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qAe‡MhLN_ƒU[ZQO�jpewO�_KZ8U`JinPRTL×O8XKRsoIMÅ]QHƒjpnƒ]VØ^]¥O8R«L7Ùlj[]<Y�R«nhn‰j[]�RTj[m�X‡]QØ^]QOVR«LÊY�MPOVXÀO8XKR!j`JKMhnPMPO¥Ø�O8U‡ÚPÛ�ÜgÝ(ÞIß<Xƒj`]

OVUÀS^RFjpn&Y�MPOVX'Mh]�O8XKR‡à�álÜgâ�ãgÜgÝ(álÜpÞ‰ä�ÛNågáæÚPÛ«çWçNÜNèPéFuFê¸ë�ì¸k0O8XKRE]QO8jpZVOVMheKfNm�U[e^íif`HiZ8jpOVMhU`e‡U`k0OVXiR�]VØ^]¥O8R«LîXƒj`]

LÀjpeIØ•S^R«f[ZVRTRT]!Upk<kÉZ8R«RFS^U`L�ï{M¨O/m«j`e�nhRTj`ZVe•kÉZ8U`L3j`eiSÔ]V_ƒRFm�MÅjpnhMh]VREO8U'j>Y�MÅS^R
ogj`ZVMhR�O¥Ø�Upk�SKU`LÀjpMhei]Tï&JKH^O

M¨OtY�MPnhn�MPeÔf[R«eKRTZ8j`n0Xij“o[R�OVU>_ij“Ø€kÉU[ZAO8XKMh]tj`SKo“j`ewO8jpf[R/JIØ'Xƒj“owMheKfÀLÀjpeIØ'MPewO8R«Z8eijpn�S^R«f[ZVRTRT]AU`k�kÉZVRTRTS^U[L

ð

O8XKR€ñVogjpZ8Mhj`eim�RFò!_iZVU[JKnPRTL�ó�c!eNO8XKRsU`OVXKRTZ<XijpeƒS&ï[MPk&OVXiRsMheKM¨O8Mhj`nƒ]VØ^]¥O8R«LôXij`]<kÉR«YõS^R«f[ZVRTRT]�U`k&kÉZVRTRTS^U[L

M¨O<LÀj“Ø/J‰RAjpJKnhR�OVU�nhRTjpZ8e�R«ö‡m�MhR«ewOVnhØEJKH^O�O8XKR«Z8RÆMh].f[ZVRFjgO�SKjpeif`R«Z�O8XijgO�O8XKR�]¥O8ZVHim�OVHKZ�jpnKSKU`LÀjpMhe
]V_ijpeieKRTS

JIØ>O8XKU[]VR
SKR«f`Z8R«RF]AU`k�kÉZVRTRTS^U[L7SKUwRF]seiUpO/m�Ugo`RTZ�OVXiR
f[MPo[R«eÔjp_i_KnPMÅm«jpOVMhU`e�SKU`LÀjpMhe�jgO�jpnhn

ð

OVXiRbñVJKMhj[]Vò

_KZ8U`JKnhR«L�ó<qs]�jNm«U`eim«nPHi]VMhU`e÷è¨é“uFê,jpZ8f`HiR>ñVJKMhj[]ÆeKR«RFSK]�OVUÀJ‰R€å`Û�â(á¨øpÞ{Û�åtOVUNRTj[m�X>_ƒjpZVOVMÅm�HKnÅjpZÆ_KZ8U`JKnhR«LÀòió

ù

M¨O8XKMhe÷j'JKMhU`nhU`f[MhmTjpn.]QØ^]QOVRTL3JKMÅj`]/m«j`e�J‰RÀRT]QO8j`JKnPMÅ]VXKRTSbJIØÔf`RTeKR�O8MhmTjpn�m�U^S^MheKfióNúÆXKRÀûwHKRT]QOVMhU`eüUpk

_KZ8RTS^R«OVR«Z8LNMPeiRTS5m�U[LN_ƒU[eKR«ewO8]EMPe÷O8XKR‡oIMh]VHij`n�]QØ^]QOVRTLýj`nh]VU�Mh]�LWUw]¥O
RT]8]QRTe[O8Mhj`n�kÉU`ZEOVXKR€SKRT]VMPf[eüU`kAjpeIØ

jpZVOVMPíƒm�MÅjpnÆ]VØI]QOVRTLþOVXijpOWMÅ]NjpJKnhR‡O8UbnhRTj`ZVeË]QMheim�R>OVXiMh]W_KZ8RTS^R«OVRTZVLNMheKRTS2\weiUgY�nPRFS^f`R‡XiR«nh_i]
OVXKR�]QØ^]QOVRTL

OVU•kÉU^m«Hi]�U[e5RT]8]QRTewOVMÅjpn�j[]Q_‰RTm�O8]EMhe5O8XKR€XIHKf[R‡jpLNU`HKewO�U`ksSKjgO�j�M¨OWXij`]EOVU�m«U`_‰R‡Y�MPOVX	ó�ÿsUgY�RTo`RTZTï0OVU

j`m�OVHij`nPnhØWíieiSÀU[H^O�Y�XijpO�O8XKRsf[R«eKR«OVMÅm«j`nPnhØÀS^R�O8R«Z8LWMheKRFS‡m�U[LW_‰U`eiR«ewO�MÅ]�mTjpe‡J‰R!j
S^MPöÀm«HKnPO�HKeƒS^R«ZVO8j`\wMheKf

]QMheim«REnPRFjpZ8eKMheKf‡jpeiS•j‡_KZVMhU`Z8M	\IeKUgY�nhRTS^f[R/LÀj“Ø>J‰R�S^RTR«_KnhØ>MhewOVRTZQO¥Y�MheKRTS•j`eiSÔS^MPö‡m�HKnPOsO8U€]VR«_ij`Z8jpOVR�JIØ

jpeIØ÷\IMPeiS2UpkAU[Ji]QRTZVogjpOVMhU`e	ó���j[m�X2m�U[eim�Z8R�O8R€m�XKU`MÅm�R>UpkWÜ��{Ý(á��gÝ(á�\weiUgY�nPRFS^f`R‡MÅ]Nj�m«ZVHim«Mhj`n�_‰U`MhewOTó5q

Y�ZVU[eKf�m�XKU[Mhm«R‡LÀj“ØbnhRTj[SüOVU�OVXKR>R��Km�nhHi]VMPU[e5UpkAf`UIU^S5]VU`nhH^OVMhU`ei]
Mhe5OVXKR']QRFjpZ�m�X5]Q_ij[m�R[ó�q�m�XKU[Mhm«R‡Upk

_KZ8RTS^R«OVR«Z8LNMPeiRTS'\IeKUgY�nPRFS^f`R!OVXƒjgOsMÅ]�OVUIUÀZ8RT]QOVZ8Mhm�OVRTS>LÀj“Ø‡Z8RT]VHKn¨OAMhe•jpe�Mheim�Z8RTj[]QRtUpk�OVXKRE]VRTj`Z8m�X�]V_ij`m«R`ï

nPRFj`S^MheKfWOVUÀHieKZVRFjpnhMh]QOVMÅmtnPRFjpZ8eKMheKf�O8MPLNREj`eiS'Jij`S>f`RTeKR«Z�jpnhMh]8jgO8MPU[e	ó

ÿAUgY7m«j`eõY�RÔRF]VmTjp_‰R•OVXiR�JKMÅj`]	�“ogjpZ8MÅjpeim«R�SKMPnhR«LNLÀj�
)úÆXiRÔR��^MÅ]¥O8R«eim«RÔUpkEj÷O8XKR�XIHKLÀjpeõoIMÅ]QHƒjpn

]QØ^]QOVRTL�Y�MPOVXÔMPO8]!jpJKMhnhM¨O¥Ø>OVU€SKRTjpn,Y�M¨O8XÔMPO8]s]VHKZ8ZVU[HKeiS^MheKfw]�R�ö‡m�MhR«ewO8nPØ5ÜgÞ{å/Y�MPOVXÔ]VH^ö‡m�MhR«ewOtj[SKjp_^O8MPoIMPO¥Ø

Z8j`Mh]VRT]�XKU[_ƒR�O8XijgO.OVXiMh]�_iZVU[JKnPRTL m«j`e
J‰R�MPeƒS^R«RFS
]VU`nho`RFS&ó,úÆXKRÆ_KZ8RTSKR�íieKRFS
]QOVZ8Him�OVHKZ�jpnKm«U`ei]QOVZ�jpMhewO8],Xij“o`R

R«o[U`nho`RTSWS^HKZ8MheKf/R«o[U`nhH^OVMhU`eNjpeiSNj`_K_ƒRFjpZ.O8U/JƒRAY�R«nhni]VHKMPOVRTSWO8U/U`Z8f[j`eKMh]VR�owMÅ]VHijpn^R��I_‰R«Z8MhR«eim«R`ó.úÆXKR«Z8R�kÉU[ZVR

é
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D eterm i ni sti c v ersus Stati sti cal  I nterdependenci es

DP

Stereo:  Two image correspondences lead to a 
deterministic 3D- prediction

DP
DP

DP

DPDP

Motion:  Knowing the RBM between two frames a 
huge amount of deterministic feature predictions for 

the consecutive frame can be made

Shading:  We tend to see a 
convex sphere illuminated from 
above. However, this shading 

pattern could also be caused by a 
plane surface with appropriate 
texture or a concave surface 

illuminated from below

Linear Perspective: In the left image we tend to see 
two parallel lines in 3D and a ball on top. However,

this pattern could also be caused by a different geometric 
structure (see right).

Collinearity:  The two collinear
 line segments (drawn bold) lead 
to an increase of likelihood for the 
existence of a third line segment

inbetween. I.e., only a probabilistic 
prediction (PP) is possible.

PP

PP
a)

e)

d)c)

b)
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MPf[HKZVR�é[ë � �KjpLN_KnhRT]tUpkÆS^R�O8R«Z8LWMheKMÅ]¥O8MhmW_KZ8RTSKMhm�OVMhU`ei]�Jij[]QRFS�U[ebf[R«U[LWR«OVZ8MhmTjpn�ZVRTf`HKnÅjpZ8MPOVMhRT]NÙÉnhR�kæO(ß�jpeiS

_KZ8U`Jij`JKMPnhMÅ]¥O8Mhmt_KZ8RTS^MÅm(O8MPU[ei]ÆJij[]QRFS€U[e']QO8jpOVMÅ]¥O8MhmTjpn&Z8R«f`Hinhj`ZVMPOVMhRT]Tó

OVXKRTØÀ]QRTR«LôOVUWm�Ugo`RTZ�RF]V]VR«ewOVMÅjpn‰]¥O8ZVHƒm(OVHiZVR!Upk&OVXiRs_KXIØ^]QMÅm«j`nƒY�U`Z8nÅS&ó�úÆXIHi]�M¨OÆMÅ]�j�o“j`nPHƒjpJKnhRsU[_K_ƒU[ZQO8HKeKMPO¥Ø

OVUÀnhUIU`\‡jgO�O8XKR/Z8RT]VHKn¨O�]�kÉZVU[LîJKMhU`nhU`f[ØÀOVUNJ‰RTm�U[LNRtMhei]V_KMhZVRFS€kÉU[ZA]QHiM¨O�jpJKnhR/S^R�íieiM¨O8MPU[ei]�Upk�m�U[ei]QOVZ�jpMhe[O�]«ó

qAeKU`OVXKRTZ�MPLN_‰U`ZVO8j`e[O�_KZ8U`JinPRTLÁOVXKR�oIMÅ]QHƒjpnK]VØI]QOVRTL Xij[]�OVUEm�U[_ƒRÆY�MPOVXNMÅ]<jpeWR��IOVZ8R«LNRTnPØEXiMPf[XWS^RTf`Z8R«R

UpkEogjpf[HKR«eiRT]8]€jpeƒSCHKeim�RTZQO�jpMhewO¥ØËMhe�MPO8]>nPUgY7nhR«o[R«ns_iZVU^m�RF]V]VRT]>]QHƒm�X#j`]‡RFS^f`RüS^R�O8RTm�OVMhU`e	ïAU[_^OVMÅm��ƒUgY

jpeij`nPØ^]VMh]0jpeiS/]QOVRTZVRTU�RT]QOVMhLNjpOVMhU`eÀèPé�ê¸ó,ÿAUgY�R«o[R«ZFï«JIØWáæÞ��°Û•ø`ÝVÜ��ŽáæÞIøsáæÞ����gÝ(çÀÜ	�•á��gÞ�j`m«ZVUw]V]{oIMÅ]QHij`npLNU^SKjpnhM¨O8MPRF]

Ùl]VR«R[ïƒR[ó fƒóPï.è 
wuIï��pêæß�ïiO8XKR�XIHKLÀj`eÔoIMh]VHijpn�]QØ^]QOVRTLN]!j`mTû[HiMPZ8RT]�oIMÅ]QHƒjpn0Z8R«_iZVRF]QRTe[O�jgO8MPU[ei]ÆY�XKMÅm�X�jpnhnPUgYA]�kÉU`Z

j`m�OVMhU`ei]�Y�M¨O8X>XiMPf[X€_KZ8RTm«Mh]VMPU[e€jpeƒS€m�RTZQO�jpMhewO¥ØWY�MPOVXiMPe€OVXKR

�� Y�U`Z8nhS‡R«o`RTe‡HKeiSKR«ZÆZ8jpOVXKRTZ�Hieim�U[e[O8ZVU[nPnhRTS

m�U[eiS^MPOVMhU`ei]�ó

úÆXKR'_ƒUgY�R«ZNUpktLNUISijpnhM¨O¥Ø÷kÉHi]VMhU`eCjpZ8Mh]VRT]�kÉZVU[L OVXiR'XIHKf[R>eIHKL
JƒRTZNUpk!MhewOVZ8MPeƒ]QMÅm'ZVRTnhjpOVMhU`ei]Wj`m«ZVUw]V]

oIMh]VHijpn&LNU^SKj`nPMPOVMhRT]Tó

ù

RE]VHKf[f`RT]QO�OVU‡S^MÅ]¥O8MPeif`HKMÅ]QX'J‰R�O¥Y�R«R«e'O¥Y�UN\wMheiS'Upk�ZVRTf`HKnÅjpZ8MPOVMhRT]Të

é“ß����������	������������� �!���"�����	#��%$&����#�������� �'�€ÙÉLNUw]¥O�MPLN_‰U`ZVO8j`e[O8nPØ�Z8MPf[MhS�J‰U^S^Ø•LNUpO8MPU[e	ï)(Ar+*�ßsj`_-,

_inPMhRTS'Mhe	ïKR`ó fióhïK]QOVR«Z8R«UNjpeƒS>LNU`OVMhU`e'_KZVU^m«RT]8]QMheKf�Ùl]VR«R�íif[HKZVRNéFjKï Jƒß�jpeiS&ï

u[ß!./��01��������� ��0123� �"�����	#4��$5�'��#4�'����� ���EJƒR«O¥Y�RTR«e�kÉRTjpOVHKZ8RT]!j`]Aj`_K_KnhMPRFS�MPe0ïƒR[ó fƒï76tRT]QO8j`n¨O!nhj“YA]A]VHim�X

j[]�m�U[nPnhMPeiRTjpZ8MPO¥ØÔÙl]VR«Rtíif`HiZVRNéTmFß�U`ZÆMhe'_iMhm�OVU`Z8MÅjpn	S^RT_^OVX•m�HiRT]/Ùl]VR«R�íƒf`HKZ8RNéTS&ï RFß�ó

�sR«OVRTZVLNMheKMh]QOVMÅmüMPewO8R«Z�S^R«_‰R«eiSKR«eim«MPRF]'j`ZVRüJij[]QRFSõU`eÊÜgÞ‰ÜpÚ98	�•álä8ÜpÚæÚ98�å`Û�â«ä�Ý(álà�Ü[à�ÚPÛüøwÛ �pçNÛ:�•Ý(álä8ÜpÚ�Z8R«nÅjgO8MPU[ei]

f`Z8U`HKeƒS^RTS2U`eËSKM<;{R«Z8R«ewON_ƒRTZ8]V_ƒRFm(O8MPo[RT]WUpk�jb]8m�RTeKR>U[ZÀjpe2U[J-=¥RTm�O�ÙŽ]QRTR'íif`HKZ8R�é[é`ï Jƒß(ó

�

U[ZWR��KjpLN_KnhR`ï

\IeKUgY�MPeifEOVXiR>(Ar+* J‰R�O¥Y�R«RTe‡O¥Y�UEkÉZ�jpLNRT]�å`Û:�°Û�Ý(çWáæÞiáÅâ?�•álä �‰Ý8Û8åpálä@�•á��gÞiâ�J‰R�O¥Y�R«R«e‡kÉZ8j`LWRF]�mTjpe‡J‰RtLNj[S^R

Ùl]VR«R[ï&R`ó fióhï.èPéTvKï"
%�“êÉß(ë!úÆXiR�U^m«m«HKZVZ8R«eƒm�R�U`k�jpe�R«o`RTewO!MheÔOVXiR
íƒZ8]QOskÉZ�jpLNRWLNj`\`RF]�OVXiR
U^m«m«HKZ8ZVRTeim�R
Upk�j

m�RTZQO�jpMhe'RTo`RTe[O�Mhe�OVXKRE]VRTm«U`eiS>kÉZ�jpLNR�LÀjpeiSKjpOVU[ZVØ�ÙlR��Km�RT_^OsMhe'OVXKRE]V_ƒRFm�MÅjpn0mTj`]VR�Upk�U^m«m�nhHi]VMPU[eƒß(ó

ù

XKMPnhR

OVXKRWZ8R«f`Hinhj`ZVMPO¥Ø�(srA* nPRFj`SK]sOVU'S^R�O8R«Z8LWMheKMÅ]¥O8Mhm
_KZ8RTS^MÅm(O8MPU[ei]Tï{]QO8jpOVMÅ]¥O8MhmTjpn�MPewO8R«Z�S^R«_‰R«eiSKR«eim«MPRF]sU^m«m«HKZ�j`]

]¥O�jgO8Mh]QOVMÅm«j`n<m�U`Z8Z8R«nÅjgOVMhU`eƒ]!J‰R�O¥Y�R«RTebRTo`RTe[O�]�Y�XKMÅm�XüU[eKnhØÔnPRFj`S�OVU �‰Ý �`à�Ü`à«áæÚ·áÅâ?�Žálä �{ÝVÛ�ågálä:�Žá��pÞKâ/jpJ‰U`H^O/O8XKR

U^m«m�HiZVZ8R«eim«R!U`k�U`OVXKRTZ�R«o[R«ewO8]Tó



�

ù

Rtm�nÅjpMhLôOVXijpO�Mhe€U`Z�S^RTZ�OVUWS^R«o[R«nhU`_NOVXiRtj`JKMPnhMPO¥Ø
O8U�R��I_inPU[M¨O<O8XKRT]VRtZVRTf`HKnÅjpZ8M¨O8MPRF]<j�SKMh]QOVMheKf`HiMh]VXijpJinPR

jpLNU`Hie[OAU`k�f`R«eiR�OVMÅm«j`nPnhØ‡_KZ8R@,°]QOVZ8Him(O8HKZVMheKfNMhe�OVXKREXIHKLÀj`e'oIMÅ]QHƒjpn0]VØ^]¥O8R«L�MÅ]sSKR�OVRTZVLNMheKRTS	ë

ù

R
]QHKf[f`RF]¥O

OVXijpO�O8XKRsHi]VRAU`k<å[Û@�°Û«Ý(ç
áæÞƒáÅâ �•álä�áæÞ��¸Û«ÝVå`Û �iÛ�Þ{å`Û«Þ‰ä«álÛ(â<MÅ]�O8U�j/nÅjpZ8f`RAS^RTf`Z8R«RsøwÛ�Þ{Û@�•álä�ÜgÚæÚ98‡å`Û:�°Û�Ý(çWáæÞ‰Û�ågó�c!e

OVXKRsUpOVXiR«Z�Xij`eiS&ï`Y�RAjpZ8f`HiR�O8XijgO�O8XKRAHi]VRÆUpk.â?�¸Ü��ŽáÅâ?�•álä�ÜgÚiáæÞ��¸Û«ÝVå[Û �iÛ�Þ{å`Û«Þ‰ä«álÛ(â._KZ8RT]VHK_K_‰U[]VRT]�j`e•Û��%�¸Û«ÞKâ(áæãgÛ

áæÞ��°Û�Ý8Ü`ä:�Žá��pÞ���á ���•ãFáÅâ��iÜgÚ�ÝVÛ�ÜgÚ	� �gÝ(ÚPå'å`Ü��¸Ü�


ù

REjpZ8REj“Y�j`ZVR!OVXijpOsY�REj`SKS^Z8RT]8]AjWO8U‡jÀS^R«f[ZVRTREjpZ8f`Hij`JKnPR

Mh]8]VHKR!j`eiSÀO8XKR«Z8R!S^U
R��^MÅ]¥OÆS^MPo[R«Z8f`RTe[O�_ƒU[MPewO�Upk0oIMhR«YA]tÙl]VR«R`ïIR[ó fƒóPï{è¨é�
“êÉß�O8XijgO�]QHif`f`RF]¥O�OVXijpOÆj`nh]VU/OVXiR!Hi]VR
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r�UpOVX>\IMPeiS'U`k,Z8R«f`Hinhj`ZVMPOVMhRT]TïwSKR�OVRTZVLNMheKMÅ]¥O8Mhm�j`]ÆY�R«nhn&j`]�]QO8jpOVMÅ]¥O8MhmTjpn•ïImTjpe'JƒR�Hi]VRTS€OVUNR��wO8Z8j[m(OAS^RT_^OVX

MPeKkÉU`Z8LNjpOVMhU`e	ó�ÿAUgY�R«o[R«ZFïKO8XKR«Ø�Y�U`Z8\>Mhebj>m�U`LN_KnhR«LNRTe[O�jpZ8Ø>YÆj“Ø`ó

�

U[ZsR��Kj`LW_inPR�OVXKRN]¥O8R«Z8R«U€m«HKRWU`eKnhØ

Y�U[ZV\^]AkÉU`Z!m«nPUw]QRWS^R«_KOVXb]VMheim�R�OVXKRWJij`]VMÅ]AY�MÅSIOVXbUpk�OVXiRWmTjpLNR«Z�j‡]VØI]QOVRTL7Xij`]sOVU>JƒRW]QH^ö‡m«MPRTe[O8nPØ•nÅjpZ8f`R

MPe>ZVRTnhjpOVMhU`eNO8U�O8XKRtSKR«_^O8X	ó��s]VMPeKfWR«f[UELNUpO8MPU[e‡Y�Rtm«j`e€Mheim�Z8RTj[]QR�O8XKRtJij`]VMhmAY�MhSIO8X'j`eiSÀY�R!mTjpe‡R��wO8R«ewO

OVXKR>Z8j`eKf`RÀU`kAS^R«_^O8X5kÉU`Z
Y�XKMÅm�X5ZVRFm�U`eƒ]¥O8ZVHim�OVMhU`e÷MÅ]E_‰U[]8]QMhJKnhR`ó•ÿAUgY�R«o[R«ZFï0Y�R€jpnhY�j“Ø^]�eKRTRTS�åpá �sÛ«ÝVÛ�Þ��

�KÛ«Ý�â �KÛ�ä:�ŽáæãgÛÀãFálÛ8�.â � � ���KÛWâ«ä�Û�Þ{Û�óEGwO�jgO8Mh]QOVMÅm«j`n�Z8R«f[HKnÅjpZ8M¨O8MPRF]AjpZ8R
j`_K_KnhMPRFSÔMhe�]QU'm«j`nPnhRTS2a _KMÅm(O8U`Z8Mhj`n,m«HKRT]Ta

Ùl]VR«RÀíƒf`HKZ8R•éTS&ï RNkÉU`ZEO¥Y�U•R��^j`LN_KnPRF]8ß�ó
	�Mhm�OVU[ZVMÅjpn<m«HKRT]Ej`nPnhUgY×OVU•R��IO8Z8j[m(O 
���MPeKkÉU`Z8LNjpOVMhU`eükÉZ8U`Lýu��

MPLÀj`f`RT]
Y�MPOVXKU[H^ONSKMPZ8RTm�O
f`RTU`LNR�O8ZVMÅm‡R��^_ƒRTZVMhR«eim«R€U`k�OVXKR!
��7]V_ij`m«R`óüì°eË]VRTm(O8MPU[e �üY�R>Y�MPnhn�]QRTR‡OVXƒjgO

OVXKR‡j`JKMhnPMPO¥ØÔO8U•Hi]QRN_KMÅm(O8U`Z8Mhj`n<m�HKRF]/R«o[U`nho`RF]!nÅjgO8R«Z/MheüOVXKRÀU[e[O8U`f[R«eKR«OVMÅm«jpn<SKR«o`RTnPU[_KLNR«ewO/Upk�OVXKRÀoIMÅ]QHƒjpn

]QØ^]QOVRTL'ïiMPeiSKMhmTjgOVMheKfWOVXiR/eKR«RFS>U`k�jNm�RTZQO�jpMhe'j`LNU`HKewOAUpk.j`SKj`_^OVMhoIM¨O¥Ø€Upk�OVXKRE]VØ^]¥O8R«L�ó

ú0U>]QHKL HK_�O8XKMh]t]VRTm(O8MPU[e	ïiY�REXij“o[RE]QXiUgY�e�OVXijpOsf`RTU`LNR�O8ZVMÅm«j`n0jpeiS•]QO8jpOVMÅ]¥O8MhmTjpn,ZVRTf`HKnÅjpZ8M¨O8MPRF]ÆMPe�owM ,

]QHƒjpn,SijgO8jNXƒj“o`RES^MÅ]¥O8MPeif`HKMÅ]QXƒjpJKnhR/_KZ8U`_‰R«ZVOVMhRT]Tó!é“ß

ù

XKMhnPR/O8XKR/íiZ�]QOsZVRTf`HKnÅjpZ8MPO¥Ø‡nPRFj`SK]�OVU€S^R«OVRTZVLNMheKMh]QOVMÅm

_KZ8RTS^MÅm(O8MPU[ei]�O8XKR
]VRTm«U`eiS'U`einPØ�jpnhnPUgYA]A_KZVU[JijpJiMPnhMh]QOVMÅm/_KZ8RTSKMhm�OVMhU`ei]TóAu`ß �!R�O8R«Z8LNMPeKMÅ]QOVMÅmEZ8R«f`Hinhj`ZVMPOVMhRT]�j`ZVR

ZVRFj`]VU`eij`JKnhØ�j`eijpnhØwOVMÅm«j`nwS^RF]Vm«ZVMhJij`JKnPR�Y�XKMhnPR�]QO8jpOVMÅ]¥O8MhmTjpnIZVRTf`HKnÅjpZ8MPOVMhRT],eKR«RFSELNU`Z8R�]VU`_iXKMh]QOVMÅm«jpOVRFS�S^RF]Vm«ZVMh_-,

OVMhU`ei]Tó 
[ß,úÆXKR�j`_K_KnhMhmTjgO8MPU[e�Mhe
jpZVOVMPíƒm«Mhj`n[oIMÅ]QHij`n^]QØ^]QOVR«LÀ]�Xij[]0J‰R«RTeW]VUAklj`Z�LNU[ZVRÆ]QHƒm«m�RF]V]QkÉHKnwZVRFjpnhM
�TRTSEkÉU`Z

S^R�O8R«Z8LNMPeKMÅ]QOVMÅmEO8Xijpe÷]¥O�jgO8Mh]QOVMÅm«j`n,Z8R«f[HKnhj`ZVMPOVMhRT]Tó �wß>6tR«U[LWR«OVZ8Mhm
Z8R«f`Hinhj`ZVMPOVMhRT]sR«eij`JKnPRNS^RT_^OVXbRT]QOVMhLNjpOVMhU`e

Jij`]VRTS‡U`eÀO¥Y�UEU`Z�LNU`Z8RAoIMPRTYA]�U`k0j�]8m�R«eiRsY�XKMhnPRsOVXKR�]QO8jgO8Mh]QOVMÅm«j`niZ8R«f[HKnhj`ZVMPOVMhRT]�jpnhnPUgYõS^RT_^OVX€RT]QOVMhLNjpOVMhU`e

kÉZVU[L3U`eiRWoIMhR«Y×U`eKnhØ`óWì°e�O8XKRÀeKR��wO�O¥Y�U']VRTm�OVMhU`ei]�Y�RNY�MPnhn<]VXKUgYÁOVXƒjgO/OVXiRNj`nh]VU'R��^Mh]QOES^M ;‰RTZVRTeim�RF]�MPe

OVXKR/U[ewOVU`f[R«eKR«OVMÅm�S^R«o[R«nhU`_KLNR«ewO�Upk.jpJKMhnhM¨O8MPRF]�Jij`]VRTS>U`e'f`RTU`LNR�O8ZVMÅm«j`n&jpeiS']¥O�jgO8Mh]QOVMÅm«j`n	ZVRTf`HKnÅjpZ8MPOVMhRT]Tó
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q�O�OVXKRsR«eiSWUpk‰OVXiR/é�B
����m«R«ewOVHiZVØ

ù

MPnhnPMÅjpL��[j`LNRT]�èPé�B“êƒm�XƒjpZ�j`m(O8R«Z8M
�TRTSEOVXKRAY�U`Z8nÅSEUpk‰OVXiRAeKR«Y�J‰U`Z8eNj`]<j

ñQJKnhUIU`LNMheKfiï[JKH �8�TMPeifEm�U`eKkÉHi]QMhU`eƒòKó�ì°LNj`f`MheKRÆOVXƒjgO�O8XKR«Z8R�Y�U`HKnÅSNeKUpO�JƒRsj`eIØ�MheKeijgO8Rsm�U[eim�RT_^O�U`k{S^RT_^OVX0ï

OVXKRNMÅS^RTj€OVXƒjgO�U`J-=¥RFm(O8]�m«U`LNR
MhewOVU'U`ZtnPRFj“o`R
R��^Mh]QOVRTeim�RWY�XKRTeÔOVXiR«ØÔjp_i_ƒRFjpZ�U`Z�S^MÅ]V]8jp_K_‰RTj`ZskÉZ8U`L7O8XKR

oIMh]VHijpn0íiR«nÅS•Y�U`HKnÅS•J‰R�MheKRT]8m«j`_ijpJinPR[ósÿAUgY�R«o[R«ZFï^OVXKRTZVR
R��^MÅ]¥O�]sj‡f[UIUIS•j`LNU`HKewOsU`k<R«oIMhSKR«eim«REOVXƒjgOsO8XKR

eKR«Y�J‰U`Z8e	a ]AY�U`Z8nhS'MÅ]seiUpO!j[]sm�U[e^kÉHi]VMPeif€j`]!j`]8]QHKLNRFS�JwØ��wjpLNRT]Tó�ì°eiS^RTRTS&ï‰_i]VØIm�XiU`_‰U`XIØ^]QMÅm«j`n&ZVRF]QRFjpZ�m�X

MPeƒS^MhmTjgO8RT]�OVXijpOÆOVXKR�MÅS^RTj
Upk0f[R«U[LWR«OVZ8Mhm!Z8R«nÅjgOVMhU`eƒ]�Mhe�
%� Mh]�o`RTZVØNnhMP\[R«nhØÀeKUpOAj>ÚPÛ�ÜgÝ(Þ{Û8å!U[eKR!JiH^O�Mh]�OVUÀj

nhj`ZVf[RtSKR«f`Z8R«REøwÛ�Þ{Û@�•álä�ÜgÚæÚ98'å`Û:�¸Û«Ý(ç
áæÞ{Û�ågó


�� Mhe^kÉU`Z8LÀjgO8MPU[e>m«j`e>J‰REj`mTûwHKMPZ8RTS€JIØ€S^M ;‰RTZVRTe[OAm«HKRT]Tó ��HKRT]ÆJƒj`]VRTS‡U[e'SKR�OVRTZVLNMheKMÅ]¥O8Mhm/S^RT_ƒRTeiS^RTe-,

m�MhRT]
jpZ8R‡]¥O8R«Z8R«Uiï�]QXƒjp_‰RÀkÉZVU[L�LNU`OVMhU`e jpeƒSüm«U`eIo`RTZVf[R«eim«RNUpkÆO¥Y�U•RTØ`RF]ES^HKZ8MPeif•í �KjgO8MPU[e	ó�GIO8jgO8Mh]QOVMÅm«j`n

ZVRTf`HKnÅjpZ8MPOVMhRT]/jpZ8RÀHi]VRTS÷JIØü_KMhm�OVU[ZVMÅjpn�m«HKRT]
]QHƒm�X÷j[]/U^m«m«nPHi]VMhU`e	ï.]QXƒj`S^MheKf�j`eiSünPMheKRTj`Z�_‰R«Z�]Q_‰RTm�OVMho`R‡j`ZVR

jp_K_inPMhRTS÷kÉU[Z
]QO8jpOVMÅm‡S^R«_KOVX R��wO8Z8j[m(O8MPU[e	ó•ì¸O
MÅ]EMhewOVR«Z8RT]QOVMheKfÔMhe Y�XKMÅm�X5U`Z�S^RTZEOVXiRT]VR€m�HKRF]
SKR«o`RTnPU[_5jpeiS

Y�XKR�O8XKR«ZAOVXKRTZVR�MÅ]�jN_ƒRTZ8m«R«_^O�Upk 
��µjpnhZVRFj`S^ØÀY�U`Z8\IMPeKf
kÉZ8U`LîJKMhZVOVX�U`e	ó

�

R«nhnPLÀj`e�j`eiS•qAZVOVRTZVJ‰R«Z8Z8Øbè upv“ê.]¥O�jgOVREOVXijpO 
��µMPe^kÉU[ZVLÀjpOVMhU`e•MÅ]sj`mTûwHKMPZ8RTS'RTo`R«e�JIØ>OVXKREeiR«Y�J‰U`Z8e	ë

a q!m�XKMhR«oIMPeif€j`mTm�HKZ�jgO8R�]VM �«RE_‰R«Z�m�RT_^OVMhU`e÷óhóPóÆMhLW_inPMhRT]sOVXijpO!jgOAnhRTj[]¥O!U`eKRE]VU`HKZ�m�R/U`k�R«f`U^m«R«ewOVZ8Mhm�S^MÅ]QO8jpeƒm�R

MPeKkÉU`Z8LNjpOVMhU`e óPóhóCMh]ÀkÉHKeim(O8MPU[eijpnAjpOÀJKMPZVOVX0aPó#úÆXKRTZVR�MPO‡Mh]Àj`nh]VU÷m�nÅjpMhLWRFSËOVXijpOÀm«U`eIo`RTZVf[R«eim«R€L
Hi]¥O‡J‰R

OVXKRWm�HKREíiZ8]QOsjp_i_KnPMhRTS	óÆúÆXiR
]QOVR«Z8R«U‡m«HKREMÅ]�Hi]VRTS�JIØ'JijpJKMhRT]!jgkæO8R«Zsj`_K_KZ8U �IMhLÀjgO8R«nhØ�éFuWY�R«RT\^]AjpeiS'O8XKR

Y�XKU`nhRN]¥O8R«Z8R«U'LNj[m�XKMheKR«Z8ØÔ]¥O�jpZVO8]tZ�jgOVXiR«ZtMPei]QO8j`ewOVnhØ•OVXij`eb]VXKUgY�MheKf']QOVRFj`S^Ø•Mheim«ZVRFj`]VR
U`k�_ƒRTZQkÉU[ZVLÀj`eim�R

è¨é >Tê0_KZ8U`JƒjpJKnhØ‡m«j`Hi]QRFS€JIØba LÀjgO8HKZ�jgOVMhU`eƒjpn&m�Xijpeif`R�MPe�m�U[ZQO8MhmTjpn	S^MÅ]V_ijpZ8M¨O¥Ø�,°]QRTei]VM¨O8MPo[RsHKeKMPO8]Ta,è upvgê•ó

úÆXKRN]¥O�jpZVOVMheKf>U`k�H^O8MPnhM
�TMPeif'LNU`OVMhU`e�Mhe^kÉU[ZVLÀjgO8MPU[eËÙŽj`]tY�RTnPn.Jij[]QRFSÔU[ebS^R«OVR«Z8LNMPeiMh]QOVMÅmWZVRTf`HKnÅjpZ8M¨O8MPRF]8ß

kÉU`ZNR��IO8Z8j[m(OVMheKf 
��7Mhe^kÉU`Z8LÀjgO8MPU[e2MÅ]NeKUpONkÉHKnhnPØËm�nhRTjpZFó G^U`LNR�Y�U[ZV\÷MheiS^MÅm«jgO8RT]WO8XijgOÀU`eiR'LNU[e[O8X2U[nhS

JijpJiMPRF]�jpnhZ8RTj`SKØbm«j`e5Hi]VR‡LNUpOVMhU`e5Mhe^kÉU[ZVLÀjgO8MPU[e÷OVUÔR��IOVZ�j`m(O�SKR«_^O8X�è 
[v“ê¸óÔì°e5f`RTeKR«Z�jpn•ï,MPO
MÅ]�j[]V]VHKLNRTS

OVXijpO€a LWU`OVMhU`e mTjpZ8ZVMhRTSbMPeKkÉU`Z8LNjpOVMhU`e j`JƒU[H^O�]Q_ƒj`m�R>jp_K_‰RTj`Z8]tO8UÔU`_‰R«Z�jgO8R‡jgOEO8XKR‡J‰R«f`MheKeKMheKf óhóhóPa5è upv“ê¸ó

r�H^OAMh]AMh]�j`nh]VUW]QO8jpOVRFS€O8XijgOEa LNU`Z8R/]¥O8HiS^Ø€MÅ]ÆeKRTRTS^RFS>XiR«Z8R!O8UNHKeim�Ugo[R«Z�OVXiR/U`Z8MPf[MPei]tóhóPóhóhasè u`v“ê¸ó

�

RTHKZVU[_KXIØ^]QMhU`nhU`f[MhmTjpn‰ZVRF]QRFjpZ�m�X‡MPeƒS^MhmTjgO8RT]ÆO8XijgOAU[HKZAm�U[eim�RT_^OAUpk�]Q_ƒj`m�RÀÙlHi]QRFS&ïKR[ó fƒóPï^kÉU[Z�eij“oIMPfwjgO8MPU[e

O8j[]Q\^]�ß.Mh]�ZVRFjpnhM
�TRTSWMhe‡m�U`ZVOVMÅm«j`nKLÀjp_i]�j`]�Y�R«nhnƒj[]<MheÀLÀjp_i]�MPeNO8XKRsXKMh_K_‰U^m«jpLN_KHƒ]sÙÉ_iZVU[JijpJKnhØ�Z8R«nÅjgO8MPeif�OVU

S^M ;‰RTZVRTe[OEm«U`LN_ƒR«OVRTeim�RF]�U`ebSKM<;{R«Z8R«ewO/R«o[U`nhH^OVMhU`eij`ZVØ�]QO8jpf[RT]�ß(óWúÆXKR«Z8RW]VR«RTLÀ]sO8U�JƒRNf`RTeKR�O8MhmTjpnhnPØÔ]VU`LNR

\IMPeiSÔUpk<jpZ8RTj[]ÆZVRF]QRTZVo[RTS'MPe•Y�XiMhm�XÔU[HKZAf[R«U`LNR«OVZ8MhmTjpn	Z8R«_KZ8RT]VR«ewO�jgOVMhU`e�U`k�O8XKREY�U`Z8nhS�MÅ]AZ8RTj`nPM �«RFS'MPe•O8XKR

JKZ�jpMhe�jpeiSEOVXKMÅ]�ZVRT_KZ8RT]VR«ewO8jpOVMhU`e�Mh]�L
HKn¨O8M��^]QRTei]VU`Z8Mhj`nƒÙQè u“êÉß(ïgM•ó R`óhïgMPe�OVXKRF]QR�LÀjp_i],MPeKkÉU`Z8LNjpOVMhU`eEU`kiL�Hin¨O8MP_KnhR

]QRTei]VU`Z�]tÙlR`ó fióhïKoIMh]VMhU`e	ïK]VU`HKeƒS&ïIOVU[Him�X	ï&óhóPódßWMh]�m«U^S^RTS&ó

úÆXKR�LNUw]¥O�nPMh\`RTnPØ•m«U`eim«nPHi]VMhU`eÔY�RWmTjpe�SKZ8j“Y kÉZ8U`L OVXiRT]VR�íieƒS^MPeif[]!Mh]!OVXƒjgOtOVXKRNm�U[eim�RT_^OtU`k�S^RT_^OVX

ÙÉZ8RTj`nPM �«RFSÀMPe>ZVRF]QRTZVo[RTSNf[R«eKR«OVMÅm«jpnhnhØNSKR�OVRTZVLNMheKRTS€LÀjp_i]�Mh]�R��^MÅ]¥O8MPeif�kÉZ8U`LÊJKMhZQO8Xƒß�U`e‡JKHKO�O8XijgO�OVXiMh]�MhSKRTj

Mh]tíƒZ8]QO‡Ùlm�UwjpZ�]QRTnPØKßAZVRFjpnhM
�TRTSbJwØÔm«U`eIo`RTZVf[R«eim«R`ï‰OVXiR«e÷MPe÷j`SiS^M¨O8MPU[ebJIØ�]QOVRTZVRTU'j`eiSÔLNU`OVMhU`e÷m�HKRF]«óNúÆXKR

Hi]VR/Upk,_iMhm�OVU`Z8MÅjpn	m�HiRT]ÆR«o[U`nho`RF]�nÅjgO8R«ZAj[]�S^Mh]8m�Hƒ]V]VRTS>MPe'O8XKR/eKR��IOs]VRTm�OVMhU`e	ó
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ì°e m�U[e[O8Z8j[]¥OtOVU�O8XKR‡RFjpZ8nPØÔHƒ]QRÀU`kÆS^R«OVRTZVLNMheKMh]QOVMÅmÀMhewOVR«Z�S^RT_ƒRTeiS^R«eƒm�MhRT]/Mhe5S^R«_^O8X5_ƒRTZ8m«R«_^O8MPU[e	ï,OVXKRÀHi]VR

Upk�_KMÅm(O8U`Z8Mhj`n0m�HKRF]�LNU`Z8R/nPMh\`RTnPØ'Mhewo[U`nho`RF]ÆowMÅ]VHijpn	R��^_ƒRTZVMhR«eim«RE]QMheim«R/OVXKRF]QREm«HKRT]!jpZ8R/Hi]VRTS�JIØ >
LNU`ewO8Xi]

U`nÅS•Jij`JKMPRF]AJKHKOt]QOVMhnPn�eKUpOtMPeÔOVXKR �NLNU`ewOVXi]
è u`v“ê¸ó!úÆXKMÅ]AXij[]AJ‰R«RTeÔMPeƒS^R«_‰R«eiSKR«ewOVnhØÔ]QXiUgY�e�kÉU`Z!]VR«o[R«Z�jpn

_KMÅm(OVU[ZVMÅjpnƒS^R«_^O8X‡m�HKRF]AÙÉnhMheKRTj`Z<_ƒRTZ8]V_‰RTm(O8MPo[REè 
ié(ê¸ï`klj`LWMhnhMhj`Z<]QM �«R�è �wu“ê•ï[UImTm�nhHi]VMPU[e�èPé8�pê‰jpeƒSW]VXij[S^MPeif‡è¨é �Fêæß�ó
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MPf[HKZVREuKë�GwO8jpOVMÅ]¥O8MhmTjpn	MhewOVR«Z�S^RT_ƒRTeiS^R«eƒm�MhRT]ÆMhe'eƒjgOVHiZ8j`n&MPLÀjpf[R/]QRFû[HiR«eim«RT]�kÉU`ZAm«U`nhnPMheKRFjpZÆkÉRTjpOVHKZ8RT]ÆLNRFj	,

]QHiZVRFS�JwØ'O8XKR
]VU€m«j`nPnhRTS÷a 6tRT]QO8j`n¨O�m�UIR�ö‡m«MPRTe[OFaikÉU[ZAO8XKR�LNU^SKjpnhMPOVMhRT]!_KXij`]VR`ï‰U`_KOVMÅm �iUgYÁjpeiS�m�U`nhU`Z!jpeiS

OVXKRTMPZÀm«U`L�JiMPeijpOVMhU`ei]TóbúÆXiR��',¸j �^Mh]
ZVRT_KZ8RT]VR«ewO8]EOVXKR'S^Mh]QO8j`eim�R'Upksm«U`nhnPMheKRFjpZ�nhMheKR']VR«f[LNR«ewO8]
MPe2_KM �^RTnh]Tó

úÆXKR�6tRT]QO8jpnPOÀm�UIR�ö‡m�MhR«ewOWMh]NjÔLNRFj`]VHKZVR€kÉU`Z
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