
Lillestøl, Jostein

Working Paper

Bayesian estimation of NIG-parameters by Markov Chain
Monte Carlo Methods

SFB 373 Discussion Paper, No. 2000,112

Provided in Cooperation with:
Collaborative Research Center 373: Quantification and Simulation of Economic Processes,
Humboldt University Berlin

Suggested Citation: Lillestøl, Jostein (2000) : Bayesian estimation of NIG-parameters by Markov Chain
Monte Carlo Methods, SFB 373 Discussion Paper, No. 2000,112, Humboldt University of Berlin,
Interdisciplinary Research Project 373: Quantification and Simulation of Economic Processes, Berlin,
https://nbn-resolving.de/urn:nbn:de:kobv:11-10048384

This Version is available at:
https://hdl.handle.net/10419/62266

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://nbn-resolving.de/urn:nbn:de:kobv:11-10048384%0A
https://hdl.handle.net/10419/62266
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


���������
	��
��������	�������	������������! �"$#%�'&����(�)�*��&+�-,.�0/0��&�12�43
5�6 �'	7�8/����9���;:<��&+=��>�(�)� 6 �@?A�

B4CED$F!G�HJILKAHJMNMNG�DOFQPEMRJS
T7U�VWU�X+U7Y@Z$[4\4V]S�^$S�_`Ya^$S�bdce^$S�^Of$YhgiYhS!Uajk_lVWYhS�_`Ym2n Yao9Z$p�q
YlfrVs^$Stjk_ n ZuZrvwZ$[Ex
_`ZrS+ZrgiV]_lT2^$S
bzy�X�T�V]S+YhT{T�|9b�g%V]S�T7U7p{^OU�V]ZrSy'Ylp�f$YhSw}�o9Z$p�q'^�~
x���gi^$Vsv�����ZrT�U7YhV]S)��v]V]vsvWYhT7U7Zrv���S n�n ��S+Z
�2Yl�kV]T�VWZrS�Z$[4��Yh_`Yhg��*Ylp��h�Q}��O�$�$�

�����h�����
�$�
m2n Y�o.Z$p{g%^$v*RJSu�$Ylp{T7Y� �^$X�T{T�V]^$S¢¡£o.R� a¤'b�VsT7U7p{VW�
X�U�VWZrS¥p�Yh_`YhSuU�vW~¦VsS!U7p�ZO�b�X�_`Yhb��u~¦y'^Op§S�b+Z$p7¨���o9V]Yhv]T7YhS©¡��hª$ªr«$¤�V]T�^�¬�p�ZrgiV]T{V]S+f�^$vWU7Ylp§S�^OU�VW�$Y�[�Z$pg¥ZQb�Yhv]v]V]S+f'­�S
^$S�_lV]^$v!b
^OU�^2Y`® n VW�
VWU�VsS+f2T7¯$Ylq.S+YhT{T�^$S�b�[°^OUEU�^$V]v]Th��R�SaU n V]T¬
^O¬*Ylp±q'Y9Y`®k¬
vWZ$p�Y.U n Y�y�^�~$YhT�V]^$S�YhT7U�V]gi^OU�V]ZrS%Z$[wo9R7 ��²¬
^Op{^$g¥YlU7Ylp{T'�Q~ce^Op�¯$Z��e³ n ^$V]S´ceZrSuU7Yµ³�^Op{v]ZµceYlU n Zkb�Tl�

¶ax�·¹¸»º��9�aj���o.Z$p§gi^$v�R�S!�$Ylp{T�Ye �^$X�T�T�Vs^$S¼b�V]T7U7p{V]�
X+U�VWZrS)}4y�^h~$YhT�Vs^$S½|�S�^$vW~kT�V]Tl}ct^Op�¯$Z��e³ n ^$V]S´ceZrS!U7Y�³�^Op{vWZ+�

m2n V]T�q
Z$p�¯©V]T@¬�^Op�U�vW~eb�ZrS+Yi^OUaR�S�T7U�VWU�X+U�[§¾X+pAjQU�^OU�V]T�U�VW¯eX�S
b ¾º�¯$ZrS+Zrg¥YlU7p{V]Y$}�¿�X�gµ��*Zrv]b+U
À9S�V]�$Ylp{T�VWU�¾^OU'ÁhX�y
Ylp§v]V]S¦q.VWU n T{X+¬�¬*Z$p�U±[°p�ZrgLU n Y��.X n p�fr^$T
|9p�YhS�^A¬�p�Z$f$p§^$g´�



Â Ã�Ä�Å*Æ)ÇaÈiÉµÊEÅ*Ë{Ç9Ä
m2n Y�Yhg¥¬
VWp§V]_l^$v�b�V]T�U7p{VW�
X+U�V]ZrS�T@Z$[.T7U7Zk_�¯�p�YlU�X+p{S
T�^Op�Y�U�~Q¬
V]_l^$vsvW~ÌT7¯$YlqÍ^$S�b n Yh^h�Q~U�^$V]vWYhb)}�^$S�b¢b�VÎ¨*Ylp�YhSuU�[£^$giV]vsVWYhT�Z$['b�VsT7U7p{VW�
X�U�VWZrS�T n ^h�$Y%�*YlYhS©¬�p{Z$¬�ZrT�YhbeU7Zeg¥ZQb�Yhvp�YlU�X+p{S
Tl��cdZrT�U.S+Z$U�^O�
vW~�V]T�U n YaT7U�^O�
vWY�Ï4^Op�YlU�Vs^$S´[°^$g%V]vW~%q9VWU n ^ivWZrS+f n V]T7U7Z$p�~$}�T7YlYce_�³�X�v]vWZk_ n ¡��hª$ª$Ðr¤9^$S�bd|9b�v]Ylp2YlUl��^$v��a¡��hª$ª$Ñr¤§�2cdZ$p{Y�p�Yh_`YhSuU�vW~´U n Y�_lvs^$T�T2Z$[�o9R7 9�b�V]T7U7p§VW�
X+U�VWZrS
Tl}$^$S%^$_`Z$p{Su~QgÒ[�Z$p'o.Z$p§gi^$v�R�S!�$Ylp{U7Yhb� �^$X
T�T�V]^$S)} n ^$T��*YlYhS¥¬�p{Z$¬�ZrT�Yhb�u~�y�^Op{S�b+Z$p7¨���o�VWYhv]T7YhS´¡��hª$ªr«$¤§�±¿9Y2V]Su�$YhT7U�VWfr^OU7Yhb¥VWU�T4¬�p{Z$¬�Ylp{U�VWYhTl}OU n Y�g¥Zkb+Yhv]v]V]S�f.Z$[o.R� 9�²¬�p{ZQ_`YhT�T�YhTl}$U n Y±YhT�U�V]gi^OU�VWZrS�Z$[
o.R� 9�²¬
^Op§^$g¥YlU7Ylp{T4^$S�baU n Y�­
U�U7Z9p�Yh^$v!­�S�^$S
_lV]^$vb�^OU�^k}
T�YlY�^$vsT7Zt�.~Qb���Ylp{fÓ¡��hª$ªr«$¤§� m2n Y�o.R� 9�²[°p{^$g¥Ylq'Z$p�¯ n ^$T�T�Yl�$Ylp{^$v�b+YhT�VWp§^O�
vWY¬�p�Z$¬*Ylp�U�VWYhT�^$S
b¥Z$¬�¬*Z$p�U�X�S�V]U�VWYhT�[°Z$p
giZQb+YhvsV]S+f+��|�SQX�g��*Ylp�Z$[*¬�p�Z$��vWYhgiT4V]S�­�S�^$S
_`Y_l^$Si�*Y�p�Yh_l^$T7U7Yhb%q.VWU n VsSAU n V]T4[�p§^$g¥Ylq
Z$p{¯�}uU n X�T�U�^O¯QV]S�faT7¯$Ylq.S+YhT�T
^$S�b n Yh^��u~µU�^$V]vsTV]SuU7Z%^$_l_`ZrX�SuUl}�^$T2b+YhgiZrS�T7U7p{^OU7Yhbd�u~�Ô�V]vsvWYhT7U�Õ$v�¡��O�$�$�!¤§�R�S�U n V]T�¬�^O¬�Ylpµq'Y�[�Zk_lX�T�ZrSÖU n Y�YhT7U�V]gi^OU�VWZrSÖZ$[.o9R� 9�²¬
^Op{^$g¥YlU7Ylp§T¥[�p{Zrg×U n Yy�^h~$YhT�V]^$S»�kVWYlq2¬*ZrV]SuUiX�T�V]S+f¢ct^Op�¯$Z��Ø³ n ^$V]S¼ceZrS!U7YÌ³�^Op{v]ZÌcdYlU n Zkb�Tl�»¸¢Yeq9V]v]vY`®Q¬�vWZ$p�Y´^¢_`ZrS!�$YhS
VWYhS�_`Yz¬�p§VWZ$p¥vWYh^$b�V]S+ftU7ZÌT�V]gi¬
vWY¦X�¬*b
^OU�V]S+ft[�Z$p{g�X�v]^$Th� m2n VsT�VsT^%_`ZrSÙ��X+fr^OU7Yµ¬�p{V]Z$p2q n YhSe^$SdX�S+Z$��T7Ylp��$Yhbz�O^Op{V]^OU7YµV]T9V]S�_lv]X�b�Yhb´V]S´U n YA¬
^Op{^$g¥YlU7YlpT7YlUl��¸¢Y�q.V]v]v+frV]�$Y9T7Zrg¥Y9Y`®k^$gi¬
vWYhT�ZrS¦YhT7U�V]g%^OU�V]S+f�p{Yh^$v
^$S�b¦T�V]g�X�v]^OU7Yhb%b
^OU�^k}k^$S
bgi^O¯$YA_`Zrgi¬
^Op{V]T7ZrS
T�q.VWU n U n Y�g%^Ù®kV]g�X�gÍv]V]¯$Yhv]V n ZQZQb¦YhT7U�V]g%^OU7YhTl�
Ú ÛØÜµÝÍÞÍÃ�ßáàuÈiË{â�Å*ÆwË{ã¥ÉAÅ*Ë{Ç9Ä0ä2ÄµÈåä(Ê�Ç�Ä�æ9Ý
Ä¥Ë�Ý±ÄµÊ�ÝèçµÆwË{Ç.Æ
m2n Y´o9R7 9��b
V]T7U7p{VW��X+U�VWZrSég%^h~é�*Y´_ n ^Op{^$_`U7Ylp{VWÁlYhb¼�Q~é[°ZrX+pµ¬
^Op{^$giYlU7Ylp{Tl��ê�ë{ìhë�í
ë7îq n V]_ n p{Yhv]^OU7YhT�gi^$V]S�v]~�U7Z¥vWZk_l^OU�VWZrS)}+T�_l^$v]Y$}Q¬*Yh^O¯$Yhb�S�YhT�T§ï n Yh^��u~�U�^$V]v�^$S�b�T7¯$Ylq.S+YhT�Tp�YhT7¬*Yh_`U�VW�$YhvW~$� m2n Y2g¥Zrg¥YhSuU��²f$YhS+Ylp{^OU�V]S+fA[°X
S�_`U�VWZrS¥Z$[*^aðtñQòi¡£í
ë7î�ë{ìhó)¤��²�O^Op{V]^OU7Y@ôV]T�frVW�$YhSz�u~

õ�ö�¡°÷�¤�øØù�Y`®k¬�¡°÷Nô¢¤±ø�Y`®k¬�¡°ê)÷wú¼ìu¡�û í�ü�ýéî�ü�ý»þ íEü�ý½¡°î�úÖ÷ ü ¤7¤7¤
\+p�ZrgèU n V]T�VWU2VsT�Yh^$T�V]vW~�b+Ylp{VW�$Yhb�¡£vWYlU�ózø û í ü ýéî ü ¤

ùaô(ø�ê¦úÓì9ÿ îó
�O^Op�ô(ø ì í üó �

jQ¯$Ylq.S+YhT{T
ø���ÿ îí ÿ �¡�ìhó)¤���� ü
¶aX+p�U7ZrT{V]T±ø���ÿu¡��
ú	�
¡ îí ¤ ü ¤�ÿ �ìló

�



m2n Y�b+YhS
T�VWU�~d[°X�S
_`U�VWZrSdZ$[
ô V]T�[£^$VWp{vW~z_`Zrg¥¬�v]V]_l^OU7Yhb¢V]Su�$ZrvW�kV]S+f¦y'YhT�T�Yhv4[°X�S
_`U�VWZrS�Tl�¿9Z�q'Yl�$Ylph}+U n Y�b�V]T7U7p{V]�
X+U�VWZrS n ^$T'^�T�V]g¥¬
v]Y2_ n ^Op{^$_`U7Ylp§VWÁh^OU�VWZrS´^$T
U n Y�g%^Op�frV]S�^$v�b�V]T��U7p{V]�
X+U�VWZrS�Z$[�¡°ôdë�
�¤�q n Ylp�Y
ô
��
Øø����ØðÓ¡°ê¦úÖî���ë��u¤
��Øñkòi¡�ì�ë�û íEü�ýÌî�ü�¤ q n Ylp�Y �����Oî����½í

¿9Ylp�Y�ñQòi¡�ì�ë�ó)¤'VsT±U n Y�q'Yhv]v�¯QS+Z�q.S¦RJSu�$Ylp�U7Yhbd �^$X�T{T�V]^$S�b�V]T7U7p{V]�
X+U�VWZrSd¡£^$vsT7Z�S
^$g¥Yhb¸Ì^$v]bdb�V]T7U7p{V]�
X+U�VWZrS�¤§}QT7YlY��rZ n S�T7ZrSz^$S
b´¶@Z$U7Á�¡��hª$ª$�r¤§�y�^Op{S
b+Z$p7¨���o9VWYhvsT7YhS n ^$TET7U�X�b
VWYhbaU n Y
YhT7U�V]gi^OU�V]ZrS�Z$[
o9R� 9�²¬
^Op{^$g¥YlU7Ylp§T��Q~agi^Ù®Q�V]g�X�g;v]VW¯$YhvsV n ZQZQb�g¥YlU n Zkb�Tl�
 �V]�$YhS´U n Ya_`Zrg¥¬
vsV]_l^OU7Yhbzb+YhS�T{VWU�~¦U n V]T�vWYh^$b�T�U7Z¦v]VW¯$Y`�v]V n ZuZkb¥Y��QX�^OU�VWZrS�T
U n ^OU�^Op�Y��$Ylp�~%_`Zrg¥¬�v]V]_l^OU7Yhb�^$S�b%p{Y��uX�V]p�YhT�Y`®kU7YhS�T�VW�$Y�¬�p�Z$f$p§^$gµ�giVsS+f�_`ZrgA�
V]S�Yhbµq.VWU n SQX�g¥Ylp{V]_l^$vkT7¯kV]v]vsTl� m2n Y'¬
p�Z$f$p{^$g � n ~u¬!�@b�Yl�$YhvWZ$¬*Yhb¥�u~�y�v#"T�Vsv]b�YlUl��^$v���¡��hª$ª$�r¤±T7ZrvW�$YhT±U n Y�U�^$T7¯�}!�
X�U�U n V]T�gi^�~µS�Z$U��*Y'p{Yh^$b�V]vW~�^h�O^$V]v]^O�
vWY$��|�Sk�Z$U n Ylp�¬*ZrT�T�V]vsVW�
V]v]V]U�~¥V]T2U7Z�X�T7YA^$Sex
c U�~Q¬�Y�^$vWf$Z$p{VWU n gÍ[�Z$p�gi^Ù®+V]g�X�g v]VW¯$YhvsV n ZQZQb)�m2n V]T�V]T
g¥Z$p�Y�Yh^$T�V]vW~µ¬�p�Z$f$p§^$gigi^O�
vWY9q.VWU n vWYhT�T±_ n ^$v]vWYhS�frV]S+f�SQX�g¥Ylp{Vs_lTl}u^$T'vWZrS+f�^$TU n Ya_`Zrgi¬
X+U7Ylp2YhSu�QV]p�ZrS�g¥YhSuU2T�X+¬�¬*Z$p�U�T'Yh^$T7~´_l^$v]_lX
v]^OU�VWZrS´Z$[4y'YhT�T7Yhv)[£X�S�_`U�VWZrS
Tl}+^$Tb+YhgiZrS�T7U7p{^OU7Yhb��Q~%¶a^Op{v]VsT9¡��O�$�$�!¤§�2jQU�V]v]v�^$S�Z$U n Ylp�¬*ZrT�T�VW�
Vsv]VWU�~�V]T
U7ZµX
T7Y9U n Y�T{V]g¥¬
vWY_ n ^Op{^$_`U7Ylp{VWÁh^OU�V]ZrSdZ$[�U n YAb�V]T7U7p{V]�
X+U�VWZrS�^O�*Z��$Y�^$S�bzU n Y�[°^$_`U9U n ^OU.R� 9�²�O^Op{V]^OU7YhT�^Op�YYh^$T7~©U7ZdT{V]gAX
v]^OU7Y$}�T7YlY%ctV]_ n ^OYhv�YlUl��^$v��©¡��hªr«OÐr¤§}4V]Uagi^h~©�*Y¥q
Z$p{U n q n V]vWYµU7ZzU7p�~©^T�VsgAX�vs^OU�VWZrS��
^$T7Yhbz^O¬�¬
p�Zr^$_ n U7ZiU n YaYhT7U�Vsgi^OU�VWZrS´¬�p{Z$�
vWYhg´�o9Z�q v]YlU%$;øÍ¡°ôdë�
�¤.q.VWU n b�V]T7U7p§VW�
X+U�VWZrS´^$T@VsSzU n Y¥_ n ^Op{^$_`U7Ylp{VWÁh^OU�VWZrS¢^O�*Z��$Y$}V�� Y$��¬
p�Z$�
^O�
V]vsVWU�~%b�YhS�T�VWUN~'&�¡)(�¤�ø�&�¡)*�ë��Q¤�ø�&�¡+�u¤�ÿ,&�¡)*-�.�u¤'q n Ylp�Y
&�¡)*-�/�u¤�øá¡��/0�¤21 ��� ü � 1 ��� ü�3 1546+7�8�9 1 8;:.<>=/?�@#@ 6&�¡+�u¤�øá¡��/0�¤21 ��� ü ì 3BADC ÿ�� 1 � � üB3 1E46,8 A 6 ?2F 4 < C 6 ?�@

U n ^OU9V]T
&�¡)*�ë��u¤HGØì 3 ADC 1 =.: � 1 ü 3 =.9B<>:JI7 1 46,8;= 6 < C 6 @#? 1 46,8�: 6 < A 6 @#?2F 4

RJ[�q'Y�vWYlUEKAø ¡°ê�ë{ìhë7î�ë�ów¤�q'Y�T7YlY@U n ^OU�U n Y���ZrVsS!U�b+YhS�T{VWU�~�V]T�q.VWU n VsS%U n Y@Y`®k¬*ZO�S+YhSuU�V]^$v*[£^$giV]vW~
&�¡)(+¤�øML*¡+Ku¤ON�¡)(�¤ 3BPRQSUT 4/V S 8;W�@YX S 8;Z[@�



q n Ylp{Y \ � ¡+KQ¤�ø�î\ ü ¡+KQ¤�ø�ê\ � ¡+KQ¤�ø�ýA¡°î ü ú�ó ü ¤\!] ¡+KQ¤�ø�ýA¡°ê ü úÓì ü ¤
^$S�b

÷ � ¡)(�¤�ø�*÷ ü ¡)(�¤�ø�*>� 1 �
÷ � ¡)(�¤�ø �� �
÷ ] ¡)(�¤�ø �� � 1 �
L�¡+Ku¤�ø<ì 3BADC 1 =.:

m2n V]T�giYh^$S�T�U n ^OU2U n Y�_`ZrSÙ��X+fr^OU7Ya¬�p{V]Z$p2b�V]T7U7p{V]�
X+U�VWZrS¦Z$[^K%V]T�U n YhS´Z$[4U n Y@[°Z$p{g
_ ¡+Ku¤`GML*¡+Ku¤Ua�b 3,P QS�T 4 V S 8;W�@ a�Sq n Ylp�Yé¡+cedÙë�c � ë�c ü ë�c � ë�c ] ¤�V]T¥^Ì�$Yh_`U7Z$p%Z$[�T�X+¬*Ylp�¬
^Op{^$giYlU7Ylp{Tl}±q n Ylp�YfcgdO}hc � ^$S
bc ]�i �k�9 �VW�$YhSkjéV]S�b+Yl¬*YhS�b�YhS!U�p�Yh^$vsVWÁh^OU�VWZrS�Tl( � ëm( ü ëonYnYnWëm(qp´Z$[�U n YA�Ù^Op§V]^OU7Y�$¦}�U n Y¬*ZrT7U7Ylp{VWZ$p�Z$[`KiV]T�Z$[EU n Y�T{^$g¥Ya[°Z$p{gÍq.VWU n

csrd ø�ced±ú�j ^$S�b csrt ø�c t ú pu v w � ÷ t ¡)(
v ¤

m2n VsT±V]T
^$S¦^$X+frgiYhS!U7Yhb�¬*ZrT7U7Ylp{VWZ$p'V]SiU n Y9T7YhS�T�Y9U n ^OU
q
Y�^Op�Y�p�Yh^$v]vW~¥V]SuU7Ylp�YhT7U7YhbV]S¼^Ìb�VsT7U7p{VW�
X�U�VWZrSéZ$[xK©frVW�$YhS½U n YzZ$�
T�Ylp��Ù^O��vWY�ôé}�^$S�b¼U n Yy
èVsSz$ ø ¡°ôeë�
�¤V]T�U7p�Yh^OU7Yhb�^$T�X�S+Z$��T7Ylp��O^O�
vWY�Z$p�giV]T�T{V]S+f+�µ¿.Z�q
Yl�$Ylph}4q'Y%_l^$S¢f$YlU�^OU�U n Yib+YhT�VWp{Yhb¬*ZrT7U7Ylp{VWZ$p��Q~´X�T�V]S+f¥ct^Op�¯$Z��z_ n ^$V]SzceZrSuU7Y�³�^Op{vWZiVsb+Yh^$Tl�|Í_lvWZrT7YlpµvWZQZ$¯Ì^OU�U n Y�_ n ZrT�YhSÖb
V]T7U7p{VW��X+U�VWZrSt[�Z$p�Keø ¡°ê�ë{ìhë7î�ë�ów¤�T n Z�q.TaU n ^OU¡°ê�ë7îE¤9V]T�V]S�b+Yl¬*YhS�b+YhSuU2Z$[�¡�ìhë�ów¤�^$S�bdU n ^OU¥¡°ê�ë7î4¤.VsT.�
V]�Ù^Op{Vs^OU7YAS+Z$p{g%^$v�q.V]U n _`Z$p7�p�Yhv]^OU�VWZrS
{ ø�ý �� ced| c � c ]�



m2n Y@Z$U n Ylp2¬
^Op{^$giYlU7Ylp{T.^Op�Y
}êeø ��+¡��2ý { ü ¤Uc ] ¡+c ü ý c d�/c � ÿ�c � ¤}î©ø ��+¡��2ý { üh¤Uc � ¡+c � ý cgd�/c ] ÿ�c ü ¤~ ü: ø ��+¡��2ý { ü ¤Uc ]~ ü= ø ��+¡��2ý { üh¤Uc �

o9Z$U7YµU n Ylp�Yl[°Z$p�YµU n YµY`®Q¬�p{YhT�T�VWZrS�T9[°Z$p }ê�� ~ ü: ^$S�b }î^� ~ ü= frVW�$YhSt�u~eU n YAUNq
Z´¬�^Op�YhSk�U n YhT�YhT.p�YhT�¬�Yh_`U�V]�$YhvW~$��o.Z$U7Yµ^$v]T7ZiU n Y��
V]S
b�V]S+f�Y��uX
^OU�VWZrS ~ ü= � ~ ü: ø�c ] �.c � ��y'~´U n Yp�Yl¬�^Op{^$g¥YlU7p{VWÁh^OU�V]ZrSd¡°ê�ë7îE¤EU7Z¦¡+�kë7î4¤4q n Ylp{Y��%ø�ê9ú a�bü a Q ÿ�îeq
Y.f$YlUH�iV]S�b�Yl¬�YhS
b+YhS!UZ$[Eî��m.n Yab�V]T7U7p§VW�
X+U�VWZrS%Z$[2¡�ìhë�ów¤�V]T
_ ¡�ì�ë�ó)¤�G ì a�b 3 1 a�� C 6 < a�b A�C 1 a Q A 6 [°Z$p ì��½�kë�óy�½��n

y'~�^iv]V]S+Yh^Op�U7p§^$S�T7[°Z$p{gi^OU�VWZrS´U7Z%f$YlU2p{V]b�Z$[4U n Ya_`p�ZrT{T��²U7Ylp{gèV]U2V]T�T7YlYhSzU n ^OU
ì ü �<òxcg�f��c�¡ ced�úØ�� ë�c ] ý c üd��c � ¤ó¦ý cgd�/c � ìx�Øðk�.�/��ce��¡£�kë ��/c � ¤^$S�bzU n ^OU2U n YhT7Y@UNq
Z¦�Ù^Op§V]^OU7YhT.^Op�YaVsS�b+Yl¬*YhS�b+YhSuUl�RJUµU n Y´_l^$T7Y´U n ^OUµU n Y´_`ZrSÙ��X+fr^OU7Y´¬�p{V]Z$p�V]T�U7ZQZ¢p�YhT7U7p{Vs_`U�VW�$Y�U7Ztp{Yl¬�p�YhT7YhSuUµZrX+pb�^OU�^k})VWU�gi^�~z�*YAq'Z$p�U n q n V]vWY�U7Z�VsS!U7p�Zkb�X�_`Y�^$S+Z$U n Ylp@v]^�~$Ylp�Z$[
T�X+¬*Ylp�¬
^Op{^$giYlU7Ylp{Tl�ceZrT7U._`ZrSu�$YhS�VWYhSuU9V]T�U7Z%U�^O¯$Y�c v�� T.U7Zi�*YaV]S�b+Yl¬*YhS�b+YhSuU�^$S�bc v �Øðk�.�/��ce��¡+� v ë�� v ¤Ø[�Z$p ��ø �Oë{�c v �Øù�* _ �.j 3 j)÷U��cg�7¡�� v ¤�[�Z$p �EøØ�kë��Qëm��n

RJ[�q'Y�vWYlU�c¥øá¡+cedOë�c � ë�c ü ë�c � ë�c ] ¤§}+U n Y�¬�ZrT�U7Ylp{VWZ$p�Z$[`c%frV]�$YhS5K¥V]T�b+YlU7Ylp§giV]S+Yhb´^$Tc � �Øð��.�/��cg�7¡+� � úÖî�� � ë�� � ¤c ü �Øð��.�/��cg�7¡+� ü úÖê�� ü ë�� ü ¤c � �Øù�* _ �.j 3 j)÷���ce�7¡�� � úÖó ü úÖî ü ¤c ] �Øù�* _ �.j 3 j)÷���ce�7¡�� ] úÓê ü ú¼ì ü ¤cgdl�Øù�* _ �.j 3 j)÷���ce�7¡��[d�úÓîwêzýéìhó�ý��)�,L�¡�ìO¤7¤�n
�



� � � ��� � â�Ê�ÜµÝH� Ý��hÇ9Æ�Å*ÜµÝèç�Ç.â
Å�Ý±ÆwË�Ç.Æ
RJS%Z$p{b+Ylp'U7Z�f$YlU�^OU
U n Y.¬*ZrT7U7Ylp{VWZ$p _ ¡+K��,*)¤4q'Y�X�T�Y2U n Y9c¢³�c¢³ T{_ n Yhg¥Y�X�T�VsS+f@[°X
v]v_`ZrS�b�VWU�V]ZrS�^$v��ÔwYlU¡ áøÍ¡)*�ë��+ë�KQ¤2q n Ylp�Y�*ÌVsT.Z$�
T�Ylp��$Yhb)}¢��X�S+Z$�
T�Ylp��$Yhb)}£K%¬
^Op§^$g¥YlU7Ylp{Tl�@ÔwYlU l¤��*Ya^iT�X��
T7YlU�Z$[EU n Y�_`Zrg¥¬*ZrS+YhSuU�T�Z$[¥ �^$S
b'  1 ¤�U n Y�_`Zrgi¬
vWYhg¥YhSuU�^Op�~´T7YlUl�_ ¡) l¤%�,  1 ¤§¤¦G _ ¡) �¤q n Ylp�YAZrS�vW~´U n Y�[£^$_`U7Z$p{T@V]Su�$ZrvW�QVsS+f%_`Zrg¥¬*ZrS+YhSuU�T�Z$[¦  ¤ V]Sd^$Su~z¬�p{ZQb�X
_`U.[°Z$p{gAX
v]^S+YlYhb´U7Z¥�*Y@p�YlU�^$V]S�Yhb)��| T�¬�Yh_lVs^$v�_l^$T�YaZ$[�U n V]T�V]T _ ¡+K+ë��§�,**¤§}�q n Ylp�Y�U n Yagi^Op�frV]S
^$v_ ¡+K5�s**¤.V]T9ZrX+p�VsS!U7Ylp�YhT�Ul�%¨�^Op§VWZrX�T�T�_ n YhgiYhT9[°Z$p@T�^$g¥¬
vsV]S+fi[°p�Zrg¹U n YA¬*ZrT7U7Ylp§VWZ$p�VsTfrVW�$YhS´�2Z$�*Ylp�U�^$S�bd³�^$T�T7Yhv]^´¡��hª$ª$ªr¤§� m2n Y�o.R� 9��g¥Zkb+Yhv�­
U�T�X�S
b+Ylp
U n Y n Yh^$b�V]S+f�Z$[b�^OU�^i^$X+frgiYhS!U�^OU�VWZrSw}
q n Vs_ n V]T�^iT�¬�Yh_lVs^$v)_l^$T7YaZ$[4U n YA �VW�
�
T�T�^$g¥¬
v]Ylph�m2n Y@[£X�v]v*_`ZrS�b
VWU�VWZrS�^$v]T�T{X�©¦_lVWYhSuU�[�Z$p.U n Ya_lX+p�p�YhSuU2¬�p{Z$�
vWYhg;^Op�YafrVW�$YhSz�u~
�O� _ ¡+K�ë��§�,**¤HG _ ¡)*�ë��'�.Ku¤ _ ¡+Ku¤
�Q� _ ¡+K/¤ª�/*�ë��+ë�K 1 ¤§¤¦G _ ¡)*�ë��'�.Ku¤ _ ¡+K/¤ª�.K 1 ¤{¤�Q� _ ¡+�'�.*�ë�KQ¤`G _ ¡)*y�q�+ë�Ku¤ _ ¡+���qKu¤
RJ[�U n VsT�V]T�q2p{V]U7U7YhS�ZrX+U.V]S�ZrX+p9_l^$T7Y$}
q'Y@q.V]v]v*T7YlY�U n ^OU2[°Z$p{gAX
v]^«�µvWYh^$b�T�U7Z


 v ��n¬��n®­!n�ñkò�¯O¡�ì r ë�ó r ¤
q n Ylp�Y�ñQò ¯ ¡�ìhë�ów¤Eb+YhS+Z$U7YhT4U n Y�b�V]T7U7p§VW�
X+U�VWZrS�q9VWU n b�YhS�T�VWUN~�T�V]giVsv]^OpwU7Z�R7 µ}Ù��X+U�q.V]U n� 1 ü ^$T'g�X�vWU�V]¬
v]V]_l^OU�VW�$Y�[£^$_`U7Z$p�p�Yl¬
vs^$_lV]S+f�� 1 � � ü ��y
Z$U n b�VsT7U7p{VW�
X�U�VWZrS�T�^Op�Y@g¥YhgA�*YlpZ$[*U n Y.[£^$giV]vW~AZ$[*f$YhS+Ylp{^$v]VWÁlYhb¦V]Su�$Ylp{T7Y� �^$X
T�T�V]^$Sib
V]T7U7p{VW��X+U�VWZrS�T�ò@ñkòi¡D°wë{ìhë�ów¤4q.V]U n°¦ø ý��B�O�i^$S�b�°¦ø�ýA��p�YhT7¬*Yh_`U�VW�$YhvW~$�m2n Y@¬�^Op{^$g¥YlU7Ylp{T9V]S�ZrX+p._l^$T7YA^Op�YafrVW�$YhS´�Q~

ì r øá¡�ì ü ú ¡°ô v ýÌê�¤ ü ¤ ��� ü
ó r ø û ó�ü±úÓî�ü.øØí

m2n Y�
 rv T�_l^$S��*Y�T�V]g�X�v]^OU7Yhb�X�T�VsS+f�U n Y@V]b�Yh^$T'VsS�ctV]_ n ^OYhv*YlUl��^$v��.¡��hªr«OÐr¤§}
Z$p��Q~p�YJ�7Yh_`U�VWZrSdT�^$gi¬
v]V]S+fµg¥YlU n Zkb�Tl}�^$T9b+YhT�_`p{V]��Yhb�V]S´T�Zrg¥Y�b+YlU�^$V]v)VsS´^$Sz^O¬�¬*YhS�b�VÎ®*�\+Z$p{g�X�v]^@�.[�Z$p4U n Y�_`Zrg¥¬�vWYlU7Y
¬�^Op{^$g¥YlU7Ylp�T7YlU`K�^$T�q'Yhv]vk^$TE[�Z$p2¡°ê�ë7îE¤�^$S�b´¡�óEë{ìÙ¤T7Yl¬
^Op{^OU7Yhv]~µ�7X
T7U.p�YhV]U7Ylp{^OU7YhT�U n YAp{YhT�X�vWU9Z$[�ZrX+p�_ n ZrV]_`Y�Z$[±_`ZrSÙ��X+fr^OU7Yµ¬�p{V]Z$p.[°Z$p�U n Y
Ð



^$X+frgiYhS!U7YhbÖ¡°ôdë�
�¤§}
q n Ylp�Y�U n Y�T�X+¬*Ylp�¬�^Op{^$g¥YlU7Ylp{T�^Op�YAX+¬)b�^OU7Yhb´^$_l_`Z$p{b�V]S�f¥U7Z
c r d ø�cgd�ú�jc r � ø�c � ú u ô vc r ü ø�c ü ú u 
 1 �v ô vcgr� ø�c � ú �� u 
 vc r] ø�c ] ú �� u 
 1 �v

o9Ylq�K�_l^$S%U n YhS¦�*Y.T�V]g�X�v]^OU7Yhb%^$_l_`Z$p{b�V]S+f�U7ZAU n Y�b�V]T7U7p§VW�
X+U�VWZrS
^$vuT7U7p§X�_`U�X+p�Y2frV]�$YhS^O�*Z��$Y$� m2n ^OUiV]Th}�¡°ê�ë7îE¤���VW�Ù^Op§V]^OU7YzS+Z$p{gi^$v�^$S
b½ì ü  @^$gigi^é^$S
bÖóØ_`Zrg¥¬�X+U7Yhb[°p�Zrgèì�^$S�bz^¥T{V]gAX
v]^OU7Yhb´o.Z$p§gi^$v)�O^Op{V]^OU7Y$�R�S´U n YA_l^$T7Y�Z$[�^$S+Z$U n Ylp�v]^h~$Ylp9Z$[4¬
^Op{^$g¥YlU7Ylp{T.q
YAf$YlU.^$S+Z$U n Ylp�T7YlU.U7Z%�QV]T{VWU2V]SYh^$_ n p{ZrX�S�b)}�b+YlU7Ylp{g%V]S+YhbÌ�Q~¢U n Y�¬*ZrT7U7Ylp{VWZ$pAfrVW�$YhSÓ^OUAU n Y�YhS�b�Z$[�U n Y�¬�p�Yl�kVWZrX�TT7Yh_`U�V]ZrS)�
± Û�ÜµÝÍÊ�ÜµÇ9Ë�Ê�ÝèÇl�Ìâ*É¥ç�Ý�Æwçµä�Æ)ä��(Ý4Å*Ý�Æáæ�ä�²{ÉµÝ±â
¸¢Y¥q.Vsv]v�S+Z�q Y`®k^$giVsS+YµU n Y�_ n ZrV]_`Y¥Z$['T�X+¬*Ylp�¬
^Op{^$giYlU7Ylp{T9VsSdZ$p{b�Ylp�U7Z´p{Y2³
Yh_`U�ZrX+p¡£v]^$_{¯éZ$[§¤�¯kS+Z�q.v]Yhb+f$Y�^O�*ZrX+U�¬
^Op{^$giYlU7Ylp{Tl�¢RJU�V]T�Z$[._`ZrX�p{T7Y´_`ZrS!�$YhS
VWYhS!UµU7Z n ^��$Y[°YlqáT�X+¬*Ylp�¬
^Op{^$giYlU7Ylp{T.U7Zz^$b
b+p�YhT�T�^$T@V]T�U n Yµ_l^$T7Y¥q.VWU n ZrX+p@_`ZrSÙ��X+fr^OU7Y¥¬�p{VWZ$p���|b+p§^hq2�
^$_{¯»gi^�~ �*YtvsVWU7U�vWY�³�Y`®kVW��V]v]VWUN~$}2V�� Y$� ZrX+p´_ n ZrV]_`YhT´^Ù¨*Yh_`U´U n Yt¬
^Op{^$g¥YlU7Ylp§T�7ZrV]SuU�vW~dV]S©^´gi^$S�S�Ylp@q n V]_ n g%^h~©S+Z$U���YµU7p{^$S
T7¬
^Op�YhSuUl��| �
^$T�Vs_�p�YhT�U7p{V]_`U�VWZrS©[°Z$pU n Y@Y`®k¬�p�YhT{T�VWZrS�T�Z$[4�O^Op{V]^$S�_`YhT�U7Z¦T7U�^h~´¬*ZrT�VWU�V]�$Y�VsT

c � ÿBc ] i �� c üd
\+p{ZrgèU n Y�­
�$Y�X+¬)b�^OU�VsS+f¥Y��uX
^OU�VWZrS�T2q'YAT�YlY�U n ^OU�g¥Z$p�Y�VsS+[�Z$p§gi^OU�VWZrSzV]T9^$_l_lX�g�Xk�v]^OU7Yhb¢^$TxcedO}¢c � ^$S�b-c ] ^Op�YiV]S�_`p�Yh^$T{V]S+f¢¡£T�V]S�_`Y�U n Y¥Á � T@^Op�YiS+ZrS+��S+Ylfr^OU�VW�$Y�¤§� m2n Y_ n ZrV]_`Y%Z$[�^eT�gi^$v]v`c d U7Zdp{Y2³
Yh_`U�¬�p§VWZ$paVWfrS+Z$p{^$S
_`Y¦gi^�~tf$ZeU7Z$f$YlU n Ylpµq.VWU n T{gi^$v]vc v�� Th}w�
X+U@q.V]U n T7Zrg¥Y¥¬�p{V]Z$p�¯kS+Z�q.vWYhb+f$Y$}E^$S�b¢_ n ZQZrT�V]S�fz^´v]^Op�f$Ylp�cedO}wU n V]T n ^$T@U7Zf$Zé^$v]ZrS+fÌq.VWU n vs^Op�f$Ylp�c � ^$S�b�ï�Z$p§c ] ^$T%q
Yhv]v�U7ZÖgi^OU�_ n U n Yzp�YhT�U7p{V]_`U�VWZrS)� m2n Y¬
^Op§^$g¥YlU7Ylp { gi^h~�U n YhS´�*Y n Yhv][°X�v�[°Z$p._l^$v]VW�
p{^OU�VWZrS�¬
X+p{¬�ZrT�YhTl�| ¬*ZrT�T�VW�
v]Yd_`ZrS�T7Y��QX+YhS�_`Y©Z$[�[°Ylq ¬
^Op{^$giYlU7Ylp{T´V]T¦q n YhS�q
Y©U7p�~»U7ZÓY`®Q¬�p{YhT�TVWfrS�Z$p{^$S�_`YaV]S´T7ZrgiY�T7YhS�T7Y$}�VWU2gi^h~ n ^��$YAX�Suq�^$S!U7Yhbe^$S�b´Yl�$YhSd_`ZrSuU7p{^$b�Vs_`U7Z$p�~´V]gµ�¬
vsV]_l^OU�VWZrS�Tl� m2n VsT�V]TµV]S�[°^$_`UµU n Y´_l^$T7Y n Ylp{Y$}�q n Ylp�Y'ced�ø¹�©^OU�­
p{T7UµT�VWf n Ul}±V]T�^

«



S�^OU�X+p{^$v�_ n ZrV]_`Y�[�Z$p.V]frS+Z$p{^$S�_`Y$� m.n V]T�g¥Yh^$S�T.U n ^OU { ø �¥^$S�bz_`ZrS�T7Y��QX+YhSuU�vW~}êeø c ü�/c ]}î¢ø c ��/c �~ ü: ø ��/c ] øØù@ó ü~ ü= ø ��/c � øØùAì ü
V�� Y$�Øq
Y n ^h�$YtV]g¥¬
vsV]_lVWU7YhvW~é^$T{T�X�g¥Yhb½U n ^OU%U n Ytg¥Z$p�Yd_`Ylp{U�^$V]S½~$ZrX»^Op�Ye^O�*ZrX+U%ê¡°p�YhT7¬w�éî�}�U n Y´T�gi^$vsvWYlpA~$ZrXÓY`®k¬*Yh_`Uiì�¡°p�YhT�¬w�©ó)¤AU7Z©�*Y$}�^$S�be��X�b+f$Yhb�[�p�Zrg U n Y_`Z$p�p�YhT7¬*ZrS�b
V]S+f��O^Op{V]^$S
_`YhT�Z$[Eì ü ^$S
b�ó ü ~$ZrX´^Op�Y@Yl�$YhS´g¥Z$p�Y@_`Ylp�U�^$V]S´^O�*ZrX+U�U n ^OUl�jQZ+}!ced2øØ�iV]T2^$SdVWfrS+Z$p{^$SuU�T2_ n ZrV]_`YaU7Zip�Yl¬
p�YhT7YhSuU.VWfrS+Z$p{^$S
_`Yq´RJU%V]Tiv]V]¯$YhvW~éU n ^OU¦Z$¬
V]S�V]ZrS�Tµ^Op�YeV]S
VWU�V]^$v]vW~¢[°Z$p{g¥Yhb �u~ÓZ$�
T7Ylp{�$Yhb½_`YhSuU7Ylp{T¦^$S
bT n ^O¬*YhT9Z$[±Yhg¥¬
V]p{V]_l^$v�b
V]T7U7p{VW��X+U�VWZrS�Tl��RJU@T7YlYhgiT�U n Ylp�Yl[°Z$p�Y¥S�^OU�X+p§^$v�U7Z�­
p{T�U.p�Y2³
Yh_`UZrS¥U n Y�¬
^Op{^$giYlU7Ylp{T.¡°ê�ë7îE¤�¡£T�U�^Of$Y���¤§}u^$S�bµU n YhSµZrSz¡�ìhë�ów¤2¡£T7U�^Of$Y9�r¤§}u¸¢Y.gi^�~�­
p§T7U^$T7¯%U7Zµq n ^OU
Y`®kU7YhS!U�ZrX�p'¯kS+Z�q.vWYhb+f$Y�Z$[wYhVWU n Ylp�Z$[�U n YhT7Y�V]T�^Ù¨�Yh_`U7Yhb´�Q~iU n Y�Z$U n Ylph�RJS¦Z$p{b+Ylp'U7Zµgi^OU�_ n U n Y9Y`®Q¬
p�YhT�T�VWZrS¦[°Z$p
U n Y9Y`®Q¬*Yh_`U7Yhb��O^$v]X+Y9ù�ô øØêaúeîEìló 1 � }+^v]^Op�f$Y�ïÙT�g%^$v]vrê�b+Yl¬
^Op�U�V]S�f2[�p{Zrg VWU�T�¬�p{V]Z$pwY`®Q¬*Yh_`U7Yhb��O^$v]X+Y n ^$TwU7Z���Y
�
^$v]^$S�_`Yhb��u~A^T�gi^$v]v°ïÙv]^Op�f$Y±î´_`Zrg¥¬�^Op�Yhb�U7Z�V]U�T�Y`®k¬*Yh_`U�^OU�VWZrS)}rV�� Y$�Eê¦^$S�b�î n ^��$Y'U7Z��*Y
S+Ylfr^OU�V]�$YhvW~_`Z$p�p�Yhv]^OU7Yhbw}�^$T9p�Y2³
Yh_`U7Yhbe�u~�U n Y�_`ZrSÙ�7X�fr^OU7Y�¬�p{V]Z$ph�±RJU9V]T2Yh^$T�V]vW~�_ n Yh_{¯$Yhb©U n ^OU.U n Yv]V]S+Yh^Op�_`ZrgA�
V]S�^OU�V]ZrS§��ø�êµúé÷wÿ�î¢q.VWU n U n Y@T�gi^$vsvWYhT7U�¬�p{VWZ$p'�O^Op{V]^$S�_`YaV]T'frVW�$YhS��Q~�%ø�ê¦ú ced�/c ] ÿlî
o.Z$U7Y¦[�p{Zrg(T7Yh_`U�VWZrSÖ��U n ^OUaU n VsT��¢V]TaT7U7Zk_ n ^$T7U�V]_l^$v]vW~©V]S�b�Yl¬�YhS
b+YhS!U�Z$[�î��¦ù�ô�VsTT�X�_ n ^%vsV]S+Yh^Op._`ZrgA�
V]S�^OU�V]ZrS)}
^$S�beVWU.V]T2S�Z$U9X�S+p{YhT7ZrS�^O�
vWY�U7Z�^$T�T�X�giYaU n ^OU.q'YA^Op{Yg¥Z$p�Y%_`Ylp{U�^$V]Sé^O�*ZrX+Uaù�ô�U n ^$SÌ^$S!~¢Z$U n YlpAv]V]S�Yh^Opa_`Zrg��
VsS�^OU�VWZrS¢Z$[�Z$[�ê ^$S�b¢î��m2n V]T�^$T�T�X�g¥¬
U�VWZrS¢^$T�q'Yhv]v�^$TAVWU�T�Vsgig¥Yhb�V]^OU7Yi_`ZrS
T7Y��uX�YhS�T7YhTAq.V]v]vE�*Yip�Yl[°Ylp�p�Yhb¢U7Zv]^OU7Ylpi^$Ti|��k��¸¢YzT�YlY´U n ^OU¥U n Y´_`Z$p�p�YhT7¬*ZrS�b
V]S+ft¬�p{VWZ$pµg¥Yh^$S ^$S�bÖ�O^Op{V]^$S�_`Yz^Op{YfrVW�$YhSz�Q~

|��´� }�%ø c ü�/c ] ~ üµ ø ��/c ]o.Z$U7Y�U n ^OU { S�Z�q n ^$T9b
V]T�^O¬�¬*Yh^Op�Yhb´^$S�beU n ^OU9U n Y�Y`®k¬�p�YhT�T{VWZrS�T2^Op�YAU n YAT{^$g¥Y�^$T[�Z$p�êÓV]StU n Yµ_l^$T7Y¥Z$[ { ø �k�@RN[±q
Yµf$Z��
^$_�¯eU7Z�U n YµZ$p{VWfrV]S�^$v�Y`®k¬�p�YhT�T�V]ZrSd[°Z$p@x¦¶^$S�bzX�T�Y@U n Ya¬�p{V]Z$p�VsS�b+Yl¬*YhS�b+YhS�_`Y�Z$[2¡°ê�ë7îE¤�^$S�b�¡�ìhë�ów¤�q'Yaf$YlU.U n Y@Y��QX�^OU�VWZrS
|��´� ù�¡ ìó ¤�ø ced�/c ] ø�ý {¸· c �c ]

Ñ



V�� Y$�EZrX+pE^$T�T�X�g¥¬
U�VWZrS�|�� n ^$TEV]g¥¬�v]V]_l^OU�VWZrS�Tw[�Z$p�U n Y
UNq
Z�Z$U n YlpE¬
^Op{^$g¥YlU7Ylp§TE^$T�q'Yhv]v��o9Z$U7Y�^$vsT7ZiU n ^OU�VW[4U n Y��$VWfrS�Z$p{^$S�_`Y��%^$T{T�X�g¥¬�U�V]ZrS�cgd�ø<�¦V]T2X�T�YhbdV]Sz_`ZrSO�7X�S
_`U�VWZrSq.V]U n |9�k}�VWU.V]gi¬
v]VWYhT'U n ^OU�ì�ø �k}�q n V]_ n vWYh^$b�T.U7Z%U n YaZrS�Y`�²¬�ZrVsS!U.b
V]T7U7p{VW��X+U�VWZrS�^OUê�}+q n V]_ n V]Tl�uX�V]U7Y�U n YaZ$¬�¬*ZrT�VWU7Y@Z$[4VWfrS+Z$p{^$S
_`Yq´Ô�YlU@^$T�T�X�g¥¬
U�VWZrSe|����*YAU n ^OU@U n YAU n Yµ¬�p§VWZ$p�giYh^$S©Y��uX�^$vEU7Z´ÁlYlp�Z+��¸¢Y¥U n YhSf$YlU |��¦ú |��¥� c ü øØ�
R�SéU n Y�_l^$T7Y�Z$[.^tS+ZrSk�²ÁlYlp{Zt¬
p{VWZ$pAgiYh^$S)}�q
Y�_`ZrX�v]bÖ^$T�q
Yhvsv
T�X���U7p{^$_`U�U n Y¦¬
p{VWZ$pg¥Yh^$Sz[�p�Zrgè^$v]v*Z$�
T7Ylp��O^OU�VWZrS�T.^$S�bzT7U�^Op�U.[�p�Zrg U n Ylp�Y$�R�StZ$p{b+Ylp�U7Zzb+YlU7Ylp{g%V]S+Y�c � q
Y n ^��$YiU7Z��*Y�g¥Z$p{YµT�¬�Yh_lVW­�_A^O�*ZrX+U�êÖZ$p@î��aR�SU n Ya_l^$T�Y�Z$[¥c ü øØ�iq
Y�T�YlYaU n ^OU}ê�� }î©ø�ý cgd�/c ] } }ê�� ~ ü: ø�ý cgd�/c � ÿBc � } }î^� ~ ü= ø�c � n
m2n X�T }îÌb+YlU7Ylp{g%V]S+YhT'U n YaT�VWfrS�Z$[^c � ^$S�b }ê ¡°Z$¬�¬*ZrT�VWU7Y�¤
V]S�U n V]T�_l^$T7Y$}
q n V]_ n�n Zrv]b�TV]S�¬�^Op�U�V]_lX�v]^Op�[°Z$p.|��¦ú |��O�Ô�YlU�X�T@^$v]T�ZzvWZuZ$¯©V]SuU7Zz^$T�T�X�g%V]S+f }ê¼ø �é¡£^$T{T�X�g¥¬�U�V]ZrS¢|��r¤�^$S
b }î»øÒ��¡£^$T��T�X
g¥¬�U�VWZrS�|¡�r¤§� m2n V]T'frVW�$YhT2U n Y@[�ZrvsvWZ�q.VsS+fAp{YhT7U7p{V]_`U�VWZrS
T
ZrSzU n YaT�X+¬*Ylp�¬
^Op§^$g¥YlU7Ylp{Tp�YhT�¬�Yh_`U�V]�$YhvW~��

|���� c ü ø ced�/c � ÿBc �|%��� c � ø ced�/c ] ÿBc ü
q.V]U n Z$�u�kVWZrX�T�VsS+Y��uX
^$v]VWU�VWYhT4[°Z$p�U n Y2¬
p{VWZ$p�Y`®k¬�Yh_`U�^OU�V]ZrS�T±vWYhT{T�U n ^$SiZ$p
f$p�Yh^OU7Ylp'U n ^$SÁlYlp�Z+��o9Z$U7Y.U n ^OU�^$Su~�U�q'ZaZ$[�|��O}u|��@^$S�b¥|¡��U�^O¯$YhSiU7Z$f$YlU n Ylp'^Op�Y�Y��QX�VW�O^$vWYhSuU�^$S�b_`Z$p�p{YhT7¬*ZrS�b�T2U7Zfc � ø¹c ü ø��k})ZrgiV]U7U�V]S+f%U n Y�_l^$T7YµZ$[ { ü ø;�Av]Yh^$b�V]S+f¦U7Z�VsSk­�S�VWU7Y¬�p§VWZ$p��Ù^Op{Vs^$S�_`YhT2Z$[Eê�}�îé^$S�beì ü �¸¢YAgi^h~A��X�T7U�q�^$S!U._`ZrgA�
V]S�Y�|9�¥^$S
bz|��¥U7Zif$YlU

|��¦ú |���� ù�¡ ìó ¤�ø c üc �
Ô�YlU'X
T
S+Z�q»U�X�p{SiU7Z�U n Y�¬�p{VWZ$p
Z$[±¡�ìhë�ów¤§�±RJU'gi^�~i�*Y n ^Op§b+Ylp±U7Z n ^h�$Y�Z$¬
VsS�VWZrS�T^O�*ZrX+U9U n V]T2U n ^$SdU n YA¬�p{VWZ$p9Z$[9¡°ê�ë7îE¤§})^$S�beVWU9V]T9v]VW¯$YhvW~�U n ^OU�q'YAq�^$S!U�U7Z�Y`®Q¬�p{YhT�TVWfrS�Z$p{^$S�_`Y$��¸¢Y
U n Ylp�Yl[°Z$p�Y n ^��$Y±U7Z._ n ZQZrT7Y±¬
^Op§^$g¥YlU7Ylp{T�^OU�U n Y�­
p{T�UwT7U�^Of$Y
_l^Op�Yl[£X�v]v]~V]SµZ$p§b+Ylp�U7ZafrVW�$Y�p{ZuZrgá[°Z$p�U n VsTl�Eo9Z$U7Y.U n ^OU�U n Y�¬�p{V]Z$p�Z$[4¡�ì�ë�ó)¤§�±VsT�b+YlU7Ylp{giVsS+Yhbµ�u~U n YA¬
^Op{^$g¥YlU7Ylp§Tªc d }Jc � ^$S�b�c ] �2�.Yh_l^$v]v�U n Y��
V]S
b�V]S+fµp�YhT�_`U7p§V]_`U�VWZrSd^O�*Z��$Y$}�q n Ylp�YV]Sz[°^$_`U9U n Yap{^OU�VWZ¦Z$[`c � ^$S
b�c ] V]T2b+YlU7Ylp{g%V]S+Yhb´�Q~´U n Ya¬�p§VWZ$p2�O^Op{V]^$S�_`YhT.Z$[Eê�^$S�b

ª



î��±|�T�T�^$V]b�Yh^Op{v]V]Ylp�U n V]T�V]T�^$S´X�Suq'^$SuU7Yhb´p�YhT7U7p§V]_`U�VWZrS)}kq n Vs_ n q
Y n ^��$YaU7Z¥�
^$v]^$S
_`YZO¨Ì^$_l_`Z$p{b�V]S+f¥U7Z%q n Ylp�Y@ZrX+p.¯QS+Z�q.vWYhb+f$YAV]T��*YhT7Ul��o.Z$U7YAU n ^OU
ì ü �<òxcg�f��c�¡ ced�úØ�� ë�c ] ¡���ý { ü ¤7¤

RJUiq.V]v]v
�*Y´Z$[�VsS!U7Ylp�YhT�U¥U7ZéT7YlYdSQX�g¥Ylp{Vs_l^$v]vW~ n Z�qè^$b n Zk_´^$T�T�X
g¥¬�U�VWZrS�T�p�Yl¬��p�YhT7YhSuU�V]S+fz�O^Op{VWZrX
T�U�~Q¬�YhT�Z$[�¯QS+Z�q.vWYhb+f$Y¥q9V]v]vEq
Z$p{¯�}Eq n YhS©U7p�~kV]S+f´U7Zd�
^$v]^$S�_`YiZ$pVWfrS+Z$p�Y¥U n Yµ_`ZrS
T7Y��uX�YhS�_`YhTa[°Z$p@Z$U n Ylpa¬
^Op§^$g¥YlU7Ylp{Tl�i|�g¥ZrS+f´U n YhT�Yi^Op�YiVWfrS+Z$p{^$S
_`Y^$T�T�X�gi¬�U�VWZrS�T9U�^O¯QVsS+f§ced�øÍ�AZ$p�ced�øá�©¡£^$T�T�X�g¥¬
U�VWZrSey��¥^$S�bty��r¤§}�^$S�b©T�^�~QV]S�f~$ZrX¦^Op{Y2Y��uX
^$v]vW~µX�S�_`Ylp�U�^$V]S%^O��ZrX�U�êd^$S�b%î�}!U n X�T�U�^O¯kV]S+f�c � ø�c ] �±º�[*¬
^Op�U�V]_lX
v]^OpV]SuU7Ylp�YhT7U.V]T�U n Y�_l^$T7Y�c d ø�c � ø�c ] }�q n V]_ n giYh^$S�T�U n ^OU { ø�ý��B�O�Q�

�l�



º »½¼Aä��×çR²�Ý�â Çª�ÌÝ�â
Å*Ë�� ä'Å*Ë{Ç9Ä Çª�ÌÞÍÃ�ß çµä�Æ)ä�� Ý4Å�Ý�Æ)â
�.Yhv]V]^O�
vWY@YhT�U�V]gi^OU7YhT�Z$[�U n Y�¬�^Op{^$g¥YlU7Ylp{T9Z$[�^ n Yh^h�Q~´U�^$V]vWYhbdb
V]T7U�VWp{V]�
X+U�VWZrS�q.V]vsv*p�Y`��QX�VWp�Y¥^zg%V]S�V]g�X�g Z$[
Z$��T7Ylp��O^OU�VWZrS�TaV]SÌU n Y¥U�^$V]v]Tl}E^$S�bÌT�g%^$v]v�b�^OU�^zT7YlU�T�Z$[�V]S�b+Y`�¬*YhS�b+YhSuUµZ$�
T7Ylp��O^OU�VWZrS�T¦^Op�YzS+Z$U%vsVW¯$YhvW~éU7Z�frVW�$Yzf$ZQZQb p�YhT�X�vWU�Th�»º�X+p¥Y`®k¬�Ylp§VWYhS�_`YT7Z�[£^Op@q.VWU n U n Y¥o9R7 L[£^$giV]v]~´�
^$T7Yhb©ZrS¢T�V]g�X�v]^OU7Yhb©b�^OU�^´T{X+f$f$YhT7U�T@U n ^OUab
V¾©¦_lX�vÎ�U�VWYhTµgi^�~�^Op{VsT7Y�Yl�$YhSÓ[�Z$p´�l�$�©Z$�
T7Ylp{�Ù^OU�VWZrS
T�^$S
b�U n ^OUi^O��ZrX�U��r�$�©Z$�
T�Ylp��Ù^OU�V]ZrS�T^Op�Y�b+YhT�V]p{^O�
vWY$}�T7YlY´Ô�Vsv]vWYhT7U�Õ$v�¡��O�$�$�!¤§�é¸¢Y´¬�p�Z��QVsb+Y n Ylp{Y¦UNq
Z¢Y`®+^$g¥¬
vWYhT�Z$[.o9R� ¬
^Op§^$g¥YlU7Ylpi­
U7U�VsS+f+}�ZrS+Yz[°Z$p¦T�V]g�X�v]^OU7Yhb½b�^OU�^Ì^$S�b½ZrS+Yz[°Z$pi­�S�^$S
_`Ydb�^OU�^k� m2n Y­
p§T7U9b�^OU�^�T7YlU�o.R� @�k�h�k�¥V]Tl�r�$��T�V]g�X�v]^OU7YhbdVsS�b+Yl¬*YhS�b+YhSuU.o9R7 ¥¡��Q}]�O} �Q}]��¤��Ù^Op{Vs^OU7YhTl�m2n YiT7Yh_`ZrS�béb
^OU�^zT7YlUA\ m |9�9x m VsT@U n Y%g¥ZrSuU n vW~©S+ZrgiVsS�^$v4p�YlU�X+p{S
T�Z$['U n Y%\ m �|�_`U�X�^Op{VWYhT'|�v]vÎ�Jj n ^Op{Y2RJS
b+Y`®i[�Z$p'U n Y�À9¶ [°p�Zrg¿�r^$SQX�^Op�~z�hª$Ð$�AU7Z���Yh_`YhgA�*Ylpa�hª$ª$�¡��r«O�%Z$�
T7Ylp��O^OU�VWZrS�T�¤§� m2n Y@Yhg¥¬
VWp{Vs_l^$v)b�V]T7U7p{V]�
X+U�VWZrS�T�^Op�YAT n Z�q9Sd^$T n V]T7U7Z$f$p{^$giT9V]S\4VWfrX+p{Yi�O�

Simulated NIG(2,1,2,1)

0 2 4 6

x

0
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6

 

FTA returns

-20 0 20 40 60

return

0
0.

02
0.

04
0.

06

 

\4VWfrX�p�Yi�O�±¿�V]T7U7Z$f$p{^$giT.Z$[Eb
^OU�^iT7YlU�T.o9R� @�k�h�k��^$S�bd\ m |��.x m
��YhT�_`p§VW¬�U�VW�$Yag¥Yh^$T{X+p�YhT2^Op�Y�frVW�$YhSzV]S m ^O�
vWYi�O�

cdYh^$S jQU�b���Yl� jk¯$Ylq.S+YhT�T ¶aX�p�U7ZrT�V]To.R� @�k�h�k� �Q� �$� �k� Ñ$� �O� �$� �Q� �k�\ m |��.x m �Q� �q� ÐQ���r� �O�]�h� �2�+�¬�s�
m ^O�
v]Yi�O�±��YhT�_`p{VW¬�U�V]�$Yag¥Yh^$T�X+p�YhT

�$�



R�S m ^O�
vWY©�¢q'YefrVW�$YeYhT7U�V]gi^OU7YhT��Q~¼U n Yec¢³
��g¥YlU n ZQb»q.VWU n T�V]S+frvWYev]^h~$Ylp�Z$[¬
^Op{^$g¥YlU7Ylp§T2^$S�b�U�q'Z%v]^�~$Ylp{T2Z$[�¬
^Op{^$g¥YlU7Ylp§TA¡£c¢³��r¤'^$S�b´_`Zrg¥¬
^Op{YaU n V]T'q.VWU n U n Y_`Z$p�p�YhT7¬*ZrS�b
V]S+f@ceÔw�²YhT7U�V]gi^OU7Y$� m.n Y2c©³ÓYhT7U�V]gi^OU�VWZrSiq.VWU n ^aT�VsS+frvWY�v]^h~$Ylp'V]T4�
^$T7YhbZrS�^A¬
p{VWZ$p±U�^O¯kV]S+f�ced.ø�c � ø�c ] ø ��^$S�b'c � ø�c ü øØ�µ^$S�b�VWU7Ylp{^OU�V]S�f��l��p�ZrX�S
b�T�*Yl[�Z$p�Y@^µT�^$g¥¬�vWY9Z$[4í
}+î�}kê©^$S
bzìaV]T�U�^O¯$YhS)� m2n V]T'V]T'p�Yl¬*Yh^OU7Yhb'�r�$�¥U�V]g¥YhT�^$S�b´VsTU n Y���^$T�V]T2[°Z$p�_l^$v]_lX�v]^OU�V]S�f%U n YA¬�ZrT�U7Ylp{VWZ$p9giYh^$S�T9^$S
bzU n YµT�g¥ZQZ$U n Yhb n V]T7U7Z$f$p{^$giTU7Z�p�Yl¬�p�YhT7YhSuU�¬�ZrT�U7Ylp{VWZ$p�b+YhS�T�VWU�V]YhTl� m2n Y�¬*ZrT7U7Ylp{VWZ$p�g¥Yh^$S�T�^Op�YµYhT7U�Vsgi^OU7Yhbt�u~zU n Y^h�$Ylp{^Of$YAZ$[�U n Y@T�^$gi¬
vWYhb��Ù^$vsX+YhTl��x±T�U�V]gi^OU7YhT�Z$��U�^$V]S�Yhb¦�Q~¦�9^OZO��y�v]^$_�¯Qq
Yhvsv]VWÁh^OU�VWZrSV]T�^$vsT7Z9_`Zrg¥¬�X+U7Yhb�[°Z$p4_`Zrg¥¬
^Op{V]T�ZrSA^$S�bA^$T4^._ n Yh_�¯�[°Z$p4_`ZrS!�$Ylp�f$YhS
_`Y$��\+Z$p4U n Y±UNq
ZO�v]^h~$Ylp
YhT7U�V]gi^OU�V]ZrSµU n Y��Ù^$vsX+YhT4Z$[�U n Y2T�X+¬*Ylp�¬
^Op{^$giYlU7Ylp{T`� vU� T�^$S�bR� vO� T�^Op�Y2_ n ZrT7YhS¥U7Zgi^OU�_ n U n Y�Y`®k¬�Yh_`U7Yhb%�Ù^$vsX+YhT4Z$[�U n Y�c vU� T�[°Z$p�U n Y2T�V]S�frvWY`��v]^h~$Ylp
T7¬*Yh_lVÎ­�_l^OU�VWZrSµ^O�*Z��$Y$�m2n Y%ctÔ)�²YhT�U�V]gi^OU7YhT�^Op�YiZ$��U�^$V]S�Yhb¢�u~©U n Y%¬�p�Z$f$p{^$g � n ~Q¬ � }�^$S
bÌU n Yip{YhT�X�vWU�Ta^Op{Y_`ZrSk­
p{giYhbÌ�Q~tU n Y%x±cd��^$vWf$Z$p{VWU n g(Z$[2¶a^Op{vsV]T@g¥YhSuU�VWZrS+Yhbé^O�*Z��$Y$�´¸¢Y n ^��$Y�^$v]T�Z_`Zrg¥¬
X+U7Yhb¼giZrg¥YhS!U¥YhT�U�V]gi^OU7YhTz¡£ctc©¤�Z$�
U�^$V]S+YhbÖ�u~ÖV]Su�$Ylp�U�V]S+ftU n Y�Y`®Q¬
p�YhT�T�VWZrS
T[�Z$p.U n Y@­
p{T�U�[�ZrX+p2giZrg¥YhS!U�T.frVW�$YhSzV]S´T�Yh_`U�VWZrSe�Q�
í î ê ìo9R� @�k�h�k��¡£c¢³2¤ �O�À�$ÐO� �k� Ñ$Ð$Ñ �Q� �O�r� �k�¬�r�!«o9R� @�k�h�k��¡£c¢³��r¤ �O� Ð$Ð$ª �k� ª$Ð$� �Q�]�2�!� �k� �r«Oªo9R� @�k�h�k��¡£ctÔE¤ �Q�¬�!ªO� �O�À�.�s� �O� Ñr«OÐ �O���/�!ªo9R� @�k�h�k��¡£ctc¢¤ �Q�¬�q�!� �O�À�$ª$Ð �O� Ñr«O� �k� ªr«O�\ m |9�9x m ¡£c©³2¤ �k� Ñ$�q� �k� «,�!� �O�¬�!�$Ñ �O� ªr«Q�\ m |9�9x m ¡£c©³��r¤ �k� Ñk�hÑ �k� «/�q� �O�¬�!Ñ$Ð �Q���+�hª\ m |9�9x m ¡£ceÔ4¤ �k�]��«,� ���k���$�/� �Q� Ð$Ð$� �Q� Ð$ªr«\ m |9�9x m ¡£cec¢¤ �k���rÑq� �k���+�h� �Q���$�+� �Q� Ñr«O�

m ^O�
vWY��Q�±Ï4^Op{^$giYlU7Ylp9YhT7U�Vsgi^OU7YhT
¸¢Y´T7YlY�U n ^OU�U n Y¦¬�^Op{^$g¥YlU7YlpµYhT7U�V]gi^OU7YhTµZ$[.U n Y�ctÔ)��giYlU n ZQbÖ^$S�bÖU n Y�c©³'�g¥YlU n Zkb�U�X+p{S+Yhb�ZrX+U�T7ZrgiYlq n ^OU2b�VÎ¨*Ylp�YhSuU
[°Z$p��*Z$U n b�^OU�^¥T7YlU�Tl��Ô�YlU2X�T'­
p{T�U'_`Zrgµ�g¥YhSuU2ZrS´U n Y�o9R� @�k�h�k��b�^OU�^k�m2n Y�c¢³
��g¥YlU n Zkb n ^$T�Z��$Ylp�YhT7U�V]g%^OU7Yhb¥ê%q n V]vWY�U n Y�ctÔ)��g¥YlU n Zkb n ^$T4X�S�b+Ylp{YhT��U�V]gi^OU7Yhb�U n VsT±¬
^Op§^$g¥YlU7Ylph� m2n Y9Z$U n Ylp�U n p�YlY�¬
^Op{^$g¥YlU7Ylp{T�^Op{Y�X
S�b+Ylp�YhT7U�Vsgi^OU7Yhb%�Q~U n Y¥c©³'��g¥YlU n Zkbt^$S
beZ��$Ylp�p{T7U�Vsgi^OU7Yhb¢�Q~zU n Y¥ceÔw��g¥YlU n Zkb)})Y`®+_`Yl¬�U�[�Z$p�ìiq n V]_ n^Op�Y�^O��ZrX�UaZrSéU�^Op{f$YlUA�Q~¢U n Y¦vs^OU7U7YlpµgiYlU n ZQbw� m2n Y%vWZ�q YhT�U�V]gi^OU7Y%[°Z$p¥ì��u~¢U n Yc©³'��g¥YlU n Zkb%V]T�T�Zrg¥Ylq n ^OU'b�V]T7U�X+p{�
V]S+f+�w¸¢Y�T7YlY.U n ^OU
^$b�b�VsS+f�U n Y9T7Yh_`ZrS
bi¬
^Op{^$g¥�YlU7Ylpav]^h~$Ylp n ^$T�v]Yh^$beU7Z´V]gi¬�p�Z��$YhgiYhS!U�[�Z$p�U n Y¥c¢³
��g¥YlU n Zkb)�@o9Z�qáU n Y�YhT7U�V]gi^OU7YZ$[���Z$U n í ^$S�b î-^Op�Yd_lvWZrT�YlpiU7ZÌU n YhVWp%U7p{X+Y´�O^$v]X+YhTµ�Q~ÖU n V]T¥g¥YlU n Zkb¼U n ^$S¼U n YceÔw��g¥YlU n Zkb)}�q.VWU n î ^O�*ZrX+UAZrSÖU�^Op�f$YlUl� m2n Y%YhT�U�V]gi^OU7Y�Z$[9ìzVsTA^$v]T�Z©Vsg¥¬�p�Z��$YhbT7Zrg¥Ylq n ^OUl}��
X+U2V]T�T�U�V]v]v*^OU.T7Zrg¥Yab
V]T7U�^$SuU�[�p�Zrg U n YaU7p{X+Y@�O^$v]X+Y$��¸¢YAT7YlYaU n ^OU2U n Y

�h�



ctcz�²YhT�U�V]gi^OU7YhT@^Op�Y�[°^$V]p{vW~�_lvWZrT7Y�U7Z¦U n YµctÔ)�²YhT7U�V]g%^OU7YhTl�.RJU�VsT.^$v]T7Z�Z$[�V]SuU7Ylp�YhT7U�U7Z_`Zrg¥¬�^Op�Y2U n Y.­
p{T7U�[°ZrX+p±g¥ZrgiYhS!U�T
�u~µ¬
vsX+f$frV]S+faV]SµU n Y.YhT7U�V]g%^OU7Yhbi¬
^Op{^$giYlU7Ylp
�O^$vÎ�X+YhT'V]S%U n Y9U n YlZ$p�YlU�V]_l^$v�Y`®Q¬
p�YhT�T�VWZrS
T�[°Z$p'U n Y�g¥ZrgiYhS!U�T�V]S¦T7Yh_`U�VWZrS´��^$S
b¦_`Zrg¥¬�^Op�Yq.V]U n U n YhVWpµU7p{X+Y��Ù^$v]X�YhTl� m2n Y�gi^$VsSÖb
VÎ¨�Ylp{YhS�_`Y���YlUNq
YlYhSÓU n Y�giYlU n ZQb
T¥V]T�U n ^OUc¢³�^OU7U7p{VW�
X�U7YhT'giZ$p�YaT7¯$Ylq.S+YhT{T'^$S
b�¯QX+p{U7ZrT�V]T'U n ^$S�U n Y�U7p{X+Y�ZrS+YhT�Z$[�U n Y�¬
^Op�YhSuUb�VsT7U7p{VW�
X�U�VWZrS)}�q n V]vWY¥ctÔ»^OU7U7p§VW�
X+U7YhTav]YhT�T�T7¯$Ylq9S+YhT�Ta^$S�bÌ¯QX+p{U7ZrT�V]Tl}E^$S�bÌV]Ta_lv]ZrT7YlpU7ZÁ�OU�^Op{f$YlU��k�m.n YzT�g¥ZQZ$U n Yhb n V]T7U7Z$f$p{^$giT%Z$[@T�^$g¥¬
vWYhbÓ¬*ZrT7U7Ylp§VWZ$p%b+YhS�T{VWU�VWYhT¥[°Z$p%o9R7 @�k�h�k��
^$T�Yhb´ZrS´U n Y�c¢³��µT�VsgAX�vs^OU�VWZrS�T�^Op�Y@frVW�$YhSeV]S´\4VWfrX+p�Y��Q�
Posterior density alpha

1.5 2
alpha

0
0.

5
1

1.
5

 

Posterior density mu

2 2.1 2.2 2.3
mu

1.
4

1.
5

1.
6

1.
7

1.
8

  

Posterior density beta

0.5 1 1.5
beta

0
0.

5
1

1.
5

 

Posterior density delta

0.4 0.5 0.6 0.7 0.8
delta

0.
5

1
1.

5
2

2.
5

3

 

\4VWfrX+p{Y��Q�'jkg¥ZQZ$U n Yhb n VsT7U7Z$f$p{^$giT�Z$[4T�^$g¥¬�vWYhb�¬*ZrT7U7Ylp{VWZ$p2b+YhS
T�VWU�VWYhT�[°Z$p.o9R7 @�k�h�k�
Ô�ZuZ$¯kV]S+fa^OU
U n Y.¬*ZrT7U7Ylp§VWZ$p±b�V]T�U7p{VW�
X+U�V]ZrS�T�[°Z$p±U n Y9T�V]g�X�v]^OU7Yhb%b�^OU�^@q'Y9T7YlY9U n ^OUU n Y�U7p{X+Y�¬
^Op{^$giYlU7Ylp¥�Ù^$v]X�YhT�[°Z$pµîØVsT�^OU�U n Y´_`YhSuU7p{^$v'¬
^Op�U�Z$[.U n Y�b�V]T7U7p§VW�
X+U�VWZrSw}q n V]vWY´U n YzU7p§X+Ydê-^$S
b»íá^Op�YeZrX+U¦VsS¼U n YdU�^$Vsv]Tl� \+Z$pzìtq
Y n ^��$Ye�*YlYhS p§^OU n YlpX�S
T�X�_l_`YhT�T7[£X�v*V]S�b�YlYhb¸´\�Z$p9U n Y�b�^OU�^%T�YlU9\ m |��.x m U n Ylp{YA^Op�YAYl�$YhSeg¥Z$p{Y�T7U7p{VW¯kV]S+fib
VÎ¨�Ylp{YhS�_`YhTl�'¸¢YT7YlYeU n ^OU m2n YectÔ)��giYlU n ZQb n ^$T%frVW�$YhSØ^ég�X�_ n�n VWf n Ylp¦YhT7U�V]gi^OU7Yt[°Z$p%ê ^$S
b�ìU n ^$SÖU n Yzc¢³
��g¥YlU n ZQb)�Óº�SÖU n Y�Z$U n Ylp n ^$S�bÖ�*Z$U n í-^$S�bÓî<^Op�Y n V]f n Ylpµq.VWU n

���



U n Y@c©³'��g¥YlU n Zkb¦U n ^$S¦U n Y�ctÔ)��g¥YlU n ZQb)��¸¢YaT�YlY�U n ^OU�^$b
b�V]S+faU n Y�T�Yh_`ZrS�b�v]^h~$Ylpn ^$T�S+Z$U�vWYh^$b½U7Z¼^O¬�¬
p�Yh_lV]^O�
vWYe_ n ^$S+f$YhTh� ¿.Ylp�U n Y©cecd�²YhT7U�V]g%^OU7YhT´b�VÎ¨*Ylp�g¥Z$p{Y[�p{Zrg U n YzceÔw�²YhT7U�V]gi^OU7YhTh}
�
X�UµT�U�^h~¼_lvWZrT7YlpiU n Y´U n Y´c©³
�²YhT�U�V]gi^OU7YhTl}�Y`®+_`Yl¬�U¥[�Z$pU n Ya¬
^Op§^$g¥YlU7Ylp�ì!�m2n Y�T�g¥ZQZ$U n Yhb n V]T7U7Z$f$p§^$giT�Z$[9T�^$g¥¬
vWYhb�¬*ZrT7U7Ylp{VWZ$p�b+YhS�T�V]U�VWYhTa[°Z$p¥\ m |��.x m�
^$T7Yhb´ZrSzU n Y�c¢³��¥T�V]g�X�v]^OU�V]ZrS�T�^Op�YafrVW�$YhSzVsS´\EV]frX+p�Y��Q�
Posterior density alpha

0.5 1
alpha

0
0.

5
1

1.
5

2

 

Posterior density mu

0 0.5 1 1.5 2 2.5
mu

0
0.

2
0.

4
0.

6
0.

8

  

Posterior density beta

0.5 1
beta

0
0.

5
1

1.
5

2

 

Posterior density delta

1.8 2 2.2 2.4
delta

0
0.

5
1

1.
5

2
2.

5

 

\4VWfrX+p�Y¡�Q�
jkg¥ZQZ$U n Yhb n VsT7U7Z$f$p{^$giT
Z$[�T�^$g¥¬�vWYhbi¬*ZrT7U7Ylp{V]Z$p
b+YhS�T{VWU�VWYhT�[°Z$p�\ m |��.x m
RJU�gi^�~ �*YeV]S
T7U7p{X�_`U�VW�$YdU7ZÖ_`Zrg¥¬�^Op�YeU n Yd­
U�T�V]S½U7Ylp{giT¦Z$[�Â�Â9�²¬
v]Z$U�Tl�-\+Z$pU n Y�o9R7 a�k�h�k�Ab�^OU�^%q
YAgi^h~´_`Zrg¥¬
^Op{Y�q.VWU n U n YaU7p{X+Y�b
V]T7U7p{VW��X+U�VWZrS)�4x�®+^$_`U9_`Zrgµ�¬
X+U�^OU�VWZrS
Tap�Y��QX�VWp�Y¦^$_l_`YhT�TµU7Ze^ty'YhT�T7Yhv
[°X�S
_`U�VWZrSÌp�ZrX�U�V]S+Y$}4^$S�bÌq'Y�g%^h~é^$TAq
YhvsvT�V]g�X�v]^OU7Y�U n Y�b�V]T7U7p{V]�
X+U�VWZrS)�d¸¢Y n ^h�$YzT�V]g�X�v]^OU7YhbÖS�øµ�l�$�$�$�©Z$��T7Ylp��O^OU�VWZrS�TA[�p�ZrgU n YdU7p§X+Ydb�V]T�U7p{VW�
X+U�V]ZrSÖ^$T%q
Yhvsv.^$T¦[�p�Zrg U n Yeb�VsT7U7p{VW�
X�U�VWZrSÖq.VWU n U n YeYhT7U�V]gi^OU7Yhb¬
^Op{^$g¥YlU7Ylp§T.�Q~�U n Y�ctÔ)��g¥YlU n Zkbd^$S
bdc¢³
��g¥YlU n Zkbzp�YhT�¬�Yh_`U�V]�$YhvW~$� m.n Y�Â�Â9�²¬�vWZ$UV]T
frVW�$YhS¦VsS%\4VWfrX+p�Yª�+��¸¢Y�_lv]Yh^Op{vW~iT7YlY�U n ^OU'U n Y9c¢³
��­
U'V]T
VsS+[�Ylp§VWZ$p�U7Z�U n Y9ctÔ)��­
Ul}^$S�btU n ^OU�U n Y¥c©³�����­�U�V]T�^$S©V]g¥p�Z��$Yhg¥YhSuU�q n V]_ n gi^O¯$YhT�U n YA­
U�_`Zrg¥¬
^Op{^O��vWYAU7ZU n Y�T�X�_l_`YhT�T'Z$[�U n Y�ctÔ)��­
Ul}k�
X�U±U n ^OU'U n Y�U�q'Z�­
U�T±Z$�Q�kVWZrX�T�vW~ n ^h�$Y@T7Zrg¥Y�b�V]T7U�VsS�_`U[�Yh^OU�X�p�YhT2U n ^OU9T7Yl¬
^Op{^OU7YhT.U n Yhg´�

�2�



QQ-plot NIG2121 ML vs True
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QQ-plot NIG2121 MC2 vs True
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