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fg ghijk lmhn j opqrjsgqijl tghpli mq ing ingutv uo wusxpijimuq

kv wuqimqpuphyims g rvqjs mwjl hvhigs h z kv hnu{ mq| inji hvhigs h wuty
tghxuqrmq| iu hu wjllgr wuqimqpuphyims g hvssgitmw }ux~glr qgih jtg
wjxjklg uo |gqgtjl wusxpijimuq � � h mh {gll �qu{q z hpwn qgi{ut�h nj�g
�gtv wuqhitjmqgr z � mjxpqu�yopqwimuq wuqitullgr rvqjs mwh � �g�gtinglghh z
{g hnu{ inji ingv jtg pqm�gthjl jqr g� wmgqi wusxpijimuqjl rg�mwgh z
mq ing hgqhg inji jqv wuq�gt|gqi hvqwntuquph opllv xjtjllgl wusxpijy
imuq kv j tgwpttgqi qgi{ut� uo � rmhwtgigyims g kmqjtv qgptuqh z { min mq
|gqgtjl jhvssgitmw wupxlmq| {gm|nih z wjq kg hmspljigr kv j hvssgitmw
wuqimqpuphyims g }ux~glr qgi wuqijmqmq| uq lv ����� pqmih gsxluvmq| ing
hjiptjigrylmqgjt jwim�jimuq opqwimuq � �utgu�gt z mo ing jhvssgitmw qgiy
{ut� njh s j�msps mqig|gt {gm|ni hm�g ���� jqr wuq�gt|gh mq rmhwtgig
ims g �� z ingq ing wuttghxuqrmq| }ux~glr qgi wjq kg rghm|qgr iu uxgtjig
mq wuqimqpuph ims g � ��� �� � z out jqv � � � hpwn inji ���� ���� � ��� ¡ �
¢q igts h uo hijqrjtr rmhwtgig wusxpijimuq surglh z upt tghpli msxlmgh
inji jqv xulvqus mjllv hxjwgykupqrgr £ptmq| s jwnmqg wjq kg hmspljigr
kv j ojs mlv uo xulvqus mjlyhm�g wuqimqpuphyims g hvssgitmw }ux~glr qgih �
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¢q tgwgqi vgjth z j qpskgt uo hiprmgh nj�g hup|ni iu pqrgthijqr ing wusxpijimuqjl
wnjtjwigtmhimwh uo ®qjiptjl¯ rvqjs mwjl hvhigs h � £ng tghplih jwnmg�gr mqwlprg z g �| �
pqm�gthjl wusxpijimuq tghp lih out hg�gtjl ivxgh uo °±² ³h ��hjtmq ´ �jlgt z �µµ¶ ·
¸tjqmw�vz �µµ¶� z ¹±² ³h �°sunpqrtu z �µ�¶� z jqr rmhwtgig migtjimuqh �ºumtjq z »uhy
qjtr z ´ ¼jt�uq z �µµ¶ · �uutg z �µµ� · ½mg|gls jqq ´ ½uqij| z �µµ¾� � °qg spwn hipry
mgr wljhh uo hvhigs h jtg inuhg inji jtg rg~qgr kv �jtmuph ¿ÀÁÂÃÄ ¿ ÀÅÆ ÇÂÈ surglh
�¼ulrgq z �µµÉ · }jv�mq z �µµµ · ½mg|gls jqq z �µµµ� � £nmh mqigtghi mh s uim�jigr xjtilv
kv ing Êpghi iu pqrgthijqr ing opqrjs gqijl lms mih jqr xuhhmkmlmimgh uo xtjwimwjl
qgptu wusxpimq| z jqr xjtilv kv ing tgjlm�jimuq inji rghxmig ingmt outs jl hmsxlmwmivz
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qgptjl qgi{ut�h jtg wusxpijimuqjllv Êp mig xu{gtopl z jqr inph s jv hgt�g jh j phgopl
tgogtgqwg surgl out mq�ghim|jimq| sutg wusxlmwjigr hvhigs h � ¢q |gqgtjl z ing wusxpy
ijimuqjl wjxjkmlmimgh uo rmhwtgigyims g hvhigs h jtg kv qu{ ojmtlv {gll pqrgthiuur z kpi
mq ing jtgj uo wuqimqpuphyims g hvhigs h spwn {ut� tgs jmqh iu k g ruqg � £u |gi jq
u�gt�mg{ uo ing mhhpgh z hgg ing hpt�gv xjxgth kv �uutg ��µµ�� jqr °txuqgq ��µµ�j� �
»uqimqpuphyims g tgwpttgqi qgptjl qgi{ut�h jtg jq jiitjwim�g wljhh uo wusxpijy

imuqjl s urglh { min jxxlmwjimuqh mq z g �| �z wuqitul z uxims m�jimuq z jqr hm|qjl xtu wghhmq|
�»mwnu w�m ´ �qkgnjpgq z �µµ� · � grh�gt ´ �jmq z ����� � ¹tukjklv ing kghiy�qu{q z
jqr suhi { mrglvyphgr wuqimqpuphyims g tgwpttgqi qgi{ut� surgl mh inji xuxpljtm�gr
kv �unq }ux~glr ��µ�¶� z jqr uoigq wjllgr ing ®wuqimqpuphyims g }ux~glr surgl¯ �
£ng rvqjs mwh uo inmh s urgl {gtg jwipjllv jltgjrv jqjlv�gr gjtlmgt kv »ungq jqr
¼tuhhk gt| ��µ�� � mq j sutg |gqgtjl hgiimq| z kpi kgwjphg uo ing j�qmiv iu ing �gtv
mq�pgqimjl rmhwtgigyims g kmqjtvyhijig �gthmuq uo ing surgl �}ux~glr z �µ��� z inmh jry
rmim�g hxgwmjl wjhg uo ing »ungqy¼tuhhkgt| gÊpjimuqh njh kgwus g jhhu wmjigr iu }uxy
~glr ³h qjs g � �h xtjwimwjl qgptjl qgi{ut�h z xtuxuhgr phgh uo }ux~glr qgih mqwlprg
jhhuwmjim�g sgsutv �}ux~glr z �µ�¶� jqr ojhi jxxtu� ms jig hulpimuq uo wuskmqjiutmjl
uxims m�jimuq xtuklgs h �}ux~glr ´ £jq� z �µ�¾� z jqr rghm|qh g� mhi out msxlgs gqimq|
ings mq jqjlu| glgwitmwjl �}ux~glr z �µ�¶� jqr uximwjl �½iull ´ �gg z �µ��� njtr{jtg �
¢q in mh xjxgt z {g xtu�g j opqrjs gqijl tghpli wuqwgtqmq| ing wusxpijimuqjl xu{gt

uo wuqimqpuphyims g hvssgitmw }ux~glr qgih � ¢i mh {gll �qu{q �»ungq ´ ¼tuhhkgt| z
�µ�� · }ux~glr z �µ�¶� inji ing rvqjs mwh uo jqv }ux~glr qgi { min j ���� ÀÅÂ��
wupxlmq| {gm|ni sjitm� mh |u�gtqgr kv j 	 �Ã
 Á¿Ç� z ut À¿ ÀÂ� � 
 Á¿ �Å�Ç¿� £nmh mh j
kupqrgr opqwimuq rg~qgr uq ing hijig hxjwg uo j qgi{ut� z {nuhg �jlpgh jtg xtux gtlv
rgwtgjhmq| jluq| jqv quqwuqhijqi itj� gwiutv uo ing qgi{ut� ³h rvqjs mwh � ¢q xjtimwy
pljt z hpwn j hvssgitmw qgi{ut� jl{jvh wuq�gt|gh otus jqv mqmimjl hijig iu{jtrh
hus g hijklg gÊp mlmktmps hijig � £nmh mh j �gtv phgopl xtux gtiv out ukijmqmq| |pjty
jqiggr kgnj�mut mq xtjwimwjl jxxlmwjimuqh z kpi {uplr ji ~thi hm|ni hggs iu hg�gtglv
lms mi ing qgi{ut�h ³ |gqgtjl rvqjs mwjl wjxjkmlmimgh � �ut mqhijqwg z quqrjsxmq| uhwmly
ljimuqh uo ing qgi{ut� hijig z {nmwn hggs iu kg jq ghhgqimjl xtgtgÊpmhmig uo |gqgtjl
wusxpijimuq z uk�muphlv wjqqui k g wtgjigr pqrgt inmh wuqhitjmqi �m �g � hitmwilv hx gj�y
mq| wuqimqpuphyims g }ux~glr qgih wjqqui hmspljig g�gq j hmq|lg jligtqjimq| kmi � z
{ngtgjh hpwn uhwmlljimuqh jtg gjhmlv ukijmqgr mq qgi{ut�h { min Ã���� ÀÅÂ�� wupxlmq|
{gm|nih �
�g�gtinglghh z {g hnjll hnu{ inji mq~qmig uhwmlljimuqh jtg ing Ç¿Ä� ogjiptg uo

|gqgtjlyxptxuhg rm|mijl wusxpijimuq inji wjqqui k g tgxturpwgr mq wuqimqpuphyims g
hvssgitmw }ux~glr qgih � � utg xtgwmhglvz {g xtu�g inji jqv �Ç¿�ÀÂ� �¿� rmhwtgigyims g wusxpijimuq rghwtmkgr kv j tgwpttgqi qgi{ut� uo � � � kmqjtv qgptuqh {ut�y
mq| pqrgt hvqwntuquph opllv xjtjllgl surg jqr { min mq |gqgtjl jhvssgitmw wupxlmq|
{gm|nih z wjq kg gskgrrgr mq j wuqimqpuphyims g }ux~glr qgi uo ��� � � pqmih { min j
hvssgitmw wupxlmq| {gm|ni s jitm� z jqr phmq| ing hjiptjigrylmqgjt jwim�jimuq opqwy
imuq � ¢q xjtimwpljt z ing hmspljimuq uo �� rmhwtgig pxrjig higxh wjq kg jwnmg�gr mq
wuqimqpuph ims g � ������ z out jqv � � � hpwn inji ���� ���� � ��� ¡ {ngtg ���� � �
mh ing sj�msps mqig|gt {gm|ni hm�g uo ing rmhwtgig qgi{ut� � �q g�xgtms gqijl �jlmrjy
imuq uo in mh tghpli jxxgjtgr xtg�muphlv mq ing g�igqrgr jkhitjwi ��½ ��sj ´ °txuqgq z����� �
� �gv ukhgt�jimuq mh inji jqv igts mqjimq| wusxpijimuq kv j rmhwtgigyims g rgy

igts mqmhimw qgi{ut� { min hijig hxjwg �� � ��� sphi wuq�gt|g { minmq �� higxh � � kjhmw
igwnqmÊpg phgr mq upt xtuuo mh ingq ing wuqhitpwimuq uo j hvssgitmw wuqimqpuphy
ims g �ÄÇ�È qgi{ut�� j hmspljigr �� � ��yk mi kmqjtv wupqigt� inji z p hmq| �� � �
pqmih z xturpwgh j hgÊpgqwg uo �� {gllywuqitullgr uhwmlljimuqh �|gqgtjigr kv ing hms y
pljigr hgwuqr lgjhi hm|qm~wjqi wupqigt kmi� kgoutg mi wuq�gt|gh � £nmh hgÊpgqwg uo
wlu w� xplhgh mh phgr iu rtm�g ing tghi uo ing qgi{ut� {ngtg gjwn rmhwtgig qgptuq
mh hmspljigr kv j hvssgitmwjllv wupxlgr hpkqgi{ut� uo �� wuqimqpuphyims g pqmih �
£ng wuqimqpuphyims g wlu w� mh jltgjrv kv mihglo uo hus g mqigtghi otus j rvqjs mwjl
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hvhigs h xgthxgwim�g z kgwjphg mi xtu�mrgh iu upt �qu{ lgr|g ing ~thi �qu{q g�jsxlg
uo j wuqimqpuphyims g �mjxpqu� hvhigs {nuhg wuq�gt|gqwg ims g |tu{ h g�xuqgqimjllv
mq ing hvhigs rms gqhmuq ��½ ��sj ´ °txuqgq z ��� �j� �� hms mljt z kpi wuqhmrgtjk lv hmsxlgt z wuqhitpwimuq {jh phgr mq ing ����ÂÀÅÀ�Å�� À
hgiimq| �°txuqgq z �µµÉ� iu xtu�g ing wusxpijimuqjl gÊpm�jlgqwg uo hvssgitmw jqr
wuq�gt|gqi jhvssgitmw kmqjtv qgptjl qgi{ut�h � °pt xtghgqi wuqhitpwimuq jlhu xtuy
�mrgh ing igwnqmÊpg out msxtu�mq| inmh rmhwtgigyims g hmspljimuq kv tgrpwmq| mih u�gty
ngjr otus j Êpjrtjimw qpskgt uo pqmih iu ing jhvsxiuimwjllv uxims jl lmqgjt hm�g
��½ ��sj z °txuqgq z ´ �qiimy¹um�j z ����� � £ng utm|mqjl mrgj out ing rmhwtgigyims g wluw�qgi{ut� phgr kv °txuqgq ��µµÉ� z jqr uq {nmwn upt wpttgqi wuqhitpwimuq mh kjhgr z
higs h otus ing tghpli kv ¼ulgh jqr �jti ��qg� ��µ�µ� � �quingt tgljigr {ut� �°txuyqgq z �µµ�k� wuqwgtqh ing hmspljimuq uo rmhwtgigyims g kmqjtv qgi{ut�h kv wuqimqpuphy
ims g Ã���� ÀÅÂ�� qgi{ut�h {nmwn z nu{g�gt z ru qui jrngtg iu ing �mjxpqu� xtuxgtiv�
¢i mh Êpmig gjhv iu hgg ��gxlgv ´ � mllgt z �µ�� · °txuqgq z �µµÉ� inji ojs mlmgh uo

xulvqus mjlyhm�g rmhwtgig qgptjl qgi{ut�h jtg wusxpijimuqjllv gÊpm�jlgqi iu �quqpqmy
outs � xulvqus mjllv hxjwgykupqrgr £ptmq| s jwnmqgh · s utg xtgwmhglvz ingv wusxpig
ing wusxlg� miv wljhh ¹½¹�»² �xulv �¸jlw �j�jt z ± ��j� z ´ ¼jkjtt �u z �µµ¾ z x � ��¾� � ¸ving tghpli mq ing xtghgqi xjxgt z {g qu{ �qu{ inji wuqimqpuphyims g hvssgitmw }uxy
~glr qgih jtg jlhu ji lgjhi jh xu{gtopl z m �g � | m�gq jqv xulvqus mjllv hxjwgykupqrgr
£ptmq| s jwnmqg z {g wjq wuqhitpwi j ojs mlv uo xulvqus mjlyhm�g wuqimqpuphyims g hvs y
s gitmw }ux~glr qgih �uqg qgi{ut� out gjwn mqxpi lgq|in � out hmspljimq| mi � £nmh mh
iu upt �qu{ lgr|g ing ~thi tghp li wuqwgtqmq| ing wusxpijimuqjl xu{gt uo wuqimqpuphy
ims g hvssgitmw qgi{ut�h z jqr mi mh hus g{nji hptxtmhmq| inji ingv iptq upi iu k g
wusxpijimuqjllv pqm�gthjl mq inmh wusxlg� mivylms migr hgqhg � ¢i tgs jmqh jq uxgq
Êpghimuq {ngingt inmh mh jlhu jq pxxgt kupqr uq ing xu{gt uo hpwn qgi{ut�h �
� tgljigr lmqg uo hiprv wuqwgtqh ing wusxpijimuqjl wjxjkmlmimgh uo ~qmig ����ÂÀÅÀ�

Å�� À Ã¿ÃÄÇ� ��ÅÃÅÀ qgptjl qgi{ut�h �½mg|gls jqq z �µµµ� � }gtg mi mh �qu{q inji ingwusxpijimuqjl xu{gt uo Ã���� ÀÅÂ�� qgi{ut�h phmq| ing hjiptjigrylmqgjt jwim�jimuq
opqwimuq mqwtgjhgh { min ing ºulsu|utu� wusxlg� miv uo ing tgjl {gm|ni xjtjs gigth
�¸jlw �j�jt z ¼j�jlr �j z ´ ½mg|gls jqq z �µµ�� � f min mqig|gt {gm|nih hpwn qgi{ut�h wumqy
wmrg { min kmqjtv qgi{ut�h z jqr hu jtg gÊpm�jlgqi iu ~qmig jpius jij �}utqg ´ }phn z
�µµÉ · ¢qrv� z �µµ¾ · �½ ��sj ´ f mgrgts jqq z �µµ�� z {nmlg { min tjimuqjl {gm|nih jtkmyitjtv £ptmq| sjwnmqgh wjq kg hmspljigr �¢qrv� z �µµ¾ · ½mg|gls jqq ´ ½uqij| z �µµ¾� �
f min jtkmitjtv tgjl {gm|nih ing qgi{ut�h wjq g�gq nj�g ®hpxgty£ptmq|¯ wusxpijy
imuqjl wjxjkmlmi mgh �½mg|gls jqq ´ ½uqij| z �µµ¶� � £u hus g g�igqi hms mljt tghp lih
jlhu jxxlv iu rmhwtgigyims g ���� ÀÅÂ�� jqjlu| qgi{ut�h inji jtg wusxpijimuqjllv
gÊpm�jlgqi iu ingmt jhvssgitmw wupqigtxjtih {ngq jq g�igtqjl wlu w� xplhg hgÊpgqwg
mh xtu�mrgr ��½ ��sj z °txuqgq z ´ �qiimy¹um�j z ����� � °q ing uingt njqr z mi mh �qu{qinji jqv jsupqi uo jqjlu| qumhg tgrpwgh ing wusxpijimuqjl xu{gt uo rmhwtgigyims g
jqjlu| tgwpttgqi qgi{ut�h iu inji uo ~qmig jpius jij �»jhgvz �µµÉ · � jjhh ´ °ty
xuqgq z �µµ�� ut g�gq lghh �� jjhh ´ ½uqij| z �µµµ · ½mg|gls jqq z �umigthnigmq z ´
¸gqy}pt z ����� �
� xtglms mqjtv �gthmuq uo inmh xjxgt jxxgjtgr jh jq g�igqrgr jkhitjwi ��½ ��sj ´°txuqgq z ��� �k� � £ng xtghgqi jtimwlg mh ut|jqm�gr jh oullu{ h � �oigt j ktmgo tg�mg{ uo

ing kjhmw rg~qmimuqh mq hgwimuq � z upt s jmq wuqhitpwimuq uo ing hvssgitmw wuqimqpuphy
ims g }ux~glr qgi hmspljimq| j |m�gq rmhwtgigyims g kmqjtv qgptjl qgi{ut� mh upilmqgr
mq hgwimuq � {ngtg mih rvqjs mwh mh jlhu mqouts jllv g�xljmqgr � £ng outs jl �gtm~wjimuq
uo inmh wuqhitpwimuq z {nmwn njh ing outs uo j tjingt igrmuph wjhg jqjlvhmh z mh | m�gq
mq hgwimuq ¶ � ¢q hgwimuq ¾ j qpsgtmwjl hmspljimuq g�jsxlg { miqghhmq| ing �jlmrmiv uo
ing wuqhitpwimuq mh xtghgqigr � ½gwimuq É wuqwlprgh { min hus g uxgq xtuklgs h �
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fg {mll ~thi hxgwmov ing surgl uo j ~q mig ����ÂÀÅÀ�Å�� À ��¿ÃÂ���ÅÃÅÀ ÂÀ�ÁÂÂÀ¿Å ¿ ÀÁÂÃÄ
¿ÀÅÆ ÇÂÈ �	
��� � ½pwn j qgi{ut� wuqhmhih uo � hmsxlg wusxpijimuqjl kmqjtv Á¿ �Å�
ut ¿ÀÁÂÇ¿� z mqrg�gr jh � � 
 
 
 �� z inji jtg wuqqgwigr mqiu j |gqgtjllv wvwlmw rmtgwigr
|tjxn ut ÃÂ�� �ÅÀ�ÅÁÂÀ� ²jwn gr|g �� � � � mq inmh |tjxn z lgjrmq| otus qgptuq � iu � z
mh ljk glgr { min jq mqig|gt wupxlmq| Æ À��� Å � �� � � � � � � � � � � �uig inji out k mqjtvqgptuqh �¿ÅÀ� ÀÂ {gm|nih wjq kg jhhps gr { minupi luhh uo |gqgtjlmiv �hgg g �| � ¹jtk gttvz�µµ¶ � � £ng jkhgqwg uo jq gr|g mq ing jtwn migwiptg mqrmwjigh j �gtu {gm|ni k gi{ggq
ing tghx gwim�g qgptuqh z jqr �mwg �gthj �
�q mq hijqijqguph �ÅÃÅÀ uo j ±��� ji ims g � � � mh rghwtmk gr kv j �gwiut� ��� � �� ���� � 
 
 
 � � ���� � � �� � ��� wusxuhgr uo wpttgqi kmqjtv ÇÁÅ
 ÁÅ� ��ÅÃÅÀ� � � ����otus xjtimwpljt qgptuqh � � � � 
 
 
 �� � fg wuqhmrgt ngtg uqlv ing hvqwntuquph 
 ÁÄ Ä�


 ÃÂÃÄ ÄÀÄ rvqjs mwh mq {nmwn ing g�ulpimuq uo ing qgi{ut� hijig � ��� mh rgigts mqgr outrmhwtgig ims g mqhijqih � � � � � � 
 
 
z jh oullu{ h � �i ing k g|mqqmq| uo j wusxpijimuq ing
qgi{ut� mh xljwgr mq hus g �¿ �Å�ÃÄ �ÅÃÅÀ � ��� z {nmwn s jv mqwlprg jq g�igtqjl mqxpi ��i rmhwtgig ims g � � � z gjwn qgptuq � � � � 
 
 
 �� wullgwih mih lu wjl kmqjtv �¿
 ÁÅ� otus
ing �ÅÃÅÀ� �ÇÁÅ
 ÁÅ� � � ���� � �� � �� uo mqwmrgqi qgptuqh � jqr rgigts mqgh mih mqig|gt
À� ��ÅÃÅ�Ç¿ � ���� � ����� � � � � ���� � � � � � 
 
 
 � � �� ���

jh ing tghxgwim�g {gm|nigr hps uo inghg mqxpih � �utgu�gt z hps � �� mqwlprgh jq
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wuqitmkpimuqh intup|n {gm|nih � �É otus 3 � � ��� � �� � � iu ing g�wmijimuq uo � � ��uig inji ing mqigtojwg pqmi � � � � ��� mh ~thi hpxxtghhgr hgxjtjiglv kv � ��
�lgssj ¶� {nmlg ing tgs jmqmq| pqmih mq � ��� � �� � � jtg jwim�g � ¢q xjtimwpljt z pqmih� � jqr �� mqwmrgqi uq � � inji jtg uo ing hjs g utrgt � tgs jmq jwim�jigr joigt � �k gwus gh xjhhm�g kgwjphg uo jwim�g �� jqr ; � z tghx gwim�glvz jqr pqmi �� mh wuqqgwigr{ min � � �mj j qg|jim�g {gm|ni �hgg � m|ptg �� � �ptingtsutg z pqmih mq � ��� uo utrgt|tgjigt injq � jtg qui rmtgwilv mq�pgqwgr kv xjhhm�g � � � £nph z uqlv joigt � � k gwus ghxjhhm�g jqr � �� � � � jtg jwim�jigr z ing uingt pqmih otus � ��� � �� � � jtg tghgi kv � � �

� mqjllvz pqmi �� kjljqwgh ing qg|jim�g mq�pgqwg uo � �� � � � uq � ��� hu inji ing~thi � wupqigt k mih wjq j|jmq wupqi otus � iu �� < � kpi qu{ { min �� kgmq| jwim�g �
£nmh mh jwnmg�gr kv g�jwi xuhmim�g {gm|nih

6 ��� �3 � � ' <6 �� �� � � � � < � out 3 � � �<6 �� � �3 � < � out 3 � � � � �� � �
�� �µ �

�



mq {nmwn <6 �� �� � � � � jqr <6 �� � �3 � glms mqjig ing mq�pgqwg uo � �� jqr � � z tghx gwim�glvzuq 3 � � ��� z {ngtgjh < � wusxgqhjigh out 6 ��� �3 � � � out gjwn 3 � � ��� � »lgjtlvzpqmih 3 � � ��� wjqqui tg�gthglv jwim�jig �� hmqwg ingmt s j�ms jl wuqitmkpimuq iu ingg�wmijimuq uo �� z
�2�� �	� 6 �3 � �� � � <- � < 6 �� �� � � � � < �2 �� �	����� � 6 �� � �3 � � �� < - � < � �� ����

jwwutrmq| iu gÊpjimuqh � �µ z � �� z wjqqui u�gtwus g mih kmjh 6 �� � �� � � - � < �� � � �
£nmh wusxlgigh ing mqrpwimuq higx uo ing wupqigt qgi{ut� wuqhitpwimuq �

� �� �	
 ���� ��� ��� �
��
��
£ng nm|nylg�gl hwngs g uo ing hmspljimq| hpkqgi{ut� � mh rgxmwigr mq � m|ptg � � � giy
{ut� � wuqhmhih uo j hgÊpgqwg uo ~�g ljvgth z gjwn ljvgt k gmq| lmq�gr iu ing hpkhgÊpgqi
uqg � � hm|qjl mh xtuxj|jigr intup|n inghg ljvgth �lgssj � ��k� uqlv mq uqg rmtgwy
imuq z m �g � otus iux iu kuiius mq � m|ptg � z g�gq inup|n ing tghx gwim�g wuqqgwimuqh
jtg hvssgitmw � �ut in mh xptxuhg z j rg�mwg phgr xtg�muphlv out hvssgitmw msxlgs gqy
ijimuq uo oggrout{jtr qgi{ut�h �¹jtkgttvz �µµ¶� mh jxxlmgr ngtg � ¢q xjtimwpljt z ing
jkhulpig �jlpgh uo {gm|nih jqr kmjhgh mq ing hvssgitmw qgi{ut� jtg jttjq|gr mq j
rgwtgjhmq| hgÊpgqwg z {nmwn xtg�gqih ing hm|qjl otus kjw�yxtuxj|jimq| � }u{g�gt z iu
s j�g tgwpttgqi wusxpijimuq xuhhmklg z ing ®kuiius ¯ ljvgt mh optingt wuqqgwigr iu
ing ®iux¯ ljvgt� kpi uqlv �mj {gm|nih uo hs jll jkhulpig �jlpgh inji qggr jrrmimuqjl
hituq| hpxxuti otus ing wlu w� � mq utrgt iu itjqhs mi j hm|qjl �
£ngtgoutg z � m|ptg � jlhu hnu{ h ing wlu w� hpkqgi{ut� � inji njh k ggq wuqhitpwigr

mq xjtj|tjxn � ��� ¹jtimwpljtlvz mqigtojwg pqmi � � uo � mh wuqqgwigr iu ing ~thi ljvgtrgquigr kv � � ��� � 	� · � � � � 
 
 
 �� � �mj ljt|g xuhmim�g {gm|nih jqr ji ing hjs g
ims g � � mh lmq�gr iu ing ouptin ljvgt 
 � ��� ��� · � � � � 
 
 
 � � � �mj qg|jim�g {gm|nih
uo ljt|g jkhulpig �jlpgh �wo � � m|ptg �� � f minmq ing hmspljigr �� � ��ykmi k mqjtv
wupqigt � �! � z pqmi � � mh uo ing hgwuqr lgjhi hm|qm~wjqi utrgt � jqr inph ~tgh ��ims gh � £u gjwn rmhwtgig wusxpijimuqjl higx uo qgi{ut� � inji wuq�gt|gh joigt
�� � �� pxrjigh ingq wuttghxuqrh j i{uyxnjhg wuqimqpuphyims g hijig rvqjs mwh uo
� z wuqitullgr kv uqg uhwmlljimuq uo � � � � �
¢q xjtimwpljt z ing qg�i hmspljigr hijig uo � mh wusxpigr mq ing ~thi xnjhg {ngq

pqmi � � mh xjhhm�g � ¢q inmh xnjhg z ing ~thi ljvgt � mh ÄÇ�È À�z m �g � qu hm|qjl wjq
xjhh intup|n � z hmqwg ingtg mh qu hpxxuti otus � � �i ing hjs g ims g z ing qg|jim�g
mq�pgqwg uo � � uq ing ouptin ljvgt 
 mh hpxxtghhgr � £ng inmtr ljvgt uo � hgt�gh jhj s gsutv inji gqwurgh ing wpttgqi kmqjtv hijig � ��� uo ing hmspljigr qgi{ut� �ji rmhwtgig ims g mqhijqi � � £nmh s gsutv mh xtux gtlv mqmimjlm�gr kv ing mqmimjl hijig� ��� uo � � £ng qg{ hijig � ��! �� uo � ji gjwn ims g mqhijqi � � � mh ingq wusxpigr
otus � ��� mq ing hpkhgÊpgqi ouptin ljvgt kv phmq| ing utm| mqjl {gm|nih uo � jqr mi
mh optingt hiutgr mq ing ou llu{ mq| ~oin s gsutv ljvgt � £nmh wusxlgigh ing ~thi xnjhg
jqr � mh hijkmlm�gr pqiml � � ~ tgh �¢q ing hgwuqr xnjhg z {ngq pqmi � � mh jwim�g z ing qg{ hmspljigr hijig uo �tgxljwgh ing ulr uqg � £ng ouptin ljvgt 
 mh qu{ lu w�gr rpg iu ing ljt|g qg|jim�g
{gm|nih otus � � z {nmlg ing ~thi ljvgt � mh pq lu w�gr kv ing xuhmim�g hpxxuti otus � �
£ng qg{ hijig � ��! �� mh itjqhs miigr otus ing ~oin s gsutv ljvgt kjw� iu ing ~thiljvgt mq j wvwlg z jqr optingt itjqhogttgr iu ing hpkhgÊpgqi hgwuqr ljvgt inji pxrjigh
ing wuqigqih uo ing inmtr s gsutv ljvgt kv qg{ hijig � ��! �� � £nph z uqg hmspljimuqhigx mh wusxlgigr jqr ing hmspljimq| hpkqgi{ut� � mh hijkmlm�gr pqiml � � k gwus ghxjhhm�g j|jmq �
�u{ z ing rgijmlgr msxlgs gqijimuq uo ing hmspljimq| hpkqgi{ut� � {mll k g xtgy

hgqigr � �h mqrmwjigr mq � m|ptg � gjwn uo ing ~�g ljvgth mq � mh wusxuhgr uo � xjmth
uo wuqimqpuphyims g pqmih z uqg xjmt out gjwn rmhwtgig qgptuq � mq ing qgi{ut� � iu k g
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� m|ptg � " � nm|nylg�gl hwngs g uo ing hmspljimuq �
hmspljigr � ²jwn hvhigs uo ~�g pqmi xjmth z uqg otus gjwn ljvgt z inji jtg jhhu wmjigr
{ min ing hjs g qgptuq � z wtgjig ing hvssgitmw |jig hpkqgi{ut� � � {min �� pqmihout hmspljimq| rmhwtgig qgptuq � � � jh rgxmwigr mq � m|ptg ¶ � ¸ghmrgh ing rg~qmy
imuq uo {gm|nih mq � � z in mh ~|ptg j|jmq hnu{ h ing mqigtojwg wlu w� pqmi � � � � {nmwn
mh lmq�gr iu gjwn � � � ¢q {nji oullu{ h {g { mll mqouts jllv rghwtmk g ing rvqjs mwh uo
� � �� � � � 
 
 
 � �� inji hmspljigh ing rmhwtgigyims g pxrjigh uo qgptuq � � � � �ut
hmsxlmwmiv uo xtghgqijimuq z {g jhhpsg �hgg lgssj � ��k� inji xjtimwp ljt pq mih mq ing
wuqimqpuphyims g qgi{ut� � � jxxtu� ms jiglv ou llu{ ing rmhwtgig pxrjig tplg � ���� ��{ngq ingmt mqxpih jtg hjiptjigr out ing rptjimuq uo j wgtijmq x gtmur �
�i ing kg|mqqmq| uo ing hmspljimuq z jll pqmih mq � � jtg xljwgr mq � ÀÂÇ mqmimjl

hijigh z g�wgxi xuhhmklv out pqmih �� � �� � � � inji rupklv gqwurg ing mqmimjl hijig uormhwtgig qgptuq � � � " ��
 ��� � � �
 ��� � � ���� � �� ����
{nmwn sgjqh inji kuin pqmih �� � �� jtg mq mimjllv hjiptjigr ji �jlpg � ���� � �� � �� �
£ng � Â�Å 
 � Ã�À uo j |gqgtjl hmspljimuq higx wuttghxuqrmq| iu ing pxrjig uo hijiguo qgptuq � ji rmhwtgig ims g mq hijqi � � � hijtih {ngq ing mqigtojwg pqmi � � � �

kgwus gh xjhhm�g � »uqhgÊpgqilvz pq mih �� � 	� � � hjiptjig ji � jqr tgs jmq xjhhm�g
rpg iu ingmt qg|jim�g kmjhgh �hgg � m|ptg ¶ � � °qlv ingq �lgssj ¶� ing hijigh uo pqmih
�� �� � � 
 jtg jllu{gr iu g�ul�g hmqwg ing mq�pgqwg uo qg|jim�g {gm|nih otus � �

��
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� m|ptg ¶ " � wuqimqpuphyims g |jig qgi{ut� � � hmspljimq| ing rmhwtgig qgptuq � �
rmhjxxgjth { min xjhhm�g � � � � hhps g qu{ inji ing hmspljigr hijig � ���� � �� � �� uo
qgptuq � � � ji rmhwtgig ims g mqhijqi � mh rupklv tgxtghgqigr kv wuqimqpuphyims g
pqmih �� � �� � � � inji jtg kuin hjiptjigr ji �jlpg � ���� � ¢q xjtimwp ljt z pq mih �� � ��
jtg gmingt kuin xjhhm�g rpg iu ingmt qg|jim�g k mjhgh jqr xjhhm�g �� z mo � ���� � � z ut
ingv jtg hjiptjimq| gjwn uingt ji � �mj ingmt xuhmim�g wupxlmq| {gm|ni 6 ��� � �� � {nmlg
�� mh xjhhm�g z mo � ���� � ��
£ng �jlpg wuttghxuqrmq| iu ing qg{ hijig � ��! ��� � �� � �� uo qgptuq � mh wusxpigr

kv pqmi �� � � � z kjhgr uq mih wuqqgwimuqh iu ing pqmih � � � � � �� � � � 
 
 
 � ��
inji tgxtghgqi ing hmspljigr hijigh � ���� uo qgptuqh � � � ji ing xtg�muph rmhwtgig
ims g mqhijqi � � £ngtgoutg z inghg wuqqgwimuqh jtg ljk glgr { min hvssgitmw {gm|nih6 �� � � �� � � ��� � � z jqr pqmi �� njh kmjh 6 �� � �� � � ��� � � � �¶ z {ngtg � � � jtg ingutm|mqjl {gm|nih uo � � £ng ljt|g wug� wmgqih jtg phgr iu |pjtjqigg inji �� mh qui
mq�pgqwgr kv �� �� � {nmlg ing utm|mqjl opqwimuq uo � mh xtghgt�gr �¹jtkgttvz �µµ¶� �
½ms mljtlvz pq mi �� wusxpigh ing qg|jimuq uo � ��! ��� otus pqmih �� � � � kv phmq| inguxxuhmig {gm|nih 6 ��� � �� � � <��� �� � � � jqr kmjh 6 �� ��� � � <��� � � < �¶ {nmwn jlhuxtg�gqi �� otus kgmq| mq�pgqwgr kv � � �� � �
�uig inji kgwjphg pqmih � � � �� nj�g kmjhgh 6 �� � � � � � 6 �� � �� � � <� < �z {ngtg � mh

ing ljt|g quqqg|jim�g xjtjs gigt rg~qgr kv outsplj � �� z ing hijig g�ulpimuq uo �� � ��
wjqqui tg�gthglv j9gwi ing rvqjs mwh uo pq mih � � � �� z tghx gwim�glv� ¢q jrrmimuq z pqmih
�� �� � � � � jtg qg�gt hmsplijqguphlv jwim�g z hmqwg gmingt ingv jtg kuin xjhhm�g z

��



ut gjwn uo ings tgxtghgqih ing qg|jimuq uo j kmqjtv hijig gqwurgr kv ing uingt �
£ngtgoutg z ing xuhmim�g xjtjs gigt � mqiturpwgr mq gÊpjimuq � �� jqr msxljqigr mq
{gm|ni 6 �� � � � � � mh hp� wmgqi out jwim�jimq| ing wlu w� pqmi � � � � tg|jtrlghh uo ing
iuijl qg|jim�g mq�pgqwg uq � � otus pqmih mq 
 �hgg � m|ptg �� �

�ptingtsutg z pqmih �� � �� hiutg ing qg{ hijig � ��! ��� mqiu kuin � � jqr � � mq hpwn
j {jv inji gmingt �� gqhptgh jwim�jimq| � � �� � intup|n xuhmim�g {gm|nih z mo � ��! ��� �
�z ut �� jttjq|gh out ingmt tghgimq| kv s gjqh uo qg|jim�g {gm|nih z mo � ��! ��� � � �
»uqhgÊpgqilvz wuqimqpuphyims g pqmih � � �� � hiutg ing hmspljigr hijig � ��! ��� g�gq mo
�� �� � kgwus g ljigt xjhhm�g z hmqwg ingv jtg gmingt kuin xjhhm�g rpg iu ingmt qg|jim�g
kmjhgh z mo � ��! ��� � � z ut ingv jtg hjiptjimq| gjwn uingt ji � �mj ingmt xuhmim�g wupxlmq|
{gm|ni 6 �� � �� � � z mo � ��! ��� � �� ½mqwg pqmih �� � 	� � � jtg igsxutjtmlv lu w�gr z ing
|jig qgi{ut� � � kgwus gh hijklg pqiml pqmi � � mh jwim�jigr �¢q ing �À�Ç¿� 
 � Ã�Àz mqigtojwg pqmi � � � � kgwus gh jwim�g jqr luw�h pqmih �� ��� �

 kv hjiptjimq| ings ji � kgoutg tglgjhmq| pqmih �� � 	� � � �lgssj ¶� � �qmi ��
ingq tgwgm�gh � ��! ��� otus pqmi � � z jh ing xuhmim�g hpxxuti otus � � kjljqwgh ingqg|jim�g kmjh uo �� hu inji ing hsjll xuhmim�g {gm|ni 6 �� � � �� � wjq nj�g jq mq�pgqwg
uq �� � ½ms mljtlvz pqmi 	� wusxpigh ing qg|jimuq uo ing kmqjtv hijig � ��! ��� tgwgm�gr
otus � � kv sgjqh uo ing hpxxuti otus � � � ½ijig � ��! ��� jqr mih qg|jimuq jtg optingt
xtuxj|jigr mq � � otus �� � 	� iu �� � �� z tghx gwim�glvz jqr inghg pqmih ingq pxrjig
ing hmspljigr hijig uo qgptuq � hiutgr mq �� � �� kv mih qg{ �jlpg � ��! ��� � ½mqwg ing
qg|jim�g {gm|nih 6 �� � � �� � � 6 �� � � �� � � <� �� � �� ,� � � , � ����� otus � � u�gtwus ging iuijl xuhmim�g mq�pgqwg uq �� �� � inji utm|mqjigh mq ingmt mqwmrgqi pqmih z qgi{ut�
� � mh igsxutjtmlv hijkmlm�gr pqiml � � k gwus gh xjhhm�g j|jmq z jqr wusxpimq| ingqg{ rmhwtgig hijig � ��! ��� mh mq mimjigr � �gwjll jlhu inji pqmih �� � 	� � � � jtg qg�gthmsplijqguphlv jwim�g z {nmwn msxlmgh inji ing igts < ���� � �µ�� mq rg~qmimuq � �¾
uo 6 �� �� � � � � �� � �� hp� wgh iu hpxxtghh ing iuijl xuhmim�g mq�pgqwg otus � uq
� � �hgg � m|ptg �� � £nmh wusxlgigh ing wuqhitpwimuq uo ing hmspljimq| hpkqgi{ut�
� � ��� � �� � �
� �©¨��� ��¨­�¬�§ ­©¦
�u{ ing wuttgwi hijig g�ulpimuq uo ing wuqimqpuphyims g }ux~glr qgi{ut� � rghwtmkgr
mq hgwimuq � qggrh iu kg �gtm~gr � £nmh mh jwnmg�gr kv j hgÊpgqwg uo lgssjh jqjlv�mq|
ing k gnj�mut uo ing wuttghxuqrmq| hvhigs uo rm9gtgqimjl gÊpjimuqh � �É � �gssj �
~thi pxxgt kupqrh ing sj�msps hps uo jkhulpig �jlpgh uo {gm|nih mqwmrgqi uq jqv
pqmi mq � � �gssj � ingq rghwtmk gh g�xlmwmi lv ing wuqimqpuphyims g hijig g�ulpimuq
out hjiptjigr pqmih � �q jqjlvhmh uo nu{ ing rgwtgjhmq| �À
 À�Å� z m �g � r mhijqwgh otus
lms mi �jlpgh mq ing hijigh uo hjiptjigr pqmih z j9gwi ing g�wmijimuq uo jqv uingt pqmi
tg�gjlh inji ing pqmih mq � jwipjllv jxxtu� ms jig ing rmhwtgig pxrjig tplg � ���� ��
uo wuttghxuqrmq| kmqjtv qgptuqh joigt j wgtijmq itjqhmgqi ims g z xtu�mrgr inji ing
mqwmrgqi hjiptjigr pqmih hijv hjiptjigr � �ptingtsutg z ing itjqhogt uo ing jwim� miv
mq ing wlu w� � otus j pqmi iu j hpkhgÊpgqi uqg z {ngq jll ing mqwmrgqi pqmih jtg
hjiptjigr z { mll k g jqjlv�gr g�xlmwmi lv mq lgssj � � �¸pi quig inji ing rvqjs mwh uo
pqmi �� ji ims g � � � hlm|nilv rm9gth otus inmh jqjlvhmh �� � wtpwmjl ojwi out ing xtuuouo ingutgs � mh inji ing rptjimuq ims g uo in mh itjqhogt iptqh upi iu k g �Ç¿�ÅÃ¿Å
jqr qui j9gwigr kv jqv mqmimjl rgogwi � £nmh mqiturpwgh j ®rmhwtgig ims g¯ mqiu ing
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	2 � � $� � 6 �3 � � �	2 � � $� � 6 �� � � � �	� % � � $� � �¶ �����

�É



{ngtg � � � � � �� � � z jwwutrmq| iu rg~qmimuq ¶ ��É �
�hhps g ~thi inji pqmi � �� � � mh qui wuqqgwigr iu jqv pqmi mq � z {nmwn |m�gh

� $� � � � $� %� �¶ �����
{ngtg � �� � � � � � � �ut � � �� � �� �� � � � � � �� jqr � � �� �� �� � � � � � ��
jll ing pqmih mq � �� jtg hjiptjigr {ngq � � mh k gmq| jwim�jigr {nmwn ij�gh ims g �� �°q ing uingt njqr z ing jwim�jimuq uo � � � � �� � �� ij�gh ims g ��� rpg iu mih k mjh6 �� � � �� � < � � ��� z {nmlg hmsplijqguphlv pqmih mq � � � � � �� �out xjtimwpljt wjhghuo � hgg ijklg mq � m|ptg É mq {nmwn qu{ � � wuttghxuqrh iu � � hjiptjig { minmq j
ims g xgtmur uo lgq|in �� jwwutrmq| iu lgssj � ��k � �uig inji ing wuttghxuqrmq|pqmi z � �� ut � � z xtgwgrmq| � � � � �� ut � � � �� z tghx gwim�glvz mh jltgjrv hjiptjigr ji
� kv lgssj � �� k goutg � � pqhjiptjigh otus � � �ptingtsutg z jlhu jll ing pqmih mq
� �� jtg hjiptjigr out ing rptjimuq uo ing qg�i ��yx gtmur wgtijmqlv kgoutg pq mi 3 otusoutsplj ¶ �¶¶ pqhjiptjigh � ¢i oullu{ h otus mqgÊpjlmiv ¶ �¶� inji � $� %� ( � {nmwn
msxlmgh wuqrmimuq ¶ �¶¶ jwwutrmq| iu mqgÊpjlmiv ¶ ���� jqr gÊpjimuq ¶ ����� ½ms mljtlvz
out � � � � �m �g � 3 � � � � mi { mll k g hnu{q kglu{ inji jll ing pqmih mq � � inji jtgwuqqgwigr iu � z ghxgwmjllv pqmih mq � � 
 �� � � otus hmspljimq| hpkqgi{ut� � jtg
hjiptjigr kgoutg � � � �� pqhjiptjigh z {nmwn wlgjtlv hp� wgh out xtu�mq| wuqrmimuq¶ �¶¶ �
�qjlu|uphlvz ing hituq|gt rgogwi kupqrh ¶ �¾ ��¶ �¾� mq lgssj � �� jtg s gi out3 � � �� �� � � � � � �� jqr 3 � � � �� � � � � � �� hmqwg jwwutrmq| iu lgssj � ��

ing itjqhmgqi ims g ��� inji mh hp� wmgqi iu rgwtgjhg ing pqrgtlvmq| rgogwih rpg iumqgÊpjlmiv ¶ �¶� z mh |pjtjqiggr kv ing hpwwghhm�g hgxjtjig �jll ing pqmih mq � jtg
hjiptjigr kpi uqg� jwim�jimuqh uo ing xtgwgrmq| i{u pqmih �� � �� {min 6 ��� � � � �6 ��� � � � � � kgoutg pqmi 3 pqhjiptjigh otus � � ¢i uq lv tgs jmqh iu wngw� mqgÊpjlmiv¶ �¾� out 3 � � � {ngq � � 
 �� � � z {nmwn j|jmq oullu{ h otus ing ojwi inji pqmih mq� � 
 �� � � jtg hjiptjigr kgoutg � � � �� pqhjiptjigh z {nuhg xtuuo mh |m�gq kglu{ ��u{ z ing hvqwntuqm�jimuq uo ing ��� ÁÄÃÅ�¿� �Á�¿ÀÅÆÇÂÈ � {mll k g jqjlv�gr � £ng
� Â�Å 
 � Ã�À uo jqv hmspljigr rmhwtgig higx mh rglms migr kv ing x gtmur rptmq| {nmwning wlu w� mqigtojwg pqmi � � � � mh xjhhm�g � �gwjll inji pqmi � � mh tghgi kv � �� out
hus g � � � � � � � {nmwn hjiptjigh ji � kv lgssj � �� k goutg ing hpkhgÊpgqi pqmi
� �� mh pqhjiptjigr otus � � £ng jwim�jimuq uo � �� ingq ij�gh ims g ��� kv lgssj � �� z
otus {nmwn ing ~thi x gtmur uo lgq|in �� hp� wgh out � � iu hjiptjig ji � jwwutrmq|iu lgssj � ��k � £nph z ing hgwuqr ��yx gtmur uo jwim�jimq| ing � �� kgluq|h jltgjrv iuing ~thi hmspljimuq xnjhg � £nmh xnjhg ingq jlhu mqwlprgh ing hpwwghhm�g hgxjtjig
jwim�jimuqh uo pq mih �� � ;� � �� � �� � � � � � � z gjwn uo lgq|in �� g�wgxi out ing jwim�jimuq uo�� inji tgÊpmtgh ims g ��� jwwutrmq| iu lgssj � �� � � liu|gingt ing lgq|in uo ing ~thi
xnjhg mh wgtijmqlv ji lgjhi ��� � �uig inji mq inmh wuqhmrgtjimuq ing lgq|in uo jwim�jimq|ing � � mh us miigr out {nmwn uqlv ing pxxgt kupqr mh |m�gq mq lgssj � �� � �wipjllvz
ing ~thi i{u ��yxgtmurh uo ing ~thi hmspljimuq xnjhg jtg hp� wmgqi iu hijkmlm�g inghmspljimq| hpkqgi{ut� � z m �g � iu hjiptjig jll mih pqmih z g �| � g�gq kgoutg ;� pqhjiptjigh
otus � � ¢q xjtimwpljt z jwwutrmq| iu lgssj ¶ z pqmih mq � jtg jqr tgsjmq hjiptjigr
ji � joigt ��� � ��� {nmlg pqmih mq 
 �� uqlv ingq hjiptjig ji � kv lgssj � ��k{ minmq ing ~thi ��yx gtmur z m �g � luq| kgoutg � � � �� pqhjiptjigh jh tgÊpmtgr jku�g �£ng oullu{ mq| hgwuqr ��yx gtmur gqhptgh inji ing pqmih mq ing hgwuqr jqr ~oin ljvgthuo � hjiptjig �hgg � m|ptg � � �
½ms mljtlvz ing �À�Ç¿� 
 � Ã�À uo jqv hmspljigr rmhwtgig higx mh rg~qgr jh ing xgtmurrptmq| {nmwn ing wlu w� mqigtojwg pqmi � � � � mh jwim�g � � gwjll inji pqmi � � mh jwim�jigrkv � � jqr hjiptjigh ji � kv lgssj � �� k goutg ing hpkhgÊpgqi pqmi �� k gwus ghpqhjiptjigr otus � � £nph z ing hgwuqr hmspljimuq xnjhg mqwlprgh ing hpwwghhm�g

hgxjtjig jwim�jimuqh uo pqmih �� � ; � � � � � �� � �� � �� out hus g � � � � �� �z gjwn uo lgq|in
�� g�wgxi out ing jwim�jimuq uo �� inji tgÊpmtgh ims g ��� jwwutrmq| iu lgssj � �� �
� liu|gingt ing lgq|in uo ing hgwuqr xnjhg mh wgtijmq lv ji lgjhi ��� � ¢q ojwi z jltgjrv

��



1
−1 −1

11

−1

1

3

2

� m|ptg � " � �yqgptuq wvwlg ±��� �

ing ~thi intgg ��yx gtmurh uo ing hgwuqr hmspljimuq xnjhg jtg hp� wmgqi iu hijkmlm�ging hmspljimq| hpkqgi{ut� � z m �g � iu hjiptjig jll mih pqmih g�gq kgoutg � � pqhjiptjighotus � � ¢q xjtimwpljt z jwwutrmq| iu lgssj ¶ z pqmih mq 
 jtg jqr tgs jmq hjiptjigr
ji � joigt ��� � ��� z {nmlg pqmih mq � �� uqlv ingq hjiptjig ji � kv lgssj � ��k{ minmq ing ~thi ��yx gtmur � £ng oullu{ mq| i{u ��yxgtmurh gqhptg inji ing pqmih mq inghgwuqr ljvgt uo � z ou llu{gr kv inmtryljvgt pqmih hjiptjig jwwutrmq| iu lgssj � ��k
�hgg � m|ptg �� � °k�muphlvz ing lgq|in uo ing hgwuqr hmspljimuq xnjhg inji mh lu{gt
kupqrgr kv ��� jlhu |pjtjqiggh ing rgogwi kupqrh ¶ �µ� z ¶ �µ¶ z jqr ¶ �µÉ�¶ �µ� mqlgssj ¶ �� �

� mqjllvz ing lu{gt kupqr � ��� ��� uq ing iuijl hmspljimuq ims g oullu{ h mssgrmy
jiglv otus ing xtg�muph ims g jqjlvhmh jqr gÊpjimuq ¶ ��� � ¢q jrrmimuq z g�gtv pqhjiy
ptjigr pqmi mq � hjiptjigh { minmq ims g ji suhi � ��� � jwwutrmq| iu lgssjh � ��k z � �� lhu rptmq| ing hmspljimuq jll ing pqmih mq � wjq hmsplijqguphlv kg hjiptjigr out j
x gtmur uo ji suhi �� k goutg ing tghxgwim�g rgogwih rgwtgjhg kglu{ � jwwutrmq| iu mqygÊpjlmiv ¶ �¶� z jqr ing qg�i pqmi pqhjiptjigh � £nmh msxlmgh ing wuttghxuqrmq| pxxgt
kupqr � ��� �� � jqr wusxlgigh ing xtuuo uo ing ingutgs � �

� � � ­�« ��§­©¦ ���� � ��
� wusxpigt xtu|tjs }�¼²� njh kggq wtgjigr iu jpius jig ing wuqhitpwimuq otus
ingutgs �� £ng mqxpi out }�¼²� mh j ig�i ~ lg wuqijmqmq| ing jhvssgitmw {gm|nih
jqr kmjhgh uo j |m�gq ±��� � z jh {gll jh mih mq mimjl hijig � £ng xtu|tjs |gqgtjigh
ing hvhigs uo rm9gtgqimjl gÊpjimuqh � �É rghwtmkmq| ing rvqjs mwh uo wuqimqpuphyims g
hvssgitmw }ux~glr qgi � iu|gingt { min mih kupqrjtv wuqrmimuqh mq ing outs uo
j �°�£��� hpktupimqg wuttghxuqrmq| iu � iu kg hmspljigr � £nmh �°�£���
xtu wgrptg mh ingq xtghgqigr iu j hul�gt otus ing ��¼ lmktjtv ��psgtmwjl � l|utmins h
¼tupx z ����� inji xtu�mrgh j qpsgtmwjl hulpimuq out inmh hvhigs �
¸v phmq| ing xtu|tjs }�¼²� z ing pqrgtlvmq| wuqhitpwimuq njh kggq hpwwghhy

opllv ighigr uq hg�gtjl g�jsxlgh � »uqhmrgt g �| � ing hmsxlg �yqgptuq wvwlg ±��� �
rgxmwigr mq � m|ptg � z mq mimjigr mq j hijig {ngtg qgptuq � njh upixpi � jqr qgptuqh
� jqr � upixpi � � £ngq ing wusxpijimuq uo ing qgi{ut� wuqhmhih hmsxlv uo xtuxjy
|jimq| ing pqmi hm|qjl jtupqr ing wvwlg � ¢sxlgs gqimq| inmh hvhigs uq ing }�¼²�
|gqgtjiut tghplih mq j hvhigs uo É � rm9gtgqimjl gÊpjimuqh rghwtmkmq| ing rvqjs mwh uo
j wuqimqpuphyims g hvssgitmw }ux~glr qgi � {min É � pqmih � � m|ptg � hnu{ h ing qpy
s gtmwjl g�ulpimuq uo ing hijigh wuttghxuqrmq| iu ing wlu w� mqigtojwg pqmi � � jqr ingintgg pqmih � � z � � z � � inji tgxtghgqi k mqjtv hijigh uo ing utm|mqjl rmhwtgig qgptuqhotus � z out j x gtmur uo gm|ni ��� � hmspljigr rmhwtgig higxh wuq~ts mq| ing wuttgwiy
qghh uo ing hmspljimuq � � xjtjs gigt �jlpg uo � � � 
� {jh phgr mq inmh qps gtmwjl
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hmspljimuq z hnu{ mq| inji ing ingutgimwjl kupqr uq � mq ingutgs �z {nmwn {uplr
tgÊpmtg jkupi � ( � 
��¶ mq ing xtghgqi wjhg z mh jwipjllv Êpmig wuqhgt�jim�g �
� �©¦¬ �«�­©¦� �¦ª �� �¦ � ¨©� ��� �
fg nj�g xtu�gr inji jq jtkmitjtv wuq�gt|gqi rmhwtgigyims g tgwpttgqi qgptjl qgi{ut�
wjq kg hmspljigr kv j hvssgitmw wuqimqpuphyims g }ux~glr qgi { min uqlv j lmqgjt
mqwtgjhg mq ing qgi{ut� hm�g � £ng g� mhigqwg uo �mjxpqu� opqwimuqh out }ux~glr qgih
xtgwlprgh ing phg uo pqkupqrgr uhwmlljimuqh mq hpwn j hmspljimuq · qg�gtinglghh {g
jtg jklg iu kjhg ing wuqhitpwimuq uq ing kupqrgr z kpi g�xuqgqimjllv luq| hgÊpgqwg
uo xplhgh |gqgtjigr kv ing wuqimqpuphyims g wlu w� hpkqgi{ut� �

�tus ing xumqi uo �mg{ uo pqrgthijqrmq| jqjlu| wusxpijimuq mq |gqgtjl inmh
igwnqmÊpg mh hus g{nji pqhjimhov mq| z hmqwg {g jtg himll kjhmwjllv rmhwtgim�mq| ing
wuqimqpuphyims g wusxpijimuq � ¢i {uplr k g suhi mqigtghimq| iu rg�glux hus g inguy
tgimwjl iuulh �g �| � wusxlg� miv sgjhptgh z tgrpwimuqh z pqm�gthjl wusxpijimuq � out ®qjiy
ptjllv¯ wuqimqpuphyims g wusxpijimuqh inji g�wlprg ing phg uo rmhwtgim�mq| uhwmlljy
imuq h � � mthi higxh jluq| inmh rmtgwimuq nj�g tgwgqilv k ggq ghijk lmhngr �¸gqy}pt z
½mg|gls jqq z ´ � mhns jq z ���� · ¼utm ´ �ggt z ��� �� �
�quingt wnjllgq|g out optingt tghgjtwn mh iu xtu�g Á

 ÀÂ �ÇÁ¿�� uq ing xu{gtuo wuqimqpuphyims g hvhigs h � �uig inji mq ing wjhg uo rmhwtgigyims g jqjlu|yhijig

qgptjl qgi{ut�h j hmq|lg ~�gryhm�g qgi{ut� { min tjimuqjlyqpskgt xjtjs gigth wjq
kg wusxpijimuqjllv pqm�gthjl z m �g � jklg iu hmspljig j pqm�gthjl £ptmq| s jwnmqg uq
jtkmitjtv mqxpih �½mg|gls jqq ´ ½uqij| z �µµ¾� � »jq g �| � in mh hituq| pqm�gthjlmiv
tghpli k g |gqgtjlm�gr out wuqimqpuphyims g hvhigs h� �lhu z {g nj�g ghijklmhngr jq
g�xuqgqimjl lu{gt kupqr uq ing wuq�gt|gqwg ims g uo hvssgitmw wuqimqpuphyims g
}ux~glr qgih ��½ ��sj ´ °txuqgq z ��� �j� " wjq j s jiwn mq| pxxgt kupqr kg xtu�gr zut ing lu{gt kupqr kg mqwtgjhgr�

� ���¨�¦¬��
�hjtmq z ² �z ´ �jlgt z ° � ��µµ¶� � °q hus g tgljimuqh k gi{ggq rvqjs mwjl hvhigs h

jqr itjqhmimuq hvhigs h � ¢q � ÂÇ�ÀÀ��¿� � Ç
 Å� À ���Å ���	� �#" �¿ÅÀÂ¿ÃÅ�Ç¿ÃÄ
�ÇÄ ÄÇ Á �Á� Ç¿ �ÁÅÇ� ÃÅÃ� 	Ã¿�ÁÃ� À�� Ã¿� � ÂÇ� ÂÃ���¿� � 	� �	 
�� �xx � ¾µ�
��� � ¸gtlmq " ½xtmq|gty�gtlj| �

¸jlw �j�jt z � � � �z ± ��j� z � �z ´ ¼jkjtt �u z � � ��µµ¾� � 	 ÅÂÁ�ÅÁÂÃÄ �Ç�
 ÄÀ� �Å� � ��qr gr �� �
¸gtlmq " ½xtmq|gty�gtlj| �

¸jlw �j�jt z � � � �z ¼j�jlr �j z � �z ´ ½mg|gls jqq z } � £ � ��µµ�� � »usxpijimuqjl xu{gt
uo qgptjl qgi{ut�h " � wnjtjwigtm�jimuq mq igts h uo ºulsu|utu� wusxlg� miv�
�


 
ÂÃ¿�Ã�Å�Ç¿� Ç¿ �¿
 ÇÂ� ÃÅ�Ç¿ 
� ÀÇÂ�� " � �¶� z ���¾� ���� �

¸gqy}pt z � �z ½mg|gls jqq z } � £ �z ´ � mhns jq z ½ � ������ � � ingutv uo wusxlg� miv
out wuqimqpuph ims g hvhigs h � �ÇÁÂ¿ÃÄ Ç
 �Ç�
 ÄÀ� �Å�� �
 ��� z ¾ ���É �

¸tjqmw�vz � � ��µµ¶� � �qjlu| wusxpijimuq { min wuqimqpuph °±²h � ¢q � ÂÇ�ÀÀ��¿� �Ç
 Å� À �����Ç�
 �#" �ÇÂÈ�� Ç
 Ç¿ ������� Ã¿� �Ç�
 ÁÅÃÅ�Ç¿ �xx � �É¾���¶� ��uh � ljs miuh z »� " ¢²²² »usxpigt ½u wmgiv ¹tghh �
»jhgvz � � ��µµÉ� � £ng rvqjs mwh uo rmhwtgigyims g wusxpijimuq z { min jxxlmwjimuq iu

tgwpttgqi qgptjl qgi{ut�h jqr ~qmig hijig s jwnmqg g�itjwimuq � � ÀÁÂÃÄ �Ç� �

 ÁÅÃÅ�Ç¿ � 
 �É� z ���¾� ���� �

»mwnu w�m z � �z ´ �qkgnjpgq z � � ��µµ� � � � ÀÁÂÃÄ � ÀÅÆ ÇÂÈ� 
 ÇÂ �
 Å�� ��ÃÅ�Ç¿ Ã¿�
	 ��¿ÃÄ � ÂÇ�À���¿� � »nmwnghigt " �unq f mlgv ´ ½uqh �

��



»ungq z � � � �z ´ ¼tuhhk gt| z ½ � ��µ�� � � �khulpig hijkmlmiv uo |lukjl xjiigtq outy
s jimuq jqr xjtjllgl s gsutv hiutj|g kv wusxgimim�g qgptjl qgi{ut�h � �




ÂÃ¿�Ã�Å�Ç¿� Ç¿ 	��ÅÀ��� � Ã¿ � Ã¿� ���ÀÂ¿ÀÅ���� �� �¾� z � �¾���É �

¼ulrgq z � � � � ��µµÉ� � � ÃÅ� À� ÃÅ��ÃÄ � ÀÅ� Ç�� 
 ÇÂ � ÀÁÂÃÄ � ÀÅÆ ÇÂÈ �¿ÃÄ���� Ã¿�	 À���¿� »jsktmr|g z �� " £ng � ¢£ ¹tghh �
¼ulgh z ² �z ´ �jti ��qg� z ½ � ��µ�µ� � ²�xuqgqimjl itjqhmgqi wljhhgh uo hvssgitmw qgptjlqgi{ut�h out hvqwntuquph jqr hgÊpgqimjl pxrjimq| � �Ç�
 ÄÀ� 	��ÅÀ��� � �É� z

¾�µ�¾µ� �
¼utm z � �z ´ �ggt z º � ���� �� � � higx iu{jtrh j wusxlg� miv ingutv out rvqjs mwjl

hvhigs h � £gwnqmwjl �gxuti ��»°��£y£� y� �y �µ �z ±gxjtis gqi uo »usxpigt
½wmgqwg z �qm�gthmiv uo �jtnph z ±gqs jt� � £u jxxgjt mq � ÃÅ� À� ÃÅ��ÃÄ 	Ç� ��
�ÁÃÂÅÀÂÄ� �

} jv�mq z ½ � ��µµµ� � � ÀÁÂÃÄ � ÀÅÆ ÇÂÈ� � � �Ç�
 ÂÀ� À¿���À �ÇÁ¿�ÃÅ�Ç¿ ��qr gr �� �
�xxgt ½jrrlg � m�gt z �� " ¹tgqimwgy}jll �

}ux~glr z � � � � ��µ��� � �gptjl qgi{ut�h jqr xnvhmwjl hvhigs h { min gsgt|gqi wullgwy
im�g wusxpijimuqjl jkmlmi mgh � � ÂÇ�ÀÀ��¿�� Ç
 Å� À � ÃÅ�Ç¿ÃÄ � �Ã�À�� Ç
 	 ��À¿ �À��
�# z �¾¾¶� �¾¾� �

}ux~glr z � � � � ��µ�¶� � �gptuqh { min |tjrgr tghxuqhg nj�g wullgwim�g wusxpijy
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