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scaling abstraction
(equivalence checking)

functional verification
(model checking) (simulation)

QoS evaluation

EMPA model

functional reqs

QoS metrics
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Functional Analyzer:

− Model Checking

− Equivalence Checking

− Preorder Checking

Compiler:

− Static Semantic Analysis
− Semantic Model Generation

− Lexical Analysis
− Parsing

Performance Analyzer:

− Markovian Stationary Analysis

− Markovian Transient Analysis

− Simulation

Graphical User Interface

Â*NU~c�YBZK-�oÖ�R�BZDd�YNULEKJD�LE�YBEK-FCv��,£9Fc��F.£9KJBZV

�



�;�YK5~CBg@CjY�wNPD�@`Tb�YVZKJB�NPWlLgK�BZv³@CD�K5@`TPTPF.£&V�LE�YK"�YVEK�B�LEFÇK�XYNUL4LE�YK�VEjfKJD�NUSDJ@`LgNUFcWYV�FCv
Lg�YK0@C�wXYNPFÇjYBEFCLEFoD�FcTPV[NPWÄ��?A�fR\�¡ .Q&DJFCk[jYNUTPK�Lg�YK�k5Q�@CWwXÚBE�YWÚLE�YK«z`@CBENUFc�YVH@CWS@CT{�·¤
VENPV4BZFc�wLENPWYK�VJ±©R�XYXYN{LgNUFcWS@CTUTU�cQ�NUL�j�K�BEk�NULgV(LgF KJXwNUL}LE�YK�VEjfKJD�NUSDJ@`LgNUFcWYV}FCv&vx�YWwD�LgNUFcWS@CT
BEKJ¶·�YNUBEK�k[K�W·LEV�@`WYX ¯ Flm�k�K�LEBENPD�V,vxFcB&@C�YXwNPF4eS@CVZKJX5VEKJB^zINPDJK�VJ±
�;�YK�DJFCk[jYNUTPK�B9NUVbNPWHDd�S@CBE~CK�FCvnjS@CBZVENUWY~4��?A��R��¡ &VEjfKJDJN{SD�@�LgNPFCWYV-²³VZKJK-mIKJD�LENPFcW��c´

@CWYXHjwNPWYjfFcNPWlLENPWY~
TUKM�oNPDJ@CTrQlV^�oWlLg@CD�LENPD�@`T�@`WYXHV^Ld@`LENPD&VEK�kH@CWlLENPD�@`TSKJBEBZFcBEV�±�s�v�@-VEjfKJD�NUSDJ@�¤
LgNPFCWHNPV9DJFcBZBEK�D�L�QILg�YK�DJFck�jYNPTUKJB�D�@`W1jYBEFIXY�YD�K�Lg�wK�VEK�kH@`W·LENPD\k[FIXYKJTfFcWH£&�wNPDd�Hvx�YB^Lg�YK�B
@CWS@CT{�oVZKJV\@CBEK
eY@CVEK�X�±,mI�YDd�A@�VEK�kH@`W·LENPD
k�FoXwKJT�NUV&@�TP@CefKJTPK�X�VZLd@�LgK
LgBE@CWYVEN{LgNUFcW�~cBg@`jY�
£&�YKJBZK�VZLg@`LgK�V,@CBZK�@CTU~cKJeYBE@CNPD;LEKJBEk�V�XYKJBZNUzcK�XHvxBEFCk3LE�YK���?A�fR\�¡ ,VZj�K�DJN{SD�@`LENPFcW[FCv�LE�YK
jYBEFCLEFoD�FcT\@CWYXÚLgBE@CWYVZNULgNUFcWYV[@CBEKAT®@CefKJTUKJXÎ£&N{Lg�Ä@`D�LgNUFcWYV[FoD�DJ�YBZBENPWw~ªNPWÐLE�YK«��?A�fR\�¡ 
VEjfKJDJN{SD�@�LgNPFCW�±
�;�YK}vx�YWYDMLgNPFCWS@CT�@CWS@CT{�op�KJB�Lg@C¸CK�V-D�@CBZK}FCv�zcK�BENUv»�INUWY~1Lg�S@�L�DJK�BZLg@CNPW«vx�YWwD�LgNUFcWS@CT�BEK�¤

¶I�wNPBEK�k[K�WlLgV�@CBZK;Vg@`LENPVZYKJX�el��Lg�wK;VEKJk[@CWlLgNUD;k[FIXYK�ToXYK�BEN{zcKJX�vxBEFCk¬@�D�FcBEBZKJD�L���?A�fR\�¡ 
VEjfKJDJN{SD�@�LgNPFCW�±*�;�YNUV*NUV*@CDd�wNPK�zCKJX�el��NUWlLgKJB^v³@CDJNUWY~��,£bFc�:F.£bK�BEV�£&NULE��Lg�wK;�bFcWYD��YBEBZKJWYDM�
È§FcBZ¸·e�K�WYDd� LgFIFcT�Ê¨�C�JÌrQ_Lg�wKJBEK�el�«jYBZF�zINUXYNPWY~�VE�wjYj�FCBZL�vxFCB\K�¶I�wNUz`@CTPK�WYDJK(Dd�YKJDd¸·NUWY~©²³VZKJK
moKJDMLgNPFCW5�·´,@`WYX5k�FIXYKJT�Dd�wKJDd¸·NPWY~«²³VZKJK(moKJDMLgNUFcW«ÒC´M±
Â*NPWS@`TPTU�CQ�LE�YK�j�K�BZvxFcBZkH@`WYDJK�@`WS@CTU�Ip�KJB}D�Fck[jw�wLgK�V ¯ Flm§k[KMLgBENUDJV�²xVEK�K"moKJDMLgNPFCWÎ�c´

FcW Lg�YK4VZKJk[@CWlLgNPD4k�FIXYKJT�XYKJBZNUzcK�X©vxBZFckâ@�D�FcBEBZKJDML��9?5��R\�¡ �VEjfKJD�NUSDJ@`LgNUFcW�±(�;�YNPV
NUV
@CDd�YNPKMzcK�XHKJN{Lg�YK�B¥el�4jfKJBZvxFCBEk�NPWY~
@�VZNPk}�wT®@`LENPFcW(FCv�@`W��9?5��R\�¡ �VEjfKJD�NUSDJ@`LgNUFcW�@CDJD�FcBEXI¤
NPWY~�LEF�Lg�wK,k[KMLg�YFIX�F`v_NPWYXYK�j�K�WYXYK�W·L�BZKJjYTUNPDJ@`LgNUFcWYV9Ê¨�.��ÌrQCFcB*el�(WI�wk[K�BENPDJ@CTPT{��@CWS@CT{�IpJNPWw~
Lg�YK(DJFcWlLgNUW·�YFc�YVg¢`XYNPVZDJBZK�LgK�LgNUk[K(?A@CBZ¸CF.z"Dd�S@CNUWAXYK�BENUzCKJX"vxBEFckãLE�YK}��?A�fR\�¡ �VZj�K�DJNUo¤
D�@`LENPFcW ÊË�.��Ìr±

ä�Æ '���78�4�1�$�J�������A	��å7¬��6��
���J� /

R�V1k�KJWlLgNUFcWYK�XÄNPWÎLE�YK«jYBZK�zINPFC�YV�moK�D�LgNUFcW�Q&�,£9Fc��F.£9KJBZV5@`DJDJK�jwLgV�VZj�K�DJN{SD�@`LENPFcWwV1FCv
@C�YXYNUF5jYBZFCLgFIDJFCTPV
£&BEN{LELgK�W§NUW©LE�YK[K��oKJDJ�oLd@CeYTUKHk�FoXwKJTPNUWY~�T®@CWw~c�S@C~cK���?A�fR\�¡ .±1�;�YNUV
T®@CWY~C�S@C~cK(@CTPTUF.£&V�LE�YK}�YVZKJB�LEF1KM�ojYBZKJVEV-@`�YXYNPF[jYBEF`LgFIDJFcT:DJFcWoS~c�YBE@`LgNUFcWYV\@CV�k�FoXw�YT®@CB
@CTP~cK�eYBg@`NPD�VEjfKJD�NUSDJ@`LgNUFcWYVnBg@�Lg�YK�BnLE�S@CW(jYBEFc~CBg@Ck�V�KM�ojYBZKJVEVZKJX4NUW(NUk[jfKJBE@`LgN{zcK¥jYBZFc~cBE@Ck�¤
k[NUWY~4T®@CWw~c�S@C~cK�V;VE�YDd�A@CV&KC±t~Y±f�;æ-æ}±
moj�K�DJN{SD�@CTUTU�CQoLg�wK(��?A�fR\�¡ �k[FIXYK�TPNPWw~}jS@CBE@CXYNP~CkçNPVbeS@CVEK�XAFcW"@CDMLgNUFcWYVJQo£&�YKJBZKJel�

Lg�YK-vx�YWYDMLgNPFCWS@CTn@CWYX5j�K�BZvxFcBZkH@`WYDJK�@CVZj�K�D�LgV\FCv¥V^�IVZLgK�kè@CD�LENUzINULENPKJV&@`BEK�k[FIXYKJTUKJX�QY@CWYX
@�VEKML&FCvn@CTU~cKJeYBE@CNPD�FcjfKJBE@`LgFcBZV�é�VZ�YDd�"@CV,VZKJ¶·�YKJWlLEN®@CT�DJFck�j�FCVENULENPFcW$Qo@`TULgK�BEWS@�LgNUzCK�D�Fck�¤
j�FcVZNULENPFcW�Q*@CWYX¦jS@`Bg@CTUTPKJT�D�Fck[jfFcVZNULgNUFcW«é©£&�YNPDd�¦jfKJBZk[N{L(LE�YK1NPWlLEKJ~cBE@`LgNUFcW§FCv&V^�IVZLgK�k
@CD�LENUzINULENPKJV4NUWÁFcBEXYK�B�LEF©vxFCBEk[@CTPT{�Çew�YNPTUXÎ@0XYK�VEDJBZNPjwLENPFcWÁFCv\Lg�YK"F.zcK�Bg@CTUT;VZ�IVZLEKJk"±ÐsuW
jS@CBZLENPD��YT®@CB�QwLg�wK�VZKJ¶·�YK�W·LEN®@CTnD�Fck[jfFcVZNULgNUFcW�@CWwX"LE�YK�@`TULgK�BEWS@�LgNUzCK
DJFck�jfFcVEN{LgNPFCW1FcjfKJBg@�¤
LgFcBZV;@CBEK�Lu�IjYNPDJ@CTPT{���YVEK�X1LgF}FcBZXYKJBb@CWYX�VZKJBENP@CTPNUpJK&XYN{°$K�BEKJWlL&@`D�LgN{zINULgNUKJV�£&NULE�YNPW1@(VENUWY~cTUK
jYBEFCLEFoD�FcT�DJFCk[jfFcWYK�W·LJ±�Â_FCB;NPWYV^Ld@CWYD�KCQSLg�wK�ew�w°$K�B�@`L&Lg�YK-BEK�DJK�NUzINPWY~�VEN{LgK
FCv¥@CW"@C�YXYNUF
jYBEFCLEFoD�FcT�VZj�K�DJNUYD�@`LENPFcW�k[@.�1e�K-VENUk[jwTU�[XYKJVZDJBENUe�K�X5el��LE�YK
LgKJBZk

ê&ë�ì�íMî-ï�ð}ñdò�ówôMëIõHícö-÷Ëê&ëMì�íMî·ø
£&�YNPDd�}BZKJjfK�@`LEKJXYT{�(@CDJD�KJjwLEV*WYKM£Ð@`�YXYNPF�jS@CDd¸`K�LEV*Lg�YBZFc�Y~c�(Lg�YK9@CD�LENPFcW�ñdò�ówôMëoõHí`Q�£&�YNPTUK

�



Lg�YK}jwBEFIXY�YDJK�B�DJFCk[jfFcWYK�W·L�FCv�Lg�YK�VEKJWwXYNPWY~HVENULEK(LE�S@`L
jY�oLgV�jS@`Dd¸CK�LEV
NPWlLgF[Lg�YK}ew�w°$K�B
kH@���efK-VEjfKJDJN{SKJX"el�1Lg�wK-LEKJBZk

ù9îgòJúCë_ñdíMî
ï¿ðbûfîgòJúCë_ñdíCö-÷¨ù9îgòJúCë_ñdíMî;æÛð-ü�ýCþ»ÿ�ö�÷Ëù9îgòJúCë_ñdíMîIø
£&�YNPDd��K�NULg�wKJB�DJBEKJ@`LgK�V;@�jS@`Dd¸CK�LbLg�YBZFc�Y~c�HLE�YK�@`D�LgNUFcW�ûfîgòJúCëSñdí�FCBbVZLg@��oVbNPXYTUK&LE�YBEFC�Y~c�
Lg�YK @`D�LgNUFcWåü�ýCþ»ÿ�±å�;�YK jY@CBg@CTUTPK�T;DJFck�j�FCVENULENPFcW�FcjfKJBE@`LgFcB[NPV[�YVE�S@`TPTU��K�k[jYTUF.�cKJXÚLEF
XYKJVZDJBENUe�K«LE�YK ~cK�WYKJBE@CT
@CBZDd�YNULEKJD�LE�YBEK D�FcWYV^LgNULE�wLgK�XÏe·�ÎLg�YK NUWYXYN{zoNUXY�S@CT�DJFCk[jfFcWYK�W·LEV
KM�oKJD��wLgK�XANPW�jY@CBg@CTUTPK�T�@`WYX�Lg�YK�£b@���NPWH£&�wNPDd��Lg�YKM��NPWlLEKJBEFCj�K�Bg@`LEKC±�suW�jS@CB^LgNUDJ�YTP@CBJQIel�
� ù9îdòJúCëSñdíMî����1ê&ë�ì�íMî��}£9K-KM�ojYBEK�VEV�@}TPNPWw¸[efK�Lu£9KJK�W5Lg�wK4ù9îgòJúCëSñdíMî4@CWYX�Lg�wK�ê&ëMì�íMî
e·��VZj�K�DJN{v»�oNUWY~H²³NPW4LE�YK\VZK�L���´*Lg�S@`L�LE�YK�@CD�LENPFcW«ñdò�ówôMëIõHí�NPV�DJFCWYWYKJDMLgK�XHLgF-Lg�YK�@CDMLgNUFcW
ûfîdòJúCëSñdíCQ`k�K�@CWwNPWY~,LE�S@`L�Lg�wK�Lu£9F�DJFck�j�FCWYKJWlLgVnV^�oWwDd�YBEFcWwNPpJK�FcW-VE�wDd�}@CDMLgNUzIN{LgNPK�VJ±��;�YNUV
k[FIXYKJTUNPWY~�V^Lu�oTUK}jfKJBEk�NULEV;LgFHXo�oWY@Ck[NUD�@CTUTU��D�Fck�j�FcVZK(VZNPWY~CTPK(�9?5��R\�¡ �VEjfKJDJN{SD�@�LgNPFCWYV
FCv*XwNU°�KJBEK�WlL�@`�YXYNPF�jYBZFCLgFIDJFCT�DJFck�jfFcWYKJWlLEV�NUWlLgF�@CBEewNULgBE@CBZ�[DJFCWwS~c�YBE@`LgNUFcWYV�±
�;�YKJW�QSKJ@CDd�"DJFck�j�FCWYKJWlL&D�@`W5efK
KJk}efKJXwXYKJX�£&NULE�5@`XYXYNULENPFcWY@CT�NUWwvxFcBZkH@`LENPFcW�Lg�S@�L

@CTPTUF�£>efFCLg�¦vx�YWwD�LgNUFcWS@CTb@CWYX�WYFcWwvx�wWYD�LENPFcWS@`TbefKJ�S@�zINPFcBZV4LgF0e�K�XwKJVED�BENUe�K�X�±ÁÂSFcB4NPWo¤
VZLd@`WYDJK`QY@
SBEV^LbK��oLEKJWYXwKJX1z`@CBENP@CWlL�FCv$LE�YK\@C�YXYNUF(jYBZFCLgFIDJFCTSVEjfKJDJN{SD�@�LgNPFCW[k[@��4NPWYD�TP�YXwK
Lg�YK-NPWwjY�wL�eY�w°�KJB&VENUpJK`Ö

ê&ë�ì�íMîY²
	JëMì�íMî ôMþ���íCø`ñMëoî�îgíMóSÿ Pí��Cí�³´�ïßNUv
²dñMëIîMîgíMóSÿ Pí��Cí��ï�	JëMì�íMî ôMþ���í.´,LE�YKJW
ð�ñdò�ówôMëoõHíCö-÷¨ê&ë�ì�íMîw²�	Jë�ì�íMî ôMþ���íCø`ñMëIî�îdíMóSÿ Pí��Cí���Ä��´

KJTUVEK[²,ð�ýIñdñdíuûfÿ�ö
÷Ëê&ë�ì�íMîY²
	JëMì�íMî ôMþ���íCø`ñMëoî�îgíMóSÿ Pí��Cí�YæÏ��´�æ
ð�ñdò�ówôMëoõHíCö-÷¨ê&ë�ì�íMîw²�	Jë�ì�íMî ôMþ���íCø`ñMëIî�îdíMóSÿ Pí��Cí���Ä��´S´ ÷

R,L�@CWl�¦LgNUk[K�LE�YK0ê;ëMì�íMî NUV�BZK�@CXo�å²xÙu´}LgF§@CDJD�KJjwL[WYK�£ NUWYDJFCk[NUWY~0jS@CDd¸CKMLgV1N{v�WYF`L
vx�YTPTb²x£9K4Dd�S@CWY~CK�Lg�YK�VZ�IWYDd�YBZFcWYNPpJ@`LgNUFcW VEKML��ÚFCv,ù9îdòJúCëSñdíMî���� ê&ë�ì�íMî�VEF1LE�S@`L
WYF.£
Lg�YK�VZ�IWYDd�wBEFcWYNUpJNUWY~§@`D�LgNUFcWYV�@CBZK©ýIñdñdíuûfÿ4@CWYXªûfîgòJúCë_ñdí.´MQb@CWYXß²³Ù×Ùu´�LgF0vxBEK�K"@0ew�w°$K�B
DJKJTUT�el�HDJFcWYVZ�Yk�NPWY~�@�BEK�DJKJN{zcK�X"jY@CDd¸CKML;zoNP@�LE�YK
@CDMLgNPFCW©ñdò�ówôMëIõHíc±¥R\XYXYN{LgNPFCWS@CTPT{�cQcLE�YK
@CD�LENPFcWYV&FCv:Lg�wK�ù9îgòJúCë_ñdíMî�D�@CW5e�K-jS@CBE@Ck�K�LgBZNPp�KJX�NPW�FcBZXYKJB;LgF�W·�Yk�KJBENUD�@CTUTU�[KJV^LgNPk[@`LEK
Lg�YK-NPXwTPKJWwKJVEV&jfKJBZNPFIXYV&@CWYX�Lg�YK-jS@`Dd¸CK�L\~cK�WYKJBE@`LgNUFcW�jY�S@CVZKJVJÖ

ù9îgòJúCë_ñdíMî
ï�ð,ûfîgòJúCë_ñdí�������� ����� ���! "�Jö-÷Ëù9îdòJúCëSñdíMî&æÏð�ü�ýCþ»ÿ$# ��% �!& ö
÷Ëù9îgòJúCë_ñdíMîIø
£&�YKJBZK\ûwýIñ$' (IíMó îZýCÿuí�@CWYX0úIí�{ý*)4@`BEK&Lg�YK�jS@CBE@Ck[KMLgK�BEV�FCv�Lu£9F}jYBEFCeS@CeYNUTPNULu��XYNPV^LgBZNPeY�o¤
LgNPFCW�vx�YWYDMLgNPFCWYV*£&�YNUDd��K��ojYBEK�VEV�Lg�YK;jY@CDd¸CKML�~cKJWYK�Bg@`LENPFcW4BE@`LgK,@CWYX}Lg�wK,NPXYTUKJWYK�VEV¥jfKJBZNPFIX
XY�YBg@�LgNPFCW�QwBZKJVEjfKJDMLgN{zcKJT{�c±��;�YK
Dd�YFcNUDJK-efK�Lu£9KJKJW�Lg�wK-Lu£9F�@CD�LENPFcWwV,NPV;jYBZFceS@CewNPTPNUVZLENPD�@`TPTU�
~c�YNPXwKJX"e·�1VE�YDd�5jYBEFceY@CeYNPTUNULu�[XYNPV^LgBZNPeY�wLENPFcWwVJ±
R,LbLg�wNPV�j�FcNUWlL�Q·NUv�£9K\£b@CWlL,LEF�XYKMLd@CNUT_LE�YK�V^�IVZLgK�kºel�[k[FIXYK�TPNPWw~-LE�YK�WYK�Lu£9FcBE¸_Qw£9K

kH@���@CXwX5@4LgK�BEk
+-, ýCóSó$í�$ï¿ð�ô.íMófú$ö-÷/.

.=ï�ð-ÿ³îEýCówôMõ4þ»ÿ  0���!�$1 # ��% �!& ö-÷{ð�úIí�Ëþ��CíMî·ö-÷ +-, ýCóSó$í�wæÏð2Pò.ô.í % 3�141 �5�! "� ö-÷ +-, ýCóSó$í��ø
£&�YNPDd��NPV�jY�oL9NUW�jS@CBg@`TPTPK�ToefK�Lu£9KJK�WHLg�wK
ù9îgòJúCëSñdíMî
@CWYX4Lg�wK
ê;ëMì�íMî�el�4VZNPk�jYTU�(Dd�S@CWw~`¤
NPWY~�LE�YK;DJFCk[k}�wWYNPDJ@`LgNUFcW(NUWlLgKJB^v³@CDJKbNPW}VZ�YDd�H@�£b@���LE�S@`L�WYF.£ÁLg�wK�ùbîgòJúCëSñdíMî\NUWlLgKJBE@CD�LEV
£&NULg�"Lg�YK +-, ýCóSó$í�:e·��V^�IWYDd�YBEFCWYNPp�NPWY~�Lg�YK(@CD�LENPFcWwV;ûfîgòJúCëSñdí�£&NULg��Lg�wK�@CDMLgNUFcW0ô.íMófúfQ

Ò



£&�YNPTUK}Lg�YK +-, ýCóSó$í�9@CWYX Lg�YK1ê&ë�ì�íMî1D�Fck[k��YWYNPDJ@`LgK4el� V^�IWYDd�YBEFCWYNPp�NPWY~"FcW0Lg�YK�@CD�¤
LgNPFCWYV�úIí�Ëþ��CíMî4@CWYXÇýIñdñdíuûfÿ-²xVEK�K�LE�YK-~cBg@Cjw�YNPDJ@CT$BZKJjYBZKJVEK�WlLd@`LENPFcW5FCv¥Â�NP~c�YBZK
�l´�±

consume

produce

send
wait lose

transmit deliver

accept

Channel

Buffer

Producer

Â*NU~c�YBEK-�oÖ��bFck[jfFcVZNPWY~�@C�wXYNPF�DJFCk[k}�wWYNPDJ@`LgNUFcW1VED�KJWS@`BENPF

�;�YK�@Ce�F.zCK�VZDJK�WS@CBENUF�D�@CW"e�K
efFCLE�"K�¶·�YNPjYjfKJX"VZLEKJj5e·�1VZLgK�j"£&N{Lg��k�FcBEK�XwK�Ld@`NPTPK�X
NPWwvxFcBZkH@�LgNPFCWA²xKC±t~Y±{Qoel�[VEjfKJDJN{v»�INPWY~�@CW�@CDd¸·WYF.£&TPK�XY~cK�k[K�W·L,k[K�Dd�S@CWYNUVEk3NPW�Lg�YK-ê&ëMì�íMî
@CWYXÏ@§vx�YTUT\XY�wjYTPK�� +-, ýCóSó$í�x´�Q\@`WYXÄKJWYBZNPDd�YK�XÄ£&NULg�ÐFCLg�YK�B1DJFCk[jfFcWYK�W·LEV©²³K`±É~Y±{Q&el�
@CXYXYNUWY~1@HBZKJD�KJNUzCKJB�D�Fck�j�FcWwKJWlL\£&�wNPDd� DJFCWYVE�Yk�KJV\Lg�YK(eY�w°�KJBEK�X jS@CDd¸`K�LgV�@`L
@�~cNUzCKJW
Bg@`LEK(@`WYX�jYT®@��IV&Fc�wL&Lg�YK�k1´�±��;�YKJBZK�vxFcBZKCQSLg�wBEFc�Y~C�5@4V^LgKJjl£&NUVEK�BEK�YWYKJk�KJWlL\k[FIXYKJTUNPWY~
jYBEFIDJK�VEVJQ¥£9K1DJ@CW¦jS@CVZV(vxBEFCk LE�YK1@`e�F.zcKHVENPk�jYTUNUSK�XÇVZDJKJWY@CBENUFALgFALE�YKHD�Fck�jYTPK��Ç@CWYX
XYK�Lg@CNPTUKJX©@CTP~CKJeYBE@CNPD}VZj�K�DJN{SD�@`LENPFcW©FCvb@"BZK�@CT�jwBEFCLEFoD�FcT*vxFcB�LE�YK�LEBg@CWwVEk�NPVEVZNPFcW F`vbVZFCv»L
BEK�@`T�LgNPk�K
@C�wXYNPF�F.zcK�B&LE�YK-suWlLgKJBZWYK�L}²³VZKJK`QfK`±É~w±UQ:Êt��Ì®´M±
R�V�KJk�jY�S@CVZNPpJK�XÇel�0Lg�wK�K��w@Ck[jwTPK�@CefF�zCKCQ��YWYTPNU¸CK4LgBE@CXYN{LgNPFCWS@CT*VZNPk}�wT®@`LENPFcW K�W·zIN¨¤

BEFcWYk�KJWlLEVJQwLE�YK-��?A��R��^ &VZj�K�DJN{SD�@`LENPFcWHjS@CBg@`XYNP~ck3jYBZF.zoNUXYKJV,LE�YK�WYKMLu£bFCBE¸1K�WY~cNPWwKJKJBZV
£&NULg�5@76SKM�oNUeYTPK�@CWYX�NUW·LE�YNULENUzCK
k[FIXYKJTUNPWY~(vxBg@Ck�K�£9FcBE¸[£&�YKJBZK�@CT{LgK�BEWS@`LENUzCK
DJFcWwY~c�YBg@�¤
LgNPFCWYV�D�@`W e�K}VZK�L-�Yj FCWo¤�LE�YKM¤86Y�A�wWYXYKJB
XwNU°�KJBEK�WlL
WYK�Lu£9FcBZ¸«Xw�IWS@Ck�NPD�VJ±
�;�YNUV�NPV�Xw�YK
LgF�Lg�YK-�YNU~c�YKJB&TUK�zcK�T�FCv�@`eYVZLEBg@CDMLgNPFCW5@�L�£&�wNPDd��Lg�YK-F.zcK�Bg@CTUT�VZ�IVZLEKJk D�@CW"efK(VZj�K�DJNUYKJX
@CWYX�Lg�YK-k�FoXY�wT®@CBZNULu��jYBEF.zINPXwKJX"e·��LE�YK-VEjfKJD�NUSDJ@`LgNUFcW�T®@CWY~C�S@C~cK`±

9:Æ 	�2[����%�	1'}���J� /+�$�J78���	��������
�;�YKAjYBZF.zoNUVENUFcWÎF`v�VENUk}�YTP@`LgNUFcW¦j�K�BZvxFcBZkH@`WYDJK�vxFcB�T®@`BE~cK�VZ�IV^LgKJk k�FoXYK�TPV�@`LH@CD�¤

DJKJjoLd@CeYTUK�D�FcVZLEVbNPW�LgK�BEk�V9F`v�k�KJk�FcBZ��@`WYX[LENPk�K�BZKJ¶·�YNUBEKJk�KJWlLEVbNPV�Lu�IjYNUD�@CTUTU��@CDd�wNPK�zCKJX
e·��LE�YWYNUWY~}Lg�YK-TUK�zcK�T�FCv�VENPk��YT®@`LENPFcWH@CeYV^LgBg@`D�LgNUFcWÇÊt��Ìr±9µ�W�Lg�YK-DJFCW·LEBg@CB^�cQSk�FcBEK�@CDJD��o¤
Bg@`LEK�VENUk}�YTP@`LgNUFcW�BEKJVZ�YTULEV,k[@.��efK�FceoLd@CNUWYKJX[e·�[NPWwDJBEKJ@CVENUWY~(LE�YK�TUK�zcK�T$FCv�XYK�Lg@CNPT_FCv�LE�YK
k[FIXYKJT×±*�:F�XYKJ@CTS£&NULE�[VZ�YDd��@�LEBg@CXwKM¤uF`°�e�KMLu£bK�KJW�@CD�DJ�YBE@CD���FCv�Lg�YK�k�FoXYK�T_@CWYXH@CDJD��o¤
Bg@CDM�HFCv$Lg�YK\VENPk��YT®@`LENPFcW�BZKJVE�wTULgV�QwVZK�zcK�Bg@CT$VENPk��YT®@`LEFcB�KJWlzINPBZFcWYk�KJWlLgVbjYBEF.zINPXYK\VE�Yjwj�FcB^L
vxFcB�VED�@`TPNPWw~0LE�YK�TPKMzcKJT&FCv�@CeYV^LgBE@CD�LENPFcW�±;:�F�£9K�zCKJB�Q,LgF0Lg�YK�efKJVZL[FCv�Fc�YB4¸·WYF.£&TPK�XY~cK
WYFcWYK4FCv�LE�YKJkâVE�YjwjYTPNUKJV�k�K�LE�YFoXwV
@CWYX«LEFoFcTUV\LEF1zcKJBZNUv»�"Lg�S@�L
Dd�S@CWY~CNPWY~1LE�YK}TPKMzcK�T¥FCv
VENPk��YT®@`LENPFcWÇ@CeYV^LgBE@CD�LENPFcW¦jYBZKJVZKJBZzCKJV4Lg�wKHvx�YWYDMLgNPFCWS@CT�DJFcWYVZNPV^LgKJWwD��¦FCv;LE�YK1XYKMzcK�TPFcjfKJX
k[FIXYKJTUVJ±&�:F[Lg�wNPV\@CNPk"Q_�,£bFc�:F.£bK�BEV
jYBZF.zoNUXYKJV�@[LgK�Dd�YWYNU¶I�wK�Lg�S@�L�k[@���e�K(KM�ojYTPFCNULgK�X
XY�YBENUWY~5LE�YK1V^LgKJjl£&NUVEK1BZK�SWYK�k[K�WlL4k[FIXYK�TPNPWw~"jwBEFIDJKJVZV�LgF"zcK�BENUv»�0LE�YKHD�FcBEBZKJD�LEWYKJVZV4FCv
K�@CDd�(BEK�YWYKJk�KJWlL�VZLgK�j�@`VnvxFCTPTPF.£&V�±*m·Ld@CB^LgNPWw~,vxBEFck=@,zCKJBZ�-VZNPk�jYTPK¥@CWYX(@CeYVZLEBg@CDML:k[FIXYKJT
£&�YNPDd�[VE�YBZKJTU�}D�@CjwLE�YBEK�V�LE�YK&vx�YWYD�LENPFcWY@CTYBEK�¶·�YNPBZKJk�KJWlLgV�QILE�YK&NPXYKJ@�NUV¥LgF�NULgK�Bg@`LENUzCKJTU��BEK�¤
SWYK1@`WYX§VZ�YeYVZLENULE�wLgK[NUL-£&NULE�ª@5k�FcBZK�XwK�Ld@`NPTPK�XÇFCWYKH�YWlLENPT�Lg�YK�jfFcNPWlL(NPV-BEKJ@CDd�YKJXÁ@�L

�



£&�YNPDd�"j�K�BZvxFcBZkH@`WYDJK�NUWwvxFcBZkH@`LENPFcW[@CefFc�wL;V^�IVZLgK�k @CD�LENUzINULENPK�V,@CBZK-@.z`@CNUT®@CewTPK\@CWYX�kH@��
e�K�@`LZLd@CDd�YK�X"LEF�LE�YK-k[FIXYK�Tr±
�;�YK5zCKJBEN{SD�@�LgNPFCWÎFCv\Lg�YK"vx�YWYDMLgNPFCWS@CT;DJFCWYVENUVZLgK�WYD���FCv�Lg�YK"XYNU°�KJBZKJWlL[k[FIXYKJTUV�NULZ¤

KJBg@�LgNUzCKJT{�ÇFCewLd@CNUWYKJX§e·�ÇVEDJ@CTPNUWY~�Lg�YK1TUK�zCKJTbF`v&@CeYV^LgBg@`D�LgNUFcWªNUV�@CD�DJFck�jYTUNPVE�wKJXÇ£&N{Lg�YNUW
�,£bFc�:F.£bK�BEV}£&N{Lg�ÇLE�YK�KJ¶·�YNUz`@CTUKJWYD�K[Dd�wKJDd¸·NPWY~5LgKJDd�wWYNP¶·�YK0ÊË���.Ìr±�suWÇKJVEVZKJWYD�KCQ�VZ�YDd�Á@
LgKJDd�wWYNP¶·�YK,D�FcWYVZNPVZLEV�F`vwvxFcBZkH@CTUTU��@CWYX�@C�wLgFCkH@`LENPDJ@CTPT{��zCKJBZNUv»�INPWY~�Lg�S@�L:LE�YK�VZLd@�LgK9LEBg@CWwVEN{¤
LgNPFCW1~cBg@`jY�YV;�YWYXwKJBET{�INPWY~�Lu£9F�DJFcWwVEKJD��wLgN{zcK���?A��R��¡ &VEjfKJDJN{SD�@�LgNPFCWYV,NPW[Lg�YK
V^LgKJjl£&NUVEK
BEK�YWYKJk�KJWlL�jYBEFIDJK�VEV��S@�zcK-k[@`LgDd�YNUWY~4FceYVZKJB^zC@`eYTPK
efKJ�S@�zINPFCBEVJ±�?"FcBEK-jYBZKJDJNUVEK�TU�cQw~cNUzCKJW
Lu£bF�KJ¶·�YN{z`@CTPK�W·LbVZLg@`LgK�V=<�>9@CWYX?<A@,NPW[Lg�YK�Lu£9F4~cBE@CjY�YV�Qo£&�YK�WYK�zCKJBB<�>�D�@CW�K��wK�DJ�wLEK-@CW
@CD�LENPFcW�C�Lg�·�YV-BEKJ@CDd�YNUWY~�VZLg@`LgKD<FE > Q$LE�YKJWG<A@-D�@CW0jfKJB^vxFcBEk Lg�YK4VE@Ck�K4@CD�LENPFcWHCª²³jfFcV¡¤
VENPewTU�[jYBEK�DJKJXwKJX5@CWYX�vxFcTPTUF.£bK�X1el��@4VEK�¶I�wKJWYD�K(FCv:k�FcBEK\XYK�Lg@CNPTUKJX�@CDMLgNUFcWYVbWwFCL;zINPVENUeYTPK
vxBEFck LE�YK\FC�wLgVZNPXYK�´�LE�I�wVbBEKJ@CDd�YNUWY~}@�VZLd@�LgKI< E@ KJ¶·�YNUz`@CTUKJWlL�LgF7< E > Qw@CWwX[zINPD�K�zCKJBEVE@�Ê¨�.��Ì×±
�;�I�wVJQf@CjYjYT{�INPWY~}K�¶·�YNUz`@CTUKJWYD�K
Dd�YKJDd¸·NPWw~�LEF��9?5��R\�¡ &VZj�K�DJNUYD�@`LENPFcWYVbBEKJXw�YDJK�V�LEF}zcKJB¡¤
NUv»�INPWY~[Lg�S@`L�Lg�YK}efKJ�Y@.zINUFcB�FCv�LE�YK4k[FCBEK�XwK�Ld@`NPTPK�X«VEjfKJD�NUSDJ@`LgNUFcW NPV�Lg�YK4VE@Ck�K4@CV�LE�YK
e�K��S@�zoNUFcB�FCv$LE�YK&k[FCBEK�@CeYV^LgBg@`D�L�VEjfKJD�NUSDJ@`LgNUFcW[�wj�LEF�LE�YK\WwK�£&TU�}NPWlLgBZFoXY�wDJKJX�XYKMLd@CNUTPVJ±
R�V&@CW�KM�w@Ck�jYTUKCQYD�FcWYVENUXYKJB&@4VZNPk�jYTPK�@C�YXYNUF4VZLgBZK�@Ck�NPWw~}k[K�Dd�S@CWYNUVEkãTUNP¸`K�Lg�YK
FCWYK

jYBEK�VEKJWlLEKJX§NUW0moK�D�LgNUFcW0�w±-�;�YK4VZNPk�jYTPK�VZL
@`eYVZLEBg@CDML-��?A��R��^ -k�FIXYKJT�FCv�VE�YDd�Ç@CW0@C�I¤
XYNPF«k�KJDd�Y@CWYNPVZk k[@��©DJFcWYVZNPV^L4FCv�@AeY�o°$K�B�£&NULE�¦@5w�oKJXÁDJ@CjS@CD�NULu�©NPWlLgF5£&�YNPDd�ªLE�YK
VEKJB^zcK�BbjY�wLEVb@`�YXYNPF
vxBE@Ck[K�V\²×@CDMLgNPFCW4ûfîgòJúCëSñdí�´�@`L9@-DJK�BZLd@`NPW�Bg@`LEK\@`WYX�vxBZFck¬£&�YNUDd�[LE�YK
BEKJD�KJN{zcKJB�£&N{Lg�YXwBg@�£&V
@C�YXwNPFHvxBE@Ck[K�V4²³@CD�LENPFcWÁñdò�ówôMëoõHí.´&£&N{Lg� @1~cN{zcK�W«Bg@`LEKC±-µ�W«LE�YK
FcWYK
�S@CWwX�QYNUv$£bK-¸·WYK�£ÛLg�wK
Bg@`LEKJV;@`Lb£&�YNPDd�"@C�YXwNPF�vxBE@Ck[K�V,@CBZK�jY�wL&NUWlLgF·¢�£&N{Lg�YXwBg@�£&W
vxBEFck=Lg�wKbeY�w°�KJB�QcVE�wDd��jfKJB^vxFcBEk[@CWYD�K9NUWwvxFcBZkH@`LENPFcW-D�Fc�YTPX(e�K9jYTP�w~c~cKJX�NPWlLgF�Lg�YK9k[FIXYKJT
Lg�·�YV�@`TPTPF.£&NUWY~�VENPk��YT®@`LENPFcW$±,µ�W5LE�YK�FCLg�YK�B\�Y@CWYX�QfVE�Yjwj�FcVZK�Lg�Y@`L�VE�YDd� jfKJB^vxFcBEk[@CWYD�K
NPWwvxFcBZkH@�LgNPFCWÚ@CBZK WYFCL�¸·WYF.£&WÕ@�L1Lg�S@�L�~cKJWYK�BENUD0@CeYVZLEBg@CDMLgNUFcWÄTPKMzcKJT×Q\ew�wL�k[FCBEK«XYK�¤
Ld@CNUTPKJXÎj�K�BZvxFcBZkH@`WYDJK5NPWwvxFcBZkH@�LgNPFCWÎ@`BEK«@�z`@CNUT®@CeYTUK"@Ce�FC�wL1KJ@CDd�ÄVEjfKJD�NUSD @`D�LgN{zINULu��FCv
Lg�YK[VZLgBZK�@Ck�NPWw~"k�KJDd�Y@CWYNPVZk VE�YDd�ª@CV�LE�YK1@`�YXYNPF�vxBE@Ck[K�~cK�WYKJBE@`LgNUFcW§jwBEFIDJKJVZV}@`L-LE�YK
VEKJB^zcK�BJQ*LE�YK�vxBE@Ck�K�BZKJD�KJjwLENPFcWÇjYBEFIDJK�VEV}@�L�LE�YK�DJTPNUKJWlL�QnLg�wKH@C�wXYNPF�jYTP@.�CFc�wL(VZLEBg@`LEKJ~C�CQ
@CWYXÇLE�YK[@CDd¸·WYF.£&TPKJXw~cKJk�KJWlL�LEBg@CWwVEk�NPVEVZNPFcW0k�KJDd�S@`WYNPVZk5±[suW§VE�wDd�¦@5DJ@CVEK`Q�£9K[WYK�KJX
@1k[FcBZK4@CD�DJ�YBE@`LgK4k�FoXwKJT�LE�S@`L�Lg@C¸CK�V
NPWlLgF�@`DJDJFC�YWlL
Lg�YK�@�z`@CNPTP@CeYTUK(jfKJB^vxFcBEk[@CWYD�K}NPWo¤
vxFcBEk[@`LgNUFcW�±"suW¦FcBEXwKJB�LEF«kH@`¸CK1VZ�YBEKHLE�S@`L(Lg�YK1k�FcBZKHXYKMLd@CNUTPKJX§��?A��R��^ �k�FIXYKJT�FCv
Lg�YK�k[K�Dd�S@CWYNUVEkÞNUV�@"D�FcBEBZKJD�L�BZK�SWYK�k[K�WlL�FCv9Lg�YK�k�FcBEK�@CewVZLgBE@CD�L�FcWwKCQ:KJ¶·�YNUz`@CTUKJWYD�K
Dd�YKJDd¸·NPWw~(NUV�@CjYjYTUNPK�X�LgF�LE�YK;VZLg@`LgKbLEBg@CWwVENULENPFcW�~cBg@Cjw�YV�FCvSLg�wK;k[FcBZK;@CeYV^LgBE@CD�L���?A�fR\�¡ 
k[FIXYKJT¥@CWYX©FCv,@�z`@CBENP@CWlL
FCv9Lg�YK�k�FcBEK4XYKMLd@CNUTPK�X0�9?5��R\�¡ (k[FIXYK�Tr±�mo�wDd�ª@1z`@CBENP@CWlL
NPV
FcewLg@CNPWwKJX el� �YNUXYNPWY~�@`TPT�LE�YK�@CDMLgNPFCWYV
FoD�DJ�YBZBENUWY~�NPW Lg�wK4k[FcBZK}XYKMLd@CNUTPKJX0��?A�fR\�¡ 
k[FIXYKJT�²³K`±É~Y±wÿ×îZýCówôMõ4þ»ÿE´�KM�oDJK�jwL�vxFcB*Lg�wFcVEK;FcBZNP~cNUWS@CTUTU�
K��wjwBEKJVZVEK�X�@CTPVZF
NPW}LE�YK;k[FCBEK;@CeI¤
VZLgBE@CD�L
�9?5��R\�¡ -k�FoXwKJTrQ_N×±ÉK`±_ûfîgòJúCëSñdí�@CWYX�ñdò�ówôMëoõHíC±�s�v�Lg�wK}KJ¶·�YN{zC@`TPKJWwDJK}Dd�YK�Dd¸·NPWY~
Fc�wLgD�Fck�K}NPV\j�FcVZNULENUzcK`Q�LE�YK}k�FcBEK(XYK�Lg@CNPTUKJX ��?A�fR\�¡ -k[FIXYK�T�FCv�LE�YK}k�KJDd�S@`WYNPVZkâNUV
@
DJFcBZBEKJDML;BEKMSWYK�k[K�W·L,FCv�Lg�wK�k�FcBEK\@CeYV^LgBg@`D�L;FcWwK�@CV�Lg�YK\e�K��S@�zoNUFcBbF`vn@CD�LENPFcWwV�ûfîgòJúCëSñdí
@CWYX¦ñdò�ówôMëoõHí-NUV;jYBEK�VEK�BZzcK�X�±

�



J�Æ ����%H�J�,�.'�	�������� ������4��%-�

R�WÏNPk�j�FCBZLd@`W·L1@CXwz`@CWlLd@`~cK FCv��,£bFC��F.£9KJBEV"NPV[Lg�YK jfFcVEVZNPeYNUTPN{Lu�ÎF`v(K��ojYTPFcN{LgNUWY~Ç£9KJTUT
¸IWwF�£&WÏvxFcBZkH@CT&zcK�BEN{SD�@`LENPFcWÚLEKJDd�YWwNP¶·�YKJV�LEF¦NPWlzcK�VZLgNU~l@`LEK«vx�YWYD�LENPFcWY@CT�jYBZFcjfKJBZLENPK�V1FCv
Lg�YK}jwBEFCLEFoD�FcTPV�±�suWYXYK�KJX�Q�£&N{Lg�«BZKJVZj�K�D�L�LEF1DJFcWlzCKJWlLgNUFcWS@CT¥VZNPk}�wT®@`LENPFcW�KJWlzINPBZFcWYk�KJWlLgV�Q
�,£bFc�:F.£bK�BEV�jYBEF.zINPXwKJV�zCKJBEN{SD�@�LgNPFCW«FCv�Lg�wK}Vg@`LENPV^v³@CD�LENPFcW5FCv�@C�YXYNUFHjYBZFCLgFIDJFCT�D�FcBEBZKJD�L^¤
WYKJVZV[jYBZFcjfKJBZLENPK�V4K�zcK�WÎefK�vxFCBEK�jYBZFoD�KJKJXwNPWY~ £&NULE�¦Lg�YK�DJ@CTPD��YT®@`LENPFcW§FCv ¯ Flm¦k�K�LEBENUDJVJ±
��BZFck�NPWYK�W·L�KM�w@Ck�jYTPK�V�FCv·vx�YWYD�LENPFcWY@CTCzcK�BEN{SD�@`LENPFcW-@`BEK¥Dd�YK�Dd¸·NPWY~�Lg�S@`L�@CW�@C�YXYNUF,jS@CDd¸`K�L
KM�oDd�S@CWY~CK5k�KJDd�S@`WYNPVZk+XYFIKJV4WYF`L4TPKJ@CXªLgF XYKJ@CXYTUFoDd¸_Q�DJFcWlLEBEFcTUTPNPWw~5Lg�Y@`L�DJK�BZLd@`NPWÁ@CD�¤
LgNUzIN{LgNPK�V�@CBEK"D�@`BEBENUKJX�Fc�wL[@CD�DJFcBZXYNPWY~0LgFÇ@0~cNUzCKJWÐFCBEXYK�BJQbFCB�K�WYVE�wBENPWw~ÇLg�Y@`L�DJKJB^Ld@CNUW
BEKJVZFc�YBZDJKJV�@CBEK
�wVEKJX5NPW"@4k}�wLE�S@CTPT{�HK��oDJTP�wVENUzCK�£b@��c±
�;�YK9LEKJDd�YWYNU¶·�YK,@CXwFcjwLgK�X}NPW��,£9Fc��F.£9KJBZV¥LgF�jwBEF.zINPXYK�VE�YDd��@&zcK�BENUYD�@`LENPFcW�VE�Yjwj�FcB^L

NPV&D�@CTUTPK�X�k[FIXYKJT$Dd�YKJDd¸·NPWw~0Ê¨����Ì×±�ÈÏN{Lg�"k[FIXYK�T�Dd�YKJDd¸·NUWY~[£9K(BZK�vxK�B&LEF4Lg�YK(@CD�LENUzINULu�HFCv
KM�ojYBEK�VEVZNPWY~
@`�YXYNPF&jYBZFCLgFIDJFCTcvx�YWYD�LENPFcWY@CTlBEK�¶I�wNPBEK�k[K�WlLgV:e·�-k�K�@`WYVnFCvS@&VEKML*FCvovxFcBEk��YT®@CV
NPW1VZFck[K�LgK�k[jfFcBg@`TfTUFc~cNUD�@CWwXHzcK�BENUv»�INUWY~�Lg�Y@`L;@�~CNUzcK�W���?A��R��¡ ;VEjfKJD�NUSDJ@`LgNUFcW1FCv�LE�YK
@C�YXYNUF«jYBEF`LgFIDJFcT�NPV�@Ak[FIXYK�T�vxFcB�Lg�YFCVEKHvxFcBZk}�YTP@CVJQ�Nr±tKC±:NUL(j�FcVZVEK�VEVEK�V�LE�YKHjwBEFcjfKJB^LgNPK�V
vxFcBEk[@CTPT{��XYKJVZDJBENUe�K�XAel�1LE�YFcVEK
vxFcBZk}�YTP@CVJ±
R�V�@CW©KM�w@Ck�jYTPK`Q:NUW0FcBEXYK�B
vxFcB�Lg�YK�@C�wXYNPF�VZLEBEKJ@Ck[NUWY~�k[K�Dd�S@CWYNUVEkÞF`v;moK�D�LENPFcWÇ�

LgF¦efK«DJFcBZBEK�D�LgT{�ÚXYK�VENU~cWYKJX$Q\N{L1NPV[BEK�¶I�wNPBEK�XÄLg�S@`L1WYF¦@C�YXwNPF§vxBE@Ck[K�V�@CBZK«KJWY¶·�YK��YKJX
NPW0Lg�YK[BEKJD�KJN{zoNUWY~"eY�w°�KJB�N{v9LE�YK��Ç@CBZK[WwFCL�jwBEFIXY�YDJK�X§el�0Lg�YK�VEK�WYXYK�BJ±��;�YNPV�¸·NPWYXÇFCv
vx�YWYD�LENPFcWY@CT9BZKJ¶·�YNUBEKJk�KJWlL4DJ@CW¦efKHD�@`jwLg�YBZKJXÁel�§k�K�@`WYV�FCv�@"vxFcBEk}�wT®@5K��ojYBEK�VEVEK�XÎNUW
Lg�YK1LEKJk�j�FcBE@CTbTUFc~cNUDHNPk�jYTUKJk�KJWlLgK�XªNPW¦�,£9Fc�:F�£9KJBZV[LE�S@`L4K�VZLd@`eYTPNUVE�YK�V}Lg�YK�FcBZXYKJB4NUW
£&�YNPDd�5@CD�LENPFcWwVbûfîdòJúCëSñdí�@CWwXªýIñdñdíuûfÿ9k}�YVZL&efK-KM�oKJD��wLgK�X�±�R,L�LE�YNPV;jfFcNUW·LJQoLE�YK-k[FIXYKJT
Dd�YKJDd¸`KJB�@�z`@CNPTP@CeYTUKHNPW¦LE�YK�vx�YWYD�LENPFcWY@CT;@CWS@`TU�IpJK�B�F`v��,£9Fc�:F�£9KJBZVHDJ@CWÎefK�KJk�jYTPF.�CKJX
LgFª@`�wLgFck[@`LENPD�@`TPTU�0zCKJBEN{v»�Á£&�YK�LE�YKJB�Lg�YKA�9?5��R\�¡ [k[FIXYK�T�F`v�Lg�wK«@C�YXwNPF©VZLgBZK�@Ck�NPWw~
k[K�Dd�S@CWYNUVEkãVE@`LgNUVZSK�V�LE�YNPV,vx�YWwD�LgNUFcWS@CT$BEKJ¶·�YNUBEK�k[K�W·LJ±

K�Æ �4�����\�
	���"	-�������

R\v»LgK�B\vxFcBZkH@`TPTU�[zcK�BENUv»�INUWY~[LE�S@`L
@�~cNUzCKJW ��?A�fR\�¡ 
k�FoXwKJTnFCv�@CW«@C�YXYNUFHjYBZFCLgFIDJFcT
Vg@`LENPVZYKJV;vx�YWYDMLgNPFCWS@CT$jwBEFcjfKJB^LgNPK�V,FCv�NPWlLgK�BEK�VZL�Qw�,£bFc�:F.£bK�BEV�@CTPTUF�£&V�Lg�YK
WwK�Lu£9FcBE¸�K�WY~cN{¤
WYKJK�B�LgF1XwKJVED�BENUe�K�LE�YK ¯ F·m"k[KMLgBENUDJV�Lg�S@`L�@CBEK(BEK�TPK�z`@CWlL\vxFcB�LE�S@`L�jYBEFCLEFoD�FcTr±����ojwNPD�@`T
DJFcWYVZNPXYK�BEK�XAk�K�LgBZNPD�V,vxFcB&@C�YXYNUF4F.zcKJB�s¡�Ú@CBZK
Lg�YK
vxFcTUTPF.£&NPWY~�ÊÉ�.ÌrÖ

L Lg�YK-¶·�S@CTUNULu��F`v�LE�YK-j�K�BEDJK�NUzCKJX«@`�YXYNPFwQw£&�YNPDd�"NPV�@`°�KJDMLgK�X5el��Lg�wK-Lu�IjfK(F`v*�YVZKJX
DJFIXYKJD(@CWYX�LE�YK-KM�oj�K�BENUKJWYD�KJXAjY@CDd¸CKML�TUFcVEV&Bg@�LgK*M

L Lg�YK�NPWlLgK�Bg@CDMLgNUzIN{Lu�[XwKJ~cBZKJK�FCv�LE�YK
@C�wXYNPF}D�Fck�k}�YWYNUD�@`LENPFcW�Qc£&�wNPDd��NPV9NPWN6Y�YKJWYD�KJX
el��Lg�YK�@�zcK�Bg@C~cK-jS@`Dd¸CK�L�@C�YXwNPF�jYT®@��CFc�wL�XYKJTP@���@CWYX�Lg�wK,ÑZN{LELEKJBJ±

Ü



�;�YK ¯ F·mHk�K�LgBZNPD�VbTPNU¸CK�Lg�YFcVZK�k�KJWlLgNUFcWYKJX1@Ce�F.zCK�D�@CW�efK�XYKMSWYK�X5@`WYX�K�z`@CTU�S@`LgK�X
XY�YBENUWY~�VENUk}�YTP@`LgNUFcWABZ�YWYV�£&NULE�YNPWA�,£bFc�:F.£bK�BEV(@CV
XYKMLd@CNUTPKJXANPWALE�YK}vxFcTPTUF.£&NPWY~Y±
moNPWYD�K
�9?5��R\�¡ ;k�FIXYKJTUV9@`BEK�DJFck�j�FCVEKJXHFCvn@CDMLgNPFCWYVJQlLg�wK�VENUk}�YTP@`LgNUFcW�FCv�@CW1�9?5��R\�¡ bk[FIXYKJT
DJFcWYVZNPV^LgV�FCv*K��oKJDJ�oLgNPWw~[N{LgV;DJFCWYVZLENULg�wKJWlL\@CD�LENPFcWYV�±
Â*NPBZVZL�QI@CTUTSLg�YK�z`@CTU�YKJV�vxFcB�jYBEFceY@CeYNPTUNULu�4XwNPVZLEBENUeY�wLgNUFcWYV�NPWlzcFCTUzcK�X1NPW[Lg�YK\VENPk��YT®@`LENPFcW

@CBEK}VE@Ck�jYTPK�X5Lg�wBEFc�Y~C�«jYVEK��YXYF�Bg@`WYXYFck W·�Yk}efKJB�~CKJWYK�Bg@`LEFcBEV�±
ÂSFcB\NUWYVZLg@CWYD�KCQ$TUK�L��YV
DJFcWYVZNPXYK�B,Lg�YK�LEBg@CWwVEk�NPVEVZNPFcW[XYKJTP@��HLg�Y@`L;NPVb@CW�NPk�j�FCBZLd@`W·L�v³@CDMLgFcB;@�°$K�D�LgNUWY~�LE�YK-@�zcKJB¡¤
@C~cK�jS@`Dd¸CK�L\@C�wXYNPF}jwT®@��cFc�oL&XYKJTP@.�C±�mo�YjYjfFcVZKCQS@CV;VZKJK�W"NUW�moK�D�LgNUFcW��wQwLE�S@`L,LE�YK
@CDMLgNUFcW
XYKJWYF`LgNPWw~�Lg�YK�LgBE@CWYVEk�NPVZVENUFcWHFCv�@�jS@CDd¸`K�L&NPV�ÿ³îEýCówôMõ4þ»ÿ  0���!�$1 # ��% �!& QI£&�YKJBZK�Lg�YK\XY�YBE@`LgNUFcW
FCv9LE�YK�BEK�T®@`LEKJX©@CD�LENUzINULu�ANPV
XYK�VED�BENPefKJX©el� jS@CBE@Ck�K�LgK�B4ÿ×îZýCówô úIí�{ý*)5@CVZVEFIDJN®@�LgKJX0£&NULE�
@�jS@CB^LgNPD��YT®@`B�jwBEFceS@`eYNPTUNULu�4XYNUVZLEBENPew�wLgNUFcW«²xKC±t~Y±Y@`W1KM�ojfFcWYKJWlLEN®@CTfXYNPV^LgBZNPeY�wLENPFcWS´M±*�;�wKJBEK�¤
vxFcBEK`QfKJ@CDd�ALENPk�K�VZ�YDd� @CWA@CD�LENPFcW"FIDJDJ�wBEVJQ_£9K(VE@Ck[jwTPK�@�z`@CTU�YK
vxFcB;Lg�YK�LgBg@`WYVEk�NPVZVENPFCW
XYKJTP@.�Õ²³@CDJD�FcBEXYNUWY~0LgFÇLE�YK«@`VEVEFIDJNP@`LgK�XÐjYBZFceS@CewNPTPN{Lu�ªXYNUVZLEBENPew�wLgNUFcW_´�LgFÇDJFck�jY�wLEK"LE�YK
LgNPk�K-LgFHefK�K�T®@CjwVEKJX5LgFHD�Fck�jYTPKMLgK-Lg�YK(BEKJTP@`LgK�X @CDMLgNUzIN{Lu�c±&suW @CT{LgKJBZWS@`LENUzcK`Q_NPWYV^LgK�@`X«FCv
e�K�NPWY~�Bg@`WYXYFck�TU�[Vg@Ck�jYTUKJX�QYVZ�YDd�«@}z`@CTU�YK
D�@CW"efK�BZK�@CX�vxBEFCkã@4VE�YN{Ld@CewTPK�STUK
NPW�D�@`VEK
FCv$LEBg@CD�K\XYBZNUzCKJWHVZNPk}�wT®@`LENPFcW�±:�;�YNUV�TP@`LELEKJB�k�FoXS@`TPNULu�(NPV��YVZKJXHLEF(DJ@CjwLE�YBEK&LgBE@CDJK�FCv�TUNUzCK
LgBg@�¹[D
LEF[efK
NPW�ÑZK�D�LEKJX"NPWlLgF4Lg�wK�VZNPk}�wT®@`LENPFcW1K�WlzoNUBEFcWwk[K�W·L�NUW"FCBEXYK�B&LEF�K�z`@CTP�Y@`LgK�LE�YK
VENPk��YT®@`LEKJX�VZ�IV^LgKJk�BZKJVZj�FcWwVEKJV�±
�;�YKJW�Q·XY�wBENPWw~
@�VENUk}�YT®@�LgNPFCW�BE�wW�Q ¯ F·m�k[KMLgBZNPDbBZKJTP@`LgK�X4Vg@Ck�jYTPK�V�@CBZK;DJFcTUTPKJDMLgK�X}el�

FceYVEK�BZzINPWw~�LE�YK;FoD�DJ�YBZBEK�WYDJK�V9FCvfLg�wFcVEK&@CDMLgNUFcWYV¥£&�YNUDd�[@`BEK&BEK�TPK�z`@CWlL¥vxFCB¥Lg�YK;k�K�LEBENPD�V�FCv
NPWlLgK�BEKJV^L�±�?5FcBZK(jYBZKJD�NPVEK�TU�CQ$@�BEK�£b@CBZX NPV�@CVEVZFoD�N®@`LEKJXA£&N{Lg�"K�@CDd� BZKJTUK�z`@CWlL�@`D�LgNUFcW5@CWYX
@CW�@CD�DJ�Yk}�wT®@`LEFcB�k[KJ@CVE�YBZKJV�Lg�YK�@Ck[FC�YWlL9F`vn@CDJD��Yk}�YTP@`LgK�XHBZK�£b@CBEX�QoNr±tKC±lLg�wK�@CD�DJ�Yk��o¤
T®@`LEFcB
NPV-NPWwDJBEK�k[K�WlLgKJXÇel�©LE�YK�BEKM£,@CBZX§z`@CTP�wK�KJ@CDd�ÇLENPk�K}Lg�S@�L�@`D�LgNUFcW©NPV-j�K�BZvxFcBZk[K�X
XY�YBENUWY~HVZNPk}�wT®@`LENPFcW�±�R�V\@[D�FcWYVZKJ¶·�YKJWwDJKCQ$K�@CDd� ¯ F·m�k[KMLgBZNPD-NPV&XYKMSWYKJX0@`V�@CWA@CBEN{Lg�o¤
k[KMLgNPD
K��ojYBEK�VEVENUFcW5£&�wFcVEK�DJFcWwVZLgN{Lg�YK�WlLgV\@CBEK
Lg�wK�@CDMLgNUFcWYV;FIDJDJ�wBEBENUWY~�NPW�Lg�wK(��?A�fR\�¡ 
k[FIXYKJT×±[�;�wK[KMzC@`TP�S@`LENPFcW0FCvbVE�YDd�ª@CWÇK��ojYBEK�VEVENUFcW¦@`L-LE�YK[K�WYX§F`v;@�VENPk��YT®@`LENPFcW BZ�YW
DJFcWYVZNPV^LgV4FCv&BZKJjYTP@CDJNUWY~«K�@`Dd�Î@`D�LgNUFcW§FIDJD��YBEBZNPWY~ANPWªLg�wK1KM�ojYBZKJVEVZNPFcW¦£&N{Lg�§LE�YK�DJFcBZBEK�¤
VEjfFcWYXYNUWY~ª@CD�DJ�Yk��YT®@`LEKJXÚBZK�£b@CBEXÎzC@`TP�YK`±Û�;�wNPVHTUK�@CXwV�LEFÇLg�wKADJFCk[jY�oLd@`LENPFcW�FCv�LE�YK
@.zCKJBE@C~cKCQ¥LE�YK[z`@CBZN®@CWwDJKCQ*FcB�LE�YKHjwBEFceS@`eYNPTUNULu� XYNUVZLEBENPew�wLgNUFcWÇF`v,Lg�YKHVEjfKJDJN{SKJX§j�K�BZvxFcB¡¤
kH@CWwDJK
k�K�LgBZNPD`QILEFc~cK�LE�YKJB9£&NULg�1LE�YK
BEK�T®@`LEKJX�D�FcWwSXYK�WYDJK-NUW·LEKJB^zC@`TPVJ±¥Â_FCB,NPWYV^Ld@CWwDJKCQoel�
k[KJ@CVE�YBZNPWY~HXY�YBENUWY~HLE�YK}VENUk}�YTP@`LgNUFcW�Lg�YK�LENPk�K�K�T®@CjYVZKJX«efK�Lu£9KJK�W©LE�YK(ûfîgòJúCëSñdí4K�zCKJWlL
@CWYX Lg�YK«ñdò�ówôMëIõHí4KMzcKJWlL(BEK�T®@`LEKJX LgF�KJ@CDd�ÇjY@CDd¸CKML�Q�@CWYX0el� K�z`@CTU�S@`LgNUWY~HzIN®@HLE�YK�BEK�¤
£,@CBZX[LEKJDd�YWYNU¶·�YK�@CefF.zcK&Lg�YK�KM�ojYBZKJVZVENPFCWHPò.ô.í�Ów²OPò.ô.í$æ�ñdò�ówôMëIõHí.´�QI£9K�kH@��4V^Lg�YXw��LE�YK
LgBg@`XYK;FC°1efK�Lu£9KJK�W[LE�YK,jS@CDd¸`K�L�TPFCVEVEK�V�@CWYX}Lg�wK&@.zCKJBE@C~cK;jS@CDd¸`K�L9@C�YXwNPF
jYTP@.�CFc�wL�XwKJT®@��C±

P Æ �������
������� ���"! %H�(����	1%�'��"�(�¦A�$�J� /+��á}�f�b�Iá ½ ���
�;�YK,Lu�Ij�K�V¥FCv_BEK�VEKJ@CBEDd�4£9K;�S@�zcK,XYKMzcK�TPFcjfKJX4NUW�Lg�YK9SKJTUX}FCv_s¡� LgKJTUKJjY�wFcWl��el�(KM�ojYTPFCNULZ¤
NPWY~4Lg�wK(��?A�fR\�¡ M¢`�,£9Fc�:F.£bK�BEV\LEKJDd�YWwFcTPFc~`�1v³@CTPT�NPW�Lg�wK-Lu£9F�vxFcTPTUF�£&NUWY~}DJ@`LgK�~cFcBENUKJV�Ö

L ¯ F·m�jwBEKJXwNPD�LENPFcW�F`v¥@CW5@C�YXwNPF4k�KJDd�S@CWwNPVEkºLgF�e�K-XYKMzcK�TPFcjfKJX�±

L ¯ F·m�D�Fck�jS@CBENUVEFcW�F`v*VZK�zcK�Bg@CTnK��wNUVZLENPWY~�@C�YXwNPF�k[K�Dd�S@CWYNUVEk�VJ±

�



P Æ³Å_Æ �������(� ½ À-Q³�C�RQx�TS

?A@CWl�HsuWlLEKJBEWwK�L&@C�wXYNPF�LgFIFcTPV�£9KJBEK�XYKJVZNP~cWYK�X�@CWYXHXYK�zCKJTPFCj�K�X1Lg�S@`L9jYBZF�zINUXYK�@CWH@C�YXYNUF
¶I�Y@CTPN{Lu��£&�YNPDd�5NPV&DJFck�jS@CBE@CeYTUK-LEF�LE�S@`L\FCv*LE�YK�DJNPBZDJ�YN{LZ¤�VZ£&NULEDd�YKJX"LgK�TPKJjw�YFcWYK�VZ�IVZLEKJk"Q
@`L1@0Lu�IjYNPDJ@CT&Vg@Ck�jYTPNUWY~ Bg@�LgK"FCv-Ü0¸U:�pC±Ï�;�YFcVZKAs¡� @C�wXYNPF0LgFIFcTPV�QbVZ�YDd�Ä@CVWV\K�X�FCL
@CWYX"Bg@`LJQYFcjfKJBg@�LgK
el��jfKJBENUFoXwNPD�@`TPTU��VE@Ck�jYTPNUWY~�Ld@`TP¸·VEjY�wBZLgV&~cK�WYKJBE@`LgK�XA@�L;Lg�YK
VZKJWYXYNUWY~
�YFcVZLJQ·jS@CDd¸CKMLgNUpJNPWw~�LE�YKJk"QI@CWYX�LgBg@`WYVEk�NULZLgNPWw~�Lg�YK&FceoLd@CNUWYKJX�jS@CDd¸`K�LEV9LgF-Lg�wK�BZKJD�KJNUzINUWY~
VENULEK\�wVENPWw~(XS@�Ld@C~cBE@Ck eS@`VEKJX[DJFcWwWYKJDMLgNPFCWYV
²xKC±t~Y±·y i ��´M±·���IjYNPDJ@CTPT{�cQlLg�YFCVEK�jS@CDd¸CKML;@C�I¤
XYNPF�@CjwjYTPNUD�@`LENPFcWYV�KJk�e�FIXw�H@CXS@CjwLENUzCK�jYT®@��CFc�wL;k�KJDd�S@`WYNPVZk[VbLE�S@`L&@`BEK��YVZKJX�LgF4ew�w°$K�B
Ld@CTU¸IVZjY�YB^L,jS@CDd¸`K�LEV&@`L9LE�YK�BZKJD�KJNUzINUWY~�VZNULgK�@CWYX�LgF}XYK�T®@��4Lg�wKJNPB9jYT®@��CFc�wL�LgNPk�K&NPW[FcBEXYK�B
LgF�DJFck�j�K�WYVg@�LgK
vxFcB,z`@CBENP@CeYTUK�WYKMLu£bFcBZ¸�XYKJTP@.�IV�±
G�K�DJKJWlLETU�cQ&@©WYK�£èjYTP@��cFc�wL[k�KJDd�S@CWwNPVEk ÊË��Ò�Ì��S@CV[e�K�KJWÚXwKJVENU~cWYK�XÐLg�S@�L�Q;�YWYTUNP¸`K

FCLg�YK�BEV�Q:Xo�oWY@Ck[NUD�@CTUTU�A@CXS@CjoLgV�Lg�wK�Lg@CTP¸·VZjY�YBZL-jwT®@��cFc�oL-XYKJTP@.�IV
LgF�LE�YK�WYK�Lu£9FcBE¸5LgBg@�v®¤
SD DJFcWwXYNULENPFcWYV[@CVZVE�Yk�NPWY~§WYKJN{Lg�YK�BHLg�YKAKM�oNPV^LgKJWwDJK FCv(@CWÚK��ILgKJBZWS@CT�k�KJDd�Y@CWYNPVZk vxFCB
kH@CNUWlLd@CNUWYNPWY~Ç@CWÏ@CD�DJ�YBE@`LgK D�TPFIDd¸ÎV^�IWYDd�YBEFCWYNPpJ@`LgNUFcWÄe�KMLu£bK�KJWÛLg�YK«VZKJWYXwKJB"@CWYXÚLE�YK
BEKJD�KJN{zcKJB�Q�WwFcB
@�VEjfKJD�NUSD4XYNUVZLEBENPew�wLgNUFcW«FCv�Lg�YK4K�WYXo¤rLgF`¤�KJWYX LgBE@CWYVZk[NUVEVENUFcW XYK�T®@��IV
KM�·¤
j�K�BENPK�WYDJK�XÎel�ÇLg�YK�@C�wXYNPF«jY@CDd¸CKMLgVJ±¦�;�wNPV4jYTP@.�CFc�wL4k�KJDd�Y@CWYNPVZk+NUV�Lg�YK�eY@CVENUV}FCv\@CW
suW·LEKJBZWYK�L�@C�YXYNUF�LgFIFcT×QwD�@`TPTPK�X�abFcR��
QSXwK�zcK�TPFcjfKJX"@`L;LE�YK-y\WwNUzcK�BEVZNULu��FCv�abFCTPFc~cWY@�²³VZKJK
YUZ[Z]\_^
`a`�bUced�f]g[hec�i_jlk[mnboj�paqrfAiTgsjlfRZt`*uvg*w]x�`am�btk ´�±èmo�YD�DJNPWwD�LgT{�cQ�Lg�YK«LEKJDd�YWYNU¶·�YK©vxFCB
Xw�IWS@Ck�NPD�@`TPTU�Ç@CX�ÑZ�YVZLENPWY~«LE�YK1Ld@CTU¸·VEjY�YB^L�jYT®@��CFc�wL�XYK�T®@��§NUV4eS@CVZKJXÁFcWÁFcewLg@CNPWYNUWY~YQ¥NUW
j�K�BENPFIXYNUD�NUWlLgKJB^z`@CTPV�Q$@CW5KJV^LgNPk[@`LENPFcW"FCv¥LE�YK��Yjwj�K�B�efFc�YWYXAvxFCB�LE�YK�jS@`Dd¸CK�L
LEBg@CWwVEk�NPV^¤
VENPFCW}XYKJTP@��oV�K��oj�K�BENPK�WYDJK�X�XY�YBENUWY~
@CW}@C�YXYNUF�DJFck�k}�YWwNPD�@�LgNPFCW�±�mo�YDd��@CW}�Yjwj�K�B¥e�FC�YWYX
NPV¥jfKJBZNPFIXYNPDJ@CTPT{��DJFCk[jY�oLgKJX��YVZNPWY~�BEFc�YWwX}LgBENUj�LgNUk[K�z`@CTP�YK�V¥FcewLg@CNPWwKJX�vxBZFck¿jY@CDd¸CKML�KM�·¤
Dd�S@CWY~cK�V;FCv:@(LE�YBEK�K�£,@��H�S@CWYXYVZ�S@C¸`K
jYBEFCLEFoD�FcTfj�K�BZvxFcBZk[K�XHefK�Lu£9KJKJW�Lg�wK�VEK�WYXYKJB,@CWYX
Lg�YK}BZKJD�KJNUzCKJB�±
R,L�Lg�YK�KJWYX FCv�VZ�YDd�©@HjYBZFCLgFIDJFcT×QfLE�YK}BZKJDJK�NUzCKJB�NUV�jYBZF�zINUXYKJX«£&N{Lg�ALE�YK
VEKJWwXYKJB�qÉV�KJV^LgNUkH@`LEK[F`v�@CWª�YjYjfKJB�e�Fc�wWYXªvxFcB-Lg�YKHLEBg@CWwVEk�NPVEVZNPFcWÇXYKJTP@��ÇLE�S@`L}DJ@CWªefK
�YVEK�X�NUW§FcBZXYKJB�LgF«Xo�oWY@Ck[NUD�@CTUTU�«@CX�ÑZ�YV^L}Lg�YK�Ld@CTU¸·VEjY�YB^L}jYTP@��cFc�wL�XYKJTP@��§@`WYX§Lg�wK1BEK�¤
DJKJN{zcK�B(eY�o°$K�B�VZNPp�KC±�R>D�FcBEBZKJDML�K�VZLgNUkH@�LgK4FCv9VE�YDd�§@CWÇy\jYjfKJB�abFc�wWYXÇvxFcB�LE�YK�@C�YXYNUF
jS@CDd¸CKMLgV���BE@CWYVZk[NUVEVENUFcW i K�T®@��§²³XYK�WYFCLgK�X©@CV
y�a9� i ´\BEK�jYBEK�VEKJWlLEV�@HzCKJBZ�ANPk�j�FCBZLd@`W·L
jS@CBg@`k[KMLgKJB9FCvnLg�YK�@C�YXYNUF�DJFCW·LEBEFcT�k[K�Dd�S@CWYNUVEk>VENUWYDJK�N{LbXwNPBEK�D�LETU��NPWN6Y�YKJWYD�KJV,LE�YK�SWS@`T
Ld@CTU¸IVZjY�YB^L-jYT®@��cFC�wL-XYKJTP@��Az`@CTP�wK}j�K�BED�KJNUzCKJXÇe·�5Lg�YK�BZKJDJK�NUzCKJBJ±��;�YK�jYBEFcjfFcVZKJX©@C�YXYNUF
DJFcWlLgBZFcT&k[K�Dd�S@CWYNUVEk#~C�S@CBg@`W·LEKJK�V�LE�S@`L�Lg�YK�Ld@`TP¸·VEjY�wBZL�jYT®@��CFc�wL�XYKJTP@��¦kH@��¦efK�Xw�l¤
WS@Ck�NPD�@`TPTU��VZK�L�vxBEFckãFCWYK
Ld@CTU¸IVZjY�YB^L�LEF4Lg�YK�WYKM�ILJQ_£&N{Lg�YFC�wL&D�@C�wVENPWw~[~l@`jYV&NPWYVZNPXYK�LE�YK
Ld@CTU¸IVZjY�YB^L
Lg�YK�k[VZKJTUzCKJV�Q:jwBEF.zINPXYK�X0LE�S@`L
NUWlLgKJB^zcK�WYNPWY~�VZNPTPK�WYDJK4jfKJBZNPFIXYV�FCv�VZ�w¹�DJNPK�WlLgTU�
TPFcWY~�XY�wBg@`LENPFcW�@CBZK-KM�ojYTPFCNULgK�X�vxFcB,Lg�YK�@CX�ÑZ�YVZLEk[K�W·LJ±
suW©FCBEXYK�B�LgF�XYK�zCKJTUFcjÇVZ�YDd�Ç@�k�KJDd�Y@CWYNPVZkâ£&N{Lg�YFc�oL
NPWYD��YBEBZNPWY~�NUW«Lg�YK�D�FcVZLEV�Xw�YK

LgF§LE�YKATP@`LgK�XYNUVEDJF.zCKJBZ�ÐFCv
K�BEBEFCBEV1@`WYXÐNUWYK�¹�DJNUKJWYD�NPK�VJQ;jS@CB^LHF`v
Lg�YK5XYKJVZNP~cWÎjYBEFIDJK�VEV
�S@CV�BZKJTUNPKJX©FcW©VENUk}�YT®@�LgNUzCK�k[FIXYKJTUNPWY~�@`WYX§K��wjfKJBZNPk�KJWlLd@�LgNPFCW©£&N{Lg�§�,£9Fc�:F.£bK�BEVJ±"suW
KJVEVZKJWYD�KCQ¥LE�YK[D�FcWYV^LgBE�wD�LgNUFcW©FCvbLE�YKH��?A�fR\�¡ (k[FIXYKJT�F`vbLg�wKH@C�wXYNPF�k�KJDd�S@CWwNPVEk �Y@CV
e�K�KJWÛjS@CBZL�F`v(LE�YK XYKJVZNP~cWÛjYBZFoD�KJVEV�FCv�Lg�wK k[K�Dd�S@CWYNUVEk N{LgVEK�TUv¡±¿�;�YK ¯ FlmÚY~c�YBEK�V
FcewLd@`NPWYK�X�vxBZFckºLE�YK-��?A��R��¡ �k�FoXwKJT$�Y@.zCK�LE�YBEWwKJX"Fc�wL;LgF4efK-�YVEKMvx�YT�LgF�jYBZKJXYNUD�L;LE�YK

�.�



@CXYKJ¶·�S@`D��4FCvSLE�YK;jfFcTPNUD���@CXYFCjwLgK�X�NUW�Lg�wK,XYKJVZNP~cW4F`vfLE�YK;@C�wXYNPF�jwT®@��cFc�oL�XYKJTP@���D�FcWlLgBEFCT
k[K�Dd�S@CWYNUVEk"±

K��wj$÷ NUWYNULEN®@CTIVZ�IWYDd� �c�lÔ¿D�FcWwSX�÷lNUWlLgKJB�÷ j�K�BENUFoXYNUD,VZ�IWYDd� �c�lÔ¿D�FcWwSX�÷lNUWlLgKJB�÷
� �C�w÷ Òc�c� Êt�C�w÷É�l�C�oø��C�w÷ �c�`�CÌ �c�o÷ �C�c� ÊØ�c�w÷É�c�lÒIød�l�o÷É�l�C�`Ì
� �C�w÷ÉÜl�C� Êt�C�w÷É�cÜC�wø��C�w÷É�l�cÒ�Ì �c�o÷ �o�.� ÊØ�c�w÷t�l�c�oød�c�w÷É�c�C�CÌ
� �o�c÷ �CÜc� Êt�o�c÷É�c�c�oø��o�c÷É�c�l��Ì �c�o÷É�·Ò`� ÊØ�c�w÷{�.Üc�oød�c�w÷ �c�C�`Ì
� �o�c÷ ÒC�cÜ Êt�o�c÷t�l�c�oø��o�c÷ �C�c�`Ì �c�o÷ ÒCÜC� ÊØ�c�w÷ �`�l�oød�c�w÷É�l�c��Ì
Ò �CÜw÷É�c�lÒ Êt�CÜw÷ �c�cÒIø��C�w÷É�c�C�CÌ �c�o÷ �c�C� ÊØ�c�w÷ �C�c�oød�c�w÷É�c�C�CÌ
� �C�w÷ÉÜl�C� Êt�C�w÷É�l�C�oø��o�c÷É�c�l��Ì �c�o÷ �w�.� ÊØ�c�w÷ �CÜl�Iød�c�w÷É�C�·��Ì
� �c�o÷É�c�cÜ Êt�c�o÷{��ÒC�oø��c�o÷ Òc�c��Ì �c�o÷É�lÜo� ÊØ�c�w÷{�.Üc�oød�c�w÷ �c�C�`Ì
Ü �CÜw÷ �C�cÜ Êt�CÜw÷É�l�C�oø��CÜw÷t�l�l��Ì �c�o÷ ÒC�`� ÊØ�c�w÷ �C�c�oød�c�w÷É�lÒ`�CÌ
� �`�Y÷t�·�c� Êt�`�Y÷ �o���wø��`�Y÷É�l�C�`Ì �c�o÷É�lÜC� ÊØ�c�w÷{��Ò`�wød�c�w÷ÉÜc�c�`Ì
��� �`�Y÷ Òo�.Ü Êt�`�Y÷ �C�c�oø��`�Y÷ �`�·Ò�Ì �c�o÷ �`�lÒ ÊØ�c�w÷t�l�w�Cød�l�o÷É�l�CÜ`Ì

�*@CewTPK��cÖ:��BZKJXYNUD�LENPFcW(FCvwLE�YKbV^�oWwDd�YBEFcWwNPp�@�LgNPFCW�K�°�KJDML¥NUW�abFCR��
Ö`jfKJBZDJKJWlLg@C~cKbF`vSjYT®@��CKJX
Fc�wL�jS@CDd¸`K�LgV

È§K
WYF.£ßVE�YF.£ÛLu£bF�VZNP~cWYN{SD�@`W·L,KM�w@Ck�jYTPK�V;FCvn�YVENUWY~��,£bFC��F.£9KJBEV�XY�YBZNPWY~}LE�YK�XYK�¤
zcKJTUFcjYk�KJWlL4FCv�a9FcR��
±*R\V}k[K�WlLgNPFCWYKJXÁ@CefF.zcKHLE�YK1jYTP@��cFc�wL�k[K�Dd�S@CWYNUVEk KJk}efKJXwXYKJX
NPWÄabFCR���KM�ojYTPFCNULgVH@CWÚNUW·LEKJBZWS@CT�VZ�IWYDd�YBZFcWYNPpJ@`LgNUFcWÚjYBZFCLgFIDJFCT�WwKJKJXwKJXÄLgFª¸`KJK�jÛV^�IWo¤
Dd�YBEFcWwNPpJK�XªLg�YKHVZ�IVZLEKJk#D�TPFIDd¸IV�FCv;Lg�YKHj�K�KJBEV�FCv;Lg�YK1@C�YXYNUFADJFCk[k}�wWYNPDJ@`LgNUFcW�Qn£&�YNPTUK
~cF.zcKJBZWYNPWw~ALg�YK�jYTP@.�CFc�wL�jYBEFIDJK�VEV}@�L(LE�YKHBZKJDJK�NUzCKJBJ±��:FAXYK�k[FCWYVZLEBg@`LEK[Lg�wK[WYK�DJK�VEVEN{Lu�
FCv��S@�zINPWY~[VE�YDd�0@HV^�IWYDd�YBEFCWYNPpJ@`LgNUFcWAjYBZFCLgFIDJFCT�K�k}e�FIXYNUKJX"NPW«a9FcR��
Q�Xw�YBENUWY~[LE�YK�XYK�¤
zcKJTUFcjYk�KJWlL9jY�S@CVZK�£9K\XwK�SWYK�XHLu£9F}��?A��R��¡ bVZj�K�DJNUYD�@`LENPFcWYV�k�FoXwKJTPNUWY~�Lg�wK\efKJ�S@�zINPFCB
FCv�abFcR��ã£&N{Lg�Ä@CWwXÚ£&NULg�wFc�wL�Lg�YK«NUWlLgKJBZWS@CT�DJTUFoDd¸ÁVZ�IWYDd�wBEFcWYNUp�@`LENPFcWÐjYBEFCLEFoD�FcTr±ÛsuW
e�FCLE�[DJ@CVEK�V�£9K�DJFcWYXw�YD�LEKJXA����K��wjfKJBZNPk�KJWlLgV�Q·K�@CDd�[DJFcWYVZNPV^LgNPWw~�F`v*�.�-VENUk}�YTP@`LgNUFcW}BE�wWYV
DJFcWYD�KJBZWYNPWY~}@(jfKJBENUFoX�FCvn�C�(VEK�DC±�suW1jY@CBZLENPDJ�wT®@CB�QlNPWHVZ�YDd��KM�ojfKJBZNPk�KJWlLgV9jS@CDd¸CKML,LgBE@CWYV¡¤
k[NUVEVENUFcW�XYK�T®@��IV�@CBZK-@CVEVZ�Yk�KJX5LEF4vxFcTPTUF�£ß@�h-@C�YVEVZN®@CW�XYNUVZLEBENPew�wLgNUFcW�±¥�;�YK-BZKJVE�wTULgV�@CBZK
BEKJjfFcB^LgKJX¦NUW§��@CeYTUKA� ²»£&�YKJBZK�@CTUVEF �c�cÔÝDJFcWwYXYKJWYD�K�NPWlLgK�BZz`@CTUV�@CBZKHVZ�YF.£&W_´}@CWYXªNUT{¤
TP�YV^LgBg@�LgK�Lg�wK�jfKJBZDJK�W·Lg@C~cK-FCv�jYT®@��CKJX�Fc�wL&jS@`Dd¸CK�LEV\vxFcBbe�FCLE�"�9?5��R\�¡ �VEjfKJD�NUSDJ@`LgNUFcWYV�±
�;�YFcVEK©BEK�VE�YT{LgV�DJFCBEBEK�D�LETU�ÚjwBEKJXwNPD�LEKJXÏLg�S@�L�j�K�BZvxFcBZk[NUWY~ªLg�YK V^�IWYDd�YBEFCWYNPpJ@`LgNUFcWßFCWYTU�
FcWYDJK}@`L\LE�YK}efKJ~cNUWYWYNUWY~[F`v¥Lg�YK}@C�YXYNUF[D�Fck[k��YWYNPDJ@`LgNUFcW"BEKJVZ�YTULEV�NUW«@CW @`�YXYNPF[jS@CDd¸`K�L
TPFcVZV&@CBEFc�wWYX5�C��¤^�CÒcÔ1Qo£&�YNUTPK�Lg�wK-@C�YXYNUF4jS@CDd¸CKML�TUFcVEV;BE@`LgK�v³@`TPTPV9XYF.£&W"LEF��`¤^ÒcÔ NUvnLE�YK
DJTPFIDd¸1V^�oWwDd�YBEFcWwNPp�@�LgNPFCW5jYBZFCLgFIDJFCT�NPV;BZ�YW"£&N{Lg�"@}vxBEK�¶I�wKJWYDM�5F`v*FcWwK�VZKJD�FcWYX¦ÊØ��Ì×±
�;�YK}VEK�DJFcWwX©K��w@Ck[jwTPK}NUV�BEK�T®@`LEKJXA£&N{Lg�ALE�YK4y\ab� i Lg�YWYNUWY~1jYBZFoD�KJVZV
XY�YBENUWY~HLE�YK

XYKJVZNP~cWÎFCv�a9FcR��
±�s�L[NUV4£bK�TPT&¸·WYF.£&WÎLg�Y@`L�Lu£bF§@CBEK�Lg�wK5k�FcVZL�NUk[jfFcBZLg@CWlL4k�K�LgBZNPD�V
Lg�S@`L(NPWU6S�YKJWwDJK�Lg�YK��YVEK�B�jfKJBZDJKJjoLgNPFCW§FCv,@C�YXYNUF5XS@�Ld@wÖ���´�Lg�YK�jfKJBED�KJWlLd@`~cKHFCv,@C�YXYNUF
jS@CDd¸CKMLgV�LE�S@`L(@CBZBENUzCKH@�L�LE�YK�XYKJV^LgNPWY@`LgNUFcW©LEFoF�TP@`LgK4LgF"efK[jYTP@��cKJXÇFc�wL1²×@CWwXÇDJ@CW§efK
VEFHD�FcWYVZNPXYK�BEKJXATPFcV^L�´MQ_@`WYX �c´bLE�YK}@Ck�Fc�YWlL�FCv�LgFCLg@CT�XYKJTP@���Lg�S@`L�@C�YXwNPF�jS@CDd¸`K�LgV��S@�zcK
LgF KM�ojfKJBZNPKJWwDJK�efK�vxFcBZKHLg�YKM�ª@`BEK1jYTP@��cKJXÁFc�oL4@`L}LE�YK1XYK�VZLENPWS@`LENPFcW$±«�;�·�YVJQ�NPW§FcBEXYK�B

�c�



LgF4K�z`@CTU�S@`LEK�Lg�YK ¯ FlmHFCv�@CW�suWlLgKJBZWYK�L�@`�YXYNPF4k�KJDd�Y@CWYNPVZk>LE�YK�jYTP@��cFc�wL&XwKJT®@���zIVJ±wLE�YK
TPFcVZV[BE@`LgK�LgBE@CXYK�FC°Ïk[KMLgBZNPD�k}�YV^L[efK"VZLg�wXYNPK�X�±Ú�:F©LE�YNPV�KJWYX$Qb£bK"�S@�zcK5DJFcWwXY�YD�LEKJX
VENPk��YT®@`LENPFcW BZ�YWYV�£&�YKJBZKHjS@CDd¸`K�L(LgBg@`WYVEk�NPVZVENPFCW©XwKJT®@��IVJQ�NPWYV^LgKJ@CX§FCvbe�K�NPWY~"Vg@`k[jYTUKJX�Q
@CBEK;D�Fck[jw�wLgK�X[el�4�YVZNPWY~-K��wjfKJBZNPk�KJWlLd@`TPTU��FceoLd@CNUWYKJX�XYK�T®@��}k�K�@CVZ�YBEK�k[K�WlLgV�FCvfLg�YBZKJK\Ò
k[NUW�TUFcWY~-@C�wXYNPF
D�FcWlzcKJBZVg@`LENPFcWwV9efK�Lu£9KJK�WHLu£bF�XYN{°$K�BEKJWlL�suWlLgK�BEWYKMLbVZNULgK�V\²xLgBE@CDJK&XYBZNUzCKJW
VENPk��YT®@`LENPFcWS´M±
suWªÂ*NU~c�YBEK4��£9KHBEK�j�FCBZL-Lg�YK�BEK�VE�YT{LgV�FcewLg@CNPWYK�X©LEF5NUWlzcKJV^LgNU~l@`LgK�Lg�wK�NUWN6S�YK�WYDJK[FCv

Lg�YK\y�ab� i z`@CTP�wK�FCW�LE�YK ¯ F·m�k�K�LEBENUD;k[K�W·LENPFcWwKJX�@CefF�zCKC±�R\V�VZKJK�W[vxBEFCk¬Lg�YK;S~C�YBEK`Q
NUL��S@CV�efKJKJW[j�FCVEVENUeYTPK;LEF(jYBZKJXYNUD�L�Lg�Y@`L9LE�YK&jYT®@��CFc�wL9k[K�Dd�S@CWYNUVEk K�k}e�FIXYNUKJX�NPW�abFcR��
�S@CVbLE�YK�jfFCLgK�W·LEN®@CTSLEF}jYBEFIXY�YD�K�NPWlLEKJTPTUNP~cNUeYTPK,@C�YXYNUF4@`LbLE�YK�BZKJD�KJNUzCKJB;N{vn@�BEK�XY�YDMLgNPFCW1el�
@�v³@CDMLgFcB&FCv*�Yj5LEF1ÒC�cÔºFCv¥LE�YK�y\ab� i z`@CTU�YK-NPV&D�@`BEBENUKJX5Fc�wL�Q_@�L\LE�YK(jwBENPD�K-FCv�@�TPFcVZV
Bg@`LEK�NUWYDJBZK�@CVZK[ÊÉ��Ì×±

Loss Rate (%)

P
la

yo
ut

 D
el

ay
 (

m
se

c)

150
3 4 5 6 7 8 9 10 11 12 13 14 15

170

190

210

230

250

270

290

310

330

350

370

390

410

430

450

Toll quality

Potentially useful

Poor

UBTD

0.66 UBTD

0.5 UBTD

Â*NU~c�YBEK��YÖ�y�ab� i Lg�YWwNPWY~�NPW"abFCR��

P ÆUà�Æ �4���Ä'(�Ty{z:�Y�nQ×���rS
µ
BZNP~cNUWS@CTUTU�cQwK�@CDd�«jwT®@��cFc�oL�k�KJDd�S@CWwNPVEk �YWwXYKJBZTU�INPWY~�Lg�YK(suWlLgKJBZWYK�L
@C�YXYNUF[LgFIFcTUV�k�KJWI¤
LgNPFCWYKJX�NPW
Lg�wK�jwBEK�zINUFc�YVnVEK�D�LgNUFcW-£,@CVnXYKMzINPVEK�X}@CWwX(K��wjfKJBZNPk�KJWlLgK�X(�wWYXYKJB:DJFCk[jYTUKJk�KJWo¤
Ld@CB^�«WYKMLu£bFcBZ¸ DJFcWwXYNULENPFcWYV}²³K`±É~Y±{QnXYNU°�KJBZKJWlL-VEKMLgV-FCv�KM�ojfKJBZNPk�KJWlLd@CT�LgBg@`DJKJVg´�VEF�Lg�Y@`L�@
jYBEK�DJNPVZK�DJFCk[jS@`BENPVZFcW�@Ck�FcWY~�Lg�YK�k>£b@CV,WwFCL;jfFcVEVZNPeYTUKC±�a9�[BEK�VEFcB^LgNUWY~�LgF��,£bFc�:F.£bK�BEV
£bK�j�K�BZvxFcBZk[K�X�@�jYBZKJD�NPVEK�VZNPk}�YTP@`LgN{zcK¥D�Fck�jS@CBENUVEFcW-FCvoK�@`Dd�}@C�YXwNPF;jYTP@.�CFc�wL:k�KJDd�S@CWwNPVEk
�YWYXYK�B-LE�YK4Vg@`k[K4WYKMLu£bFCBE¸«D�FcWYXYN{LgNPFCWYVJQ�FCewLd@CNUWYNPWw~1DJFcWwVENPV^LgK�WYD��«£&N{Lg� K��wjfKJBZNPk�KJWlLd@`T
BEKJVZ�YTULEV;£&�YKJWA@.z`@CNUT®@CewTPKC±

���



suWHjS@CB^LgNUDJ�YTP@CBJQC£9K��Y@.zCK�D�FcWYVENUXYKJBZKJX�LgBg@`XYNULENPFcWS@`T ¯ F·m�@`�YXYNPF-k�K�LEBENPD�V�NPW�FcBEXYK�B�LEF
DJFck�jS@CBZK}Lg�YBZKJK�XYNU°�KJBZKJWlL�@C�YXwNPF�jYTP@.�CFc�wL-k�KJDd�S@`WYNPVZk[V�zIN®@1VZNPk}�wT®@`LENPFcW5�YVENUWY~�e�FCLE�
KM�oj�K�BENUk[K�W·Lg@CTPT{�"FcewLd@`NPWYK�X«XYKJTP@��Ak�K�@CVZ�YBEK�k[K�WlL
FCv�VEKMzcKJBE@CT�ÒHk�NPW5TPFcWY~1@C�YXYNUF1DJFcWI¤
zcKJBZVg@`LENPFcWwV\efK�Lu£9KJK�W«Lu£bF�XYNU°�KJBZKJWlL\suW·LEKJBZWYK�L\VEN{LgKJV\@CWYX�Lu£9FA��k[NUW�TPFcWY~�@C�wXYNPF�DJFcWI¤
zcKJBZVg@`LENPFcWwV(BE@CWYXYFck�TU�A~cKJWwKJBg@�LgKJX§@CDJD�FcBEXwNPWY~�LgFAh-@C�YVEVZN®@CW0XYNUVZLEBENPew�wLgK�XÇXYK�T®@��IV�@CWYX
KM�oj�FCWYKJWlLgNP@CTPT{��XYNPV^LgBZNPeY�wLEKJX1XwKJT®@��IVJQwBEKJVZj�K�D�LENUzcK�TU�C±�moj�K�DJN{SD�@CTUTU�CQI£9K��S@�zcK�DJFcWlLgBE@CVZLEKJX
Lg�YK�@C�YXYNUF�jYTP@.�CFc�wL9k[K�Dd�S@CWYNUVEk�VbK�k}e�K�XYXYK�X1NPWHabFcR��Ú£&NULE�[LE�YK\Lu£9F4@C�YXwNPF�jYT®@��cFC�wL
DJFcWlLgBZFcT�k�KJDd�S@CWwNPVEk�V,jYBZFcjfFcVEK�X5NUW©Ê¨�.��Ìn@CWYXÇÊË���CÌ×QYBEK�VEjfKJDMLgNUzCKJT{�c±�R�V�@CW�KM�w@Ck�jYTUKCQwNUW
Â*NP~c�wBEK�Ò�£bK�BEK�j�FCBZL�FcW�FcWYK&FCvfLg�YK;LEBg@CD�K�XwBENUzCKJW�VENUk}�YT®@�LgNPFCW�k�KJWlLgNUFcWYKJX[@CefF.zcKC±¥Â_FCB
Lg�YK}jw�YBEjfFcVEK�FCv�Lg�YNUV\K��w@Ck[jwTPKCQ$@C�YXYNUFHk�KJDd�S@`WYNPVZk}|4�HXwKJWYFCLEKJV�LE�YK}@C�wXYNPF[jYT®@��cFC�wL
k[K�Dd�S@CWYNUVEk FCv\abFcR��
Q�£&�wNPTPKH@C�YXYNUF«k�KJDd�S@CWwNPVEk�V~|1��@CWwX;|��AXwKJWYFCLEKHLg�wK�@C�YXYNUF
jYT®@��cFC�wL�DJFcWlLgBZFcTSk�KJDd�S@CWwNPVEk�V�jYBZKJVEK�WlLgKJX[NPW5ÊË�.�`Ì_@CWwX«ÊË���`Ì×Q·BEK�VEjfKJD�LENUzCKJTU�C±��;�YK;S~c�YBZK
VE�YF.£&V�Lg�YKbjYT®@��cFC�wL�XYK�T®@��w¢`TPFcVZV¥Bg@�LgKbLEBg@CXYK�FC°[k[KMLgBENUDbNUW4@�LgBE@CDJK,XwBENUzCKJW4VZDJKJWY@CBENUF-@CWYX
NPTPTU�YVZLEBg@`LEKJV;Lg�Y@`L�k�KJDd�Y@CWYNPVZk�|4�HFc�wLEj�K�BZvxFcBZk[V;Lg�wK�FCLE�YKJBZV�NPW�Lg�wNPV�jS@CBZLENPD��YT®@CB;DJ@CVEK`±
�;�YK
vx�YTPT�DJFck�jS@CBZNPVEFCW�FCvnLg�YK�LE�YBEK�K�jwT®@��cFc�oL&DJFcWlLgBZFcT�k�KJDd�S@`WYNPVZk[V,D�FcWYXY�wD�LgK�X5NUW©ÊÉ��Ì
�S@CV
BEKMzcKJ@CTPK�X0LE�S@`L
WwKJNULE�YKJB�FCv�Lg�YK�kÝFc�wLEj�K�BZvxFcBZk[V\Lg�YK}F`Lg�YK�BEV
NPW ~CKJWYK�Bg@CT×Q�@CV�LE�YKJNUB
j�K�BZvxFcBZkH@CWwDJK-XYKJjfKJWwXYV\FCW�LE�YK-WYK�Lu£9FcBZ¸1LgBg@�¹[D-D�FcWYXYN{LgNPFCWYVJ±

Loss Rate (%)

P
la

yo
ut

 D
el

ay
 (

m
se

c)

150
3 4 5 6 7 8 9 10 11 12 13 14 15

170

190

210

230

250

270

290

310

330

audio mechanism #1

audio mechanism #2

Potentially useful

audio mechanism #3

350

370

390

410

430

450

Toll quality

Poor

Â*NU~c�YBZK�ÒoÖ��bFck�jS@CBENUWY~}Lg�wK ¯ F·m1FCv�XYN{°$K�BEKJWlL�s¡�Ú@C�wXYNPF�k�KJDd�S@CWwNPVEk�V

��Æ '����0'���A���.���0�
suW1Lg�YNUV,@CB^LgNPD�TPK&£bK
�Y@.zCK
VE�YB^zcKM�cKJX�Lg�wK�kH@`NPW[vxKJ@`Lg�wBEKJVbFCv�Lg�YK��9?5��R\�¡ M¢��,£bFc�:F.£bK�BEV
LgKJDd�wWYFcTPFC~C�Ä�YVZKJXÏLgFÁXYKJVZNP~cW$Q\zcK�BEN{v»�cQ�VZNPk}�wT®@`LEK«@CWYXÛNPk�jYTUKJk�KJWlL1s¡�º@C�YXYNUF¦k[K�Dd�o¤

�.�



@CWYNPVZk[V�± �;�YKªjYBZFck[NUWYKJWlLA@CXwz`@CWlLd@`~cKJV5FCv4Fc�YB"LgK�Dd�YWYFcTUFc~C�Ï£&NULE�ÕBEK�VEjfKJDML«LgFÎKM�·¤
NPVZLENPWY~¦VZNPk}�wT®@`LEFcBEVH@CBEK«LE�YK k[FIXY�YTP@CBEN{Lu��FCv-Lg�YK©@CXYFCjwLgK�XÛVZj�K�DJN{SD�@`LENPFcWÄTP@CWY~c�Y@C~cKCQ
Lg�YKÁVZLEBg@`LEKJ~C�ÕvxFcB VEDJ@CTPNUWY~ÄLg�YKÁVENUk}�YTP@`LgNUFcWå@CewVZLgBE@CD�LENPFcW8TUK�zcK�TrQ4@`WYX�LE�YKÁVE�Yjwj�FcB^L
vxFcB}Lg�YK�zCKJBEN{SD�@�LgNPFCW�F`v�vx�wWYD�LENPFcWS@`T,BEK�¶I�wNPBEK�k[K�WlLgVJ±Îµ��YB4K��wjfKJBZNPK�WYDJK�NPWÁ�YVZNPWY~ LE�YK
�9?5��R\�¡ M¢��,£bFc�:F.£bK�BEV�LgK�Dd�YWYFcTUFc~C�ÁvxFcB�XYK�zCKJTUFcjYNPWw~ª@§WYKM£è@C�YXYNUF§k�KJDd�S@`WYNPVZk vxFCB
Lg�YK1suWlLEKJBEWwK�L4�S@`V�BEK�NPWwvxFCBEDJK�XªFc�YB(NPXYKJ@5Lg�Y@`L(LE�YK1D�Fck}eYNUWS@`LgNUFcW©FCv;VENUk}�YTP@`LgNUFcW©@CWYX
vxFcBEk[@CT�XYKJVZDJBENUjwLgNUFcW¦@CWwXªzcKJBZNUSDJ@`LgNUFcW§LEKJDd�YWYNU¶·�YKJV�k[@.�ÇefK�@AVE�wDJDJK�VEV^vx�YT�@CjYjYBZFl@CDd�
NPW jYBZF�zINUXYNPWY~ ¯ Flm VZ�YjYjfFcBZLENPWY~1vxFCB\zcFCNPDJK4D�Fck�k}�YWYNUD�@`LENPFcW5NPW«Lg�wK4WYKM�IL-~cK�WYKJBE@`LgNUFcW
suW·LEKJBZWYK�LJ±
Â_�oLg�YBZK©XwK�zcK�TPFcjwk[K�W·LEV5F`v}Fc�YB�VZNPk}�YTP@`LgNUFcWÚK�W·zINUBEFcWYk�KJWlL5VE�YFC�YTPXß@CXYXYBZKJVZV"LE�YK

NPk�jYTPK�k[K�W·Lg@`LgNUFcWÁFCv�@CWÚKJ@CVENUKJB¡¤�LgF�¤u�YVZK«@CBZDd�YNULEKJD�LE�YBg@`T�XYK�VEDJBZNPjwLENPFcWÎT®@CWw~c�S@C~cK"eS@CVZKJX
FcWª��?A�fR\�¡ �ÊtÒ�Ì×Q¥@CV-£9KJTPT�@`V�LE�YK[K��ojYTPFcN{Ld@`LENPFcW0FCv9Lg�YK�DJFCk[jfFcVEN{LgNUFcWS@CT�VZLgBZ�YD�LE�YBEK[FCv
�9?5��R\�¡ 
VZNPk}�wT®@`LENPFcW�k�FoXwKJTPV&NUWAFcBZXYKJB&LgFH@CDd�YNPKMzcK}jY@CBg@CTUTPK�T�@CWYX«XwNPVZLEBENUeY�wLgK�XAVZNPk}�o¤
T®@`LENPFcW�±

	��n��Sn�oáW� ½ À�� ½ y ½ S���� �;�YNUV�BEK�VEK�@`BEDd���S@CV�efKJKJW�jS@CB^LgNP@CTPT{�;vx�YWYXYK�X�el�
s�Lg@CTPNP@CW-?Ç±tsd±Éy(±ÉG�±
@CWYXA��±�V�± G-±UQ_@`WYX5el�����YBZFcjfK�@CWAÂ¥��Ò�G�� i jYBZF�ÑZKJDML���R���R
mÇ²³s^mo�b¤¡�C�c�w�M¤¡�C�l�C�c�l´M±

% ½[��½ � ½ S:� ½ �
�0���2�B�-�����[���a���-�B�-���������R�!�]���?�����e�$�l�$ ! ��I¡�¢A£�£R¤R¥
�¦�¨§*�©�$ª]���¬«���� !�e�l�R��®4���°¯��R���l�l±

²�³ �$�O´A !�©�Hµ±8¶·�R�2���$�O�l�¸§*¹e�! !�©�2�I��º��$��»¼«¾½o�$ À¿·����Á*�©�·Â
ÃaÄÀÅlÆ�ÃUÇ�ÄÉÈ�ÊAÃUÇ�ËsÌeÊAÍeÆ�ÃUÇAË�Ê¼Î
Ï Í*Æ�ÅÐÇAÃUÑ�Ò�ÓRÓUË�È�ÅOÑ2ÔÕÇ�Ä4Ö]Ål×2Ç�ÄÉÈ�ØlÙ
�U !�°´ ³[³ �©´A�©�

�Ú¢Û�2�B�*�����[���[���n�?�*Ü·�$�O�[´A�
�]�]�*�Ý�]Þ_�����O�"�$�O�ß�*�?�*���*�$�l�$ ! ���¡�¢A£�£]��¥
��¶��R� ³ ´A�O���[à= �á]�=â���§
��®_»¼�n !�$�O�[�$ 2�oª[�a�"�Õ�¸�©�
á[´��[�����°��º*��´äã]���O�2´����D�$ �á]�e�[�$��Ò�å�Ô æ]Æ!ÇAÃ]Ù$ÇRØ©ÄÉÈ�ÊAÃ]Ù¬Ê�Ã
Ô?Ê©ÑnÅlË�È4Ã�ç~ÇAÃUÑäå�ÊA×oÓUÍ]ÄÀÅ$ÆÝè[È4×ÐÍ*Ë"Ç�ÄÉÈ�ÊAÃ[�êéaé[�r��±ßën¢*�

�Ú¤Û�°�?�aÜ·�$�O�[´A�O�[�D¡�¢A£�£R¢R¥
�2ærì�ÊUæaÊAì-Å$ÆOÙBí�î4ïñðrÙ$Å$ÆoÔÕÇAÃaÍ]Ç�Ë/�
¡�ò]ó�ónô�õ¼ö*öA÷*÷*÷�ø
ùÛóUú�ø�û*üNúÛû]ýRþ�ø�úAó[öFþ[ÿRýnü���ý����eöAó�÷��Ró��R÷]ÿRýUùRö*¥
�

� ëA�°�?�nÜ·�$�O�[´A�O�[��¡¼���	�	�R¥
��
�á[�$����¹I´��a�2� ³a³ �����$´A ��"�R�Ð��®tµ�* !�©�[�[�©�°�D´A�OÁ���ºe��´��°«����*�l�©�O�
���"à����[�O´e� Ï Ö*î��Iî��=È5ÙOÙ©ÅlÆlÄßÇ�ÄÉÈ�ÊAÃ[�����[�"º��$�
���" À¹���®�Ü-�R����àR�[´D¡4»8 �´��"¹]¥
�
¡�ò]ó�ónô�õ¼ö*öA÷*÷*÷�ø
ùÛóUú�ø�û*üNúÛû]ýRþ�ø�úAó[öFþ[ÿRýnü���ý����eöÛô*û�þ��eú�����óaú���üNùRö�óRò[ÿaùAÿ[ùêøßò]ó�����¥
�

���Û�°�?�nÜ·�$�O�[´A�O�[�]��������R�[´A ��"�©���"�]�n«ê�*¶���´��a�$´A�O���[�v¡�¢A£�£R¢R¥
��§* !�e�Oáa´��! ����s«�O�*�l�©�����o�"à����a�O´� 
ã]�O�R� ´��W���"à����[�O´����Bã]���
�2´��������  !�7´��¬�o�O�
á[�" !�©�l �ª]�O´��!���©���l�O� ³  ��"�R�"�r´��]àRª[´Aà����t»¼�# 
Ï ÅlÆ4ÎlÊAÆ�×2ÇAÃUØ�Å%$'&AÇAË�Í]ÇRÄÉÈÉÊAÃ;Ê!Î�å�ÊA×oÓUË�Å)(�è+*FÙ�ÄÀÅl×IÙ�, æNÅ�ØlÖ�Ã[È.-©ÍaÅ�Ù¬ÇAÃNÑ æaÊ©Ê�Ë Ù����?�/¶��
¶�´��0/©´A���R����´~´��[�Õ§N�#
êª[�$�$��µ��a�" !���O�$�#���©�l �ª[���2½��� !�©�B���ä¶·�R� ³ ª] !�$�B§]�$�"�©�[�l���21�3�4+5��
¢�¤	6Û±�¢	6A£e�

��6Û�°�?�·Ü·�$�O�a´A�O�]�]���Ý�sÞ����O�O�"�$�O�����?�·���*�$�l�$ ! ��2¡¼���	�	�R¥
�¾ã]���
�2´��_«r�$�O®5���O�°´��[�l� �D�e�e±
�©�������]àD´��[�ñµºA´���ª[´A ��"�R�ñ��®�´����o�[´ ³  ��"º��7�D�©�Oáa´��[����� ®5���Ð« ´���Á��$ ������©� �oª[�a�"�¸��º��$�
 �á]�Ý»8�� !�$�O�]�$ $�87TÊAÆ�×�Ç�ËtÒ ÙßÓ]ÅOØ©Ä4ÙBÊ¼Î å�ÊA×oÓUÍ]ÄÉÈ5Ã�çR�ré�9t�U¤e�©¤Û±�¤�¤�:��

���



�;:��°�?�TÜ·�O´©º��$ ! ��ß���?�TÜ·�$�O�[´A�
�]�ñ¡�¢A£�£�£n¥
�¸¶·�R� ³ �R���" ��"�R�a´��ê���!¹e�2���$ !�O���°¶·��� ³ �$�O´A ����R�[�
®4��� «����e�l�©���°���"à����[�O´��°¿��" �áG«���	�a´<�U�����" ��"�©�©��«�O�����O�" ��"�©�$��´��[�=
���������»8�� Ï Æ!Ê©ØÛîÝÊ¼Î
> ÙlÄ�Â
ÃaÄßî@?DÊAÆBA�Ù
Ö*Ê
Ó�ÊAÃWÔÕÊ©Ñ�ÅlË/Ù-Î$ÊAÆ~ærÈ4×°Å~åêÆ�È4ÄÉÈ�ØOÇAËêè+*FÙ�ÄÀÅ$×IÙ
�tµ��"�©�l !�O�R�[���=½o�� !�©� ���

�á[�$�����$ ����$´��r¶·�R� ³ ª] !�$��§e�$���©�[�l����C�5� ¤*�v§* �´A !�I¶��R���"�$à���¡É«v� ¥
�

��DÛ�°�?��Ü·�O´©º��$ ! ��ß�s�?�Ü·�$�O�[´A�O�[� ¡�¢A£�£R¤R¥
� «ê�$��®5���
�2´��[�l�W�D�©´���ª]���W§e�©�[���" ��"º��D¶·�R�[à��Oªe±
�©�[�l�©�°®5��� �D´A��Á��Ûº*��´�� «�O�*�l�©���°�o�"à����a�O´��$�ÐæTÖ]Å�ÊAÆ�Å$ÄÉÈ�ØOÇAËÐå�ÊA×oÓUÍ]ÄÀÅlÆ¸èNØ$ÈßÅlÃUØ�Ål�'1�5�9��
���E:�±O��6A£e�

���Û�F���NÜ·���©����´�ªt���I�vµ��! !�O���t��G��Nã[´�������§N�Nãê����¹e�t��H[��Io�©���]�©�2´��a�t��IB�8Io�©���B¹��N«ê��Ioªa´��]à]�
§N�v�D��¶s´��[�]����G2�a¯´A�O´��[áa´��t��JÐ��K_ªt�8IÝ��J�ª�¡�¢A£�£�£n¥
�_�o�[ºF´��[�l�©�����¸½o�$ À¿·����Áä§e���Ð±
ª[��´A ��"�R�t�UÂL$M$�$ å�Ê�×�ÓNÍeÄÀÅ$Æ
�v�D´�¹D¢A£�£�£e�8�	�Û±N6�:��

�0�$£F�°µ�� �Õ�T¶���´A�OÁ���� ² ��Þ��Oªa�O�v�$��à]���I� �Ý�t«ê�©�"�©�H¡¼���	�	�R¥
�IÔÕÊ©Ñ�ÅlËsårÖeÅ�Ø�AÛÈ4Ã�ç����D»P
 «�O�©���$�
¶�´��Q�[�O���]à��°¡��D� ¥
�

�0�����FR¦� �=�*¶s�"�©´©º��©��´��a�t��H[�R«ê´A�O����¿=�*Ü��e§* !�TSv�©�D¡¼���	��¤R¥
��
�á]�o¶·�R�[�$ª]�O���©�[�l¹ORä���OÁU�v�©�[�
á# 
� §e�©�2´��n ����$�¼±ÀÜ�´��!�©�V
T�*�R��®4���7 �á]�D¯��$�
�XWa�$´A ��"�R�{��®B¶·�R�[�$ª[�����©�� 7§*¹e�! !�©�2�$�_Ò�å�Ô
æ[Æ¼Ç�Ã]Ùlî-ÊAÃ Ï Æ!Ê�ç�Æ!ÇA×Ð×ÐÈ5Ã�çZY�ÇAÃ*ç�Í[Ç©ç�ÅlÙIÇAÃUÑ�è+*FÙlÄÀÅl×IÙ
�êé�4v�N¤	6Û±P:A¢*�

�0�©¢Û�°�Ý�t�W�����[�$�I¡¼���	D	�R¥
�¬å�Ê�×I×ÐÍeÃ[È�ØOÇ�ÄÉÈ�ÊAÃ�ÇAÃUÑñå�ÊAÃUØ©Í*Æ�Æ�ÅlÃUØ�*F��½[H]�t«����©�n ����l�\I�´����] �µ-�e±
àR�"�$¿·�*�*�W¶s����St�$�

�0�©¤Û� §N� Ü��T�D���R���^H]��G=ª]�O�R�!���#�B��
r��¿o���"�$¹ ¡¼���	�	DR¥
�Ð« ´��OÁ��$ B��ª[�[�"�7«���´�¹��Rª] _���©��´©¹ ���e±
` ª[�! ����©�� � 2«ê�$��®4���O�2´��[�l�7Ü·�Rª[�[�[�I´��[�?���"à����O�� �á[�2�$�Ò�å�Ô Ô ÍeË0ÄÉÈ5×°ÅOÑAÈÉÇäè+*FÙ�ÄÀÅl×IÙ��
a �T�E:�±�¢	D*�

�0�lëA�°�Ý�v�o´�� ` �$���^H]��G=ª]���R�!���#�I�#
T�Û¿����"�$¹��#IB�T§e�Oá*ª[�X/$�O���[�]��¡¼���	�Fë�¥
�I�o�[´ ³  ��"º���«���´�¹��Rª] 
���©�
á[´��[���O�2�I®5���2« ´���Á��$ ��0/$�©�G��ª[�[�"� � ³[³ �����$´A ����R�[�B���bR ���]�l±À�o���©´ä½o�$ À¿·����Á*�©�-»¼�# 
Ï Æ¼Ê©ØÛî�Ê¼Î_ÂLcd7fe=å'e�Ô g h�i]�U�D�R�� !���©´��-¡ß¶�´��a´��[´n¥
�

�0���Û���?����e�$�l�$ ! �����¯I��Þ_á[���a����ÞI�« ´�ªt��«ê�-§e´��"�R���R�a�����Õ� µ���Ü-�R�+W[àR��� ¡�¢A£�£]��¥
�j�o�©�O�"àR�
´��[� µ� ³ �$�O���2�©�n �´��êµºA´���ª[´A ��"�R�¬��®·´��¬���[´ ³  ���º��Ð«-��´©¹��Rª[ _�o�©��´©¹ ¶��R�n !���R��D�©�Oáa´F±
�[�����¨®4����« ´���Á��$ ��X/$�©����ª[�[���D®4���k���!�7��º��$�� �á[� »¼�� !�$�O�]�$ $�-Ô ÍeË0ÄÉÈ5×°ÅOÑAÈÉÇ{æaÊ�ÊAË Ù¸ÇAÃUÑ
Ò�ÓRÓUË�ÈÉØ
Ç�ÄÉÈ�ÊAÃ]Ù
� é�3T�U¢�¤Û±N��¤*�

�0��6Û�FR¦�lH]�F§e !�$¿·´A�� ·¡¼���	�Fë�¥
�-Â
ÃaÄÉÆ¼Ê�ÑAÍ[Ø©ÄÉÈ�ÊAÃ�ÄßÊ_Ä4ÖeÅmc=Íe×°ÅlÆ�ÈÉØ
ÇAËnèUÊ�Ë/Í]ÄÉÈ�ÊAÃ�Ê¼ÎêÔ?ÇAÆBAAÊ<&BårÖeÇAÈ5Ã[Ù
�
«��O���[�l�$ !�R�t�[«��O���[�l�$ !�R�%�o�[��º��$�O���" �¹�«�O�©���$�

�0�E:��°«ê�;�I��Rä�©���OáÕ¡¼���	D�¤R¥
��
�á]� §e �´A ����! ����$´��N�o�a´��"¹*�O������® §e���Iª[��´A ��"�R�����©��ª[�� ��$�n»¼�# on
å�ÊA×kp
ÓUÍ]ÄÀÅ$Æ Ï ÅlÆ4ÎlÊ�Æ
×2ÇAÃUØ�Å ÔÕÊ©ÑnÅ$Ë/È4Ã�çrqÝÇ�ÃUÑ�s�Ê�Ê�A�t��B§N�/§N�u�T´�º��©���v�$��à�µ-�[�" !���©���o�$´��]�©�°���
«����©���$�a¢	6�:�±�¤�¢	�*�

��Ò


