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efghijkl hkmjl nfk hmlopmok qr nfkgj smjklnt u vfgt wqolgngxk rkmn gt tpjkhy
ojqpliki gl nfk zgqhqoy qr nfk fp{ ml tskwgkt mli {pwf qr nfk hglopgtngw
nfkqjg|glo qr nfk hmtn }rny ykmjt fmt z kkl tkn momgltn nfk zmw~ijqs qr nfgt
sjqzhk{ qr hmlopmok mw�pgtgngql u �q� hmlopmok mw�pgtngql gt nfk { kwfmlgt{
zy �fgwf hmlopmok gt njmlt{ gnnki rjq{ nfk ts km~kjt qr qlk oklkjmngql nq nfqtk
qr nfk lk�n u �y nm~glo nfgt s qgln qr x gk� � qlk gt mzhk nq hgl~ nfk hglopgtngw
z kfmxgqj qr tpwwkttgxk oklkjmngqlt mli nfkjkrqjk tnpiy fq� hmlopmok kxqhxkt
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qxkj oklkjmngqlmh ng{ k u vfpt kxqhpngqlmjy mli fgtnqjgwmh sfklq{klm wml
zkwq{k nfk qz� kwn qr tnpiy mli nfk hmtn nkl ykmjt fmt tkkl nfk ojq�nf qr
wq{spnmngqlmh {qikt qr gl�pgjy glnq nfktk nqsgwt u

vfk sjg{ mjy spjs qtk qr nfgt sms kj gt nq ikxkhqs nfk mjop{kln nfmn nfk
rjm{ k�qj~ qr iylm{ gwmh tytnk{ t gt nfk wqjjkwn smjmigo{ � gnfgl �fgwf nfk
tnpiy qr kxqhx glo hglopgtngw tytnk{ t qpofn nq z k wqlipwnki u �pjnfkj � mt �k
tfmhh tkk � nfk sjkwgtk lmnpjk qr nfk iylm{ gwt � ghh iks kli psql iknmght qr
hglopgtngw nfkqjy� { kwfmlgt{ t qr hmlopmok mw�pgtgngql � rjk�pklwy qr ptmok qr
hglopgtngw k�sjkttgqlt � mli tq ql u �l {qtn wmtkt qr glnkjktn � nfk iylm{ gwt
� ghh npjl qpn nq z k lqlhglkmj u vfk zgrpjwmngqlt �sfmtk njmltgngqlt� gl nfktk
tytnk{ t � ghh npjl qpn nq fmxk whkmj hglopgtngw tgolg}wmlwk mli wml zk glnkj�
sjknki mt nfk wfmlok qr nfk hmlopmok qr m sqsphmngql rjq{ qlk tkk{ glohy
tnmzhk {qik nq mlqnfkj u

vfk smjmhhkht z kn�kkl zgqhqogwmh kxqhpngql mli hglopgtngw kxqhpngql mjk mhtq
�qjnf wq{{klnglo psql u �xqhpngqlmjy zgqhqogtnt rjq{ nfk ng{ k qr � mj� gl
fmxk zkkl {qngxmnki gl smjn zy njyglo nq k�shmgl fq� zgqhqogwmh i gxkjtgny
mjgtkt � fq� gn gt { mglnmglki � mli fq� gn kxqhxkt qxkj tpwwkttgxk oklkjmngqlt u
vfkjk gt oklqnysgw xmjgmngql gl mly sqsphmngql u vfk oklkngw wqik gt njmlt{ gn�
nki nq nfk lk�n oklkjmngql nfjqpof jksjqipwngql mli � klikhgml glfkjgnmlwk u
vq m }jtn qjikj � nfk }khi qr sqsphmngql zgqhqoy nfkl tnpigkt nfk kxqhpngql
qr oklkngw igxkjtgny gl sqsphmngqlt plikj nfk gl	pklwk qr lmnpjmh tkhkwngql u
�l tq{k tkltk � gl nfgt smskj � �k igtwptt nfk k{ kjoglo }khi qr sqsphmngql
hglopgtngwt u vfkjk gt hglopgtngw xmjgmngql gl kxkjy sqsphmngql u 
q�kxkj � wfgh�
ijkl iq lqn hgnkjmhhy glfkjgn nfk hmlopmok qr nfkgj smjklnt u vfk hglopgtngw
wqik �jkmi ojm{{mj� gt gl rmwn njmlt{ gnnki rjq{ qlk oklkjmngql nq nfk lk�n
xgm hkmjlglo u �lk { my nfkl tnpiy fq� nfk hglopgtngw xmjgmngql kxqhxkt rjq{
qlk oklkjmngql nq nfk lk�n plikj nfgt {qik qr njmlt{ gttgql u �l nfgt tkltk �
nfkjk mjk { mly tg{ ghmjgngkt z kn�kkl nfk n�q klnkjsjgtkt u vfkjk mjk � qr wqpjtk �
g{ sqjnmln ig� kjklwkt 
 u �qj k�m{shk � gn gt glnkjktnglo nq lqnk nfmn �fghk gl
nfk zgqhqogwmh wmtk � nfk wfghi glfkjgnt gnt oklkt ���� rjq{ nfk smjklnt � nfk
gl	pklwkt ql nfk hglopgtngw ikxkhqs{ kln qr nfk wfghi mjk { qjk igxkjtk u �pj�
nfkj � z kwmptk nfk { kwfmlgt{ qr njmlt{ gttgql rqj hmlopmok gt gnt mw�pgtgngql
�hkmjlglo � zy wfghijkl � nfk nfkqjy qr hkmjlglo � ghh s hmy ml g{sqjnmln jqhk gl

������ ���������� � ���  ������ ���!"#��� ��$ �%!& ' ("� �)�� !� * �& �� %��!��� +��&���
!��#%�#� �,"!%&�"� �� � "�� !���  " %!�&�"� #���&��� "� �"�� !��� ��"!"#-' .�#%�/!- �& ���
�� ��&� "0 /"&� ����� "0 �,"!%&�"���- �-�&�� � ��� ��&��� &��� �+�!!��# "� ���!"#- &""
�%�� * +� + �!! ��,�!" &�� ��&����! !"#�� "0 !��#%�#� �,"!%&�"� "� �&� "+� &��� � '

1



nfk kxqhpngqlmjy {qikht u � glmhhy� nfkjk gt lq whkmj tkltk gl �fgwf lmnpjmh
tkhkwngql gt { kmlglorph qj shmyt m jqhk gl hmlopmok kxqhpngql qxkj fgtnqjgwmh
ng{ k twmhkt u �l nfk qnfkj fmli � gn {ptn tpjkhy shmy m jqhk gl nfk kxqhpngql
qr lk� wq{{plgwmngql tytnk{ t � mwjqtt ig�kjkln ts kwgkt � qxkj kxqhpngqlmjy
ng{ k twmhkt u

� hgnnhk zgn qr f gtnqjgwmh s kjts kwngxk ql nfktk smjmhhkht mli ig� kjklwkt gt
fkhsrph u � glwk nfk igtwqxkjy qr nfk jkhmnkilktt qr nfk { k{zkjt qr nfk �liq �p�
jqs kml rm{ ghy qr hmlopmokt zy � ghhgm{ �qlkt gl nfk hmnk kgofnkklnf wklnpjy�
fgtnqjgwmh hglopgtngwt iq{ glmnki nfk jktkmjwf moklim qr {pwf qr nfk lglknkklnf
wklnpjyu � glopgtngw rm{ ghy njkkt �kjk wqltnjpwnki zy xmjgqpt { knfqit gl ml
mnnk{sn nq plwqxkj jkhmnkilktt mli iktwkln qr hmlopmokt u � mj� gl � hgx glo gl
nfgt wklnpjy� �mt zy fgt q�l mi{ gttgql � ojkmnhy gl	pklwki zy nfktk gikmt mli
tkxkjmh ng{ kt gl �� � � �	 
�� � �� 
 �� � fk hg~klt zgqhqogwmh i gxkjtgny nq hglopgt�
ngw igxkjtgnyu �skwgkt �kjk hg~k hmlopmokt u � ksjqipwngxk wq{smngzghgny �mt
hg~k wq{{plgwmngxk wq{smngzghgnyu � g~k hmlopmokt � ts kwgkt nqq wqphi kxqhxk
qxkj ng{ k mli zk iktwkliki rjq{ kmwf qnfkj u �qnf �qlkt mli � mj� gl �kjk
jmigwmht gl nfkgj q�l �myt u vq tpooktn nfmn �mlt~jgn �nfk hmlopmok qr nfk
wqhqlg|ki �ligmlt� �mt gl nfk tm{k rm{ ghy mt �mngl �m hmlopmok � gnf �fgwf
nfk g{s kjgmh { mtnkjt giklng}ki tnjqlohy � �mt momgltn nfk glojmglki lqngqlt qr
nfqtk wqhqlgmh ng{ kt u vq tpooktn nfmn fp{mlt mli mskt z khqloki nq nfk tm{ k
zjqmikj rm{ ghy qr sjg{ mnkt �kln tnjqlohy momgltn nfk ikkshy fkhi z khgkrt qr
nfqtk jkhgogqpt ng{ kt u

�l nfk n�klngknf wklnpjy� z qnf nfk s qhgngwt mli nfk twgklwk wfmloki u
�mjngwphmjhy rqhhq� glo nfk wqolgngxk jkxqhpngql gl hglopgtngwt giklng}ki {qtn
tnjqlohy � gnf efq{ t~y� nfkjk �mt m tfgrn gl rq wpt rjq{ igmwfjqlgw nq tyl�
wfjqlgw sfklq{ klm mt nfk qz� kwn qr tnpiyu � glopgtngw tnjpwnpjk mli gnt mw�
�pgtgngql �kjk z knnkj plikjtnq qi u �l zgqhqoy� rqhhq� glo nfk oklkngw jkxq�
hpngql zjqpofn mz qpn zy �mntql mli ejgw~ � nfk oklkngw zmtgt qr z gqhqogwmh
xmjgmngql z koml nq z k sjqz ki mli kxqhpngqlmjy nfkqjy �pgw~hy glwqjsqjmnki
nfktk { kwfmlgt{ t glnq nfkgj {qikht mli k�shmlmngqlt u �g{ ghmjhy qxkj nfk hmtn
n�klny ykmjt � nfk gltgofnt rjq{ oklkjmngxk ojm{{mj mli { kwfmlgt{ t qr hml�
opmok mw�pgtngql mjk lq� zkglo ptki nq jkk�m{ glk nfk gttpkt mli �pktngqlt
qr fgtnqjgwmh hglopgtngwt mli hmlopmok kxqhpngql u

� glmhhy� gn gt �qjnf�fghk nq jk	kwn m hgnnhk zgn ql nfk jqhk qr { mnfk{ mn�
gwmh {qikht gl nfgt klnkjsjgtk u vfk jktkmjwf sjqojm{ qr 
mhimlk � � gtfkj �
mli �jgofn { mnfk{mng|ki nfk igtwgs hglk qr kxqhpngqlmjy zgqhqoy gl smjn nq
whmjgry nfk tkk{ glo nmpnqhqogkt mli jktphnglo wqlrptgql mjgtglo qpn qr xmjgqpt
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glnkjsjknmngqlt qr � mj� glgml gikmt u �l nfgt tkltk � kxqhpngqlmjy zgqhqoy fmt
m rmgjhy hqlo {mnfk{mngwmh f gtnqjyu �l hglopgtngwt � smjngwphmjhy qxkj nfk hmtn
}rny ykmjt � nfk lqngql qr m ojm{{mj mt m wq{spngqlmh tytnk{ plikjhy glo
hmlopmok fmt omglki ojqpli u �glwk ojm{{mjt mjk rqj{ mh qz� kwnt � nfk tnpiy
qr nfkgj sjq wkttglo � mw�pgtgngql � mli ptk z kwq{k m{klmzhk nq { mnfk{ mngwmh
mlmhytgt u �l nfk tnpiy qr hmlopmok kxqhpngql � mt �k tfmhh tkk � qlk � ghh lkki
nq plikjtnmli nfk tpznhk glnkjshmy zkn�kkl hmlopmok hkmjlglo zy gligx gipmht
mli hmlopmok wfmlok gl sqsphmngqlt u �n gt i g� wphn nq jkmtql k�kwngxkhy mli
sjkwgtkhy mz qpn nfgt glnkjshmy nfjqpof xkjzmh mjop{klnt mhqlk u eq{spnm�
ngqlmh mli { mnfk{ mngwmh {qikht nfkl z kwq{k kttklngmh nq { m~k sjqojktt mli
gl nfgt smskj � �k sjqxgik m tkltk qr fq� tpwf {qikht mjk wqltnjpwnki mli nfk
jqhk nfky { gofn shmy gl rpnpjk plikjtnmliglo u �qj m {qjk iknmghki k�s qtgngql
qr nfktk gikmt � tkk � gyqog �1��1� u
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�kn pt qpnhglk nfk kttklngmh hqogw qr hmlopmok kxqhpngql u vfk ikxkhqs{kln qr
nfk wqlwksnpmh rjm{ k�qj~ jktnt ql nfjkk sghhmjt u

� gjtn � nfmn nfk hglopgtngw tytnk{ t plikjhy glo fp{ ml wq{{plgwmngxk z k�
fmxgqj mjk ptkrp hhy wfmjmwnkjg|ki mt rqj{ mh � wq{spnmngqlmh tytnk{ t u vfpt
sfqlk{ kt � rkmnpjkt � ty hhmzhkt � �qjit � sfjmtkt mli tq ql mjk rqj{ mh k�sjkt�
tgqlt mli rqhhq� tytnk{ mngw jkophmjgngkt gl nfk hglopgtngw tytnk{ t qr gligx gipmh
hmlopmok ptkjt u vfk iknmght qr nfk rqj{ mh jksjktklnmngqlt qr tpwf hglopgtngw
tytnk{ t � ghh iks kli psql nfk sfklq{ klqhqogwmh hkxkh mn fmli u vfpt � sfqlq�
hqogwmh�{qjsfqhqogwmh hkxkht { gofn jk�pgjk ig�kjkln jphkt mli jksjktklnmngqlt
rjq{ tylnmwngw�tk{ mlngw hkxkht mhnfqpof glnkjmwngqlt tpjkhy q wwpj z kn�kkl
hkxkht u vfgt mttp{sngql nfmn hglopgtngw ~lq� hkiok { my zk wfmjmwnkjg|ki mt
m rqj{ mh tytnk{ gt tfmjki zy {qtn {qikjl mssjqmwfkt nq hglopgtngw nfkqjy
nfqpof nfkjk { my zk wqltgikjmzhk ig� kjklwkt gl nfk iknmght qr nfk rqj{ mh
rjm{ k�qj~ ptki nq mjngwphmnk ig�kjkln nfkqjgkt u �kk � rqj k�m{shk � �� �efq{ �
t~y� ��� �� � 
��� ��qhhmji mli �mo � ����� � ��� ��jktlml � 1�� �� � �sng{ mhgny
vfkqjy �� jglwk mli �{qhklt~y� ����� mli lp{ kjqpt qnfkjt u �k iq lqn lkki
nq { m~k mly wq{{ gn{ kln nq mly smjngwphmj hglopgtngw nfkqjy fkjk u

�kwqli � nfmn mn mly sqgln gl ng{ k � nfkjk gt xmjgmngql gl nfk hglopgtngw
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tytnk{ t qr ig� kjkln hmlopmok ptkjt u �kn � zk nfk tsmwk qr sqttgz hk hglopgtngw
tytnk{ t nfmn fp{ mlt { gofn fmxk gl lqj{ mh wgjwp{ tnmlwkt u vfk hglopgtngw
tytnk{ � qr kmwf gligx gipmh gt ml khk{ kln qr � u �l m fq{qoklkqpt hglopgtngw
wq{{plgny� mhh { k{zkj fmxk tg{ ghmj hglopgtngw tytnk{ t mli tq nfk xmjgmngql
gt t{ mhh u �l fknkjqoklkqpt hglopgtngw wq{{plgngkt � nfk xmjgmngql { gofn z k
�pgnk fgof u �l oklkjmh � qlk { gofn wfmjmwnkjg|k nfk hglopgtngw xmjgmngql gl
nfk sqsphmngql zy m sjqzmzghgny igtnjgzpngql � ql nfk tsmwk � u �qj mly
ojm{{mj � � � � nfk �pmlngny � �� � {my zk glnkjsjknki mt nfk sjqs qjngql qr
nfk s qsphmngql ptglo ojm{{mngwmh tytnk{ � u

vfgji � hmlopmok gt njmlt{ gnnki rjq{ qlk oklkjmngql nq nfk lk�n xgm hml�
opmok mw�pgtngql u vfpt wfghijkl iq lqn glfkjgn nfk hmlopmok qr nfkgj smjklnt
zpn jmnfkj mw�pgjk m hmlopmok rjq{ nfk sjg{ mjy hglopgtngw imnm nfky jkwkgxk u
�l oklkjmh � nfk tqpjwk qr nfk sjg{ mjy hglopgtngw imnm gt lqn �ptn nfk smjklnt
mhqlk zpn mhtq qnfkj { k{zkjt qr nfk wfghi �t hglopgtngw klxgjql{kln u vfpt
nfk hglopgtngw xmjgmngql gl nfk miphn� wq{{plgny �qphi iknkj{ glk nfk igt�
njgzpngql qr sjg{ mjy hglopgtngw imnm � fkjkmrnkj ��� � nfk wfghi gt k�sqtki
nq u �mlopmok mw�pgtgngql gt m { ms rjq{ sjg{ mjy hglopgtngw imnm nq hglopgtngw
tytnk{ t u �k { my iklqnk nfgt zy �

� � 	 
 �

�fkjk 	 gt nfk tsmwk qr sqttgzhk hglopgtngw k�s kjgklwkt � ��� � mli � gt
nfk tsmwk qr sqttgz hk lmnpjmh hmlopmok ojm{{mjt u vfpt rqj nfk smjngwphmj
hglopgtngw k�s kjgklwk � � 	 � nfk wfghi ikxkhqst nfk ojm{{mj �� ���� u vfgt gt
nfk ikxkhqs{kln qj ojq�nf qr hmlopmok qxkj ml gligx gipmh �t hkmjlglo skjgqi�
u
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vfktk nfjkk qztkjxmngqlt nm~kl nqoknfkj mhhq� pt nq jkhmnk fq� hglopgtngw
igxkjtgny kxqhxkt rjq{ qlk oklkjmngql nq nfk lk�n u �pssqtk gl oklkjmngql �
�k fmxk m hglopgtngw s qsphmngql �fqtk wq{sqtgngql gt wfmjmwnkjg|ki zy � � u
�q� wqltgikj nfk oklkjmngql qr wfghijkl ojq� glo ps gl nfgt wq{{plgnyu vfk
igtnjgzpngql qr imnm nfky jkwkgxk ipjglo nfkgj hkmjlglo s kjgqi � ghh tpjkhy z k
m� kwnki zy � � u �q hkn �� z k m sjqzmzghgny igtnjgzpngql ql 	 nfmn gt glipwki
zy � � u vq tfq� nfgt k�shgwgn iks kliklwk �k � jgnk �� mt �� �� � � �� �fkjk rqj
mly � � 	 � nfk �pmlngny �� �� � � � � iklqnkt nfk hg~khgfqqi qr m nysgwmh wfghi qr
fmxglo nfk smjngwphmj hglopgtngw k�s kjgklwk � ipjglo gnt hkmjlglo sfmtk u � glwk
hmlopmok mw�pgtgngql {mst hglopgtngw k�s kjgklwk nq ojm{{mngwmh tytnk{ t xgm
nfk { mssglo � �k tkk nfmn � ��� gt m jmliq{ xmjgmzhk �fqtk igtnjgzpngql wfmj�
mwnkjg|kt nfk xmjgmzhk hglopgtngw tytnk{ t nfmn wfghijkl { gofn ikxkhqs u vfpt
nfk iks kliklwy gt mt rqhhq� t �

� � 
 �� 
 � �� 
 ���
vfk gl	pklwk qr � � ql �� gt { kigmnki zy tq wgmh tnjpwnpjk � g uk u� nfk smnnkjl

qr tqwgmh wqllkwngx gny m{qlo nfk {k{zkjt qr nfk sqsphmngql u vfk gl	pklwk
qr �� ql � �� 
 gt { kigmnki zy hmlopmok mw�pgtgngql u vfk iknmght qr � � qr
k�mwnhy fq� � � m�kwnt �� � nfk hkmjlglo mhoqjgnf{ � � mli qnfkj xmjgmzhkt gl
nfgt tknnglo � ghh lq� ikskli psql nfk smjngwphmj hglopgtngw msshgwmngql u �kn
pt gltnmlngmnk nfgt oklkjmh hqogw gl m rk� wmtkt u �l kmwf wmtk � �k � ghh okn m
ig�kjkln iylm{ gwmh tytnk{ u � rnkl � gl tpwf tytnk{ t � �k � ghh tkk nfk k� gtnklwk
qr zgrpjwmngqlt �sfmtk njmltgngqlt� u
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� �����	� [

�k � ghh wqltgikj n�q ojm{{mngwmh xmjgmlnt � 
 mli �� gl wq{skngngql � gnf
kmwf qnfkj u vfkjkrqjk � gl nfgt tknnglo � � � �� 
 � �� � u � ttp{k nfmn ts km~kjt
qr � 
 sjqipwk k�sjkttgqlt ik}lglo m hmlopmok � 
 qr tpjrmwk rqj{ t u � g{ ghmjhy
ts km~kjt qr �� sjqipwk k�sjkttgqlt ik}lglo m hmlopmok � � qr tpjrmwk rqj{ t u
�s km~kjt qr � 
 sjqipwk k�sjkttgqlt � gnf sjqzmzghgny � 
 �fghk ts km~kjt qr ��sjqipwk k�sjkttgqlt � gnf sjqzmzghgny �� u � mnpjmhhy� � 
 fmt tpssqjn ql � 
�fghk �� fmt tpssqjn ql � � u vfk tkn � 
 � � � wqltgtnt qr ���	
���	 rqj{ t nfmn
mjk mlmhy|mzhk plikj zqnf ~glit qr ojm{{mjt u �qj qpj spjsqtkt � �k � ghh mhtq
mttp{ k nfmn nfkjk gt m tkn qr 
� �	 �iklqnk zy � 
 � � � � 
 � nfmn � ghh gligwmnk
nq m sqnklngmh hkmjlkj nfmn nfk ts km~kj gt m ptkj qr � � uefghi hkmjlkjt mjk k�sqtki nq sjg{ mjy hglopgtngw imnm ql nfk zmtgt qr �fgwf
nfky mw�pgjk �	�� �� � 
 qj �� psql {mnpjmngql u �kn pt wqltgikj nfk rqhhq� glo

� ��zmtki hkmjlglo mhoqjgnf{ nfmn nfky { gofn rqhhq� u � 
 gt wqltgikjki nq z k
nfk � ��� ��� qj ��� �� �� ojm{{mngwmh tnmnk qr nfk hkmjlkj u vfgt gt nfk ojm{{mj
nfmn gt mw�pgjki plhktt klqpof wpkt nq nfk wqlnjmjy qwwpj gl nfk hkmjlkj �t
k�s kjgklwk u epkt mjk k�sjkttgqlt nfmn z khqlo nq � � � � 
 nfmn sjqxgik m whpk
�wpk� nq nfk hkmjlkj�fkmjkj mz qpn nfk lmnpjk qr nfk ts km~kj �t plikjhy glo
ojm{{mngwmh tytnk{ u �l smjngwphmj � gr m wpk gt fkmji � gn gligwmnkt nq nfk
hkmjlkj nfmn nfk ts km~kj �t plikjhy glo ojm{{mj �mt �� u

�kn pt mttp{k kmwf hkmjlkj fkmjt m nqnmh qr � k�sjkttgqlt qxkj gnt hkmjlglo
sfmtk u �r nfkjk mjk mnhkmtn � wpkt rqj �� nfmn qwwpj gl nfkgj hkmjlglo k�skjgklwk
�qr � k�sjkttgqlt� nfkl nfky miqsn �� psql {mnpjmngql � khtk nfky miqsn � 
 uvfgt oklkjmh tknps gt wqltgtnkln � gnf smjngwphmj {qikht qr hmlopmok mw�pg�
tgngql nfmn fmxk z kkl tpooktnki gl nfk sjglwgs hkt mli smjm{knkjt njmigngql qr
hglopgtngw nfkqjyu �qj k�m{shk � � 
 mli �� {my zk n�q ojm{{mjt nfmn ig�kj zy
m hglopgtngw smjm{knkj u �tkk � gofnrq qn � ���� � � jq wf � 1�� � � � gztql � �k� hkj �
���� � �qiqj � ���� � �kjnqhq � 1�� �� mli tq ql rqj k�sqtgngqlt� u

�k mjk lq� gl m sqtgngql nq mlmhy|k nfk sqsphmngql iylm{ gwt u �k � ghh
miqsn m igtwjknk oklkjmngqlmh tnjpwnpjk u �n ng{ k � � hkn � ��� � �� � �� iklqnk
nfk sjqsqjngql qr � 
 ptkjt gl nfk miphn oklkjmngql u vfkjkrqjk � � � ��� gt
nfk sjqs qjngql qr �� ptkjt gl nfmn tm{ k oklkjmngql u vfpt � �k fmxk xmjgmngql
gl nfk miphn wq{{plgnyu efghijkl zqjl gl nfgt wq{{plgny fkmj k�sjkttgqlt
rjq{ zqnf tqjnt qr ojm{{mjt u vfk sjqzmzghgny qr fkmjglo m wpk rqj ojm{{mj
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�� gt ogxkl zy �� ��� �fkjk � � ���� �� ��� �
�l qnfkj �qjit � � gt nfk sjqzmzghgny � gnf �fgwf m ts km~kj qr �� � ghh sjqipwk m
wpk rqj nfk wfghi nq �fq{ nfk ts kkwf gt igjkwnki u vfk sjqzmzghgny qr fkmjglo
mn hkmtn � wpkt gt nfkl kmtghy wmhwphmnki � u vfgt gt ogxkl zy��	
� ��
 � ��� ����	 �� � �� ���� ���	�
�glwk nfgt gt nfk sjqzmzghgny � gnf �fgwf nfk gligx gipmh wfghi � ghh mnnmgl �� �qlk �qphi k�s kwn nfmn nfgt �qphi mhtq z k nfk sjqs qjngql qr �� ptkjt gl nfk
lk�n oklkjmngql u vfpt � qlk qznmglt nfk rqhhq� glo { ms u

� �� � �� � ��	
� ��
 � ��� ����	 �� � �� ���� �� �	� �1�

vfgt { ms iktwjgz kt nfk kxqhpngql qr nfk hglopgtngw xmjgmlnt gl nfk sqsphmngql
rjq{ oklkjmngql nq oklkjmngql u �l qjikj nq ikjgxk nfk sjkwgtk lmnpjk qr nfk
iylm{ gwt � �k fmxk {mik nfk rqhhq� glo {m� qj tg{shgry glo mttp{sngqlt �

�u �qsphmngql tg|kt mjk gl}lgnk u
1 u �qsphmngqlt mjk s kjrkwnhy { g�ki u vfpt nfk sjg{ mjy hglopgtngw imnm nfmn

wfghijkl jkwkgxk jk	kwn mwwpjmnkhy �g uk u� � gnfqpn zgmt� nfk xmjgmngql nfmn
k� gtnt gl nfk miphn sqsphmngql u

� u efghijkl mw�pgjk k�mwnhy qlk ojm{{mngwmh tytnk{ zmtki ql nfk hglopgt�
ngw imnm nfky jkwkgxk u �pjnfkj nfkjk gt m { mnpjmngql ng{ k qj hkmjlglo
s kjgqi mrnkj �fgwf nfkgj ojm{{mngwmh tytnk{ wjytnmhhg|kt mli iqkt lqn
wfmlok nfkjkmrnkj u vfgt { mnpjmngqlmh ng{ k gt ogxkl zy � gl qpj k�m{shk u

� u efghijkl ptk m wpk�zmtki hkmjlglo mhoqjgnf{ u
� lp{zkj qr mts kwnt qr nfk iylm{ gwt ogxkl zy k� u 1 mjk �qjnf fgofhgofn�
glo u � gjtn � gn gt lqnk�qjnfy nfmn nfk sqsphmngql iylm{ gwt gt ��� ��	� ���u �
lp{zkj qr hglopgtnt fmxk glrqj{ mhhy glxq~ki nfk g{ mokjy qr �wfmqt nfkqjy�� �� "&��� +"��� * +� ���%� � � &�����"!� � � �� �%�� &��& &��  �" "�&�"� "0 �%�� �%�&
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gl wqltnjpwnglo k�shmlmnqjy smjmigo{ t qr hmlopmok wfmlok �tkk gl smjngwphmj �
� gofnrqqn � ���� qj �pr�klk � 1��1� u �r tpwf { knmsfqjt mjk nq z k { mik sjk�
wgtk mn mhh � nfkl {mnfk{mngwmh { qikht rqj nfk iym{ gwt qr hmlopmok lkki nq z k
wqltnjpwnki u �q� nfmn �k fmxk mwnpmhhy ikjgxki m lql� hglkmj iylm{ gwmh tyt�
nk{ qlk { gofn mt~ �fknfkj wfmqt jkmhhy mjgtkt u � t gn npjlt qpn � gl nfgt wmtk �
mhnfqpof zgrpjwmngqlt �sfmtk njmltgngqlt� iq mjgtk nfk { qikht lkxkj klnkj nfk
wfmqngw jkog{ k u

ehkmjhy nfk iylm{ gwt iks klit psql � mli � u �qj m }�ki � � nfk zgrpjwm�
ngql igmojm{ gt tfq�l gl }o u �u �qnk nfmn � � z kglo m sjqmzghgny xmhpk � mh�myt
hgkt z kn�kkl � mli �u �qj hmjok � � nfkjk mjk n�q tnmzhk k�pghgzjgm � � � �
mli � � �� � �u vfgt tpooktnt nfmn � gnf nfk smttmok qr ng{ k � qlk qr nfk
n�q ojm{{mjt � ghh z k khg{ glmnki mli nfk sqsphmngql � ghh wqlxkjok nq m hgl�
opgtngwmhhy fq{qoklkqpt qlk u � fgwf ojm{{mj iq{ glmnkt � ghh iks kli psql
nfk glgngmh wqligngqlt zpn nfk glnkjktnglo wqlwhptgql gt nfmn ���	��	�� � 	� � ��
���� ��� � �� ��	� 	�����u

� t � ijqst z khq� m wjgngwmh xmhpk �� wjgn � � m �	� ��
��	�� �sfmtk njmltgngql �
qwwpjt u �piiklhy� nfk tytnk{ {qxkt rjq{ m jkog{ k �fkjk nfkjk mjk n�q tnmzhk
k�pghgzjgm nq qlk gl �fgwf nfkjk gt qlhy qlk tnmzhk k�phgzjgp{ � xg| u� � � � u vfk
qnfkj tnmzhk k�pghgzjgp{ �� � �� � xmlgtfkt � �pwf zgrpjwmngqlt mjk wq{{ql
gl smjm{knkjg|ki lqlhglkmj tytnk{ t mli fmxk shmyki m jqhk gl plikjtnmliglo
jmsgi wfmlok gl sfytgwmh qj zgqhqogwmh tytnk{ t u �n gt nfkjkrqjk glnkjktnglo nq
tkk m wqlwjknk k�m{shk gl nfk wmtk qr hglopgtngwt u

� fmn iq �k { m~k qr nfgt zgrpjwmngql igmojm{ � � gjtn � gn gt lqnk�qjnfy
nfmn m fq{qoklkqpt sqsphmngql qr � 
 ptkjt gt � ����	 tnmzhk u vfk mlmhytgt
fkjk tpooktnt nfmn plikj nfk mttp{sngqlt { mik m wfmlok rjq{ � 
 nq �� gt
plhg~khyu vfk qlhy �my gl �fgwf tpwf m wfmlok �qphi wq{ k mzqpn gt gr nfkjk
�mt m {mttgxk gl	p� qr �� ts km~kjt rjq{ qpntgik tq nfmn nfk wq{sqtgngql
wfmloki nq nfk zmtgl qr mnnjmwngql qr �� u eqltgikj ql nfk qnfkj fmli � nfk
wfmlok rjq{ �� nq � 
 u vfgt { gofn wq{k mzqpn z kwmptk � ijgrnt rjq{ � � � wjgnnq � � � wjgn u �r � ijgrnt gl nfgt { mllkj � nfk iylm{ gwt tfgrnt tpiiklhy nq m
jkog{ k �fkjk nfk qlhy tnmzhk {qik gt � � � � m sqsphmngql klngjkhy { mik ps
qr � 
 ptkjt u vfk sqsphmngql wq{sqtgngql ijgrnt gl nfgt igjkwngql u �kwqli � gn gt
�qjnf lqnglo nfmn � wjgn iks klit psql � u �l smjngwphmj � gn gt s qttgz hk nq tfq�
nfmn � wjgn 	� 
���	 �	 mt nfk xmhpk qr � ��
���	 �	 u vfkjkrqjk nfkjk mjk mwnpmhhy
�� � ig� kjkln �myt gl �fgwf nfk zgrpjwmngql { gofn qwwpj u vfk xmhpk qr � {gofn
ijgrn qxkj ng{ k mli wjqtt nfk wjgngwmh nfjktfqhi rqj m sfmtk njmltgngql u vfgt
gt k�pgxmhkln nq tmyglo nfmn nfk rjk�pklwy � gnf �fgwf ts km~kjt qr m hmlopmok
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� gopjk � � vfk zgrpjwmngql igmojm{ rqj mt nfk smjm{ knkj � xmjgkt u �qj nfgt
k�m{shk � � � ,� mli � � � �� �qngwk fq� rqj t{ mhh xmhpkt qr � nfkjk gt qlhy
qlk tnmzhk sqgln mn � � � u � t � glwjkmtkt m lk� smgj qr }�ki sqglnt mjgtkt
� qlk qr �fgwf gt pltnmzhk �iqnnki � mli nfk qnfkj gt tnmzhk �tqhgi � u �qj mly
xmhpk qr � ql nfk � �m� gt � nfk � �m� gt iklqnkt nfk xmhpkt qr nfk }�ki sqglnt u
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sjqxgik nfk wpkt wfmlokt u � hnkjlmngxkhy� � {gofn z k }�ki zpn nfk xmhpk
qr � {gofn wfmlok u �l qnfkj �qjit � nfk nqnmh lp{zkj qr k�m{shkt wfmlokt
�z kwmptk nfk lp{zkj qr hglopgtngw glnkjmwngqlt ikwjkmtk � s kjfmst� u �l m hmnkj
k�m{shk � gnf �qji wfmlok � �k � ghh tkk fq� nfktk n�q {qikt sjqx gik ig� kjkln
glnkjsjknmngqlt qr nfk wmptk qr hmlopmok wfmlok u

� �� �� ����	
� �
 ��� ���
 ������
�kmxglo nfk tylnmwngw iq{mgl � qlk wqphi ikxkhqs m xkjy tg{ ghmj {qikh rqj
hk� gwmh hkmjlglo mli wfmlok u �{moglk lq� nfmn m �qji fmt n�q rqj{ t � 
 mli
� � u e hmttgw k�m{shkt mjk mhnkjlmngxk sjqlplwgmngqlt qr nfk tm{ k �qji tpwf
mt nfk �{kjgwml mli �jgngtf sjqlplgwmngqlt qr ��� ���� qj mhnkjlmngxk sjq�
lplwgmngqlt qr �	�� �� �� gnf {qlqsfnfqlog|ki mli igsfnfqlog|ki }jtn xq�kh
jkts kwngxkhy � u vfk n�q sjqlplwgmngqlt { gofn ig� kj zy m sfqlkngw rkmnpjk mli
nfkjk { gofn z k mwqptngw wpkt nfmn njgookj nfk mw�pgtgngql qr tpwf m rkmnpjk u

�l {mly wmtkt qr glnkjktn � nfkjk { my zk ml glfkjkln �	��� ���� gl nfk mw�
�pgtgngql qr tpwf m rkmnpjk u �qj k�m{shk �tkk � hmpwfk kn mh � ���� rqj m rphh i gt�
wpttgql � � nfk s kjwksnpmh wqlrptgql zkn�kkl ��� �plxqgwki � xkhmj shqtgxk� mli
��� �plxqgwki mhxkqhmj shqtgxk� gt mty{{knjgw � gnf ��� z kglo { gts kjwkgxki
{qjk qrnkl mt ��� nfml nfk qnfkj �my mjqpli u �l � hmpwfk kn mh � m sfqlkngwmhhy
ojqpliki igtwpttgql gt wqlipwnki gl nkj{ t qr mwqptngw wpkt �fkjk gn gt mjopki
nfmn nfk mwqptngw sjqs kjngkt qr ��� glwhpik mhh nfk mwqptngw sjqs kjngkt rqj ���
shpt tq{ k {qjk igtnglopgtfglo wpkt u �r nfktk wpkt mjk { gttglo nfk ts km~kj
tg{shy fkmjt nfk glnkliki tqpli mt ��� u vfk qnfkj �my mjqpli lkxkj qwwpjt u
�l smjngwphmj � rqhhq� glo �nkxklt mli �hp{ tnkgl ������ gn gt fysqnfktg|ki nfmn
m { gi�rjk�pklwy zpjtn klkjoy gl nfk jkogql qr ��� ~
 | gt tnjqlokj rqj xkhmj
tqplit nfml gn gt rqj mhxkqhmj tqplit u eqltk�pklnhy� nfky jkmtql nfmn nfgt
klkjoy {my zk { gttki {qjk qrnkl jmnfkj nfml glnjqipwki tspjgqpthy zy hgt�
nklkjt u vfkjkrqjk xkhmj tqplit mjk {qjk hg~khy nq z k { gts kjwkgxki mt mhxkqhmj
nfml nfk qnfkj �my mjqpli u

�{moglk lq� nfmn nfk n�q rqj{ t � 
 mli � � ig�kj k�mwnhy zy nfgt rkmnpjk u
�q� qlk wml hqq~ mn nfk igtnjgzpngql qr nfgt rkmnpjk gl nfk hglopgtngw sqsp�
hmngql mli fq� nfgt igtnjgzpngql { gofn wfmlok � gnf ng{ k u vfk {qikh gt mt
rqhhq� t u

�kn � ��� z k nfk sjqs qjngql qr gligx gipmht �hkn pt jkrkj nq nfktk gligx gipmht
mt nys k � gligx gipmht� gl nfk sqsphmngql �mn ng{ k �� �fq fmxk glnkjlmhg|ki
rqj{ � 
 gl nfkgj hk� gwmh glxklnqjyu eqltk�pklnhy m sjqsqjngql � � � ��� fmxk

��



glnkjlmhg|ki rqj{ � � �nfktk mjk nfk nys k 1 gligx gipmht� u �xkjyng{ k m nys k 1
gligx gipmh ptkt nfk �qji � � gnf sjqzmzghgny � nfky sjqipwk klqpof wpkt nfmn
nfky mjk s kjwkgxki wqjjkwnhy zy nfk hgtnklkj u �xkjyng{ k m nys k � gligx gipmh
ptkt nfk �qji � nfky mjk mh�myt s kjwkgxki wqjjkwnhyu

�q� wqltgikj nfk nysgwmh wfghi fkmjkj�hkmjlkj u vfgt wfghi fkmjt nfk �qji
ptki � ng{ kt gl mhh ipjglo gnt hkmjlglo s kjgqi u � glwk nfgt wfghi gt g{{kjtki gl
m fknkjqoklkqpt hglopgtngw klxgjql{kln � tq{ kng{ kt nfk �qji fmt z kkl pnnkjki
zy m nysk � gligx gipmh mli tq{kng{ kt zy m nysk 1 gligx gipmh u �xkjy nys k �
gligx gipmh gt s kjwkgxki wqjjkwnhy � gnf sjqzmzghgny �u �xkjy nys k 1 gligx gipmh gt
s kjwkgxki wqjjkwnhy � gnf sjqzmzghgny � u � gnf sjqzmzghgny ��� rqj{ � � pnnkjki
zy m nys k 1 gligx gipmh gt { gts kjwkgxki mt rqj{ � �� 
 � u � rnkj � gltnmlwkt � nfk
hkmjlkj mw�pgjkt rqj{ � �mt gnt { mnpjk plikjhy glo jksjktklnmngql gl gnt hk� gwmh
glxklnqjy � gr gn fkmjt rqj{ � mnhkmtn � ng{ kt gl gnt k�s kjgklwk u vfk kxqhpngql
qr nys kt gl nfk sqsphmngql gt ogxkl zy nfk k�mwn tm{ k k�pmngql u

� �� � �� � ��	
� ��
 � ��� ����	 �� � �� ���� �� �	�
�qhhq� glo nfk sjkxgqpt igtwpttgql � �k tkk

�u �qj{ � gt mh�myt tnmzhk u � sqsphmngql qr nys k � gligx gipmht mh�myt
jk{ mglt nfmn �myu vfgt gt pltpjsjgtglo tglwk nys k � gligx gipmht mjk
lkxkj �jkmi jmjkhy � {gts kjwkgxki u

1 u �qj{ 1 � �� �� � �� ��� z k tnmzhk u vfgt zjglot qpn nfk tpznhkny qr
nfk tgnpmngql u �glwk nfkjk gt ml glfkjkln mty{{knjy� qlk { gofn nfgl~
nfmn � � �qphi mh�myt ojmipmhhy okn jkshmwki zy � 
 u �pj mlmhytgt fkjk
tfq� t nfmn nfgt lkki lqn z k nfk wmtk u �l rmwn � gr � � � �

� 	� � �k tkk nfmn m
s qsphmngql qr hmjokhy nys k 1 gligx gipmht wml jk{ mgl tnmzhy gl nfk tqwgkny
rqj mhh ng{ k u

� u �k tkk nfmn m wfmlok rjq{ � 
 nq � � gt plhg~khy k�wksn � gnf m {mttgxk
s qsphmngql jktnjpwnpjglo ipk nq hmlopmok wqlnmwn mli { gojmngql u �l
nfk qnfkj fmli � m wfmlok rjq{ � � nq � 
 wqphi wq{ k mzqpn z kwmptk qr m
sfmtk njmltgngql �fkjk nfk tytnk{ {qxkt rjq{ m jkog{ k �fkjk � � � �

� 	�nq qlk �fkjk � � � �
� 	� u

� u �l nfgt sfqlkngw k�m{shk � qlk { gofn nfgl~ nfmn nfk sjqzmzghgny � gt
ojqpliki gl qpj zgqhqogwmh s kjwksnpmh mssmjmnpt mli nfgt sjktp{ mzhy

�1



iqkt lqn wfmlok � gnf ng{ k u eqltk�pklnhy� � gt sjqzmzhy }�ki u vfkjk�
rqjk gn gt {qjk hg~khy nfmn wfmlok qwwpjt ipk nq m ikwjkmtk gl nfk xmhpk
qr � u �qnk nfmn � gt tg{shy fq� { mly ng{ kt nfk �qji �gl kgnfkj rqj{ � gt
pnnkjki ipjglo nfk hkmjlglo s kjgqi u �r nfk �qji zkwq{kt glrjk�pkln �ipk
nq tnyhgtngw � tq wgqhglopgtngw qj qnfkj wqltgikjmngqlt� nfkl � � ghh z kwq{ k
t{ mhh � nfk jkhmngql z kn�kkl � mli � �

� 	� {gofn glxkjn mli nfk sjqwktt qr
hmlopmok wfmlok { gofn z k tkn gl {qngql u

� �����	� �

�kn pt zjgk	y wqltgikj nfk msshgwmngql qr nfgt sqgln qr x gk� nq nfk mlmhytgt qr
tylnmwngw wfmlok gl �jklwf ipjglo nfk s kjgqi rjq{ nfk rqpjnkklnf wklnpjy nq
nfk tkxklnkklnf wklnpjy �� u� u� u vq ~kks qpj igtwpttgql wqlwjknk �k � ghh rq wpt
ql tq{ k smjngwphmj smjm{ knjgw wfmlokt gl �jklwf tylnm� qxkj nfgt s kjgqi u
�pj mlmhytgt ijm� t fkmx ghy rjq{ nfk �qj~ qr �ml �qzkjnt �hglopgtngw �qj~ gl
�qzkjnt � ���� mli wq{spnmngqlmh �qj~ gl ehmj~ mli �qzkjnt � ����� mli m
{qjk jkwkln njkmn{ kln gl �mlo � 1��1 u

� �� � ���� ��� �� ���������	
vfk igtwpttgql nfmn rqhhq� t gt wqlipwnki � gnfgl nfk sjglwgs hkt mli smjm{knkjt
njmigngql �efq{ t~y� ��� �� qr hglopgtngw nfkqjyu vfkjk �kjk n�q iq{ glmln
smjm{knjgw wfmlokt nfmn qwwpjjki gl �jklwf tylnm� qxkj nfk s kjgqi plikj
wqltgikjmngql u � gjtn � nfkjk �mt hqtt qr tpz� kwn �sjq � ijqs u �l � hi �jklwf �
�hg~k { qikjl �nmhgml � � m sjqlq{ glmh tpz� kwn wqphi z k ijqss ki mt nfk rqhhq� glo
k�m{shkt tfq� u


�		 �� �� � � 	��� �
�	

�u � � gltg t �m{ptmgkln zgkl wknnk lpgn u �� qi��
nfpt �nfky � fmi rpl nfmn lgofn

1 u � g } jkln ojmln � qgk hm lpgn u ����
nfpt �nfky � {mik ojkmn � qy nfk lgofn

�kwqli � nfkjk �mt hqtt qr xkjz tkwqli sfklq{klm �
 1� u � hi �jklwf �mt m

 1 hmlopmok tq nfmn 
 wqphi jmgtk nq e � � gnf nfk ts kwg}kj nysgwmhhy } hhki � mli

��



qwwpsy nfkjkrqjk nfk tkwqli sqtgngql gl nfk hglkmj qjikj qr nfk wqltngnpklnt u
vfgt gt lq hqlokj njpk mt nfk rqhhq� glo k�m{shkt tfq� u


�		 �� ��

�u � �pgt klnkligjkwn� ght pl wqps ik nqllkjjk u �� qi��
nfkl fkmji�nfky m whms qr nfplikj

1 u �qjt qgjkln ght xklgj pl ktwqg| ik nqlqgjk ����
nfkl fkmji nfky wq{ k m whms qr nfplikj

vfpt nfk tgnpmngql gt tg{shy tp{{mjg|ki mt rqhhq� t u �l nfk z kogllglo
nfkjk �mt m jkhmngxkhy tnmzhk mli fq{qoklkqpt ojm{{mngwmh tytnk{ nfmn �mt�
 1 mli fmi lphh tpz� kwnt �sjq ijqs � u �n nfk kli � nfkjk �mt momgl m jkh�
mngxkhy tnmzhk mli fq{qoklkqpt ojm{{mngwmh tytnk{ nfmn fmi hqtn z qnf 
 1
mli sjq ijqs u �l nfk { giihk nfkjk �mt xmjgmngql � gnf {phngshk ojm{{mngwmh
xmjgmlnt wq�k� gtnglo gl nfk sqsphmngql u vfpt gn gt lmnpjmh rqj pt nq mlmhytk
nfk tgnpmngql � gnfgl nfk rjm{ k�qj~ glnjqipwki gl tkwngql 1 u

� �� ���	���� ����
 ���
�� ��
�k { m~k nfk rqhhq� glo mttp{sngqlt u

�u �mwf ts km~kj gt s qnklngmhhy zghglopmh�{phnghglopmh � gnf {phngs hk ojm{ �
{mngwmh tytnk{ t nfmn sjqxgik nfk zmtgt rqj hglopgtngw ptk u

1 u � g{ ghmjhy� kmwf wfghi sqnklngmhhy mw�pgjkt {phngs hk ojm{{mngwmh tytnk{ t
zmtki ql gnt hglopgtngw k�s kjgklwk u �l smjngwphmj � gl s kjgqit �fkl nfkjk
gt hglopgtngw xmjgmngql gl nfk miphn s qsphmngql mli nfk imnm jkwkgxki gt
lqn wqltgtnkln � gnf m tglohk ojm{{mj � nfk wfghi � ghh mwwqjiglohy mw�pgjk
{phngs hk tytnk{ t u

� �� �� �	
 ��
��
� ��
 � �
�� ���
�qj ghhptnjmngxk spjs qtkt � �k � ghh rq wpt ql nfk wq{skngngql z kn�kkl n�q ojm{ �
{mngwmh tytnk{ t u vfk n�q ojm{{mjt mjk iklqnki zy �� mli �� jkts kwngxkhyu
vfk wqjjktsqliglo tknt qr tpjrmwk k�sjkttgqlt �tklnklwkt� mjk iklqnki zy ��
mli �� jkts kwngxkhyu � fkl ptglo nfk ojm{{mngwmh tytnk{ �� ts km~kjt sjq�
ipwk tklnklwkt � gnf m sjqzmzghgny igtnjgzpngql �� �qxkj �� � mli tg{ ghmjhy

��



�fkl ptglo �� ts km~kjt sjqipwk tklnklwkt � gnf m sjqzmzghgny igtnjgzpngql ���qxkj �� � u�qj k�m{shk � gr �� �kjk m fkmi�}jtn ojm{{mj � gnfqpn xkjz tkwqli {qxk�
{kln mli lq sjqijqs �hg~k { qikjl �jklwf � � nfkl �� wqltgtnt qr khk{ klnt
hg~k �m� ��� �tpz� kwn�xkjz�qz� kwn � hg~k nfk {qikjl �lohgtf 
 ��� 	 ��	 �� �

� 	����� qj nfk {qikjl �jklwf 
 ��	� ��	� ��	 ��� �� �	 �z � � ��� �hg~k nfk
�lohgtf �� ��� �	�� ��� ���� ���� �� � � ��	��� �� �� mli tq ql u �l oklkjmh � gl
qpj mlmhytgt � xmjgqpt wfqgwkt { my z k {mik rqj �� mli �� mli nfk kxqhpngqlmjy
wqltk�pklwkt { my nfkl z k k�m{ glki u

�l wqlnjmtn nq nfk sjkxgqpt tkwngql � jkwmhh nfmn ts km~kj�hkmjlkjt fkjk mjk
sqnklngmhhy zghglopmh u vfpt � kmwf ts km~kj fmt m 
 ���� ��	
� � �	� � �
��� 	 �
�� � �� nfmn wfmjmwnkjg|kt fq� qrnkl nfk ts km~kj ptkt �� mt qssqtki nq �� u �qj
k�m{shk � m ts km~kj � gnf { g� rmwnqj 	 � � �jkts u 	 � �� ptkt k�whptgxkhy ���jkts u �� � mli wqjjktsqlit nq m {qlqhglopmh ts km~kj � gnf m tglohk plikjhy glo
ojm{{mngwmh tytnk{ u � g{ ghmjhy� m ts km~kj � gnf { g� rmwnqj 	 � 


�
ptkt �� fmhr

nfk ng{ k mli �� fmhr nfk ng{ k �fkl sjqipwglo tklnklwkt u �l oklkjmh � m ts km~kj
� gnf { g� rmwnqj 	 nfkjkrqjk sjqipwkt tklnklwkt � gnf m sjqzmzghgny igtnjgzpngql
ogxkl zy 	�� � ��� 	 ��� u �qnk nfmn nfgt igtnjgzpngql gt qxkj nfk tkn �� 
 �� u
vfpt nfkjk { my zk 	� ����� � xmjgmngql � gnfgl kmwf ts km~kj mli nfk k�sjkttgqlt
sjqipwki zy tpwf m ts km~kj mjk lqn wqltgtnkln � gnf m tglohk plg�pk ojm{{mj u
�npigkt zy � jq wf �tkk � jq wf � 1�� � rqj qxkjxgk� � tpooktn nfmn nfgt tnmnk qr
m�mgjt gt qrnkl nfk wmtk kts kwgmhhy gl nfk wqlnk�n qr hmlopmok wqlnmwn mli
wfmlok u vfpt gl qpj rjm{ k�qj~ � � �� �� � 	� 
 � �� � 	��� � �fkjk � gt m
tsmwk qr rqj{ mh wqlxk� wq{zglmngqlt iklqnglo {phngs hk ojm{{mngwmh tytnk{ t u

vfkjk gt mhtq �� ����� � xmjgmngql gl nfk miphn sqsphmngql u vfpt ig� kjkln
gligx gipmht fmxk sqnklngmhhy ig�kjkln 	 xmhpkt mli qlk wml nfkjkrqjk g{ moglk
nfk igtnjgzpngql qr 	 xmhpkt gl nfk miphn sqsphmngql u � tp{{mjy tnmngtngw rqj
nfk mxkjmok hglopgtngw z kfmxgqj qr nfk sqsphmngql mt m �fqhk { my zk sjqxgiki
zy nfk {kml xmhpk qr 	 �fgwf �k iklqnk zy 
 �	 � u �k � ghh z k glnkjktnki gl
nfk kxqhpngql qr nfgt �pmlngny qxkj oklkjmngqlmh ng{ k u

� �� �� �

����� 
�� ��� ��� ��� �
efghijkl fkmj k�sjkttgqlt sjqipwki zy ts km~kjt gl nfkgj hglopgtngw wq{{plgnyu
�l nfk zmtgt qr nfktk k�sjkttgqlt � nfky mw�pgjk m ojm{{mngwmh tytnk{ u vfk
mw�pgtgngql qr m ojm{{mngwmh tytnk{ gl qpj wpjjkln wqlnk�n phng{ mnkhy jkipwkt
nq ktng{ mnglo m 	 xmhpk �rqj rpnpjk ptk� ql nfk zmtgt qr nfk hglopgtngw k�s kjgklwk

�,



�imnm� u �kn pt mttp{ k nfmn wfghijkl ptk qlhy njgookjt gl ktng{ mnglo nfk wqjjkwn
xmhpk qr 	 u �l qnfkj �qjit � nfky golqjk mhh m{zgopqpt k�sjkttgqlt �nfqtk nfmn
z khqlo nq �� � � � mli nfkjkrqjk { my zk glnkjsjknki mt oklkjmnki zy kgnfkj
ojm{{mj� u

vfkl m jkmtqlmzhk ktng{ mnk gt sjqxgiki zy

�	 � � 
� 
 � ��
�kn pt mttp{ k nfmn nfk wfghi hkmjlkj ptkt tpwf ml ktng{ mnk gl hmlopmok mw�pg�
tgngql u vfk wfghi jkwkgxkt m ijm� qr � k�m{shk tklnklwkt ipjglo gnt hglopgtngw
k�s kjgklwk u � r nfktk � 
 mjk njgookjt rqj �� � g uk u� nfk tklnklwkt z khqlo nq
�� � �� mli �� mjk njgookjt rqj �� � g uk u� nfk tklnklwkt z khqlo nq � � � �� u
vfk jktn ��� � � � � 
 � �� tklnklwkt� mjk m{zgopqpt mli mjk golqjki zy nfk
hkmjlkj gl ikxkhqsglo gnt ojm{{mngwmh tytnk{ � u

�qnk nfmn nfk sjkwgtk xmhpkt qr � 
 � �� mli �� � ghh xmjy mwjqtt gligx gi�
pmh wfghijkl iks kliglo psql nfkgj smjngwphmj hglopgtngw k�s kjgklwkt � g uk � nfkgj
sjg{ mjy hglopgtngw imnm u vfpt nfkjk � ghh z k xmjgmngql gl nfk oklkjmngql qr
wfghijkl mt nfky {mnpjk nq miphnfqqi u �n lq� { m~kt tkltk nq mt~ �fmn nfk
mxkjmok xmhpk qr �	 � ghh z k gl nfk lk�n oklkjmngql u �n gt s qttgz hk nq tfq� nfmn
nfgt gt ogxkl zy


 ��	 � � ��
�� � � �� � � �

�fkjk
�u � � 
 �	� gt nfk mxkjmok xmhpk qr 	 gl nfk smjklnmh oklkjmngql u
1 u � � � ���� �� � �� ��� gt nfk sjqzmzghgny � gnf �fgwf m ts km~kj �fkl ptglo

�� sjqipwkt m njgookj rqj nfmn ojm{{mngwmh tytnk{ u
� u � � � ������� �� ��� gt nfk sjqzmzghgny � gnf �fgwf m ts km~kj �fkl ptglo

�� sjqipwkt m njgookj rqj nfmn ojm{{mngwmh tytnk{ u
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vfpt �k tkk nfmn ogxkl nfk mxkjmok xmhpk qr 	 gl nfk smjklnmh oklkjmngql �
�k mjk mzhk nq ikipwk nfk mxkjmok xmhpk nfmn gn � ghh nm~k gl nfk oklkjmngql
qr wfghijkl u �k okn nfk rqhhq� glo iylm{ gwt rqj nfk kxqhpngql qr nfk mxkjmok
xmhpk qr 	 qxkj oklkjmngqlmh ng{ k u 	 �� 
 iklqnkt nfk 	 xmjgmzhk rqj nfk ��� ��nf
oklkjmngql mli 	 � iklqnkt nfk tm{ k rqj nfk ���nf oklkjmngql u


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

� �� � �
����� ���� ��	 ������� �� ������
vfk k�pmngql qr wfmlok gt nfkjkrqjk ogxkl zy

� �� 
 � �� �
�� � � � �� � � � �

�fkjk � � � 
 �	 � � u �r qlk mlmhy|kt nfk mzqxk k�pmngql � �k tkk nfmn nfk iylm{ �
gwt qr nfk sqsphmngql iksklit psql nfk smjm{knkjt � mli � u �l smjngwphmj � gn
gt s qttgz hk nq tfq� nfmn

�u �r � � � nfkl � � � gt nfk qlhy tnmzhk sqgln u �jq{ mhh gl gngmh wqligngqlt �
nfk sqsphmngql � ghh wqlxkjok qxkj kxqhpngqlmjy ng{ k nq m fq{qoklkqpt
s qsphmngql qr �� ptkjt u

1 u �r � � � nfkl � � � gt nfk qlhy tnmzhk sqgln u �jq{ mhh gl gngmh wqligngqlt �
nfk sqsphmngql wqlxkjokt nq �� u

� u �r � � � nfkl � �� 
 � � � rqj mhh � u vfkjk gt lq wfmlok u
� qtn glnkjktnglohy� rjq{ qpj sqgln qr x gk� � qlwk momgl �k fmxk m zgrpjwmngql
gl nfk iylm{ gwmh tytnk{ gl nkj{ t qr �fgwf qlk { my glnkjsjkn nfk rmwnt qr
hmlopmok wfmlok u vfpt � ql nfgt mwwqpln � qlk �qphi tpooktn nfmn m fq{q�
oklkqpt tnmzhk sqsphmngql qr �� ptkjt �� � �� wqphi z kwq{k pltnmzhk gr nfk
rjk�pklwgkt qr tklnklwk wfmloki tq nfmn � zkwm{ k hktt nfml � �fghk z krqjk gn
�mt nfk qnfkj �my mjqpli u �likj nfgt wqligngql � �k tkk nfmn nfk glnjqipwngql
qr kxkl nfk thgofnktn xmjgmngql gl nfk sqsphmngql �qphi wmptk nfk hmlopmok qr
nfk wq{{plgny nq {qxk nq qlk qr �� ptkjt � g uk u� hmjok twmhk hmlopmok wfmlok mt
m jktphn qr m zgrpjwmngql u �n gt mhtq glnkjktnglo nq lqnk nfmn tylnmwngw igohqttgm
gt s kj{ gnnki � gnfgl nfk ojm{{mngwmh mli mw�pgtgngql rjm{ k�qj~ � gn gt ptpmhhy
khg{ glmnki qxkj ng{ k plhktt � gt k�mwnhy k�pmh nq � gl tpwf {qikht u

��



�qq~glo {qjk whqtkhy mn nfk ojm{{mngwmh nfkqjgkt mli nfk imnm � �k }li
nfmn 	� �� ��� ��	 �� � ������� � m �
 1 ojm{{mj nklit nq z k �pgnk tnmzhk
gl wql{smjgtql nq m �
 1 ojm{{mj gr nfgt gt nfk qlhy smjm{ knjgw ig�kjklwk
z kn�kkl nfk n�q ojm{{mjt u �qhhq� glo nfk mlmhytgt gl �qz kjnt ������ mli
�mlo �1���� � �k { my nm~k nfk n�q ojm{{mjt nq z k �

�u �� � nfk �
 1 ojm{{mj fmt k�sjkttgqlt hg~k ��� �tpz� kwn�xkjz�qz� kwn �
� gnf xkjz nysgwmhhy gl e mli tpz� kwn gl ts kw�e � mli � � smnnkjlt hg~k �� �� �
�� � mli tq ql u

1 u �� � nfk �
 1 ojm{{mj �hg~k � qikjl �jklwf � fmt k�sjkttgqlt hg~k �m�
��� �tpz� kwn�xkjz�qz� kwn � � gnf tpz� kwn gl ts kw��� � �z � � ��� �gl oklkjmh �

� 1 smnnkjlt� u

�qhhq� glo qpj mlmhytgt mzqxk � �k tkk nfmn ��� smnnkjlt iq lqn wqpln mt
njgookjt u vfk sjqs qjngql qr � ��� �njgookj rqj �
 1� mli �� �� �njgookj rqj�
 1� smnnkjlt gl nfk ts kkwf qr �� mli �� ptkjt jkts kwngxkhy � ghh iknkj{ glk
nfk kxqhpngql qr nfk s qsphmngql u � jkhg{ glmjy tnmngtngwt �rqhhq� glo �mlo � 1����
zmtki ql nfk ts kkwf qr {qikjl �
 1 �hg~k �lohgtf mli �jklwf � mli �
 1
�hg~k � kj{ ml mli �pnwf � hmlopmokt tpooktn nfmn � � � �� �fghk � � � �1 u
eqltk�pklnhy� nfk �
 1 ojm{{mj �qphi jk{ mgl tnmzhk u

�kn pt lq� wqltgikj m �
 1 �� gnf sjq ijqs � ojm{{mj gl wq{skngngql
� gnf m �
 1 �� gnf sjqijqs � ojm{{mj u vfkl �k fmxk nfk rqhhq� glo smnnkjlt� �
��qnk nfmn �
 1 ojm{{mjt � gnf sjq ijqs � ghh lqn oklkjmnk �� k�sjkttgqlt
sjktp{mzhy z kwmptk tpz� gt gl ts kw�e� mli nfgt lkkit nq z k } hhki u�
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�u �� � ��� � �� �� � ���
1 u �� � ��� � �� � ��� � � ���
�kn pt iq m tg{shk wmhwphmngql u � ttp{ k nfmn � gnf sjqzmzghgny � nfk tpz� kwn

gt m sjqlqpl jmnfkj nfml m rphh �� u �pjnfkj � � gnf sjqzmzghgny � � nfk sjqlqpl
gt ijqss ki gl m sjq�ijqs �lphh tpz� kwn� hmlopmok u �r � � � nfkl nfk sjqijqs
gt qzhgomnqjyu �r � � � nfkl nfk hmlopmok iqkt lqn mhhq� sjqijqs u vfkl �k
tkk nfmn

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

�� �� � � � � � ��� �

vq whmjgry nfk hqogw qr nfk wmhwphmngqlt � hkn pt wqltgikj nfk sjqzmzghgny
� gnf �fgwf �� �� �qphi zk sjqipwki zy m ts km~kj qr �� u � gnf sjqzmzghgny
� �� m zmtkrqj{ qr �� �� �qphi zk sjqipwki u �q� �k lkki nq wmhwphmnk
nfk sjqzmzghgny � gnf �fgwf nfgt gt qxkjnhy k�sjkttki � g uk u� nfk tpz� kwn gt lqn
ijqsski u vfkjk mjk n�q wmtkt � �g� nfk tpz� kwn sqtgngql gt } hhki zy m rphh
�� �� gnf sjqzmzghgny � � � � gl �fgwf wmtk gn wmllqn z k ijqsski �gg� nfk
tpz� kwn sqtgngql gt } hhki � gnf m sjqlqpl �sjqzmzghgny � � zpn nfgt sjqlqpl gt
lqn ijqsski �sjqzmzghgny � � �� u �phngs hy glo nfgt qpn mli miiglo nfk n�q
wmtkt � �k qznmgl �� �� � �� � � � �� ��� � � � � � �� � ��� u � jqzmzghgny xmhpkt
rqj nfk qnfkj k�sjkttgqlt mjk qznmglki tg{ ghmjhyu

�q� wqltgikj sjqzmzghgngkt � gnf �fgwf �� ts km~kjt sjqipwk nfkgj k�sjkt�
tgqlt u �n gt tg{shy tkkl nfmn

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

�� �� �� � � � � �1 �� � � ��
�� �� � � � � � �1� �

� gxkl �� mli �� � �k wml wmhwphmnk � mli � nq z k

� � � �� �� � � ��

mli
� � � ��� � � � �1 �� � � � �

��



�jq{ nfgt �k tkk nfmn rqj � � � �k lkki
� �� �� � � �� � � ��� � � � �1 �� � � � �

qj � � � �
�

vfpt �k tkk nfmn gr � � � � g uk u� nfk hmlopmok fmt lq sjqijqs nfkl nfk iylm{ gwt
gt gl nfk jkog{ k � � � mli wqjjktsqliglohy� nfk �
 1 ojm{{mj gt tnmzhk mt qpj
}jtn mlmhytgt tfq�ki mhjkmiyu �l nfk qnfkj fmli � gr � � 


�� nfkl m zgrpjwmngql
qwwpjt mli nfk �
 1 ojm{{mj zkwq{ kt pltnmzhk u �lk { gofn nfkl mt~ � fq�
wq{k m �
 1 mli sjq ijqs ojm{{mj �mt qhi �jklwf spnmngxkhy �mt� jk{ mglki
tnmzhk gl nfk }jtn shmwk� � wwqjiglo nq nfgt mlmhytgt gn {ptn z k z kwmptk � �mt
t{ mhh �tq nfmn nfk sjqipwn � � � 


�
� u �q� lqngwk nfmn gr nf gt �kjk nfk tnmnk qr

m�mgjt � nfkl nfk qlhy �my gl �fgwf wfmlok �qphi wq{k mzqpn gt gr � glwjkmtki
nq wjqtt nfk nfjktfqhi u � fghk nfgt gt fmssklglo gn gt wjpwgmh nfmn nfk lphh
tpz� kwn gt lqn z kglo hqtn � g uk u� � gt lqn ikwjkmtglo u �y nfgt mlmhytgt �
 1 gt
hqtn z krqjk nfk lphh tpz� kwn gt hqtn u �r nfk lphh tpz� kwn �kjk hqtn }jtn � nfkl
� � � mli nfk iylm{ gwt �qphi mh�myt z k gl nfk jkog{ k � � � 


�
mli nfk �
 1

smjm{knkj �qphi mh�myt jk{ mgl tnmzhk u �l nfgt mwwqpln � �
 1 gt hqtn z krqjk
nfk lphh tpz� kwn �mt hqtn u �pjnfkj � �
 1 �mt hqtn z kwmptk qr nfk glwjkmtk gl� � g uk u� nfk ptk qr sjqlq{ glmh tpz� kwnt gl nfk ts kkwf qr nfk ng{ kt u

vfk mzqxk mlmhytgt gt k{sgjgwmhhy mlkwiqnmh mt �k fmxk shpooki gl shmp�
tgz hk lp{zkjt rqj nfk sjqzmzghgngkt u vfk sqgln qr nfk k�kjwgtk �mt nq tfq�
momgl fq� m zgrpjwmngql {my z k mn nfk jqqn qr hmlopmok wfmlok mli fq� nfk
wqligngqlt rqj wfmlok iks kli gl m tpznhk �my ql nfk rjk�pklwgkt � gnf �fgwf
k�sjkttgqlt mjk sjqipwki u �l nfgt wmtk � nfk sjqipwn � � gt tkkl nq iknkj{ glk
nfk tnmzghgny qr nfk hmlopmok u �pjnfkj � �k qznmgl m hglopgtngw sjkigwngql � nfmn�
 1 {ptn fmxk z kkl hqtn z krqjk nfk lphh tpz� kwn smjm{ knkj �mt hqtn u vfk hqtt
qr �
 1 {ptn fmxk z kkl njgookjki zy nfk glwjkmtk gl nfk ptk qr sjqlq{ glmh
tpz� kwnt u

� �b^ 	``



mjgmngql � 
 kjkigny� mli � gnlktt mjk nfk rplim{klnmh sjglwgs hkt qr zgqhqogwmh
kxqhpngql zy lmnpjmh tkhkwngql u �k fmxk njgki nq whmjgry nfk sjglwgs hkt qr
hmlopmok kxqhpngql qxkj fgtnqjgwmh ng{ k twmhkt u � fghk nfkjk mjk wqlwksnpmh

1�



tg{ ghmjgngkt � nfkjk mjk mhtq g{ sqjnmln ig� kjklwkt u ejpwgmhhy� q� tsjglo 	�� ��	�
nfkgj oklkngw wq{sqtgngql rjq{ nfkgj smjklnt gl zgqhqogwmh kxqhpngql u �l nfk
qnfkj fmli � nfky ����� nfkgj hmlopmok rjq{ nfk smjklnmh oklkjmngql mn hmjok u
vfpt hmlopmok mw�pgtgngql gt nfk ijgx glo rqjwk nfmn tfms kt nfk kxqhpngql qr
hglopgtngw igxkjtgny �ptn mt fkjkigny mli ig�kjklngmh }nlktt mjk nfk rqjwkt gl
nfk zgqhqogwmh wmtk u

vq ghhptnjmnk nfk wqlwksnpmh rjm{ k�qj~ � �k fmxk k�m{ glki nfk tgnpmngql
�fkjk n�q hglopgtngw �nys kt� mjk gl wq{skngngql � gnf kmwf qnfkj u � qikht qr
nfgt tqjn fmxk nfk tm{k tnmnpt gl hmlopmok kxqhpngql nfmn mlmhqoqpt {qikht
qr qlk oklk�n�q mhhkhkt fmxk gl s qsphmngql oklkngwt u eqltgikjmzhk gltgofn mli
sjqojktt { my zk {mik rjq{ nfgt s qgln qr x gk� zy jktnjgwnglo nfk igtwpttgql
qr hmlopmok wfmlok nq m rk� hglopgtngw smjm{ knkjt mn m ng{ k u

�n lkkit nq z k sjqs kjhy plikjtnqqi nfmn m lp{zkj qr tg{shgry glo mttp{s�
ngqlt fmxk z kkl {mik gl nfk wqltnjpwngql qr nfk zmtgw { qikht sjktklnki gl nfgt
sms kj u �y ijqssglo nfktk mttp{sngqlt m lp{zkj qr xmjgmngqlt qr nfgt zmtgw
{qikh { my z k qznmglki u �lk wml nfkl tnpiy gl m tytnk{ mngw �my nfk k�kwn
qr {phngs hk �{qjk nfml 1� ojm{{mngwmh tytnk{ t gl wq{skngngql � nfk k� kwn qr
}lgnk s qsphmngql tg|kt � qr tq wgmh tnjmng}wmngql mli lkgofzqjfqqi k�kwnt � qr
wq{shgwmnki oklkjmngqlmh tnjpwnpjk � mli tq ql u �mnfkj nfml sjqsqtglo m tgl�
ohk plg�pk { qikh rqj hmlopmok kxqhpngql � �fmn �k mjk tpooktnglo gt m oklkjmh
rjm{ k�qj~ � gnfgl �fgwf ig�kjkln k�shmlmnqjy { qikht { my zk wqltnjpwnki
mli ig�kjkln gttpkt k�m{ glki u

vfk {qtn g{ sqjnmln nm~k fq{ k { kttmok qr nfgt tfqjn smskj gt nfk wklnjmh
jqhk qr zgrpjwmngqlt gl nfk mlmhytgt qr hmlopmok wfmlok u �nnk{snt nq rqj{ mhg|k
nfk sjq wktt qr hmlopmok wfmlok hkmi nq iylm{ gwmh tytnk{ t nfmn mjk nysgwmhhy
lqlhglkmj u vfk tnmnk tsmwk qr tpwf m tytnk{ gt iknkj{ glki zy hglopgtngw
nfkqjy mli nfk psimnk jphk gt oqxkjlki zy wqltgikjmngqlt rjq{ hkmjlglo u vfk
smjm{knkjt qr tpwf m iylm{ gwmh tytnk{ iks kli psql nfk rjk�pklwgkt � gnf
�fgwf ig�kjkln k�sjkttgqlt mjk ptki zy ts km~kjt qr nfk hmlopmok u vfpt �k
fmxk � mli � gl nfk ty{{knjgw {qikh ikxkhqs ki rqj tylnmwngw wfmlok gl �jklwf
�fghk �k fmxk � gl nfk mty{{knjgw {qikht glnjqipwki kmjhgkj u �l kmwf wmtk �
�k tkk nfmn m wfmlok gl nfktk smjm{ knkjt { my wmptk m zgrpjwmngql �fkjk nfk
iylm{ gwt �pmhgnmngxkhy wfmlokt rjq{ qlk jkog{ k nq mlqnfkj u eqltk�pklnhy�
nfk tnmzhk {qikt qr nfk hglopgtngw s qsphmngql {my z k mhnkjki mli hmlopmok
wfmlok { my zk glnkjsjknki gl nfgt wqlnk�n u �k fmxk glxktngomnki tkxkjmh
{qikht qr hmlopmok wfmlok qxkj nfk ykmjt u �omgl mli momgl � zgrpjwmngqlt mjk
tkkl gl tpwf {qikht hkmiglo qlk nq z khgkxk nfmn tpwf zgrpjwmngqlt mjk jkmh �

1�



skjxmtgxk � mli sjqxgik nfk lmnpjmh nfkqjkngwmh k�shmlmnqjy wqltnjpwn rqj nfk
tnjg~glo smnnkjlt qr hmlopmok wfmlok nfmn �k tkk gl jkmh hgrk u
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