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Abstract

Predator-prey relationships account for an important part of all interactions between species.
In this paper we provide a microfoundation for such predator-prey relations in a food chain.
Basic entities of our analysis are representative organisms of species modelled similar to
economic households. With prices as indicators of scarcity, organisms are assumed to behave
as if they maximize their net biomass subject to constraints which express the organisms‘ risk
of being preyed upon during predation. Like consumers, organisms face a ‘budget constraint‘
requiring their expenditure on prey biomass not to exceed their revenue from supplying own
biomass. Short-run ecosystem equilibria are defined and derived. The net biomass acquired by
the representative organism in the short term determines the positive or negative population
growth. Moving short-run equilibria constitute the dynamics of the predator-prey relations
that are characterized in numerical analysis. The population dynamics derived here turn out to
differ significantly from those assumed in the standard Lotka-Volterra model.
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Q,+-��c�VfM^YRK M^T�kNQ�SUMPORQ�kÄl � ��vNQ�M^S�kNM*)0Q�SUQ�KHVfM°c9jÆQ,+-��c�VfM^YRK SUQ�j°c�VfQ�TzVfY c�TUM^KN_Rj^Q�TUbEQ�h�M^Q�T�[DYRSzVfvNQtTUbEQ�h�M°c9j
h�c9TUQ%Vfv�c�VÓVfvNQZbEYRb��Nj°c�VfM^YRKNT�Y9[ac9j^j�Y9VfvNQ�SÓTUbEQ�h�M^Q�T-c9SUQ%h�YRKNTdV£c9KHV�l	�XKÜh�YRKHVfSfc9TdVI�ÇY��NSÓbNSUQ�TUQ�KHV>c9b=n
bNSUYHc9h£v Q���vNM��NMPVfTtc K-�Ne0�EQ�S-Y9[a_RQ�KNQ�Sfc9j^M�7�c�VfM^YRKNT�c9KNk2kNM*)0Q�SUQ�KNh�Q�T-Vfv�c�V 
�M^j^j��EQ kNQ�V£c9M^j^Q�k �EQ�j^Y/
�l
��vNQte-YRTdV�T����NTdV£c9KHVfM°c9jÆkNQ�O=M°c�VfM^YRK [DSUYRe$Q�c9SUj^M^Q�SzTdV��NkNM^Q�T�h�YRKNTUM^TdVfT�M^K VfSUQ�c�VfM^KN_ZSUQ�bNSUQ�TUQ�KHV£c�VfMPORQtYRS¹n
_Hc9KNM^TUe-TÆTUM^e-M^j°c9S�VfY�Q�h�YRKNYRe-M^h!h�YRKNT��Ne-Q�SUT�l ?�vNM^j^Q�iac9KNKNYRK |¹��{Hp9rH} ���*TUh£vNM^SUv�c9SdVa|�~9qRqRq���~9qRqH~R}*c9KNk

	M^KNKNY.)�c9KNk3�*TUh£vNM^SUv�c9SdV�|�~9qRqRmH}*e-Y=kNQ�j�YRSU_Hc9KNM^TUe-TÇc9TÇQ�h�YRKNYRe-M^h�|DbNSUY=k��Nh�VfM^YRK4}���SUe-T,�<1*Q�VfvNM^_�c9KNk
�*TUh£vNM^SUv�c9SdVZ|�~9qRq��I}�c9bNbNjPWØVfvNQ-Q�h�YRKNYRe-M^hth�YRKNh�Q�b�VÓY9[�h�YRKN_RQ�TdVfM^YRK@� 
�Q�j^j ��KNY/
�KÙ[DSUYRe VfvNQ-b����Nj^M^h
_RY=Y=kNT]j^MPVfQ�Sfc�V��NSUQ9l ��vNM^T]h�YRKNh�Q�b�V�M^T 
�Q�j^j�T��NMPVfQ�kt[DYRS]SUQ�TUY��NSUh�QLh�YRe-bEQ�VfMPVfM^YRK0����V�c9bNbEQ�c9SUTÇVfY��EQ�j^Q�TUT
c9bNbNSUYRbNSUM°c�VfQz[DYRS�Q���bNj°c9M^KNM^KN_ÓbNSUQ�k�c�VfYRS¹nXbNSUQ�WZSUQ�j°c�VfM^YRKNT�l

��vNQabNSUQ�TUQ�KHV�b�c9bEQ�S�M^TÇYRSU_Hc9KNM�7�Q�k%c9T�[DYRj^j^Y/
�T�l]\=Q�h�VfM^YRKZ~�bNSUQ�TUQ�KHVfT�VfvNQaTUvNYRSdVdnXS��NK>Q�h�YRTdW=TdVfQ�e
e-Y=kNQ�j��4kNQ�SUMPORQ�TzVfvNQ�TUvNYRSdVdnXS��NKØQ�h�YRTdW=TdVfQ�e Q,+-�NM^j^M��NSUM��Ne c9KNkØbNSUY�ORQ�T�MPVfTaQ���M^TdVfQ�KNh�Q�Vfv-�NT�c9TUT��NSUM^KN_
� ß4´³¸�·IµI©d¨�«�µ�ªL§N©¹¬�·I´ È�D^â�ã�ã�O,KE«�²³¶8­�ª�©d¨�´ Ã�©Æª�´ ÛR©d¨�©dµ�¬�´³«�²R¯9­�¯IºI²³«£¬�´ ­�µa©UÑ�º�«£¬�´ ­�µ�¶0¾Iº�¬Ä¬�·I©d´ ¨�¾�«�¶8´³¸*ºIµI´ ¬�­�»N«�µ�«�² ±�¶8´³¶
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Vfv�c�VaY��NS�SUQ�T��NjPVfTzc9SUQ�KNY9VLO9c9h,�NY��NT�l � VLVfvNQ�Q�KNk Y9[]TUQ�h�VfM^YRKØ~0
�Q�bEQ�Sd[DYRSUe c-h�YRe-b�c9Sfc�VfMPORQ�TdV£c�VfM^h
c9K�c9jPW=TUM^T!VfY-c9KNT2
�Q�S�VfvNQ�+-�NQ�TdVfM^YRK c9T!VfYtvNY/
AVfvNQ�Q�h�YRTdW=TdVfQ�e Q,+-�NM^j^M��NSUM°cÓc9SUQ�c )0Q�h�VfQ�k4�HWZh£v�c9KN_RQ�T
M^KtSUQ�TUY��NSUh�QLQ�KNkNY/
�e-Q�KHVfT�c9KNk-bEYRb��Nj°c�VfM^YRKNT�l �XK-TUQ�h�VfM^YRK>m!
�Q�V��NSUKtVfY�VfvNQ�_RSUY/
�Vfv-Y9[0bEYRb��Nj°c�VfM^YRKNT
c9KNk2kNQ�SUMPORQZVfvNQ�kNM*)0Q�SUQ�KHVfM°c9j!Q,+-��c�VfM^YRKNT 
�vNM^h£v2h£v�c9Sfc9h�VfQ�SUM�7�QZVfvNQ�bNSUQ�k�c�VfYRS¹nXbNSUQ�W k�W=K�c9e-M^h�T�l �XK
TUQ�h�VfM^YRKZy&
�Q�b�c9Sfc9e-Q�VfSUM�7�QLVfvNQze-Y=kNQ�j��HW���Y����=n¹`aY��N_Rj°c9T�[F�NKNh�VfM^YRKNT�c9KNkZbNSUY�O=M^kNQaVfvNSUQ�QzkNM*)0Q�SUQ�KHV
K-�Ne-Q�SUM^h�c9j*TUbEQ�h�M*��h�c�VfM^YRKNTLW=M^Q�j^kNM^KN_-e-YRSUQ�h�YRKNh�SUQ�VfQÓM^K�[DYRSUe>c�VfM^YRK c.�EY���VaVfvNQ�kNQ�ORQ�j^YRbNe-Q�KHV�Y9[]VfvNQ
bNSUQ�k�c�VfYRS¹nXbNSUQ�W TdW=TdVfQ�e M^K VfM^e-Q9l ��vNQ�bEYRb��Nj°c�VfM^YRK k�W=K�c9e-M^h�T �������	�
��� vNQ�SUQZV��NSUKÜY���V�VfY kNM*)0Q�S
TUM^_RKNM*��h�c9KHVfjPW-[DSUYRe VfvNYRTUQ
��������� ��� M^KZVfvNQ�TdV£c9KNk�c9SUk;
�Y9V���cIn��ÇYRjPVfQ�SUSfcÓe-Y=kNQ�j�l
� ��� � ������(Ä %(Ä����& ��� � � � ( � ���*� ���!�Æ&

����� ���! #"#$&%('*)+',"#'�-&.0/1%('�%(2#$3)+"54#.6�!'
��YRKNTUM^kNQ�S�c9KÙQ�h�YRTdW=TdVfQ�e Y9[A����Q�k TUM�7�Q |DYRS�TUb�c9h�Q�}�M^K 
�vNM^h£v87 TUbEQ�h�M^Q�T�[DYRSUe c YRKNQ�nXkNM^SUQ�h�VfM^YRK�c9j
KNYRK=nXh�M^SUh,�Nj°c9S�[DY=Y=k h£v�c9M^KÄwL\=bEQ�h�M^Q�T97 [DQ�Q�kNTzYRK TUbEQ�h�M^Q�T97;:=<��0TUbEQ�h�M^Q�T&7>:=<�[DQ�Q�kNTzYRK TUbEQ�h�M^Q�T7?:A@<�CBDBDB �ÆTUbEQ�h�M^Q�T-~�[DQ�Q�kNTÓYRK TUbEQ�h�M^Q�T%���]c9KNk TUbEQ�h�M^Q�T%�>[DQ�Q�kNTÓYRKÜc SUQ�TUY��NSUh�Q%SUQ�[DQ�SUSUQ�k VfYØc9T
� TUbEQ�h�M^Q�T!q � M^K-VfvNQ�[DYRSUe>c9j�e-Y=kNQ�j�l�"!c9TUM^h:�NKNMPVfT�Y9[�c9K�c9jPW=TUM^T�c9SUQ�VfvNQLM^KNkNMPO=M^k���c9j�YRSU_Hc9KNM^TUe-TÇY9[ÄQ�c9h£v
TUbEQ�h�M^Q�T�l �*Y�TUM^e-bNj^MP[ÂW���c9j^jEYRSU_Hc9KNM^TUe-T�Y9[*YRKNQ�c9KNk%VfvNQzTfc9e-QaTUbEQ�h�M^Q�T�c9SUQ�c9TUT��Ne-Q�k�c9j^M��9Q9l]iLQ�KNh�Q�MPV
T�� �-h�Q�T�VfYÓ[DY=h,�NT�YRK�cÓSUQ�bNSUQ�TUQ�KHV£c�VfMPORQ�M^KNkNMPO=M^k���c9jEY9[*Q�c9h£v�TUbEQ�h�M^Q�TFE��*EHG�<JIDBDBDBKI�7 
�vNM^h£v�
�Q�h�c9j^j
YRSU_Hc9KNM^TUeLE��N[DYRS�TUvNYRSdV�l

�XK%VfvNQzTUvNYRSdVdnXS��NK%bEQ�SUM^Y=k-VfvNQzbEYRb��Nj°c�VfM^YRKNMPO�Y9[�Q�c9h£v�TUbEQ�h�M^Q�TCE	M^T!c9TUT��Ne-Q�k%VfY0�EQah�YRKNTdV£c9KHV�l
`aQ�KNY9VfQ:�HWRQSOUTSV]YRSU_Hc9KNM^TUeWE � T�M^KHV£c.�9Q�Y9[@�NM^YRe>c9TUTÇY9[ÄTUbEQ�h�M^Q�TXE�:Y<Ó|DkNQ�e>c9KNk4}]c9KNk6�HWRZ[OEYRSU_Hc9KNM^TUeE � T-j^YRTUT |DYRStTfc9h�SUM*��h�Q�}ÓY9[zY/
�K �NM^YRe>c9TUT�\-VfY MPVfTtbNSUQ�k�c�VfYRSUT |DT��NbNbNjPWN}Ók��NSUM^KN_ØVfvNQ bEQ�SUM^Y=k �NKNkNQ�S
h�YRKNTUM^kNQ�Sfc�VfM^YRKÄl ��[4YRSU_Hc9KNM^TUe]EHG�<JIDBDBDBKI�7 h�c9SUSUM^Q�T	Y���V*VfvNQ�VfSfc9KNTfc9h�VfM^YRK_^	QSOUTSV�I�Z[Oa` �9MPVfT*KNQ�V��NM^YRe>c9TUT
c9h,+-�NM^SUQ�k M^T

b O6Gdc Ofe QSOUTSVg I�Z[OTHh I |¹�I}


�vNQ�SUQZVfvNQ%[F�NKNh�VfM^YRK�c O M^T�c h�YRKNh�c�ORQ�e>c9bNbNM^KN_ [DSUYReji g]k=l m IonZ[OUp!M^KHVfYqiLl \=M^KNh�Q%YRSU_Hc9KNM^TUerE
VfSfc9KNTd[DYRSUe-TLVfvNQ�bNSUQ�W#�NM^YRe>c9TUTsQSOUTSVaM^KHVfY%Y/
�K$�NM^YRe>c9TUT,��
�Q�v�c�ORQNc Ot
u m l'� YRSUQ�Y�ORQ�S,�vc Ot�t
w m
SUQ�x�Q�h�VfT�kNQ�h�SUQ�c9TUM^KN_�e>c9SU_RM^K�c9j=SUQ�V��NSUKNT�lXyzKtVfvNQLY9VfvNQ�SÇv�c9KNk@��c Oz w m �EQ�h�c.�NTUQLY/
�K6�NM^YRe>c9TUT ���NM^jPV
�Nb(�HW�[DYRSfc9_RM^KN_aM^TÆh�YRKNh�Q�kNQ�ktVfY�bNSUQ�k�c�VfYRSUT�l5c Oz�z{w m M^TÆbNj°c.�NTUM��Nj^Q.�.�EQ�h�c.�NTUQ�_RSUY/
�M^KN_�j^YRTUTUQ�T]Y9[EY/
�K
�NM^YRe>c9TUT�v�c�ORQ�c9K�M^KNh�SUQ�c9TUM^KN_RjPWzTUQ�SUM^Y��NT�KNQ�_Hc�VfMPORQÇM^e-b�c9h�V�YRK�VfvNQÇYRSU_Hc9KNM^TUe � T�Sfc�VfQÇY9[NSUQ�bNSUY=k��Nh�VfM^YRKÄl
��vNQ:�NbNbEQ�S �EY��NKNk8nZ[OEYRKtVfvNQ�kNYRe>c9M^K�Y9[6c O M^T]M^KHVfSUY=k��Nh�Q�k3�EQ�h�c.�NTUQ�VfvNQ�SUQ�bNSUQ�TUQ�KHV£c�VfMPORQaYRSU_Hc9KNM^TUe
h�c9KNKNY9V%T��NTdV£c9M^K VfvNQ j^YRTUT-Y9[�Y/
�K �NM^YRe>c9TUT3�EQ�WRYRKNk TUYRe-Q VfvNSUQ�TUvNYRj^k@��Tfc�WWnZ[O�l � YRSUQ [DYRSUe>c9j^jPW��| çI­�¨0}S~���Ê��
�����	´³¶Ä­�¨�È�«�µI´³¶8½ E�Î ¶Ä´ µ�¬�«�Ï�©	­�»�¬�·I©]¨�©U¶8­�ºI¨�¸¹©�À

m



c O M^Tzc9TUT��Ne-Q�kØVfYZTfc�VfM^Td[ÂWqc O ^ m I�Z[O	`sG+c O ^	QSOUTSV�IJnZ[O	`sGL: < 
�vNM^h£vØM^e-bNj^M^Q�T,���HWØc9TUT��Ne-b�VfM^YRK@�0VfvNQ
Q��=VfM^KNh�VfM^YRK�Y9[	TUbEQ�h�M^Q�TsEUl#c O M^TLc�bNvHW=TUM^YRj^YR_RM^h�c9jE[F�NKNh�VfM^YRK@�NTUM^e-M^j°c9SÇVfYtVfv�c�V�Q�e-bNj^Y�WRQ�k;�HW�iac9KNKNYRK
|¹��{Hp9rH} ����SUY=h	�9Q�S�c9KNk��*TUh£vNM^SUv�c9SdV�|¹��{R{H~R}Çc9KNk��*TUh£vNM^SUv�c9SdV�|�~9qRqRqH}�l ��V�c9h�h�Y��NKHVfT�[DYRS�e>c9M^KHVfQ�K�c9KNh�Q.�
SUQ�TUbNM^Sfc�VfM^YRKÓc9KNk�e-Q�V£c.�EYRj^M^TUe 
�vNM^h£v�kNQ�bEQ�KNkNT]b�c9SdVfjPW�YRK�VfSfc9KNTfc9h�VfM^YRKNTÆc9KNk�M^T*b�c9SdVfjPW�M^KNkNQ�bEQ�KNkNQ�KHV
Y9[*VfSfc9KNTfc9h�VfM^YRKNT�l


�SUYRe c9K Q�h�YRKNYRe-M^TdV � T�bEQ�SUTUbEQ�h�VfMPORQ.�fc O M^T�cZbNSUY=k��Nh�VfM^YRKØ[F�NKNh�VfM^YRK TUM^KNh�Q |Â[DYRS{Z[OXG m }LVfvNQ
M^KNb���V � �NM^YRe>c9TUTÓY9[&EX:�< � M^TÓVfSfc9KNTd[DYRSUe-Q�kÜM^KHVfY VfvNQ�Y���Vfb���V � �NM^YRe>c9TUTÓY9[&E � l "A��V-Sfc�VfvNQ�SÓVfv�c9K
e>c.��M^KN_>VfvNQ�Q�KHVfM^SUQ�Y���Vfb���V�c�O9c9M^j°c.�Nj^Q�VfYZY9VfvNQ�S�c9_RQ�KHVfT,�*c9TzQ�h�YRKNYRe-M^h&��SUe-T�kNY��ÄYRKNjPW b�c9SdV�Y9[�MPVI�
K�c9e-Q�jPW Z[O���M^TtY.)0Q�SUQ�kÜ[DYRS�Vfv�c�Vtb��NSUbEYRTUQ9l ��vNQ SUQ�TdVI�Cc O ^	QSOUTSV�I�Z[Oa` ��M^T�VfSfc9KNTd[DQ�SUSUQ�kÜVfY VfvNQ�KNQ��=V
bEQ�SUM^Y=k |ÂVfY3�EQ�TUbEQ�h�M*��Q�k [F�NSdVfvNQ�S%�EQ�j^Y/
a}�l

� KNY9VfvNQ�SÓTdVfSUM���M^KN_ TUM^e-M^j°c9SUMPVXW#�EQ�V 
�Q�Q�KÜQ�h�YRTdW=TdVfQ�e-T-c9KNk Q�h�YRKNYRe-M^Q�T�M^T�VfvNQ%Q���M^TdVfQ�KNh�Q�c9KNk
VfvNQLSUYRj^Q�Y9[Äh�YRe-e-Y=kNMPVfM^Q�T]c9KNk-VfSfc9KNTfc9h�VfM^YRKNT�l �XK>Q�h�YRTdW=TdVfQ�e-T�VfvNQ:�NM^YRe>c9TUTÇY9[ÄQ�c9h£v>TUbEQ�h�M^Q�T�h�c9K6�EQ
O=M^Q�
�Q�k-c9T]czh�YRe-e-Y=kNMPVXW�c9KNktTUY�h�c9K�SUQ�TUY��NSUh�Q�Ta|DK-��VfSUM^Q�KHVfT,�HT��NKNj^M^_RvHVI�.
!c�VfQ�SÆQ�Vfh9l³}�l���vNQ�j°c�VUVfQ�SÆc9SUQ
�NTUQ�k c9TabNSUM^e>c9SdW�M^KNb���VfT�c9KNk VfvNQ�[DYRSUe-Q�Sac9TzM^KHVfQ�SUe-Q�kNM°c�VfQ�bNSUY=k��Nh�VfT�l!�*Sfc9KNTfc9h�VfM^YRKNTLV£c.�9Q�bNj°c9h�Q
O=M°c bNSUQ�k�c�VfYRS¹nXbNSUQ�W M^KHVfQ�Sfc9h�VfM^YRKNT3
�vNM^h£v YRKNQ e-M^_RvHV>c9j^TUY kNQ�TUh�SUM��EQ c9T>VfSfc9kNQ9l � T%M^K Q�h�YRKNYRe-M^h
e-Y=kNQ�j^T,�	VfSfc9kNQ�SUT�h�c9K �EQ%M^kNQ�KHVfM*��Q�kÄw-VfvNQ�SUQZc9SUQ>VfvNYRTUQ�
�vNY kNQ�e>c9KNk �NM^YRe>c9TUT�Y9[�Y9VfvNQ�SÓTUbEQ�h�M^Q�T
|DbNSUQ�k�c�VfYRSUT£}!c9KNkZVfvNYRTUQ�
�vNYtT��NbNbNjPW%Y/
�K��NM^YRe>c9TUT�|DbNSUQ�W=T£}�l � j^j0YRSU_Hc9KNM^TUe-T�|DY9VfvNQ�S!Vfv�c9KZVfvNQzVfYRb
bNSUQ�k�c�VfYRS � TUQ�Q:�EQ�j^Y/
a}*VfSfc9kNQ�Y/
�K6�NM^YRe>c9TUT	[DYRS]bNSUQ�W �NM^YRe>c9TUT�l ��vNQ�VfY9V£c9jNT��NbNbNjPW�Y9[0TUYRe-Q�TUbEQ�h�M^Q�T �
|DbNSUQ�WN}0�NM^YRe>c9TUTÓe0�NTdVtQ,+-��c9j!VfvNQ%VfY9V£c9j!kNQ�e>c9KNk [DYRS�Vfv�c�V(�NM^YRe>c9TUTÓYRK VfvNQZb�c9SdVtY9[abNSUQ�k�c�VfYRSUT�l
\=M^KNh�Q-e-YRTdV�Q�h�YRTdW=TdVfQ�e h�YRe-e-Y=kNMPVfM^Q�T�c9SUQ-M^K TUvNYRSdV�T��NbNbNjPW��ÆkNQ�e>c9KNkNQ�SUT�h�YRe-bEQ�VfQt[DYRS�VfvNQ�M^S��NTUQ
M^e-bNjPW=M^KN_�Vfv�c�V�TUv�c9kNY/
 bNSUM^h�Q�T�c9SUQ�c�VUV£c9h£vNQ�k�VfY-c9j^jÄY9[*VfvNQ�TUQ�h�YRe-e-Y=kNMPVfM^Q�T�ly��NS�c9bNbNSUYHc9h£v M^T�Q�ORQ�K e-YRSUQtQ���bNj^M^h�MPV�c.�EY���V�VfvNYRTUQ>bNSUM^h�Q�T�l�?ÙQ>c9TUT��Ne-Q-Vfv�c�V�Q�h�YRTdW=TdVfQ�e
VfSfc9KNTfc9h�VfM^YRKNT>c9SUQ _��NM^kNQ�k c9KNk �NjPVfM^e>c�VfQ�jPWÙh�Y=YRSUkNM^K�c�VfQ�k �HW2bNSUM^h�Q�T>M^K2e0�Nh£v VfvNQ Tfc9e-Q�
!c�W c9T
VfSfc9KNTfc9h�VfM^YRKNT-c9SUQ _��NM^kNQ�k �HWÜbNSUM^h�Q�T-M^K2bEQ�Sd[DQ�h�VfjPW h�YRe-bEQ�VfMPVfMPORQ�Q�h�YRKNYRe-M^Q�T�l `aQ�KNY9VfQ4�HW��!OLVfvNQ
bNSUM^h�Q�Y9[ÇVfvNQ(�NM^YRe>c9TUTzY9[�TUbEQ�h�M^Q�T EFG m ID<JIDBDBDB�I�7ØlRyzSU_Hc9KNM^TUe?E � TzVfSfc9KNTfc9h�VfM^YRKNT�c9SUQ�h�YRKNTdVfSfc9M^KNQ�k
�HW%VfvNQ�M^KNQ,+-��c9j^MPVXW

�!O Z[O����!OUTSV(QSOUTSV EHG <JIDBDBDBKI�7�B |�~R}y��HO=M^Y��NTUjPW��4|�~R}�M^T	M^TUYRe-YRSUbNvNM^hÇVfY�czTdV£c9KNk�c9SUk�vNY��NTUQ�vNYRj^k0���NkN_RQ�V]h�YRKNTdVfSfc9M^KHV]M^KÓQ�h�YRKNYRe-M^h�e-Y=kNQ�j^T�l
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� T�VfvNQ�bNSUY=Y9[�Y9[�bNSUYRbEYRTUMPVfM^YRKØmZM^K VfvNQ � bNbEQ�KNkNM¼�ØTUvNY/
�T�VfvNQtb�c9Sfc9e-Q�VfQ�SUT ��O�c9SUQtQ�KNkNYR_RQ�KNY��NTUjPW
h£vNYRTUQ�K�M^K%T��Nh£v c'
!c�W>Vfv�c�V!M^K6��_��NSUQ�~�VfvNQzbEYRM^KHVfT ) c9KNk_c h�YRM^KNh�M^kNQzc9KNk>VfvNQzj^M^KNQaTUQ�_Re-Q�KHV m ,
�EQ�h�YRe-Q�T�Q,+-��c9jÇVfY m�� lZ`aSfcI
�M^KN_ c9K c9bNbNSUYRbNSUM°c�VfQ�jPWØe-Y=kNM*��Q�k kNM°c9_RSfc9e;��YRKNQ-h�c9KÙQ�c9TUM^jPWØh£vNQ�h	�
Vfv�c�V(�NKNkNQ�S�VfvNQ�TUQ�h�YRKNkNMPVfM^YRKNT�|8c9KNk 
�MPVfv � TUT��Ne-b�VfM^YRK��I}�VfvNQZQ���M^TdVfQ�KNh�Q Y9[zc9KÜQ,+-�NM^j^M��NSUM��Ne M^T
TUQ�h,�NSUQ�kÄl ��V]V��NSUKNT]Y���V]Vfv�c�V]kNQ�bEQ�KNkNM^KN_�YRKÓVfvNQ�c.���NKNk�c9KNh�Q�YRSÆTUh�c9SUh�MPVXWÓY9[4VfvNQ�SUQ�TUY��NSUh�Q�VfvNQ�Q�KHVfM^SUQ
Q�h�YRTdW=TdVfQ�e M^T�Q�MPVfvNQ�S�c.���NKNk�c9KHV�|DbNSUYRbEYRTUMPVfM^YRK-m�M^M^MÂ}*YRS�TUh�c9SUh�Q�|DbNSUYRbEYRTUMPVfM^YRK-m�MPON}�l]\=h�c9SUh�MPVXW-Y9[0VfvNQ
SUQ�TUY��NSUh�Q�c9KNk%VfvNQ�TUbEQ�h�M^Q�T�M^T!SUQ�x�Q�h�VfQ�k M^KZc9j^j0SUQ�j°c�VfMPORQaQ,+-�NM^j^M��NSUM��Ne bNSUM^h�Q�T%�EQ�M^KN_ÓTdVfSUM^h�VfjPW>bEYRTUMPVfMPORQ
|DbNSUYRbEYRTUMPVfM^YRK m%MPON}�l{yzK VfvNQÓY9VfvNQ�Sav�c9KNk@��c.���NKNk�c9KNh�QÓh�c9K$�EQ�c9TUTUY=h�M°c�VfQ�k4
�MPVfvØc9j^j�bNSUM^h�Q�T��EQ�M^KN_
7�Q�SUY |DbNSUYRbEYRTUMPVfM^YRK�mtM^M^MÂ}�l ��VLM^T�M^e-bEYRSdV£c9KHV!VfYtKNY9VfQ.�4vNY/
�Q�ORQ�S,�4Vfv�c�Vac9S��NMPVfSfc9SdW%bNSUM^h�Q�T-�SO750p m I ��O g V p
[DYRSFE#G m ID<JIDBDBDB�I�7L:=<Óc9SUQ�c9j^TUY-h�YRe-b�c�VfM��Nj^Q�
�MPVfv c9K Q,+-�NM^j^M��NSUM��Ne Y9[Çc9K c.���NKNk�c9KHVzQ�h�YRTdW=TdVfQ�e l
\=Ytj^YRKN_-c9T�VfvNQ�SUQ�TUY��NSUh�Q�M^T�c.���NKNk�c9KHVI�4bNSUM^h�Q�T�kNY-KNY9V�_��NM^kNQzVfvNQ�Q�h�YRTdW=TdVfQ�e$c9j^j^Y=h�c�VfM^YRKÄl
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	�'��*. ) .��
�&%��(%��&�!%("
�XK VfvNM^T�T����NTUQ�h�VfM^YRK;
�Q�Q���bNj^YRSUQ�vNY/
 Q�h�YRTdW=TdVfQ�e$Q,+-�NM^j^M��NSUM°cÓc9SUQ�c )0Q�h�VfQ�k4�HW�h£v�c9KN_RQ�TaM^K Q�KHO=M^SUYRK=n
e-Q�KHV£c9j0b�c9Sfc9e-Q�VfQ�SUT�l �*Y �EQ�h�YRKNh�SUQ�VfQ.��
�Q�SUQ�TdVfSUM^h�V�Y��NS�c�VUVfQ�KHVfM^YRK>VfYtc9KZQ�h�YRTdW=TdVfQ�e M^K6
�vNM^h£vZVfvNQ
SUQ�TUY��NSUh�Q�M^T�TUh�c9SUh�Q.�Ec9KNk�
�Q�T��NbNbEYRTUQ�Vfv�c�V � TUT��Ne-b�VfM^YRK ����M�l Q9l

QSOUTSV#G �� OUTSVFe �SOUTSVT h c9KNk Z[O1G �� Ofe �SOUTSVT � 9 h EHG�<JIDBDBDB�I�7�I |8rH}

M^T�Tfc�VfM^T2��Q�kÄl

��V�M^T!Q�c9TdW>VfY�TUQ�QzVfv�c�V!VfvNQzTdW=TdVfQ�e Y9[*Q,+-��c�VfM^YRKNT�|�o9cH}�c9KNkÙ|�o �4}Çh�c9K��EQzTUYRjPORQ�k�����VUVfYRe �NbÄwnZ�9 G+Q��9 kNQ�VfQ�SUe-M^KNQ�T����9 c9KNk Z
�V �0Z
�V G+Q�� V M^e-bNj^M^Q�T ���V c9KNk _RMPORQ�T��NT Z
�; ��c9KNk ��K�c9j^jPW Z
�; G+Q��; M^T
c�VUV£c9M^KNQ�kÙ[DYRS ��; G ���; l$��vNQZY��NTUQ�SdO9c�VfM^YRKÙVfv�c�V�VfvNQZQ,+-�NM^j^M��NSUM��Ne h�c9K �EQ%kNQ�VfQ�SUe-M^KNQ�k TdVfQ�b 
�M^TUQ
[DSUYRe TUbEQ�h�M^Q�T m VfY�TUbEQ�h�M^Q�T 7 M^TÇh�j^Q�c9SUjPW�k��NQ�VfY�Y��NS�e-Y=kNQ�j^M^KN_aVfvNQLQ�h�YRTdW=TdVfQ�e c9T�c��NKNM^kNM^SUQ�h�VfM^YRK�c9j
[DY=Y=k h£v�c9M^K 
�vNYRTUQØbNSUM^KNh�M^b�c9jac�VUVfSUM�����VfQ M^T%kNQ�bEQ�KNkNQ�KNh�Q Sfc�VfvNQ�S>Vfv�c9K M^KHVfQ�SUkNQ�bEQ�KNkNQ�KNh�Q9l � T�c
h�YRKNTUQ,+-�NQ�KNh�Q.�HTUvNY=h	��T�|DM�l Q9l*b�c9Sfc9e-Q�VfQ�S�h£v�c9KN_RQ�T£}�M^K�VfvNM^T*Q�h�YRTdW=TdVfQ�eÒM^KNk��Nh�Q�SUQ�bEQ�SUh,�NTUTUM^YRKNT �EY9VUVfYRe
�Nb3����V�KNY9V]VfYRbtkNY/
�KÄl �*Y�e>c.�9Q�VfvNM^TÆ[DQ�c�V��NSUQ�e-YRSUQ�bNSUQ�h�M^TUQLc9KNk�VfY�TUvNY/
��=c�V]VfvNQ�Tfc9e-Q�VfM^e-Q.�9VfvNQ
SUM^h£vNKNQ�TUT�M^KØM^e-bNj^M^h�c�VfM^YRKNTLY9[�Y��NS�e-Y=kNQ�j	Y9[�TUvNYRSdVdnXS��NK Q�h�YRTdW=TdVfQ�e Q,+-�NM^j^M��NSUM��Ne 
�Q-KNY/
 bNSUY=h�Q�Q�k

�MPVfv cZh�YRe-b�c9Sfc�VfMPORQ�TdV£c�VfM^htc9K�c9jPW=TUM^T�l0?�MPVfvNY���V�j^YRTUT�Y9[�_RQ�KNQ�Sfc9j^MPVXW4
�QtTUM^e-bNj^MP[ÂW�VfvNQtQ���bEYRTUMPVfM^YRK
�HWZTUQ�VUVfM^KN_ � � 7>G �tc9KNk vNQ�KNh�Q�
�Q�TdV£c9SdVLY���V%
�MPVfv c9K�M^KNMPVfM°c9jETUvNYRSdVdnXS��NK Q�h�YRTdW=TdVfQ�e Q,+-�NM^j^M��NSUM��Ne
� � ÁÂµ�ºIµI´³ª�´ ¨�©U¸X¬�´ ­�µ�«�²=»¼­�­�ª�¸�·�«�´ µ�¶�¬�·I¨�©d©Ç¬D±�¯9©U¶*­�»0¶8¯9©U¸¹´ ©U¶*µI©d©Uªz¬�­L¾9©!ª�´³¶D¬�´ µIÈ�ºI´³¶8·I©UªHà�¬�·I©�¶8¯9©U¸¹´ ©U¶QY'D¼¾Iº�¬8¬�­�½5KXÊ

¬�·I©�¶8¯9©U¸¹´ ©U¶ C Dè¬�­�¯.K	«�µ�ª�«�² ²N­�¬�·I©d¨Ç¶8¯9©U¸¹´ ©U¶	´ µ�¾9©¹¬D¿0©d©dµ�À N ² ²4¶8¯9©U¸¹´ ©U¶f}�¾9©¹¬D¿0©d©dµÓ«�¨�©!¸¹² ©U«�¨�² ±�«�² ´ Ï�©�´ µ�¬�·I©�¶8©dµ�¶8©
¬�·�«£¬0¬�·I©d±�¯I¨�©d±�­�µa¶8¯9©U¸¹´ ©U¶P} j �Æ«�µ�ª�«�¨�©*¯I¨�©d±�©Uª�ºI¯9­�µL¾�±�¶8¯9©U¸¹´ ©U¶1}GRN��ÀNÁÂµa¸d«�¶8©*­�» C ~���¶8¯9©U¸¹´ ©U¶�âÇ´³¶E¬�·I©	­�µI² ±
µI­�µ�®°¾9­�ºIµ�ªI«�¨�±!¶8¯9©U¸¹´ ©U¶0¾Iº�¬Ä´ ¬Ä´³¶Ä¸¹² ©U«�¨�² ±�¨�©d¯I¨�©U¶8©dµ�¬�«£¬�´ Ã�©�»¼­�¨Ä«�² ²R´ µ�¬�©d¨�½!©Uª�´³«£¬�©	¶8¯9©U¸¹´ ©U¶E´ µ�»¼­�­�ªL¸�·�«�´ µ�¶E² ­�µIÈ�©d¨4¬�·�«�µ
C ~��IÀ

��m



Vfv�c�V�M^T![F�Nj^jPW%h£v�c9Sfc9h�VfQ�SUM�7�Q�k;�HW%VfvNQ�Q,+-��c�VfM^YRKNT

nZ�9CG=M V(Q�9�I M V(Z�V#G=M ;�Q6V�I M ;�Z�; GAM���Q�;DIQSOUTSVXG �� OUTSV ^.�SOUTSV ` c9KNk Z[O6G �� O ^.�SOUTSV�` EHG <JI�@�I �*B |�pR}

?ÙQ-KNY/
 M^KHVfSUY=k��Nh�Q-b�c9Sfc9e-Q�VfSUM^hth£v�c9KN_RQ�TZ|DTUvNY=h	��T£} �ÆYRKNQ>c�VÓc�VfM^e-Q.��M^K VfvNQ-b�c9Sfc9e-Q�VfQ�SUT nZ�9I�HM V �M ;�c9KNkYM���c9KNk kNQ�VfQ�SUe-M^KNQÓVfvNQ�h£v�c9KN_RQ�T�M^KNk��Nh�Q�k M^KØVfvNQ�Q�KNkNYR_RQ�KNY��NT�O9c9SUM°c.�Nj^Q�T ��9/� �6V�� ��;/�6Q�9/�Q6V��1Q�;/�6Z�V �1Z�;I�6Z��I� b V�� b ;�c9KNk b ��l � TzTUvNY/
�K M^K VfvNQ�c9bNbEQ�KNkNM¼� �0VfY9V£c9j	kNM*)0Q�SUQ�KHVfM°c�VfM^YRK Y9[]VfvNQ�TUQ�V
Y9[*Q,+-��c�VfM^YRKNT�|�pR}]W=M^Q�j^kNT�VfvNQzSUQ�T��NjPVfT�T��Ne-e>c9SUM�7�Q�k>M^K%V£c.�Nj^Q � 
�vNQ�SUQ 
�v�c�VfT 
zc.�EY�ORQ�j^Q�VUVfQ�SUT!kNQ�KNY9VfQ
SUQ�j°c�VfMPORQ�h£v�c9KN_RQ�TÓ|DQ9l _Nl �Q G��JQ ��Q0}�l ��vNQ�TUM^_RKNT�M^K��NSfc9h	�9Q�VfTaM^KNkNM^h�c�VfQaVfvNQ�TUbEQ�h�M°c9j�h�c9TUQ �� O
 G m l

���9 ��6V ���; �Q�9 �Z�V �Q6V �Z�; �Q�; �Z�� �b V �b ; �b �
�nZ�9 u m : : : � � � � � � ���v^�� ` ���v^ m ` ��� ^ m `�M V u m � ���v^(:9`����v^ m ` : : ���v^�� `	���v^ m ` ��� ^ m ` ���v^ m ` ���v^(:9`
��� ^�� ` ��� ^ m `�M ; u m q � ���v^ m ` q q : : ���v^�� `	���v^ m ` m ��� ^(:9`
���v^�� `
�M�� u m q q � q q q q : : q q ���v^(:9`

�	c.�Nj^Q �£w���YRe-b�c9Sfc�VfMPORQ�TdV£c�VfM^h�T�Y9[*VfvNQ�TUvNYRSdVdnXS��NK Q�h�YRTdW=TdVfQ�e Q,+-�NM^j^M��NSUM��Ne


�Q�c�O=M^KN_ Y���VÓTUYRe-Q-kNQ�V£c9M^j^T�c9KNk TUbEQ�h�M°c9j][DQ�c�V��NSUQ�T�Y9[!V£c.�Nj^Q �aVfvNQ>bNSUM^KNh�M^b�c9j]SUQ�T��NjPVfT�Y9[!VfvNQ
Q���Q�SUh�M^TUQ�M^K�h�YRe-b�c9Sfc�VfMPORQzTdV£c�VfM^h�TLc9SUQ9w

|DMÂ} ��[!VfvNQ>SUQ�TUY��NSUh�Q>Q�KNkNY/
�e-Q�KHV�Y9[�VfvNQ>Q�h�YRTdW=TdVfQ�e |8c9j^M°c9TzVfvNQ � T��NbNbNjPW Y9[��NM^YRe>c9TUT�Y9[!TUbEQ�h�M^Q�T
q � }�M^KNh�SUQ�c9TUQ�T,�ÆVfvNQ�KÜc9j^jÇTUbEQ�h�M^Q�T � VfQ�SUe-T�Y9[�VfSfc9kNQ>M^e-bNSUY�ORQ � 9�c9KNkÜc9j^jÇe>c9S��9Q�V�VfSfc9KNTfc9h�VfM^YRKNT
Q���b�c9KNkÄl

|DM^MÂ}���[*VfvNQ�bEYRb��Nj°c�VfM^YRK%Y9[	TUbEQ�h�M^Q�TsEÇM^KNh�SUQ�c9TUQ�T,�NVfvNQ�K YRSU_Hc9KNM^TUeLE
� [8c9h�Q�T6
�YRSUTUQ VfQ�SUe-T>Y9[zVfSfc9kNQ.�%
�vNM^j^Q�VfvNQ Y9VfvNQ�S>TUbEQ�h�M^Q�T � VfQ�SUe-T>Y9[�VfSfc9kNQ VfQ�KNk VfY �EQ
KNYRK=nXkNQ�VfQ�SUM^YRSfc�VfM^KN_ �

� SUQ�k��Nh�Q�TLMPVfT�e>c9S��9Q�V�VfSfc9KNTfc9h�VfM^YRKNT �

� SUQ�k��Nh�Q�T MPVfTZY.)0TUbNSUM^KN_��:
�vNM^j^Q VfvNQ Y.)0TUbNSUM^KN_ÜY9[�VfvNQ Y9VfvNQ�S�TUbEQ�h�M^Q�T�VfQ�KNk�VfY �EQ KNYRK=n
kNQ�h�SUQ�c9TUM^KN_Nl

|DM^M^MÂ} ��[�[DYRS E G @�I � TUbEQ�h�M^Q�T EzQ���bEQ�SUM^Q�KNh�Q�Ttc h£v�c9KN_RQZM^K MPVfT�bEYRb��Nj°c�VfM^YRK@�*TUbEQ�h�M^Q�T
� w EzM^TÓKNY9V
c�Vac9j^j�c )0Q�h�VfQ�k4�HW�VfvNM^T�h£v�c9KN_RQ9w!MPVfT�VfQ�SUe-TLY9[	VfSfc9kNQ.�4MPVfT�VfSfc9KNTfc9h�VfM^YRKNTLc9KNk MPVfT�KNQ�V �NM^YRe>c9TUT
SUQ�e>c9M^K��NKNh£v�c9KN_RQ�kÄl
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��vNQ!j°c9TdV	Y��NTUQ�SdO9c�VfM^YRK�|DM^M^MÂ}0M^T	M^KHVfSUM^_��NM^KN_��IMP[�KNY9V	h�Y��NKHVfQ�SUM^KHV��NMPVfMPORQ.������VÆYRKNjPW�VfYLVfvNQ!Q��=VfQ�KHVÆVfv�c�V 
�Q
j^Q�V]Y��NSÆM^KHV��NMPVfM^YRK�SUQ�jPW�YRKtb�c9SdVfM°c9j=Q,+-�NM^j^M��NSUM��NeÒc9SU_��Ne-Q�KHVfT�l��*Y�TUQ�Q�Vfv�c�VI�Rh�YRKNTUM^kNQ�SÇc9K�Q,+-�NM^j^M��NSUM��Ne
Y9[*VfvNQ�e>c9S��9Q�V�[DYRS%�NM^YRe>c9TUT!Y9[	TUbEQ�h�M^Q�Tz~Ó_RMPORQ�K;�HW

M�� �� ;9e ��;T I � �g h G=M ; �� ;9e ��;g I �1VT h I |8sH}


�vNQ�SUQ �1V � ��;Æc9KNk�� �Æc9SUQ�c9TUT��Ne-Q�k�VfY �EQÇ_RQ�KNQ�Sfc9j�Q,+-�NM^j^M��NSUM��NeAbNSUM^h�Q�T�lÆ\<�NbNbEYRTUQ�KNY/
��
M��	M^T�TUj^M^_RvHVfjPW
M^KNh�SUQ�c9TUQ�k>VfY M � � u M��A
�vNM^j^Q�Q�ORQ�SdW�VfvNM^KN_ÓQ�j^TUQaM^T=�9Q�b�V!h�YRKNTdV£c9KHV!Q���h�Q�b�V!VfvNQabNSUM^h�Q ��;�l ��j^Q�c9SUjPW��HVfvNQ
KNQ�
 e>c9S��9Q�VLQ,+-�NM^j^M��NSUM��Ne M^T�VfvNQ�K h£v�c9Sfc9h�VfQ�SUM�7�Q�k4�HW c9K M^KNh�SUQ�c9TUQ�M^K ��;zc9KNk c9K M^KNh�SUQ�c9TUQ�M^K;�EY9VfvM ;�Z�;Lc9KNk M � � Q�;LM^e-bNjPW=M^KN_�Vfv�c�V�VfvNQ�bNSUQ�k�c�VfYRS�TUbEQ�h�M^Q�TLm�kNY=Q�T�v�c�ORQ�c9K�M^e-b�c9h�V�YRKZTUbEQ�h�M^Q�Ta~=l "A��V
VfvNM^TLh�YRKNh�j��NTUM^YRK kNQ�bEQ�KNkNTaYRK Y��NSLb�c9SdVfM°c9j�c9K�c9jPW=TUM^TLc9TUT��Ne-b�VfM^YRK Y9[ �9Q�Q�bNM^KN_ �1V�c9KNk � �ah�YRKNTdV£c9KHV�l
��Q�V�Y��NS�_RQ�KNQ�Sfc9j]Q,+-�NM^j^M��NSUM��Ne$c9K�c9jPW=TUM^T�TUvNY/
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�vNM^h£vAj^MPVUVfj^Q4�NM^YRe>c9TUT�Y9[ÓTUbEQ�h�M^Q�T ~ M^TZVfSfc9kNQ�kÄl 
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_RSUY/
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M���^ m B m �J` G������o@��!B <�����VzMPVLSUQ�h�Y�ORQ�SUT�c�[ÂVfQ�S 
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�QZc9SUQ>c.�Nj^Q�VfY h�YRe-bNj^Q�VfQ�jPWØkNQ�SUMPORQ-VfvNQ>bEYRb��Nj°c�VfM^YRK k�W=K�c9e-M^h�T�l
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�Y9V���cIn��ÇYRjPVfQ�SUSfc%e-Y=kNQ�j�����V�kNQ�SUMPORQ�k [DSUYRe e-YRSUQ ��c9TUM^h-c9TUT��Ne-b�VfM^YRKNT

~Ro



M^K VfvNQ>bNSUQ�TUQ�KHVtc9bNbNSUYHc9h£v4}�l �XK Y��NS�e-Y=kNQ�j]VfvNQ>bEYRb��Nj°c�VfM^YRK _RSUY/
�Vfv Y9[�Q�c9h£v TUbEQ�h�M^Q�T�V��NSUKNTÓY���V
VfYtv�c�ORQ�ctbEYRTUMPVfMPORQ�M^e-b�c9h�V�YRKZVfvNQ�bEYRb��Nj°c�VfM^YRK%Y9[	MPVfT�bNSUQ�k�c�VfYRS5����VLKNYtbNSUQ�W�bEYRb��Nj°c�VfM^YRK%M^T�KNQ�_�n
c�VfMPORQ�jPW c )0Q�h�VfQ�k �HWØVfvNQtbEYRb��Nj°c�VfM^YRKØY9[!MPVfT�bNSUQ�k�c�VfYRS�TUbEQ�h�M^Q�T�c9T�M^K VfvNQ3
�Y9V���cIn��ÇYRjPVfQ�SUSfc%e-Y=kNQ�j�l
��vNM^T�bNSUYRbEQ�SdVXWØM^T�KNY9V�cZTUbEQ�h�M°c9jÆ[DQ�c�V��NSUQ�Y9[�VfvNQtb�c9Sfc9e-Q�VfSUM�7�c�VfM^YRK h£vNYRTUQ�K ����V�M^Tz_RQ�KNQ�SUM^h�[DYRS�c9j^j
[DY=Y=k-h£v�c9M^KNT�l�?ÙQah�YRKM8UQ�h�V��NSUQ.�=VfvNY��N_Rv@�=Vfv�c�V�VfvNM^T�bNSUYRbEQ�SdVXW-kNY=Q�TUK � V!h�c9SUSdW-Y�ORQ�S�VfY�e-YRSUQLh�YRe-bNj^Q��
[DY=Y=k�
�Q,�NT�lA"�Q�M^KN_th�YRK�[DSUYRKHVfQ�k�
�MPVfv h�YRe-bEQ�VfM^KN_�M^KNh�YRe-b�c�VfM��Nj^QaQ���bNj°c9K�c�VfYRSdWZc9bNbNSUYHc9h£vNQ�T,��[F��V��NSUQ
Q�e-bNM^SUM^h�c9jESUQ�TUQ�c9SUh£v M^T!KNQ�Q�kNQ�k�VfY�M^KHORQ�TdVfM^_Hc�VfQaVfvNQ�e-Q�SUMPVfT!Y9[�VfvNQ�bNSUQ�TUQ�KHVac9bNbNSUYHc9h£v c9T�h�YRe-b�c9SUQ�k
VfY�VfvNQ:
�Y9V���cIn��ÇYRjPVfQ�SUSfcae-Y=kNQ�j�c9KNktMPVfT]SUQ���KNQ�e-Q�KHVfT�l "A��V�KNY9V 
�MPVfvNTdV£c9KNkNM^KN_�Q�e-bNM^SUM^h�c9j�VfQ�TdVfM^KN_�WRQ�V
VfY$�EQ��NKNkNQ�SdV£c.�9Q�K@�=
�QZv�c�ORQ�TUvNY/
�K Vfv�c�VÓVfvNQZe-M^h�SUY9[DY��NKNk�c�VfM^YRK T��N_R_RQ�TdVfQ�k2vNQ�SUQZh�c9KNKNY9VtTUQ�SdORQ
c9T-c VfvNQ�YRSUQ�VfM^h�c9j���c9TUM^T�[DYRS�_RQ�KNQ�Sfc�VfM^KN_ØVfvNQ;
�Y9V���cIn��ÇYRjPVfQ�SUSfc bEYRb��Nj°c�VfM^YRK _RSUY/
�VfvÜ[F�NKNh�VfM^YRKNT�l ��V
SUQ�e>c9M^KNT�c9K YRbEQ�K;+-�NQ�TdVfM^YRK;
�vNQ�VfvNQ�SLVfvNQ�SUQ�M^TLc�Vac9j^j�cte-Y=kNQ�jÄh�c9b�c.�Nj^Q�VfY-TUQ�SdORQÓc9Tac�VfvNQ�YRSUQ�VfM^h�c9j
�NKNkNQ�SUbNM^KNKNM^KN_tY9[*VfvNQ�TUQ�[F�NKNh�VfM^YRKNT�l

� T]VfvNQ�bNSUQ�h�Q�kNM^KN_�c9K�c9jPW=TUM^T]v�c9TÇkNQ�e-e-YRKNTdVfSfc�VfQ�ktY��NS]e-Y=kNQ�j^M^KN_zY9[0Q�h�YRTdW=TdVfQ�e VfSfc9KNTfc9h�VfM^YRKNT
c9KNk%Q,+-�NM^j^M��NSUM��Ne M^TA+-�NMPVfQaM^KHORYRjPORQ�kÄl "A��V!MPV�M^T�TUM^e-bNj^QLQ�KNY��N_Rv@��YRK>VfvNQaY9VfvNQ�S!v�c9KNk@�=VfY�TUQ�SdORQ�c9T�c
[DSfc9e-Q�
�YRS���[DYRS*V£c9h	��j^M^KN_�c:
�M^kNQ�Sfc9KN_RQ!Y9[4SUQ�j^Q�O9c9KHVÆM^TUT��NQ�T�l � e-YRKN_zY9VfvNQ�S*VfvNM^KN_RT,�RkNQ�O=M°c�VfM^YRKNT*[DSUYRe
�NKNM^kNM^SUQ�h�VfM^YRK�c9jE[DY=Y=k�h£v�c9M^KNTLh�Y��Nj^k��EQ�TdV��NkNM^Q�k c9KNk c9jPVfQ�SUK�c�VfMPORQ�bNSUYRbEQ�SdVXW�SUM^_RvHVfT�Y9[	VfvNQ�SUQ�TUY��NSUh�Q
e>c�W6�EQ�c9TUT��Ne-Q�k�M^KNh�j��NkNM^KN_�TUh£vNQ�e-Q�T�
�vNQ�SUQ�c9j^jETUbEQ�h�M^Q�T�Y/
�K�TUv�c9SUQ�T�Y9[�VfvNQ�SUQ�TUY��NSUh�Q9l ��vNQ�e-YRTdV
bNSUYRe-M^TUM^KN_�Q��=VfQ�KNTUM^YRK�M^T*bNSUY���c.�NjPWzVfYLj^M^K���cÓ|DTdV£c9KNk�c9SUk�bEQ�Sd[DQ�h�VfjPW�h�YRe-bEQ�VfMPVfMPORQ�}0Q�h�YRKNYRe�W!
�MPVfv�VfvNQ
Q�h�YRTdW=TdVfQ�e VfYzc9K�c9jPW<7�QÇVfvNQ�M^e-b�c9h�VfT*Y9[�v-�Ne>c9KÓc9h�VfMPO=MPVfM^Q�T�YRK�VfvNQ�Q�h�YRTdW=TdVfQ�e c9KNk�MPVfT*SUQ�bEQ�SUh,�NTUTUM^YRKNT
YRKZVfvNQ�Q�h�YRKNYRe�WRl

� ��
��!�	��������(

�!c9KHVfSUQ�j^j ��lL\El�c9KNk �al:��YRTUKNQ�S |�~9qRq��I} �9yzK VfvNQ k�W=K�c9e-M^h�TZY9[ÓbNSUQ�k�c�VfYRS¹nXbNSUQ�W e-Y=kNQ�j^T�
�MPVfv
VfvNQ�"�Q�kNkNM^KN_9VfYRK=n¹`aQ � KN_RQ�j^M^T][F�NKNh�VfM^YRK�c9j4SUQ�TUbEYRKNTUQ.��� � � � 1P��4 ��A�� ��>&@ � �N��> � ����4 	 1P��4�5�� � �{��1 �
	 �3�"4 � ����> �0� 1*� ����� �E~9qRrInd~R~R~=l

��j°c9S�� �al�?Òl!|¹��{Hp9rH} � � ��>&@ � �N��> � ����4 �K�0��� � � 1 � � � ���
	_>&@ � � �"> � �N��4#�N��1P� 9�� � � 1�> ��AN��� 1 � � � � 4 ���� � � � � � � ����?�M^j^Q�W���>LQ�
 ��YRS��4l

��SUY=h	�9Q�S'��l*`�l*c9KNk���l �*TUh£vNM^SUv�c9SdV%|¹��{R{H~R} �*g]h�YRTdW=TdVfQ�e-T,�	Q��=VfQ�SUK�c9j^MPVfM^Q�T�c9KNkÙQ�h�YRKNYRe-M^Q�T,� 
 1 ��� <��� 1S� � 1�> ��4 ��1 ��
F� � � � � � � 
 � � 1 � � � ��� �@�EoRo=��ndo9rHp=l

`aQ,�NSUQ,� u l�|¹��{Ho9{H} � � @ �7�[� 5 ��A{� ��4 � � ��?�M^j^Q�W���>LQ�
 ��YRS��4l

g]M^h£vNKNQ�SA��l�c9KNk���l<1*Q�VfvNM^_Z|�~9qRqRmH} �-��vNQzM^e-b�c9h�VÇY9[�TUh�c9SUh�MPVXW>c9KNkZc.���NKNk�c9KNh�QaM^K-[DY=Y=k-h£v�c9M^KNT�YRK
TUbEQ�h�M^Q�T�bEYRb��Nj°c�VfM^YRK%k�W=K�c9e-M^h�T,��� ��> � � ��4 
F� � � � � � ���T�D��� 4 � 1 9 ��[DYRSdVfvNh�YRe-M^KN_Nl

~9r




	M^KNKNY.)Ø`�l4c9KNk ��l��*TUh£vNM^SUv�c9SdVÓ|�~9qRqRmH} ��iac9SdORQ�TdVfM^KN_tM^K c9K Q�M^_RvHVdnXTUbEQ�h�M^Q�T�Q�h�YRTdW=TdVfQ�e;� � � � � 1P��4 ��A
 1 ���	��� 1S� � 1�> ��4 
 � � 1 � � � ��� ��1 � � ��1P� 9�� � � 1�> �=[DYRSdVfvNh�YRe-M^KN_Nl
iac9KNKNYRK "al�|¹��{Hp9rH} ��� c9SU_RM^K�c9jLbNSUY=k��Nh�V bNSUM^h�M^KN_ M^K VfvNQ Q�h�YRTdW=TdVfQ�e;� � � � � 1P��4 ��A � @ �7�[��� > � ����4

. �0� 4 ��9 5�� � �E~Ro9mInd~9rHp=l
iLM^SUTUvNj^Q�MP[DQ�S ��lL|¹��{HpRpR} ��g]h�YRKNYRe-M^h�T�[DSUYRe c �NM^YRj^YR_RM^h�c9jÇO=M^Q�
�bEYRM^KHVI��� � � � 1P��4 ��A �0� � ��1 � 
 � � <

1 � � � ��� ��� ����ndoR~=l

 !��c9KN_ ��l9c9KNkÓg�l "�Q�SUQ�VUV£cÓ|¹��{R{RsH} � u j^Y���c9j�+-��c9j^MPV£c�VfMPORQ�c9K�c9jPW=TUM^T�Y9[�cLSfc�VfM^Y�nXkNQ�bEQ�KNkNQ�KHV	bNSUQ�k�c�VfYRS¹n
bNSUQ�WZTdW=TdVfQ�e;� � � � � 1P��4 ��A � ��>&@ � �N��> � ����4". �0� 4 ��9 5 � � ��mRsR{InXyHqRr�l


�M^e>ct\El�
]l4c9KNk4
]l � l4`aM�� |¹��{R{RqH} � "�Q�v�c�O=M^YRSfc9j�kNQ�h�M^TUM^YRKNT�e>c9kNQ��NKNkNQ�S�VfvNQ�SUM^T��%Y9[ÆbNSUQ�k�c�VfM^YRKÄw
c�SUQ�O=M^Q�
 c9KNk bNSUYRTUbEQ�h�V��NT,���#��1P� �
� ��1 � � � � 1P��4 ��A�� �2� 4 ��9 5 �	� �4r���{In¹r9yHq�l


�Y9V���c � l���l*|¹��{H~RoR} � 
 4 � � � 1�>	� ��A ��@ 5�� � ����4 �K�0� 4 ��9 5 ��?�M^j^j^M°c9e-T=�NKNk�?�M^j���M^KNT,��"!c9jPVfM^e-YRSUQ9l

� c�W ��l � l	|¹��{Hp9mH} ��
 > � �K� 4 � >/5_��1 � � � �O�"4 ���J� >/5 � 1�� �D��� 4 � � � �h5��h> � � ����� YRKNYR_RSfc9bNvNTLM^K41*YRb��Nj°cIn
VfM^YRK�"�M^YRj^YR_9W3� �	� 1]SUM^KNh�Q�VfYRK JLKNMPORQ�SUTUMPVXW�1]SUQ�TUT,��1]SUM^KNh�Q�VfYRKÄl

� c�W ��l � l�|¹��{Rs��I} � � @ �7�[��� > � ����4 � � � 4 ��9 5 	 � ��� 1 � � �"4 � �N��1 � �
�3�"4 � ����> �0� 1*����~�KNk Q�kNKÄl3"�j°c9h	� 
�Q�j^j��yL�=[DYRSUkÄl
�;�NSUSfc�W ��l4`�l*|¹��{R{RmH} � � ��>&@ � �N��> � ����4 �K�0� 4 ��9 5 �4~�KNk�Q�kNKÄl!\=bNSUM^KN_RQ�S,� "�Q�SUj^M^KÄl
1*Q�VfvNM^_ ��l=|�~9qRqRmH} � � _RSUM^h,�NjPV��NSUQ.��bEQ�TdVfM^h�M^kNQ�T*c9KNk�VfvNQÇQ�h�YRTdW=TdVfQ�e;� 	 9
��� ��� 4�> � � ��4 
 � � 1 � � � ������[DYRSdVfv=n

h�YRe-M^KN_Nl

1*Q�VfvNM^_ ��lNc9KNk ��l��*TUh£vNM^SUv�c9SdV�|�~9qRq��I} � � M^h�SUY9[DY��NKNk�c�VfM^YRKNT�Y9[*bEYRb��Nj°c�VfM^YRK>k�W=K�c9e-M^h�T,��� � � � 1P��4 ��A
. �0��� � � 1 � � � ����� �@�4~Rp�nXyH{�l

��YRTUQ�K u lÇ|¹��{Rs9y�} � ��v�c9Sfc9h�VfQ�SUM�7�M^KN_�h�YRKNkNMPVfM^YRKNT�[DYRS�_RQ�KNQ�Sfc9j^M�7�Q�k �ÇQ�SUv-�Nj^TdV�j^YR_RM^TdVfM^h�_RSUY/
�VfvÙY9[�c
�NM^YRj^YR_RM^h�c9j4bEYRb��Nj°c�VfM^YRK@��.F� 4&4 � > � 1 ��A � ��>&@ � �N��> � ����4 . �0� 4 ��9 5 � � �4{RrRmIn¹{RrHo=l

�*TUh£vNM^SUv�c9SdV ��l�|�~9qRqRqH} � u Q�KNQ�Sfc9jÄQ,+-�NM^j^M��NSUM��Ne Y9[	c9K�Q�h�YRTdW=TdVfQ�e;� � � � � 1P��4 ��A � @ �7�[��� > � ����4 . �0� 4 ��9 5
��� �@�Ä��mIn¹mH~=l

�*TUh£vNM^SUv�c9SdV ��l�|�~9qRqH~R} � ��Q�TUY��NSUh�Q�h�YRe-bEQ�VfMPVfM^YRK%c9e-YRKN_ÓbNj°c9KHVfT�w	[DSUYRe YRb�VfM^e-M�7�M^KN_�VfY�h�YRe-e0�NKNMPVXW
TdVfS��Nh�V��NSUQ.� 
 � � 4 ��9
� ����4 �T�D��� 4&4 � 1 9 ) � � �Ä��{���nd~=�I~=l

�ÇYRjPVfQ�SUSfc0�Ól	|¹��{H~9rH} ����c9SUM°c.7�M^YRKNM^Q&x ��VUV���c.7�M^YRKNM�kNQ�j�K-�Ne-Q�SUY>k � M^KNkNMPO=M^k��NMÄM^K TUbEQ�h�M^QÓc9KNM^e>c9j^M0h�YRK=n
O=MPORQ�KHVfM�� � � � � 	 ��� � � � � 1 � ��� � �@�Äm���n£�R��m | ��c9SUM°c�VfM^YRKNTLc9KNk 
	j��Nh�V���c�VfM^YRKNTLY9[�c�>:�Ne0�EQ�SzY9[
�XKNkNMPO=M^k���c9j^TÆM^K � KNM^e>c9j�\=bEQ�h�M^Q�T=
�MPO=M^KN_��*YR_RQ�VfvNQ�S,�-�*Sfc9KNTUj°c�VfM^YRK �XK���v�c9bNe>c9K ��l >�lE|¹��{Rm��I} �
	 1 � �N��4 
 � � 4 ��9 5 ��yHqR{InXyRyHs���� h u SfcI
�iLM^j^j���>LQ�
 ��YRS��4l

~Rp



� � �Ø�����Z��� ��� ���	�t��
9(

����� ��� ��� � ��� ���"!$#&%�#'�"(*) %���vNQ'
�c9_RSfc9KN_RQ�c9K�c9TUTUY=h�M°c�VfQ�kZVfYÓVfvNQ�YRb�VfM^e-M�7�c�VfM^YRK-bNSUY��Nj^Q�e |Dy�}�[DYRSEHG <JIDBDBDBKI�7 M^T�_RMPORQ�K��HW

�
O ^	QSOUTSV�I�Z[O I��!O I�� � O	`#GAc O ^	QSOUTSV�I�Z[O	` �	�!O*^ �!O Z[O : �!OUTSV(QSOUTSV�` �	� � O�^aZ[O : ��O QSOUTSV `

c9KNk�VfvNQ�h�YRSUSUQ�TUbEYRKNkNM^KN_3 !�NvNK=n ���Nh	�9Q�SLh�YRKNkNMPVfM^YRKNT�c9SUQ

� Ot
	���
 G c Ot :
�!O �!OUTSVH:
� � O ��O8/ m I QSOUTSV � Ot
	���
 G m I |�~9rRcH}
� Oz�	 G c Oz �	�!O �!O �	� � O�/ m I Z[O � Oz�	 G m I |�~9r.�4}
� O � 	 G �!O Z[O : �!OUTSV(QSOUTSV � m I �!O � O � 	 G m I |�~9r9h�}
� O ��� 	 G Z[O : ��OUQSOUTSV � m I � � O � O ��� 	 G m B |�~9r9k4}

|8cH} \<�NbNbEYRTUQ �!OUTSVsG �!O#G m l���vNQ�KYQSOUTSV u m �ÄTUM^KNh�QRc Ot u m Q�O9c9j���c�VfQ�k c�V9QSOUTSV&G m l�` �NQ�VfY
|8mH}�QSOUTSV u m M^e-bNj^M^Q�TFZ[O u m l���vNQ�SUQ�[DYRSUQ_: � c Ot �
c Oz � G ��OÆ[DYRj^j^Y/
�T�[DSUYRe |�~9rRcH}Lc9KNk2|�~9r.�4}

�vNM^h£v M^T�Tfc�VfM^T2��Q�k M*) QSOUTSVXG Q �OUTSV l

|F�4} \<�NbNbEYRTUQ�KNQ��=V �!O u m c9KNk �!OUTSV G m l � TaM^K bEYRM^KHVÓ|8cH}�c.�EY�ORQ.� QSOUTSV u m c9KNk Z[O u m lA?�MPVfv
�!O u m c9KNk��!OUTSVNG m |�~R}'�EQ�h�YRe-Q�T �!O Z[Ov: �!OUTSV(QSOUTSVNG �!O Z[O u m l iLQ�KNh�Q
�!O{G m l ��vNQ
M^e-bNj^M^h�c�VfM^YRKRQ��OUTSV G=Q��OUTSV [DYRj^j^Y/
�T�c9T�M^K�bEYRM^KHV�|8cH}�l

|Dh�} \<�NbNbEYRTUQ �!O u m � �!OUTSV u m c9KNk��SOUTSV � G �!OUTSV�� �!O w ��O�l���vNQ�K%[DYRS�c9j^j �QSOUTSV u m MPV�M^TÇVfS��NQLVfv�c�V�SOUTSV �QSOUTSV w ��O �QSOUTSV�l�iLQ�KNh�Q�c9j^j5^	QSOUTSV�I�Z[O	`!Tfc�VfM^Td[ÂW=M^KN_ |8mH}�M^e-bNjPWNZ[O u �SOUTSV(QSOUTSV�c9KNkZVfvNQ�SUQ�[DYRSUQ
�!O1G m l � _Hc9M^K@�6: � c Ot �
c Oz � G ��O�[DYRj^j^Y/
�T�[DSUYRe |�~9rRcH}�c9KNk |�~9r.�4}�W=M^Q�j^kNM^KN_ Q��OUTSV G=Q��OUTSV l

|Dk4} ��[ �!O u m � �!OUTSV u m c9KNk �SOUTSV�G ��O �EY9Vfv h�YRKNTdVfSfc9M^KHVfT�|�~R}�c9KNk |8mH}�h�YRM^KNh�M^kNQ.�Ec9KNk VfvNQ�SUQ�[DYRSUQQ��OUTSV G=Q��OUTSV l
|DQ�} \<�NbNbEYRTUQ �!O u m � �!OUTSV u m c9KNk �SOUTSV u ��O�l ��vNQ�K �SOUTSV �QSOUTSV u ��O �QSOUTSV�[DYRS�c9j^j �QSOUTSV u m l

iLQ�KNh�Q-c9j^j�^	QSOUTSV�I�Z[O	`aTfc�VfM^Td[ÂW=M^KN_ |�~R}aM^e-bNjPW Z[O u ��OUQSOUTSV�c9KNkØVfvNQ�SUQ�[DYRSUQ�� � 	 G m l&��vNQ�SUQ�[DYRSUQ: � c Ot �
c Oz � G �SOUTSV�[DYRj^j^Y/
�T�[DSUYRe |�~9rRcH}!c9KNkÙ|�~9r.�4}A
�vNM^h£v M^T�Tfc�VfM^T2��Q�k M*) QSOUTSVXG Q�
OUTSV l��

����� ��������� ��� ���"!$#&%�#'�"( ��% �XKtVfvNQ�e>c9S��9Q�V][DYRS	VfvNQ�SUQ�TUY��NSUh�Q ^aEHG m `Æc9KtQ,+-�NM^j^M��NSUM��NeÒQ���M^TdVfT
[DYRS�c9KHW �DV u m l�iLQ�KNh�Q �DV!h�c9K4�EQ!����Q�k c.��VfYRKNYRe-Y��NTUjPWRl 
�YRS!VfvNQ�e>c9S��9Q�VfTFEfG�<JIDBDBDBKI�7 : <�VfvNQ
Q,+-��c�VfM^YRKNT9MPO � O ^ ��Oa`FGWMPO g V � O ^ ��O g V�`�YRS9MPO ��O�� OUTSV ^ ��Oa`FGWMPO g V � O ^ ��O g V `�[DYRS9E GL<JIDBDBDB�I�7>:A<�c9SUQ
T�� �-h�M^Q�KHV�VfY�bNSUQ�ORQ�KHV�c9KØQ���h�Q�TUT�T��NbNbNjPW YRKØe>c9S��9Q�V EUl�` �NQÓVfY � TUT��Ne-b�VfM^YRK ��MPVzM^TzbEYRTUTUM��Nj^Q�VfY
Q�TdV£c.�Nj^M^TUvZVfvNQ�TUQ�Q,+-��c�VfM^YRKNT5�HW�c�T��NMPV£c.�Nj^Q�h£vNYRM^h�Q�Y9[ ��O g V�[DYRS�c9KHWZ_RMPORQ�K ��O u m l

?ÙQ�kNQ�KNY9VfQ��HW �� O VfvNQ�M^KHORQ�SUTUQ�[F�NKNh�VfM^YRKZVfY � O c9KNk TUYRjPORQz[DYRS ��O g V�w
��O g V#G �� O�� ��O MPOMPO g V � OUTSV ^ ��Oa`�� EHG�<JIDBDBDB�I�7 : <JB |�~RpR}

~9s



\=M^KNh�Q �DV�h�c9K0�EQ�h£vNY=YRTUQ�KÓ[DSUQ�Q�jPW�VfvNQ�Q,+-��c�VfM^YRKNT�|�~RpR} �NKNM�+-�NQ�jPW�kNQ�VfQ�SUe-M^KNQ�c9j^j ��O�[DYRSvEHG]@�IDBDBDBKI�7,:<Rl � YRSUQ�Y�ORQ�S,�tYRK VfvNQ e>c9S��9Q�VØ[DYRS VfvNQÜSUQ�TUY��NSUh�Qd^aE,G m ` c �NKNM�+-�NQ �EY��NKNkNQ�kÒQ,+-�NM^j^M��NSUM��Ne
bNSUM^h�Q1���9 � m c9j*
!c�W=T Q���M^TdV�l ��[ÓVfvNQÙb�c9Sfc9e-Q�VfQ�S � ; M^T h£vNYRTUQ�KÒc9T kNQ�VfQ�SUe-M^KNQ�kAM^K |�~RpR}%VfvNQ�K
VfvNQ�SUQ M^T����V � m T��Nh£v Vfv�c�V M V �DV�� 9 ^.���9 ` G M ;�� V ^.���V `3�EQ�h�c.�NTUQ VfvNQ kNQ���KNMPVfM^YRK Y9[ � ;ZM^e-bNj^M^Q�TM ;�� V ^ � ;�` �jM V��DV � 9 ^.��9�`�[DYRS>c9j^j ��9 � m c9KNk �EQ�h�c.�NTUQ � TUT��Ne-b�VfM^YRKA� TUQ�h,�NSUQ�T>Vfv�c�V>[DYRS>c9KHW
� 50p m I�M V��DV�� 9 ^ �DV ` l YRKNQ�h�c9K(��KNk0�6V � m T��Nh£v-Vfv�c�V#M ;�� V ^.�6V�`5G � l���vNQLTfc9e-Q�c9SU_��Ne-Q�KHV�c9bNbNj^M^Q�T
VfY-c9j^jÄT����NTUQ,+-�NQ�KHVze>c9S��9Q�VfTFEHG]@�IDBDBDB�I�7 : <Rl �

����� ���,��� � ��� ���"!$#&%�#'�"( �!%���vNQ���SUTdVdnXYRSUkNQ�S!h�YRKNkNMPVfM^YRKNT�Y9[�VfvNQzYRb�VfM^e-M�7�c�VfM^YRKtbNSUY��Nj^Q�e |Dy�}
c9SUQzQ�MPVfvNQ�S9:&c Ot �
c Oz G ��O��!Z[O1G ��OUQSOUTSV�YRS9:&c Ot �
c Oz G �SOUTSV �!Z[O1G �SOUTSV(QSOUTSV=
�vNM^h£vZM^e-bNjPWtkNQ�e>c9KNk
c9KNk T��NbNbNjPW%[F�NKNh�VfM^YRKNT

QSOUTSV#G � OUTSV ^ ��Oa`PI�Z[O1G � O ^ ��Oa` YRS QSOUTSV#G �� OUTSV ^.�SOUTSV�`PI�Z[O6G �� O ^.�SOUTSV�`PB |�~9sH}


�Q�V&�NT'��SUTdV�h�YRKNTUM^kNQ�S�VfvNQ>h�c9TUQ>Y9[�c9K c.���NKNk�c9KHV�SUQ�TUY��NSUh�Q9l �DV�h�c9K �EQ-h£vNY=YRTUQ�KÙ[DSUQ�Q�jPW c9KNk VfvNQ
Q,+-�NM^j^M��NSUM��NeÒh�YRKNkNMPVfM^YRKNTL|�o �4}	h�c9K3�EQ�TUYRjPORQ�k3�EY9VUVfYRe �Nb>c9KNk�VfvNQ�Q,+-�NM^j^M��NSfc�VfM^KN_zb�c9Sfc9e-Q�VfQ�SUT]v�c�ORQ
VfvNQ�[F�NKNh�VfM^YRK�c9j0[DYRSUe

��O6G , O ^aM V�IDBDBDB�I�MPO ` EHG]@�IDBDBDB�I�7�I |�~9{H}


�vNM^h£v M^KZV��NSUK�W=M^Q�j^kNT�Q,+-�NM^j^M��NSUM��Ne kNQ�e>c9KNkNTLc9KNk T��NbNbNj^M^Q�T

Q�9 G � 9 ^ �DV `1I�Z�V5G � V ^ �DV�` |8mRqRcH}QSOUTSVjG � OUTSV � , O ^aM V�IDBDBDBKI�MPOa` � I�Z[O1G � O � , O ^aM V�IDBDBDBKI�MPOa` � EHGd@�IDBDBDBKI�7�B |8mRq.�4}

>LY/
 
�QaV��NSUK>VfYÓc9K%Q�h�YRTdW=TdVfQ�e 
�MPVfv%c�TUh�c9SUh�QzSUQ�TUY��NSUh�Q9l ��vNQzQ,+-�NM^j^M��NSUM��Ne h�YRKNkNMPVfM^YRKNTa|�o9cH} 
�MPVfv
Q,+-��c9j^MPVXWÓc9KNk |�o �4}*h�c9K(�EQ!TUYRjPORQ�k(�EY9VUVfYRe �Nb 
�MPVfvÓVfvNQ!h�YRKNTUQ,+-�NQ�KNh�QLVfv�c�VÆVfvNQ!Q,+-�NM^j^M��NSUM��Ne�VfQ�SUe-T
Y9[*VfSfc9kNQ�v�c�ORQ�VfvNQ�[F�NKNh�VfM^YRK�c9jE[DYRSUe

�SOUTSV#G�� OUTSV ^aM V�IDBDBDB�I�MPOa` EHG�<JIDBDBDB�I�7�B |8m��I}

�XKNTUQ�SdVfM^KN_�VfvNQLQ,+-�NM^j^M��NSUM��NeÒVfQ�SUe-TÇY9[0VfSfc9kNQ�|8m��I}ÆM^KHVfY�VfvNQLkNQ�e>c9KNk>c9KNk-T��NbNbNjPW�[F�NKNh�VfM^YRKNTa|�~9sH}�
�Q
Y���V£c9M^K

QSOUTSVXG �� OUTSV � � OUTSV ^aM V�IDBDBDBKI�MPOa` � c9KNk Z[O1G �� O � � OUTSV ^aM V�IDBDBDBKI�MPOa` � B |8mH~R}


	M^K�c9j^jPW�bNj��N_R_RM^KN_-|8mRqRcH}�n�|8mRq.�4}	c9KNk |8mH~R} ��SUQ�TUbEQ�h�VfMPORQ�jPW���M^KHVfY�VfvNQLKNQ�V=�NM^YRe>c9TUTÆ[F�NKNh�VfM^YRK |¹�I} 
�vNM^h£v
M^KZV��NSUK M^T�M^KNTUQ�SdVfQ�k M^KHVfY |8{H}�Q�TdV£c.�Nj^M^TUvNQ�T�bNSUYRbEYRTUMPVfM^YRKZyNl �

~9{



� � �Ø�����Z����� � ��� � ����& � ���Æ�������Ó� (Ä�*�������!(

"�Q�[DYRSUQ!
�Q�V��NSUK�VfY�VfvNQ�kNM*)0Q�SUQ�KHVfM°c�VfM^YRKZY9[*VfvNQ�Q,+-�NM^j^M��NSUM��Ne Q,+-��c�VfM^YRKNTnZ�9 G M V(Q�9�I |8mRmRcH}M V(Z�VjG M ;�Q6V�I |8mRm.�4}M ;�Z�; G M���Q�;�I |8mRm9h�}
MPV M^T h�YRKHORQ�KNM^Q�KHV VfY kNQ���KNQ#VfvNQ#[DYRj^j^Y/
�M^KN_ VfQ�SUe-T �NTUQ�k �EQ�j^Y/
 VfY c�ORYRM^k h�j���VUVfQ�S�w
� OUTSV#G �� OUTSV
 �SOUTSV

�� OUTSV w m ����O6G �� O
 �SOUTSV
�� O / m � � O% t G c Ot QSOUTSVc O u m � � O% z G c Oz Z[Oc O w m l

`aM*)0Q�SUQ�KHVfM°c�VfM^YRKZY9[�|8mRmRcH}Çnz|8mRm9h�}�W=M^Q�j^kNT�w � �
�nZ�9 G �M V � �Q�9�I |8m9yHcH}

�M V � �Z�VjG �M ; � �Q6V�I |8m9y��4}
�M ; � �Z�; G �M�� � �Q�;�B |8m9yRh�}

>LQ��=V5
�Q�kNM*)0Q�SUQ�KHVfM°c�VfQ9QSOUTSV#G �� OUTSV ^ �SOUTSV�`�c9KNk Z[O6G �� O ^.�SOUTSV�`�VfY-Y���V£c9M^KÄw
�QSOUTSV#G � OUTSV ��SOUTSV c9KNk �Z[O1G���O ��SOUTSV�B |8mHoR}

��VLM^T�Q�c9TdW%VfYtTUvNY/
�Vfv�c�V�|8mHoR}�[DYRS�EHG�<�c9KNk |8m9yHcH}�SUQ�T��NjPVLM^KÄw
���9�G �nZ�9

� 9 : �M V� 9 B |8mRrH}

>LQ��=VI��
�Q�h�YRe0�NM^KNQ-|8m9y��4} ��|8mHoR}�[DYRS�EHG�<JI�@Óc9KNk |8mRrH}�VfYtkNQ�SUMPORQ9w
��6V#G �oV

� V � 9 �nZ�9 � � 9X:��oV� V � 9 �M Vf: �M ;� V B |8mHpR}

?ÙQ�KNY/
�M^KNTUQ�SdVÓ|8mHoR}Ç[DYRS�EHG]@�I ��h�YRe0�NM^KNQ�k�
�MPVfv ��6V�[DSUYRe |8mHpR}�M^KHVfY |8m9yRh�}�VfY-_RQ�V�w

���;�G � ;	�oV
� ; � V � 9 �nZ�9 � � ;H^ � 9#:
�oV `� ; � V � 9 �M V � � VH:
� ;� ; � V �M ;X: �M��� ; B |8mRsH}

��vNQ�KNQ��=VaTdVfQ�b M^T!VfY-M^KNTUQ�SdV�|8mRrH}Çnz|8mRsH}�M^KHVfY |8mHoR}�VfYtkNQ�SUMPORQ9w

�Q�9 G �nZ�9#: �M V�I |8mR{RcH}
�Q6VrG �oV

� 9 �nZ�9 � � 9X:��oV� 9 �M Vf: �M ;�I |8mR{.�4}

�Q�; G � ;��oV
� V � 9 �nZ�9 � � ;v^ � 9X:
�oV `� V � 9 �M V � � Vf:
� ;� V �M ;X: �M���I |8mR{9h�}

�Z�VjG �oV
� 9 �nZ�9#: �oV� 9 �M V�I |8mR{9k4}

�Z�; G � ;��oV
� V � 9 �nZ�9 � � ;v^ � 9X:
�oV `� V � 9 �M VH: � ;� V �M ;DI |8mR{9Q�}

�Z�� G � ��� ;��oV
� ; � V � 9 �nZ�9 � � ��� ;H^ � 9X:��oV `� ; � V � 9 �M V � � �H^ � VH:
� ;�`� ; � V �M ;X: � �� ; �M���B |8mR{�[£}

� � ÁÂµz¿�·�«£¬�»¼­�² ² ­£¿�¶0¿0©]ª�©dµI­�¬�©]¾�± ���
 ~�� �� ¬�·I©]½�«�¨�È�´ µ�«�²R¨�©d²³«£¬�´ Ã�©]¸�·�«�µIÈ�©U¶0­�»N«�² ²�Ã£«�¨�´³«�¾I² ©U¶ � À

mRq



?ÙQ�KNY/
�h�YRe-bNj^Q�VfQaVfvNQ�h�YRe-b�c9Sfc�VfMPORQzTdV£c�VfM^h�T%�HW%kNM*)0Q�SUQ�KHVfM°c�VfM^KN_ b O0GAc O ^	QSOUTSV�I�Z[Oa`�[DYRSCEHG�<JI�@�I ��w
�b VrG �

V% t �Q�9 � � V% z �Z�V�I |DyHqRcH}
�b ; G �

;% t �Q6V � � ;% z �Z�;DI |DyHq.�4}
�b � G �

�% t �Q�; � � �% z �Z��DI |DyHq9h�}

c9KNk�VfvNQ�K bNj��N_R_RM^KN_�|8mR{RcH}Çnz|8mR{�[�}�M^KHVfY |DyHqRcH}Çnz|DyHq9h�}�Q�TdV£c.�Nj^M^TUvNQ�T�w

�b VrG � V% t � 9 � � V% z �oV
� 9 �nZ�9#: � V% t � 9 � � V% z �oV

� 9 �M V�I |DyN��cH}

�b ; G � ;% t � V �oV � � ;% z � ;��oV
� V � 9 �nZ�9 �d^ � 9X:
�oV ` � ;% t � V � � ;% z � ;� V � 9 �M Vf: � ;% t � V � � ;% z � ;� V �M ;DI |DyN�I�4}

�b � G � ;��oV � �% t � ; � � �% z � �
� ; � V � 9 �nZ�9 � � ;�^ � 9X:
� ;�` � �% t � ; � � �% z � �� ; � V � 9 �M V �d^ � Vf:
� ;�` � �% t � ; � � �% z � �� ; � V �M ;

: � �% t � ; � � �% z � �
� ; �M���B |DyN��h�}

m��



CESifo Working Paper Series
(for full list see www.cesifo.de)

________________________________________________________________________

884 Eytan Sheshinski, Note on the Optimum Pricing of Annuities, March 2003

885 Paul De Grauwe and Magdalena Polan, Globalisation and Social Spending, March 2003

886 F. van der Ploeg, Do Social Policies Harm Employment and Growth?, March 2003

887 Mirjam van Praag, Initial Capital Constraints Hinder Entrepreneurial Venture
Performance: An empirical analysis, March 2003

888 Bernard Steunenberg, Coordinating Sectoral Policymaking: Searching for
Countervailing Mechanisms in the EU Legislative Process, March 2003

889 Eytan Sheshinski, Optimum Delayed Retirement Credit, March 2003

890 Frederick van der Ploeg, Rolling Back the Public Sector – Differential effects on
employment, investment and growth, March 2003

891 Paul De Grauwe and Marc-Alexandre Sénégas, Monetary Policy in EMU when the
Transmission is Asymmetric and Uncertain, March 2003

892 Steffen Huck and Kai A. Konrad, Strategic Trade Policy and the Home Bias in Firm
Ownership Structure, March 2003

893 Harry Flam, Turkey and the EU: Politics and Economics of Accession, March 2003

894 Mathias Hoffmann and Ronald MacDonald, A Re-examination of the Link between
Real Exchange Rates and Real Interest Rate Differentials, March 2003

895 Badi H. Baltagi, Espen Bratberg, and Tor Helge Holmås, A Panel Data Study of
Physicians’ Labor Supply: The Case of Norway, March 2003

896 Dennis C. Mueller, Rights and Citizenship in the European Union, March 2003

897 Jeremy Edwards, Gains from Trade in Tax Revenue and the Efficiency Case for Trade
Taxes, March 2003

898 Rainer Fehn and Thomas Fuchs, Capital Market Institutions and Venture Capital: Do
They Affect Unemployment and Labour Demand?, March 2003

899 Ronald MacDonald and Cezary Wójcik, Catching Up: The Role of Demand, Supply and
Regulated Price Effects on the Real Exchange Rates of Four Accession Countries,
March 2003

http://www.cesifo.de.)/


900 R. Selten, M. Schreckenberg, T. Pitz, T. Chmura, and S. Kube, Experiments and
Simulations on Day-to-Day Route Choice-Behaviour, April 2003

901 Stergios Skaperdas, Restraining the Genuine Homo Economicus: Why the Economy
Cannot be Divorced from its Governance, April 2003

902 Yin-Wong Cheung, Menzie D. Chinn, and Antonio Garcia Pascual, What Do We Know
about Recent Exchange Rate Models? In-Sample Fit and Out-of-Sample Performance
Evaluated, April 2003

903 Mika Widgrén, Enlargements and the Principles of Designing EU – Decision-Making
Procedures, April 2003

904 Phornchanok Cumperayot, Dusting off the Perception of Risk and Returns in FOREX
Markets, April 2003

905 Kai A Konrad, Inverse Campaigning, April 2003

906 Lars P. Feld and Stefan Voigt, Economic Growth and Judicial Independence: Cross
Country Evidence Using a New Set of Indicators, April 2003

907 Giuseppe Bertola and Pietro Garibaldi, The Structure and History of Italian
Unemployment, April 2003

908 Robert A.J. Dur and Otto H. Swank, Producing and Manipulating Information, April
2003

909 Christian Gollier, Collective Risk-Taking Decisions with Heterogeneous Beliefs, April
2003

910 Alexander F Wagner, Mathias Dufour, and Friedrich Schneider, Satisfaction not
Guaranteed – Institutions and Satisfaction with Democracy in Western Europe, April
2003

911 Ngo Van Long, Raymond Riezman, and Antoine Soubeyran, Trade, Wage Gaps, and
Specific Human Capital Accumulation, April 2003

912 Andrea Goldstein, Privatization in Italy 1993-2002: Goals, Institutions, Outcomes, and
Outstanding Issues, April 2003

913 Rajshri Jayaraman and Mandar Oak, The Signaling Role of Municipal Currencies in
Local Development, April 2003

914 Volker Grossmann, Managerial Job Assignment and Imperfect Competition in
Asymmetric Equilibrium, April 2003

915 Christian Gollier and Richard Zeckhauser, Collective Investment Decision Making with
Heterogeneous Time Preferences, April 2003

916 Thomas Moutos and William Scarth, Some Macroeconomic Consequences of Basic
Income and Employment Subsidies, April 2003



917 Jan C. van Ours, Has the Dutch Miracle Come to an End?, April 2003

918 Bertil Holmlund, The Rise and Fall of Swedish Unemployment, April 2003

919 Bernd Huber and Marco Runkel, Optimal Design of Intergovernmental Grants under
Asymmetric Information, April 2003

920 Klaus Wälde, Endogenous Business Cycles and Growth, April 2003

921 Ramon Castillo and Stergios Skaperdas, All in the Family or Public? Law and
Appropriative Costs as Determinants of Ownership Structure, April 2003

922 Peter Fredriksson and Bertil Holmlund, Improving Incentives in Unemployment
Insurance: A Review of Recent Research, April 2003

923 Bernard M.S. van Praag and Adam S. Booij, Risk Aversion and the Subjective Time
Discount Rate: A Joint Approach, April 2003

924 Yin-Wong Cheung, Kon S. Lai, and Michael Bergman, Dissecting the PPP Puzzle: The
Unconventional Roles of Nominal Exchange Rate and Price Adjustment, April 2003

925 Ugo Trivellato and Anna Giraldo, Assessing the ‘Choosiness’ of Job Seekers. An
Exploratory Approach and Evidence for Italy, April 2003

926 Rudi Dornbusch and Stanley Fischer, International Financial Crises, April 2003

927 David-Jan Jansen and Jakob de Haan, Statements of ECB Officials and their Effect on
the Level and Volatility of the Euro-Dollar Exchange Rate, April 2003

928 Mario Jametti and Thomas von Ungern-Sternberg, Assessing the Efficiency of an
Insurance Provider – A Measurement Error Approach, April 2003

929 Paolo M. Panteghini and Guttorm Schjelderup, Competing for Foreign Direct
Investments: A Real Options Approach, April 2003

930 Ansgar Belke, Rainer Fehn, and Neil Foster, Does Venture Capital Investment Spur
Employment Growth?, April 2003

931 Assar Lindbeck, Sten Nyberg, and Jörgen W. Weibull, Social Norms and Welfare State
Dynamics, April 2003

932 Myrna Wooders and Ben Zissimos, Hotelling Tax Competition, April 2003

933 Torben M. Andersen, From Excess to Shortage – Recent Developments in the Danish
Labour Market, April 2003

934 Paolo M. Panteghini and Carlo Scarpa, Irreversible Investments and Regulatory Risk,
April 2003



935 Henrik Jacobsen Kleven and Claus Thustrup Kreiner, The Marginal Cost of Public
Funds in OECD Countries. Hours of Work Versus Labor Force Participation, April
2003

936 Klaus Adam, George W. Evans, and Seppo Honkapohja, Are Stationary Hyperinflation
Paths Learnable?, April 2003

937 Ulrich Hange, Education Policy and Mobility: Some Basic Results, May 2003

938 Sören Blomquist and Vidar Christiansen, Is there a Case for Public Provision of Private
Goods if Preferences are Heterogeneous? An Example with Day Care, May 2003

939 Hendrik Jürges, Kerstin Schneider, and Felix Büchel, The Effect of Central Exit
Examinations on Student Achievement: Quasi-experimental Evidence from TIMSS
Germany, May 2003

940 Samuel Bentolila and Juan F. Jimeno, Spanish Unemployment: The End of the Wild
Ride?, May 2003

941 Thorsten Bayindir-Upmann and Anke Gerber, The Kalai-Smorodinsky Solution in
Labor-Market Negotiations, May 2003

942 Ronnie Schöb, Workfare and Trade Unions: Labor Market Repercussions of Welfare
Reform, May 2003

943 Marko Köthenbürger, Tax Competition in a Fiscal Union with Decentralized
Leadership, May 2003

944 Albert Banal-Estañol, Inés Macho-Stadler, and Jo Seldeslachts, Mergers, Investment
Decisions and Internal Organisation, May 2003

945 Kaniska Dam and David Pérez-Castrillo, The Principal-Agent Matching Market, May
2003

946 Ronnie Schöb, The Double Dividend Hypothesis of Environmental Taxes: A Survey,
May 2003

947 Erkki Koskela and Mikko Puhakka, Stabilizing Competitive Cycles with Distortionary
Taxation, May 2003

948 Steffen Huck and Kai A. Konrad, Strategic Trade Policy and Merger Profitability, May
2003

949 Frederick van der Ploeg, Beyond the Dogma of the Fixed Book Price Agreement, May
2003

950 Thomas Eichner and Rüdiger Pethig, A Microfoundation of Predator-Prey Dynamics,
May 2003


	Abstract



