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Tka u +.R�cla�RU` �S+.R0/^]_r.PdTk/^a�M)�'(*),/1-*TU),+.-0/1- x,+.-0r.R0/12 +.- Tk),+fu:+hR0cla�R0` PdM,r.+�aSc�P �s/^-UZ_PdW7P Pdr.g�Z,/1-0/^TU/1a�M
-U/^p�M_PdTUZ,RU+ �S+.RU/ ]_r�P<Tk/1aSM -�4s-�Tk+h`�ym+h`ju\)_PS-U/8$./^M,p�Tk),+ /1`�u:aSR0TwPdM,r.+ aSc3Tk)\+�u_PdRkPS`�+hTU+.RU/8$�PdTU/1a�M
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 >

� .��(���	"2��'	!�� + � !;��� �E" ���(��� � %
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>



X
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� � ) �

� � ���	�G��'��1�(���9"#�	����'���'�!���� ��!�� %�� �
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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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C��D) no/8M:+.R0+.M5TE` PdTUrw),/1M\p3r.PS-U+h-QTU)_PdT�PSRU+'u a�-U-0/12,W^+ P<TQ+.PSrw)
-�Tk+.u aSc\TU),+ PSW1p�aSRU/^TU),` �
(*),+ ],RU-0T�r.a�W^Z,`�M#-U)\a � -QTk),+ -U+.pS`j+hM�TU-Aa�M#TU),+-�bPSR0u,/1M,p u,WVPdM,+��E(*),+m-0+.r.aSM,x
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r.a�`�u,Z\TkPdTk/^a�M#TU/1`�+mZ,-U+hx 254
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
� /1W^WI2:+ju_PSr !d+.x /1M,-0/1x,+�-U`jPSW^W1+.RfPSM\x +�Pd-U/1+hR TUa�r�PdRUR04 x,+ �i/1r.+h-"��(*)\+ Z,W Tk/1`jPdTU+ u:a�R�TwPS2\/1W1/ TN4
� a�Z,W1x�2:+#PSrw),/^+ ��+hx � /^TU)�-0a:PNr.PSW1W^+.x � �b+.PSRkPd2,W1+ r.a�`�u,Z\TU+.RU-V�
� (*),+.-0+
r.aS`ju,ZsTk+.R0- � a�Z,W^x�2 +
� a�RUMYy3`
Z,rw) Pd- +h4S+.p�W1PS-U-0+.- a�R rhW1aSTU),/1M\p PSR0+ �baSRUMYy3PSM,x�� a�Z,W^x /1M5Tk+hRkPSrtT9� /^TU)�Tk)\+�Z,-U+hR
2_PS-0+.x a�M�Tk)\+�rha�M5Tk+ XsTfaSc'TU),+ -U/ TkZ_PdTU/1a�M � OQPSR0Tqadc TU),+ -UZ,rhr.+h-U-faScb-0Z,rw) r.a�`�u,Z\TU+.RU-�� a�Z,W^x
x,+hu:+hM,xGaSM�Tk),+ Z,-0+.Rocl+h+.W1/^M,p rha�`�claSR0TwPd2,W1+#PSM,x p�+hT0Tk/^M,p PSrhr.Z,-�Tka�`�+.x�Tka9� +�PdRqTU),+.` � ��M\+
-UZ\r.r.+h-U-�clZ,W\+ X,Pd`ju,W^+IaSc,u +.aSu,W1+ PSx_Pdu\Tk/^M,pmTka3�b+.PSRQP � rha�`�u,Z\Tk+hR � /1-�u,R0a �s/^x,+.xf254q`j+hrw)_PSM,/^r�PSW



z
PSM,x +hW1+.rtTkR0a�M,/1r9�bPdTUrw),+.-V� (*),+h-U+ x,+ �i/^r.+.- )_P �S+�`jPSx,+ TU),+./^R �mP�4 /^M�TUa�Tk),+ + ��+.R�4ix_P�4 W^/^cl+
aSc�`�/1W^W1/^a�M,-
aScou:+ha�u,W1+ � ),a x\+.u +.M,x aSM�Tk),+h` PSM,x � +�PSR�Tk),+h` � /^Tk)\a�Z\Tj+ ��+hM M,aSTU/1r./^M,p��
� M\aSTk),+hR g�Z,+h-0TU/1a�M Tk)_PdT � /1W^W P:M:+.rtT TU),+ -0Z,r.rh+.-0-oaSc � +�PdRkPS2,W^+ rha�`�u,Z\Tk+hRU-3/1- ),a<� -0/1`�u,W1+�/^-
Tk)\+f/^M5Tk+.RUPSrhTU/1a�M9� / Tk) Tk)\+fx\+ �i/1rh+ ��(*),+q)�Z,` PdMDPN`jPSrw),/^M,+�/1M5Tk+hR0c PSrh+qPS- /^T*u\RU+.-0+.M5TkW 4 +#Xs/1-�Tk-hy
/O� +�� y[2_PS-0+.x�a�M !S+t4i2:a5PdRUx,-�PdM,x�-0r.RU+h+.M,-hy!/^-32 +.rha�`�/1M,pjPj`�/1M,/1PdTkZ\RU/%$.PdTk/^a�M 2 aST0TkW1+hM,+.r ! -0/1M,rh+
Tk)\+�R0+.-UaSW1Z\TU/1a�M aScoTU),+�)�Z,`jPSM +h4�+�W1/1`�/^TU-#Tk)\+�-0/%$.+�aSc TU),+�-0r.R0+.+.M!y PSM,x TU),+�x\/1`�+.M,-0/1a�M,-
aScoTU),+ ]_M,p�+hRU- W^/1`�/^T#TU),+�`�/1M\/1`
Z,` -U/8$.+ aSc+!S+t4i2:a5PdRUx,- PdM,x�`�/1rh+�� (*),+hRU+hclaSRU+SymTU),+.R0+�/^-
P M,+h+.x cla�R )�Z,`jPSM,- TUa r.a�`�`
Z,M,/^r�PdTU+ � / Tk) r.aS`ju,ZsTk+.R0- /1M PdW^Tk+hRUM_P<Tk/ �S+ �bP�4s-hy Tk),PdT PSR0+
`�a�RU+q/1M5TUZ,/^TU/ ��+qPdM,x�/^M ��a�W ��+f-U`jPSW1W^+.Rm)_PdRUxA�bPSRU+ | /^x,+�PdW1W^4j-U`jPSW^W1+.RmTU)_PSM � rh`�� � � (*),+.R0+
PSR0+
PSW^RU+�Pdx\4�-UaS`j+�PdT0Tk+.`�u\TU-qTUa�a �S+.RUrha�`�+�TU),/1-q/1M5TU+.R0c Pdr.+ `j/^M,/VP<TkZ,R0/%$�P<Tk/1aSM�2 aSTUTUW1+.M\+.r !N� } aSM�4
/1-mPSx ��+hR0TU/1-U/^M,p�P
r.a�`�u,Z\TU+.R*/^M Tk),+ocla�R0` aScQP
`�a�M,air.W^+o),+�Pdx,-U+tT�y_/1M9� )\/1rw) P `j/^M,/7P `ja�M\/^TkaSR
x,+tTwPSrw),+h-oclRUa�` TU),+#),+.PSx,-0+hTqPSM\x�r.a ��+hRU-�a�M\+#+h4S+���(*),+#r.a�`�u,Z\TU+.R -0r.R0+.+.M�/^- x,/^-Uu,W1P�4�+.x�a�M
Tk)\/1-3`ja�M\/^TkaSR3� )\/1W1+ P+�0a 4i-0TU/1r !GP TN4iu +
x,+ �s/^r.+ /1- Z\-U+.x�Tka u,R0a �s/^x,+#/^M,u,Z\T"� ��PSM54�O'n � 	 - Z,-0+
P -0TN4iW1Z,-3/1M\-0Tk+.PSx aScIP�!S+t4s2 a5PSR0x�PS- /^M,u,Z\T3x,+ �s/^r.+dy R0+.x,Z\r./1M\pjTk)\+frha�`�u,Z\Tk+hR 	 - -0/%$h+ P<T -0a�`�+
+#Xsu +.M,-0+j/^M�Tk),+
TU),RUaSZ,p�),u,ZsTqaSc TU),+ /1M\u,Z\T�+hW1+.`�+.M5T"� n�PdTwPj/1-qPSrhgiZ\/1RU+hx 2�4�Tk),+ rha�`ju\Z\Tk+hR
254 TkRkPdr !i/^M,p Tk),+ `jaSTU/1a�M aScQTk),+f-0TN4iW^Z,- a�M�P �[P<T3TUa�Z,rw)DP -U+hM,-U/ Tk/ �S+#x,/^-Uu,W1P�4?� ),/1rw)�u,RUa �i/1x,+h-
/1`�`�+.x,/1PdTk+�p�RUPSu,),/^r�PSWYcl+h+.x,2,PSr ! TUajTU),+ Z\-U+.RV� (*)\+.-U+
O n � 	 -oPdr.r.+hu\To/^M,u,Z\T3/^M�Tk)\+fcla�R0` aSc
rw)_PSRUPSrhTU+.R0-oPSM,x u +.M�pS+.-0TUZ,RU+h- PdM,x�TU),+./^R*u:+hR0cla�R0` PSM\r.+q),+�P �i/1W 4 RU+hW1/^+.- a�M�P�rw)_PdRkPSrtTk+.R Fdu +.M
p�+h-0TkZ\RU+fRU+.rha�p�M,/ Tk/^a�M +.M,pS/1M,+:�

(*),+�x\+ ��+hW1a�u\`j+hM�TjaSc M,a ��+.W PSM,x clRU/^+.M,x\W^4 )�Z,`jPSMDP ` PSrw)\/1M,+ /^M�TU+.R�c PSr.+h-j/^-�rhRUZ,rh/VPSWmclaSR
+#XiTU+.M,x,/^M,p TU),+ Z,-U+ aSc,rha�`�u,Z\Tk+hRU- Tka PSW^W5-U+.pS`j+hM�TU-Qadc,-Uair./^+hTN4fPSM\xfTUa PSW^W�r.Z\W^TkZ\RU+.- | +h-Uu +.rh/VPSW^W^4
Tka TU),+ a�M,+.-qTk),PdTqx,a M,aSTq)_P ��+jP -UZ,/ TwPS2,W^+ PSW^u,)_PS2 +hT�cla�R�+hM5Tk+.R0/1M,p Tk+ XiT �i/1P P !S+t4i2:a5PdRUx � �
� W^-Ua,yiM,+#� /1M5Tk+hR0c PSrh+.--� /^W1W[PSW^W1a<��TU),+oPdr.g�Z,/1-0/^TU/1a�M aSc `jPdTU),+.`jPdTk/^r�PSW,claSRU`
Z,W1PS-.y5),PSM,xDP x,RkP&� M
]_p�Z\RU+.-hy!->!S+hTUrw),+.-hy�+hTkr:� I3Z,`jPSM,-oPdr.g�Z,/1R0+#/^M\cla�RU`jPdTU/1a�M clR0a�` Tk),+ +#XiTk+hRU/1aSR � a�RUW^x�254 Z,-U/^M,p
Tk)\+./1R -0+.M,-0+.- | PSZ,x,/ Tk/^a�MYy �i/1-0/1a�MYy a�W c PSrhTU/1a�M!y.TwPSrtTk/^W1+Sy<PSM\xfTkPS-0TU+ � � I a<� + ��+hR.y�-0asrh/VPSWS/1M5Tk+hRkPSrtTk/1aSM
PS`�a�M,p )�Z,`jPSM,-q/1-�r.PSRUR0/1+.x a�ZsT `jPS/^M,W^4 Tk),R0a�Z,p�) Tk)\+jPdZ,x,/1a rw)_PdM,M,+.W | PSZ,x,/ Tk/1aSM � PSM,x Tk)\+
�i/1-0Z_PSW rw)_PSM,M\+.W | �i/1-0/1a�M � � } u +.+hrw) PSM,x `#Z,-U/^r�PdRU+ Tk),+ ` Pd/1M r.a�`�u:aSM,+.M5Tk-�aScoTU),+�PSZ,x,/^a
rw)_PSM\M,+.W>y4� ),/^W1+ )_PSM\xYyic Pdr.+ PSM,x 2 aix\4 p�+.-�TkZ,R0/1M,p\yi),PSM,xA� R0/^Tk/^M,p PSM,x x\RkP&� /1M,p PSR0+3TU),+ `jPS/1M
r.aS`ju a�M,+hM�TU-Qadc\Tk)\+ �i/1-0Z_PSW5rw)_PdM,M,+.WR� I3Z,` PdM,-QW^+�PSR0MfTUa Z\-U+'Tk),+h-U+brha�`�`
Z,M,/^r�PdTU/1a�M�rw)_PdM,M,+.W^-
clRUaS` TU),+./^R ��+hR04 rw),/^W1x,),aiaix PSM,x x,+hu:+hM,x a�M Tk),+h` /1M TU),+./^Rmx_PS/^W^4�W1/ cl+��ALNM -0a�`j+ -U+.M\-U+Sy[a�M\+



A

r.aSZ,W1x Tk)\/1M�!jaScQTU),+.-0+qr.a�`�`
Z,M,/^r�PdTU/1a�M rw)_PSM,M,+hW1-3PS-3P 2,Z,/^W^T>P /1MjRU+.-0a�Z,R0r.+qTka 2:+qZ,-0+.x /1M Tk)\+
x,+h-U/1pSM�aScQ/1M5TUZ,/^TU/ ��+oPSM,x -U/1`�u,W^+ Tka Z,-0+ /^M�TU+.R�c PSr.+h-"�

v PS`�+.RkPd- PdM,x `j/^r.RUaSu,),a�M,+h- PSRU+*2 +.rha�`j/^M,p�Z,2,/^g�Z,/^TUa�Z,-I/1M x,+h- !5TkaSu r.aS`ju,ZsTk+.RI-�4i-0Tk+h`j-V�
(*),+h-U+ x\+ �i/1rh+.-#r.PSM 2 + ` Pdx,+�PS- -0` PdW1WIPS- � r.` � X � `�` � /^TU)GrhZ,RUR0+.M5THK�T } L Tk+hrw),M,a�W^a�pS4
PSM,x r�PdM�2 +�+�PS-0/1W 4 /1M5TU+.p�RUPdTk+hx�/^M�TUa O'n � 	 -V� (E+.rw),M\/1g�Z,+.- 2_PS-0+.x a�M TU),+.-0+fTN4iu +.-3aScQ/1M,u,ZsTk-.y
/1M u_PdR0Tk/^r.Z,W1PSR r.aS`ju,ZsTk+.R �i/1-0/1a�M!y )_P ��+GP -U/1pSM,/^]_r.PSM5T RUa�W^+�Tka u,WVP�4 /^M TU),+ x,+ �S+.W^a�u,`�+.M5T
aSc�TU),+�/1M5Tk+hR0c PSrh+.- adc�Tk),+�clZ\TUZ,RU+:� Ko/^-U/1aSM )_PS- 2 +.+hM x,+.`�a�M,-�TkRkP<Tk+.x TUa 2 +�Tk),+�-0+.M,-0+�aSc
rw),a�/^r.+qcla�R )�Z,` PdM c PSrh+ x\+hTk+hrhTU/1a�M � ?sy ��{ y ��� � PSM\x�R0+.r.aSp�M,/^TU/1a�M � > @ y � > � y,c PSrh/VPSW + Xsu,RU+h-U-U/^a�M
/1M5TU+.RUu\RU+hTkPdTk/^a�M � CE)sy z�z y ��@�� y_W1/1u R0+�PSx\/1M,p � zE@ y#C >iy CGA\y5) � y_),+.PSx a�RU/^+.M5TwPdTU/1a�M x\+hTk+hrhTU/1a�M � � C � y
+h4S+ p�P�$.+ATURkPSr !�/1M\p � � C\y z ?sy � ) � y Tk),R0+.+ PNx,/^`j+hM,-U/^a�M_PSW<]_M,p�+hREu a�/^M�TU/1M,p � � A � y )_PSM\xfTURkPSr !�/1M\p � @ A �
PSM,x p�+h-0TkZ\RU+q/1M5Tk+hRUu,R0+hTkPdTk/^a�M � ) � y�>$A\y @$@�� y,PSM,x 2:aix\4 u a�-U+�TURkPSr !�/1M\p � A z y C,y @ y#AEA � �

X[PSr.+ x,+hTU+.rhTU/1a�M � /1W1W�PdW1W1a<��` PSrw)\/1M,+h- Tkajx,+hTU+.R0`j/^M,+�� ),+tTk),+hR�PjZ\-U+.R /1-3u,RU+h-U+.M5Tq/^M�Tk)\+
]_+hW1x aSc �i/1+V� aSc3Tk)\+ r�PS`�+.RUP � ),/1W^+jc PSrh+ RU+.rha�p�M,/ Tk/^a�M � /1W^Wbu +.R0`j/ T
`jPSrw),/1M\+.-#TUa /^x,+.M5TU/^c 4
+�Pdrw)�Z,-0+.R'� /^TU),a�Z\T*TU),+qM,+.+hx claSR*+#Xsu,W1/^r./ Tmu_PS-0->� a�RUx\-"�b(*)\/1-=� /1W^W!2 +�u_PSR�Tk/1rhZ,WVPdRUW^4�Z,-0+hclZ,W�/^M
-04i-�Tk+.`�- x\+.-U/^p�M,+hx�cla�R r.aia�u +.RUPdTk/ ��++�baSR ![y � )\+.RU+ `
Z,W Tk/1u\W1+oZ,-0+.R0- -U),PSRU+ PSM�+hW1+hrhTkR0a�M,/^r PdM,x
u,)54i-U/^r�PSW �baSR !�-Uu_Pdr.+Sy�a�R�cla�RfPSr.rh+.-U-#r.a�M5TkR0a�WITka�P u,PSR0TU/1r.Z\WVPSR�R0+.-UaSZ,RUrh+ W1/8!S+�PSM PSZ\TkaS` PdTU/1r
Tk+hW1W^+.R�` PSrw)\/1M,+dymRU+h-0TkR0/1rtTk+.x PdRU+�Pd- aScfP r.a�`�u_PSM54�y3P r.RU+hx,/^T r�PSR0x u,Z,R0rw)_PS-0+Sy3+hTkr:�HX[PSrh/VPSW
+#Xsu,R0+.-0-U/1aSMG/^M�TU+.R0u,RU+tTwPdTU/1a�M � /^W1WEu,WVP�4�P 2,/1p R0a�W1+#/1M � PLM!+hrhTk/ ��+ rha�`ju\Z\Tk/^M,p�� � @ ) � y PSW^W1a<� /1M,p
`jPSrw),/1M\+.- TUa x,+hTU+.rtT�Tk),+ +h`jaSTU/1a�M\- aSc P Z,-0+.R�PdM,x�RU+h-Uu a�M,x PSu,u,R0a�u,R0/VPdTU+.W^4���X_a�R + X\PS`ju\W1+Sy
254 u,RUa �i/1x\/1M,pq`�a�RU+ PS-0-U/^-0TwPdM,r.+3� ),+.M�Tk),+3Z,-0+.R'W1aiaG!�-'u,Z�$"$hW1+hxja�RIclR0Z,-0TURkPdTU+.xYyia�RI254 u,WVP�4i/1M\p
P�c P ��aSRU/^TU+ TkZ\M,+Y� ),+hM TU),+ Z,-0+.R /^-#-kPdxYy'+hTkr:�	I +�Pdx TkRkPdr !i/^M,p�PSM\x x,+hTU+.rhTU/1a�M!y'PSM,x c PSrh/VPSW
+#Xsu,R0+.-0-U/1aSM r.aSZ,W1x�u,RUa �i/1x\+ P �S+.R04 Z\-U+hclZ\W rha�`�u,Z\Tk+hR'/1M5Tk+hR0c PSrh+ claSRATk),+3u,)54i-U/1r.PSW1W 4
/^`ju_Pd/1RU+hxYy
-UaS`j+ aSc3� ),aS` r�PdM a�M\W^4Gr.a�`�`
Z,M,/^r�PdTU+ Z,-0/1M,p�),+.PSx p�+.-�TkZ,R0+.-V� �I4S+ p5P�$.+dy /^M Tk),+ -UPS`�+
`jPSM,M,+hR Pd-q],M,p�+.Rfu a�/1M5Tk/^M,p,y `jP�4�2:+ Z,-0+hclZ,W PS- P u:a�/^M5Tk/1M\p x,+ �i/1rh+�TUa�-0Z,2,-�Tk/^TUZ\Tk+ cla�R�Tk)\+
`�a�Z,-U+:� U P�$.+ PS-U/^x,+Sy_TU),+#),+.PSx�aSRU/1+hM5TwPdTU/1a�M r�PdM�2 + Z,-0+.x�TUa p�Z\/1x,+fPjR0+.`�aSTk+dy[-04iM5Tk),+h-U/%$h+.x
� rhW1a�M,+ � c PSrh+ claSRQW^a � 2_PSM,xA� /^x\Tk)��s/^x,+.a r.a�Mscl+.RU+hM,r./^M,p�� T�/^u#R0+�PSx,/^M,p3u,RUa �i/1x,+h-IPSM#PSx,x,/ Tk/1aSM_PSW
rw)_PSM\M,+.WAadc'/1M\cla�R0` P<Tk/1aSM claSR -Uu +.+hrw) RU+.rha�p�M,/ Tk/^a�M�TU)_PdT � /^W1W c PSrh/1W1/ TwPdTU+oTk),+#x,+ �S+.W1aSu,`j+hM5T�aSc
RUaS2,Z,-0Tb-Uu +.+hrw) R0+.rha�p�M,/ Tk/1aSMDPN2_Pd-U+.x�r.aS`ju,ZsTk+.R /1M5Tk+hR0c PSrh+.-V� T�/^ujR0+�PSx\/1M,p /1M5Tk+hR0c PSrh+.-b`jP�4jPSW1-0a
u,R0a �S+�+#M!+hrhTk/ ��+�PS- /^M�TU+.R�c PSr.+h-�cla�R TU),+�-0u:+h+.rw) /1`�u_PS/^RU+hx)� � asx,+hW1-�x,+ �S+.W^a�u:+hx�cla�R�RU+hu,RU+ P
-U+hM5Tk/1M\pGc PSrh/VPSWm+ Xsu,RU+h-U-U/^a�M PSM\x�W1/^u `ja ��+h`j+hM5T `jP�4 PSW1-0a 2:+ Z,-U+hx�Tka 2,Z,/^W1x `
Z,W Tk/^`j+hx,/VP



C

x,air.Z,`�+.M5TU-B� )\/1rw)GPSRU+ PS2\W1+#TUa R0+.u,R0+.-0+.M5T
+h`jaSTU/1a�M\-"� S asx\4�u:aS-U+ TkRUPSr !�/1M,p?� /1W^WQc PSrh/1W^/^TwP<Tk+
Tk)\+ x,+ ��+.W^a�u,`�+.M5T aSc /1`�`�+.RU-0/1M,p �i/^R0TkZ,PSW[RU+�PdW1/^TN4
-04i-0TU+.`�- � z >iy CEC � � 	 -0+.R0-m` P�4 `�a ��+3clRU+.+hW^4
� /^TU),/1M +.M �i/1R0a�M,`�+.M5Tk-hy!R0+�PSrw)�aSZ\ToPdM,x�TUa�Z,rw)�a�2 �0+.rhTU-.y:/1M5Tk+hRkPSrtT6� / Tk)�P �dPdTkPSRU-hy �i/^R0TkZ,PSW�)iZ4P
`jPSM,- PSM,x aSTU),+.R PSpS+.M5Tk-hy_+hTkr:�;Sbasxs4 TkRUPSr !�/1M,pE� /1W^WYPSW^-Ua�PSW^W1a<� 2,Z,/1W^x,/1M\p
`jaix,+hW1-maScQ)�Z,`jPSM
`�aSTk/^a�M Tka 2 +fZ\-U+.x cla�R*R0+�PSW^/1-0TU/1rorw),PSRkPSrtTk+hR PdM,/1`jPdTk/^a�M � A � � �
I PSM\xA� RU/ Tk/1M\p�a�M u_Pdu:+hR#/1- a�M,+���+.R�4 /^`ju a�R0TkPSM5T��bP�4 adc r.a�`�`
Z,M,/^r�PdTU/1a�MGPS`�a�M,p�)iZ4P

`jPSM,-"��OQ+ha�u,W1+b-U+.M\x�u a�-�Tkr�PdRUx,-AaSRAW1+tTUTk+hRU-A/^M
a�R0x,+.RETka+!S+h+.u /1M Tka�Z,rw)E� / Tk)#clR0/1+.M\x,-IPSM,x
c Pd`�P
/1W 4G�Q(*),+h4 Z,-U+oTU/1M54�u:a�-�T>P /^T M,aSTk+h-bTka#RU+.`�+.`#2:+hRbr.+hR0TkPS/1M x\Z\Tk/^+.-ma�R WVPSR0p�+ u,PSx,-maSc �,/1uDP rw)_PSR0T
u_PSu +.RETka -kP ��+m/^x,+�Pd-�x,Z,R0/1M,p 2,RkPd/1M,-�Tka�R0`j/^M,p `j+h+hTk/^M,p�-V�Q(*),+t4#R0+�PSx#2:aiaG!�-.ydM,+V� -0u_PSu +.RU-'PdM,x
`�+.`�a�-"� v )_PSM,rh+.-qPSR0+ TU)_PdT34�a�Z PSR0+#R0+�PSx,/^M,pjTU),+.-0+ �baSRUx,-oaSM�u_PSu +.RV� (*),+hRU+hclaSRU+Sy:x,+.-0u,/^TU+
Tk)\+ rhWVPS/^`j-IPd2:a�ZsTITk),+ � u_PSu +.R PNW^+.-U- �qa�F�r.+Syi/1ME� ),/^rw) /^M\cla�RU`jPdTU/1a�M
aSMju_Pdu:+hR /^-'RU+.u\WVPSrh+.x�2�4
/1Mscla�RU`jPdTk/^a�M a�M�TU),+#-0r.RU+h+.M aSc'Pjr.a�`�u,Z\TU+.R.y �b+ ]_M,x�TU)_PdTou,PSu:+hR /^- Z,-0+.x PS- `
Z,rw)Yy:/^cIM,adT
`�a�RU+'Tk)_PdM
2:+tcla�RU+:� I3a<�b+ ��+.Rhy�+.W1+hrhTURUa�M,/^r x\asrhZ,`j+hM5Tk-�u\RUa �i/1x,+bP M�Z,`
2 +.R�adc_u,RUaSu:+hR0Tk/^+.-�Tk)_P<T
PSR0+�WVPSr !�/1M\p
/1M u_Pdu:+hR*x,asrhZ,`�+.M5Tk-hy_-UZ,rw)�PS-*-Uu +.W^W1/^M,p
r.aSRURU+hrhTU/1a�MYys+.W^+.rhTURUa�M\/1r�`jPS/1W>y4!d+h4 � a�RUx
-U+.PSRUrw)\/1M,p,y_M�Z,`�+.R0/1r.PSWYr�PdW1r.Z\WVPdTU/1a�MYy�Tk/^`j+ PN-�TwPS`�u,/1M\p,y\PdM,x�W1PSM,p�Z,PSp�+ TURkPSM,-0WVPdTU/1a�M �

� M PdW^Tk+hRUM_P<Tk/ �S+ TkaGTU),+ RU+.u\WVPSrh+.`�+.M5T adc�a�M,+ TN4iu:+�aSc�x,air.Z,`�+.M5Tj254 TU),+�adTk),+hRj/^- TUa
PSZ,pS`j+hM�T TU),+ u\)�4i-0/1r�PdW � a�RUW^x � / Tk) r.a�`�u,Z\TU+.R0-"�m(*),+ no/1pS/^TwPdWYno+.->! � � { y�>$? � x,+ ��+.W^a�u +.x�P<T
�o+hRUa&X O � e v `j+hRUp�+h-*u,)54i-U/1r.PSWYa�2 �0+.rhTU- | u_PSu +.RmPSM,x u:+hM,r./^W1- � � /^TU) Tk),+h/1Rm+hW1+.rtTkR0a�M,/1r r.a�Z,M4P
Tk+hRUu_PdR0Tk-*Z\-U/1M\p
r.a�`�u,Z\TU+.R �i/1-0/1a�M PSM,x �i/1x,+ha u,RUa �0+.rhTU/1a�M � � r.a�`�u,Z\TU+.Rm-0r.R0+.+.M /1-bu,RUaL�0+hrhTU+.x
a�M5Tka P u,)54i-U/^r�PSW�x,+.->!�Z,-U/^M,p P �i/1x,+ha u,RUaL�0+hrhTUa�R.y)� ),/^W1+#P r.PS`�+.RkP /^-o-U+tTqZ,u�Tka9�bPdTkrw) Tk)\+
� a�R !�-Uu,PSr.+ -UZ,rw) Tk)_PdT*TU),+q-UZ,R�c PSr.+qaScETk)\+fu\RUaL�0+hrhTk+hx�/^` PSpS+�PSM,x Tk)\+f-0Z,R0c Pdr.+faScQTU),+q/1`jPSp�+
PSR0+�P r.a�/^M,r./^x,+�� � TwPS2\W1+hT x\/1p�/ Tk/%$h+.R a�R3P ]_M\p�+.R*TkRUPSr !S+hx�254 Tk)\+fr.PS`�+.RkP � � >iy � � � /1-*Z,-0+.x�TUa
/1M\u,Z\T�`�a�Z,-0+#P TN4iu + aSc /1M\cla�R0` P<Tk/1aSM�/1M5TUa Tk),+ -�4s-�Tk+h`�PSW1W^a � /^M,p aSM,+
Tka -U+hW1+hrhTqa�Ro)\/1p�),W^/1p�)5T
� a�RUx,-#a�M u_PSu +.R x,air.Z,`�+.M5Tk-hyIr.Z\T PSM,x u_Pd-0Tk+ju:aSR0Tk/^a�M,- aScmTk+ XiT�yIx,RUP<� ]_pSZ,RU+h-.yA+tTkr���(*),+
T / �S+.2 a5PSRUx � z A � x,+ ��+hW1a�u +.x 2�4 � +.R0a<X /^- -U/^`j/^WVPSR /1M r.a�M\r.+.usTjTUa TU),+ x,/1p�/ TwPSW x,+.->!N��(*),/^-
x,+ �s/^r.+ /^- Tk)\+
RU+hu,WVPSrh+.`�+.M5Tocla�R3Tk),+#u_PSx,-�aSc �,/1uDP rw)_PSR0T u_PSu +.RoZ\-U+.x /^M�`j+h+hTU/1M,p�-V� � rha�`�P
u,Z\TU+.Rm-0r.R0+.+.M /1- u,RUa �0+.rhTU+.x a�M5Tka PH� )\/^Tk+h2:a�PSRUx PdM,x P
r.a�R0x,W1+h-U-*u +.M /^-bZ,-0+.x PS-m/^M,u,Z\T"�I(*),+
-kPd`j+m/^` Pdp�+ rha�Z,W^x 2:+mx\/1-Uu\WVP�4�+hx�aSM�TUa�2:a�PSRUx,-�u,WVPSrh+.x PdT�x,/8M:+.R0+.M5T'W1air�P<Tk/1aSM,-�PdM,x
Tk),+b/1M,u,ZsT
clRUaS` +.PSrw) aSc*Tk)\+.-U+ 2 a5PSR0x,-#a �S+.RUW1PS/1x a�M PSW1W'aSc*TU),+.` yIPSW^W1a<� /1M\p�/1M Tk),/^-H�bP 4 cla�R RU+.`�aSTU+
r.aSW1WVPd2:a�RUPdTk/^a�M)�E(*),+qno/1pS/^TwPdW:no+h- ! PSM,x Tk),+BT / ��+.2 a5PSR0x PSRU+�-�Tk+hu,-*Tka<�mPdRUx,-*Tk)\+�/1M5Tk+hp�RkPdTU/1a�M



@

aScbu_PSu +.Rfx,asrhZ,`�+.M5Tk- /1M5Tka Tk),+�r.aS`ju,ZsTk/1M\p�+hM �i/^RUa�M,`�+.M5T#PSM,x Tka<�mPdRUx,-fTk),+�x,+ �S+.W^a�u,`�+.M5T
aScQ)_PSM,xD� RU/^TU/1M,pLPN2_PS-0+.x )�Z,`jPSMDPNrha�`�u,Z\Tk+hR*/1M5Tk+hR0c PSrh+.-V�

(*),+qx,+ �S+.W^a�u,`�+.M5T aScQPSM /1M5Tk+hR0c PSrh+ Tk),PdT PSZ\TUa�`jPdTk/^r�PSW^W^4�PSrhgiZ\/1RU+h-*)_PSM,xD� RU/^TU/1M,p#Z,-U/^M,p P
�i/1x,+ha r.PS`j+hRkP PSM,x#rha�`�u,Z\Tk+hR �i/^-U/1aSMfTU+.rw),M,/^g�Z,+.-A),PS-�M,adTQ2 +.+hM PSx,x\RU+.-0-U+hx /1M TU),+ W1/^TU+.RUPdTkZ,R0+��
(*),/^- /1M5Tk+hR0c PSrh+ � a�Z,W^xq2:+ �S+.R04q-0` PdW1WS-0/1M,rh+'/^T)� a�Z,W^xfaSM,W^4 RU+.g�Z,/^RU+'P*r�Pd`j+hRkP PS- /1M\u,Z\T�x,+ �s/^r.+dy
RU+hx,Z,rh/1M,pfTk),+3r.W^Z\TUTU+.R'Z,-UZ,PSW1W 4 PSx,x,+hx Tkafx,+h- !5Tka�u r.a�`�u,Z\TU+.RU- 254 TwPS2,W^+hT x,/^p�/^TU/%$.+hRU-'PSM\x�clZ,W^W7P
u_PSpS+3-0r�PSM\M,+.R0-"�'(*),/1-'/^M�TU+.R�c PSr.+'� a�Z,W1xjPSW^W1a<� Tk),+ Z,-0+.R'TkaB� RU/^TU+*a�MjPfu,/^+.rh+3adcYu_PSu +.RJ� / Tk)�P
M,a�R0` PdW!u +.MYy_+hW1/1`�/1M,PdTk/^M,pfTU),+�RU+hg�Z,/1R0+.`�+.M5T3aSc � RU/^TU/1M,p � / Tk) -�TkRkPdM,p�+q-0TN4iW1Z\-3aSM�P
-0W1/^u,u:+hR04
u,W1PS-0TU/1rb-0Z,R0c Pdr.+�� � r.aS`ju,W^+hTU+bu +.MDP 2_PS-U+hx /1M5Tk+hRkPSrtTk/1aSMH� /^TU)#Tk),+br.a�`�u,Z\TU+.RArha�Z,W1x#2:+mx\+ �i/1-0+.x
� /^TU)#Tk)\/1-A/^M�TU+.R�c PSr.+ -U/1M\r.+*/1M#PSx,x,/ Tk/^a�M TUa�)_PSM,xA� R0/^TU/1M,p `ja�Z\-U+#PCTN4iu:+mrha�`�` PSM\x,-.y�u,PS-U- �ba�R0x,-
/1M TU),+�cla�RU`"aSc�-0/1p�M,PdTkZ,R0+.-hy_x,RkP&� /1M\p�-.y_+tTkr�� y_r.aSZ,W1x 2 + Pdr.g�Z,/1R0+.x)�

LNM TU),+ ],RU-0Tju_PSR�T�aSc TU),/1- Tk)\+.-U/^-.y � +�u\RU+.-0+.M5T TU),+ x,+.-0/1p�M PSM,x /1`�u,W1+h`j+hM�TkPdTk/^a�M aScoP
)�Z,`jPSMDPNrha�`�u,Z\Tk+hR*/1M5Tk+hR0c PSrh+�cla�R PSr.g�Z,/^-U/ Tk/1aSM aSc�),PSM,xA� R0/^Tk/^M,p Z,-0/1M,p�P -U/1M\p�W1+or.PS`�+.RkPD�I(*),+
/1M\u,Z\T /1M5Tk+hR0c PSrh+ r.aSM,-U/^-0Tk-baSc�P#r.PS`j+hRkP\ysP u\/1+.rh+ aSc�u,PSu:+hR.ysPSM,x P M,a�RU`jPSW[u +.M)�I(*),+ r�PS`�+.RUP
clair.Z,-0+.-3a�M Tk),+q-U)\+.+hT3aScQu_PSu +.R3PSM\x�/^` PSpS+.-bTU),+q)_PSM,x?� RU/ Tk/^M,p�@\rha�`�u,Z\Tk+hR3PSM_PSW 4s-0/1-*aScETk)\+
RU+h-UZ,W Tk/^M,p -U+.g�Z,+hM,r.+#aScA/^` PSpS+.-*+.M,PS2,W1+h-3TU),+qTkRkP<�0+.rhTUa�R04 adcQTU),+ u +.M Tka�2:+�TURkPSr !d+.x�PSM\x�Tk)\+
Tk/^`j+h-=� ),+.M Tk)\+fu +.M /1-*/^M r.a�M5TwPdrhT3� /^TU) TU),+qu_PSu +.RmTka�2 +�x,+hTU+.rhTU+.x)�

(QRUPSr !�/1M,p�TU),+ u a�-U/ Tk/1aSM aSc Tk),+ u:+hM TU/1u /^M,-0TU+�PSx aSc*TkP�!�/1M,p P�-�Tk/^W1W u,/1rtTkZ,R0+ aSc Tk),+ /1M�!
TkRUPSr.+ W^+hc T�a�M Tk)\+�u,PSu:+hRq-U+.R���+h-fT � a�u,Z\RUu a�-U+h-"��X�/1R0-0T.y `ja�R0+ /1M\claSRU`jPdTk/^a�M�/^-�u,RUa �i/1x,+hx TUa
Tk)\+�),PSM,xA� R0/^Tk/^M,p RU+hr.a�p�M\/^Tk/^a�M +.M,pS/1M,+ -0/1M,rh+�TU),+ x\4iM_PS`�/1r.-qaSc-� RU/ Tk/1M\p /1-qr�PSusTkZ,R0+.xGPSW1a�M\p
� /^TU) Tk),+�),PSM,xA� R0/^TUTU+.M TkRUP �0+.rtTka�R�4G� } +hr.a�M,x!y,RU+hr.a�p�M\/^Tk/^a�M rha�Z,W1x 2 +ou +.R0claSRU`�+.x PS-mTU),+�Z,-U+hR
� RU/ Tk+h-*u,RUa �i/1x,/^M,p 2 +hTUTU+.R `jPSMDPN`jPSrw),/^M,+ /^M5Tk+.RUPSrhTU/1a�M PdM,x P -0/1`�u,W1+hRb-0+hTUTU/1M,p cla�Rbr.a�R0RU+.rtTk/^M,p
RU+hr.a�pSM,/^TU/1a�M +hRURUaSRU-"�

(*),+3-U+.rha�M,xju_PSR0T'adc:TU),/1-ATU),+.-0/1-'/1-Ix,+ ��aSTU+.x�Tkaqx,+ �S+.W^a�u,/1M\p#PSM�PSZsTka�`jPdTk/^rm/1x\+.M5Tk/ ]_r�PdTU/1a�M
-04i-�Tk+.`�Z,-0/1M,p TU),+ r�PS`�+.RUPLPN2_Pd-U+.x /1M5TU+.R0c Pdr.+ cla�R�)_PSM\xA� RU/ Tk/1M\p r�PSu\TUZ,RU+:� � -0/1p�M,PdTkZ,R0+ a�RqP
-0TURU/^M,p aSc3rw)_PSRkPdrhTk+hRU-��baSZ,W1x 2 + r�PSu\TUZ,RU+hx�254 TU),+ /1M5Tk+hR0c PSrh+ cla�R
u +.R0claSRU`�/1M,p �S+.RU/ ]_r�P<Tk/1aSM
aScmTU),+ rhWVPS/^`j+hxG/^x,+.M5Tk/ TN4G� } /1pSM_PdTkZ\RU+.-#PSRU+jRU+hp5PSRUx\+.x /1M Tk),+jW1/ Tk+.RUPdTkZ\RU+ � C � � Pd-#Tk),+jRU+h-UZ,W T
aSc'P 2_PSW^W1/^-0Tk/^r�PSrtTk/1aSMYy � /^Tk)\a�Z\T PSM54 �s/^-UZ_PdW�cl+h+.x,2,PSr !�/^M ��a�W ��+.x �3I +.M\r.+Sy �b+ Z,-U+ -U/^p�M_PdTUZ,RU+h-
/1M a�Z,R PdZ\Tka�`jPdTU/1r /1x,+hM5Tk/^],r�PdTU/1a�M -04i-0TU+.` -0/1M,rh+�-0/1p�M_P<TkZ,R0+.-Y� a�Z,W^x 2:+�`jaSRU+�-�TwPS2\W1+�PdM,x
`�a�RU+�x,/8F�rhZ,W^TfTka�/1`�/^TwP<Tk+
Tk),PSM P�-0+.g�Z,+.M\r.+ aSc*rw),PSRkPSrtTk+hRU-"��(*),/1-f-04i-0TU+.` �ba�Z\W1x 2 + a�M\+



)

r.aS`ju a�M,+hM�T�adc,Pmrha�`ju\W1+hTU+ �i/1-UZ,PSW�u +.MDP 2_PS-U+hx rha�`�u,Z\Tk+hR +.M �i/1R0a�M,`�+.M5T�y<� ),+hRU+'Tk),+I-0/1p�M_P<TkZ,R0+
r.aSZ,W1x R0+.u,W1PSr.+�TU),+�u_PS-0->� a�RUx cla�R W^a�p�/^M,- /^M�TUa r.aS`ju,ZsTk+.R -�4i-0Tk+h`j- a�R u:+hRU-UaSM_PSWoLNM5Tk+hRUM,+tT
PSrhr.a�Z,M5TU-"� ��+.PS-UZ,R0/1M,p�TU),+ -U/^`j/^WVPSR0/^TN4 2 +hT � +.+.M -U/^p�M_PdTUZ,RU+h- /1M a�R0x,+.R
TUa�x,+hTU+.rhT cla�R0p�+.R0/1+h-
/1M �Sa�W �S+.-�Tk),+ rha�`ju,PSRU/^-Ua�M�aSc T � a T � a:PNx\/1`�+.M,-0/1a�M_PdWAr.Z,R���+h-"�jO�PSR�TqaSc TU),+ r.a�M5TURU/12\Z\Tk/^a�M�aSc
Tk)\/1-*Tk),+h-U/^- /^- TU),+#x\+ ��+hW1a�u\`j+hM�T aScAP�M,a �S+.W�Tk+.rw)\M,/1g�Z,+fcla�R r.Z,R���+
rha�`ju,PSRU/^-Ua�M Tk),PdT3/1- PS2,W1+
TkaE� a�R ! P<T -UZ,2,-UPS`�u,W1+�R0+.-UaSW1Z\TU/1a�M)�

����� � ���A	���
�� � � � ��� � �����A�.�

v )_PSusTk+.R z x,+.-0r.RU/^2:+h-
Tk),+ x\+.-U/^p�M PSM,x x\+ ��+hW1a�u\`j+hM�T
aSc P�)iZ\` PSM4PN`jPSrw),/1M\+ /1M5TU+.R0c Pdr.+jclaSR
PSrhgiZ\/1-U/ Tk/^a�M adco)_PSM\xA� RU/ Tk/1M\pGZ,-0/1M,p PG-0/1M,p�W^+ r�PS`�+.RUPA� (*),+ �dPSR0/1a�Z\-�rha�`�u:a�M\+.M5Tk-jaScoTk)\+
/1M5TU+.R0c Pdr.+Syi/^TU-'RU+�PdW7P TU/1`�+*/1`�u,W1+h`j+hM5TwPdTU/1a�MYySPSM,x�Tk),+3TkRkPdx,+#P a�M!-'c PSrh+.x /^M�TU),+ x\+.-U/^p�M PdRU+ PSW1-0a
x,+h-Ur.R0/12 +.x)�

v )_PSu\TU+.R A u,R0+.-U+hM5Tk-�TU),+bx,+ ��+hW1a�u,`�+.M5T�aSc_P3-U/1pSM_PdTkZ\RU+ ��+.R0/^]_r.PdTk/^a�Mf-04i-0TU+.` 2,Z,/1W TQPSRUa�Z\M,x
Tk)\+ r�Pd`j+hRkPLP 2_PS-U+hx /^M�TU+.R�c PSr.+�cla�R ),PSM,xA� R0/^Tk/^M,p�PSr.g�Z,/^-U/^TU/1a�M � (=�ba�x,/8M:+.R0+.M5T
x_P<TwPS2_Pd-U+.- aSc
-U/^p�M_PdTUZ,RU+h-J�b+hRU+3r.a�W^W1+.rtTk+hx�� / Tk) Tk),+ �i/1-0Z_PSW_/^M�TU+.R�c PSr.+3PSM,x�Z,-0+.xjTUafPS-U-0+.-U- Tk),+ u +.R�cla�RU`jPSM,rh+
aSc Tk),+ -0/1p�M_P<TkZ,R0+ ��+.R0/^]_r.PdTk/^a�M�-04i-�Tk+.` �E� + x,+h-UrhRU/12 + Tk),+ Pdu,u,W1/^r�PdTU/1a�M�aSc TU),+E�b+hW1W P !�M,a<� M
`�+hTk)\asxjaSc n 4iM_PS`�/1r3OIRUaSp�RkPS`�`�/1M,p ��P<Tkrw),/^M,p TUa#r.aS`ju_PdRU+ Tk),+ PSr.g�Z,/^RU+.xj-U/^p�M_PdTUZ,RU+h-"� �G+
PSW^-Ua�x,/^-Ur.Z\-U-'Tk),+*+#M!+hrhT aSc Tk),+ u_PSRUPS`�+hTk+hRU/8$�PdTU/1a�M
adc TU),+ -U/^p�M_PdTUZ,RU+h-Ia�M Tk),+ u +.R0claSRU`jPSM,r.+ Pd-
� +.W1W:PS-bTU),+ `�+hTU),aix Z,-U+hx Tka
+ �dPSW1Z_P<Tk+ Tk),+ou +.R�cla�RU`jPSM,rh+ PdM,x +.-�Tk/1`jPdTU+3TU),+ p�+hM,+.RUPSW1/8$�PdTU/1a�M
+.R0RUa�R*adc�Tk)\+f-�4i-0Tk+h` �

v )_PSu\TU+.R C /1M5TURUaix,Z,r.+h- P�M,a ��+hW PSW1pSa�RU/ Tk),` cla�R#` PdTUrw),/1M\p�u,WVPSM,PSR#rhZ,R �S+.-�PSM,x /^TU- PSuDP
u,W^/1r�P<Tk/1aSM TUa -0/1p�M_P<TkZ,R0+ �S+.RU/ ]_r�P<Tk/1aSM)� (*),+
PSW^p�a�R0/^Tk)\` /1-32_PS-0+.x�a�M�Tk),+ p�+.M,+hRkPSWE`�+hTk)\asx aSc
n 4iM_PS`�/1r�OIR0a�p�RkPd`j`�/1M,p
PSM,x /1- PS2,W^+oTka `jPdTkrw) u,W1PSM_PSR*rhZ,R �S+.- PdT3-UZ,2,-UPS`�u,W1+�R0+.-UaSW1Z\TU/1a�M)�

X�/1M,PSW1W 4�yE/1M rw)_PSusTk+.R @ �b+ -0Z,`j`jPSR0/%$.+�a�Z,R#r.a�M5TkR0/12,ZsTk/1aSM,-
PSM\x ]_M,x,/^M,p�-.y'PdM,x x,/1-0r.Z,-0-
x,/^RU+.rtTk/^a�M,-mcla�RmclZ\TUZ,RU+qR0+.-U+.PSRUrw) �



>

� � ��� �B� � � � � � � ��� ����� �B��� � � � � ���

� ��� ��� � ���

� ��� � �I��	.��& ��
��
�'�.�o�

(*),/^- rw)_PSusTk+.Rjx,+.-0r.R0/12 +.- TU),+�x,+h-U/^p�M aScqPG-04i-0TU+.` Tk)_PdT r�PSusTkZ,R0+.- 2 aSTU)�Tk),+�-Uu_P<Tk/VPdW PdM,x
Tk+h`ju a�RUPSW PS-0u:+hrhTk-3aScQ)_PSM,xD� RU/^TU/1M,p Z\-U/1M\p P -0TkPSM,x_PdRUx r.a�M,-0Z,`�+.R P g�Z_PSW1/ TN4 �i/1x\+.a�r�PS`�+.RUP�Pd-
/1M\u,Z\TQx,+ �i/1rh+�� v a�M ��+.M5TU/1a�M_PdW\/1M5TU+.R0c Pdr.+.-�cla�RE)_PSM,xD� RU/^TU/1M,p3r�Pdu\TkZ,R0+b/^M,r.W^Z,x,+ITwPS2\W1+hTQx,/^p�/^TU/%$.+hRU-
PSM,x TkaSZ,rw)DPN-0+.M,-0/^TU/ ��+�-UrhRU+h+.M,-V� (�Pd2,W1+tTqx,/1p�/ Tk/8$.+.R0-�r.a�`�+ /1M -U+ ��+hRkPSW'-U/8$.+h- RUPSM,p�/^M,p clRUa�` � {
r.` X � z r.` TUa A { r.` X C @ r.` � / Tk)��b+h/1p�)5Tk- RkPSM\p�/1M,p�clR0a�` { � @ !�p TUa CW!�p��I(*),+./^R TN4iu,/^r�PSW
Tk+h`ju a�RUPSW -UPS`�u,W1/^M,pGclR0+.g�Z,+.M\rh4 /1- zS{�{ I $ PSM,x Tk)\+./1R r.a�-�T RkPSM,pS+.- clRUaS` � ��{�{ Tka��;C {�{ �
} +hM,-U/ Tk/ �S+ -Ur.R0+.+hM,-mPSR0+ ` PSM�Z\c PdrhTkZ\RU+.xjZ,-U/^M,pfPfx\/8M:+.RU+hM5T TN4iu + adc:TU+.rw),M,aSW1a�pS4��A(*),+3-U+hM,-U/ Tk/ �S+
PSR0+�P /1-oZ\-UZ_PSW^W^4�r.Z,-�Tka�`�/%$h+.x�Tka ],T�TU),+ x,+.-0/1R0+.x -UrhRU+.+hM -0/%$.+ PdM,x PSx,x,-�� zS{S{ Tka	�$A {�{ TUa P
`�a�M,/^TUa�R 	 -'u,RU/^r.+:� v PS`�+.RkPd-bPSR0+ Z\2,/1g�Z,/ Tka�Z,- /1Mjr.Z,R0RU+hM�Tbx,+.->!5Tka�u rha�`ju\Z\Tk+hR -�4s-�Tk+h`j- x,Z,+ TUa
Tk)\+ox,RUaSu /1M u\RU/1rh/1M,p#PSM,x PSx �SPdM,r.+h-m/1M `jPSM�Z\c PSrtTkZ,R0/1M,pfTk+hrw),M,a�W^a�pS4G�I(*)�Z,-hy\Tk)\+.RU+6�ba�Z\W1x 2 +
M,a M,+.+hx Tka 2,Z\4jPSx,x,/ Tk/^a�M_PSW,),PSRUxA�bPSR0+ cla�R'Tk),+3/1`�u,W^+.`�+.M5TwPdTU/1a�M adcYTk),+ �i/1-0Z_PSW[/1M5Tk+hR0c PSrh+3claSR
)_PSM\xA� RU/ Tk/1M\p��

(*),+�rhZ\Tka:M clRU+.g�Z,+hM,rh4 aSc )_PSM,xD� RU/^T0Tk+hM�-0TURUaG!d+.-j/1- 2:+hW1a<� zd{ I $�Pd-j-0),a<� M /1M RU+tcl+.R P
+.M\r.+.- � > �\y�)E?sy5C � � | x,/8M:+.R0+.M5T RU+.-0+�PSR0rw),+.R0-ou,R0a�u:aS-U+fx,/8M:+.R0+.M5T rhZ\T>P a�M �dPSW1Z,+h- x,+.u +.M,x\/1M,pja�M
Tk)\+fW^+ �S+.W aScQ+.M,+hRUpS4 Z,-U+hx�PS-3P
Tk),R0+.-0),a�W1x aScQ-U/^p�M,/ ]_r�PSM\r.+ � �I( 4iu,/^r�PSW�r.PS`j+hRkPS-*),P �S+ -0u_PdTU/VPSW
RU+h-Ua�W^Z\Tk/^a�M aSc C � { X )$C { u\/7Xs+.W^- | RUa<� -=X r.aSW1- � PdM,x clR0+.g�Z,+hM,rh4 aSc A { I6$:� � a�-0T3r�Pd`j+hRkPS-3PSR0+
/1M5TU+.RUW1PSr.+hxYyE-Ua�TU),+jPSrhTUZ_PSW'/1`jPSp�+h-f),P �S+ P ` PLXs/^`
Z,` R0+.-0a�W1Z\TU/1a�M aSc z C { X )$C { u,/ X\+hW1- PdT P
clRU+hg�Z,+.M,rt4�adc ) { I6$:� U / ��+hM TU)_PdT3Tk),+qrhZ\T>P a�M clRU+.g�Z,+hM,rh4 aSc�)_PSM,xD� RU/^TU/1M,p /^-32 +.W^a<� zS{ I6$dy
� a�R !�/1M\p PdT ) { I $Sy�� +#PdRU+�� +.W1W�Pd2:a ��+�TU),+��34ig�Z,/1-�T clR0+.g�Z,+.M\rh4 aScQ)_PSM,xD� RU/^TU/1M,pA�

�oZ,R ],RU-0T + X\u +.R0/1`�+.M5T;�mPS- /1M5TU+.M,x,+hxjTUa �S+.RU/ c 4 Tk)_P<TbPqW1+hp�/12\W1+m)_PdM,xA� RU/ TUTU+.MjTURkPSrh+ r.a�Z,W^x
2 +ma�2\TkPS/1M,+hx 254#TkRUPSr !�/1M,p Tk),+*u a�-U/ Tk/^a�M#aSc[TU),+mu +.M Tk/^u
/1M Po-0+.g�Z,+hM,r.+3aSc[/1`jPSp�+h-"� � + �i/^x,+.a:P
TwPdu:+hx P�-UZ\24�0+.rtT-� R0/^Tk/^M,p�a�MjP�u,/1+hr.+ aSc:u_PSu +.R'PSM,x�� + `jPSM�Z_PSW^W^4f/1x,+hM5Tk/^],+.x Tk),+ u a�-U/ Tk/1aSM
aSc



�

"Agent" first frame

100 200 300 400 500 600

50

100

150

200

"Agent" last frame

100 200 300 400 500 600

50

100

150

200

0 20 40 60 80 100
0

20

40

60

80

100
"Agent" full sequence

0 20 40 60 80 100
0

20

40

60

80

100
"Agent" points corresponding to the ink path

"Software" first frame

100 200 300 400 500 600

50

100

150

200

"Software" last frame

100 200 300 400 500 600

50

100

150

200

0 10 20 30 40 50 60 70
0

10

20

30

40

50

60

70

80
"Software" full sequence

0 10 20 30 40 50 60 70
0

10

20

30

40

50

60

70

80
"Software" points corresponding to the ink path

X�/^p�Z,RU+ z � � �*(*),+#],RU-0T T �ba rha�W1Z\`jM,- -U),a<�8Tk)\+ ]_R0-0TqPSM\x�WVPS-�T clRUPS`�+.- adcIT �ba x\/8M:+.RU+hM5T�-U+ P
g�Z,+.M\r.+.-V�'(*),+mTk),/^RUx
rha�W1Z\`jM
x\/1-Uu\WVP�4i-�Tk),+*),PSM,xA� R0/^TUTU+.M
TURkP �0+hrhTkaSRU/1+h-Aa�2\TkPS/1M\+.x �i/VP `jPSM�Z_PSW
TkRUPSr !�/1M,p aSc Tk),+ u +.M Tk/^u)� (*),+ cla�Z,R0TU)Grha�W1Z\`jM -U)\a � -fa�M,W 4�TU),+j-�TkR0aG!S+h-fTU)_PdTfW1+tc TfPSM /1M�!
TkRUPSr.+ a�M Tk)\+ u_PSu +.RV� � + a�2,-U+hR �S+ Tk)_PdT
Pdc Tk+hR#x,/^-Ur.PSRUx,/^M,p�TU),+ -�TkRUa�!S+.-
TU)_PdT rha�RUR0+.-0u:a�M\x,-
Tka `�a �S+.`�+.M5Tk- PS2 a �S+�TU),+�u,PSu:+hR | M,a u:+hM�r.aSM�TkPSrhT�� /^TU) TU),+�u,PSu:+hR � ybTk),+ )_PSM\xA� RU/ TUTk+hM
-U+hg�Z,+.M,rh+.-�PdRU+�r.W^+�PSR0W^4 W1+.pS/12,W^+�� � W1WYrhasaSRUx,/^M_PdTk+h- PSRU+q`�+�PS-0Z,RU+hx�/^M u,/7Xs+.W^-"�

Tk)\+#u +.M�TU/1u�/^M�+.PSrw)�/1`jPSp�+qaSc�Tk),+ -U+.g�Z,+hM,r.+ Z\-U/1M\p P `�a�Z,-0+�� (*),+#]_R0-0T -U+.g�Z,+hM,r.+ M,PS`j+hx
� � p�+.M5T �C�mPS-3TkRUPSr.+hx�PdT7A { I6$#PSM,x�TU),+#-0+.rha�M,x�-U+hg�Z,+.M,rh+ M_PS`�+.x � } aSc T �bPSRU+ �Y�bPS- TURkPSrh+.x
PdT ) { I $���X�/1p�Z\RU+ z � � -U),a<� -
TU),+ )_PdM,xA� RU/ TUTU+.M TURkP �0+hrhTkaSRU/1+h- aS2\TwPS/^M,+.x � /^Tk) Tk),/^- `jPSM�Z_PSW
TkRUPSr !�/1M,pA�
� +�a�2,-U+hR �S+�Tk)_P<T Tk)\+�TkRUP �0+.rtTka�R0/1+h- PSR0+�PG2\/^TjM,a�/1-�4�y*+h-Uu +.r./1PSW1W 4 Tk),+�a�M,+ TkRkPdr !S+.x P<T

A { I $�� (*),+
u +.M�Tk/1u u a�-U/ Tk/1aSM�/^- rha�W1W^+.rhTU+.x cla�R PdW1W Tk),+ /1`jPSp�+h-3adcATk),+ -U+hgiZ\+.M,rh+Sy /1M\r.W1Z\x,/1M,p
clRkPd`j+h-
/1M � )\/1rw) Tk),+ u:+hM /1- PSrtTkZ_PdW1W^4�� R0/^Tk/^M,p�aSM Tk),+ u_Pdu:+hR PSM,x clRUPS`j+h-
/1M � ),/1rw) Tk)\+
u +.M /1-fTkRUP �S+.W^/1M,p�PS2:a �S+ Tk),+ u,PSu:+hR"��X_Z,W^WITkRkP<�0+.rhTUa�RU/^+.-
adc*Tk),+ u +.M TU/1uYy�PS-
-0),a<� M /^M Tk)\+
Tk)\/1RUx r.a�W^Z,`�M�aSc�]_pSZ,RU+ z � � y PSRU+�-Ua�`�+V� )_P<T x,/7FjrhZ,W^T�Tka RU+�Pdx)� I3a � + �S+.Rhy Pdc TU+.R�TwP�!�/1M\p
P&�mP�4 TU),+ -0TkR0aG!S+h-jTU)_PdT r.aSRURU+h-Uu a�M,x Tka�Tk),+ u +.M `ja �i/1M,p Pd2:a ��+ Tk)\+ u,PSu:+hR�PSM,x W1+�P �i/1M\p
a�M,W 4 Tk),+ -0TkR0aG!S+h-oTk)_P<Tor.aSRURU+h-Uu a�M,x�TUa Tk),+#u:+hM�x,a<� M�a�M�TU),+
u_PSu +.Rhy:TU),+#TkRUP �0+.rtTka�R0/1+h-oPSR0+
r.W^+�PSR +hM,a�Z,p�) Tka�+.M_Pd2,W1+qa�M,+qTka�+�Pd-U/1W 4 RU+.PSx � )_PdT �mPS-3� RU/ TUTU+.M)� (*),/1-3-U/^`ju,W^+�+#Xsu +.RU/^`j+hM5T
u,R0a �S+.- Tk)_P<T*Tk),+hRU+�/1-*-0ZAF�r./^+.M5T3/1M\cla�R0` P<Tk/1aSM /1M P �i/1x\+.a -U+hgiZ\+.M,rh+ Tka R0+.r.aSM,-0TURUZ,rtT3TU),+qu:+hM
TkRUP �0+.rtTka�R�4G� (*),+hRU+hclaSRU+Sy(�b+Y� /^W1WIx,+h-UrhRU/12 +�/1MGTU),/1-frw)_PSusTk+.R#P�-�4s-�Tk+h` TU)_PdT#PSZ\TkaS` PdTU/1r.PSW1W 4
r�Pdu\TkZ,R0+.-m),PSM,xA� R0/^Tk/^M,pf2�4�cla�W^W1a<� /1M,p�TU),+ u a�-U/ Tk/^a�MjadcYTk),+ u:+hM Tk/^u /^M P#-0+.g�Z,+hM,r.+�aScY/1`jPSp�+.-
u,R0a �i/^x,+.x
254#PSM
a�MNP TU),+#P -U),+hW^c �s/^x,+.a r�PS`�+.RUPA�Q(*)\+m+#Xsu +.RU/^`j+hM5TIPSW^-Ua R0+ �S+�PSW^+.x PSM#/1`�u:a�R�TwPSM5T



?

x,/7M!+hRU+.M\r.+32:+tT �b+h+.M Tk)\/1-'TN4su +3aScY-�4s-�Tk+h` PSM\x r.aSM �S+.M5Tk/^a�M_PSW )_PSM\xA� RU/ Tk/1M\pfr.PSu\TUZ,RU+ x,+ �i/1rh+.- �
Tk)\+�rha�M5Tk/^MiZ\a�Z,-qTkRkP<�0+.rhTUa�R04�TU)_PdTB� +ja�2sTwPS/^M 254�TURkPSr !�/1M\p TU),+�u:a�-0/^TU/1a�M�aSc Tk),+ u +.M Tk/1u /^M
+�Pdrw) adc Tk),+o/^` Pdp�+.- /1M TU),+o-0+.g�Z,+.M\r.+f`
Z,-0Tm2:+ox\/ �i/1x,+hx /1M5TUa
-0TURUaG!d+.-*r.aSRURU+h-Uu a�M,x,/^M,p
Tka#/1M�!
TkRUPSr.+ | u:+hM x,a<� M � PSM,x -0TURUaG!d+.-3r.a�R0RU+.-0u:aSM,x,/1M\p
Tka `ja �S+.`�+.M5T3PS2 a �S+�Tk),+�u_Pdu:+hR | u +.M Z,u � �
� /^TU) TwPS2,W^+hT x,/^p�/^TU/%$h+.RU- Tk),+q-0TkPdTk+qaScETk)\+fu +.M | Z\u�a�R*x\a � M � /^-*`j+hrw)_PSM,/^r�PSW^W^4j-U+hM,-U+hx)�

(*),+�RU+.`jPS/^M,x,+.R�adcbTk)\/1-qrw)_PSu\TU+.Rf/1-�a�R0p5PSM,/8$.+hx PS-�cla�W^W1a<� -"� } +hrhTU/1a�M z � z x\+.-UrhRU/^2:+h- Tk)\+
�dPSRU/^a�Z,-qr.aS`ju a�M,+hM�TU-#aScbTk),+j/1M5Tk+hR0c PSrh+Sy�-0+.rtTk/1aSM z �DA�u,R0+.-0+.M5Tk-#TU),+ `�+hTU),aixGx,+ ��+hW1a�u +.x claSR
x,+tTk+.rtTk/^M,pju +.M Z,u -0TURUaG!d+.-.y PSM\x�-0+.rhTU/1a�M z �HC -U),a<� -3Tk),+q+#Xsu +.R0/1`�+.M5TwPSW!RU+.-0Z,W^TU-"�

� ��� ��� �E�A��& $���� �3�'�����I�.��


X�/^p�Z,RU+ z � z -U)\a � -oTU),+
2,W^asr ! x,/1PSp�RUPS` aScITk)\+
-04i-0TU+.` PSM,x�TU),+
+#Xsu +.R0/1`�+.M5TwPSWE-U+tTkZ,u ��(*),+
/1`jPSp�+jr�PSusTkZ,R0+.x�254 TU),+ r�Pd`j+hRkP�/1- -0),a<� M a�M Tk)\+ -Ur.R0+.+hM�aSc3Tk),+ rha�`ju\Z\Tk+hR
Tka u,RUa �i/1x\+
�i/1-0Z_PSWQcl+h+.x,2,PSr !�Tka TU),+
Z,-0+.RV�#(*),+ -�4s-�Tk+h` x,ai+.-oM,adT�RU+hgiZ\/1RU+ PdM�4�r�PSW^/12,RUPdTk/^a�M)� (*),+ Z,-U+hR
)_PS-oTU),+ �_+ X\/^2,/1W^/^TN4 aSc PSR0RkPSM,pS/1M,p TU),+ RU+hWVPdTU/ �S+
u:aS-U/^TU/1a�M\- aSc Tk),+ r.PS`�+.RkP PdM,x�Tk),+ u\/1+.rh+ aSc
u_PSu +.RI/^M a�RUx\+.RITka�� R0/^Tk+*rha�` cla�R0TkPS2,W^4#PS- � +.W^W_PS-ITka�u,R0a �s/^x,+*Tk),+*-�4i-0Tk+h` � /^TU)jP�rhW1+�PdRA-U/^p�)5T
aScETk),+qu +.M Tk/^u)�

(*),+ r�PS`�+.RUP�cl+.+hx,- P�-0+.g�Z,+hM,r.+�aSc3/1`jPSp�+.- Tka�Tk)\+ u\RU+.u\RUair.+.-0-U/^M,p -0TwPdp�+�� (*)\/1- 2,W^asr !
u +.R0claSRU`�-#/1M\/^Tk/1PSW1/8$�PdTU/1a�M�aSc*Tk)\+ PSW1pSa�RU/ Tk),` y�/O� +�� y�/^T ]_M,x,- Tk),+j/1M,/ Tk/VPdWIu:a�-0/^TU/1a�M aSc*Tk)\+ u:+hM
PSM,xj-U+hW1+.rtTk-bPfTk+h`ju\WVPdTU+ | RU+hrhTwPdM,p�Z,W1PSR -0Z,2,R0+.p�/^a�M aSc:Tk),+ /1`jPSp�+ � r.a�R0RU+.-0u:aSM,x,/1M\p TkafTk),+ u:+hM
Tk/^u)� LNM -UZ,2,-0+.g�Z,+hM�T#clRkPS`�+.-hy�TU),+ u,RU+hu,RUair.+h-U-0/1M,p -0TkPSp�+ )_PS-fa�M,W 4�Tk)\+ clZ\M,rhTU/1a�M aScbr.Z\T0Tk/1M\p
P u,/1+hr.+faSc�/^` Pdp�+qPSRUaSZ,M,x Tk),+fu,RU+hx,/1rtTk+hx�u a�-U/ Tk/1aSM aSc�TU),+ u +.M Tk/^u�PdM,x�cl+h+.x,/^M,pj/ T /1M5Tka Tk)\+
M,+ XsT 2,W^asr !N� (*)\+ u +.MGTU/1u�TkRUPSr !S+hR#)_Pd-fTU),+�TkPS- !�adcb]_M,x\/1M,p Tk),+ u a�-U/ Tk/^a�M aScbTU),+ju +.M Tk/^u
/1M�+�PSrw)�clRUPS`j+ aScITk)\+#-U+hg�Z,+.M,rh+��f(*),+ 2_PSW^W1u a�/1M5T x,+tTk+hrhTkaSRo]_M,x,- TU),+
u a�-U/ Tk/^a�M�aScITU),+��S+.R�4
+.M\xGaSc Tk),+ u +.M Tk/^uYy /O� +�� y Tk),+ u,W1PSr.+E� ),+hRU+ Tk),+ u +.M /1-�/1M rha�M5TwPSrtTW� / Tk) Tk),+ u_Pdu:+hRB� )\+.M
Tk)\+ Z,-U+hR�/1- � R0/^Tk/^M,p��#� (*),+
],W^Tk+hRo/1-oP RU+.rhZ,RU-0/ �S+�+h-0TU/1`jPdTka�R3Tk)_P<T�u,RU+hx,/1rtTk-oTU),+ u:aS-U/^TU/1a�M�aSc
Tk)\+ Tk/^u�/1M Tk),+ M,+#XiToclRUPS`�+#2_PS-0+.x�a�M�PSM�+.-�Tk/^` PdTU+ adcATk),+#r.Z,R0RU+.M5T�u a�-0/^Tk/^a�MYy ��+hW1air./ TN4�PdM,x
PSrhr.+.W^+.RUPdTk/^a�M�adcITk),+fu:+hM)�3(*),+#]_W Tk+.R PSW^-Ua�+.-0TU/1`jPdTk+h- TU),+ `�a�-�T W^/%!S+hW^4 u a�-U/ Tk/^a�M�adcATk),+ u:+hM

���	��

��
�������������������� �!��"#���$� "%
&��')(�"�
&*)���+����*,�.-��/��
0����
1��-2��(����3���������4�������5�/67�4
���"!����*)����

�4
���-2���8��
&��*
�/69�4
���-����."�:



� {
Tk/^u�cla�Ro`�/1-0-U/^M,pjclRUPS`j+h-"�qX�/^M_PSW^W^4�y_TU),+ WVPS-�To2,W^asr ! aSc'a�Z\Ro-04i-0TU+.` rw)\+.r !�-fclaSR Tk)\+ u,RU+h-U+.M\r.+
aScQ/1M�!ja�M Tk),+qu_PSu +.R3PdT*TU),+qu:aS-U/^TU/1a�M\- � ),+.R0+fTU),+qu:+hM
	 -32,PSW1W^u:a�/^M5T �bPS- x\+hTk+hrhTU+.x)�

| P �

Pen Tip
Tracker

Pen up / down
Classifier

Ballpoint
Detector

Camera
Initialization &
Preprocessing

Filter/
Predictor

| 2 �

            ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

X�/^p�Z,RU+ z � z � | P � SbW1air ! no/VPdp�RkPS` aScmTU),+ -�4s-�Tk+h` � (*),+jr�PS`�+.RUP cl+h+.x,- P -U+hgiZ\+.M,rh+ aSc*/^`�P
PSp�+h-oTka TU),+ u,R0+.u,R0asrh+.-U-0/1M,p -�TwPSp�+:� (*)\/1-o2,W^asr ! /1M\/^Tk/1PSW1/8$.+h- TU),+ PSW^p�a�RU/ Tk),` PdM,x�-U+hW1+.rtTk-�Tk)\+
Tk+h`ju\WVPdTU+3TUa u:+hR0cla�R0` TU),+ TURkPSr !�/1M\p aSc Tk),+ u:+hM Tk/1u �A(*),+ TU/1u TURkPSr !d+.R*a�2\TkPS/1M\- Tk)\+ou:aS-U/^TU/1a�M
aScITU),+
u +.M�Tk/^u�/1M�+�PSrw) /1`jPSp�+faScITU),+
-U+hg�Z,+.M,rh+�� (*),+
]_W^TU+.R u,RU+hx,/1rtTk- TU),+
u a�-U/ Tk/1aSM�aSc'Tk)\+
u +.M Tk/1u /^M M\+#XiT#/^` Pdp�+��
(*)\+�2,PSW1W^u:a�/^M5Tox,+tTk+.rtTka�Rq]_M,x\-qTU),+�u:a�-0/^TU/1a�M�adcbTk)\+ �S+.R�4 +.M,x aSc
Tk)\+ u +.M Tk/^uYy_/O� +�� y,Tk),+fu,W1PSr.++� ),+hRU+qTk),+fu:+hM�/^- /1M r.a�M5TkPSrhT � /^TU) TU),+ u,PSu:+hR'� ),+.M Tk),+fZ,-U+hR
/1-=� R0/^TU/1M,p��'XQ/1M_PSW^W^4SyiTU),+qWVPS-�T 2,W1air ! aScQa�Z,R -�4s-�Tk+h`�rw)\+.r !�- cla�RmTU),+qu,RU+h-U+hM,r.+ aSc�/^M�! a�M Tk)\+
u_PSu +.R P<T*Tk),+�u a�-U/ Tk/^a�M,--� )\+.RU+�TU),+qu:+hM
	 - 2_PdW1W1u a�/^M�T;�bPS-*cla�Z,M,x)� | 2 � � Xsu:+hRU/1`�+.M5TkPSWY-U+tTkZ,u �
(*),+3/1`jPSp�+*r.PSu\TkZ\RU+.xj254 Tk),+3r�PS`�+.RUP�/1-'-U),a<� M aSM�TU),+ -Ur.R0+.+hM aSc!TU),+3r.a�`�u,Z\TU+.RITkafu,RUa �i/1x\+
�i/1-0Z_PSWQcl+h+.x,2,PSr !�Tka TU),+
Z,-0+.RV�#(*),+ -�4s-�Tk+h` x,ai+.-oM,adT�RU+hgiZ\/1RU+ PdM�4�r�PSW^/12,RUPdTk/^a�M)� (*),+ Z,-U+hR
)_PS-oTU),+ �_+ X\/^2,/1W^/^TN4 aSc PSR0RkPSM,pS/1M,p TU),+ RU+hWVPdTU/ �S+
u:aS-U/^TU/1a�M\- aSc Tk),+ r.PS`�+.RkP PdM,x�Tk),+ u\/1+.rh+ aSc
u_PSu +.RI/^M a�RUx\+.RITka�� R0/^Tk+*rha�` cla�R0TkPS2,W^4#PS- � +.W^W_PS-ITka�u,R0a �s/^x,+*Tk),+*-�4i-0Tk+h` � /^TU)jP�rhW1+�PdRA-U/^p�)5T
aScETk),+qu +.M Tk/^u)�

��������� ���
	���	�
���	���
���	�����
���������������� ���"!#!�	$��%

(*),+�]_RU-�T
u,R0a�2,W1+h` Tka 2:+j-Ua�W ��+hx /1-�Tka�x,+hTU+.rtT PSM,xGW1air�PSW^/%$h+
Tk),+ju:a�-0/^TU/1a�M aScmTU),+�u:+hM Tk/^u
/1M�TU),+ ]_RU-�T�clRkPS`�+ PSM\x TUa -U+.W^+.rtTfTU),+
Tk+h`ju\WVPdTU+#Tka 2 + Z,-U+hx cla�R x,+hTU+.rhTU/1a�M /1M�-0Z,2,-0+.g�Z,+.M5T



���
clRkPd`j+h-"�I(*),+hRU+ PSRU+oT � a u a�-U-0/12,W^+�-Urh+.M_PSR0/1a�- �

� � Pj(*),+qZ,-0+.R3� RU/ Tk+.-'� / Tk) P u:+hM TU)_PdT /1-*c PS`�/1W^/VPSRITUa TU),+q-04i-0TU+.` �

z � P � M�Z,MA!iM\a � M�u:+hM�/^-*Z,-U+hx)�

(*),+#c PS`�/1W^/VPSR PNu +.M r.PS-U+
/^- +.PS-04 Tka ),PSM,x,W^+ �mTk)\+#-04i-�Tk+.` ` P�4 Z,-0+ P u,R0+ �i/1a�Z\-UW^4 -�Tka�R0+.x
Tk+h`ju\WVPdTU+ R0+.u,R0+.-U+hM5Tk/1M\p
Tk),+ u:+hM Tk/^u PSM,x x,+hTU+.rhTm/^Tk- u a�-U/ Tk/1aSMj/^M Tk),+ /1`jPSp�+ 254 rha�RUR0+.W1PdTk/^a�M)�

(*),+.R0+oPSR0+3P M�Z,`
2 +.R aScY`�+hTU),aix,-ITkaf/1M,/ Tk/VPdW1/%$h+ TU),+3-04i-0TU+.` � ),+.M�Tk),+3u:+hM /^- Z\M�!�M,a<� M)�
�oZ,R#/^M,/^TU/VPSW^/%$.PdTk/^a�M�`�+hTU),asxG/1- P�-U+h`j/ P PSZsTka�`jPdTk/^r
a�M,+�Tk)_P<T
RU+hg�Z,/1R0+.-
P�-U`jPSW1W'PS`�a�Z,M5T aSc
Z,-0+.R�r.aia�u +.RUPdTk/^a�M)�+� + Pd-U-UZ\`j+ Tk),PdToTk)\+ Z,-U+hR�/1- � R0/^Tk/^M,pY� / Tk) P x_PSR>!�P r.a�W^a�RU+hx�u:+hM a�M P
W1/^p�)5T>P r.a�W^a�RU+hx u\/1+.rh+ aScmu_PSu +.R"� �G+ x,/^-Uu,W1P 4�TU),+ /^` PSpS+�r.PSu\TUZ,RU+hx 254GTU),+ r.PS`j+hRkP a�M Tk)\+
-UrhRU+h+.M aSc Tk),+ r.a�`�u,Z\TU+.RV� � R0+.rtTwPSM,pSZ,WVPSR 2 a&X�/^- a �S+.R0WVPS/^x a�M Tk),/^- /1`jPSp�+ PS-j-U),a<� M /^M
]_p�Z\RU+ z �DA | P � ��(*),+ Z,-0+.R'/1-IR0+.g�Z,/^RU+.x Tkaqu,W1PSr.+mTU),+ u:+hM�TU/1u /^M,-U/^x,+mTk),+ x,/^-Uu,W1P�4�+.x 2 a&X!y�R0+�PSx\4
Tka -�TwPSR�T'� RU/^TU/1M,pA�A(*),+q-04i-0TU+.` �bPdTkrw)\+.- cla�R PSrhTU/ �i/^TN4�� /^TU),/1M TU),/1-m2 a&X:y�� ),/1rw) /1-m`�+�Pd-UZ,R0+.x
254 /1`jPSp�+ x,/8M:+.R0+.M,rh/1M,p�2 +hT � +.+hMjclRUPS`j+h-"� � ),+.M Tk),+*M�Z,`#2:+hR adc:u\/7Xs+.W^-'PSrhTU/ �dPdTk+hx 254 /1`jPSp�+
x,/7M!+hRU+.M\r./1M\p /^-q2,/1p +.M\a�Z,p�)GPS-q-U),a<� MG/1M�]_p�Z,R0+ z �BA | 2 � y TU),+ -04i-0TU+.` PS-U-0Z,`�+.-qTk)_PdT�TU),+.R0+
/1-mPSM a�24�0+.rtT Tk)_PdT +hM5Tk+.R0+.x Tk),+�2 a&X PSM,x / TbTk)\+.M -0TwPdR0Tk- P �bPS/^TU/1M,p#u:+hRU/1aix Z,M5Tk/^W!Tk)\+�a�24�0+.rtT
RU+h` Pd/1M,-fg�Z,/1+tT&� (*),+ Z,-0+.R
),PS-.yA/^MGTU),/1-B�mP�4SyATk),+ju:a�-0-U/^2,/1W^/^TN4�adc u,WVPSrh/1M,p Tk)\+ u +.M � / Tk),/^M
Tk)\+ 2 a<XjPdM,x TwP:!i/^M,p P r.aS`�cla�R�TwPS2\W1+ u:aS-U/^TU/1a�M 2 +hcla�R0+ -�TwPSR�Tk/1M\pfTUa�� RU/ Tk+:� � c TU+.R TU),+oPdrhTk/ �i/^TN4
� /^TU),/1M Tk),+j2:a&X )_PS- RU+hTUZ,RUM\+.x Tka�W1a<� cla�R P�u +.RU/^asxGaScmTU/1`�+ | 2,/1p�pS+.RqTk)_PSM zS{�{ `�- � y�Tk)\+
-04i-�Tk+.` Pdr.g�Z,/1R0+.-*Tk)\+�u:+hM TU/1u Tk+h`ju\WVPdTU+Sy\-0+.M,x\- PSM PSZ\x,/12,W^+o-U/^p�M_PSW:Tka
Tk)\+fZ\-U+.Rhy[PSM,x -0TkPSR0TU-
TkRUPSr !�/1M,pA�

X�/1pSZ,RU+ z �HCj-0),a<� -�P - !S+tTkrw)�aSc�Tk),+fu:+hM�TU/1uYy � ),/^rw)�/1-3PS-0-UZ,`�+.x�Tka�2:+fRUa�Z\p�),W^4 r.a�M,/^r�PSW
| TURUZ,+ cla�R'`�a�-0T r.aS`j`�+.R0r./VPdW,u:+hM,- � � I +hM,r.+dysTk)\+ u,R0aL�0+.rtTk/^a�M aSc:Tk),+3u +.MjTU/1u�a�M5TkafTk),+3/1`jPSp�+
u,W1PSM,+B� /1W1W�2 +
PjTURU/1PSM,p�W^+�� �oM,+#aSc�Tk),+
2 a�R0x,+.R0- aScITU),/1- TkR0/VPSM,pSW1+qr.a�R0RU+h-Uu a�M,x,- TUa Tk)\+#+.x\p�+
2 +hT � +.+.MjTk),+3u:+hMjTU/1u�PSM,x�Tk),+ Z,-0+.R 	 - ],M,p�+.R PSM,x Tk)\+3T � a#aSTU),+.R'2 a�Z,M,x,PSRU/^+.-'r.a�R0RU+h-Uu a�M,xjTUa
Tk)\+ +.x\p�+o2 +hT � +.+.M TU),+ou +.M TU/1u PSM,xjTU),+ou,/^+.rh+ aSc u,PSu:+hR"�'no+tTk+.rtTk/^a�M PSM\x +#XiTkRUPSrhTU/1a�MjaSc Tk)\+
u +.M TU/1u Tk+.`�u,W1PdTk+ /1- RU+hx,Z,rh+.x Tkaf]_M,x,/^M,p TU),+32:a�Z\M,x_PSR�4ju a�/^M�TU- adcYTk),+3u +.M TU/1uYy�r.aS`ju,ZsTk/1M\p
Tk)\+ r.a�R0RU+.-0u:aSM,x,/1M\p r.+.M5TURUa�/^xGPdM,x�r.Z\T0Tk/^M,p P u:a�R�Tk/^a�M�aSc'Tk)\+ /1`jPSp�+ PSRUa�Z\M,x�Tk),+ rh+.M5TkR0a�/1x)�
(*),+ +.x,pS+.-�2:+tT �b+h+.M�TU),+ u:+hM TU/1u PSM,x Tk),+ u_PSu +.R )_P �S+�2,/^p�p�+hR r.a�M5TkRUPS-0T TU)_PSM Tk),+ +.x\p�+



� z

| P � | 2 � | r �

| x � | + �
1st quadrant

2nd quadrant

3rd quadrant

| c �
estimated
edge

most voted quad.

| p �

Ballpoint

Finger

2nd most
voted quad.

most voted quad.

| ) �
Ballpoint →

← Finger

| / �

X�/^p�Z,RU+ z �BA � | P � LN`jPSp�+ u,R0a �s/^x,+.x�254 Tk),+3r�Pd`j+hRkP�� /^TU)�TU),+ RU+.rtTwPSM\p�Z,WVPdRI2:a&X�a ��+hRUWVPd/1x)�Q(*),+
Z,-0+.Rq/1-�u,W1PSr./^M,p TU),+ u:+hM /^M,-U/^x,+
Tk)\+ RU+.rtTwPSM\p�Z,WVPdR�2:a&X � | 2 � e +.-0Z,W^Tqadc /^` Pdp�+
x,/7M!+hRU+.M\r./1M\p
� ),+hM Tk),+�u +.M +hM5Tk+.R0- TU),+�TU/1uGPSr.g�Z,/^-U/ Tk/1aSMGPdRU+�PD� | r � �oZ\TUu,Z\T aSc v PSM\M�4 	 -
+.x\p�+jx\+hTk+hrhTUa�R
Z,-0+.x�cla�R3+#XiTkRUPSrhTU/1M,p�Tk),+ 2:aSZ,M,x_PSR�4 aScATk)\+#u +.M�TU/1u)� (*),+ r.RUaS-U-o/^M,x,/1r.PdTk+h-3TU),+#rh+.M5TkR0a�/1x�aSc
Tk)\+ 2:a�Z\M,x_PSR�4 u a�/1M5TU-"� | x � ��R0/1+hM�TkPdTk/^a�M adc3TU),+ +.x\p�+ +.W^+.`�+.M5Tk- aS2\TwPS/^M,+.x � /^Tk) v PdM,M54 	 -
x,+tTk+.rtTka�RV� | + � v W1Z,-�Tk+hRU/1M\p aScATU),+#+hx,p�+f+.W^+.`�+.M5Tk- /1M5Tka�Tk),+qcla�Z,R3g�Z_PSx,RUPSM5Tk-�PSM\x�W1/^M,+.-3/1M\x,/7P
r�P<Tk/1M\p TU),+q`j+.PSM a�RU/^+.M5TwP<Tk/1aSM /^M +�PSrw) aSc�TU),+qg�Z_PSx,RUPSM5Tk-"� | c � no+hTU+.rhTU/1a�M aScETk)\+ 2 a�Z,M,x,PSR04
+.x\p�+ Tk)_P<T �mPd- `j/^-U-U/^M,p,yAZ\-U/1M\p�Tk),+ +h-0TU/1`jPdTk+hx u:a�-0/^TU/1a�MGaSc Tk),+ rh+.M5TkR0a�/1x aSc TU),+ u +.M Tk/^u
PSM,x Tk),+fa�R0/1+.M5TkPdTk/^a�M�adc�Tk)\+ aSTU),+.R3+.x\p�+�� | p � S a�Z,M,x_PdR04 W1/^M,+.- a�2sTwPS/^M,+.x�2�4�PSrhr.Z,`#Z,WVPdTU/1M,p
Tk)\+�/^M\cla�R0` PdTU/1a�M u,R0a �i/^x,+.x 254�Tk),+ +hx,p�+ x,+tTk+.rtTka�RfPSrhRUa�-0-qx,/8M:+.R0+.M5T�clRkPS`�+.-V� OQ+hM TU/1u PLXs/^-
+#XiTURkPSrtTk+.x�PS-*Tk),+q`�+�PSM aScETk)\+f2 a�Z,M\x_PSR04 W1/1M\+.-"�'OEa�-U/ Tk/^a�M aScQTU),+�Tk/^uYy\]_M,pS+.R3PSM,x r.+hM�TURUa�/^x
PSW^a�M,p�TU),+ PLXs/1-"� | ) � O'R0aS]_W^+ aSc Tk),+ /1`jPSp�+ PSr.R0a�-U-
TU),+ +.-�Tk/^` PdTU+.x u +.M Tk/^u PLXs/1-.yITU)_PdT /^-
Z,-0+.x Tka ]_M,x TU),+ u a�-0/^Tk/^a�M,-qaScmTU),+ 2,PSW1W^u:a�/^M5TfPSM,x TU),+�],M,p�+.R 254 u +.R�cla�RU`�/1M,p P � n"+.x\p�+
x,+tTk+.rtTk/^a�M)� | / � (Q+h`ju\WVPdTU+�aScQTU),+qu:+hM TU/1u +#XiTURkPSrtTk+.x�PSZ\TUa�` P<Tk/1r.PSW1W 4G�



� A
2 +hT � +.+.MGTk),+�u:+hMGTU/1u PSM,x Tk),+ ]_M,p�+hR.y�Tk)�Z,-hy(� +ja�M\W^4�W^asaG! cla�R�Tk),+h-U+�T �ba�2:a�Z\M,x_PSR0/1+.-q/^M
Tk)\+fx\+hTk+hrhTU/1a�M�PSM,x +#XiTURkPSrtTk/1aSM�aScETk)\+qTU+.`�u,WVP<Tk+��

� � � �
� � � �
� � � �
� � � �
� � � �
� � � �

� � � �
� � � �
� � � �
� � � �
� � � �
� � � �Finger

Pen tip

Ballpoint

X�/^p�Z,RU+ z �DC �'OE+.M Tk/^u `�aix,+.W Pd-U-UZ\`j+hx cla�RmTU),+q/1M,/ Tk/1PSW1/8$�PdTU/1a�M)�

(*),+ 2:a�Z\M,x_PSR0/1+.- aSc3Tk)\+�u +.M Tk/^u PdRU+ W1air�PdTU+.x Z,-0/1M,p v PSM,M54 	 -j+.x,pS+ x\+hTk+hrhTUa�R � � z�� Pd-
-U)\a � M /^MG]_pSZ,RU+ z �BA | r � � } Z,2DP u,/7Xs+.W RU+h-Ua�W^Z\Tk/^a�M /1MGTU),+ W^asr.PdTk/^a�M aScmTU),+ +hx,p�+ +hW1+.`�+.M5TU- /^-
PSrw),/^+ �S+.x 2�4�],TUTU/1M,p P u,PSRkPS2 a�W^/1rfrh4iW1/^M,x,+.R Tka Tk)\+ r.a�M5TkRUPS-0Tq-0Z,R0c Pdr.+ /1M�TU),+ M,+h/1p�)�2 a�RU),aiaix
aSc +.PSrw) u,/ Xs+.WO� } /1M,rh+ x\+hTk+hrhTU/1a�M PdM,x +#XiTURkPSrtTk/1aSM aScYTU),+ u +.M�Tk/^ujclRUaS` P -U/^M,p�W^+3clRUPS`j+ /^- M,adT
��+hR04#RU+.W^/VPS2\W1+'x,Z,+bTUaorw)_PSM\p�+.-I/^M
/1W^W1Z,`�/1M_P<Tk/1aSMYyhTU),+m-04i-�Tk+.` r.a�W^W1+.rtTk-E/1M\claSRU`jPdTk/^a�M#Pd2:a�ZsT�Tk)\+
u +.M Tk/^u#cla�RIP cl+#� clRUPS`�+.-A2 +hcla�R0+m+#XiTURkPSrtTk/1M\poTk),+mTU+.`�u,WVPdTU+��E(*),+ PSW^p�a�RU/ Tk),` /^-A-UZ\`j`jPSRU/8$.+hx
PS-*cla�W^W1a<� - �

%���� v aS`ju,ZsTk+ Tk),+ x,/7M!+hRU+.M\r.+ 2:+tT �b+h+.M rhZ,RUR0+.M5T /^` Pdp�+ PSM,x u,R0+ �i/1a�Z\-�/^` Pdp�+9� /^TU),/1M Tk)\+
R0+.rhTkPSM,p�Z\WVPSRI2 a&X Z,M5Tk/^W[P�-UZAF�r./^+.M5T M�Z,`
2 +.R'aSc:u,/7Xs+.W^-I)_P ��+ P�x,/8M:+.R0+.M,rh+ �dPSW^Z,+*2,/^p�p�+.R
TU)_PSM P�u\RU+.x\+h]_M,+hx�TU),RU+h-U),a�W^x | -U+h+f]_pSZ,RU+ z �DA | 2 �U� ysTk),+hM�p�a TUa�-�Tk+hu z �

*���� v aS`ju,ZsTk+f/1`jPSp�+ox,/7M!+hRU+hM,r.+f2:+tT �b+h+.M�rhZ,RUR0+.M5T PSM,x�u\RU+ �i/^a�Z,- /1`jPSp�+h-=� /^Tk)\/1M Tk),+fRU+hrhT P
PSM\p�Z,WVPdR 2 a&X Z,M5TU/1W[Tk),+hRU+�/1- M,a PSrtTk/ �SP<Tk/1aSMjcla�RbP#M�Z,`
2 +.RmaSc clRUPS`�+.-.yiTk),+hM p�a#TUa
-0TU+.u
AA�

����� � u,u,W 4 v PSM\M�4 	 -q+.x,p�+ x\+hTk+hrhTUa�RoTka TU),+ M,+h/1p�)�2 a�RU),aiaix�aScITk)\+ /1`jPSp�+f/1M,-0/1x,+fTk),+ `�+.MDP
TU/1a�M,+hx 2:a&X �IX�/ T'P�u_PSRkPd2:a�W^/1r rh4iW1/^M,x,+.RATUaoTk),+ rha�M5TkRkPd-0T -UZ,R�c PSr.+ /^M
Tk),+ M,+h/1p�)�2 a�RU),aiaix
aScQ+�Pdrw)�u,/ Xs+.WO�

����� } +.W1+hrhT'a�M\W^4fTk),+*u,/ Xs+.W1-Iadc TU),+*M,+h/1p�)�2 a�RU),aiaix#Tk)_P<T')_P ��+ -UZAF�rh/1+.M5T r.aSM�TURkPS-�T PSM,xE� ),a�-0+
rha�RUR0+.-Uu a�M,x\/1M,p u,PSRkPS2 a�W^/1rqrh4iW1/^M,x,+hR )_PS- /^TU-oPLXs/1- r.W^a�-U+ +.M,a�Z\p�)�Tka TU),+#rh+.M5Tk+hR�aScITk)\+



� C
u,/ Xs+.W | -0+.+�]_p�Z\RU+ z �DA | r � PdM,x | x �0� �

� ��� U +hT TU),+qr.+.M5TURUa�/^x adcQTU),+.-0+#PSrtTk/ �SP<Tk+.x u,/ Xs+.W1- | -U+h+f]_pSZ,RU+ z �DA | r �U� �

����� U RUaSZ,u Tk),+ aSRU/1+hM5TwPdTU/1a�M adc3TU),+ PSrtTk/ �SP<Tk+.x u\/7Xs+.W^-
/1M5Tka�TU),+ cla�Z\R
g�Z_PSx,RUPSM5Tk-�� PSM,x p�+tT
TU),+ `j+.PSM a�RU/^+.M5TwPdTU/1a�M PSM,x Tk),+ M�Z,`
2 +.R aSc#PSrtTk/ �dPdTU+.x u,/ X\+hW1- u +.R g�Z_PSx,RUPSM5T | -U+h+
]_pSZ,RU+ z �DA | + �U� �

= ��� e +.u +�P<T -�Tk+hu,-7A��2)
cla�R*-U+ ��+.RUPSW clRkPS`�+.- PdM,x TU),+.M p�a Tka -�Tk+.u �A�

����� v aS`ju,ZsTk+�Tk),+q`�+�PSM u a�-U/ Tk/^a�M aScETk),+qr.+hM5TkRUaS/1x,- r.aS`ju,ZsTk+.x /1M @ �

� ��� v aSM,-U/^x,+.R Tk),+ `�a�-0T �SaSTk+hx�g�Z_PSx\RkPSM5T | � ),/^rw) R0+.u,R0+.-U+hM5Tk-jTU),+ 2:a�Z\M,x_PSR�4 aSc3Tk),+ u:+hM
TU/1u x,+tTk+.rtTk+hx�`�a�-0T R0+.W^/VPS2,W 4 � PSM,x rha�`ju\Z\Tk+ TU),+ r.a�R0RU+h-Uu a�M,x,/^M,p `j+.PSM a�RU/^+.M5TwPdTU/1a�M
PSrhRUa�-0-�clRkPS`�+.-V� L c TU),+ `ja�-�T ��aSTU+.x g�Z_PSx,RUPSM5T x\as+h-fM\aSTq)_P ��+�+.M,aSZ,p�) ��aSTU+.-.yQPS2 a�R0T
TU),+ +#XiTkRUPSrhTU/1a�M aScbTU),+ u:+hM TU/1uGPSM,x +.`�/^TqP -UaSZ,M,x -0/1p�M,PSW�Tka W1+tT�Tk),+ Z,-0+.RW!�M,a<� aSc
TU),+q+.RUR0a�R*r.aSM,x,/^TU/1a�M �

%�� � � v a�M\-U/1x\+.RQTU),+ -U+.rha�M,x
`�a�-�T �SaSTk+hx
g�Z_PSx,RUPSM5T | � )\/1rw)#R0+.u,R0+.-0+.M5Tk-�TU),+b-0+.rha�M,x
-�TkRUaSM,p�+.-�T
x,+tTk+hrhTk+hx 2:a�Z\M,x_PSR�4 aSc*TU),+ u +.M � ��L c3/^T x,as+h-
M,aST
)_P ��+ +.M\a�Z,p�) �SaSTk+h-.y'RU+hr.a�`�u,Z\TU+
/ Tk-mu a�-U/ Tk/^a�M PSM,x a�R0/1+.M5TkPdTk/^a�M Z,-0/1M,p Tk)\+frhZ,RUR0+.M5T3/1`jPSp�+ PSM,x Tk),+qR0+.-UZ\W^Tk-*adc � PSM,x ?A�
U / �S+.M Tk),+ `�+�PSM r.+hM5TkRUaS/1x u:a�-0/^TU/1a�M PSM\x TU),+ +.-0TU/1`jPdTk+hx a�RU/^+.M5TwPdTU/1a�M�adcba�M\+�adcbTk)\+
2 a�Z,M,x,PSRU/^+.-*aSc�Tk)\+�u:+hM TU/1uYyiTk),+�u,R0aS]_W^+�aSc�Tk),+q/1`jPSp�+ /1-m-0+�PSR0rw),+.x�u:+hRUu +.M,x\/1r.Z\WVPSRbTUa
TU),/1-�a�R0/1+hM�TkPdTk/^a�M�/^M�a�RUx,+hRoTka ]_M,x u a�/1M5Tk-6� /^Tk) `jPLXs/1`
Z\` rha�M5TkRkPd-0T&�#(*),+.-0+ju a�/1M5TU-
PSR0+�Z\-U+.x TUa +h-0Tk/^` P<Tk+ Tk),+�W1air�PdTU/1a�M aScoTU),+�adTk),+hR 2 a�Z,M,x_PdR04 aScoTU),+�u +.M�TU/1u | -U+h+
]_pSZ,RU+ z �DA | c �U� �

%5%�� � v PSW^r.Z,W1PdTk+qTk)\+#u +.M�TU/1u
	 - a�R0/1+hM�TkPdTk/^a�M�PS-3TU),+
`�+�PSM�aScATU),+#a�R0/1+hM�TkPdTk/^a�M,-3a�2\TkPS/1M,+hx�/^M
-�Tk+.u\- ?�PSM,x � { | -U+h+ ]_p�Z,R0+ z �DA | p �U� ��(*),+ `�+�PSM a�R0/1+hM�TkPdTk/^a�M /^-#rha�`ju\Z\Tk+hx TwP�!�/1M\p
/^M�TUa
r.aSM,-U/^x,+.RUPdTk/^a�M Tk)\+og�Z_PSx,RUPSM5T /1M\cla�R0` P<Tk/1aSMjaSc�-�Tk+hu,- ? PSM,x � { /1M a�R0x,+.RbTUa P ��a�/^x
u,R0a�2,W^+.`�-=� /^Tk) TU),+q/1M,),+hRU+hM�T3� RUPSuDP PdRUa�Z,M\x � { � A$) {�� � aScAPdM,p�Z,W1PSR*g�Z_PSM5Tk/ Tk/1+h-"�

	 �	��
5��
&����
�(���*,� �/� �	��
�6 
�� " ��� �/�$' �/63����
56 ��(�� "�
&- ��������"	���
� ���.- �)�
��������
5��" *,���$��*�
&* �$' ��
 - � �/����(������
-2�$����*,�����/��
 ���,
 " ��'$����� ���)�����/� ���.�/��
�: �	��
���� " ��
�(���*,� �/� � ����-2��(�*,
&"#������
�� ���/��������"	�4
2��� 
�
&��� �/��*����������

"�
&-2����*�
 (���*�������� -����1����
���
&��*�" ������
&��� � ��������"��4
2��� 
�
�� � �0�/��*���� ����
7��������*�
 (���*,����� � ��� ��������
&" ������
&��� � ��������"
�4
2��� 
�
��!� �/��*#" �� ���/��* ����
56 ��(������$
 (���*,����� � ����-2��(�*,
 " ������
�� ���/��������" �4
2��� 
�
���" �� ����*!%�� :



��@
%�*�� � U +hTqTk)\+�u\RUaS]_W^+ aScbTU),+ /1`jPSp�+ PdW1a�M,p P W1/^M,+
Tk),PdTqu_PS-0-U+.-fTk),R0a�Z,p�)�TU),+jrh+.M5TkR0a�/1x a�2DP

TkPS/1M,+hx /1M -0TU+.u )�� / Tk) Tk),+qa�R0/1+hM�TkPdTk/^a�M r�PdW1r.Z\WVPdTU+.x /1M -�Tk+.u ? | -U+h+�]_p�Z,R0+ z �BA | ) �U� �

% ��� � X�/^M,x Tk),+�u a�-0/^Tk/^a�M aSc�Tk)\+f2,PSW1W^u:a�/^M5TmPSM\x TU),+o]_M,p�+hR /1M Tk)\/1-*u,R0aS]_W1+�254 u +.R�cla�RU`�/1M\p P
� n +.x,pS+ x,+tTk+.rtTk/^a�M a�M�Tk),+ /1`jPSp�+*u,R0aS]_W^+��Ie +.rha�`ju\Z\Tk+ Tk),+3u a�-U/ Tk/1aSMjaSc:Tk),+ r.+hM�TURUa�/^x
PS-ITU),+ `j+.PSM aSc:TU),+3W1air�PdTU/1a�M,-�aSc:TU),+*]_M,p�+hR PSM,x Tk),+ 2_PSW^W1u a�/1M5T | -U+h+3],p�Z,RU+ z �DA | p:PN) �0� �

% ��� � � XiTkRUPSrhTATU),+bTU+.`�u,WVPdTU+ adc_Tk),+ u:+hM
Tk/1u 254#-0+.W1+hrhTU/1M,p�PdM PSRU+.P aSc_TU),+m/1`jPSp�+'aSc Pdx,+.g�Z_PdTU+
-0/%$.+fPSR0a�Z,M,x TU),+qr.+.M5TURUa�/^x�rha�`ju\Z\Tk+hx�/^M -�Tk+hu ��� | -U+.+q]_p�Z\RU+ z �DA | / �U� �

(*),+qPSrhgiZ\/1-U/ Tk/^a�M aSc TU),+�u:+hM Tk/^u Tk+.`�u,W1PdTk+3/1-mu +.R�cla�RU`�+.x aSM,W^4jPdTmTU),+o2 +.p�/^M,M,/^M,p
aSc�Tk)\+
PSrhgiZ\/1-U/ Tk/^a�M)� (*),+�clZ,M,rhTU/1a�MGaScmTU),/1-f`jaix,Z,W^+ /1M -0Z,2,-0+.g�Z,+.M5T clRkPd`j+h- /^- a�M\W^4�Tka�+#XiTkRUPSrhT
P
RU+hp�/1aSM�aScA/1M5Tk+hRU+.-�T rh+.M5Tk+hRU+hx PSRUa�Z\M,x�TU),+#u,R0+.x,/^rhTU+.x�u a�-0/^Tk/^a�M aScATU),+ u +.M�Tk/1u �m(*),/1-3RU+hp�/1aSM
aScI/^M5Tk+.R0+.-�To/1-3Z,-0+.x�254�TU),+ claSW1W1a<� /^M,p 2,W1air ! aScATU),+#-�4s-�Tk+h` Tkajx,+hTU+.rtToTk),+#PSrhTUZ_PSWEu:aS-U/^TU/1a�M
aScETk),+qu +.M Tk/^u)�

��������� � ��� �#��
 ��� 	$��%

(*),+ -U+.rha�M,x�`�aix,Z,W1+qaScQTk),+f-04i-�Tk+.`�)_PS- Tk)\+ TwPd- ! aScIrha�`�u,Z\Tk/^M,p Tk),+ u:aS-U/^TU/1a�M aScQTk),+ u:+hM
Tk/^u /1M Tk),+ r.Z\RURU+hM5T clRkPd`j+ aSc Tk),+ -0+.g�Z,+.M\r.+�� (*)\+�-0a�W1Z\TU/1a�M aSc Tk),/^- TwPS->! /1-E� +.W1W3!�M,a<� M
/1MGTk),+ a�usTk/1`jPSW'-U/^p�M_PSW x,+hTU+.rtTk/1aSM W1/^TU+.RUPdTkZ,R0+ � > C,y z � � � � -U-0Z,`j/^M,p�Tk),PdT
Tk)\+ -U/^p�M_PSW Tka�2 +
x,+tTk+.rtTk+hxG/^-�!�M,a<� M + X\PSrhTUW^4�+ Xsr.+.usTfclaSRoPSx,x\/^Tk/ ��+H� )\/^Tk+#M,a�/1-0+Sy!TU),+ a�u\TU/1`jPSW�x,+hTU+.rtTka�R�/^-�P
`jPdTkrw),+hx ]_W^TU+.R.ys/O� +�� y_P
W1/^M,+�PdR ]_W Tk+.R Tk)_PdT W^asa�!i-bW1/%!d+ Tk)\+�-U/1pSM_PSW!aSM,+�/1-bTUR04i/1M\p
Tka x,+tTk+.rtT&� LNM
a�Z,R r�Pd-U+SysTk),+ -U/1pSM_PSW[r.a�M\-U/1-�Tk- aScYTk)\+ u,/ X\+hW1-'Tk)_P<TmRU+hu,RU+h-U+hM�TbTk),+ou +.MjTk/1ujPSM,xjTk),+ M,a�/1-0+ )_Pd-
T � a�rha�`�u:a�M\+.M5Tk- � aSM,+�r.a�`�u a�M,+.M5T /^-mx,Z,+oTUa M,a�/1-0+�/1M TU),+qPSr.g�Z,/^-U/ Tk/1aSM aSc�Tk),+�/^` Pdp�+.-*PdM,x
Tk)\+jaSTU),+.Rqa�M\+�/^-qx,Z,+ Tka rw)_PSM,p�+h- /^M TU),+�PSu,u_PdRU+.M5T -U/8$.+�PSM,x a�RU/^+.M5TwP<Tk/1aSM adcbTk)\+�u +.M Tk/^u
x,Z,R0/1M,p TU),+ -U+hg�Z,+.M,rh+jadc /^` Pdp�+.-V� (*),+ Pdr.g�Z,/1-0/^TU/1a�M�M\a�/1-0+ /1- TU),+ RU+h-UZ,W TqaSc P r.a�`
2\/1M_PdTU/1a�M
aScQ` PdM�4 c PSrhTUa�RU- W1/8!S+�rw)_PdM,p�+.-3/1M /^W1W1Z\`j/^M_PdTk/^a�M�x,Z,+�Tka�W1/^p�)5T �_/1r !d+.R0/1M,p�a�R PSZ\TUa�`jPdTk/^rop5PS/^M
aScITU),+#r.PS`j+hRkP\y g�Z_PSM5Tk/8$�PdTU/1a�M�M,a�/1-0+Sy rw)_PSM,pS+.-�/1M�p5PS/^M�aScITU),+ clRUPS`j+fp�RUPS2,2 +.R.y:+hTUr�� y � ),+.R0+
M,aSTbPSW^W\Tk),+h-U+ c PdrhTkaSRU- PSRU+ PSx,x\/^Tk/ ��+:� v )_PSM,pS+.-b/^M�TU),+ PSu,u_PSR0+.M5Tm-0/%$h+ PSM\x a�R0/1+.M5TkPdTk/^a�M aScYTk)\+
u +.M9� ),/^W1+ TU),+�Z,-0+.R*/1-;� RU/ Tk/1M\p
-U/^p�M,/^],r�PSM5TkW 4 x,/1-�Tka�R�Tk-bTU),+�/1`jPSp�+3aSc TU),+�u:+hM Tk/^uYy\Pd-*-U),a<� M
/1M ],p�Z,RU+ z � @ � v W1+.PSRUW 4 M\+./^TU),+.R#r.a�`�u:aSM,+.M5T aSc Tk)\+ M,a�/1-0+ -0TURU/^rhTkW 4 -UPdTk/^-0]_+h- Tk),+ PSx\x,/^TU/ ��+



� )

Portion of the image
extracted in order to
compute correlation

of the pen tip

The most likely position of

Location of
maximum

Predicted position

of the pen tip

location of maximum correlation
the pen tip is given by the

correlation
Predicted position

Pen tip template

Correlation

X�/^p�Z,RU+ z � @ � U / ��+.M Tk)\+�u,R0+.x,/^rhTk+hx�W^asr.PdTk/^a�M aSc TU),+�u +.M Tk/1u /1M Tk)\+�r.Z\RURU+hM5T clRkPd`j+dy Tk)\+
`�a�-0TfW1/8!S+hW^4�u a�-0/^Tk/^a�M�aSc Tk),+�u:+hM /^-faS2\TwPS/^M,+.x 254 ]_M,x,/^M,p Tk),+ u,W1PSr.+ Tk),PdT#),PS-q` PLXs/^`
Z,`
r.aSRURU+hWVPdTU/1a�M9� / Tk) Tk)\+fu\RU+ �i/^a�Z,-UW 4 -0TUa�RU+hx TU+.`�u,WVP<Tk+oaScETk)\+fu +.M Tk/^u)�

� ),/ Tk+
M,aS/1-U+#PS-U-0Z,`�u\Tk/^a�M,-oaScITU),+
`jPdTkrw)\+.x�]_W Tk+.RV@!),a<� + �S+.R.yEPS-oPj]_RU-�TfPSu,u,R0a&X\/^` P<Tk/1aSM � +
� /1W^W PS-0-UZ,`�+�Tk)_PdT TU),+ u +.M Tk/^u�r.PSM 2:+qx,+tTk+.rtTk+hx�/1M +�Pdrw)�clRkPd`j+qZ,-0/1M,p Tk)\+ `jPdTkrw)\+.x ]_W^TU+.R"�
(*),+ox\+hTk+hrhTU/1a�M adcYTk),+ u:aS-U/^TU/1a�M�aSc TU),+ u +.M TU/1uj/1- a�2\TwPd/1M,+hx /1Mja�Z,Rb-�4i-0Tk+h`"254jW1air�PdTU/1M,pqTk)\+
`jPLXs/1`
Z,`"aScATU),+ M\a�RU`jPSW1/8$.+hx rha�RUR0+.W1PdTk/^a�M 2:+tT �b+h+.M�Tk)\+ u +.M Tk/1u Tk+h`ju\WVPdTU+ PdM,x�PSM�/1`jPSp�+
M,+h/1p�)�2 a�RU),aiaix#r.+hM5Tk+.R0+.x a�M
TU),+bu,R0+.x,/^rhTU+.x u a�-U/ Tk/1aSM#aSc,TU),+mu +.M
TU/1uYySPS-�-0),a<� M�/^M#]_p�Z\RU+ z � @ �

(*),+ -Uu_PdTU/VPSWdRU+h-Ua�W^Z\Tk/^a�MqaSc�Tk),+'/1M5TU+.R0c Pdr.+'/1- x,+t]_M,+hx#254oTk)\+ W^asr.PSW1/8$�PdTU/1a�M PSrhr.Z,RUPSrh4qx,Z\RU/1M\p
Tk)\+�rha�`ju\Z\TwPdTU/1a�M adc Tk)\+�`jPLXs/1`
Z\` r.aSRURU+hWVPdTU/1a�M � } Z,2DP u,/7Xs+.W R0+.-UaSW1Z\TU/1a�M /1- Pdrw),/1+ ��+.x�2�4
],T0Tk/1M\p P u_PSRUPS2 a�W1a�/^x TUa Tk)\+
r.a�R0RU+hWVPdTU/1a�M�-UZ,R�c PSr.+
/^M�Tk)\+
M,+./^p�)�2:aSRU),aiasx�aSc'Tk),+#u,/7Xs+.W � /^TU)
`jPLXs/1`
Z,` r.aSRURU+hWVPdTU/1a�M �dPSW^Z,+��

(*),+ -�4i-0Tk+h` PSW1-0a#PSM,PSW^44$.+h- TU),+ �SPdW1Z,+h- adcY`jPLXs/1`
Z,` M,a�R0` PSW^/%$h+.x r.a�R0RU+hWVPdTU/1a�M Tkafx,+tTk+.rtT
� ),+tTk),+hR Tk)\+ u +.M�TU/1u /1- M,aST � /^TU),/1M TU),+#u,R0+.x,/^rhTU+.x�/^` Pdp�+�M,+./^p�)�2:aSRU),aiasx �bL cATU),+ �dPSW^Z,+qaSc
`jPLXs/1`
Z,` r.a�R0RU+hWVPdTU/1a�M�/^-�W1a<�b+hR�Tk)_PSMGP Tk),R0+.-U)\a�W1xYy�Tk)\+�-�4i-0Tk+h`�+.`�/^Tk-qPdM PSZ\x,/12,W^+ -U/^p�M_PSW
PSM,xjr.a�M5TU/1M�Z,+.- TkafW1aiaG! claSR TU),+ u +.M�Tk/^uj/^M�TU),+ -UPS`�+3u\WVPSrh+Sy �mPS/ Tk/^M,p�cla�RITk),+3Z,-U+hR TUa R0+�PSW^/%$.+
Tk),PdTATkRUPSr !�/1M,p )_PS-I2 +.+.M W^a�-0TAPSM,x
Tk),PdTATk)\+mu:+hM
Tk/^u
`
Z,-�T'2:+mR0+hTUZ,RUM,+hx Tka TU),+*u,RUaSu:+hRA/1`jPSp�+
M,+h/1p�)�2 a�RU),aiaix)�'(*),+ -�4i-0Tk+h` �mPS/ Tk-*cla�R3P cl+V��clRUPS`�+.-3PSM,x /^cETk),+fu +.M�TU/1u x,ai+.- M,aST3R0+hTkZ\RUM
Tka -0/1p�)5T�y,TU),+�TkRUPSr !�/1M,p -0TUa�u,-V�



� >
��������� � 	�� �#��� 	$��%
(*),+*]_W Tk+.R�u,RU+hx,/1rtTk-ITk),+*`�a�-�TIW1/8!S+.W 4#u a�-0/^Tk/^a�M
aSc Tk)\+*u:+hM TU/1u a�M
TU),+*cla�W1W^a � /^M,p clRUPS`�+m2_PS-0+.x
a�M TU),+orhZ,RUR0+.M5T*u,R0+.x,/^rhTk+hx u a�-U/ Tk/1aSMYy ��+.W^asrh/^TN4jPSM,x PSr.rh+.W1+hRkPdTU/1a�MjaSc Tk)\+ou:+hM Tk/^u PSM\x a�M Tk)\+
`�+�PS-0Z,RU+hx W^asr.PdTk/^a�M adc3TU),+ u +.M Tk/^u u,RUa �i/1x,+hx 2�4GTk),+ u +.M TU/1u TkRUPSr !S+hR"� (*)\+ Z,-U+ aSc3Tk)\+
]_W Tk+.R RU+hx,Z,r.+h-*r.a�`�u,Z\TkPdTk/^a�M,- -U/^M,r.+ )_P �s/^M,p P#u\RU+.x\/1rhTU/1a�M aScYTk)\+ou:aS-U/^TU/1a�M�aSc TU),+ou +.M TU/1u /^M
Tk)\+ M,+#XiTqclRkPS`�+ PSW^W1a<� - Z\-qTUa x,+.rhRU+.PS-U+ Tk),+ -0/%$h+ aSc'Tk),+ M,+h/1p�)�2 a�RU)\asaix�Z,-U+hx TUa r�PSW^r.Z,W1PdTk+
r.aSRURU+hWVPdTU/1a�M �f(*)\+ `j+.PS-UZ,R0+.`�+.M5Tk-+� /^W1WE2:+ PSrhg�Z,/1R0+.x�c PS-0TU+.R�PdM,x�Tk),+ `�+�PS-0Z,RU+hx�TkRkP<�0+.rhTUa�R04
� /1W^W\2 + -U`�asaSTU),+.x 254 Tk)\+3M\a�/1-0+*RU+ �0+hrhTU/1a�M aSc Tk),+*]_W Tk+hR"� � �qPSW^` PSM XQ/1W^TU+.R � A��sy �\y AG>�y A { y z��
/1- PjR0+.rhZ,RU-0/ ��+#+.-0TU/1`jPdTk/^a�M -Urw),+h`j+fTk)_PdT /1-3-UZ,/ TwPS2\W1+�cla�R Tk),/^- u,R0a�2,W^+.` �3�G+ TU+.-�Tk+.x�-U+ �S+.RUPSW
x,/7M!+hRU+.M5T ]_RU-�T>P�PSM,x�-U+hr.a�M\xDPNa�R0x,+.R `jaix,+hW1-Acla�RATU),+ `�a ��+h`j+hM�T aSc:Tk),+3u:+hM�TU/1u�a�M Tk),+3/1`jPSp�+
u,W1PSM,+�� (*),+ `jaix,+.WITU)_PdT
u\RUa �i/1x,+hx Tk),+j2:+h-0T#u:+hR0cla�R0` PSM\r.+�� /^Tk)GTk),+j+�PS-0/1+.-�T#TUZ,M,/1M\p �bPS-
Pj-0/1`�u,W1+qRUPSM,x,a�` �bPSW%! `�aix,+.W cla�R Tk),+#PSr.rh+.W^+.RkP<Tk/1aSM�aSc�Tk),+ u:+hM�Tk/^u�a�M�Tk),+ /1`jPSp�+�u,W1PSM,+��
(*),+f`jaix,+hW!/1- p�/ ��+hM 254 +hgiZ,PdTk/^a�M z � � �

�������� �������

�� | � �
	 � | � �
�� | � �
	 " | � �
�" | � �
	 ��� | � �
0 | � �
	 � | � � � � �5| � �

| z � � �

� ),+hRU+ � | T � y � | T � PdM,x " | T � PSR0+ATk),+IT � a:PNx\/1`�+.M,-0/1a�M_PdW7PNrha�`�u:a�M\+.M5Tk-:aScsTU),+'u:aS-U/^TU/1a�M!y ��+.W^asrh/^TN4
PSM,x Pdr.r.+hW1+hRkPdTU/1a�MGaSc*Tk),+jTkRkPdr !S+.x u a�/1M5T.yIPSM,x �
� | � � PSM\x � �S| � � PSRU+ PSx,x,/ Tk/ �S+Y$h+.RUaLPN`�+�PSMYy
U PSZ,-U-0/VPSM!y�� ),/^TU+fM\a�/1-0+fu\RUair.+.-0-U+h-"�m(*),+fa�Z\TUu,Z\T3aScETk),+f`�asx,+hW 0 | � � /^-mTk),+fu:aS-U/^TU/1a�M adc�Tk)\+
u +.M Tk/1u rha�RUR0Z,u\TU+.x�254 Pdx,x,/^TU/ �S+�M,a�/1-0+�� �Ig�Z_PdTU/1a�M z � � x,+.-0r.RU/^2:+h- P rha�M5Tk/1M�Z,aSZ,- `jaix,+.W>y\2,ZsT
a�Z,R -�4s-�Tk+h`�/^- x,/1-0r.RU+tTk+f254 M_PdTkZ\RU+q-U/^M,r.+B�b+fu +.R0claSRU` `�+�PS-0Z,RU+h`j+hM5Tk- PdT3x,/1-0r.RU+tTk+f/1M,-�TwPSM5TU-
aScETk/^`j+:�A(*),+fr.a�R0RU+.-0u:aSM,x,/1M\p�x\/1-UrhRU+tTk+q+.g�Z_PdTU/1a�M\- claSRmTk),+q`�asx,+hW PSR0+ Pd- claSW1W1a<� - �



� �

�������� �������

� |�� � � �
	 � |�� � � � |�� � �
�
� " |�� �

� |�� � � �
	 � |�� � � " |�� �
" |�� � � �
	 " |�� � � � � |�� �

0 |�� �
	 � |�� � � � ��|�� �
| z � zS�

� ),+hRU+�� +o` Pdx,+oP
-0` PSW^W PS2,Z,-0+oaSc�M,aSTkPdTk/^a�M 254 Z,-U/^M,p#Tk)\+o-kPS`�+ M,PS`j+3cla�R TU),+orha�M5Tk/1M�Z,aSZ,-
PSM,x x,/^-UrhRU+hTU+�M,a�/^-U+�u,R0asrh+.-U-0+.- | cla�R `ja�R0+�/1Mscla�RU`jPdTk/^a�M a�M a�2\TwPd/1M,/^M,p Tk)\+�x,/1-0r.RU+tTk+ P Tk/^`j+
cla�R0`
Z,WVP<Tk/1aSM�cla�RbP
r.a�M5TU/1M�Z,a�Z,- P TU/1`�+ -04i-�Tk+.` y,-0+.+�rw)_PSusTk+.R A
adc�RU+hcl+hRU+hM,r.+ � A {�� a�R*PSu,u +.M\x,/7X
v � � A adcmRU+tcl+.R0+.M,rh+ � z��V� � v PSW1W^/1M,p�� TU),+�TURkPSM\-U/^TU/1a�M�`jPdTURU/7X�PSM,x �"Tk)\+ja�ZsTku,Z\Tf`jPdTkR0/7X�aSc
Tk)\+�-04i-0TU+.` y*Tk),+�+hg�Z_PdTk/^a�M,- claSRjTk)\+�x,/^-Ur.R0+hTU+�`jaix,+hW /^M ` P<TkRU/ X cla�RU` PSR0+�u,R0+.-0+.M5Tk+hx /^M
+.g�Z_P<Tk/1aSM z �BA PdM,x Tk),+�rha�RUR0+.-Uu a�M,x\/1M,p -0/1p�M_PdW!`�asx,+hW!/^-mx,+.u\/1rhTU+.x 254 Tk)\+�2,W1air !jx\/VPSp�RUPS` aSc
]_p�Z\RU+ z �D)A�

�� � � |�� � � � 	 ��� |�� � � ��� |�� �
0 |�� � 	 �	� |�� � � � �S|�� � | z �BA �

� ),+hRU+

� |�� � 	

���
�
� |�� �
� |�� �
" |�� �


����
� ��� |�� � 	


���
�

{
{

�
� |�� �

����
�

� 	


������������
�

� { � { {��B@ {
{ � { � { {��B@
{ { � { � {
{ { { � { �
{ { { { � {
{ { { { { �


�������������
�

� 	 
� � { { { { {
{ � { { { {


�



� ?

n  (k)
X

n (k)y

+X(k)

+

+
+ +

+ y(k)

A

CDelay

X(k+1)

X�/^p�Z,R0+ z �D) � } /1p�M,PSW!`�asx\+.WYx,+h-UrhRU/12 +.x�254 +.g�Z_PdTU/1a�M z �DAA�

Sb+hclaSRU+�� RU/ Tk/^M,p
Tk),+�+hg�Z_PdTk/^a�M,-mcla�R Tk),+qRU+hr.Z,R0-U/ ��+q+.-�Tk/1`jPdTUa�R.y �b+q`
Z\-0T /1M5TURUaix,Z,r.+�-0a�`�+
M,aSTkPdTk/^a�M)� T�+tT Z,-�r�PSW^W � |�� � 	 0 |�� ��� � �� |���� � �"� � ��TU),+ /1M,M\a �dPdTU/1a�M adcjTU),+ ]_W7P
Tk+hR.y�� |�� � 	 ��� � ��|�� � �
	 � |�� ��� Tk)\+ r.a �dPSRU/1PSM,rh+ `jPdTkR0/7X aSc TU),+ a�ZsTku,Z\T�M,a�/^-U+Sy�
 |�� � 	
��� � � |�� � �
	 � |�� ��� TU),+�rha �dPSR0/VPSM\r.+�`jPdTkR0/7X aSc�TU),+�-0TkPdTk+�M\a�/1-0+Sy���� |�� � 	���� � |�� � ��	 |�� ���
Tk)\+�r.a �dPSR0/VPSM,rh+�`jPdTURU/7X aSc TU),+�/^M,M,a �dPdTk/^a�MYy �� |���� � � 	���� � |�� � � 0 | {5� � 0 | � � ������� � 0 |�� ���
Tk)\+ +h-0TU/1`jPdTk+ aSc Tk),+ -�TwPdTU+ � PdT Tk/^`j+ � Z,-0/1M,p�Tk)\+�`�+�PS-0Z,RU+h`j+hM5Tk- Z,u TUa�Tk/1`�+ � PdM,x
� |���� � � 	���� | � |�� �
� �� |���� � �0� | � |�� �
� �� |���� � �U� 	 � Tk),+orha�RUR0+.-0u:a�M\x,/1M,p rha �SPdRU/VPdM,r.+ ` PLP
TkR0/7X aScQTU),+q+.-�Tk/1`jPdTU/1a�M +hRURUaSR"�I(*),+q+.g�Z_P<Tk/1aSM,-*cla�RmTk),+��qPSW^` PSM ],W^Tk+hR PSRU+ �


 � "#�1'�!;��������� ' 	 �	" �1� ���<'	"2�������	�! 

�� � �� |���� � �
	 �� |���� � � � � �#"%$ |�� � � |�� �
� |�� �
	 0 |�� �&� � �� |���� � ��� �

| z �HC �

����� ����
��� |�� � 	 � |�� � � �'� |���� � � � � � 	
"%$ |�� � 	 � |���� � � � � � 	 � � �� |�� �
� |���� � � 	 � |���� � � � �&� � |���� � � � � � 	 � � �� |�� � �'� 	 |���� � � � �

| z � @��

8 ����� 	�!����	�,�$���(��� ���<'�" ���(�����! 

�� � �� |�� � � � � � 	 � �� |���� � �
� |�� � � � � � 	 �(� |���� � � � 	 �#
 |�� � | z �B) �



zS{
& �������("#�,���G" ���(���  

�� � �� | { � � � � 	 �� | {5�
� | { � � � � 	 � | {��

| z � > �

LNM�Tk)\+ r.PS-U+ aScAa�Z\R -�4s-�Tk+h`�y:2:aSTU) � |�� � PSM,x 
 |�� � PSR0+#PS-0-UZ,`�+.x Tkaj2:+qTk/^`j+ PN/1M �dPSR0/VPSM5T
PSM,x x,/VPSpSa�M_PSW>y5/O� +�� yiTU),+o`�+�PS-0Z,RU+h`j+hM�TU-*PSR0+oPS-0-UZ,`�+.x TUa
2 + Z,M,rha�RUR0+.W1PdTk+hx PSM,x TU),+ rha�`�u:a:P
M,+hM�TU-qaSc TU),+ -0TkPdTk+ PdRU+ PS-0-UZ,`�+.x�Tka 2 + Z,M,rha�RUR0+.WVP<Tk+.x � U / ��+hM�Tk),+ `�asx\+.WQclaSRoTk),+ -�4s-�Tk+h`
-U)\a � M�/1M +.g�Z_PdTU/1a�M,- z � z PSM\x z �DA\y_Tk),+fa�M,W 4 r.a�`�u a�M,+.M5TU- aSc�Tk),+f-0TkPdTk+B� /^TU)�M,a�/^-U+ PSRU+qTk)\+
PSrhr.+.W^+.RUPdTk/^a�M,-"� � -U-UZ\`j/^M,p�TU)_PdT*TU),+ �S+.R�Tk/1r.PSW�PSM,x ),a�R0/%$ha�M5TwPSW Pdr.r.+hW1+hRkPdTU/1a�M,- aScETk)\+fu +.M Tk/^u
PSR0+ Z,M,rha�RUR0+.W1PdTk+hx /1- P�2,/ T#Z,M\RU+�PdW -0/1M,rh+jTk)\+ `
Z,-0r.Z,W1PSR#pSRUa�Z,u Tk)_P<T
p�+hM,+.RUPdTk+h-#Tk),+j)_PSM,x4P
� RU/ TUTU+.M u_P<TUTk+hRUM aSMGTk)\+ u_PSu +.R x,as+h-#M,adT#`�a ��+ TU),+ u +.M TU/1uG/1M � PdM,x � /1M,x\+.u +.M,x,+hM5TkW^4
2,Z\ToRkPdTU),+.R PS-oPY� ),aSW1+�� � W^-Ua TU),+ PS-0-UZ,`�u\Tk/^a�M�adc'Z,M,r.aSRURU+hWVPdTU+.x�`�+�Pd-UZ,R0+.`�+.M5Tk-�/^- Z,M\RU+�PdW
-U/^M,r.+��b+
Z\-U+ P u,PSRkPS2 a�W^a�/1x ],ToadcITk),+ r.a�R0RU+.W1PdTk/^a�M�-0Z,R0c Pdr.+#TUa a�2\TkPS/1M�-UZ,2DP u,/7Xs+hWAPSrhr.Z,RUPSrh4Sy
PSM,x TU),+.R0+hcla�R0+Sy,Tk)\+�),a�RU/8$.a�M5TkPSWYPSM\x �S+.R�Tk/1r.PSW r.aia�R0x,/1M_P<Tk+.-baSc�Tk),+q`jPLXs/1`
Z,` aScQr.aSRURU+hWVPdTU/1a�M
PSR0+oW1/^M�!S+hx Tk),R0a�Z,p�) TU),+ ],T0Tk/^M,p��JI3a � + �S+.Rhy,Tk),+oZ\M,r.a�R0RU+hWVPdTU+.x PS-0-UZ,`�u\Tk/^a�M u,R0a �s/^x,+.-mP ]_RU-�T
a�R0x,+.R'`�asx,+hW,aSc:Tk),+3PSrtTkZ_PSW_x\+.u +.M,x,+hM,r.+h- � /^TU)�Pf-0` PSW^W\M�Z,`
2 +.R aSc:u_PSRUPS`j+tTk+hRU-"��LNM�c PSrtT�y��
PSM,x 
 u\RUa �i/1x,+oTU),+�u_PSRUPS`j+tTk+hRU-mTk),PdT M,+.+hx TUa 2:+oTUZ,M,+hx�/^M a�RUx,+hRmTka PSrw)\/1+ �S+fP u,PSR0TU/1r.Z\WVPSR
r.aSM �S+.R0p�+.M,rh+ adcETU),+ ]_W Tk+hR"� �G+o)_P ��+�cla�Z,R TkZ,M,/^M,p
u_PdRkPS`�+hTU+.RU-*/^M Tk)\+.-U+�T � a ` P<TkRU/^r.+h-.ysT � a
�dPSRU/1PSM,rh+.- r.a�R0RU+h-Uu a�M,x,/^M,p Tka � � PSM,x T �ba �dPSRU/1PSM,r.+h- r.a�R0RU+.-0u:aSM,x,/1M\p TUa �
� �
��������� � 	�!#!#	���%�� ��
	� �"!

(*),+ PSW1p�aSRU/^TU),` x\+.-UrhRU/^2:+hx /1M u,RU+ �s/^a�Z,- -U+.rtTk/^a�M,-#x\+hTk+hrhTU-#Tk),+�u a�-U/ Tk/1aSMGaScbTk),+ju:+hMGTk/^u /^M
+�Pdrw)jaSc[TU),+mclRkPS`�+.-�aSc[Tk),+*-0+.g�Z,+.M\r.+�� 	 Mscla�R0TUZ,M_PdTU+.W^4Sy�-UaS`j+*/^M�TU+.R0`j+hx,/VPdTU+ clRUPS`j+h-Ir.a�Z\W1x 2 +
`�/1-U-0/1M,pfx,Z,+3Tka
u\RUa�2,W^+.`�- /^MjTU),+oPSrhg�Z,/1-0/^Tk/^a�MYy�a�Rhys/^MjTk)\+ r�Pd-U+ adcYTk),+ RU+�PdW7P TU/1`�+*/1`�u,W1+h`j+hMDP
TwP<Tk/1aSMYy,x,Z,+qTka�u,R0a�2,W1+h`j-=� / Tk) Tk),+q-�4sM\rw),RUa�M\/%$�P<Tk/1aSM�aScQTk),+ O v � /^TU) Tk),+qclRkPS`�+�p�RUPS2,2 +.R"�
} /^M,r.+�/ Tm/1-bx,+.-0/1RkPd2,W1+ TUa -kPS`�u,W^+ Tk),+�),PSM,xA� R0/^TUTU+.M TkRUP �0+.rtTka�R�4 PdT*P
r.a�M,-�TwPSM5T RUPdTk+dy\Tk),+hRU+�/^-
P M,+.+hx�cla�R*+h-0TU/1`jPdTk/^M,p#Tk)\+f`�a�-�T W1/%!d+.W 4 u a�-U/ Tk/1aSM aScQTU),+qu:+hM TU/1u cla�RmTU),+q`j/^-U-0/1M,p
clRUPS`j+h-"�
K PSRU/^a�Z,-I`�+hTU),asx\- r.PSM�2:+3Z,-U+hxjTUafu +.R�cla�RU` Tk),/^- +h-0TU/1`jPdTk/^a�M)� � a�R>!�/1M,pq/1M 2_P<Tkrw) `�aix,+Sy

Tk)\+ u +.M�Tk/1u u a�-U/ Tk/^a�M cla�RITk),+3`j/^-U-0/1M,p�clRkPd`j+h- rha�Z,W^xj2 + +h-0TU/1`jPdTk+hx�254�-Uu\W1/1M\+3/^M5Tk+.R0u:aSWVPdTU/1a�M



zs�
aSc:Tk),+ PSr.g�Z,/^RU+.x�TkRUP �0+.rtTka�R�4G� �Ga�R !�/1M\p a�Mja�MDP W1/1M\+*`jaix,+Sy5TU),+ u a�-U/ Tk/^a�M r.a�Z,W^xj2 + +h-0TU/1`jPdTk+hx
254 Z,-0/1M,p�Tk)\+ u\RU+.x\/1rhTU/1a�M aSc3Tk)\+ �fPdW1`jPSM ]_W^TU+.RV� (*),+.-0+ T � aGPSu,u,R0a5PSrw),+h-jR0+.u,R0+.-U+hM5T Tk)\+
+#XiTURU+.`�+�r�PS-0+.-
aScmP�RUPSM,p�+ aSc*u a�-0-U/12\/1W1/ Tk/^+.- TU)_PdTfx,+.u +.M\x a�MGTU),+�MiZ\`
2:+hR#aScbx_PdTkP u a�/1M5TU-
Z,-0+.x TUa�+.-�Tk/^` PdTU+ Tk),+ju:a�-0/^TU/1a�M aScmTU),+�u:+hM Tk/^u cla�Rf`�/1-U-0/1M,p clRUPS`j+h-"� �oM,+jaScbTU),+ x,+h-U/^p�M
u,R0+.`�/1-U+h-oaScITU),+
/1M5TU+.R0c Pdr.+
/^- RU+.PSW7PCTk/^`j+qa�u +.RUPdTk/^a�M)@:TU),+.R0+hcla�R0+SyY/ T /^- x,+h-U/^RkPS2,W^+ TUa +.-0TU/1`jPdTk+
Tk)\+fu a�-0/^Tk/^a�M aScETk),+qu +.M Tk/^u claSR*`j/^-U-U/^M,p
clRkPd`j+h- PS-*Tk),+fPSrhgiZ\/1-U/ Tk/^a�M /1-mTkP�!�/1M,p u,W1PSr.+:�I(*),+
u,R0+.x,/^rhTk+hx u:aS-U/^TU/1a�M aSc�TU),+�u +.M TU/1u�u\RUa �i/1x,+hx 2�4 Tk)\+�RU+hr.Z,R0-U/ �S+�+.-�Tk/^` PdTUa�R�/1-jTU),+�`�a�-0T
W1/8!S+hW^4 W1air�PdTU/1a�M aScqTk),+�u +.M Tk/^u p�/ �S+.M Tk)\+�u_PS-0T )\/1-0TUa�R04�aScqTk),+�`�a ��+h`j+hM�T adcfTU),+ u:+hM
Tk/^uYyY/R� +:�^yYTU),+ u,RU+hx,/1rtTk/1aSM�-UZ,`�` PdRU/%$h+.-�PdW1WQTU),+ P �dPS/1W1PS2,W1+ /1M\claSRU`jPdTk/^a�M�aSM TU),+ -0TkPdTk+ aSc Tk)\+
-04i-�Tk+.` Z,u TkaGTU),+�W1PS-0T�`�+�PS-0Z,RU+h`j+hM5T&� v W1+.PSRUW 4 Tk)\/1-�u,RU+hx,/1rtTk/1aSM x,ai+.-jM,aSTj/1M,rhW1Z,x\+�PdM�4
/1Mscla�RU`jPdTk/^a�M aSM clZ\TUZ,RU+ `�+�Pd-UZ,R0+.`�+.M5Tk-hyb-UaGP�2:+tTUTU+.R +.-�Tk/1`jPdTU/1a�M adc TU),+ u:a�-0/^TU/1a�M aSc3Tk)\+
u +.M�TU/1u�claSR P�`j/^-U-U/^M,p clRkPS`�++�ba�Z\W1x�2 +#a�2sTwPS/^M,+.x�2�4 `�+.R0p�/1M,p Tk)\+#/1Mscla�RU`jPdTk/^a�M p�/ ��+.M�2�4
Tk)\+�u\RU+.x\/1rhTU/1a�M PSM\x TU),+ /1M\cla�R0` P<Tk/1aSM�u,RUa �i/1x\+.x 2�4�clZsTkZ,R0+�`�+�Pd-UZ,R0+.`�+.M5Tk-V���G+ +.-0TU/1`jPdTk+
Tk)\+ u:a�-0/^TU/1a�M�aSc'Tk),+ u +.M�TU/1u�cla�R TU),+
`�/1-0-U/1M\p clRkPS`�+.- Z,-U/^M,p Tk),+ u\RU+.x\/1rhTU/1a�M�p�/ �S+.M�254�Tk)\+
�qPSW1`jPSMq]_W^TU+.RQPSM,x#TU),+b`�+�Pd-UZ,R0+.`�+.M5TIa�2\TkPS/1M\+.x
P<c Tk+.RETk),+ `j/^-U-0/1M,p clRkPS`�+��E(*),/^-�+.-�Tk/^` PdTU/1a�M
r�PdMj2 + u:+hR0cla�R0`j+hxjPd-I-Uaia�M Pd-ATk),+ M,+#� `j+.PS-UZ\RU+.`�+.M5T /1-Ir.PSu\TUZ,RU+hxj-0/1M,rh+3/ T'a�M,W 4
RU+hg�Z,/1R0+.- P
cl+V� + XiTkRkP
rha�`�u,Z\TwP<Tk/1aSM,-"�Q(*),+o/1M5TU+.R0c Pdr.+ u\RUa �i/1x,+h-b/1MjTk),/^-;�bP�4 P#rha�M,-�TwPSM5T>P RkPdTU+ -�TkRU+.PS` aSc
x_PdTkP�TU)_PdT r.a�Z,W^x�2 + Z\-U+.x�254�Pj),PSM,xA� R0/^Tk/^M,p�RU+.rha�p�M,/ Tk/^a�M +.M,p�/^M,+qTka u +.R�cla�RU` R0+.r.aSp�M,/^TU/1a�M
PS-#TU),+ PSrhg�Z,/1-0/^Tk/^a�M /^- TkP�!�/1M,p�u\WVPSrh+SyA/^M,r.R0+�PS-0/1M,p�TU),+ u a�-U-0/12,/^W1/ TN4 aSc /1M5Tk+hRkPSrtTk/^a�M � / Tk) Tk)\+
Z,-0+.R"�

� -0-UZ,`�/1M,p�Tk)_P<T3clRUPS`�+ � � � /1- `j/^-U-0/1M,p,y_pS/ ��+hM�TU)_PdT3�b+ )_P ��+ `j+.PS-UZ,R0+.`�+.M5Tk- PdT Tk/^`j+� ��z PdM,x PdT
Tk/^`j+ � yJ�b+ M,+h+.x Tka�+h-0TU/1`jPdTk+ TU),+ `�a�-0T W^/%!d+.W^4 -�TwPdTU+ PSM,x Tk),+ aSZ\Tku,ZsT aSc
Tk)\+�-�4s-�Tk+h` P<T�TU/1`�+ � � � ��(*)\+
�qPSW^` PSM -0`jaiaSTU),+.R � z y A { � /^- TU),+ u,RUaSu:+hRj-0rw),+.`�+ TUa
-UaSW ��+jTk),/^-
+.-�Tk/1`jPdTU/1a�M u,RUaS2,W1+h` ��(*)\+ �fPdW1`jPSM -0`jaiaSTk)\+.R#/^-
x,+hRU/ �S+.x clR0a�` TU),+ �qPSW^` PSM
]_W Tk+.Rb2�4 PSZ,pS`j+hM�TU/1M,p Tk),+�-0/1p�M_PdW:`�asx\+.WYPd-m-U),a<� M /1M ],p�Z,RU+ z � >4�I(*),+�-0TkPdTk+o+hg�Z_PdTk/^a�M,-bclaSR
Tk)\+ PSZ,p�`�+.M5TU+.x -0/1p�M_PdW `�aix,+.W PSRU+ju,RU+h-U+hM�TU+.x /1MG+.g�Z_PdTU/1a�M z ���D��(*),/^-#M,+#�"-0/1p�M,PSW `�aix,+.W
p�+hM,+.RUPdTk+h- +h-0Tk/^` P<Tk+.- aScETk)\+ -�TwPdTU+qTU)_PdT3/1M �Sa�W �S+ `�a�RU+�`�+�Pd-UZ,R0+.`�+.M5T3-kPS`�u,W1+h-*Tk)_PSM /1M Tk)\+
r.aSM �S+.M5Tk/^a�M_PSW �qPSW1`jPSM ]_W Tk+hRjP<TjTU),+�+ Xsu:+hM,-U+�adc�PSM /1M,rhRU+.PS-U+ /1M Tk),+ r.aS`ju,W^+#Xs/^TN4 aScoTk)\+
+.-�Tk/^` PdTUa�R"�



z�z

� 
��.� '

� 
��.� '

� 
��.� '

�
�

� � � �

�

�
�����
	��
 �
	�� � ��	��������	��


 ��	 ��� �


������ �
	���� 
 ��	 � � �


�� � � �
	���� 
 ��	 � % �

X�/^p�Z,RU+ z � > � � Z,p�`�+.M5Tk+hx�-0/1p�M,PSWY`�asx,+hW | Pdx_PSu\TU+.x clRUa�`"RU+hcl+hRU+hM,r.+ � z � � �

����������������� ����������������


���
�
� |�� � � ��"! �$# |�� � � �� ! �%# |�� � � �


 ���
� 	


���
�
� { {
& { {
{ & {


 ���
�

���
�
� |�� ��"! �$# |�� �� ! �%# |�� �


 ���
� �


���
�
� � |�� �
{
{


 ���
�

0 |�� � 	 ' � { {)(

���
�
� |�� �� ! �$# |�� �
� ! �%# |�� �


����
� � � �5|�� �

| z ��� �

X_RUa�`8]_p�Z\RU+ z �B>oPSM,x +hgiZ,PdTk/^a�M z � �\y5/^T�/1-ArhW1+�PdR�Tk)_P<T � ! �$# |�� � � � 	 � |�� � PSM,x � ! �%# |�� � � � 	� |�� � � � �'(*),+.R0+hcla�R0+Sy[PS-0-UZ,`�/1M\p TU)_PdT3� +f),P �S+ `�+�Pd-UZ,R0+.`�+.M5Tk- � 0 | {5� � 0 | � � � ����� � 0 |�� ��� y

�� ! �$# |�� � � � 	 ��� � ! �$# |�� � � � � � 0 | {5� � 0 | � � � ����� � 0 |�� ��� � 	 �� |���� � �
�� ! �%# |�� � � � 	 ��� � ! �%# |�� � � � � � 0 | {5� � 0 | � � � ����� � 0 |�� ��� � 	 �� |�� � � � � �

� ),+hRU+ �� |�� � � � � � /^-QTU),+m+.-�Tk/^` PdTU+ TU)_PdT � +*M,+h+.xYy5/^M#Tk),+br�PS-0+m/1MH� )\/1rw) 0 |�� � � � /1-Q`j/^-U-U/^M,p��



z A
(*),+�/1M,rhRU+.PS-U+ /1M r.aS`ju,W^+#Xs/^TN4�aSc Tk),+�+.-�Tk/1`jPdTUa�Ro/1-qR0+ �_+hrhTk+hx /^M TU),+ r.a �dPSRU/1PSM,r.+ `jPdTkR0/7X�aSc
Tk)\+ +.-0TU/1`jPdTkaSR#+.R0RUa�R -0/1M,rh+ Tk),+hRU+ PSR0+ M,+#� -UZ\2DPN`jPdTkR0/1rh+.-#TU)_PdT R0+.u,R0+.-U+hM5TjTU),+ r.a �dPSRU/1PSM,rh+
2 +hT � +.+.M TU),+ +.-�Tk/^` PdTU/1a�M +.R0RUa�R#PdT
x\/8M:+.RU+hM5T u:aS/1M5Tk- /1MGTU/1`�+Sy�PS-
-U)\a � M /^M Tk)\+ cla�W1W^a<� /1M,p
+.g�Z_P<Tk/1aSM��

6 |�� � � � � � 	 ��� 
���
�

| � |�� � � �&� �� |�� � � � � �U�
| � ! �$# |�� � � �&� �� ! �$# |�� � � � � �0�
| � ! �%# |�� � � �&� �� ! �%# |�� � � � � �0�


����
�

���
�

| � |�� � � �&� �� |�� � � � � �U�
| � ! �$# |�� � � �&� �� ! �$# |�� � � � � �0�
| � ! �%# |�� � � �&� �� ! �%# |�� � � � � �0�


����
�
	��

	

���
�
� |�� � � � � � � ! �$#�� |�� � � � � � � ! �%#�� |�� � � � � �
� ! �$# |�� � � � � � � ! ��� �$# |�� � � � � � � ! �	� �$# � |�� � � � � �
� ! �%# |�� � � � � � � ! �	� �$# |�� � � � � � � ! �	� �%# |�� � � � � �


 ���
�

� ),+hRU+��b+ )_P ��+�/1x\+.M5Tk/ ]_+.x � !�
 # |�� � � � � � 	 ��� | � |�� � � � � �� |�� � � � � �U� | � !�
 # |�� � � � �
�� !�
 # |�� � � � � �0� 	 � PdM,x � !�
 � 
 # |�� � � � � � 	 � � | � !�
 # |�� � � � � �� !�
 # |�� � � � � �U� | � !�
 # |�� � � � �
�� !�
 # |�� � � � � �0� 	 � � U / ��+.M TU)_PdT �� !�
�
 �$# |�� � � � � � 	 �� |�� � 
 � � � yITU),+ x,/VPdp�a�M_PSW Tk+hRU`�-
aSc
6 |�� � � � � � PSR0+�� !�
�
 ��� 
�
 �$# |�� � � � � � 	 � |�� � 
 � � � � � u,u\W^4i/1M,pfTk),+ �qPSW1`jPSM ]_W^TU+.R +.g�Z_PdTU/1a�M\-
Tka TU),+fPSZ,p�`�+.M5Tk+hx�-�4i-0Tk+h`�PSM,x x,+.rha�Z,u,W^/1M,p TU),+qx,/8M:+.R0+.M5T Tk+.R0`j-hyA� + )_P �S+ �

�������� �������

�� |�� � � � � � 	 � �� |���� � � � � � "�� |�� � � |�� �
�� ! �$# |�� � � � � � 	 �� |���� � � � � �#" ! �$#� |�� � � |�� �
�� ! �%# |�� � � � � � 	 �� ! �$# |���� � ��� � �#" ! �%#� |�� � � |�� �

� |�� � 	 0 |�� �&� � �� |���� � � � �

| z �B? �

�������� �������

��� |�� � 	 � |�� � � ��� |���� � � � � � 	
"�� |�� � 	 � � |���� � � � � � 	 � � �� |�� �
" ! �$#� |�� � 	 � |���� � � � � � 	 � � �� |�� �
" ! �%#� |�� � 	 � ! �$# |���� � � � � � 	 � � �� |�� �

| z � � {5�



z C

����������� ����������

� |�� � � � � � 	 �(� |���� � � � � � 	 � 
 |�� �&� "�� |�� � ��� |�� � " 	� |�� �
� ! �$# |�� � � � � � 	 � |���� � � � � | � � "�� |�� � � � 	
� ! �%# |�� � � � � � 	 � ! �$# |���� � ��� � | � � "�� |�� � � � 	
� ! ��� �$# |�� � � � � � 	 � |���� � � � �&� � |���� � � � � � 	 " ! �$# �� |�� �
� ! �	� �%# |�� � � � � � 	 � ! ��� �$# |���� � ��� �&� � ! �$# |���� � � � � � 	 " ! �%#��� |�� �

| z � ��� �

(*),+ +hg�Z_PdTk/^a�M Tk)_PdTB� + PdRU+ W1aiaG!�/1M,p claSRf/^-�Tk),+�a�M,+ r.aSRURU+h-Uu a�M,x,/^M,p Tka �� |�� ��� � � � 	
�� ! �%# |�� � � � � � y�p�/ ��+.M�Tk)_P<T-� + ),P �S+ M,a `j+.PS-UZ\RU+.`�+.M5TbPdT Tk/1`�+ � � � �'X_R0a�` +.g�Z_P<Tk/1aSM z � � { y
/^T /1- r.W^+�PSR Tk)_PdT �� |�� � � � � � 	 �� |�� � � � � � � � � " ! �%#� |�� � | 0 |�� � � � �� |���� � � � �U� ys2\Z\TmTk)\+
u,R0a�2,W1+h` /1-'Tk)_PdT;� +or�PSM\M,aSTmpS+hT �� |�� � � � � � � � -U/1M\r.+6� + x\a
M,aSTb)_P ��+�Pf`j+.PS-UZ,R0+.`�+.M5T*P<T� ��� � 	 -0/1M,pqTk),+ `�+�PS-0Z,RU+h`j+hM5TbZ,u x_PdTU+ +.g�Z_PdTU/1a�M z �HCfcla�RITU),+ �fPdW1`jPSM ]_W^TU+.R.y �� |�� ��� � � �
� � 	 �� |�� ��� � � � zS� � � |�� ��� � � � z�� � 	 � � �� |�� ��� � | 0 |�� ��� � � � �� |�� ��� � � � zS�U� � ��M\+
�bP 4qTUa a ��+hRUr.aS`j+bTU),/1-�u,R0a�2,W^+.` /1-E254 PS-U-0Z,`j/^M,p TU)_PdTETk),+hRU+ /1-QP `�+�PS-0Z,RU+h`j+hM�T�PdT � �j� Tk)_P<T
)_PS-3/1Ms]_M,/^TU+ �dPSRU/1PSM,r.+:� (*)\+.RU+tcla�RU+dy_Tk),+f/1M,M\a �dPdTU/1a�M rha �dPSR0/VPSM\r.+���� |�� � � � p�ai+.- Tka�/1M\]_M\/^TN4
| aSR.yi2:+tTUTk+hR.yi/^TU- /^M �S+.R0-U+ � � �� |�� � � � p�ai+.- TkaH$h+.R0a � y\PSM,x �� |�� � � � � � � � 	 �� |�� �G� � � ��z�� �
� W^-Ua,y �� |���� � � � � 	 � �� |�� � � � � � � � 	 � �� |�� � � � � � z�� � LNM�c PSrtT�y[p�/ ��+.M Tk),PdT6� +fx,a
M,aSTo)_P ��+�PSM54�`�+�PS-0Z,RU+h`j+hM�TfP<T � � � yYTk),+ `�a�-�T�W1/8!S+.W 4 -0TwP<Tk+ aSc'Tk)\+ -04i-0TU+.`�PdT � � � /^-
u,R0a �i/^x,+.x 254 Tk),+ u,RU+hx,/1rtTk/1aSMjclRUaS` TU/1`�+ � � z PSM,x TU),+ou,R0+.x,/^rhTk+hx -0TkPdTk+oPdT TU/1`�+ � /1-bpS/ ��+hM
254�PSu\u,W^4i/1M\p Tk),+
TURkPSM\-U/^TU/1a�M�` P<TkRU/ X�a�M5Tka Tk)\+
`jaS-0T�W^/%!S+hW^4 -0TkPdTk+
PdToTk/^`j+ � � � �fX�/1M_PdW1W^4Sy
Tk)\+f+hg�Z_PdTk/^a�M,-*cla�R*rha�`ju\Z\Tk/^M,p �� |�� � � � � � PSRU+qPd- claSW1W1a<� - �
����������� ����������

�� |�� � � � � � 	 �� |�� ��� � � � z�� � " ! �%#� |�� � | 0 |�� �&� � � �� |�� � � � � � z��U�
" ! �%#� |�� � 	 � |�� � � � � � z�� | � � "�� |�� ��� � � � 	 � 	 | � |�� � � � � |���� � � � � � 	 � � �

"�� |�� � � � 	 �(� |�
 � � � 
 � z�� � 	 | � |�� � � � � � � |�� � � � � � z�� � 	 � � �
� |���� � � � � 	 �(� |�� � � � � � z�� � 	 �#
 |�� � � � �

"�� |�� � � � | � |�� � � � � � � |�� � � � � � z�� � 	 � " 	� |�� � � �
| z � � z��



zE@
� c TU+.R3+.-0TU/1`jPdTk/^M,p
Tk)\+ -�TwPdTU+ aScETk)\+ -�4s-�Tk+h`�cla�RmTU),+f`j/^-U-U/^M,p clRkPS`�+qPdT Tk/^`j+ � � � y_Tk)\+

`�+�PS-0Z,RU+h`j+hM�ToZ,u:x,PdTk+ -�Tk+.u�adc TU),+ �qPSW^` PSM ]_W^TU+.R3cla�R Tk)\+
r.Z,R0RU+hM�T�clRUPS`�+ � /1- u:+hR0cla�R0`j+hx
Z,-0/1M,p
+hg�Z_PdTk/^a�M,- z �DC PdM,x z � @ � /^TU) Tk)\+oa�M,W 4jr.P ��+�P<TmTk)_P<T �� |���� � � � � 	 � �� |�� � � � � � zS�
PSM,x � |���� � � � � /1-mTU),+qa�M,+qr.a�`�u,Z\TU+.x � /^TU) +hg�Z_PdTk/^a�M z � � z �

��������� � 
����$� ��	�� � �
� �#�"� ��	�� �

(*),+�u,R0+ �i/1aSZ,-*2,W1air !�aSc�Tk),+o-�4i-0Tk+h` ]_M,x\- TU),+o`�a�-0TmW1/%!d+.W 4ju a�-0/^Tk/^a�M adcETU),+�r.+hM5TkRUaS/1x aSc�Tk)\+
u +.M�TU/1uYy[P u a�/1M5T*Tk),PdT6� /^W1WY2 +qr.W^a�-U+qTka Tk),+fr.+hM5Tk+.R3aSc�p�RkP �i/^TN4 aScQTk),+qTkR0/VPSM\p�Z,WVPdRm`jaix,+hWYaSc
Tk)\+ u +.M Tk/^u)��(*),+3u a�-U/ Tk/1aSM�adc:TU),+ 2,PSW1W^u:a�/^M5TA/1-'a�2sTwPS/^M,+.x�Z,-U/^M,p Pq-0/1`�/1W1PSRAPSW^p�a�R0/^Tk)\` PS-'Tk)\+
a�M,+ Z\-U+.x /^M�Tk),+ /^M,/^TU/VPSW^/%$�P<Tk/1aSM)� (*),+ ` Pd/1M�x,/7M!+hRU+hM,r.+
clR0a�`�TU),+ /1M\/^Tk/1PSW1/8$�PdTU/1a�M PdW1p�a�R0/^TU),`
/1- Tk)_P<TbTk)\+ u +.M /1- M,a<� `ja �i/1M\p,ys-0aH� +oM,+.+hx Tka
rha�`�u,Z\Tk+ a�M,+o2,PSW1W^u:a�/^M5T'u:a�-0/^TU/1a�M cla�Rb+.PSrw)
clRkPd`j+qPSM\x aSM,W^4 P�u_PdR0T aScETk),+q-�Tk+.u\- aScETk)\+f/^M,/^TU/VPSW^/%$.PdTk/^a�M�PSW1p�aSRU/^TU),`"PSRU+�Z,-0+.x)�

	 -0/1M,p v PSM,M54 	 -�+.x,p�+Gx,+hTU+.rtTka�Rhy��b+ ]_M,x TU),+ u:a�-0/^TU/1a�M PSM,x Tk),+ a�R0/1+.M5TkPdTk/^a�M aSc
Tk)\+
2 a�Z,M,x_PdR04 +hx,p�+h- aSc�TU),+qu:+hM TU/1uYy\/O� +�� y\Tk),+�-0/1x,+h- aSc�Tk),/^-mTkRU/1PSM,p�W^+�� 	3-U/^M,p
Tk),+ �dPSW^Z,+.-*aScETk)\+
a�R0/1+.M5TkPdTk/^a�M,-maSc�TU),+q2:a�Z\M,x_PSR0/1+.-*/^M Tk),+qu,R0+ �i/1aSZ,-mclRkPS`�+SyiTk),+qx,/^-0TkPSM,r.+oclR0a�`"TU),+q2_PSW^W1u a�/1M5T
PSM,xGTk),+ ],M,p�+.RfTka�TU),+ rh+.M5TkR0a�/1x aSc*Tk),+ u:+hM Tk/^u PS-W�b+hW1WmPd- Tk)\+ r.Z\RURU+hM5T u:a�-0/^TU/1a�M aSc*Tk)\+
r.+hM5TkRUaS/1xYy�� +#r.PSW1rhZ,WVPdTU+oTk),+q+ X\u +.rtTk+hx�r.Z,R0RU+hM�T u:aS-U/^TU/1a�M adc�Tk)\+f2 a�Z,M\x_PSRU/^+.- aScQTk),+qu +.M)� �
cl+V��u:aS/1M5Tk-AaSM TU),+.-0+ 2 a�Z,M\x_PSRU/^+.- | /1M
Tk)\+3r.PS-U+ aSc[TU),+ +#Xsu:+hRU/^`j+hM�TU-.y�� +3Z\-U+*] ��+ u a�/1M5TU- � PSR0+
rw),a�-0+.M PS-ETk),+ r.+hM�TU+.R0-AaSc,TU),+b+hx,p�+mx,+tTk+hrhTk/^a�M�� /^M,x,a<� -"��(*),+b+hx,p�+mx,+tTk+hrhTkaSR�/1-Ea�M,W 4fPSu,u,W^/1+hx
Tka�-U`jPSW1W � /^M,x,a<� -#/^MGaSRUx,+hR Tka -kP �S+ r.a�`�u,Z\TkPdTk/^a�M,-fPSM,xGTka -Uu +.+.x Z\uGTk)\+ u,R0asrh+.-U-0/1M,p�aSc
Tk)\+ rhZ,RUR0+.M5T clRUPS`�+��J� +fW1aiaG!�cla�R*u:aS/1M5Tk- /1M +.PSrw) � /^M,x,a<�HTk),PdT3)_P ��+f` PLXs/^`
Z,` rha�M5TkRUPS-0T"�
(*),+�+.x,pS+.-
PdRU+ cla�Z,M,xG254 /1M5Tk+hRUu a�WVPdTU/1M,p W^/1M,+h-oTk),R0a�Z,p�) Tk)\+.-U+ju:aS/1M5Tk-V�j(*),+hMYyQTU),+jPLXs/1-qaSc
Tk)\+�u +.M Tk/^u�/1-�rha�`ju\Z\Tk+hxGPd-qTU),+ `j+.PSM W1/^M,+
x,+t]_M,+.xG254�Tk),+ u +.M 2 a�Z,M,x_PdR04�+hx,p�+.-V� (*),+
u,R0aS]_W1+faScITU),+#/^` PSpS+qTU),RUaSZ,p�)�TU),+#u +.M
	 -�PLXs/^- /1-3+#XiTURkPSrtTk+.x�/^M�a�R0x,+.R Tkaj],M,x�Tk)\+
u:aS-U/^TU/1a�M
aScmTU),+C� R0/^TU/1M,p +.M,x ��(*),+ju:a�-0/^TU/1a�M aSc*Tk)\+j]_M,pS+.R
PdW1a�M,p Tk)\+ PLXs/1-faSc*TU),+ u +.M TU/1uG/1- PSW1-0a
+#XiTURkPSrtTk+.x�/1M a�R0x,+.R*Tka rha�`ju\W1+hTU+oTk),+qR0+.u,R0+.-U+hM5TwPdTU/1a�M aScETk),+fu,RUa �0+.rhTU/1a�M aScETk)\+fu +.M Tk/^u a�M
Tk)\+f/^` Pdp�+ou,W1PSM,+��

X�/1pSZ,RU+ z ��� -U),a<� -mTk)\+�/1`jPSp�+ aSc�Tk),+ u:+hM Tk/1u!ys/ Tk-b2 a�Z,M\x_PSR04j+.x\p�+.-hy_/^Tk-bPLXs/1-hysTk)\+o/1`jPSp�+
u,R0aS]_W1+dy�PSM,x�Tk)\+ u:a�-0/^TU/1a�M,- aSc Tk),+ 2_PdW1W1u a�/^M�T PSM,x�TU),+
]_M,p�+hR"�
(*)\+�u a�-0/^Tk/^a�M,-oadc TU),+ 2_PSW^W7P



z )

| P �

Ballpoint

Finger
| 2 � Ballpoint →

← Finger

| r � | x �

X�/^p�Z,RU+ z � � � | P � LN`jPSp�+ aSc_Tk)\+mu:+hM
Tk/^u
x,/1-0u,WVP�4i/1M\p Tk)\+ �SPdRU/1aSZ,-Q+hW1+h`j+hM�TU-AZ,-0+.x Tka�x,+tTk+hrhTITk)\+
2_PSW^W1u a�/1M5T"�A(*),+qr.R0a�-U- 	 � 	_/^M TU),+qr.+hM�TU+.R aScQTU),+q/1`jPSp�+o-0),a<� - TU),+qr.+.M5TURUa�/^x�aScETk)\+ u +.M Tk/^u
a�2\TkPS/1M\+.x � / Tk)�r.a�R0RU+.W1PdTk/^a�M)�*(*),+ u:aS/1M5Tk-3` PdR !S+hx � /^TU)�P�-0TwPdR 	 � 	[-U),a<�8Tk),+ u,WVPdr.+.- � ),+.R0+
Tk)\+ u +.M 2 a�Z,M\x_PSRU/^+.-B�b+hRU+�cla�Z,M,x Z\-U/1M\p�+hx,p�+ x\+hTk+hrhTU/1a�M)� (*)\+ W1/^M,+.-fa�M Tk),+�-U/^x,+.- aScmTk)\+
u +.M�Tk/^u PSRU+
TU),+ 2:aSZ,M,x_PSR�4�+hx,p�+.-fPSM\x TU),+ W1/^M,+#/^M�Tk),+ `�/1x\x,W1+ /1- TU),+ u:+hM�Tk/1u P X\/^-"� (*),+
aSTU),+.R T �bajr.R0a�-U-0+.- 	 X 	[-U),a<�HTU),+ +h-0TU/1`jPdTk+hx�u a�-U/ Tk/^a�M,-*aScQTk),+f2_PSW^W1u a�/1M5T*PdM,x�aScQTk),+�]_M\p�+.RV�
| 2 � LN`jPSp�+ u\RUaS]_W^+ PdW1a�M,pfTk),+oPLXs/1-badcYTk),+ u:+hM Tk/1u PSM,x TU),+orha�RUR0+.-Uu a�M,x\/1M,p
u a�-0/^Tk/^a�M,- aSc Tk)\+
2_PSW^W1u a�/1M5TEPSM\x#aSc,TU),+']_M,p�+hR"� | r � e3+h-UZ,W T�aSc\r.a�R0RU+hWVPdTU/1M,p Tk),+ /1`jPSp�+'u,R0aS]_W^+;� / Tk) P x,+hRU/ �dPdTU/ �S+
aSc P U PSZ,-U-0/VPSM�clZ\M,rhTU/1a�M)� | x � SbW1a<�=P Z,u�aSc'Tk),+ R0+.p�/^a�M�2 +hT � +.+hMGTk)\+
x,aST0Tk+.x �S+.R0TU/1r.PSWAW1/^M,+.-
/1M | r � �'O�PSRUPS2 a�W1/^r3],TbaSc Tk)\+ou:+.P�!�/1x,+hM�TU/^]_+h-bTk)\+ou:aS-U/^TU/1a�MjaSc Tk)\+o2_PSW^W1u a�/1M5T&�E(*),+ �S+.R�Tk+#X aSc
Tk)\+ou_PSRUPS2:aSWVP /^-mu,W^aSTUTU+.xY� / Tk) P
rhRUa�-0- 	 X 	,PdM,x /^Tbr.a�R0RU+.-0u:aSM,x,-mTka
TU),+o+h-0Tk/^` P<Tk+.x -UZ,2DP u,/7Xs+hW
u a�-U/ Tk/1aSM aScQTU),+q2_PSW^W1u a�/1M5T&�

u a�/1M5T PSM,x�TU),+ ],M,p�+.R PSRU+fr.aS`ju,ZsTk+.x � /^Tk)�-UZ,24PNu,/ X\+hW�Pdr.r.Z\RkPSrt4�254 r.a�R0RU+hWVPdTU/1M,p Tk),+ /1`jPSp�+
u,R0aS]_W1++� / Tk)�P�x,+hRU/ �SP<Tk/ �S+qaScAP U PSZ,-U-0/VPSM clZ,M,rtTk/^a�M | � n8+.x,p�+fx,+tTk+.rtTk/^a�M � PSM,x Tk),+hM�],T0Tk/1M\p
P u_PSRUPS2 a�WVP Tka Tk)\+ r.a�R0RU+.-0u:aSM,x,/1M\p u:+.P�! �dPSW^Z,+.-V�fX�/1p�Z\RU+ z ��� | r � -0),a<� -qTU),+ RU+h-UZ,W T�aSc'Tk)\+
r.aSRURU+hWVPdTU/1a�M 2 +hT � +.+.M Tk)\+#/1`jPSp�+fu,R0aS]_W1+#PSM,x�TU),+
x,+hRU/ �SP<Tk/ �S+#aScIP U PdZ,-U-0/VPSM�clZ\M,rhTU/1a�M�PdM,x
X�/^p�Z,RU+ z � � | x � x,/^-Uu,W1P 4i- Tk),+ou,PSRkPS2 a�W^/1r*],TbTUa#Tk)\+ r.aSRURU+h-Uu a�M,x,/^M,p
u +�P�!jPSM,xjTk),+o+h-0TU/1`jPdTk+hx
u a�-U/ Tk/1aSM aScQTU),+q2_PSW^W1u a�/1M5T&�



z >
��������� � �����
�
	$��% 
 �����
	�!�	 ��	�� �

�G+ ),P �S+�`�+.M5TU/1a�M,+hx Tk)_PdT TU),+ -04i-0TU+.` PSZ\TUa�` P<Tk/1r.PSW1W 4 -0TUa�u,- /^c3Tk),+ �dPSW^Z,+ aSc ` PLXs/^`
Z,`
r.aSRURU+hWVPdTU/1a�M /1- ��+hR04GW1a<�qyA-U/^M,r.+jTk),/^-W� a�Z,W^x /1`�u,W^4�TU)_PdTfTk),+ u:+hM Tk/1uG)_PS- `ja ��+hx a�Z\TU-U/1x\+
Tk)\+�-0+�PSR0rw) � /1M,x\a � | a�R Tk)_P<T�TU),+.R0+ �bPS- -0Z,rw) P rw)_PSM,pS+�/1M /1W^W1Z,`�/1M,PdTk/^a�MGTU)_PdT Tk),+�u:+hM
Tk/^u�M,ajW1a�M\p�+.R `jPdTkrw),+h- TU),+ TU+.`�u,WVPdTU+ � �*(*),+#Z,-0+.Ror.PSM�+ Xsu,W1a�/ T TU),/1-32 +.)_P �i/1a�R Tkaj-0TUa�u�Tk)\+
PSrhgiZ\/1-U/ Tk/^a�M 254 TkP�!�/1M,p�TU),+ u +.M Tk/^u P&�mP�4 clR0a�`�Tk),+ -0+�PSR0rw)�� /^M,x,a<�B�G(*)\+.RU+ /^- PSM,adTk),+hR
-0TUa�u,u,/^M,p u a�-U-0/12,/^W1/ TN4 a�M:+.RU+hx�Tka TU),+
Z,-0+.RV��(*),+ -04i-0TU+.` rw),+.r !�-+� ),+hTU),+.RoTU),+
u +.M�TU/1u�)_Pd-
`�a �S+.x PdT�PSW^Wi2 +hT � +.+hM r.a�M,-0+.rhZ\Tk/ ��+mclRkPd`j+h-APSM,x#r.a�Z,M5TU-�Tk),+bMiZ\`
2:+hR�aSc[rha�M,-0+.r.ZsTk/ �S+bclRkPd`j+h-
/1M�� ),/^rw)GTk)\+.RU+j/1-qM,a�`ja ��+h`j+hM5T&� L cmTU),/1-qM�Z,`
2 +.RfRU+.PSrw),+h- P u\RU+.x\+h]_M,+hx Tk),R0+.-0),a�W1x!yQTk)\+
-04i-�Tk+.`�-0TUa�u,- Tk),+#PSr.g�Z,/^-U/ Tk/1aSM)� (*)�Z,-hy!/ c�Tk)\+ Z,-0+.R �mPSM5TU- Tka�]_M,/^-U)�TU),+ PSr.g�Z,/^-U/^TU/1a�M PdT3Tk)\+
+.M\x�adcYPox,+h-U/^RU+.x u,/^+.rh+*aSc )_PSM,xA� R0/^TU/1M,p,yS),+�Fd-0),+ r�PSM ),aSW1x
Tk)\+*u:+hM TU/1u -�Tk/1W^W\PdM,x Tk),+*-�4s-�Tk+h`
� /1W^W!-�Tka�u Tk),+fPSrhg�Z,/1-0/^Tk/^a�M)�

� ��� ����
 ��� $�� ��� �*�I�.��


(*),+�TkRkP<�0+.rhTUa�RU/^+.- a�2\TwPd/1M,+hx 254 Tk),+�TkRkPdr !i/^M,p�2\W1air !i-faScmTU),+ -�4i-0Tk+h` PdRU+ M\aST#-0Z,/^TkPS2,W^+ claSR
u +.R0claSRU`�/1M,pm),PSM,xA� R0/^Tk/^M,p RU+hr.a�p�M\/^Tk/^a�M�Z,-0/1M,p -0TkPSM,x_PdRUx�Tk+hrw),M,/1g�Z,+h-�-0/1M,rh+ `�a�-�T aSciTk),+'RU+hr.a�pLP
M,/ Tk/1aSM�-04i-�Tk+.`�- TUa x_PdTU+ PS-U-0Z,`�+ Tk),PdT TU),+./^R /1M\u,Z\To/^- a�M\W^4 cla�RU`�+.x�254�u +.M�x,a<� M�-�TkRUa�!S+.-V�
�oZ,R /1M5Tk+hR0c PSrh+�),PS- a�M,W^4 a�M,+ r�PS`�+.RUP�clR0a�` � ),/^rw) � +�r.PSM,M,adT x,+tTk+hrhT�� ),+hTU),+.R�Tk),+ u:+hM
/1-�TUa�Z,rw),/^M,p TU),+ u_PSu +.Rfa�RqM,aST.yQPd- `�+.M5Tk/^a�M,+hxG/^M -0+.rtTk/1aSM z � � ��(*),+ Pdx,x,/^TU/1a�M�adc*PSM,adTk),+hR
r�Pd`j+hRkP Tk),PdT+�baSZ,W1x�cla�R0` P -0TU+.RU+ha -04i-0TU+.` � /^TU)�Tk),+
]_R0-0TB� a�Z,W1x PSW^W1a<�8a�M,+
TUa r.a�`�u,Z\TU+
Tk)\+#x,/^-0TwPdM,r.+
2 +hT � +.+hM�Tk),+ u:+hM PSM,x�TU),+#u_Pdu:+hR"��I3a<�b+ ��+.Rhy�P -0TU+.R0+.a -04i-�Tk+.` �baSZ,W1x�2\RU/1M\p
`�a�RU+�u,R0a�2,W^+.`�- TU)_PSM 2:+hM,+h]\Tk-"�;� +B� a�Z,W1x M,+h+.x�PdM,aSTk)\+.R r�PS`�+.RUP\y_/1M\r.RU+.PS-U/^M,p Tk),+fr.aS-0T3aSc
Tk)\+ /^M�TU+.R�c PSr.+:@��b+B�baSZ,W1x�M,+.+hx�Tka�u,R0asrh+.-U- T � a /1`jPSp�+h-*/1M,-�Tk+.PSx�adc�a�M\+#PSM\x�PSW^-Ua +.-�TwPS2\W1/1-0)
r.aSRURU+h-Uu a�M,x,+hM,r.+*2 +hT � +.+hM
Tk),+h`�ydx,a�Z,2\W1/1M\p Tk)\+bRU+hg�Z,/1R0+.x
M�Z,`
2 +.RQaSc_rha�`ju\Z\TwPdTU/1a�M\-"@d],M_PSW1W 4�y
� +W� a�Z,W^x�M,+h+.x Tka�-U+tT Z\u�P r�PSW^/12,RUPdTk/^a�M u,R0asrh+.x,Z\RU+qTka 2:+qu +.R�cla�RU`�+.x +�PSrw) Tk/^`j+oTU)_PdT Tk)\+
/1M5TU+.R0c Pdr.+��mPS-fp�a�/^M,p Tka�2:+ Z,-0+.xYyA/^`ju a�-0/1M,p P clZ,R0TU),+.Rf2,Z,R0x,+.M a�M TU),+�Z,-U+hR"� I +hM,r.+dy�Tk)\+
x,+tTk+.rtTk/^a�M aSc Tk),+�Tk/^`j+h-�� ),+.M TU),+ u +.MG/1-qW1/ c Tk+hxGPdM,xYyQTU),+.R0+hcla�R0+SyQM,aSTW� RU/^TU/1M,p\yE/^-fPSr.rha�`�P
u,W^/1-U)\+.x�/1M�aSZ,Ro-04i-�Tk+.` 254�Z,-U/^M,p Tk),+ PSx\x,/^TU/1a�M_PdWE/^M\cla�R0` PdTU/1a�M�p�/ �S+.M 254�TU),+ /1M�! u_PdTU) a�M



z �

confidence measure

U D

Hidden Markov Model

of being in state pen up (U)
or pen down (D)

that estimates the likelihood

Ink presence

Segmentation

Stroke 

Classification

Trajectory

Trajectory

Most likely
state sequence

Image Local Ink
Measurement

X�/^p�Z,RU+ z �B? ��SbW^asr !�x,/VPSpSRkPS` aSc'Tk)\+�u +.M Z,u#Fdx,a<� MGrhWVPS-0-U/ ]_r�PdTU/1a�M�-UZ,2,-�4i-0Tk+h` � �G+ x,+tTk+.rtT
� ),+hM Tk)\+ u +.M /^- Z,u aSR x,a<� M�Z,-0/1M,p P�2:adTUTkaS`�P Z,u PSu,u,R0a5PSrw))� � T Tk)\+ W^asr.PSWbW^+ �S+.WCy'Tk)\+
2,R0/1p�)5TkM\+.-U-baSc +�Pdrw) u:a�/^M5Tm/1M�Tk),+3TkRUP �0+.rtTka�R�4 /^- `�+�PS-0Z,RU+hx PSM,x rha�`�u_PSRU+hxY� /^TU) Tk)\+ 2,R0/1p�)5T>P
M,+h-U- /1M /^TU- -0Z,RUR0a�Z,M,x\/1M,p�-V� � I /^x,x,+.M ��PSR>!Sa � ��aix,+.W | I � � � +h-0Tk/^` P<Tk+.-ATU),+3W1/%!d+.W^/1),aiasx aSc
2 +./1M\p�PdTQ-0TwP<Tk+*OE+.M 	 u
aSR�-0TkPdTk+mOQ+.M noa<� M#claSR�+�Pdrw) /1M,x,/ �i/1x,Z_PdWiu a�/^M�TQp�/ ��+.M
TU),+b`�+�Pd-UZ,R0+.x
2,R0/1p�)5TkM\+.-U-V� (*)\+fclZ,W^W!TkRUP �0+.rtTka�R�4 /1-*-0+.p�`�+.M5Tk+hx�/^M�TUa -0TkR0aG!S+h-oPSM\x�+.PSrw)�-�TkRUa�!S+f/1-*r.W1PS-U-0/^]_+hx
PS- u +.M Z,u�aSR*u:+hM�x,a<� M�PSp�p�R0+.p5P<Tk/1M\p
Tk),+qW1/8!S+hW1/1)\asaix,-bu\RUa �i/1x,+hx�254 TU),+WI � � �

Tk)\+fu,PSu:+hR"�
(*),+q-04i-0TU+.` rw),+hr !�- cla�RmTU),+�u,RU+h-U+hM,r.+faScQ/1M�!j/1M Tk)\+fu\WVPSrh+.-=� ),+hRU+�Tk),+qu +.M
	 - 2_PSW^W1u a�/1M5T

�bPS- cla�Z\M,x)�m(*),+ x,+hTU+.rtTk/1aSM�aSc�/1M�! Z\-U/1M\p /1`jPSp�+�2\RU/1pS)�TUM,+.-0- /^- TURU/^r !�4��m(*),+ /1`jPSp�+�2,R0/1p�)5T>P
M,+h-U-�PdT PSM54 p�/ �S+.M�u\WVPSrh+ �dPSR0/1+.-3� /^TU)�/^W1W1Z\`j/^M_PdTk/^a�MYy�Tk),+W� RU/ Tk+.R 	 - )_PSM,x�u:a�-0/^TU/1a�MYy[PdM,x�Tk)\+
r�Pd`j+hRkP�p�PS/1M)� ��aSRU+.a �S+.R.yATU),+ /^` Pdp�+ r.a�M5TkRUPS-0T#r.a�Z\W1x rw),PSM,p�+ clR0a�` clRkPd`j+ Tka clRkPS`�+jx\Z,+
Tka�W^/1p�)5T �_/1r !d+.R0/1M,p PSM,x -0)_PSx,a<� -V� } a,yATU),+ x,+tTk+.rtTk/^a�M aSc3/1M�! `
Z,-�T 2 + x,a�M,+ Z\-U/1M\p�W1air�PSW
`�+�PS-0Z,RU+h`j+hM�TU-*cla�R*+�PSrw)�u:aS/1M5T&�'X�/^p�Z,R0+ z �D? -0),a<� -oP 2,W^asr !jx,/VPSpSRkPS`"aScQTU),/1-*-0Z,2,-�4s-�Tk+h` �

(*),+�+#Xs/1-�Tk+.M\r.+ adcm/1MA!�a�M Tk),+�u_PSu +.Rq/1-qrw),+hr !S+hx W1air�PSW^W^4 cla�Rq+�PSrw)G2_PSW^W1u a�/1M5T�u a�-U/ Tk/^a�M)�
� `�+�Pd-UZ,R0+#aScIrha�M\]_x\+.M,rh+
aScATU),+#u,R0+.-0+.M,rh+ aScI/1MA! /1-3a�2\TwPd/1M,+hx�clRUaS`�W^asr.PSW `�+�PS-0Z,RU+h`j+hM�TU-
aScb2,RU/^p�)5TkM,+h-U-"� � I /^x,x,+hM ��PSR>!Sa � ��aix,+.W'/1-fZ,-0+.x /^MGa�R0x,+.RqTka `�asx,+hWATk),+ TkRUPSM,-0/^Tk/^a�M aSc
Tk)\+frha�M\]_x\+.M,rh+#`�+�PS-0Z,RU+f2:+tT �b+h+.M�TU),+q-0TkPdTk+h- aSc�u:+hM�Z\u�PSM,x u +.M x,a<� M)� 	3-U/1M\p�TU),+qW1air�PSW
r.aSM\]_x,+hM,r.+*`�+�PS-0Z,RU+mPSM,x#TU),+m+.-�Tk/^` PdTU+.xHI � � -�TwPdTU+m-U+hgiZ\+.M,rh+Sy�Tk),+ -04i-0TU+.` rhWVPS-0-U/^],+.-�+.PSrw)
u_PSR�Tk/^r.Z,W1PSR u a�/1M5T�adc TU),+
TkRUP �0+.rtTka�R�4�PS-�u +.M Z,u a�R u:+hM x\a � M � I a<� + �S+.R.y�Tk)\+ `j+.PS-UZ,R0+ aSc
/1MA! u,R0+.-0+.M,rh+3/^-�g�Z,/ Tk+mx,/7F�r.Z,W TIPSM,x u,R0a�M,+bTUa�+.R0RUa�R0-.y�-0a�/^TA/^-A2 +hTUTU+.R�TUa�x,/ �i/^x,+ TU),+*r.a�`�u,W^+hTk+



z ?
)_PSM\xA� RU/ TUTk+hM TkRkP<�0+.rhTUa�R04 /1M5Tka#-0TkR0aG!S+h-3PSM,x PSp�p�R0+.p5P<Tk+ TU),+�u a�/1M5T>PO� /1-0+or.W1PS-U-0/^]_r.PdTk/^a�M /1M5TUa P
-0TURUaG!d+#PO� /1-U+*rhWVPS-0-U/ ]_r�PdTU/1a�M �Q(*),+mclaSW1W1a<� /^M,p -0+.rhTU/1a�M\-Ax,+.-0r.R0/12 +*+�PSrw) aSc[Tk)\+m2,W1air !�-Iu,RU+h-U+hM�TU+.x
/1M ]_pSZ,RU+ z �D? /1M `jaSRU+�x,+tTwPS/^WO�

����� ��� � � ��
�� 	$� � �
� �#�"� ��	�� �

U / ��+hM�P u_PSR�Tk/^r.Z,W1PSR
u a�-U/ Tk/1aSM aSc TU),+ 2_PSW1W^u:aS/1M5T�y � +�M\+.+.x Tka ]_M,x a�Z\T�� ),+tTk),+hRjTk)\+.RU+ /^-
PSM /1MA! TURkPSrh+ a�M�Tk),+ u_Pdu:+hRqPdToTk)\/1-�u,W1PSr.+
aSR�M,aST&� (*),+ W1air�PdW�x,+tTk+.rtTk/^a�M aSc'Tk),+ /^M�!�TURkPSrh+
a�M�TU),+
u_Pdu:+hRo/1- giZ\/^Tk+#x,/8F�r.Z\W^T�y:PS- � + /1W^W1Z,-�TkRUPdTk++� /^TU)�Tk)\+
+#X\PS`�u,W1+ aScI]_p�Z\RU+ z � � { � (*),+
]_R0-0T u,W^aST aScqTU),+�]_p�Z,R0+�-U)\a � - TU),+�RU+hr.a ��+hRU+.x -U+hgiZ\+.M,rh+Sy TU),+�-U+hr.a�M,x u,W^aST x,/^-Uu,W1P�4s- PSM
/1`jPSp�+ aSc TU),+ /^M�!
TkRUPSr.+ W1+hc T a�M�Tk),+ou,PSu:+hRmPSM\x Tk),+3Tk),/^RUxju,W1aST u,R0+.-U+hM5Tk-mTk)\+ a ��+hRUWVP�4jaSc Tk)\+
-U+hg�Z,+.M,rh+ a�M5Tka TU),+#/^` PSpS+fadcITk),+ /1M�! TkRUPSr.+dy � ),+hRU+#TU),+
W^/^TUTUW1+�x,adTk- R0+.u,R0+.-0+.M5T�Tk),+#-kPS`�u,W1+
u a�/1M5Tk-V�'(*),+ /^` Pdp�+oaScETk),+q/^M�! TkRUPSr.+q/^- P�u a�R0TU/1a�M adc�Tk)\+fW1PS-0T*clRUPS`�+�aScQTU),+q-U+hgiZ\+.M,rh+ | � +
r�PdM -0+.+ u_PSR�Tjadc TU),+ u:+hM TU/1u a�M Tk),+ W^+hc T -U/^x,+ aSc3Tk),+ /^` PSpS+ � � (*),+ /1M�! TURkPSrh+ PSu,u +�PSR0-
Z,u,-0/1x,+ PNx,a<� M�aSM�Tk),+ /1`jPSp�+q-U/^M,r.+fTk),+ r�PS`�+.RUPj/^- PS/^`j+hx TUajTU),+#)_PdM,x�aScATU),+�� R0/^TU+.R clRUa�`
Tk)\+�clR0a�M5T#-0/1x,+ | TU),+.MYyETk),+jr�PS`�+.RUP -0+.+h-#Tk),+�� RU/ Tk/^M,p�2 +./^M,p x,a�M,+ clRUa�` R0/1p�)5TqTka�W1+tc T#PdM,x
clRUaS` 2 aSTUTUa�` Tka TUa�u � ���G+�M,aSTU+�Tk),PdT Tk)\+�/1M�! TkRUPSr.+�TwP�!d+.- a�M,W 4�P cl+#��u,/7Xs+.W^- aScqTk)\+
� ),a�W^+ /1`jPSp�+*PSM\x�TU)_PdTITk)\+.RU+3/1-Ig�Z,/ Tk+3Pqx,/1-�Tka�R�Tk/1aSM a�M�TU),+ -0TURUaG!d+.- x,Z,+ Tka�Tk),+3u,/ X\+hW1/8$�PdTU/1a�M
aScmTU),+�/1`jPSp�+��C� + PSW1-0a�a�2\-U+.R���+ TU)_PdTfTk),+ja ��+.R0WVPS/^xG-0+.g�Z,+hM,r.+ ],TU-#g�Z,/ Tk+��b+hW1W'Tka�TU),+�/1M�!
TkRUPSr.+ +#Xsr.+hu\T3PdTbTU),+o2 +.p�/^M,M,/^M,p#aSc�TU),+o-U+hg�Z,+.M,rh+ | -U)\a � M a�MjTk),+oR0/1p�)5Tb-U/1x\+oaSc Tk)\+o/1`jPSp�+ � �
(*),/^- )_Pdu,u:+hM,-o2 +.r.PSZ,-U+ Tk),+hRU+#`�/1pS)�T ),P �S+
2 +.+.M�Pjx,/^-Uu,W1PSr.+h`j+hM�T aScATU),+#u,PSu:+hR pS+.M,+hRkPdTU+.x
254 a�M,+�aScbTU),+j-�TkR0aG!S+h- | u\RUa�2_Pd2,W^4�TU),+jW^a�M,p ),a�R0/%$ha�M5TwPSW'-0TURUaG!d+j2 +hT � +.+hM -kPS`�u,W^+.- zS{ PdM,x
C {5� � � + `j+.PS-UZ,R0+ Tk)\+ 2,RU/^p�)5TkM,+h-U-
u,R0aS]_W^+ aSc*Tk)\+ /1`jPSp�+ PSW1a�M\p�P�W1/^M,+�u:+hRUu +.M,x,/^r.Z,W1PSR TUa
Tk)\+�x,/^RU+.rtTk/^a�M adc�`ja �S+.`�+.M5T TU)_PdT u,PS-U-0+.- TU),RUa�Z\p�)�+.PSrw) -kPS`�u,W^+ u a�/^M�T"� (*),+ �dPSW^Z,+.-�aSc
2,R0/1p�)5TkM\+.-U- `j+.PS-UZ\RU+.x PSRU+�u,RU+h-U+hM�TU+.x PS- PSMG/1`jPSp�+ /1M Tk),+�WVPd-0T u,W1aSTfaSc ]_p�Z,R0+ z � � { � (*),+
u,R0aS]_W1+q/^-3`�+�Pd-UZ,R0+.x�P<T3TU),+qu:aS-U/^TU/1a�M aScQTk),+f2_PSW^W1u a�/1M5TmPSM,x�aSM ] �S+ u\/7Xs+.W^-3aSM�+�Pdrw)�-U/^x,+qaSc
Tk)\+ 2_PdW1W1u a�/^M�T.y_PSW^a�M,p Tk),+f`j+hM5Tk/1aSM,+.x�u:+hRUu +.M,x,/^r.Z,W1PSR"�-� + M,aSTk+qTk),PdT TU),+f/1M�! TURkPSrh+#/1- M,adT
PSW7�mP�4i-mcla�Z,M,x P<TbTk)\+�2_PSW1W^u:aS/1M5T u:a�-0/^TU/1a�M | u,/ X\+hW!M�Z,`
2 +.R )
a�M Tk),+ ��+.R�Tk/^r�PSW!PLXs+.- � �J� +�r.PSM
-U+h+ Tk),+ /^M�!�TkRUPSr.+ 2 +./^M,p�P�cl+V�"u,/ X\+hW1- a�M�TU),+ 2_PSW^W1u a�/1M5T u,/7Xs+hWmPdT
TU),+ 2 +.p�/^M,M,/^M,p�aSc Tk)\+
-U+hg�Z,+.M,rh+ | -kPS`�u,W^+.- � P zS{5� y Tk),+hMG-�TwPS2\/1W1/8$./^M,p a�M�TU),+ 2_PSW^W1u a�/1M5T | -UPS`ju\W1+.- zd{ P A @S� Z,M5Tk/^W�Tk)\+



A {
u +.M TU/1uGPSu,u +�PSR0-#a�M Tk),+ju,RUaS],W1+ | -kPd`ju,W^+.- A @ P4C {5� PSM,xGWVPdTU+.Rfx,/1-UPSu,u +�PSR0/1M,p 2:+hr�PSZ\-U+ adc P
u +.M Z,u�-�TkR0aG!S+ | -UPS`ju\W1+.- C { P @E@S� �
� + r.PSM p�+tT -U+ �S+.RUPSW*a�2,-0+.R �dPdTU/1a�M\-#clRUa�`�Tk)\/1-
-0/1`�u,W1+�+#X\PS`�u,W1+:� (*),+ W1air�PSW /1MA!G`�+�PLP

-UZ\RU+.`�+.M5T�-0),a�Z,W^x�2 +#u +.R�cla�RU`�+.x�Pd- -Uaia�M�PS- u a�-U-0/12,W^+#/^M�a�R0x,+.R3Tka ),P �S+ P p�aiaix ],T aScITk)\+
-kPd`ju,W^+ u a�/1M5TU-
a�M TkaSu aSc*Tk),+ /^M�!�TkRUPSr.+:� I3a � + �S+.Rhy TU),+ `j+.PS-UZ\RU+.`�+.M5T ),PS-
Tka�2 + x,aSM,+
Pdc TU+.R*Tk),+qu +.M Tk/^u `�a ��+h- P&�bP 4Sy[aSTk),+hR>� /^-U+Sy_TU),+qu:+hM�Tk/^u?� /1W1W:a�2,-�TkRUZ\rhT3Tk),+qu_PSu +.R3PSM\x�Tk)\+
/1MA!�TkRUPSr.+:�j(*),+ �dPSW1Z\+ aScb2\RU/1pS)�TUM,+.-0- rha�RUR0+.-0u:a�M\x,/1M,p Tka Tk)\+�/^M�!�TURkPSrh+ �dPSR0/1+h-fg�Z,/ Tk+�P W1aST
� /^TU),/1M�TU),+ -kPd`j+ /^` PSpS+ | PdM,x /^T�/^-o+#Xsu +.rhTU+.x Tka �dPSR04�+ ��+hMG`�a�R0+ PSr.R0a�-U-q/^` PSpS+.- � yY-Ua?� +
M,+h+.x�TUa x,+hTU+.rhT TU),+q/1M�! TURkPSrh+q/1M P RUa�2,Z\-0T PSM,x W1air�PdW �mP�4��

−360 −340 −320 −300
130

135

140

145

150

300 320 340 360

130

134

138

142

146

150

1
20

40

60

80100

120
140

160

180

200211

300 320 340 360

130

134

138

142

146

150

Sample point #
30 60 90 120 150 180 210

1
6

11

X�/^p�Z,RU+ z � � { � � X\PS`�u,W^+fTU)_PdT /1W1W^Z,-0TURkPdTU+.-*Tk)\+ x,/7F�r.Z,W Tk/1+h- /^M�x\+hTk+hrhTU/1M,p TU),+#/^M�! TkRUPSr.+:� (*),+
]_R0-0T u,W^aST*-U)\a � - a�M\+�-U+.g�Z,+hM,r.+#PSr.g�Z,/^RU+hx � / Tk) TU),+ �s/^-UZ_PdW:TkRUPSr !S+hR"� (*),+qx,aSTU-*/1M,x,/^r�PdTU+ Tk)\+
u a�-U/ Tk/1aSM�aSc'Tk),+ -kPd`ju,W^+ u:aS/1M5Tk-V�
(*),+ -U+hr.a�M,xGu,W1adT�x,/1-0u,WVP�4i-fP u:a�R�Tk/^a�M�aSc'Tk),+ W1PS-0T�clRUPS`j+
aSc Tk)\+ -U+hgiZ\+.M,rh+�-0),a<� /1M,p�Tk)\+ r.a�R0RU+h-Uu a�M,x,/^M,p /1M�! TkRUPSr.+ x\+.u a�-U/ Tk+.x a�M TU),+ u_Pdu:+hR"� (*),+
Tk)\/1RUx�u,W1adT -0),a<� - Tk)\+ R0+.r.a �S+.RU+hx -U+.g�Z,+hM,r.+ a �S+.RUW1PS/1x a�M Tk),+ /1`jPSp�+qaSc�TU),+#/^M�! TkRUPSr.+:� (*),+
-kPd`ju,W^+
u a�/1M5Tk- WVPSM,x�a �S+.RoTk)\+ /1M�! TkRUPSr.+ `�a�-0ToaSc'Tk),+
TU/1`�+SyYPdM,x�Tk),+ + X\rh+.u\TU/1a�M /^-�PdT�Tk)\+
2 +.p�/^M,M,/1M\p�aSc!TU),+ -U+.g�Z,+hM,r.+ | -0),a<� M a�M Tk),+ R0/1p�)5T'-U/^x,+ aSc Tk),+ /1`jPSp�+ � �E(*),+3WVPS-�T'u,W1aSTA-U),a<� -
Tk)\+�u,RUaS],W1+oaSc�TU),+o/1`jPSp�+ 2,RU/^p�)5TkM,+h-U- PSW^a�M,p
W^/1M,+h-bTk),PdT*u_PS-0-U+h- TU),RUaSZ,p�) +�Pdrw) -UPS`�u,W1+ou a�/^M�T
PSM,x�PSRU+ u:+hRUu +.M,x,/^r.Z,W1PSR Tka TU),+#x,/^RU+hrhTk/^a�M�adcI`jadTk/1aSM)� (*),+
u,R0aS]_W1+faScI/^` Pdp�+ 2\RU/1pS)�TUM,+.-0- /^-
`�+�PS-0Z,RU+hx PdTq+hW1+ ��+.M -kPd`ju,W^+ u:aS/1M5Tk-�Z,-0/1M,p TU),+ /1M5Tk+hRUu a�WVPdTU/1a�M�`j+tTk),aix�x,+.-0r.R0/12 +.x /^M � C z�� �
(*),+3u,RUad]_W1+ /1-'-0),/^c TU+.x�-UaqTk)_PdT'TU),+ x\+hTk+hrhTU+.x 2_PdW1W1u a�/^M�T�u:aS-U/^TU/1a�M Pdu,u:+.PSRU- /1M -UPS`ju\W1+ ) | RUa<�
) aScETk),+qu,W^aST � �



A �
X�/1pSZ,RU+ z � ��� -0),a<� -q),a<� TU),+ W1air�PSWE/1MA!�x,+tTk+.rtTk/^a�M�/1-�u +.R�cla�RU`�+.x)�q(*),+ rh+.M5Tk+hRfrhRUa�-0-�aSc

]_p�Z\RU+ z � ��� | P � -U)\a � - Tk),+ju:a�-0/^TU/1a�M aScmTU),+ 2,PSW1W^u:a�/^M5T&��� +ja�2,-U+hR �S+ Tk)_P<T TU),+.R0+ /1- PSMG/1M�!
TkRUPSr.+oPdTmTk)\+o2_PSW^W1u a�/1M5T 	 - u:a�-0/^TU/1a�M)�Q(*),+�/1MA! TURkPSrh+�/1- M,aST*-�TkRkPd/1p�)5Tmx\Z,+oTka#TU),+�u,/ X\+hW1/8$�PdTU/1a�M
+VM:+.rtT'u,RUaix,Z,rh+.x 254#TU),+*x,/1pS/^TwPdW1/%$.PdTk/^a�M�aSc[Tk)\+m/1`jPSp�+:�Q(*),+*W^asr.PSWix,+hTU+.rhTU/1a�M adc TU),+*/1MA!fTURkPSrh+
/1-'g�Z,/ Tk+ x,/8F�rhZ,W^T'-0/1M,rh+ TU),+3/1M�!#TURkPSrh+ /1-Ia�M,W 4 � Tka Aqu\/7Xs+.W^- � /^x,+�@�Tk)\+.RU+tcla�RU+dy�/^c Tk),+3u:aS-U/^TU/1a�M
aScYTU),+ 2,PSW1W^u:a�/^M5T'/1-'a�M 254 � u,/7Xs+.W>y5Tk),+ W1air�PSW_x,+tTk+hrhTk/^a�MY� a�Z,W^x 2 +6� RUaSM,p�� �G+ u +.R�cla�RU` Tk)\+
x,+tTk+.rtTk/^a�M W1air�PdW1W^4�2�4Gr.aS`ju_PdRU/1M\p�Tk)\+ 2,R0/1p�)5TkM\+.-U-#aSc*Tk),+ u,/7Xs+.W � ),+hRU+ Tk)\+ 2_PSW^W1u a�/1M5TB�bPS-
cla�Z,M\xB� / Tk)oTU),+'2,RU/^p�)5TkM,+h-U-�aSc�Tk),+Iu\/7Xs+.W^- a�MfPm-UZ,R0RUa�Z,M\x,/1M,p rh/1RUrhW1+Arh+.M5Tk+hRU+hx
PdTYTU),+'2_PSW^W1u a�/1M5T
u a�-U/ Tk/1aSM)� (*),/1- rh/1R0r.W1+�/1- -0),a<� M /^M�]_p�Z,R0+ z � ��� | P � �8(*),+ 2,RU/^p�)5TkM,+h-U- PdT +�PSrw) u:aS-U/^TU/1a�M
`jPSR !d+.x � / Tk) P u\W1Z,- 	�� 	*/^- a�2\TwPd/1M,+hx 254 /1M5TU+.RUu a�W1PdTk/^a�M Z,-U/^M,p Tk),+ `�+hTk)\asx x,+.-0r.R0/12 +.x
/1M � C z � �'X�/^p�Z,R0+ z � ��� | 2 � -0),a<� -*Tk),+o)\/1-0TUa�p�RUPS` aSc Tk),+ 2,RU/^p�)5TkM,+h-U- �dPSW1Z\+.-m`�+�PS-0Z,RU+hx a�M Tk)\+
r./^RUrhW1+qPSM,x TU),+q2,RU/^p�)5TkM,+h-U-3`j+.PS-UZ,R0+.x�PdT*Tk)\+f2,PSW1W^u:a�/^M5T 	 -mu:aS-U/^TU/1a�M | ��+hR0TU/1r�PdW W1/1M\+ � �
� + PS-0-UZ,`�+fTU),+f2,RU/^p�)5TkM,+h-U-3aScA/^M�!GPNW1+h-U- u,/ X\+hW1-*Tka�2 +#P U PdZ,-U-0/VPSMDP x,/1-�TkR0/12,Z\TU+.x RkPdM,x,a�`

�dPSRU/1PS2,W^+�� �G+�+h-0TU/1`jPdTk+ Tk),+ `�+�PSM�PSM,x �dPSR0/VPSM,rh+ aScoTk)\/1-�u,RUa�2,PS2,/1W^/^TN4 x,+.M,-0/^TN4 clZ,M,rtTk/^a�M
Z,-0/1M,p Tk),+q2,R0/1p�)5TUM,+.-0- �dPSW^Z,+.- `�+�PS-0Z,RU+hx�a�M Tk)\+frh/1R0r.W1+dy_PS-0-UZ,`�/1M,p Tk),PdT3PSW1W:Tk),+h-U+fu:a�-0/^TU/1a�M,-
r.aSRURU+h-Uu a�M,x TUa�/^M�!GPNW1+h-U-qu,/ X\+hW1-V� (*),+ /^M�!�u,R0+.-U+hM,r.+ rha�M\]_x\+.M,rh+ `j+.PS-UZ\RU+�/1-qr.a�`�u,Z\TU+.x Pd-
Tk)\+#u,R0a�2_PS2,/^W1/ TN4 aScATU),+#2\RU/1pS)�TUM,+.-0- cla�Z,M\x�PdT3Tk),+ 2_PSW^W1u a�/1M5T p�/ ��+.M�Tk),+ u_PSu +.R3� /^Tk)\a�Z\T /1M�!
| TU),/1- u,RUaS2_PS2,/^W1/^TN4 rha�RUR0+.-0u:a�M\x TUa�Tk)\+ PSRU+.P�2:+hW1a<� Tk)\+ U PdZ,-U-0/VPSM u x\c 2 +hT � +.+.M ��� PdM,x
Tk)\+
2,RU/^p�)5TkM,+h-U- �dPSW^Z,+ cla�Z\M,x PdT TU),+
2_PdW1W1u a�/^M�T � � L cITk),+hRU+ /1- /1M�! u,R0+.-U+hM5TfPdT TU),+ 2_PSW^W1u a�/1M5T
u,/ X\+hWCyITk)\/1- `j+.PS-UZ\RU+ /1- W^a �qy'rhW1a�-0+ TUa�$.+.R0a�� � Tk),+hR>� /1-0+Sy Tk),+ `�+�PS-0Z,RU+ /1- )\/1p�)Yy r.W^a�-U+ TUa
a�M,+:� (*),+j-U+.W^+.rtTk/1aSMGaSc Tk),/^- u,PSR0TU/1r.Z\WVPSRorha�M\]_x\+.M,rh+ `j+.PS-UZ\RU+�/1- ��+hR04 r.a�M �S+.M,/^+.M5T -U/^M,r.+�/^T
u,R0a �i/^x,+.-3PSZ\TUa�`jPdTk/^ro-Ur.PSW1/^M,p 2:+tT �b+h+.M $h+.R0a PSM\x�a�M\+��

(*),+ 2,R0/1p�)5TUM,+.-0-
`j+.PS-UZ\RU+.`�+.M5TU-#r�PdM,M,aST#2:+ja�2\TwPd/1M,+hx Z,M5Tk/^WITk),+ u +.MGTk/1uG)_PS- W1+hc TfTk)\+
`�+�PS-0Z,RU+h`j+hM�TmPSRU+.PA@iaSTk),+hR>� /^-U+SyiTk),+ /1M�! TURkPSrh+ � /^W1W[2:+ r.a ��+hRU+hx 2�4�Tk)\+ u +.M TU/1ujPSM,x5FdaSR Tk)\+
)_PSM\xjaSc:Tk),+ Z,-0+.RV�I(*),+ -04i-0TU+.` PS-U-0Z,`�+.- Pf-0/1`�u,W1+mrha�M,+ PN-U),PSu:+hx `�asx\+.W\cla�RATU),+ PSRU+.Pqadc!Tk)\+
/1`jPSp�+fr.a �S+.RU+hx 2�4 Tk)\+
u:+hM�PSM,x�TU),+
)_PdM,x�aScITU),+
Z,-0+.R"� (*),+ 2_PSW^W1u a�/1M5T /1- W1air�PdTU+.x�P<T Tk)\+
��+hR0TU+#X adc Tk),+ r.a�M,+dy\Tk)\+oPLXs/1- aSc Tk)\+ou:+hM Tk/^u x,+t]_M,+.-mTU),+�PLXs/^-baScYTU),+orha�M,+SyiTk),+ u:a�-0/^TU/1a�M�aSc
Tk)\+ ]_M,pS+.R3)_PS- TUa 2 + /^M,-U/^x,+�Tk),+ r.a�M\+Sy:PSM,x�TU),+#Pdu:+hR0TkZ\RU+#adc�Tk)\+#r.aSM,+#/^-3rw)\a�-U+hM�Tka 2 + ? {
x,+hp�RU+h+.-"� (*),/1- -0/1`�u,W1+o`�aix,+.W�PSW^W1a<� -bTU),+ -�4i-0Tk+h` Tka x,+hTU+.R0`j/^M,+q/^c�Tk),+fZ,-0+.R3/1-*W1+tc T )_PSM,x\+.x
a�R3RU/^p�)5T )_PdM,x,+.x�PSM,x � )\+hTk)\+.R�P�u_PSR0TU/1rhZ,WVPSR 2_PdW1W1u a�/^M�T u a�-0/^Tk/^a�M /1-3� /^TU),/1M Tk),+fr.a�M\+��3(*),+



A z

| P �

335 340 345 350

128

130

132

134

136

138

140

142

144

| 2 �

80 100 120 140 160
0

1

2

3

4

5

6

7

X�/^p�Z,RU+ z � �S� � | P � (*),+ r.+hM�TU+.Rqr.R0a�-U-fr.aSRURU+h-Uu a�M,x,-�TUa TU),+ u:aS-U/^TU/1a�M�adc TU),+ u:+hM
	 - 2_PdW1W1u a�/^M�T"�
(*),+faSTk)\+.R3u:a�/^M5Tk- -U),a<�HTU),+f-UZ,R0RUa�Z,M\x,/1M,p�u,/ X\+hW1-'� ),+hRU+ TU),+f2,RU/^p�)5TkM,+h-U-3/1- `j+.PS-UZ\RU+.x � | 2 �
I /^-0TUa�p�RkPd` aSc[TU),+ `j+.PS-UZ,R0+.x 2,R0/1p�)5TkM\+.-U-V�A(*),+ ��+hR0TU/1r�PdW,W1/^M,+m-U)\a � -ITU),+ �dPSW1Z,+*adc:2\RU/1pS)�TUM,+.-0-
r.aSRURU+h-Uu a�M,x,/^M,p Tka Tk),+q2_PdW1W1u a�/^M�T 	 - u:aS-U/^TU/1a�M �

-04i-�Tk+.` �bPS/^TU- Z,M5TU/1WITk),+jr.a�M\+ /1-f-UZDFjrh/1+hM�TUW^4 c PSRfP&�mP�4 clRUa�` TU),+jPSRU+.P�aSc*/^M5Tk+.R0+.-�T
2 +hcla�R0+
x,a�/^M,p�PSM54 2,R0/1p�)5TkM\+.-U- `�+�PS-0Z,RU+h`j+hM5Tk-"�

����� ��� � � ��
�� � ��� �
�����
��� � � � �
���$	���%

(*),+ /^M�!�u,R0+.-U+hM,r.+ rha�M\]_x\+.M,rh+ `j+.PS-UZ,R0+ rha�Z,W1xG2:+jZ,-U+hx Tka�x\+.r./^x,+C� )\+hTk)\+.R P�u,PSR0TU/1r.Z\WVPSR
-kPd`ju,W^+ u:aS/1M5T�r.aSRURU+h-Uu a�M,x,-qTka u +.M Z,u a�R�u:+hMGx\a � M ��I a<�b+ ��+hR.yA`jP�!�/1M,p )_PSRUx x,+hr./1-0/1a�M\-
2_PS-0+.x a�M P#-0/1M,pSW1+ `�+�Pd-UZ,R0+.`�+.M5T /1- ��+.R�4 W^/%!S+hW^4 Tka
c Pd/1W x,Z,+ TUa M,a�/1-0+�PSM,x +hRUR0a�RU-m/^M 2,R0/1p�)5T>P
M,+h-U-�`�+�PS-0Z,RU+h`j+hM�TU-"� � -0aSc T>P x,+.rh/1-0/1a�M�PSu,u,R0a5PSrw)�Tk),PdTo+h-0Tk/^` P<Tk+.- Tk),+ u,RUa�2,PS2,/1W^/^TN4 aSc'+.PSrw)
/1M\x,/ �i/1x\Z_PSW�u a�/^M�To2:+h/1M,p P u:+hMGZ\uGa�RqP u +.M x,a<� M /^-�`jaSRU+
R0a�2,Z,-�T&� � clZ,R0TU),+.Rq/^`ju,R0a ��+#P
`�+.M5T /^- u\RUa �i/1x,+hx�254�`�aix,+.W^/1M,p Tk)\+ u,R0a�2_PS2\/1W1/ TN4 aScATURkPSM\-U/^TU/1a�M 2 +hT � +.+hM TU),+.-0+ T � a -0TkPdTk+h-
| u +.M Z,u a�R u +.M x,a<� M � ympS/ ��+hM Tk),+ r.Z,R0RU+hM�T�`�+�PS-0Z,RU+h`j+hM5T PdM,x TU),+ u,RU+ �i/1a�Z,-�-0TkPdTk+:� �
I /^x,x,+hM ��PSR>!Sa � ��asx\+.W | I � � � � / Tk)jT � a
-�TwPdTU+.-.ysa�M,+ r.a�R0RU+.-0u:aSM,x,/1M\p Tka u:+hM Z,u PdM,x Tk)\+
aSTU),+.RIrha�RUR0+.-Uu a�M,x\/1M,pqTkaqu +.M x,a<� MYyi/1-'P�-UZ,/ TwPS2\W1+m-0rw),+.`�+3TUaq+.-0TU/1`jPdTk+ Tk),+h-U+3u,RUa�2,PS2,/1W^/^TU/1+.-V�
(*),+ I � � .����	��

�fTk),+ u,R0a�2_PS2,/^W1/ Tk/1+h-#aSc `�a �i/^M,p�clRUa�` a�M,+ -0TkPdTk+ TUa TU),+ aSTU),+.R�PSM,x Tk)\+
u,R0a�2_PS2,/^W1/ Tk/1+h-baScQRU+hM,x,+hRU/1M\pjP u_PSR�Tk/^r.Z,W1PSR �dPSW1Z\+�aSc�rha�M\]_x\+.M,rh+fclR0a�` P -U+tT adc�+ X,Pd`ju,W^+.-V�



AEA

� ���	�	��� 
 " !��5�2� 
 ���	�����

��� �������
	Y5�� �#. � �
�45L2��".�� ��� 5����
� ���R,���� � 5�� � � ���45��	� � 
 ������� �	
�2 
 � � �#.��L, 
!��� �	�#"�5��$���
��, 

% ,&�&� �(' 
 ,&� � 
 2)	*� � � 5,+ ��� �-� � � �	
 � � � ��� 5,+ ���	
 �45�	.+ 2 
/��� ,O5 

� ���!���95,+ % �4,����E,�� � � �<5��#, �-� �
% ,&�&� 5 
 � ��� �-� �#� � Tfx,/1-0r.RU+tTk+�/1M,-�TwPSM5TU-fadcbTk/^`j+dy!Tk)\+ju,R0asrh+.-0- /^-�/1M a�M,+ aSc Tk),+ -0TkPdTk+h-#PdM,x
p�+hM,+.RUPdTk+h- PSM a�2,-0+.R��SP<Tk/1aSM�-�4s`#2:a�W�Pdr.r.aSRUx,/^M,p Tka Tk),+fRkPSM\x,a�` clZ,M\rhTk/^a�M r.a�R0RU+h-Uu a�M,x,/^M,p�TUa
Tk)\+ r.Z,R0RU+hM�T
-0TwP<Tk+���(*),+ `jaix,+hW /^-#),/^x,x,+hM /1MGTU),+ -0+.M,-0+ Tk)_PdT
PSW1W'Tk),PdT
r.PSM 2 + -U+h+.M /1-#P
-U+hg�Z,+.M,rh+ aSc a�2\-U+.R��dPdTk/^a�M,-"��(*),+ Z,M,x,+hRUW^4i/^M,pq-0TwP<Tk+=� ),/^rw)jp�+hM,+.RUPdTk+h-ITk),+ -04i`
2 a�W,/^-I),/1x\x,+.M)�

LNMqu,RU/^M,r./^u,W1+dy�Tk),+IZ,M\x,+.R0W^4i/1M,p ��PdR !Sa ��rw),PS/1M�`jP�4o2 +IaScsPSM54�a�RUx\+.R�PSM,x�TU),+Ia�2,-0+.R �dPdTU/1a�M\-
`jP 4G2 + `
Z,W^TU/ �dPSR0/VPdTU+�RUPSM,x,aS` u,R0asrh+.-U-0+.- )_P �i/1M,p�-0a�`�+ r.a�M5TU/1M�Z,a�Z,- u,R0a�2_PS2\/1W1/ TN4 x,+.M\-U/^TN4
clZ,M,rtTk/^a�M)�3LNM�Tk),/^- PSu\u,W1/^r�PdTU/1a�MYy[),a<� + �S+.R.yYTU),+ ��PSR !da ��rw)_PS/^M�/1- RU+h-0TkR0/1rtTk+.x�Tka 2 +#aSc'aSRUx,+hR
a�M,+dy /O� +�� ymTk),a�-0+�cla�R�� ),/1rw) TU),+�u\RUa�2_Pd2,/1W^/^TN4 aScoTURkPSM\-U/^TU/1a�M Tka PdM�4 -0TkPdTk+�x,+.u +.M\x,- Z,u a�M
Tk),PdT*-0TkPdTk+fPSM\x /^Tk-bu,RU+hx,+.rh+.-U-0a�R"� � W^-Ua,yiTk),+�a�2\-U+.R��dPdTk/^a�M -U+.g�Z,+hM,r.+f/1-bW1/1`�/^TU+.x�Tka 2 +�x,RkP&� M
PSrhr.a�R0x,/1M,p TUa�u\RUa�2_Pd2,/1W^/^TN4jx,/1-�TkRU/^2,Z\TU/1a�M clZ\M,rhTU/1a�M,-3PS-0-Uair./1PdTk+hx � / Tk) Tk),+q-�TwPdTU+.-"�

(*),++I � � `jP 4 ),P �S+ x,/7M!+hRU+hM�Tb-0TURUZ,rtTkZ,R0+Sy\/R� +:�^yix,/7M!+hRU+.M5T Tka�u a�W^a�pS4 aScY/1M5Tk+hRUr.aSM,M,+.rtTk/^a�M
aSc:M,aix,+.-V�Ino+.u +.M,x\/1M,pqa�M Tk)\+ PSu,u,W^/1r�P<Tk/1aSMYyS/ TI/1-Iu a�-U-0/12,W^+mTkaqr.aSM,-0TURkPS/^M PSM�I � � -UZ,rw) Tk)_P<T
a�M,W 4 r.+hR0TkPS/1M x,+.-0/1R0+.x�-�TwPdTU+fTURkPSM\-U/^TU/1a�M\- PSRU+ PSW1W^a<�b+hx)�bXQ/1p�Z,R0+ z � � z -0),a<� - -0+ ��+hRkPSWQu:aS-U-U/^2,W1+
TkaSu:a�W^a�p�/^+.-"�mX[aSR Pdu,u,W1/^r�PdTU/1a�M\-3/^M�-0u:+h+.rw)�R0+.r.aSp�M,/^TU/1a�M�PSM,x�)_PSM,xA� R0/^TU/1M,p�RU+hr.a�p�M\/^Tk/^a�MYy_W^+hc T>P
TkaLPNRU/^p�)5TJI � ��-'p�/ �S+mTk),+*2 +.-�T'RU+h-UZ,W Tk-I-U/^M,r.+mTU),+h4
+.M,rhasx,+*/^M
Tk),+mTUa�u a�W1a�pd4fTU),+*r�PdZ,-kPSW^/^TN4 aSc
u,),aSM,+.`�+ aSR3W^+hT0Tk+.R p�+hM,+.RUPdTk/^a�M)� X_a�R*a�Z,R3u,RU+h-U+hM�ToPSu,u,W^/1r.PdTk/^a�MYy,P p�+hM,+.RUPSW1/8$.+.x `�asx,+hW � /^TU)
T � aj-�TwPdTU+.-3/1-mTk)\+f`�a�-�T -UZ,/ Tk+.x �

0 �(����������� �53:"#� � 
 
 � M9I � � /^- rw),PSRkPSrtTk+hRU/%$h+.x 254 Tk)\+3cla�W^W1a<� /1M\p�+.W1+h`j+hM5Tk- | � /^TU)
Tk)\+f-UPS`�+�M,aSTwP<Tk/1aSM Z\-U+.x 254 e Pd2,/1M,+hR � )$Asy5) z��V� �

1 �2�&� � 
 2!	*� � �?5,+ ��� �-� � � 5,+3�&� �3	Y5�� �#.0� � W Tk),a�Z\p�) Tk)\+ -0TkPdTk+h- PSRU+ )\/1x,x,+hMYyAcla�R ` PSM54
u,RUPSrhTU/1r.PSW PSu,u\W1/1r.PdTk/^a�M,- Tk),+hRU+f/1-*-UaS`j+�u,)54i-U/^r�PSW�-0/1p�M,/ ]_r�PdM,r.+qPdT0TwPSrw)\+.x�TUa Tk),+q-0TkPdTk+h-
a�R TUa -U+tTk- aScf-0TwP<Tk+.- aScfTk)\+�`jaix,+.WR� �G+�x,+.M\aSTk+�Tk)\+�/1M,x,/ �i/1x,Z_PdW -0TkPdTk+h- PS-�4 	
� 4 � � 4 � � � � � � 4�5 � PSM,x TU),+q-0TwP<Tk+fPdT*Tk/^`j+��bPS-7698 �


 �:�&� � 
 2!	*� � �E5,+;��,���� , 
/��� 5-� � � �<� �-� ,O5 
 ���=	*�#5L. �>� � � ��� �-� �ty:/R� +:�^y_TU),+#x,/^-UrhRU+hTU+
PSW^u,)_PS2 +hT
-0/%$.+:�A(*),+3a�2,-0+.R �dPdTU/1a�M�-04i`
2 a�W^- rha�RUR0+.-0u:a�M\x Tka�Tk)\+ u,)54i-U/^r�PSW[a�ZsTku,Z\T aSc:Tk),+ -04i-�Tk+.`�-



A$C

| P � 1 2 3 4 | 2 �
1 2 3 4

| r �
1 2 3 4

| x �
1

2 3

2’ 3’

4

| + �

1 2

1 2

| c �
1 2

X�/^p�Z,RU+ z � � z ��no/8M:+.RU+hM5T9I � � Tka�u a�W^a�p�/1+h- | P � T +hc T P TkaLPNRU/^p�)5T>P � y | 2 � T +tc T>P TUa:PNR0/1p�)5T P z y | r �
T +hc T P TkaLPNRU/^p�)5T>P A\y | x � u_PSRkPdW1W1+hWCy | + � p�+hM,+.RUPSW1/8$.+hxYy | c � p�+.M,+hRkPSW^/%$h+.x � / Tk) -�TwPdTU+.-
Z\-U+.x /^M a�Z\R
-04i-�Tk+.` �

2 +./^M,p `jaix,+.W^+.x)�(� +qx,+hM,aSTk+�TU),+q/1M,x,/ �i/1x,Z_PdW!-04i`
2 a�W^- Pd-�� 	 ��� � � � � � � � � � ���%� �
� �7�&� � ��� �-� � � ���	

�#,&� ,O5 
 � � 5-� � �",/.0,&� � ��,���� � , �"2)� ,O5 
_y � 	 ��� 
	� �

� ),+hRU+ � 
	� 	 � | 698 
 � 	 4 
 � 698 	 4 � � � ��
 
 �
� 

� ��X_a�R Tk),+#-Uu +.r./1PSWEr�PS-0+H� ),+.R0+
PSM54 -�TwPdTU+�r�PSM R0+�PSrw)�PSM54 aSTU),+.R*-�TwPdTU+�/1M P
-U/^M,p�W1+ -0Tk+huYy�� + )_P �S+ � 
	��� { cla�R*PSW^W 
 � � �
X_a�RoadTk),+hRoTN4su +.-qaSc-I � ��-.y � + �ba�Z\W1x )_P ��+ � 
	� 	 { claSRoa�M,+ a�R�`�a�R0+ |�
 �
� � u_PS/^RU-"�
X_a�Rf+#X\PS`�u,W1+dyQcla�RqTk)\+ W1+tc T>PCTka:P RU/1pS)�Tq`�aix,+.W^-.y � 
�� 	 { claSR 
 � � yQ/O� +Sy � � /1W^WI2:+ PSM
Z,u\u:+hR TURU/1PSM,p�Z,W1PSRb`jPdTURU/7X �

� �7�&� �E5-� � � �<� �-�R,O5 
 ����	*�#5L.)� � 5-� � �",/.0,&� �3��,���� � , �"2)� ,O5 
�, 
 ��� �-� � � y�� 	 ��� � |�� ���
� ),+hRU+ � � |�� � 	 � | � � � � � � 6�8 	 4 � � � ��
 � 
�� � ��
 � 
�� �

� �>� � �W, 
 ,&� , ��. ��� �-� �>� � 5-� � �",/.0,&� � ��,���� � , �"2)� ,O5 
_y�� 	 � � 
 �
� ),+hRU+�� 
 	 � | 6 � 	 4 
 � � ��
 
 
�� �

� rha�`�u,W1+tTk+*-Uu +.rh/^]_r.PdTk/^a�M�aSc PSMCI � ��RU+hg�Z,/1R0+.- TU),+ x,+h],M,/^TU/1a�M�aSc T �ba `jaix,+.W_u,PSRkPS`�+#P
Tk+hRU- | � PSM\x �H� ydTk),+ a�2,-U+hR �dPdTU/1a�M
-�4i`
2:aSW1-.ySPSM,x#TU),RU+h+mu,R0a�2_PS2,/^W1/ TN4�`j+.PS-UZ\RU+.- �#y���PSM,x��J�
X_a�R r.a�M ��+hM,/1+hM,r.+dy��b+ Z,-U+oTU),+ rha�`ju,PSrhTbM,aSTwP<Tk/1aSM � 	 | � � � � � � Tka
/^M,x,/1r.PdTk+ Tk)\+or.a�`�u,W^+hTk+
u_PSRUPS`�+hTk+hRb-0+hT aSc TU),+o`�asx,+hW:-0/1M,rh+ � PSM\x � PSRU+o+h`
2 +.x,x,+hx /1M TU),+o-U/8$.+h-maSc��#y!� PSM,x"�J�



A @

(*),+.R0+oPSR0+3TU),RU+h+ rha�`j`�a�M�-Urh+.M_PSR0/1a�- /1M�� ),/^rw)9I � � 	 -mPSRU+3Z,-U+tclZ,W /1M�RU+�PdW7P � a�R0W1x�PSu,u,W^/7P
r�P<Tk/1aSM,- �

% � U / ��+hM�Tk)\+#a�2,-0+.R��SP<Tk/1aSM�-U+hg�Z,+.M,rh+�� 	 � ����� ����� � 	 yYPdM,x�Tk)\+#`�asx,+hW � 	 | � � � � � � y
),a<� x,a � + +#Fjrh/1+hM�TUW^4Gr.a�`�u,Z\TU+ � | � � � � yETU),+ u,R0a�2_PS2\/1W1/ TN4�aSc*TU),+ a�2,-0+.R��SP<Tk/1aSM -U+ P
g�Z,+hM,r.+dy pS/ ��+hM TU),+q`jaix,+hW �

(*),/^- -0r.+.M,PSRU/^a r.a�R0RU+h-Uu a�M,x,- TUa Tk),+�+ �dPSW^Z_PdTk/^a�M�u\RUa�2,W^+.` ymM_PS`�+.W 4 p�/ �S+.M P `�aix,+.W
PSM\x P�-U+hg�Z,+.M,rh+ aSc a�2,-0+.R �dPdTU/1a�M\-.yA),a<� x,a � + r.aS`ju,ZsTk+jTU),+ u,R0a�2_PS2\/1W1/ TN4�Tk),PdT
Tk)\+
a�2\-U+.R���+hx -0+.g�Z,+.M\r.+��mPS- u,R0asx\Z,r.+hx 254 Tk),+�`�asx\+.WO� (*)\/1- u,R0a�2,W1+h` /^- -UaS`j+tTk/1`�+.-
r.PSW1W^+.x Tk)\+ � r.WVPd-U-U/ ]_r�P<Tk/1aSM � u,RUaS2,W1+h` �

* � U / ��+hM�Tk)\+#a�2,-0+.R��SP<Tk/1aSM�-U+hg�Z,+.M,rh+�� 	 � ����� ����� � 	 yYPdM,x�Tk)\+#`�asx,+hW � 	 | � � � � � � y
),a<� x\a � +Grw),aia�-0+ P r.a�R0RU+.-0u:aSM,x,/1M\p -�TwPdTU+G-0+.g�Z,+.M\r.+ 
 	 6 �,6 � ����� 6 	 � ),/^rw)�/^-
a�usTk/1`jPSW:/1M -UaS`j+q`�+�PSM,/^M,pSclZ,W:-U+hM,-U+ | /R� +:�^y_2 +.-�T � +#Xsu,WVPd/1M,- � TU),+qa�2,-0+.R �dPdTU/1a�M\- � �
(*),/^-m-Urh+.M_PdRU/1a /^-bTk)\+oa�M,+�/^MY� ),/1rw)?� +qPdTUTU+.`�u\TbTUa Z,M,rha �S+.R*Tk)\+�),/1x,x\+.M u_PSR�T*aSc�Tk)\+
`�asx\+.WCys/O� +�� y\Tka ]_M\x TU),+ rha�RUR0+.rtT -�TwPdTU+q-U+.g�Z,+hM,r.+ /1M -UaS`j+�`�+�PSM\/1M,pSclZ\W!-U+hM,-U+:�

� � I a<��x,a�� + PSxL�0Z,-�T*Tk),+q`�asx,+hWYu_PSRUPS`�+hTk+hRU-�� 	 | � � � � � � Tka `jPLXs/1`�/%$h+ � | � � � � �
(*),/^- -0r.+hM_PSRU/^a
/1-'Tk)\+ a�M\+ /1M�� ),/1rw)C�b+ PdTUTU+.`�u\T TUa#a�usTk/1`�/%$h+mTk),+ `jaix,+hW u,PSRkPS`�+hTU+.R0-
/^M�a�RUx,+hRoTka 2 +.-0Tqx\+.-UrhRU/^2:+ Tk)\+ p�+.M,+hRkPdTU/1a�M aSc P p�/ ��+.M a�2\-U+.R��dPdTk/^a�M -U+.g�Z,+hM,r.+:� (*),+
a�2\-U+.R��dPdTk/^a�M�-U+hgiZ\+.M,rh+jZ,-0+.x�Tka PdxL�0Z,-0T�TU),+ `�asx,+hW�u_PdRkPS`�+hTU+.RU- /1-or.PSW1W^+.x�P TURkPS/^M,/1M,p
-0+.g�Z,+.M\r.+ -0/1M,rh+�/ Tq/1-qZ,-0+.xGTUa � � ��, 
�TU),+YI � � ��(*),+ TkRUPS/1M,/^M,p u,R0a�2,W1+h` /1-oTU),+�r.RUZ4P
rh/VPSWQa�M,+
cla�Ro`�a�-�TqPSu,u,W^/1r.PdTk/^a�M,- adc I � ��-hyE-0/1M,rh+ /^T�PdW1W1a<� -oZ\-oTka a�u\TU/1`jPSW1W 4 PSx_PSusT
`�asx\+.W!u,PSRkPS`�+hTU+.R0-bTka a�2,-0+.R���+.x TkRUPS/1M\/1M,p
x,PdTwP\ys/O� +�� y\Tka rhRU+.PdTk+�2 +.-�T `jaix,+.W^-bcla�RmR0+�PSW
u,)\+.M,a�`�+.M,PA�

(*),+.R0+ PdRU+ -0TkPSM,x_PdRUx u,RUair.+hx,Z,RU+h-qx,+.-0r.RU/^2:+hx /^M�Tk),+ W1/ Tk+hRkPdTUZ,RU+
/^M�a�RUx\+.RoTka -0a�W �S+�+.PSrw)
aSc Tk),+ `�+.M5Tk/^a�M,+.x u,R0a�2,W1+h`j-hyoM_PS`�+.W 4�TU),+ claSR>�bPSRUxDP 2_PSr !��bPSRUx,-�PSW1pSa�RU/ Tk),` � )$Asy ) z � claSR
-Urh+.M_PdRU/1aS- � PSM\x A PSM,x Ko/ Tk+hRU2,/ 	 - PSW^p�a�R0/^Tk)\` � z )\y )EA\y5) z � cla�R*-Urh+.M_PSR0/1a z �

(*),+�I � � Z,-U+hx /^M�a�Z,R -04i-0TU+.` ),PS- Tk)\+#Tka�u a�W^a�pS4 u,R0+.-U+hM5Tk+.x /1M�]_p�Z,R0+ z � � z | c � � (*),+
a�2,-0+.R��SP<Tk/1aSM aSc Tk),+ `�asx,+hWo/1- TU),+G/^M�! u,R0+.-0+.M,rh+ r.a�Ms]_x,+.M\r.+ `�+�Pd-UZ,R0+SyqPSM /1M5TkR0/1M,-0/1r.PSW1W 4



AE)

r.aSM�TU/1M�Z,a�Z\- �dPSR0/VPS2\W1+
Pd-f/ T��bPS-qx,+h]_M\+.x /^M -U+.rtTk/^a�M z �BAD� � �#(*),+�I � � a�Z\TUu,Z\Tf/1-�P -0+hTfaSc
x,/^-Ur.R0+hTU+ -04i`
2 a�W^-.yi-Ua�� +oM,+h+.x TUa#g�Z_PSM5TU/%$.+3Tk),+ �dPSW1Z,+3aScYTU),+3r.a�M\],x,+.M,rh+�`j+.PS-UZ\RU+3/1M aSRUx,+hR
Tka x\+h]_M,+oTU),+�a�Z\TUu,Z\T*-�4i`
2:aSW1-"�I(*)\+�r.a�M\],x,+.M,rh+q`j+.PS-UZ,R0+�/1-bP
u,RUa�2,PS2,/1W^/^TN4Sys-0a /^Tm/^-m-Ur.PSW1+hx
2 +hT � +.+.M�$.+hRUa PSM,x a�M\+�� (*),+ /1M5Tk+hR �dPSW � { � � � /^-
x,/ �i/^x,+.x /^M�TUa�-U/ XsTU+.+hM +hg�Z_PSWm/^M�TU+.R��SPdW1-
/^M
a�R0x,+.R TkajgiZ,PSM5Tk/%$h+ +.PSrw)�rha�M\]_x,+hM,r.+#`j+.PS-UZ,R0+ �dPSW^Z,+fPSM,x TkajTURkPSM\-UWVP<Tk+q/^T3/1M5TUaja�2\-U+.R��dPdTk/^a�M
-04i`
2 a�W^-"���G+
Z,-U+
TU),+#cla�R �mPdRUxDP 2_PSr !��mPdRUx PSW1pSa�RU/ Tk),` /^M�a�RUx\+.R TUa TkRkPd/1M�TU),+�I � � Z,-U/^M,p
P TkRkPd/1M,/^M,p -U+tT�aSc )_PSM\xA� RU/ TUTk+hM�-0+.g�Z,+.M\r.+.-�r.a�W^W1+.rtTk+hx � / Tk) Tk),+ -04i-�Tk+.` � (*)\+ TURkPS/^M,/1M,p
-U+tT r.aSM,-U/^-0Tk- aScq+#X\PS`�u,W1+h- aScqrhZ,RU-0/ �S+�)_PSM,xA� R0/^TU/1M,p,yb2,W1air ! W1+hT0Tk+hRU-.y M�Z,`
2 +.R0-.y3x,RkP&� /^M,p�-.y
-U/^p�M_PdTUZ,RU+h-fPSM,x ` PdTU),+.`jPdTU/1r�PdWEcla�R0`
Z,W1PS-�/1M�a�R0x,+.R�TUa�-UPS`ju\W1+
Tk)\+ �dPSR0/VPS2\/1W1/ TN4 aSc Tk),+�u:+hM
Z,u5F<x,a<� M TkRUPSM,-0/^Tk/^a�M cla�R x,/7M!+hRU+hM�T TN4iu +.-�aSc � R0/^Tk/^M,p�� XQ/1p�Z,R0+ z � � A�-U),a<� -jTU),+ RU+h-UZ,W Tk/1M\p
I � � Pdc Tk+hR TkRUPS/1M\/1M,p,yG� )\+.RU+ Tk),+o2,PSRbu,W^aSTk- x,/^-Uu,W1P 4i- Tk),+oaSZ\Tku,ZsTmu,R0a�2_PS2,/^W1/ TN4 x,/1-�TkR0/12,Z\TU/1a�M
aSc'+.PSrw) -0TwP<Tk+��q(*),+#`ja�-�T�W1/8!S+hW^4 -0TkPdTk+#aSc'Tk),+
-�4i-0Tk+h` PdT +�PSrw) u a�/1M5To/^M�Tk)\+#TkRUP �0+.rtTka�R�4�/^-
+.-�Tk/^` PdTU+.x Z,-0/1M,pEKo/ Tk+hRU2,/ 	 - PSW^p�a�R0/^Tk)\` � z )\y5) z � �

0 0.2 0.4 0.6 0.8 1
0

0.1

0.2

0.3

0.4

0.5

Confidence Measure

P
ro

ba
bi

lit
y

0 0.2 0.4 0.6 0.8 1
0

0.1

0.2

0.3

0.4

0.5

Confidence Measure

P
ro

ba
bi

lit
y

0.930.73

0.07

0.27

Ink presence
Confidence

Measure

downup

X�/^p�Z,RU+ z � � A �
e3+h-UZ,W Tk/1M\p I � � Tk),PdT
`�asx\+.W1-�TU),+jTURkPSM,-0/^TU/1a�M,-q2 +hT � +.+hM u:+hM Z,u PSM\x u:+hM
x,a<� M -0TwP<Tk+.- PSM,x Tk)\+f/^M�! u\RU+.-0+.M,rh+#rha�M\]_x,+hM,r.+f`�+�PS-0Z,RU+:�

����� ��� � ��
�� ��� �#� ��� ! ��% � � � �#
���	����

(*),+�u,RU+ �s/^a�Z,-�T �baG-U+.rtTk/^a�M,- x\+.-UrhRU/^2:+�W1air�PSW*`�+�PS-0Z,RU+h- Z,-0+.x�TUa rhWVPS-0-U/^c 4 +�PSrw) � �-	 � .��
aSc
Tk)\+G)_PdM,xA� RU/ TUTU+.M TURkP �0+hrhTUa�R04 PS- +./ Tk),+hR�u +.M Z,u�aSR u +.M x,a<� M)� (*),+ `j+.PS-UZ\RU+.`�+.M5T�aSc
/1MA!�u,RU+h-U+.M\r.+ /^- -0Z,24�0+.rtT
Tka�+.R0RUa�R0-.y�-0a�Tk)\+ju +.R�cla�RU`jPSM,rh+j`jP�4 2:+j/1`�u,RUa ��+hx 254 x,/ �i/^x,/1M,p
Tk)\+ ),PSM,xA� R0/^TUTU+.M TkRUP �0+.rtTka�R�4 /1M5TUa x\/8M:+.RU+hM5T ��� � 5�" � � PSM,x PSp�p�R0+.p5PdTU/1M,pGTk),+ -kPd`ju,W^+#PO� /1-U+



AG>

r.W1PS-U-0/^]_r.PdTk/^a�M /1M5TUajP -�TkRUa�!S+#PO� /1-0+ rhWVPS-0-U/^],r�PdTU/1a�M)�
(*),+b),PSM,xA� R0/^TUTU+.MqTkRUP �0+.rtTka�R�4q/1-�-U+hp�`j+hM5Tk+.x#/1M5Tka -0TURUaG!d+.-QZ,-U/^M,p3T � a cl+.PdTkZ,R0+.-hydTk)\+ rhZ,R �i/ P

W1/^M,+�PdR �S+.W1air./ TN4�adcITk),+ u +.M�TU/1u�PSM\x�Tk),+
rhZ,R �dPdTUZ,RU+ adcITk),+#TURkP �0+hrhTUa�R04�� } +.W1+hrhTU/1a�M�adc TU),+.-0+
T � a cl+.PdTkZ,R0+.-��mPd-j/^M,-Uu,/^RU+hx 254 TU),+ �ba�R>! aSc Ko/ �s/1PSM,/ � >$)\y >E> � PSM,x OIWVPS`�a�M,x\a�M � @ >sy @ ? �
PSM,x�254 Tk),+f/1M5TkZ\/^Tk/ ��+�/^x,+�P Tk)_P<T aSM�Tk)\+ W^/1`�/^Tmu a�/^M�TU- 2:+tT �b+h+.M�T � a x,/7M!+hRU+hM�T )_PSM\xA� RU/ Tk/1M\p
-0TURUaG!d+.-*Tk)\+ ��+.W^asrh/^TN4jaSc�Tk),+�u +.M /^- ��+hR04 -0` PSW^W!PdM,x5Fda�R Tk),+orhZ,R �dPdTUZ,RU+qaSc�TU),+ TkRUP �0+.rtTka�R�4 /^-
��+hR04#),/1p�) ��(*),+m-0+hTIadc:-0+.p�`�+.M5TkPdTk/^a�M
u a�/1M5Tk-Q/1-ETk),+mR0+.-0Z,W^TIadc PSu,u,W 4s/^M,poP TU),RU+h-U),aSW1x
a�M +.PSrw)
aSc:Tk),+ `j+hM�TU/1a�M\+.x cl+�PdTUZ,RU+h-"� X�/1pSZ,RU+ z � � C -U),a<� -b-0+ �S+.RkPdW!+#X\PS`�u,W^+.- aSc!TURkP �0+hrhTkaSRU/1+h-bPdM,x Tk)\+
r.aSRURU+h-Uu a�M,x,/^M,p -0TURUaG!d+.-fPdc TU+.Ro-0+.p�`�+.M5TwP<Tk/1aSM)� (*)\+
Tk),R0+.-U)\a�W1x�/^M�r.Z,R��s/^W1/^M,+�PSR ��+hW1air./^TN4 �bPS-
rw),a�-0+.M
TUao2:+ { �B> @ u,/ Xs+.WCyd-Uaou a�/^M�TU-ETU)_PdT�RU+.`jPS/^MW� / Tk),/^M Tk)\+b-kPd`j+ u,/7Xs+.Wi/1MfT �ba r.a�M,-0+.rhZ\Tk/ ��+
clRkPd`j+h-mPSR0+ x,/^-Ur�PdRUx,+hx)�I(*),+ TU),RU+h-U),a�W^x /1Mjr.Z,R��dPdTkZ,R0+ �bPS-m),+hZ,RU/^-0Tk/^r�PSW^W^4 rw)\a�-U+hM TUa#2 + { � {G@ �

����� ��� � ����� � � �"��
 !#!#	�� ��
���	$���

I P �i/1M\pfx\/ �i/1x,+hx
Tk),+*TURkP �0+hrhTkaSR04 /^M�TUa�-0TURUaG!d+.-.y � +3u\RUair.+.+hx�TUaqr.WVPd-U-U/ c 4#TU),+*-0TURUaG!d+.- PS-I+./ Tk),+hR
Z,u a�R x,a<� M)� �G+ )_P ��+ +#Xsu:+hRU/^`j+hM�TU+.x � /^TU) T � a PSu,u,R0a5PSrw),+h-.yoa�M\+ 2,PS-U+hx a�M TU),+ /1M�!
u,R0+.-U+hM,r.+ r.a�Ms]_x,+.M\r.+#`�+�Pd-UZ,R0+#PSM\x TU),+ adTk),+hR3Z\-U/1M\p�TU),+q-0TwP<Tk+f-U+.g�Z,+hM,r.+#u,RUa �i/1x,+hx�254 Tk)\+
I � � �QLNM Tk),+ ]_R0-0T#PSu,u,R0a5PSrw)YyETk),+�`j+.PSM aScbTU),+j/^M�!�u,R0+.-U+hM,r.+jr.a�Ms]_x,+.M\r.+ `�+�PS-0Z,RU+h-fclaSR
+�Pdrw) -kPS`�u,W1+j/1M TU),+ -�TkRUa�!S+ /1- Z,-U+hx PS-#TU),+ -0TURUaG!d+ r.a�Ms]_x,+.M\r.+ `�+�PS-0Z,RU+:��LNM Tk),+ -0+.rha�M,x
PSu,u\RUa5PSrw)!y P ��adTk/1M\p -Urw),+h`j+ Pd-U-U+h-U-0+.-�Tk),+#W1/%!d+.W^/1),aiasx aSc Pju_PSR0TU/1rhZ,WVPSR3-0TURUaG!d+ 2:+h/1M,p P u:+hM
Z,uGa�Rqu:+hM x,a<� MYyETk),/^- W^/%!S+hW1/^),asaix�u,R0a �s/^x,+.-qTk)\+j-�TkRUa�!S+ rha�M\]_x\+.M,rh+ `j+.PS-UZ\RU+�� L cmM,+h+.x,+hxYy
)_PSR0x r.W1PS-U-0/^]_r.PdTk/^a�M�aSc�+�PSrw) -0TkR0aG!S+oPS-bu +.M Z,u a�R u +.M x,a<� M r�PSM 2 + aS2\TwPS/^M,+.xj254 PSu\u,W^4i/1M\p
P Tk),R0+.-U)\a�W1x a�M�Tk),+�-0TURUaG!d+jrha�M\]_x\+.M,rh+ RU+h-UZ,W Tk-V�j(*),+ )_PdRUx r.WVPd-U-U/ ]_r�P<Tk/1aSMYy�PS-+�b+hW1W'PS-qTk)\+
W1/8!S+hW1/1)\asaix aSc�u:+hM Z,u5F<x,a<� MYy_PSR0+ Tk)\+o-0TURUaG!d+ox,+.-0r.R0/1u\TUa�RU-bTU)_PdTba�Z,Rb/^M5Tk+.R�c PSr.+ u,RUa �i/1x\+.-bTUa P
)_PSM\xA� RU/ Tk/1M\p RU+.rha�p�M,/ Tk/^a�M -04i-0TU+.` �

����� ��� � �"
���� ��	 � � 	 � �
�$� � � � �#
���	����

X�/^p�Z,RU+ z � ��@ -U)\a � -#P 2\W1air !�x,/VPdp�RkPS` aSc Tk),+�)_PSR0xA�mPdRU+�Z,-U+hxGcla�Rq/1`�u,W^+.`�+.M5Tk/^M,p Tk)\+j-�4s- P
Tk+h` ��(*),+�)_PSR0xA�mPdRU+ r.a�M\-U/1-�Tk-faSc*P �i/1x,+ha�r.PS`�+.RkPsyQP clRUPS`j+ p�RUPS2,2 +.RhyQPdM,x P OQ+hM5Tk/1Z\` LUL
z A { � I6$ O v �:(*),+
r�Pd`j+hRkP /^-oP rha�`j`�+.R0r./1PSWEX�W1+ X\r.PS`�L n
y:`jPSM�Z\c PSrtTkZ,R0+.x�254 K /1x,+ha�WVPd2,-.y



A��

50 100 150 200 250
5

10

15

20

25

30

35

50 100 150 200 250
5

10

15

20

25

30

35

50 100 150 200 250

10

20

30

40

50

60

70

50 100 150 200 250

10

20

30

40

50

60

70

50 100 150 200

10

20

30

40

50

50 100 150 200

10

20

30

40

50

X�/^p�Z,RU+ z � � C � } + ��+hRkPSW +#X\PS`�u,W1+h- aScqTkRUP �0+.rtTka�R0/1+.- Pdr.g�Z,/1R0+.x�� / Tk) Tk)\+�/1M5Tk+hR0c PSrh+�PSM,x Tk)\+
r.aSRURU+h-Uu a�M,x,/^M,p -0TURUaG!d+.-qa�2\TkPS/1M\+.x Pdc TU+.Ro-0+.p�`�+.M5TwP<Tk/1aSM)� } Z,r.rh+.-0-U/ �S+j-�TkR0aG!S+h- PdRU+ /1M\x,/1r.PdTk+hx
PSW Tk+.R0M_PdTU+.W^4�� /^TU)�-0a�W1/^x PSM,x x_PS-0),+.x�W1/^M,+.-V�

+.g�Z,/^u,u +.x�� /^Tk)�`jPSM�Z_PSW�p5PS/1M�r.a�M5TkR0a�WO� L Tq)_PS-qP RU+h-Ua�W^Z\Tk/^a�M�aSc C � { X ) C { u,/7Xs+hW1-�u +.R�/1M5TU+.R P
WVPdr.+.x /^` Pdp�+���(*)\+ clRkPS`�+ p�RUPS2,2 +.R
/^-
P�O � v zS{�{ `jPSM�Z\c PSrtTkZ,R0+.x 254 LN`jPSp�/^M_PdTk/^a�M)��(*),+
/1M\u,Z\Tqr�Pd`j+hRkP /1`jPSp�+
/^-�x,/1pS/^Tk/8$.+hx�254�Tk),+ 2 a5PSR0xGPdM,xG+ ��+hM PSM,x aix,x�]_+.W^x,-qaSc TU),+ /1`jPSp�+
PSR0+f-0+.u_PdRkPdTU+.x�claSRmclZ\TkZ,R0+ u\RUair.+.-0-U/^M,p P<T ) { I $fPSM,x TkRkPdM,-0cl+hRURU+hx�TUaj`�+.`�a�R04jTk),R0a�Z,p�) Tk)\+
O v L 2\Z,-"� (*),+
clRkPS`�+
p�RUPS2,2 +.RoZ\-U+.-fP x,aSZ,2,W1+#2,ZAM:+.R�-Urw)\+.`�+ TU)_PdTqPdW1W1a<� -3Tk),+ rha�`ju\Z\Tk+hR
Tka u,RUair.+h-U- a�M,+ clRUPS`�+3� )\/1W1+ P M\+V� a�M,+ /1-'2 +./1M\p
PSrhgiZ\/1RU+hx)� � W^W,clZ,R0TU),+.R r.a�`�u,Z\TkPdTk/^a�M,- PSR0+
u +.R0claSRU`�+.xE� /^TU)
Tk),+3O v � ��a�-�T aSc:TU),+*`�asx,Z\W1+.-�aSc:TU),+*-04i-�Tk+.` ),P �S+ 2:+h+.M�/1`�u,W1+h`j+hM�TU+.x /^M
Tk)\+#RU+.PSW7PCTk/^`j+qPSu\u,W1/^r�PdTU/1a�M?� /^TU)�TU),+#+ X\rh+.u\TU/1a�M�adcATk),+ u:+hM�Z,u5F<x,a<� M�r.WVPd-U-U/ ]_+.R Tk),PdT aSM,W^4
u +.R0claSRU`�- -UPS`ju\W1+#PO� /1-0+�rhWVPS-0-U/ ]_r�PdTU/1a�M Z,-0/1M,p�W1air�PSWI`�+�Pd-UZ,R0+.`�+.M5Tk- /1M,-�Tk+�Pdx aSc*-�TkR0aG!S+ P � /1-0+



AE?

r.W1PS-U-0/^]_r.PdTk/^a�M | -0+.+ z �DA � �

Host Computer

Frame Grabber

Camera

S-Video

PCI-Bus

Pentium II 230MHz

X�/^p�Z,RU+ z � ��@ � } 4i-0Tk+h` rha�M\]_pSZ,RkPdTU/1a�M �b(*),+
),PSRUxA�bPSR0+
PSR0rw),/^TU+.rhTUZ,RU+ r.a�`�u,R0/1-U+h- P�r.a�`�`�+.R P
r./1PSWYr.PS`j+hRkP\y,P clRUPS`�+�p�RkPS2\2:+hR.y_PSM\x�P OQ+hM5Tk/1Z\` LUL z A { � I $��

(�Pd2,W1+ z � � -U),a<� - TU),+ r.a�`�u,Z\TkPdTk/^a�M
Tk/^`j+bRU+.g�Z,/^RU+hx a�M�P ��+hRkPSp�+3254 +�PSrw)�aSc:Tk),+ `�asx,Z\W1+.-
aSc Tk),+ -04i-0TU+.` � (*),+�TUaSTwPdW*u,RUair.+h-U-U/^M,pGTU/1`�+ /1- � z � � `�- u:+hR�clRUPS`�+�� �G+�aS2,-U+hR ��+ Tk)_P<T
)_PSW c�adcQTU),/1-*u,R0asrh+.-0-U/1M\p�TU/1`�+�/1-*Z,-0+.x�claSR*x,/1-0u,WVP�4i/1M,p TU),+q/1`jPSp�+oa�M Tk)\+f-0r.R0+.+.M Tka�u,RUa �i/1x\+
�i/1-0Z_PSW cl+.+hx,2_PSr ! Tka�Tk),+fZ,-0+.R"�*(*)\+ aSTU),+.R3)_PSW cAaScQTk),/^- u,RUair.+h-U-U/^M,pjTU/1`�+q/1- Z,-U+hx�cla�R3PSrtTkZ_PSW
r.aS`ju,ZsTwPdTU/1a�M,-V� SbadTk)jTU),+ TURkPSM\-0cl+.R0+.M,rh+oaScYTU),+3M,+V� clRUPS`j+ clRUaS` Tk),+ clRkPS`�+3p�RkPS2\2:+hR TUa Tk)\+
`�+.`�a�R04#aSc!TU),+3O v yiPSM\x�TU),+*TkRkPdM,-0cl+hRU+.M\r.+ adc!Tk)\+3x\/1-Uu\WVP�4 /1`jPSp�+ clRUa�` Tk),+3`j+h`jaSR04
adc!Tk)\+
O v TUa TU),+ �i/1x,+ha r�PSR0x�PSR0+�u:+hR0cla�R0`j+hx Tk),R0a�Z,p�) Tk)\+qO v Lb2,Z,-"�;I3+.M,rh+Sy_Tk),+hRU+�/^- P rha�W1W^/1-0/1a�M
2 +hT � +.+.MjT �bafu,RUair.+h-U-0+.-mP<TITk),+3O v LA2,Z,-'Tk),PdT'/1-ATU),+ R0+�PS-0a�M cla�RATk),+3PSu\u_PSRU+hM5TkW^4
/1`�u:a�R�TwPSM5T
x,/^-Uu,W1P 4jTk/^`j+:�


 ���	'��(� 8 ����� | `�-U+hr�� �
X_RkPd`j+qPSrhg�Z,/1-0/^Tk/^a�M � )A�D)G>
OIRUair.+h-U-0/1M,p�Tk/1`�+ )A� �
OE+.M�TU/1u TkRUPSr !�/1M,pE� / Tk) r.a�R0RU+.W1PdTk/^a�M AA� @
X�/^W^TU+.R { �DA
SmPdW1W1u a�/^M�Tbx,+hTU+.rtTk/1aSM�� /1M�! `�+�Pd-"� z � �
� x,x,/^TU/1a�M,PSW!rw),+hr !�-o/1M Tk)\+fu\RUa�p�RUPS` { � z
LN`jPSp�+�/^M �S+.R0-U/1aSM�PSM\x�x,/^-Uu,W1P�4 )
(EaSTwPdW r.a�`�u,Z\TU/1M,p
TU/1`�+ � z � �

(QPS2,W^+ z � � � v a�`ju\Z\TwPdTU/1a�M TU/1`�+oaScQ+�PSrw) `�asx,Z\W1+�aScETk),+q-�4s-�Tk+h` �

LNM�]_p�Z,R0+ z � � )C� +
-U),a<� Tk),+#p�RkPSu\),/1r.PSWQZ\-U+.R /1M5Tk+hR0c PSrh+ | U 	 L � aSc'Tk),+H� /^M,x,a<� - P 2_PS-0+.x
PSu,u\W1/1r.PdTk/^a�M Tk)_P<T R0Z,M,- a�Z\Rju,R0a�p�RUPS` ���G+�),P �S+�Tk)\RU+.+ � /1M,x,a<� - ��a�M,+�/^- P x,/VPdW1a�p 2:a&X



C {
Tk),PdT PSW^W1a<� -fTU),+ Z,-0+.R
Tka�r.a�`�`
Z,M,/^r�PdTU+C� / Tk) TU),+ PSu,u,W^/1r.PdTk/^a�MYy�Tk),+ -0+.rha�M,x x,/1-0u,WVP�4i-#Tk)\+
/1`jPSp�+ r.PSu\TUZ,RU+hx 254�Tk),+�r�Pd`j+hRkP /1M a�RUx\+.R�Tka u,RUa �i/1x\+��i/1-0Z_PSWAcl+h+.x,2_Pdr ! TUa TU),+�Z,-U+hR.yAPdM,x
Tk)\+fTU),/1R0x -0),a<� - TU),+#Pdr.g�Z,/1R0+.x TkRUP �0+.rtTka�R�4 Pdc Tk+hR3),P �i/^M,pjx\a�M,+f-kPS`�u,W1+ P � /^-U+�u +.M�Z\u5Fdx,a<� M
r.W1PS-U-0/^]_r.PdTk/^a�M9� /^TU) P�)_PdRUx Tk),R0+.-0),a�W1x �

X�/^p�Z,RU+ z � � ) � (*)\/1-�/1`jPSp�+f-U)\a � -�TU),+ U 	3L | U RUPSu,),/^r�PSW 	 -0+.R�LNM5Tk+hR0c PSrh+ � aSc'Tk)\+ � /1M,x,a<� - P
2_PS-0+.x�Pdu,u,W1/^r�PdTU/1a�M TU)_PdT /1`�u,W1+h`j+hM5Tk- a�Z,R3-04i-0TU+.` �*(*),+#2\/1p�p�+h-0T � /1M,x\a �H/1- Pjno/1PSW1a�p�S a<X
Tk),PdTAPdW1W1a<� - Tk)\+ Z,-0+.RETka /^M,u,Z\TQu_PSRUPS`�+hTk+hRU-QPSM,x RUZ,M r.a�`�` PdM,x,-"� � -U+.rha�M,x � /^M,x,a<� /1-EZ,-0+.x
Tka -0),a<� Tk)\+ /1`jPSp�+ TU)_PdT�TU),+ r�PS`�+.RUP /1-�u,R0a �i/^x,/1M,p TUa Tk),+ -�4s-�Tk+h`�PSM,x�Tk),+ W1PS-0T+� /^M,x,a<�
-U)\a � - Tk)\+faSZ\Tku,ZsT3TURkP �0+hrhTUa�R04 P<c Tk+.R*),P �i/^M,pjx\a�M,+�Tk),+qu +.M Z,u5Fdx\a � M r.W1PS-U-0/^]_r.PdTk/^a�M)�

� ��� ��� � �o� �.& ��
 �A�
	 �I���A��	h�A�

����� ��� � � ! �#� � !�� ���"	 � ��
���	$����!

� -bPfu,PSR0T aScYTU),+ -0u:+hr./ ]_r�PdTU/1a�M�aScYTU),+3/1M5Tk+hR0c PSrh+Sy�Tk+.`�u a�RkPSW[PdM,x -0u_PdTk/1PSW[RU+h-Ua�W^Z\Tk/^a�M�PSRU+ !S+t4
u_PSRUPS`�+hTk+hRU-'Tk)_P<Tbx,+t]_M,+ TU),+3u:+hR0cla�R0` PSM\r.+3aScYTk)\+ -�4s-�Tk+h` � � - � + )_P ��+ `j+hM�TU/1a�M\+.x 2 +hclaSRU+Sy
Tk)\+ ` PLXs/^`
Z,` �baSR !�/1M,p clR0+.g�Z,+.M\rh4�u,R0a �s/^x,+.x 254�TU),+ r�Pd`j+hRkP /1- ) { I6$dy -Ua Tk),+
TU+.`�u:aSRkPSW
RU+h-Ua�W^Z\Tk/^a�M�adc�Tk),+�-�4i-0Tk+h` /^- PdT `ja�-�T � )D�B)G><`j-V� } /^M,r.+ Tk),+�TUaSTwPdW u,R0asrh+.-0-U/1M\p Tk/1`�+ u:+hR
clRkPd`j+
/^- � C�`�-.y!TU),+ -04i-0TU+.` /^-qPS2,W1+ Tka?�baSR !�PdTq`jPLXs/1`#Z,` clRkPS`�+ RkPdTU+��EI3a<�b+ ��+.RhyETU),+.R0+
PSR0+ clRUPS`�+.-ATk),PdT PSRU+*`�/1-0-U+.x�x,Z,+*TUa#P�WVPdr !
aSc:-04iM,rw),R0a�M,/%$.PdTk/^a�M�2:+tT �b+h+.M TU),+ v O�	 PSM,x Tk)\+
clRkPd`j+ p�RUPS2,2 +.RV� (*),+hRU+ /^-fP 2,W^asr !�/1M�Tk),+�-04i-�Tk+.`�Tk),PdTf+.-0TU/1`jPdTk+h-�Tk),+�`jaS-0TqW1/8!S+hW^4�-�TwPdTU+
aSc'Tk)\+ -04i-0TU+.` /1M�TU),+ r�Pd-U+ aSc `j/^-U-0/1M,p clRUPS`�+.-"� (*),/1-�-0rw),+.`�+ /1-oZ\-U+hclZ\WI/^cITk)\+ MiZ\`
2:+hR�aSc
`�/1-U-0/1M,pfclRkPS`�+.- /1- -U`jPSW1W>yiadTk),+hR>� /1-0+Sy\TU),+o-�4s-�Tk+h` �baSZ,W1x x\RU/^c TmPSr.rha�RUx\/1M,p#TUa#Tk)\+ox\4iM_PS`�/1rh-



C �
aSc Tk)\+ `jaix,+.W aSc +.g�Z_PdTU/1a�M z � � ��� + ),P �S+ Z,-U+hx TU),+ -04i-0TU+.`�cla�R
PSr.g�Z,/^RU/1M\p�)iZ\M,x,RU+hx,- aSc
)_PSM\xA� RU/ TUTk+hMG-0+.g�Z,+hM,r.+h-
/1M�R0+�PSWATU/1`�+Sy +#Xsu +.R0/1+.M\r./1M\p�P `�/1-U-0/1M,p clRUPS`�+
RkPdTU+ aScmP<Tq`ja�-�T �
a�Z\T adcA+ �S+.R�4 zS{�{ clRkPS`�+.-V�

(*),+3+#Xsu:+hRU/^`j+hM�TU- adcYrw)_PSusTk+.R0- AfPSM,x C#PdRU+ 2_PS-0+.x aSM -U/^p�M_PdTUZ,RU+h- PSr.g�Z,/^RU+.xj/1M RU+.PSW,Tk/^`j+
� /^TU) a�Z,R�-04i-�Tk+.` � } /1p�M,PdTkZ,R0+.-qPSR0+ � RU/ TUTk+hM P<Tq),/1p�)\+.R�-Uu +.+hx,-qTk)_PSM M,a�R0` PdW�)_PSM\xA� RU/ Tk/1M\p
PSM,x!y:Tk)\+.RU+tcla�RU+dy P 2,/^p�p�+hR /1`jPSp�+qM,+h/1p�)�2 a�RU)\asaix�)_PS-3Tka 2 +
-0+�PSR0rw),+.x /1M�a�RUx,+hR Tkaj]_M,x�Tk)\+
u +.M�Tk/^u)���G+ PSr.g�Z,/^RU+hx -0/1p�M,PdTkZ,R0+
-U+hg�Z,+.M,rh+.- 2�4�+.M,W1PSRUp�/^M,p TU),+ -U+.PSRUrw)GPSRU+.P PSM,x�TkZ,R0M,/1M\p
a�M Tk),+�u +.M Z\u x,+hTU+.rhTU/1a�M 2\W1air !jaSc TU),+�-04i-�Tk+.` �'LNM Tk),+h-U+�+ X\u +.R0/1`�+.M5Tk-hyA� +�+#Xsu:+hRU/^+.M,rh+.x P
`�/1-U-0/1M,pfclRkPS`�+ RUPdTk+ aScQPdTm`�a�-�T � a�ZsT*aSc�+ �S+.R�4�C {�{ clRkPS`�+.-V� � +oaS2,-U+hR ��+oTU)_PdTmTU),+o-�4s-�Tk+h`
air.r�Pd-U/1aSM_PSW1W 4 W1a�-0+.-oTURkPSr !�aSc'Tk),+ u +.M�Tk/^u � ),+hM TU),+
-UZ\24�0+.rtT#u,R0asx\Z,r.+h-qPSM�+#XiTkR0+.`�+.W 4�c PS-�T
-0TURUaG!d+�� (*),/^-ju,R0a�2,W^+.`�aScoW1a�-0/1M,p�TkRUPSr ! aScoTU),+ u:+hM Tk/^u rha�Z,W^x�2 +�-0a�W �S+.x�/^M TU),+�clZsTkZ,R0+
254 Z\-U/1M\p�P�`�a�RU+�u a � +.R�clZ,Wb`jPSrw),/^M,+�a�R#x,+hx,/1r.PdTk+hx )_PSR0xA�bPSRU+ | PS2,W^+�TUa�u,R0asrh+.-U- P WVPSR0p�+.R
-U+.PSRUrw) PSRU+.P � � � + ��+.R�Tk),+hW1+h-U-.y\Pdc Tk+hR'Pocl+V��TURU/1PSW1-hySTk),+ Z,-0+.R'W1+.PSRUM\-I),a<��TkaqZ\TU/1W^/%$.+ Tk),+ -�4s-�Tk+h`
� /^TU),a�Z\T + Xsr.+.+hx,/1M\p /^TU-*W1/^`j/ Tk-"�

LNM a�R0x,+.R'Tkaf+ �dPSW^Z_PdTU+ TU),+3-Uu_PdTU/VPSW\RU+.-0a�W1ZsTk/1aSMjaSc:Tk),+3-04i-�Tk+.` y �b+3u:+hR0cla�R0`j+hx�T � a#-0/1`�u,W1+
+#Xsu +.R0/1`�+.M5Tk-V��LNM#TU),+ ],RU-0T�+#Xsu +.RU/^`j+hM5T�y:� +mPdr.g�Z,/1R0+.x#P3cl+V� -0+.g�Z,+hM,r.+h-I/1MB� ),/1rw)#TU),+ u:+hM#Tk/^u
�bPS-3]DX\+hx�PdT TU),+q-kPS`�+qW1air�PdTU/1a�MYys-UajPSM54 x,/8M:+.R0+.M,rh+.-3/1M Tk)\+#PSrhg�Z,/1R0+.x u:a�-0/^TU/1a�M,-=� +.R0+ x\Z,+
Tka�M\a�/1-0+*a�M
Tk),+ /^` PSpS+bPSrhg�Z,/1-0/^Tk/^a�M PSM,x aSM TU),+*r.aS`ju,ZsTwPdTU/1a�M
adc:rha�RUR0+.W1PdTk/^a�M)� � +*R0+.u +�PdTU+.x
Tk)\/1-q+#Xsu +.RU/^`j+hM5T TU+.MGTU/1`�+.-qu,W1PSr./^M,p Tk),+�u:+hM PdTfx,/7M!+hRU+hM�T u a�-U/ Tk/1aSM,-qPSM,x Z,-U/^M,p�x\/8M:+.RU+hM5T
/1W^W1Z,`�/1M,PdTk/^a�M)� (*),+ -�TwPdTU/1r R0+.-UaSW1Z\TU/1a�M adc*Tk),+ -�4s-�Tk+h` �mPd- +.-0TU/1`jPdTk+hx 254 rha�`ju\Z\Tk/^M,p�Tk)\+
P ��+hRkPSp�+f-0TkPSM,x_PdRUx x,+ �i/VP<Tk/1aSM aScQTU),+qu:aS-U/^TU/1a�M\-*PSr.g�Z,/^RU+hx�/^M +.PSrw)�adcQTU),+q-U+.g�Z,+hM,r.+h-"�

LNMGTU),+j-0+.rha�M,x + X\u +.R0/1`�+.M5T�y �b+ PSr.g�Z,/^RU+hxGTk+hM -0+.g�Z,+.M\r.+.- adc*P -UZ,24�0+hrhT#x,RkP&� /1M\p�W1/^M,+.-
aScEx,/7M!+hRU+.M5T a�R0/1+hM�TkPdTk/^a�M,-;� /^Tk) TU),+�),+hW1u aScQP RUZ,W^+.RV�A(*),+qW1/^M,+6� +.R0+fr.PSRU+tclZ,W1W 4�x,RkP&� M Tka 2 +
-0TURkPS/^p�)5T�y�-Ua�PSM54�x,/7M!+hRU+hM,r.+h-fclR0a�` P -0TURkPS/^p�)5TqW1/1M\+ �ba�Z\W1x 2:+ x,Z,+ TUa�M,aS/1-U+ /^M�Tk),+�/1`jPSp�+
PSrhgiZ\/1-U/ Tk/^a�M�PSM,x aSMjTk)\+ r.aS`ju,ZsTwPdTU/1a�M aSc!r.a�R0RU+.W1PdTk/^a�M)� � + ],TbP W1/^M,+mTk)\RUa�Z,pS)jTk)\+oPSrhgiZ\/1RU+hx
u a�/1M5Tk-jPSM,x r.a�`�u,Z\TU+.x Tk),+ x,/1-�TwPSM\r.+ 2:+tT �b+h+.M Tk)\+.-U+�u:a�/^M5Tk-�PSM,x Tk),+ ],TUTU/1M,p W1/^M,+�� (*),+
x\4iM_PS`�/1r RU+.-0a�W1ZsTk/1aSM aSc Tk),+ -�4s-�Tk+h` /1-
+h-0Tk/^` P<Tk+.x 254 rha�`�u,Z\Tk/^M,p�Tk)\+ P �S+.RUPSp�+ -0TkPSM,x_PSR0x
x,+ �s/1PdTk/^a�M aSc�TU),+�`�+.M5Tk/^a�M,+.x�x,/1-�TwPSM,rh+�/1M +.PSrw) aScqTk)\+�-U+hgiZ\+.M,rh+.-"� X�/1p�Z\RU+ z � � > -U),a<� -
+#X\PS`�u,W^+.- aSc a�M,+ -U+hgiZ\+.M,rh+�Z,-U+hx TUa rha�`�u,Z\Tk+ TU),+ -0TwP<Tk/1r R0+.-UaSW1Z\TU/1a�M PSM\x a�M\+ -0+.g�Z,+hM,r.+
Z,-0+.x Tka r.a�`�u,Z\TU+ Tk),+ x\4iM_Pd`j/^r RU+.-0a�W1ZsTk/1aSM)� (QPS2,W^+ z � z -0),a<� -�TU),+ RU+h-UZ,W Tk/1M\p +h-0TU/1`jPdTk+hx



C z
RU+h-Ua�W^Z\Tk/^a�M aScETk),+q-�4s-�Tk+h` �

100.7 100.75 100.8 100.85 100.9
−149.75

−149.7

−149.65

−149.6

−149.55

−149.5

−149.45

−149.4
Sequence used for static resolution computation
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Sequence used for dynamic resolution computation
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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 (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
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EER vs. noise level(classif. with matching dist.)

set1 − DPM 
set2 − DPM 
set1 − CDPM
set2 − CDPM
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EER vs. noise level(classif. with mult. dist.)

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