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Ö Ô�Ê sypjm�iqx���m7�=m7x���m+xLhBsyx��}il��m+xLh�iqv�sy�q�q����iln�h�puil��t�hjm+�|²JiO�ÛiO�Û�Ü� ¶ p�syx���w�kÝ§�sypui±sy���qm+nÜ©�i¨h�~}x�t��l�ym��R�=m7v7h�s�h�iqw�xsyx���sMv+wyx�nuh�syxLh/§�sypjilsyx�v+m�ÞZß��;{¯w�p�m���syk|���lmos�§ys�pji±s����lm¬à ÑJá�â ÞZß Ò ilx���m+�;m+x���m+xLh¢{¯pjw�kãhj~�m%num+pjiqm+n7�
��s�nuh��

äuå¸æ!ç%è�å�é�ç}æ�êZëJå�å�ì�í�î!ï�ðòñ�ó�ô¥õOð�ö¯÷¬ø�ù�ú�û�ô´ðüõJë¤í�ý7þ�ô´ÿ�ó��¸ó�êRø�����ðòû���í¸ú�û�ô´ðüõ�í	��ô´û�ï
�ºó7í¸ôO÷�ï	��ðòó�$ð��*ÿ�ï�ðòñ�����û�ôOðüõ��� ù ô
�
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¶�ÓNÃ#¹�¿\¹�µÊ¸@´WÈ ÑOÉ�ÊJÒÌÑ ½9¿9½3¸¥ÃÄ·�î Ò ·�¸�É�½�¾3·�¿\¹�µJ¶�·Á´
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h�~�m�m+n�h�ilk|s�hjw�p h�~�s�hrk|iqx�ilk�ilnum+n hj~�m�x�m7©
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q}w k879¹�½
¶Ì¶�ÓN¿\¹ ¸�ÉJ½3¸<¸�ÉÊ¹Â»Ì´
µ-¾3·�¸�·Á´
µJ¶í´WÈ ¸�ÉÊ¹�¸�ÉÊ¹Ì´
Ã#¹�¿ × ÉJ½3Í3¹ ä ¹Ì¹�µÇÍ3¹�ÃÄ· þ@¹5¾ Ø 79¹í½
¶Ì¶�Ó}¿\¹�½3Å�¶"´¸�ÉJ½3¸�¸�ÉÊ¹�ÀÊ¹�µ-½3ÅÆ·;¶ç½3¸¥·Á´
µéÃB½3¸W¹ + Ñ�( Ò ·;¶í¶�ÓÊ»ÌÉ%¸�ÉJ½3¸- 8;6$ + Ñ�(/Ò( ÍÝá�â ¹�¸ - 8�6�8�::9$ + Ñ�(/Ò0 - : - :@(<; Þ ß>= ?Ò ÉÊ¹�Ã#¹ = ÑA@CB4D�EGF ? Ò ·;¶b¸�ÉÊ¹pÅ+½3Ã¥å}¹Ì¶�¸IHdÃ#¹Ì¶ºÀ Ø ¸�ÉÊ¹Ô¶�¿9½3Å�Å;¹Ì¶�¸KJÝÀ-Ã#´ÌÀÊ¹�ÃpÍ
½3ÅÆÓÊ¹ ´WÈÂ¸�ÉÊ¹ ¿9½3¸�Ã�·�î ñ � Øhë µï¸�É}·;¶9»5½
¶"¹ Ñ¸�ÉÊ¹%»Ì´
Ó"À-Å;¹ � & â � $$ 	 Ò ·�Å�ÅÖ½3ÅÆ¿\´"¶�¸�¶�Ó}ÃÌ¹�ÅÆ¼ï»Ì´
µÊÍ3¹�ÃÁå}¹9¸º´ Ò ½3ÃB¾
¶ ¸�ÉÊ¹\¸¥ÃÄÓÊ¹�Í
½3ÅÆÓÊ¹�½3µ-¾�¸�ÉÊ¹\¸�Ã�ÓÊ¹�¾3·�¿\¹�µJ¶�·Á´
µ� &�� â � $ Ð�!	 ´WÈÝ¸�ÉÊ¹@ÀJ½3ÃB½3¿\¹�¸º¹�Ã Ò ÉÊ¹�µ ( Ò ·�Å�Åi¸W¹�µ-¾\¸º´ Ò ½3ÃB¾
¶ á Ø�"synum+�5w�xVh�~�iqn"h�~�m7w�pjm7k(�@©�m}v+syx#njt�«�«ym+nuh�sFk�m7hj~�wR��w��lw�«��Fh�~�s�h�m7x�sy���qm+n�syx#s��lk�w�nuh�v+m+p�h�syiqx
il��m7xLh�i¨£
°�v+s�h�iqw�xZ��nuw�k|m�h�~�iqx�«o©�~�iqv�~)sy�q�lw¸©�n¬t�n¬h�w���m�h�m7pjk�ilx�m/hj~�m¢h�pjt�mrk�w@��m+�O�
>@?d> a�HJPIO-KNMWOLPIR9HJEGYNEGP�HJO¨D FIT KNDUE�K}HML�EON F�VUEGRkil�kGl�m nporq�¤�q}¢Jª ¦
oP�dy�ª�¢ï{ryQwz£Q�r¢R�Q¡ wzyG{rq}|S nuilx�«1h�~�m�°�x���ilx�«�n
{¯puw�k h�~�m»��pum+v7m+��iqx�« num+v�h�ilwyxZ�¬©�m3v�syx ��puw��=wynjm�h�~�m�{¯w��q�lw¸©�ilx�«Õk�m7hj~�w@� {¯w�p
��m�h�m+puk|iqx�ilx�«oh�~�m¢h�put�mrk|w@��m+�O� ¬ m}�±syt�x�v�~5hj~�mrsypjv�~�i¨h�m7v7h�t�pjmr���Mh�sy��ilx�«|s��l�Zwy{!h�~�m�pum+�lm�§�syxLh�m+xLh�puilm+n%²Os�n
©�m�©�w�t��q��«�m7h�hj~�m+k {¯puw�k s¢�qilx�m+sypBg 5 k|w@��m7� ¶ ���lt�n�s¢njiqx�«��qm"~�il����m+x�t�x�i¨h���·¬~�m+x�©�m���puw�«�pjm7njnuiq§�m7�q��s����
t�x�i¨h�n¬iqx�hjwFh�~�m}~�iq����m+x5�±s��ym+p+��v+sy�lv7t��±s�h�ilx�«%h�~�m*��¦�� v+pji¨h�m7pjilwyx#s�h�m�syv�~(nuhjm+�Z� ¬ m}v+w�xLh�iqx�t�mrhj~�iln¬��pjw@v+m+nun
synF�qw�x�«�synFh�~�mT��¦�� §�sy�qt�mV��puw���n+� ¬ ~�m+x1h�~�m5sy����iqh�iqw�xzwy{ syx�w�h�~�m7pF~�il����m+x1t�x�i¨hFv�syt�njm+n|s�pjm7x�m7©�m+�
t���n�©�ilx�«(ilx�h�~�mU��¦�� �$©�mMnuhjw��»hj~�m�k|w@��m+��num�sypuv�~Õsyx��»v+w�x�nuh�put�m|hj~�iln}�ls�h�m7nuh%³)µ ¡ syn}h�~�m���w�k�ilx�s�x�h
k�wR��m7�´�B®Rv�~�m7kMs�hjilv+sy�l�¨���$h�~�iqnonjm+sypjv�~4v�s�xÕ�=m
pum+��pum+njm7xLh�m+� �L�fh�~�mV{¯w��l�qw�©�iqx�«#°�«�t�pumy�B©�~�iqv�~Õh�p�s�x�nj�ls�h�m7n
ilxLhjw|sF��wyk|iqx�syxLh¬k�wR��m7�Ü©�iqhj~WV Ó ' ~�il����m7x#t�x�iqhjn+�kil�kGl�k X�qÙ¡"q«ª wz£Q�r¢J¡	£�yY��y���¡	orq�¡"ª[Zhq�wzyG{rq}|� x�v+m¢h�~�iln¬��w�k�ilx�syxLh¬k|w@��m7�Ü~�syn��;m+m7x(w��Rh�syiqx�m+�Z�@©�mr«�m�h¬h�~�m¢pum�sy�$k�wR��m+�Ü�L�
nut�v+v7m+nunu{¯t��q�q�
��put�x�iqx�«
s�©"s��#m��Rhjp�sF©�m7il«�~Lh+�5 m7k|m7ko�;m+p¬h�~�s�h��O\ Í Ñ�� Ì�â! " " +â#� \ Ò iln"h�~�mr§ym+v7hjw�p���syp�s�k|m�h�m+p"hj~�s�h�iln�synunjw@v+ils�h�m7�5©�i¨h�~
h�~�mr��w�£k�ilx�syxLh¬k�w@��m+�O��¦¤x5��pjiqx�v+iq���lm��Rh�w�m7nuh�iqkMs�h�m hj~�m¢h�pjt�mrk�w@��m+�Ü©�m}nj~�wyt��l�#�;mrv7w�k���pjm7~�m+x�nuiq§ym+�q�Vm��R���lwypjilx�«
h�~�m�°�x�iqh�m¬{Jsyk�il�¨�%w�{$sy�q��wy{Ühj~�m�nut���k�wR��m+�ln7� � w¸©�m7§�m7p+�@h�~�iqn�x�t�k%�=m7p�iqn�s�x|m����;w�x�m7xLh�i±s��l�q�o�±sypu«�m¬w�x�m��Rs�x��
h�~�iln�iln�hj~�m%pum�synuw�x)©�~L�)hjwM«�t�il��mrw�t�p�pjm+num�sypuv�~�©�mosypjm���pjw��;w�nuilx�«��;syn�iln���w�x�m�ilx)�qilx�m+syp�pjm7«�pjm7njnjiqw�xZ�=s
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Unités cachées

k

BIC  (en fonction du nombre de paramètres)

+1kk-1

®@h�s�h�iqnuh�iqv�sy�$®@h�m7��©�iqnjm%³(m7hj~�w@�Õ²´®�®�³ ¶ ��·¬~�iln���ilx��5wy{�n�h�pjs�h�m7«y�#iln¬��s�njm+�(w�x#h�~�m�synu�@k���h�w�h�ilv¢x�w�pjk|sy�li¨h¤�
wy{Yh�~�m¬m+nuhjilk|s�h�wyp /� $ ²¯v7{Z��wyhjhjpjm+�q��m�h�sy�´�J� ± � ¶ hj~�s�h�t�num+n�®@h�t���m+xLh�nuh�s�h�iqnuh�iqv+n�s�n�syx�syil�o{¯wyp�m��R���qw�pjiqx�«¢njt��@£
{Jsyk�il�qilm+n�wy{�hj~�m"��wyk|iqx�syxLhBk�w@��m+�O��·!w¢��m7v+il��m�©�~�m7hj~�m+p�wyp�x�wyh*h�~�m�©�m+iq«�~Lh�iqx�«�n �^] nj~�w�t��l�F�;m"m7�lilk�ilx�s�h�m7�Z�
©�mMv+wyk|��s�pjmFh�~�mU��¦�� §�sy�qt�m+nrwy{�h�~�m�k|w@��m7� Î syx��»hj~�w�num|wy{�h�~�m�k|w@��m7� Î ©�iqh�~�w�t�h}h�~�m�©�m+il«y~�hjilx�«yn�^] È Î_] �*g�n Î_] iqn%s5njt���k�w@��m+��wy{ Î iqh�njt:��v7m+noh�~�s�h�hj~�m`��¦�� v7pji¨h�m+puilw�x3��iqk|iqx�ilnu~�m+n¢{¯w�p�t�n�hjw�k|w¸§ym
njwyk|m�©�~�s�h/v7�lw�num+p hjw|hj~�m%h�put�mok�wR��m+�´��©�~�ilv�~�k�ilx�iqk|iqnjm+n¬hj~�m'��¦���v7pjiqhjm+puilw�xZ�Y���(njwM��w�ilx�«��;©�mow��Rh�syiqx
s%num+pjiqm+n"w�{!³)µ ¡ n�©�iqhj~M{¯m7©�m+p¬s�x��M{¯m7©�m+p¬��syp�syk�m7hjm+pun�v+wypjpjm7nj�;w�x���iqx�«%hjwos%��m7v+pum�synuilx�«a��¦�� hjp�s�ªum7v7hjw�pu�y�
·¬~�m�v+pji¨h�m7pjilwyx({¯w�p�v+m+synjiqx�«Mw�t�p���put�x�iqx�«Mm���m7pjv7ilnjm%iln��@t�iqh�m�nuhjp�syiq«�~Lhj{¯w�p�©"sypu�Z�Yilx5h�~�s�h�©�m%©�il�q�$pjm7{¯t�njm�hjw
m+�qilk�ilx�s�h�m�s�©�m+iq«�~Lh�ilx�«%iq{Üh�~�iqn�v�s�t�njm7n"h�~�mb��¦�� h�wopuilnjm�� ¬ m ��m+m7�#hj~�m�°�x�sy�$³(µ ¡ hj~�s�h"k|syiqx�h�syilx�m+��h�~�iqn
©�m+il«y~�hjilx�«��
¦¤x(nu~�w�p�h���h�~�mr��pjw@v+m+��t�pjm}ilxL§yw��q§ym+�5ilx#njm+sypjv�~�iqx�«�{¯w�p�soh�pjt�mrk�w@��m+�Ziqn�syn¬{¯w��l�qw¸©�n/È� �   m�h�m7pjk�ilx�m Îrüdcfe sF��w�k�ilx�syxLh¬k|w@��m7�� �¬hj~�syx���n¬h�w|®@hjt���m+xLh�nuh�s�h�iqnuh�iqv+n¬nu�=m7v+iq{ �@iqx�«Fh�~�m/©�m+iq«�~Lh�ilx�«�w�{�g*©�~�ilv�~5iln�sFv�syx���il��s�h�m/{¯w�p¬m7�lilk�ilx�s�£
hjilw�xZ� ��g¬v7v+m+�Rh�ilx�«»h�~�m(m7�lilk�ilx�s�h�iqw�xfwy{�h�~�iqn�©�m+iq«�~Lh�iqx�«»i¨{/s�x�� w�x��q�Õi¨{�hj~�mh��¦���v+puiqh�m7pjiqw�x ��ilk�ilx�iqnj~�m7n+�
wyhj~�m+p�©�ilnumr��m+m7��ilx�«�h�~�mr�lsynuh�³(µ ¡ k|w@��m+�Ü�=m�{¯w�pjm/hj~�iln���put�x�ilx�«�hjwRwy�M���lsyv+m��

·¬~�iqn���puwRv7m+��t�pjm�~�syn��=m7m+x|hjm+n�h�m+�|©�iqh�~|s}x@t�ko�=m7p�w�{Zm���syk����qm+n�syx��|��pjw¸§@il��m7n�m��Rv+m+�q�lm7x�h�pjm7njt��¨h�n�syn��lw�x�«
syn¬h�~�m}§yw��lt�k|m¢wy{*��s�h�sFiln¬njti�|v7ilm7x�hj�q�
�lsypj«ymy��«�m7x�m+pjsy�l�¨�Mk�w�pum/h�~�syx 6 �y��wy��njm7pu§�s�h�iqw�x�n7�
j k8lUm
_Bd7a n `�a#Á¬Ç7Ão�?BA p3T�K}H¨F�VbL�O-KNMWFIT��� k�w@��m+�q�lilx�«�hjilk�m(num+puilm+n|©�iqh�~ hj~�m�~�m7�l� w�{�x�m+t�pjsy� x�m�h¤©�wypj��n+�"©�m�v�s�xsyv+v7w�t�xLh
{¯w�pVs�x�� x�w�x@£
�liqx�m�s�pjiqhjilm7n!hj~�s�h�hj~�m¬k|w@��m7�Rk|s��%v7w�xLh�syiqxZ�yg"h�hj~�m¬n�syk�m�hjilk�my��h�~�iqn�iln���synjm7��wyx�s/pjm+n�h�puilv7hjiq§ym¬~��@�;wyh�~�m+njiqn6



syn|pjm+«�sypj��n|h�~�m(k|w@��m+�O�Ûn�nuh�s�h�iqw�x�sypuilx�m7njn7� � x�m(njilk����qm(«�m7x�m+pjsy�liqn�s�hjilw�x1©�m�v+w�t��l� k|sy�ym5©�wyt��l� �;m(hjw
syv7v+w�t�xLh�{¯w�p¬h�~�m���ilm7v+m7©�iqnjmrnuh�s�h�iqw�x�syp��Vh�iqk|m}njm7pjiqm+n/��w�p�iqx�nuh�syx�v+m�� � syk�il�¨h�w�x=� �	�
� nuhjt���iqm+�(hj~�m+numo��ilx���n
wy{;k�wR��m7�ln�iqx�syx�m�q=w�puh�hjw¢k|w@��m7��h�iqk|m�njm+puilm7n�hj~�s�h�s�pjm¬njt��@ªum+v�h�hjwr��ilnjv7pjm�h�m¬v�~�syx�«�m+n�wy{=pjm7«�ilk�my� � m�t�num+�
h�~�iln}syn}sM©�s���wy{�syx�sy�¨�Rnuilx�« � " ¡ njm7pjilm7n¢ilx�hj~�m S x�i¨h�m+�3®�h�s�hjm+n+� ¬ mFv�s�x�hj~�m+pum7{¯w�pum�t�njm�njt�v�~»k�wR��m+�ln
{¯w�p�njm7pjilm7n�{¯m+s�h�t�puilx�«%s���s�puh�iqv+t��lsyp�pjm7«�ilk�m¬{¯w�p��;m+puilw@��n�wy{$m+v7w�x�w�k�ilv�«�puw¸©¬h�~Z��{¯w�p�m���syk����lm��Rs�x��
syx�w�h�~�m7p
w�x�m¢{¯w�p¬�;m+puilw@��n¬wy{*pjm7v+m+nunjiqw�xZ�
g �¨h�~�w�t�«�~(hj~�iln�k|w@��m7�$iln�k|w�pum}«�m+x�m7p�sy��h�~�syx)i¨h�n���pjm7��m+v7m+njnuw�p+�;©�m%nuh�iq�l�Z~�s¸§ymox�m7m+��wy{�s|x�t�ko�;m+p�wy{

pjm7nuhjpjilv�h�i¨§�m/~L�@�=w�h�~�m7njm+n7�Y�Bilpunuh�wy{*sy�l�O��hj~�m+pum/~�syn"hjwo�;m¢s%°�x�i¨h�m x�t�k%�=m7p¬wy{��=wynjnjiq���lm�pjm7«�ilk�m+n7��®Rm7v+w�x����q�y�
m7§ym+xh�~�wyt�«�~¹pjm7«�ilk�m)v�~�syx�«�m7n
k|iq«�~LhMh�s��ym����lsyv+m���©�m�©�il�q� synunjt�k�m�h�~�s�h
njt�v�~ v�~�syx�«�m7n5w@v+v7t�pViqx¹s
nuh�s�h�iqw�x�syp��Õk|syx�x�m7p+��njwyk|m�h�~�iqx�«�h�~�s�h�©�iq�l�"t��¨h�iqkMs�hjm+�¨�fm7x�sy���qm5t�n�hjw»k|sy�ym5t�num(wy{�h�~�m5�±s�© wy{/�lsypj«�m
x�t�ko�;m+pun�s�x��5hj~�t�n�m7x�«Lsy«ym¢ilx#nuh�s�h�iqnuh�iqv�sy�Üsyx�sy�¨�@njiln7�o�?d> C�DUErN F�V�EGR
·¬~�m�hj~�m+wypu��wy{Ü~�il����m+x
³(sypj��w�§�v�~�s�ilx�n�syx���h�~�m7ilp�°�punuh�sy�����qilv�s�h�ilwyx�n�ilxF§�wyilv+m�pjm7v+w�«yx�iqhjilw�x�sypum�k�w�pjm

h�~�syx  �F��m+sypjn�w��l�Ü��·¬~�m%��s�njilv¢hj~�m+w�p��#©"syn���t����lilnu~�m+�(ilx(s�num+puilm+n�wy{�s�puh�iqv+�qm+n¬©�pji¨hjh�m7x(�L�W�"syt�kãm7h sy�´�
²B� ��� 6 �  � �
� ¶ ilxoh�~�m¬�±s�hjm �"±>s ��n+� � il����m+x�³)sypu�yw¸§Fv�~�s�ilx�n�~�s�§ym�nut���num+��t�m+xLhj�q���;m+m+x�sy�����liqm+�Filxos}x�t�k%�=m7p
wy{*��i�q=m+pum+xLh�°�m+�q��n+��nut�v�~�s�n¬«�m+x�m�h�iqv+n+����ilw��qw�«y���Rm+v7w�x�w�k�ilv7n+��m�h�vy��il�kGl�m su¢Jª[t�y�u ¦
oh¢¨£Q�h¤ £v� ¢�{h£¥¤!¦§ª	qÙ¡"q�¤ç©ß¢¨¦§q

��w�x�nuil��m7p Ñ�w�Ê¯Ò Ê�Ú�x ��s�~�w�k|wy«�m+x�m7w�t�nM³)sypu�yw¸§1v�~�syiqx4©�i¨h�~1§ys��lt�m7n�iqx4hj~�m
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ö Í $ Ê E�Êö ¥ ø Í ö Í Êö ¥ ø $ E�Ê�Ó Í $ Ê ö E�Êö ¥ ø F ²  ¶
¬ m%v�s�x�°�x��)hj~�m%��m�h�syiq�ln�wy{�h�~�m%v�s��lv+t��±s�hjilw�x5wy{�hj~�iln���m+puiq§�s�h�i¨§�mrilx 5 �@x���ilm�©�ilv7¼�� �/6	� � � m+pjm�©�m%©�iq�l���;m
njiqk|���q�|m��R���±s�ilx�iqx�«oh�~�m}v+sy�lv7t��±s�hjilw�xMwy{*hj~�m}��m+puiq§�s�hjiq§�m¢w�{*hj~�m¢°��qhjm+p¢È©Â¢Ê|�¦�Zß|�¢J¡	£�yY��y�� Û Ì �Û ± ½ �dy-|¥|�yi £v��ª ¥ ø ®Rilx�v+m¢©�m}~�s�§ymrhj~�m}pjm+v7t�pjpum+x�v7m

E�Ê¨Ë=Ì�Í �2� Ê�E�ÊÍ $ Ê E�Ê���
��m7pji¨§Riqx�«Fh�~�iqn¬m��R��pum+njnuilw�x5{¯pjw�k2h�~�m}��s�p�syk�m7hjm+p#¥ ø ��©�mr°�x��»È
ö E�Ê¨Ë=Ìö ¥ ø Í ö �2� ÊKE�Êö ¥ ø � 'Í $ Ê E�Ê Ó �2� Ê�E�Ê<� ö Í $ Ê E�Êö ¥ ø �ßÞr, 'Ñ Í $ Ê E�ÊOÒ ß>à

w�p
ö E�Ê¨Ë=Ìö ¥ ø Í Þ ö �2� Êö ¥ ø E�Ê�Ó �b� Ê�ö E�Êö ¥ ø à � 'Í $ Ê E�Ê Ó �b� Ê�E�Êß� Þ ö Í $ Êö ¥ ø E�Ê�Ó Í $ Ê ö E�Êö ¥ ø à � Þ , 'Ñ Í $ Ê E�ÊOÒ ß�à F¬ m¢hj~�m+x5~�s�§�m�È

ö E�Ê¨Ë=Ìö ¥ ø Í �b� ÊÍ $ Ê E�Ê õváÂ, E�Ê Í $ ÊÍ $ Ê E�Ê ù\ö E�Êö ¥ ø Ó Þ ö �b� Êö ¥ ø à E�ÊÍ $ Ê E�Ê , �2� Ê�E�Ê
Ñ Í $ Ê E�ÊJÒ ß Þ ö Í $ Êö ¥ ø E�Ê à

~�m+x�v+m�È
ö E�Ê¨Ë=Ìö ¥ ø Í �2� ÊÍ $ Ê E�Ê õ�áp, E�Ê Í $ ÊÍ $ Ê E�Ê ù\ö E�Êö ¥ ø Ó Þ ö �ö ¥ ø � Ê�Ó � ö � Êö ¥ ø à E�ÊÍ $ Ê E�Ê , �2� Ê�E�Ê

Ñ Í $ Ê E�ÊOÒ ß Þ ö Í $ Êö ¥ ø E�Ê à ²J� ¶
©�iqhj~Z��iq{ EÜÌ iln"hj~�m}ilx�i¨h�i±s��=��iqnuhjpjil��t�h�iqw�x�È Û Ì��Û ± ½ Í á {¯wyp¬m7§�m7pu�Uâ��·¬~�m}pjm7nuh�wy{�h�~�m}v+sy�lv7t��±s�hjilw�x|wy{!h�~�m¢��m7pji¨§ys�h�iq§ym¢nj~�wyt��l�#x�wyh�v+syt�num�s�x��M��pjwy���lm7k|n7��g n¬nut�v�~Z��©�m}v+syx

v�s��lv+t��±s�hjmy�*{¯wyp�s�pum�synuw�x�sy���lm
v�s��lv+t��±s�hjilw�xzv7w�nuh+��h�~�m
�qw�«�£¥�lil��m+�qil~�w@wR�3syx�� i¨h�no��m7pji¨§ys�h�iq§ymy��·¬~�iln�m+x�s����lm7n
t�n�h�wzs������q�4s�©�il��m(sypup�s��1wy{¢��iÆqÜm7pjm7x�hji±sy��w��Rh�ilk�ilnjs�h�iqw�xfhjm+v�~�x�iq��t�m+nViqx w�pu��m+p�h�w»«�m7h|v+�qw�njm7p|hjw»h�~�m
k|s��Rilkot�k ²Jwyp"h�wFh�~�m}�qwRv+sy�Zw�x�m��Ys�h��lm+synuh ¶ wy{!h�~�m}�lwy«�£¤�qil�ym7�liq~�wRw@�Z�

±



ã ¾åäTä#Ç7d7c�æ¢^�d7`�] çTè�^!b#a°l `*éêä�`rÇ7Ç7bV^�d7`�]ìë5a
Á�í)]
Á�a d+] Ç�Á"ÄoÁ¬Ç�`*éz`*î"`%]
Á
·¬~�m ��t�pj�;w�njm�wy{=h�~�iqn�n�h�t��R�|iqn�h�wr��pjm7��ilv�h�hj~�m�k|s��Rilk%t�k ��s�il�q�%�=wy�l�ltRh�ilwyxop�s�hjmy����m�°�x�m+�MilxFh�~�m��lm�§�m7�

wy{�w�¼+w�x�my�$�;m7h¤©�m+m+xzhj~�m�k|wyx�hj~�nrwy{�g���pjiq��syx��f®Rm+�Rh�m+k%�=m7p+��ilx�v7�lt���m+�Z�$·!w¸©"sypu��n�hj~�iln}m7x��Z�$©�m�©�il�q���;m
t�nuilx�«%hj~�m/��pum7§@ilwyt�n"��s��;�Ûn¬k|s��Rilk%t�k wy{$h�~�m �=w��q�lt�hjilw�x�pjs�h�m�²¯i´��my�¨�Rw�{$h�~�m¢w�¼7w�x�m/�qm7§ym+� ¶ syn"w�t�p�pjm7«�pjm7njnuw�p
£����qt�n"h�~�m¢{¯w��q�lw¸©�ilx�«ok|m�h�m7w�pjw��qw�«�iqv�sy�;w���num+pu§�s�hjilw�x�n¢È
Ö ·!wyh�s��Zp�sy��i±s�hjilw�x
Ö g�§�m7p�sy«�mr��syiq�q��©�ilx��#nu�=m7m+�
Ö ³)s���iqkot�k���syil�¨�|hjm+k��=m7p�s�hjt�pjm
Ö ·¬~�m¢hjm+k��=m7p�s�hjt�pjm}«�pjsy��ilm7xLh�w�§ym+p¬h�~�mrv7w�t�punjmrwy{*hj~�m}��s��®@h�s�h�iqnuh�iqv�sy�Rk|w@��m7�l�liqx�«/wy{=w�¼7w�x�m��lm�§�m+�qn�²Osyx���ilx���s�puh�iqv+t��lsyp�wy{Ük|w@��m7�ln�wy{Üpjm7«�pjm7njnjiqw�x ¶ ~�s�§�m��;m+m+x|nuhjt���ilm7�

k|syxL��hjilk�m+n!w�§ym+p7�Lµ$ilx�m+sypBk�wR��m+�ln*��w/x�w�h�njm7m+k hjw¢v�sy�Rh�t�pum¬sy�l�@wy{�hj~�m"v+wyk|���qm��Riqh¤�rwy{�hj~�ilnB��~�m+x�w�k|m7x�w�xZ�
~�m7x�v+m�w�t�p�x�m7m+�|hjw}t�njm�pjiqv�~�m+p�k�wR��m7�ln�²¯v7{���~�m+xZ��¦¤nj�lsyk syx�����iqnu©�syn � 3	� w�p � s�pj��x�m7p�syx��   w�pj�qilx�«Ë� �§�ç� ¶ �
g k�w�x�«ynuh$h�~�m+njm�k�wR��m7�ln7�7h�~�m�³(µ ¡ n�njm7m+k�hjw�v7w�k�m�t��}©�i¨h�~}�;m7hjhjm+p�pjm7njt��¨h�n$h�~�s�h$h�~�m��qilx�m+sypZk�wR��m7�ln7�+m7§ym+x
h�~�w�t�«�~5h�~�m��#wy{ h�m7x)pjm7��t�ilpum%s�kot�v�~)«ypjm�s�h�m+p�m�q=w�p�h�{¯wyp�ªut�nuh s|nj�qil«�~Lh�iqk|��puw¸§�m+k�m+xLh�ilx#h�~�mr��pum+��iqv7h�iqw�xZ�
²Jv�{���w�k�pjiqm � � � ¶ �� m7pjm}©�m}©�il�q�Ü�;mrnu~�w¸©�ilx�«�~�w¸©�nut�v�~���pum+��iqv7hjilw�x�n¬v+syx5�=m¢{¯t�p�h�~�m7p�iqk|��pjw¸§�m7�#hj~�syx���n�h�wFh�~�m�~L�@��pjiq�
k�wR��m7� � ³�³�ï�³)µ ¡ ��¦¤x5sy����i¨h�ilwyxZ��s�x��5synjiq��m+n�{¯puw�k�hj~�m¢ilk���puw�§ym+k�m+xLh¬iqxV��pjm7��ilv�h�iqw�x�n+�@h�~�iqn¬k|w@��m7�l�liqx�«
wCq=m+p�sy����iqhjilw�x�s��Zsyx��5��pum+v+iqw�t�n¬iqx�{¯w�pjk|s�hjilw�xMhj~�s�h�sy�q�lw¸©�n"t�n�h�w���pum+��iqv7h��;m�sy��n�ilx#�;w��l�qt�h�iqw�xZ�
��w�p$h�~�m���pjm7njm+xLhBnuh�t�������©�m�~�s�§�m�s�hBwyt�p���ilnu�=w�njsy��k|m�h�m7w�pjw��qw�«�iqv�sy��w���njm7pu§�s�hjilw�x�n*syx���w�¼+wyx�m��;w��q�lt�hjilw�x

p�s�h�m+n!{¯w�p �!±§± ��hj~�pjwyt�«�~ �"±3±�3 � ¬ m�©�il�q�L�=m"t�njilx�«�h�~�m �"±§± ��£ �"±§±Cs ��s�h�s�hjw m7nuh�iqkMs�h�m�w�t�pBk�w@��m+�qn"²¯��s�h�s"Ùºiqx
n�s�k|���qm�Ú ¶ ��s�x��(v7w�k���sypjiqx�«oh�~�m+njm}��iÆqÜm7pjm7x�h�k�wR��m+�ln�©�iqh�~#h�~�mr��s�h�so{¯pjwyk �"±§±>3 ²J��s�h�soÙ¤w�t�h¬w�{�n�s�k|���qm ¶ �Ö ?BA ðïF�N�ñUPIHJMWYNFITò¡pELK cïEGEGT KND�Eó]`_ba PIT�VxKNDUEÏRMWT�EGPIHPN F�VUEGR
·¬~�iln���pjm7�liqk|iqx�sypu�)nuhjt����3©�il�l��sy�q�lw¸© t�n%h�w(��m7hjm+v7h%©�~�s�hoi¨h%iqnrhj~�s�h�h�~�mV³)µ ¡ v7w�xLh�pjiq��t�hjm+n�hjw)h�~�m

njiqk|���lmM�qilx�m+sypok�wR��m+�´�!·¬~�m5sypuv�~�iqhjm+v7hjt�pjm
w�{�hj~�m5³)µ ¡ k�wR��m7��©�syn���m7hjm+puk|iqx�m+�zhj~�syx���nFh�w�h�~�m5®�®�³
k�m7h�~�wR�¢h�~�s�h$©"s�n!��m+njv7pjiq�=m7�%ilx/hj~�m�°�pjn�h!njm+v�h�iqw�x�w�{@hj~�m���pjm7njm7x�h*��sy�;m+p7� � m7pjm�w�t�p$�;m+p�{¯w�pjk|syx�v7m�v+pji¨h�m7pjilwyx
iln�h�~�m�nj��t�sypum/pjw@wyh�wy{$h�~�m/s�§�m7p�sy«�m �@t�sy��p�s�h�ilv�m+pupjw�p/² 5 ³�®:Ç ¶ �R¦¥h"iqn�m�����pjm+nunjm7�(iqxVsyxVk�ilv7pjw�«yp�syk�k|m7n�wy{
w�¼7w�x�m}�=m7p�v+t���iqv¢k|m�h�m7p%² ì Ô:ó ð � ¶ ��·¬~�m¢h�sy���lm � njt�k�k|sypjiqnjm+n"hj~�m¢°�x���iqx�«�n¬w��Rh�syiqx�m+��È

·Bsy���lm � È���w�k���sypuilnuw�x(³)µ ¡ ���liqx�m�s�p"k|w@��m7�g�x�xMô7m+n �!±§± ��£ �"±§±>s ²¯ilx#n�s�k|���qm ¶ �"±§±>3 ²¯w�t�h�wy{*n�s�k|���qm ¶5 ³�®:Ç³)µ ¡ �/3 �Û� ± ì ÔMó ð � �43 � ±§� ì Ô:ó ð �5 ³�®:Ç µ$¦f"�Ç�g 5 � ��� ±>3 ì ÔMó ð � �"± � 3 � ì Ô:ó ð �"�wyhjmM°�punuhow�{�sy�l��h�~�s�h�hj~�m#³)µ ¡ �lm+sy��n�hjw�s)k|sypu�ym+�filk���pjw¸§�m7k|m7xLhoilx3h�~�mM�=m7pu{¯w�pukMsyx�v+m+n�wy{¬h�~�m
�liqx�m�s�p%k�wR��m7�´��©�~�m7hj~�m+p�iqxzh�m+puk|n%wy{�h�~�m|Ù¤ilxznjsyk|���lm�ÚMw�prÙ¤w�t�hFw�{�njsyk����lm�ÚM��s�h�s��*g �¨h�~�w�t�«�~zh�~�m7pjm
iqn
pjm7�±s�hjiq§ym+�q���qiqhuh��lm�Ù¤ilxVnjsyk|���lm�Ú���s�h�s�hjwo~�m7�l�
t�n�hjwom+n�h�iqkMs�hjm�hj~�m/k�wR��m7��² 6>6 � ¶ �Lh�~�m}®�®�³ k|m�h�~�w@�Vk|sy�ym7n
iqh/�=w�nunjiq���lm%hjw5s¸§yw�il��w¸§�m7p�£´°�hjhjilx�«��=·¬~�iln¢iqn}syv�~�iqm7§�m7�»iqx�syx�m+xLh�iqpjm7�q��njs�h�iqnu{Jsyv�h�w�p��)k|syx�x�m+p+�Ü«�iq§ym+x�h�~�s�h
h�~�m 5 ³�®:Çz��iÆqÜm7pjm7x�v+m��=m�h¤©�m7m+x �"±3± ��£ �!±§±>s syx�� �"±§±�3 iqn�pum+�±s�h�iq§ym+�¨�onjk|sy�q�´�>"�wyh�m�ilx|sy����iqh�iqw�xoh�~�s�h�hj~�m+num
°�x���ilx�«�sypumrm7xLh�ilpum+�¨�
v+w�~�m+pjm7xLh�©�i¨h�~#��pjm7v+m7��ilx�«�nuhjt���iqm+n�w�x5s�h�k�w�nj��~�m+puilv¢�;w��l�qt�h�iqw�xVilx ¡ sypjiqn%²¯v7{d��m+��m�h
sy�O�i� s � ¶ �

� �



~������  Ö ³)µ ¡ ��pum+��iqv7h�iqw�x
w�xVÙºw�tRh�wy{Bnjsyk����lm�Ú/��s�h�s

20

40

60

80

100

120

140

160

180

200

220

0 20 40 60 80 100 120 140 160

series
predictions

·¬~�m  °�«yt�pjm/v7w�k���sypjm7n�h�~�m h�put�m�§�sy�qt�m wy{$hj~�m/w�¼7w�x�m/pjs�h�m�©�iqh�~Miqh�n"³)µ ¡ ��pjm+��ilv7hjilw�xM��synjm7�
w�xVh�~�m
Ùºwyt�h�w�{�n�syk����lm�Ú�njm7pjiqm+n+�:"�wyhjm�hj~�s�h�h�~�m/��pjm+��ilv7hjilw�x�{¯w�p�h�~�m s¸§ym+pjsy«�m §�sy�qt�m+n�iln�s���syp�h�iqv+t��lsypj�¨�F«�w@wR�|w�x�my�
��t�h¬hj~�s�h¬�;m�s��@n�s�pjm/«�m7x�m+pjsy�l�¨��t�x���m7pjm+n�h�iqkMs�hjm+�Z��·¬~�iln"�;m+~�s¸§@iqw�t�p"iqn¬sy�l�Yh�~�m¢k|w�pum�hjpjw�t����lilx�«onjiqx�v+m/i¨h"iqn
h�~�m ~�iq«�~�m+p�§�sy�lt�m+n�h�~�s�h�h�~�m/®@h�s�h�m�syt�h�~�w�pji¨h�ilm7n�sypjm�k|w�pum�iqxLh�m+pum+n�h�m+�MilxZ� ¬ m/sypum�h�~�m+pjm�{¯w�pjm�«�w�iqx�«rhjw%t�num
s
~L�R��pjil� � ³)³�ï�³)µ ¡ k�wR��m7�´�Z~�w���ilx�«Vh�~�s�h�syx�m����;m+p�h�©�iq�l�*nj�;m+v+ilsy�liqnjmFiqx�hj~�m���pjm7��ilv�h�iqw�x�wy{"s�§ym+p�s�«�m
syx��5�lw¸©�m+p"§�sy�qt�m+n7��©�~�il�qnuh�syx�wyh�~�m7p¬©�il�l�=�=m¢hjpu�@ilx�«Fhjw|s�njv+m7puh�syilx
h�~�mr�R�Rx�syk|iqv¢wy{!h�~�m}~�iq«�~#w�x�m+n7�Ö ?d> aÇEiHJ[ÌFIHMN PITUOLEÏF7[9KJD�EóDÖg�¡�H¨MWVõN F�V�EGRb[ÌF�H PITxF²öLFITUEóY}EiH¨MWEGY

®Rilx�v+m}h�~�m}�liqx�m�s�p¬k|w@��m+�qn�sypjm}v+sy��sy���qm}wy{�v7w�pjpum+v7hj�q�
k�w@��m+�q�lilx�«%h�~�mr�lw¸© §�sy�lt�m7n�w�{Bw�¼7w�x�mr�=wy�l�ltRh�ilwyxZ�
©�mr~�s¸§ym¢v�~�w�num+x#h�w�t�njm/{¯wyp"w�t�p"~L�@��puil�#k|w@��m7�Zso�liqx�m�s�p�pjm7«�pjm7njnuilw�x#k�wR��m7�;£�s�n"©�m7�l�Zs�n�s�³)µ ¡ k|w@��m7�´�
©�~�w�num
sypuv�~�iqhjm+v7hjt�pjmMiln�hj~�mVw�x�mMh�~�s�hoiln���m7hjm+puk|iqx�m+�zwyxfh�~�mM��synjiqn%wy{¬©�~�s�h%©�m
~�s�§�mVn�h�t���ilm+�Õiqxfh�~�m
��pum+v+m7��ilx�«�num+v�h�ilwyx5w�{!hj~�m}��pjm7njm7x�h���s��=m7p+��·¬~�iqn¬v�~�w�iqv+m¢iln¬«yt�il��m7�
�L�Vh�~�m¢��m+njiqpjm/hjw�k|syiqx�h�syilx�h�~�m}k�w�nuh
pjm+synjwyx�sy���qm¢x@t�ko�=m7p�wy{B��syp�syk�m7hjm+pun+�
g�{ hjm+pFm+n�h�iqkMs�hjilx�«(h�~�m
��s�p�syk�m7hjm+pjn7�*©�m#w���h�s�ilxzh�~�mV{¯w��l�qw�©�iqx�«(hjp�syx�njiqhjilw�xfkMs�hjpji �»{¯wyp%h�~�m
~�il����m7x

³)sypu�yw¸§#v�~�syiqx�È
/� Í Þ á:Fø÷>ù á:FÛá�0

á:FòáCú á:Fû÷>ü à"�wyhjm�hj~�s�h�hj~�m���i±sy«�wyx�sy��hjm+pjk�n+��©�~�ilv�~Mpum+��pum+num+xLh�hj~�m���pjw���sy��il�qiqh¤��wy{Zpum+k|syilx�ilx�«¢iqx�hj~�m�n�syk�m¬nuh�s�h�m��
sypum/§�m+p��
v+�qw�njm�h�wFh�~�m¢k|s��Rilk|sy�Y��puw���sy��iq�li¨h¤� ' ��·¬~�iqn¬k|m+syx�n�hj~�s�h¬{¯w�p"�qw�x�«o�;m+puilw@��n"wy{�hjilk�m h�~�m¢k�w@��m+�nuh�s��Rn¢iqx)h�~�mon�syk�mon�h�s�hjmy�ZsVnuil«�x(h�~�s�h/iqh�~�syn¢ilx���m+m7��il��m7x�hjiq°�m7�)h¤©�w5��ilnuhjilx�v�h/pum+«�iqk|m7n+�;·¬~�mFnuh�syx���sypu�
��m�§Rils�h�iqw�x�n"{¯w�p"hj~�m}�liqx�m�syp�m��R�=m7puh�ÞÊ��syx��#{¯w�p"h�~�m�³)µ ¡ Þ Ì sypjm}s�n�{¯wy�l�lw¸©�n/È� ÞÊ� ÍDá:F '§'Þ Ì�ÍDá:Fø0yá
·¬~�iqnopjm7njt��¨hoiln�ilxLh�t�iqh�i¨§�m7�q��v7w�~�m+pum+xLh��Bnjilx�v+m
syn�©�mM©�iq�l��njm7mVh�~�m|�liqx�m�syprk�wR��m7��~�synonj�;m+v7i±sy�qilnum+�fiqxfh�~�m
m�s�njilm7p���sypuh�wy{Ühj~�m�njm+puilm7n¢²JiO�Ûm��q��iqx�hj~�m s�§ym+p�s�«�m w�p��lw¸© §ys��lt�m7n+�Lh�~�t�n�sy�l�qw�©�iqx�«¢t�n�h�w%v7w�k�m�t��M©�iqhj~|«�w@w@�

�§�
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pjwy�lm x�w�©Ý�;m+ilx�«%h�wo©�m+iq«�~Lh"h�~�m¢��pjm+��ilv7hjilw�x�n�h�~�s�h"h�~�m+njm¢pum+«�pum+nunjilwyx5k�w@��m+�qn"sypum/kMs��@iqx�«%�L�|h�~�m/§�sypuilw�t�n
pjm7«�ilk�m+n7�$v+w�x���iqhjilw�x�s��B��puw���sy��iq�li¨h�ilm7n+�����3sy�����¨�@ilx�«
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Ã-�"¶ � 6 È 63�§± Ö 63±> � �"±§±Ù� �� �"± ��� � °�syw�� � xF�qm�syn�h�nj��t�sypum¬m+nuhjilk|s�h�iqw�x%{¯w�pBnuh�s����lm¬x�wyx��liqx�m�syp*g 5 ��pjw@v+m7njnjm7n+� � ÉÊ¹ 	 µÊµ-½3Å�¶U´WÈ ë µJ¶�¸¥·�¸�ÓN¸´WÈ � ½3¸�ÉÊ¹�¿9½3¸�·Á»5½3Å  ¸Á½3¸¥·;¶�¸�·Á»Ì¶ � 6§� È  N�/s Ö  > N� � � �y�����

�46


