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Foreign exchange rate returns: DEM/USD
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Foreign exchange rate returns: GBP/USD

0 1000 2000 3000

Time

-0
.0

4
-0

.0
2

0
0.

02
0.

04

Y

ÜQ¢£��¯*¤a��(�¬.(��\Üª�e¤Y�m¢A�e���tÍ*�6�ª�e�*�e�^¤Y�-�a�`¨*�-�Y�R�E¤Y�t�Y¯*¤a�u  '�( �ãù�) �iü�* ��ó¹ò�� ü
®/�ª�m¤Y�1�e /¢A�*º*¯%�^ºª�-¤6�-¥§�m�a�m¤6 ¦®k�`�ª�
±e�`¢A�*¢£�a¢M�-�}±;�e�£¯*�� Põ�Ç5û�õ*Ä�¡X��¤/�a�ª�1¢°�Y�m¤6�;�Y¢£���¹�e�£���8/
¤Y¢£�a�*¥ �-�u¨��Y�*�z¨ª�;�Y�¼ a�t��Òu��¬ �u¬ © �ª�-�u�t¢M�-�«¤Y�t�Y¯*¤a�u mÒ� K�Y�e¤Y��¨�¢£��ô\Ä�õ*Äu¬i·¦�*���� &�a¢A¥§�-�a¢A�e�
��¯%�aºª¯%�{¢A k�Y�*�?±e���:�a��¤ZÆ � û;ñËñ��m�e���Y�e¢£�ª¢£�*�z�a�ª�^���£��¥§�m���Y ¦�e¡}�a�ª�^ºu�-¤6�-¥§�t�Y�m¤¦¥¼�;�a¤Y¢M�t�� �¬



� 0  "!{5Ö36@$#4)A9a){o6"-8=)£8A8ÛBe,m$(96"*$V)p
5 *

×k�m¢A�*�Î�§�\¯*¥§�m¤Y¢A���-�}ºª¤a�%�t��¨%¯*¤Y�^�a�*���-�A�e�e¤Y¢£�a�*¥�¤Y��È�¯*¢A¤Y�� ¦�Y��¨%�t�Y�m¤Y¥§¢£�*�z &¯*¢£�Y�e�*�A�`¢£�*¢./
�a¢M�-�4ºª�e¤Y�e¥��m�a��¤Y �¬QÜª�e¤k�a�ª�^¨%¢M�-���e�ª�e�u���£��¥§�m���Y ¦�e¡«�a�*�?¥¼�;�Y¤a¢M�t�� B� `9` �e�ª¨ ¤ `:` ±;�-�A¯*�� 
�-¤Y�e¯*�u¨k=ª¬ q��-�ª¨�=ª¬ *`�eº*º����-¤i¤a���e a�e�ª�e�*�A�eÒe a¢£�u�t�Z¢A�Î¯*�ª¢£±;�-¤Y¢M�;�a�^²?³Z´{µk�Ê4(eÒ�(�ËE¥§�%¨%�m�M 
ºª�-¤6�-¥§�m�a�m¤»�� K�Y¢£¥¼�-�a�� C¡X�e¤yx � �e�ª¨{z � ¢£�¸Ê4(e¬ q�ËE�e¡+�a���¼�Y�eÔe�/±;�-�A¯*�� i�-¤Y�e¯*�u¨k=5d q b ^¦=5d =�*�-�ª¨ =Rd ,R(^¦=5d * b ¬»·¦�*�m¤Y�^¢A i�*�§�t�A���-¤k�e¯ª¢A¨*�e�ª�t���*�;® �a�§¨%�m�a�m¤Y¥§¢£�ª�Z¢A�*¢°�Y¢A�e�4±
�e�£¯ª�� i¡X�e¤
�8C�¨%¢M�-���e�ª�e�y���£��¥§�m���Y ?�e¡L�"`:`z�e¤ ¤ `:`;¬§·¦�*��¤a�m¡X�e¤Y�z¢£�`¥�¢A�e���`���¼¤a���e a�e�ª�e�*�£���a���a¤Y½
�-�£�a��¤a�ª�-�a¢A±e�§¢A�*¢°�Y¢A�e�£¢�-��-�a¢A�e�ª 1�-¡¦�a�*�� &�¼ºu�-¤6�-¥§�t�Y�m¤6 m¬l²^¢A±e���Ù�-�ÿ¢A�*¢°�Y¢A�e�£¢�-��-�a¢A�e�ÿ�-¡º�E`9`
�-�ª¨ ¤ `:`k�Y�*�� &�Y�e¤&�Y¢£�ª�`±
�e�£¯ª�� »¡X��¤C�Y�*�Z���£��¥������Y C¢A��Ã Ä �e¤a�Z¢£¥§¥§��¨%¢M�;�Y�m�A½�¨*�t�a��¤a¥§¢A�*��¨
�\½¹�a�*�Î�e�£���e¤Y¢°�Y�*¥ �e Y &¯*¥§¢A�*�l�a�*�§¯*�ª�m�e�ª¨*¢°�Y¢£���ª�-�C�m�;±
�e¤a¢M�-�u�t���e¡#\ ] �a�¹�mÍ\¢M &�¼Ê(ÕC�*���£�
�-�ª¨<Á?¤Y�e�*��¤�Ò (+*�*�¼�Ë:¬
²^¢£±��m�¼��¯*¤i�mÍ*�-¥§º*�A�{¯*�ª¨%��¤i¢A�\±e�� K�Y¢£���;�a¢A�e���Y�*�Z�*¢A±;�-¤Y¢A�-�a�?²?³Z´{µk �� K�Y¢£¥¼�;�Y¢£�����t��¯*�M¨
�u�1¨*�e�*�?�\½¼�a�ª�?¡X�e�A�£�;®/¢A�*�§º*¢A���t�� ¦�-¡»�t�%¨%���

� ñ�Âãò®÷0õ*ÄeÅËõ4Â
�%Ã|)*Ä ü ø5ûR÷õ�ÇRû�õ*Ä�	�}Øþ * ó�~���%V� * ó *�� %V� * ó *�� % * ó�~r% * ó���% * ó *�� % * ó * ~�% * ó����
� ÆeÄ üËü Á=Â�Ã*Ä�Å�Æ
Çu Æ � û;ñËñv%�ù4Ä�ò ü Â
��w|	 Á4Â
Ã*Ä�Å�Æ�Ç#þ9õ�Ç5û�õ*Är%§ÅRû�õ;ø%Å�� ÷��
Æ � û;ñËñù4Ä�ò ü ÂA� '�( �0ù�) �iü�* ~#ó&ò�� ü
³Z ¦��¯%�aº*¯*�{®i�`���%�Y�e¢£�

� G54�@�<�4�@��G����
G�<
�A�+�S�.-/�R�B-RAR�SASLT�SLX+�,J.-/�R�B-RARARAH�SLRARAY+$H�.-/�R�B-RARARAWAT
XAU�T+�MC.-/�R�B�,
U�SLUAT+�TJ.-/�K
R�B-R�T
W�SVY
M+$X�.-/�K
R�B-R�T
R
M
M�Y+$W�.-/�R�B�,
YAH
M
M+$U�.-/�R�B-YAHAUAW
U+$Y�.-/�R�B-R�,AT�S
SLW+�SVR�.-/�R�B-R�,
W�T�RAH+�S
S�.-/�R�B-YAHAY�S



(�= � !ÀB-8Û$V)
	t";9Y)M"*$g3���
8+"%$()£8A)($��¹!�*<\368M,

� G94�@�<94�@���G����A3L���+�S�.-/ KA,
U�T
Y
Y
·¦�ª�1�A�� K�/�\¯*¥z�u��¤{¢A /�a�*�1���%�Y�e¢£�ª��¨�¥§¢£�*¢A¥�¯ª¥ �e¡y�Y�*�`�*�m���;�Y¢£±��^�A�e��/Û�A¢AÔe�m�A¢A�*�\�\¨�¡X¯*�ª��/
�Y¢£���«¬C·¦�*�?±e���:�Y�e¤�Æ � û;ñËñ��e¢A±e�m� © ¤Y &�{�t�����6�-¢A�ª k�e  © ¤6 K�¦�a�ª¤a�������£��¥������Y k�a�ª�^ºu�-¤6�-¥§��/
�Y�m¤6 f�e¡«�a�ª�Z¯*º*º��m¤k�Y¤a¢M�-�*��¯*�M�-¤f¥¼�-�a¤Y¢°Í ÃBÄeÒ��a�ª�Z¡X���£�A�;®/¢£�ª�`¡X�e¯*¤¦���m�A�e�*���a���a�*�?³Z´{µk
Ê{� `:` Ë¦�e�ª¨l�a�*�`�M�e &�¦¡X�e¯*¤¦�Y�§�a�*��²?³�´{µk¶ºª�-¤6�-¥§�t�Y�m¤6 ?Ê ¤ `:` Ë:Òª¢(¬ �e¬E¡X��¤/�e¯*¤/¥§�%¨%�m�

rB]Ø^ Ã gÄ Ã Ä ��� g `:` \0]&|%`c\ g]&|%` �E`9`#� ¤ g `:` rB]&|Y` ¤ `:` Ê4(e¬�¿-Ë
 &�Y�-�a��¨��e���e¢£��¡X�e¤{�t���\±e�m�ª¢£���ª�t��Ò%®i� © �ª¨l�Y�*�`¥¼�;�a¤Y¢M�t�� ºÃ Ä Ò5�1Ò ¤ �a�§�����

ÃBÄ"^�(�= |���� (�d�(�¼ d qR(
= d�¿01�� a

� `:` ^ � d � , � x±d =;¼8=
x±d =;¼�¿ d � *�qJ� a ¤ `:` ^ � d *�q�* d = � ,d = � ¼ d *�q�*A� d Ê4(e¬ ,�Ë

FDGpÓ}G�� ÔLO�X�U{ÕÖWYX�U{[&^JXËÙ�M���T�Iy�AbYW�ðcUZWS[ØTjMµQ�ðcILT�MYO�O�MYO
·¦�ª� Ê(�t��ËK±;�-¤Y¢A�e�ª�t�Î¢M z�e�%�6�-¢A�*��¨À�\½Ù a��È�¯*�����Y¢A�e�£�A½ÿ�m�-�M�t¯ª�A�-�a¢A�*�¸�Y�*��¨*¢�C4�m¤Y�m�ª�m����È�¯u�0/
�Y¢£����Ê)(�¬¶¿eË�®/�ª�m¤Y��®i��¯ª a�¹�a�ª���� &�a¢A¥§�-�a��¤¼¡X�e¤§�Y�*�¸¯*�ª�m�e�ª¨*¢°�Y¢£���ª�-�Z�m�;±;�-¤Y¢A�e�ª�t��¥¼�0/
�Y¤a¢£Í �e �¢£�*¢£�a¢M�-�?±;�-�A¯*��Ê&rBÄ�^��&���g Ë:¬ {�m¤Y�eÒ{�a�*��¯¨� � ±����t�a�e¤ � �t�����Y�-¢A�ª ��£���8/
¨*¢�C4�m¤Y�m�ª�m�� ?�e¡f�e¯*¤^¡X��¤a��¢£���Ö�tÍ*�6�ª�e�*�e�z¤Y�-�a��¨*�;�6�*¬zÕi K�Y¢£¥¼�-�a¢A�*���Y�*�¼�t�;±;�-¤Y¢M�-�ª�m�1º*¤Y�8/
�m�� Y k¢A ¦�-�M a�����m�t��¥§º*�£¢M a�*��¨¼¢A�l�a�*�`È�¯ª�-���Y�£�m� '�( �0ù�) �iü�* ~1�-�u¨��e¨ª¨%¢°�Y¢£���ª�-�A�A½¼º*¤a�;±\¢M¨%��¨
¢A� ÷%Â�Ã8ù4Ä��%Å � Æ�û5÷Ë÷�ó)ô%Ä�õ4¬ '�( �ãù�) �iü�* ~#ó¹ò�� ü
� �?¨%¢A aº*�M�
½��Y�*�Z�� K�Y¢£¥¼�-�a��¨Î±
�e¤a¢M�-�u�t�Z�e�ª¨Î�t�;±;�e¤a¢M�-�ª�m�/º*¤Y�\�m�� Y &�� »¢A��ÜQ¢£��¯*¤a��(e¬ � ¬E·¦�*�
¯ªº*ºu��¤��e�ª¨l�a�*�1�A�;®k�m¤/ºª�e�*�m�«�e¡EÜQ¢A�e¯*¤Y��(e¬ �  &�ª�;®��Y�*�1±;�-¤Y¢A�e�ª�t�� ¦�-¡Q�a�*�zÑ�ÕiÓ�ö;Ï^Ð%Ñ
�e�ª¨¼²?×¦ØLö;Ï^Ð%Ñ ¤Y�t�Y¯*¤a�u E¤a�� &º����t�a¢A±e�m�A½eÒe®/�*�m¤Y���� y¢A���a�*�/¥§¢M¨*¨%�A�/ºª�-�ª�m�*®k�/ &���¦�a�*�{�m�8/
±;�e¤a¢M�-�ª�m�¦º*¤a�%�m�� Y m¬QÕ»Í*�t��º%�»¡X�e¤f�?±��m¤Y½� a�*�e¤a�»ºu��¤a¢A�%¨z¢A���a�*�Z�u���e¢A�*�*¢A�*�`�-¡4�e¯*¤C Y�-¥§º*�A�
�Y�*�l�m�;±;�-¤Y¢A�e�ª�t�§¢M 1º��� a¢°�Y¢£±����-�ª¨ÿ�e¡/�*�e�i/g�*���e�A¢£��¢£�*�A�Î a¢.-��¼�a�*¤Y�e¯ª�e�*��¯%��¬¹·¦�*¢M 1¢M ���±�¢./
¨*�m�ª�m�i¡X��¤C�t¤Y�� Y y a���t�a¢A�e�ª�e�%¨%�mº��m�ª¨*�m�ª�m¢£�� »¢£�§�t¯ª¤a¤Y�m�ª�m½`¥¼�-¤YÔe�t�6 Q®/�*¢A�6�z®i�¦¥§�m���Y¢£���*��¨
���-¤Y�£¢A�m¤k�Y�¼¥��e�a¢A±;�;�a�`¥z¯*�£�a¢A±
�e¤a¢M�;�Y�1²?³Z´{µk¶¥§�\¨*�m�M m¬



� 0  "!{5Ö36@$#4)A9a){o6"-8=)£8A8ÛBe,m$(96"*$V)p
5 (�(

Sigma11: DEM/USD

0 1000 2000 3000
Time

5
10

15

Y

Sigma12: Covariance

0 1000 2000 3000
Time

0
5

10
15

Y

Sigma22: GBP/USD

0 1000 2000 3000

Time

0
5

10
15

20
25

30

Y

ÜQ¢A�e¯*¤Y��(e¬ � �*Õi K�Y¢£¥¼�;�Y��¨l±;�-¤Y¢A�e�ª�t�?�-�ª¨¹�m�;±
�e¤a¢M�-�u�t�Zºª¤a�%�t�� a a�� ?Ê4(+=�¡k¢r ] Ë'�( �0ù�) �iü�* ~#ó&ò�� ü
¾¿�ª &�a����¨¹�-¡»�� &�a¢A¥¼�;�Y¢£�*�§�Y�*��¤Y���e�£¢�-m��¨�ºª�;�Y���-¡»±;�-¤Y¢A�e�ª�t�� {�e { a�*�;®/�¸�e�u�;±��eÒ*®k���t��¯*�M¨
�-�M &��¯ª a�?�a�*�`�� K�Y¢£¥¼�-�a��¨lºª�e¤Y�e¥��m�a��¤Y i�a�¤£L¥§¦©¨�ª¬«��®`±��e�M�;�Y¢£�A¢°�K½¼ºu�;�a�u 1Ê '�( �0ù�) �iü�*�� Ët¬



( � � !ÀB-8Û$V)
	t";9Y)M"*$g3���
8+"%$()£8A)($��¹!�*<\368M,

'�( �ãù�) �iü�*�� ó¹ò�� ü
Üª�e¤��a�*¢M ?�;�?�����6��ºu��¢£���?¢£�Ö�a¢A¥��§�-�Ö�e�ª a�m¤Y±;�;�a¢A�e�£\ã]¦¢M ?¨%¤Y�
®/�¹¡X¤Y�e¥ �l¥�¯*�£�a¢A±;�-¤Y¢A�-�a�
�ª�e¤Y¥§�e�=¨%¢A &�a¤Y¢A�*¯%�a¢A�e�l®/¢°�Y�l±;�e¤a¢M�-�ª�m�ErB]6¬f²^¢A±e�m���a�*�� &�?���ª &��¤a±;�-�a¢A�e�ª �ÒirB]»¢M k¯*º4¨*�;�Y��¨
���m�m�e¤6¨%¢£�ª�Î�a�ÀÊ4(e¬�¿-Ë:¬z·¦�*�m�«Òy���*��® ¤Y�� a¢A¨*¯ª�-�E¢M ^¨*¤Y�
®/�#®/¢°�Y� �m�;±
�e¤a¢M�-�u�t�krB]�¯�`-¬©� �
�eº*º*�A½¹�a�*¢M ^º*¤Y�\�m��¨%¯ª¤a��¡X�e¤"¯®^Jq�=�=�=*¬?·¦�*�z¤a�� &¯*�£�Y �Ò=¨%¢M &º*�M�
½e��¨�¢A�¸�a�ª�z¯*ºªºu��¤��Y�*¤Y�m�
ºu�-�*���A z�-¡�ÜQ¢A�e¯*¤Y�£(�¬ qªÒC &�*�;®��# &¢A¥§¢£�M�-¤zºª�;�a�a��¤a� �e `�Y�*���e¤Y¢£��¢£�ª�e�fº*¤Y�%�t�� a ��e¢A±e�m��¢£�
ÜQ¢A�e¯*¤Y��(�¬ � ¬¦Üª�e¤/�Y�*���A�;®k�m¤¦�K®k�Îºª�-�ª�m�M {®k�`�e�m�ª�m¤6�;�a�?�K®k�Î±;�-¤Y¢M�-�ª�m�`º*¤a�%�m�� Y &�� k¡X¤a��¥
�Y�*��£9«�¦�®¦¤Y�� a¢A¨*¯ª�-�M  u ] ¬C¾¿�¹�Y�*¢A Z�m�e a�eÒ%�ª�;®i��±e�m¤�Ò\®i�1 a�t�{��Cj/¿¨%¢M�-���e�ª�e��ºu�-¤6�-¥§�t�Y�m¤6 ¦¢£�� `9` �-�u¨ ¤ `9` �a��-��m¤Y�¼�a��¢£�A�£¯u K�Y¤Y�-�a���ª�;® �Y�*��¯ª�*¤a�� K�Y¤a¢M�:�Y��¨�×¦Õ#Á±Á�¥§�%¨%�m�Q¢£�u�t�e¤Yº��8/
¤6�;�Y�� »�m¤a�� a E��È�¯u�;�a¢A�e�§¨%½\�ª�e¥�¢M�m �¬E³Z C���-���u�Z a�m���«Ò-���-�Y�Î�-º*º*¤Y�����6�*�� Q�-¤Y�/�t����±��m�*¢A�m���
�Y�����-º%�Y¯*¤Y�1±e���A�-�a¢A�£¢£�K½��t�A¯ª K�Y�m¤Y¢£�ª�ª¬�Ñ��mº��m�u¨%¢£�ª�l�����a�*��ºª�e¤&�Y¢A�m¯*�A�e¤� &�Y�-�a���e¡»�a�*�§ a½\ 4/
�Y�m¥¹Ò* aº*¢£�A�A�;±e�m¤k��C4���t�Y ¦��ºu��¤Y�-�a¢A�*�1�Y�*¤a��¯*�e���t���ª¨%¢£�a¢A�e�ª�e���m�;±
�e¤a¢M�-�u�t�� �Ò��*�;®i��±e��¤�Ò��ª�
±e�
�¼�m�e�ª a¢M¨%�m¤6�-�*�A�^¢£¥§ºª���:�/�e���a�ª�`¥§�e�e�*¢£�a¯u¨%�?�-¡»�t�e�u¨%¢°�Y¢£���ª�-�=±��e�M�;�Y¢£�A¢°�K½�¬



� 0  "!{5Ö36@$#4)A9a){o6"-8=)£8A8ÛBe,m$(96"*$V)p
5 (+q

BiGARCH, Sigma11: DEM/USD

0 500 1000 1500 2000 2500 3000

Time

5
10

15
20

Y

BiGARCH, Sigma12: Covariance

0 500 1000 1500 2000 2500 3000

Time

0
5

10
15

Y
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Univariate GARCH, Sigma11: DEM/USD
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