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u T XE© ñh� © ò¶�¶k¶k�k � Trª,ª¬S ¾ �%X �¼bcT
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k»d¤g.d@U�k�mnb ¾�d@p � O�±IT���d@eáT¯é|ê ,Xa Ü ©wl ì¯ö ©wl nØm�cld@UWk
�úd@g�ê ,Xa Ü ©�l ìWö»í ò coO
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�wX T1k`O

�id � p%T~Q�ORQlmn��\^d@b§� � Tnp%piT X d@p�O
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g£T X)� g}UWV¢�)g�mxbõ�¢d�V X g£T X)� g}UWVÝOÞ���iT�b�m�k
TnpÞd@p�VÝm � bc�wp � T
V X �Wd X ë a1� VWp�m1¥4UWmxgAb�d@p%p�¹
k � V X g �%�
�wX T
k�O

{�b§� � g � h�d@pfgoT
V[T
d@goh�� � ¹®{ � ¥4T4UjT�]`d@b�d@Zw¸lp��,goT
kc\^mn¾¿p%T
V[ZwÎ�mnp � g�m1m � ±¯mxg �
� UW¥4Z
��d � g � h@T � TnUWk�d@p%p%Zjd@U�k¤m X �jT4gÞT4h�mxb�mnbcT X g � h � d@U�V�V � �w�¢mng X V X �jT�¥4T
mxb§T X g � hFg.d@Uj½
k�mnb¶¾®d@p � b�m1k1Tnp�O

���iTy¥4T
mnbcT X g � h�g.d@U�k�mnb�¾®d@p � V � ¥
¥4T
V X�X �iT¢T4�ÍÌwh � TnU X b�d@g � T X �i¹
�¢m X �iT1V � VfÏÐ{�� Î®Ñ
X ��d X V X d X T1V X ��d X d@p%p�e�d@p � d � p%T � Ui�AmngAb�d XY� mnU � V�goT@��T4h X T1k � U X �iT�b�d@g � T X �wg � h�T1V%�
�wg � h�Tqh@�Wd@UW¥4T1V�mnh�h � g � Tnh�d � V�T�mn� � UWd@U X)� h � �¢d X T1kÜUjT4¾ � Uj��mng}b�d XY� mnUWO
���iTng£TÜd@goT
X �jg£TnTK��mngAb V�mn� X �iT¼{�� Î|Z X �iT¼¾|T1d � �AmngAbcZ X �iTIV[T4b � ½�V X g�mnU�¥c��mxgAb§Z>d@UWk X �jT
V X g@mnUW¥q��mng}b�O
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¸ � U � efd@g � d X T XY� b§T�V[T4g � T
V � V�d>V[T �8� TnUih�Tµmx��m � V�TngAefd X)� mxUWV X d �
� UW¥lmxePTng X)� bcT4Zn��mng
T4�jd@b§�wp�T4Z�d>V[T �8� T4Ujh�T�mn�fk�d � p%¹�g£T X)� g}UWVÞmnUcd>V X mnh � O8¸¨b � p XY� efd@g � d X T X)� b§T^V�Tng � T1V
� Vµd|V[T �8� T4Ujh�T§mn�6eáTnh X mxg.V^mx�rm � V[T4g}e�d XY� mnU�V X d �
� UW¥ � U XY� bcT4Z���mngyT4�jd@b§�wp%TnZ X �jT
V�T �8� T4Uih@T�mn�jePTnh X mng.V�mn�jg£T X)� g}UWV�mxUäd6Ìw��T
k¤V�T X mx�WV X mnh � V!O
ª¬U X � � V�h��Wd@� X T4gYZ8¾¿T�¾ � p%p�V XY� k1¹KV X d XY� V XY� h�d@p�b�m1k1T4p[Vw�Amng � U � efd@g � d X T XY� bcT
VÞV�Tng � T1V!O
���iT
V[Túb�m�k
Tnp�VWd@goT�¾ � k1T4p%¹ � V[T
k � U�Tnh�mnU�mnb§T X g � h�V6d�VP¾|T4p�p�d�V � U§m X �jT4g �
� V � UjT
VÝV
d@UWk¿È^�­d@�w�wp � h�d XY� mnU�V!Ow]`mng�Tn�jd@b§�wp%TnZ XY� b§T|V�Tng � T1V�b�m1k1T4p[V�d@goTµg�m �wX)� UjT4p%¹ � V[T
k
X myb m1k1T4p X �iT�m �wX � �wX mn�ÞV � b � p�d X)� mnUWVÝO

¸��wg�mnh@T
VÝV � V¢V X d X)� mxUWd@gA¹ � � �%X V � T4��d@e � mng � V � Ujh��Wd@U�¥4T
k � ¹~V�� � � X V � U XY� bcT
O4��mngoT
�wg£Tnh � V[T4p%¹»�¼ñh�²�Üò¶��k¶k¶k � V�d¢¾|T
d � p�¹§V X d X)� mxUWd@gA¹��wg@mnh�T
VÝV � �& é~ê�� * ìÞögm¼Ï)d�h�mnU�V X d@U X Ñ���mxg�d@p%p�§& �úd@g#Ï�� * ìÞö­í ò Ï,d�h�mnU�V X d@U X Ñ��Amng�d@p%p�§

�PQ
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& \^mngAg#Ï�� * �²� . ìWö»ðPêhÜ § Nóò Ü ì1��mng�d@p%pa§�d@UWk ò

��� � V[Z X �jT¼b§T
d@U­d@U�kIefd@g � d@Ujh�T�k�m¼U�m X h��Wd@U�¥4T¼¾ �%X � X)� b§T�d@UWk X �jT¼h�mngAgoT4p�d@½
XY� mnU � T X ¾¿T4T4U X ¾®mqm � V[T4gAefd XY� mnUWVWk1Tn�wT4UWk�V�mnUjp%¹¿mnU X �iT XY� b§Trk � V X d@Uih@T � T X ¾|TnT4U
X �iT4b Oc]`mng^T4�jd@b§�wp%TnZ � � X �jTK�wg�mnh@T
VÝV � V�V X d X)� mnUWd@gA¹ X �iTnU X �jT¤h�mngAgoT4p�d XY� mnU � T4½
X ¾|T4TnU­�ÜòÞd@UWkO�nô � V X �jT�VÝd@b§T�d�V X �iTrh�mngAgoT4p�d XY� mnU � T X ¾¿T4T4U���õWd@UWkO�¼ñ l ZPV � Uih�T
T
d@h@�¿�¢d � gúd@g£T�V�Tn�¢d@g.d X T1k��,g@mnbÒT
d@h@��m X �iTng � ¹ X �jg£TnT � U ��X V6mn� XY� b§T1O

ð � Vfh�d@p�p%T
k X �jTqh�mngAgoT4p[d X)� mxU¤� � Uih XY� mnU�mn� X �iTy�wg�mnh@T
VÝV!O
��m X T X �Wd X ðPê�öPì�öåðPê N öáìoO
±¨�i¹`º

���iTrh�mnefd@g � d@Uih@T � T X ¾|T4TnUF� a d@U�k»� a §�÷ � V�k1T4U�m X T
k � ¹±ø�êuöáìoO�ø�ê�"Rì � V`h�d@p%p%T1k X �iT
d �wX mnh�mnefd@g � d@Ujh�Tq� � Ujh XY� mnUWO���m X T X �Wd X ø�êuöáì6ö­í ò ðPêuöáì�d@U�k X ��d X ø�ê
Y�ìÞö»í ò V � Uih�T
ðPê
Y8ìWö��#O
ûMÆ�ÅMÆ�Ç ¿�ÊMý�À�¿ùÉ�Ì¯Î¯Ê�úÝÏwÌ@�1Ê
±¨� ��X TFUWm � V�T � V X �iT^V � b§�wp%T1V X T4�jd@bc�wp%T^mn��dyV X d X)� mnUWd@gA¹��wg@mnh�T1V!VÝO��Kñ¯�²�Üò¶�¶k¶k¶k � V¢d
±¨��Ï)À@ZÍí ò ì1�wg�mxh�T
VÝV�ÏÐ¾¿T
d � ¾¿� �%X TyU�m � V[Ty�wg@mnh�T
VÝVÝÑ � �

& é|êj� * ìWöuY¢��mngFd@p�p�§
& ��d@g.Ï�� * ìWö­í ò Ï,d�h�mnUWV X d@U X Ñ��Amng�d@p%pN§
& \^mngAg#Ï�� * �²� . ìWöuY6�Amng�d@p%pa§ Wö ò

ª¬� � UØd�k�k ��X)� mxUiZ-�¼ñh�²�Üò�k¶k¶k�d@g£T � UWk1T4�wTnUWk1T4U X U�mngAb�d@pwg#d@UWk�mnb efd@g � d � p%T1V�Z X �jT4U
X �iT��wg@mnh�T1V!V � VPh�d@p�p%T
k�d�Ò>[�t@ó�óZv�[¦ò+ô-�rv}s�õwò�y�v ó�õaw/özy��Àõ�ó�óxO�ÏÐ���iT�UWmngAb d@pPk � V X g �%�
�wXY� mnU
� V¢V!mxb§T XY� bcT
V`h�d@p%p%T
k X �iT>´¿d � V!V � d@U�k � V X g �%�
�wXY� mnUWORÑ

¸­¾|T
d � ¾¿� �%X TyU�m � V[Ty�wg@mnh�T1V!V � V�¾¿T
d � p%¹¤V X d XY� mnU�d@gA¹Ü¾ �%X �

ðPê�Y�ìÉö �
ðPêjc£ì ö Y � ��c WöuY1k
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E1+.-4þ6=@+A*,3A=�L�-4D 	 H@06L�Lo3�H@(KB|ü�3,*A=�(6-43�L�=
é|êj� * § a Ü �Kñ¯�¶k¶k¶k��²� * ìÞöºY��Amng�d@p%pqc b �}k

Ï���m � h�d@UjUWm X �wg£T1k � h X¢X �jT¿� �wX)� goT4Z � T4h�d � V[T X �jT|� �wXY� goT � V � U�k
Tn�wT4U�k
TnU X mn� X �jT
�¢d�V X d@UWk��wgoT
V[T4U X ORÑ

��m � V�Z1!@¾|� �%X T6U�m � V[T�#�¾ � p%p4bcT
d@U�¾|T
d � ¾¿� �%X T�U�m � V[T4Z#¾¿� � h�� � Uih@p � k1T
V
´|d � VÝV � d@U
¾|� �%X T>UWm � V�T�d�VÞdqV[�wT4h � d@p1h�d�V[T
O

±¨� �%X TlU�m � V[TKÏÐT �%X �iT4gú¾¿T
d � mngú´¿d � VÝV � d@U�Ñ � V � U � U X Tng£T1V XY� U�¥ � U �%X V[T4p�� �
�wX�� V X �jT
�
�w� p�k � U�¥ � p�mnh � mn� � b§�¢mng X d@U XjX)� b§T�V[T4g � T
Vwb�m1k1Tnp�V � V[T
k��AmngWT4h�mxUWmnb � h�k�d X d�O

ûMÆ�ÅMÆ�Å Ñc�1Î¯Ì@½�ýMÎ¯Ì¯ÐcÌ���ýMÉZý�½�ÊMÎ¯ÊMÉK�]Ï-ç9ý��KÎ¯ýMÎ¯Ì¯ÏwÐ�ýMÉ@Ê���ÉZÏ'Í1Ê����
Ó � �w�¢m�V�T�¾¿T~m � V�TngAeáT^±�ñh��k¶k¶k��²±K;F�,g@mnb d�V X d XY� mnU�d@gA¹K�wg�mxh�T
VÝV!OW�imlT
V X)� b d X T X �jT
b§T1d@Uºm¯d@UWk�efd@g � d@Uih�T�í ò mx� X �iT¤�wg�mxh�T
VÝVµ¾¿T � V[T X �jT VÝd@b§�wp�T¤bcT
d@U ±�d@UWk
V!d@bc�wp%Tyefd@g � d@Uih�T R ò O
��m�T
V X)� b d X T X �jT�d �wX mnh�mnefd@g � d@Ujh�Tr� � Uih XY� mnU~¾¿T � V[T

ÃøWê�öPìWö P ¢ ñ ; ¢ ÷)./+ ñ êj± . §�÷ N ±�ì@êj± . N ±1ìhk
��m~T1V XY� b�d X TäðPê " ì6¾|T � V[T X �iTIVÝd@b§�wp%Täd �wX mnh�mxgAg£Tnp�d XY� mnUÅ� � Uih X)� mxU Ï�Ó�¸^\F]`Ñúk
Tn½
ÌwUiT1k¤d�V ÃðPêuöáìÞö Ãø�êuöáìÃø�ê�Y�ì k
u T XDû ñH� û ò���k¶k¶k � T�±¨Î�Ï,À@ZÍí òü ì£O�±IT¿VÝd@¹ X �Wd X ±�ñh��±nò¶�¶k¶k�k � VFd@Uc¸^�rÏ)Q�Ñá�wg@mnh�T1V!V � �`��mngV!mxb§Tyh�mnUWV X d@U X �¢d@g.d@bcT X T4g.Vwm¼d@UWk»Þ± aXN m§öuÞfê�± a ¢ ñ N m�ìMn û�a Ï��PORQ�Ñ
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��mxg�d@p%p�coO
ª¬�?Ü ÞwÜ Q �}Z X �jT4UF±�ñh�¶k¶k¶k � V�d�¾¿T
d � p%¹cV X d XY� mnU�d@gA¹|�wg@mnh�T1V!VÝO1ª X V`b§T
d@U � V*mwO�Ó � bc�wp%T
d@p�¥4T � g.dqV���mn¾�V X ��d X Ï��PORQ�Ñ�h�d@U � TygoT4¾¿g �%XYX TnUäd�V± a ö¦ê¥� N Þjì¥m¿n Þú± a ¢ ñMn û k ÏÐ�PO NPÑ

�¢T4b§Tnb � Tng X �jTúp � UiT1d@g�g£T1¥4g£T1V!V � mnUÜb�m1k1Tnp%ZK± a ög½ l n»½iñ�� a n û�a �,g@mnb°¹`m � g�V X d XY� V�½
XY� h�V�h�m � g#V�T1V!O�Ï��PO NPÑ � Vú� � V X dúp � UjT
d@gÞg£T1¥4g£T1V!V � mnU¤b�m�k
Tnpá¾ �%X �¨½ l ö�ê¥� N Þiì¥m¤d@U�k½iñúöØÞjOjª,� ��Xw� Vúd�V!V � b§T1k X �Wd X mâö Y!Z X �iTnU¨½ l ö Yµd�V�¾|Tnp%p�O u�� UjT
d@g¢g£T1¥4g£T1V!V � mnU
¾ ��X �·½ l ö�Y � V X �iT¿!@p � UiT
d@gWgoT
¥4goT
VÝV � mnU X �jg�m � ¥4� X �iTÜmng � ¥ � UKb�m1k1Tnp�O$#��`�jT X T4gAb[�t<s,y¦öjõXx/öjõ�ó²óZvÑy¦òFgoT4�,Tng.V X m X �iTFg£T1¥4g£T1V!V � mnU§mn� X �iTF�wg�mxh�T
VÝVÞmnU �%X V¢mx¾|U��¢d�V X efd@p � T1V!O
±¨�iTnU Ü ÞwÜ Q � X �jT4U

± a ögm¿n û�a n Þ û¥a ¢ ñ�n Þ ò û�a ¢ òSn�"#"#"�öºmqn £)÷ + l Þ ÷ û�a ¢ ÷ ÏÐ�PO �PÑ

Ï � UiÌwU ��X T>b�mne � U�¥Üd@eáTng.d�¥4T�Ï�� ¸¼ÏuýçÑ,Ñ�goT4�wgoT
V[T4U X)� mnUWÑ)O
ûMÆzºMÆ�Ç ÈbÉDÏ-�bÊMÉDÎ¯Ì¯Ê��¿Ï-ç9ýl�1Î¯ýMÎ¯Ì¯Ï'ÐbýMÉ�Ê�þÿ¾��¯Ç��³��ÉZÏ'Í1Ê����
±¨�iTnU Ü ÞwÜ Q �úÏ,V X d XY� mnU�d@g �%X ¹`ÑÐZ X �jT4U
Q�O

é~êj± a ìÞö�m �/c
NPO

ø�ê�Y�ìWöÅ�úd@g�ê�± a ìWö í òü� N Þ ò �/c
�PO

ø�ê�öáì¢öØ\lmxe�êj± a �²± a §�÷ ìWö í òü Þ Ú ÷ Ú� N Þ ò �/chk
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�PO

ðPê�öáì¢öØ\lmxgAg�ê�± a ��± a §�÷ ì¢öºÞ Ú ÷ Ú �/chk
')*i3AL�3,×®þ6-4+A*AH@(�*i*�-r+.=@×�=@×®G6=@+f*)ü�H@*i*,ü6=�L�=�D.-4+A×§0`ÛAH�Lfü6-4Û�/K-4(�Û���3,D Ü ÞwÜ Q � H@(�/
-4(�Û��ÜD.-4+Wÿ¼<��Ð&��jþ`+#-42�=�L�L�=�L
	 ª¬�?Ü Þ�Ü b �}Z X �iTnU X �jTr¸l�yÏ,Q�Ñ��wg�mxh�T
VÝV � V�UWmnU�V X d X)� mnUi½
d@gA¹�ZPd@U�k X �iT>b§T1d@UiZ8efd@g � d@Ujh�T4ZPd@U�k�h�mngAgoT4p�d XY� mnUId@goTyU�m X h�mnUWV X d@U X O

���iT
V[Ty�AmngAb � p�d�V`h�d@U � T>�wg@mneáT
k � V � UW¥�ÏÐ�PO �PÑ)O4]`mngWT4�jd@bc�wp%T

�úd@g�êj± a ìÞö��úd@gBà £)÷ + l Þ ÷ û�a ¢ ÷ á ö»í òü £)÷ + l Þ ò ÷ ö í òü� N Þ ò k
¸lp�VÝmnZ��Amng�ö 3 Y

\^mne
�� £) *,+ l û¥a ¢ * Þ * � £).X+ l û�a §�÷ ¢ . Þ . �! ö í òü Þ Ú ÷ Ú� N Þ ò k

t�T¼V � g£T X m¼k � V X)� U�¥ �w� V[� � T X ¾|T4TnU í òü ¾¿� � h@� � V X �jTlefd@g � d@Ujh�TKmn� X �iT~V X d XY� mnUWd@g}¹¾|� �%X T�U�m � V[T��wg�mxh�T
VÝV û ñH� û ò��¶k¶k¶k�d@UWklø�ê
Y�ìf¾¿� � h�� � V X �iT�efd@g � d@Ujh�TKmn� X �iT�¸^�rÏ)Q�Ñ
�wg�mxh�T
VÝV'±�ñh��±nò¶�¶k¶k¶k O4±äTFh�d@UcV�TnT>�)g�mxb X �iT�g£T1V � p X d � mxePT X �Wd X ø�ê
Y�ì � V �
� ¥
¥4Tng X ��d@U
í òü � Ujp%T
VÝV Þ¼öuY � U|¾¿� � h@�|h�d�V[T2± a ö û¥a O
ûMÆzºMÆ�Å úÝÏwÐc�1Î¯ýMÎ¯Ì¯Ï'ÐbýMÉ�Ê�þÿ¾��¯Ç��³��ÉZÏ'Í1Ê����1Ê��
<>H@(6/�-4×��çH@Ûué
ª¬�wÞ¼ö � X �iT4U ± a öº± a ¢ ñ�n û
d@UWk X �iT>�wg�mnh@T
VÝV � V (6-4* V X d XY� mnU�d@gA¹�O��`� � V � V X �jT>g.d@U�k�mnb¶¾®d@p � �wg�mxh�T
VÝV`¾¿T�VÝd@¾
� U|\F��d@� X Tng��PO

ª XP� V�T1d�V�¹ X m�V[T4T X �Wd X ± a ög± l n û ñMn�"#"#" û�a k
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Ó � �w�¢m1V�Tú¾¿T�V X d@g X d X1X �iTF�wg@mnh�T1V!VWd X d@U¤d@g �
�%X g#d@gA¹l�¢m � U X ± l O4�`�jT4U¤é|ê�± a Ü ± l ìÞöº± l
��mxg�d@p%pwc�Z�¾¿� � h@� � V6h�mnU�V X d@U XÞ�
�wX k1T4�wTnUWk�V¢TnU XY� goT4p%¹ mnU X �jT¤d@g �
�%X g.d@gA¹ØV X d@g X)� U�¥
�¢m � U X O���mxg£T1mneáT4gYZ��úd@g�êj± a Ü ± l ì|ö c�í òü ¾|� � h�� � VúUWm X V X d XY� mnU�d@gA¹ �
�wX g.d X �iT4g � Ui½h�goT
d�V[T
Vµp � UiT1d@gAp%¹�¾ �%X � X)� bcT
OØ�`�jT � Ujh�goT
d�V � UW¥®efd@g � d@Ujh�T®b�d � T1V X �iTcg.d@UWk�mnb
¾�d@p � !@¾�d@UWk1TngAO$#
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Welcome to Minitab, press F1 for help.
Retrieving worksheet from file: C:\COURSES\OR473\MINITAB\GE_DAILY.MTW
# Worksheet was saved on Wed Jan 10 2001

Results for: GE_DAILY.MTW

ARIMA Model: logR

ARIMA model for logR

Estimates at each iteration
Iteration SSE Parameters

0 2.11832 0.100 0.090
1 0.12912 0.228 0.015
2 0.07377 0.233 0.001
3 0.07360 0.230 0.000
4 0.07360 0.230 -0.000
5 0.07360 0.230 -0.000

Relative change in each estimate less than 0.0010

Final Estimates of Parameters
Type Coef SE Coef T P
AR 1 0.2299 0.0621 3.70 0.000
Constant -0.000031 0.001081 -0.03 0.977
Mean -0.000040 0.001403

Number of observations: 252
Residuals: SS = 0.0735911 (backforecasts excluded)

MS = 0.0002944 DF = 250

Modified Box-Pierce (Ljung-Box) Chi-Square statistic
Lag 12 24 36 48
Chi-Square 23.0 33.6 47.1 78.6
DF 10 22 34 46
P-Value 0.011 0.054 0.066 0.002
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º�Ó� Q��¸�¸t�Â¸��w»¾½�!xÌpº�ÁÂÁiº�Æ]�Â¸s�w·� 
ºe�� u¿EÓÖ%
options linesize = 72 ;
comment Restrict the linesize to 72 characters ;

data ge ; comment Start the data step ;

infile ’c:\courses\or473\data\ge.dat’ ;
comment Specify the input data set ;

input close ;
comment Create a new variable ;

D_p = dif(close);

comment Take first differences ;
logP = log(close) ;

logR = dif(logP) ;
comment logR = log returns ;

run ;
title ’GE - Daily prices, Dec 17, 1999 to Dec 15, 2000’ ;

title2 ’AR(1)’ ;

proc autoreg ;
model logR =/nlag = 1 ;

run ;
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GE - Daily prices, Dec 17, 1999 to Dec 15, 2000 1
AR(1) 10:32 Friday, February 2, 2001

The AUTOREGProcedure

Dependent Variable logR

Ordinary Least Squares Estimates

SSE 0.07762133 DFE 251
MSE 0.0003092 Root MSE 0.01759
SBC -1316.8318 AIC -1320.3612
Regress R-Square 0.0000 Total R-Square 0.0000
Durbin-Watson 1.5299

Standard Approx
Variable DF Estimate Error t Value Pr > |t|

Intercept 1 -0.000011 0.001108 -0.01 0.9917

Estimates of Autocorrelations

Lag Covariance Correlation

0 0.000308 1.000000
1 0.000069 0.225457

Estimates of Autocorrelations

Lag -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

0 | |********************|
1 | |***** |

Preliminary MSE 0.000292

Estimates of Autoregressive Parameters

Standard
Lag Coefficient Error t Value

1 -0.225457 0.061617 -3.66
GE - Daily prices, Dec 17, 1999 to Dec 15, 2000 2

AR(1) 10:32 Friday, February 2, 2001
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The AUTOREGProcedure

Yule-Walker Estimates

SSE 0.07359998 DFE 250
MSE 0.0002944 Root MSE 0.01716
SBC -1324.6559 AIC -1331.7148
Regress R-Square 0.0000 Total R-Square 0.0518
Durbin-Watson 1.9326

Standard Approx
Variable DF Estimate Error t Value Pr > |t|

Intercept 1 -0.000040 0.001394 -0.03 0.9773
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options linesize = 72 ;

comment Restrict the linesize to 72 characters ;

data ge ; comment Start the data step ;

infile ’c:\courses\or473\data\ge_qu art. dat’ ;

comment Specify the input data set ;

input close ;

D_p = dif(close);

comment Take first differences ;

logP = log(close) ;

logR = dif(logP) ;

comment logR = log returns ;

run ;

title ’GE - Quarterly closing prices, Dec 1900 to Dec 2000’ ;

title2 ’AR(6) with backstepping’ ;

proc autoreg ;

model logR =/nlag = 6 backstep ;

run ;
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GE - Quarterly closing prices, Dec 1900 to Dec 2000 1
AR(6) with backstepping

23:32 Tuesday, January 30, 2001

The AUTOREGProcedure

Dependent Variable logR

Ordinary Least Squares Estimates

SSE 0.15125546 DFE 38
MSE 0.00398 Root MSE 0.06309
SBC -102.20076 AIC -103.86432
Regress R-Square 0.0000 Total R-Square 0.0000
Durbin-Watson 2.0710

Standard Approx
Variable DF Estimate Error t Value Pr > |t|

Intercept 1 0.0627 0.0101 6.21 <.0001

Estimates of Autocorrelations

Lag Covariance Correlation

0 0.00388 1.000000
1 -0.00014 -0.036627
2 -0.00023 -0.059114
3 0.00152 0.392878
4 -0.00014 -0.035792
5 -0.00075 -0.193269
6 0.000337 0.086919

Estimates of Autocorrelations

Lag -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

0 | |********************|
1 | *| |
2 | *| |
3 | |******** |
4 | *| |
5 | ****| |
6 | |** |

GE - Quarterly closing prices, Dec 1900 to Dec 2000 2
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AR(6) with backstepping
23:32 Tuesday, January 30, 2001

The AUTOREGProcedure

Backward Elimination of
Autoregressive Terms

Lag Estimate t Value Pr > |t|

4 0.020648 0.12 0.9058
2 -0.023292 -0.14 0.8921
1 0.035577 0.23 0.8226
6 0.082465 0.50 0.6215
5 0.170641 1.13 0.2655

Preliminary MSE 0.00328

Estimates of Autoregressive Parameters

Standard
Lag Coefficient Error t Value

3 -0.392878 0.151180 -2.60

Expected
Autocorrelations

Lag Autocorr

0 1.0000
1 0.0000
2 0.0000
3 0.3929

Yule-Walker Estimates

SSE 0.12476731 DFE 37
MSE 0.00337 Root MSE 0.05807
SBC -105.5425 AIC -108.86962
Regress R-Square 0.0000 Total R-Square 0.1751
Durbin-Watson 1.9820

GE - Quarterly closing prices, Dec 1900 to Dec 2000 3
AR(6) with backstepping

23:32 Tuesday, January 30, 2001
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The AUTOREGProcedure

Standard Approx
Variable DF Estimate Error t Value Pr > |t|

Intercept 1 0.0632 0.0146 4.33 0.0001

Expected
Autocorrelations

Lag Autocorr

0 1.0000
1 0.0000
2 0.0000
3 0.3929

©�ªgà�ªF« í×­ã°pµ�Å£�¾½ÚÑw��� °pµ<â��¾â��_á!�w�_���K²�®p²
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options linesize = 72 ;

data cree ;

infile ’U:\courses\473\data\cree_dail y.dat ’ ;

input month day year volume high low close ;

logP = log(close) ;

logR = dif(logP) ;

run ;

title Cree daily log returns ;

title2 ARMA(1,1) ;

proc arima ;

identify var=logR ;

estimate p=1 q=1 ;

run ;
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Cree daily log returns 1
ARMA(1,1) 15:18 Friday, February 2, 2001

The ARIMA Procedure

Name of Variable = logR

Mean of Working Series -0.00071
Standard Deviation 0.067473
Number of Observations 252

Autocorrelations

Lag Covariance Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

0 0.0045526 1.00000 | |********************|
1 0.00031398 0.06897 | . |* . |
2 -0.0000160 -.00351 | . | . |
3 -5.5958E-6 -.00123 | . | . |
4 -0.0002213 -.04862 | . *| . |
5 0.00002748 0.00604 | . | . |
6 -0.0000779 -.01712 | . | . |
7 -0.0000207 -.00454 | . | . |
8 -0.0003281 -.07207 | . *| . |
9 0.00015664 0.03441 | . |* . |

10 0.00057077 0.12537 | . |*** |
11 0.00023632 0.05191 | . |* . |
12 -0.0003475 -.07633 | .**| . |
13 -0.0001348 -.02961 | . *| . |
14 -0.0005590 -.12278 | .**| . |
15 0.00023425 0.05145 | . |* . |
16 -0.0001021 -.02242 | . | . |
17 -0.0000582 -.01278 | . | . |
18 -0.0007147 -.15699 | ***| . |
19 0.00006314 0.01387 | . | . |
20 -0.0000466 -.01024 | . | . |
21 -0.0001681 -.03692 | . *| . |
22 -0.0001439 -.03161 | . *| . |
23 -0.0002135 -.04690 | . *| . |
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24 0.00007502 0.01648 | . | . |

"." marks two standard errors

Cree daily log returns 2
ARMA(1,1) 15:18 Friday, February 2, 2001

The ARIMA Procedure

Inverse Autocorrelations

Lag Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

1 -0.11452 | .**| . |
2 0.06356 | . |* . |
3 -0.08905 | .**| . |
4 0.12788 | . |*** |
5 -0.04576 | . *| . |
6 0.07209 | . |* . |
7 -0.06322 | . *| . |
8 0.09828 | . |**. |
9 -0.04639 | . *| . |

10 -0.05006 | . *| . |
11 -0.09283 | .**| . |
12 0.10049 | . |**. |
13 -0.02141 | . | . |
14 0.15284 | . |*** |
15 -0.09318 | .**| . |
16 0.05864 | . |* . |
17 -0.02983 | . *| . |
18 0.16300 | . |*** |
19 -0.05602 | . *| . |
20 0.05126 | . |* . |
21 0.01713 | . | . |
22 0.04942 | . |* . |
23 0.00197 | . | . |
24 -0.01745 | . | . |

Partial Autocorrelations

Lag Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

1 0.06897 | . |* . |
2 -0.00830 | . | . |
3 -0.00041 | . | . |
4 -0.04877 | . *| . |
5 0.01287 | . | . |
6 -0.01916 | . | . |
7 -0.00183 | . | . |
8 -0.07486 | . *| . |
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9 0.04628 | . |* . |

10 0.11841 | . |**. |
11 0.03697 | . |* . |
12 -0.09207 | .**| . |
13 -0.01457 | . | . |
14 -0.11485 | .**| . |

Cree daily log returns 3
ARMA(1,1) 15:18 Friday, February 2, 2001

The ARIMA Procedure

Partial Autocorrelations

Lag Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

15 0.07540 | . |**. |
16 -0.04385 | . *| . |
17 0.00180 | . | . |
18 -0.16594 | ***| . |
19 0.05041 | . |* . |
20 -0.06240 | . *| . |
21 -0.02732 | . *| . |
22 -0.05643 | . *| . |
23 0.00111 | . | . |
24 0.01957 | . | . |

Autocorrelation Check for White Noise

To Chi- Pr >
Lag Square DF ChiSq -------------Autocorrelations------------

6 1.91 6 0.9276 0.069 -0.004 -0.001 -0.049 0.006 -0.017
12 10.02 12 0.6143 -0.005 -0.072 0.034 0.125 0.052 -0.076
18 21.95 18 0.2344 -0.030 -0.123 0.051 -0.022 -0.013 -0.157
24 23.37 24 0.4978 0.014 -0.010 -0.037 -0.032 -0.047 0.016

Conditional Least Squares Estimation

Standard Approx
Parameter Estimate Error t Value Pr > |t| Lag

MU -0.0006814 0.0045317 -0.15 0.8806 0
MA1,1 -0.18767 0.88710 -0.21 0.8326 1
AR1,1 -0.11768 0.89670 -0.13 0.8957 1

Constant Estimate -0.00076
Variance Estimate 0.004585
Std Error Estimate 0.067712
AIC -638.889
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SBC -628.301
Number of Residuals 252

* AIC and SBC do not include log determinant.
Cree daily log returns 4

ARMA(1,1) 15:18 Friday, February 2, 2001

The ARIMA Procedure

Correlations of Parameter Estimates

Parameter MU MA1,1 AR1,1

MU 1.000 0.005 0.006
MA1,1 0.005 1.000 0.998
AR1,1 0.006 0.998 1.000

Autocorrelation Check of Residuals

To Chi- Pr >
Lag Square DF ChiSq -------------Autocorrelations------------

6 0.75 4 0.9444 0.000 0.004 0.001 -0.049 0.010 -0.019
12 8.54 10 0.5761 0.003 -0.075 0.032 0.118 0.050 -0.079
18 21.12 16 0.1741 -0.014 -0.127 0.062 -0.029 0.001 -0.159
24 22.48 22 0.4314 0.025 -0.011 -0.035 -0.026 -0.045 0.016
30 32.65 28 0.2490 0.054 0.127 0.102 -0.023 -0.029 0.070
36 38.16 34 0.2858 -0.055 -0.038 -0.026 -0.079 0.021 0.083
42 47.23 40 0.2009 -0.061 -0.092 -0.004 -0.028 -0.118 -0.055
48 49.15 46 0.3480 -0.032 -0.011 -0.004 0.027 0.054 -0.036

Model for variable logR

Estimated Mean -0.00068

Autoregressive Factors

Factor 1: 1 + 0.11768 B**(1)

Moving Average Factors

Factor 1: 1 + 0.18767 B**(1)
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options linesize = 72 ;

data rate1 ;

infile ’c:\courses\or473\data\fygn. dat’ ;

input date $ z;

title ’Three month treasury bills’ ;

title2 ’ARIMA model - to first differences’ ;

proc arima ;

identify var=z(1) ;

estimate p=10 plot;

run ;

.]!� Ò!x��Ïk»¾½�!xâ¯È.â�º£��»4·���»Q%
Three month treasury bills 1

ARIMA model - to first differences
14:41 Saturday, February 3, 2001

The ARIMA Procedure

Name of Variable = z

Period(s) of Differencing 1
Mean of Working Series 0.006986
Standard Deviation 0.494103
Number of Observations 554
Observation(s) eliminated by differencing 1

Autocorrelations

Lag Covariance Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

0 0.244138 1.00000 | |********************|
1 0.067690 0.27726 | . |****** |
2 -0.026212 -.10736 | **| . |



Q�z {s|]}.~K���j�_���$�s�]����}�����}����������V�����k�����j�Y���.�O���e���u�����E�������
3 -0.022360 -.09159 | **| . |
4 -0.0091143 -.03733 | .*| . |
5 0.011399 0.04669 | . |*. |
6 -0.045339 -.18571 | ****| . |
7 -0.047987 -.19656 | ****| . |
8 0.022734 0.09312 | . |** |
9 0.047441 0.19432 | . |**** |

10 0.014282 0.05850 | . |*. |
11 -0.0017082 -.00700 | . | . |
12 -0.022600 -.09257 | **| . |
13 0.0087638 0.03590 | . |*. |
14 0.038426 0.15739 | . |*** |
15 -0.024885 -.10193 | **| . |
16 0.0012018 0.00492 | . | . |
17 0.020048 0.08212 | . |** |
18 0.019043 0.07800 | . |** |
19 -0.0081609 -.03343 | .*| . |
20 -0.056547 -.23162 | *****| . |
21 -0.038945 -.15952 | ***| . |
22 -0.0035774 -.01465 | . | . |
23 -0.0018465 -.00756 | . | . |
24 -0.0080554 -.03300 | .*| . |

"." marks two standard errors

Three month treasury bills 2
ARIMA model - to first differences

14:41 Saturday, February 3, 2001

The ARIMA Procedure

Inverse Autocorrelations

Lag Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

1 -0.38226 | ********| . |
2 0.17388 | . |*** |
3 -0.03944 | .*| . |
4 0.09813 | . |** |
5 -0.15403 | ***| . |
6 0.16052 | . |*** |
7 0.03458 | . |*. |
8 -0.07833 | **| . |
9 -0.01029 | . | . |

10 -0.01264 | . | . |
11 -0.07557 | **| . |
12 -0.00166 | . | . |
13 0.12786 | . |*** |
14 -0.22060 | ****| . |
15 0.19060 | . |**** |
16 -0.10958 | **| . |
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17 0.03736 | . |*. |
18 -0.05356 | .*| . |
19 0.07262 | . |*. |
20 0.03663 | . |*. |
21 0.03580 | . |*. |
22 0.02890 | . |*. |
23 0.00507 | . | . |
24 0.00765 | . | . |

Partial Autocorrelations

Lag Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

1 0.27726 | . |****** |
2 -0.19958 | ****| . |
3 -0.00061 | . | . |
4 -0.03172 | .*| . |
5 0.05661 | . |*. |
6 -0.25850 | *****| . |
7 -0.05221 | .*| . |
8 0.14071 | . |*** |
9 0.08439 | . |** |

10 -0.04699 | .*| . |
11 0.06148 | . |*. |
12 -0.11389 | **| . |
13 0.05561 | . |*. |
14 0.13716 | . |*** |

Three month treasury bills 3
ARIMA model - to first differences

14:41 Saturday, February 3, 2001

The ARIMA Procedure

Partial Autocorrelations

Lag Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

15 -0.13273 | ***| . |
16 0.15741 | . |*** |
17 0.02301 | . | . |
18 0.01777 | . | . |
19 -0.13330 | ***| . |
20 -0.08447 | **| . |
21 -0.07718 | **| . |
22 -0.04553 | .*| . |
23 -0.01479 | . | . |
24 -0.01071 | . | . |

Autocorrelation Check for White Noise
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To Chi- Pr >

Lag Square DF ChiSq -------------Autocorrelations------------

6 75.33 6 <.0001 0.277 -0.107 -0.092 -0.037 0.047 -0.186
12 130.15 12 <.0001 -0.197 0.093 0.194 0.059 -0.007 -0.093
18 158.33 18 <.0001 0.036 0.157 -0.102 0.005 0.082 0.078
24 205.42 24 <.0001 -0.033 -0.232 -0.160 -0.015 -0.008 -0.033

Conditional Least Squares Estimation

Standard Approx
Parameter Estimate Error t Value Pr > |t| Lag

MU 0.0071463 0.02056 0.35 0.7283 0
AR1,1 0.33494 0.04287 7.81 <.0001 1
AR1,2 -0.16456 0.04501 -3.66 0.0003 2
AR1,3 0.01712 0.04535 0.38 0.7060 3
AR1,4 -0.10901 0.04522 -2.41 0.0163 4
AR1,5 0.14252 0.04451 3.20 0.0014 5
AR1,6 -0.21560 0.04451 -4.84 <.0001 6
AR1,7 -0.08347 0.04522 -1.85 0.0655 7
AR1,8 0.10382 0.04536 2.29 0.0225 8
AR1,9 0.10007 0.04502 2.22 0.0267 9
AR1,10 -0.04723 0.04290 -1.10 0.2714 10

Constant Estimate 0.006585
Variance Estimate 0.198648
Std Error Estimate 0.445699

Three month treasury bills 4
ARIMA model - to first differences

14:41 Saturday, February 3, 2001

The ARIMA Procedure

AIC 687.6855
SBC 735.1743
Number of Residuals 554

* AIC and SBC do not include log determinant.

Correlations of Parameter Estimates

Parameter MU AR1,1 AR1,2 AR1,3 AR1,4 AR1,5

MU 1.000 0.001 -0.000 -0.001 -0.001 -0.000
AR1,1 0.001 1.000 -0.315 0.160 -0.020 0.095
AR1,2 -0.000 -0.315 1.000 -0.357 0.166 -0.033
AR1,3 -0.001 0.160 -0.357 1.000 -0.350 0.204
AR1,4 -0.001 -0.020 0.166 -0.350 1.000 -0.375
AR1,5 -0.000 0.095 -0.033 0.204 -0.375 1.000
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AR1,6 -0.001 -0.131 0.122 -0.068 0.218 -0.367
AR1,7 -0.001 0.200 -0.178 0.161 -0.078 0.218
AR1,8 -0.001 0.080 0.163 -0.166 0.161 -0.068
AR1,9 -0.001 -0.106 0.123 0.163 -0.178 0.122
AR1,10 -0.003 -0.085 -0.106 0.080 0.200 -0.131

Correlations of Parameter Estimates

Parameter AR1,6 AR1,7 AR1,8 AR1,9 AR1,10

MU -0.001 -0.001 -0.001 -0.001 -0.003
AR1,1 -0.131 0.200 0.080 -0.106 -0.085
AR1,2 0.122 -0.178 0.163 0.123 -0.106
AR1,3 -0.068 0.161 -0.166 0.163 0.080
AR1,4 0.218 -0.078 0.161 -0.178 0.200
AR1,5 -0.367 0.218 -0.068 0.122 -0.131
AR1,6 1.000 -0.375 0.204 -0.033 0.096
AR1,7 -0.375 1.000 -0.350 0.166 -0.020
AR1,8 0.204 -0.350 1.000 -0.357 0.161
AR1,9 -0.033 0.166 -0.357 1.000 -0.315
AR1,10 0.096 -0.020 0.161 -0.315 1.000

Three month treasury bills 5
ARIMA model - to first differences

14:41 Saturday, February 3, 2001

The ARIMA Procedure

Autocorrelation Check of Residuals

To Chi- Pr >
Lag Square DF ChiSq -------------Autocorrelations------------

6 0.00 0 <.0001 0.003 -0.011 0.003 0.021 -0.015 -0.031
12 9.56 2 0.0084 0.036 -0.001 -0.031 0.018 0.105 -0.040
18 42.72 8 <.0001 -0.076 0.177 -0.115 0.081 0.019 0.025
24 62.06 14 <.0001 -0.062 -0.149 -0.078 -0.025 -0.024 -0.013
30 65.76 20 <.0001 0.002 0.008 0.045 0.048 -0.043 -0.007
36 73.52 26 <.0001 -0.070 -0.004 -0.051 -0.003 -0.053 -0.052
42 74.14 32 <.0001 -0.007 0.028 -0.007 -0.005 0.010 0.006
48 82.20 38 <.0001 -0.011 -0.000 -0.006 0.001 -0.103 0.050

Autocorrelation Plot of Residuals

Lag Covariance Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

0 0.198648 1.00000 | |********************|
1 0.00057812 0.00291 | . | . |
2 -0.0020959 -.01055 | . | . |
3 0.00068451 0.00345 | . | . |
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4 0.0041792 0.02104 | . | . |
5 -0.0030362 -.01528 | . | . |
6 -0.0061377 -.03090 | .*| . |
7 0.0071315 0.03590 | . |*. |
8 -0.0001693 -.00085 | . | . |
9 -0.0061781 -.03110 | .*| . |

10 0.0036055 0.01815 | . | . |
11 0.020788 0.10465 | . |** |
12 -0.0078818 -.03968 | .*| . |
13 -0.015171 -.07637 | **| . |
14 0.035240 0.17740 | . |**** |
15 -0.022934 -.11545 | **| . |
16 0.016000 0.08054 | . |** |
17 0.0037288 0.01877 | . | . |
18 0.0049781 0.02506 | . |*. |
19 -0.012221 -.06152 | .*| . |
20 -0.029590 -.14896 | ***| . |
21 -0.015566 -.07836 | **| . |
22 -0.0050098 -.02522 | .*| . |
23 -0.0048445 -.02439 | . | . |
24 -0.0026174 -.01318 | . | . |

"." marks two standard errors
Three month treasury bills 6

ARIMA model - to first differences
14:41 Saturday, February 3, 2001

The ARIMA Procedure

Inverse Autocorrelations

Lag Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

1 -0.04462 | .*| . |
2 0.02988 | . |*. |
3 0.02921 | . |*. |
4 -0.04817 | .*| . |
5 0.00308 | . | . |
6 0.02072 | . | . |
7 -0.02134 | . | . |
8 -0.01272 | . | . |
9 0.01308 | . | . |

10 -0.02753 | .*| . |
11 -0.10241 | **| . |
12 0.03617 | . |*. |
13 0.06350 | . |*. |
14 -0.16306 | ***| . |
15 0.12298 | . |** |
16 -0.08990 | **| . |
17 -0.02141 | . | . |
18 -0.00130 | . | . |
19 0.04419 | . |*. |
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20 0.11901 | . |** |
21 0.08929 | . |** |
22 0.02613 | . |*. |
23 0.00628 | . | . |
24 0.00879 | . | . |

Partial Autocorrelations

Lag Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

1 0.00291 | . | . |
2 -0.01056 | . | . |
3 0.00351 | . | . |
4 0.02091 | . | . |
5 -0.01534 | . | . |
6 -0.03040 | .*| . |
7 0.03569 | . |*. |
8 -0.00204 | . | . |
9 -0.02966 | .*| . |

10 0.01926 | . | . |
11 0.10200 | . |** |
12 -0.04035 | .*| . |
13 -0.07248 | .*| . |
14 0.17834 | . |**** |

Three month treasury bills 7
ARIMA model - to first differences

14:41 Saturday, February 3, 2001

The ARIMA Procedure

Partial Autocorrelations

Lag Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

15 -0.13109 | ***| . |
16 0.09936 | . |** |
17 0.02268 | . | . |
18 0.00293 | . | . |
19 -0.05597 | .*| . |
20 -0.13881 | ***| . |
21 -0.10044 | **| . |
22 -0.02905 | .*| . |
23 -0.00750 | . | . |
24 -0.00979 | . | . |

Model for variable z

Estimated Mean 0.007146
Period(s) of Differencing 1
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Autoregressive Factors

Factor 1: 1 - 0.33494 B**(1) + 0.16456 B**(2) - 0.01712 B**(3) +
0.10901 B**(4) - 0.14252 B**(5) + 0.2156
B**(6) + 0.08347 B**(7) - 0.10382 B**(8)
- 0.10007 B**(9) + 0.04723 B**(10)
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Ýk½�!>È�ÉKÊ�¨�z�Ë�ÓÛºe¹e!�ÁÚ¹jº£!�ÏÚ¸�º£»�Ç�»ÑÆ !�ÁÂÁ�%Kà !�ä3»�Æ]!>»¾ @îØ¿E¸_È�ÉKÊU&�#�Ë�ÓÛºe¹e!�ÁjÆ]�Â»¾½Îj¿EÃU��Ç�»¾»4�Â¸s��%v. !� "!K��Ï�»4½t!Kâ�È�â8·� 
ºã�� C¿EÓÖ'
options linesize = 72 ;

data rate1 ;

infile ’c:\courses\or473\data\fygn.dat’ ;
input date $ z;

zdif=dif(z) ;
title ’Three month treasury bills’ ;

title2 ’AR(24) model to first differences with backfitting’ ;

proc autoreg ;

model zdif= / nlag=24 backstep;
run ;

.]!� Ò!x��Ïk»¾½�!Ùº���»¾·���»@%
Three month treasury bills 1

AR(24) model to first differences with backfitting
10:32 Wednesday, February 14, 2001

The AUTOREGProcedure

Dependent Variable zdif

Ordinary Least Squares Estimates

SSE 135.25253 DFE 553
MSE 0.24458 Root MSE 0.49455
SBC 797.34939 AIC 793.032225
Regress R-Square 0.0000 Total R-Square 0.0000
Durbin-Watson 1.4454

Standard Approx
Variable DF Estimate Error t Value Pr > |t|

Intercept 1 0.006986 0.0210 0.33 0.7397

Estimates of Autocorrelations

Lag Covariance Correlation
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0 0.2441 1.000000
1 0.0677 0.277260
2 -0.0262 -0.107364
3 -0.0224 -0.091587
4 -0.00911 -0.037332
5 0.0114 0.046690
6 -0.0453 -0.185710
7 -0.0480 -0.196558
8 0.0227 0.093118
9 0.0474 0.194318

Estimates of Autocorrelations

Lag -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

0 | |********************|
1 | |****** |
2 | **| |
3 | **| |
4 | *| |
5 | |* |
6 | ****| |
7 | ****| |
8 | |** |
9 | |**** |

Three month treasury bills 2
AR(24) model to first differences with backfitting

10:32 Wednesday, February 14, 2001

The AUTOREGProcedure

Estimates of Autocorrelations

Lag Covariance Correlation

10 0.0143 0.058501
11 -0.00171 -0.006997
12 -0.0226 -0.092572
13 0.00876 0.035897
14 0.0384 0.157393
15 -0.0249 -0.101930
16 0.00120 0.004923
17 0.0200 0.082117
18 0.0190 0.078001
19 -0.00816 -0.033427
20 -0.0565 -0.231618
21 -0.0389 -0.159520
22 -0.00358 -0.014653
23 -0.00185 -0.007563
24 -0.00806 -0.032995
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Estimates of Autocorrelations

Lag -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

10 | |* |
11 | | |
12 | **| |
13 | |* |
14 | |*** |
15 | **| |
16 | | |
17 | |** |
18 | |** |
19 | *| |
20 | *****| |
21 | ***| |
22 | | |
23 | | |
24 | *| |

Three month treasury bills 3
AR(24) model to first differences with backfitting

10:32 Wednesday, February 14, 2001

The AUTOREGProcedure

Backward Elimination of
Autoregressive Terms

Lag Estimate t Value Pr > |t|

10 0.007567 0.16 0.8721
23 0.010212 0.22 0.8241
17 0.008951 0.19 0.8492

3 -0.014390 -0.32 0.7496
24 0.015798 0.40 0.6907
13 0.041434 0.92 0.3605

7 0.038880 0.85 0.3964
18 -0.037456 -0.90 0.3702
22 0.042555 1.02 0.3090
20 0.058230 1.31 0.1912

4 0.059903 1.48 0.1389
9 -0.058141 -1.42 0.1562

Preliminary MSE 0.1765

Estimates of Autoregressive Parameters

Standard
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Lag Coefficient Error t Value

1 -0.388246 0.040419 -9.61
2 0.200242 0.040438 4.95
5 -0.108069 0.040513 -2.67
6 0.249095 0.039719 6.27
8 -0.103462 0.039668 -2.61

11 -0.102896 0.040278 -2.55
12 0.119950 0.040704 2.95
14 -0.204702 0.040427 -5.06
15 0.223381 0.042441 5.26
16 -0.151917 0.040811 -3.72
19 0.103356 0.038847 2.66
21 0.108074 0.039511 2.74

Three month treasury bills 4
AR(24) model to first differences with backfitting

10:32 Wednesday, February 14, 2001

The AUTOREGProcedure

Expected
Autocorrelations

Lag Autocorr

0 1.0000
1 0.2840
2 -0.1196
3 -0.0801
4 0.0273
5 0.0656
6 -0.1914
7 -0.1923
8 0.0880
9 0.1549

10 0.0223
11 -0.0229
12 -0.0737
13 0.0767
14 0.1628
15 -0.1000
16 -0.0017
17 0.0685
18 0.0437
19 -0.0638
20 -0.1968
21 -0.1296

Yule-Walker Estimates
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SSE 97.7597462 DFE 541
MSE 0.18070 Root MSE 0.42509
SBC 695.767655 AIC 639.644514
Regress R-Square 0.0000 Total R-Square 0.2772
Durbin-Watson 2.0627

Standard Approx
Variable DF Estimate Error t Value Pr > |t|

Intercept 1 0.006664 0.0192 0.35 0.7289
Three month treasury bills 5

AR(24) model to first differences with backfitting
10:32 Wednesday, February 14, 2001

The AUTOREGProcedure

Expected
Autocorrelations

Lag Autocorr
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1 0.2840
2 -0.1196
3 -0.0801
4 0.0273
5 0.0656
6 -0.1914
7 -0.1923
8 0.0880
9 0.1549

10 0.0223
11 -0.0229
12 -0.0737
13 0.0767
14 0.1628
15 -0.1000
16 -0.0017
17 0.0685
18 0.0437
19 -0.0638
20 -0.1968
21 -0.1296
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% Input mean vector and covariance matrix of returns here

bmu = [.08;.03;.05] ;

bOmega = [ .3 .02 .01 ;
.02 .15 .03 ;

.01 .03 .18 ] ;

bone = ones(length(bmu),1) ;

short = 1 ; % short = 1 implies extensive short selling

% short = 0 reduces the short selling, but
% does not eliminate short sell

ngrid = 200 ;

if short == 1 ;
muP = linspace(-.02,.2,ngrid) ;

w = linspace(-5,7,ngrid) ;

else ;

muP = linspace(min(bmu),max(bmu),ngrid) ;
w = linspace(0,1,ngrid) ;

end ;

sigmaP = zeros(1,ngrid) ;

omegaP = zeros(3,ngrid) ;

mu12 = zeros(1,ngrid) ;
sigma12 = mu12 ;

mu13 = zeros(1,ngrid) ;

sigma13 = mu12 ;
mu23 = zeros(1,ngrid) ;

sigma23 = mu12 ;
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ibOmega = inv(bOmega) ;

A = bone’*ibOmega*bmu ;
B = bmu’*ibOmega*bmu ;

C = bone’*ibOmega*bone ;

D = B*C - Aˆ2 ;
bg = (B*ibOmega*bone - A*ibOmega*bmu)/D ;

bh = (C*ibOmega*bmu - A*ibOmega*bone)/D ;

for i=1:ngrid ;

omegaP(:,i) = bg + muP(i)*bh ;
sigmaP(i) = sqrt(omegaP(:,i)’*bOmega*omegaP(:,i)) ;

mu12(i) = w(i)*bmu(1) + (1-w(i))*bmu(2) ;

sigma12(i) = sqrt(w(i)ˆ2*bOmega(1,1) + 2*w(i)*(1-w(i))*bOmega(1,2) ...

+ (1-w(i))ˆ2*bOmega(2,2)) ;

mu13(i) = w(i)*bmu(1) + (1-w(i))*bmu(3) ;
sigma13(i) = sqrt(w(i)ˆ2*bOmega(1,1) + 2*w(i)*(1-w(i))*bOmega(1,3) ...

+ (1-w(i))ˆ2*bOmega(3,3)) ;
mu23(i) = w(i)*bmu(2) + (1-w(i))*bmu(3) ;

sigma23(i) = sqrt(w(i)ˆ2*bOmega(2,2) + 2*w(i)*(1-w(i))*bOmega(2,3) ...

+ (1-w(i))ˆ2*bOmega(3,3)) ;
end ;

fsize = 16 ;

figure(1)

p = plot(sigmaP,muP,sigma12,mu12,’--’,s igma13 ,mu13 ,’-.’ ,sigma 23,mu 23,’: ’) ;
set(p,’linewidth’,6) ;

xlabel(’standard deviation of return (\sigma_P)’,’fontsize’,fsize) ;
ylabel(’expected return (\mu_P)’,’fontsize’,fsize) ;

text(sqrt(bOmega(1,1)),bmu(1),’1’, ’font size’, 24) ;

text(sqrt(bOmega(2,2)),bmu(2),’2’, ’font size’, 24) ;
text(sqrt(bOmega(3,3)),bmu(3),’3’, ’font size’, 24) ;

set(gca,’fontsize’,fsize) ;
if short == 0 ;

set(gca,’ylim’,[.025,.085]) ;

end ;
if short == 1 ;

set(gca,’ylim’,[-.02,.2]) ;
set(gca,’xlim’,[.2,2]) ;

end ;
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grid ;

if short == 0 ;

print portfolio02.ps -depsc ;

!mv portfolio02.ps ˜/public_html/or473/LectNotes/por tfoli o02.ps ;

else ;
print portfolio02SH.ps -depsc ;

!mv portfolio02SH.ps ˜/public_html/or473/LectNotes/portfo lio02S H.ps ;

end ;

figure(2)

p2 = plot(muP,omegaP(1,:),muP,omegaP(2,:) ,’--’, muP,omegaP(3,:), ’-.’) ;

set(p2,’linewidth’,6) ;
set(gca,’fontsize’,fsize) ;

grid ;
xlabel(’\mu_P’,’fontsize’,fsize) ;

ylabel(’weight’,’fontsize’,fsize) ;
legend(’w_1’,’w_2’,’w_3’,0) ;

if short == 0
print portfolio02_wt.ps -depsc ;

!mv portfolio02_wt.ps ˜/public_html/or473/LectNotes/portf olio02 _wt.p s ;
else ;

print portfolio02_wtSH.ps -depsc ;

!mv portfolio02_wtSH.ps ˜/public_html/or473/LectNotes/por tfolio 02_wt SH.ps ;

end ;
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% Input mean vector and covariance matrix of returns here

bmu = [.08;.03;.05] ;

bOmega = [ .3 .02 .01 ;
.02 .15 .03 ;

.01 .03 .18 ] ;
A = [ones(1,3);bmu’] ;

ngrid = 50 ;

muP = linspace(.03,.08,ngrid)’ ;

icompute = 0 ;
if icompute == 1 ;

sigmaP = muP ;
sigmaP2 = sigmaP ;

omegaP = zeros(3,ngrid) ;

omegaP2 = omegaP ;

for i = 1:ngrid ;
omegaP(:,i) = quadprog(bOmega,zeros(3,1),-eye(3 ),zer os(3, 1),A,[ 1;muP(i)]) ;

omegaP2(:,i) = quadprog(bOmega,zeros(3,1),zeros(1,3 ),0,A ,[1;mu P(i)] ) ;

sigmaP(i) = sqrt(omegaP(:,i)’*bOmega*omegaP(:,i )) ;

sigmaP2(i) = sqrt(omegaP2(:,i)’*bOmega*omegaP2( :,i)) ;

end ;

end ;

fsize = 16 ;
figure(1)

clf
p = plot(sigmaP,muP,sigmaP2,muP,’--’) ;

l=legend(’no negative wts’,’unconstrained wts’,4) ;

set(gca,’fontsize’,fsize) ;
set(l,’fontsize’,fsize) ;

xlabel(’standard deviation of return (\sigma_P)’,’fontsize’,fsize) ;
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ylabel(’expected return (\mu_P)’,’fontsize’,fsize) ;

text(sqrt(bOmega(1,1)),bmu(1),’1’, ’font size’, 24) ;
text(sqrt(bOmega(2,2)),bmu(2),’2’, ’font size’, 24) ;

text(sqrt(bOmega(3,3)),bmu(3),’3’, ’font size’, 24) ;

set(gca,’ylim’,[.025,.085]) ;

set(p,’linewidth’,4) ;
grid ;

print portfolio02QP.ps -depsc ;
!mv portfolio02QP.ps ˜/public_html/or473/LectNotes/port folio0 2QP.p s ;

figure(2)

p2 = plot(muP,omegaP(1,:),muP,omegaP(2, :),’-- ’,muP ,omeg aP(3,: ),’-. ’) ;

set(p2,’linewidth’,6) ;
set(gca,’fontsize’,fsize) ;

grid ;
xlabel(’\mu_P’,’fontsize’,fsize) ;

ylabel(’weight’,’fontsize’,fsize) ;
legend(’w_1’,’w_2’,’w_3’,0) ;

print portfolio02_wtQP.ps -depsc ;
!mv portfolio02_wtQP.ps ˜/public_html/or473/LectNotes/portfol io02_ wtQP. ps ;
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% portfolio03 - extension of portfolio02

% Input mean vector and covariance matrix of returns here

bmu = [.08;.03;.05] ;

bOmega = [ .3 .02 .01 ;

.02 .15 .03 ;

.01 .03 .18 ] ;

muf = .02 ;

bone = ones(length(bmu),1) ;
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muP = linspace(min(bmu),max(bmu),50 ) ;

sigmaP = zeros(1,50) ;

ibOmega = inv(bOmega) ;

A = bone’*ibOmega*bmu ;

B = bmu’*ibOmega*bmu ;

C = bone’*ibOmega*bone ;

D = B*C - Aˆ2 ;

bg = (B*ibOmega*bone - A*ibOmega*bmu)/D ;

bh = (C*ibOmega*bmu - A*ibOmega*bone)/D ;

for i=1:50 ;

omegaP = bg + muP(i)*bh ;

sigmaP(i) = sqrt(omegaP’*bOmega*omegaP) ;

end ;

bomegabar = ibOmega*(bmu - muf*bone) ;

bomegaT = bomegabar/(bone’*bomegabar) ;

sigmaT = sqrt(bomegaT’*bOmega*bomegaT) ;

muT = bmu’*bomegaT ;

fsize = 16 ;

fsize2 = 28 ;

bomegaP2 = [0;.3;.7] ;

sigmaP2 = sqrt(bomegaP2’*bOmega*bomegaP 2) ;

muP2 = bmu’*bomegaP2 ;

clf ;

p1 = plot(sigmaP,muP) ;

l1 = line([0,sigmaT],[muf,muT]) ;

t1= text(sigmaP2,muP2,’* P’,’fontsize’,fsize2) ;

t2= text(sigmaT,muT,’* T’,’fontsize’,fsize2) ;

t3=text(.01,muf+.006,’F’,’font size’ ,fsi ze2) ;

t3B= text(0,muf,’*’,’fontsize’,fsiz e2) ;
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set(p1,’linewidth’,2) ;

set(l1,’linewidth’,2) ;

set(l1,’linestyle’,’--’) ;

xlabel(’standard deviation of return’,’fontsize’,fsize) ;

ylabel(’expected return’,’fontsize’,fsize) ;

print portfolio03.ps -deps ;
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QUADPROGQuadratic programming. X=QUADPROG(H,f,A,b) solves the quadratic programming
problem:

min 0.5*x’*H*x + f’*x subject to: A*x <= b
x
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X=QUADPROG(H,f,A,b,Aeq,beq) solves the problem above while additionally satisfying
the equality constraints Aeq*x = beq.

X=QUADPROG(H,f,A,b,Aeq,beq,LB,UB) defines a set of lower and upper bounds on the design
variables, X, so that the solution is in the range LB <= X <= UB. Use empty matrices
for LB and UB if no bounds exist. Set LB(i) = -Inf if X(i) is unbounded below; set
UB(i) = Inf if X(i) is unbounded above.

X=QUADPROG(H,f,A,b,Aeq,beq,LB,UB,X0) sets the starting point to X0.

X=QUADPROG(H,f,A,b,Aeq,beq,LB,UB,X0,OPTION S) minimizes with the default optimization
parameters replaced by values in the structure OPTIONS, an argument created with the
OPTIMSET function. See OPTIMSET for details. Used options are Display, Diagnostics,
TolX, TolFun, HessMult, LargeScale, MaxIter, PrecondBandWidth, TypicalX, TolPCG, and
MaxPCGIter. Currently, only ’final’ and ’off’ are valid values for the parameter Display
(’iter’ is not available).

X=QUADPROG(Hinfo,f,A,b,Aeq,beq,LB,UB,X0,OP TIONS,P 1,P2,.. .) passes the problem-dependent
parameters P1,P2,... directly to the HMFUNfunction when OPTIMSET(’HessMult’,HMFUN)
is set. HMFUNis provided by the user. Pass empty matrices for A, b, Aeq, beq, LB,
UB, XO, OPTIONS, to use the default values.

[X,FVAL]=QUADPROG(H,f,A,b) returns the value of the objective function at X: FVAL =
0.5*X’*H*X + f’*X.

[X,FVAL,EXITFLAG] = QUADPROG(H,f,A,b) returns a string EXITFLAG that describes the
exit condition of QUADPROG.If EXITFLAG is: > 0 then QUADPROGconverged with a solution
X. 0 then the maximum number of iterations was exceeded (only occurs with large-scale
method). < 0 then the problem is unbounded, infeasible, or QUADPROGfailed to converge
with a solution X.

[X,FVAL,EXITFLAG,OUTPUT] = QUADPROG(H,f,A,b) returns a structure OUTPUTwith the number
of iterations taken in OUTPUT.iterations, the type of algorithm used in OUTPUT.algorithm,
the number of conjugate gradient iterations (if used) in OUTPUT.cgiterations, and a
measure of first order optimality (if used) in OUPUT.firstorderopt.

[X,FVAL,EXITFLAG,OUTPUT,LAMBDA]=QUADPROG(H,f,A,b) returns the set of Lagrangian multipliers
LAMBDA, at the solution: LAMBDA.ineqlin for the linear inequalities A, LAMBDA.eqlin
for the linear equalities Aeq, LAMBDA.lower for LB, and LAMBDA.upper for UB.ëGì�íPìcîsï`ð�ñWì1ò`í�ó)ô"í�õ�öø÷�ò�ó�í:ð�ù8ó�ú2îsó)û�ü	ý�þ)ÿ ö����

% Input mean vector and covariance matrix of returns here

bmu = [.08;.03;.05] ;

bOmega = [ .3 .02 .01 ;
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.02 .15 .03 ;

.01 .03 .18 ] ;

A = [ones(1,3);bmu’] ;

ngrid = 50 ;

muP = linspace(.03,.08,ngrid)’ ;

icompute = 0 ;

if icompute == 1 ;

sigmaP = muP ;

sigmaP2 = sigmaP ;

omegaP = zeros(3,ngrid) ;

omegaP2 = omegaP ;

for i = 1:ngrid ;

omegaP(:,i) = quadprog(bOmega,zeros(3,1),-e ye(3) ,...

zeros(3,1),A,[1;muP(i)]) ;

omegaP2(:,i) = quadprog(bOmega,zeros(3,1), zeros (1,3 ),...

0,A,[1;muP(i)]) ;

sigmaP(i) = sqrt(omegaP(:,i)’*bOmega*omegaP (:,i) ) ;

sigmaP2(i) = sqrt(omegaP2(:,i)’*bOmega*omeg aP2(: ,i)) ;

end ;

end ;

fsize = 16 ;

figure(1)

clf

p = plot(sigmaP,muP,sigmaP2,muP,’-- ’) ;

l=legend(’no negative wts’,’unconstrained wts’,4) ;

set(gca,’fontsize’,fsize) ;

set(l,’fontsize’,fsize) ;

xlabel(’standard deviation of return (\sigma_P)’,...
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’fontsize’,fsize) ;

ylabel(’expected return (\mu_P)’,’fontsize’,fsize) ;

text(sqrt(bOmega(1,1)),bmu(1 ),’1’ ,’fo ntsiz e’,2 4) ;

text(sqrt(bOmega(2,2)),bmu(2 ),’2’ ,’fo ntsiz e’,2 4) ;

text(sqrt(bOmega(3,3)),bmu(3 ),’3’ ,’fo ntsiz e’,2 4) ;

set(gca,’ylim’,[.025,.085]) ;

set(p,’linewidth’,4) ;

grid ;

print portfolio02QP.ps -depsc ;

!mv portfolio02QP.ps ...

˜/public_html/or473/LectNote s/por tfol io02Q P.ps ;

figure(2)

p2 = plot(muP,omegaP(1,:),muP,ome gaP( 2,:), ’--’ ,muP, ...

omegaP(3,:),’-.’) ;

set(p2,’linewidth’,6) ;

set(gca,’fontsize’,fsize) ;

grid ;

xlabel(’\mu_P’,’fontsize’,fs ize) ;

ylabel(’weight’,’fontsize’,f size) ;

legend(’w_1’,’w_2’,’w_3’,0) ;

print portfolio02_wtQP.ps -depsc ;

!mv portfolio02_wtQP.ps ...

˜/public_html/or473/LectNote s/por tfol io02_ wtQP.ps ;
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Regression Analysis: X:MS_1 versus X:S&P_1

The regression equation is

X:MS_1 = 0.0119 + 1.44 X:S&P_1

Predictor Coef SE Coef T P
Constant 0.01190 0.01532 0.78 0.441

X:S&P_1 1.4411 0.3174 4.54 0.000

S = 0.1175 R-Sq = 26.2% R-Sq(adj) = 24.9%

Analysis of Variance

Source DF SS MS F P
Regression 1 0.28464 0.28464 20.61 0.000

Residual Error 58 0.80098 0.01381
Total 59 1.08562

Unusual Observations
Obs X:S&P_1 X:MS_1 Fit SE Fit Residual St Resid

49 0.129 0.1258 0.1973 0.0416 -0.0715 -0.65 X
50 -0.044 -0.4040 -0.0518 0.0222 -0.3521 -3.05R

58 -0.020 -0.4249 -0.0166 0.0173 -0.4083 -3.51R
59 0.015 0.3164 0.0337 0.0154 0.2828 2.43R

R denotes an observation with a large standardized residual
X denotes an observation whose X value gives it large influence.
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Regression Analysis: X:MS_1 versus X:S&P_1

The regression equation is

X:MS_1 = 1.48 X:S&P_1

Predictor Coef SE Coef T P

Noconstant
X:S&P_1 1.4755 0.3133 4.71 0.000

S = 0.1171

Analysis of Variance

Source DF SS MS F P
Regression 1 0.30432 0.30432 22.19 0.000

Residual Error 59 0.80931 0.01372

Total 60 1.11362

Unusual Observations
Obs X:S&P_1 X:MS_1 Fit SE Fit Residual St Resid

15 0.100 0.1040 0.1479 0.0314 -0.0439 -0.39 X

30 -0.100 -0.0705 -0.1473 0.0313 0.0767 0.68 X
33 0.109 0.1906 0.1606 0.0341 0.0300 0.27 X

45 0.084 -0.0017 0.1240 0.0263 -0.1257 -1.10 X
49 0.129 0.1258 0.1899 0.0403 -0.0640 -0.58 X

50 -0.044 -0.4040 -0.0653 0.0139 -0.3387 -2.91R

58 -0.020 -0.4249 -0.0292 0.0062 -0.3958 -3.38R
59 0.015 0.3164 0.0223 0.0047 0.2941 2.51R

R denotes an observation with a large standardized residual

X denotes an observation whose X value gives it large influence.
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options linesize = 65 ;

data arch ;

infile ’c:\courses\or473\sas\garch0 2.da t’ ;

input y ;
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run ;

title ’Simulated ARCH(1)/AR(1) data’ ;

proc autoreg ;

model y =/nlag = 1 archtest garch=(q=1);

run ;
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Á'Â�ÍêÍ!Ä9ÎAÃßË�Ê1ÎDÍ!ÄÆÈ,åIÎAÂ�ÍêÓ�Ô7ãwàqÅ@Ê1Ç�Ê1ËJÍ»ÎAÍ»Ç�ÄÆÊ1Ç-Í ö��� ø äoû�äZþêÊ1ÐCÑ ö��� ø û	��
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Simulated ARCH(1)/AR(1) data 1
13:01 Wednesday, April 4, 2001

The AUTOREGProcedure

Dependent Variable y

Ordinary Least Squares Estimates

SSE 2693.22931 DFE 299
MSE 9.00746 Root MSE 3.00124
SBC 1515.48103 AIC 1511.77725
Regress R-Square 0.0000 Total R-Square 0.0000
Durbin-Watson 0.4373

Q and LM Tests for ARCH Disturbances

Order Q Pr > Q LM Pr > LM

1 119.7578 <.0001 118.6797 <.0001
2 137.9967 <.0001 129.8491 <.0001
3 140.5454 <.0001 131.4911 <.0001
4 140.6837 <.0001 132.1098 <.0001
5 140.6925 <.0001 132.3810 <.0001
6 140.7476 <.0001 132.7534 <.0001
7 141.0173 <.0001 132.7543 <.0001
8 141.5401 <.0001 132.8874 <.0001
9 142.1243 <.0001 132.8879 <.0001
10 142.6266 <.0001 132.9226 <.0001
11 142.7506 <.0001 133.0153 <.0001
12 142.7508 <.0001 133.0155 <.0001

Standard Approx
Variable DF Estimate Error t Value Pr > |t|

Intercept 1 0.8910 0.1733 5.14 <.0001

Estimates of Autocorrelations

Lag Covariance Correlation

0 8.9774 1.000000
1 7.0075 0.780567

Estimates of Autocorrelations

Lag -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

0 | |********************|
1 | |**************** |
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Simulated ARCH(1)/AR(1) data 2
13:01 Wednesday, April 4, 2001

The AUTOREGProcedure

Preliminary MSE 3.5076

Estimates of Autoregressive Parameters

Standard
Lag Coefficient Error t Value

1 -0.780567 0.036209 -21.56

Algorithm converged.

GARCHEstimates

SSE 1056.42037 Observations 300
MSE 3.52140 Uncond Var 3.72785257
Log Likelihood -549.43844 Total R-Square 0.6077
SBC 1121.69201 AIC 1106.87688
Normality Test 1.5134 Pr > ChiSq 0.4692

Standard Approx
Variable DF Estimate Error t Value Pr > |t|

Intercept 1 0.4810 0.3910 1.23 0.2187
AR1 1 -0.8226 0.0266 -30.92 <.0001
ARCH0 1 1.1241 0.1729 6.50 <.0001
ARCH1 1 0.6985 0.1167 5.98 <.0001

ywz|{wz|} ~��w�w�o�3�P�w���3�E���w�w�:���w�P�������
����Ã9ÄCÍ,ì�Ê1Ë2Å�ÖßÍ	Ã9Ä��¡ìpÊ1Ë2Å�ÖßÍ�Ú�õ�× �êÃßÐ���ÃßÐIÑ!ï Ï+* Ê1ÐCÑ£Ô7Ì�Þ�ÃßÐpå%Í,Ö9Ñ�Ü%Ú �����gÝD×�����Í£Ñ'Ê1Î#ÊÊ1Ç¿ÍÆËmÈ,ÐpÎS�pÖßï�å%Ç1È,Ë Ú ����õ=Î#È�Ú ������×����pÍÆâ<Ê1Ç#Ã9Ê1Þ�ÖßÍ!Ä=Ê1Ç¿ÍÆÎ!��ÍÆØ������gõ�õ=ÃßÐCÑ�Í,ìeÜ���Ø���òãq�_ë�Ý�Û�ÎS�pÍdÇ¿Í»ÎAÌ�Ç#Ð�È,Ð�ÎS�pÍdØ����`�gõ�õGÜ�Ô����� _Ô�¡£Ø¢�@Ý�ÛoÎ!��ÍêÑ�Ã�âgÃ�Ñ�Í,ÐIÑêï�ÃßÍ,Ö9ÑLÈ,Ð£Î!��ÍØ����£�gõ�õwÃßÐIÑ!Í,ìLÜ¤��Ø¢¥p¦§�@Ý�Û�ÎS�pÍpL�òDËmÈ,ÐpÎS����ò%Þ�ÃßÖßÖgÇZÊ1ÎAÍeÜ�Ô\LgÝ�Û!Î!��Í Ï �IÊ1ÐCÉ»Í�Ã�Ð�Î!��Í¨L�òËmÈæÐ�Î!�©��ò%Þ�Ã�ÖßÖ<Ç�Ê1ÎDÍ2Ü¤¥	Ô�LgÝ�Û'ÎS�pÍ�ák�IÈæÖßÍ�Ä�Ê1ÖßÍ�Å�Ç#Ã Ï Í�ÃßÐCÑ�Í,ìtÜ¤�wª¨Ý�ÛIÊ1ÐCÑ2ÎS�pÍ�ÇZÊ1ÎDÍJÈ,åák�CÈ,ÖßÍ!Ä�Ê1ÖßÍcÅ�ÇWÃ Ï ÍcÃßÐ¬«=Ê1ÎAÃ9È,Ð�Ü�í­�wª¨Ý%×�® Ð/ÎS�pÃ9ÄÆÊ1ÐCÊ1Ößï¡Ä9Ã�Ä9Û@È,ÐpÖßï�Ô\���� _Ô�¡£Ø¢�,Û¯¥	Ô\L�ÛÊ1ÐIÑ_í­�wª Ê1Ç¿ÍdÌ@Ä�Í�Ñ'×
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ák�¬å�äæå

þKõ�ø#ÿ ��� � ��� ú óõ-ù � ��� � þ óõ-ù � û
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proc autoreg ;
model returnsp = DR3 gpw/nlag = 1 archtest garch=(p=1,q=1);

®8ÝÖéS�¬à·ß�í�â�á£áãÞ ÝIÑ!Û
� é!��åpßµéjÞ é!å�áXå�Ý�é¡ç äæå�é!êwäjÝ�ß·ètÙ­¥�Ô�L?ë�è�á é�ß·èwå�í+àßÒwåKß�éS�¬å�äæå5ë�äæå5ß)ßµà·â�Ýkáãâ!ÑKå»ÖßÛ

é!�
Þ é�à·ß9ÛIéS��Þ écç äæå�é!êwäjÝ
ßµè@é°à·ß­é!��åmÑ5å�èwå�ÝCÑ5å�Ý�éwâ Þ äjà·Þ1Þ�Ö-åïÞ ÝIÑ�ç ¥�Ô�LgéfÞ ÝCÑç�ë�è�á�éðÞ äRå�éS�¬åðà-ÝCÑ5å�èwå�ÝCÑ5å�Ý�é�â Þ äjà·Þ1Þ�Ö-åKß�×
� ç ÝpÖ·Þ�ëcÙ�Ú�éðßµèwå�í+àßÒwåKß�é!��åFÓ_ÔdÜ%Ú�Ý�ß·é!äÎêwí+é!êwäæå�×
� ç�ë5Þ äæí+�IÙ�Ü�è@Ù�Ú1ÛAè�Ù�Ú�Ý%é­ß·èwå�í+àßÒwåKß�é!��åFí	Ó�Ô7ãwà�Ü%Ú1ÛAÚ�Ý¯ß·é!äÎêwí éSêwäæå�×
� ç�Þ äæí+��é!å5ßµéWé�ß·èwå�í+àßÒwå5ßKé!�
Þ é¢éSåKß·éÎß�â,å�í�â�ÝIÑKà-é!à·â�Ý�Þ1Ö���å�éSå�ä+âKßµí+å!Ñ�Þ�ßµé!à-í+à-éAï�Þ5å§èwå�ä-òåjâ�äjá£å!Ñ�����	�
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options linesize = 65 ;

data arch ;

infile ’c:\courses\or473\data\pindyck105. dat’ ;
input month year RETURNSPFSPCOMFSDXP R3 PW GPW;

DR3 = dif(R3) ;
run ;

title ’S&P 500 monthly data from Pindyck & Rubinfeld, Ex 10.5’ ;
title2 ’AR(1)/GARCH(1,1) model’ ;

proc autoreg ;

model returnsp =/nlag = 1 archtest garch=(p=1,q=1);
run ;

title2 ’Regression model with AR(1)/GARCH(1,1)’ ;
proc autoreg ;

model returnsp = DR3 gpw/nlag = 1 archtest garch=(p=1,q=1);

run ;

����ådØNÓ_Økâ�êwé!èwêwé�à·ß�Ö-à·ßµé!å�ÑêÞ5å»Ö·âæá�×
�5ä+â´á å»ì¬Þ á£àÏÝ
Þ é!à·â�Ý�â,å�éS�¬å^â�êwé!èwêwéAÛ�é!��å=åjâ,ÖßÖ·âæákà-Ý�ë�í�â�Ý�í�ÖÏê�ß·à·â´Ý
ß¬í�Þ Ý	Þ5åIäæå5Þ í ��å�Ñ�¸

� ����å�è�òDâ Þ1ÖÏêwå5ß�â,å¯é!��å!P#Þ ÝIÑRQ'ë é!å5ßµéÎß
Þ äRåpÞ1ÖßÖðâ¯å�ä#ï°ß·áãÞ1ÖßÖßÛæÖ-å5ß)ß�é!�
Þ Ý�×§õ�õ�õ�Ú�×
����å�äRå,åPâ�äæå»Û�é!��å�å�äjä â�ä"ß�à-ÝnéS�¬å�äæå5ë�äæå5ß)ßµà·â�Ý°áãâ!ÑKå»Ö'å,ì���àßÞ5à-é�í�â�ÝCÑKà-éSàµâ�Ý
Þ1ÖK�¬å�éAò
å�ä âKßµí+å�Ñ�Þ�ßµéSàÏí+à-éAïð×

� �?ä1ÑKà-Ý
Þ äWï�ÖÏå5Þ�ßµé�ß�è�ê�Þ äRåKß�å5ßµé!à-áïÞ é!å5ß�â,å¶é!��å�äRåKë�äRåKßìßµà·â�Ý`è�Þ ä"Þ áXå�é!å�ä"ß�Þ äæå5¸
Standard Approx

Variable DF Estimate Error t Value Pr > |t|

Intercept 1 0.0120 0.001755 6.86 <.0001
DR3 1 -0.8293 0.3061 -2.71 0.0070
GPW 1 -0.8550 0.2349 -3.64 0.0003�  `ßµà-Ý�ënäæå5ßµà9ÑKê�Þ1Ö·ß7åSä+â�á é!��åç�SQ'Ø°å5ßµéSàÏáïÞ é!å5ß�Û¶éS�¬å�å5ßµéSàÏáïÞ é!å�Ñ�äæå5ßµà9ÑKê�Þ1Ö\Þ ê�òéÎâ�í�â�äjäæå»ÖµÞ éSà·â´Ý
ß�Þ äæå5¸

Estimates of Autocorrelations

Lag Covariance Correlation

0 0.00108 1.000000
1 0.000253 0.234934
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� Ó�Ö·ßìâæÛ�ê�ß·à-Ý�ë3�TQ'Ø?äæå5ßµà9ÑKê�Þ1Ö·ß�Û�éS�¬å3åKß·é!à-áïÞ é!ådÓ�Ôîè�Þ ä"Þ á£å�éSå�ä�à·ß)¸

Estimates of Autoregressive Parameters

Standard
Lag Coefficient Error t Value

1 -0.234934 0.046929 -5.01

� Ó°ßìßµêwá£à-Ý�ëeÓ_ÔdÜ%Ú�ÝU÷�í·Ó�Ô7ãwà/ÜDÚ1ÛAÚ�Ý�å�äjä â�ä"ß�Û
éS�¬å°å5ßµéSàÏáïÞ é!å�Ñ è�Þ äcÞ á£å�é!å�äcß?â,åé!��å�äRåKë�äRåKßìßµà·â�ÝîÞ äæå5¸
Standard Approx

Variable DF Estimate Error t Value Pr > |t|

Intercept 1 0.0125 0.001875 6.66 <.0001
DR3 1 -1.0665 0.3282 -3.25 0.0012
GPW 1 -0.7239 0.1992 -3.63 0.0003

U ¡fâ�é!à-í+åðé!�
Þ é�éS�¬å5ßµåcÑKàßå�åUå�ä�ß9ÖÏà·ë���éAÖßï�åUä â�á �SQ¡Øpå5ßµéSàÏáïÞ é!å5ß�×
U Ø¢à-Ý¬í+åçÞ1Ö�Ö�è�òDâ Þ1ÖÏêwå5ß§Þ äRåpßµáïÞ1ÖßÖ�ÛoÞ�â�é!� à-ÝCÑKå�èwå�ÝCÑKå�Ý�é�â Þ äjàµÞ1Þ�Ö-å5ß
Þ äæåçßµà·ë»ò

Ý¬àßÒwí�Þ Ý¬é#×
U àfâ,ákå,â¯å�äAÛ¢é!��å3�¶â�éÎÞ1Ö�Ô@òPß�è�ê�Þ äæådâ Þ1Ö-êwå3à·ß\â´Ý�ÖßïJõ�×§õ ���gÚ1Û¯ß)â^é!��å�äRåKë�äRåKß9ò

ßµà·â�Ýk�
Þ�ß�Ö-à-é!éDÖ-å�èwäRå!ÑKà-í+é!àßâ¯åÆâ Þ1Ö-êwå�×
� ����å�å5ßµé!à-áïÞ é!å�Ñêí·Ó_Ô@ãwà#è�Þ ä"Þ áXå�é!å�ä"ß�Þ äæå5¸

AR1 1 -0.2016 0.0603 -3.34 0.0008
ARCH0 1 0.000147 0.0000688 2.14 0.0320
ARCH1 1 0.1337 0.0404 3.31 0.0009
GARCH1 1 0.7254 0.0918 7.91 <.0001

U é!��å?å5ßµéSà-áãÞ éSå°â,åH÷�à·ß	ù	ûýþ�
�ä�ÿ�àÏÝJØNÓ_Ø6VÏß
Ý
â�éÎÞ éSàµâ�Ý/Þ5êwé��êûýþ�
�ä�ÿ�à-Ýïâ�êwä
Ý�â�éÎÞ éSà·â´ÝI×
���¬ê�ß9Û¯é!��å�äRåçàµß�Þ b\W5ORNSQUN�W�[ Þ�ß)ß)â�í+à·Þ é!à·â�Ý/Þ5å�éDá å�å�Ý�äæå�é!êwäjÝ
ß
Þ ÝCÑêÖ·Þ�ë5ë�å�Ñçäæå�é!êwäjÝ
ß

� Ø¢à-Ý�í å�Þ1ÖßÖ�è�ò%â Þ1Ö-êwå5ß\Þ äRåçß·áãÞ1ÖßÖßÛ¯Þ1Ö�Ö!í·Ó_Ô@ãHàCè�Þ ä"Þ áXå�é!å�ä"ß�Þ äRåçß·àµë�Ý�àßÒwí�Þ Ý¬é#×
� ����å�í·Ó�Ô7ãwà/ÚçåKß·é!à-áïÞ é!å)Ü%õ�×1ö1î���ÜgÝ�à·ßdÖ·Þ ä ë�å�ä¨é!�
Þ ÝòéS�¬åLÓ_Ô@ãHà�ÚLÜ%õ�×§Ú L�L�ö�Ý

åKß·é!à-áïÞ é!å��wé!��àµß\à-á£è�ÖÏà-å5ß\é!�
Þ é éS�¬å�í�â�ÝIÑKà-é!à·â�Ý�Þ1Ö<â Þ äjàµÞ Ý�í+åêá àßÖßÖ�å»ì��¬àßÞ5à-é�äæå5Þ1ò
ß)â�Ý
Þ1Þ�Ö�ïcÖ·â�Ý
ëðèwå�ä"ß·àµß·é!å�Ý¬í+ånâ,åpâ âæÖ·Þ éSà�Ö-à-éAïð×
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S&P 500 monthly data from Pindyck & Rubinfeld, Ex 10.5 1
Regression model with AR(1)/GARCH(1,1)

17:04 Tuesday, April 10, 2001

The AUTOREGProcedure

Dependent Variable RETURNSP

Ordinary Least Squares Estimates

SSE 0.46677572 DFE 430
MSE 0.00109 Root MSE 0.03295
SBC -1711.5219 AIC -1723.7341
Regress R-Square 0.0551 Total R-Square 0.0551
Durbin-Watson 1.5203

Q and LM Tests for ARCH Disturbances

Order Q Pr > Q LM Pr > LM

1 26.8804 <.0001 26.5159 <.0001
2 27.1508 <.0001 27.1519 <.0001
3 28.2188 <.0001 28.4391 <.0001
4 28.6957 <.0001 28.4660 <.0001
5 33.4112 <.0001 32.6168 <.0001
6 34.0892 <.0001 32.6962 <.0001
7 34.4187 <.0001 32.9617 <.0001
8 34.6542 <.0001 32.9636 <.0001
9 35.2228 <.0001 33.3330 0.0001

10 35.3047 0.0001 33.4174 0.0002
11 35.8274 0.0002 33.9440 0.0004
12 36.0142 0.0003 33.9507 0.0007

Standard Approx
Variable DF Estimate Error t Value Pr > |t|

Intercept 1 0.0120 0.001755 6.86 <.0001
DR3 1 -0.8293 0.3061 -2.71 0.0070
GPW 1 -0.8550 0.2349 -3.64 0.0003

Estimates of Autocorrelations

Lag Covariance Correlation

0 0.00108 1.000000
1 0.000253 0.234934
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S&P 500 monthly data from Pindyck & Rubinfeld, Ex 10.5 2
Regression model with AR(1)/GARCH(1,1)

17:04 Tuesday, April 10, 2001

The AUTOREGProcedure

Estimates of Autocorrelations

Lag -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1

0 | |********************|
1 | |***** |

Preliminary MSE 0.00102

Estimates of Autoregressive Parameters

Standard
Lag Coefficient Error t Value

1 -0.234934 0.046929 -5.01

Algorithm converged.

GARCHEstimates

SSE 0.44176656 Observations 433
MSE 0.00102 Uncond Var 0.00104656
Log Likelihood 889.071523 Total R-Square 0.1058
SBC -1735.6479 AIC -1764.143
Normality Test 43.0751 Pr > ChiSq <.0001

Standard Approx
Variable DF Estimate Error t Value Pr > |t|

Intercept 1 0.0125 0.001875 6.66 <.0001
DR3 1 -1.0665 0.3282 -3.25 0.0012
GPW 1 -0.7239 0.1992 -3.63 0.0003
AR1 1 -0.2016 0.0603 -3.34 0.0008
ARCH0 1 0.000147 0.0000688 2.14 0.0320
ARCH1 1 0.1337 0.0404 3.31 0.0009
GARCH1 1 0.7254 0.0918 7.91 <.0001

® òDí	Ó�Ô7ãwà â�äqà-Ý�é!å5ë�äcÞ éSå!Ñ�í·Ó_Ô@ãwà èwä â�í+å5ß)ßµå5ß=ákå�äRå�Ñ5åKß·àµë�Ý�å�Ñ`éÎâ�áãâ!ÑKå»Ö7Ñ�Þ éjÞ
é!�
Þ é¯�
Þ�ß¶èwå�äcß·à·ßµé!å�Ý�é¯í+��Þ Ý
ë�åKßwàÏÝ�â â,Ö·Þ é!àßÖ-àÏéDïð×�Ó�í·Ó_Ô@ãHà�Ü�Xw&ZY»Ý�èwä â�í+åKßìßwà·ß§ß·éÎÞ é!à·â�Ý�ò
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Þ ä#ï�ákà-é!�:Þ=ÒwÝ¬à-é!ådâ Þ äjà·Þ Ý¬í+å3àßå

]^_ ` � �
_ � a^ _ ` � �

_	b äoû

ÓEí·Ó_Ô@ãwà/ÜcXw&dY,Ý�èwä â�í+åKßìß�à·ßwí�Þ1ÖßÖ-å!Ñ�Þ ÝÖ® òDí	Ó�Ô7ãwàCèwä+â´í+å5ß)ß�àßå
]^_ ` � �

_ � a^ _ ` � �
_ øväoû

® ò%í·Ó�Ô7ãwàoèwä+â´í+å5ß)ß·åKß\Þ äæå�å�à-é!��å�ä Ý
â´Ý�òPßµéÎÞ éSà·â´Ý
Þ ä#ï£â�ä���Þ1â�å?Þ Ýnà-Ý�ÒwÝ¬à-é!ådâ Þ äjà·Þ Ý¬í+å�×
®8Ý�ÒwÝ¬à-é!å]â Þ äÎà·Þ Ý�í+åqà-áXè�Ö-à-åKß¬��åKÞ1âgï�òSéjÞ à�Ö-å�Ñ!Û�é!�
â´ê�ë��£ÞHÑKà·ßµéSäjà�Þ5êwéSà·â´Ý í�Þ Ý�Þ5å��¬å5Þ1â�ï�ò
éjÞ à�Ö-å�ÑeákàÏéS�ãÞFÒwÝ�à-é!å_â Þ äjàµÞ Ý�í+å!× �¶â°Þ èwèwäæå�í à·Þ éSå�ák��Þ é=Þ Ý�à-Ý�ÒwÝ¬à-é!å_â Þ äjà·Þ Ý¬í+å?èwä â,ò
í+å5ß)ßµå5ß í�Þ Ý�ÖµâKâ * ÖÏà * å»ÛNákåGá àßÖßÖ<Ñ�âÖß)â�áXåÖß·à-áXê�Ö·Þ é!à·â�ÝI×5�5à·ë�êwäæå­�g×1�¨ßµ�
âæá:ß Ügõ1ÛAõ�õ�õ
â,Þ�ßµå�ä#â Þ é!à·â�Ý
ß�âæå]Ó_Ô@ãHà�Ü%Ú�Ýwèwä+â´í+å5ß)ß·åKßFákàÏéS� ��� ø û���Û>Ú1Û�Þ ÝIÑ�Ú�× �g× ����åfßìÞ áXåák�¬à-éSånÝ�â�à·ßµå èwä â�í+åKßìß=à·ßIê�ßµå�ÑXàÏÝ åKÞ í+�ûâ,å§éS�¬å�Ó_Ô@ãHà�Ü%Ú�Ý�èwä â�í+åKßìßµå5ß�×ÆÓ_ÖßÖ�éS�¬äRå�åÓ_Ô@ãwà/Ü%Ú�Ý èwä â�í+åKßìßµå5ßÖÞ äæåãßµéjÞ é!à·â�Ý�Þ ä#ïmÞ5êwépâ�Ý�Ö�ïïéS�¬å â´Ý�å�ákà-é!� ��� ø û �n�
Þ�ß�ÞÒwÝ�à-é!å�â Þ äjà·Þ Ý¬í+å�×°����åîßµå�í�â�ÝIÑîèwä+â�í å5ß)ß3à·ßçÞ Ýã® òDí·Ó_Ô@ãHà èwä+â´í+å5ß)ßcÜUÞ í+é!ê�Þ1ÖßÖßï1Û
® òÓ_Ô@ãwà ß·à-Ý¬í+åeY�ø 
oÝ%×����¬å¨é!��àÏä�Ñkèwä â�í+åKßìß��
Þ�ß ����f ä�Þ ÝIÑ£ßìâ^à·ß�áïâ�äæå­å»ì�é!äRå�á£å
éS��Þ Ý Þ Ýï® ò%í·Ó_Ô@ãwà èwä â�í+åKßìß�×X¡:â´éSà-í å���â,á Þ1ÖßÖ§é!��äæå�å�èwä+â´í+å5ß)ß·åKßcÑ�â�äæå»â¯å�äÎé�éjâ
éS�¬å�à-ä�í�â´ÝIÑKà-é!à·â�Ý
Þ1Ö¢á£åKÞ Ý�â,å¡õ�×�����å>ÖµÞ ä+ë�å�ä é!��å]â Þ1Ö-êwå¨â,å ��� éS�¬å�áïâ�äæåqéS�¬å]â â,Ö·Þ é!àßÖßò
à-éAï£í�â�áXå5ßIà-Ýmßµ�
Þ äÎèUÞ5êwä"ßµéjß�×�����å�èwä â�í+åKßìßµå5ß>á à-éS� ��� ø û��nÞ ÝIÑ ��� ø ä]Ö·â'â * ß
ß·àÏá£àßÖ·Þ äÎ��é!��å�äæåqà·ß¬Ý�â¨ßµê@Ñ'ÑKå�Ý�í+��Þ Ý
ë�å�à-ÝêÞ5å��
Þ1â¯à·â�ä¡ák�¬å�Ý�é!��å]â Þ äjà·Þ Ý¬í+å]Þ5å�í�â�á£åKß
à-Ý�ÒwÝ¬à-é!å�×�����å�èwä â�í+åKßìßpá à-é!� ��� ø¨û���Þ1ÖÏäRåKÞ�Ñ�ï­��Þ�ß�Þ���å5Þ1â�ï�òSéjÞ àßÖ�ÑKå5ßµèwà-é!å=�
Þ1â¯à-Ý�ëpÞÒwÝ�à-é!å]â Þ äjà·Þ Ý¬í+å�×�®8Ý¬í+äæå5Þ�ßµà-Ý
ë �
� åSä+â�á õ�× �qéÎâ�ÚwÑ�â�å5ß�Ý
â�é5à-Ý¬í+äæå5Þ�ßµå�éS�¬å=éjÞ à�ÖNá å�à·ë��¬éÑKä"Þ áïÞ é!à-í�Þ1ÖßÖ�ïð×

¡:â�äÎáïÞ1Ö�è�Öµâ�éjßqâ,å�é!��åkß·à-áXê�Ö·Þ é!å�Ñ/Ñ�Þ éjÞqà-Ý��5à·ë�êwäæå?�g×1�?Þ äæå ß·��â,ákÝXà-Ý��5à·ë�êwäæå?�g×1ö�×ãwÖ-å5Þ ä#Ö�ï�Û§éS�¬å2Ö·Þ ä ë�å�äpéS�¬åLâ Þ1ÖÏêwå âæå ��� Û§éS�¬åX�¬å5Þ1â¯à-å�äpé!��å�éÎÞ àßÖ·ßnâ,åqéS�¬å�áïÞ ä ë�à-Ý
Þ1ÖÑKà·ß·é!äjàßÞ5êwé!à·â�ÝC×
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¡:â´Ý�å3â,å�é!��å�èwä â�í+å5ß)ßµå5ß5à-Ýp�5àµë�êwäRå\�g×1�=ß·��â,á�á£êwí+�pèwå�ä"ßµà·ßµéSå�Ý�í+å3â,å'�¬à·ë���å�ä�â â,Ö·Þ é!àßÖßò
à-éAïð×K�¶âðáãâ!ÑKå»Ö5èwå�äcß·à·ßµé!å�Ý�í åÖâ,åw��à·ë��¬å�äQâ â,Ö·Þ é!àßÖ-à-éAï�Û�â´Ý�åðÝ¬å�å�Ñ�ß\Þ Ý°® ò%í·Ó�Ô7ãwà/ÜcXw&dY,Ý
èwä â�í+å5ß)ß�ákà-é!�uYwvÕä�×��5à·ë�êwäRå��g× ��ßµ�
â,áfß\ßµà-áXê�Ö·Þ éSàµâ�Ý
ß�åUä â�á ®%ò%í·Ó_Ô@ãwà/Ü%Ú1ÛAÚ�Ý�èwä â,ò
í+åKßìßµå5ß�×»Ø�àÏÝ�í+å ��� �x� � øvä'åjâ�ä�éS�¬å5ßµå�èwä â�í+åKßìßµå5ß�Û/� � ø¨ä'ù ��� ÛKÞ ÝCÑ¨é!��åqèwä+â´í+å5ß)ß�à·ß
í�â�áXè�Ö-å�é!å»Ö�ï:ßµèwå�í+àßÒwå!Ñ�Þ�ï ��� Þ ÝIÑ �
� ×�®8Ý`é!��à·ß¡Ò�ë�êwäRå,Û ��� à·ß<Ò�ì�å!Ñ£Þ é@Ú¨Þ ÝIÑ ��� à·ßâ Þ äjà-å!Ñ¡×¢¡:â�é!à-í+åðé!�
Þ é�éS�¬åðí�â�ÝCÑ5àÏéSà·â´Ý
Þ1Ö�â Þ äjà·Þ Ý�í åðà·ß¡â¯å�ä#ï�Þ5êwäcß·éAï£á ��å�Ý �
� ø û����»×
ªE��å�Ý ��� ø û�
���Û�é!��å^í�â´ÝIÑKà-é!à·â�Ý
Þ1Ö ßµéjÞ ÝCÑ�Þ ä�Ñ2Ñ5å,â¯à·Þ éSàµâ�Ý�Ö·âKâ * ß�ß)â�áXå»ák��Þ é�Ö-à * åÖÞ
ä"Þ ÝCÑ�â´áqá:Þ1Ö * ×

® òDí	Ó�Ô7ãwà#èwä+â�í å5ß)ß·åKß í�Þ ÝeÞ5åGÒwé�Þ�ï�ØPÓ�ØêÞ�ï£Þ�Ñ¡ÑKà-Ý�ë­é!��å�ß·èwå�í+àßÒwí�Þ é!à·â�Ý)ç éAï5èwå�Ùà-Ý¬éSåKë�ä"Þ éSå!Ñ'éIà-Ý�éÎâ�é!��å3èwä âKë�ä"Þ á2Û�å�×1ë�× Û�åjâ�ä�é!��å�èwäRå,â�àµâ�ê�ß�å,ì�Þ áXè�Ö-åHákà-é!�£Ø����°�gõ�õäæå�é!êwäjÝ
ß)¸
proc autoreg ;

model returnsp =/nlag = 1 garch=(p=1,q=1,type=integrated);
run ;

��â�ä¶é!��àµß5å,ì¬Þ á£è�Ö-å,ÛcéS�¬å\® òDí·Ó_Ô@ãHà�Ü%Ú1ÛAÚ�Ý áãâ!ÑKå»Ö5ßµå�å�áïßKéÎâ7Òwéðá:â�ä"ßµåIé!�
Þ ÝkÞ<í·Ó_Ô@ãwàÜ%Ú1ÛAÚ�Ý�áïâ!ÑKå,ÖwÞ í+í�â´ä�ÑKà-Ý�ë­éÎâdÓ?® ãq�Kß·å�ådØ¢å�í+é!à·â�Ý°�g×§Ú Lg×
ywz|}w�wz|} y{z��w�)|-}§�w��~P���C�w�w� ��}�z3�;�§�:�w��~P�����-~P�P�u���w��~P�w�-���;�
Ó ä"Þ ÝCÑ�â�á â Þ äjà·Þ1Þ�Ö-åçÝ¬å�å!Ñ�Ý�â�é
�
Þ1â¯å�ÞÆÒwÝ�àÏéSåcâ Þ äjà·Þ Ý¬í+å�×>Ó�Ö·ßìâæÛ�à-éÎßIå»ì�èwå�í éjÞ é!à·â�Ý
Ý�å�å�Ñ�Ý
â�é�å»ì�à·ßµé�Þ é§Þ1ÖßÖ9×K��âÖÞ èwèwäæå�í à·Þ éSå^é!��åKß·åGåjÞ í+éÎß9ÛPÖ-å�é��úÞ5åÖÞ=ä"Þ ÝCÑ�â�á â Þ äÎà·Þ1Þ�Ö-åákàÏéS��Ñ5å�Ý
ßµà-éAï����>×�����å�å»ì�èwå�í éjÞ é!à·â�Ýîâæå�� à·ß

�e�ù �K� ���^� � �"� �
èwä â,â¯à9ÑKå�ÑçéS��Þ é�é!��à·ßwà-Ý¬éSåKë�ä"Þ1Ö5à·ß@Ñ5å,ÒwÝ�å!Ñ¡×�®%å

� �
ù � � ���ð� � �"� � øvù�� Ü¤�g× �gÝ

Þ ÝIÑ ���
� � ���^� � �"� � ø�� Ü¤�g× �gÝ
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é!��å�Ý?éS�¬å=å»ì�èwå�í éjÞ é!à·â�Ý�à·ß�ÛæåPâ�äjáãÞ1ÖßÖßï�Û�ù��#�k�¾ák�¬à-í+��à·ß¯Ý
â�é�Ñ5å,ÒwÝ�å!Ñ¡×´® åKà-Ý¬éSåKë�ä"Þ1Ö·ß
â�Ýçé!��å]ÖÏå»åUé��
Þ ÝCÑ ßµà9ÑKå5ß â,å¡Ü¤�g× �gÝKÞ ÝCÑ�Ü��g× �gÝKÞ äæå>Þ�â�é!�cÒwÝ�à-é!å»Û´éS�¬å�Ý��k��� �¢å,ì�à·ß·éÎß�Þ ÝCÑ
å�è�ê�Þ1Ö·ß¶é!��åçß·êwá âæå�é!��å5ßµå3éAá:â3àÏÝ�é!å5ë�ä"Þ1Ö·ß�×
�B��[ dd�+NjO+[

Ø¢êwèwè�âKßµå`éS��Þ éS���­� � ��ø ä��»ÿçàßå�� � �
b ä Þ ÝCÑ����^� � ��ø ä��K�Dÿ �

ó �Iàßå� � �7vÕä�×oØ���â,á é!�
Þ é
� �ù � ���­� � �"� � øvä

ß)â�é!�
Þ é����Xäæå5Þ1Ö�Ößïnà·ß\ÞdÑ5å�Ý
ßµà-éAï�ÛðÞ5êwé¬é!�
Þ é
� �
ù � � ���ð� � �"� � øvù��

Þ ÝCÑ � �
� � ���^� � �"� � ø��

�?Ý¬å\í�â�Ý
ßµå�è�êwå�Ý¬í+å^âæå'é!��åIå,ì�èwå�í+éÎÞ éSàµâ�Ý?Ý�â�é'å,ì¢àµß·é!à-Ý
ë=à·ßKé!��à·ß�×»Ø¢êwèwè�âKß·å7ákå��
Þ1â¯å^Þ
ß)Þ á£è�Ö-å­âæå�àÏà9Ñ¨ä"Þ ÝCÑ�â�áúâ Þ äjà·Þ1Þ�Ö-åKßpákà-é!�2ÑKå�Ý
ßµà-éAï����]×�����å=Ö·Þ1á â,å�Ö·Þ ä ë�å�Ý�êwáJÞ5å�ä"ß
ß)Þ1ï�ß¯é!�
Þ é¢éS�¬å^ß)Þ á£è�Ö-å�á£åKÞ Ý�á àßÖßÖ�í�â�Ý�â¯å�ä ë�å=éÎâ��°��� �¬Þ�ßKé!��åðßìÞ áXè�Ö-åðßµà-,�å3ë5â�å5ß¯éjâ
à-ÝpÒwÝ�à-éAïð×oà:â,á å»â¯å�äAÛ�é!��åHÖ·Þ1á âæå�Ö·Þ ä ë�å3Ý¬êwáJÞ5å�äcß���â,Ö9Ñ�ß§â�Ý�Ößï�à�åG�°��� �Kà·ßQÑ5å,ÒwÝ�å!Ñ¡×
�?é!��å�ä#ákàµß·å,ÛKéS�¬å�äæå­à·ß Ý
â­è�â�à-Ý�éwéÎâ	á ��à-í ��é!��å ß)Þ á£è�Ö-å­áXå5Þ Ý`í�Þ Ý�í�â�Ýpâ¯å�ä ë�å°Þ ÝCÑ
à-égákàßÖ�Ö,ó|ê�ßµé�áfÞ ÝIÑKå�äCá à-é!�
â�êwé¬í�â�Ý�â¯å�ä+ë�à-Ý�ë�×
�5à·ë�êwäæåI�g× �ðß·��â,á:ß5éS�¬åðß)Þ á£è�ÖÏå\áXå5Þ Ý â,å'é!��å@Òwä"ßµé' 5â,Þ�ß·å�ä#â Þ éSàµâ�Ý
ß¯è�Ö·â�é!éSå!ÑÖÞ�ë5Þ àÏÝ
ßµé ;åjâ�ä3é!��å2Ñ�Þ éÎÞ¨à-Ýî�5à·ë�êwäæå5ß��g×1�kÞ ÝCÑ��g×§Ú�õ�×3����åXß)Þ á£è�Ö-åná£åKÞ ÝmÞ èwèwå5Þ ä"ßIéÎâÖí�â�Ý�òâ¯å�ä ë�åkéÎâ�õ_ák�¬å�Ý �
� ø û��kâ�ä�Ú1Û'Þ5êwé=á ��å�Ý ��� ø ä»ûýü­à-é\àµßqêwÝ¬í�Ö-å5Þ äFák��Þ é\é!��å
ß)Þ á£è�Ö-å�á£å5Þ Ý à·ß=Ñ�â�àÏÝ
ë�×�����å�ßìÞ áXè�Ö-å3áXå5Þ Ý/ÑKå�í�Þ1ï�ß�éÎâ,á:Þ ä1Ñ�ß]õ=ák�¬å�Ý°é!��åðèwä â,ò
í+åKßìß�à·ß�Ý
â´é�àÏÝãÞ��¬à·ë���â âæÖ·Þ éSà�Ö-à-éAï`èwå�äjà·â�Ñ�Û�Þ5êwé�í�Þ Ý ßµ�
âKâ�é�êwèòâ�äÆÑ�â,ákÝUÑKêwäjà-Ý
ë`ÞÞ5êwä"ßµé
â,åpâ â,Ö·Þ é!àßÖ-à-éAïð×
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¡:âæá ßµêwèwè�âKß·å éS��Þ éIé!��å å»ì�èwå�í+éÎÞ é!à·â�Ý;â,åA� å»ì�à·ßµéÎß?Þ ÝIÑ£å!è�ê�Þ1Ö·ß¢¡'�>×ç����å�Ý©é!��åâ Þ äjà·Þ Ý¬í+å�â,å	� å�è�ê�Þ1Ö·ß ���ù � � � ù£¡6��� ó ���ð� � �9� � û® å�éS�¬à·ß�àÏÝ�é!å5ë�ä"Þ1Ö5à·ß\�R�)Û�é!��å�Ý éS�¬ådâ Þ äjà·Þ Ý¬í+å3àµß�à-ÝpÒwÝ�à-é!å�×
����å	Ö·Þ1á â,å<ÖµÞ ä+ë�åpÝ�êwáJÞ5å�ä"ß�Þ1Ö·ßìâ­à-á£è�ÖÏà-å5ß�é!�
Þ é�éS�¬å°ß)Þ á£è�Ö-å	â Þ äjà·Þ Ý¬í+å_á àßÖßÖ�í�â�Ý�òâ¯å�ä ë�åpéÎâ¨é!��å	â Þ äjà·Þ Ý¬í+å°âæå¤� Þ�ß éS�¬å°ß)Þ á£è�ÖÏåkßµà-,�å­à-Ý¬í+äRåKÞ�ß·åKß�×w® å�éS�¬å·â Þ äÎà·Þ Ý�í+åkâ,å� àµß�à-ÝpÒwÝ�à-éAï�Û�é!��å�Ý éS�¬ånß)Þ á£è�Ö-åHâ Þ äjà·Þ Ý�í ådákà�ÖßÖKí�â�Ýpâ¯å�ä ë�åðéjâ3àÏÝ�ÒwÝ�àÏéDïð×
�5à·ë�êwäæån�g×§Ú�õ ßµ�
â,áfßIéS�¬åXßìÞ áXè�Ö-åcâ Þ äjà·Þ Ý�í å£âæå
éS�¬å�Òwäcß·é1 Iâ,Þ�ß·å�ä#â Þ éSàµâ�Ý
ß�è�Ö·â�é!éSå!Ñ
Þ�ë5Þ à-Ý�ß·é� �åPâ�ä
é!��åêÑ�Þ éjÞIà-Ý �5à·ë�êwäæåð�g×1��×

®8ÝXéS�¬åçéjâ´è è�Þ Ý¬å»ÖßÛ¯é!��å�ß)Þ á£è�ÖÏå_â Þ äjà·Þ Ý¬í+å�ßµ�
â�ê�Ö9Ñ�Þ5åçí�â´Ý�â¯å�ä ë�à-Ý
ë�éÎâ�Ú�õ�ø �¿äGù
��� � ù � ×�ë;Þ1ï�Þ5å­à-é�à·ß�í�â�Ýpâ¯å�ä ë�à-Ý
ë?éÎâ£Ú�õ1Û!Þ5êwé�à-é�à·ß ��Þ ä�ÑkéÎâ¨é!å»Ö�Ö�å»â¯å�Ý�á à-é!�XÜgõ1ÛAõ�õ�õ
â,Þ�ßµå�ä#â Þ é!à·â�Ý�ß�×ã®8ÝméS�¬å£áXà9Ñ'Ñ�ÖÏå Þ ÝCÑUÞ�â�é!éjâ�á è�Þ Ý¬å»Ö·ßðé!��å�â Þ äjà·Þ Ý�í å£à·ß^à-Ý�ÒwÝ¬à-éAï
ß)â éS�¬å:ß)Þ á£è�Ö-å�â Þ äjà·Þ Ý¬í+å£á àßÖßÖ í�â�Ý�â¯å�ä ë�å°éÎâkà-Ý�ÒwÝ¬à-éAïð×ç���¬à·ß�í�â�Ý�â¯å�ä+ë�å�Ý�í+å�Ñ�â´å5ß
Þ èwèwå5Þ ä�éjâ�Þ5å ��Þ èwèwå�Ý�àÏÝ
ë à-Ý©éS�¬å�Þ�â´éSéÎâ�á è�Þ Ý¬å»ÖßÛ'Þ5êwé�à-é\àµßq��Þ ä�ÑféÎâfß·å�å àÏÝ©é!��å
á£à�Ñ¡Ñ!Ö-åkè�Þ Ý�å»Ö�×���å�í�â�êwä"ßµå»Û§à-Ýïé!��å�á£à�Ñ¡Ñ!Ö-åkè�Þ Ý�å»Ö
é!��åLâ Þ1Ö-êwå â,å ��� à·ßçâ�Ýïé!��åÞ�â�ä1ÑKå�ä#Ö-àÏÝ�å�Þ5å�éAákå�å�ÝtÒwÝ�à-é!åfÞ ÝCÑXà-ÝpÒwÝ�à-é!å�â Þ äjàµÞ Ý�í+å,Û�Þ ÝIÑXé!��åÖà-Ý�ÒwÝ¬à-é!å�â Þ äjàµÞ Ý�í+å
áïÞ1ï�éÎÞ * å�Þ=â¯å�ä#ï�Ö·â�Ý
ë3é!à-áXå3éÎâ3�
Þ1â¯å3à-éÎßwå»å�åUå�í+é#×

ªîå���Þ1â¯å�ßµå�å�ÝÖé!�
Þ é
â´Ý�å3í�Þ Ý£Òwé�äæå5ë�äæå5ß)ßµà·â�Ý°áãâ!ÑKå»Ö·ß'ákà-é!�£Ó�Ôð÷�í·Ó_Ô@ãwàoå�äjä â�ä"ß�×
®8ÝtåPÞ í éDÛ¡ákån�
Þ1â¯åJÑ�â�Ý�åÖéS��Þ éQákà-é!� é!��å�Ø¶�q� �gõ�õeÑ�Þ éÎÞ�×­®UÝ ß)â�áXå å,ì�Þ áXè�Ö-å5ß�Û�à-é
áïÞ * åKß ßµå�Ý�ß·å=éÎâ=ê�ß·åIéS�¬å�í�â�ÝIÑKà-é!à·â�Ý�Þ1Ö¬ß·éÎÞ ÝIÑ�Þ ä1Ñ£ÑKå»â¯à·Þ é!à·â�Ý�Þ�ß â�Ý�å­âæå5éS�¬å=äRåKë�äRåKß9ò
ßµà·â�ÝJâ Þ äjàµÞ1Þ�Ö-å5ß�× ��â�ä�å»ì¬Þ áXè�Ö-å»Û�á ��å�Ý�é!��å�ÑKå�èwå�ÝIÑKå�Ý�é'â Þ äjà·Þ1Þ�Ö-åpà·ß�Þ�äRå�éSêwäjÝJákå
á£àµë���é¶å,ì¢èwå�í+é�é!�
Þ é���à·ë��¬å�ä
í�â�ÝCÑKà-éSàµâ�Ý
Þ1Ö�â Þ äjà·Þ1Þ5àßÖÏà-éDï�ákàßÖ�Ö5í�Þ ê�ß·å3��à·ë��¬å�ä
äæå�é!êwäjÝ
ß�×
����à·ß¯à·ßgÞ5å�í�Þ ê�ßµå=éS�¬å=áïÞ ä * å�é'ÑKå�áãÞ ÝIÑ�ß Þ��¬à·ë���å�äwäjà·ß * èwäæå�áXà-êwá åPâ´ä��¬à·ë���å�ä�äjà·ß * ×
ë;â!ÑKå,Ö·ß7ák�¬å�äæå�éS�¬åní�â�ÝIÑKà-éÎâ�Ý�Þ1Ö=ßµéjÞ ÝCÑ�Þ ä�Ñ�ÑKå,â�àµÞ éSà·â´Ý:à·ß^Þ­äæå5ë�äæå5ß)ßµà·â�Ý�â Þ äÎà·Þ1Þ�Ö-å
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Þ äæå3í�Þ1ÖßÖÏå�Ñ_í·Ó_Ô@ãwà£òUàÏÝ�òUáXå5Þ ÝpÛ5â�äIí·Ó_Ô@ãwà£òDë�Û�áïâ�Ñ5å,Ö·ß�×����¬å»ï��
Þ1â¯å�éS�¬ådåPâ´äjá

¦ õ�ø¨§¨©õ
ª �¬«´þKõK�ûú�õ·&
ák�¬å�äæå�ú�õ�à·ß\Þ7í·Ó_Ô@ãwà#èwä â�í+åKßìß'ákà-é!�kí�â´ÝIÑKà-é!à·â�Ý
Þ1Ö�ßµéÎÞ ÝIÑ�Þ ä�Ñ�ÑKå»â¯à·Þ é!à·â�Ý£þKõ%×
í·Ó_Ô@ãwà£ò%ë áïâ�Ñ5å,Ö·ß=í�Þ ÝUÞ5å�Òwé�à-Ý)ØNÓ_ØLÞ�ïmÞ�Ñ'ÑKà-Ý
ëÖéS�¬å * å»ï�áfâ�ä1Ñ�ç áXå5Þ ÝCépéjâé!��ådí·Ó�Ô7ãwà ß·èwå�í+àßÒwí�Þ é!à·â�ÝpÛ�å�×1ë�× Û
proc autoreg ;

model returnsp =/nlag = 1 garch=(p=1,q=1,mean);
run ;â�äCåjâ�ä
® òDí	Ó�Ô7ãwà�ò%ë
proc autoreg ;
model returnsp =/nlag = 1 garch=(p=1,q=1,mean,type=integrated );

run ;

��â�ä�éS�¬å�Ø¶�q�©�gõ�õðäæå�é!êwäjÝ
ß·Ñ�Þ éjÞ1Û
Þ·í·Ó_Ô@ãwà/ÜDÚ1ÛAÚ�Ý�ò%ë áfÞ�ß=Òwé
à-Ý/ØNÓ_Ø�×�����å�åKß·é!àßò
áïÞ é!åÖâ,å ö«7áfÞ�ß]× �gÚ �gõ]á à-é!� Þ¨ßµéjÞ ÝCÑ�Þ ä1Ñ å�äjä+â´ä^â,å@× L�� ���g×¯���¬à·ß=ë�àßâ¯åKß�ÞqéAò%â Þ1Ö-êwå â,åÚ�× L���Þ ÝCÑ`Þ�è�òDâ Þ1ÖÏêwåçâ,åC×§Ú�� L�Lg×,Ø¢à-Ý�í+å�éS�¬å�è�òDâ Þ1Ö-êwå�àµßwäæå5Þ�ß)â�Ý�Þ1Þ�ÖßïcÖ·Þ ä ë�åFá å�í�â´ê�Ö9Ñ
Þ í+í+å�èwéIé!��å°Ý¬ê�ÖßÖ
��ï5è�â´éS�¬å5ßµà·ß�é!�
Þ é�«?ø 
o×Ö����å�äRå,åPâ�äæå»Û;ákåîßµå�å Ý
âîß·é!ä â�Ý
ë`å»â¯àßòÑKå�Ý¬í+åpé!�
Þ é éS�¬å�äæå�Þ äæå?��àµë���å�ä�äæå�é!êwäjÝ�ßÆÑKêwäjà-Ý
ë?é!à-áXå5ß3âæå���à·ë��¬å�ä>â â,ÖµÞ éSàßÖÏà-éDï�×\����åâ â,Ö·Þ é!àßÖ-à-éAïîâ,åwé!��åGØ������gõ�õ�à·ßIÓ�À�Ë�­+º"ÅwËj¼¾»d­?ßìâðé!��à·ß;ÒwÝCÑKà-Ý
ë^à·ß�Þ>Þ5à-é�ßµêwäjèwäjà·ßµà-Ý
ë�×�®8é
áïÞ1ï2Þ5å é!�
Þ é§é!��åÖå»å�åUå�í+é§à·ß^ßµáïÞ1ÖßÖ>Ü9ö«3à·ß=è�âKßµà-é!àßâ¯å»ÛIÞ1åUé!å�ä�Þ1Ö�Ö9Ý§Þ ÝIÑXí�Þ Ý¬Ý
â�é@Þ5å2ÑKå»ò
é!å�í+é!å�Ñ�á à-é!��í å�äjéÎÞ à-Ý�éAïð×�����åGÓp® ãmí+äjà-é!å�äjàµâ�Ý�½�Ô ºj»^ßµå»ÖÏå�í+é¶é!��å·í·Ó_Ô@ãwà£òDë áãâ!ÑKå»Ö-�
ßµå�åHØ�å�í+éSàµâ�Ý°�g×§Ú Lg×

����å�å»ì�è�â�Ý¬å�Ý�é!à·Þ1Ö�í·Ó_Ô@ãwà£ÛKâ�ä
�'ò%í·Ó_Ô@ãwà£Û�áãâ!ÑKå»ÖKàµß
®�¯±°¯�ÌþKõS�@ø ��� � ]^_ ` � ����² �SüRõ-ù

_ �w� a^ _ ` � �
_ ®>¯±°5�!þKõ-ù _ � &

ák�¬å�äæå ² �!üRõ!�Qø´³�üRõK�òñDµ/� üRõ��Zù¶�°�\� üRõ��¾��·
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Þ ÝIÑ üRõFø ú�õ���þKõA×=Ø¢à-Ý�í+åx®�¯±°¯�ÌþKõS��í�Þ Ý/Þ5åçÝ¬å5ë5Þ é!àßâ¯å»Û�é!��å�äRå�Þ äæåçÝ�â�í�â�Ý
ßµéSäcÞ à-Ý�éÎß­â�Ý
éS�¬å3è�Þ ä"Þ áXå�é!å�ä"ß�×
¡:â�é!à-í+å3éS��Þ é ² �SüRõÌ�@øvù�ñ'�k�\� üæõ��¾�w�ý�|ñn�¬³���� üRõ�� àßå üRõ f 
'&
Þ ÝIÑ ² �Süæõ!�Qø¨ùqñ6�k�\� üRõ\�¾�¶� �Ìñeù�³���� üRõ�� à�å üRõ b 
'&
®8é�à·ß\Þ^ë5â'â!Ñní�Þ1Ö-í+ê�Ö-ê�ßwå»ì�å�äæí+à·ßµåðéÎâ�ß·��â,á é!�
Þ é��°��� üRõ�� �Iø ÿ þ±��¸�Ù�×1ö ��ö �g×
�Pï5èwàÏí�Þ1ÖßÖßï�ÛQù	ä b ö³ b 
¨ßìâ­éS��Þ é\
 b ñk�¹³ b ñ2ùº³»×¶��â�ä\å»ì¬Þ á£è�ÖÏå»Û ö³�ø¾ù	û	��à-Ý
éS�¬åÆØ����`�gõ�õIå»ì¬Þ áXè�Ö-å��¬ßµå�ådÞ5å,Ö·â,á�×�����ådåSêwÝ�í+é!à·â�Ý ² á à-éS�K³_ø ù	û	�\àµß�è�Ö·â�é!é!å�Ñ�à-Ý
éS�¬å^éjâ´èJÖ-å,åUéwè�Þ Ý�å,Ö â,åw�5à·ë�êwäæåp�g×§Ú�Ú�×K¡:â´éSà-í å¨é!�
Þ é ² �!üRõ!�¬à·ß Ý¬å5ë5Þ é!àßâ¯å^àßå�� üRõ��Pàµß í�Ö·âKßµå
éjâ^,�å�ä â���ßµáïÞ1Ö�Öpâ Þ1Ö-êwåKß=â,å�Ý
â�àµß·å�ÑKå�í+äæå5Þ�ßµånþKõA×�®%å�� üRõ��Pà·ß¡Ö·Þ ä+ë�å,ÛKé!��å�ÝîþKõ�à-Ý�í äRåKÞ�ß·åKß�×
ªïà-é!�òÞðÝ�å5ë5Þ é!àßâ¯åêâ Þ1Ö-êwå�âæå=³�Û�þKõ¯à-Ý¬í+äæå5Þ�ßµå5ß�áãâ�äæå�ä"Þ èwà9Ñ!Ößï©Þ�ßðÞÆåUêwÝ¬í+éSàµâ�Ýmâ,åw� üæõd�ák�¬å�Ý:üæõ�à·ß�Ý¬å5ë5Þ é!àßâ¯å3é!�
Þ Ý�ák��å�Ý:üRõ�àµß�è�âKßµà-é!àßâ¯å»Û

®8ÝtÒwÝ
Þ Ý¬í+å»Ûwé!��åJç1Ö-å»â¯å�ä"Þ�ë�ånå»å�åUå�í+é#é­èwäRå!ÑKà-í+éÎßqé!�
Þ é�Þ°Þ�ß)ßµå�éZVÏßIèwäjà-í å�á àßÖßÖ¡Þ5å�í�â�áXå
áïâ�äæåeâ â,Ö·Þ é!àßÖ-å£ák��å�Ý à-éÎß�èwäjàÏí+å/ÑKå�í äRåKÞ�ß·åKß�×n���¬à·ß�à·ß�é!��å éDï5èwåîâæå>Þ5å���Þ1â�àµâ�äÖâ,Þ�ò
éjÞ àÏÝ�å�ÑJá ��å�Ý»³ b 
o×ð����å£Þ1Þ5àßÖ-à-éAïféÎâfÞ í�â�áXáïâ!Ñ�Þ é!å�ÖÏå»â¯å�ä"Þ�ë�ånå,åAåSå�í+éÎß]á:Þ�ß=éS�¬å
äRåKÞ�ßìâ´Ý°éS��Þ é¬é!��å��'ò%í·Ó_Ô@ãwà#áãâ!ÑKå»Ö!áfÞ�ß�à-Ý¬éSä â!ÑKêwí+å!Ñ�Þ�ï�V¾¥°Þ Ý¬à-å»ÖK¡ å»Ö·ß)â�ÝC×
����å·åUêwÝ¬í+éSàµâ�Ý ² åPâ�ä3ßµå»â¯å�ä"Þ1Ö â�é!��å�ä=â Þ1Ö-êwå5ßIâ,å)³^Þ äæå Þ1Ö·ß)â ßµ�
â,á ÝXàÏÝ`�5à·ë�êwäRå¨�g×§Ú�Ú�×
ªE��å�Ý¹³�ø 
eÜ¤éÎâ�èmäjà·ë��¬é#Ý é!��åeåSêwÝ�í+é!à·â�Ýòà·ßpß9ï5áXá£å�éSäjàÏí£Þ1Þ�â´êwé·õ�×Ö����å£Þ�â�éSéÎâ�á
äjà·ë��¬é�è�Þ Ý�å,Ö�ák�¬å�äæåx³�ø ù�ä­ßµ�
âæá:ßðÞ ÝXå»ì�éSäæå�áXå�í�Þ�ßµå_ák�¬å�äæå ² �SüRõÌ��à·ß�Ý¬å5ë5Þ é!àßâ¯ååPâ�ä�Þ1Ö�ÖKè�âKßµà-éSà�â�å�üRõ
ØPÓ�Ø�Òwéjß=é!��ån�'ò%í·Ó_Ô@ãwà áïâ�Ñ5å,Ö<á à-é!�ûñ�Ò�ì¢å!ÑãÞ�ßGÚkÞ ÝCÑ¶³ðå5ßµéSàÏáïÞ é!å�Ñ'×�����ån�'òí·Ó_Ô@ãHàCáïâ�Ñ5å,Ö'à·ß\ß·èwå�í+àßÒwå!Ñ_Þ�ïÖê�ßµà-Ý�ëcç éDï5èwå!Ù'å»ì�è@é­Þ�ß�à-Ý
proc autoreg ;

model returnsp =/nlag = 1 garch=(p=1,q=1,mean,type=exp);

run ;����à·ß�í�â´á£áïÞ Ý�¼kßµèwå�í+à>½wå5ß�Þ�â�é!�XÞQíR¾T¿@ãwà£òSà-Ý�òSá£å5Þ Ýpå»å�åUå�í+é�Þ ÝG¼­éS�¬å��'ò%íR¾T¿@ãwà
áïâB¼Kå,Ö9×��?á£àÏéSé!à-Ý
ë�ç áXå5Þ ÝIé�äRå�áïâ,â¯å5ß�éS�¬ådíR¾T¿@ãwà£òSà-Ý�òSá£å5Þ ÝÖå»å�åSå�í+éW×
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¾_Øqí�Þ Ý¢½wé�ßµàßìS¼Kàßå�åUå�äRå�Ý�é
¾T¿dÜ%Ú�ÝU÷�íR¾S¿7ãwà/ÜDÚ1ÛAÚ�Ý áïâB¼Kå,Ö·ß�ß·à-Ý¬í+å@Ø@¾�Ø?Þ1Ö�Ö·â,á:ß'ç éAï5èwå�é
éÎâ=Þ5åGç à-Ý¬éSåKë�ä"Þ éSåB¼!ÛAéHç å,ì�è�ÛAé�â´ä@ç Ý
â�Ý¬Ý�å5ë�×§é����¬å=Ö·Þ�ßµé'àµß¯é!��å�¼5å,åPÞ ê�Ö-é�Þ ÝG¼nßµèwå�í+à>½wå5ß
ÞGí¢¾S¿7ãwà áãâB¼Kå»Ö'ákàÏéS�:Ý�â�Ý�òSÝ�å5ë5Þ é!àßâ¯à-éAï:í�â�Ý�ß·é!ä"Þ à-Ý¬éjß�×dë;â�äæå5â,â¯å�äDÛ�åjâ�ä�åKÞ í+�mâ,å
é!��å5ßµå=é!��äæå�å=éAï5èwå5ßgákå=í�Þ Ý`ß·èwå�í+àßå%ï¨é!�
Þ é�ÞCíR¾T¿@ãwà£òUàÏÝ�òUáXå5Þ Ý¨å»å�åUå�í+é!Þ5å=àÏÝ�í�Ö-êÂ¼KåB¼
â�ä�Ý�â�éW×���Þ1Þ�Ö-å��g×§Ú\í�â�Ý¬éjÞ àÏÝ
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Þ äæå¨â�äÀ¼Kå�äRåB¼�åUä â�á Þ5å5ßµé/½wéSé!à-Ý
ë�éjâ]á:â�äcß·å1½wé!éSà-Ý�ëçÞ í+í�â´äÀ¼Kà-Ý�ë�éjâ!¾?®%ã�±Eäæå�áXå�á2Þ5å�ä
é!�
Þ é Þ^ß·áãÞ1ÖßÖ-å�ä�¾?® ãïà·ß�Þ5å�é!é!å�äW×
®8é�ßµå�å�áïß¯éS��Þ é5éS�¬å��¡òDíR¾T¿@ãHà�ò%ë áãâB¼Kå»Ö�à·ßpÞ5åKß·éAÛ�é!�
â´ê�ë��Öé!��å��'òDí¢¾S¿7ãwà�áãâB¼Kå»Ö½wéÎß�Ý�åKÞ ä#ÖßïXÞ�ß¡á å»ÖßÖ�×¢����å��¡òDíR¾T¿@ãHà�ò%ë áãâB¼Kå»Ö!á àßÖßÖ�Þ5å�ê�ß·åB¼nà-Ý éS�¬åðäæå�áïÞ àÏÝ�à-Ý�ë¼Kà·ßµí+ê�ßìßµà·â�ÝC×¬��âÖßµå�å^à�å�áãâ�äæå¢¾S¿Eâ�ä@íR¾T¿@ãwà è�Þ ä"Þ á£å�éSå�ä"ß;á:â´ê�Ö�¼Öà-áXèwä+âæâ�å­é!��å½wéAÛ�¾S¿ÆÜ�îgÝ�Þ ÝG¼��'ò%íR¾S¿7ãwà/ÜDÚ1Û§îgÝ�òDë�Û �'ò%íR¾S¿7ãwà/Ü�î�ÛAÚ�Ý�òDë�Û�Þ Ý�¼3�¡òDíR¾T¿@ãHà�Ü�î�Û§îgÝ�ò%ë
áïâÃ¼5å,Ö·ß@á å�äæåçé!äjà-å/¼!ÛpÞ5êwé�Ý
â�Ý¬å�â,å
é!��åKß·åêÖµâ,ákå�äRåB¼�¾?®%ã â´ä���Þ%¼îÞ1ÖßÖwè�Þ ä"Þ á£å�éSå�ä"ß
ßµà·ë�Ý�àÄ½wí�Þ Ý�é�Þ éJX2øúû ä�×5���¬ê�ß9Û@¾T¿dÜ%Ú�ÝU÷'�'òDí¢¾S¿7ãwà�Ü%Ú1ÛAÚ�Ý�Þ èwèwåKÞ ä"ß�éÎâGÞ5ånÞpë5â'âB¼�½wé
éÎâ¨é!��å¨Ý
â�à·ßµåkÞ ÝG¼fÞ%¼D¼Kà-Ý
ëkÞHíR¾T¿@ãwà£òUàÏÝ�òUáXå5Þ Ý`é!å�äjá éÎâpéS�¬å­äRåKë�äRåKßìßµà·â�ÝfáãâB¼Kå»Ö



.�/1x3Å�/wÆK<`@�Ç 6�D 6�AkG�J6È�l�É�v�v\GDÊ§<?Bãl�HKG î��gÚ
ËCW5i�[ g _�ÌdÍ ÎE_kÌdÍ
�'òDí¢¾S¿7ãwà�ò%ë ù�äc�»ü�(�û�� õ
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®%ò%íR¾T¿@ãwà£ò%ë ù�äc���»ü�û�
 î��g× �
®%ò%íR¾T¿@ãwà ù�äc���»ÿ�û%$ î�ö�× �
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�'ò%íR¾T¿@ãwà£ò%ër×
ß·å�å�áãß�äæå5Þ�ß)â�Ý
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S&P 500 monthly data from Pindyck & Rubinfeld, Ex 10.5 2

Regression model with AR(1)/E-GARCH(1,1)-M

11:52 Sunday, April 15, 2001

The AUTOREGProcedure

Estimates of Autoregressive Parameters

Standard

Lag Coefficient Error t Value

1 -0.234934 0.046929 -5.01

Algorithm converged.

Exponential GARCHEstimates

SSE 0.44211939 Observations 433

MSE 0.00102 Uncond Var .

Log Likelihood 900.962569 Total R-Square 0.1050
SBC -1747.2885 AIC -1783.9251

Normality Test 24.9607 Pr > ChiSq <.0001

Standard Approx
Variable DF Estimate Error t Value Pr > |t|

Intercept 1 -0.003791 0.0102 -0.37 0.7095
DR3 1 -1.2062 0.3044 -3.96 <.0001

GPW 1 -0.6456 0.2153 -3.00 0.0027
AR1 1 -0.2376 0.0592 -4.01 <.0001

EARCH0 1 -1.2400 0.4251 -2.92 0.0035

EARCH1 1 0.2520 0.0691 3.65 0.0003
EGARCH1 1 0.8220 0.0606 13.55 <.0001

THETA 1 -0.6940 0.2646 -2.62 0.0087
DELTA 1 0.5067 0.3511 1.44 0.1490
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Si Skj +!l õ Q )wµ SnU i Skj +!l ù¢ó.- ·i Skj +�l i SFU i Skj +�l ùmX l [H\%] Ü _Q ) + µ SFU i Skj +�l ù¢ó.- ·po [H\%] q%_
rAsNtNt9uPv�wyx?z=ua{d|;}y~�� b�� Q���� x�{d|�� Q���� ~�vFv�w M�M ~�{d� L ua�������%��� h ���%����x�z=u ` wt9x�� ]C� L � b wkz=uC{�|�}ywa��w�v�w M�M ~�{���x��pt9x�� h � b w!{�� b w9~�{Y�cwa��wPv��A�&x���wk}�uas M |�zmw ] ���%� b x M�Lc�� wmx�� [ Q o ��� � � wPx�� _.]�g b w?�%�;� b x M�Lc� � wPx��d�&x���w�~�vN�px M�M wP|�� b w¡ p¢!£¥¤k¢!¦¨§&©�ª¬« ]­ sN�®� b w�z=ua{�|f~�vF¯!°p±�v�w M�M ~�{��¨x��®t9x�� ]�� L � uas(tNsN��� b x�v�w�� b w²z=ua{�|³x��*�����%��� � uCs}y~ M�MY´ x�µmwy¶¸·º¹º¹k� b x�{¨»%�¼tNw!� � wmx��k~�{R��w!��wmv�� ]=g b wa��wyx���w½��}�u½��wmx�v�ua{dv�} b w!{¨� b w�&x���w2u L ~�{R��w!��wmv���~�v M wPv�v�� b x�{¾»%� ]�¿ ~��Àv�� h � b wÁ�puasNt9uC{¾t9x � ´ wa{R�ÂvÃx���w2���%��ua��%���N���%���½Ä ^%] ^�^�^ �;� b x M�L.� � wPx��¡u L � b wÃ�����%���n~�{ ` wmv�� ´ w!{Y�cÅ ^%] ^�^�^ �Æ~�v4�px M�M wm|Ã� b w Ç£¥§º§&«�¦¥ª�ÈmÉº«�Ê¬Ë ] rAw!�puC{�| h x�� ´ x���sN�º~�� ��� uas¾ua{ M � �!w!��z=x��ÇµÌ���������Ãu L � b wÍ�����%���~�{ ` wPv�� ´ wa{R� ]Îg b wÃ�ÇsN�Â��wa{R� � ~�w M |�u ` w!��wmv��c~ ´ x��cwPvn� b w���w!��sN�º{Ïv�~�{R��wÃ~��?|¥uawPv�{dua�x��Ç�puCsN{R� L ua��� b ~�v M uPv�v,u L �px�tN~��Âx M ]g b wnÈmÉ¬«�ÊºË�ª¬¢?Ð/©�ªc£¥§ºÉ.ªcÈ�~�v�x ´ wPx�v�sN��w�u L � b w�x ` w!�&x��!wn�&x���w�u L ��w!��sN�º{ h ~�{Y� M s9|P~�{d�� b w M uPv�v [ ua�;�mx�~�{ _ u L �px�tN~��Âx M zmwa�px�s9v�w¨� b wÑz=ua{�|³}�x�v¡tNsN��� b x�v�wm|¾x�z=u ` w [ ua�



Ò�Ó Ô%ÓÑÕ�ÖØ×kÙ=ÚÜÛ�ÝßÞ�àfÛ¥ádâkÖaÛ¥Õ �%ã qzmw M uC} _ t9x�� ]C¿ ua�®� b ~�vRz=ua{�| h � b w � ~�w M |²�Âu ´ x���sN�º~�� � ~�vR� b w ` x M sNw½u L¥ä � b x��=v�u M�` wPvS&å ���½Q ���
ä j6æRS ����� U ���

ä�ç i Skj ä!l¬èAé O o [ê\%] ã _g b w*�º~�� b � b x�{�|ëv�~�|mw¡u L [ê\%] ã _ ~�v [H\%] q%_ }Ã~�� b � Qì��� hp� Qì��� h x�{�|¡ípî�ï Q S ����� ]a� �~�vYwPx�v � �Âu²v�u M�` w�wmð�s9x���~�ua{ [ê\%] ã _ {Rs ´ w!�º~���x M�M � ]!g b w,ñÌî g=ò î ­ tN��uP�!�&x ´ � ~�w M | ] ´|¥uawmvN� b w L u M�M ua}Ã~�{��móô �pu ´ tNsN�cwPv=� b w?z=ua{�|�tN�º~���w L uC��wmx�� bÁä�` x M sNw�ua{�x��!�Â~�|ô �!�&x�t b vkz=ua{�|ÑtN�º~��Çw ` w!�Àv�s9v ä [ � b ~�v,~�v9{�ua�d{Yw!�ÇwPv�v�x�� � zmsN�d~��Âõ�v L sN{��Âu¨v�waw� b w8�!�Àx�t b _ô ~�{Y�cwa�ºt9u M x���wmv¥�ºu�öN{d|8� b w ` x M sNw8u L4ä } b wa{Ãz=ua{d| ` x M sNwnwmð�s9x M v9���%���÷�{Yw�öN{�|¥v4� b x��N� b w � ~�w M |��ºu ´ x���sN�º~�� � ~�v�� ] � ^ ��� ]m¿ ~��!sN��w \%] �²v b ua}�v4� b wÃ�!�&x�t bu L z=uC{�|;tN�º~��Çw ` w!�&v�s9v ä x�{�|(v b ua}�v�� b x�� ä Q o �!� å � ´ x�t9v��Âu;x�z=ua{d|;tN�º~��Çwyu L�����%��� ]
g b w � ~�w M |²�ºu ´ x���sN�º~�� � u L ] � ^ ���n~�v M wmv�vR� b x�{�� b wF�ÇsN�º��w!{R� � ~�w M |yu L � ] � ^�^�^ } b ~�� b~�v M wPv�v4� b x�{f� b w���uasNt9ua{¨�&x���wëu L �%���N�������½Ä ] ��� ]=[ î M�M � b ��waw½�Àx��cwPv*x���w��Àx��cwPv4tNw!�b x M�Lc� � wPx�� ]ø_Yg b s9v h }Ãw8v�w!w�� b x��ô �puasNt9uC{;�&x���w;ù��ÇsN�º��w!{Y� � ~�w M |ú v�~�{R�Çw?� b w�z=ua{d|¨v�w M�M v9x�z=u ` w�t9x��ô �ÇsN�º��w!{Y� � ~�w M |�ù � ~�w M |��Âu ´ x���sN�º~�� �ú v�~�{R�Çw � ~�w M |f�Âu ´ x���sN�º~�� � x��Ç�puasN{Y�ºv L ua��� b w M uWv�v?u L �px�tN~��Âx M } b w!{Ìx��� b w ´ x��csN�Â~�� � |¥x��cw � uasûua{ M � �!wa�4z=x��Çµ�����������u L � b w¨�����%���?~�{ ` wPv�� �´ wa{R�ü b wa{Rw ` wa� h x�vN~�{Ã� b ~�v¥waýYx ´ tNþ�w h � b w�z=ua{d|8~�vkv�w!þ�þ�~�{��8x�z=u ` w¡t9x�� h }Ãw b x ` w�puasNt9ua{y�&x��cwyù��ÇsN�º��w!{R� � ~�w!þ�|(ù � ~�waþ�|��ºu ´ x��csN�Â~�� � [ê\%]øÿ�_�¥` wa� � � b ~�{d��~�vN��w ` wa�&v�wP|�~��Y� b wnz=ua{d|8~�v9v�w!þ�þ�~�{���zmwaþ�ua}¼t9x�� ]!¿ uC��w!ýYx ´ tNþ�w h ~��Y� b wtN�º~��Çw�u��$� b w?z=ua{�|�}ywa��w�ua{Rþ � � \ ��� h � b w!{
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par=1000, coupon payment=40, T=30
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ô � b w � ~�w!þ�|Á�ºu ´ x��csN�Â~�� � }�uasNþ�|�zmwÁ� ] ������» [ x�v*zmw��¬ua��w h � b ~�v ` x�þ�sNwÃ�px�{³zmw|Pw!��w!� ´ ~�{Ywm|�z �KJ�� ~�w!þ�| ] ´ML s9v�~�{��¡~�{Y�cwa�ºt9uaþ�x���~�ua{ _ô � b w?�ÇsN�º��w!{R� � ~�w!þ�|8}�uasNþ�|�zmw��%��� \ ����ÄÑ� ] �������ô g b wn�puasNt9uC{;�&x���w�}�uCsNþ�|Ív���~�þ�þPzmw?�%���N�������¡Ä ] ���

g b wa��w��¬ua��w¡}ywn}�uCsNþ�| b x ` w�puasNt9ua{y�&x��cwON��ÇsN�º��w!{R� � ~�w!þ�|PN � ~�waþ�|��ºu ´ x��csN�Â~�� �CQ [H\%] » _} b ~�� b ~�vER�s9v��Y� b w8uatNt9uWv�~���w�u�� [H\%]øÿ�_.]S�TVU�TVW XZY
[.\!]�^�\`_�a
g b w � ~�waþ�|Ã�Âu ´ x��csN�º~�� � u��kx!b�w!��uÎ�puCsNt9ua{Íz=uC{�|�u�� ´ x���sN�º~�� �dc8� wmx��Àv�~�v4�px�þ�þ�wP|� b w c � � wPx��1e�¤k¢!ª$§&©�ªº« ]



Ò�Ó f%ÓÑÛa×=â9Þg��Ûaâ�á � Û¥ádâk× �%ã ÿî ��uasNt9ua{�z=uC{�|�~�vÎx²zmsN{�|Pþ�wÁu��hb�w!��uÃ�puasNt9ua{�z=ua{�|¥v h uC{RwO�ºua�¡wPx�� b ��uasNt9ua{t9x � ´ wa{R�®x�{�|fx�öN{�x�þNuC{Rw1�¬ua�d� b wntN�º~�{Y~��Ç~�tNþ�w?t9x � ´ w!{R� ]�g b wF�pu ´ t9ua{Rwa{R��b�w!��uPvb x ` w�|P~��i�.wa��wa{R� ´ x��csN�Â~�� � |¥x��cwPv*x�{�|8� b w!��w��ºua��wë|P~��i�cw!��w!{R��v�t9ua�R�&x��cwPv ]Pg b w � ~�w!þ�|�ºu ´ x���sN�º~�� � u��%� b wn��uasNt9ua{ëz=ua{�|�~�v�x��pu ´ tNþ�w!ý J x ` w!�Àx��!w L u��Y� b w�v�t9ua� �&x��cwPv�u��� b w
b�wa�ÇuPv¥~�{y� b ~�v¥zmsN{d|mþ�w ]
÷�{Mjºx�{Rs9x�� � �%ã h �%����� h � b wOk¬±=,�/l%�/nm.°l*3"Â¯�/p¶�v��Âx���wm|�� b x��Î� � � wPx�� g � zm~�þ�þ��&x���w;}�x�v� ] » ^ � x�{�|�� b w ^ � � � wPx�� g ��wPx�v�sN� � z=ua{�|��Àx��cw¨}�x�v�ã ] �À��� ]Ñg b ~�v�~�v¡� � tN~��px�þ�ov b ua�º�Fx�{d|;þ�ua{�����w!� ´ �&x��cwPv9s9v�s9x�þ�þ � |¥uf|P~��i�.w!� ] rAsN� b |P~��i�cw!��w!{R��wmv9��x�{Ázmwfv�w!wa{~�{ ¿ ~��!sN��w���� ] q u��qp�x ´ tNzmw!þ�þpwa�=x�þ ] ua� ¿ ~��!sN��w�� q%]øÿ u�� ­ uW|m~�w h�r x�{Rw h x�{d|²ñ x����Çs9v[ � \�\�\%_c]÷s�c�cwa{ûv b uC�º���cwa� ´ �&x���wmv�x���w8þ�ua}Ãw!�F� b x�{�þ�ua{d� � ��w!� ´ �&x���wmv ]Fg b ~�v ´ x�µmwPv¡v�wa{�v�wv�~�{R�Çw8þ�uC{��8�cwa� ´ z=ua{�|¥v¡x���w8�º~�v�µm~�wa� ]*ò ua{��8��w!� ´ z=ua{d|ÑtN�º~��Çwmv.t=sN���cs9x���w ´ ua��w}y~�� b ~�{Y�cwa��wPv��N�&x���w�� b x�{��!wmv,x�{�|8� b wmv�w�z=ua{�|¥v*x���wëu��.��w!{³v�uaþ�|�zmw��ºua��w ´ x��csN�º~�� � ]� {���ua{R���&x�v�� h x \ � � |=x � uC��w ` w!{¾� � � wmx�� g � zm~�þ�þd~�v�u��c�cwa{Ìµmw!watÌ�ºu ´ x��csN�º~�� � x�{�|v�u�~�v9��wPx�þ�þ � x��Â~�v�µ � �.��w!w J öNýpwm|¨~�{R�pu ´ w¨v�w!�ÇsN�Â~�� � ] Lvu ua}yw ` wa� h |PsN�º~�{���tNw!�º~�uP|¥vu�� ` w!� � b ~�� b v b ua�º� � ��w!� ´ �Àx��cwPv h � b w�v b ua�º� � ��w!� ´ �Àx��cwPv ´ x � zmw b ~�� b wa��� b x�{;� b wþ�ua{d�,�cwa� ´ �&x���wmv ]!g b w9��wPx�v�uC{�~�vP� b x��W� b w ´ x��Âµmw!�Azmw!þ�~�w ` wmvP� b x����Àx��cwPv }Ã~�þ�þ���w!��sN�º{�ºu b ~�v��Âua�º~��¡þ�w ` w!þ�v�x�{d|Ã{�uÃua{RwÎ}Ã~�þ�þ%�pu ´Á´ ~��¥�ºuÎ� b w b ~�� b ~�{R��w!��wmv��=�&x��cw6�ºua� h v�x � h�%��ua� ^ � � wPx��&v ]g b w�ªº«�§ºÐwe�ª.§Â£= �ª.£¥§&«�u��N~�{Y�cwa��wPv��$�Àx��cwPv®~�v*xÎ|Pwmv��Ç�º~�tN��~�ua{³ux� b ua} h /p±�/y4�#&'�·&¯�±�#z2F· h� ~�w!þ�|Í�ºu ´ x���sN�º~�� � |Pw!tNwa{�|¥v�uC{ ´ x��csN�Â~�� � ]�g wa� ´ v����ÂsN���csN��wO�ºua�8x�þ�þ ´ x��csN�º~��c~�wPvsNtf�ºu c½� wmx��&vN�px�{Ãzmw8|Pwmv��Ç�º~�zmwP|�z � x�{ � ua{Yw8u��$� b wZ�¬uaþ�þ�ua}y~�{��móô tN�º~���wmvdu��3b�wa�Çu,��uasNt9ua{8z=ua{d|=v4u�� ´ x���sN�º~���~�wmv4� � � wmx�� h � � � wmx��Àv hRoÇoÇo h c � � wPx��&v|Pw!{dua�cwP| b w!��w�z �|{ i~} l Q`{ i å l Q oÇoÇo Q`{ i c lô v�t9ua���&x���wmv [ � ~�w!þ�|¥v8u�� ´ x���sN�º~�� � ux�1b�wa�Çuf�puasNt9uC{0z=uC{�|¥v _ u�� ´ x��csN�º~��c~�wPv� � � wPx�� h � � � wmx��&v h ]ø]ø] h c � � wmx��&vk|Pw!{�uC�cwP|8z �|�l��Q oÇoÇo Q$�x�ô �¬uC�º}�x���|¥v=�&x���wmv ä ��Q oÇo�o Q ä �
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 � ÝnÞÌ×��A× � ádâkÖCÛ!Ö.×�����Ô������������îfv$}Ã~�þ�þPzmw�v�waw!{yzmwaþ�ua} h wPx�� b u��$� b w8v�w!�Âvô�� { i~} l Q oÇoÇo Q`{ i c l��ô�� �l�`Q oÇo�o Q$�x� �¬hx�{�| ô�� ä �`Q oÇoÇo Q ä � ��px�{Ìzmwf��u ´ tNsN��wm|P�.��u ´ w!~�� b wa�yuC{Rw³u���� b w³ua� b wa�Ãv�wa�ºv ]¨¿ uC�²waýRx ´ tNþ�w h [H\%] ��� _�!~ ` wmv � { i~} l Q oÇoÇo Q`{ i c l�� ~�{Í��w!� ´ vFu�� � ä �`Q oÇoÇo Q ä � � ] î²þ�v�u h wmð�s9x��c~�ua{�v [H\%] �À� _ x�{d|[H\%] ��� _ �!~ ` w � ���`Q oÇoÇo Q$��� � ~�{y��w!� ´ v*u�� � { i�} l Q o�oÇo Q${ i c l�� ua� � ä ��Q oÇo�o Q ä � �¬h ��wmv�tNw!� ���~ ` w!þ � ]g w!� ´ v��c��sN�Ç�csN��w;�px�{(zmwÍ|Pwmv��Ç�º~�zmwP|Íz � zm��wmx�µm~�{d��|¥ua}y{³� b w��c~ ´ wë~�{R��w!� ` x�þ®zmw ���}yw!wa{�� b wÃtN��wPv�wa{R�9�c~ ´ w�x�{d|�� b w ´ x���sN�º~�� � ��~ ´ w�u��¡x�z=ua{�|�~�{Y�ºu�v b ua�Â�,��~ ´ wv�wm� ´ wa{R�Âvk}y~�� b x¡�pua{dv��Âx�{R��~�{R��w!��wmv����&x��cw8}Ã~�� b ~�{�wPx�� b v�wm� ´ wa{R� h zmsN�d}Ã~�� b ~�{ ���w!��wmv��N�&x��cwPv ` x�� � ~�{��½zmw!��}yw!wa{³v�wP� ´ wa{R�Âv ]R¿ ua�9w!ýYx ´ tNþ�w h x ^ � � wmx��9þ�uPx�{f�px�{¨zmw�pua{dv�~�|mwa��wP|¨x�v¥� b ��w!w¡��ua{�v�w!�ÇsN��~ ` w�� � � wmx��dþ�uWx�{�v ]
�E� ©�Ð�¤¥Ê¬«��îfvÎx�{³~�þ�þ�s9v����&x��c~�ua{ h v�sNtNt9uPv�wy� b x��9� b wy� b ��w!w�� � � wmx���þ�uPx�{�v b x ` wÃ� b w��ºua�º}�x���|~�{Y�cwa��wPv��Y�&x��cwPv¥þ�~�v���wm|8~�{ g x�zmþ�w \%] � ]� «�©�§!�i�z� ��¦=ªº«�§&«�e�ª%§&©�ª¬«<� äG� �� ã��� ÿ �^ »%�g x�zmþ�w \%] ��ó��m°l"$>(/l"0�?#�¯m±ê·)"�·º¹&±�"�/p±H·®·$��/l21 %¶¸·
� v�~�{d�8� b wn�ºua�º}�x��Ç|Í�Àx��cwPvk~�{ g x�zmþ�w \%] � h }Ãw¨v�w!w�� b x��nx¡t9x��²���������8� � � wPx��1b�wa�Çu}�uCsNþ�|¨v�waþ�þE�¬uC� } �����} j ä �6� } �����} o � � ����� ��� o ��� � { i~} l o
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g b wÃ�!w!{Yw!�&x�þ �¬ua� ´ sNþ�xZ�ºua�,� b w½tN��wPv�wa{R� ` x�þ�sNwÃu��,���nt9x�~�| c tNw!�Â~�uP|¥v��.��u ´ {dua}~�v }i~} j ä � l i�} j ä�� l�¡+¡+¡ i~} j ä � l o [ê\%] \%_u wa��w ä¢� ~�vF� b w¤£&¢!§$¥�©�§&Ë�É.¦¥ª¬«�§&«�e�ª*§&©�ª¬«;|PsN�º~�{��;�0¦Ywd� ��¦2tNw!�Â~�uP|¨§ ­ �©J �¬ua�Â}�x���|�&x���w L }yw ´ wPx�{Ã��¦Rw?tN�º~��ÇwZ�¬ua����¦�x��YtNw!�º~�uW|8��¦�x��Y~�v9x��!��wawm|�sNt9ua{�¯!°�>
§
ò w!���c~�{d� {Oªic�« zmw���¦Rw�tN�Â~��Çwfux��x�{ c � � wPx��¬b�w!��u�t9x��Î���������n��uasNt9ua{�z=ua{d|E­ {�ª�c®«~�v9���������k�c~ ´ wmv¥�0¦Yw8|P~�v��puasN{Y���¬x����ºua��~�{d¯-°�§ °�±=­��0¦dx��Y~�v�­{�ª�c®« � } ���!�ª }h² ä �³« ¡+¡+¡ ª }h² ä �´«�µ ¯=°�§ø����±
¶ ©� �·¨ª¬¢¡ª�¸k«�« � ©�Ð�¤¥Ê¬«ò w!�Âõ�v$þ�uPuaµÑx�� ��¦Rw � ~�w!þ�|=v$�Âu ´ x��csN�º~�� � § ¿ ua�Fx�� � � wmx��:b�w!��u�­���¦Rw � ~�w!þ�|��ºu ´ x���sN�º~�� ���� v�uaþ�¹ wPv } �����ª }C² ���³«6����� � µ ��� Q}O¦Y~���¦;~ ´ tNþ�~�wPv¥��¦�x�� ��� � µ � � §�º�uC�0¦Y~�{���v�sN�ºtN�º~�v�~�{��<¦Rwa��w�­%v�~�{R�Çw ä � � µ � �´» ¿ ua�nx� � � wPx���b�w!��u�­p�0¦Yw � ~�waþ�|��ºu ´ x���sN�º~�� � ~�v � � �0¦dx��dv�uaþ�¹ wmv} �����ª }h² � � « � � ��� } µ � � µ¼ ¦Rs9v½­ � � � ¾ } �������� } µ � �À¿ } � µ � �´Á � µ
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� �%~�vNwmx�v � �ºu8v½¦�ua} �0¦dx�� � � ~�v9x�þ�v�u��!~�¹ w!{;z �� � �ÃÂ ª }h² ä �Ä«¢ª }C² ä�� « ¿ } �ÅÂ ª } µ � � «Gª } µ � � « ¿ } � µ � ��Á �¿ ua�nxÇÆ � � wmx���b�wa�Çu�­���¦Rw � ~�w!þ�|8�Âu ´ x���sN�º~�� �|� � v�uaþ�¹ wPv} �����ª }h² � � « � � } �!������ } µ � � µî�þ�v�u�­� � � � ª }h² ä �Ä«Gª }C² ä�� «¢ª }h² ä�� « � �0È � ¿ } � � ª } µ � � «¢ª } µ � � «¢ª } µ ��� « � �0È � ¿ } � µ � � ��� Qua��­ ´ ua��w¡tN��wa�Ç~�v�w!þ � §ø��ãG°�°%ãG°�§ ¼ ¦Rs9v½­ ª }Ç² � � « ~�v®��¦Rw��!wPu ´ wa�c�Â~��²xG¹%wa�&x��!wëu�����§ø��ãG­��§ø� ÿ ­ x�{d|f��§ø��»ëx�{�|fx�tNtN��uaýp~ ´ x���w!þ � wPð�s9x�þW�ºu���¦Rwa~��Fx��º~���¦ ´ w!��~��½xG¹ w!�&x��!wE§
ï9w!�px�þ�þ ��¦�x�� {�ª�c®« ~�v4�0¦YwÎtN�º~��ÇwÃu��kxnt9x��?��������� c � � wmx��Çb�wa�Çu��puasNt9uC{Ñz=uC{�|¨§ ¼ ¦Rw�!w!{Yw!�&x�þ��¬ua� ´ sNþ�x�v��ºua�d��¦Rw � ~�w!þ�|��Âu ´ x���sN�º~�� �É�x� u���x�{ c � � wPx��(b�w!��u�x���w��� �ËÊ }

�����
{�ª�c®«3Ì �0È�� ¿ } Q ¯-°�§ø�À��±x�{�| ��� � � ª }h² ä �Ä« ¡+¡+¡ ª }h² ä ��« � �0È�� ¿ } µ ¯-°�§ø����±� ð�s9x��c~�uC{�v(¯-°�§ø�À��±mx�{d|O¯=°�§ø����±%�!~z¹%wF��¦Rw � ~�waþ�|¥vR�ºu ´ x���sN�º~�� � ~�{��cwa� ´ v�ux�%��¦RwFz=ua{d|tN�º~���wmv9x�{�|Í�¬ua�Â}�x���|��&x���wmv½­���wmv�tNw!�Ç��~�¹ w!þ � §pî²þ�v�ux­{Oªic�« � } �����ª }h² ����« � Q ¯-°�§ø�GÆ�±}O¦Y~���¦��!~�¹ w {�ª�c�« ~�{y��w!� ´ v9u��$��¦Rw � ~�w!þ�|��Âu ´ x���sN�º~�� � §îfv ´ wa{R��~�ua{Ywm|2zmw��¬uC��w�­�~�{R��w!��wmv����&x���wmv6�¬ua�Î�csN�csN��w � wmx��Àv;x���wÍ�px�þ�þ�wP|Ï£&¢!§$¥�©�§ÀË§&©�ªº«�eG§®îÃ�¬ua�º}�x��Ç|f�pua{Y�c�Àx��Ç�4~�vnx�{�x��!��waw ´ wa{R�=�ºu½zms � ua�Îv�w!þ�þdx�{2x�v�v�wa�*x��kv�u ´ wöNýpwm|¤�.sN��sN��wÍ|¥x���w¨x���x¡öNýpwm|¨tN�º~��ÇwE§,r�~�{Y�Çw ä�� Q ä�� Q µ�µGµ x���w8�&x���wmv¡x��:�.sN��sN��wÑ|¥x���wmv��¦�x���x���w¡öNýpwm|8{�uC}�}O¦Yw!{(x,þ�uC{�� � ��w!� ´ z=ua{�|8~�v=tNsN����¦dx�v�wP|3­p��¦Rw � x���w
�ºua�º}�x���|�&x���wmvÐ§



Ò�Ó f%ÓÑÛa×=â9Þg��Ûaâ�á � Û¥ádâk× � ÿ �Ð/©�ªc£=§ÂÉ.ª.È ¤¥§ºÉc p«� � wPx�� �G°��%�� � wPx�� ��»�Æ%�Æ � wPx�� � ÿ ã��¼ x�zmþ�wZ°�§ �%óE�P°p¯��6 �"$#&%Ø·®·$��/�21 %¶ ·¼ ¦Rw��!wa{Rwa�&x�þ��ºua� ´ sNþ�x(�ºua�9|Pw!��w!� ´ ~�{R~�{��Ç�¬uC�º}�x���|Î�Àx��cwPvq�c�Çu ´ � ~�w!þ�|¥vm�ºu ´ x���sN�º~�� �~�v ä � � ���`Q ¯=°�§ø����±x�{�| ä � � ª }Ç² ���´« �ª }Ç² ��� è �³« � è � µ ¯=°�§ø�GÑ�±º�ua} v�sNtNt9uWv�wn�0¦dx��Y}Ãw�uC{Rþ � uaz=v�w!�Ä¹%wP|�z=ua{�|�tN�º~��ÇwmvÐ§´p�x�{�}Ãw?�px�þ��ÇsNþ�x���w � ~�waþ�|¥v�ºu ´ x���sN�º~�� � x�{�|��ºua�º}�x���|;�&x���wmvÐÒ ¼ ¦Rwyx�{�v�}ywa�,~�v J�� wPv�­Ps9v�~�{d�¤¯-°�§ø�À��±Nx�{�|y��¦Rwa{¯-°�§ø�GÑ�±0§ L
�E� ©�Ð�¤¥Ê¬«��r�sNtNt9uWv�wÎ��¦�x��k�G­W��­$x�{�|?Æ � � wmx��9t9x��?�������!b�wa�ÇuPvFx���w�tN�º~��ÇwP|�x�v ¼ x�zmþ�w<°�§ ��§ ¼ ¦Rwa{s9v�~�{��Î¯-°�§ø�À��±=­��0¦Yw � ~�waþ�|¥v¥�Âu ´ x���sN�º~�� � x���wPó��� � } ���!�� å �Ó¿ } � µ ��� � Q� � � æ } ���������� ç �0È � ¿ } � µ � � � � Q� � � æ } ���!�� � � ç �0È � ¿ } � µ � � � Q¼ ¦Rw!{ ­�s9v�~�{��n¯-°�§ø����±Yx�{�|¤¯=°�§ø�GÑ�± ä � � �l� � µ �!� � Qä�� � ª }h² � � « �ª }C² �l�³«v� ª } µ � � � � « �} µ �!� � � ¿ } � µ } �!� Q
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 � ÝnÞÌ×��A× � ádâkÖCÛ!Ö.×�����Ô������������x�{�| ä�� � ª }h² � � « �ª }h² � � « � ¿ } � ª } µ � � � « �ª } µ � � � � « � ¿ } � µ � � � µ
¼ ¦Rw1�¬ua� ´ sNþ�x¬�¬uC��öN{�|P~�{�� ä � �c�Çu ´ �0¦Yw�tN�º~���wmv,ux��b�w!��u?�puCsNt9ua{;z=ua{d|=v¥~�v

ä � � {�ª�c ¿ } «{Oªic�« ¿ } µ ¯-°�§ø��ã�±}O¦Y~���¦Ã�px�{�|Pw!�Â~�¹ wm|Í�.��u ´{�ª�c®« � } �����ª }h² ä �³«Gª }h² ä�� « ¡+¡+¡ ª }h² ä ��« Qx�{�| {�ª�c ¿ } « � } �!���ª }h² ä �Ä«Gª }C² ä�� « ¡+¡+¡ ª }h² ä � è �³« µ¼ u½�px�þ���sNþ�x��cw ä � s9v�~�{d�À¯-°�§ø��ã�±=­m}yw½{Rw!wP| {�ª � « ­P�0¦Yw²tN�Â~��Çwyu���x²� � � wmx��,z=ua{�|E­mzmsN�{�ª � « ~�vdv�~ ´ tNþ � ��¦Rw*t9x��¨¹®x�þ�sNw3§�¯ ¼ �º~�¹ ~�x�þ�þ � ­mxdz=ua{�|Î}O¦Y~���¦ ´ s9v��Pzmw*zmw,t9x�~�|Îz=x���µ~ ´Í´ wm|P~�x���w!þ � ~�v¥}�ua�º��¦;w!ýYx��Ç��þ � ~��Âv¥t9x��@¹4x�þ�sNw3§Ô±
� ýYx ´ tNþ�w¼ ¦Rs9v½­�s9v�~�{��Î¯-°�§ø��ã�± ä � � } ������ å �Ó¿ } � µ ��� � � QäG� � � å ������¤¿ } � µ } ���!� Qx�{�| äG� �

������ � � ¿ } � µ � � å } µ
º�uC} }Ãwk}Ã~�þ�þmx�v�v�s ´ w9�pua{R��~�{Ys9uas9v ��u ´ t9uasN{d|P~�{��*}y~��0¦8�¬ua�Â}�x���|��Àx��cwPv ä �`Q µ�µ�µ Q ä � §ü w;}y~�þ�þ¡v�w!wf��¦�x�����¦Rw¨s9v�w³u��F�pua{Y�c~�{duas9v¡�pu ´ t9uasN{�|P~�{d�Í�&x���wmv8v�~ ´ tNþ�~�öNwmv?��¦Rw
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� � {�ª�c®« ~�v¥��¦Rw?tN�º~��Çw�ux��x����������kt9x��d{ � � wPx���b�w!��u?�puasNt9uC{;z=ua{�|E­���¦Rwa{{Oªic�« � } ���!�Ø�Ù�Ú ª ä � ² äG� ² ¡+¡+¡ ² ä ��« µ ¯=°�§ø� ÿ ±¼ ¦Rw!��w��ºua��w�­ {�ª�c ¿ } «{�ª�c®« � ØÐÙ�Ú ª ä � ² ¡+¡+¡ ² ä ��«ØÐÙ�Ú ª ä � ² ¡+¡+¡ ² ä � è �³« � Ø�Ù�Ú ª ä �´«ÐQ ¯=°�§ø��»�±x�{�| ÛzÜ´Ý Ê {Oªic ¿ } «{Oªic�« Ì � ä � µ¼ ¦Rw � ~�w!þ�|��Âu ´ x���sN�º~�� � ux��x�{ c � � wPx��(b�w!��u?�puasNt9ua{yz=ua{�|¨v�uaþ�¹ wmv¥�0¦Yw�wmð�s9x���~�ua{{Oªic�« � } ���!�Ø�Ù�Ú ªic��x�´« Qx�{�|�~�vNwmx�v�~�þ � v�w!wa{Ã�Âu�zmw ��� � ª ä � ² ¡+¡+¡ ² ä �´«ÄÞ�c µ¼ ¦Rw!��w��ºua��w�­ � ä ��Q µ�µ�µ Q ä � � ~�v$wmx�v�~�þ � �ºuasN{�|Í�.��u ´ � ���`Q µ�µ�µ QÄ��� � z � ��¦Rwn��waþ�x��c~�ua{�v½¦R~�tä � � ����Qx�{�| ä � � c ��� ¿ ªic ¿ } «~�x� è � �¬ua� c ù } µ
�E� ©�Ð�¤¥Ê¬«� v�~�{�����¦Rw�tN�Â~��Çwmv9~�{ ¼ x�zmþ�ws°�§ �|¯ê�pua{�¹ wa�º�cwP|K�.��u ´ t9x��½���������Âu�t9x��½��±%}yws¦�xG¹ w{Oª } « � µ � ��� ­ {Oª å « � µ � Á � ­mx�{�| {Oª � « � µ � � � § ¼ ¦Yw!��w��ºua��w�­ä � � ÛzÜ´Ý æ }µ � �!� ç � µ � � å Á Q
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ä�� � ÛzÜ�Ý æ µ � ���µ � Á � ç � µ ��� �´� Qx�{�| ä�� � ÛzÜ�Ý æ µ � Á �µ � � � ç � µ }´}�} � µî�þ�v�u�­ �l� � ä � � µ � � å Á Q� � � ª ä � ² ä�� «ÄÞ å � µ ��� } � Qx�{�| � � � ª ä � ² ä�� ² ä�� «³Þ � � µ � � } Á µS�TVß�TVW à�[.á
\`â`áZã
[.ã
aOä�[.]xåæ^�]�ç�]�^�\`_�arRuy�ºx��0­a}yw¬¦dxG¹ w½x�v�v�s ´ wP|½��¦�x��E�ºua�º}�x���|�~�{Y�cwa��wPv��m�&x���wmv�¹4x�� � �.��u ´ � wmx��¥�Âu � wPx��0­zmsN�4��¦�x��®�0¦Ywmv�w��&x���wmv?x���w��pua{�v��Âx�{R�4}Ã~���¦R~�{�wPx���¦ � wPx��$§ ¼ ¦R~�v?x�v�v�s ´ tN��~�ua{Á~�v�­4u���puasN�Àv�w�­�sN{R��wmx�þ�~�v���~��l§ ¼ ¦YwÀ�¬uC�º}�x���|��&x���wmv�v½¦�uCsNþ�|³zmw ´ uP|Pw!þ�wP|ßx�v�xn�csN{R�Ç��~�ua{¹®x�� � ~�{d�¨�puC{R��~�{Rs9uas9v�þ � ~�{���~ ´ w�­d�&x���¦Rwa���0¦dx�{ x�v1�csN{R�Ç��~�ua{dv��0¦dx���x���w;�pua{dv��Âx�{R��¬uC�½ua{Rw � wmx��Îx��,x?��~ ´ wE§ � �®~�v�sN{R��wmx�þ�~�v���~����Âufx�v�v�s ´ w;x8v��Âx��º��~�{�����~ ´ w;x�{�|;��¦�x��~�{Y�cwa��wPv��d�Àx��cwPv9��¦dx�{��!w�wPx���¦ � wPx��½xG�.��w!����¦R~�v¡v��Âx��º�c~�{��8�c~ ´ w3§ � {×�¬x����0­%z=ua{�|¥v¡x���w~�v�v�sNwP|���watNwmx���wm|Pþ � x�{�|�z=uC{�|¥v,u�� ´ x�{ � ´ x���sN�º~���~�wmvkx���w�ua{;��¦Rw ´ x��ºµmw!�Ä§¼ uyv�tNw!�Ç~�� � ��¦RwÎ�cwa� ´ v����ÂsN�Ç��sN��w�~�{�xn��wmx�þ�~�v���~��¡}�x � ­P}yw½}y~�þ�þdx�v�v�s ´ w²��¦�x��¥��¦Rwa��w~�v�x!�.sN{R���c~�uC{ ä ªiè³« �px�þ�þ�wm|Ã��¦Rw8£&¢!§$¥�©�§&ËÃ§&©�ªº«1£º£¥¦¥ ÇªcÉ¬¢!¦2v�sN��¦Ñ�0¦dx��N�0¦Yw²tN�º~��ÇwÃu��*xb�w!��u?�puCsNt9ua{;z=ua{d|Ñux� ´ x���sN�º~�� � � x�{d|�}y~���¦;t9x��dwPð�s9x�þW�Âu8�,~�vk�!~z¹%wa{yz �{�ª � « � Ø�Ù�Ú Ê ¿Pénêë ä ªiè³«~ì�è Ìsµ ¯-°�§ø�G°�±

¿ ua� ´ sNþ�x×¯=°�§ø�G°�±�~�v8xÁ�!w!{Yw!�&x�þ�~�b%x��c~�ua{ u��Z�ºua� ´ sNþ�x×¯-°�§ø� ÿ ±0§ ¼ u³x�tNtN��w!�Ç~�x���w¨�0¦Y~�v½­v�sNtNt9uPv�w?�0¦dx�� ä ªiè³« � ä�í �¬uC� î ¿ } N èÇï î µü ~���¦Ã��¦R~�v=tN~�wa�Çw!}Ã~�v�wn�pua{dv��Âx�{R� ä ­é êë ä ªiè³«~ì ä � ä � ² ä�� ² µ�µ�µ ² ä ê Q
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ô ��¦R��w!w?þ�~�{RwPvkux��|Pw��cw!{�v�w8ux�R��¦Rw � ñ u óú ~�{�¹ wmv��ºuC�&v*x���w��&x���~�ua{dx�þú ���&x�|P~�{d�8u��Y~��º�&x���~�ua{�x�þW~�{�¹ wmv��Âua�&vN~�v$�&x�{�|¥u ´ x�{�|²��¦Rwa~��4���&x�|PwmvN�px�{Y�Çw!þwPx���¦�uC�0¦Yw!�ú w�¹ w!{2~��²x J ¦Yw!��| L u��F~��Â�&x��c~�ua{�x�þk~�{�¹ wmv��Âua�&v¡�c�Àx�|mw¨~�{ìv�~ ´ ~�þ�x��½}�x � v½­�Àx��c~�uC{�x�þ½x��ºzm~����&x��!wasN�&v²}y~�þ�þ*w!þ�~ ´ ~�{dx��cwÍ�0¦Yw!~���~�{�t¥sNw!{Y�Çw�ua{ ´ x��Âµmw!�tN�Â~��Çwô wPx���¦�ux�$�0¦Ywmv�w8|Pw��cw!{dv�wPvN~�v=}ywPx�µmw!�d��¦�x���¦�x�|�zmwaw!{ë�0¦duas9��¦R�ô �&x���~�ua{dx�þP~�{ ¹%wPv���~�{d�ëÄ J ¹®x�þ�sNw�x�v�wa�ÇsN�º~�� � z � ~��ºv��.sN{d|¥x ´ w!{Y�ºx�þ�¹4x�þ�sNw Lú J �csN{�|¥x ´ wa{R�Âx�þ�¹®x�þ�sNw L Ä�{Rwa�ptN��wPv�wa{R�p}�ua�Â�0¦¨ux�$x�þ�þ��.sN��sN��wk�px�v½¦�tkua}�vô �&x���~�ua{dx�þP~�{ ¹%wPv���~�{d�E� tN�Â~��Çwmv9x���wn¯.�!wPu ´ wa�c�Â~��l±W�&x�{d|=u ´ }�x�þ�µ=vô zmsN�PtN�Â~��Çwmv zmw!~�{d�F�Àx�{�|¥u ´ }�x�þ�µ=v�¯.ua�¥{Ywmx��ºþ � v�uE±m|¥uawmv%¦,¢!ªP~ ´ tNþ � �&x���~�ua{�x�þ~�{ ¹ wmv��c~�{d�ô ��¦Rwa��w?~�vk�muWuP|�w�¹ ~�|Pw!{R��w���¦�x��%~��º�&x���~�ua{dx�þm�c�&x�|P~�{d�¡~�v¥��ua�º��w!þ�x���wm|ú þ�uPuaµÍx��Y��¦Rw�~�{R��w!�º{Yw!�4v��Âua�ÇµëzmsNzmzmþ�wô ~�{Y~���~�x�þ �cwPv��ÂvFu��¥�0¦Ywëv�w ´ ~ � v����ÇuC{��s�¬uC� ´ u��¥w�� öN�Ç~�wa{R� � v�sNtNt9ua�Â�cwP|Ã�0¦dx��N�0¦Yw �ua� �
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ú w�¹ wa{R��v��cs9|P~�wPv�v�¦dua}ywP|Ã��¦�x��N��¦Rw ´ x��Âµmw!�k|P~�|ë��wmx��Ç�N~ ´Á´ wP|P~�x��cwaþ � �ºu{Rwa}�v9x�{�|���¦Rwa{�v��ºuatNtN~�{��¡��wPx��Ç��~�{

� v�u���wmx��Ç��~�ua{y�ºu?{Yw!}�v�­%x�v � ñ u tN��wm|P~��Ç�ÂuPv
� x�þ�v�un{�u���wmx��Ç��~�ua{;�Âu8v��ºx�þ�w?{Rwa}�v½­%x��mx�~�{�x�v � ñ u tN��wm|P~����ºvú 'A��¦�uaþ�wmvC¯.�G° ÿ ��±��ºuasN{�|�þ�~��c��þ�w¡��wmx��Ç��~�ua{y�ºu J {dua{y{Yw!}�v L
� zmþ�ua�ÇµÍv�x�þ�wmv�¦�x�|�þ�~�����þ�w�w����cw!�Ç�dua{ytN�Â~��Çwmv

ô ~��%~�v,|P~�� öN�ÇsNþ��R�Âu ´ x�~�{Y�ºx�~�{ë��¦�x���x�þ�þP~�{�¹ wPv��Âua�&vkx���w?�&x��c~�ua{�x�þ�§ú ´ x�{ � ~�{�¹ wPv��Âua�&v¥��wPx��Ç�R�Âu�~��º��w!þ�w�¹®x�{R�R~�{��¬uC� ´ x���~�ua{ú ­ þ�x��Çµ8�px�þ�þ�v¥��¦Rw ´ {dua~�v�w����&x�|Pw!�&vô ~�{ ¹%wPv��Âua�&v,x��Ç�Y~��º�&x���~�ua{�x�þ�þ � }O¦Rwa{y��¦Rw �ú �¬x�~�þW�Âu8|m~z¹%wa�&v�~�� �ú tNsN����¦�x�v�w8x��Ç��~�¹ w!þ � x�{d|�w!ýptNw!{dv�~z¹%waþ � ´ x�{dx��!wm| ´ sN��s9x�þE�csN{�|¥vú ��¦YsN�º{y��¦Rwa~���t9ua�º���¬uaþ�~�uPvô ~�{ ¹%wPv��Âua�&v�|¥u�{dua�dþ�uPuCµ2x��4öN{dx�þNþ�w�¹ waþ�v¡u��d}Ãwmx�þ���¦�}O¦Yw!{/x�v�v�wmv�v�~�{d���Â~�v�µ �v�~��cs9x���~�ua{dv¬¯ J tN��uPv�tNw!�Ç�Y�0¦Ywmua� � L ±ô ��¦Rw!��w�~�v,x¡v�w!�º~�uas9v J þ�uWv�vkxG¹%wa�&v�~�ua{ Lô tNwmuCtNþ�w�|¥u�{dua� �ºuaþ�þ�uC} ­ x � wmvN�ÂsNþ�wð�ºua�dw�¹4x�þ�s9x��c~�{d�¡{Rw!} ~�{��ºua� ´ x��c~�uC{ú �ÂuPu ´ sN��¦�x��c��w!{Y�c~�ua{;~�vNt9x�~�|��ºu���w!��w!{R��¦R~�v��Âua� �ô u�¹ w!�Â��wPx��Ç�c~�ua{f~�vN�pu ´Á´ ua{RtNþ�x��Çwô ��¦Rwmv�w8|Pw�¹%~�x��c~�uC{�v��c�Çu ´ �.sNþ�þ � �&x��c~�ua{�x�þmzmw�¦�xG¹ ~�ua�nx���w¡¦k¢!ªR§À©�¦,Ë¥¢!Ðô ´ uC��wPu�¹ w!��­A{dua~�v�w����&x�|Pw!�&v¥}y~�þ�þE�¬uaþ�þ�ua}�wPx���¦�uC�0¦Yw!�&v ´ ~�v��ºx�µmwPvô ��¦Rs9v½­A{dua~�v�w����&x�|P~�{��¡}Ã~�þ�þPzmwn�pua�º��w!þ�x��cwP|Íx��Ç��uPv�v®~�{ ¹%wPv��Âua�&v
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ô ´ x�{�x��!w!�Àv4u��3�csN{�|¥vdx���w*�0¦Yw ´ v�waþ�¹ wmv ¦Ys ´ x�{¨x�{d|Î}Ã~�þ�þ ´ x�µmw���¦RwPv�w,w!�º��ua�&v�ÂuPuô ´ x�{�x��!w!�Àvkx�þ�v�uZ¦dxG¹%w?�0¦Yw!~���ua}y{;� � tNwmv9u��$wa�º��ua�&vú zms � ~�{��¡t9ua�º���¬uaþ�~�uPv®waýA��wmv�v�~�¹ waþ � �Çþ�uPv�w¡�Âu�x,zmw!{Y��¦ ´ x��ºµú zms � ~�{��Ñ��¦Rw�v�x ´ w³v��ºuC�Çµ=v�x�v�ua��¦Rw!�8�.sN{d| ´ x�{dx��!w!�&vs¯.v�u�x�v�{dua���ºuþ�uPuaµ�z=x�|¨±ú }Ã~�{�|¥ua} |P��wPv�v�~�{��×o x�|¥|P~�{���v��Âua�Çµ=v²�ÂuÁ��¦RwÑt9ua�º���¬uaþ�~�u���¦�x��Z¦�xG¹ wzmwaw!{ÃtNw!�$�ºua� ´ ~�{��¡}ywaþ�þW��w!�Çwa{R��þ �ú uC{³xG¹%wa�&x��!w�­�tNw!{dv�~�uC{³x�{�| ´ sN��s9x�þ �csN{�| ´ x�{�x��!wa�&v®sN{�|Pwa�ºtNw!�$�ºua� ´t9x�v�v�~�¹ w�~�{ ¹%wPv�� ´ wa{R�dv����&x���wm�!~�wPv

� �0¦Ywmv�w ´ x�{�x��!w!�Àv ´ ~���¦R�Yzmw?{dua~�v�w¡�c�Àx�|mwa�&vN�ºuPu
ô ��¦Rw?þ�x�v��4|Pw��cw!{�v�w�u��$��¦Rw � ñ u |Pw!tNw!{d|¥v9uC{�x��ºzm~����&x��!wô w�¹%wa{�~���~�{ ¹%wPv��Âua��v�wa{R��~ ´ wa{R��~�v9�pua�º��w!þ�x���wm|2x�{d|¨{dua~�v�w��c�&x�|Pwa�&v,�Ç��wmx���w8~�{ ��puC�º��wa�Ç��þ � tN�Â~��Çwm|¨x�v�v�wa�ºvú x��Âzm~��c�Àx��!w!sN�&v�x���w�w!ýptNw!���cwP|��Âu¡�ºx�µmw���¦Rw�uC�0¦Yw!�?v�~�|mw8u��N�0¦Ywmv�w��c�Àx�|mwa�&vx�{d|¨|m�Â~�¹ w�tN�º~���wmvNz=x��Çµ��ºuZ�csN{�|¥x ´ wa{R�Âx�þE¹®x�þ�sNwmvô x��csN{�|¥x ´ wa{R�Âx�þFx�v�v�s ´ tN�c~�uC{ u��*zmw�¦�xG¹ ~�ua�&x�þ4öN{�x�{R��wy~�v��0¦dx��,��wmx�þ � }�ua�Âþ�|x��ºzm~��c�&x��!w�~�v¥�Â~�v�µ � x�{d|8þ�~ ´ ~���wm|ô x��ºzm~��c�&x��!wÁ|Pw!tNwa{�|¥v�ua{³�0¦YwÃwaýA~�v���w!{Y�Çw�ux� J �Çþ�uWv�wÁv�sNz=v���~��csN��wmv L �¬uC��x�v�v�w!�Âv}�¦�uPv�w�tN�º~��Çwmv�¦�xG¹ w�zmwaw!{Á|P�º~�¹ w!{;�Âu?~�{Y�pua�º��w!���$þ�w�¹ waþ�v¥z � {dua~�v�w¡���&x�|Pw!�&vô ´ x�{ � v�w!�ÇsN�º~��c~�wPv,|¥u?{dua��¦dxG¹%wn���ÂsNw�v�sNz=v���~���sN�cwPvô u��c�cwa{y��¦Rwa��w�x���w�{du?�º~�v�µ � þ�wmv�v�¦RwP|¥�!wmv��¬ua�nx��ºzm~��c�&x��!wasN�&vô ´ ~�v�tN�Â~��Ç~�{d����x�{��!wa�Rw�¹ wa{y}�uC�&v�w�­%x�v¥��¦Rw ´ x�{dx��!w!�&v9u�� ò ¼ pFñ þ�wmx��º{Ywm|ú ��¦R~�v=~�vN�px�þ�þ�wP|�{�ua~�v�w¡���&x�|Pw!�4�º~�v�µ
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ô 'A��¦R~�þ�þ�w!��¯.�G°�»%��±=­ J %;u(v��ºuC�ÇµÌtN�º~���wmv ´ u�¹ wf�ºuPu ´ sN�G¦2�ºufzmwsR�s9v��c~�öNwm|�z �v�sNz=v�wPð�sNwa{R�%��¦�x�{d�!wmv¥~�{�|P~�¹ ~�|Pwa{�|¥v L óú ´ x��Âµmw!�%tN�º~��ÇwPv,x���w��ÂuPu
¹®uaþ�x���~�þ�wú ´ uC��w�¹4uCþ�x��c~�þ�w;��¦�x�{�waýptNþ�x�~�{RwP|Áz � x ´ uP|Pwaþd}O¦Yw!��wytN�º~���wmv½x���wÃw!ý �tNw!���cwP|�{Rw!�YtN��wPv�wa{R��¹®x�þ�sNwmvú ��¦R~�v�}�ua�ºµ|¦�x�v�zmw!wa{Á�Ç�Â~��c~��Ç~�b�wm|¨z � ñÌw!�º�Âua{�}�¦�ufv�x�~�|;�0¦dx��J'A��¦R~�þ�þ�w!�|P~�|�{�uC�R�pua�Â��wa�Ç�cþ � v�tNw!�Ç~z� � �.sN{d|=x ´ w!{Y�ºx�þE¹®x�þ�sNwô %½w ­ ua{�|P�4x�{�| ¼ ¦�x�þ�wa�!¯.�G°�»�Ñ�±=­ J %yuawmvN�0¦Yw8v��ºuC�Çµ ´ x��ºµmw!�du�¹ w!�º��wmx����$Ò L óú �.��wmð�sNwa{R��þ � �Ç~���wm|Ñx�{�|���w!tN�º~�{R��wm|8t9x�tNw!�ú }�uC�ºµÍ|=uC{Rw8x���p²ua�º{Yw!þ�þú �pu ´ t9x���w?w!ýp����w ´ w¡}Ã~�{R{Yw!�&v9x�{�|�þ�uWv�wa�&vú öN{�|¨v��c��ua{d�Îw�¹%~�|mwa{R�Çw�u���ux¹%wa�º��wmx��Ç��~�ua{ú �¬uC�®w�¹%wa� ��� wPx��kv��Âx��º��~�{���x��=�G°�Æ�ÆF��¦Rw � �¬uC� ´ wP|²t9ua�º���¬uaþ�~�uPv�u�� �0¦Yw�zmwmv��tNw!�Ä�¬ua� ´ ~�{���v��ºuC�Çµ=v*u�¹ w!�4�0¦Yw�tN��w�¹ ~�uas9v¥�0¦Y��waw � wmx��&v

�vJ }y~�{Y{Rw!�4t9ua�º���¬uaþ�~�uPv Lú ��¦Rw � x�þ�v�uZ�ºua� ´ wm|8t9ua�º���¬uaþ�~�uPv*u��$��¦Rw?}�ua�Àv�w?tNw!�$�ºua� ´ ~�{���v��Âua�Çµ=v
�vJ þ�uPv�w!�dt9ua�Â�0�ºuaþ�~�uPv Lú ��¦Rw!{ûw!ýYx ´ ~�{Ywm|/��wa�csN�º{dvfua{Ï��¦Rwmv�w�t9ua�Â�0�ºuaþ�~�uPv¨u�¹ wa�Ã��¦Rw�{Yw!ýp��ö�¹ w� wmx��Àv
� þ�uPv�w!�&v¥�pua{�v�~�v��cwa{R��þ � uasN�ctNwa�$�¬uC� ´ wP|�}Ã~�{R{Yw!�&vú |P~��i�.wa��wa{R�Çw½~�vn|m~z��öN��sNþ��4�Âu²w!ýptNþ�x�~�{Ìx�vn|PsNw²�Âu;|P~��i�.wa��wa{R�ÇwPv�~�{Ñ�º~�v�µ3­4x��þ�wPx�v��4x��Ç�pua��|P~�{��¡�Âu8v��Âx�{�|¥x���| ´ uP|Pw!þ�v,v�sN��¦�x�v�pFî�íNñú %½w ­ ua{d|m�dx�{�| ¼ ¦�x�þ�w!�d�Çþ�x�~ ´ ��¦�x��Y~�{�¹ wmv��Âua�&v,ux¹%wa�º��wmx��Ç�
� w!ýp�c��w ´ w¡þ�uPv�w!�Àvkx���w��ÂuPu¡��¦RwPx�t
� v�u���¦Rw � z=uasN{R�Çw?z=x��Çµú ��¦Rw8uCtNt9uPv�~��cw¡~�v¥���ÂsNw�u��$w!ýp����w ´ w?}y~�{Y{Rw!�Àv
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ô ¦Y~�v��Âua�º~��px�þ�þ � ­�v ´ x�þ�þPv��Âua�Çµ=vq¦�xG¹ w9wmx��º{Ywm|Z¦Y~���¦Rwa�$��wa�csN�Â{�vm�0¦dx�{²þ�x����!w�v��Âua�Çµ=vú {du�w�¹ ~�|Pw!{Y�Çwn�0¦dx��R��¦Rw8|P~��i�cw!��w!{R��w�~�v9|PsNw��ÂuZ¦R~���¦Yw!���º~�v�µú v�sNtNw!�Â~�ua�9��wa�csN�º{dvFu��9v ´ x�þ�þ®v��Âua�Çµ=v�¦dxG¹%w�zmwaw!{;��ua{R�Çwa{R���&x���wm|y~�{Àjºx�{ �s9x�� �ú v ´ x�þ�þ®öN� ´ w��i�cw!�Ç�nx�{d|Kj¬x�{Ys9x�� � w����cw!�Ç�?v�w!w ´ �Âu?¦dxG¹ wÑ|m~�v�x�tNtNwPx���wP|ux¹%wa���0¦Yw�þ�x�v��4�GÑ � wmx��&vô ´ x��ºµmw!�%�ºu�z=uWuaµÎ¹4x�þ�sNw�~�v9x ´ wPx�v�sN��w8u�� J ��¦RwPx�tN{RwPv�v Lú ¦Y~���¦ ´ x��ºµmw!�Y�ºu�z=uWuaµÎ¹4x�þ�sNw�öN� ´ v,x���w J �!��ua}y��¦ L v��ºua��µ

� �0¦Yw � ��w!{d|8�Âu�sN{�|Pwa�ºtNw!�$�ºua� ´
� x�þ�v�u���¦Rw � ��w!{d|Ã�ºu�zmw��º~�v�µm~�wa�0­PwPv�tNwa�Ç~�x�þ�þ � ~�{�v�w�¹ w!��wë|¥ua}y{ ´ x�� �µmw!�Âvô ÷²�Ç�ºuCzmw!�n�G°�­%�G°�» ÿ oK%yua}Ójºua{RwPv¥~�{�|Pw!ýÃ|P�ÇuCtNtNwm|�����§øã��ú ��¦Rwa��w�}�x�vN{�u�x�tNt9x���w!{Y�Y{Yw!}�vN��¦�x���|¥x �ô pFsN��þ�w!�dwa�dx�þ�¯.�G°�°%��±.ó!þ�uPuaµmwm|Ñx���Ñ%�kþ�x����!wmv���ua{Yw � |¥x � ´ x��Âµmw!�%��¦�x�{d�!wmvú ´ x�{ � �px ´ w8ua{�|¥x � v¥}Ã~��0¦y{�u ´ x~R�ua��{Yw!}�v9x�{R{duasN{R��w ´ wa{R�Âvô ï�uaþ�þ�¯.�G°�»�»�±����º~�wm|��Âu?tN��wm|P~��Ç� ��¦Rw�v�¦dx���w�u��%��wa�csN�Â{O¹®x��º~�x���~�ua{ë�0¦dx��Y��uasNþ�|�zmwwaýAtNþ�x�~�{RwP|�z �ú wa�pua{du ´ ~���~�{�t¥sNw!{Y�Çwmvú ��w!��sN�º{dv*ua{�uC�0¦Yw!�nv��ºua��µ=v®~�{ë�0¦Yw�v�x ´ w?~�{�|Ps9v���� �ú tNsNzmþ�~��*öN� ´Í� v�tNw!�Ç~�öN�F{Yw!}�vô ï�uaþ�þ�õ v$öN{�|P~�{��mv�óúML � � µ � Á �ºua� ´ uC{R��¦Rþ � |¥x��ºxúML � � µ å �¬uC�n|=x�~�þ � |¥x��ºxô ï�uaþ�þ�õ vNv���s9| � x�þ�v�u¡v�¦dua}�vm��¦�x��p�0¦Yw!��w�x���wk{du J �Çþ�uPv�w�v�sNz=v���~���sN�cwPv L �¬uC��v��Âua�Çµ=v
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