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aSc'Tk)\+ -U/1pSM_PdTkZ\RU+
Tka Pdrw),/1+ �s/^M,p p�aiasx�rhWVPS-0-U/ ]_r�PdTU/1a�M�RU+.-0Z,W^TU-"� (*),+ p�+.M,+hRkPSW^/%$.PdTk/^a�M�+hRURUaSRoaSc
Tk)\+ ��+.R0/^]_r.PdTk/^a�M PSW^p�a�RU/ Tk),` /^- +.-�Tk/1`jPdTU+.x Z,-0/1M,p P�TU+.rw),M,/^g�Z,+ Tk)_PdT
a �S+.R0r.a�`�+.- Tk)\+ -U`jPSW1W
M�Z,`
2 +.R aScQ+#X\PS`�u,W1+�-0/1p�M,PdTkZ,R0+.-3PSM,x cla�R0p�+.R0/1+.-*u\RUa �i/1x,+hx�254 TU),+q-UZ,24�0+hrhTU-"�

(*),+�u,R0a�2,W1+h` adcq+.-0TkPS2,W^/1-U)\/1M,pGr.a�R0RU+.-0u:aSM,x,+.M\r.+ PSM,x `�+�PS-0Z,RU/^M,p TU),+�-U/^`j/^WVPSR0/^TN4 aScfP
u_PS/^R#aSc3u,W1PSM_PSR#r.Z,R���+.-hy /^M a�Z,R
r.PS-U+ P�u_Pd/1R#adc -0/1p�M,PdTkZ,R0+.-hy PdRU/1-0+.-
/^M ` PdM�4 PSu,u\W1/1r.PdTk/^a�M,-
/1M rha�`ju\Z\Tk+hR �s/^-U/^a�M PSM,x u_PdT0Tk+.R0MGR0+.rha�p�M,/ Tk/1aSM)�
(*),/^-oTk),+h-U/1-qu,R0+.-0+.M5Tk-#P M\+V� `�+hTU),asx�claSR
r.aS`ju_PdRU/1M\p u\WVPSM_PdR�rhZ,R �S+.- PdM,x cla�R�u +.R0claSRU`�/1M,p `jPdTkrw),/^M,p PdTj-UZ,2DP -kPS`�u,W^/1M,p RU+h-Ua�W^Z\Tk/^a�M)�
(*),+#PSM_PSW 4s-0/1-3aScATU),+
PSW^p�a�R0/^Tk)\` PS-3�b+hW1WQPS- / Tk- -0TURUZ,rtTkZ,RUPSW�u\RUa�u +.R�Tk/1+h- PdRU+fx,+.-0r.RU/^2:+hx)�3(*),+
u +.R0claSRU`jPSM,r.+'aSciTk)\+ M,+#� Tk+hrw),M,/^giZ\+b/1- + �dPSW1Z_P<Tk+.xqcla�R Tk)\+ u\RUa�2,W^+.`Hadc,-U/^p�M_PdTUZ,RU+ �S+.RU/ ]_r�P<Tk/1aSM
PSM,xfr.aS`ju_PdRU+.xqTka Tk)\+ u +.R�cla�RU`jPSM,rh+ adc\Tk)\+ � +.W^W7P !iM\a � M#n 4iM_PS`�/1r'OIRUa�pSRkPS`�`j/^M,p ��P<Tkrw),/^M,p
PSW^p�a�RU/ Tk),` �
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� � � I Z,`jPSMDP ��PSrw),/^M,+�/1M5TU+.R0c Pdr.+.- Z,-0/1M,p �i/1-0/1a�M ���W�W���W���W�W���W�B���W���W�W� �
� � z �oZ\TkW^/1M,+oadcQTU),+�Tk),+h-U/1- ���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� )

* + �,�-�����/.�0�� �1�2� 34�5!�67�2�98:!�"#�;�<�,��� =
z � � OIRU+.W^/1`�/1M_PdRU/1+h- �W���B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� >
z � z } 4i-0TU+.` x,+h-Ur.R0/1u\TU/1a�M �W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� ?

z � z � � LNM\/^Tk/1PSW1/8$�PdTU/1a�MjPSM,x u,R0+.u,R0asrh+.-U-0/1M,p ���W�W���W���W�W���W�B���W���W�W� � {
z � z � z OE+.M TkRkPdr !i/^M,p ���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� ��@
z � z �BA XQ/1W^TU+.R0/1M,p �B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� � >
z � z �DC � /1-U-0/1M,p clRUPS`j+h- �W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� zS{
z � z � @ SbPSW1W^u:a�/^M5Tmx,+tTk+.rtTk/^a�M �W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� zE@
z � z �B) } Tka�u,u\/1M,p�PSrhgiZ\/1-U/ Tk/^a�M �W���W���W�B���W�W���W���W�W���W�B���W���W�W� z >

z �DA OQ+hM�Z,u x,+tTk+.rtTk/^a�M �B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� z >
z �DAA� � T air�PSW!/1M�!jx,+hTU+.rhTU/1a�M �W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� z ?
z �DAA� z T air�PSW!u:+hM�Z,u#Fdx,a<� M�`�asx\+.W1/^M,p �B���W�W���W���W�W���W�B���W���W�W� A z
z �DAA�BA (ERkP<�0+.rhTUa�R04 -U+.pS`j+hM�TkPdTk/^a�M �W���W�B���W�W���W���W�W���W�B���W���W�W� AE)
z �DAA�DC } TkRUa�!S+qr.W1PS-U-0/^]_r.PdTk/^a�M �W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� AG>
z �DAA� @ e +�PdW7P TU/1`�+ /^`ju,W^+.`�+.M5TwP<Tk/1aSM ���W�B���W�W���W���W�W���W�B���W���W�W� AG>

z �HC � X\u +.R0/1`�+.M5TwPdWYRU+h-UZ,W Tk- ���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� C {
z �HC�� � } 4s-�Tk+h` -Uu +.r./ ]_r�P<Tk/1aSM,-��W���W���W�B���W�W���W���W�W���W�B���W���W�W� C {
z �HC�� z OE+.M�Z,u x,+hTU+.rhTU/1a�M +#Xsu +.R0/1`�+.M5Tk- �B���W�W���W���W�W���W�B���W���W�W� CGA
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z �HC��BA no/^-UrhZ,-U-0/1a�M �B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� C >
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AA� � LNM5TkRUaix,Z,rtTk/^a�M �W�W���B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� @s�
AA� z � W^p�a�RU/ Tk),` cla�R*-0/1p�M,PdTkZ,R0+qr.a�`�u_PSR0/1-UaSM �B���W�W���W���W�W���W�B���W���W�W� @ C

AA� z � � OIR0+.W1/^`j/^M_PSR0/1+.- ���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� @ C
AA� z � z v Z\R ��+ ��PdTUrw),/1M\pjZ,-0/1M,p�n 4iM_PS`�/1roO'R0a�p�RUPS`j`�/1M\p ���W�B���W���W�W� @ )

AA�DA } /1pSM_PdTkZ\RU+�u_PSRUPS`�+hTk+hRU/8$�PdTU/1a�M �W���W���W�B���W�W���W���W�W���W�B���W���W�W� )E?
AA�DAA� � OIR0+.W1/^`j/^M_PSR0/1+.- ���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� )E?
AA�DAA� z �IZ,rhW1/^x,+�PSM PSM\x�P:F�M,+fPSR0r#P W1+.M\pSTk) ���W�W���W���W�W���W�B���W���W�W� > {

AA�HC � �SPdW1Z_PdTU/1a�M aSc�TU),+qu:+hR0cla�R0` PSM\r.+�aScETk),+ �S+.RU/ ]_r�P<Tk/1aSM -�4i-0Tk+h` �B���W���W�W� >$A
AA�HC�� � �IR0RUa�R*RUPdTk+h-6�B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� >$A
AA�HC�� z noZ\u,W1/^r�PdTU+.x +#X\PS`�u,W^+.- �W���W���W�B���W�W���W���W�W���W�B���W���W�W� > @

AA� @ � X\u +.R0/1`�+.M5Tk- �W���B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� >$)
AA� @ � � n�P<TwP
r.aSW1W1+hrhTU/1a�M �W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� >$)
AA� @ � z OIR0+.u,R0asrh+.-U-0/1M,p ���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� >$?
AA� @ �BA no/^-0TkPSM,r.+�`�+�Pd-UZ,R0+.- �W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� � �
AA� @ �DC (ERkPd/1M,/^M,p ���B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� � z
AA� @ � @ (E+.-�Tk/^M,p9�W���B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� �$C
AA� @ �B) � Xsu +.RU/^`j+hM5T � � OE+.R0claSRU`jPSM,r.+ Z,-0/1M,p�x\/8M:+.RU+hM5T u_PSRkPd`j+tTk+.R0/%$.PdTk/^a�M,-

adcQTU),+q-U/1pSM_PdTkZ\RU+ �W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� �E)
AA� @ � > � Xsu +.RU/^`j+hM5T z � OE+.R0claSRU`jPSM,r.+ Z,-0/1M,p�x\/8M:+.RU+hM5T u_PSRkPd`j+tTk+.R0/%$.PdTk/^a�M,-

adcQTU),+q-U/1pSM_PdTkZ\RU+ �W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� �E)
AA� @ ��� � Xsu +.RU/^`j+hM5T7A �'OQ+.R�cla�RU`jPSM,rh+qZ,-U/^M,p x,Z,u,W^/1r�P<Tk+�+#X\PS`�u,W^+.- �W���W�W� �G>
AA� @ �B? � Xsu +.RU/^`j+hM5T C �'OQ+.R�cla�RU`jPSM,rh+qZ,-U/^M,p x,/8M:+.R0+.M5T3x,/1-�TwPSM,rh+q`j+.PS-UZ,R0+.-6� ���

AA� @ � ��{ no/^-UrhZ,-U-0/1a�M �B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� ? {
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C�� � LNM5TkRUaix,Z,rtTk/^a�M �W�W���B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� ?$C
C�� z v a�M5Tk/^MiZ\a�Z,-3n 4iM_PS`�/1r�OIRUaSp�RkPS`�`�/1M,p ��PdTkrw),/^M,p �W���W�W���W�B���W���W�W� ? @

C�� z � � � M_PSW 4s-0/1-*aSc�P -U/^M,p�W1+�-�Tk+hu�aScQTk),+ v n�O � RU+.rhZ,RU-0/1a�M �B���W���W�W� ?G>
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C�� z � z � M_PSW 4s-0/1-*aScETk)\+ v n�O ��PSW1pSa�RU/ Tk),` �W�W���W���W�W���W�B���W���W�W� � { )
C�� z �BA v aS`ju,ZsTwPdTU/1a�M_PdW!r.aS`ju,W^+#Xs/^TN4 aScETk),+ v n�O � PdW1p�a�R0/^TU),` ���W���W�W� � { ?
C�� z �DC OQPS/1R � /1-0+�r.a�`�u_PSR0/1-UaSM adc�rhZ,`
Z,W1PdTk+�x,/^-0TkPSM,r.+�clZ,M\rhTk/^a�M,- ���W���W�W� ��� C
C�� z � @ � -04i`�u\TkaSTU/1r�2 +.)_P �i/1aSR*aSc�u,PS/1R0-*aScArhZ,`
Z,W1PdTk+hx x\/1-0TkPSM,rh+qclZ\M,rhTU/1a�M,- � zi�
C�� z �B) LNM5TU+.R �dPSW RUPSM,p�+qu,R0a�u_PSp�PdTk/^a�M ���W�B���W�W���W���W�W���W�B���W���W�W� � A$?
C�� z � > } Z,`j`jPSR�4 aScETk),+ v n�O ��PSW1p�aSRU/^TU),` �W�W���W���W�W���W�B���W���W�W� � C$C

C��DA � X\u +.R0/1`�+.M5Tk- �W���B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� ��@d{
C��DAA� � � Xsu +.RU/^`j+hM5T � � v a�`�u_PSRU/^-Ua�M aSc v n�O � � /^Tk)�n�O ��cla�R3-04iM5Tk),+tTk/^r

x,PdTwP �W�W���B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� ��@d{
C��DAA� z � Xsu +.RU/^`j+hM5T z � v a�`ju,PSRU/^-Ua�M aSc v n�O � � / Tk) n�O � cla�R*-0/1p�M,PdTkZ,R0+.- ��@Sz
C��DAA�BA � Xsu +.RU/^`j+hM5T A ��� Xsu:+hRU/1`�+.M5TkPSW + �dPSW1Z_P<Tk/1aSMGaSc*TU),+ rha�`ju\Z\TwPdTU/1a�M,PSW

rha�-0T�aSc v n�O � PSM\x rha�`ju,PSRU/^-Ua�M aSc3Tk),+ r.aS`ju,ZsTwPdTU/1a�M_PdW Tk/^`j+ adc
v n�O ��PSM,x�n�O � ���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� ��@ A

C��DAA�DC � Xsu +.RU/^`j+hM5T C � � u,u,W^/1r.PdTk/^a�M Tka -0/1p�M_P<TkZ,R0+ �S+.R0/^]_r.PdTk/^a�M ���W���W�W� ��@ )
C��DAA� @ no/^-UrhZ,-U-0/1a�M �B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� � ) �
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z � � (*),+ ]_RU-�T T � a�rha�W1Z,`�M,-q-U)\a � Tk),+ ]_RU-�T
PdM,xGW1PS-0TqclRUPS`j+h-qaScbT � a�x,/7M!+hRU+hM�T
-U+hgiZ\+.M,rh+.-"� (*),+ Tk),/^RUx r.a�W^Z,`�M x\/1-Uu\WVP�4i- TU),+ )_PSM,xA� R0/^T0Tk+.M TkRUP �0+.rtTka�R0/1+.-
a�2\TkPS/1M,+hx �s/1Pf`jPSM�Z_PSW,TURkPSr !�/^M,p adc!Tk)\+3u +.M�Tk/^u)��(*),+ cla�Z,R�Tk)�r.a�W^Z,`�Mj-0),a<� -
a�M,W 4 Tk),+
-�TkR0aG!S+h- Tk)_P<ToW1+tc ToPdM�/1M�! TURkPSrh+#a�M�TU),+#u,PSu:+hR"� � +
aS2,-U+hR ��+ Tk)_PdT
Pdc Tk+hR x,/1-0r�PSR0x,/1M,p TU),+ -�TkR0aG!S+h- Tk),PdT3r.a�R0RU+.-0u:aSM,x,- TUaj`�a ��+h`j+hM�TU-oPS2 a ��+qTk),+
u_PSu +.R | M,a u +.M rha�M5TwPSrtT=� /^TU) Tk),+ u_PSu +.R � ysTU),+o)_PSM\xA� RU/ TUTk+hM -U+hg�Z,+.M,rh+.- PSRU+
r.W^+�PSR0W^4jW1+.pS/12,W^+�� � W1WYrhasa�R0x,/1M,PdTk+h- PSRU+�`�+�PS-0Z,RU+hx�/^M u,/7Xs+.W^-"�(���W�B���W���W�W� �

z � z | P � SbW1air ! no/VPSpSRkPS` aSc�TU),+�-�4s-�Tk+h` � (*),+�r.PS`�+.RkP cl+.+.x\- P -U+hg�Z,+.M,rh+Gadc
/1`jPSp�+h- TUa
Tk),+ou\RU+.u\RUair.+.-0-U/^M,p -0TwPdp�+��I(*),/^-m2,W^asr !�/1M,/ Tk/1PSW1/8$.+.-ATU),+�PSW^p�a�R0/^Tk)\`
PSM,x�-0+.W1+hrhTU-qTU),+#TU+.`�u,WVPdTU+#Tka u +.R�cla�RU` Tk)\+
TkRkPdr !i/^M,p aSc'Tk)\+
u:+hM�Tk/1u �f(*)\+
Tk/^u TURkPSr !d+.Rja�2\TwPd/1M,- Tk)\+ u a�-0/^Tk/^a�M aSc TU),+ u:+hM TU/1u /1M +�PSrw) /1`jPSp�+ aSc Tk),+
-U+hgiZ\+.M,rh+�� (*),+ ]_W Tk+.R u,R0+.x,/^rhTk- Tk),+ u:aS-U/^TU/1a�M�aSc TU),+ u +.M TU/1uj/1M M\+#XiT*/1`jPSp�+:�
(*),+*2_PSW^W1u a�/1M5T�x,+hTU+.rhTUa�RA]_M,x\-'TU),+*u a�-U/ Tk/1aSM
aSc Tk),+ �S+.R04
+.M,x�aSc[Tk),+ u +.M Tk/^uYy
/O� +�� y�Tk),+*u\WVPSrh+=� ),+.R0+3TU),+*u:+hMj/^-A/1M rha�M5TwPSrtT;� / Tk)
TU),+ u_PSu +.R � ),+hMjTk)\+*Z,-U+hR
/1-J� RU/ Tk/^M,p��AXQ/1M_PSW^W^4SySTk),+ WVPS-�Tb2\W1air ! aScYa�Z\Rb-04i-�Tk+.` rw),+hr !i-mclaSR'TU),+ u\RU+.-0+.M,rh+
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Z,-U/^M,p v n�O � �s(*),+or.R0a�-U-0+.-*-0),a<� `jPdTUrw),/1M,p u:aS/1M5Tk- Tk)_PdTmPSRU+ M,aSTb-kPS`�u,W1+h-"�
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TU),+3PSW1p�aSRU/^TU),` y<cla�RQTk),+*cla�Z,RIx\/8M:+.RU+hM5T;�bPSR0u,/1M,p
u,WVPdM,+�r.a�M\-0TkRUPS/1M5TU-"�'(*),+q-Ua�W^/1x W^/1M,+�R0+.u,R0+.-U+hM5Tk-oP W^/1M,+.PSRb],T0Tk/1M\p aSc�TU),+qx_PdTwP
/1MjW1a�p5PdRU/^TU),`�/1r*-Uu,PSr.+:� �G+oM,adTk+ TU)_PdTmTU),+ rha�RUR0+.-0u:a�M\x,/1M,p
]\TUTk/^M,p clZ\M,rhTU/1a�M,-
PSRU+ u a<�b+hR�W1P&� -�� / Tk) PSM +#Xsu:aSM,+.M5T�Tk)_PdT�/^- ��+.R�4 r.W^a�-U+ Tka a�M,+dyb/R� +:�^y'Tk),+
clZ,M,rtTk/1aSM,- PSRU+fPSW^`jaS-0T*W^/1M,+.PSRbclZ,M,rtTk/^a�M,-"���B���W�W���W���W�W���W�B���W���W�W� ��@ )

C�� z�z } + �S+.RUPSW +#X\PS`�u,W1+h- aScE-U/1pSM_PdTkZ\RU+.- /^M a�Z,R*x_PdTkPS2_PS-0+fPSM,x r.a�R0RU+h-Uu a�M,x,/^M,pjR0+hc P
+.R0+.M,rh+#clZ,M,rtTk/1aSM,-oa�2\TkPS/1M\+.x � / Tk)�n�O � PdM,x v n�O � �!LNM�TU),+#]_R0-0T r.a�W^Z,`jM
�b+ x,/^-Uu,W1P�4�-U/^p�M_PdTUZ,RU+h-�r�PSusTkZ,R0+.x � / Tk)�Tk)\+ �s/^-UZ_PdWATkRkPdr !S+.RhyQ/^M�Tk),+ -0+.r.aSM,x
PSM,x Tk),/^RUx r.a�W^Z,`jM\-.y�� +#-U)\a � TU),+fr.a�R0RU+.-0u:aSM,x,/1M\pjR0+hcl+.R0+.M,rh+
-U/^p�M_PdTUZ,RU+h- adc
Tk),+ TkRUPS/1M\/1M,p�-0+hT aS2\TwPS/^M,+.x � /^TU)�n�O � PSM,x v n�O � ybPSM\x�/1M TU),+ claSZ,R0TU)
r.a�W^Z,`�M9�b+fx,/1-0u,WVP�4 P claSRUp�+hR04 u,R0a �s/^x,+.x 254 Tk)\+f-0Z,24�0+hrhTk-V�3���W�B���W���W�W� ��@ >

C�� z A � M!+hrhToadcI-UZ,24PN-kPd`ju,W^/1M,p TU),+#-0/1p�M_P<TkZ,R0+.-"� (*),+f]_RU-�T rha�W1Z\`jM�-U),a<� - -0+ �S+.RkPdW
+#X\PS`�u,W1+h-*aScQ-U/1pSM_PdTkZ\RU+.-*/^M a�Z,R*x_PdTkPS2_PS-0+��'(*),+q-U+hr.a�M\x�PSM\x TU),/1R0x r.a�W^Z,`jM
x,/1-0u,WVP�4 Tk)\+or.a�R0RU+h-Uu a�M,x,/^M,p
-U/^p�M_PdTUZ,RU+h-m-UZ\2DPN-UPS`ju\W1+.x 2�4 P c PSrtTka�R aSc z PSM,x�CA� ��@ �



X X\/^/
C�� z C � M!+hrhTIaSc Pdx,x,/1M\poM,a�/^-U+ TUa Tk)\+m-U/^p�M_PdTUZ,RU+h-"�A(*),+ ]_RU-�TIr.a�W^Z,`�M#-U)\a � -I-0+ �S+.RkPdW

+#X\PS`�u,W1+h-qaScb-0/1p�M,PdTkZ,R0+.-f/1M a�Z,Rqx_P<TwPS2_Pd-U+��j(*),+�-U+.rha�M,xGr.a�W^Z,`jM x,/^-Uu,W1P�4s-
Tk),+ rha�RUR0+.-Uu a�M,x\/1M,pf-U/^p�M_PdTUZ,RU+h- P<c Tk+.R')_P �i/1M\p#PSx\x,+.xjPW$h+.R0a `�+�PSM U PSZ,-U-0/VPSM
M,a�/^-U+ � /^TU)qP*-0TwPdM,x_PSR0xfx\+ �i/VPdTU/1a�M�+hg�Z_PSW�Tkam] ��+'Tk/1`�+.-:Tk),+I-0u_PdTk/1PSWSR0+.-0a�W1Z\TU/1a�M
aSc�Tk)\+ �s/^-UZ_PdW TkRUPSr !S+hR u,RU+h-U+.M5TU+.x /1M rw)_PSusTk+.R z � (*)\+ TU),/1R0x PSM,x claSZ,R0TU)
r.a�W^Z,`�M,- -0),a<� Pjx,+hTkPS/1W�aSc'u a�R0TU/1a�M\- aScITU),+
-0/1p�M_P<TkZ,R0+.-6� / Tk)�PdM,x � /^TU),a�Z\T
M,a�/^-U+�� �W���W���W�W���B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� ��@ ?

C�� zE@ �IRURUaSR�TkRUPSx,+#P a�Mjr.Z,R���+.-Icla�R v n�O � PdM,x n�O � + �dPSW1Z_P<Tk+.x#a�M a�Z,RAx,PdTwPS2,PS-U+h-
aScQ-U/1pSM_PdTkZ\RU+.-V�I(*),+fx,/1-�TwPSM,rh+fPdc Tk+hR*` PdTUrw),/1M\p�/^-*Z,-U+hx claSR*r.WVPd-U-U/ ]_r�P<Tk/1aSM)� � � ) {

C�� z ) �IRURUaSR�TkRUPSx,+#P a�Mjr.Z,R���+.-Icla�R v n�O � PdM,x n�O � + �dPSW1Z_P<Tk+.x#a�M a�Z,RAx,PdTwPS2,PS-U+h-
aSc�-0/1p�M_P<TkZ,R0+.-"��(*),+�)_PSR0`jaSM,/1r `j+.PSM aSc�PSW1W Tk),+�x,/1-�TwPSM\r.+.- u,RUa�u a�-0+.x /1M
rw)_PSu\TU+.R A�PSRU+�Z,-0+.x cla�R*r.W1PS-U-0/^]_r.PdTk/^a�M)� �W�B���W�W���W���W�W���W�B���W���W�W� � ) {

C�� z > �IRURUaSR�TkRUPSx,+#P a�Mjr.Z,R���+.-Icla�R v n�O � PdM,x n�O � + �dPSW1Z_P<Tk+.x#a�M a�Z,RAx,PdTwPS2,PS-U+h-
aScY-0/1p�M,PdTkZ,R0+.- Pdc Tk+hR'-UZ,2DP -kPS`�u,W^/1M,p�Tk)\+ -0/1p�M_P<TkZ,R0+.-'254 P�c PSrtTka�R'aSc:T �ba��I(*)\+
x,/1-�TwPSM\r.+fPdc Tk+hR*` P<Tkrw),/^M,p /1-*Z,-0+.x cla�R*r.W1PS-U-0/^]_r.PdTk/^a�M)�3���W�W���W�B���W���W�W� � ) �

C�� z � �IRURUaSR�TkRUPSx,+#P a�Mjr.Z,R���+.-Icla�R v n�O � PdM,x n�O � + �dPSW1Z_P<Tk+.x#a�M a�Z,RAx,PdTwPS2,PS-U+h-
aScY-0/1p�M,PdTkZ,R0+.- Pdc Tk+hR'-UZ,2DP -kPS`�u,W^/1M,p�Tk)\+ -0/1p�M_P<TkZ,R0+.-'254 P�c PSrtTka�R'aSc:T �ba��I(*)\+
)_PSR0`ja�M\/1ro`�+�PSM aScQPSW^W!Tk)\+fx\/1-0TkPSM,rh+.- u,RUaSu:a�-0+.x /1M rw)_Pdu\Tk+hR7A PSR0+�Z,-U+hx�cla�R
r.W1PS-U-0/^]_r.PdTk/^a�M)� �W���B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� � ) �

C�� z ? �IRURUaSR�TkRUPSx,+#P a�Mjr.Z,R���+.-Icla�R v n�O � PdM,x n�O � + �dPSW1Z_P<Tk+.x#a�M a�Z,RAx,PdTwPS2,PS-U+h-
aSc -U/^p�M_PdTUZ,RU+h-'Pdc Tk+hRA-UZ,24PN-kPd`ju,W^/1M,p Tk),+*-0/1p�M_P<TkZ,R0+.-I254 P c PSrtTka�RIaSc[cla�Z\R"��(*)\+
x,/1-�TwPSM\r.+fPdc Tk+hR*` P<Tkrw),/^M,p /1-*Z,-0+.x cla�R*r.W1PS-U-0/^]_r.PdTk/^a�M)�3���W�W���W�B���W���W�W� � ) z

C��DA { �IRURUaSR�TkRUPSx,+#P a�Mjr.Z,R���+.-Icla�R v n�O � PdM,x n�O � + �dPSW1Z_P<Tk+.x#a�M a�Z,RAx,PdTwPS2,PS-U+h-
aSc -U/^p�M_PdTUZ,RU+h-'Pdc Tk+hRA-UZ,24PN-kPd`ju,W^/1M,p Tk),+*-0/1p�M_P<TkZ,R0+.-I254 P c PSrtTka�RIaSc[cla�Z\R"��(*)\+
)_PSR0`ja�M\/1ro`�+�PSM aScQPSW^W!Tk)\+fx\/1-0TkPSM,rh+.- u,RUaSu:a�-0+.x /1M rw)_Pdu\Tk+hR7A PSR0+�Z,-U+hx�cla�R
r.W1PS-U-0/^]_r.PdTk/^a�M)� �W���B�W���W���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� � ) z



X Xs/1/^/
C��DA � �IRURUaSR�TkRUPSx,+#P a�Mjr.Z,R���+.-Icla�R v n�O � PdM,x n�O � + �dPSW1Z_P<Tk+.x#a�M a�Z,RAx,PdTwPS2,PS-U+h-

aScA-0/1p�M,PdTkZ,R0+.- Pdc Tk+hR3PSx,x,/^M,p�TUajTU),+ -0/1p�M,PdTkZ,R0+.- $.+hRUa `�+�PdM U PSZ,-0-U/VPdM�M,aS/1-U+
� /^TU)�P�-0TwPdM,x_PSR0x�x,+ �i/1PdTk/^a�M�+hg�Z_PSW�Tka ] ��+#TU/1`�+.-*Tk)\+ -0u_PdTk/1PSW�RU+h-Ua�W^Z\Tk/^a�M�adc
Tk),+ �s/^-UZ_PdW TURkPSr !d+.R*u,R0+.-U+hM5Tk+.x /1M rw)_PSu\TU+.R z �A(*)\+�x,/1-�TwPSM,rh+�Pdc TU+.Rb`jPdTUrw),/1M,p
/1-*Z,-0+.x cla�R*r.W1PS-U-0/^]_r.PdTk/^a�M)� ���W�W���W���W�B���W�W���W���W�W���W�B���W���W�W� � )$A

C��DA z �IRURUaSR�TkRUPSx,+#P a�Mjr.Z,R���+.-Icla�R v n�O � PdM,x n�O � + �dPSW1Z_P<Tk+.x#a�M a�Z,RAx,PdTwPS2,PS-U+h-
aScA-0/1p�M,PdTkZ,R0+.- Pdc Tk+hR3PSx,x,/^M,p�TUajTU),+ -0/1p�M,PdTkZ,R0+.- $.+hRUa `�+�PdM U PSZ,-0-U/VPdM�M,aS/1-U+
� /^TU)�P�-0TwPdM,x_PSR0x�x,+ �i/1PdTk/^a�M�+hg�Z_PSW�Tka ] ��+#TU/1`�+.-*Tk)\+ -0u_PdTk/1PSW�RU+h-Ua�W^Z\Tk/^a�M�adc
Tk),+ �i/1-0Z_PSWITkRUPSr !S+hR#u,R0+.-U+hM5Tk+.x /^M rw)_Pdu\Tk+hR z � (*)\+ )_PSR0`jaSM,/1r `�+�PSMGaSc*PdW1W
Tk),+qx,/^-0TkPSM,r.+h- u,RUa�u a�-0+.x /1M rw)_PSu\TU+.R A /1-*Z,-0+.x�claSR*r.WVPd-U-U/ ]_r�P<Tk/1aSM)� �W���W�W� � )$A

C��DAEA v a�`�u_PSRU/^-Ua�M aSc�Tk),+�+hgiZ,PSWY+.R0RUa�R*RUPdTk+h-mcla�R*n�O � PSM,x v n�O � cla�Rmx,/7M!+hRU+hM�T
-UZ,24PN-kPd`ju,W^/1M,p c PSrhTUa�RU-V�I(*),+�]_RU-�T rha�W1Z\`jM -0),a<� -3TU),+�+.R0RUa�R*RUPdTk+h-3aS2\TwPS/^M,+.x
Z,-U/^M,p Tk)\+�x\/1-0TkPSM,rh+ Pdc Tk+hR�` PdTUrw),/1M\p PS-oTk),+ rhWVPS-0-U/^],r�PdTU/1a�M�u_PdRkPS`�+hTU+.R�PSM\x
Tk),+ -U+hr.a�M,x rha�W1Z\`jMfx,/1-0u,WVP�4i-QTU),+b+hRUR0a�R�RUPdTk+h-�a�2\TkPS/1M\+.x#Z\-U/1M\p Tk)\+m)_PSR0`ja�M\/1r
`j+.PSM aScQ-U+ �S+.RUPSW�-U/1`�/1W1PSRU/ TN4 `j+.PS-UZ\RU+.- PS-mTU),+qr.WVPd-U-U/ ]_r�P<Tk/1aSM u,PSRkPS`�+hTU+.RV� � � ) C

C��DA$C v a�`�u_PSRU/^-Ua�M adc TU),+ +.g�Z_PSW +.R0RUa�R RUPdTk+h- cla�R n�O � PSM\x v n�O � � /^Tk) PSM\x
� /^TU),a�Z\T M,aS/1-U+qPdx,x,+.x Tka Tk)\+f-0/1p�M,PdTkZ,R0+.-V� ���W�W���W���W�W���W�B���W���W�W� � ) C



X Xs/ �

��� � � ����� � � 
����

z � � v a�`�u,Z\TwP<Tk/1aSM Tk/1`�+oaScQ+�Pdrw)�`�asx,Z\W1+oaScETk)\+f-�4i-0Tk+h` �D���W�W���W�B���W���W�W� AE?
z � z } TwP<Tk/1rqPdM,x x\4iM_PS`�/1r�RU+h-Ua�W^Z\Tk/^a�M aScQTk),+q-04i-�Tk+.` �W���W���W�W���W�B���W���W�W� C z
z �DA } 4i-0TU+.` u_PSRUPS`�+hTk+hRU-*Z,-0+.x�/1M Tk),+qR0+�PSW P Tk/^`j+ /1`�u,W1+h`j+hM5TwPdTU/1a�M)�6�B���W���W�W� CGA
z �HC v a�`�u_PSRU/^-Ua�M aScsTU),+I+.R0RUa�R RUPdTk+h- aSciu:aS/1M5T>PO� /1-U+�/1M�!3x,+hTU+.rtTk/1aSMfaS2\TwPS/^M,+.xqZ,-0/1M,p

Tk),+qW^asr.PSW!`�+�PS-0Z,RU+h`j+hM5Tk-3PSM,x Tk),+WI � � `�asx\+.WO� �W���W�W���W�B���W���W�W� C @
z � @ v a�`�u_PSRU/^-Ua�M adc TU),+ +.RUR0a�R RkP<Tk+.- aSc -0TURUaG!d+�rhWVPS-0-U/ ]_r�PdTU/1a�M aS2\TwPS/^M,+.x Z,-0/1M,p

Tk),+q/^M�! u,R0+.-0+.M,rh+#r.aSM\]_x,+hM,r.+f`j+.PS-UZ\RU+fPSM,x Tk),+WI � ��`�aix,+.WR� ���W���W�W� CG)
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� ��+hR TU),+ u_PS-�T cl+#� x,+hr�PSx\+.-.y�� + )_P ��+�� /^TUM,+.-0-U+.x Tk),+ 2,/^R0TU) PdM,x x,+ �S+.W1aSu,`j+hM5T�aScfTk)\+
r.aS`ju,ZsTk+.R /1M,x\Z,-0TUR04G� � W1a�M,pW� /^TU) Tk),+ + ��aSW1Z\TU/1a�M adc�r.a�`�u,Z\TU+.R TU+.rw),M\a�W1a�pd4�ysTU),+.R0+o)_PS-b2:+h+.M
P�r.aSRURU+h-Uu a�M,x,/^M,p�+ �Sa�W1ZsTk/1aSM aSc*Tk),+ /^M5Tk+.R�c PSr.+h- 2:+tT �b+h+.M )�Z,` PdM,- PSM,x `jPSrw),/^M,+.-V�GLNM Tk)\+
+�PdRUW^4 x,P 4i-hymTk),+ Z,-U+hR | a�RjaSu:+hRkPdTUa�R � )_PSx TkaGPSrhTU/ �dPdTU+�rh+.R0TkPS/1M ->� / Tkrw),+h- /1M PGu,PSR0TU/1r.Z\WVPSR
-U+hg�Z,+.M,rh+�/^M a�R0x,+.R
TUa�PSrw),/^+ ��+ P�x,+h-U/^RU+.x PdrhTk/^a�M)�	T�PdTk+hR.yATU),+ /1M,u\Z\T �bPS- u,RUa �i/1x\+.x � /^TU)
u,Z,M\rw)Gr.PSRUx,-fPSM\x TU),+ a�Z\TUu,Z\T+�bPS-q+#XiTkRUPSrhTU+.x	� /^Tk)�u,PSu:+hRoTwPSu +.-V� � -q`jPSrw),/^M,+.-�+ ��a�W ��+.x!y
Tk)\+h4 � +.R0+�rha�M,M,+hrhTU+.x Tka !S+t4s2 a5PSR0x,-.y v e�( 	 -fPSM,x `�a�M,/^TUa�RU-3Tka u,R0a �i/^x,+ � RU+.PSW7PCTk/^`j+ ��TU+#XiT
/1M\u,Z\T PSM,x a�Z\TUu,Z\T"� ��aSRU+�R0+.r.+hM5TkW^4Sy PSx �dPSM,rh+.- /^M�`�+.`�a�R04Sy �i/1x,+ha PSM,x `�/1rhRUa�u\RUair.+.-0-Ua�R
Tk+hrw),M,a�W^a�pS4f)_P ��+mPSW1W^a � +.x r.a�`�u,Z\TU+.R0-QTka +.M5Tk+hRA/1MfTk),+ +.RUP aSc_p�RUPSu,),/^r�PSW�/^M�TU+.R�c PSr.+h-�/1M �Sa�W �i/1M\p
P�� )\a�W1+ -U+hT aSc'u a�/1M5Tk/^M,p x,+ �i/^r.+.- | W1/8!S+f`j/^r.+dy:x,/^p�/^TU/%$h/1M,p
TkPS2,W1+tTk-hy��0a 4i-0TU/1r !�-.y!TUa�Z,rw)DP -UrhRU+.+hM,-
PSM,x TkRUPSr !GPN2_PdW1W1- � PSM,x p�RUPSu,),/^r�PSW:Z,-U+hR /^M�TU+.R�c PSr.+h-"�

(Q+hrw),M,a�W^a�p�/^r�PSW5Pdx �dPSM,r.+h-Q/^Mq`j/^M,/VPdTUZ,RU/8$�PdTU/1a�M3aSc\+.W1+hrhTURUa�M,/^rIx,+ �i/^r.+.-E/1MoTU),+ WVPS-�TYcl+V� 4S+�PSR0-
)_P ��+qa�u +.M\+.x P M,+V��` PSR>!S+tTmcla�Rmu a�R0TkPS2,W^+or.a�`�u,Z\TU+.R0-"�;T�PSu\TkaSu PSM,x M,aSTU+.2 asaG!�r.aS`ju,ZsTk+.R0-
PS-�� +.W^WIPS-qOQ+hRU-0a�M_PSW'no/^p�/^TkPSW � -U-0/1-�TwPSM5Tk- | O n � 	 - � W^/%!d+#Tk),+ u a�u,Z\WVPSR � O�PSW^` OI/1W^aST � PSRU+ /^M
� /1x\+ Z,-U+ M\a �bPSx_P�4i-"� v +.W^W1Z,W1PSRfu,),a�M,+ `jPSM�Z\c PSrtTkZ,R0+.R0- PSRU+ PSx,x,/^M,p�r.aS`ju,ZsTk/1M\p�u:a<� +.R /^M
Tk)\+./1RqM,+#� p�+.M\+.RkP<Tk/1aSMGaScbu,),a�M\+.-.y�+�� p��^y } u,R0/1M5Tf-0TwPdR0Tk+hx a�M:+.R0/1M,p LNM5Tk+hRUM,+tT PSrhr.+.-0-
Z,-0/1M,p�P
r.+hW1W^Z,WVPSR#u,),a�M,+ /1M `�/1xDP � ?E?E?sy���Z,PSW1rha�` /^-jPdx ��+hR0Tk/^-U/^M,p P x,+ �i/1r.+ Tk),PdT�/1- P O n � PSM,x P
r.+hW1W^Z,WVPSRQu,),a�M\+ P<T TU),+*-kPd`j+*Tk/^`j+dy�+hTUr��A(*)\+3TURU+.M\xj/^M,x,/1r.PdTk+h-ATk)_P<T'`ja�R0+*r.a�`�u,Z\TU/1M,p�u a<�b+hR
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Sequence used for static resolution computation
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Sequence used for dynamic resolution computation
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u_PSR0+ TU),+ z n -U),PSu:+ aSc,T � ao-0/1p�M_P<TkZ,R0+.-"�E(*),+ ]_RU-�TAr.aSW1Z,`�M -0),a<� -QTU),+b),aSRU/%$ha�M5TwPSW5rhasaSRUx,/^M_PdTk+
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FAR vs. FRR for set1 (skilled forgeries) no axis alig.

time param. − EER = 5.00%   
Eucl. arc−len. − EER = 3.21%
aff. arc−len. − EER = 5.29% 
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FAR vs. FRR for set1 (random forgeries) no axis alig.

time param. − EER = 1.61%   
Eucl. arc−len. − EER = 0.59%
aff. arc−len. − EER = 0.48% 
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FAR vs. FRR for set2 (skilled forgeries) no axis alig.

time param. − EER = 2.60%   
Eucl. arc−len. − EER = 3.53%
aff. arc−len. − EER = 4.16% 
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FAR vs. FRR for set2 (random forgeries) no axis alig.

time param. − EER = 1.05%   
Eucl. arc−len. − EER = 0.93%
aff. arc−len. − EER = 0.83% 
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FAR vs. FRR for set1 (skilled forgeries) axis alig.

time param. − EER = 4.21%   
Eucl. arc−len. − EER = 3.15%
aff. arc−len. − EER = 3.76% 
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FAR vs. FRR for set1 (random forgeries) axis alig.

time param. − EER = 2.00%   
Eucl. arc−len. − EER = 0.77%
aff. arc−len. − EER = 0.43% 
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FAR vs. FRR for set2 (skilled forgeries) axis alig.

time param. − EER = 2.71%   
Eucl. arc−len. − EER = 2.29%
aff. arc−len. − EER = 3.02% 
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FAR vs. FRR for set2 (random forgeries) axis alig.

time param. − EER = 0.87%   
Eucl. arc−len. − EER = 0.73%
aff. arc−len. − EER = 0.58% 
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FAR vs. FRR for set1 (skilled forgeries)

time param. − EER = 5.16%   
Eucl. arc−len. − EER = 4.54%
aff. arc−len. − EER = 4.52% 
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FAR vs. FRR for set1 (random forgeries)

time param. − EER = 2.54%   
Eucl. arc−len. − EER = 1.22%
aff. arc−len. − EER = 0.94% 
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FAR vs. FRR for set2 (skilled forgeries)

time param. − EER = 3.36%   
Eucl. arc−len. − EER = 3.28%
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FAR vs. FRR for set1 (skilled forgeries)

time param. − EER = 2.90%   
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FAR vs. FRR for set1 (random forgeries)

time param. − EER = 0.88%   
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FAR vs. FRR for set2 (skilled forgeries)

time param. − EER = 1.27%   
Eucl. arc−len. − EER = 1.73%
aff. arc−len. − EER = 1.11% 
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aff. arc−len. − EER = 0.22% 

�����
	��� �AQ R�R ��� -��"#�
���8�6%���^��" �(��)�+*U���(-� V5�����;�&	�9����:��9�&0������X�6%���-��Q)HI��)m������J���lV ���
� 
��-���!�
%�0������ �(�AZm����+�=�����
%��6��	��� ��f�?��%�0 ����W�������%�0d���lV ���
��������1��%�0����(�>�(��W����-�
%�0
�����
%��6��	���G��-��Q HI�A �-�:���-9:G�����lV5�D����3�_L	���9 -�������D���6�(G�-�
%�0����(���
% Q

� ��������� � 	$! � ��!#!#	$���

HI�� ������
� �(�Y�(��N�������-%2�(�0&�:%3m��
	��� �AQSR
RO���A�jV7�����6� �(�A ����-�
%�0 ��-� ��"A"#�
���
����:-� ���4F
`9��lV`-�
������
���(�6���� �(����%$�(��Dm����+�O��f�4Q'HI�����`0���\]-���%A��/�-�
	�9�0�M1<0�	�D�(�&����<" ���f�`�����6� �(�������-�
%�0
��f�)����� "#fV`-� ��	AM�����f�(�)�(���6%@�(��8m������^��%��gC�
� ���&���
	�9�07��9����WM!�0�	�$�(� 9:-��� ������(��F��Y�(�0
"#�
���
����)�:%@�(�A=�4����K�6"/��-�$R,g'�
�)�!����������^9:-��� ������(��F��Y�(�0 ���:��%�����)�:%7��f�K�
Q �/"<���
	�����6g
�(�A�����L�:%�0��<��"C���1-��	�9:�6�(���
%��<��������JM1-�4��	��� V� ����&0����9:��%��)V5�����W�$M!����lFU���
�(��9 M����
��-�(���:�
��%�0$�(��<�
%�9�*)V`�4*���" ���f�(	���9�9�*)0A-�(-�����:%���%��3�(��<�1-��"#�
���8��%A��D��" �(�A/��*U�+�(�� V`��	�9:0$M1<ML*



�A�

1 10 20 30 40 50 56
0

5

10

15

20

25

30
Individual equal error rates for set1 (skilled forgeries)

Subject #

E
E

R
 (

%
)

time param.   
Eucl. arc−len.
aff. arc−len. 

1 10 20 30 40 50 56
0

5

10

15
Individual equal error rates for set1 (random forgeries)

Subject #

E
E

R
 (

%
)

time param.   
Eucl. arc−len.
aff. arc−len. 

1 10 20 30 40 48
0

5

10

15

20

25

30
Individual equal error rates for set2 (skilled forgeries)

Subject #

E
E

R
 (

%
)

time param.   
Eucl. arc−len.
aff. arc−len. 

1 10 20 30 40 48
0

5

10

15
Individual equal error rates for set2 (random forgeries)

Subject #

E
E

R
 (

%
)

time param.   
Eucl. arc−len.
aff. arc−len. 

�����
	�����AQ R ������%�0���FU�:0�	��69]�_L	��69 ������
�I�(�Y�(��5�6�X���:fF
�0K	����:%��)� 	A9��(����9:<0��:�+�X��%A����-Q'HI���m����+�
���lV ��������-���!�
%�0��$�(� ����Zm������=���:�
%��Y�(	���Z��f�?��%�0 �(��W����-�
%�0a���lV ��������-���!�
%�0������ �(�A
��-���
%A0Z�����
%��6��	���G��-��Q

��	A%�%��:%A�3�/9:�
%A��fe,�!������$-%2�C�:%2F
��9�FU�:%��/�U	A%�0���-0���gU��" %A��� �(�A�
	��(�6%�0���g2�6"1��	�M���-�-�(�'�����lF,��0��:%A�
� �-�
	���9�<�6" �����
%��6��	���-�`�!��`0��l*��lF
-������/�-�
	�����/��" ��-F������9]V�� �L�-Q���%���%2*$������6g,����/-�������
�(�Y�(������X���:fF
-0>M2*W��	�����*U�+�(�� ���� �-�
�������(�6M�9:3�(������)M1-���G�!��+"#�
���$��%��-����A������%2�(-0 ��%
�(�AJ9�������(�Y�(	��� � �
TAg ���
g�� � g ���Lg!R��Ag � �Ag ���,g��6TAg����Ag��	�Ug � � �hQ
���:��	��� �AQSR	�8�����lV5�  e��6�$��9���G"#����� �(�A ��V`�K0��6�(�?��-���J"#�
��V5�A�:�X�b�(��^��9��
�
�����(�A� ���6�

��% �_L	���93-�������K���6�(b�
��4�6����=�(����%
� � Q���%d�(�����?m��
	���bV�>�����lV �
%�b��" �(��b�
���:�
��%���9
�����
%��6��	���-��g!�(�� ������������*U�1&���:��%��6�(	A���g1�8���:�
%��Y�(	��� �(���6�/���<" ��9���-9�*?�� ����f�(�0b�6%�0 �$" ��9���-9�*
���-����,�(�0K� �L��9:9:-08"#�
���
��+*
Q � G��M���-��F
G�����6�I�����
��-�O������
�I���6�(-�I���
��������1��%�0K���)�����
%��6��	���-�
�(���6�D����GF����*?���:����9:6g���%A0K�������-"#�
���g�4�6��*=�(�)"#�
���
�Q

������������������������� "!#�$���%&����'��)( ��*,+ HI��-������J��%�9�*b�
%A�"#�
���
��+*b�1-� ���lV ��"O�(�A
m��
	A���Q � K�:0A�%2�(��" *@�(��?���jVnV5���(� �b%U	A� M1-�8�6%�0 ����K���
9�	��$%7V5���(� �;9�-������-g`�hQi�Q�g �6
��������-���!�
%�0�� �(� ����^m��
	���8�
%;�(����(������0 ���lV ��%�0>����$mA" �(� �-�
9:	A�$% Q=HI�A$"#�
���
����:�� ����



�2R

0 1 2 3 4 5 6 7 8
0

1

2

3

4

5

6

7

8

FRR (%)

F
A

R
 (

%
)

FAR vs. FRR for set1 (skilled forgeries)

harmonic mean − EER = 1.89%   
DPM distance − EER = 4.52%    
weighted correl. − EER = 2.96%
Procrustes dist. − EER = 3.60%
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FAR vs. FRR for set1 (random forgeries)

harmonic mean − EER = 0.12%   
DPM distance − EER = 0.94%    
weighted correl. − EER = 0.20%
Procrustes dist. − EER = 0.51%
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FAR vs. FRR for set2 (skilled forgeries)

harmonic mean − EER = 1.11%   
DPM distance − EER = 3.81%    
weighted correl. − EER = 1.50%
Procrustes dist. − EER = 1.96%
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harmonic mean − EER = 0.22%   
DPM distance − EER = 1.00%    
weighted correl. − EER = 0.43%
Procrustes dist. − EER = 0.31%
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FAR vs. FRR for set1 (classif. with matching dist.)

DPM − EER = 4.52% 
CDPM − EER = 4.52%
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FAR vs. FRR for set2 (classif. with matching dist.)

DPM − EER = 3.81% 
CDPM − EER = 3.41%
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FAR vs. FRR for set1 (classif. with mult. dist.)

DPM − EER = 1.89% 
CDPM − EER = 2.12%
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FAR vs. FRR for set2 (classif. with mult. dist.)

DPM − EER = 1.11% 
CDPM − EER = 1.50%
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FAR vs. FRR for set1 (classif. with matching dist.)

DPM − EER = 5.40% 
CDPM − EER = 4.86%
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FAR vs. FRR for set2 (classif. with matching dist.)

DPM − EER = 4.39% 
CDPM − EER = 3.86%
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FAR vs. FRR for set1 (classif. with mult. dist.)

DPM − EER = 2.14% 
CDPM − EER = 2.39%
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FAR vs. FRR for set2 (classif. with mult. dist.)

DPM − EER = 1.34% 
CDPM − EER = 1.55%
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FAR vs. FRR for set1 (classif. with matching dist.)

DPM − EER = 7.63% 
CDPM − EER = 6.86%
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FAR vs. FRR for set2 (classif. with matching dist.)

DPM − EER = 6.38% 
CDPM − EER = 5.22%
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FAR vs. FRR for set1 (classif. with mult. dist.)

DPM − EER = 3.09% 
CDPM − EER = 3.68%
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FAR vs. FRR for set2 (classif. with mult. dist.)

DPM − EER = 2.71% 
CDPM − EER = 2.86%
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FAR vs. FRR for set1 (classif. with matching dist.)

DPM − EER = 4.82% 
CDPM − EER = 4.83%
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FAR vs. FRR for set2 (classif. with matching dist.)

DPM − EER = 3.49% 
CDPM − EER = 3.44%
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FAR vs. FRR for set1 (classif. with mult. dist.)

DPM − EER = 2.16% 
CDPM − EER = 2.43%
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FAR vs. FRR for set2 (classif. with mult. dist.)

DPM − EER = 1.11% 
CDPM − EER = 1.35%
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EER vs. subsamp. fact.(classif. with matching dist.)

set1 − DPM 
set2 − DPM 
set1 − CDPM
set2 − CDPM
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EER vs. subsamp. fact.(classif. with mult. dist.)

set1 − DPM 
set2 − DPM 
set1 − CDPM
set2 − CDPM

ST�$.�3�0����[Z4�Y�]\ � #�^fbd *0����8#��r#�Ws�(�4�m�J�G3d �"��/0�08#�0c0( *�����uW;#�0��`_@   ��4& � �`_@ }W;#�0u&4��&���0��/�-�
��34:�� �� �^fb4"����4. W9 �7/��#�0��VZ Z\�����d0��l�{7/#�"�34^f� �8��#��2�'��������0�08#�0k0( a�(���5#�:B� ��$����& 3��8����. �(�4�
&��$�8� *��7��  *W ����0[^f *�(7���$��.2 ��[�(�4� 7/"h ��8���"�d7	 *����#��cb� �0( �^)�/����0  ��4&������s����7/#���&�7�#�"$3�^f�c&4����b4"h 	w6�
�(�4�f�/0�0�#�0�0� *�(�/��#�:4� ��$����&n3��8����.5�(���)�d �08^f#�����7m^)�	 ��n#�Wt���/1���0� �"%�8��^)��"� �0��v� w{^)�	 *��3�08���+ *�
�(�4��7/"h ��8���"�d7	 *����#��kb� �0( �^)�/����0VZ

0 1
3

3.5

4

4.5

5

Noise Level

E
qu

al
 E

rr
or

 R
at

e 
(%

)

EER vs. noise level(classif. with matching dist.)

set1 − DPM 
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EER vs. noise level(classif. with mult. dist.)

set1 − DPM 
set2 − DPM 
set1 − CDPM
set2 − CDPM
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