
( ; 3 / 2 ,7 $ 7 ,2 1 2 ) 6 ,* 1 $ / 6 7 5 8 & 7 8 5 ( ,1 $ 5 5 $ < �% $ 6 ( ' % / ,1 ' & 2 3 <

$ 1 ' & 2 3 < �$ ,' ( ' ' ) 6 < 6 7 ( 0 6

% ULDQ * � $ JHH� 6 WHSKHQ 3 � % UX]]RQ H� 0 DWWKHZ & � % URP EHUJ

5 DG L[ 7 HFK Q RORJLHV� ,Q F�
��� 1 RUWK % HUQ DUG R $ YHQ X H

0 RX Q WDLQ 9 LHZ � & DOLIRUQ LD �����

$ % 6 7 5 $ & 7 D OO WK H HP LWWHUV LQ WK H HQ Y LUR Q P HQ W LQ R UG HU WR FR S \ D Q G
UHFR J Q L]H WK H VLJ Q D OV R I S ULP D U\ LQ WHUHVW WR WK H D UUD\�

$ J HQ HUD O D S S UR D FK WR D UUD\ �E D VHG E OLQ G FR S \ D Q G FR S \ � 7 K LV S D S HU S UHVHQ WV D J HQ HUD O P HWK R G IR U X VLQ J WK H
D LG HG ' ) R I VWUX FWX UHG FR P P X Q LFD WLR Q VLJ Q D OV LV S UHVHQ WHG N Q RZ Q VWUXFWXUH R I FR P P X Q LFD WLR Q VLJ Q D OV WR E OLQ G O\ H[ WUD FW
WK D W FD Q VX E VWD Q WLD OO\ R X WS HUIR UP FR Q Y HQ WLR Q D O WHFK Q LT X HV� �FR S \ � WK R VH VLJ Q D OV IUR P FR �FK D Q Q HO LQ WHUIHUHQ FH HQ Y LUR Q �
E \ H[ S OR LWLQ J D G G LWLR Q D O LQ IR UP D WLR Q D E R X W WK H VWUXFWXUH R I P HQ WV� D Q G IR U S URY LG LQ J LP S URY HG ' ) R I WK R VH VLJ Q D OV� 7 K H
WK H VLJ Q D OV R I LQ WHUHVW WR WK H UHFHS WLR Q V\ VWHP � 7 K H WHFK � P HWK R G R OR J \ LV E D VHG R Q P D[LP XP �OLNHOLKRRG �0 / � S D UD P H�
Q LT X HV D UH G HULY HG IUR P R S WLP D O S D UD P HWHU HVWLP D WLR Q FR Q � WHU HVWLP D WLR Q S UR FHG X UHV� D Q G LV D S S OLFD E OH WR E UR D G FOD VVHV
FHS WV WK D W G LUHFWO\ LQ FR US R UD WH WK LV D G G LWLR Q D O LQ IR UP D WLR Q R I HQ Y LUR Q P HQ WV� S UR FHVVR U VWUX FWX UHV� D Q G VLJ Q D O P R G X OD �
LQ WR WK H Z DY HIR UP R U S D UD P HWHU HVWLP D WLR Q VWUD WHJ \� 7 K H WLR Q IR UP D WV�
UHVX OWD Q W D OJ R ULWK P V G HP R Q VWUD WH VWUR Q J WK HR UHWLFD O� H[ S HU� 7 K H HVWLP D WR U LV D OVR H[ WHQ G HG WR E OLQ G P XOWLWDUJHW FR S \
LP HQ WD O� D Q G LP S OHP HQ WD WLR Q D G YD Q WD J HV RY HU FR Q Y HQ WLR Q D O D Q G FR S \ �D LG HG ' ) D OJ R ULWK P V LQ D S S OLFD WLR Q V Z K HUH P XOWL�
WHFK Q LT X HV� 5 HVX OWV D UH G HP R Q VWUD WHG IR U E OLQ G VHS D UD WLR Q SOH 6 2 ,V Z LWK N Q RZ Q S UR S HUWLHV D UH UHFHLY HG E \ WK H D UUD\�
D Q G FR S \ �D LG HG ' ) R I FR �FK D Q Q HO ) 0 � & 3 ) 6 . � ' 6 % �$ 0 � ,Q S D UWLFX OD U� LW LV VK RZ Q WK D W WK H 0 / HVWLP D WLR Q D S S UR D FK
D Q G E X UVW Z DY HIR UP V� FD Q FR S \ D Q G OR FD OL]H VWUX FWX UHG 6 2 ,V LQ VHYHUHO\ RYHUORDGHG

HQ Y LUR Q P HQ WV Z K HUH WK H Q X P E HU R I UHFHLY HG 6 2 ,V LV P XFK
JUHDWHU WK D Q WK H Q X P E HU R I HOHP HQ WV LQ WK H D Q WHQ Q D D U�� � ,1 7 5 2 ' 8 & 7 ,2 1
UD\� $ V D UHVX OW� WK HVH WHFK Q LT X HV D UH S D UWLFX OD UO\ D WWUD FWLY H
LQ G HQ VH HQ Y LUR Q P HQ WV D Q G � R U ORZ �FR VW FR OOHFWLR Q V\ VWHP V7 K H S UR E OHP R I G HWHFWLQ J � FR S \ LQ J � D Q G OR FD OL]LQ J FR P P X �
Z K HUH OLP LWHG Q X P E HUV R I D Q WHQ Q D V D UH DYD LOD E OH WR WK H S UR �Q LFD WLR Q VLJ Q D OV LQ G HQ VH LQ WHUIHUHQ FH HQ Y LUR Q P HQ WV LV R I LQ �
FHVVLQ J V\ VWHP �FUHD VLQ J LP S R UWD Q FH WR WK H G HIHQ VH FR P P X Q LW\� 7 K H H[ �

S D Q VLR Q R I FR P P HUFLD O D Q G P LOLWD U\ E UR D G FD VW� FR P P X Q L�
FD WLR Q V� D Q G UD G D U V\ VWHP V LQ WK H P LFURZ DY H E D Q G V K D V UH� � � % / ,1 ' : $ 9 ( ) 2 5 0 ( 6 7 ,0 $ 7 2 5
VX OWHG LQ VHY HUH VS HFWUD O FURZ G LQ J RY HU P D Q \ IUHT X HQ FLHV�
$ W WK H VD P H WLP H� UHVWULFWLR Q V S OD FHG R Q P R G HUQ VLJ Q D O FR O� � �� � 0 X OWLS OH �6 2 , ( Q Y LU R Q P H Q W 0 R G H O
OHFWLR Q V\ VWHP V W\ S LFD OO\ UHT X LUHV FR OOHFWLR Q R I VLJ Q D OV RY HU

$ VLJ Q D O P R G HO D S S UR S ULD WH IR U HQ Y LUR Q P HQ WV WK D W FR Q WD LQE UR D G J HR J UD S K LFD O D UHD V� $ V D FR Q VHT X HQ FH� WK HVH V\ VWHP V
P XOWLSOH VWUX FWX UHG 6 2 ,V K D V D FR P S OH[ E D VHE D Q G UHS UHVHQ �P X VW R S HUD WH LQ HQ Y LUR Q P HQ WV FR Q WD LQ LQ J OD UJ H Q X P E HUV R I

1WD WLR Q IR U WK H UHFHLY HG G D WD I[ �Q �JX Q N Q RZ Q WLP H D Q G IUHT X HQ F\ FR LQ FLG HQ W VLJ Q D OV R I LQ WHUHVW Q  �
�6 2 ,V�� D V Z HOO D V VWUR Q J G HOLE HUD WH D Q G LQ D G Y HUWHQ W LQ WHU�

[ �Q �  L�Q � � $ V�Q � �� �VIHUHQ FH�
0 X OWLHOHP HQ W D Q WHQ Q D D UUD\ V K DY H WK H S R WHQ WLD O WR RY HU� � ;  , � 6 $ � �� �V

FR P H WK LV S UR E OHP � E \ H[ S OR LWLQ J WK H G Lp HULQ J VSDWLDO FRKHU�
Z K HUH 6 LV D P D WUL[ FR Q WD LQ LQ J / X Q N Q RZ Q G HWHUP LQ LVWLFHQ FH R I WK H VLJ Q D OV LP S LQ J LQ J R Q WK H D UUD\ G X H WR WK H Z DY H�

f6 2 , Z DY HIR UP V VX FK WK D W I6 J v V �Q � D Q G $ LV WK HIUR Q WV D UULY LQ J D W G LVWLQ FW G LUHFWLR Q V R I D UULYD O �' 2 $ V�� Q O VO

0 e / P D WUL[ R I VWHHULQ J Y HFWR UV IR U HD FK R I WK R VH 6 2 ,V�,Q P D Q \ D S S OLFD WLR Q V� WK H Q X P E HU R I D Q WHQ Q D V UHT X LUHG
D Q G Z K HUH , LV WK H + HUP LWLD Q R I D P D WUL[ Z K R VH FR OX P Q VWR VHS D UD WH WK H VLJ Q D OV FD Q E H T X LWH ORZ � IR U H[ D P S OH� 0
D UH FLUFX OD UO\ �V\ P P HWULF FR P S OH[ �* D X VVLD Q UD Q G R P Y HFWR UVD Q WHQ Q D V D UH W\ S LFD OO\ VX s FLHQ W WR VHS D UD WH 0 RY HUOD S S LQ J
R I ]HUR P HD Q D Q G X Q N Q RZ Q FRYD ULD Q FH P D WUL[ �$ & 0 � 5 L�6 2 ,V� LI WK H 6 2 ,V D UH UHFHLY HG D W D VX s FLHQ WO\ K LJ K S RZ HU L
FR Q WD LQ LQ J D OO R I WK H X Q VWUX FWX UHG Q R LVH D Q G LQ WHUIHUHUV LQD E RY H WK H LQ WHUIHUHQ FH LQ WK H FK D Q Q HO�
WK H HQ Y LUR Q P HQ W� 7 K H 0 / HVWLP D WHV R I $ � 5 � D Q G 66 HULR X V FK D OOHQ J HV VWLOO H[ LVW� K RZ HY HU� Z LWK LP S OHP HQ WD � V LL
D UH WK HQ J LY HQ E \ WK H P LQ LP L]HUV R I WK H MR LQ W P XOWLWDUJHWWLR Q R I D UUD\ �E D VHG VLJ Q D O FR OOHFWLR Q V\ VWHP V� 7 K H Q X P E HUV�
P D [ LP X P �OLN HOLK R R G FR VW IX Q FWLR QVWUHQ J WK V D Q G ' 2 $ V R I WK H VLJ Q D OV UHFHLY HG E \ VX FK V\ VWHP V

D UH W\ S LFD OO\ X Q N Q RZ Q D Q G WLP H�YD U\ LQ J RY HU WK H FR OOHFW LQ � c d ec df
) 6 �$ �5  1 OQ 50 / VWHUYD O� ) X UWK HUP R UH� WK H V\ VWHP P X VW X VH EOLQ G WHFK Q LT X HV LL LLQ Rc d c dWK D W G R Q R W UHO\ R Q WK H FR Q WHQ W R I WK H 6 2 ,V WR D G D S W WK H +c � + +c 7 U 5 ; c 6 $ ; c 6 $ �� �V VD UUD\� VLQ FH WK LV LQ IR UP D WLR Q LV W\ S LFD OO\ Q R W DYD LOD E OH WR WK H LL

FR OOHFWLR Q V\ VWHP � / D VWO\� FR Q Y HQ WLR Q D O WHFK Q LT X HV WK D W H[ �
S OR LW R Q O\ WK H VS D WLD O FR K HUHQ FH R I WK H 6 2 ,V UHT X LUH D UUD\ ,I WK H LQ WHUIHUHQ FH $ & 0 5 LV D Q X Q N Q RZ Q S R VLWLY H�G Hq Q LWHLL
D Q G Q R LVH FD OLE UD WLR Q LQ IR UP D WLR Q WK D W FD Q E H H[ S HQ VLY H R U + HUP LWLD Q P D WUL[ � $ LV D Q X Q N Q RZ Q D Q G X Q FR Q VWUD LQ HGV
LP S R VVLE OH WR R E WD LQ � D Q G P X VW G HWHFW D Q G OR FD OL]H �' ) � FR P S OH[ P D WUL[ � D Q G 6 LV FR Q VWUD LQ HG WR E H D P HP E HU R I



D P XOWLSOH�6 2 , SURSHUW\ VHW ' � WK HQ WK H 0 / HVWLP D WHV R I ,I V v 6 FR Q VLVWV R I D VLQ J OH FR Q VWD Q W P R G X OX V 6 2 ,�V
$ � 5 � D Q G 6 D UH J LY HQ E \ >� @ WK HQ �� � FD Q E H R S WLP L]HG E \ WK H FRQ VWDQ W P RGXOXV SURSHUW\�V LL

P DSSLQ J UHFXUVLRQ �q c dc �+ +A q$  ; 6 6 6 � �� � c dV c �+ +0 / A AZ � ; ; ; V �� �q e f� +A q5  ; 3 �6 � ; �� �" A AV � & / I; Z J �� � �LL 0 / 1

A A5 HFX UVLR Q �� ���� � � LV WK HQ FR Q WLQ X HG X Q WLO V D Q G Z FR Q Y HUJ HA6  D UJ P LQ ) �6 � � �� �0 / 0 / WR q [ HG YD OX HV� 5 HFX UVLR Q �� ���� � � LV LG HQ WLFD O WR WK H OHDVW�6 � ' Ve f VTXDUHV & 0 $ �/ 6 & 0 $ � q UVW LQ WUR G X FHG LQ >� @� $ V VK RZ Q
+G HW 6 3 �; � 6" LQ >� @� WK H UHFX UVLR Q FD Q D OVR E H H[ WHQ G HG WR VLJ Q D OV Z LWK

) �6 �  � �� �0 / + N Q RZ Q R U S HULR G LFD OO\ UHS HD WLQ J P R G X OX V G LVWULE X WLR Q �G HW �6 6 �
,I V�Q � OLHV Z LWK LQ D N Q RZ Q OLQ HD U VX E VS D FH �� � FD Q E H

) �6 �  P LQ ) �6 �: �0 / 0 / VR OY HG LQ FOR VHG IR UP � ) R U H[ D P S OH� LI ' LV WK H VHW R I WLP HV:
R U IUHT X HQ F\ OLP LWHG Z DY HIR UP V� WK H VLJ Q D O S UR S HUW\ VHW LV�N6 c ; : N
J LY HQ E \) �6 �: � v �� �0 / +G HW�6 6 � k l

1'  ] � & � ]  3 ] �� � �V V
Z K HUH ) LV WK H FR Q FHQ WUD WHG P XOWLWDUJHW 0 / FR VW IX Q F�0 /

WLR Q � WK H ) UR E HQ LX V P D WUL[ Q R UP LV X VHG LQ WK H Q X P HUD WR U IR U VR P H N Q RZ Q OLQ HD U S UR MHFWLR Q R S HUD WR U 3 � D Q G J HQ HU�V
R I �� � D Q G 3 �% � LV WK H R UWK R J R Q D O S UR MHFWLR Q R S HUD WR U G H�" D WHV 0 / Z DY HIR UP HVWLP D WH

+ c � +q Q HG E \ 3 �% � v , c 3 �% � D Q G 3 �% � v % �% % � % �"

7 K H IR UP X OD WLR Q R I WK H R E MHFWLY H IX Q FWLR Q LQ �� � LV X VHIX O IR U A AV  ; Z �� � �0 / V 0 /

D Q D O\ ]LQ J WK H S UR S HUW\ VHW FR Q VWUD LQ W LQ WK H R S WLP L]D WLR Q R I c d�� �� + +
Z ; ; ZVV1 R WH WK D W ) G Lp HUV P D UN HG O\ IUR P WK H FR VW IX Q FWLR Q0 / AZ  D UJ P D [ � �� � �0 / ++Z Z �; ; � ZX VHG LQ FR Q Y HQ WLR Q D O P X OWLWD UJ HW 0 / VHT X HQ FH HVWLP D WLR Q ""

>� @� G X H WR WK H D VVX P S WLR Q R I X Q N Q RZ Q LQ WHUIHUHQ FH $ & 0
Z K HUH ;  3 ; D Q G ;  ; c ; D UH WK H S UR MHFWLR Q V R IV V " V5 LQ WK H IR UP X OD WLR Q R I �� �� 7 K LV D VVX P S WLR Q LV Z D U�LL
WK H UHFHLY HG G D WD ; R Q WR WK H VX E VS D FH FR Q WD LQ LQ J WK H 6 2 ,UD Q WHG LI L�Q � FR Q WD LQ V X Q N Q RZ Q VS D WLD OO\ FR K HUHQ W R U LQ �
D Q G R UWK R J R Q D O WR WK H 6 2 ,� UHVS HFWLY HO\�FR K HUHQ W LQ WHUIHUHQ FH� IR U H[ D P S OH� X Q VWUX FWX UHG LQ WHUIHULQ J

,I V�Q � S R VVHVVHV S HUIHFW FR Q MX J D WH VHOI�FR K HUHQ FH D IWHUZ DY HIR UP V� ORZ �OHY HO �X Q FR OOHFWD E OH� VWUX FWX UHG Z DY HIR UP V�
UHP RYD O R I D N Q RZ Q P R G X OD WLR Q �H�J �� D FR P S OH[ VLQ X VR LG ��R U HQ Y LUR Q P HQ W�OLP LWHG E D FN J UR X Q G Q R LVH� ,Q VR P H FD VHV�
WK HQ WK H VLJ Q D O S UR S HUW\ VHW LV J LY HQ E \WK LV LQ WHUIHUHQ FH P D\ E H P X FK VWUR Q J HU WK D Q WK H VWUX FWX UHG k lVLJ Q D OV R I LQ WHUHVW� IR U H[ D P S OH� LI WK H FR OOHFWLR Q V\ VWHP LV 1 f'  ] � & � ]  E] �� � �VR S HUD WLQ J LQ D MD P P HG HQ Y LUR Q P HQ W�

7 K H J HQ HUD O P X OWLWD UJ HW FR VW IX Q FWLR Q FD Q E H G Ls FX OW
D IWHU UHP RYD O R I WK H N Q RZ Q P R G X OD WLR Q ID FWR U� 7 K LV J HQ HU�WR R S WLP L]H LQ S UD FWLFH� G X H WR WK H FR P S OH[ LW\ LQ WUR G X FHG
D WHV WK H 0 / Z DY HIR UP HVWLP D WH >� @E \ WK H G HWHUP LQ D Q W R S HUD WLR Q LQ �� �� + RZ HY HU� WK H FR VW

IX Q FWLR Q FD Q E H P D Q LS X OD WHG WR \ LHOG S RZ HUIX O P X OWLWD UJ HW
A AV  5 H I; Z J �� � �0 / 0 /HVWLP D WLR Q VWUD WHJ LHV LQ P D Q \ S UD FWLFD O FR OOHFWLR Q HQ Y LUR Q �

P HQ WV E \ X VLQ J D OWHUQ D WLQ J G LUHFWLR Q V R S WLP L]D WLR Q � 7 K LV k c d l
7 7VWUD WHJ \ K R OG V D OO VLJ Q D OV H[ FHS W R Q H q [ HG � D Q G R S WLP L]HV 5 H Z ; ; Z

AZ  D UJ P D [ � �� � �0 /RY HU WK H VLQ J OH X Q N Q RZ Q VLJ Q D O� 7 K H S UR FHVV LV UHS HD WHG + +Z Z �; ; � Z
IR U WK H R WK HU VLJ Q D OV� 7 K H D Q D O\ VLV IR U HD FK R S WLP L]D WLR Q
VWHS LV FR P S D UD E OH WR WK H VLQ J OH 6 2 , S UR E OHP � 7 K H UHVX O�

� � ( ; 7 ( 1 6 ,2 1 7 2 & 2 3 < �$ ,' ( ' ' 2 $WD Q W D OJ R ULWK P W\ S LFD OO\ \ LHOG V WLP H�YD U\ LQ J D Q G � R U Q R Q OLQ �
( 6 7 ,0 $ 7 2 5 6HD U S UR FHVVLQ J VWUX FWX UHV �G HS HQ G LQ J R Q WK H 6 2 , S UR S HUWLHV

E HLQ J H[ S OR LWHG E \ WK H S UR FHVVR U�� D Q G FD Q S URY LG H FR S \ S HU�
7 K H P HWK R G R OR J \ X VHG WR G HY HOR S WK H 0 / FR Q VWD Q W P R G X �IR UP D Q FH Z HOO E H\ R Q G WK D W R E WD LQ HG E \ FR Q Y HQ WLR Q D O OLQ HD U
OX V Z DY HIR UP HVWLP D WR U FD Q E H X VHG WR G HY HOR S ' 2 $ HVWL�WLP H�LQ YD ULD Q W D Q WHQ Q D D UUD\ V�
P D WR UV WK D W D OVR H[ S OR LW WK H D G G LWLR Q D O VWUX FWX UH R I WK H 6 2 ,,Q S D UWLFX OD U� WK H P X OWLWD UJ HW 0 / HVWLP D WR U FD Q E OLQ G O\
Z DY HIR UP V� ,Q S D UWLFX OD U� WK H 0 / HVWLP D WLR Q S UR FHG X UHH[ WUD FW VWUX FWX UHG 6 2 ,V IUR P FRQ YHQ WLRQ DOO\ RYHUORDGHG HQ �

FD Q E H X VHG WR G HULY H D J HQ HULF FOD VV R I ' 2 $ HVWLP D WR UVY LUR Q P HQ WV FR Q WD LQ LQ J / ! 0 6 2 , Z DY HIR UP V� Z LWK P HD Q �
UHIHUUHG WR K HUH D V FRS\�DLGHG ' ) DOJRULWKP V� E \ X VLQ J WK HVT X D UH HUUR U �0 6 ( � Z HOO E H\ R Q G WK H P LQ LP X P 0 6 ( R E WD LQ �
Z DY HIR UP HVWLP D WH S URY LG HG E \ D E OLQ G FR S \ ? IUR Q W�HQ G � WRD E OH E \ OLQ HD U S UR FHVVR UV LQ WK H VD P H HQ Y LUR Q P HQ W� 7 K LV
HVWLP D WH WK H ' 2 $ R I WK H Z DY HIR UP FD S WX UHG E \ WK D W IUR Q W�S HUIR UP D Q FH LV G HP R Q VWUD WHG LQ WK H E ULHq Q J S D FND J H >� @ IR U
HQ G �D � �HOHP HQ W D Q WHQ Q D D UUD\ UHFHLY LQ J � Q R LVH�P R G X OD WHG ) 0

7 K LV LV D FFR P S OLVK HG E \ FR Q VLG HULQ J WK H ' 2 $ HVWLP D WHVLJ Q D OV� D Q G E \ D VLQ JOH �HOHP HQ W FR OOHFWLR Q V\ VWHP UHFHLY LQ J
R I D NQ RZ Q 6 2 , V UHFHLY HG IUR P D Q X Q N Q RZ Q ' 2 $ Z LWK� � G D WD �P R G X OD WHG & 3 ) 6 . VLJ Q D OV�
D Q X Q N Q RZ Q FR P S OH[ J D LQ �S RZ HU OHY HO D Q G S K D VH VK LIW��
$ VVX P LQ J UHFHS WLR Q E \ D Q D UURZ E D Q G D Q WHQ Q D D UUD\� WK H

� �� � 6 LQ J OH 6 2 , 6 R OX WLR Q V IR U 9 D U LR X V 3 U R S H U W\ 6 H WV UHFHLY HG G D WD VLJ Q D O ; K D V FR P S OH[ E D VHE D Q G UHS UHVHQ WD WLR Q

7 K H D Q D O\ VLV IR U WK H FD VH R I D VLQ J OH 6 2 , LV LOOX VWUD WLY H R I +
;  , � VD �� � �VWK H FR S \ �D LG HG WHFK Q LT X H D Q G S URY LG HV D E D VLV IR U R E WD LQ LQ J

WK H P X OWL�WD UJ HW 6 2 , HVWLP D WLR Q � D  J D �w � �� � �V V V



Z K HUH J D Q G w D UH WK H X Q N Q RZ Q J D LQ D Q G ' 2 $ R I V� D Q G 0 / �OLN H VS HFWUX P D G K HUHV WR D ' ) HUUR U E R X Q G �UHIHUUHG WRV V

Z K HUH , LV J LY HQ E \ �� � D Q G ID �w �J LV WK H ' 2 $ P D Q LIR OG R I K HUH D V WK H VLQ JOH�6 2 , & UDP HU�5 DR ' ) HUURU ERX Q G � WK D W
WK H D UUD\� 2 S WLP L]LQ J WK H 0 / R E MHFWLY H IX Q FWLR Q R E WD LQ HG FD Q E H VLJ Q Lq FD Q WO\ ORZ HU WK D Q HUUR U E R X Q G V D G K HUHG WR E \
IUR P WK H P R G HO LQ �� � � Z LWK UHVS HFW WR 5 � J � D Q G w D Q G FR Q Y HQ WLR Q D O WHFK Q LT X HV� D Q G WK D W WK H HVWLP D WR U FD Q UHVR OY HV VLL
UHP RY LQ J FR Q VWD Q W WHUP V \ LHOG V z 0 FR �FK D Q Q HO Z DY HIUR Q WV X VLQ J D Q 0 �VHQ VR U D Q WHQ Q D D U�

UD\�q c d c d
+A A A Aq A5  5 � A� AJ �w A� AJ �w 5 �� � �V V V V VV $ WUX H MRLQ W P D [ LP X P �OLN HOLK R R G HVWLP D WH R I WK H 6 2 ,LL LL0 /

Z DY HIR UP D Q G ' 2 $ FD Q E H R E WD LQ HG LI V�Q � E HOR Q J V WR Dd
AA� �J �w �  J D �w � c D V N Q RZ Q VX E VS D FH R U K D V S HUIHFW FR Q MX J D WH VHOI�FR K HUHQ FH� ,Q

WK H IR UP HU FD VH� WK H MR LQ W 0 / ' 2 $ D Q G Z DY HIR UP HVWLP D WH
c �+ LV J LY HQ E \A AD �w �5 D V[ [AJ M  �� � �V 0 / c dc �+ c �A + +A AD 5 D VV [ [ D �w � ; ; D �w �""Aw  D UJ P D [ �� � �q 0 / c �+ +wA q D �w � �; ; � D �w �w  D UJ P D [ 6 �w � �� � �V 0 /

0 / w c dq q A�c � A+ V  ; Z w �� � �0 / V 0 /q A qAD 5 D �w �Vd [ [ c de fe f6 �w �  �� � � c �0 / +c � c �+ +A A Z �w �  ; ; D �w � �� � �"A AD 5 D D �w �5 D �w � "V V[ [ [ [

7 K LV HVWLP D WR U LV LG HQ WLFD O WR WK H 0 / ' 2 $ HVWLP D WR U J LY HQAAZ K HUH D D Q G 5 D UH WK H XQ FRQ VWUDLQ HG 0 / HVWLP D WHV R I DV VLL LQ >� � @ IR U E D Q G OLP LWHG 6 2 ,V� ,Q WK H OD WWHU FD VH� WK H MR LQ WA AD Q G 5 J LY HQ LQ �� ���� � D Q G Z K HUH 5 D Q G 5 D UH WK H[ [ VVLL ' 2 $ D Q G Z DY HIR UP HVWLP D WH LV J LY HQ E \
$ & 0 R I [ �Q � D Q G V�Q � P HD VX UHG RY HU WK H FR OOHFW LQ WHUYD O� q qc d6 �w � FD Q E H LQ WHUS UHWHG D V D ' 2 $ VSHFWUXP UD Q J LQ J E H� q 7 7 q0 / Z �w � ; ; Z �w �q qAAWZ HHQ � D Q G � LV P D [ LP L]HG Z K HQ WK H ? D Q J OH� E HWZ HHQ D V w  D UJ P D [ �� � �q q0 / + +w Z �w � �; ; � Z �w �q qD Q G D �w � LV P LQ LP L]HG � 6 �w � FD Q D OVR E H H[ S UHVVHG X VLQ J0 / c dc �+ +AWK H OHD VW�VT X D UHV FR S \ Y HFWR U Z  ; ; ; V WK D W k l/ 6

c M
 �w�AV  5 H ; Z �w �H �� � �0 /P LQ LP L]HV WK H P HD Q �VT X D UH HUUR U E HWZ HHQ V D Q G ; Z �

q q� c d+q q c �+AZ D �w �/ 6 Z �w �  ; ; D �w � �� � �e fe f6 �w �  � �� � �0 / c �+ +A AA AZ 5 Z D �w �5 D �w � e c d f[ [ / 6 �[ [/ 6 7 7
�
 �w �  Z �w � ; ; Z �w � �� � �

�
( T X D WLR Q �� � � P R WLYD WHV WK H 0 / �OLNH FR S \ �D LG HG ' ) D O�

J R ULWK P >� @� J LY HQ E \ ,W FD Q E H VK RZ Q WK D W WK HVH HVWLP D WR UV UHG X FH WR WK H X Q FR Q �
VWUD LQ HG E OLQ G FR S \ IUR Q W�HQ G J LY HQ E \ �� � ���� � � D Q G �� � ��

A Aw  D UJ P D [ 6 �w �Z � �� � �V V �� � �� UHVS HFWLY HO\� IR OORZ HG E \ WK H 0 / �OLN H FR S \ �D LG HG ' )
w

E D FN HQ G J LY HQ LQ �� � ���� � �� LI WK H WLP H�E D Q G Z LG WK S UR G X FWq q�+q qAZ D �w � R I ; R U ; LV OD UJ H�Vd e fe f6 �w �Z �  �� � �
c �+ +A AA AZ 5 Z D �w � 5 D �w �[ [ [ [

� �� � ( [ WH Q VLR Q WR 0 X OWLS OH �6 2 , ( Q Y LU R Q P H Q WV

AZ K HUH Z LV D VHW R I E OLQ G VLJ Q D O FR S \ Z HLJ K WV X VHG WR H[ �V 7 K H FR S \ �D LG HG ' ) S UR FHG X UH G HVFULE HG D E RY H FD Q D OVR E H
WUD FW D Q DUELWUDU\ VWUX FWX UHG 6 2 , V�Q � IUR P D UHFHLY HG G D WD

X VHG WR G HULY H P XOWLWDUJHW FR S \ �D LG HG ' 2 $ HVWLP D WR UV Z LWK
VHW [ �Q �� ( T X D WLR Q �� � � LV UHIHUUHG WR D V WK H 0 / �OLNH ' 2 $

P X FK K LJ K HU D FFX UD F\ WK D Q FR Q Y HQ WLR Q D O R U �VLQ J OH�6 2 ,�
VSHFWUXP � G X H WR LWV VLP LOD ULW\ Z LWK WK H P D [ LP X P �OLN HOLK R R G

FR S \ �D LG HG ' ) D OJ R ULWK P V� 7 K HVH HVWLP D WR UV D UH G HULY HG E \
R E MHFWLY H IX Q FWLR Q J LY HQ LQ �� � �� 7 K H VS HFWUX P UD Q J HV E H�

D VVX P LQ J UHFHS WLR Q R I P X OWLS OH N Q RZ Q �R U HVWLP D WHG � 6 2 ,V
WZ HHQ � D Q G � D Q G K D V D J OR E D O P D [ LP X P LQ WK H Y LFLQ LW\ R I

IUR P G Lp HULQ J G LUHFWLR Q V R I D UULYD O� VX FK WK D W+WK H 6 2 , ' 2 $ w LI Z [ �Q � S URY LG HV D Q D FFX UD WH HVWLP D WHV V WK H UHFHLY HG G D WD VLJ Q D O ; K D V FR P S OH[ E D VHE D Q G UHS �
R I V�Q �� 7 K H D OJ R ULWK P FD Q D OVR E H X VHG LQ HQ Y LUR Q P HQ WV

UHVHQ WD WLR Q
FR Q WD LQ LQ J P X OWLS OH 6 2 ,V� LI HD FK R I WK R VH 6 2 ,V FD Q E H D F�
FX UD WHO\ HVWLP D WHG E \ LWV RZ Q VLJ Q D O FR S \ Y HFWR U� ;  , � 6 $ �� � �V

7 K H 0 / �OLN H VS HFWUD D UH VLJQ DO�VSHFLq F� LQ WK H VHQ VH WK D W
$  >J D �w � ddd J D �w �@ �� � �V � � / /WK H\ D UH X Q LT X HO\ G Hq Q HG IR U HD FK VLJ Q D O FR S \ Y HFWR U� D Q G

K DY H D J OR E D O P D [ LP X P LQ WK H G LUHFWLR Q R I WK H VLJ Q D O FD S � / /Z K HUH IJ J � J D Q G Iw J � w D UH WK H X Q N Q RZ QV VC CC � C �WX UHG E \ WK D W FR S \ Y HFWR U� 7 K H 0 / �OLN H VS HFWUD D OVR G R Q R W
/J D LQ V D Q G ' 2 $ V R I IV J � 6 � D Q G Z K HUH , LV J LY HQ E \ �� �UHT X LUH N Q RZ OHG J H R I WK H E D FN J UR X Q G Q R LVH FRYD ULD Q FH P D � C C �

D Q G ID �w �J LV WK H ' 2 $ P D Q LIR OG R I WK H D UUD\� ( VWLP D WLR QWUL[ R U WK H Q X P E HU R I UHFHLY HG HP LWWHU Z DY HIUR Q WV / WR R S HU�
R I WK H 6 2 , ' 2 $ V w LV WK HQ D FFR P S OLVK HG E \ P LQ LP L]LQ JD WH� D Q G FD Q E H X VHG Z LWK D Q \ VLJ Q D O FR S \ ? IUR Q W�HQ G � WK D W V

�� � Z LWK UHVS HFW WR 5 � J � D Q G w � X VLQ J WK H FR Q VWUD LQ HGFD Q S URY LG H X VD E OH FR S \ Z HLJ K WV� $ V D FR Q VHT X HQ FH� WK H V VLL
WHFK Q LT X H K D V LP S R UWD Q W LP S OHP HQ WD WLR Q D G YD Q WD J HV RY HU VWHHULQ J Y HFWR U P R G HO J LY HQ LQ �� � ��
FR Q Y HQ WLR Q D O ' 2 $ HVWLP D WR UV WK D W UHT X LUH R S WLP L]D WLR Q R I ) R UP X OD WLR Q R I WK H P X OWLWD UJ HW FR S \ �D LG HG ' ) HVWLP D �
P X OWLP R G D O R U P X OWLG LP HQ VLR Q D O R E MHFWLY H IX Q FWLR Q V WR VL� WR U LV E H\ R Q G WK H VFR S H R I WK LV S D S HU� + RZ HY HU� D FR P S X WD �
P X OWD Q HR X VO\ G HWHUP LQ H D OO R I WK H Z DY HIUR Q W ' 2 $ V� D Q G WLR Q D OO\ VLP S OH D S S UR D FK K D V E HHQ G HY HOR S HG LQ >� � @� Z K LFK
WK D W D UH K HDY LO\ G HS HQ G HQ W R Q S ULR U N Q RZ HG J H �R U FR UUHFW S URY LG HV D VHS D UD WH VLJ Q D O VS HFLq F FR S \ �D LG HG ' 2 $ HVWLP D �
HVWLP D WLR Q � R I WK H Q R LVH FRYD ULD Q FH R U WK H Q X P E HU R I UH� WR U IR U HY HU\ 6 2 , FD S WX UHG E \ D P X OWLWD UJ HW FR S \ IUR Q W�HQ G �
FHLY HG Z DY HIUR Q WV� ,Q D G G LWLR Q � LW FD Q E H VK RZ Q WK D W WK H ( D FK HVWLP D WR U K D V D J OR E D O P D [ LP X P LQ WK H G LUHFWLR Q R I



WK H 6 2 , FD S WX UHG E \ WK H FR S \ IUR Q W�HQ G � D Q G LV R S WLP L]HG LV S UHVHQ WHG � 0 / Z DY HIR UP D Q G Z DY HIUR Q W ' 2 $ HVWLP D �
Y LD D VLQ J OH G LP HQ VLR Q D O VHD UFK RY HU ' 2 $ � ,Q D G G LWLR Q � HD FK WR UV D UH G HY HOR S HG IR U R S HUD WLR Q LQ HQ Y LUR Q P HQ WV FR Q WD LQ �
HVWLP D WR U LV LP P X Q H WR ' ) � P R G HOOLQ J HUUR UV LQ G X FHG LQ LQ J P X OWLS OH FR Q VWD Q W P R G X OX V VLJ Q D OV� IR U H[ D P S OH� ) 0 D Q G
WK H R WK HU ' 2 $ HVWLP D WR UV� G R HV Q R W UHT X LUH N Q RZ OHG J H R I & 3 ) 6 . FR P P X Q LFD WLR Q VLJ Q D OV� D Q G G HP R Q VWUD WHG IR U HQ Y L�
WK H E D FN J UR X Q G LQ WHUIHUHQ FH FRYD ULD Q FH P D WUL[ WR R S HUD WH� UR Q P HQ WV FR Q WD LQ LQ J P X OWLS OH FR �FK D Q Q HO ) 0 D Q G & 3 ) 6 .
D Q G D G K HUHV WR D ' ) HUUR U E R X Q G WK D W FD Q E H P X FK ORZ HU Z DY HIR UP V� 7 K H 0 / Z DY HIR UP D Q G ' 2 $ HVWLP D WLR Q FR Q �
WK D Q WK H FR Q Y HQ WLR Q D O X Q D LG HG R U �VLQ J OH�6 2 ,� FR S \ �D LG HG FHS W LV D OVR H[ WHQ G HG WR E X UVW� D J LOH� D Q G WUD Q VLHQ W Z DY H�
& UD P HU�5 D R ' ) HUUR U E R X Q G V� / D VWO\� WK H D OJ R ULWK P FD Q IR UP V Z LWK OLP LWHG WLP H D Q G � R U IUHT X HQ F\ VX S S R UW� D Q G WR
R S HUD WH X Q G HU P XFK P R UH VHY HUH OR D G LQ J FR Q G LWLR Q V WK D Q % 3 6 . D Q G ' 6 % �$ 0 Z DY HIR UP V Z LWK FR Q VWD Q W S K D VH FK D U�
HLWK HU R I WK H FR Q Y HQ WLR Q D O HVWLP D WR UV� HVS HFLD OO\ LI WK H 6 2 , D FWHULVWLFV� 7 K HVH UHVX OWV D UH G HP R Q VWUD WHG LQ WK H E ULHq Q J
HVWLP D WHV D UH S URY LG HG X VLQ J WK H P X OWLWD UJ HW D S S UR D FK G H� S D FND J H >� @�
VFULE HG LQ 6 HFWLR Q � �� � $ V D UHVX OW� WK H D OJ R ULWK P UHWD LQ V D OO 7 K H 0 / HVWLP D WLR Q D S S UR D FK G HY HOR S HG K HUH FD Q D OVR
R I WK H LP S OHP HQ WD WLR Q D G YD Q WD J HV R I WK H VLQ J OH�6 2 , FR S \ � E H J HQ HUD OL]HG LQ D Q X P E HU R I G Lp HUHQ W P D Q Q HUV� 7 K H VS H�
D LG HG ' ) D OJ R ULWK P � Z LWK D G G LWLR Q D O J D LQ V LQ ' ) D FFX UD F\ FLq F D S S UR D FK HV S UHVHQ WHG K HUH D UH HD VLO\ H[ WHQ G HG WR WUD Q V�
D Q G UR E X VWQ HVV LQ G HQ VH LQ WHUIHUHQ FH HQ Y LUR Q P HQ WV� P LWWHG VLJ Q D OV Z LWK P R UH FR P S OH[ P R G X OX V S UR S HUWLHV� IR U

H[ D P S OH� E X UVW % 3 6 . Z DY HIR UP V� 7 K H 0 / HVWLP D WR U FD Q
D OVR E H H[ WHQ G HG WR Z LG HE D Q G FR OOHFWLR Q V\ VWHP V Z K HUH WK H

� � 6 ,0 8 / $ 7 ,2 1 5 ( 6 8 / 7 6 6 2 ,V D UH UHFHLY HG LQ WK H S UHVHQ FH R I IUHT X HQ F\ �VHOHFWLY H LQ �
WHUIHUHQ FH D Q G FK D Q Q HO G LVWR UWLR Q �P X OWLS D WK ��

( [ WHQ VLY H VLP X OD WLR Q UHVX OWV D UH S URY LG HG IR U WK HVH HVWLP D �
WR UV LQ >� @� 7 K HVH VLP X OD WLR Q V G HP R Q VWUD WH WK H IR OORZ LQ J

� � 5 ( ) ( 5 ( 1 & ( 6S HUIR UP D Q FH UHVX OWV�

t E OLQ G D FT X LVLWLR Q D Q G FR S \ R I WZ R VLP X OD WHG E X UVW� >� @ % � $ J HH� 6 � % UX ]]R Q H� ? ( [ S OR LWD WLR Q R I 6 LJ Q D O 6 WUX F�
& 3 ) 6 . Z DY HIR UP V LQ WK H S UHVHQ FH R I WZ R VHY HUH VWUX F� WX UH LQ $ UUD\ �% D VHG % OLQ G & R S \ D Q G & R S \ �$ LG HG
WX UHG D Q G X Q VWUX FWX UHG FR �FK D Q Q HO LQ WHUIHUHQ FH X VLQ J ' ) 6 \ VWHP V ^ % ULHq Q J 3 D FND J H�� 5 D G L[ 7 HFK Q R OR J LHV
D IR X U�HOHP HQ W OLQ HD U D Q WHQ Q D D UUD\� Z LWK FR S \ S HU� % ULHq Q J 1 R � % 5 ) � � � � � � � - X Q H � � � �
IR UP D Q FH Q HD UO\ HT X D O WR D FFX UD FLHV D WWD LQ HG E \ WK H >� @ % � $ J HH� ? 7 K H / HD VW�6 T X D UHV & 0 $ � $ 1 HZ 7 HFK Q LT X H
Q R Q E OLQ G OLQ HD U D UUD\ �� IR U 5 D S LG & R UUHFWLR Q R I & R Q VWD Q W 0 R G X OX V 6 LJ Q D OV�� LQ

3 URF� ���� ,Q WO� & RQ I� RQ $ 6 6 3 � S S � � � � �� � � � � � � �t E OLQ G D FT X LVLWLR Q D Q G FR S \ R I WK UHH UHD O ) 0 Z DY H�
IR UP V X VLQ J D � �HOHP HQ W OLQ HD U D Q WHQ Q D D UUD\� Z LWK >� @ % � $ J HH� ? 7 K H 3 UR S HUW\ 5 HVWR UD O $ S S UR D FK WR % OLQ G
FR S \ S HUIR UP D Q FH Q HD UO\ HT X D O WR D FFX UD FLHV D WWD LQ HG $ G D S WLY H 6 LJ Q D O ( [ WUD FWLR Q �� 3 K �' � ' LVVHUWD WLR Q �
E \ WK H Q R Q E OLQ G OLQ HD U D UUD\ � ' HS W� R I ( ( & 6 � 8 Q LY � R I & D OLI�� ' DY LV� � � � �

t E OLQ G VHS D UD WLR Q R I HLJKW �� � FR �FK D Q Q HO Q R LVH�P R G X OD WHG >� @ % � $ J HH� ? 0 D [ LP X P �/ LN HOLK R R G $ S S UR D FK HV WR % OLQ G
) 0 Z DY HIR UP V X VLQ J D � �HOHP HQ W D Q WHQ Q D D UUD\ D Q G $ G D S WLY H 6 LJ Q D O ( [ WUD FWLR Q 8 VLQ J 1 D UURZ E D Q G $ Q �
D P X OWLWD UJ HW 0 / HVWLP D WR U� Z LWK FR S \ S HUIR UP D Q FH WHQ Q D $ UUD\ V�� LQ 3 URF� 7 Z HQ W\�) LIWK $ VLORP DU & RQ I�
Z HOO EH\RQ G D FFX UD FLHV D WWD LQ HG E \ WK H Q R Q E OLQ G OLQ � RQ 6 LJQ DOV� 6 \VWHP V DQ G & RP SX WHUV� � � � �
HD U D UUD\ �

>� @ . � % D N K UX � ' � 7 R UULHUL� ? 7 K H 0 D [ LP LQ $ OJ R ULWK P IR U
t E OLQ G VHS D UD WLR Q D Q G G HP R G X OD WLR Q R I WHQ �� � � FR � $ G D S WLY H $ UUD\ V D Q G ) UHT X HQ F\ �+ R S S LQ J & R P P X Q LFD �

FK D Q Q HO G D WD �P R G X OD WHG & 3 ) 6 . Z DY HIR UP V X VLQ J D WLR Q V�� ,( ( ( 7 UDQ V� $ Q W� DQ G 3 URS�� Y R O� $ 3 �� � � Q R �
VLQ J OH� VHQ VR U FR OOHFWR U� E D VHG R Q WK H & 3 ) 6 . VWUX F� � � S S � � � � �� � � � 6 HS W� � � � �
WX UH R I WK H 6 2 ,V� Z LWK G HP R G X OD WLR Q S HUIR UP D Q FH Z HOO

>� @ % � $ J HH� ? ) D VW $ FT X LVLWLR Q R I % X UVW D Q G 7 UD Q VLHQ W
E H\ R Q G D FFX UD FLHV D WWD LQ HG E \ WK H Q R Q E OLQ G G HP R G X �

6 LJ Q D OV 8 VLQ J D 3 UHG LFWLY H $ G D S WLY H % HD P IR UP HU�� LQ
OD WR U�

3 URF� ���� ,( ( ( 0 LOLWDU\ & RP P � & RQ I�� � � � �
t FR S \ �D LG HG ' ) R I E X UVW� % 3 6 . � D Q G ) 0 6 2 ,V FR S LHG >� @ % � $ J HH� 6 � 6 FK HOO� : � * D UG Q HU� ? 6 S HFWUD O 6 HOI�

E \ VLQ J OH�WD UJ HW D Q G P X OWLWD UJ HW S UR FHVVR U IUR Q W�HQ G V� & R K HUHQ FH 5 HVWR UD O� $ 1 HZ $ S S UR D FK WR % OLQ G $ G D S �
Z LWK ' ) S HUIR UP D Q FH Z HOO E H\ R Q G D FFX UD FLHV D WWD LQ HG WLY H 6 LJ Q D O ( [ WUD FWLR Q 8 VLQ J $ Q WHQ Q D $ UUD\ V�� 3 URF�
E \ FR Q Y HQ WLR Q D O X Q D LG HG ' ) D S S UR D FK HV� ,( ( ( � Y R O� � � � Q R � � � S S � � � � �� � � � $ S ULO � � � �

t FR S \ �D LG HG ' ) R I DOO HLJKW R I WK H ) 0 6 2 ,V FD S WX UHG >� @ - � 3 UR D N LV� ' LJLWDO & RP P XQ LFDWLRQ V� 0 F* UDZ �+ LOO�
E \ WK H P X OWLWD UJ HW 0 / Z DY HIR UP HVWLP D WR U� D W ' ) � � � �
S HUIR UP D Q FH Z HOO E H\ R Q G D FFX UD FLHV D WWD LQ HG E \ FR Q �

>� @ % � $ J HH� ? 7 K H & R S \ � ' ) $ S S UR D FK WR 6 LJ Q D O�6 S HFLq FY HQ WLR Q D O X Q D LG HG R U �VLQ J OH�6 2 ,� FR S \ �D LG HG ' ) D O�
( P LWWHU / R FD WLR Q �� LQ 3 URF� 7 Z HQ W\�) LIWK $ VLORP DUJ R ULWK P V�
& RQ I� RQ 6 LJQ DOV� 6 \VWHP V DQ G & RP SXWHUV� � � � �

7 K HVH UHVX OWV X Q G HUVFR UH WK H X WLOLW\ R I WK H P D [ LP X P �OLN HOLK R R G
>� � @ ' � % ULOOLQ J HU� ? $ 0 D [ LP X P �/ LN HOLK R R G $ S S UR D FK

HVWLP D WLR Q D S S UR D FK � HVS HFLD OO\ LQ RY HUOR D G HG HQ Y LUR Q P HQ WV
WR ) UHT X HQ F\ �: DY HQ X P E HU $ Q D O\ VLV�� ,( ( ( 7 UDQ V�

Z K HUH WK H Q X P E HU R I FR �FK D Q Q HO HP LWWHUV RY HUZ K HOP V WK H
$ 6 6 3 � Y R O� $ 6 6 3 �� � � Q R � � � S S � � � � � �� � � � � 2 FWR E HU

FD S D E LOLWLHV R I FR Q Y HQ WLR Q D O OLQ HD U S UR FHVVLQ J WHFK Q LT X HV�
� � � �

>� � @ % � $ J HH �3 ,�� ? & R S \ � ' ) $ S S UR D FK HV WR ,Q WHUIHUHQ FH
� � & 2 1 & / 8 6 ,2 1 6 & D Q FHOOD WLR Q D Q G 6 X S HUUHVR OX WLR Q ' ) LQ * UR X Q G E D VHG

6 X UY HLOOD Q FH 6 \ VWHP V� 3 K D VH ,, ) LQ D O 5 HS R UW�� 5 D G L[
$ J HQ HUD O D S S UR D FK IR U E OLQ G D G D S WLY H VLJ Q D O S UR FHVVLQ J � 7 HFK Q R OR J LHV 7 HFK � 5 HS � 1 R � 7 5 3 � � � � � � � & R Q WUD FW
E D VHG R Q P D [ LP X P �OLN HOLK R R G HVWLP D WLR Q R I VLJ Q D OV D Q G S D � 1 X P E HU ' $ $ % � � �� � �& �� � � � � 1 RY HP E HU � � � �
UD P HWHUV Z LWK N Q RZ Q S UR S HUWLHV UHFHLY HG E \ D Q WHQ Q D D UUD\ V�


