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° VW±C±CIROeJ)DGVWOEM=J`IiJCjªMN^CDiV{SrOEM=V5jEVWJCV0MAOeDGDGfUKL<*M=F²^CDGOe;=V{z)OES³Sp;NOe;=IR>�MN^CDGVWSWZr�_JCs
z?V0M�>AB`OEJCjEIGJCj´>k<EJdz?I�;NIi<*J¶µ·VEZ j`Z¸JCVW^CM=<*Fh<�zC^CDGOe;=IG<EJ-w!IiJ`YC^?;¹S�;AOQ;NIGSp;=IR>0SAº
Fh<*Sp;!MN^CDiV{S!OEM=V²SpVWJ`SpIi;=IG�EV);=<»Y`OeMAOeFhV0;=V0MASWZ_moJ�Y`OEMp;NIG>0^CDROeM{wdMNVW>0V0J$;!y5<EMN@
B`OES¼KL<�>0^`S=VWz�<EJ�;�y5<_z?Ii½8VWM=VWJ$;-KL<EMNF)^CDROQ;NIi<*J`S¼<EK?S=YCIG@EV0s¾;NIiFhIGJCjesoz?V0Y8V0Jdz?V0J$;
YCDROESp;=IR>kIi;�f´MN^CDGVWSWZ¸bUzCz?Ii;=IG�EV¿:?q XªÀÂÁ t�Ã�IRS»M=VWFhOEM=@QOE±CDif´�EVWMNSNOQ;NIiDGV�±`^?;
OeDRSp<Ä�EVWM=f&KLMAOejEIGDGVEw¯y�BCVWM=V{OES²F)^CDi;=IGYCDGIG>WOQ;=IG�EV�:?q XªÀÅÁ ¡�w[ÆÇÃ�IRSaFa<*M=V�M=<Es
±C^`Sp;[±C^?;�DROE>A@?S¯Oe;p;=MAOE>k;=IG�EV5KLVWOe;=^CMNVWS¯S=^`>ABPOES¯S=f�J`OeYC;=IR>�>k<EFhY8Vk;NI�;NIi<*JhOEJ`z
MNOe;=V�Sp;NOE±CIGDiIGÈWOe;=IG<EJ-Z ° V0MNV�y1V�OEzCz?MNVWSNS�;NBCV�YCMN<E±`DiVWFÉ<EK_M=<*±C^`Sp;=JCV{S=S�IGJ
;=BCV%OEz`z?I�;NIi�*V%:Cq X!À M=^CDGVEZ � V%z?V0MNIi�*V�OEJ
OEzCOEY?;=IG�EV»>k<*J*;NM=<*D5SN>ABCVWFaV*w
y�BCV0MNV_;NBCV�DiV{OeMNJCIGJCj'KL^CJd>�;=IG<EJ»IRS1^`J`z?V0M5K·O*S�;�z?f�J`OeFhIR>!>0<EJ$;=MN<ED8±�fhYd<$S�;=s
Spf�J`OEY?;=IR>�OE>k;=IG��I�;�f�;N<'S�;AOe±CIGDGIiÈWV�DiV{OeMNJCIiJ`jª^`J`z?V0M1O��ÇOEM=IGVk;�f)<eK->k<*J`z?Ii;=IG<EJ`SWZ
:�^`>AB)OU>k<EJ$;NM=<*D*SN>ABCV0FhV�>WOeJ'±8V�IGFhYCDiVWFhV0J$;=V{z'^`S=IiJ`j_@�JC<Qy�J�±CIG<EYCB�f?SpIR>0OED
FhVW>AB`OEJCIGS=FPS�<eK�Spf�J`OEY`S=VWSWZ � V�S=BC<QyÊ;=B`Oe;�;=BCIRS'OEz`OeY?;NIi�*VPM=^CDGVhFPOe@EV{S
;=BCV²OEzCz?Ii;=IG�EV):Cq X!À Fh<EMNV�MN<E±C^`Sp;WZ5Ë]IiJ`OEDiDGfEwdy1V�j*Ii�*V'OeJ%Vk�COEFaY`DiV�BC<Qy
FhVk;NOÄYCDROESp;=IR>kIi;�f�<eK_;NBCV»O*zCOeYC;=IG�EV�MN^CDGV�>WOeJ
±8V»^`SpV{zÌ;N<Äj*^CIGzCV»:?q XªÀ
IiJ$;N<hzCI�½nV0MNV0J$;�;�f�YdV�<EKrDGVWOEM=JCIGJCjhMNV0jEIGFhVWSWZ
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° VW±C±CIROeJ»DiV{OeMNJCIGJCj)MN^CDGVWS�OeMNVUy�IRz?V0DGf�^`S=VWz�;=<hFh<?z?V0D¼S=f$JdOeY?;NIG>ªFh<?z?I�Ô8>0OQ;NIi<*J�S=B`OeY`IiJCj²;=B`V
KL^CJ`>k;=IG<EJ`OED1>0<EJCJCV{>�;NIi��Ii;�f�<eK�JCVW^CMNOED[JCV0;�y1<*M=@?S Á v`w]¢ÇÃ�Z%qc<�VWJ`S=^CM=V�>0<EFhY8Vk;=Ii;=IG<EJÌ±8Vk;�y5V0VWJ
S=f$JdOeY`S=VWSrOeJ`z'Sp;NOE±CIGDiIi;�f!<EKCDiV{OeMNJCIGJCj`wQ>k<*J`Sp;=MAOeIGJ*;AS-B`OÇ�*V³;=<!±dV�OEzCzCVWz�;N<U>k<*M=MNV0DROQ;NIi<*J`OeD ° V0±?s
±CIROeJ¹DGVWOEM=J`IiJCj�M=^`DiV{S Á Õ ÃÖZ l VW>kVWJ$;!Vk�?Y8V0MNIiFhVWJ*;ASUMNV0�*VWOEDiV{z�O�Fh<?z?V²<EK�Spf�J`OEY?;=IR>'Y`DGO*S�;NIG>0I�;�f
;=BdOQ;!Y`M=<Q��IRz?VWS�JCVWy
Yd<$S=S=IG±CIiDGIi;=IGVWSUOEJ`z�>k<*J`Sp;=MAOeIGJ*;AS�KL<EMªSpf�J`OEY?;=IR>�DGVWOEM=JCIGJCjPMN^CDGVWS Áx× w8ØCwdÙeÃ�Z
mÖ;_B`O*S�±dVWV0J%KL<*^CJ`z�;=B`Oe;USpf�J`OEY`S=VWS�OeMNV�S�;NM=VWJCje;NBCV0J`VWz»I�K[OaYCMNVWS=f�J`OeY?;NIG>�S=YCIG@EV�YCMNVW>0VWz?V{S�O
Y8<*Sp;NS=f$JdOeY?;NIG>²SpYCIG@EV²y�I�;NBCIGJÄO�S=BC<*Mp;hµ�ÚÛ¡eu�FhSAº_;=IGFaVay�IGJ`z?<Qy�wny�BCIGDiV);=BCVaM=VW�EVWMNS=V)S=YCIi@*V
<EMAz?VWM_DiV{OEzCS�;=<�S=f�J`OeY?;NIG>�y5VWOE@EVWJCIiJ`j`Z1q�B`IGSUM=^CDGV'B`O*S�±8V0V0J¹;=V0MNFhVWz�S=YCIG@EVks�;=IGFhIiJ`j�z?V0Y8V0J?s
z?VWJ*;¯YCDROESp;=IR>kIi;�fPµ¾:?q XªÀ º Á tkÃÖZ¯T1<*FhYC^?;NOe;=IG<EJ`OED�Fa<?z?VWDGS]BCIGjEB`DiIGjEB$;=V{z'BC<Qy
:Cq X!À >k<*F)±CIGJCV{S
S=f$JdOeY?;NIG>'Sp;=MNV0J`je;=B`V0JCIGJCj�OEJ`z�y5VWOe@*V0JCIGJCj�S=<P;=BdOQ;!DGVWOEM=J`IiJCj�jEIG�EVWSUM=IRS=V�;=<�S=f�J`OeYC;=IR>)>k<*Fas
Y8Vk;=Ii;=IG<EJ%IGJ�O²y�OÇfP;NB`OQ;_JCVW^CMN<EJ`OEDdÔdM=IGJCjhMNOe;=V{S�OeMNVªSp;NOE±CIiDGIGÈ0VWz-Z
l V{>kV0J$;�Fh<�zCV0DGIiJCjhSp;=^`z?IGVWS5B`OÇ�*VEw$BC<Qy5V0�EVWMWw$z?V0Fh<*J`S�;NMNOe;=V{zP;=BdOQ;�y�BCVk;NBCV0M�OeJ%:?q XªÀ ;�f�Y8V



MN^CDiVUM=V{Sp^CDi;NS[IiJ�>0<EFhY8Vk;=Ii;=IG<EJP<*M[MAOQ;=V_Sp;NOE±CIGDiIGÈWOe;=IG<EJ�z?VWYdVWJ`zCS[<*JPVk�COE>k;[KL<EMNF)^`DGOe;=IG<EJh<eKn;=B`V
y5V0IGjEB$;U^CYnzCOQ;NVaSN>ABCVWFaV Á Æ`wn¡{ÃÖZª:?<EFhYd<*DiIGJ`S=@�f»OEJ`z¹>k<*DiDGVWOEjE^CV{S Á ¡ÇÃ³IiJ$;=MN<?z?^`>0VWz¹O�zCIGSp;=IGJ`>�s
;=IG<EJ�±dV0;�y1VWV0J%OEzCzCI�;NIi�*VªOEJ`z�F²^CD�;NIiY`DiIR>0Oe;=IG�EVªy1VWIij*B*;�^CYnzCOQ;NIiJ`j²IGJ%:Cq X!À Z�moJ�;=BCV�OEzCzCI�;NIi�*V
�EVWMNS=IG<EJ�<eK8OeJa:Cq X!À ^CYnzCOQ;NV1MN^CDGV5Sp;=^`zCIiV{z'±�f'b_±C±8<e;=;³OEJ`z)>0<Qy1<*M=@*V0MAS Á tew�tWuÇÃÖwQ;=B`V1FPOej*JCIis
;=^dz?V�<eKdS=f�J`OeY?;NIG>5>AB`OEJCjEV1IGS³IGJ`z?VWYdVWJ`z?V0J$;¯<EJaSpf�J`OEY?;=IR>5S�;NM=VWJCje;NB-Z ° V0MNVEweIi;]IRS³JCV{>kVWSNSNOeMNfU;N<
OEz`zPB`OeMAzhy5V0IGjEB$;�±8<E^CJ`z`S[;N<²Sp;NOe±`IiDGIiÈWV_DGVWOeMNJCIGJCj`Z³ËC<*M[;NBCIGS1�EVWMNS=IG<EJh<eK¼;NBCVUMN^CDGV²µ·O$:?q XªÀ º�w
;=B`V'S�;NVWOEzCf*soSp;NOQ;NVªS=f�J`OeYC;=IR>�y1VWIij*B*;_z?IRSp;=MNIi±C^C;=IG<EJ»IGS�±`IiFh<?zCOeD�Z¯moJ%SpB`OEM=Y%>k<*J$;=MAOESp;1;N<h;=BCIRS0w
^`S=IiJ`j�O¹F²^CD�;NIiY`DiIR>0Oe;=IG�EV�:?q XªÀ MN^CDGV�y�BCVWM=VP;NBCV�OEFh<E^CJ$;²<EK�y1VWIij*B*;²IiJ`>0M=V{OES=V�SN>0OeDGVWS'IiJ?s
�EVWMNS=V0DGf
y�Ii;=B�Y`M=V{SpVWJ*;�y1VWIij*B*;�S=IGÈ0V¹YCMN<?z?^`>0VWS�J`V0Ii;=BCVWM�S=f$JdOeY?;NIG>¹>0<EFhY8Vk;=Ii;=IG<EJ�J`<EM�MAOQ;NV
JC<*M=FPOeDGIGÈWOQ;NIi<*J Á ÆCw�¡{ÃÖZ]moJh;NBCIRS[F)^`D�;NIiYCDGIR>0OQ;NIi�*VUSN>kV0JdOeMNIi<ª;=B`VUSpf�J`OEY?;=IR>�y5V0IGjEB$;�z?IRS�;NM=IG±C^?;NIi<*J
IRSh^CJCIGFa<?zCOED¾Z�b!>�;=IG��I�;�f$soz?V0Y8V0Jdz?V0J$;�Spf�J`OEY?;=IR>%S=>WOeDGIiJ`jÄB`O*ShM=V{>kVWJ*;NDifÌ±8V0VWJ�YCM=<*Yd<$SpV{z
O*S
O�S=V0Y`OEMNOe;=VaFaV{>AB`OeJ`IGS=F ;N<�V0J`S=^CMNV�Spf�J`OEY?;=IR>h>k<EFhY8Vk;NI�;NIi<*JÌ<EY8V0MAOQ;=IGJCj%<EJÌO%S=Di<Qy µ·zCOÇf?SAº
;=IGFhV)SN>0OeDGV Á ÆQÃ�Z � �?YdVWM=IGFhV0J$;NOED-zCOQ;AOPOES�<EKr;N<�z`OÇf�IRS�JC<e;Uf*Vk;_S=^���>kIGV0J$;_;=<�zCVk;=VWM=FhIGJCV�;=B`V
>kIGMA>k^CFPSp;NOeJd>kVWS�^`J`z?V0M�y�B`IG>AB»;=B`V):?q X!À MN^CDGV�IGS�O*zCz?Ii;=IG�EV�<EM�F²^CD�;NIiY`DiIR>0Oe;=IG�EVEZ
moJP;NBCIGS�Sp;=^`zCfay5VUV0�COeFhIiJ`V�;=BCV�Sp;NOe±`IiDGIiÈ{OQ;NIi<*JPYCM=<*YdVWMp;NIiV{S�<EK¼;=BCVªOEzCzCI�;NIi�*Vª:?q XªÀ MN^CDGVEZ³moJ
;=B`V�Ô`MAS�;_S=VW>�;NIi<*J%y1V'S=BC<Qy ;NB`OQ;U;=BCV'O$:?q X!À MN^CDGV�JC<EMNFPOeDGIiÈWVWS�Y8<*Sp;NS=f�J`OeY?;NIG>!Ô`MNIGJCjPMNOe;=V{S
<EJ`Dif%IGJ�O�DGIiFhIi;=V{z¹Y`OEMNOEFaV0;=VWM_MNOEJCjEV*ZUq�BCVa>kMNI�;NIG>WOeD]Y`OeMAOeFhVk;NV0M_<EK�O*:?q XªÀ ±8VW>0<EFhVWSU;=B`V
MAOQ;=IG<¿µ��³º�±8Vk;�y5V0VWJ�;=BCV�OEFh<E^CJ$;'<eK�S=f$JdOeY?;NIG>�zCV0YCMNVWSNSpIG<EJ�OeJdzÄY8<e;NV0J$;=IROQ;NIi<*J-Z � V�S=BC<Qy
;=BdOQ;Pz?I�½nV0MNV0J$;PIGJCYC^?;�Sp;NOQ;NIGSp;=IR>0SaJCV{>kV{S=S=I�;AOQ;NV�z?Ii½8VWM=VWJ$;���MAOQ;NIi<$S'KL<*MhO$:?q XªÀ ;N<ÄMNV0FPOeIGJ
Sp;NOe±`DiV*Z�q�BCIRS�DiV{OEz»^`S�;N<�>k<EJdSpIRz?V0M_OEJ»O*zCOeYC;=IG�EV��EVWMNS=Ii<*J�<EK]O$:?q X!À IGJ%<EMAz?V0M�;N<P>kMNVWOQ;NV�O
MN^CDiV³;NB`OQ;]IGS-±d<E;=B'>k<*FhYdV0;=Ii;=IG�EV�O*S¼y1VWDiD$OES¼MAOQ;NV[S�;AOe±CIGDGIiÈWIiJCj�^`J`z?V0M]z?Ii½8VWM=VWJ*;]>kIGMN>0^CFPS�;AOeJ`>0VWSWZ
\_V0��;Ww³y1V�^`SpV�O�ËC<E@�@*V0M=s À DGOEJ`>A@%KL<EMNFPOeDGIGS=F ;N<�>kDROeMNI�KLfÄy�B`OQ;az?Vk;NV0MNFaIGJCV{S'y�BCVWJ¿OeJ¿OEz?s
z?Ii;=IG�EV�:?q X!À M=^CDGV�K·OEIiDRS�;N<
Sp;NOe±`IiDGIiÈWV�;=B`V�Y8<*Sp;NS=f$JdOeY?;NIG>¹Ô`M=IGJCj¿MAOQ;NVEZ ° V0MNV¹y1VÄz?V0MNIi�*V
;=B`V�MNV��$^CIGM=VWFaVWJ$;'KL<EMaBC<Qy ;=BCV�Yd<E;=VWJ*;NIGOe;=IG<EJÌ;N<Äz?VWYCMNVWSNSpIG<EJ�MAOQ;=IG<�S=BC<E^`DGz¿>ABdOeJCj*V�y�I�;NB
JCVW^CM=<*J`OeD³OE>k;=IG��I�;�f*Z!moJ�;=BCVaDGO*S�;�SpV{>�;NIi<*J¹y1VaYCMN<Q��IGz?V²O�±CIG<EDG<Ej*IG>WOeDGDif»M=V{OeDGIGSp;=IR>'IGFhYCDGV0FhV0J?s
;NOe;=IG<EJ�<eKª;=B`V�OEzCOEY?;=IG�EV%MN^CDGV¹OeJ`z´Y8V0M=KL<EMNF J�^CFhV0MNIG>WOeDUS=IiF²^CDROQ;=IG<EJdSa;=<¿S=BC<Qy ;NBCV¹BC<Qy
z?Ii½8VWM=VWJ$;_Y`OeMAOeFhVk;NV0MNIiÈ{OQ;NIi<*J`S5<eK³;=BCV'O*zCOeYC;=IG�EV�MN^CDiV'>WOeJ%jE^`IGz?V):Cq X!À IGJ$;=<�z?Ii½8VWM=VWJ$;=IROeDGDif
MAOQ;=V0sÖS=V0JdSpIi;=IG�EVªM=VWjEIGFhVWSWZ
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;=IG�EVWDif*Z¯ËC<EDGDG<Qy�IiJCj Á t�Ã-y1Vª^`S=VA% 'CB % 5�B ¡EuEDGF!KL<*M1;NBCVª;=IGFhVªy�IGJ`z?<Qy�<eKrDGVWOEM=J`IiJCjdZ]q�B`V
IGJ*;NV0j*MNOEDr<Q�*V0M_;NBCV²;=V0FhY8<EMAOeD³y�IGJ`z?<Qy
<eK�;=BCVhSpf�J`OEY?;=IR>²DiV{OeMNJCIiJ`j�KL^CJ`>k;=IG<EJ´µ�#1ºUIRSªOEDiy�OÇf?S
JCVWj*OQ;NIi�*VEZ[:�f�J`OEY?;=IR>ªy1VWIij*B*;AS�>AB`OeJ`jEV�OE>0>0<EMAz?IGJCj);N<

HJI8KH-L BNM #Uµ�%`º�F>O1PRQQµ LTS %`º�F>O1UWVYX0µ�%`º H %CZ I8K\[ Á u]Z�^`_8acb{Ã µ�tÇº

y�BCVWM=VdF$µ L ºaz?V0J`<e;=V{SPOÄzCV0Di;NO�KL^CJ`>�;NIi<*J MNV0Y`M=V{SpVWJ*;NIiJ`j&O&SpY`Ii@*V»Oe;²;NIiFhV L Z�T1<*M=MNV0DROQ;NIi<*J`S
±8Vk;�y5V0V0J�IGJCYC^C;�MNOe;=V{SPy1VWM=V%j*V0JCVWMNOe;=VWz´±�f O*zCz?IGJCj¿OÌ>k<*FhFa<*J�±CIGO*SPMAOQ;=V�IGJ O�jEMAOEzCVWz
FPOeJCJ`V0M!O*>kMN<*SNS�Spf�J`OEY`S=VWS_S=<h;=B`Oe;_;=B`V'Ô`MAS�;ªOQ½nV0MNV0J$;_IGSUB`OESUÈ0VWM=<Py�BCIGDGV�;=BCV²DGO*S�;ªOQ½nV0MNV0J$;
B`O*S5;=BCV�FPOQ�?IGFPOeD->k<*M=MNV0DROQ;NIi<*J-w]e:_�a>bCZ
� V'Ô`MAS�;!Vk�COeFhIGJCV)BC<Qy�;NBCV²z?VWYCMNVWSNSpIG<EJf?QYd<E;=VWJ*;NIGOe;=IG<EJ»MNOe;=IG<�µ�� B #\g(hi/j#\g(k'º Á ¡ÇÃ¯>k<EJCs
;=MN<EDRSP;NBCV�z?V0Y8V0J`zCV0J`>0VÄ<EK�;=BCV&<E^?;NYC^?;»Ô`MNIiJCj
MNOe;=V�<*J�;=B`V&S=f�J`OeY?;NIG>�IiJ`YC^?;%MNOe;=VEwUBCV0MNV
MNVkKLV0MNMNVWz�;=<�O*S�;=BCV²Vk½nVW>k;=IG�EV�JCVW^CM=<*J`OeDcj*OeIGJ-Z À MN<Q��IGz?V{z�;NB`OQ;l�¿IRSUS=^���>kIGV0J$;=DGf�DROeMNjEV*w?;=B`V
:?q XªÀ M=^`DiV�>k<*J$;=MN<EDRS�;NBCV�Y8<*Sp;NS=f$JdOeY?;NIG>!Ô`MNIiJ`jaMAOQ;NVPµ·Ë]IijdZ�tWbªº�Z`q�BCV'Sp;NOE±CIGDiIGÈ0IGJCjhVk½nVW>k;_<eK
;=B`V):?q X!À MN^CDGV�IGS5;NBCV0MNVkKL<*M=V�V��$^CIG�QOeDGV0J$;�;=<PB`OÇ��IGJCjay1V{Oe@�OaJCVW^CM=<*J`OeD¼j$OeIGJ-Z



10 20 30 40 50 60 70 80 90
0

100

200

300

400

500

600

Input Rate (Hz)
O

u
tp

u
t 

R
a

te
 (

H
z
)

A 

0 20 40 60 80 100 120
0

50

100

150

200

250

O
u

tp
u

t 
R

a
te

 (
H

z
)

B

Increasing        
Input Correlation 

Input Rate (Hz)
0 20 40 60 80 100

0

50

100

150

200

250

Input Rate (Hz)

Increasing     
LTD/LTP ratios 

1.05 Reference Ratio 

C

O
u

tp
u

t 
R

a
te

 (
H

z
)

���������
	���
������������������ �!�#"%$&��'�(��!���*)+"�,#)�-%�/.0��1�'2$ "%�#34'2��54�!1�'26�'
34'��*67'��8��'���5*�!1�'234�#$9�!$9:7�*)+3�;
�!-%�<�#(7�!38(��=�>)?�!'<�#�@�!18'<37�!'�$9:7�*)+3��!-%��-%�83�(��=�>)+�!'<-%$=�!'
5A'
� �!'�6B�!�C)�$2�!18'<'
D�'
�
�!-%EF'<�8'�(7�!�#�8)�"G,#)�-%�/.
��18'H-%�8-I�!-J)�"LK8�!-%��,C�>)?�!'�-%$M$ 1��ON=�QP�:B�!1�'R(�3834'
�S��(7�!EF'HN=1�-%"J'H�!18'H"%�?N�'
�<"%-%�8'�6�-%$ 38"J)�:7$S�!18'TK*�8)�"
34�#$9�!$9:7�8)�3��!-%�UK��!-J��,B�>)+�!'�.V��18'W,#)�-%�X-%$H�!'�6�(8�
'O6Q37�!�+EY-J6�'�6Q�!1*)?�H�!1�'W6�'
3��!'�$ $ -%�#�*Z+34�+�!'����!-�)?�!-%�#�
�>)+�!-%�\[^]`_ba�c dFeQ1�'
�!'?fR-%$W"J)+�!,�'V'��8��(8,#1g.h��1�'@-%�83�(��U-%$W(��8���+� �!'�"J)+�!'O6�.hikjl�8�m�!'O)�$ -%�8,Q-%�838(7�
���+� �!'�"J)+�!-%�#��$Q-%�8�m�!'O)�$ '�$��8'
(��!�#�8)�"H,F)+-J�g.�no18'��p�!18'q$9:7�8)�3��!-%�q-%��38(��r-%$r$9� �!�#��,#"I:s����� �!'�"J)?�!'O6
�!18'V34��$9�!$9:7�*)�37�!-%�V�8'�(7�!�#�t��34'
�>)+�!'
$u-%�o)q1�-J,�1h,F)+-%�hvW�Y6�'V�>1*)?�>)��
�!'
�!-%w�'�6tP�:t)q"J)?�!,#'
�u$ "%�#34'
)��86Q"J)+�!,�'
�HP*)+$ '�"%-J��'U�>)+�!'#.�jl��38(�������� �!'�"J)?�!-J���8$TN�'
�!'�(8�8-I5x���!vW"I:Q6�-%$9� �!-%P8(��!'�6�P4'
�yN�'�'
�qdB)+�*6Q)
vC)+z7-%vC)�"0E�)�"%(8'�{�|�}�~O��.B��18'WvC)?z7-JvC)+"0����� �!'�"J)?�!-J����-J���
�!'O)+$ '�$�-%���!1�'C6�-I�!'��
�!-%�#�X�+52�!18'W)?� �!�ON<�
d7. dY�=d7. �Y�2d7. �7�=dY. ����d7. e��=d7. �7�2d7. �Y.���1�'u]��>)+�!-%��-%$Ba#. dFe�.X�M�+�!'��!18)+�R5A����5A(�� �!1�'
�U-%���
�!'O)�$ '
$U-%�
�!18'W37�!'�$9:7�*)+3��!-%�W�>)+�!'�$�{034��$9�!$9:��8)�37�!-J�WK��!-J��,V�O)��X-%���
�!'O)�$ 'C�!�V�?EF'
�CaOd�d#dV�Mw�.Q����18'�6�'
3��!'�$9;
$ -%�#�*Z+34���!'
�Y�!-J)?�!-J���q�>)+�!-%�V$ '
�!$<�!18'��8'�(7�!�#�*)+"&,#)�-%�/.u��1�'W]h�>)+�!-%�#$H-%�8�
�!'O)+$ 'W-%���!18'W67-I�!'��
�!-%�#�q�+5
)+� �!�ON<�%a#. d#�#eY�%a�. d#eY�%a#. d���e7�%a#.JaOd#�FeY�Ja#.%a+e�eY�Ja#. ��dF�#eY.�|�}�~O��-%$�d7. eY.

�t	X�g�g���
�g�����m��	��g	+���
�7�g�7�T���7�����A�r	+�8�
�m	��@	+�x�s�m	+�g�m�J�
����	X�m���m��	����7����	��Y C¡¢���V£S	����
�7�W�m�X�
��	��Y�@�����8�C�Y T��¤¥	+�
	+�8�C�x��¦��4�@§?�7�
�
	+�A���m�x�7�/�+¨����x�7���
	X��©ª�>�g��£T�U�m�g�Y���x�g§?�
	����>�x���
�m�g	��Y�@�7�g���V�7 ��x��¦��4��§?�7�
�
	+�A���m�x�7�/�� «�����t�7�x�7	���¡¬�F�7���g	X���g§+�m	#�7�m	��B�
��	����7	��
�7���M�g�
�x���
�����m	B�Y�g�X�m��	@�>�x�7¦G	��7 2�m��	B�x��¦��4�m­l���4�m¦����U§+���m��	7®/�m�*�g���x	��7���������m�Q�x�7�m��	+�T	+¤G	#§O�m�x�7	B���7����¨
¯ �g§+�m	#�7�m�����R�m�g	T�Y�@�7���8�2�Y ¥§?���m�
	+�A���
�����g��°G	?�!£M	+	����
��	T�m�8�/�Y¦4�
�x§���¤¥	+�
	+�8���2§?�7�g�x���m��	��m	+ «�7�
	
°G	S�x�8�m	+�
¦��
	?�
	��������x�g§+�m	#�7�m�����H�m��	M	?¤¥	�§?�m�x�7	M��	+�g�m���g�Y�8���7���0¨�±T�7�m	S�m�g�Y���
��	M°g�7�m	+�x���g	��g�
�x���
�����V¦��
	��m�8�/�Y¦4�
�x§W�4�
�x�7	W�Y �²7³7´TµW�A�H�7�x�m�V�x�g§?�
	����>	#�L¨M±H	?�*��®G£M	C	?���Y�@�x��	��q�g��£¶��	����
�7�g�7�
���7���\�4	+¦G	+�g�g�H���X�m��	B���Y�x��	��7 �¡·�����m��	V¸4¹<º�»¼�
����	�½¾���x�7���
	���¿�ÀO¨¥¹���	����x�7�\���7�����7�g�
���x�7�t�
�Y�m	@�@�4�4	V���/�4�g§?	#�t°8�\�!�
�m�����Q�x��¦����u§?���m�
	+�A���
�����g�H£��7���
	��4�/§?	����m�����x��£S	��U���Y�x�
�Y�/�r�x��£S	��S�����
	H�@�4�4	U°8�V�x�g§+�m	#�7�m�����u¡Á½¾�m	+	U�Y�
�m��£��x�����x�7���
	u��¿�ÀO¨4±T�7�m	�®8�g��£S	��7	+�#®��m�g�Y�
�m�g	+�
	W�x�<�g�XÂ�ÃYÄOÄmÅ�Â?Æ�¡p���Y�x��	C�7�����R�4	�¦/	��g���<����°G�Y�
���m��	C�x��¦����H�!�����m�A�>�m�A§+�T���<£S	����0�����m�g	
�4	#�>�x�m	#���x��¦����OÇF���4�m¦g�4�T�m	��x�Y�m�x�7�g�m���x¦0¨

È É\Ê�ËHÌRÍ Î�Í!ÊSËHÏhÐ�Ê=Ñ�Ò2ËÓÒ�ÌHÒ�ÔTÎ�Í Õ�Ö×Ò2ÌHÌRÍ Î�Í ÕSÖÙØ�ÚtÛÁÜÝÑgÞRß!Ö

´T	��m	�£S	������4�
	��
�<����£¶�m��	u��	#�Y�
���x���V�
�Y�m�x�g®g¡S®¥�>�������A�X�4	+¦G	+�g���7�q�m�g	C���g¦��4�R�����
	C�x�X�7�m­
�4	��C�m�X¦g�m�4�4�g§+	��q�7�x�7	��h��	+���
�7�/�Y�=�x��¦��4�m­l���4�m¦g�4�u�
	+�A���
�����g�>�g��¦0¨qàH�m�x���X�m�g�x�C «���g§O�
�����g�Y�
 «�7�
�á£S	C£<�x�x�&°G	u�7°���	C�m�r «���m�u���A���m	C§+�7�g�>�m���Y�x�8�
�T «�7�R�7���7���7¦4�m�x�7	u�7���4���m�x�7	B¸4¹<ºR»¼�m���x	7¨
¹����A�W£<�x���=�����A�4	V�g�W�x�t�m��	r�4	��m�x�����
�����t�7 M�q°��x�7¦g�8�4�m�x§��Y�2�x�@¦���	��@	+�8�
�Y�m�x�7�h�Y M�m��	r�����Y¦�­
�m�x�7	V§+�7�8�m�
�7�=�
§���	+�@	�¨@¹��g	V¦��m��°��x	+�â�x�h�J���W�7	���	+���Y�x�J�!�X�A���m�q�/�g��½«�^À�����£¬�
��	V��	#�Y�
���x���
�����m�x���m���7�g�x����	+¦G	+�g�p�7�o�
��	�¦G���>�
�m�*�g�Y¦4�
�x§��
�Y�m	��Y�g�¼½¾���^À�����£��m��	�¦/�8�!���>�*�g�7¦4�m�A§r�����
	
�4	�¦/	��g���T�����
��	C�x��¦��4�R�
�Y�m	W�Y�g�Q�
��	��m�8�/�Y¦4�
�x§�£M	+�x�7�8�
��¨�©M��¦G	+�m «�7�
�@�����V�m	+�� ^­9§+�7�g�m�A�!�
	+�8�
§+�7�x§+���A���m�x�7�/�H�g�m�x����������ã*ã7	+�m­ »=�A�Y�g§�ã� «�7�
�����A���
�����0®G�m��	B¦��
�7°��x	+�ä�A���m	#�4�g§?	#�X�
���g�/�4���g�
§?���g�4���m�x�7�g�M «���<����£¼�
��	W�x	��Y�
���x���@�
�Y�m�x�B�m�������x�q�4	�¦/	��g���7�Q�m��	W�x��¦����H�
�Y�m	#�S�����x�7¨
å0	+��¡¬�4	����Y�
	��4	+¦��
	��
�m�����GÇF¦G�Y�
	+�8�m�A���
�����p�����m�x�o¡�æèç=éHêQëYç=éHìÓ���@°/	+ «�7�
	7¨í±H��£k£M	



0 20 40 60 80
10

15

20

25

30

input rate

ouput rate

0 20 40 60 80
0

0.1

0.2

0.3

0.4

0.5

0.6

input rate

mean w

0 20 40 60 80
20

25

30

35

40

input rate

WTOT

0 0.5 1
0

0.05

0.1

0.15

0.2

0.25

w

P(w)

0 0.5 1
−1

0

1
x 10

−4

w

A(w)

0 20 40 60 80
0

0.05

0.1

input rate

beta

A B C

FED

���������
	���
��������������������! "���# %$���&'&(�
)�*,+%�.-����/&0��-�����1��.-2 "�.������354�����6��� "���(���7�8�9)5:
�
)"������1�)"����-��#;(-����<37=
>@?BA �C��1� "D�1� %)E-9 "�C6��#���5���9 F6��
D�����6G���H A �I����D�1� J)E-9 "�(35K��
)"�L���
1�)"�(��-���;(-����<3%MON���D�����6'�����
�
���C A �QPR�S-9�T�!U���-�D' "�.�WVB�
�.; A  R�(�X����D�1� Y)E-9 "����3[Z]\_^�`/^Yacb
dSe"fhgji]k0l5���
�Q "�
m� S3on ?BA �
6��
D�����6'�������C���<prqtsvuxw����v����D�1� 5)E-9 "�(35yYz.{[|~}�i��5-���6v�H}�i��5-2)"����1����/ "�.�����F�9�� A �C�!U'��-9D� "���
�! �)"����;� A -���6v6'��D�����6H���Q A ������D�1� 5)E-9 "�(3�3%���9 "�C A -9 �����; A  I6������
)"�
�� �����D�1' �)E-2 "���F-9)"��1����S6W��1' 
�(����U� �)E-����
�Hw(l<�'l<�#l7�W-9)"�~� A �SVI�r�8��)0|~}�i���-���6r�H}�i��I�.�rV A ��� A  A �~6�-�� A �S6r�.�����~���9)�)"����D��(��6
 "�G A ���S-����0VI�� A  A �����2V����! �D�)"���!U'��-9D� "����)E-2 "�(3

� 	9�/	9�
������	x���#���/��	T����������	2�
	9��������� �T¡/���'��¢ � ¡/£���¢�	o�0�.�
�����/	(¡E¤����'���/�8£¥���#�
	�¡����
�'� � 	��r�/��£2�����
�/��¢L�
��	¦��	9���
�'���'¢Y�������J§©¨���	[����ª�ª�	9�/«!¬C¢��'��£�ª®­¯���/�v��¢8�#�/���'�°��	9�
���.��¡_�'�
���<��¢�¤��
��£_£9�'¢�£9��¢����/���'�±�'­0�/��	o¡"�
	�� � ¤[¡E�
���/	 � ��¡E�/�
��²����/���'�³��­~¡/¤��������
��£r��	���������¡_´ µ·¶!§[¨���	
£2�����<	9�/���/���'�Q�<��������	2�
	9�J­¯����¸¹	2º�£2���
���/���/¤H�#»7	9�
	9���
¡5�8¡%����¼�	9�W²�¤W½X¾À¿E¾C�OÁ"Â5ÃSÄ9Å�ÆS¸ÈÇÊÉ@Ë
�0��	��/	��
��	0�/����	L�0��� � �#��Á Â �8¡ � 	9Ì���	 � ��¡B�/��	L���
�'²��'²���¢����"¤W­¯�'� � 	9���
	�¡
¡/�����oÍ.Î�Ï~�°Á ÂCÐ Á"Ñ8Ò�Ñ!Ó
�/�<�#�_�±¡/¤��������
��£o	�¼'	����h��£9£9����¡h�0�.�
�����O�/��	T�
����	X�0��� � �#�ÔÍ¯Á Â ÇÕÁ"Ñ8Ò�Ñ�ÓS§ ¨���	Ö�'�×�������
��­~�<�'�/	9���
�����/���'�Ê�'� ��� 	9���
	�¡
¡/�����±­¯�'�×�/��	x� ��� ���/��¼'	TØ�¨0Ù~¬�¤���	9¢ � ¡×���³�/��	T¡E�/	�� � ¤�«!¡E�
���/	�Ú
��	��'¢�	�£S�
�����R�/��	Y	2º��<����	9���
���'¢��/��������� � 	9��	9� � 	9��£9	'Ú��/��	Y­¯�'¢�¢��#�0�����R	9º����/	(¡/¡/�����×­¯�'�F�
��	 � �
��­��
�/	��/�ÜÛQÍÀÉ~Ó

ÛvÍ¯É~Ó��±Î Ï ÛWÝ�´ É Ð ½Ö¾À¿"¾���ÍE�0�Ê� Ð �BÓ!¶ Í,��Ó

ÛQÍÀÉ~Ó0�
	9���/	(¡E	�����¡��/��	R��	9�Y��	9���'���hÞ"­¯�'��£2	GÌ�	�¢ ��ß 	2º��<	��/��	9�<£2	 � ²�¤_�'�x��� � ��¼�� � ����¢%¡/¤������<¡E	�§
¨�����¡�ÚBÛvÍ¯É~Ó � 	9�/	��/������	�¡v�0��	2�
��	9�×�X����¼�	9�®¡/¤��<����¡/	ÖÍ¯ÉGÓW�0��¢�¢�����£2�
	���¡E	h��� � 	(£2�
	��'¡/	¥��¡
�_­¯����£2�/���'�t��­��.��¡W¡E¤����'���/�8£×��	���������§�¨���	h¡"�
	9	9����	�¡
¡H��­��/��	hÛvÍ¯É~ÓG­¯����£S�
����� � 	2�/	��/������	�¡
�/��	 � 	��'�
	9	L�'­5¡/¤��<�����
��£~£2�'����	2�
�.�
�����J§F¨���	~É Ð ½Ö¾À¿"¾F�8¡��v£2���×��	2�
�.�
�����r�
	9�
�]�0��	9�
	���¡F�/��	
Í"���³� Ð �BÓI���/�#¼�� � 	�¡�� � 	�¡E�
�'²���¢���à9�����Q­¯���
£9	'§Bá°��	��_É0â0ãSä�Ë@Í"���®� Ð ��Ó/½X¾À¿E¾F�/��	H¡/¤��������/�8£
��	9���'��� � ��¡E�/�
��²����/���'�o�8¡�²����×� � �'¢,§I¨���	W¡"�
	�� � ¤¥¡"���#�
	 � ��¡E�/�
��²����/���'�o�
	�� � ¡

åhÍÀÉ~Ó��Oæ¦ç�è é Ý�Â é�ê Ý êEë�ì'í¯î Âðï ë9é�ñSò0ó�ôõó!í¯íÀë9é�ö�÷�í8ø ÍÀµ�Ó

�0��	��/	Rùc���'�
���'¢���à9	(¡��/��	RåhÍÀÉ~Ó � �8¡"�
�/��²����
�����±´ µ�¶õ§
úL�#�RÚ%	�û����#�
������¡hÍ,�#«!µ�ÓSÚJ�0���/�±�'�����
�'���
�����/	 � 	2Ì����.�
������¡R��­��/��	��
	9�
�h¡9Ú�£2�'�<¡"�
�.�
���/	h�o¡E	�¢.­�«
£2����¡/��¡E�/	����Q¡/¤�¡"�
	9�o§¥ü~¡E�����o�/��	�¡/	r	�û������/���'��¡H����	r£9�'�t£���¢8£2��¢8�#�
	h���#�c�
��	r���'�
�'��	2�/	��R�



S=BC<E^CDRz�SN>0OeDGV[y�Ii;=B�;NBCV�YCMNVWS=f�J`OeYC;=IR>¯IiJ`YC^?;rMAOQ;NV¯IiJ)<EMAz?V0M¼;N<_YCMN<?z?^`>kV1O�jEIG�EVWJªY8<*Sp;NS=f�J`OeYC;=IR>
Ô`MNIiJ`jPMNOe;=VEZ�ËC<*M!Ohj*Ii�*V0J%YCMNVWS=f$JdOeY?;NIG>�MAOQ;NVEwCV+�$^`OQ;NIi<*J`S'µ¾¡QsÖÆ$º�>0OEJ�±dV'Ii;=VWMNOe;=V{z%IiJ�^CJ$;NIiD]O
S=V0DiK�sÖ>0<EJ`S=IGSp;=VWJ$;USp<*Di^?;NIi<*J%IGS�KL<*^CJ`z¼Z�b5;�;=BdOQ;UY8<EIGJ$;WwC;NBCV'Y8<*Sp;NS=f�J`OeY?;NIG>ªÔdM=IGJCjPMAOQ;=V'>WOeJ%±8V
>0OEDG>0^CDROQ;=V{z¼Z ° V0MNVEw]IiJdS�;NVWOEz&y5VPIiFhY8<*S=V�O»ÔC�?VWz�Y8<*Sp;NS=f�J`OeYC;=IR>h<E^?;NYC^?;)MAOQ;NVhKL<EM)O%j*Ii�*V0J
IGJCYC^?;�MAOQ;NV�OeJ`z´SpV{OeMA>AB
KL<*M�O�SpVWD�K�so>k<*J`SpIRSp;=V0J$;�S=<EDG^?;=IG<EJ�^`S=IiJ`j��
O*S�OÄKLM=VWV»YdOeMAOeFhVk;NV0M{Z
À V0M=KL<EMNFhIiJ`j²;NBCIRS!>WOeDR>k^CDROQ;NIi<*J%KL<EM!O�MNOEJCjEV�<EK³IGJCYC^C;ªMAOQ;NVWS�YCMN<Q��IGzCVWS�^`S!y�Ii;=B�;NBCV²z?V{SpIGMNVWz
z?VWYdVWJ`z?V0Jd>kf�<eK��
<EJ�;NBCV�Y`M=V{Spf�J`OEY?;=IR>»Ô`MNIiJCj
MNOe;=VEZ��!J`>0V�O¿S=<EDG^?;=IG<EJ�IRS�MNVWO*>ABCVWz´y5V
OeDRS=<ªV0�COeFhIiJ`V�;=BCV_MNVWS=^CDi;=IGJCj'Sp;=VWO*z?f)Sp;NOe;=V_S=f$JdOeY?;NIG>�y5V0IGjEB$;�z?IRS�;NM=IG±C^?;NIi<*J�µ�kPµ I ºpº1OeJ`z²;=B`V
>k<*M=MNVWS=Y8<EJ`z?IGJCjhz?MNI�K�;�;NV0MNF &)µ I º�OES�OaKL^`J`>�;NIi<*J»<EKc;NBCV�YCMNVWS=f$JdOeY?;NIG>ªIGJCYC^?;_MAOQ;NVEZ
q�BCV�M=V{Sp^CDi;NS)<eKUS=^`>AB
OÄ>0OeDR>k^`DGOe;=IG<EJ¿OeMNV�IGDiDG^`Sp;=MAOQ;NVWz�IGJ Ë]Iij*^CMNV�¡?Z&q�BCV�JCVW^CMN<EJ`OED�j*OEIiJcw
;=B`V²MAOQ;NIi<�±dV0;�y1VWV0J¹;NBCVaYd<$S�;ASpf�J`OEY?;=IR>'ÔdM=IGJCj�MAOQ;NV²OEJ`z�;NBCV²IGJCYC^C;�MAOQ;NV)IRS�SpV0;!;N<�±8V²ÈWV0MN<
µ·Ë]IGjÄ¡ebªº�Z³qc<�JC<EMNFPOeDGIiÈWVPYd<$S�;ASpf�J`OEY?;=IR>hÔ`MNIiJ`j¹MNOe;=V{S�;=BCV»OÇ�EVWMNOEjEVhSpf�J`OEY?;=IR>Py5V0IGjEB$;)B`O*S
;=<�z?VW>0M=V{OES=VªIGJ�<EMAz?VWM�;=<�>0<EFhY8V0J`SNOQ;NV�KL<EM_;NBCV'IGJ`>kMNVWO*SpIGJCjPYCMNVWS=f�J`OeYC;=IR>ªÔ`M=IGJCjPMAOQ;NVEZ�q�BCIGS
>0OEJ�±8V�SpVWV0J»IiJ�µ·Ë]IGj�¡eH�º�ZCq�BCV�>0<EJ`z?Ii;=IG<EJ�KL<EM�OaÈ0VWM=<aJCVW^CM=<*J`OeDnj$OeIGJ�IRS5;=B`Oe;�;=BCV�OÇ�EVWMNOEjEV
S=f$JdOeY?;NIG>%y5V0IGjEB$;�SpB`<E^CDRz�z?VW>0M=V{OES=V%O*S%t9/�� O1PWQ Z�q�BCIRSPFPOe@EV{S�� X�U7X >k<EJdS�;AOeJ$;�OES�S=BC<Qy�J
IGJ ËrIGj
¡*T!Z5ËC<*MP;=BCV{SpV��QOEDi^CV{S0w	�
B`O*Sh;=<
IiJ`>0M=V{OES=V%y�I�;NB�IiJCY`^?;�MAOQ;NV¹OES�S=BC<Qy�J´IiJ Ë]IGj
¡ X Z?\_<E;=Vª;=B`Oe;1;NBCIRS�>k^CMN�EV!IGS�OeY`YCM=<Ç�?IGFPOQ;=VWDifhDGIiJ`VWOeM{Z³q�BCV�z?V0Y8V0J`zCV0J`>0V!<EK &)µ I º�OeJdzP;=B`V
S=f$JdOeY?;NIG>5y5V0IGjEB$;[z?IGSp;=MNIG±C^?;=IG<EJ�kPµ I º³<EJPz?Ii½nV0MNV0J$;¯YCM=V{Spf�J`OEY?;=IR>5MNOe;=V{S³IGS¯IGDGDi^`Sp;=MAOQ;NVWz²IiJPË]IGj
¡ � OEJ`z%Ë1ZdbUS�;NBCV'YCMNVWS=f�J`OeY?;NIG>ªMAOQ;NVWS�IGJ`>kMNVWO*SpV*w�;=BCV &²µ I º�KL^CJ`>�;NIi<*J�IGS_Di<Qy5V0MNVWzÄµ·zCO*SpBCV{z
DGIiJCVUIiJ`zCIG>WOQ;=V{S¯;NBCV!S=FPOeDGDiV{S�;[YCMNVWS=f�J`OeYC;=IR>�MNOe;=V{ºkwE;NB�^`S[YC^dSpBCIGJCj'Fh<*M=V_S=f�J`OeY`S=VWS¯;=<)S=FPOeDGDiVWM
�QOeDG^CVWS¯S=IGJ`>kV�;NBCV0f²Vk�?YdVWM=IGV0Jd>kV_OªJCVk;[J`V0j*Oe;=IG�EV�
�KL<*MN>0V5Ô`V0DRz
�CZ³q�BCIRS¯IRS¯OeDRSp<�MNV��`V{>�;=V{zaIiJa;=B`V
S=f$JdOeY?;NIG>Py5V0IGjEB$;)z?IRSp;=MNIi±C^C;=IG<EJÌy�BCIR>ABÌIGS)YC^`S=BCVWz&;N<�;=B`V�DG<Qy1VWM�±d<*^CJ`zCOEM=f&OES�;NBCV�IGJCYC^?;
MAOQ;=V{S)IGJ`>0M=V{OES=VEZ � BCV0J V0J?KL<*MN>0IiJ`jÄO&z?I�½nV0MNV0J$;hJCV0^`M=<*J`OeD5j*OEIiJ-w³;NBCV%z?V0Y8V0J`zCV0J`>0V»<EK_;=B`V
��;=VWM=F <EJ%;NBCV'YCMNVWS=f�J`OeYC;=IR>�MNOe;=V{S�M=VWFPOeIGJ`S_OeY`YCM=<Ç�?IGFPOQ;=VWDif�DiIGJCVWOEM_±C^?;ªy�I�;NB¹O�z?Ii½8VWM=VWJ$;
S=Di<*YdVPµLJ`<e;US=BC<Qy�Jdº�Z

� ���-¬`Ó�
]­]«CÓ�Ð Ï Ð���­ Ï ­¯ÑU­��U«CÓ�

� ���-­³¬ Ï Ó Ï(� ¬`ÒA����� Óo«
�Å¨!ÓpÐ���� �_©�Óp®n­��
®nÐ�����Ð Ï � Ï «C©

q�BCV[@*V0f!IiJ`S=IGjEB$;¼KLM=<*F�;NBCV�OE±d<Q�*V³>WOeDR>k^CDROQ;NIi<*J`S¼IRS¼;NBCV[<E±dSpVWM=�*VWz!DiIGJCVWOEMcz?VWYdVWJ`z?V0Jd>kV[<EK��P<*J
YCMNVWS=f�J`OeY?;NIG>�MAOQ;NVWSWZ ° <Qy1VW�EVWMWwCy�B`V0J�IGFaY`DiVWFaVWJ$;=IGJCj�OeJ¹O*zCOeYC;=IG�EV�MN^CDiV)y�I�;NB�±CIi<*YCB�f?SpIR>0OED
V0DGV0FhVWJ*;AS_Ii;UIRS��EVWM=f�DiIG@EVWDif�;=B`Oe;UIiJdz?Ii��IRz?^`OEDr>k<*FhYd<*JCV0J$;NS_y�IiDGDcB`OÇ�*V'OhJC<EJCs�DGIiJ`VWOeM!z?V0Y8V0J?s
z?VWJ`>kV²<EJ¹V{OE>AB�<e;NBCV0M{Z!q�B`VaË`<E@�@EVWMps À DROeJ`>A@�OeJ`OEDif?S=IGS!Sp^Cj*jEV{S�;AS�;=B`Oe;!;NBCV)J`<EJ?sÖDiIGJCV{OeMNI�;NIiV{S
S=BC<E^CDRz&Vk½nVW>k;=IG�EV0DGfÄ>WOeJ`>0V0D�Z � B�fÄS=BC<*^CDGzÄ;NBCV�S=f�Sp;=VWF ±8V�DGIiJCV{OeM�� bUJC<e;NBCV0M'y�OÇf�;N<¹SpVWV
KLMN<EF y�BCVWM=V5;NBCV�DiIGJCVWOEM=Ii;�f'MNV��$^CIGM=VWFhV0J$;³>0<EFhVWS]IRS³;=BdOQ;³;=BCV'µ I /�� X�U7X 4��rºr;=VWM=F IGJaVk�?YCMNVWSps
S=Ii<*J%KL<EM(&²µ I º²µL�QOeDGIRz»KL<EM!S=FPOeDGD��rº_B`OES_;=<�±8V)OeY`YCM=<*YCMNIGOe;=V0DGf�±`OEDGOEJ`>kV{z%y�BCV0J%;NBCV'IGJCYC^?;
MAOQ;=V{S�IiJd>kMNVWOES=VWSWZ³q�BCV�DiIGJCV{OeMNI�;�fP<EK���µ �cO1PRQkº1KL<EDGDi<Qy_S5KLMN<EF!� X�U7X�±8V0IGJCjPDGIiJCV{OeM�IGJ"�cO1PWQQZ
\_<Qy�w*BC<Qy�>k<E^`DGz��¹z?VWYdVWJ`zh<EJhYCMNVWS=f�J`OeY?;NIG>�MAOQ;NVWS#�»b�J`OQ;N^CMNOED`S=<EDG^?;=IG<EJhy5<E^CDRza±dV�;N<�^`S=V
Y8<*Sp;NS=f$JdOeY?;NIG>�>0OEDG>0Ii^`F�;=<�FhVWOES=^CMNV�;NBCV�Yd<$S�;ASpf�J`OEY?;=IR>1Ô`MNIiJCj�OeJdz';NBCV0MNVkKL<*M=V5IiJdz?IiMNVW>k;=DGf�;=B`V
YCMNVWS=f�J`OeY?;NIG>aÔdM=IGJCj�MAOQ;=V*Z» ¹<EMNV0<Q�EVWMWwn;NBCV�O*Spf�FhFhVk;NM=f
µ �rº�<EK�;=BCV�DGVWOEM=J`IiJCj�MAOQ;NIi<�>0<E^CDRz
z?VWYdVWJ`z
<*J
;NBCV%DiVW�EVWD5<EKUY8<*Sp;NS=f$JdOeY?;NIG>»>0OEDG>0Ii^CF%Z mÖ;hIRSh@�JC<Qy�J¿;NB`OQ;hIGJ`>kMNVWO*SpV{z¿MNVWSp;=IGJCj
>0OEDG>0Ii^`F DGV0�*V0DRS¼IiJ`BCIi±`I�;³\U  X b
>AB`OeJCJ`V0DRS-OeJ`zª;NB�^`Sc>WOeDR>kIG^CF IGJ$�`^C��z?^`V¯;=<US=f�J`OeYC;=IR>³IiJCY`^?;WZ
bUz`z?I�;NIi<*J`OeDGDGfEw�;=B`Vª>WOeDR>kIG^CF¸DiVW�EVWDGS1M=V+�$^CIiMNVWz�KL<EM�z?V0Y`M=V{S=S=Ii<*J�OeMNVUV{OES=IiVWM�;N<²MNVWO*>AB-Z³H1<E;=B�<eK
;=B`VWS=VUVk½nVW>k;NS1IiJ�;=^CMNJ�IGJ`>kMNVWO*SpV_;=BCV!YCM=<*±`Oe±`IiDGI�;�fa<eK&%?q X IGJ`z?^`>k;=IG<EJ-Z³moJ`>0<EMNYd<*MNOe;=IGJCj�;=B`VWS=V
IGJ*;NV0MNFhVWz?IROQ;NV�Sp;=VWY`S�j*Ii�*VWS1;=BCV�KL<*DiDG<Qy�IGJCjPS=>ABCVWFhV('

� )*�+ e-,
O

*�+ �>O�U�VYX/.10*�+ �cO1PRQ
q�BCIRSPS=>AB`V0FhV%IiJ$;=MN<?z?^`>0VWShY`OEMNOEFaV0;=VWMNS»µ ,�OeJdz32eºhOEJ`z OÄKL^CJd>�;=IG<EJ
µ54(6kº²;N<�>0<EJ$;=MN<ED5KL<*M
;=B`V�DiIGJCV{OeMNI�;�f$?ÇJ`<EJ?sÖDiIGJCV{OeMNI�;�f�±8Vk;�y5V0VWJ�;=BCV��QOEM=IROe±CDGVWSWZ%q�BCV�jEDG<E±dOeD[>k<*J`Sp;=MAOeIGJ*;�KLMN<EFÉ;=B`V
ËC<*@�@EV0M=s À DROeJ`>A@aIGS5;NB`OQ;�;NBCV�Vk½nVW>k;=IG�EV�M=VWDGOe;=IG<EJ�±dV0;�y1VWV0J7�&OEJ`z8�>O1PWQ!SpB`<E^CDRz�±8V�DGIiJCV{OeM{Z¯b
±CIG<EYCB�f?S=IG>WOeD8KL<EMNF)^CDROQ;NIi<*J�<EKr;NBCV'Oe±8<Q�EV�SN>ABCV0FhV�IGS5;NBCV�KL<EDGDG<Qy�IiJCj



0 20 40 60 80 100
0

50

100

150

200

input rate

o
u

tp
u

t 
ra

te
Adaptive Tracking

No Adaptive Tracking

0 500 1000 1500

−60

−40

−20

0

Vo
lta

ge
 (m

V)

0 500 1000 1500
1

1.05

1.1

Time (ms)

AL
FA

���������
	���
������������������! �"$#%�&�'���)(��*#,+.-0/�#,�21435��6879#�:<;=�>(��*#&?@-�(A143B��6C-�;���79D
35(�D
EF�
#&?G��6��2���C��+!��35HI��,(&��D&J�35/CKL#,DM6��*NA�0OQPR6C�
/���6C�S��TVUXWY(�;�EF�Z35#G�
[����*/C�����\143B��6]��/^�0����+!��3FH0�_D*-�/<�,(�-0EVE5-<-0+�`���6��-0;!��+C;!�G(&�'���*#Z�>(���/C-�(�N)�'E53Fa
���]35/]��6��2+�(��
#,�*/CD*�S-�bXD*-'(,(��*EF�'�����]3F/�+C;!��Odc)egf.h��Li=��#%�Z���C��+!��35HI��,(&��D&J�35/CK�O���35/CD*�kj��,(&��D&J�#�D&6=�'/CK0�
#V35/A3F/<�,(&�'D*�*E5E5;CEF�'(4D��'E5D*35;CNl-0/Z�m(&��+C3F�G��35NA�
"$#,D���E5�0`��
HI�
(, G#,+�35JI��
[!+.�
(�35�*/�D*�*#k�n��3Bo��
(��*/<�kE5���>(�/C35/CKp(&�'��35-�`!q�Osrt-'���u��6C�'�V��6��t���C��+!��35HI�t#,D&6C�*NA�t��+�+�(�-�[!3FN)�>���*#���6��E5���'(�/�35/CKG(&�'��35-279qwvyx0z {I|�?4;�#,���_35/�}Bx*~�O

��� �G����!� ��� � �G���$�I�'���t�R�k� �����.��� � �
��� �F� ��� �

�>� �!��!�^��� �\��� �G���9� ��� �

�m��	��� !�
 !¡2	>¢M	��m£d¤.	>¢
	'�
¡S�g¥�	0¦G��§<¨©¢
��	Lª' !«gª'����¡¬ª>§�¥�ª>	�¥�¢
�
 �¢M�g§!¥­¦Mª� �«g	�¦G¨X��¢M�­¢M��	���§�¦&¢&®¦M¯C¥° ��.¢
�gªn±��
��¥��_�* <¢
	 � ¤.	'«�¢
 2¦M���g²!	�¦ �  �³�§<´!	 �  !¥�¤\µSª>§�¥C¢M�
§!«¶¦4¢
��	A«�	0 ��
¥��g¥��S¦M	'¥°¦&��¢M�g´=�F¢�¯�· �ª>§�¥C¢M�
§!«¶¦t¢M��	)�
�¶¦&	A§!¸V¦&¢M	0 !¤.¯C®,¦�¢* <¢M	)ª� �«¶ª>�g��¡¹¨X��¢M�º�g¥�ª'�M	0 !¦M��¥�����§�¦&¢
¦M¯=¥� ���¢M�¶ªG�
 �¢M	�¦ �$» ��¼
½%¾
� ·�m��	t¢M�g¡2	Xª>§!¥°¦�¢* �¥C¢
¦ �'���  �¥°¤ ��� ¤.	>¢
	'�
¡S�g¥�	t¢M��	mª� �«¶ª>�g��¡¿¤.¯=¥� !¡2�gª�¦� !¥�¤Z¢M��	t¢M�g¡2	Xª>§!���
¦M	§�¸@¢M��	^ !¤� !�.¢M�g´!	��
��«g	º�M	0¦&��	�ª>¢M�g´!	'«g¯!·ÁÀÂ§�¢
	�¢M�� �¢L¨u	º�° I´!	�¥�§�¢Q¦M��	�ª>��±�	0¤Y¢M��	º¥�	����
§!¥� !«¢M�* �¥°¦�¸�	��m¸���¥�ª�¢
��§�¥ÄÃ°Å!Æ<·

��§º	'¥�¦M���
	L \«g�g¥�	� !�)�M	�«g �¢M�g§!¥­³°	'¢�¨u	�	'¥ �  �¥°¤ » �'Ç
È ��¢A¸�§!«g«�§<¨Â¦A¸��M§�¡É¢M��	L��§!²=²�	'�M®%ÊË«g !¥�ª*² �¥° �«g¯=¦M�¶¦A¢M�° <¢ � Å Æ ��» �>Ç*È
� � � � �g¦S ������M§IÌ.�g¡� <¢M	�«�¯­«g��¥�	0 ��S��¥ » �'Ç*È ·d�m��	�¥�	'���
§!¥° �«Ë�C ��g¥8ª' !¥¥�§<¨Í³�	Z�g¥�¤.	'��	'¥°¤.	'¥C¢M«g¯�³°	Sª>§�¥�¢
�M§�«�«g	�¤�³=¯\¢M��	_�� ��* �¡2	>¢
	'� � ·ÂÎº§��M	�§<´!	'�0Ã=¢M��	_¤.�
�F¸9¢n¢M	��M¡Ï �$Ð � ³�	�ª'§!¡2	�¦
Ï ��Ð � � £ÒÑ ÏnÓ � ÐG��Ô ¾$¼�¾ � � �'������» ��'¼
½%¾ ���
� �$Õ �

¸�§!� �×ÖAÖÉØ · Ï �$Ð � ª' !¥d³°	�¨X�
�F¢M¢M	'¥Ù��¥8¢M���¶¦_¸�§!�
¡Ú¦&�g¥�ª'	Q¨t	\��¦M	L¢
�� <¢ Ð Ñ �¬� Ï)Û �� ÏpÓkÜ �Ý� ÏpÓ �&ØS�Þ� �'���0��» ���¼M½%¾ � �
� ·¬�m��	 ÐG��Ô ¾$¼�¾ �¶¦ß àª>§�¡S��	>¢
�F¢
��§�¥Í¢M	��M¡á¨X��	'�
	� �¦¢M��	 � �������Ò» ���¼M½,¾ � � ���
§<´=�g¤�	�¦ß à¤.	0¦�¢* �³��g«g��â���¥��ã¸�§��
ª'	!·äÀÂ§!¢M	8 !«g¦M§�Ã@¢M�° <¢^¨X��	�¥ ÐXåm�>æÞç� �'�����Ò» ���¼
½%¾ � � Ô ¾$¼&¾ ¢M��	'�
	n�¶¦m Z³��g¡2§.¤� �«è¦M¯C¥° ��.¢
�gªn¨u	������C¢t¤.�¶¦�¢
�M�g³��.¢
��§�¥\ !¥�¤Q¦M¯=¥� ��.¢
�gª@ª>§�¡S®��	>¢M��¢M�g§!¥Á�g¦\���
	�¦M	'�
´!	0¤è·êéëª>§!¡2��«g	>¢
	­¦&¢
 !³��g«���¢�¯à �¥� !«�¯.¦M�g¦Q�g¦\³°	�¯!§�¥�¤ã¢M��	­¦
ª>§��°	ß§!¸)¢M��	���
	�¦M	'¥C¢Â¦�¢
��¤.¯�·



0 25 50 75 100
0

25

50

75

Input rate (Hz)

O
ut

pu
t r

at
e 

(H
z)

0 25 50 75 100
0

25

50

75

Input rate (Hz)
0 25 50 75 100

0

25

50

75

Input rate (Hz)

A C B 

Ë]Iij*^CMNV�v '����������	��
���
�������������
��������������������� ��!��"���#�����$%�&�'"�"(�)����$'�+*�,�-/.0
������'12.3��
4��
�������
��65
7+8:9�8<; 1>=6?A@ 8B;�C�D+E'F =6G 8B;6C'C�D+E 1/HJI 8B;�K L�M 1/NOI 80C	K L�M 1QPSRT��#����>�6��
�
����U�������'���/��
��
V�W @�X 8YC	Z4C(K [(Z4C	K \

] ^ Ò�� �c¬`Óp®n­��)©�Ó1� Ò(�p­r«CÓpÐ Ï ©
\_V0��;Ww�y5V%Vk�COeFhIGJCV»y�BCVk;NBCV0Ma;=B`V%;=BCVW<EMNf&<EKªO*zCOeY?;NIi�*V�J`<EMNFhOEDiIGÈWOe;=IG<EJ
>WOeMNM=f�<Q�*V0M²;=<�O
KL^CDGD5SN>0OEDiV�SpIGF)^CDROQ;NIi<*J¿<eK�;NBCV�IGJ$;=V0j*MNOe;=V0sÖOEJ`z�s�Ô`M=VPFh<?z?VWD1y�Ii;=BÌ;NBCV»:Cq X!À M=^CDGV�OEJ`z�;=B`V
±CIG<EYCB�f?S=IG>WOeD�OEzCOEY?;=IG�EV%SN>ABCV0FhV�OEShz?V{S=>0M=IG±dV{z OE±d<Q�*VEZ�Ë]IiMAS�;{w�y5V�S�;N^`z?IGVWz ;=BCV%JCVW^CMN<EJ`OED
j*OEIiJ µ·>�K�Z ËrIGjE^`M=V&t{º)y�BCV0J
;=BCV»IGJCYC^?;AShy1VWM=V»S�;NM=<*JCjEDGfÌ>k<EMNMNV0DROQ;=V{z¼Z X MNIi��IGJCj�O�JCVW^CMN<EJ
y�Ii;=B�IGJ`>kMNVWO*SpIGJCj�IiJ`YC^?;�MAOQ;NVWShIGJ`>kMNVWO*SpV{Sa;=BCV¹<*^?;=Y`^?;�MAOQ;=V�S=Iij*JCIiÔd>0OEJ*;NDif y�BCV0J´;NBCV0MNV�IGS
JC<¿O*zCOeY?;NIi�*V¹S=>AB`V0FhV¿µ·SW�$^`OeMNVWSWw�ËrIGjE^`M=V¹Æ %cVkK�;Aº�OESP<*±`SpVWM=�*VWz´YCMNV0��IG<E^`S=Dif µ·>�K�Z
Ë]IGjE^CMNV
tWH�ºkZCbUzCz?IGJCja;=B`V'OEzCOEY?;=IG�EVªDi<�<*Y�JC<*M=FPOEDiIGÈ0V{S[;NBCV�<E^?;NYC^?;�MAOQ;=V{S�µ·>kIGMA>kDGVWSWwCËrIGjE^`M=V�Æ�%-VkK�;�º�Z
q�BCIRS�S=IGF)^CDROQ;NIi<*J�SpB`<Qy_SP;=BdOQ;�;NBCV�OÇ�EV0MAOej*V%Yd<$S�;ASpf�J`OEY?;=IR>�Ô`MNIGJCj
MAOQ;NV¹IGS�MNV0jE^`DGOe;=VWz�±�f
;=B`V�OEz`OeY?;NIi�*VP;=MAOE>A@�IGJCj¹S=>AB`V0FhVEZ�q�B`IGS²IGS²Vk�?Y8VW>k;=VWz
SpIGJ`>kV�;=BCV»ËC<*@$@*V0M=s À DGOEJ`>A@¹OeJdOeDGf�S=IRS
IRS�±`OES=VWzÄ<EJÄ;=BCVPSp;=V{OEz?f$soS�;AOQ;=VPS=f�J`OeY?;NIG>²y5V0IGjEB$;'z?IGSp;=MNIG±C^?;=IG<EJcZhqr<»KL^CM=;=BCVWM�j*OeIGJ�IGJ`S=Iij*B$;
IGJ*;N<);NBCV�<EY8V0MAOQ;NIi<*J�<eKr;=BCV�O*zCOeY?;NIi�*VUDG<�<EY�y5V�Vk�COeFhIGJCVWz�;=BCV�S=YCIG@EVks�;=<EsÖS=YCIG@EVªz?V0Y8V0J`zCV0J`>0V
<eK1;=BCVh;NMNO*>A@�IiJCj%SN>ABCV0FhVEZPË]IGjE^CMNVaÆ�µ l Iij*B$;Aº�z?IRSpY`DGOÇf?Sª;=B`VaVW�E<*Di^?;NIi<*JÄ<EK�;NBCVPFhV0F)±`MNOEJCV
Y8<e;=VWJ$;=IROeD²µL;=<*Ydº�OEJ`z´;=BCVÄDiV{OeMNJCIGJCjÌMNOe;=IG< � B t S ��µ·±d<E;p;=<*F�º�ZÊq�BCVÄOEzCOEY?;=IG�EV�MN^CDGV
;=MAOE>A@?S!K·OESp;)>AB`OEJCjEV{S!IGJ&Ô`MNIiJCj%±�fÄO*z%_�^`Sp;=IGJCj»;=BCVPDGVWOEM=J`IiJCj%MAOQ;NIi<»KL<EM�V{OE>AB�SpY`Ii@*VEZPq�B�^`S0w
;=B`VaSp;=MNV0JCjE;=B¹Y`DGO*S�;NIG>0I�;�f%IRSªzCI�½nV0MNV0J$;UKL<*M�V0�EVWM=f%S=YCIi@*VEZªmoJ$;=V0MNVWSp;=IGJCj*Dif*wd;NBCVaDiV{OeMNJCIiJ`j�MNOe;=IG<
µ��³º �`^d>�;=^dOQ;=V{S'OeMN<E^`J`z¹;NBCVP�QOeDG^CV�t(` u*¢�y�BCIR>AB�y5O*S�^`SpV{z&IiJ�YCMNV0��IG<E^`S�Sp;=^`z?IGVWS Á t0Ã�Z7�!^`M
K·OESp;Ww?S=YCIG@EVks�;=<EsÖS=YCIG@EV�;NMNO*>A@$IGJCj)SN>ABCVWFaV!IGS1IGJ�>k<*J$;=MAOESp;[;=<²<e;=B`V0M5BC<EFhV0<$S�;AOQ;NIG>UFaV{>AB`OeJ`IGS=FPS
<EY8V0MAOQ;NIiJ`jª<*Jh;=BCV_;=IGFaV0sÖSN>0OEDiV�<EKnB`<E^CMAS];=<)z`OÇf�S Á tEtEw`t{¡?w`tWÆCwCt0vQÃÖZ³moJP<E^CM³KL<*M=F²^CDROQ;=IG<EJcwe;=B`V
DGVWOeMNJCIGJCj)MAOQ;NIi<dw*��IRO �[w�;NMNO*>A@?S�>AB`OEJCjEV{S�IGJ�IGJ$;=MAOQso>kV0DGDG^CDGOEM1>WOeDR>kIG^CF%w$y�B`IG>AB�IiJ�;=^CMNJ�MNV��`V{>�;AS
;=B`V�IiJ`Sp;NOEJ$;NOeJ`V0<E^dS�ÔdM=IGJCjhMNOe;=V*Z¯:?Di<Qy5V0M�BC<*FaVW<*Sp;NOe;=IR>!FhV{>AB`OeJCIRS=FhS�OEM=V�^CJ`OE±CDGV!;N<�z?Vk;NVW>k;
;=B`VWS=V'MNOEYCIRz»>ABdOeJCj*VWS�IGJ%Ô`MNIiJCj�Sp;NOe;=IRS�;NIG>WS0Z�H5VW>WOe^`S=V�;=BCIRS�K·O*S�;ªOEzCOEY?;=IG�EV'SN>ABCV0FhV)zCV0Y8V0J`zCS
<EJhMNVW>0V0J$;�JCVW^CM=<*J`OeD�ÔdM=IGJCj`w*Y`OeIGMNIiJCj'S=V0�*V0MAOeDCS=YCIG@EVWS[<EJh;=B`V�;=IGFhVksoS=>WOeDGV_>k<EFhY`OEMNOE±CDGV1;N<�;=B`V
>0OEDG>0Ii^`F�z?f�J`OeFhIR>0S�IGJ$;=MN<?z?^`>kV{S�JC<EJCs�DGIiJ`VWOeM�S=^CFhFPOQ;=IG<EJ»Vk½nVW>k;NSWZ
\_VW^CMN<EJ`SPy�Ii;=B�;NBCIRS�OEzCOEY?;=IG�EV�:Cq X!À >0<EJ$;=MN<ED�DG<�<EY�>0OEJ�zCVk;=V{>�;�>ABdOeJCj*VWShIGJ�;=BCV�IGJCYC^?;
>k<*M=MNV0DROQ;NIi<*J�y�BCIGDiV1±dVWIiJCjª<EJ`Dif�y5VWOe@�DGf�z?V0Y8V0J`zCV0J$;]<*J�;=B`V1YCMNVWS=f�J`OeYC;=IR>¯Ô`MNIiJ`jUMAOQ;=V*ZrË]IGjE^CMNV
v*O�OeJ`z�vE±&SpBC<Qy�;�y5<�zCI�½nV0MNV0J$;�M=VWjEIGFaV{S!>0<EMNM=V{SpY8<EJdz?IiJ`j�;=<�;�y5<�z?Ii½8VWM=VWJ$;ª�QOeDG^CV{S!<EK[;=B`V
Y`OEMNOEFaV0;=VWMba³ZrmoJ²;=B`V�BCIij*BcaPMNV0j*IiFhV�µ·Ë]IijdZrv$O*ºc;=B`V5J`V0^CMN<EJ`OED�j*OeIGJ)IRS³È0VWM=<dZrq�BCV�JCVW^CMN<EJ`OED
j*OEIiJ�IiJ`>0M=V{OES=VWz�y�BCVWJda
z?VW>0M=V{OES=VWz
µ·Ë]IGj`Z vE±dº�OES�Vk�?Y8VW>�;NVWz KLM=<*F ;NBCVÄ;=BCVW<EMNfEZÊmoJ O
z?Ii½8VWM=VWJ$;aMNV0j*IiFhV�y�BCVWM=V�y1V�IiJ$;NM=<?z?^`>0V�IGJ`>kMNVWO*SpIGJCj�>0<EMNM=VWDGOe;=IG<EJ`S'±dV0;�y1VWV0J¿;NBCV�S=f�J`OeYC;=IR>
IGJCYC^?;AS Á tkÃUy1V�Ô`J`z ;NB`OQ;P;NBCV%JCV0^CMN<EJdOeD�j*OEIiJ´IGSP>ABdOeJCj*VWz¿DGIi;p;=DGV�y�Ii;=B�IiJd>kMNVWOES=IGJCj�IGJCYC^?;
MAOQ;=V{S�±C^?;UIGJ`>0M=V{OES=VWS�Sp^`±`S�;AOeJ$;=IROeDGDGf�y�I�;NB�IiJd>kMNVWOES=IGJCjhIiJCY`^?;U>k<*M=MNV0DROQ;NIi<*J`S�µ·Ë]IijPv$>WºkZ�q�B�^`S0w
;=B`V�O*zCOeYC;=IG�EV!O$:?q XªÀ MN^CDGVª>WOeJ�JC<EMNFPOeDGIiÈWV_;=B`VªFhV{OeJ�Y8<*Sp;NS=f�J`OeYC;=IR>UMAOQ;NV!VW�EV0J�y�BCV0J�;=B`V
IGJCYC^?;�Sp;NOe;=IRS�;NIG>WSP>AB`OeJCj*VEZ � I�;NB´<E;=BCVWMPOEzCOEY?;=IG�EV%Y`OEMNOEFaV0;=VWMNS²y1V�OEDGS=<�KL<*^CJ`z DiV{OeMNJCIGJCj
MNV0jEIGFhVWSªy�BCVWM=V²;=BCVPMNVWS=Y8<EJ`S=VWS!;=<»IGJCYC^?;)>0<EMNM=VWDGOe;=IG<EJ`S!y1VWM=VhOQ½nVW>k;=V{zÄz?Ii½nV0MNV0J$;=IROeDGDif µLJC<E;
S=BC<Qy�Jdº�Z



� � Óp©�®¼ÒU©�©�Ó�Ð Ï
:�f�J`OEY?;=IR>�DGVWOEM=JCIGJCjÄM=^CDGVWS²B`OÇ�*VP;=<Ä<EY8V0MAOQ;=V�^CJ`z?VWM²y�IRz?VWDif¿>AB`OEJCjEV{S)>0<EJ`z?Ii;=IG<EJdS²S=^`>AB
O*S
z?Ii½8VWM=VWJ$;�IiJ`YC^?;�Sp;NOe;=IRS�;NIG>WS�<EM�JCV0^CMN<EFh<?z?^CDROQ;NIi<*J-Z ° <Qy >WOeJ�OÌDGVWOEM=JCIGJCj�MN^CDiVÄz?f�J`OeFhIis
>0OEDiDGf´jE^CIRz?VÄO
JCVk;�y5<EMN@´IiJ$;=<¿KL^CJ`>�;NIi<*J`OeDGDGf SpIGFhIiDROeM�<EY8V0MAOQ;=IGJCj¿MNV0j*IiFhV¹^`J`z?V0M%z?Ii½8VWM=VWJ$;
>k<*J`z?Ii;=IG<EJ`S#� � V�B`OÇ�*V�O*zCz?MNVWSNSpV{z�;NBCIRS�IGSNS=^CV�IiJ»;NBCV)>k<*J$;=Vk��;�<eK¯S=YCIi@*Vks�;=IGFhIiJCjEsÖzCV0Y8V0J`z?VWJ$;
YCDROESp;=IR>kIi;�f µ�:?q X!À º Á tew1tWuÇÃÖZ � VPKL<E^`J`zÄ;=B`Oe;a:?q XªÀ IGS��*V0MNf�S=V0J`S=I�;NIi�*Va;=<%;=B`V�MNOe;=IG<%<eK
S=f$JdOeY?;NIG>aS�;NM=VWJCje;NBCV0J`IiJCj»;N<�y5VWOE@EV0J`IiJCjdwT��wrOeJ`zÄM=V+�$^CIiMNVWSªz?Ii½8VWM=VWJ$;��QOEDi^CV{SªKL<EM�z?Ii½8VWM=VWJ$;
IGJCYC^?;�Sp;NOQ;NIGSp;=IR>0SWZ¿qr<&>0<EMNM=V{>�;)KL<*Ma;=BCIRS0w�y1V»YCMN<EY8<*S=VWz¿OEJ OEz`OeY?;NIi�*V»>0<EJ$;=MN<ED5S=>ABCVWFhV�;N<
OEz _�^`S�;�;NBCV�YCDROESp;=IR>kIi;�f�MN^CDGVEZ[q�BCIRS_OEz`OeY?;NIi�*VªFhV{>AB`OeJCIRS=FhS�FPOE@EVWS1;NBCV'DGVWOeMNJCIGJCjaM=^CDGV�Fh<EMNV
MN<E±C^`Sp;¯;=<'>ABdOeJCj*IiJCj�IGJCYC^?;5>k<EJdz?I�;NIi<*J`S¯y�BCIGDGV�YCM=V{SpVWM=��IGJCj�I�;AS¯IGJ*;NV0MNVWSp;=IGJCj�YCMN<EY8V0M=;=IGVWSWwES=^`>AB
OES)Spf�J`OEY?;=IR>�>k<*FhYdV0;=Ii;=IG<EJ-Z � V�Sp^Cj*jEV{S�;NVWz�O%±CIG<EYCB�f?SpIR>0OEDiDGf�Y`DGOE^`SpIG±CDGV�FhVW>AB`OEJCIRSpF ;=B`Oe;
>0OEJhIiFhYCDGV0FhV0J$;[;NBCVUO*zCOeY?;NIi�*V_>AB`OeJ`jEVWS¯>0<EJ`S=IRS�;NV0J$;[y�I�;NBh;=BCVUM=V+�*^`IiMNV0FhV0J$;AS[z?V0MNIG�EVWz²^`S=IiJ`j
;=B`V'ËC<E@�@*V0M=s À DGOEJ`>A@aOEJ`OeDGf?SpIRSWZ
�!^CM»OEzCOEY?;=IG�EV�:?q XªÀ MN^CDGV�OEz _�^`S�;AS�;NBCV¹DGVWOEM=JCIGJCj¿MAOQ;NIi<Ì<*J OÌFhIiDGDGIGS=VW>0<EJ`z�;NIiFhV0sÖSN>0OEDiV*Z
q�BCIRS�IiJ >k<*J$;=MAOESp; ;N< <E;=BCVWMWw¹S=DG<Qy BC<EFhVW<*Sp;NOQ;NIG>�>k<*J$;=MN<EDGDiVWMNS´>k<*J`SpIRz?VWM=V{z YCMNV0��IG<E^`S=Dif
Á tEtew5t{¡�w1tWÆ?w5t0v`wrÆQÃÖZ¹H5VW>WOe^`S=VP;=B`V�DiV{OeMNJCIGJCj¹MN^CDiV�>AB`OeJCj*VWS�MAOeY`IGz?DGfEw]Ii;²IRS'�EVWM=f�S=V0J`S=I�;NIi�*V
;=B`V�IiJCY`^?;�Sp;NOQ;NIGSp;=IR>0SWZ ËC^`Mp;NBCV0MNFh<EMNVEw1;=BCV¹S=f�J`OeY?;NIG>»y5V0IGjEB$;�>AB`OeJ`jEVWSPO*zCz´JC<EJCs�DGIiJ`VWOeMNDGf
z?^CV';=<�;NBCV'MAOeYCIRz�S=V0DiK�s�MNV0j*^CDGOe;=IG<EJ-Z5moJ�MNVW>kVWJ$;UVk�?Y8V0MNIiFhV0J$;ASUS=IiFhIGDGOEM_JC<EJCs�DGIiJ`VWOeMNIi;=IGVWS�B`OÇ�*V
±8V0V0J�z?V0;=VW>k;=V{z µ��²Z X OeJ-w-Y8V0MAS=<EJ`OED]>0<EFhF)^CJ`IG>WOQ;=IG<EJ8º_y�BCIR>AB�FhIGjEB$;�B`OÇ�EV²M=<*DiV{SUIGJ&FhOE@$s
IGJCj�Spf�J`OEY?;=IR>ªYCDROESp;=IR>kIi;�f�OEz`OeY?;NIi�*VEZ[Ë]IiJdOeDGDif*w?;=BCV)JCV0y�SpV0;_<eK¯OEzCOEY?;=IG�EV�Y`OEMNOEFhVk;=VWMNS�>0<E^CDRz
±8V�IGJ`z?V0Y8V0Jdz?V0J$;=DGf¿>k<*J$;=MN<EDGDiV{z�±$f�FhVk;AOQsÖYCDROESp;=IR>kIi;�f�;N<�±CMNIiJ`j�;=BCV»JCVW^CM=<*JÌIiJ$;N<Äz?Ii½8VWM=VWJ$;
<EY8V0MAOQ;NIiJ`jaMNV0j*IiFhV{S0Z
� ���-7����
	·, � 6 � ,�7��W.
� V';=BdOeJC@ %cOEM=MNf�bU±C±8<e;p;{w¼ ¹OeMN@��QOEJ l <*SNSp^`F»wnOeJdz¹:�V0JÄ:?<EJCjPKL<*M!B`V0DGY?KL^CD³z?IGSN>k^dS=S=Ii<*J`SWZ

 Z q�Zey�OES�Sp^CY`Yd<*Mp;NVWza±�f';=B`V � VWJCJCVWM=j*M=VWJhË`<E^CJdzCOQ;NIi<*J-w*OEJ`zajEMAOeJ$;NS]KLMN<EFÛ:�y1V{z?IRSpBP �V{z?I�s
>0OED l V{SpV{OeMA>ABaË`<E^CJ`z`OQ;=IG<EJcw*OeJdzaq�B`V l <Qf*OEDCbU>0O*z?V0F²f'KL<*M1:?>kIGV0Jd>kVEZ³b'Z �hZEy�OES¯S=^CYCY8<EM=;=V{z
±�f�;NBCV)\_m °�� MNOEJ*;!¡ l uCt'\!:`¡ × Æ*Æ × sNtÇ¡'OeJdz¹¢ l uCt'\ª:C¡ × ÆEÆ × sNt{ÆCZ¯H5<e;NB%b)Z �hZ8OeJ`z 
 Z q�Z
;=BdOeJC@�;=BCV):�DG<*OEJ»Ë`<E^CJdzCOQ;NIi<*J�KL<*M_Sp^CY`Yd<*Mp;{Z

� ���R�-¬]� Ï ®@�c©
� ;�� *(����� F * 1 F�� ��������
 F�� 1 F�������� ����� F�� 1� "!$#&%('*)+ ,)�%('.-0/2123�)�4516) F [ 5 7 ; 798:7 L�\	F L�C�C'C 1
� L;�=< � � ��� F�> 1 F�� �6� F -�1 F�� *(�'
�# ���������.?:@ F(A 1CBCD(E$/*3�1*!�F5GH)�I;3�)�JLK�)�#&#M)�' FON'\ 5 [�\$P 8 ['\�Q	F L�C�C(; 1
� [9� $(��� < �'������
 F�� 1 F5R�SUT F�V 1 F�� , ��
�
��W���U����� FXR 1ZY[ \)�%('.-$/�123 F L�C 5 N$N(;�L 8 N$N%L	;�F3L�C'C�C 1
� P0� *(�U]A���;^ �.?	� F , 1HY`_aD�)*-0'*)�#&3�1*!�FXbc3�-�FW-*d$E F \ 7(5 [�N'M 8 [$N 7 Fb; 7�7 Q 1
� M;�[����� ����� F�� 1 �fe �6������� F * 1� \!0#&%g'.)" \)�%g'h-$/�123i)�4516) F [ 5 ;';9Q0N 8 ;';;N�[(F L�C�C'C 1
� \9�j� ��������
 F�� 1 ��� ��� � �k@ F - 1� ,)�%('.!$F�lm-$npo�%g#i!0#&3�-$4 F \ 5 ;�C�C 8 ;�L�\	F3; 7$7 P 1
� Q;�j� ��
*? 
4��
 F�A 1 F�� � � ?%� Fg> 1 F ��
��������4 �� 
 F5� 1 F5� *(�$?	
 ����� FgV 1Zq�123i)�4516) F L$Q'M 5 L ;�[ 8 L	;�M	F ; 7$7 Q 1
� N9�[V �6��� FOr 1 F�A ��� F�s 1 F *	���%�k^���
4� F�t 1 F��uR 
4��� � F�� 1� "!$#&%('*) F [�NvQ 5 L�Q$N 8 N	;'F ; 7$7 Q 1
� 7 �[V � FOR 1 SUT 1 � . � � FO� 1HYw ,)�%('.-0/2123�)�4516) F3;;N 5 ;6C$P'\$P 8 ;�C0P:Q'L F ; 7�7 N 1
� ;�C9�=� �6
�#���� 
 F�< 1 FOR ��
�� ������
 F5x 1 FX� $���� A ��
�
��6� F�> 1" ,)�%('.!$Fylm-$npo�%(#i!$#&3&-$4 F ;�[ 5 L�Q�C 798 L�Q0P%L	F

L�C�C(; 1
� ;';��[V �6��� Fy� 1 RA� � � �	"g@ FC> 1 FcA ��������� F * 1 F��z� ��#�#�
 ����� F{< 1 F ��"(�)����
�� F�|Z} I0!$4516)�/~3�4L \)�%('.!�F

� 4;�k-0'�nw!$#&3�-$4~By'.-;16)�/*/*3�4(d~q�E$/*#M)�n�/ F $%�'����
�� P 1 � ��
*�%��� Si� ���(� 
 ����� F ; 7$7 L 1
� ;�L;�[� � � �������'� FOR 1 FO� ��
4"���
 F�� 1 F�������� ����� F�� 1cq5123i)�4�16) F L'M 7(5 ; 7 ;�M 8 Q	F ; 7�7 [ 1
� ;�[9� , ��
�
��W���U����� F�R 1 F�� �6������� Fg� 1 F -/�6����� Fge 1 F(< ���� ���
�� ��
4" Fg� 1 F���e �6�����'� F * 1� "!$#&%('*) F�[ 7 ; 5 N 7 L 8 \(F

; 7$7 N 1
� ;kP0� , ��
�
��W���U����� FOR 1 ��e �6�����'� F * 1"l{%g'6'=��o�3�4� ,)�%('.-��23�-�F F ;6C 5 [%M0N 8 \$P�F L�C'C'C 1


