]GWV�65;:I5C/.DC/@Nj-4W0].DCBTB9A0L8:.1@J4W8:9ARS8:GoR59A8:9<;:UH.DC/9l,/GWj�U�4BCBF�0:9<4B;e2A,N9<;L;eGJ;e04B;e9b65;eGJR|I/2A9ARqI5C/R59<;�R5.#$}9<;e9<C78-65;:I5C/.DC/@N2AGJC/R5.18:.1GJC/0<^]+-,/9A0:9P9�'5659<;e.DUH9<C78:0 � R59A0:2<;e.D=?9AR�=59AK1GWj ��4WK1K�I/0L9AR
8O,/9b0O4BUH9f0:9A8>GWV}2<;eG70:0>j�GJ;eR�8O;e.D65,/GJC/9PUHGJR59AK10�j-.18O, ¢ � � � � 8:.19ARp0:8[4W8:9A0<^ +-,/9A0:9bj�9<;m9E65;eG/R|I/2A9ARgVnGJ; 8O,/9
�fG�T79<U�=?9<; � � � TW4WKDI54W8:.1GJC�4BC/R�R59A0:2<;e.D=59AR�.hCuR59A8O4k.MK .DC ¢ ^ � ^ £ 4W0 ��� �{�-~�~uZ��B^�+-,/9oz|@JI5;e9A0bR59A0:2<;e.D=59AR.DCv0L9A2A8:.1GJC ¢ ^ £ j�9<;e9g65;eGJR|I/2A9AR�I/0:.DC/@q8[,/9A0:9pUHG/R59AK10s47C/Rv0:Gq8[,/9A0:9N@J;:4765,/0P2<4BCv=59SI/0:9ARv8LGqR5.D;e9A2A8:K1F
R59A8:9<;:Us.hC/9P8[,/9l;:I5CN8L.hUs9PGWVX8O,/9b9�'a6?9<;e.DUH9<C78:0-R59A0:2<;e.D=?9AR�=59AK1GWjl^>+f,/9l;e9<UN4W.DC/R59<;�GWV 8O,/9E9�'5659<;m.hUs9<CB8:0
.DC�8O,/.10N2A,54B6/8:9<;o.DC7TB9A0:8:.1@J4W8L9qUHGJR59AK1K1.DC/@�4W2A2<I5;:4W2AF�;:4W8[,/9<;l8[,54BCw0:9<4B;e2A,w659<;�VcGJ;:UN47C/2A9q4BC/R�I/0:9STB9<;eF
2AGJC/0:9<;mT�4W8:.1TB9oT�4WKDI/9A0bVcGJ;b65;:I5C/.DC/@|^-~v4W.DCq=?9<4BU j-.1R58O,/0 � 2A,/GB0:9<Cg8:GSUH.DC/.DUH.10:9H8O,/9�C/I5UH=59<;bGWV�0:9<4B;e2A,
9<;:;eG/;e0-4W8E4H;e9<4W0:G/C54B=/K19l2AGJUN65I/8[4W8:.1GJC54WK�K1GJ4WR ��j�9<;e9P8eF56/.12<4WK1KMFq=?9A8ej�9A9<C & � "N4BC/R £ " � ^�+-,/9Pj�GJ;eRg9<C/R
=59<47U j-.1R58O, � � " � �>4BC/RqU�4%'J.DUHI5U UHG/R59AK�K1.DUH.18 � � ��� r�VnGJ; z|TB9b8O,/GJI/0[4BC/RSj�GJ;eRS;e9A2AGB@JC/.18:.1GJCgGJ;�& � � r
VcGJ;�KD4B;e@B9<;�8O4W0Or70��]j�9<;e9P0:9A8-8:GHK19ATB9AK10P0O,/GWjECgC/GB8-8:G�9 $ 9A2A8b4W2A2<I5;:4W2AFB^
����������	�
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+-,/9o23,/GB.12A9NGkV =?9<4BU!j-.1R58O,u.10E8O,/9NUN4 �\G/;�Vd4W2A8:G/;-2AGJC78O;eG7KMK1.DC/@S8O,/9o2AGJUN65I/8O4W8L.MG/C54WKXK1GJ4kR�4BC/RvC/I5U�=?9<;
GWV�0:9<4B;e2A,g9<;:;eG/;e0-UN4WR59PR|I5;e.DC/@gR59A2AGJR5.DC/@|^

��.1R59S=59<4BU
j-.1R58O,/0NK19<4WRw8:G�UN4BC7Fy654W8O,/0H=59A.DC/@v2AGJC/0:.1R59<;e9AR�4BC/R�4q,/.1@J,w2AGJUN65I/8[4W8:.1GJC54WK]KMG/4WR}^
~v4BC7FNGWV}8O,/9A0:9l654W8[,/0�jf.MK1KX=?9i=?GB8O,gK1G/2<4WK1KMFq47C/Rp@BK1GJ=54kKMK1FqI5C/K1.DrW9AK1Fq4BC/Rg0:GN=59<4BU�65;LI5C/.hC/@�8O,/9EK1G/2<4WK1K1F
I5C/K1.DrW9AK1Fq654W8O,/0>2<47CN;e9AR|I/2A9P8O,/9E47UHGJI5C78>GWV}2AGJUN65I/8[4W8:.1GJCN;e9��5I/.D;e9ARSR|I5;e.DC/@HR59A2AGJR5.DC/@|^��fG�j�9ATB9<; 0LGJUH9
GWVP8O,/9�654k8O,/0NjE,/.12A,�4B;e9uK1GJ2<4WK1K1F�I5C/K1.DrW9AK1F�UN4�F�VcGJ;:U&654B;m8NGWVP8O,/9q@BK1GJ=54kKMK1F�UHG70:8NK1.DrW9AK1F�654W8O,�4BC/R

� "



35.0%

30.0%

25.0%

20.0%

15.0%

10.0%

5.0%

W
o
r
d

E
r
r
o
r

R
a
t
e

100.010.01.00.1
Thousands of Models Active

150

175
200 250 300 350

125

.�.1@JI5;e9 ¢ ^ " ��� 4B;e.D4W8:.1GJCx.hCu4W2A8:.1TB9lUHG/R59AK10i47C/Rqj�GJ;eRg9<;:;eGJ;f;:4W8:9bj-.18O,SGWTB9<;L4WK1K =?9<4BU j-.1R58O,�^
65;:I5C/.DC/@�8O,/9<U jf.MK1K�;e9A0OI/K18l.DC�0:9<4B;e2A,u9<;:;eGJ;e0�^N+-,/9N2A,/GB.12A9pGWV-=59<4BU j-.1R58O,�R59<659<C/R50HGJC�8O,/9N;e9AKD4W8L.MT79
.DUN65G/;e8O4BC/2A9oGWV>R59A2AGJR5.DC/@S0O6?9A9ARv4BC/R�4W2A2<I5;L4W2AFB^'.|GJ;�0:FJ0L8:9<U 9AT�4kKhI54k8:.1GJC�4W2A2<I5;:4W8:9P9A0L8:.DUN4W8:.1GJCuGWV�8O,/9
j�GJ;eRg9<;:;eGJ;];:4W8:9bGWV�4o0:F/0:8:9<U).10E;e9��5I/.D;e9ARq4BC/Rq=?9<4BU j-.1R58O,/0-4B;e9P2A,/GB0:9<C�8:GNUH.DC/.DUH.10:9l8[,/9lCJI5UH=59<;]GWV
0:9<4B;m23,g9<;:;mGJ;e0 � jE,/.1K10:8PUN4W.DCB8[4W.DC/.hC/@S;e9<4W0LGJC54B=/K19lR59A2AG/R5.DC/@S8:.DUH9A0��A^

.�.1@JI5;m9 ¢ ^#"g0O,/GWj-0H,/GWj�8O,/9pC/I5U�=?9<;oGWVE4W2A8:.1TB9pUHG/R59AK10N659<;bVd;:4BUs9��c4BC/Rv8[,JI/0o8O,/9N2AGJUN65I/8[4W8:.1GJC
;e9��5I/.D;e9AR�VcGJ;oR59A2AGJR5.DC/@ �g4BC/R�8O,/9q6?9<;e2A9<C78O4W@B9Sj�GJ;eRw9<;:;eG/;�;L4W8:9gT�4B;eF�VcGJ;H654B;e8:.12<I/KD4B;g=59<4BU�jf.MR58[,/0<^
�  ]GB8O,PU�4%'J.DUHI5U UHGJR59AK/4BC/Rlj�GJ;eRP9<C/RN65;:I5C/.DC/@Pj�9<;e9>I/0:9ARYVnG/;�8O,/9A0:9]9�'a6?9<;e.DUH9<CB8L0<�B=5I/8�4k8}8O,5;e9A0O,/G7KMR50
jE,/.12A,SR5.1R�C/GB8fKM9<4kRq8:GN0L9<4B;e2A,g9<;:;eGJ;e0�^ �

* 0}8O,/.10 0O,/GWj-0<�[VcGJ;}=?9<4BU j-.1R58O,/0X@/;e9<4W8:9<;�8O,54BC�& " � 8O,/9>6?9<;�VnG/;:UN4BC/2A9]GWVa8[,/9�0:FJ0L8:9<U�.10�C/G78X4 $}9A2A8:9AR
=7Fp8O,/9P2A,/GB.12A9lGkV�=59<4BU�j-.1R58O,q4BC/RS8[,/.M0f.hC/R5.12<4W8L9A0P8O,54W8�8O,/9<;e9l4B;m9lC/GN0:9<4B;e2A,�9<;:;eGJ;e0-=?9A.hC/@qU�4WR59B^ * 8
4o8O,5;e9A0O,/G7KMRuGWV & " � �/0:9<4B;e2A,N9<;L;eGJ;e0-4W2A2AGJI5C78�VcGJ;]GJC/K1F & ��GkV�8O,/9P8LGB8O4WK�9<;:;eGJ;�;:4W8L9B^ � 'a6?9<;e.DUH9<C78:0-j�9<;e98eFa6/.12<4WK1K1FN659<;�VcGJ;:Us9ARNj-.18O,H4P=59<4BU�65;LI5C/.hC/@o8O,5;e9A0O,/G7KMR�GWV�=59A8ej�9A9<C & � "b4BC/R £ " � .DCHGJ;eR59<; 8LGiUH.DC/.DUH.10:9
8O,/9P0:9<47;e23,�9<;:;eG/;�;L4W8:9B^ �-0L.hC/@g4�=?9<4BU j-.1R58O,gGkV & " � 2AGJUN6547;e9ARS8:G £���� ,54WK1TB9A0-8O,/9lC/I5UH=59<;�GWV�4W2A8:.1TB9
UHG/R59AK10<�}4WKDUHGB0:8fR5GJI5=/K1.hC/@uR59A2AGJR5.DC/@u0O659A9AR50<�}47C/R�I/0:.DC/@ & ��� ;e9A0OI/K18:0b.hC�4sV`4k2A8:GJ;�GWV>0L9ATB9<Cq;e9AR|I/2A8L.MG/C
.DC�8O,/9pC/I5UH=59<;YGWV�UHG/R59AK10�4BC/R�GJC/K1F�.DC/2<;e9<4k0:9A0l8O,/9H9<;:;mGJ;P;:4W8:9N=7F � �x^ ¡ 9AR|I/2A.DC/@�8[,/9p=59<4BU!jf.MR58[,
0:8:.1K1K V`I5;e8[,/9<;�R|;:4BUN4k8:.12<4WK1KMFS.DC/2<;e9<4k0:9A0P8O,/9P9<;:;eG/;-;:4W8:9l47C/Rq4WK18O,/GJI/@J,x.M8b.10i6?GB0:0:.D=/K19H8:Gp;e9<4k23,S;e9<4kK Zd8L.hUs9
659<;\VnGJ;LUN4BC/2A9 �n9�'J2AKDI/R5.DC/@qGJI/8[65I/8-K1.hrk9AKM.D,/G/GJRw2<4WK12<I/KD4W8:.1GJC/0��P=7F �:I/0:8-R59A2<;e9<4W0L.hC/@S8[,/9�=59<47UoZdj-.1R58O,u8O,/9
9<;:;eG/;�;L4W8:9PGWV�GWTB9<; £�� � .10-R5GJUs.hC54k8:9AR�=7Fp0L9<4B;e2A,g9<;:;eGJ;e0�^
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* KM8[,/GJI/@J,w8O,/9g8:GB8O4kK�;:I5C5C/.DC/@v8:.DUH9SGkVi4BC�9�'a6?9<;e.DUH9<CB8�.M0g65;eGJ65G/;e8:.1GJC54WK�8:Gu8O,/9q4�TB9<;:4W@B9gCJI5UH=59<;oGWV
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