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¤¦¥4BLAjTVAvK3BLA,^FBLHVanI5TUA,B�KwG�[ZB�GW^§I5TUA,B�^§DFB�A,KjDZ@£\�BO�8TVK(BLHVa�^dB�C,G�[mG#DZB�Kg¨$G�A7Kj¥WB�[Fa�X{B��©I5TUA,B�^c�8TVHUH[ZBLInG�TVA�E(A7K3B�DZB�>oDZB�K
\$a2Gw_W@$@3K2I5TUA,B5K(B�DFB�>oDZ@W[M^da3^dDFB�I <nª \3«iB�>�DFTV¥WB5G�A,GWHUa3^FTV^N@WX¦DFY(B5C�BL[FX{@W[ZInG�A,>LB£@WX§I5TUA,B5K(B�DFB�>oDZ@W[m^�\7GW^FB�K¬^F@WHVBLHVa"@WA
DFY,BMC7B�[Z>LBLA�DZGW_WBN@�X.I�TVA(B�^cA(@�DK3BLDFB�>oDFB�KwTV^fDZY�E7^`K3TU®n>LE(HUDG#D`I5@W[ZBDZY,G�A"GWAwGWA(B�>�K3@�DmG�HgHVBL¥WB�H <q� TVBLHbKw>L@WA,K(ThDZTU@4A,^L¨$DZY(B
Dia$C7B�^O@�X¦DmG�[Z_WBLDOGWA,K2@4C7B�[ZG�DFTVA(_�C,[F@3>�B�K3E([ZB�^�¥#G�[Za2^d@w�8TVK(BLHVavDFY,G�DNDZB�^dDFTVA(_vTUA¯G�HVGW\7@4[ZG�DF@W[Zaw@W[NDFB�^iD G�[ZB�G�InG�a"A(@�D
[ZBL¥WB�G�H�DFY,BjHUTVI5ThDm^M@�XfDFY,BnC7B�[dX{@4[FInG�A7>�B5@�X8GvI5TUA(BjK(B�DFB�>oDZ@W[MTVA'Gw^FC�B�>�TUS7>5I5TVA(B�K°GW[FB�G��8TUDFY°GvC,GW[dDZTV>LE(HVGW[ODia$C7Bn@WX
I5TUA,B�± l²�ª >L@WA�DZGWI�TVA,G�DFTV@WA <q³ BLA(B�[ZGWHUTb^ZG#DFTV@WA7^fGW\7@4E3D8Y$E(InG�A(TUDZGW[FTbG�AwK3BLI5TVA(TUA,_�B�´�E(TUC,I�B�A�DcC�BL[FX{@W[ZInG�A,>LBN>�G�AwY,G�¥WB
@WA,HUa�G�¥4BL[ZajHUTVI5ThDZB�Kw¥#G�HVTVK(ThDia <

µ8B�C7@4[dDm^@WX¶C([Z@WI5TV^FTVA(_nDFB�>mY(A(@4HU@4_WTVB�^`@WX¶A(B�>�B�^Z^FThDia"´�E(@�DZB�[ZB�^FE(HUDZ^N^dE,>mY·GW^NG'� �4s4¸ ^FE,>L>LB�^Z^[mG#DZB��n@4[��ß� x @4E3DN@WX~� x
DZGW[F_4B�Dm^�X{@WE(A,K,�j¹ =A(@4�4��º,\(E(D§E,^FE,G�HVHVa£K3@MA(@WD§G#DFDFB�I�C(D¦DF@MC([ZB�^FBLA�D¶GWA5GWA,G�HVa3^dTb^q@WX7DZY(B^dDZG#DZTV^dDFTb>LGWH,>�@4A3S7K3B�A,>�B@�Xg^dE,>mY
K(G�DZG <.» Y(Tb^q�f@W[Z¼�TVA(_OC,GWC7B�[¦B�½(G�I5TVA(B�^�DZY(BK3TU®j>�E(HUDFTVB�^¶TUAjG4^F^FB�^Z^FTUA(_�DFY,B`C7B�[dX{@4[FInGWA,>�Bc@�XI5TUA,BK3B�DZB�>�DFTVA(_MB�´�E(TVC(I5BLA�D
\�@�DFY�´�E,G�A�DZThDmG#DFTV¥WB�HUa4¨¶\$a:K3B�¥WB�HU@4C(TUA,_·G¯^dDZG#DZTV^dDFTb>LGWH8G�A,GWHUa3^FTV^5G�A7K:C([ZB�^FBLA�DZTUA(_¾DFY,Bw[ZB�^FE(HUDZ^�¨§GWA,K¿´�E,GWHUTUDZG�DFTV¥WB�HUa4¨¶\$a
G�A7G�HVa$^FTVA(_"DFY,B�C([mGW>�DFTb>LGWHfK3TU®j>�E(HUDFTVB�^�@WXBL¥#G�HVE,G�DFTVA(_¬B�´4E,TUC(I5B�A4D5C�BL[FX{@W[ZI5GWA,>�Bw^dC�B�>LThS�>jDZ@¾K3B�I�TVA(TVA(_ <'l ^dBw@�X8DZY(B
>�@4A,>�B�C3D8@�XO�dInG�[Z_WTVA�@WX.K(B�DFB�>oDZTU@4A,��TV^cC([Z@WC�@4^FB�KwGW^8G�C�@4^Z^dTV\(HVBO�fG�anX{@4[F�cG�[mK <
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» Y(BODZY([FB�BOC([FTVA,>LTUC,GWHJK3TU®n>LE(HUDFTVB�^8TVA"GW^Z^dB�^F^FTUA,_£C([Z@�DZ@�Dia$C�BOK(BLI5TUA,TUA(_5B�´4E,TUC(I5B�A4DGW[FB4Î

� <`» B�^iDZTUA(_�B�´�E(TVC(I5BLA�D§DZY,G#DfTV^f^dDFTVHUHE(A,K(BL[cK3BL¥4BLHV@WC(I5BLA�D�¨�GWA,KnY(B�A,>�B�A(@�DfaWB�Dc>LGWC,G�\(HVB`@WXgS,A,K3TVA(_�BL¥WB�[Fa£I5TUA(B4¨$TUA
HUTV¥WBMG�[ZB�G4^fTV^8A,@�D`C�@4^Z^dTV\(HVBN\�B�>�G�E,^FBO@�X�DFY(BM[ZTb^d¼nDZ@5DFY(BM@4C7B�[ZG�DF@4[ <q» B�^dDFTVA(_5E(A,K3B�[^dTVI�E,HVG�DFB�Kv>L@WA,K3TUDFTV@WA7^8K3@$B�^
A(@�D a$TVBLHbK·DFY(Bj^ZG�I5Bn[ZB�^FE(HhDm^LÏ�DZY(BjInG#«i@4[ TUI5C�B�K3TVI5BLA�DZ^ DF@vS,A7K3TUA,_2I5TUA(B�^L¨.^FE,>mY°GW^M¥4BL_WBLDZG�DFTV@WAJ¨�Y,G�¥WB�DF@"\�B
[FB�I�@#¥4B�K�@W[fG�HUDFB�[FB�K5DF@£C(HVG4>�B^FE([Z[F@4_4G�DFB8I5TUA,B�^ <.R BLI5TVA(BL[m^�¨�A,@�InG#DFDFBL[fY(@#��>LGW[FBLX{E(HVHUa�DFY,BLan^dB�BL¼�DF@£[FBLÐ}>L[FB�G#DZB
DFY(B�TU[`�f@W[Z¼$TUA,_£C([mGW>�DFTb>�B�^L¨,GW[FBOHVTU¼4BLHVajDZ@�GW>�DK3ThÑBL[ZBLA�DZHUa�TUA"HVTU¥4B G�[ZB�G4^¶X{[Z@WIÒ@WA(B�^cDFY,BLa�¼$A(@#�ÓDF@n\�B�^ZG#X{B <§» Y(B
B�DFY,TV>�G�H7«iE,^iDZThS�>LG#DZTU@4A2X{@4[NG4^d¼$TVA(_�K3B�I�TVA(B�[Z^DF@wC7B�[dX{@4[FIÔGjDF[ZTVGWH�TVA¾G�^FG�X{B£G�[ZB�Gj�8Y(TUHVB�HUB�GWK3TVA(_jDZY(BLIÕDZ@jDZY(TUA,¼
DFY,G�DcTUD`Tb^8I5TUA(B�KwTUAv@W[mK3B�[§DZ@j^dTVI�E,HVG�DFBOHUTV¥WBM>L@WA,K3TUDFTV@WA7^cI�@4[FBMG4>L>�E,[ZG�DFBLHVaW¨$Tb^`K3B�\,G#DmG�\(HVB <

P(<`� TVA,K3TVA(_nB�A(@WE(_4Y�I5TVA(B�^`@W[`^FE([F[Z@W_�G#DZB�I5TVA(B�^cDZ@5C([F@#¥$TbK3BMG5I5B�G�A,TUA(_WX{E(HJ^dDZG#DZTV^dDFTb>LGWH�G�A7G�HVa$^FTb^§@WX�DZY(B�K3BLDFB�>oDFTV@WA
[ZG�DFB`G#DcGME,^FB�X{E(H�HVBL¥WB�H,@WX�>�@WA(S7K3BLA7>�B`Tb^§´�E(TUDFBTUI5C([mGW>�DFTb>LG�H�GW^¶I�B�G�A(TVA(_WX{E(H,DZ[FTbG�Hb^¦[ZB�´�E(TV[ZB8Y�E,A,K3[ZB�K(^¶@�XgDZGW[F_4B�Dm^ <

;,<t BLA,^FTUDFTV¥�TUDia2DZ@vX�GW>�DF@W[m^M\�BLa4@WA,K¾DFY,B�>�@4A4DZ[F@4Hq@�XfDFY(BjDFB�^dD�C([Z@�DZ@3>�@WHqInG�a¾\7Bj_4[FB�G#DZBL[NDFY,GWA'^dB�A,^FThDZTU¥$TUDia2DF@vDZY(B
C,G�[mG�I5B�DZBL[m^5\7B�TUA,_'I5B�GW^FE([ZB�K <Ö� @4[jB�½(G�I5C(HVBW¨cDZY(B2BL½3G4>oD�K3B�C3DFY©@�XMG'^dInGWHUH`\,E([FTVB�K*DmG�[Z_WBLDjI5G�a*^iDZ[F@4A(_WHVa
TUA3×7E(BLA,>LBcDFY(B8C,[F@4\,G�\(TVHVThDia @WXK(B�DFB�>oDZTU@4A <qØ HbGW>�TVA(_MG�DZGW[F_4B�D¦G�A,K£DZY(BLAn[ZB�ÐÙS,HVHUTVA(_MG�\�@#¥WBc�8TUDFYn^d@4TUH,I5GW¼WB�^�C,[FB�>�Tb^dB
K3B�DZBL[ZI�TVA,G�DFTV@WA�@WX�DZY(BMK3BLC3DZY"K3Th®j>LE(HhD�¨(I5@W[ZBL@#¥4BL[¶TUD`InG�an�§B�HUHgA,@�D8_WTV¥WB�DFY(BM^ZG�I5BN[FB�^dE(HUDZ^fX{@4[8^d@4I�BNI5B�DZY(@3K(^
@�X¶K3BLDFB�>�DFTV@WA¬G4^HV@WA,_�Ð}\(E([ZTUB�KvI�TVA(B�^L¨gG�A7K"DFY,B�C([ZB�>LTV^FB£K3B�C3DFY¾@�X¶^F@WTVH�InG�aw¥#G�[Zav^FHVTU_4Y4DZHUa"G�XÚDFBL[NY(B�G�¥�aw[mG�TVA2@W[
¥WBL_4B�DmG#DFTV@WA�_W[Z@#�cDFY <

» Y(BM[ZB�^dD8@�X�DZY(Tb^8�§@4[F¼$TVA(_�C,G�C�BL[`G4K(K3[ZB�^Z^dB�^§C,[F@4\(HUB�In^fDi�§@nG�A7KjDZY([FB�B G�\�@#¥WB <
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» Y(Bn@4A(HUa¾C(E(\(HVTb^dY(B�K¯C,G�C�BL[�@�XcA(@�DZBn@WA°K3B�DZB�>�DFTV@WA¯C([Z@W\,GW\(TUHVTUDia2TUA°Y$E(InGWA(ThDmG�[ZTVGWA·K(BLI5TUA,TUA(_2GWA,K°GW^Z^F@$>LTVG�DFB�K¬>�@4A3Ð
S7K3B�A,>�B�HUB�¥WB�HV^£G�C(C�B�GW[Z^ODZ@2\�BjDFY7G#D£@WX`àq@WHVB�^�¹ àq@4H �4á ºf�8Y,@2C([ZB�^FBLA�DFB�K¯Y(TV^£G�[Z_WE(I5B�A4D�^d@4I�B��8Y,G#D�>�[Za�C(DFTb>LG�HVHVa <2� Tb^
I5B�DZY(@3K5C7B�[FI5TUDZ^.DZY(B`>LGWHV>LE(HVG�DFTV@WA�@�X[FB�^dE,HhDm^.X{@W[q@4A(HUa�GOHUTVI5ThDZB�K�A$E(I�\�BL[¶@�XHUB�¥WBLHb^.@�Xg>�@4A3S7K3B�A,>�B4¨WA,GWI5BLHVa DFY,B8¥�GWHUE,B�^
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\�@�DFY"^FTUI5C(HVBL[`GWA,KwI5@W[ZBN_4BLA(B�[ZGWH9¨3GWA,K�Tb^8\�BLHVTUB�¥WB�KjDZ@nTUHVHUE,I�TVA,G�DFB G�AwTVA,>�@4A,^dTb^dDFBLA7>�ajTVAvàq@WHVB�^�è(GW^Z^dE(I5C3DZTU@4A,^ <

é"TVA(B K3BLDFB�>�DFTV@WA"^ZG#DFTb^dS,B�^§DFY,B >�@WA7K3ThDZTU@4A,^cX{@4[`G�efB�[FA(@4E(HVHUTDZ[FTbG�H¦¹ é �.á4s ¨,C,G�_4B s�ê º}Î
ã{TÚæ§DFY,BL[ZB G�[ZB�@4A(HUajDi�§@5@WE(DZ>�@4I5B�^Mã{I5TVA(B K3BLDFB�>�DFB�K�@4[8I5TUA(BMA,@�DK3BLDFB�>�DFB�K,æo¨
ã{TVTÚæ§DFY(BMC([Z@W\7G�\(TVHUTUDiaj@WX�^FE,>L>LB�^Z^cTV^cDZY(B ^ZG�I5BNX{@W[8B�G4>mY�DZ[FTbG�HÙ¨
ã{TVTVTbæ§DZY(BL[ZBMTV^8G5>L@WA,^dDZGWA4D8A$E(I£\7B�[`@�X�DF[ZTVGWHV^Mã{DFY(BODZ@�DZGWHJA$E(I�\�BL[8@WX�I5TVA(B�^mæo¨7G�A,K
ã{TV¥(æcDZY(BMDF[ZTbG�Hb^`G�[ZBMTUA7K3BLC�BLA,K(BLA�D�ã�HU@3>LG�DFTVA(_�G5I5TVA(B�K3@$B�^A(@�DNG#ÑB�>oDDFY(B£C7B�[dX{@4[FInG�A7>�BO@�X.DFY,B�I5TUA,B�K3B�DZB�>�DF@W[��8Y(BLA
G#DFDFB�I�C(DFTVA(_5DF@5HV@$>�G#DZBODFY(BMA(BL½$DcI5TVA(B�æ <

» Y$E,^8DZY(B�E,^dB�@�XqDFY,B£efTUA,@WI5TVGWH�K3Tb^dDF[ZTU\(E(DFTV@WA"X{@4[C([Z@W\,GW\(TVHUTUDiaw>�G�Hb>�E(HbG#DZTU@4A,^8Tb^¦«iE7^iDZThS,B�K <�» Y,B£>�@4A,K3TUDFTV@WA,^`X{@W[�E,^dTVA(_
DFY,B Ø @WTb^Z^d@4A·GWC(C([Z@�½$TVInG#DZTU@4A¾DZ@"DFY,B�efTUA(@4I5TVGWH§G�[ZB�GWHV^F@2^FG�DFTb^iS7B�K¯TUX8DFY(BjA$E(I£\7B�[�@WX`I�TVA(B�^�ã{ë�æ TV^�HVGW[F_4BjG�A,K·DZY(B
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Alpha (producer’s risk)
= fraction of area under
curve lying below 
PD = 95% 

PD = 95% 

(1−alpha) = 
fraction of area 
under curve lying
above PD = 95% 

This corresponds to the 
confidence that the value
of PD is at least 95% 

Probability curve for a trial where
98 out of 100 mines were detected. 
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E(A(B�´�E(TU¥4@3>LG�H�[FB�^dE,HhDm^`�8TUDFY(@4E3DDZY(B£A,BLB�K"DF@jInG�¼4BMX{E([FDFY(B�[NG4^F^FE(I5C3DZTU@4A,^GW\7@4E3DDZY(B£K(G�DZG,¨�GWA,K"@WA7>�BMDZY(B£>L@WI5C(E3DZBL[
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Line of minimum probability     
of detection equal to confidence

Line of PD = 99,6% 

Line of  confidence
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K3E([ZTVA(_jK3B�DmG�TVHUB�KwDFB�^iDZTUA(_�@�X¦GjK3BLDFB�>�DF@4[8DFY,G�DTb^`¼$A(@#�8AvDF@nC�BL[FX{@W[ZI B�½$DF[ZBLI5BLHVa��fBLHVH�^FB�DFDFTVA(_nDZY(B`p7rÓDZ@nDFY(B£K3B�^FTU[ZB�K
C�BL[FX{@W[ZI5GWA,>�BOHVBL¥4BLHJG�A7K�>�G�Hb>�E(HbG#DZTUA(_�DZY(BM[FB�^dE,HhDmG�A�D`>�@WA(S7K3BLA7>�BOHUB�¥WB�HgI�TV_WY�DGWC(C7B�G�[8G�\7BLDdDZBL[^dDF[mG#DZBL_Wa <
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G¡���4� ¸ ^dE7>L>�B�^F^dX{E(H.DZ[FTbG�Hq@WX s�� I5TUA,B�^MGwC([Z@W\,GW\(TUHVTUDia"@�XfK(B�DFB�>oDZTU@4A¾@WX á4s�¸ >LGWA¾\�Bn^iDmG#DFB�K¬�8TUDFY¯C([mGW>�DFTb>LGWHUHVa ���4� ¸
>�@4A3S7K3B�A,>�B1±ÍC7@4TUA�D � @WAj_4[ZGWC(YJ¨$G�>�@4A3S7K3B�A,>�BNHVBL¥WB�H7@WX á4s�¸ >L@W[Z[FB�^dC�@WA7K(^qDZ@£G`p r @�XJ@4A(HVa �$êW¸ ±ÍC7@4TUA�D R�<3» Y(Tb^
^FBL[Z¥WB�^NDZ@"[FBLÐÙB�I5C(Y,GW^FTb^dB�DFY,B�K3TU®n>LE(HUDia¾@WXf@4\3DZGWTUA(TVA(_2GWA�a¾I5B�G�A,TUA(_WX{E(H¦[ZB�^FE(HUDZ^OX{[Z@WIýI�B�GW^FE([ZBLI5BLA�D @�XfDFY,Bj[ZG�DFBn@WX
K3BLDFB�>�DFTV@WAvTVA�[ZB�G4^d@4A,G�\(HVaj^FT���B�K�DF[ZTVGWHV^ <q» Y(B G�[FDFTUS7>�TbG�Hg^FBLC,GW[ZG�DFTV@WA�@�X�DZY(BODi�f@�C7G�[mG�I5B�DZBL[m^§@WX�G£DFB�^iD`[ZB�^FE(HUD�¨(GWA,KjDZY(B
K3TU®j>�E(HUDia¬@WX¶DFY,Bj>�@WA7>�BLC(DO@WXf>L@WA3S7K(BLA,>LB5>L@WI5C,GW[FB�K2DZ@�DZY(Bn[ZBLHbG#DFTV¥WB5^FTUI5C(HVTV>LThDia¬@�XcC([F@4\,G�\,TUHVThDia"@WXfK3BLDFB�>oDFTV@WA�¨�HVB�GWK
DF@�>�@W[Z[ZB�>oD�¨(\(E3D�I�Tb^FHUB�GWK3TVA(_,¨�>�HbG�TVIn^`@�X¦^FE,>mYwS,_WE,[FB�^`GW^ �4s4¸ @W[`B�¥WB�A ���W� ¸ ^FE,>L>LB�^Z^8TUA2DF[ZTVGWHV^ < = p7rÖ@�X����4� ¸ >LG�A
@WA,HUa·@3>L>�E,[ �8Y(BLA¯DZY(B�>L@WA3S7K(BLA,>LBjTV^¤�LB�[F@"\(E(D DFY(B�GW^Fa�I5I5B�DZ[Fa·G�HVHU@#�`^�>�@WA(S7K3BLA7>�BjHVBL¥4BLHb^M@�Xz���4� ¸ DZ@2\�B�>�HV@4^FBLHVa
G�C,C([F@�GW>mY(B�K�G�Dc¥#GWHUE(B�^c@�Xp7rÓ@�X��§B�HUHJ@#¥4BL[ s � ¸j<

=ÓE,^dBLX{E(HgG�C(C,[F@�GW>mY�DF@�[FB�K3E,>LB`DFY,BNK3TU®j>�E(HUDia5@�X�C,[FB�^dB�A4DZTUA,_MDFY(BN[ZB�^FE(HhDm^¶@WXJDFB�^iDZTUA,_�I5TUA,BNK3BLDFB�>oDFTV@WA�B�´�E(TVC(I5BLA�D§Tb^§DF@
>LGWHV>LE(HbG#DFBOG5^dTVA(_4HUBN¥#G�HVE(BNX{@W[8\�@�DFY�p r G�A,Kw>�@4A3S7K3B�A,>�BN\$ajE,^FTUA,_£DZY(BOC7@4TUA�D8�8Y(B�[FBNDFY,B�Di�f@5G�[ZB�A$E(I5BL[ZTb>LG�HVHVanB�´�E,G�H <
» Y(B�HU@3>�E7^¶@WXJDFY(B�^dB�C7@4TUA�Dm^¶Tb^§^FY(@#�8Aj@4AnS,_4E([FB ; GW^fG K3TbG�_4@WA,GWH,HVTUA,B <¦t @WHV¥$TUA,_�A$E(I5BL[ZTV>�G�HVHUa£X{@W[§DFY,B�HVTUI5TUDFTVA(_£>�GW^FB@WX
ã��8þ²�.æcò³�*ã�T < B < >L@WA3S�K3BLA,>LBMB�´�E,GWHDF@n@W[8¥4BL[Za�^FHUTV_WY�DFHVaj_4[FB�G#DFB�[fDFY,GWAwC,[F@4\,G�\(TVHVThDiaj@WX.K(B�DFB�>oDZTU@4A7æf_WTV¥WB�^fDFY(BM[ZB�^FE(HUDZ^
^FY(@#�8A"TUAvS7_WE([ZB k,<8» G�\(HVBø��>LThDZB�^B�½(G�I5C(HVB�^`X{[F@4I DZY(B�K(G�DZG < =�DF[ZTVGWHJ@�X¦[ZB�G4^d@4A,G�\,HUBM^FT���B�>LGWA"\7B�^FBLB�AvDF@�Y,G�¥WB8p�r
�fBLHVH,\�BLHV@#�����W� ¸ \$a�DZY(TV^¶I5B�DFY,@$KJ¨4S7A,K3TVA(_ PWP I5TVA(B�^§G�A,K5I5Tb^F^FTVA(_MA(@WA,B`TUAjGMDF[ZTVGWH,Y,G4^¦G8p7r ã�çÓ>L@WA3S7K(BLA,>LB�æ.¥#G�HVE(B
@�X7«iE,^dD@#¥WB�[ � � ¸�<.ñ AwC,[ZG4>oDFTb>�BNDZY(TV^`TV^cC([Z@W\7G�\(HVajG5I5@W[ZB�E,^FB�X{E,HJI5B�GW^FE([ZBNDFY,GWA�BL½$C,[FB�^F^FTUA,_�DZY(B ^FGWI5BN[ZB�^FE(HUD`GW^�¨$X{@W[
B�½(GWI�C,HUB4¨q� �W� ¨ x$¸ p7r©G�D`G£>L@WA3S7K(BLA,>LBN@WX,«iE,^dD8@#¥WB�[ á$¸�< �¾=?^dInG�HVHTUI5C([Z@#¥WB�I5BLA�D§DZ@�DFY(BOB�´�E(TVC(I5BLA�D8Tb^cE(A(HVTU¼4BLHVanDF@
>mY,GWA(_WBDFY(B �W� ¨ x$¸ p r S,_4E([ZB�\$ajG�^dTV_WA(TUS7>�G�A�DfGWI�@4E(A�Df\,E3D8�8TUHVH\7BM>�HVB�GW[FHVa5TUA7K3TV>�G#DZB�K�\�ajGWA�TVA,>�[ZB�G4^dB�TUA�DFY(BO¥#G�HVE(B
@�X�«i@WTVA�D8¥�GWHUE,BOX{@W[qp r ç�>L@WA3S�K3BLA,>LB <

» G�\(HVBä�O^FY(@#�`^§DFY,B ^dT��LBO@�X.G£DF[ZTVGWHgA(BLB�K3B�K�DF@jK3B�I5@WA,^dDF[mG#DZBNG�C([Z@W\,GW\(TVHUTUDian@�XqK3B�DZB�>�DFTV@WAvG�A,Kw>�@4A3S7K3B�A,>�BOHVBL¥WB�Hg\7@WDFY
B�´�E,GWHDF@ �4� ¨ x�¸ DF@5\�B � ;�ê�á I5TVA(B�^^dE,>�>�B�^F^dX{E(HVHUa�K(B�DFB�>oDZB�KvG�A,K�A(@4A(BMI5TV^Z^dB�K <q» Y(Tb^8TV^>�@WI5C(HVB�DZBLHVajE(A([ZB�GWHUTb^dDFTb> <
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Upper curve: all mines detected

Middle curve: one mine undetected

Lower curve: two mines undetected 

Probability of detection equal to confidence in the result. 
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» B�^dDFTVA(_jI5TUA,B£K3BLDFB�>�DF@4[Z^��dTVAvDFY(B�S,BLHbK(�nE(A7K3BL[N[FB�G�HVTV^dDFTb>M>�TV[m>�E(In^dDZG�A7>�B�^TUA�DZ[F@3K3E,>LB�^�^d@jInGWA�a�¥#G�[ZTVGW\(HUB�^8DZY,G#D`DZ[FTbG�Hb^
@�XcG�^FT��LB�DFY,G�D G�[ZB X{B�G4^dTV\(HVBn>LG�A,A(@�DO\7BnBL½3C7B�>oDFB�K2DZ@�a$TVBLHbK¬[ZB�^FE(HUDZ^N�8TUDFY(TVA°G�A¬@4[ZK(BL[O@�XfI5GW_WA(TUDFE7K3B£@WX¶DZY(BnK3B�^FTU[ZB�K
X�G�TVHVE([FBLÐ9DZ@�Ð K3B�DZB�>�D�[ZG�DFB < é2@W[ZBjTUA(X{@W[ZI5G�DFTV@WA·DFY7G�A"«iE,^dD�DZY(B�>L[FE7K3B�K3BLDFB�>�DFTV@WA°[mG#DZBjI�E,^dD£\�B�TVA,>LHUE,K(B�Kg¨.BLTUDFY,BL[�TVA:G
>�@4I5C,G�[mG#DZTU¥4B�InG�A,A(BL[8@4[cGWA,G�HVa�DFTb>LGWHUHVaW¨3TUX�DZY(BM[ZB�^FE(HhDm^8G�[ZBNDF@5\7BME7^dBLX{E(H <

º�·d÷ ¸ ª ü ª ú|°�ú|ª¬¤�«~ó¡¤��«¹ù ¦ ½~ù�³ ù�³Júô³�ù�ú|ª¬¤�«ú¦©°�úô³¨ºÊù�°�ú|°

» Y(BfG�C(C([Z@4G4>mYO@�X,K3BLS,A(TVA(_NG^dTVA(_WHVB¶@#¥4BL[mG�HVHWK3BLDFB�>�DFTV@WAMS7_WE([ZB¶K3BLDFBL[ZI5TUA,B�K \$aNHUTVI5ThDZB�K DFB�^dDFTVA(_�TV^�A(@�D.@WA,HUaNE(A$�§@4[F¼#GW\(HUB
TVA¾C([mGW>�DFTb>�B�\(E3D�>L@WA,>LBLC3DZE,G�HVHUav×�G��§B�K < é¬G�A$E3X�GW>�DFE([ZBL[m^�@�Xf^ZG#X{BLDia�Ð}>L[FTUDFTb>LGWH�^Fa3^iDZBLIn^M^dE7>mY¾GW^OC7GW^Z^dB�A(_WB�[NGWTU[m>�[mG#XÚDO@W[
A$E,>�HVB�GW[�C�@#�§B�[�C(HbG�A�Dm^�K3@�A(@�D.K3B�S,A,B¦DFY,B¶C([Z@W\,GW\(TVHUTUDia�@WX3X�G�TVHUE,[FB§@�X$DFY(B�TU[�C([Z@3K3E,>oDm^�\$aO�cG�TUDFTVA(_8X{@W[�@3>L>LG4^dTV@WA7G�H#X�GWTUHVE([ZB�^
G�A7KMDFY,BLA5C([Z@�«iB�>�DFTVA(_�GNC([Z@W\7G�\(TVHUTUDiaO@�X7X�G�TVHUE([ZBf[ZG�DFB§X{[F@4I DFY(Bc[ZB�^FE(HhDm^ < �Y(TVHV^dD.DFY(B8K3B�¥WB�HU@4C(I5BLA�D�@WX�GWA�B�½(G4>oD.I�BLDFY(@3K
X{@W[¦DFB�^dDFTVA(_ Y$E(InGWA(ThDmG�[ZTVGWA�K(BLI5TUA,TUA(_�B�´�E(TVC(I5BLA�D¶Tb^q\7B�aW@4A,K£DFY(B^Z>�@4C7B8@WXDFY(Tb^¦�f@W[Z¼$TUA(_OC,GWC7B�[�¨4ThD§TV^¦>LHUB�G�[qDZY,G#D¦I5TVA(B
K3BLDFB�>�DF@4[Z^MGW[FBnA(@WDMDFY(Bn@4A(HVa¾^ZG#X{B�Dia�Ð >�[ZThDZTV>�G�HqB�´4E,TUC(I5B�A4DMDZY,G#D£[FB�´4E,TU[ZB�^NDZB�^dDFTVA(_,¨�G�A,K¾DFY7G#D£^F@WC(Y,TV^dDFTb>LG�DFB�K¾I5B�DZY(@3K(^
Y,G�¥4B£\�BLB�A·K3B�¥WB�HU@4C7B�K"DF@"K3B�G�Hq�8TUDFY¾DFY(Tb^M^FThDZE,G#DZTU@4A¾TVA¾@WDFY(B�[OTUA,K(E,^iDZ[FTVB�^ <£» Y,B�I5@�^iD K3Tb^iDZTUA7>oDFTV¥WBn>mY,GW[ZG4>oDZBL[ZTV^dDFTb> @WX
Y$E(InG�A(TUDZGW[FTbG�A�K3BLI5TVA(TVA(_OTV^�DZY(Bc�8TVK3Bc¥#G�[ZTbG�\(TVHUTUDiaM@�X,DFY(B8B�A�¥$TV[F@4A(I5BLA�D <�» Y(Tb^�[ZB�´�E(TV[ZB�^�X{@3>�E,^FTUA,_N@4A DZY(B8K3BL¥4BLHV@WC(I5BLA�D
@�XDZB�^dD§I5B�DZY(@3K(^¶GWA,KnC([Z@3>�B�K(E([FB�^.DFY7G#D§GW[FBG4^qTVA,^dB�A,^FThDZTU¥4B8DF@MDZY(BB�A$¥�TV[Z@WA(I5BLA�D¶G4^¦C�@4^Z^dTV\(HVB <.ñ A5DFY(Tb^§[FB�_4G�[mK�G >�[ZE,K3B
K3BLDFB�>�DFTV@WA�[ZG�DFBc@�X �W� ¨ x$¸ TV^qGN¥WB�[FaMC�@$@W[.I5B�G4^dE([ZBcGW^.TUDqK(BLC�BLA,K(^¦Y(B�G�¥$TVHUaM@4A�DZY(B8BLA$¥$TU[Z@WA,I�B�A�D�¨�G�A7K�@4A�DZY(BfDF[mG�TVA(TUA,_,¨
^F¼�TVHVHV^8GWA,Kv^dE(C�BL[Z¥$TV^FTV@WA�@WX�DZY(BM@WC�BL[mG#DZ@W[8G�A7K�A(@WDq«iE,^dD`@WA�DFY(BMC�BL[FX{@W[ZInG�A,>LBN@WX�DZY(BMI5TUA(B K(B�DFB�>oDZ@W[ <
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» Y(BNHUTVI5ThDZTUA,_5^FBLA7^dTUDFTV¥$ThDian@WX�G£I�TVA(BMK3BLDFB�>�DF@4[f>�G�A�K(BLC�BLA,KwTVA�C,GW[dDc@WA�DFY(BM^F¼�TVHVHV^cG�A7KjY(B�[FB�K3ThDmG�[Zaj>mY,G�[mGW>�DFB�[FTb^iDZTV>�^¦@WX
DFY,B�@4C7B�[ZG�DF@W[ <.» Y(B�GW\(TUHVTUDian@�X�K3TUÑ�B�[FB�A�DfC�BL@4C(HUB�DF@5K3BLDFB�>�DcG£^dInGWHUH>mY,G�A,_WBTVAjDZY(BNC(ThDm>mY�@WX�GMDZ@WA(B�TV^f¼$A(@#�8AnDZ@£¥#G�[Za
\$ajI5@W[ZBDZY,G�AvG�Aw@W[mK3B�[§@WX�InG�_4A(ThDZE,K3Bn¹ à�� � é �4� º}¨3aWBLDcInGWA�anI5BLDZG�HJK(B�DFB�>oDZ@W[m^§E7^dBMG5>mY,G�A,_WBN@�X�C,ThDm>mY�DZ@�TVA,K3Tb>LG�DFB
G£DZGW[F_4B�D <

» Y(B�@WC�BL[mG#DZ@W[TVA�DFB�[dX�G4>�B @WX¶I5TUA(B5K3BLDFB�>�DFTVA(_wB�´�E(TVC(I5BLA�DNY7GW^NGjHbG�[Z_WB TVI5C,GW>�DN@4A2Y(@#� DFY,B£B�´4E,TUC(I5B�A4DOTb^E,^FB�K¾G�A,K
E(HUDFTVInG#DFB�HUa�DFY(B�C([F@4\,G�\,TUHVThDia�@�XqK3B�DZB�>oDZTU@4A <§» Y,BL[ZBOGW[FBOInG�A$a�A(@WA3ÐÙDFB�>mY(A(Tb>LGWHJGW^FC7B�>oDZ^8DF@jK3B�^dTV_WA(TVA(_5B�´�E(TVC(I5BLA�D`�8TUDFY
G�AwTVA4DZE(TUDFTV¥WBOX{BLB�H9Ï(DFY(Tb^cDF@4C(Tb>OTV^c\�BLa4@WA,K�DFY(B ^Z>�@4C7BO@WX�DZY(TV^`�§@4[F¼$TVA(_£C7G�C�BL[ <

º�· ö »�°Ãö¬óõ³ °Ãö�°�¦¾ü ó °Ã«~ùÁ½�«N½¡°Ã«§ú|³�ù °Ãö�°�¦¾ü ó

=`A7G�HVa$^FTVA(_jDZY(B£[ZB�^FE(HUDZ^�@�X¦DZB�^dDFTVA(_wY�E,I5GWA(TUDZG�[ZTbG�A2K3B�I�TVA(TVA(_wB�´�E(TVC(I5BLA�DN[ZB�´�E(TV[ZB�^G��f@W[Z¼�GW\(HVB I5B�DFY,@$K2X{@W[OK3B�GWHUTVA(_
�8TUDFY°X�GWHV^FB�GWHVGW[FIn^ <v» G�¼$TVA(_2@4A,>�B�GW_4GWTUA¯DZY(B�BL½3GWI5C(HUB�@�X`I5B�DmG�HcK3B�DZB�>oDZ@W[m^L¨.TVA,>�[ZB�G4^dTVA(_vDZY(B�^FBLA,^FTUDFTV¥�TUDia·TUA,>L[FB�GW^FB�^
DFY,B�C([Z@W\,GW\(TVHUTUDia�@WX¶K3B�DZB�>oDZTUA,_�GnI5TUA,TUI£E(IÕI�BLDZGWH�I5TVA(BW¨�\(E3DOG�Hb^d@nTVA,>�[ZB�G4^dB�^cDFY,B�A$E(I�\�BL[�@�X¦^FI5GWHUH�C(TVB�>�B�^`@WX¶^F>L[ZGWC
I5B�DmG�H7K(B�DFB�>oDZB�K <.ñ AjG�[ZB�G4^.�8Y(BL[ZB`TUD¶Tb^¶>�@4A,^FTVK3B�[FB�K£DFY,G�D¦DFY(B�[FB�G�[ZB8A(@MI5TUA(TVI�E,IûI5BLDZG�H7I5TUA(B�^L¨$K3B�I�TVA(B�[Z^¦GW[FB8¼$A(@#�8A
DF@v[ZB�K3E7>�B�DFY(Bj^FBLA7^dTUDFTV¥$ThDia"@WX§DZY(B5I�BLDZGWH¶K3B�DZB�>�DF@W[m^�DF@"K3B�>�[ZB�GW^FB£DFY(B5X�GWHV^FB�GWHVGW[FI [ZG�DFB < ÿ¦B�D TVA¯K3@WTVA(_"^d@�DFY,BLa¾GW[FB
InG�¼$TVA(_nG�K(B�>�Tb^FTU@4A�DZ@n[FB�K3E,>�Bcp�r <

=fDqC([ZB�^FBLA�D�A,@NK3Tb^dDFTVA,>oDZTU@4A£Tb^.InGWK3BfTUA5K3BLS,A(TVA(_DZY(BfX�G�Hb^dB8GWHVGW[FI [mG#DFBf\�B�Di�fBLBLA�I5TUA,B�Ð}HUTV¼WBf@W\3«iB�>oDm^�DZY,G#D¦GW[FB§TVK3B�A�DFTUS,B�K
\$a DZY(B`K3B�DZB�>�DF@W[¦G4^qC�@4^Z^dTV\(HVBfI5TVA(B�^�¨4GWA,K£X�G�Hb^dB8GWHVGW[FIn^qK3E(BcDZ@MTUA�DZBL[FX{BL[ZBLA,>LBf@4[¦^dB�A,^FThDZTU¥$TUDiaMDF@MA(@4A3Ð}I�TVA(BLÐÙHVTU¼4Bc@W\3«iB�>oDZ^ <
» Y(B ^dDZG�DFTb^iDZTV>�G�HJG�A7G�HVa$^FTb^§C,[FB�^dB�A4DZB�KwG�\�@#¥WBOK3@$B�^8A,@�D8TUA7>�HVE,K3B G�A$a�GWA,G�HVa3^dTb^f@�X�X�G�Hb^dBMGWHVGW[FI]K(G�DZG <

� @4[5B�½(G�I5C(HVBW¨¶G·^FI5GWHUH8C,TUB�>�Bw@�XN^Z>�[mG�C:I�BLDZGWHcX{@WE(A,K¿\$a'G¬I5BLDZG�H8K3BLDFB�>oDF@4[nTV^5>L@WA,^FTVK(BL[ZB�K'G¾X�G�Hb^FBwGWHVGW[FI «iE,^dDjGW^
G�A'GW[FB�Gv@�X`Y(TV_WY,HUa·I5TUA(B�[ZGWHUTb^FB�K°^F@WTVH¦DFY7G#D�DZ[FTV_W_4BL[m^ODFY,B�K3B�DZB�>�DF@W[£TV^�>�@4A,^FTVK3B�[FB�K¯G"X�G�Hb^FB�G�HbG�[ZI <v� @W[�DFY(B�C(E([ZC7@�^dB
@�X`GWA,G�HVa3^dTVA(_vDFY,B�K3B�DZB�>�DF@W[�è ^ C�BL[FX{@W[ZI5GWA,>�B5DZY(B�^FB�GW[FB5Di�f@¬^FBLC,GW[ZG�DFBn>LG4^dB�^ <"» Y(B�^FInG�HVH¶C(TVB�>LBj@�X8I5B�DmG�H§I�TV_WY�D�\�B
DFY,B�S7[FTVA(_·C(TUA*@�XNG¬I5TVA(TUI£E(I I5B�DmG�H8I5TVA(BwDFY,G�D5Y7GWK:GWHU[ZB�G4K3a°K3B�DZ@WA,G�DFB�KgÏ8>�HVB�G�[ZHVa·TUD5X�G�HVHV^5�8TUDFY,TUA¿DFY(Bv[mG�A(_4B�@WX
TUDFBLIn^£DFY7G#Dj^dY,@WE(HbK°\�BvK(B�DFB�>oDZB�K'\$a¯DZY(TV^�I5B�DZY(@3K¿GWA,K:G4^£^FE,>mY¿TV^5G�A¿E(A$�fGWA�DFB�K:G�HbG�[ZIÄ\,E3D�A,@�DnG2X�GWHV^FBwGWHVGW[FI <
» @�K3Tb^iDZTUA,_WE(Tb^dY¾G�A2E(A$�cG�A�DFB�K2G�HbG�[ZIÒX{[F@4IÕG�I5TUA(B4¨gG�^FBLC,GW[ZG�DFB�K3BLDFB�>oDFTV@WA¾I5B�DFY,@$K¬I�E,^dD�\�B�E,^dB�K"�8Y(Tb>mY¬^FBLBL¼3^DF@
TbK3BLA�DFTUX{a�G£K3ThÑBL[ZBLA�D`>mY,GW[ZG4>oDFB�[FTb^dDFTb>8@�XJDZY(BNI�TVA(BM^FE,>mY�G4^¶TUDZ^cK3TVBLHVB�>�DF[ZTV>N>�@4A,^iDmG�A�DcTUA�DFY(BM>LG4^dB�@�X�[mGWK,G�[§^Fa3^iDZBLIn^�¨4DZY(B
C([ZB�^FBLA,>LB�@WX¶B�½3C(HV@4^FTU¥4B TVA¬DZY(B�>�GW^FB�@WX¶@WHVB�X�G4>oDF@4[FavG�A7K¬´�E,GWK([FE(C�@WHVB�[ZB�^F@WA7G�A,>LB�^da3^dDFB�I5^�¨@W[�DFY(B5C(Y$a3^FTV>�G�H�C([FB�^dB�A,>�B
@�XqG�I5TUA(B >�GW^FB�\$a�C([F@3K(K(TUA(_nGWA,K�BL½(>LG�¥#G#DZTU@4A <

» @5G�K3B�I�TVA(B�[8\7@WDFY�Dia�C�B�^c@WX�GWHVGW[FI]GW[FBOG�A�E,TV^ZG�A,>LB <q� @#�fBL¥4BL[�¨WX{@4[fDFY(BMC(E,[FC�@4^FB�^f@�X.G�A,GWHUa3^FTV^§@WA,BNTb^8G�A�E(A$�fGWA�DFB�K
\(E3Df>�@W[Z[ZB�>oDZHUa�TVK3B�A�DFTUS,B�K5G�HbG�[ZI GWA,K£DFY(B`@WDFY(B�[¦Tb^.DF[ZE(HVa£GNX�G�Hb^FBcGWHVGW[FI <�ñ X7X�GWHV^FB`G�HbG�[ZIn^q>LGWA�\�B>LHUB�G�[ZHUa�K(TV^dDFTVA(_WE,TV^FY(B�K
X{[Z@WI E(A$�fGWA�DFB�K:G�HbG�[ZI5^ DFY(B�A'DZY(B�Y,TU_4Y'E(A$�fGWA�DFB�K:G�HbG�[ZIý[mG#DZB�@�X�I�BLDZGWHfK3BLDFB�>oDFTVA(_¯>LGWA'\7BwE,^FB�K¯DZ@¾C,[F@#¥$TbK3B�G�A
TVI�C,[F@#¥4BLI5BLA�D�TVA�DFY,B¾^dDZG#DZTV^dDFTb>LGWH�\7GW^FTV^�@�X�´�E,G�HVTUDia*G4^F^FE([mG�A,>LB < efa�>�@WA7^dTbK3BL[ZTVA(_'G�HVH�E,A��cG�A�DZB�K�G�HbG�[ZIn^jGW^�¥#G�HVTVK
DZGW[F_4B�Dm^¦TVA�G�^dDZG�DFTb^iDZTV>�G�HG�A,GWHUa3^FTV^�¨�DZY(B�A$E(I£\7B�[¶@WXgDZG�[Z_WBLDZ^¶TV^§TUA7>�[ZB�GW^FB�K�DZ@£G�HUB�¥WBLHG#Df�8Y(Tb>mY�GMI5B�G4^dE([ZB@WXgDFY(BN>�[ZE,K3B
[mG#DFBn@WX`K3B�DZB�>oDZTU@4A'>LGWA°\7B�_WTVA¯DF@2@WÑ�B�[�^d@4I5BnI�B�G�A(TVA(_WX{E(H¶[ZB�^FE(HUDZ^ <v� @#�§B�¥WB�[�¨gDZY(Tb^�Tb^MA(@WD�BLA(@4E(_WY°@WX`Gv\7B�A(B�S(D£DF@
@WE(Di�§B�TU_4Y�DZY(BMA$E(TV^ZG�A7>�BN@�X.HVGW[F_4B�A$E(I£\7B�[Z^c@WX�E(A$�cG�A�DFB�K�GWHVGW[FIn^ <

� E([Z[FB�A�DFHVaW¨�ThD�Tb^�>L@WI5I5@WA¯DZ@2Y,G�¥WBjG"K(B�DFB�>oDZ@W[��8TUDFY'DFY(BjY,TU_4Y(B�^dD�C�@4^Z^dTV\(HVBjC([Z@W\,GW\(TUHVTUDia¬@�X`K3BLDFB�>oDFTVA(_2\�@�DZY'I5TUA,B�^
G�A7K°E(A$�fGWA�DFB�K:G�HbG�[ZI5^£TVA'@W[mK3BL[£DF@¾[FB�K3E,>LBjDFY,B�A$E(I£\7B�[�@WX`I5TUA(B�^�A(@�D£X{@WE(A,KÓã{T < B < p r Tb^5G#D�G¬InG#½3TUI£E(Ijæ < =
^FE(\,^FB�´�E(BLA�D£K(TV^Z>�[ZTUI5TVA,G#DZTU@4A°I5B�DFY,@$K'TV^�DFY(B�A'E,^FB�K·DZ@¬K3Tb^iDZTUA(_4E(Tb^dY'\�B�Di�fBLB�A'I5TUA,B�^�GWA,K°E(A$�cG�A�DFB�K¯G�HbG�[ZI5^ <2» Y(B
>�@4I5I�@4A�^FB�>�@4A,K(GW[Fa�I5B�DFY,@$K�TUA�Y$E(InG�A(TUDZGW[FTbG�A�K(BLI5TUA,TUA(_�Tb^¶DZ@�BL½3>�G�¥#G#DFB�InG�A$E,G�HVHVa5GWA,KnHV@$@W¼�X{@W[cG�I5TVA(BW¨$�8Y(Tb>mY�Tb^
>�@�^iDZHUa�G�A,K�DFB�K3TU@4E,^ <.» Y,BMI5G�½3TUI£E(I]E,^ZG�\(HVBcp7r©I5G�a�TUAwC([mGW>oDZTV>LBMK3BLC�BLA,KwA(@WD8@WA(HVaj@WA�DFY,BMB�´�E(TVC(I5BLA�D8E(A,K3B�[cDFB�^dD
\(E3D8G�Hb^F@M@WAnDZY(B�G4^F^F@3>�TbG#DFB�Kn^dB�>�@4A,K(G�[Za£K(TV^Z>�[ZTUI5TVA,G#DZTU@4AjI5B�DZY(@3KjG�A,KnDFY(B�@WC�BL[mG#DFTVA(_ C,[F@3>�B�K3E([ZB�^¶E,^dB�K <q» Y(Tb^¶InG�¼4B�^
G�I5B�G�A,TUA(_WX{E(H�^dDZG�DFTb^iDZTV>�G�HgI5B�G4^dE([ZBO@�X�p7rÓI�@4[FBMK3TU®j>�E(HUD8DF@nK3BLS,A(B <
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Ã ¶  vÇ ÌL¢m�uÄÆÅ ���. v�qÇ �v¡8�

t GWI�C,HUTVA(_¬I5BLDFY(@3K(^£@�X´�E,GWHUTUDia°GW^Z^dE([mG�A7>�B2ãÙ�N=Næ�GW[FB�A(@�D5G�C(C([Z@WC,[FTbG#DZBnDF@·K3BLI5TVA(TUA,_,¨qaWBLD�DZY(BLa¯Y,G�¥4Bj\7B�BLA¿E,^dB�K <
t @4I�B�Y$E(InG�A(TUDZGW[FTbG�A¾K3BLI5TVA(TUA,_�@4[F_�G�A(Tb^FG�DFTV@WA,^`Y,G�¥WB4¨7X{@4[OB�½(G�I5C(HVBW¨g>LGW[FBLX{E(HVHUa"[ZB�>mY(B�>m¼WB�K"G�C,GW[dDN@�X§Gw>�HVB�GW[FB�K2G�[ZB�G
DF@¬\7B�^FE([ZB5DFY,G�D DFY,BLa¯G�[ZBj>�@WA(S7K3BLA�D DZY,G#D�DFY(B�K(BLI5TUA,TUA(_¬Y,GW^M\�BLB�A'K3@WA,BnDFY(@4[F@4E(_WY,HUa <�» Y(B�>L@WI5I5@WA(HVa¾G4K3@WC(DFB�K
>�E,[F[ZBLA�D¦C([mGW>�DFTb>�B8@�Xg[ZBLI5@#¥$TUA,_OGWHUH7I5B�DZGWH(X{[mG�_4I�B�A�DZ^�X{[Z@WIÃG�AnG�[ZB�GMGWA,K£DFY(B�AjC7B�[dX{@4[FI5TVA(_ GM>mY(B�>m¼ DFY7G#D¶TUD§Tb^qBLA�DZTU[ZBLHVa
X{[ZBLBNX{[F@4I I5B�DmG�HgTb^`G�A(@WA(Ð}GWA,G�HVa�DFTb>LG�H�X{@4[FI]@WX¦�N= <

» Y(B^Z>LGW[Z>LThDia�@�XI�TVA(B�^¦TVA5GOI5TVA(B�KnGW[FB�GO>LG�An\�B`^FBLBLA5X{[Z@WI DFY(B�K(G#DmGNX{[F@4I�DFY,[FB�B8I�TVA(B�KnG�[ZB�GW^.¥$Tb^dTUDFB�K5TUA � GWI�\�@$K(TVG
TVA¶� �4�W� ¨�C,[FB�^dB�A4DZB�K:TUA:DZG�\,HUB P3<¯ñ D5TV^5>�HVB�GW[�DZY,G#D5�8TUDFY�G�A$a¯[FB�GW^F@WA,GW\(HUB�C([F@4\,G�\,TUHVThDia¯@WXK3B�DZB�>oDZTU@4A'DZY(BL[ZB��8TVHVHf\�B
X{BL�M¨gTUXfGWA$aW¨I5TUA(B�^m± l`²�ª @#¥4BL[ZHU@$@W¼4B�K <Nñ X¶@4A(B£I5TVA(B�Y,GW^N\�BLBLA¾@#¥WB�[FHV@$@W¼WB�K�DFY(B�A¬DZY(B�>mY7G�A,>LB£@WX¶ThDO\�BLTVA(_�X{@4E(A,K¬TUA
G�^ZG�I5C(HVB�K·�N=�DZB�^dDOGW[FB�GnTV^�I5TUA,TUInG�H¨± ThX�� ¸ @�XqDZY(B�BLA�DFTV[FB�^dTUDFB�Tb^[ZB�Ð ^FGWI5C(HUB�KvDFY,BLA2DZY(B£>mY7G�A,>LB�@�X¶S,A,K3TVA(_jDZY(B
I5TV^Z^FB�KjI5TVA(BNTV^��NTUA¹���W� <�ñ X�DFY(B�[FBN�fBL[ZB`S,¥4BI5TUA,B�^fX{@WE,A,KjTVAjDZY(BOBLA�DFTV[FBNG�[ZB�G£G�A,K�@WA(B�A(@�D`K3BLDFB�>�DFB�KnDFY,TV^cG�I5@4E(A�DZ^
DF@wGnC([Z@W\,GW\(TVHUTUDia�@WX¶K3B�DZB�>�DFTV@WAJ¨�p7rO¨@�X¦@4A(HVa á4;�¸�< �N=�I5BLDFY(@3K(^�I�E,^dDNK(BLI5@WA,^dDF[mG#DZB�GnY(TV_WY¬C([F@4\,G�\,TUHVThDiaw@�X¦\�BLTVA(_
G�\,HUBNDF@jK(B�DFB�>oD^FE,>mYvG£HV@#�:p r ¨,>�B�[dDmG�TVA(HVanX�G�[8I5@W[ZBNDFY,GWA�«iE7^iD � ¸�<
t DmG#DFB�I5BLA�DZ^ GW\7@4E3D DZY(Bn[FB�´�E(TU[ZB�K¯>LHUB�G�[mG�A,>LB£[mG#DZBn@�X �W� ¨ x�¸ HVG4>m¼¬¥#G�HVE(BnTUXc@4A(HVa2S,¥4BnI�TVA(B�^MY,G�¥WB5\�BLB�A¯X{@WE(A,KJÏ�DZY(B
>�@4A3S7K3B�A,>�BNHVBL¥WB�H�8ThDZY�p�r�B�´�E,GWH�DF@ �W� ¨ x$¸ TVAvG DZ[FTbG�Hg@WXJS,¥WBNI5TUA,B�^�¨3BL¥WB�A��8Y(B�A�DZY(BLa�G�[ZBNGWHUH�X{@WE,A,Kg¨3Tb^fDFTVA�a?±ÈHVB�^Z^
DFY7G�A P4¸�<

» Y(B�[FBGW[FB�G�Hb^d@MTVI5C7@4[dDmG�A�D§Tb^F^FE(B�^¶>�@4A,>�B�[FA,TUA(_ODZY(BA,BLB�KnX{@W[§GWAnTUA7K3BLC�BLA,K(BLA�DfI5TVA(BHV@3>LG�DFTVA(_MDFB�>mY(A(@4HU@4_Wa DZ@�\�BE,^FB�K
X{@W[£�N=ÕãcT < B < @WA(B�DZY,G#D Tb^OE(A([ZBLHbG#DZB�K¾DF@wDFY,BnC([FTVInG�[Za2K3B�DZB�>�DFTV@WA¯I5B�DFY,@$K7æ�DF@2G�¥W@4TVK¬I5TV^Z^dTVA(_wDFY,B5^ZG�I5B5I5TUA,B5X{@W[
DFY,B£^ZG�I5BM[FB�GW^F@WA <`ª A(B @WX.DFY(B I5@4[FB C,[F@4I�Tb^FTUA(_nI5BLDFY(@3K(^TV^`DFY(B£E,^dB�@�X¦K3@W_�^8@W[�G�[FDFTUS7>�TbG�H�A(@4^FB�^8�8Y,TV>mY2>�G�AvDFB�HUH�ThX
B�½3C(HV@4^FTV¥WBO¥#G�C�@WE([m^`G�[ZBMC([ZB�^FBLA�D8TUA2GWA2G�[ZB�G��8TUDFY(@4E3DA(B�>�B�^Z^ZG�[ZTUHVaj\�BLTVA(_jG�\(HVBMDZ@nHU@3>LG�DFB GWA�a�TUA7K3TU¥$TbK3E,GWH�I5TUA,B < =`A$a
^FE,^dC�B�>�DG�[ZB�G�>LGWA�\�BM[FB�>mY(B�>m¼4B�K�\�a�Y,G�A,K <

ñ A:C,[ZG4>oDFTb>�B4¨.DFY(Bw@WA,HUa°�cG�a¬DZ@¾_4E,G�[mG�A�DZBLBjI5TVA(Bw>LHUB�G�[mG�A,>LBnDF@¯G2¥4BL[Za¯Y(TU_4Y¿^dDZGWA,K(G�[mK¯Tb^�DZ@¾TVA�DF[Z@3K3E,>�B�A(@�D5C�@4^dDdÐ
>�HVB�GW[ZGWA,>�B ^ZG�I5C(HVTVA(_jI5B�DZY(@3K(^\,E3D�I5B�DZY(@3K(^DFY,G�D�BL¥#GWHUE,G�DFB�DFY(B£C7B�[dX{@4[FInG�A7>�BM@�XqDZY(B£K(BLI5TUA,TUA(_�@WC�BL[mG#DZTU@4A2GW^`TUD�Tb^
DZGW¼$TUA(_�C(HVG4>�B <¦ª A,B�cG�a�@�X�K(@WTVA(_MDFY,TV^f\$a£E7^dTVA(_ DZY(B�>L@WA,>LBLC3Df@�XgDZY(B��FI5GW[F_4TUAn@WX�K3B�DZB�>�DFTV@WA,�MTb^§C([F@4C7@�^dB�K5TUA�^dB�>oDFTV@WA
x \7B�HU@#� <

» Y(B¯^iDZ[FTb>oD"@4C7B�[ZG�DFTVA(_:C([Z@3>�B�K3E([ZB�^wG�A,KÓ^dE(C�BL[Z¥$TV^FTV@WA©@WX�InG�A$E,GWHOK(BLI5TUA,TUA(_�G�[ZB¯G:I5B�DZY(@3K�X{@4[wInGWTUA�DZGWTUA,TUA(_�G�A
GWK(B�´�E,G#DZB´�E,G�HVTUDia£@WX�>�HVB�G�[mG�A7>�B <�ñ D§Tb^¶_4BLA(B�[ZGWHUHVa�A,@�D¶DZY(B�´�E,GWHUTUDia�@�X�>�E,[F[ZBLA�D§>LHUB�G�[mG�A,>LB8I�BLDFY(@3K(^¶DFY7G#D§Tb^fGMC([Z@W\(HVBLIv¨
\(E3D§DFY(BDFTVI5B�G�A7Kj>�@�^iD¶@WX�GW>mY(TVBL¥$TVA(_ODFY,B[ZB�´�E(TV[FB�Kn^iDmG�A,K(GW[ZK5GWA,K5DFY,BHbGW>m¼�@�XJGM�cG�a�DZ@ _WE,GW[ZGWA�DFBLBcDZY,G#DfThDfY,GW^¶\7B�BLA
GW>mY,TUB�¥WB�K <
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ñ A¯GjDia$C(Tb>LGWH�DZ[FTbG�H�Di�f@�I5B�DmG�H¦K3BLDFB�>oDF@4[Z^�InG�a"\7@WDFY¾S,A,K·G�^FB�DO@�X§DZGW[F_4B�DZ^��8TUDFY(@4E3DOX�G�TVHUE([ZB <£� @#�fBL¥WB�[�¨>�@4A(A(B�>oDFTVA(_
^FE(ThDmG�\(HVBnI5B�G4^dE([ZTVA(_vB�´�E(TVC(I5BLA�D�¨.^dE7>mY·G4^ G�A¯@4^Z>�TVHVHU@�^F>L@WC�BW¨JInG�a¬^FY(@#��DZY,G#D£@WA(B5Tb^ G#DMDZY(BjHVTUI5TUD�@�XcThDm^ G�\,TUHVThDia¬DF@
K3Tb^iDZTUA,_WE(Tb^dY¿DFY,B�DmG�[Z_WBLDZ^�\(E3D5DFY,Bw@WDFY(B�[nY,GW^5G·^dE,\,^iDmG�A�DFTbG�Hc[ZB�^FBL[Z¥WB�@�X�C�BL[FX{@W[ZInG�A,>LBwGWA,K:>L@WE(HbK*^iDZTUHVH`K3B�DZB�>�D�DZY(B
DZGW[F_4B�Dm^`E(A,K(BL[O^dE(\7^iDmG�A�DFTbG�HVHUawI5@W[ZB£K3B�InG�A,K3TVA(_�>L@WA,K(ThDZTU@4A,^ < � HUB�G�[ZHUa�DFY,BLTV[NC�BL[FX{@W[ZInG�A,>LB Tb^A(@WD�TbK3BLA�DZTV>�G�H�\(E3DDZY(B
>�[ZE,K3BnK3BLDFB�>oDFTV@WA¯[mG#DZB5K(@�B�^OA(@�D�K(TV^dDFTVA(_WE,TV^FY¯\7BLDi�§B�BLA¾DFY(B�I <�» @"K3@"^F@w[ZB�´�E(TV[ZB�^NDFY,BnTUA�DF[Z@3K3E,>�DFTV@WA·@�X8G�I5B�GW^FE([FB
@�XNY(@#�Ò>LHU@�^dBwDZY(B��F^FTU_4A,G�Hb�2X{[Z@WI B�GW>mY*I5TUA,BwTb^5DZ@¾DZY(B"HVTUI5TUDj@�XNK(B�DFB�>oDZTU@4A*@WXDZY(B"B�´�E(TVC(I5BLA�Dj\�BLTVA(_¯E,^dB�K < =`A
B�^dDFTVInG#DZB�@�X8Y(@#�ÃB�GW^FTUHVa¬DZY(B�K(B�DFB�>oDZ@W[�TbK3B�A4DZThS7B�K'GWHUH¶DFY(B�DZG�[Z_WBLDZ^�¨.@W[�GWHUI5@4^dD£GWHUH§DFY(B�DZGW[F_4B�DZ^�¨.GWK(K(^£>�@4A,^dTbK3B�[ZGW\(HUB
E,^FB�X{E(H�TUA3X{@4[FInG�DFTV@WA�DF@5ThDm^8BL¥#GWHUE,G�DFTV@WA <

t TVI5TUHbG�[ZHUa4¨�TVA�GWA£G�[ZB�G�\�BLTVA(_M>�HVB�G�[ZB�K @�X7I5TVA(B�^o± l²�ª ¨#ThXG�HVH�DFY(B8I5TVA(B�^qGWHU[ZB�G4K3aOHU@3>LG�DFB�K Y,G�¥4B§\�BLB�A�X{@4E(A,K�B�G4^dTVHUa4¨�G�A,K
DFY,BN_4BL@4_W[mG�C(Y(Tb>LGWH,>�@4A,K3TUDFTV@WA,^cGW[FBN^dTVI5TUHbG�[fDFY,[F@4E(_WY(@4E3D¶DZY(BMG�[ZB�G DF@�\7BM>�HVB�GW[FB�Kg¨4DFY(B�A�TUD8TV^fC�@4^Z^dTV\(HVBDZ@£\�BM>�@WA(S7K3BLA�D
DFY7G#DOX{E([FDFY(B�[NI5TVA(B�^O@WX§Gw^dTVI5TUHbG�[NDia$C7BnGWA,K¬K3B�C3DFY¯>�@4E(HbK2\�B£X{@4E(A,K¾[FB�GWK3TVHVa <�� @#�§B�¥WBL[�¨�ThX§DFY(B5I5TUA,B5K(B�DFB�>oDZ@W[OY,GWK
\�BLBLA¬X{E(A,>�DFTV@WA(TVA(_vG#DNDFY(B�HUTVI5ThDM@WX¶ThDm^NC7B�[dX{@4[FInG�A7>�B��8Y,TUHVB£@4A(B�@4[�I5@4[FB£I�TVA(B�^��fBL[ZB£K(B�DFB�>oDZB�K¬DFY(B�A¬TUDNTb^NC7@�^F^FTU\,HUB
DFY7G#D£G"I5TVA(B�\,E([FTVB�K°^FHVTU_4Y4DZHUa¯K3B�BLC�BL[�¨�@4[�@WA,BnBLA,>L@WE(A�DFB�[FB�K¯\$a·GwDZTU[ZB�K'K(BLI5TUA,BL[£G�D DFY,BjBLA,K'@�X`G"�f@W[Z¼�TVA(_"^FY(ThXÚD�¨
I5TU_4Y�D`\7BMI5Tb^F^FB�K <

» Y$E,^fDFY,BO>L@WA,>LBLC3Dc@�X�DFY(BOB�GW^FB�@WX�K3BLDFB�>�DFTVA(_5@�X.G DmG�[Z_WB�D�¨$@W[fDFY(Bv�FI5GW[F_4TUA�@�X�K(B�DFB�>oDZTU@4A,��TV^c@4A(B��cG�a5DF@�[ZB�^F@WHV¥WB`DZY(B
C([Z@W\(HVBLIn^c@WX�^dDZG#DZTV^dDFTb>LGWHUHVajI5B�GWA(TVA(_�X{E(HJDFB�^dDFTVA(_n@WX�I5TUA,B K3B�DZB�>oDZ@W[m^8GW^c�fBLHVHJGW^�N= <

=ÕX{E([FDFY,BL[��fB�GW¼$A(B�^Z^5@�XODFB�^iDZTUA,_'I5B�DFY,@$K,^nDFY7G#D�[ZBLHVa¿^F@WHVBLHVa:@4A¿DZY(B¬>L[FE,K(B2InG#½3TUI£E(IÆK(B�DFB�>oDZTU@4A�[ZG�DFB"Tb^nDFY7G#D�G
>�[ZE,>LTVGWH7B�¥�GWHUE7G#DFTV@WA�TV^§InGWK3BN�8Y(BLAjDFY(BOK3B�^FTV[FB�K�^FTU_4A,G�H,X{[F@4IÃDFY(BNI5TUA(B#± l²�ª TV^§@WA(HVaO«iE,^dDcK(TV^dDFTVA(_WE,TV^FY,G�\,HUBX{[F@4I DZY(B
�d\7GW>m¼$_W[Z@WE(A7K(�j�8Y(Tb>mY°Tb^MA(@WTb^FBW¨�>LHUE(DdDFB�[�¨�TVA4DZBL[FX{BL[ZBLA,>LBjG�A,K·@WDFY(B�[ E(A,K3B�^dTV[ZB�K¯^dTV_WA7G�Hb^L¨�K3BLC�BLA,K(TUA(_"@4A·DFY(B�K(B�DFB�>oDZ@W[
Dia$C7B4¨7^F@WTVH9¨7¥WB�_WB�DmG#DZTU@4AwGWA,Kv@�DZY(BL[8X�G4>oDZ@W[m^ <f» Y(B I5B�G4^dE([ZBLI5B�A4D`@WX.G�^dTV_WA,GWHJ\,GW[FB�HUa�K(ThÑBL[ZBLA�D`X{[Z@WIÒDFY(B�\,GW>m¼$_W[Z@WE,A,K
Tb^E(A,HUTV¼WB�HUawDF@�_WTV¥WB [ZBLHVTbG�\(HVB @W[�[FB�C7B�G#DmG�\(HVB�[ZB�^FE(HUDZ^ <» @wG�¥W@4TVK�DFY,TV^NTUD�Tb^�>L@WI5I5@WA"DZY([F@4E(_WY,@WE3DB�A(_WTVA(B�BL[ZTUA(_jDF@�E7^dB
I5B�DZY(@3K(^5@�XBL½$DF[mG�C�@WHbG#DFTV@WA�Ï¶DZY(B"^dTV_WA,GWHcTV^�I5B�G4^dE([ZB�K:E(A,K3B�[5HUB�^F^5>�[ZTUDFTb>LG�H8>L@WA,K3TUDFTV@WA7^�GWA,K*G¾>LE([F¥4B�S,DdDFB�K'DZ@¬DZY(B
[ZB�^FE(HhDm^ �8Y(Tb>mY°Tb^ DZY(BLA'BL½$DF[mG�C�@WHbG#DFB�K¾DF@¾K(B�S,A(BwG"C�@WTVA4D�G#D£�8Y,TV>mY'K3BLDFB�>oDFTV@WA:TV^`«iE,^iD�C7@�^F^FTV\(HUB <¬» Y(Bj_4@$@$K(A(B�^Z^ @WX
S(D�@WXcDFY(B�>LE([Z¥WBj>LGWA°\7B�G�A,GWHUa3^FB�K·^iDmG#DFTb^dDFTb>LG�HVHVa¬DZ@"C([F@#¥$TbK3BnI5B�G4^dE([ZB�^ @�X8>�@WA(S7K3BLA7>�B�GWA,K¯C([Z@W\,GW\(HUB5B�[F[Z@W[MHVTUI5TUDZ^ <
ñ A,K3TV¥$TVK(E,G�HgInG�A$E3X�G4>oDZE([FB�[Z^f@WX�I5TUA,B K3B�DZB�>oDZ@W[m^fI5G�a��§B�HUHg\�BOE,^dTVA(_�DFY,TV^8I5BLDFY(@3K�DF@5BLA,Y,G�A,>LBDZY(BLTV[`C([Z@3K3E,>�DZ^�¨3�8Y,G#D
Tb^c[FB�´4E,TU[ZB�K�TV^G£I5@4[FBO_WB�A(BL[mG�H�DZB�>mY(A(Tb´�E(BO�8Y(Tb>mYv>�G�Aw\7BME7^dB�K�DZ@n>�@WI5C,GW[FBOK3TUÑ�B�[FB�A�DK3B�DZB�>oDZ@W[m^ <

= ^FE(TUDZG�\,HUB8I5B�G4^dE,[FB8@WX7DZY(B`InG�[Z_WTVA5@�XgK3B�DZB�>oDZTU@4AnI5TU_4Y4D§\7B8DZY(B8[mG#DFTV@M@�Xg^FTU_4A,G�H3DZ@ \,G4>m¼�_4[F@4E(A,K�A(@WTb^dB`G�D§^F@WI5B8C7@4TUA�D
TVA°DFY(BwK3B�DZB�>�DF@W[�>�TV[Z>LE(TUD <2� @4[£>L@WI5C(HVB�½'K3B�DZB�>�DFTV@WA°I5B�DZY(@3K(^£G2I�B�GW^FE([ZBj@�XcDFY,B�B�ÑB�>�DFTV¥WB¿�F^FTU_4A,G�HqDZ@2A(@4TV^FBj[mG#DFTV@4�
>LGWA2\�B£InGWK(B X{[Z@WIÔC([Z@W\,GW\(TVHUTb^iDZTV>�>�@WA7^dTbK3BL[mG#DZTU@4A,^ <�� @#�fBL¥4BL[�¨,TVA¾K3BLS,A(TVA(_�DFY(B5>�@4A,K3TUDFTV@WA,^�@�XqDZY(B£I5B�GW^FE([FB�I5BLA�D�@WX
DFY,B�InGW[F_4TUA¾@�XfK(B�DFB�>oDZTU@4A¬DZY(B5A�E,I�\�BL[M@�Xf¥#G�[ZTVGW\(HUB�^Tb^OHbG�[Z_WB <£» Y(Bn^dB�A,^dTUDFTV¥$ThDia¬@�X¶DZY(BnK3B�DZB�>�DFTV@WA·C([F@3>LB�^Z^DZ@w^F@WI5B
@�X.DZY(B�^FB ¥#G�[ZTVGW\(HVB�^8Tb^GWHV^F@nHVGW[F_4BWÏ(TVAvDFY,B£>LG4^dBM@WX.DFY(B HVTVI�TUDFTVA(_�K(TV^dDZGWA,>�BMDZ@�Gj^FInG�HVHJI5B�DZGWHJDmG�[Z_WB�D`TVA¬GWTU[�¨3DFY,B�I5B�DmG�H
K3BLDFB�>�DF@4[�è ^�[ZB�>LBLTV¥WB�K'^dTV_WA7G�HcK3BLC�BLA,K,^£@4A°DFY,B�TVA$¥WBL[m^FBjX{@WE,[dDZY'C7@#�fBL[�@�X8DZY(B"K3Tb^iDmG�A,>LBjX{[Z@WIÄDFY(B"K3BLDFB�>oDFTV@WA¿>�@WTVHfDF@
DFY,B�I5B�DmG�H�X{[ZGW_WI5BLA�D < é"@#¥$TUA(_jX{[F@4I ���W�5I5I DF@¹� ���jI�IÔ>�G�E,^FB�^�Gj[ZB�K3E,>�DFTV@WA"TVA"DFY,B£[ZB�>LBLTV¥WB�Kv^FTU_4A,G�H�@�X ;�P4¸�< =
^FI5GWHUHgC�BL\,\(HUBM@4A�DZY(B ^FE([dX�G4>�BO@�X.G£DFB�^dDG�[ZB�G�>LGWAw>LHUB�G�[ZHUa�>LG�E7^dBO^dTV_WA,ThS7>�G�A�D8¥#G�[ZTVG�DFTV@WAwTUA�DFY(BM[ZB�^FE(HUDZ^8K3B�C7B�A,K3TVA(_n@WA
�8Y(BLDFY(B�[8@WC�BL[mG#DF@4[Z^§DZ@WE,>mY�DFY(BMC�BL\,\(HUB£G�A,K�C(E,^FYvThDG4^dTbK3BO@W[8[mG�Tb^dB�DFY,B K3B�DZB�>oDZ@W[8@#¥4BL[cThD <

» Y(B·InG�[Z_WTVA3ÐÙ@WXÚÐ}K(B�DFB�>oDZTU@4A C,G�[mG�I5BLDFBL[wG#DFDFBLI5C3Dm^wDF@*_WTV¥WB·G:[ZB�G4K3TUHVa�E(A,K3B�[Z^dDZGWA,K(GW\(HUB·[ZB�^FE(HhDwX{@W["G:�8TVK3B¯¥#G�[ZTVB�Dia
@�XDZG�[Z_WBLDZ^ <¯ñ Dn>�G�A'\�BvBL¥#G�HVE,G�DFB�K'\�a°C,[FB�^dB�A4DZTUA,_¾G¾[ZGWA(_WB�@�X¼$A(@#�8A°DmG�[Z_WBLDZ^�DF@¾DFY(BvK3B�DZB�>�DF@W[5E(A7K3BL[n>�@4A�DF[Z@WHVHUB�K
>�@4A,K3TUDFTV@WA,^ < ¤q½$DF[mG�C�@WHbG#DZTU@4A @�X7DFY(B�^dB8[ZB�^FE(HUDZ^.^dY,@WE(HbK�_4TU¥4B8G�A5GW>L>LBLC3DmG�\(HVBfB�^dDFTVI5G�DFBc@�X�DFY,BfHVTVI�TUDZ^¦@�X,DZY(B8C�BL[FX{@W[ZI5GWA,>�B
@�XqDZY(B£K(B�DFB�>oDZ@W[E,A,K3BL[�TVK(B�G�H.>�@4A,K3TUDFTV@WA,^ <» Y(B�C7B�[dX{@4[FInG�A7>�B @WX¶Gn¼$A(@#�8A2K3B�DZB�>�DF@W[�TUA2DFY(B�S,BLHbK2>LGWAvDFY(B�A¬\�B�E,^FB�K
DF@vK3BLS,A(B�DFY(B5BLÑ�B�>oDM@�X¦DZY(B�S,BLHbK·>�@WA7K3ThDZTU@4A,^NE,^FTUA(_�DFY,B�[mG#DZTU@�@�XfI5GW[F_4TUA¬@�XfK(B�DFB�>oDZTU@4A <�� @4[OB�½(G�I5C(HVBW¨JGw^d@4TUH.�8TUDFY
GwY(TV_WY·I�BLDZGWH¦@W[ZB�>L@WA�DFB�A�Dnã�B < _ < HbG#DZBL[ZThDZB�æ�I5TU_4Y4DM\�Bj>�@4A,^dTbK3B�[FB�K2DZY([FB�B�DFTVI�B�^MI5@W[ZB�K(Th®j>�E,HhD X{@4[MK3B�DZB�>oDZTU@4A¯E,^dTVA(_
GjI5BLDZG�HqK3BLDFB�>oDF@4[NDFY,GWA¾G�^ZG�A7K3a"^d@4TUHÙ¨g@W[NK3[Fa2^ZG�A7K"I5TU_4Y4DO\�B�>L@WA,^FTVK(BL[ZB�KvDZY([FB�B�DZTUI5B�^�I5@4[FB�K3Th®j>LE(HhDOX{@4[NG�[ZG4K(G�[



xzy|{~}~��{���������}�{~�~��������x���x���x�������������������x���� � ;

µ`G#DZTU@"@WX§DZY(BjC�@#�§B�[M@�XfDFY(B
^dTV_WA7G�HJDZ@jDZY(B£C�@#�fBL[@WXqDFY(B
\,GW>m¼$_4[F@4E(A,KjA,@WTb^dB

µ`G#DZTU@5BL½$C,[FB�^F^FB�K�GW^
K3B�>LTU\�BLHb^Mã�K,ecæ

���4���4�W� Ì s �
���q�4�W� Ì k �
�J�4�W� Ì ; �
���W� Ì P �
s � Ì�� ê
P � Ì�� ;
��� Ì����
P Ì ;
� �
�(¨ s Ð ;
�(¨ � ÐÑ���
�(¨ �©� Ð P �

» GW\(HVB ; Î�� �%©�!��j�#&3������/n!�Íg)��#!$/�/�!$��&(/n��!$�4�{+¶!$-�/�!i��Î�"3&

^Fa$^dDFB�I DFY7G�AvI5@WTb^iD^F@WTVH <

» Y(B�^dBN[ZG�DFTV@4^§InG�a�\�BM>�@4A�¥4BLA(TVBLA�DZHUa5B�½3C([ZB�^Z^FB�KnTVAwK(B�>�TV\�BLHb^Nã9K(e8æ§�8Y(TV>mYwG�[ZBNK(B�S,A(B�K�G4^����;ÏCb�^OÐ�Ñ � ã¥Òja�Ó/]~^�æ <¦» GW\(HVB ;
_WTV¥WB�^`K3B�>�TV\7B�H�¥#G�HVE(B�^8X{@W[N^d@4I5B [ZG�DFTV@4^@�X.DFY(B�^iDZ[FB�A(_�DZY"@�X.DFY,B£^FTU_4A,G�H�DF@nDZY,G#DN@�XqDFY,B \,GW>m¼$_4[F@4E(A,Kg¨(I5B�GW^FE([FB�KwX{[F@4I
DFY,BMC7@#�fBL[c@�X.B�G4>mY <

ñ A"C([mGW>�DFTb>�BW¨7G�AvB�G4^da�ÐÙDF@�Ð K3BLDFB�>�D8DZGW[F_4B�D8I5TU_4Y4D�\7B�K(B�S,A(B�K"GW^ k$s K(e©GW\7@#¥4BM\,GW>m¼$_4[F@4E(A,Kg¨(GWA,KvGnK3Th®j>LE(HhD�DF@jK3BLDFB�>oD
DZGW[F_4B�DfC7B�[FY,GWC,^ s K(e�GW\7@#¥4B\,G4>m¼$_W[Z@WE(A,K5E7^dTVA(_5G�^dDZG�A7K(G�[mKjI5TVA(BNK(B�DFB�>oDZTU@4A�^Fa$^dDFB�I < = K3TUÑBL[ZBLA�DcK(B�DFB�>oDZ@W[§DFY,G�DcTb^
\�BLTVA(_jBL¥#GWHUE,G�DFB�Kw>L@WE(HbKwDFY,BLA"\�B I5B�GW^FE([ZB�KvG�A7K�I5TV_WY�DC�BL[ZY,G�C7^8_WTV¥WBOS,_4E([ZB�^8@WX k �nK(e X{@4[8DFY,BMS,[m^iD�GWA,K x K(e X{@W[
DFY,B�^FB�>�@4A,KgÏ4DFY(Tb^¶K(B�DFB�>oDZ@W[¶Tb^¦I5@4[FB>�G�C,GW\(HVB8@�XgS,A,K(TUA(_ DFY(BN^dInG�HVHVBL[qDmG�[Z_WB�D <.t E,>mYn[ZG�DFTV@WI5B�DZ[FTb>8I5B�G4^dE,[FB�I�B�A�DZ^¦GWHUHV@#�
K3TV[FB�>oD5>�@WI5C,GW[FTb^F@WA°�8TUDFY:BL½3TV^dDFTVA(_Ö�d[ZB�X{BL[ZBLA7>�B��vB�´�E(TUC,I�B�A�D��8TUDFY¿�8Y(TV>mY*K3BLI5TVA(BL[m^�G�[ZBjX�G�I5TVHUTbG�[�¨.DFY$E,^£C([Z@3K3E,>�TVA(_
A$E(I�\�BL[m^c�8TUDFY"G�AvTVI�I5B�K3TVG�DFBOC([mGW>�DFTb>LG�HJGWC(C(HVTV>�G#DZTU@4A <

t TVI5TUHbG�[ZHUa4¨g\$a"TUA,^FBL[FDFTVA(_wG�^dDZGWA,K(G�[mKvDmG�[Z_WB�D�DF@vG�¼$A(@#�8A¾K3BLC3DZYJ¨gS,B�HVK·>�@4A,K3TUDFTV@WA,^N>LGWA¬\�B5I�B�GW^FE([ZB�K < =Ã^iDmG�A,K,G�[mK
DZGW[F_4B�D I5TV_WY�D�\�B�K3B�^Z>�[ZTV\7B�K°GW^MC([Z@3K3E,>LTUA(_7¨�X{@4[�BL½3GWI5C(HUB4¨�GvHVBL¥4BLH ; K(e G�\�@#¥WBn\,G4>m¼�_4[F@4E(A,K¾TUA'G2C,G�[FDFTb>�E(HbG�[ GW[FB�G(¨
�8Y(B�[FB�GW^NThD Tb^O¼$A(@#�8A2DZ@"C([Z@$K(E,>�B s K(e GW\7@#¥4B£\,G4>m¼$_W[Z@WE(A,K2E(A,K3B�["�F^dDZG�A7K(G�[mK¬>L@WA,K3TUDFTV@WA7^F� <�» Y(Tb^MG�[ZB�G�DFY$E,^OY7GW^
G·\,GW>m¼$_4[F@4E(A,K'HVBL¥4BLH P K(e �§@4[Z^FB�DZY,G�A�^dDZGWA,K(G�[mK*>�@WA7K3ThDZTU@4A,^�ÏcDFY(B"TVI5C,GW>�Dj@�XNDFY(Tb^5@WA*DFY,B"I5G�½3TUI£E(I K3B�C3DFY�@WX
K3BLDFB�>�DFTV@WA¾@�X§^FInG�HVH�DmG�[Z_WBLDZ^N>LG�A¾\7B5K3TV[FB�>oDZHUa2>�G�Hb>�E(HbG#DZB�K < =�^�I5@�^iDMK3BLI5TVA(TVA(_v@W[Z_4G�A,TV^ZG#DZTU@4A,^`>mY(B�>m¼�DZY(B5@WC�BL[mG#DZTU@4A
@�X�B�´�E(TVC(I5BLA�D`G#Dc[FB�_WE(HbG�[fTUA�DZBL[Z¥�GWHV^cGW_4G�TVA,^dD§¼$A(@#�8A�DZG�[Z_WBLDZ^¶DFY(Tb^c@WC�BL[mG#DZTU@4A�GWK,K(^fHUTUDdDZHUBOB�½$DZ[ZG£B�Ñ@W[FD§DZ@�DZY(BO�§@4[F¼5@WX
K3B�I�TVA(TVA(_ <

Ô ·d÷ øµ²~²�ö¬ªFù °�ú©ª¬¤�«Ê¤��«¹ üý°�¦©�ª «ñ¤l�Ùù�³Júô³�ù�ú|ª¬¤�«9º ú|¤�Õ'ø

�Y(B�A�G�C,C(HUTVB�KnDF@£´�E,GWHUTUDianGW^Z^dE,[ZGWA,>�BcDZY(BN>L@WA,>LBLC3Df@�XJInG�[Z_WTVAn@�X�K(B�DFB�>oDZTU@4A�Y,G4^¶>�@4A,^FTVK3B�[ZGW\(HVBG�C(C�B�GWH�G4^¶TUD§C,[F@#¥$TbK3B�^
G��§@4[F¼$TVA(_5>mY(B�>m¼j@4A�\�@�DZYwDFY(BMB�´4E,TUC(I5B�A4DGWA,K�ThDm^8@WC�BL[mG#DZTU@4A <

ñ X¦DZY(B�K(BLC3DZY¬@�X¶GjDZGW[F_4B�D�¨�BLTUDFY,BL[OGjI5TUA,B�± l²�ª @W[NG�A2E,A��cG�A�DZB�K2GWHVGW[FI TV^�¼$A(@#�8A"DZY(BLA¬DFY(B�InG�[Z_WTVA"@�X§K3BLDFB�>oDFTV@WA
>LGWA�\�BME,^FB�K�DF@5C([Z@#¥$TVK3BOG�I5B�GW^FE([ZBO@�X�DZY(BMHVBL¥WB�H@�Xq>�@WA(S7K3BLA7>�BO@�X�S,A,K3TVA(_nG�A(@WDFY(B�[`^dTVI5TUHbG�[fDmG�[Z_WB�D`G�DfDZY(BM[ZB�´�E(TV[FB�K
K3B�C3DFY¾@�X¶>�HVB�GW[ZGWA,>�B�TUA¬DFY(B�^FGWI�B�^d@4TUH <Nñ Xi¨gTUA"DZY(B5>LGW^FB @WX§GjI5B�DmG�H.K3B�DZB�>�DF@W[�¨�DFY(B�DZGW[F_4B�D�Tb^NG�^FI5GWHUH�C(TVB�>LB£@WX¶^F>L[ZGWC
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