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Abstract

This report describes a preliminary study on the problem of matching a live camera
image of an urban scene to a small set of images, retrieved for the camera’s current
geographical location from a database, to find the most similar view. The approach
is feature-based, first detecting point features in the images, then identifying potential
point matches based on feature similarity, and finally applying the fundamental matrix
constraint to retain good matches and remove poor matches. Results of image matching
are shown for scenes under the same and varying illumination.
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·�¸KN¹GRºKº-JW»©¼�GR½V»«¾I¿À¾RÁO½V¸K»©U�ÂO¾IQmÃ	»«U�G	¼�N�J«JWºK¸-¾I¿KN�Â&»W½V¸Ä¼�GIÅ[NPQmGGI¿-S?SK»«UVºKJ©G{XIÆMÂ&»W½V¸Ç½V¸-N
¼�GRº¦GRÈK»«JW»W½_X§½V¾§GRHK½V¾IÅsGR½V»©¼�GRJ«J«X�QmNP¼�¾IÉd¿K»«UVNDGI¿�HKQmÈ-GI¿�Um¼uN�¿-ND»«¿�½m¸KN�¼�GRÅ�NPQmG-Ê U9Ë-N�J©S�¾RÁ-Ì�»«N�Â
»W¿Í¾dQmSKN�Q�½m¾¹ºKQmNPUVN�¿c½0GI¿ÎGRHKÉdÅ�N�¿c½VN�SÌc»«N�Â�ÏhÐa¿	½m¸KN�NP¿cÌ�»©UVGIÉIN�SÑUVX=U_½mN�ÅÆ¦½V¸KN[¼uN�J«J«ºK¸K¾I¿-N
H-U1N�UsÒ§FDÓÇ½m¾?¾dÈ=½mGI»W¿>»e½TUsGRºKº-QV¾{Ô=»«Å�GR½VN¹J«¾=¼�GR½V»«¾I¿�Ï5Õ�SKG�½TGRÈ-GdU1N²»«U�½m¸KN�¿ÖGI¼P¼uNPUmUVNPSÇ½m¾
¾IÈ=½TGR»«¿Ñº-QVN�×ØQmNP¼�¾IQTS=NPS²»WÅsGIÉINPU�¾IÁ�½V¸KN�UVHKQmQV¾dHK¿-S=»«¿KÉ�ÈKHK»«J©S=»W¿-ÉdUPÏ¦·�¸KN"UVX=U_½mN�Å�¼u¾IÅ�º-GIQVN�U
½V¸KNJ«»WÌdNÑ¼PGRÅ�N�QTGÍ»«ÅsGRÉINÑÂ&»W½V¸>½V¸KNSKG�½TGRÈ-GdU1NÑ»«Å�GIÉIN�U�Æ�GR¿-SÙ¸-G{Ì�»W¿-ÉÎÁÚ¾dHK¿-SÄ½m¸KNÅ�¾dU1½
U1»«Å�»WJ©GRQ�Ì�»WNPÂ�Æ�½V¸KN�¼�N�J«JWºK¸-¾I¿KN�¼�GI¿²S=»©UVºKJ«G{X�½m¸KN�J«»WÌdN0»«ÅsGRÉIN�¾RÁ+½V¸KN�Um¼uNP¿KN§¾�ÌIN�QmJ©GR»©S�Â&»e½m¸
GR¿�X%GRH-ÉIÅ�N�¿c½mGR½V»«¾I¿ÑSKG�½TG[G{Ì�GI»WJ©GRÈKJ«N�ÁÚ¾IQ�½m¸-G�½�Ì�»«N�Â�Ï

·�¸cH¦U¨½V¸KN�UVX=U_½mN�ÅÛN�ÜhN�¼q½V»«ÌINPJWX�H-UVNPU5G§¼u¾cGRQTU1N�×°½m¾R×ØË-¿KNDGIºKºKQm¾dGd¼T¸"½V¾§»©S=N�¿c½m»eÁÚX[G�Um¼uNP¿KNIÆ
Â&»e½m¸%Ò§FDÓ�ºKQm¾�Ìc»©S=»«¿KÉ§GRºKºKQm¾{Ô=»WÅsGR½VN�JW¾=¼PG�½V»«¾I¿�GR¿¦S�Ì�»©U1»«¾I¿�S=¾d»W¿KÉ§½m¸KN�Ë-¿KN�×°½mHK¿K»«¿KÉ-Ï=ÝDHKQV×
QVNP¿d½�Ò§FDÓÇ¸-GdU"GR¿>GI¼�¼�HKQTGI¼uXÎ¾RÁ'GRÈh¾IHK½%ÞPßIÅà»«¿áÂ&»©S=Nu×¢¾IºhN�¿ÄNP¿cÌ�»«QV¾d¿KÅ�N�¿c½mUPÆ9È-H=½�½m¸K»«U
S=N�ÉdQmGdS=NPU�¾dQ!ÈKQmNPGRÃ=U5¼�¾IÅ�ºKJ«Nu½VNPJWX[»«¿sHKQVÈ¦GR¿�N�¿�Ì�»WQm¾I¿-Å[NP¿c½mU5S=HKN�½V¾�¾IÈ¦U_½mQVH-¼u½V»«¾I¿sGR¿¦S�QVN�×
â NP¼u½V»«¾I¿�ÏKã0»eÜ3N�QmN�¿c½m»«GIJ9Ò§FDÓs»©U&G�JWN�UVU�Â&»©S=N�J«Xc×¢G{Ì�GI»WJ©GRÈKJ«N0UVN�QmÌ�»«¼�N'ÈKHK½�»«UOÅ�¾IQmN�Gd¼�¼�HKQmGR½VNdÆ
UVG{X	ÞPÅä»«¿²Â&»©S=Nu×¢¾IºhN�¿NP¿cÌ�»«QV¾d¿KÅ�N�¿c½mUOÈKHK½'GRÉdGI»W¿ÑS=N�ÉdQmGdS=»«¿KÉ�»«¿HKQmÈ-GR¿ÑN�¿�Ì�»WQm¾I¿-Å[NP¿c½mUPÏ
Õ'U0ÁÚ¾IQ§¾IQm»«N�¿c½mGR½V»«¾I¿Í¾IÁ!½V¸KNsS=NPÌ�»«¼�NIÆMGR¿ÀGRºKºKQm¾{Ô=»WÅsGR½VN"N�U_½m»WÅsG�½mN[¼PGR¿?È¦N�¾IÈK½mGR»«¿KN�SÍQmN�JW×
G�½V»«ÌINPJWXÄ¼T¸KN�GRºKJ«XÄH-UV»W¿-É?¼u¾dÅ�º-GIUmU�GI¿-SÄ½m»WJW½1×aUVN�¿-UV¾IQ�Ï¨Õ'ÉdGI»W¿>HKQVÈ¦GR¿ÙNP¿�Ìc»«Qm¾I¿KÅ�N�¿c½TU�¼�GI¿
¼�GRH¦U1N�ºKQm¾IÈ-JWNPÅ�U'S=HKN�½m¾-Æ-UmG{XIÆ-U1½VQTG{X¹ÅsGRÉd¿KNu½m»«¼�Ë-N�J©SKU�ÁÚQm¾IÅå½V¸KN�Å[N�½mGIJ9¸�HKJ«J«U&¾IÁ5ÈKHK»«J«S�×
»W¿KÉcU�Ï

æK¾IQ§½m¸KNsºKHKQmºh¾dUVNs¾RÁO½V¸K»©U"U1½VH-S=XdÆM½V¸-N%GIUmU1H-Å[ºK½V»«¾I¿À»«U§½m¸-G�½�½m¸KN�QmNs»©U�Ò§FDÓ?ÈKH=½"¿-¾
¾IQm»WNP¿d½TG�½m»W¾d¿"»W¿KÁÚ¾IQmÅ�GR½V»«¾I¿�G{Ì�GI»WJ©GRÈKJ«NIÏ�·�¸KN&Ò§FDÓ"S-G�½mG'»«U+½m¸KNDÈ¦GIUV»«U9ÁÚ¾IQ¨QVN�½VQm»WNPÌ�»W¿KÉ'ÁÚQV¾dÅçG
SKG�½TGRÈ-GdU1N!GIJWJd»WÅsGRÉdNPU3ÁÚ¾dQ�½m¸KN�èIédßdê5UVHKQmQV¾dHK¿-S=»«¿KÉcUMG�½+G&J«¾=¼�GR½V»«¾I¿�Æ�GR¿-S§Ì�»©U1»«¾I¿§QmNuË-¿KN�UM½m¸K»«U
ÈcX�ÅsG�½T¼T¸K»W¿-É&½V¸KN�JW»«ÌIN�¼PGRÅ�N�QTG�»«Å�GIÉIN5½m¾�¾I¿-N!»WÅsGIÉIN�ÁÚQm¾IÅ£½V¸KNOèIéIß ê UVNu½PÏ�·�¸KN�º-QV¾I½V¾R½_X�ºhN
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Ìc»©UV»W¾d¿¹U1X=U1½VN�Å »«U�È-GIUVNPS�¾d¿�ÁÚNPGR½VHKQmN�ÅsG�½T¼T¸K»W¿-É�H-U1»«¿KÉ�½m¸KN'ÉdN�¾dÅ[N�½VQm»«¼&¼�¾I¿-U1½VQTGR»«¿c½!¾RÁ3½V¸-N
ÁÚHK¿-SKGIÅ[NP¿c½mGRJ�Å�GR½VQm»eÔMÏ9Õ Qm¾IÈ-H-U_½"QmNPGIJe×¢ÂO¾IQmJ«SÍUVX=U_½mN�ÅàÂD¾dHKJ«SÇ¼�N�QV½mGR»«¿KJ«XÍQmN�!cHK»«QVN�Å�¾IQmN
½V¸-GI¿>½m¸K»©U�ÆOGR¿-S7ÂON	¾IH=½mJW»«¿KN	½m¸KN	Å�¾dU1½¹»WÅ�Å�NPS=»©G�½mNÍNuÔ�½mN�¿-UV»W¾d¿-Us»«¿7½V¸KN	ÁÚHK½VHKQmN	ÂD¾dQVÃ
U1N�¼q½V»«¾I¿9Ï

·�¸-G�½�UVGI»«SMÆ9½V¸KN²ºKQm¾R½V¾I½_X�º¦NÑU1X=U1½VN�Å S=¾�NPU[S=NPÅ[¾d¿-U1½VQTG�½VN²U1H-¼P¼uN�UVU1ÁÚHKJOÅ�GR½m¼T¸K»«¿KÉÍ¾d¿
½V¸KNsUmGRÅ�ºKJ«N�S-G�½mG²ºKQm¾�Ì�»«S=N�S	ÁÚ¾dQ0½m¸KNsU_½mH-S=XdÆ�U1»WÔ?SKGR½mGIUVNu½TU�¾RÁDH-QVÈ-GI¿ÎNP¿cÌ�»«QV¾d¿KÅ�N�¿c½mU�»«¿
"dGIº-GR¿�Ï+·�¸KN²UmGRÅ�ºKJ«N¹SKG�½TGÍUV¸K¾�Â�U"G	Ì�GRQm»«Nu½_XÎ¾IÁ&HKQVÈ¦GR¿áUm¼uN�¿-NPUPÏ+LOH=½�»«¿ÄÁ¯GI¼u½"½V¸-N�QmN¹»«U
¿K¾[¼T¸¦GR¿KÉdN'¾RÁ�»«J«JWHKÅ�»«¿-G�½m»W¾d¿²ÈhNu½_ÂON�NP¿¹½m¸KN�UV¾IH-Qm¼�N'»«Å�GIÉIN�UDGI¿-S¹SKGR½mGRÈ¦GIUVN'»«Å�GIÉIN�U�Æ�U1¾[»W½
S=¾�NPUD¿K¾R½�QVN â NP¼u½DÂ&¸-GR½DÂO¾IHKJ©Ss¸-GIºKºhN�¿%»«¿²G�QVN�GRJhGRºKºKJ«»©¼�G�½m»W¾d¿�Ï�#?N§GISKSKNPSs¾d¿KN�S-G�½mGdU1N�½
Â&¸KN�QmN	»WJ«J«HKÅ�»W¿-GR½V»«¾I¿ S=¾�NPU%¼T¸-GR¿KÉdNÈ¦N�½_ÂDNPN�¿7½V¸KNÍUV¾IH-Qm¼�NGI¿-S>½mGIQVÉdNu½s»WÅsGIÉINPUPÆ5H-UV»W¿-É
»WÅsGRÉdNPU[¾RÁ§¼u»W½_XáJ«¾�¼PG�½m»W¾d¿-U�Â&¸K»©¼T¸>ÂON�QmNÑSK¾�Â&¿KJW¾cGIS=N�SÄÁÚQm¾IÅ ½m¸KNÂDNPÈ�Ï!·�¸KN�U1N»«Å�GIÉIN�U
GRQmN¹½mGIÃINP¿áÂ&»e½m¸>S=»WÜ3N�QmN�¿c½�¼PGRÅ�N�QTGIU[GIU�ÂON�J«JOGdU�H-¿-S=N�Q�S=»WÜhNPQVNP¿c½[»«JWJ«HKÅ�»«¿-G�½m»W¾d¿-U�Æ5GI¿-S
½V¸KNPQVN'GIQVN&J«¾I¿-ÉR×Ø½VN�QmÅ ¼T¸¦GR¿KÉdNPU5UVH-¼T¸¹GIU5ÌdN�ÉdNu½mGR½V»«¾I¿s¼T¸-GI¿KÉIN&»«¿�½V¸KN�U1H-QVQm¾IHK¿¦S=»W¿-ÉdUPÏR·�¸K»«U
SKG�½TGIUVNu½0S=NPÅ�¾I¿-U1½VQTG�½mNPU'UV¾IÅ�N�UVH-¼P¼uNPUmU1ÁÚHKJ9ÅsG�½T¼T¸K»«¿KÉ¹Â&¸K»«JWN[GRJ©U1¾s»«¿-S=»©¼�GR½V»«¿KÉ¹½m¸KN�J«»«Å[»W½mU
¾RÁ¨½V¸KN"¼�HKQVQmN�¿c½&U1X=U1½VNPÅÑÏ
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·�¸KN�ÉI¾dGIJ�»«U�½m¾ÑÅsGR½m¼T¸ÇGÑUV¾IH-Qm¼�N�»«Å�GIÉIN�¾RÁ�GR¿ÀHKQmÈ-GR¿ÀUV¼�N�¿KNsGRÉcGR»«¿-U1½§GUVNu½�¾RÁD½mGRQmÉIN�½
»WÅsGRÉdNPU�½V¾�Ë-¿-S¹½V¸KN�Å�¾dU1½�UV»WÅ�»«J«GIQDÌ�»«N�Â�Ï�æK¾dQO»«¿K»W½V»©GRJ3ºKQmN�º-GIQmGR½V»«¾I¿s¾IÁM½V¸KN�SKGR½mGKÆc»«Å�GIÉIN�U
GRQmN'QmNPUmGRÅ�ºKJ«NPSs»WÁ+¿KN�¼uN�UVUmGRQmX�½m¾�ÈhN§GRºKºKQm¾{Ô=»WÅsGR½VN�J«X�½V¸KN�UmGRÅ�N0UV»+*PNIÏ=·�¸K»©UON�¿-UVHKQmNPU�½V¸-GR½
ºK¸�X�UV»©¼�GRJ�ÁÚN�G�½mHKQVN�U§Â&»WJ«J!¸-G{ÌdNsU1»«Å�»WJ©GRQ�GRº-º¦N�GRQTGR¿-¼�N[»«¿ÄS=»WÜhNPQVNP¿d½�»«ÅsGRÉIN�U�Æ�GR½�½V¸KNsº-»eÔ=N�J
JWNPÌIN�JØÏ

·�¸KN�U1¾dHKQm¼�N0»«ÅsGRÉdN0»©U�ÅsG�½m¼T¸-NPSÑGRÉdGI»W¿¦U_½�NPGd¼T¸¹½mGIQVÉdNu½�»WÅsGIÉIN�»W¿Ñ½VH-QV¿GIU�S=N�UV¼�QV»«È¦N�S
»W¿ÄÓ�NP¼u½V»«¾I¿ÇèKÏ�·�¸KN�QmNPUVHKJW½mU§¾RÁD½V¸KN�º-GI»WQmÂ&»©U1N�ÅsG�½T¼T¸K»W¿-ÉÑGIQVN[H-UVNPSÎ½V¾QmGI¿KÃ½V¸-N�½mGRQmÉIN�½
»WÅsGRÉdNPU&Gd¼�¼u¾dQmSK»W¿KÉ�½V¾¹UV»WÅ�»«J«GIQV»W½_Xs½m¾�½m¸KN"UV¾IHKQT¼uN�»WÅsGIÉINIÆKGdU&S=NPUm¼uQm»«È¦N�S²»«¿ÍÓ�NP¼u½V»«¾I¿-,-Ï
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·�¸KN�QmN%GRQmN�½V¸-QVNPN¹U_½TGRÉIN�U§½V¾Í½V¸KNÑGRJ«ÉI¾IQm»W½V¸KÅ ÁÚ¾dQ�ÅsG�½T¼T¸K»«¿KÉ	È¦N�½_ÂDNPN�¿áGÍUV¾IH-Qm¼�Ns»WÅsGRÉdN
GR¿-SÑG�ÉI»«ÌINP¿¹½mGIQVÉdNu½&»«Å�GIÉIN�×

8 ¼u¾dQV¿KNPQ&S=Nu½mNP¼q½m»W¾d¿H-U1»«¿KÉ[½V¸-N:9'GRQmQm»«U&¼�¾IQm¿KN�Q&S=N�½VNP¼u½V¾dQ:; è�<ØÆ
8 ¼u¾dÅ[º-H=½V»«¿KÉ=*PN�Qm¾á¾IQ²Å�¾IQmNÍ¸�Xcºh¾R½m¸KNPUV»©U1N�SÖÅ�GR½m¼T¸KN�UsÁÚ¾dQ²N�GI¼T¸�¼u¾dQV¿-N�Q�Æ!È-GIUVNPSÖ¾d¿
ÉIQTGIS=»«N�¿c½�UV»WÅ�»«J«GIQV»W½_X¹GRQm¾IHK¿¦S¹½m¸KN"¼u¾dQV¿KNPQmUPÆ

8 GRºKº-JWX�»«¿KÉá½m¸KNÀÁÚHK¿-SKGIÅ[NP¿c½mGRJ§ÅsG�½mQV»WÔ�¼u¾d¿-U_½mQmGI»W¿c½²½V¾ÙQmNu½TGR»«¿ Éd¾c¾=S ÅsGR½m¼T¸KN�U²GI¿-S
QVNPÅ�¾�ÌIN�º¦¾�¾IQ&ÅsGR½m¼T¸KN�U�Ï

>@?BA C�D'EGFIHJELKNMPORQSD'T�MPUVD/WNXIYZEB[ZT]\_^a`�Q&b4cZW�EL[dT]egf)bh`iWNYZM�KNELKNM�jkUVD'W�XIYZM�K
l�GI¼T¸�¼�¾IQm¿KN�QnmRÞ!»W¿"½V¸KNOU1¾dHKQm¼�N5»WÅsGIÉIN!»©U�ºKQm¾=¼uN�UVUVNPS§»«¿§½VHKQm¿�Ï{æK¾dQZm�Þ!¸¦G{Ìc»«¿KÉ�¼�¾c¾dQmSK»W¿-GR½VN�U
oGpnqsr't Æd½V¸KN§U1N�GRQT¼T¸sGRQmNPG�ÁÚ¾IQO¼u¾dQVQmNPUVº¦¾d¿-S=»«¿KÉ"¼u¾dQV¿-N�QTU5»W¿%»WÅsGRÉdN  »©UDG�¼u»«Qm¼�JWN'¼�N�¿c½VQmNPS�¾d¿
oGpnqsr't Â&»e½m¸¹G0QTGISK»WH-U4u0Â&¸K»©¼T¸[QmN â NP¼q½TU¨½V¸KN&ÅsGRÔ�»«Å�H-Å ºh¾dUmU1»«ÈKJ«N�SK»«UVº-GRQm»W½_X"È¦N�½_ÂDNPN�¿[½V¸-N
»WÅsGRÉdNPUPÏcÕ£ÅsG�½T¼T¸%UV¼�¾IQmN'»©UD¼�¾IÅ�ºKH=½mNPS%È¦N�½_ÂDNPN�¿vmRÞ0GR¿¦SsNPGd¼T¸%¼u¾dQV¿KNPQwm  »«¿s½V¸KN�UVNPGIQm¼T¸
GRQmNPGKÆMGdU�S=NPUm¼uQm»WÈhNPS?»«¿ÇÓ�N�¼q½m»W¾d¿Çè-Ï  Ï3Ð¢ÁD½m¸KNsÅsG�½m¼T¸ÇUm¼u¾IQmN[»«U§ÂO¾IQTU1N�½V¸¦GR¿ÄG²½V¸KQmNPUV¸K¾IJ©S
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� Æ3½V¸KNsÅsG�½T¼T¸?»©U§QmN��_NP¼u½VN�SMÆMN�J©U1N[½m¸KNsÅsG�½m¼T¸À»©U�U_½m¾IQmNPSMÏM·�¸KNsGI¼P¼uNPº=½mGI¿-¼uN�½V¸KQmNPUV¸K¾dJ«S?»«U
Å�GdS=N&ÌINPQVX�J«GRÔ[UV»W¿¦¼uN&¾IH-Q!ÉI¾cGRJK»©U�½V¾�N�¿-UVHKQmN�½V¸-GR½5½V¸KN&½mQVH-N�ÅsG�½m¼T¸[ÁÚ¾dQhm�Þ�»©U5ÌINPQVX�JW»«ÃINPJWX
GRÅ�¾I¿KÉcU_½[½V¸-N¼�¾IJ«JWN�¼q½mNPS7U1N�½�¾IÁ0¸�X�º¦¾I½V¸KN�U1N�U�Æ�NPÌIN�¿7»WÁ'½V¸-»«U�Å�NPGI¿-U[½V¸¦G�½sNPGd¼T¸km�Þ¸-GdU
Å�GI¿�XÑ¸�X�ºh¾R½V¸-NPUV»«UVNPSÅsG�½T¼T¸KNPUPÏ3F!QmHK¿K»«¿KÉs½V¸-N�¸�X�º¦¾I½V¸KN�U1»©U1N�S	ÅsG�½T¼T¸KNPU0Â&»WJ«J+½mGRÃdN"ºKJ©GI¼�N
J«GR½VN�Q�SKHKQV»«¿KÉs¼u¾dÅ�ºKH=½mGR½V»«¾I¿Ñ¾RÁ¨½V¸KN§ÁÚH-¿-SKGRÅ�NP¿d½TGRJ�ÅsGR½VQm»eÔMÏ

>@?�� C�D'EGFIHJELKNMPORQSD'T�MPUVD/WNXIYZEB[ZT]\��@X�`iF�EB[ZT&D'[ O�[ZjdE��@EBjZcdD
	 UVD/WNXNY
·�¸K»«U0U1N�¼q½m»W¾d¿SKNuË-¿KN�U&½m¸KN"ÅsG�½T¼T¸Um¼u¾dQVN�ÁÚ¾dQ0G�º-GI»WQ�¾IÁ�¼�¾IQm¿KN�QTU m��§GI¿-SPm��»«¿	»«Å�GIÉIN�U§Þ
GR¿-S  QmNPUVº¦N�¼q½m»WÌdN�J«XIÏ3·�¸KN[Um¼u¾dQV»«¿KÉ²H=½V»«JW»©UVNPU�ÉIQTGIS=»«N�¿c½�»W¿=ÁÚ¾dQVÅsGR½V»«¾I¿ÍQTG�½m¸KN�Q0½V¸-GI¿?¼�¾IJ«¾IQ�Æ
½V¾s¾IÈK½mGR»«¿Ñ»W¿�Ì�GRQm»«GI¿-¼uN�½m¾s»WJ«JWH-Å[»«¿-GR½V»«¾I¿	¼T¸-GR¿-ÉINIÏKæ-¾IQ�GI¿��&Ò§L�»«ÅsGRÉdNIÆ�½V¸-N�ÉIQTGIS=»«N�¿c½&»«U
¼u¾IÅ�ºKHK½VNPSÑ»«¿	G[UV»«¿KÉIJ«N�¼T¸-GR¿K¿-N�JØÏ

·�¸KNDº-QV¾=¼uN�UVU¨¼u¾dÅ�ºKH=½VN�U5G'ÅsGR½m¼T¸�Um¼u¾dQVNDÈ¦N�½_ÂDNPN�¿[G�U !cH-GRQmN�º¦G�½m¼T¸�¾RÁ-º-»eÔ=N�J©U�¼uNP¿d½mQVN�S
¾I¿ m�ÞdÆhGI¿-S	G¹¼u¾dQVQmNPUVºh¾I¿-S=»«¿KÉsº-GR½m¼T¸ÍGR½ m  È-H=½0¾IÜ3UVNu½'È�X o����iq�����t Ïh·�¸KN�¾RÜMU1N�½'Ì�GRJ«HKNPU
QmGI¿KÉIN�ÁÚQV¾dÅ *PN�Qm¾²½m¾	GÅ�GRÔ=»WÅ�HKÅ UVNPGRQT¼T¸À¾RÜMU1N�½PÏ�·�¸KNsÈhNPU1½�Um¼u¾IQmN[¾�ÌIN�Q�GIJWJ!¾IÜ3UVNu½TU§»«U
QVN�½mGR»«¿KN�S¹GIU!½V¸KN0Ë-¿-GIJ¦ÅsG�½T¼T¸%Um¼u¾IQmNIÏcæK¾dQ!½V¸-»«U�UVX�U1½VNPÅÆI½m¸KN'º-GR½m¼T¸%UV»�*�N'Â�GIU��{Ô��§ºK»WÔ=N�J©U�Æ
GR¿-S%½V¸KN�ÅsGRÔ�»«Å�H-ÅåUVNPGRQT¼T¸%¾IÜ3UVNu½'GIQV¾dHK¿-Svm  ÂOGdU§Þ�º-»eÔ=N�JØÏ

·�¸KN§Å�GR½m¼T¸	Um¼u¾IQmN���G�½'G[º-GIQ1½m»«¼�HKJ«GIQ�¾RÜMU1N�½�»«U
�����! "�  o Þ t

Â&¸KN�QmN$#[GRQmN5½V¸KNOºK»WÔ=N�J©U9»«¿�½V¸-NDº-GR½m¼T¸�Ï{·�¸KNOUV¼�¾IQmN%�  ÁÚ¾dQ+N�GI¼T¸�»«¿-S=»«Ì�»«S=H¦GRJcºK»eÔ=NPJcJ«¾=¼�GR½V»«¾I¿
»W¿½m¸KN�º-GR½m¼T¸»©U7*�NPQV¾s»WÁ�½V¸KNPQVN�»«U *�N�Qm¾sÉIQTGISK»WNP¿d½'GR½�N�»W½V¸KNPQ'ºK»WÔ=N�JDÞ"¾IQ�º-»eÔ=N�J  ÁÚ¾IQ'½V¸-GR½
JW¾=¼�GR½V»«¾I¿�Æ=NPJ«UVN

�  �'&)(*�,+ &)(-/.wu0./&)13254 o  t
Â&¸KN�QmN&)(*��»©U�½m¸KN�ºK»WÔ�NPJ5Þ�ÉIQTGIS=»«N�¿c½�HK¿K»W½1×¢ÌIN�¼q½V¾dQ& (- »©U�½m¸KN�ºK»WÔ�NPJ  ÉIQTGIS=»«N�¿c½�HK¿K»W½1×¢ÌIN�¼q½V¾dQ

u6� Å�»«¿=×¢Ì{GIJWH-N o & 17�*8 & 1� q & 13!8 & 10� t& 1�254 �ÛÅ�»W¿K×ØÌ�GRJ«HKN o & 17� q & 13 t
GR¿-S & 10� »©UO½V¸KN�º-»eÔ=N�J�Þ�ÉdQmGdS=»«N�¿c½&Å�GIÉI¿K»W½VH¦S=N&)1��»©UO½V¸KN�º-»eÔ=N�J  ÉdQmGdS=»«N�¿c½&Å�GIÉI¿K»W½VH¦S=N
Ða¿Ö½V¸K»©U¹ÅsG�½T¼T¸K»«¿KÉáºKQm¾=¼uNPSKHKQVNdÆ!ÂONÎU1NPN�ÃÙ½V¾áQmN�Â�GRQTS>¼�¾IQmQVN�U1ºh¾I¿¦S=»W¿-ÉÀº-»eÔ=N�J©U¹Â&»W½V¸�GI¿
GRJ«»WÉd¿KNPS	ÉdQmGdS=»«N�¿c½0S=»«QVN�¼q½m»W¾d¿ÎGR¿-SÎÂ&»e½m¸?UV»WÅ�»«J«GIQ0ÅsGIÉI¿K»W½VH-SKNPUPÆ¦¸KNP¿-¼uN�½V¸-N�S=¾I½�ºKQm¾=S=H-¼u½
GR¿-SÍ½V¸KN us½mN�QmÅ »W¿ÀN�!cH-GR½V»«¾I¿ o  t Ï)#ÀN�GRJ©U1¾U1NPN�ÃÑ½V¾S=¾�Â&¿KÉdQmGdS=N"½m¸KN�UV¼�¾IQmN�»WÁD¾I¿-N�¾dQ
È¦¾I½V¸ÑÉIQTGIS=»«N�¿c½�ÅsGRÉd¿K»W½VH-S=N�UO»«U�UVÅ�GIJWJØÆ=U1»«¿-¼�N�UVÅsGRJ«JhÉdQmGdS=»«N�¿c½mUDGRQmN'HK¿KQmN�J«»©GRÈKJ«NIÏ=·�¸KN�H-UVN
¾RÁ�&)13254�QTG�½m¸KN�Q¨½m¸-GR¿9&)17�:.�&)13�QmN â N�¼q½TU¨½V¸KN�Á¯Gd¼q½�½V¸-GR½!¾I¿KJ«X"¾d¿KN�¾RÁ-½_ÂO¾�¼u¾dQVQmNPUVº¦¾d¿-S=»«¿KÉ
ºK»eÔ=NPJ«U+¿KN�N�S§¸-G{ÌINDG�U1ÅsGIJWJcÉIQTGIS=»«N�¿c½�ÅsGRÉd¿K»W½VH-S=N�½V¾0QVNP¿-S=N�Q9»e½TU+¼�¾I¿c½VQm»WÈ-H=½V»«¾I¿�HK¿-QVNPJW»©GRÈKJ«NIÏ
# ¸KN�¿ÑÈ¦¾I½V¸ÉIQTGISK»WNP¿d½TUDGIQVN�N�!cH-GIJ°Æ��  �;&)1 U1¾�ºK»WÔ=N�J©UOÂ&»e½m¸Ñ¸-»WÉd¸KN�Q�ÉIQTGISK»WNP¿d½TU�ÅsGIÃIN§G
¸K»WÉd¸KN�Q�¼�¾I¿c½VQm»«ÈKH=½V»«¾I¿9Ï
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>@? > C�D'EGFIHJELKNM ORQ=D'T�M UVD/W�XIYdEL[dTP\ ^a`�Q&b4cnWNEL[dTvWNYZM��ncd[ZjdD'QSM�[�WND
	 UVD/W�F�E��
·�¸KNÎÁÚH-¿-SKGRÅ�NP¿d½TGRJ§ÅsG�½mQV»WÔ�� »©UÑGÙÉINP¾IÅ�Nu½mQV»©¼Î¼�¾I¿-U1½VQTGR»«¿c½²ÈhNu½_ÂON�N�¿ ¼u¾dQVQmNPUVº¦¾d¿-S=»«¿KÉ
º¦¾d»W¿c½mU�»«¿?G²º-GR»«Q�¾RÁ�»«ÅsGRÉIN�U�ÏMÒ�»«ÌIN�¿���ÆMGR¿-S?G¹ºh¾I»«¿d½�»«¿Î»«ÅsGRÉIN²ÞIÆ3»W½mU§¼u¾dQVQmNPUVº¦¾d¿-S=»«¿KÉ
º¦¾d»W¿c½�»©U&¼u¾I¿¦U_½mQmGI»W¿KN�S¹½m¾�JW»«N�¾I¿G[JW»«¿KN�»«¿Ñ»«ÅsGRÉdN  Ï

Ò�»WÌdN�¿�G�U1N�½!¾RÁ3ºKH=½mGR½V»«ÌIN�ÅsG�½T¼T¸KNPU5ÈhNu½_ÂON�NP¿s¼u¾IQm¿KNPQmU¨»«¿[»«ÅsGRÉdN�Þ�GI¿-S�»WÅsGRÉdN  ÆRGI¿-S
¿K¾"ºKQm»W¾dQ5Ã�¿K¾�Â&JWN�S=ÉIN&¾IÁ���ÆdG§½_X�ºK»©¼�GIJ-U_½mQmGR½VNPÉIX�»©U5½m¾�»«SKN�¿c½V»WÁÚXsGR¿��£Â&¸K»«¼T¸¹GIÉIQmN�N�U�Â&»e½m¸
GIU�ÅsGR¿�X%¾IÁ+½m¸KN�ÅsG�½T¼T¸KNPU�GdU�º¦¾cUVUV»«ÈKJWNdÆ-GR¿¦S%½m¾¹S=»©UV¼PGRQTS²GIJWJ�»«¿-¼�¾I¿-UV»«U1½VNP¿c½�Å�GR½m¼T¸KN�U ; ,
<ØÏ
æK¾IQ5¾dHKQ5¼�GdU1NdÆ�N�GI¼T¸�¼u¾dQV¿KNPQ m�ÞD»«¿�»WÅsGIÉIN�ÞO¸¦GIU4*�NPQV¾�¾IQ�Å�¾IQmNO¸cX�ºh¾R½m¸KNPUV»«UVNPS�ÅsG�½T¼T¸KNPU�»«¿
»WÅsGRÉdN  ÆKGR¿¦S¹½m¸KN�ÉI¾cGRJ3»«UO½m¾s»«SKN�¿c½V»WÁÚX%GR¿	� U1H-¼T¸²½V¸¦G�½'GIU�ÅsGI¿cX mRÞ§GdU�º¦¾cUVUV»«ÈKJWN§¸-G{ÌdN
G�½§JWN�GIU1½�¾d¿KN�¸�X�ºh¾R½V¸-NPUV»«UVNPSÎÅ�GR½m¼T¸?Â&¸K»«¼T¸?»«U�¼�¾I¿-UV»©U_½mN�¿c½PÏ3Ða¿-¼�¾I¿-UV»«U1½VNP¿c½0¸�X�º¦¾I½V¸KN�U1»©U1N�S
Å�GR½m¼T¸KN�U�GRQmN�¼uHKJ«J«NPSMÏhÕ&Á ½VNPQ&½V¸-»«U0¼uHKJ«JW»«¿KÉ�½m¸KN�QmN�ÅsG{X²U1½V»«JWJ�ÈhN�UV¾IÅ�N"¼�GdU1N�U�Â&¸KN�QmN"UV¾IÅ�N
¼u¾IQm¿KNPQ m�Þ[¸-GdU0Å�¾dQVN�½V¸-GI¿?¾d¿KN[¸cX�ºh¾R½m¸KNPUV»«UVNPSÎÅsG�½m¼T¸9Æ�GR¿-SÎÂDN[H-UVN�½m¸KN�ÅsG�½m¼T¸ÀUV¼�¾IQmN
½V¾s»©S=N�¿c½V»WÁÚX²GI¿-S²QVN�½mGR»«¿²½V¸KN�ÈhNPU1½�ÅsG�½m¼T¸9Ï

·�¸KN�¼u¾dÅ[º-H=½mGR½V»«¾I¿s¾RÁ3½m¸KN&ÁÚHK¿-S-GRÅ�N�¿c½mGIJ-ÅsG�½mQV»WÔ�»©U!È¦GIUVNPS[¾I¿ ��Õ�
0Ó=Õ'Ý0Æ ;  <¢ÆIÂ&¸K»©¼T¸
»W¿�ÌI¾dJWÌdNPU�½mGIÃc»«¿KÉ[QVNPº¦N�G�½mNPS%UVHKÈ-UmGRÅ�ºKJ«NPUO¾IÁ+ÅsG�½T¼T¸KNPUDÁÚQm¾IÅ ½V¸-N0ÁÚH-JWJ�UVNu½�ÆK¼u¾IÅ�ºKHK½V»«¿KÉ[GI¿
��Æ�GI¿-S¹¼T¸KN�¼TÃ�»W¿KÉ�»e½TUOGIÉIQmN�NPÅ[NP¿c½�Â&»e½m¸¹½m¸KN'ÁÚH-JWJMUVNu½PÆc½m¾�»©S=N�¿c½V»WÁÚXsÉI¾�¾=SsN�U_½m»WÅsG�½mNPUD¾RÁ���Ï
·�¸KN�QmN§»«U�G[Å�¾=S=»WË¦¼�GR½V»«¾I¿²½V¾�½V¸-N"UVGIÅ[º-JW»«¿KÉ�»W¿²½V¸-N§ÁÚ¾IJ«JW¾�Â&»«¿KÉ�ÂOG{XdÏ

æK¾IQ'NPGI¼T¸	¼�¾IQm¿KN�Q mRÞIÆ=½m¸KN�¸�X�º¦¾I½V¸KN�U1»©UVNPSÑÅsG�½m¼T¸-NPU'GIQVN"UV¾IQV½VN�SGI¼�¼�¾IQTS=»«¿KÉ[½V¾%Um¼u¾dQVNdÏ
Ó=GRÅ�ºKJ«NPU�GRQmN"»«¿K»e½m»«GIJWJ«XÑ½mGIÃIN�¿Î¾I¿KJ«X²¾d¿KJ«X²ÁÚQm¾IÅ ½m¸KN"½m¾Iº=×aUV¼�¾IQmN"¸�X�º¦¾I½V¸KN�U1»©U'GR½0NPGd¼T¸ m�ÞIÏ
 ¿-¼uNÍUV¾IÅ�NÍUV¾IJ«H=½V»«¾I¿-U[ÁÚ¾dQs½V¸-N	ÁÚHK¿-SKGIÅ�N�¿c½mGIJ'ÅsG�½mQV»WÔ>U1½mGRQV½s½V¾ÄÈhNÍÉdN�¿KNPQmGR½VNPS�Æ�½V¸KNP¿
½V¸KN�¸�X�ºh¾R½V¸-NPUV»«UVNPS�ÅsG�½m¼T¸-NPU!GIQVN&GRJ©UV¾"U1¾dQ1½mNPS[GI¼�¼�¾IQTS=»«¿KÉ'½m¾"ÉINP¾IÅ�Nu½mQV»©¼�GRÉdQVNPN�Å�N�¿c½�Â&»e½m¸
½V¸KN"¼�HKQVQmN�¿c½&NPU1½V»«ÅsG�½mN�¾IÁ9½m¸KN§ÁÚHK¿-SKGIÅ�N�¿c½mGIJ�ÅsG�½VQm»WÔ3Ï�
'¾�Â�ÆKGRJW½VNPQV¿-GR½VN�UmGRÅ�ºKJ«NPU�S=HKQm»W¿-É
½V¸KN§UVGIÅ�ºKJW»«¿KÉ�ºKQV¾=¼�NPUmU�GRQmN�½TGRÃdN�¿�ÁÚQm¾IÅ ½V¸-N�½V¾dº=×aUV¼�¾IQm»W¿KÉ�¸cX�ºh¾R½m¸KNPUVNPUOGR¿-Ss½V¸KN§¼uHKQmQmN�¿c½
Å[¾cU_½&ÉdN�¾IÅ�N�½VQm»«¼PGRJ«JWX¹¼�¾I¿-UV»«U1½VNP¿c½�¸�X�ºh¾R½V¸-NPUVNPUPÏ

l!ÌINP¿�»«ÅsGRÉdNPU�¾RÁ�S=»WÜ3N�QmN�¿c½�UV¼�N�¿KN�U!¼�GI¿�ÉI»«ÌIN&GRºKº¦GRQmN�¿c½!U1H-¼P¼uN�UVU5»«¿�½V¸-N�¼u¾IÅ�ºKHK½mG�½m»W¾d¿
¾RÁ��åS=H-N�½V¾½V¸-Ns¾�¼P¼uHKQmQmN�¿-¼�N�¾IÁOÅsG�½T¼T¸KNPU§Â&¸-»«¼T¸ÄGI¼P¼u»©S=N�¿c½TGRJ«JWXÎGIÉIQmN�N[Â&»e½m¸áU1¾dÅ�N���Ï
9�¾�ÂON�ÌINPQ!¾I¿-JWX[»WÅsGIÉINPU!¾RÁM½V¸-N0UmGRÅ�N'Um¼uN�¿-N'GRQmN�J«»WÃdN�J«X�½m¾"¸-G{ÌIN�½V¸KN0ºKQV¾dº¦NPQ1½_X�½V¸-GR½�½m¸KN�X
U1H-¼P¼uN�UVU1ÁÚHKJ«JWX"ÉdN�¿KNPQmGR½VNOGR¿��������D½V¸KN&Um¼u¾dQVN�U+¾IÁ-½m¸KN&GI¼�¼�N�º=½mNPS�ÅsG�½m¼T¸-NPU5GRQmNOÉI¾�¾=SMÏ�·�¸K»«U
»«U�½m¸KN"UVHKÈ:�_NP¼u½&¾RÁ¨½V¸KN�¿KN�Ô�½'U1N�¼q½V»«¾I¿9Ï
� 6Ö25.��&/1. 3 <K,') ([2�;'3!)�< ´�2 243!)n0

·�¸KN0º-QVNPÌc»«¾IH¦U�UVNP¼q½m»W¾d¿-UOS=NPUm¼uQm»WÈhNPSs½V¸KN�ÅsG�½m¼T¸-»W¿KÉ�ºKQm¾�¼�NPUmU!ÈhNu½_ÂON�NP¿¹½V¸-N�UV¾IHKQT¼uN'»WÅsGRÉdN
GR¿-SÙNPGI¼T¸>¾RÁ�½m¸KNÑ½mGIQVÉdNu½�»«ÅsGRÉdNPUPÏ¨·�¸KNÉd¾dGRJO¿K¾�Â »©U�½V¾ÀQmGI¿KÃÀ½V¸KNÑ½TGRQmÉINu½[»WÅsGIÉINPU[»«¿
¾IQTS=N�Q0¾RÁ�UV»WÅ�»«J«GIQV»W½_X%½m¾¹½m¸KN[UV¾IH-Qm¼�NIÏ¦æ-¾IQ'½V¸K»©U§U_½mH-S=XIÆhÂON�¸-G{ÌdN"ÅsGIS=N�½V¸KN�GIUmU1H-Å[ºK½V»«¾I¿
½V¸-GR½�½V¸KN%UV¾IH-Qm¼�N�»«ÅsGRÉINsS=¾�N�U�ÅsG�½m¼T¸ÄGR½"JWN�GIU1½§¾d¿KNs¾RÁO½V¸-N�½mGRQmÉIN�½�»WÅsGRÉdNPUPÏ�·�¸�H-U§½V¸-N
ÉI¾dGIJ�»©U&Ë-¿-SÑ½m¸KN�ÈhNPU1½1×¢ÅsG�½T¼T¸K»W¿-É�½mGRQmÉIN�½�»WÅsGIÉINIÆ¦QmGR½V¸KNPQ&½V¸¦GR¿½V¸-N"Å�¾IQmN�S=»��s¼�HKJW½'½mGdU1Ã
¾RÁ�Å�GIÃ�»W¿KÉ�G�ÈK»«¿-GRQmXsÅsG�½T¼T¸Ñ¾dQ&¿K¾R½V×ØÅsGR½m¼T¸S=NP¼�»«UV»W¾d¿%ÁÚ¾dQ&NPGd¼T¸%½TGRQmÉINu½�Ï

·�¸KN�QmN!GRQmN5½_ÂO¾�»W¿¦S=»«¼PG�½m¾IQTUM¾RÁ=Â&¸-GR½¨¼u¾d¿-U1½V»W½VH=½mNPU9G�ÉI¾�¾=S§Å�GR½m¼T¸�ÈhNu½_ÂON�NP¿§½V¸KNOU1¾dHKQm¼�N
»WÅsGRÉdN[GI¿-SÎG%½mGIQVÉdNu½§»WÅsGIÉINIÏM·�¸KN�Ë-QTU_½§»©U�½V¸KN�¿�HKÅ�ÈhN�Q§¾IÁ�ÅsG�½m¼T¸-NPS?º¦¾d»W¿c½mUPÆMGR¿-SÎ½V¸-N
U1N�¼u¾I¿¦SÍ»©U'½m¸KN�GIUmU1¾=¼u»©G�½mNPS	ÅsGR½m¼T¸?Um¼u¾dQVN�U�Ï3·�¸KN[QmGI¿KÃ�»W¿-É%»©U0ºhN�QVÁÚ¾IQmÅ�NPSÎ»W¿Î½V¸KN[ÁÚ¾IJ«J«¾�Â�×
»W¿KÉÑÂ�G{XIÏ3æ+»«QTU_½0½V¸KN�ÅsG�Ô=»«Å�HKÅ�¿�HKÅ�ÈhN�Q§¾IÁ�ÅsG�½m¼T¸-NPU��ÁÚ¾IQ§GR¿�X	UV¾IHKQT¼uN�×°½TGRQmÉINu½0»WÅsGRÉdN
º-GR»«Q%»©U%»©S=NP¿d½m»eË¦NPSMÏ&Õ�¿�X UV¾IHKQT¼uN�×°½TGRQmÉINu½s»«ÅsGRÉINÎº-GR»«QmU%Â&»e½m¸ J«NPUmU¹½m¸-GR¿�� 8  ÅsGR½m¼T¸KN�U
GRQmN&N�J«»WÅ�»«¿-G�½mNPS[ÁÚQm¾IÅ ÁÚHKQ1½m¸KN�QO¼u¾d¿-U1»©S=NPQmGR½V»«¾I¿�ÏRæ-¾IQDGIJWJ-QVNPÅ�GI»W¿-»W¿KÉ"UV¾IH-Qm¼�Nu×Ø½mGRQmÉIN�½5»WÅsGRÉdN
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·�¸KN�UmGRÅ�ºKJ«N�SKG�½TG¹¼u¾d¿-UV»«U1½mU'¾RÁ!U1»WÔ	SKG�½TGIUVNu½mU'¾RÁ5HKQmÈ-GR¿	NP¿�Ìc»«Qm¾I¿KÅ�N�¿c½TU&»W¿ "dGIº-GR¿�Æ-Â&»e½m¸
GÀ½V¾R½TGRJ�¾IÁ[Þ �ÀU1¾dHKQm¼�N	»WÅsGIÉINPUsGI¿-S ,  ½mGIQVÉdNu½¹»«ÅsGRÉIN�U�Ï!·�¸-QVNPNÍU1¾dHKQm¼�N»WÅsGRÉdNPU�ÂON�QmN
N�J«»WÅ�»«¿-G�½mNPSÖÁÚQm¾IÅ ½V¸-NÍ½VN�U_½	UVNu½²ÈhNP¼PGRH-UVN	½m¸KN�QmNÎÂ�GIU%¸K»WÉd¸ *�¾�¾dÅ o �{Ô t ÈhNu½_ÂON�NP¿ ½V¸-N
U1¾dHKQm¼�N[GI¿-S?½mGIQVÉdNu½PÆ�UV¾IÅ�N�½V¸K»«¿KÉ¿K¾R½"¸¦GR¿-S=J«NPS?È�XÍ½m¸KN¹¼uHKQmQmN�¿c½"GRJ«ÉI¾IQm»W½V¸KÅÏ)l!J«N�ÌdN�¿À¾RÁ
½V¸KN"QmN�ÅsGI»W¿K»«¿KÉ[½_ÂON�J«ÌIN"UV¾IHKQT¼uN§»«Å�GIÉIN�U�ÂDNPQVN�UVH-¼�¼�NPUmU_ÁÚHKJ«J«X%ÅsG�½T¼T¸KNPSMÆ¦Â&»e½m¸¾I¿KN§Á¯GI»WJ«HKQmN
S=HKN0½V¾�½V¸KN�ºKQmNPUVN�¿-¼�N�¾RÁ+G"½mGIQVÉdNu½DÂ&¸-»«¼T¸²ÂOGdUDUV»WÅ�»«J«GIQ!½m¾�½m¸KN�UV¾IH-Qm¼�N'Â&»W½V¸K¾dH=½�Gd¼q½mH-GRJ«JWX
È¦NP»W¿KÉ¹½V¸KN�½mQVH-N�Å�GR½m¼T¸�Ï¦·�¸KN�UVX�U1½VNPÅäÅsG�½T¼T¸KNPU�»WÅsGRÉdNPU�GR½'GRÈh¾IH=½"ÞN97*dÆK½_X�ºK»©¼�GRJ9»WÅsGRÉdN
U1»�*�N²ÞPéIßRÔMÞ  ß�º-»eÔ=N�J©UPÆhGIJe½m¸K¾IHKÉd¸	½V¸-»«U�»©U0Â&»W½V¸?Å�»«Um¼uNPJWJ©GR¿KNP¾IH-U�Ò���Ð�¾dH=½Vº-H=½�¾=¼P¼uHKQmQV»«¿KÉ¦Æ
GR¿-S²¿K¾¹G�½V½VNPÅ[ºK½�¸-GIU�ÈhN�NP¿ÑÅsGdS=N§½V¾�¾IºK½V»«Å[»©UVN§½V¸KN"¼�¾�SKNIÏ

�)?BA UVD'W�XIYZEB[ZT��vM�K�c 	GWNK
æ+»«ÉIH-QVN�Þ�U1¸-¾�Â�U&G�½_X�ºK»©¼�GIJ�U1¾dHKQT¼uN�»WÅsGRÉdN�GR¿-SG�U1N�½&¾RÁ¨½mGRQmÉIN�½&»WÅsGRÉdNPUPÏ

source image

target images

�	��
 ���� �Ù\Ø~I dZelTpPi-^at�`dn_lmj&Ze�"p���j�p�¡�|[p0^ajm\�tP¤3\1pun_��jm\DZk�"pP��jm^T

æ+»«ÉIH-QVN  UV¸K¾�Â�U¨½V¸-N�ÅsG�½m¼T¸-»W¿KÉ�QmNPUVHKJW½mU�ÁÚ¾dQ�GRJ«J¦UV¾IH-Qm¼�NO»«ÅsGRÉdNPU�»«¿�½V¸KN'UmGRÅ�ºKJ«N�SKGR½mGKÏ
æ+»«ÉIH-QVN[è²UV¸K¾�Â�UPÆ-ÁÚ¾dQ0½m¸KN�U1¾dHKQm¼�N�»«ÅsGRÉIN[»«¿?æ¨»WÉdHKQmN²Þ�½mGIÃIN�¿Îº-GR»«Q1×¢Â&»©U1N�Â&»e½m¸?N�GI¼T¸

½mGRQmÉIN�½�»«ÅsGRÉdNIÆ3½V¸-N�SK»«U1½VQm»WÈ-H=½V»«¾I¿À¾RÁ�¼u¾IQm¿KNPQ�ÅsGR½m¼T¸ÇUV¼�¾IQmNPU'ÁÚ¾IQ"GI¼P¼uNPº=½VN�SÍÅsG�½T¼T¸KNPUPÏMÐa¿
Á¯GI¼q½'½V¸KNPQVN�GIQVN�QmNPUVHKJW½mU�ÁÚ¾dQ'¾d¿KJWX?Þ�,¹UV¾IHKQT¼uN�×°½TGRQmÉIN�½�º¦GR»«QmUPÆ-UV»W¿-¼�N§Ë-ÌIN�º-GR»«QmU�ÂDNPQVN"GIH=½V¾I×
Å�GR½V»©¼�GIJWJ«X�NPJW»«Å�»W¿¦G�½VN�S¹GIU!HK¿-GI¼P¼uNPº=½mGIÈKJWN0S=HKQm»W¿KÉ"½V¸KN0Å�GR½m¼T¸K»«¿KÉ�U1½mGIÉINdÏIæ¨»WÉdHKQVN0è"U1¸-¾�Â�U
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�	��
 ���-� g9pPl1f¹ �pPZ]n&t�¤¨Zk�"p���jT^�^afdtq}!^&p�^atP`dn_lTj0Zk�"pP��j�p�\OiejV¤«\'pP¡c|�\_fcj'fcZk��fdjT^¢\On1p�¡��[\1pun_��jm\
Zk�"p���j�pu\5n_Zk��f�\qI�DikiK �p�Zkn_^�pPb=tu¥{jD\_fdjOfdtPn_Z��Tt�¡�\1p�i-ikZk¡cj�p�n_jOlmtPnan_jTlm\!�"pu\_lVfdjT^T � fcjD �p�Zkn!b=jmietq}
\_fdj�fct�n_Z��Tt�¡�\1pPi¦ikZe¡dj&Zk^�Zk¡dlTtPnan_jTlV\q

¿K¾J!dH¦GR¿c½VHKÅäJWN�GRº»W¿²½V¸-N"UV¼�¾IQmNPUDÁÚ¾IQ�UV¾IHKQT¼uN�×°½TGRQmÉIN�½�º-GR»«QTU�Â&¸KN�QmN�½V¸KN"UV¾IHKQT¼uN§GR¿¦S¹½TGRQV×
ÉINu½�UV¸K¾�Â ½V¸KN²UVGIÅ[N¹Um¼uNP¿KNIÆ¨GR¿-SÇUV¾IHKQT¼uN�×°½TGRQmÉIN�½�º-GI»WQTU�Â&»W½V¸áS=»WÜ3N�QmN�¿c½�Ì�»WNPÂ�U�Ï+·�¸K»«U�»«U
GsQVN â NP¼u½V»«¾I¿	¾IÁ5½V¸KN�JW»«Å�»e½TG�½V»«¾I¿¦U'¾IÁ5½V¸KN[¼uHKQmQVNP¿c½0U1X=U1½VNPÅÑÆhU1»«¿-¼�N�G¹U1½VQm¾I¿KÉ²S=»WÌ�»©U1»«¾I¿	ÈhNu×
½_ÂDNPN�¿�½V¸-N�QVN�U1H-Je½TU�ÁÚ¾IQ!Ì�GIJW»©S�»WÅsGIÉIN&ÅsG�½T¼T¸KNPUDGR¿-S[»«¿-¼u¾dQVQmNP¼u½!»WÅsGRÉdN&ÅsG�½m¼T¸-NPU5ÂO¾IHKJ©S�ÈhN
N�Ì�»«SKN�¿-¼�N�¾IÁ¨Qm¾IÈ-H-U_½m¿KNPUmUPÆ=ÈKH=½�»©U�¿K¾R½'GIºKº-GRQmN�¿c½�Ï

æ+»«ÉIH-QVN7,[U1¸-¾�Â�U�G"SKGR½mGdU1N�½D»«¿¹Â&¸K»©¼T¸s½V¸KN�»«Å�GIÉIN�U!ÂON�QmN&½mGIÃIN�¿%Â&»e½m¸%S=»WÜhNPQVNP¿d½&¼�GIÅ[×
N�QTGIUOHK¿-S=NPQ�Ì�GRQm»W¾dH-UO»WJ«J«HKÅ�»W¿-GR½V»«¾I¿-UPÆ-GI¿-S²æ¨»«ÉIHKQmN �[U1¸K¾�Â�UO½m¸KN�ÅsG�½T¼T¸K»W¿-É[QmNPUVHKJW½mUPÏ
�)?�� �-M ��M 	L`�bhM�F OR[�� `�F�QSD/WNEL`�[
·�¸KN�ºKQm¾R½V¾I½_X�º¦N�GRº-ºKJW»©¼�GR½V»«¾I¿�ÆK¼PGRJ«JWN�S ��QmÈ-GR¿
	ÎG�½m¼T¸9Æ=»«U&È¦GIUVNPS²¾I¿²½V¸KN�ã0»©GRÅ�¾I¿-S-èIã Ì�»e×
U1»«¾I¿¹J«»«ÈKQmGIQVXdÏIÕ�¿²»W¿c½mQV¾=S=H-¼u½V»«¾I¿s½m¾"½m¸KN'J«»WÈ-QmGIQVX[»«UDÉI»«ÌINP¿s»W¿ ;eÞ�<ØÏ�·�¸KN'¸-»WÉd¸=×ØJ«N�ÌdN�Jh¼u¾I¿c½mQV¾dJ
¾RÁ"½m¸KNÀGIºKºKJ«»«¼PG�½m»W¾d¿�»«UÑ»«¿£SKèdS�×aU1HKÈ¦U1X=U1½VN�Å��á¼u¾IQm¿KNPQ1×¢ÅsG�½m¼T¸K×¢U1½VNPQVNP¾  Ï!·�¸-NÀ¼�¾�SKNÎÁÚ¾dQ
Å�GR½m¼T¸K»«¿KÉÀ¼u¾IQm¿KNPQmU�»«U�»W¿7SKèIS=×¢¼�¾IQm¿KN�Q���'JÚÝD¾IQm¿KNPQ�	ÍGR½m¼T¸�Ï¨·�¸KN¼u¾=S=N¹ÁÚ¾dQ[¼�¾IÅ�ºKH=½m»W¿-É
½V¸KN�ÁÚHK¿¦SKGRÅ�N�¿c½TGRJ!ÅsG�½mQV»WÔ?H¦U1»«¿KÉÑ½V¸KN²¼u¾IQm¿KNPQ�ÅsGR½m¼T¸KN�U�»«U§»«¿áSKèdS�×¢¼�¾IQm¿KN�QV×¢ÉIN�¾dÅ����0Je×
ÝD¾IQm¿KN�QuÝD¾IÅ�ºKH=½mNPæ�	ÍGR½VQm»eÔMÏ

� � ¶�<K¶�;K)�� :�;��

·�¸KN0¼�HKQVQmN�¿c½DUVX=U_½mN�Å »©U�È-GdU1N�S�¾I¿sÁÚN�G�½mHKQVN'Å�GR½m¼T¸K»«¿KÉ�H-U1»«¿KÉ�½m¸KN�ÁÚH-¿-SKGRÅ�NP¿d½TGRJhÅsG�½VQm»WÔ3Ï
·�¸KN�QmNs»«U�GR¿K¾I½V¸KNPQ"ÂON�J«Je×¢Ã�¿K¾�Â&¿ÇÉIN�¾dÅ�Nu½VQm»©¼s¼u¾I¿¦U_½mQmGI»W¿c½�Â&¸K»©¼T¸áGRºKºKJ«»«NPU"Â&¸-N�¿áG	Um¼uN�¿-N
¼u¾I¿c½TGR»«¿-U'º-J«GI¿KNPUPÆMGIU0HKQVÈ¦GR¿?Um¼uNP¿KNPU'½_X�ºK»©¼�GRJ«J«XÍS=¾-ÆMGR¿¦S	½V¸¦G�½§»«U0½V¸-N�ºKJ©GR¿¦GRQ�¸K¾IÅ�¾IÉdQmGR×
ºK¸�XIÏ ��¿KJ«»WÃdN�½m¸KN"ÁÚH-¿-SKGRÅ�NP¿d½TGRJ�ÅsG�½mQV»WÔMÆ¦G¹¸-¾IÅ�¾IÉdQmGIºK¸�X%»©U0¿-¾R½�G%ÉIJ«¾IÈ-GIJ9ºKQm¾IºhN�QV½_XÑ¾RÁ
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corners

match 
score

�	��
 ���-��� Zk^¢\an_Zkbc`I\_Zkt�¡�tP¤3lmtPn_¡cjVn5�"p�\_l1f"^alTtPn_jT^�¤«tPn�p�lTlTjT I\_jq|��"p�\_l1fcjT^Tv�¤«tPn5\_fcj�^at�`In_lTj�Zk�"pP�Pj
Zk¡��3Zk��`In_j y \1p �{jT¡ cpPZ]na}!Zk^aj�}!Z]\_f y�� t�¤�\_fdj§\1p�n_�Pjm\§Zk�"pP�PjT^T � fdj���n1pP df	Ze^�\_t�t¹lTik`d\a\_jmn_jT|
\_t�|dZk^alTjmn_¡Zk¡c|dZk¥RZW|I`�p�i�\an1p�l �R^�bc`I\�\_fcj��"p�Zk¡² =tPZe¡�\'Zk^&\_f�p�\&\_fdjmn_j�Zk^�¡ctP\'p�iWpun_��j�|dZk^a cp�n_Z]\Ø~
b=jV\Ø}�jmjT¡0^almtPn_jT^M¤©t�n�^at�`In_lTjm®Ú\1p�n_�Pjm\� �p�Zkn_^3}!fdjmn_j¨\_fdj¨^at�`In_lTj5p�¡�|&\1p�n_��jV\�^afctq}	\_fcj+^_pP��j¨^almjT¡cj�v
p�¡�|�^at�`dn_lmjm®Ú\1p�n_��jV\O cpPZ]n_^5}!Zk\_f�|dZ
	Kjmn_jT¡�\!¥RZkjm}!^T

GRJ«JDQm»WÉd»«Sáº-GRQV½mU�¾RÁ&½m¸KNÑUm¼uNP¿KN%È-H=½¹GRºKºKJ«»«NPU�¾I¿KJ«XÀ½V¾Í½m¸KN²ÁÚNPG�½mHKQmNPU�¾I¿ÙGÎÉI»«ÌIN�¿ÙºKJ«GI¿KNIÏ
Õ ÃINPXÀGdS=Ì�GR¿c½mGIÉINs»©U�½m¸-G�½[»e½�GRºKºKJ«»«NPU"Èh¾R½m¸Ä½V¾?º¦¾d»W¿c½TU�GR¿¦SÄJW»«¿KN�U�Æ¨U1¾Í»W½�º-QV¾�Ì�»©S=NPU"GI¿
»W¿�Ì�GRJ«H-GRÈ-JWN�GR»©S%½V¾sJ«»W¿KN§ÅsG�½T¼T¸K»«¿KÉ-ÏK·�¸KNPQVN�GIQVN§Ì�GRQm»W¾dH-UOÂOG{X=UD½V¾�H=½m»WJ«»©U1N�¸K¾dÅ�¾IÉIQTGRº-¸K»WN�U
»W¿À¼u¾I¿,�_HK¿-¼q½m»W¾d¿ÎÂ&»W½V¸Î½V¸KN�ÁÚHK¿-SKGIÅ�N�¿c½mGIJ+ÅsG�½mQV»WÔÍGIU0º-GRQV½0¾IÁDGR¿Î»W¿c½VNPÉIQTG�½mNPS	ÅsG�½T¼T¸K»«¿KÉ
UV¼T¸KNPÅ�NIÆKGR¿¦S%½m¸K»©U&ÂD¾dHKJ©S%ÈhN§½V¸KN�ÈhNPU1½�¿KN�Ôc½'U1½VNPº%ÁÚ¾dQ�½V¸KN�ÂO¾IQmÃ3Ï

Õ�¿K¾I½V¸KNPQ%»«Å[ºh¾IQV½mGI¿c½%U_½mN�º�»©Us½m¾áÉIN�½²GÄÈhNu½1½mN�Q²HK¿-S=NPQmU1½mGI¿-S=»«¿KÉá¾RÁ�¸K¾�Â ÁÚN�G�½VH-QVN�U
¼T¸-GR¿KÉdN�GRº-º¦N�GRQTGR¿-¼�N5HK¿-S=NPQ¨¼T¸-GI¿KÉI»«¿KÉ&»«JWJ«HKÅ�»«¿-G�½m»W¾d¿�Ï�·�¸-ND¼uH-QVQmN�¿c½+GIJWÉd¾IQm»e½m¸KÅ GR½1½mN�Å�º=½mU
½V¾>Gd¼T¸K»«N�ÌINÍUV¾IÅ�NÍ»«¿�Ì�GRQm»«GI¿-¼uN½m¾Ù»«JWJ«HKÅ�»W¿¦G�½V»«¾I¿£¼T¸-GR¿KÉdN	È�X7S=¾d»W¿-ÉÙ¼u¾dQV¿KNPQ%ÅsG�½T¼T¸K»«¿KÉ
È-GIUVNPSÙ¾I¿ÙÉdQmGdS=»«N�¿c½mU o Ó=NP¼q½m»W¾d¿>è-Ï  t Ï!LOH=½[½V¸K»©U�¿KN�N�SKUsGÎÁÚHKJWJ«N�Qs»«¿�ÌIN�U_½m»WÉcG�½V»«¾I¿9Æ+N�Ô=GIÅ[×
»W¿K»«¿KÉÍ¸-¾�Â ÁÚN�G�½VH-QVN�U�»W¿áG	Um¼uNP¿KN%GIºKº¦N�GRQ"H-¿-S=N�Q�Æ9UmG{XIÆMË¦ÌINu×aUV»eÔÇS=»eÜ3N�QmN�¿c½�»«J«JWHKÅ�»«¿-G�½m»W¾d¿
¼u¾I¿¦S=»e½m»W¾d¿-UPÆKGR¿-SS=N�½VN�QmÅ�»W¿-»W¿KÉ�Â&¸-GR½�»«U�»«¿�Ì�GRQm»«GI¿d½�Ï

Ða¿%½m¸KN�JW¾d¿KÉINPQ1×Ø½VNPQVÅÆ=G[JW»«ÃINPJWX²U_½mN�ºÂD¾dHKJ©S%ÈhN§½V¾sGIS-SÑGIQVN�G�×¢È-GIUVNPS¹Å�GR½m¼T¸K»«¿KÉ¦ÏK·�¸K»«U
ÂD¾dHKJ«S%ÅsGRÃIN0NuÔ=ºKJ«»«¼�»e½�½m¸KN�UVHKQVÁ¯GI¼�NPUD»W¿²½V¸KN�Um¼uNP¿KNIÆ�GIUOÂON�J«J3GdUOºKQV¾�Ì�»©S=»«¿KÉ"Å�¾IQmN0QmN�J«»©GRÈKJ«N
ÌIN�Qm»WË¦¼�GR½V»«¾I¿¹ÁÚ¾dQ�½V¸KN�ÅsGR½m¼T¸K»«¿KÉ-Ï

� �?:D.'*M41¶�0�/_:�.

·�¸K»«U[ÂO¾IQmÃ?»©U�GÎº-QVNPJW»«Å�»W¿-GIQVXÄU1½VH-SKXÄ¾RÁ�½m¸KN²º-QV¾dÈKJWNPÅ ¾RÁ'ÅsG�½T¼T¸K»«¿KÉÀGÎJW»«ÌINÑ»«Å�GIÉIN²¾RÁ
GR¿ÄHKQmÈ-GR¿ÄUm¼uNP¿KN¹Â&»W½V¸áSKGR½mGRÈ¦GIUVNs»WÅsGRÉdNPU�¾IÁ�GRJ«J!½V¸-N%U1H-QVQm¾IHK¿¦S=»W¿-É	ÈKHK»«J«S=»«¿KÉcU�G�½�½V¸-GR½
JW¾=¼�GR½V»«¾I¿�Ïc·�¸KN'º-QV¾I½V¾R½_X�ºhN'UVX�U1½VNPÅ SKN�Å�¾I¿-U1½VQTG�½mNPU!½V¸KN0Ìc»©GRÈ-»WJ«»e½_X[¾RÁM½m¸KN�ÁÚN�G�½mHKQVN0ÅsG�½m¼T¸K×
»W¿KÉ?GRºKºKQm¾dGd¼T¸�ÆMN�ÌdN�¿ÇHK¿-SKN�Q�»«J«JWHKÅ�»«¿-G�½m»W¾d¿á¼T¸-GR¿-ÉINs¾IQ�Â&»e½m¸á¼T¸-GR¿KÉdNPU§»«¿Ä½V¸-N¹ºK¸�X=U1»©¼�GIJ
UV¼�N�¿KN&UVH-¼T¸sGIU�ºKQmNPUVN�¿-¼�NOGI¿-S�S=»©UVGIºKº¦N�GRQTGR¿-¼�ND¾IÁ¦ÌdN�¸K»©¼uJ«NPUPÆ�ÌINPÉINu½TG�½m»W¾d¿[¼T¸-GI¿KÉINONu½T¼RÏI·�¸-N
ÂD¾dQVÃ[QVNPºKQmNPUVN�¿c½mUD¾I¿KJ«XsG�Ë-QTU1½�U1½VNPº¹½V¾�Â�GRQTSsG�½mQVH-N0ÂO¾IQmÃ�»W¿KÉ�U1X=U1½VN�ÅÆ=GR¿¦SsÂDN�¾IHK½VJ«»W¿KN�S
½V¸KN¹º-QV»«ÅsGRQmXÍ½mGIQVÉdNu½§ÁÚ¾IQ[GR¿�XÎ¿-NuÔ�½�U_½TGRÉdNs¾RÁ�½V¸KN%ÂD¾dQVÃ	×�H=½V»«J«»«UV»W¿-ÉÍ¸K¾IÅ�¾dÉIQTGRºK¸K»«NPU0½m¾
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source images target images

�	��
 ���h�9� fcjmn_j"pun_j�¬�¥{j0^at�`dn_lmj�Zk�"p���jT^Tv¦jqpPl1ft�¤5}!fcZklVfÑZe^��"pu\_lVfdjq|²p��{p�Ze¡d^¢\0\_fdj�^ajm\'tP¤ yTx
\1pun_��jm\§Ze�"p���jT^T � fdjT^aj[^almjT¡cjT^�^afctq} z `dl �RZk¡c�Pf�pP���MpPiep�lTj�v���pP^_p²Y[ZeiepRv9\_fdj z n1pP¡�|IjT¡Rbc`In_�
� pu\_j�v��DtP\an_j � pP��j�vdpP¡c|�\_fcj � n_jT¥RZ �dt�`c¡�\1p�Ze¡-

source image top−ranking target images

�	��
 �	�-� g9pPl1f?n_tq}ç^afdtu}!^Tv+pu\"iejV¤«\"p%^at�`dn_lmj[Zk�"pP�Pj�v+pP¡�|Ípu\�n_Ze�Pf�\§\_fcj"\_t� Í\_fdn_jTj�n1pP¡ �IZk¡d�
\1pun_��jm\'Zk�"pP�PjT^T � fdj§\_t� I®¯n1p�¡��¹�"p�\_l1fÑZk^�lTt�nan_jTlm\0Ze¡ÑpPiki¨lTpP^ajT^T � fcj�^ajTlTtP¡�|R®¯n1p�¡��%�"p�\_l1f²Zk^
lmtPnan_jTlm\�tP¡ci]~[Zk¡[\_fdj�b=tP\a\_tP� \Ø}¨t§lqpP^ajm^T
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Å�GR½m¼T¸ÖºKJ©GR¿KN�Us»«¿Ö½V¸KNÎUm¼uNP¿KN×�GdUsÂDNPJWJ0GIUs»«¿-S=»©¼�GR½V»«¿KÉÙGÇQm¾dGISKÅ�GIºÙÁÚ¾dQ¹J«¾I¿KÉdN�QV×°½mN�QmÅ
S=N�ÌdN�J«¾IºKÅ�N�¿c½�Ï

67)��m)9;K)9.'*3)Z0

y  �3 �' z jTp�n1|d^aikjm~���°¡�\an_tR|d`clV\_ZetP¡Ä\_tÍ\_fdj � Zep���t�¡�| � ��� Zk^aZkt�¡7r¦Zkbdn1puna~� � o wPxPx����Ryqx v
Y�g�oOr�v w�x�xP� 

w �Y²c�' �3Zk^alVfdiejVnOp�¡�|�o'��D z t�ikikjT^T¨oDpP¡c|dtP� ^_pP�� diejOlTt�¡d^ajT¡c^a`d^
	=p� cp�n1p�|IZk��� ¤©t�n���tR|djTi
¬d\a\_Ze¡d�[}!Z]\_fÍpP d cikZklqp�\_Zkt�¡	\_t�Zk�"p���j�pP¡cpPi]~I^aZe^0pP¡c|pP`I\_t��"pu\_jq|Ñlqpuna\_t��Pn1p� cf�~��������������
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