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1 Introduction
Ç ® ¯�·¸²�°=²��a·¸²��aÈ�·BxNh���{�y���|0}�yz|0v � xNc>d�c>dz|��&}7{����N|0�É{����&}7{�vPf&��xNyzg�~X��~4�­{��Ê~XË f&~4yzc>xNc>w�{��ÊxNy��
c>|0}2|0h�cU{��m|I}�~X�&~4}�c>xN��f&�1~4}�g |0{�g }�~4�&dzxN��~4�&}7|IgmxN{�y���~4h�|IvÌ{�yzimf&h�f&~4�N�Nw�yz{�xNh�wÍi ��|0~4h�f&}7|0��|Iyzc>h
c>~4¬ |0y¤~4c&~�h�|0c:{��&�N{���~4c>xN{�yzh�x1yFc>dz|B}7|0g xN{�y��	e�yFxN�N�Nf&h�c>}�~4c>x1{�y«x1h_�&}7{�� xNvU|Iv���w¤Î xNg f&}7|�l4��ªPdz|
}�~ � vP~4c>~�~4}7|��1{�y�g x1c>f&vP|0i��N~4c>xNc>f&vP|�~4yzv­c>d�|�}7|0h�xNvPf&~4�Nh
�>}7{��Ï~r�&c>c>|0v�}7|0g }7|0h[h�xN{�y���{�vP|0��xNy
� dzxN��d���xN}�c>d � |0xNg dzc � ~4h�}7|0g }7|Ih�h�|0vX~4g ~4xNyzh[cmh[|0� |0}�~4�¨xNyz�>~4y�c�~4y�vW��~4c>|0}�yz~4�T~4c>c>}�xN��f&c>|0hÊ�>}2{��
~4y�|0y��mxN}7{�y���|0yzc>~4�Edz|0~4�Nc>dRh�c>f&vPw�xNyL���&�&|0}
��~4�&|¤��{�vPiU�L~4h[h�~4��dzf&h�|Ic>c>h�i&� n e���h�|0| n |0���
c>xN{�y�j4���ÊªUd�|�}�~ � vP~4c>~r~4}7|�vPxN�6�&��f&�NcÊc>{W� x1h[f&~4�1xNh�|r~4yzv¹x1y�c>|0}��&}7|0c���Î xNg f&}7|¤l@xNh@~�Ð[��~4�¦ÑB{��
c>d�|B}7|Ih�xNvUf&~4�Nh¦{���c>~4xNyz|0vF�mxN~�c>d�|@g |0{�h[c>~4c>x1h[c>x1��~4�¨��|0c>dz{�vF¬ yz{ � y�~4h_��� � ¡m�a¢0¡E�¨Ò)c��&}7{�� x1vP|0h-~4y
xNyz�>{�}���~4c>xN� |Bh[f&����~4}�wr{�� c>dz|�g |0{�g }�~4�&dzxN��~4�T� ~4}�xN~4c>x1{�yWxNy���|0~4y���xN}�c>d � |0xNg dzc�{�� |0}�c>dz|�}7|I�
g xN{�y«~4y�vUi=xNy«�&~4}�c>xN��f&�N~4}Ói	h�d�{ � h¦�&{�h�h�xN���N|�Ô d�{�c:h��&{�c>h%ÕÍ{��:~4vP� |0}�h�|Bd�|0~4�Nc>d«{�f&c>��{���|0h4� n f&��d
d�{�c:h��&{�c>h�i4xN�&�>{�f&yzv«c>{+��|�h[x1g y�x1�&��~4y�c>i¨~4}2|�~4�N��{�h�c:xNyz|I�mxNc>~4���Nw¤h�f&}�}7{�g ~4c>|0h-�>{�}Êf&yz{���h�|I}�� |0v
{�}Êf&y�¬ yz{ � yX��{�� ~4}�x1~4c>|Ih_h�f&��d�~4h¦�&}7{�§=xN��x1c>w+c>{r~4yW|0§=�&{�h�f&}7|�h[{�f&}7��| �
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ò ê è äæåIó¦ç�êìô¸åIä�äæâ�é#ç�ð¸ç è àõî
ö â¸ð¸à è êìà�äæç�é�â ò ä�àõê3ïIç�ëí4é³êìï�ô�÷ è ê3ô¸êìï�ô�ø�ù%åIç&ë%à�äæàà è ç:ã è âÍß¹äæåIçPúEá4á4ç èû àõá4ç û âÍë�é#äæí4ë%ü
ë%ç�é ö#è ê ò ç�ë�ê3ï¦äæåIç&äæç�ý�ä�ø
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���N|�xNy����4®���® ¼��0¯�� ��® ����~4g ~
	4xNyz|���À¥~ � ~4yzvP|0iEl��
�
�4�-}7|0�&{�}�c>|0v�c>dz~4c>imxNy l��
�

4izc>dz|�h�c>~4c>|�{��
��~4h�h[~4��dzf&h�|0c>c>h_}7|0h��&{�y�vP|0v�c>{W��{�}7|�c>dz~4y«c>dz}7|0|�c>dz{�f&h�~4y�v vPxNh�|0~4h[|����Nf&h�c>|0}¦~4�N~4}���h[im��{�h[c
{�� � d�x1��d«��{�yz��|0}�yz|Iv���~4yz��|0}��mªUd�|�~4}�c>xN���N| � ~4h�~4�1h[{�Ëmf&xNc>|¥��}�xNc>xN��~4�z{��&h�f&��dFxNyz� |0h�c>xNg ~4c>xN{�yzh�i
�&{�xNy�c>x1y�gÌ{�f&c¦c>dz~4c�y�{�c_{�y�|F��~4y���|0}����Nf&h�c>|0}¥d�~4hr��|0|IyL��{�y�� x1y���xNyzg �NwLxNvP|0y�c>x1�&|Iv�����yz|¤{��
c>d�|���~4x1y }7|0~4h[{�yzh��>{�}�c>d�x1h
xNh@c>dz|��N|0yzg c>dzw¤vPf&}�~4c>x1{�y�{���c>xN��|���|I�>{�}7|rc>d�|�{�yzh�|IcU{������Nx1y�xN��~4�
h[wm���&c>{���hU{�����~4yzw�c>w �&|0hU{�����~4yz��|0} �4ªPd�|����&�&|0}:��~4�&|���{�vWx1y�� |0h�c>xNg ~4c>x1{�y���|0g ~4y+~4hE��~4yz�
��|I}����1f&h[c>|0}�h�c>f&vPxN|0h�im��f&cÊ��{�}7|r}7|0��|0y�c>�1w«dz~4h�c>f&}�y�|0vÌc>{«}2|0�&}7{�vPf&��c>xN�m|�{�f&c>��{���|0h@h�f&��d ~4h
��xN}�c>d � |0xNg dzc��mÃ¦|I�&}7{�vPf&��c>x1� |B{�f&c>��{���|0h�dz~4� |�c>d�|¥~4vP�m~4y�c>~4g |¥{��P��|0xNyzgW��{�}7|�h�|0y�h�xNc>xN�m|�c>{
}2|0��|0yzcm|0§=�&{�h�f&}7|0h4��P� |0y��>{�}��&|0}��>|0��cU��|0~4h�f&}2|0h
{��E~4vP� |0}�h�|�dz|0~4�Nc>d�¬ }�xNg xNyzg�~4�N{�y�| � xN�N�&yz{�cU�&}7{��&|0}��Nw«~4vP�
vP}7|Ih�h�c>dz|�Ëmf&|Ih�c>xN{�yF{��P|0y��mxN}7{�y���|0yzc>~4����~4f&h�~4�NxNc>wT�&Î {�}-|0§¨~4���&�N|0i�~�}7|IgmxN{�y � xNc>d��N{ � |0}-xNyz�
��{���|��N|0� |0�Nh-xNh�~4�Nh�{r��{�}2|��1xN¬ |0�Nw�c>{�d�~4� |@d�xNgmd�|0}P�N|0� |0�Nh¦{�� ~4vP� |0}�h�|�d�|0~4�Nc>d�{�f&c>��{���|0h%��ªPdz|
���&�&|0}¦��~4�&|r��{�v­h�c>f&vPwF~4x1��h@c>{«}2|0vP}7|0h�h�c>d�x1h@�&}7{����N|0�Ï��w�{���c>~4xNyzxNyzg�vP~4c>~r{�y ~4�N�&{�c>d�|0}
~4� ~4xN�N~4���N|�~4c>c>}�xN��f&c>|0h
~4y�vR~4����{�f&yzc>xNyzg��>{�}�c>dz|0�Ïx1y�c>d�|r��~4�&�&xNyzg���Î x1g f&}7|«lB}7|I�&}7|0h�|0y�c>h�~
��f&}�h�{�}�wF~4c>c>|0���&cEc>{¤��{�yzc>}7{��&�>{�}���{��m~4}�xN~4c>|0h%�¦e�h@��|0y�c>x1{�y�|0v­~4��{�� |0i�~X}7|0g }7|Ih�h�xN{�y���{�vP|0�
� ~4h��&c�c>{¹c>dz|¤~4c>c>}�xN��f&c>|0h�~4y�v�c>dz|0y�}7|Ih�xNvUf&~4�Nh � |0}7|W��~4�&�&|0v_���Pf&c>i�x1vP|0~4�N�NwÍiÊc>dz|Ih�|W�&}7{��
��|Ih�h�|0h � {�f&�NvÌ��|�vU{�y�|�h�xN��f&�1c>~4y�|0{�f&h��Nw¨�-ªPd�|r|0§=c>|0y�h�xN{�y�{��E¬ }�xNgmxNy�gmimh�{���|0c>xN��|0h
¬ yz{ � y
~4h�� ¢ �a´4® � · °�¶z¬ }�xNgmxNy�gÌ��| � g��P��}2|0h�h�xN|0iUl��
�
�4¾�£¤{���|I}�c>iTe��Nc>��~4y�~4y�v n ��dz{��&|0�NvPiUl��
���[�>iz~4�N�N{ � h
�>{�}�c>dz|
xNyz��{�}��&{�}�~4c>xN{�y�{��z��{�� ~4}�x1~4c>|Ih%�0£¤{ � |0� |0}6i0�Nx1y�|0~4}�xNc>wX{��zc>d�|���{��m~4}�xN~4c>|�|I�6�>|0��c>h-xNh-f&h�f&�
~4�N�NwW~4h�h�f&��|0v_�¨ªPd�x1h_xNh�yz{�c�h�~4c>xNh��>~4��c>{�}�w��>{�}�c>dz|@��{�c>x1� ~4c>xNyzgW|0§=~4���&�N|�h�xNy���|0i¨�>{�}�xNy�h�c>~4yz��|0i
��~4c>|I}�y�~4�T~4g |�dz~4h�~@yz{�y��>�Nx1y�|0~4}E|I�6�>|0��c {�yXg |0h�c>~4c>xN{�y�~4�=~4g | �IÒ)y�vU|I|0vPi�c>d�|�}7|0g }7|0h�h[x1{�y���{�vP|0�
f&h[|0vXc>{¥�&}7{�vPf&��|_ÎmxNg f&}7|�lÊx1h�~4y+°�±4±4�³²��a´4®���{�vU|I�m��| � g���£W~4h�c>xN|�~4y�vWªmxN��h�d�xN}�~4y�xNi l��
�4k4� � d�xN��d
�&|I}���xNc>h�g |0y�|0}�~4�¨h���{�{�c>dr�>f&yz��c>xN{�yz~4�¨��{�� ~4}�xN~4c>|@|0�6�>|I��c>h%����f&}Eg {�~4�¨xNh-c>dz|I}7|0�>{�}7|�c>{�h�xN��f&�Nc>~4�
y�|0{�f&h��Nw¤��~4�­}7|0�&}2{�vUf&��c>xN� |�{�f&c>��{���|0h�h�f&��d�~4h@��xN}�c>d � |0xNg dzcU~4yzv­g |0h[c>~4c>x1{�y�~4�z~4g | � dzxN�N|
~4����{�f&y�c>xNyzg��>{�}�y�{�yz�>�NxNyz|0~4}���{�� ~4}�xN~4c>|+|0�G�>|0��c>h@f&yzvP|0}�c>d�|�~4h�h�f&���&c>xN{�y�{��E~4vPvPxNc>x1� xNc>w¨�¦ªPdz|
}2|0h�f&�Nc>xNyzgW��{�vP|0�Nh�}7|0�&}2|0h�|0y�c:~��>f&h�xN{�y«{��&g |0{�h�c>~4c>xNh�c>xN��~4� ~4yzv ~4vPvUxNc>xN� |¥��{�vP|0�Nh��	dz|0y���|¥c>dz|
y�~4��|-¡m® ¯�°�±4±4�³²��a´4®¦µ�¯�±4® ¶a·¸�

ªPdz|I}7|+~4}7|+h�|0� |0}�~4� � ~4w hBc>{���{�����x1y�|Xc>dz|rxNvU|I~4h¥{��Êg |0{�h�c>~4c>xNh�c>xN��h@~4yzv�~4vPvUxNc>xN� |X��{�vP�
|I�1�NxNyzg�����f&}Ê}7|0h[|0~4}7��dWdz~4h-�N|0~4v�c>{�{�yz|
c>dz~4cmdz~4h¦c>dz|
~4vP� ~4yzc>~4g |0h-{��z��|Ix1y�g��
�>l[�Wh�|I~4���1|Ih�h�¾¸vUf&|-c>{¥f&h[x1y�g¥~���xN§=|0vX��{�vP|0�0}7|I�&}7|0h�|0y�c>~4c>xN{�y�{��	��{�c>d�¬m}�xNg xNyzg¥~4y�v�~4vUvPxNc>xN� |

��{�vP|0�Nh�i
��j4�W��{�vP|0�N�>��~4h�|0v ~4yzv �1xN¬ |0�NxNdz{�{�vP�>vP}�x1� |0y�¾�{�f&}rgm|I{�~4vUvPxNc>xN� |���{�vU|I��xNhFh[x1���&�Nw ~­�NxNyz|0~4}

��xN§=|0v���{�vP|0�%~4yzvPi�f&y�vP|0}&À¥~4f&h�h�xN~4yrvUxNh�c>}�xN��f&c>xN{�yz~4�%~4h�h�f&���&c>xN{�y�h�iÍ�1|IyzvPhExNc>h�|0�N��c>{B|0h�c>xN�
��~4c>xN{�y�{��P~4�N�z�&~4}�~4��|0c>|0}�h_f&h�xNyzg¹��}7|0h�c>}�xN��c>|0vP�&��~4§=x1��f&� �NxN¬m|I�1xNd�{�{�v¹~4y�vUiTc>|0yzc>~4c>xN� |0�Nw
~4c�c>dz|
c>xN��|@{�� � }�xNc>xNyzg i4c>|0h[c>x1y�gr� xN~¥c>d�|@�NxN¬ |0�NxNdz{�{�v«}�~4c>xN{+�&~4}�~4vPxNg ��i

���4�W�N{ � �>}�~4yz¬ i�~4h�vP|0�&y�|0v���w­£W~4h�c>xN| �>l��
�4b4�>¾_��|I~4yzxNyzg¹c>dz~4c-c>dz|�y�f&����|0}�{��¦��~4h�xNh��>f&yz���
c>xN{�yzh+f&h�|0v©c>{R��{�yzh[c>} f&��c�c>dz|��>f&y���c>x1{�y |0h�c>xN��~4c>|0hXvP{�|0hryz{�c�g }7{ � � xNc>d c>dz|«h�~4���&�N|
h�x�	4|0¾ � d�xN��d¹xNh@�mxNc>~4�N�Nw�x1���&{�}�c>~4y�cE�>{�}�vPxNh�|0~4h�|���~4�&�&xNyzg«~4�&�&�1xN��~4c>xN{�yzh[izxNyz���Nf&vPxNyzg�c>dz|
��{�c>xN� ~4c>xNyzgX�&}7{����N|0��i � dz|I}7|
c>dz|�vP~4c>~�{��>c>|0y�y�f&����|0}ExNyWc>dz|
c>d�{�f&h�~4yzvPh�¾0~4y�v

���4�WxN���&�N|0��|0y�c>~4���1|�f&h�xNyzgXh�c>~4y�vP~4}7v�h�{��>c � ~4}7| �! �xNc>d¤h�{���|Bh[x1���&�NxN�&��~4c>xN{�y«xNy¤c>dz|�¬ }�xNg x1y�g

�



��{����&{�yz|0y�c � |�~4}7|�~4���N|
c>{�|0§¨�&}2|0h�hEc>d�|���{�vP|0�%~4h�~Bh[f&���>���1~4h[h�{��m��xN§=|0v¤��{�vU|I�1hE��{����
��{�yz�Nw�¬ yz{ � y�~4hB´4°�� �a°�¢mÈ�®�È�¯�µ#"4¯�¢ ® ¢�²zµ�¯�±4® ¶a·���| � g�� n |0~4}��N|0i���~4h�|0�N�N~�~4yzvÌ������f&�N�N{���dzi
l��
�4j4���%ªPd�x1h��N|0~4vPhÊc>{�|0y�{�}���{�f&hE}7|0vPf&��c>xN{�yXxNyX��{����&f&c>~4c>xN{�yz~4�=��{����&�N|0§=x1c>w�~4yzv¤~4�N�N{ � h
�>{�}�c>d�|�vPxN}7|0��cUf&h�|�{���h�c>~4yzvP~4}7v¹h�{��>c � ~4}7|�h�f&��d�~4h

PROC MIXED
xNy

SAS
~4y�v

lme()xNy
S-PLUS

�
n {���| � {�}�c>d � dzxN�N|���~4��¬ g }7{�f&yzvF}7|0~4vPxNyzg��>{�}Ec>dzxNh-�&~4�&|0}UxNh¦~B}7|0��|0y�c ~4}�c>xN���N|@{�y���{�vU|I�1�

��~4h�|Iv­g |0{�h�c>~4c>xNh�c>xN��h���wF¿�x1g g �N|0i ªT~ � y�~4y�v­��{�w |0|0v �>l��
�

4� � dz|0}7|��&f&}2|�¬m}�xNg xNyzgR��x#� | ��yz{
��{�� ~4}�xN~4c>|0h�� � ~4h�c>d�|��>{���f&h%�$��f&}��&~4�&|I}¦xNy�dz|0}�xNc>h�h�{���|�{��Ux1c>h�~4h[�&|0��c>h��m��{�vP|0�N�>��~4h�|Iv¹~4y�v
� xNc>d���xN§¨|Iv ��{�vP|0�-��{�y�yz|0��c>xN{�yzh4� Ò)y �&~4}�c>xN��f&�N~4}+c>dz|«��{�����|0yzc���w%�P{ � ��~4y �>l��
�

4��xNy
c>d�|F|0y�h�f&xNyzg vPx1h[��f&h�h�xN{�yRh�f&g g |0h�c>|0v�c>dz~4c_~4vPvUxNc>xN� |F��{�vP|0�N�NxNyzg � {�f&�Nv ��|¤~ � {�}�c>d � d�x1�N|
|0§=c>|0y�h�xN{�y��FªPdzxNh��&~4�&|0}�|0h�h[|0yzc>xN~4�N�NwÌ�>{��N�1{ � hrc>dzxNh+h�f&g g |0h�c>xN{�yÊ�W£W{ � |0� |0}Ói�c>dzxNh+�&~4�&|0}�x1h
y�{�c�c>dz|+�&}�h�cEc>{���{�����xNyz|�c>dz|ryz{�c>xN{�yzh@{���g |0{�h�c>~4c>xNh�c>xN��h@~4yzv�~4vPvUxNc>xN� |X��{�vP|0�N�Nx1y�g��@Ã-|0�>|0}7�
|0y���|0hU¬my�{ � y�c>{�f&h�~4}7|_Á
|0�Nh�~4�N�=~4y�v�¿�xNgmg �N|��>l��
�

4�>i4¿�f&}��'&~4yrÃ¦|Igmf&|I}�~¥�>l��
�

4� ~4yzv�¿�f&}��(&~4yzi
£W~4��¬ |0c>c>i%��f&}�}�x1|B~4yzv�ÂW| � c>{�y ��j4k4k4k4���	ÂW|0� |0}�c>dz|0�N|0h�h[i � |���|0�NxN|0� |�c>d�~4cz{�f&}Ê~4�&�&}7{�~4��dFdz~4h
~¥y�f&����|0}E{���~4c>c>}�~4��c>x1� |@�>|0~4c>f&}7|0hB��h�|I|��>l[�>�����4�&~4��{��m|I�>i=y�{�c�~4�N��h�d�~4}7|0vF��wXc>dz|0h[|�}7|0�>|0}7|Iyz��|0h%�

n |0��c>xN{�yrj@vP|0h[��}�xN��|0hEc>dz|���{�c>xN� ~4c>xNyzg�~4�&�&�1xN��~4c>xN{�y�~4yzv¤vP~4c>~
x1y+vU|Ic>~4x1�#� n |0��c>xN{�y)�
h�dz{ � h
d�{ � {�yz|���~4y�|0§=�&}7|0h[h¥~4vPvUxNc>xN� |W��{�vU|I�1h�~4h�~¤��x1§=|0v ��{�vU|I�1i � dzxN�N| n |0��c>xN{�y*�FvU{�|Ih¥c>dz|
h�~4��|��>{�}�¬m}�xNg xNyzg�~4yzv���|0}2gm|Ih_c>d�|�c � {+xNyzc>{�c>d�|Bg |0{�~4vPvPxNc>xN�m|B��{�vP|0�#��Ò)h�h[f&|0h-��{�yz��|0}�yzxNy�g
c>d�|_~4��{�f&y�cT{��Th[��{�{�c>dzxNyzgB~4}7|_vPxNh���f&h�h[|0vrxNy n |0��c>xN{�y,+�~4y�vXxNyz�>|0}2|0yzc>xN~4�4~4h��&|0��c>hP~4}7|_c>}7|0~4c>|0v
xNy n |I��c>x1{�yFbm�-��f&}¦~4yz~4�Nw h�xNh
{��Pc>dz|¥���&�&|0}���~4�&|���{�v¹}7|I�&}7{�vPf&��c>x1� |¥vP~4c>~�xNh��&}7|0h�|Iyzc>|0v�xNy
n |0��c>xN{�y.�4� n |0��c>xN{�y/
�vPx1h[��f&h�h�|0h&|0§=c>|0y�h�xN{�y�c>{�c>dz|-g |0y�|0}�~4�1xNh�|Iv+��{�yzc>|I§¨c��0 ­|¦���1{�h[|_c>d�|¦�&~4�&|I}
� xNc>dWh�{���|
vUxNh���f&h[h�xN{�yXxNy n |0��c>xN{�y��m�

2 Description of the application and data

e�yzf&����|0}B{��¦|Iyz� xN}7{�yz��|0y�c>~4�Ed�|0~4�Nc>dRh�c>f&vPx1|Ih¥dz~4� |Wc>~4¬ |0yÌ�&�N~4��|Wx1yRc>d�|�}7|0g xN{�yÌ{��¦�L~4h[�
h�~4��d�f&h�|0c>c>hX¬ y�{ � y ~4h¤���&�&|0}���~4�&|���{�v h�xNyz��|�|0�N|0� ~4c>|0v ��~4yz��|I}+}�~4c>|0h � |0}7|�{���h�|I}�� |0v
c>d�|0}7|WxNyLc>d�|W��x1vP��l��

4k4h%� n |0� |0}�~4���&{�h�h�xN���N|¤h[{�f&}7��|0h�dz~4� |W��|0|0yRxNvP|0yzc>xN�&|0v ~4yzv x1y����Nf&vU|
�>f&|0�¦vPf&���&xNyzgR~4c�~��N~4}7g |���xN�1xNc>~4}�wL}7|0h�|0}�� ~4c>xN{�yzi��&|0h[c>x1��xNvP|¤f&h�|«xNy���}�~4yz��|I}�}�w���{�g h+~4y�v
�&{��Nw �>��dz�N{�}�xNyz~4c>|0vL��xN�&dz|0y�wm�UxNy � ~4c>|0}
�&xN�&|0h%��£W{ � |0� |0}Ói:c>d�|�h�c>f&vPx1|Ih�dz~4� |���|0|Iy­�N~4}7g |0�Nw
xNyz��{�y����Nf&h�xN�m|��

Ò)y¥c>dz|-�N~4c>|Bl��
�4k4hEc>dz|�¿�|I�&~4}�c>��|Iyzc%{��TÄ&f&���NxN�E£W|0~4�Nc>dziÍ��{�����{�y � |0~4�Nc>d�{��¨��~4h�h�~4��d�f&h�|0c>c>h�i
��{�����xNh�h�xN{�y�|0v«~Byz| � h�c>f&vPwrxNyzc>{�g |0{�g }�~4�&dzxN��~4�	� ~4}�x1~4c>xN{�y¤{���d�|0~4�Nc>dW{�f&c>��{���|0h�xNy¤���&�&|0}
��~4�&|���{�v��
Ò)y­c>dz|+�1~4c>|Ih�cÊ�&dz~4h[|X}7|0�&}7{�vPf&��c>xN� |+{�f&c>��{���|0h[i:��xN}�c>d � |0xNgmd�cÊ~4yzv�g |0h�c>~4c>xN{�y�~4�
~4g |0i�d�~4�m|���|0|Iy���{�yzh�xNvP|0}7|Iv��1�PxN}�c>d � |0xNg dzc&xNh���|0~4h�f&}2|0v�{�y�yz|0~4}��Nw«~4�N��yz| � ��{�}�yzh�iT~4yzv x1h
h�|Iyzh�xNc>xN� |�c>{W}7|I��|0yzcU|0§=�&{�h�f&}7|0h�i¨c>dzf&h
�>~4��xN�Nx1c>~4c>xNy�g�c>dz|�vP|0c>|0}���xNyz~4c>xN{�y�{���|0§¨�&{�h[f&}7|0h�{��U��xN�
{��N{�g xN��~4�:xN���&{�}�c>~4y���| �:Î {�}_|0§=~4���&�N|0i�~Fl
�[k4�>j4k4k�g }�~4����|�vP|0��}2|0~4h�|¥xNy���|0~4y���xN}�c>d � |0xNg dzc
��~4wX��|
h�|I|0yXxNyW��~4��x1|Ih � dz{�h[|���{�c>dz|0}�h�h���{�¬ |�{�� |0}�l[b¥��xNgm~4}2|0c>c>|0h��&|0}�vU~4wrvPf&}�xNy�gr�&}7|Igm�
y�~4yz��w¤��{����&~4}7|0v � x1c>dFc>dz{�h�| � dz{�vP{Xyz{�c&h[��{�¬m|�� n x1��xN�N~4}�~4}2gmf&��|Iyzc>h���~4y«��|¥��~4vP|��>{�}
h�c>f&vPw xNyzg�g |0h�c>~4c>xN{�yz~4�¨~4gm|r��| � g��IÂ¤��£ n l��
�4b4���
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Î }7{�� ~�h�c>~4c>xNh�c>xN��~4�¨�mxN| � �&{�xNyzc>i4��xN}�c>d � |0xNg dzc ~4y�v«g |0h�c>~4c>xN{�yz~4�¨~4g |�dz~4� |Bc>d�|�~4vP�m~4y�c>~4g |
{�����|0xNyzgÌ��{�y�c>x1y�f&{�f&h%�¤Î xNg f&}7|¤j�g x1� |0h�dzxNh�c>{�g }�~4��h��>{�}�c>dz|0h�|W� ~4}�xN~4���1|IhX��{�}�}7|0h��&{�y�vUxNy�g
c>{ c>dz|����&�&|0}@��~4�&|W��{�v vU~4c>~Fh�|0c-vP|0h���}�xN��|0vL��|0�N{ � �+e��&~4}�c¦�>}2{�� c>dz|W}7|I�1~4c>xN� |0�NwÌh���~4�N�
y�f&����|0}Ê{��m�Nx1g d�c���| � gE�0�N|0h�h-c>d�~4y¤j4k4k4k�g }�~4����|0h��m{�}Ê�&}7|I��~4c>f&}7|r��| � g��0�N|0h�h-c>dz~4y��4k � |0|0¬ h��
��xN}�c>dzh���{�c>d�� ~4}�xN~4���N|0hr~4}7|«�>}7|I|¤{���~4yzwÌh�xNg yzxN�&��~4y�c�h�¬ | � yz|Ih�h%�rªPdzxNh��N|0~4vPhrc>{ ~�h�xN���&�N|0}
��{�vP|0�¨~4yzv�~4y�~4�Nwmh[x1h¦h�xNyz��|
c>d�|@À�~4f&h�h�xN~4yW~4h�h�f&���&c>xN{�y�xNh_��{�}7|
c>|0y�~4���N| �

Ö�×aØ¸Ù%ÚÓÛ32�Ý54¦êìé³äæâÍô è à�ß
éâ¸ã ò ê è äæå�ó_ç�ê3ô�å�ä0à�ïIëô�ç�é³äæàõä�êìâÍïIà�îÍàõô¸ç:ãaâ è ä�åIçúEá4á4ç è û àõá4ç û â¸ë
è ç�á è âÍë=í ö äæê3ð�ç�ë=à�äæàë=ç�é ö2è ê ò ç�ë_êìï¦äæå�êìéé#ç ö ä�êìâÍïIø
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gestational age (weeks):
ªPdz|����&�&|0}���~4�&|���{�v }7|0�&}7{�vPf&��c>xN� |�vU~4c>~ ��{�}�}7|0h��&{�y�vuc>{L~4�N��l[b
�4k­��x1}�c>d�h¤xNy l��
�4k

~4��}2{�h�hX�&� |�c>{ � yzh�¾;�P~4}�y�h�c>~4���N|0i<�P{�f&}�y�|0iÊÎ ~4�N��{�f&c>dzi-��~4h�dz�&|I|«~4yzv n ~4yzv � x1��dÊ�¹e��&~4}�c
�>}2{�� g |0{�g }�~4�&dzxN��~4�=�N{���~4c>x1{�y����1{�y�g x1c>f&vP|�~4y�vF�N~4c>xNc>f&vP|0� ~4yzvWc>dz|�{�f&c>��{���|�� ~4}�xN~4���N|0h-��xN}�c>dz�
� |0xNg dzc���gm}�~4����|0h[�¦~4y�v�gm|Ih�c>~4c>xN{�yz~4�P~4g |�� � |0|0¬ h��>izc>d�|0}7|r~4}7|��
�W��{��m~4}�xN~4c>|0h%�@e��&}7|I�1xN��xN�
y�~4}�w�~4yz~4�Nw h�xNh�h�d�{ � |Iv«c>dz~4cz��~4yzw�dz~4� |Byz{Xh�xNg yzxN�&��~4y�c:~4h�h�{���xN~4c>xN{�y � xNc>d¤��x1}�c>d � |Ix1g d�cz{�}
g |0h[c>~4c>x1{�y�~4��~4g | �PªPdz{�h�|¥c>d�~4c�~4}2|�h[x1g y�x1�&��~4y�c>�Nw«~4h�h�{���xN~4c>|0v � xNc>d�|0xNc>dz|0}¦{�f&c>��{���|�xNyz���Nf&vP|
��~4c>|I}�y�~4��~4g |0i¨w |0~4}�h�{��&|0vPf&��~4c>xN{�yziTy�f&����|0}¦{��&��x1g ~4}7|Ic>c>|0h��&|0}-vP~4wW~4yzv�yzf&����|I}¦{��P~4�N��{��
d�{��Nx1�-vP}�xNyz¬ hE�&|0} � |0|0¬���ª¨~4���N|�lÊ�1xNh�c>hE~4�1�¨{�c>dz|0}&� ~4}�xN~4���N|0h-c>dz~4c�|0§=dzxN��xNc>|0v�h�{���|�~4h[h�{���xN~4c>x1{�y
� xNc>d�c>dz|W{�f&c>��{���|�� ~4}�x1~4���N|0h[i�c>{�gm|Ic>dz|0} � xNc>dL~4����}2|0� x1~4c>|Iv©yz~4��|0h�c>dz~4c_~4}7|¤f&h�|0v xNy�c>dz|
~4y�~4�Nwmh[x1h¦h�f&����~4}�xN|0h¦x1y n |0��c>xN{�y=�4�

3 Penalised spline additive models
ªPd�|��&}�h�c�dz~4�N� {���{�f&}P��{�vP|0�4�>{�}���f&�1~4c>xN{�yXxNy��m{��N� |0h�~��N{ � �>}�~4yz¬���x1§=|0vW��{�vP|0�4}7|0�&}2|0h�|0y�c>~4�
c>xN{�yF{��&~4vUvPxNc>xN� |¥��{�vP|0�Nh%�m��xN§¨|Iv���{�vU|I�m}2|0�&}7|0h�|Iyzc>~4c>xN{�yzh¦xNy«yz{�y��&~4}�~4��|0c>}�x1��h�dz~4� |���|0|0y
f&h[|0v ��w­~«yzf&����|I}�{���}2|0h�|0~4}7��d�|0}�h�xNy }7|I��|0yzc¦w |0~4}�h¤��| � g��> ­~4y�g i�l��
�
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�
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ç
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ß@à è ê3ç�éTêìï<S�ç ö ä�êìâÍï?Tõø

~4����}7|0� xN~4c>xN{�y vP|0h[��}�xN�&c>xN{�y
xNyz�>~4y�cz��{�� ~4}�x1~4c>|Ih
��~4�N| xNy�vUxN��~4c>{�}Ê�>{�}Ex1y��>~4yzc���|0xNyzg+��~4�N|
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è ç�á è âÍë=í ö äæê3ð�ç�ë=à�äæà�P[ó¦êìä�å÷ ê3äæäæç è ê3ïIô-äæâ�á è âÍäæç ö äêìë%ç�ïIäæê3äæü7øÍù%åIç&î3à è ô�ç èë=âÍäæé ö â è>è ç�é#á4âÍïIë_äæâ�à
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� � � i�� Ö�l
W�Øy� � � � ���� � ��� Ø » à _�� �����R¤ ��� � z �� dz|I}7|�Ö�l
W�ãF_ÎiÒW]a?m¯¢ ãy¢£_`ä Ñ$å æ�å �0ªPdz|0y��N{ � �>}�~4yz¬+¬ }�xNg x1y�g+��{�}�}7|0h[�&{�yzvPhÊc>{��&c>c>x1y�grc>d�|
�1xNy�|0~4}

��xN§=|0v���{�vP|0� ¥ it�okkk§mf <�Am	� �>l[k4�
� dz|I}7|���{��<WRss sÎ_Íi ³ ´¶ µ iE~4yzv ��{��<W��?_.i ³ ´ß � � � Ñ � �X£W{ � |I�m|I}Ói��>{�}B�&c>c>xNyzg­�&f&}��&{�h�|Ih�i&{�yz|
h�d�{�f&�Nv«}7|0�&~4}�~4��|0c>|I}�xNh�|
c>{ ¥ it�¦kkk§m�
  
�¨m©ssspZ �>l�l[�
� dz|I}7|�
 vig  � � � Ñ � ç ´ ~4y�v���{��?W 
�?_Îi ³ ´ß µ i¸~4yzvrf&c>x1�NxNh�|-c>dz|-� ~4}�xN~4yz��|���{����&{�y�|0yzc%h�c>} f&��c>f&}2| �
ªPdz|
��|0h[c��NxNyz|0~4}�f&y���xN~4h�|0v«�&}2|0vPx1��c>xN{�y���{�}�}7|0h[�&{�yzvPxNyzg�c>{��>l[k4�>iË¥ it� Ëk k k§m§  Ë�;Z
xNh¦yz{�c>dzxNy�gr��{�}7|
c>d�~4y�c>dz|
h�|0c {��m�&c>c>|0vW�m~4�Nf&|0h¦{�y�~�h[f&}��>~4��|
|0h[c>x1��~4c>|�{���c>~4xNy�|0v«��wrc>~4¬mxNy�g
~F�1xNy�|0~4}���{�����xNyz~4c>xN{�y�{��¦}�~4vPxN~4�Ê��~4h�xNh��>f&yz��c>xN{�y�h�ã � WrÀp_�i Ö�l�W�ØQÀ�� � � � � Ø » à _�i�avb�
�b½ i���|Iyzc>|0}7|Iv¹~4��{�f&c�c>dz|�¬ yz{�c>hÈ��� � Z������0Zy�� � � �-Ò)yzvP|0|IvUi�xNc���~4y¹��|�� x1| � |Iv­~4h@~X��|0����|0}�{��
c>d�|����1~4h[h�{�����°=²��® � ¢Ì·]"4¶a�a¢ ® ·�vP|0h���}�xN��|0v���w­£W~4y�vU��{���¬ iP��|0xN|0}@~4yzv ÂWw ��dz¬ ~¹�>l��
�
�4���+ªPdz|
�&{��&f&�N~4}�h�f&}��>~4��|@|0h�c>xN��~4c>xN{�y¤c>|I��dzyzxNË f&|@¬my�{ � y¤~4h¦c>dzxNy¤�&�N~4c>|Bh��&�NxNyz|Ih¥��| � g��N ­~4d���~4i:l��
�4k4¾
À¥}2|0|0yR~4yzv n xN�N�m|I}���~4y�i�l��
�
�4����~4y�~4�Nh�{ ��|¤|I����|0vPvU|IvLxNy�c>dzxNh��>}�~4��| � {�}�¬¹c>d�}7{�f&g dÌc>dz|
f&h�|B{��&g |0yz|0}�~4�NxNh�|0v���{�� ~4}�xN~4yz��|��>f&yz��c>xN{�yzh4� ¿�|0c>~4xN�Nh�~4}7|¥g xN� |0y«xNyFÎm}2|0yz��d�iTÁ
~4����~4yzy�~4y�v ¹~4yzv ��j4k4kml[����Ò)yzvP|0|0vPimc>dz|+f&y�xN�m~4}�xN~4c>|�h���{�{�c>d�h�}7|0Ë f&xN}7|0vR�>{�}
c>d�|+~4vPvPx1c>xN� |X��{����&{�y�|0yzc
��{�f&�Nv�~4�Nh�{r��|@d�~4yzvP�N|0v«f&h[x1y�g+h�f&��dW�N{ � �>}�~4yz¬Xc>d�x1y��&�N~4c>|@h��&�NxNyz|0h%�

ªPdz|�g |0{�g }�~4�&dzxN��~4�¦��{����&{�yz|0y�c�{��B~4y�~4vPvPxNc>xN�m|���{�vP|0�¦��{�f&�Nv ��|�d�~4yzvP�N|0v c>d�}7{�f&g d
{�c>d�|0}
��x1� ~4}�xN~4c>|Fh[��{�{�c>dz|0}�h@h�f&��dÌ~4h�c>dz{�h[|+��~4h�|0v�{�yÌ¬ |0}�y�|0�Nh���| � gE��Á
|0�Nh�~4�N��~4yzvL¿�x1g g �N|0i
l��
�

4���ue��&~4}�c
�>}7{�� c>dz|�~4vP�m~4y�c>~4g |0hW{��Bc>d�| ��xN§=|0v ��{�vP|0�_}7|0�&}7|Ih�|0yzc>~4c>xN{�y�i � |��&}7|0�>|I}
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vP|0h�xNg yzh4�
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� �>l��4�
ªPd�x1h�xNh-|0~4h�xN�Nw+xN���&�N|0��|0y�c>|0v¤f&h�xNyzg�h�c>~4yzvP~4}7v¤��xN§¨|0v¤��{�vP|0�Th[{��>c � ~4}2| ����{�vP|0�:�>l[j4�z��~4y���|
|I§¨c>|0y�vP|0vÌc>{�xNyz��{�}��&{�}�~4c>|+�NxNyz|0~4}B��{�� ~4}�xN~4c>|0h�c>d�}7{�f&g d¹c>d�|f�¦kkkÏc>|0}��L�BªPdz|+|0§¨c>|Iyzh�xN{�y c>{
��{�}2|@c>d�~4yWc � {�~4vPvPx1c>xN� |@��{����&{�yz|0y�c>hÊxNh_h�c>}�~4xNg dzc>�>{�} � ~4}7v_�

eÉ��{�����{�y ��{�yz� |0y�c>xN{�y©x1y ~4vPvPx1c>xN� |­��{�vP|0�N�NxNyzg�xNh¤c>{ ��|0y�c>}7|�c>dz| ��f&}��m| |0h�c>xN��~4c>|0h
~4��{�f&c
c>d�|0xN}r��|0~4y�h%�RªUd�|���{����&{�yz|0y�c>h+{��
c>dz|�~4vPvPxNc>xN�m|���{�vP|0�¦��~4yu��|�xNyzc>|0}��&}7|0c>|Iv©~4h
|I�6�>|0��c>h�~4��{�f&c-c>dz|W��|0~4yÊ�rªPdz|���{�yzh[c>} f&��c>x1{�y­{��_� ~4}�xN~4��x1�NxNc>w���~4}�h«��h[|0|�Î x1g f&}7|��4�_xNh���{�}2|
h[c>}�~4xNg dzc>�>{�} � ~4}7v�h�xNyz��|+c>dz|0w�}7|0�&}2|0h�|0y�cEc>dz|+��{�yzc>}�xN��f&c>x1{�y­�>}7{�� c>dz~4c�c>|0}�� c>{�c>dz|+{��m|I}�~4�N�
� ~4}�xN~4��xN�1xNc>wÍim}7|0g ~4}7vP�N|0h�h�{��Pc>dz|��m~4}�xN~4��xN�Nx1c>w�xNy�c>d�|¥xNyzc>|0}2��|0�&c��zªPdz|�h�~4��|���{�y��m|Iyzc>xN{�y«��{�f&�Nv
��|¦~4�&�&�NxN|0v+c>{@c>dz|-h�f&}��>~4��|¦|0h�c>xN��~4c>|-x1y�c>d�|¦¬ }�xNg x1y�g���{����&{�y�|0yzc={��¨c>d�|-gm|I{�~4vUvPxNc>xN� |¦��{�vP|0�#����&|0}�~4c>xN{�yz~4�N�Nw � |¥h�|0c)Ð�iÝ� �%¢£ p�Ê~4yzv��N|0c�Ð�iÝ���3¢£Ð æ �E��|¥~��&~4}�c>x1c>xN{�y¤{��ÍÐÆx1y�c>{Xc>dz|BxNyz�
c>|I}7��|0�&c ��{��Nf&��y¤~4y�v�c>dz|
}7|I��~4x1y�vP|0}��� ­|
c>dz|Iy � {�}�¬ � x1c>dÐ�i����-¢�W µ � �� ��� � _]Ð æ � �>l�+4�
}�~4c>d�|0}Ec>d�~4yÈÐL�0ªPdzxNh-��{�yz� |0y�c>xN{�y�x1h¦~4vP{��&c>|0v¤x1yW{�f&}�~4yz~4�Nw h�xNh_xNy n |0��c>xN{�y=�4�

5 Amount of smoothing
Ä&|Iyz~4�NxNh�|0v�h��&�NxNyz|�}2|0g }7|0h�h�xN{�y¤~4yzv�¬ }�x1g xNyzgW~4}7|���{�c>d«�>{�}���h�{��&h���{�{�c>d�x1y�g i¨~4y�v ~4}2|�c>dz|0}7|I�
�>{�}2|�d�|0~4� xN�1w«vU|I�&|0yzvP|0y�c&{�y�c>dz|�°�µ�¯�� ¢E² {���h[��{�{�c>dzxNyzg���e�h���|0y�c>x1{�y�|0v x1y�c>d�|��&}2|0� x1{�f&h
c � {Xh[|0��c>xN{�yzh�i%c>dz|B~4��{�f&yzc:{��zh���{�{�c>dzxNyzg��>{�}���{�c>d¤~4vPvPx1c>xN� |¥��{����&{�y�|0yzc>h-~4yzv�g |0{�h�c>~4c>xNh��
c>xN��~4�	��{����&{�y�|0yzc>hE{���~@g |0{�~4vPvUxNc>xN� |���{�vP|0�¨��~4yW��|
Ë f&~4yzc>xN�&|0v¤c>dz}7{�f&g dX� ~4}�xN~4yz��|@��{����&{��
y�|0yzcE}�~4c>xN{�hBh�f&��d¹~4h ³ ´¶�» ³ ´ß ��e yz~4c>f&}�~4����|I~4yzh�{��E��dz{�{�h�xNyzg�c>d�|+~4��{�f&y�cÊ{��Êh���{�{�c>d�x1y�g
xNh-c>{�}7|0�&�N~4��|@�m~4}�xN~4yz��|@��{����&{�yz|Iyzc>h � xNc>d�c>dz|0xN}�}7|0h�c>}�xN��c>|0vW��~4§¨xN��f&�Æ�NxN¬ |0�NxNdz{�{�vR��Ã<�P��ÅP�
|Ih�c>xN��~4c>|0hB��| � g�� n |0~4}��N|0i%��~4h�|I�1�N~�~4y�v�������f&�N�1{���d�i&l��
�4j4¾F�«Õ ��{�yzyz|I�1��~4y�v¨ ­{��N�&y�gm|I}Óiml��
���[���
n xNyz��|«�>l��4��x1h@~+h[x1���&�N|�� ~4}�xN~4y���|X��{����&{�yz|0y�c>h���{�vP|0�Ni�h�c>~4y�vP~4}7v­��xN§=|0vÌ��{�vP|0�:h�{��>c � ~4}7|
h[f&��dr~4h

PROC MIXED
xNy
SAS

{�}
lme()

xNy
S-PLUS

��~4yr��|_��~4�N�N|0vWf&�&{�y�c>{¥{���c>~4xNyr~��>f&�1�Nw
~4f&c>{���~4c>xN�_�&c���P� |0yWxNyFc>d�|@~4vPvPxNc>xN�m|B��{�vP|0�	��{�yzc>|I§¨c>i4�>f&�N�Nw�~4f&c>{���~4c>xN��h���{�{�c>dzxNy�g+�&~4}�~4��|0c>|0}Ê��d�{�xN��|
xNh¦Ë f&x1c>|@}�~4}7| �¨ªPd�|@��~4}�¬ {�����dz~4xNy¤��{�yzc>|
��~4}��N{�~4�&�&}7{�~4��dz|0h¦{�� n ��xNc>dF~4y�v�Á
{�dzy¹�>l��
�4b4�>i
~4y�v n dzxN� |0�NwÍi	Á
{�dzyF~4yzv= ­{�{�v��>l��
�
�4���&}7{�vPf&��|¥~4f&c>{���~4c>xN�@~4vPvPxNc>xN�m|���{�vU|I�m�&c>h[iT~4yzv c>dz|
S-PLUS

�>f&yz��c>xN{�y
step.gam()

~4�N�N{ � hW�>{�}+h�{���|�~4f&c>{���~4c>xN{�y©xNy©h���{�{�c>dzxNy�gLh[�&�1xNy�|0�
��~4h[|0v�~4vPvPx1c>xN� |@��{�vU|I�1h4�%£W{ � |0� |0}Ói4c>d�|B��{�}7|@��{�����{�y¤~4�&�&}7{�~4��dWx1h_c>{+f&h�|
h�xN���&�N|@} f&�1|Ih
h[f&��d«~4h�Ð[c>dz}2|0|�vP|0g }7|0|Ih_{��P�>}7|0|IvU{�� �&|0}-~4vUvPxNc>xN� |¥��{����&{�yz|0y�c�Ñ���h�|0| n |0��c>xN{�y.+m�ìl���|0�N{ � �>i
~4h�x1h�c>dz|�vP|0�>~4f&�Nc&�>{�}�c>d�|

gam()
�>f&y���c>xN{�y«xNy

S-PLUS
�[£W~4h�c>xN|¥~4y�v ª xN��h�d�x1}�~4y�xÊ�>l��
�4k4i��&�¦�
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ìGf&h�c>xN�>w�c>d�x1hUvP|0�>~4f&�NcT��w¥~4}2gmf&xNy�g¥c>dz~4c¨~4f&c>{���~4c>x1�E��f&�1c>xN�&�N|�h[��{�{�c>dzxNyzgB�&~4}�~4��|Ic>|0}
h[|0�N|0��c>xN{�y���~4y¹��|�h�{���| � dz~4cUf&yzh[c>~4���1|��-ªPdzxNh@xNhBxNy ¬m|I|0�&xNyzg � xNc>d � {�}�¬«��wÍi��>{�}�|0§¨~4���&�N|0i
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4�>i�c>dz~4c-}�~4xNh�|0h���{�yz��|I}�y�h�~4��{�f&c_c>d�|�xNyzh�c>~4��xN�NxNc>wÌ{��_~4f&c>{��
��~4c>xN��h���{�{�c>dzxNy�g��&~4}�~4��|0c>|0}�h�|0�N|0��c>xN{�y |0� |0y��>{�}
h�xNyzg �N|+�&}7|0vPxN��c>{�}���{�vP|0�Nh%����d�~4f&vPdzf&}�x
~4y�vR�L~4}�}7{�y��>l��
�
�4�-}7|0��{�����|0y�vR�1{�{�¬ xNyzg«~4cÊ��f&}��m|r|0h�c>xN��~4c>|0h@{�� |0}�~X}�~4yzg |+{��Eh���{�{�c>dz�
xNyzg ~4��{�f&yzc>h�~4yzvLvU|I�m|I�1{��­h�{���|X��|0c>d�{�vU{��N{�g w�~4y�v g }�~4�&dzxN��~4�UvU|I�mxN��|0h��>{�}
vP{�xNyzg�c>dzxNh
h�w h�c>|I��~4c>x1��~4�N�Nw¨�

Ò)y+h�f&����~4}�wÍi � dzxN�N| � |�~4}7|
~4c>c>}�~4��c>|0vW��wrc>d�|�~4f&c>{���~4c>xN�_y�~4c>f&}7|�{�� c>dz|���xN§=|0v¤��{�vU|I���
Ã<�P��Å ~4�&�&}7{�~4��d c>{L�&c>c>xNy�g g |0{�~4vPvPxNc>x1� |���{�vP|0�Nh�i � |�~4}7|�}7|I�1f&��c>~4y�cBc>{R���NxNyzvP�Nw ~4����|I�&c
� dz~4c>|I�m|I}_~4y�h � |0}-x1cP�&}7{�� xNvP|0h�i¨~4yzv }7|0��{�����|0y�v �N{�{�¬ xNyzgW~4cP{�c>dz|0}-~4��{�f&y�c>h�{��Ph���{�{�c>dz�
xNyzg��

5.1 Computation of degrees of freedom ¹| � xN�1� y�{ � gmxN� |�h[{���|BvP|0c>~4xN�Nh�{�y¤��{����&f&c>~4c>xN{�y¤{��zvU|Igm}2|0|0h-{��:�>}7|0|IvU{�� �m~4�Nf&|0h[i � dzxN��d
~4}7|+��} f&��x1~4�U�>{�}�Ë f&~4yzc>xN�>w xNyzg�c>d�|r~4��{�f&y�cE{��Êh���{�{�c>d�xNyzg��¦Î {�}�h�xN���&�NxN��xNc>w � |�}7|0h�c>}�xN��cEvP|0�
h���}�xN�&c>xN{�y¹c>{«��{�vU|I�-�>l[j4���
ÂW{�c>|�c>dz~4c>i��>{�}�|0§¨~4���&�N|0i�c>dz|rvU|Igm}2|0|0h�{��Ê�>}7|I|0vP{��É�>{�}�npWJX
_Bx1h
c>d�|@c>}�~4��|@{��zc>d�|���~4c>}�xN§�c>dz~4cm��~4�&h¦c>dz|�^ Y Õ h¦c>{�c>dz| Ën�WJX Y _4Õ h%�

ÅP|0c Ð ��|�~4h�vU|I�&yz|0v©��w �>l�+4��~4y�v �N|0c�� vU|Iyz{�c>|«c>d�|�yzf&����|I}r{��
��{��Nf&��yzh�xNy ÐL�
ªPdz|IyF�N|0c)Æ��jl�Z � � Z � ´ Z �"! É ��|�~��&~4}�c>xNc>xN{�yF{��zc>dz|���{��Nf&��y¤xNyzvPxN��|0h*ÆNa�Z������RZ�� É h[f&��dFc>d�~4c#�jl
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6 Inference
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7 Analysis of Upper Cape Cod reproductive data
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8 Generalised geoadditive models
ªPd�|B}7|I�&}7{�vPf&��c>x1� |@{�f&c>��{���|0h-��xN}�c>d � |0xNgmd�cz~4y�v�g |0h�c>~4c>xN{�yz~4�	~4g |@~4}7|���{�y�c>xNyzf&{�f&h¦~4yzv��>}7|I|
{���~4yzwXh[x1g y�x1�&��~4y�czh�¬ | � y�|0h�h�i�h�{rc>d�|
À¥~4f&h�h�xN~4y¤��x1§=|0v���{�vP|0�¨xNh_~4yW~4vP|0Ë f&~4c>|
�m|IdzxN���N|��>{�}
c>d�|¥~4yz~4�Nw h�xNh�{��&c>dz~4c&vP~4c>~m�zÒ)y«c>d�|¥��~4h�| � d�|0}7|¥c>d�|¥}7|0h��&{�y�h�|@x1h���~4c>|0g {�}�xN��~4�Ê��| � g��m~���xNyz~4}�w
{�}&��{�f&y�cT� ~4}�xN~4���1|I�m{�}&d�|0~4� xN�1w�h�¬ | � |0vPi2¡m® ¢ ® � °�¶a�a· ® ±@�1xNy�|0~4}P��x1§=|0v���{�vP|0�NhUyz|0|0v+c>{���|�f&h[|0v
xNy�h�c>|0~4v_�� ­|
��xNg dzcm��~4�1� c>d�|@}2|0h�f&�Nc%¡m® ¢ ® � °�¶a�a· ® ±�¡m® ¯�°�±4±4�³²��a´4®¦µ�¯�±4® ¶a·¸�

À¥xN� |0y�c>d�|�|0~4}��1xN|0}�h�|0��c>xN{�yzh[iIg |0yz|I}�~4�NxNh�|0vWg |0{�~4vPvPxNc>x1� |���{�vP|0�NhÊ~4}7|
h�c>}�~4xNg dzc>�>{�} � ~4}7v¤c>{
�>{�}���f&�N~4c>| �0Î {�}E|0§=~4���&�N|0i4xN�zc>d�|@}2|0h��&{�yzh[|Ù^Fx1h¦��xNyz~4}�wXc>d�|0y�c>dz|
~4yz~4�N{�g f&|
{����>l[j4�:xNh

�1{�g xNc�Æ>��W�^�Y$iÒaN¢ Å;_ É idk�l?m¦npWJX5YJ_3m%q1Wr\`Y[_-m�kkk � � À3YymoÅ'WrÀ3Y[_
~4y�v�c>dzxNh-��~4yW��|B�&cmc>dz}2{�f&gmd�~B��xN§¨|0vF��{�vP|0�T{���c>dz|
�>{�}��

�N{�g xNc�Æ>�ÍW�^�Yji�aN¢ �<_ É i�W��¦kk k§mf <�<_JY
� d�|0}7|t� x1hr~«}�~4yzvP{�� |0�6�>|0��c>h�� |0��c>{�} � xNc>d���{��m~4}�xN~4yz��|Fh�c>} f&��c>f&}7|W|0§=|0���&�NxN�&|0v ��wÌc>d�~4c
g xN� |0y�xNyL�>l��4���EÒ)y�c>dz|���~4h�| � dz|I}7|�~4�N�:��{�� ~4}�xN~4c>|�|0�6�>|I��c>h�~4}7|��1xNy�|0~4}���jml[�E|Ih�h�|0y�c>x1~4�N�Nw¤��{�}�}2|0�
h[�&{�yzvPhÊc>{�c>dz|
��{�vP|0�T�&}7{��&{�h[|0vF��wr¿�xNgmg �N|0i%ªT~ � y�~4y�v«��{�w |0|0v­�>l��
�

4���

ªPdz|��&c>c>xNyzg�{��Eh�f&��d¹��{�vP|0�Nh@f&h�xNyzg���~4§=xN��f&� �Nx1¬ |0�NxNdz{�{�vRxNh@Ë f&x1c>|r��{����&�Nx1��~4c>|IvRvUf&|
c>{�c>d�|��&}7|Ih�|0yz��|_{���xNyzc>}�~4��c>~4���N|@xNy�c>|0g }�~4�NhÊxNyXc>d�|��NxN¬ |0�Nx1d�{�{�v_�IÂ¤|I�m|I}�c>d�|0�N|0h�h�iÍc>d�|0}7|�d�~4h���|0|0y
~�g }7|I~4c:vP|0~4��{��&}7|0h�|I~4}7��dF{�y¤c>dz|Bc>{��&xN��h�xNyz��|Bc>dz|�|I~4}��Nw l��
�4k4h���| � g��!�U}2|0h��N{ � ~4yzv����N~4w c>{�yzi
l��
�
�4¾F ­{��N�&yzg |0}�~4yzv¨�FÕ ��{�y�yz|0�N�Ni&l��
�
�4¾F@-|0g |0}�~4y�v�Á
~4}�xN��izl��
�
�4¾TÅPxNyW~4yzvA�P}7|0h��N{ � i l��
���[¾
������f&�N�N{���dzi�l��
���[¾m¿�xNgmg �N|0i�ª¨~ � yF~4yzv ��{�wm|I|0vPi&l��
�

4¾��U{�{�c>dF~4yzv £W{���|0}�c>i&l��
�
�4�E~4y�vPi�x1y
c>d�|0{�}�wÍi�~4y�w {���c>d�|0h�|�~4�&�&}7{�~4��dz|Ih¥��~4y­��|Xf&h[|0vÌc>{��&cÊg |0y�|0}�~4�1xNh�|IvRgm|I{�~4vUvPxNc>xN� |r��{�vP|0�Nh%�
Î f&c>f&}7|B}7|0h�|I~4}7��d � xN�N��xNyz� |0h[c>x1g ~4c>|¥c>d�|��&}�~4��c>xN��~4�Nx1c>xN|0h�xNy�c>d�|���{�y�c>|0§¨cz{��&gm|I{�~4vUvPxNc>xN� |���{�vP�
|I�1h4�

9 Closing remarks
ªPd�|�gm|I{�~4vUvPxNc>xN� |���{�vU|I��xNh�~4y�|0�6�>|0��c>xN� |W� |0dzxN���N|F�>{�}Bc>dz|�~4y�~4�1w h�xNh�{��¦h��&~4c>xN~4�Ê|0�&xNvP|0��xN{��
�N{�g xN��vP~4c>~+~4y�v­{�c>d�|0}�~4�&�&�NxN��~4c>xN{�yzh � d�|0}7|�g |0{�g }�~4�&dzxN�
�&{�x1y�c�vP~4c>~r~4}7|r~4����{����&~4y�xN|0vÌ��w
��{�� ~4}�xN~4c>|���|0~4h[f&}7|0��|0y�c>h%�¸ªPdz|¦�N{ � �>}�~4y�¬���xN§¨|0v+��{�vU|I�0�>{�}���f&�1~4c>xN{�y�~4�N�1{ � h��>{�}&h�c>}�~4x1g d�c>�
�>{�} � ~4}7vFx1���&�N|0��|Iyzc>~4c>xN{�y�~4yzvF�>~4h�c��&}2{���|0h�h�xNyzg�{��m�1~4}2gm|
vP~4c>~@��~4h�|0h�i4c>d�f&h��>~4��x1�NxNc>~4c>xNyzg�f&h�|
{���c>dz|���{�vP|0�	xNyWh�f&}�� |0xN�N�1~4y���|B{���vPx1h[|0~4h�|����Nf&h�c>|0}�h%�

l
�



ªPdz|Wg |0{�~4vPvUxNc>xN� |���{�vP|0�Êdz~4h���|0|IyLh[dz{ � yÌc>{ ��|Ff&h�|I�>f&�E�>{�}¥~4y�~4�1w h�xNh�{���c>d�|¤���&�&|0}
��~4�&|+��{�vÌ}7|0�&}2{�vUf&��c>xN� |�vU~4c>~m��Ò)c��&}7{��&|0}��Nw«~4����{�f&yzc>hB�>{�}�~4�N�U��{�� ~4}�xN~4c>|XxNyz�>{�}���~4c>xN{�y¹��|I�
�>{�}7|��&}7{�vPf&��xNyzgWvPxNh�|0~4h�|���~4�&h4�PÒ)y�c>d�|¥��~4h�|�{��Pgm|Ih�c>~4c>xN{�yz~4�m~4gm|�xNcUdz~4h���|0|Iy�h�|0|0yFc>dz~4cPyz{
}7|Ih�xNvUf&~4�&g |0{�g }�~4�&dzxN��~4�&|0�G�>|0��cÊxNh��&}2|0h�|0y�c��-ªPdz|���xN}�c>d � |0xNg dzcE~4y�~4�Nwmh[x1hBxNh�h��NxNg dzc>�Nw�h�f&g g |0h��
c>xN� |0i%��f&c�g |0{�g }�~4�&dzxN��~4�	� ~4}�xN~4c>xN{�yF��~4y�yz{�czw |0c ��|@��{�yz���Nf&vP|0v_�

Acknowledgements ¹|+~4}7|rgm}�~4c>|0�>f&�zc>{�¿�~4�N|X£W~4c>c>x1h[iL�P{���Á
yz{�}�}ÓiLò>{�|0� n ��d � ~4}�c�	4i���x1¬ |u Ì}�x1g d�cE~4yzvRc>d�|r¿�|I�
�&~4}�c>��|0y�c¦{��-Ä&f&���NxN�r£W|0~4�Nc>d�iU��{�����{�y � |0~4�Nc>dÌ{��-��~4h�h�~4��dzf&h[|0c>c>h�i&�>{�}@��~4¬mxNy�g¹c>d�|XvP~4c>~
~4� ~4xN�N~4���1|+�>{�}�c>dzxNh
~4yz~4�Nw h�xNh%��ªPd�|��&~4�&|0}_d�~4h
��|0yz|0�&c>|Iv �>}2{��ÏvPxNh���f&h�h�xN{�y�h � x1c>dAò>{�y�~4c>dz~4y
Î }7|0y���dzi:��xN��dz~4|I�$�FÕ ��{�y�yz|0�N�Ni&¿�{�f&g�ÂWw ��dz¬ ~4izÅP{�f&xNh�|�ÃEw ~4yzi�~4yzvRÅP~4yz��|u ­~4�N�N|0}Ói&~4yzvRxNy��
h�xNg dzc>�>f&����{�����|Iyzc>h��>}7{�� c>dz|¤}7|0� xN| � |0}�h%�FªPd�|F}7|Ih�|0~4}7��d�{��'�_���_��Á
~4����~4y�y � ~4h+h�f&�&�
�&{�}�c>|0v¤��wX� n ÂW~4c>x1{�y�~4�	Ò)yzh�c>xNc>f&c>|0hE{��z£W|0~4�Nc>d�g }�~4y�c�ªj�4jó� n k��4l��4j4��l�
m�

References

e�|0}�c>h�i�� � i4���N~4|0h�¬ |0y�h�iIÀW� i4Ã-f&�&�&|0}�c>i�¿¤�[~4y�vÊ ¹~4yzvPi0� � Ä	�0��j4k4k4k4���=ÅPxN¬ |0�Nx1d�{�{�vF}�~4c>xN{�c>|0h�c>xNyzg
xNy¤�&|Iyz~4�Nx�	4|0v�h��&�NxNyz|
~4vPvPx1c>xN� |@��{�vU|I�1h4����yz�&f&���NxNh�dz|0vF��~4yzf&h���}�xN�&c���P{�{�c>dzi�ò�� ÀW��~4yzv«£¤{���|I}�c>i�ò�� Ä��4�>l��
�
�4���=�L~4§=xN��x�	4x1y�g�g |0yz|0}�~4�Nx�	4|0v«�NxNyz|I~4}���x1§=|0vF��{�vU|I�T�NxN¬m|I�
�Nx1d�{�{�vPh � xNc>d ~4y�~4f&c>{���~4c>|0v©��{�y�c>|«��~4}��N{%�U� ~4�Ng {�}�x1c>d��L�ar�¯�� � ¢ °�¶¦¯ts�²��4®$u-¯�»4°�¶
\ ²�°=²��a·¸²��aÈõ·v\0¯�È��a®¸²�»5wx\0® � �a® ·Ay«i{zE|Ii%j4b
+
¿4j


+m��P{ � ��~4yziPeF�  ����>l��
�

4������{�����|0yzc-{�y¹�&~4�&|0}B��w�¿�xNg g �1|IiUª¨~ � y­~4yzvL��{�w |0|0v_�~}�"
"4¶a�a® ±
\ ²�°=²��a·¸²��aÈõ· i��E�IiF�
�
�m��P{ � ��~4yziÍeF�  ��2~4yzv+e/	
	4~4�NxNyzxNi0eF���>l��
���[���E} "
"4¶a�a® ±�\4µ�¯�¯=²��4�a¢0¡Ê��® È��4¢m�R�5� ® ·�s[¯�����°=²�°�}
¢m°�¶a»4· �a· i��§¨�>{�}7v;�0���N~4}7|0y�vP{�y¤Ä&}2|0h�h%��P}7|0h[�1{ � iTÂ¹� �_�Í~4yzv ���N~4wmc>{�y�i	¿¤� À��	�>l��
�
�4���Ue��&�&}7{�§=xN��~4c>|0v�x1y��>|0}7|0y���|�xNy�g |0yz|0}�~4�Nx�	4|0v��Nx1y��
|0~4}E��xN§=|0v���{�vP|0�Nh%��r�¯�� � ¢ °�¶T¯ts¥²��4®�}
µ�® � �aÈ�°�¢�\ ²�°=²��a·¸²��aÈ�°�¶Z}@· · ¯�È��a°=²��a¯�¢ iZ�E�Ii��
¿4j
+m��P} f&����~4��¬ ij��� eF�%~4y�vLÃ-xN��|0ijò�� eF�m�>l��
�
�4��� n ��{�{�c>dzxNyzg�h[�&�1xNy�|X��{�vP|0�Nh��>{�}
c>dz|X~4y�~4�Nwmh[x1h�{��
yz|0h[c>|0vW~4yzv«��}2{�h�h�|0v¤h�~4���&�N|0h-{�����f&}�� |0hB� � xNc>d¤vPxNh���f&h�h[x1{�y�����r�¯�� � ¢m°�¶¨¯ts�²��4®�}@µ�® � �aÈ�°�¢
\ ²�°=²��a·¸²��aÈõ°�¶Z}
· · ¯�È��a°=²��a¯�¢mi��E�Ii��4bml�¿
�
�
�m��P} f&����~4��¬ i
�_� eF� i¸Ã-f&�&�&|0}�c>i�¿¤��~4yzvÍ ­~4yzvPi�� � Ä����>l��
�
�4���=��{�����|0y�c�{�y n dzxN� |0�Nw¸iIÁ@{�d�y+~4y�v ­{�{�v_��r�¯�� � ¢ °�¶T¯ts¥²��4®�}@µ�® � �aÈ�°�¢�\ ²�°=²��a·¸²��aÈõ°�¶Z}
· · ¯�È��a°=²��a¯�¢ i��E�IiL���
�
¿������4�

l�




��dz~4f&vPdzf&}�xNi Ä��I~4yzv¹��~4}�}2{�yziyò�� n �	�>l��
�
�4��� n x�@-|0}_�>{�}_|0§=�&�1{�}�~4c>xN{�y�{��Uh�c>} f&��c>f&}7|0h�x1y���f&}�� |0h%�
r�¯�� � ¢ °�¶	¯ts�²��4®�}@µ�® � �aÈ�°�¢�\ ²�°=²��a·¸²��aÈõ°�¶Z}
· · ¯�È��a°=²��a¯�¢ i��E�Ii�
4k���¿

4j
�m�

��}7|0h�h�xN|0i4Â¹�4�>l��
�
�4����\m²�°=²��a·¸²��aÈ�·1s[¯���\�"4°=²��a°�¶Z��°=²�°=�0ÂW| � ô�{�}�¬��R �xN�N|0w¨�

¿�xNg g �N|0i�Ä�� ò�� iÊª¨~ � y�ipò�� eF��~4yzv©��{�w |0|0vPiUÃ�� eF�U�>l��
�

4������{�vU|I�1�>��~4h[|0v�g |0{�h�c>~4c>xNh�c>xN��hF� � x1c>d
vPxNh���f&h�h�xN{�y����/} "
"4¶a�a® ±�\ ²�°=²��a·¸²��aÈ�· i��E�Ii=j
�
�
¿
�
+4km�

¿�f&}��'&~4y�Ã-|0g f&|0}�~¥� � Å��=�>l��
�

4���:��{�vU|I�1�NxNyzgWh��&~4c>xN~4� c>}7|0y�vPh�~4yzv��N{���~4�z��{����&|Ic>x1c>xN{�y¤|0�6�>|I��c>h
f&h�xNy�g+h�|0��xN�&~4}�~4��|0c>}�xN��~4vPvPxNc>x1� |@��{�vP|0�Nh%�/�j�E�����4® · �a·�w{��® � �a¯=²�¼��F°=²>²"��¢ �a´4® � · �³²�»m�

¿�f&}��'&~4y�i¨� � i=£W~4��¬ |0c>c>i4��� i=��f&}�}�xN|0i¨Òõ��~4yzv«Â¤| � c>{�y�i4eF�=��j4k4k4k4���	e�yz~4�Nw h�xNh�{���h��&~4c>xN~4��c>}7|0y�vUh
xNyX�&|0�NvWc>}�xN~4�1h�f&h[x1y�g�h�|0��xN�&~4}�~4��|0c>}�x1��~4vPvPxNc>xN�m|���{�vP|0�Nh%�¸��y��&f&���Nx1h[dz|0v���~4y�f&h���}�x1�&c��

�PxN�N|0}�h�iIÄ	� £¹� ���õ~4yzv¤��~4}�§=i��_� ¿¤�I�>l��
�4b4���%Î �N|0§=x1���N|
h���{�{�c>d�x1y�g � x1c>d>�U�>h[�&�1xNy�|0hÊ~4yzv¤�&|0y�~4�1c>xN|0h
� � xNc>dWvUxNh���f&h[h�xN{�yz���Z\ ²�°=²��a·¸²��aÈõ°�¶�\0È��a® ¢ Èõ® i{|>|IiN

�
¿ml[jml4�

Î }7|Iyz��dziCò�� Å_� i�Á
~4����~4yzy�i1�_� �_�¸~4y�v� ¹~4yzvPi�� � Ä�����j4k4kml[���Ê��{�����|IyzcU{�y��&~4�&|0}���w¤Á
|�~4yzv ¹~4yzg���r�¯��m� ¢ °�¶¨¯ts�²��4®A}
µ�® � �aÈõ°�¢�\m²�°=²��a·¸²��aÈ�°�¶Z}
· · ¯�Èõ�a°=²��a¯�¢ i��EzIi¨xNyW�&}7|0h[h%�
À�~ � ~4y�vP|0i4eF�=�>l��
�
�4���%ªPdz|
��~4yz��|0}2�>���1f&h[c>|0}Ê��w c>d��C���4®Î��® ¼��0¯�� ��® � i=Î |0�U��
4i��
�
¿
���4�
À�{�vUc>�NxN|0��h�|Iyzi Î�� i���~4}�}7{�yzi�ò�� n �0~4yzvÌ��d�~4f&vPdzf&}�xNizÄ��m��j4k4k4k4~4��� n xNg yzxN�&��~4y���|+xNy¹h[��~4�1|rh��&~4��| �

��yz�&f&���NxNh�d�|0v«��~4y�f&h���}�x1�&c��

À�{�vUc>�NxN|0��h�|IyzizÎ	� i��L~4}�}7{�y�i-ò�� n �%~4y�v���dz~4f&vPdzf&}�xNi:Ä	�z��j4k4k4k4����� n x1g y�x1�&��~4y���|XxNy­h���~4�N|Xh[�&~4��|
�>{�}ÊvP|0y�h�xNc>wr|Ih�c>xN��~4c>x1{�yÊ�I��yz�&f&���NxNh�dz|0vF��~4yzf&h���}�xN�&c��

À�}�~4wÍi<�_�E�>l��
�4j4���ÌÎ �N|0§¨xN���N|���|0c>d�{�vUh��>{�}�~4yz~4�Nwy	4xNyzg h[f&}�� xN� ~4��vP~4c>~�f&h�xNyzg�h��&�NxNyz|Ih�i � x1c>d
~4�&�&�NxN��~4c>xN{�y«c>{+��}2|0~4h�cz��~4y���|0}��&}7{�g yz{�h[x1h4�:r�¯�� � ¢ °�¶	¯ts¥²��4®n}
µ�® � �aÈõ°�¢K\ ²�°=²��a·¸²��aÈ�°�¶�}@· · ¯�È�� ¼
°=²��a¯�¢ i{�E�IiF�
�4j
¿
�
+ml4�

À�}7|0|0y�i�Ä	� ò��7~4yzv n xN�1� |0}���~4y�i��_�  ����>l��
�
�4������¯�¢y"4°�� °�µ�®¸²�� �aÈ�u-®6¡m�2® · · �a¯�¢�°�¢ ± Ç ® ¢m® � °�¶a�R��® ±�� �a¢ ® °��
��¯�±4® ¶a·5D=��dz~4�&��~4y¤~4yzv«£W~4�N�Ni¨ÅP{�y�vU{�yÊ�

£W~4y�vU��{���¬ iU� � n � i���|0xN|0}6i�Ár�T~4yzv ÂWwm��d�¬ ~4i�¿¤�&�>l��
�
�4���W��{�����|0yzc¦{�yR�&~4�&|0}@��w­ÅP~4h��N|0c>c��
r�¯�� � ¢ °�¶	¯ts�²��4®�}@µ�® � �aÈ�°�¢�\ ²�°=²��a·¸²��aÈõ°�¶Z}
· · ¯�È��a°=²��a¯�¢ i��E�Ii��4kml�¿
�4k
�m�

£��~4}7vP�N|0ij ©� iP£¤~4�N�NiUÄ��T~4yzvL��~4}�}7{�yzi$ò�� n �:�>l��



4���+£W{ � �>~4}B~4}7|W~4f&c>{���~4c>xN��~4�1�NwÌ��d�{�h�|0yÌ}2|0�
g }7|0h[h�xN{�yÌh���{�{�c>dzxNy�g¹�&~4}�~4��|0c>|0}�h��>}7{�� c>dz|0xN}@{��&c>xN��f&����r�¯�� � ¢ °�¶E¯tsF²��4®�}
µ�® � �aÈ�°�¢
\ ²�°=²��a·¸²��aÈ�°�¶Z}@· · ¯�È��a°=²��a¯�¢Wi1�E�IiF
4b
¿ml[kml4�

l��



£W~4h�c>xN|0i�ªP� ò�� �>l��
�4b4����Ä&h�|0f&vP{�h��&�NxNyz|0h4��r�¯��m� ¢ °�¶&¯tsX²��4®�u-¯�»4°�¶M\ ²�°=²��a·¸²��aÈ�°�¶I\4¯�È��a®¸²�»>wM\0® � �a® ·�yUi��E�Ii�����
¿
�
�4bm�
£W~4h�c>xN|0i=ªP� ò���~4y�v�ªmxN��h�d�xN}�~4y�xNiTÃB�¨�>l��
�4k4��� Ç ® ¢ ® � °�¶a�R��® ±�}
±4±4�³²��a´4®M��¯�±4® ¶a·¸�	ÅU{�y�vP{�y}�0��dz~4�&��~4y

~4yzvF£¤~4�N�#�

£W|0��¬ ��~4yziIÂ­�Q�_�I�>l��

4b4��� n �&�Nx1y�|�h���{�{�c>d�x1y�g�x1y+~@�&~4}�c>�Nw��Nx1y�|0~4}E��{�vP|0�#��r�¯�� � ¢ °�¶%¯ts@²��4®�u-¯�»4°�¶
\ ²�°=²��a·¸²��aÈõ·v\0¯�È��a®¸²�»5wx\0® � �a® ·Ay«i{�E�Ii%j
�
�
¿4j
�

m�

£W{���|0}�c>i!ò��ÍÄ�� iTe��Nc>��~4yzi	Â¹� n �¸~4y�v n ��dz{��&|I�1vPi=����Å_�=�>l��
���[���ze�y�~4�Nwmh[|0h�{��&�&h�dFh��&|0��xN|0h_}�xN��d��
yz|0h[h � xNc>d+h��&~4c>xN~4�=��{��m~4}�xN~4c>|�r�¯�� � ¢ °�¶=¯ts
²��4®�}
µ�® � �aÈ�°�¢�\ ²�°=²��a·¸²��aÈõ°�¶{}@· · ¯�È��a°=²��a¯�¢ i1�E Ii


�4b
¿

+
�m�ò>{�d�yzh�{�y�iI� � �_� i¸��{�{�}7|0i¸Å_� � ��~4y�v�ô¦�N� xNh�~4¬ |0}Ói0¿¤���>l��
�4k4���%��xNyzxN��~4§B~4yzvW��~4§¨xN��xNy�vPxNh�c>~4yz��|
vP|0h�xNg yzh%��r�¯�� � ¢ °�¶T¯ts¡\m²�°=²��a·¸²��aÈ�°�¶Z�P¶a°�¢ ¢m�a¢0¡+°�¢ ±¡¢>¢�s[® �2® ¢ È�® i� EzIi�l��ml�¿ml��

m�

Á
~4����~4yzy�iL�_� ���Í~4yzvÙ ­~4yzvPi	� � Ä�����j4k4kml[����ÅP{ � �>}�~4yz¬¤}�~4vPxN~4�:h���{�{�c>d�xNyzg��T¬ }�xNg xNyzg�� xN~+}7|I�
h�c>}�xN��c>|0vF��~4§=xN��f&�Æ�NxN¬m|I�1xNd�{�{�v��0��yz�&f&���NxNh�d�|0vF��~4y�f&h���}�xN�&c��

Á
|0�N�NwÍi�����~4yzv Ã-xN��|0iCò��	�>l��
�4k4�E��{�y�{�c>{�yz|�h[��{�{�c>dzxNyzg � xNc>d�~4�&�&�Nx1��~4c>xN{�y�c>{�vP{�h�|0�>}2|0h��&{�yzh[|
��f&}��m|Ih¦~4y�v�c>dz|�~4h[h�|0h�h���|Iyzc {���h[wmy�|0}7g xNh��L�/yP�a¯�µ�®¸²�� �aÈõ· i��EzIi�l[k��4l�¿ml[k


+m�

Á
|0�Nh�~4�N�Ni3ò�� �_�4~4yzv�¿�xNgmg �N|0i:Ä	� ò����>l��
�

4��� n �&~4c>xN~4�P� ~4}�xN~4c>xN{�yÌxNy­}�xNh�¬�{���vPxNh�|0~4h�|C�Ue yz{�y��&~4}�~4�
��|0c>}�xN����xNyz~4}�wX}7|Igm}2|0h�h�xN{�yX~4�&�&}7{�~4��dÊ�3} "
"4¶a�a® ±�\ ²�°=²��a·¸²��aÈ�· i��E�IiN+
+
�4��+����m�

Á
|0y�c>i�ò�� ª&��~4y�v¤��~4}7vPxN~4i0Ár� B��I�>l��
�
�4���4ªUd�|��NxNyz¬���|0c � |0|0y�¬ }�xNgmxNy�g�~4y�v�c>dzxNy+�&�N~4c>|�h[�&�1xNy�|0h%��Ò)y�P�2¯�£¸°�£��a¶a�³²�»>wn\ ²�°=²��a·¸²��aÈ�·�°�¢m±-¤'"m²��aµ��R��°=²��a¯�¢�½&°���� �R£5�E²�®¥²�¯¡�P®¸²�® ���¨�4�³²>²�¶a®���|0v_��Î	� Ä	��Á
|0�N�1w �>i
�&�¦���4j
+
¿
�
�
�m�¨��d�x1��d�|0h�c>|0}R�� �xN�N|0w¨�

ÅPxNyzi¦¥B�=~4y�v%�U}2|0h��N{ � i�Â­� �_���>l��
���[���ó�PxN~4h¥��{�}�}7|0��c>xN{�y­xNy­g |0y�|0}�~4�Nx 	4|IvL�NxNyz|I~4}B��xN§=|0v���{�vU�
|0�Nh � xNc>d ��f&�1c>xN�&�N|X��{����&{�y�|0yzc>h
{��ÊvPxNh��&|0}�h�xN{�y��§r�¯�� � ¢m°�¶&¯ts�²��4®�}
µ�® � �aÈ�°�¢�\m²�°=²��a·¸²��aÈ�°�¶
}
· · ¯�Èõ�a°=²��a¯�¢ i��E|Iizl[k4k���¿ml[kml[bm�

ÅPxNyzin¥B�	~4yzv�@-d�~4yzg iÊ¿¤�U�>l��
�
�4����Ò)y��>|0}7|0y���|FxNyLgm|Iyz|0}�~4�Nx�	4|0v�~4vPvPx1c>xN� |¤��x1§=|0v©��{�vP|0�Nh���w
f&h�xNyzgrh���{�{�c>dzxNyzg�h��&�NxNyz|0h4��r�¯��m� ¢ °�¶¨¯ts¥²��4®�u-¯�»4°�¶"\ ²�°=²��a·¸²��aÈ�°�¶�\4¯�È��a®¸²�»>wx\0® � �a® ·AyPi1zE|IiN�

ml�¿�4k4km�

������f&�N�N{���dzi���� �_���>l��
���[���0��~4§¨xN��f&���NxN¬ |0�Nx1d�{�{�v+~4�Ng {�}�x1c>d���hP�>{�}zg |0yz|I}�~4�Nx�	4|0v��Nx1y�|0~4}:��xN§=|0v
��{�vP|0�Nh%��r�¯�� � ¢m°�¶¨¯ts�²��4®A}
µ�® � �aÈ�°�¢�\ ²�°=²��a·¸²��aÈõ°�¶Z}
· · ¯�È��a°=²��a¯�¢mi��E Iizl[b4j
¿ml
�[km�

��~4}7vPxN~4iEÁr� B��=~4yzvL��~4}�h�dz~4�N�Ni�ÃB� ò��:�>l��


�4������~4§=x1��f&� �NxN¬m|I�1xNd�{�{�v |0h[c>x1��~4c>xN{�y¹{��¦��{�vP|0�Nh
�>{�}E}7|Ih�xNvUf&~4�T��{��m~4}�xN~4yz��|BxNy¤h[�&~4c>x1~4��}2|0g }7|0h�h�xN{�yÊ�5yP�a¯�µ�®¸²�� �a��°�i��E Iizl��
+
¿ml��4bm�

j4k



��~4}�§=iN�_� ¿¤�1¨h�UxN�N|0}�h�i4Ä	� £¹� ���%�>l��
�

4���T¿�xN}7|0��c�g |0yz|0}�~4�Nx�	4|0v�~4vPvPxNc>x1� |@��{�vP|0�Nx1y�g � xNc>d¤�&|Iyz~4�N�
x�	4|0v��NxN¬ |0�NxNdz{�{�v_�Z©:¯�µ#"
��²�°=²��a¯�¢ °�¶�\ ²�°=²��a·¸²��aÈõ·E°�¢m±~��°=²�°ª}
¢m°�¶a»4· �a· i� E�Ii�l��
�
¿4j4k
�m�

��xN�N�N|0}Ói?ò�� ò��E�>l����
�[��� e�h[wm���&c>{�c>xN�X�&}2{��&|0}�c>x1|Ih�{�����~4§=xN��f&� �NxN¬ |0�NxNdz{�{�v©|0h�c>xN��~4c>|0hrxNy c>dz|
��xN§=|0v���{�vP|0�T{��mc>dz|
~4y�~4�1w h�xNh¦{��z� ~4}�xN~4yz��| �����4®�}
¢ ¢m°�¶a·�¯ts¡\ ²�°=²��a·¸²��aÈ�· iZ�IiL���4b
¿��[b4jm�

ÂW��£ n �>l��
�4b4���Rl��
�4k��Px1}�c>d���{�d�{�}�c¦ÅPxNyz¬ |0v��PxN}�c>dn�TÒ)yz�>~4y�c�¿�|0~4c>dL¿�~4c>~ n |0c>iEÂW��£ n ��¿��
Ã<��� n |I}�xN|0h-j4kBÂ¤{U�Ib4i n �Uª n BP|0}�h�xN{�y�l4� j4j4~m�

ÂWw ��dz¬ ~4im¿¤�  �����j4k4k4k4��� n �&~4c>xN~4�P�&}7{���|0h[hB|0h[c>x1��~4c>|Ih@~4hBh���{�{�c>dz|I}�h4�-Ò)y«\0µ�¯�¯=²��4�a¢0¡ °�¢ ±¬u-®]¼
¡m�#® · · �a¯�¢­��� � n ��d�xN��|0¬ i4|0v_� �>i4£W|0xNvP|0�N��|0}7g�� n �&}�xNyzg |0}7��BP|0}��N~4g��

ÂWw ��dz¬ ~4i0¿¤� i0£W~4~4�N~4yzvPi4Ä�� i��FÕ ��{�yzy�|0�N�1i%� � i��U�N�Nyz|I}Ói n �I�>l��
�

4���p­��'�$­�¢��"\3w>��°=²�°�}
¢ °�¶a»4· �a·E°�¢ ±
\ ²�°=²��a·¸²��aÈ�°�¶���¯�¯�¶a·:s[¯��§®P·¸²��aµ�°=²��a¢4¡�­y�m¢ ÈI²��a¯�¢ ·5D�Ò)y�©&°�· ®A\ ²��m±4�a® ·��a¢¡®P¢ ´4�a�2¯�¢ µ�® ¢�²�°�¶�\ ²�°=²��a·¸²��aÈõ·
��¿¤��ÂWw ��dz¬ ~4i
 ©�  ©�õÄ&xN|0g {�}�h���dzi4Å_� £­����{�§¨i4|IvUh4� �>i4ÂW| � ôz{�}�¬�� n �&}�xNyzg |0}7��BP|0}��N~4g��

ÂWw ��dz¬ ~4i�¿¤�I~4y�v­��f&����xNyzh[i�¿¤� ò����>l��
�4b4���Ê��{�����|0y�c�{�y��&~4�&|I}_��wÊ�UxN�N|0}�h
~4yzv ��~4}�§z�ª\ ²�°�¼
²��a·¸²��aÈ�°�¶�\0Èõ�a® ¢ È�® i�|>|Ii�l[k
�
¿ml[k
+m�

ÂWw ��dz¬ ~4i:¿¤�%~4yzv n ~4�1c�	4��~4y�iPÂ­�m�>l��
�

4����¿�|0h�xNg y {���e�xN}�¯�f&~4�NxNc>w¹��{�yzxNc>{�}�xNyzg�ÂW|0c � {�}�¬ h%�
xNy���~4h[| n c>f&vPxN|0h�xNyÊ�Uy�� x1}2{�yz��|0y�c>~4� n c>~4c>x1h[c>x1��h�Â¤w ��d�¬m~4i¨¿¤� i	��{�§¨i¨Å�� iTÄ&xN|0g {�}�h���dziF ©�
|0v_� i0ÅP|0��c>f&}7|
ÂW{�c>|0h�xNy n c>~4c>xNh�c>xN��h�i n �&}�xNyzg |0}7��BP|0}��N~4g���FÕ ��{�y�yz|0�N�Ni4� � eF� ~4yzvÍ ­{��N�&yzg |0}Ói¸ÃB� ¿¤���>l��
���[��� n �&~4c>xN~4�=}7|0g }7|0h[h�xN{�yr��{�vP|0�Nh�i�}7|0h��&{�y�h�|_h[f&}7�
�>~4��|0h[iI~4yzv��&}2{���|0h�hP{��&c>xN��x 	4~4c>xN{�yÊ��r�¯�� � ¢ °�¶0¯ts�©:¯�µ/"
��²�°=²��a¯�¢m°�¶%°�¢ ± Ç � °�"
�4�aÈ�°�¶x\ ²�°=²��a·¸²��aÈ�· i
zIi%j4j
�
¿4j
�ml4��FÕ n f&�1�NxN� ~4yzi�Î	�:�>l��

4b4���Xe h�c>~4c>xNh�c>xN��~4�Ê�&|0}�h��&|I��c>x1� |X{�yRxN�N�N�>�&{�h�|0v x1y�� |0}�h�|��&}7{����N|0��hF� � x1c>d
vPxNh���f&h�h�xN{�y����Z\m²�°=²��a·¸²�D�\0Èõ�ED i1|Ii�+4k
+
¿
+4j��4��FÕ n f&�1�NxN� ~4yzi�Î����>l��



4���0Î ~4h�c%��{����&f&c>~4c>x1{�y�{��=�>f&�N�Nw¥~4f&c>{���~4c>|0v��1{�g �>vP|0y�h�xNc>wB~4y�v+�N{�g �>dz~
	4~4}7v
|0h[c>x1��~4c>{�}�h~\3¢ }v�&r�¯�� � ¢ °�¶T¯�¢�\0È��a® ¢E²�� °-È�°�¢ ±¬\ ²�°=²��a·¸²��aÈõ°�¶�©:¯�µ/"
��²��a¢0¡mi1�IiN�4b
�
¿
�����m�

Ä&~4}�¬ |0}Ói=ÃB� Å_�[~4yzv�Ã-xN��|0iFò�� eF�%�>l��


+4��� ¿�xNh���f&h�h[x1{�y¤{��-Ð n {���|�~4h��&|0��c>h-{��:c>d�|Bh[�&�1xNy�|�h���{�{�c>d��
xNyzgW~4�&�&}7{�~4��dFc>{Xyz{�y��&~4}�~4��|0c>}�x1����f&}�� |¥�&c>c>xNy�gEÑ¦��w����  ©� n xN�N� |0}���~4y��/r�¯��m� ¢ °�¶ ¯ts�²��4®
u-¯�»4°�¶"\ ²�°=²��a·¸²��aÈ�°�¶�\4¯�È��a®¸²�»>wx\0® � �a® ·AyPi1�E�IiN�4k4���4jm�

Ä&xNy�dz|0xN}7{�i}ò�� ���m~4y�v§�P~4c>|0h[iE¿¤� � ����j4k4k4k4�������R±4® ±
¼ ®/sRs[® ÈI²�·O�L¯�±4® ¶a·��a¢²\«°�¢ ±�\�¼ �����$\0i&ÂW| �ô�{�}�¬�� n �&}�x1y�g |0}��
Ã-f&�&�&|0}�c>i�¿¤�Í��j4k4kml[��� n |0�N|0��c>xNy�g¥c>dz|-yzf&����|I}:{��¨¬ y�{�c>hU�>{�}z�&|0yz~4�Nx�	4|0vXh��&�NxNyz|Ih%�¸��yz�&f&���NxNh�d�|0v

��~4y�f&h���}�x1�&c��

jml



Ã-f&�&�&|0}�c>i&¿¤�T~4yzv ��~4}�}7{��N�NiEÃB� ò��:��j4k4k4k4��� n �&~4c>x1~4�N�Nw �>~4vP~4�&c>x1� |¤�&|0yz~4�Nc>xN|0h��>{�}@h��&�NxNyz|W�&c>c>xNyzg��
}��m·¸²�� °�¶a�a°�¢+°�¢m±õ��® ¼«]-® °�¶a°�¢m±�r�¯��m� ¢ °�¶¨¯ts�\ ²�°=²��a·¸²��aÈõ· i��E Ii%j4k
+
¿4j4j
�m�

n |0~4}��1|Ii n � ÃB� i%��~4h�|I�1�N~4i¨ÀW�Í~4y�v�������f&�N�N{���dzi	��� �_�=�>l��
�4j4���"³�°�� �a°�¢ È�®#©:¯�µ#"4¯�¢ ® ¢�²�· iTÂW| � ôz{�}�¬�� �x1�N|0w¨�

n |0�N�>i n � ÀW��~4y�vuÅUxN~4y�gmi¦Ár� ��ô��E�>l��
���[����e�h�w ���&c>{�c>x1�+�&}7{��&|0}�c>xN|0h+{��
��~4§=x1��f&� �NxN¬m|I�1xNd�{�{�v
|0h�c>xN��~4c>{�}�h�~4yzv¹�Nx1¬ |0�NxNdz{�{�v¹}�~4c>x1{¤c>|0h�c>h�f&yzvP|0}¦yz{�yzh[c>~4yzvP~4}7v���{�yzvPxNc>xN{�yzh%��r�¯��m� ¢ °�¶�¯ts
²��4®A}
µ�® � �aÈõ°�¢�\ ²�°=²��a·¸²��aÈ�°�¶Z}
· · ¯�Èõ�a°=²��a¯�¢ i��E Ii=b4k
+
¿4bml[km�

n dzxN� |0�Nw¸i¸ªP� n � iÍÁ
{�dzy�iÍÃ��7~4y�v) ­{�{�vPi n ���>l��
�
�4���
BE~4}�xN~4���N|�h�|I�1|I��c>x1{�y�~4y�vX�>f&yz��c>xN{�y�|0h�c>xN��~4c>xN{�y
xNyR~4vUvPxNc>xN� |¤y�{�yz�&~4}�~4��|0c>}�xN�+}7|Igm}2|0h�h�xN{�y­f&h[x1y�g­~¤vP~4c>~4�>��~4h�|0v �&}�xN{�}��#r�¯�� � ¢ °�¶E¯ts¤²��4®
}
µ�® � �aÈ�°�¢�\ ²�°=²��a·¸²��aÈ�°�¶Z}@· · ¯�È��a°=²��a¯�¢ i��E�IiL�
�
��¿����
�m�

n ��x1c>d�i&� �¨~4yzv�Á
{�dzy�i:ÃB�z�>l��
�4b4���¥ÂW{�yz�&~4}�~4��|0c>}�xN��}7|0g }7|0h�h[x1{�y f&h�xNyzg��P~4w |0h�xN~4y­� ~4}�xN~4���N|
h�|0�N|0��c>xN{�y���r�D�®PÈ�¯�¢ ¯�µ�®¸²�� �aÈ�· i��E�IiN�ml
��¿
�
�
�m�

n �&|0|0vPi0ªP�4�>l��
�ml[���¨��{�����|0yzcm{�y��&~4�&|0}E��w+Ã¦{���xNy�h�{�y��Z\ ²�°=²��a·¸²��aÈ�°�¶�\4È��a® ¢ Èõ® i1zIi��4j
¿
�
�m�
n c>|0xNyziP� � Å_�:�>l��
�
�4���+¢>¢�²�® �]"4¯�¶a°=²��a¯�¢R¯ts�\�"4°=²��a°�¶A��°=²�°=½�\0¯�µ�®)���4® ¯�� »ªs[¯���º-� � ¡m�a¢0¡miEÂW| � ôz{�}�¬��

n �&}�xNyzg |0}��

BP|0y�~4���1|Ih�iy ©� Â¹��~4y�v­Ã-xN�&�N|0wÍiC��� ¿¤���>l��
���[���M��¯�±4® � ¢-}�"
"4¶a�a® ±�\ ²�°=²��a·¸²��aÈ�·�¼
�³²���\�¼ �"���O\ ��ÂW| �ôz{�}�¬�� n �&}�xNyzg |0} �
BP|0}���w �N~4izeF� Ä	� im��f&�N�1xNh�i3�_� Ã�� i Á@|Iy � ~4}7vPiz� � À��4~4y�v� ­|0�Nd�~4��i n � ò�� �>l��
�
�4���
ªPdz|�~4y�~4�1w h�xNh¥{��

vP|0h�xNg yz|0vW|0§=�&|0}�xN��|0yzc>hÊ~4y�v«�N{�yzg xNc>f&vPxNyz~4�	vP~4c>~@��w+f&h�xNyzgrh���{�{�c>dzxNy�grh��&�NxNyz|Ih@� � xNc>d
vPx1h[��f&h�h�xN{�yz����r�¯�� � ¢ °�¶T¯ts¥²��4®�u-¯�»4°�¶"\ ²�°=²��a·¸²��aÈõ·#\0¯�È��a®¸²�»5w�\0® � �a® ·v©Fi1�E�Ii%j4b
�
¿
�ml[jm�

 ¹~4dz��~4i:ÀW� �>l�����
4����Ò)���&}7{��&|0}_�&}�x1{�}�h�imh��&�NxNyz|�h���{�{�c>dzxNy�gF~4y�vRc>dz|��&}7{����N|0�É{���gmf&~4}2vUxNy�g
~4g ~4x1y�h�cU��{�vU|I��|0}�}7{�}�h�xNy�}7|0g }7|Ih�h�xN{�y���r�¯��m� ¢ °�¶m¯ts+²��4®Iu¦¯�»4°�¶A\ ²�°=²��a·¸²��aÈõ°�¶M\0¯�È��a®¸²�»5w�\0® � �a® ·
yPi1�E´IiN�4b
�4�����[jm�

 ¹~4dz��~4i=ÀW�4�>l��
�4k4���§\�"4¶a�a¢ ®���¯�±4® ¶a·ps[¯��v¤ª£¸· ® � ´4°=²��a¯�¢m°�¶Z��°=²�°ND i=Ä&d�xN�1~4vP|0�N�&d�x1~�� n Ò)e�� �

 ¹~4yzg i1ô�� �>l��
�

4�����LxN§=|0vÌ|0�G�>|0��c>h�h[��{�{�c>dzxNyzgFh��&�Nx1y�|r~4y�~4�Nwmh[x1hB{��Ê� ~4}�x1~4y���| ��r�¯�� � ¢m°�¶z¯tsX²��4®
u-¯�»4°�¶"\ ²�°=²��a·¸²��aÈõ°�¶�\0¯�È��a®¸²�»5w�\0® � �a® ·AyPi1zE´Ii�l�

�
¿ml�


m�

 ¹{��1�&y�g |0}Ói0ÃB�[~4yzv.�«Õ ��{�yzyz|I�1�Ni%� �4�>l��
�
�4���=À¥|Iyz|0}�~4�Nx�	4|0v��NxNyz|0~4}Ê��xN§=|0v«��{�vP|0�Nh��I~@�&h�|0f&vP{��
�Nx1¬ |0�NxNdz{�{�v­~4�&�&}7{�~4��d��"r�¯�� � ¢ °�¶:¯ts+\ ²�°=²��a·¸²��aÈ�°�¶I©&¯�µ/"
��²�°=²��a¯�¢�°�¢ ±�\0�aµ/�m¶a°=²��a¯�¢ i§�E�Ii:j
�
�
¿
j
�
�m�

j4j



@-|0g |0}6i n � Å_��~4yzv�Á
~4}�xN��iT� ��Ã��%�>l��
�
�4����À¥|0y�|0}�~4�1x�	4|0v��NxNyz|I~4}¦��{�vP|0�Nh � x1c>d¤}�~4yzvP{��Æ|0�G�>|0��c>h��
~¤À¥xN����hrh[~4���&�1xNy�g­~4�&�&}7{�~4��dÊ�vr�¯�� � ¢m°�¶U¯ts«²��4®~}
µ�® � �aÈ�°�¢µ\ ²�°=²��a·¸²��aÈ�°�¶A}
· · ¯�Èõ�a°=²��a¯�¢ iA�EzIi���
¿

4bm�@-xN����|0}���~4yzi¦¿¤�Ê�>l��


�4������{����&f&c>~4c>xN{�yz~4�N�Nw |0�G�&��xN|0yzc
}7|0h[c>}�xN��c>|0v©��~4§=xN��f&� �NxN¬ |0�NxNdz{�{�v
|0h[c>x1��~4c>xN{�yF{��Ug |0y�|0}�~4�Nx 	4|Iv ��{�� ~4}�xN~4yz��|��>f&yz��c>xN{�y�h%����°=²��4® µ�°=²��aÈõ°�¶ Ç ® ¯�¶a¯2¡m»4i� E|Ii�b
+
+
¿
b��[jm�

j
�



Ö¸×aØ�Ù%ÚÓÛx¶�Ý5·�ç�âÍô è à�á4åIê ö à�î
ö â¸ß
á4âÍïIç�ï�äæé â¸ãô¸ç�â¸à�ë%ë%êìäæê3ð¸çzß
âÍë=ç�î�ñ4äæé
äæâ ò ê è äæåIó¦ç�êìô¸åIä�ó_ê3äæåí4é³ç è é³á4ç ö ê3ñ4ç�ë�ë=ç�ô è ç�ç�éâÍãIã è ç�ç�ë%âÍß­ð¸àõî3í4ç�Ý ÿ à��¸ ùPë=ç�ô è ç�ç�éTâÍã0ã è ç�ç�ë%â¸ß�Pÿ ò ��¹�ùPë=ç�ô è ç�ç�éTâÍãã è ç�ç�ë%âÍß@ø�ù%å�ç:îìê3ô¸åIäî3êìï�ç�é ö â è>è ç�é#á4âÍï�ë�äæâ
ö ç�ï�é#í4é ò î3â ö ÷-ô è â¸í4á4é³ø

(a)

degrees longitude
þ

de
gr

ee
s 

lo
ng

itu
de

-70.7 -70.6 -70.5 -70.4 -70.3

41
.5

0
41

.5
5

41
.6

0
41

.6
5

41
.7

0
41

.7
5

41
.8

0

-100 -50 0
ÿ

50
�

100

estimated mean (grams)

(b)

degrees longitude
þ

de
gr

ee
s 

lo
ng

itu
de

-70.7 -70.6 -70.5 -70.4 -70.3

41
.5

0
41

.5
5

41
.6

0
41

.6
5

41
.7

0
41

.7
5

41
.8

0

-100 -50 0
ÿ

50
�

100

estimated mean (grams)

j
�


