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� WX YZ[\] ^ _`ab cdefb ghi j k`ifklkmangoaigkm j pkqrsfknhs` j tu vaeik`goaigkm j
rgmlqna` wanqs hsekbxkrgigkm j ykgmea` zs

�� � �{|} W~� ���]]��~���Z� ^ ��� ��
�^ ���[Z\{~��Z� ^ �kbxqigml am k`ifkmk`b an �argr v`kb a lgwsm rsi kv wseik`r

gr a �arge ekbxqiaigkm j ekbbkm ik bkri regsmig�e axxngeaigkmr � �vism j gi gr anrk kms
kv ifs bkri ekbxqiaigkmann� hsb amhgml x`k eshq`sr �seaqrs ifs wseik`r a`s kv na`ls
hgb smrgkm j amh �seaqrs ifs ekbxqiaigkm reansr ar ifs r�qa`s kv ifs mqb�s` kv wseik`r
gmwknwsh � �q`ifs` j abkml rsws`an k`ifkmk`bangoaigkm isefmg�qsr ifs kmsr ifai smrq`s
fglf aeeq`ae� a`s ifs bk`s s�xsmrgws kmsr �

d�gmm� �k` nkml� bai`gesr j �fkrs `k� hgbsmrgkm va` s�esshr ifsg` eknqbm hgc
b smrgkm j a`grs maiq`ann� gm wa`gkqr regsmig�e ekmis�ir � ��abxnsr gmenqhs riaigrigean
aman�rgr �fs`s ifs`s a`s bqef bk`s k�rs`waigkmr ifam wa`ga�nsr j amh gis`aigws bsifc
khr ifai qrs a rb ann rq�rxaes kv wseik`r ik rxam ifs `s�qg`sh rknqigkmr � �k` a wa`gsi�
kv `sarkmr j am k`ifkmk`b an �argr kv ifsrs wseik`r bqri � s ekbxqish � �`ahgigkmann�j
if gr gr k�iagmsh if`kqlf ifs tu vaeik`goaigkm j swsm ifkqlf �qgis kvism j ifs bai`g�
� gr mki kv x`gb a`� gmis`sri j �qi `aifs` ifs k`ifkmk`b an �argr � � �fs tu vaeik`c
goaigkm gr ekbxqish if`kqlf pkqrsfknhs` i`amrvk`baigkmr �tu anlk`gifb � k` if`kqlf
enarrgean _`ab cdefb ghi �_d� k` gir b khg�sh ws`rgkm ��_d� � � nifkqlf nsrr ria�ns
mqb s`geann�j _d � gif `sk`ifklkmangoaigkm gr qrqann� x`svs``sh ik ifs tu anlk`gifb
�seaqrs kv � siis` ekbxqiaigkman x`kxs`igsr �

�si j ann kv ifsrs bsifkhr faws xs`vk`b ames ngb giaigkmr km bkhs`m j eaefs �arsh
x`k esrrk`r amh xa`annsn ekbxqis`r � �fsg` gbxnsb smiaigkmr a`s �arsh km nswsn � k`
nswsn � ���d kxs`aigkmr  ¡ j ¢ j ��£ j �fgef faws nk� eaefs `sqrs � �swsn ¤ ���d gbc
xnsb smiaigkmr a`s xkrrg�ns �qi ifs� a`s mki rqgia�ns vk` r�gmm� b ai`gesr � �m xa`annsn
x naivk`b r j rqef ar ifs gme`sargmln� xkxqna` enq ris`r kv �k`�riaigkmr j `shqeigkm gm ekb c
bqmgeaigkm amh r�mef`kmgoaigkm kws`fsahr far mki �sxi qx � gif ifs s�xnkrgws l`k�if
kv msi�k`� �amh� ghif amh x`k esrrk` rx ssh  � �£ � � r a `srqni j ifs lnk�an r�mef`kmgoac
igkm `s�qg`sh �� v`s�qsmi gmms` x`khqeir hksr mki reans � gif ifs mqb�s` kv x`k esrrk`r �
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� bsifkh gr rignn msshsh ifai kxs`aisr kmn� km �nk e�r kv wseik`r amh `s�qg`sr a mqb�s`
kv r�mef`kmgoaigkmr ifai gr gmhsxsmhsmi kv ifs rgos kv ifs b ai`g� �

�m bam� axxngeaigkmr j k`ifkmk`b angoaigkm keeq`r gm am gme`sb smian varfgkm j �fs`s
a ms� rsi kv wseik`r ��s eann if gr gmis`man rsi � gr k`ifklkmangosh alagmri a x`swgkqrn�
k`ifkmk`b an rsi kv wseik`r ��s eann ifgr s�is`man� j amh ifsm abkml ifsb rsnwsr � �fgr
ekbxqiaigkm gr i�xgean gm �nk e� � `�nkw b sifkhr j �fs`s ifs � `�nkw �argr gr s�xamhsh ��
a �nk e� kv wseik`r  ��j ��£ � �i gr anrk i�xgean �fsm es`iagm s�is`man k`ifklkmangoaigkm
ekmri`agmir faws ik � s axxngsh ik ifs wseik`r kv am gis`aigws b sifkh � �k e�gml kv
ekmws`lsh sglsmwseik`r gm sglsmwanqs gis`aigws b sifkhr gr rqef am s�abxns  �¢ j ��£ �
�fs maiq`s kv ifsrs axxngeaigkmr rqllsrir ifai qrqann� ifs gmis`man rsi gr a r�gmm�
b ai`g� � gif vs�s` wseik`r ifam ifs s�is`man rsi �

�kmesxiqann�j ifgr x`k�nsb eam �s wgs�sh ar am qxhais kv a tu vaeik`goaigkm
ifai far an`sah� x`khqesh ifs k`ifkmk`ban rsi kv s�is`man wseik`r �fgef rfkqnh mki
� s bkhg�sh � �kbxqiaigkmann�j fk�sws` j ifs x`k�nsb gr qrqann� iae�nsh ar a i�k xfars
x`k esrr � �`ri k`ifklkmangogml ifs gmis`man wseik`r alagmri ifs s�is`man kmsr �s�is`man
xfars� j amh rsekmh ifs gmis`man wseik`r abkml ifsb rsnwsr �gmis`man xfars� � �k` ifs
s�is`man xfars j �nk e� _d amh �_d a`s ifs bkri ekbxsigigws efkgesr j �fgns vk` ifs
gmis`man xfars am s� egsmi k`ifkmk`b angoaigkm x`k eshq`s vk` r�gmm� b ai`gesr gr msshsh �

�kri kv ifs x`swgkqr s�k`ir ik ahh`srr ifs a�kws i�k x`k� nsb r ekmrghs`sh �nk e�r kv
wseik`r j amh qrsh f��`ghr kv ifs bk`s reana�ns _d ae`krr �nk e�r j amh ifs bk`s aeeq`ais
�_d � gifgm �nke�r  � j ��£ � ys`vk`b ames gbx`kwsr �qi ifs mqb�s` kv r�mef`kmgoaigkm
xkgmir gr rignn ngmsa` ik ifs mqb�s` kv wseik`r j amh ���d nswsn � �s`msnr a`s rignn
hkb gmami hsrxgis �nk e�gml � �mis`srigmln�j rqef s�k`ir faws vk eqrsh km a vqnn tu
vaeik`goaigkm kv a rsi kv wseik`r j `aifs` ifam ifs i�k xfars x`k�nsb �

�m ifgr xaxs` j �s gmi`khqes a b sifkh �arsh km ifs rgmlqna` wanqs hsekbxkrgigkm
�d�� � ifai qrsr ifs `glfi rgmlqna` wseik`r ik x`khqes am k`ifkmk`b an �argr vk` a
lgwsm r�gmm� b ai`g� � �fs ghsa girsnv gr mki ms� j haigml �ae� ai nsari ik ykgmea` zs j
amh gi gr rkb sigb sr smekqmis`sh gm efsb gri`� amh �awsnsi ngis`aiq`s  � j � j �� j �� j �	£ �
pk�sws` j gi far mki `sesgwsh am� aiismigkm ar a ekbxqiaigkmann� wga�ns k`ifklkmanc
goaigkm b sifkh j amh ik kq` �mk� nshls ifs`s gr mk aman�rgr kv gir mqb s`gean x`kx s`igsr �
�fs bsifkh j �fgef �s eann d�t� j qrsr s�enqrgwsn� nswsn ¤ ���d �s`msnr j amh gi far a
ekmriami mqb�s` kv r�mef`kmgoaigkm xkgmir � 
s rfk� ifai gi gr mki ar aeeq`ais mqb s`c
geann� ar �_d j �qi gi gr � siis` ifam _d gm ifs a�rsmes kv rx segan rxa`rgi� ri`qeiq`s �
�k`s gmis`srigmln�j �s rfk� ifai bk`s ria�ns anis`maigwsr j rqef ar �_d k` pkqrsc
fknhs` j a`s am kws`�gnn vk` kq` i�k xfars x`k�nsb � �kqxngml ifs d�t� bsifkh vk`
ifs gmis`man xfars � gif a �nk e� _d � gif `sk`ifklkmangoaigkm vk` ifs s�is`man xfars
`srqnir gm a b sifkh anrk � gif ekmriami r�mef`km goaigkm `s�q g`sb smir �

�fs xaxs` gr k`lamgosh ar vk nnk� r � � g`ri �s hsre`g� s ifs d�t� bsifkh vk` r�gmm�
b ai`gesr j �s aman�os gir mqb s`gean ria�gngi�j amh �s ekm�`b kq` ifsk`� if`kqlf mqc
b s`gean s�x s`gb smir amh ekbxa`grkmr � gif kifs` b sifkhr � dsekmh j �s ekqxns d�t�
�gif a �nk e� _d vk` ifs i�k xfars x`k�nsb � 
s aman�os ifs mqbs`gean gmis`aeigkm
�si�ssm ifs i�k bsifkhr j amh �arsh km if gr ifsk`� �s iqms ifs i�k xfarsr ik awkgh
qmmsesrra`� `sk`ifklkmangoaigkmr � �knnk� gml j �s x`srsmi igb gmlr v`kb a rs`gsr kv s�c
x s`gb smir km ifs �`a� �¤� j ��� dyc� j amh km a enqris` kv d�� �k`�riaigkmr � �fsrs
ws`gv� ifai ifs �nke� ekbxqiaigkmr amh ifs rb ann mqb�s` kv r�mef`kmgoaigkmr fsnx ifs
ms� bsifkh aefgsws aeeq`ais k`ifklkmangi�j varis` ifam kifs` ekbxsigigws b sifkhr �

 ^ ��W �[Z| �W� �]� ^ �si � � �� �� �s a rsi kv k`ifkmk`b an wseik`r j amh
� � �� �� �s a rsi kv wseik`r j �fs`s � � � � � � �m x`aeiges j �s s�xsei �  �
amh � ! � � 
 fsm � ! � j � gr kvism `svs``sh ik ar a r�gmm� bai`g� � �fs �`ri





x`k�nsb �s ekmrghs` gr ifai kv k�iagmgml am k`ifkmk`b an rsi kv wseik`r � j rqef ifai
rxam �� �� rxam �� � � �fs rsekmh x`k� nsb gr alagm ik k�iagm am k`ifkmk`ban � j rqef
ifai rxam � � � £�� rxam � � �£� amh � � � � �m �kif x`k�nsb r � eam �s am� k`ifkmk`c
b an �argr j mki msesrra`gn� v`kb a tu vaeik`goaigkm � �m �mgis x`segrgkm j ifs s�qangi� kv
ifs rxamr eam �s `sna�sh j �qi ifs k`ifkmk`bangi� `s�qg`sb smi bqri `sb agm �

�fs hgrigmeigkm �si�ssm ifs i�k x`k�nsb r gr b ahs vk` ekbxqiaigkman `sarkmr �
� g`ri j k`ifkmk`b angogml r�gmm� bai`gesr gr a x`k�nsb gbxk`iami gm girsnv j �fgef annk� r
vk` s� egsmi rknqigkmr � gifkqi a tu vaeik`goaigkm � �m ifs x`srsmes kv am s�is`man
b ai`g� � j b sifkhr ng�s ifs enarrgean _d �kqnh k`ifklkmangos saef wseik` kv � alagmri
ann x`swgkqr k`ifklkman wseik`r gm �kif � amh � � �m ifai ears j ifs hg�s`smes � si�ssm
ifs i�k xfarsr gr �nq``sh � pk�sws` j rqef anlk`gifb r annk� kmn� vk` nswsn � ���d
ekbxqiaigkman �s`msnr j amh gmi`khqes ai nsari � �� � mqb�s` kv r�mef`kmgoaigkm xkgmir
km xa`annsn ekbxqis`r � �k gbx`kws ekbxqiaigkman xs`vk`b ames �s mssh ik ekmrghs`
� ar a �nk e� �k` rq��nk e�r � gif gm � � � � �nk e� _d bsifkh �kqnh k`ifklkmangos ifs
�nk e� alagm ri � �amh kifs` x`swgkqr rq��nke�r gm � � � �m if gr ears j ifs k`ifklkmangi�
abkml ifs wseik`r � gifgm ifs �nk e� bqri � s `srknwsh ai a hg�s`smi igb s j gm a hgrigmei
gmis`man xfars � � gmann�j � seaqrs � eammki � s bkhg�sh j hgrigmlqgrfgml �si�ssm ifs
x`k�nsb r annk� r mkmctu vaeik`goaigkm b sifkhr ik � s qrsh vk` ifs gmis`man xfars �

�k` ifs gmis`man xfars j _d amh �_d a`s xkxqna` tu vaeik`goaigkm b sifkhr �fgef
�kif gmeq` ifs rab s mqb�s` kv a`gifb sige kx s`aigkmr j ifs� a`s �arsh km nswsn � ���d
�s`msnr j amh eam �s gbxnsb smish gm xa`annsn � gif a bkhsri mqb�s` kv � � � r�mef`kc
mgoaigkm xkgmir  ��j ��£ � �_d gr bk`s mqbs`geann� ria�ns � gif ifs s``k` gm ifs k`ifklc
kmangi� kv � �kqmhsh �� �� �� � j �fs`s � �� � gr ifs ekmhgigkm mqb�s` kv �  �j ¤£ �
pkqrsfknhs` `s�seigkmr �gsnh a bai`g� � �fgef gr k`ifklkman ik b aefgms x`segrgkm ��� j
�qi `s�qg`s i� ges ifs a`gifb sige kv �� �_d � �m x`aeiges j vk` bkri b ai`gesr j a rsekmh
k`ifklkmangoaigkm � gif _d gr i�xgeann� smkqlf vk` x`khqegml k`ifklkmangi� ik baefgms
x`segrgkm  �£ j amh ifqr _d gr kvism x`svs``sh kws` kifs` b sifkhr �

�m ifs ekmis�i kv ifs i�k xfars x`k� nsb j x`khqegml am gmis`man rsi kv wseik`r �
� gif k`ifklkmangi� enkrs ik baefgms x`segrgkm gr qmmsesrra`�j � seaqrs kv ifs gmis`hsc
x smhsmes kv ifs xfarsr � �k` s�abxns j s�is`man k`ifklkmangoaigkm alagmri � ba� rxkgn
ifs gmis`man k`ifklkmangi� kv � j amh wges ws`ra � �fs`svk`s j ifgr i�k xfars x`k�nsb
k�wgaisr ifs qrs kv s�x smrgws �qi ria�ns b sifkhr rqef ar pkqrsfknhs` �

� ^ ��W ���� � W��Z\ ^ �m srx segann� gmis`srigml k`ifkmk`b an �argr kv ifs
rxam �� � gr ifs kms hs`gwsh v`kb ifs `glfi rgmlqna` wseik`r kv � � � rrqb s ifai ifs
wseik`r gm � a`s mk`b angosh � �fs rgmlqna` wanqsr kv � a`s ifs r�qa`s `kkir kv
ifs sglsmwanqsr kv � � � 	 � j amh ifs `glfi rgmlqna` wseik`r a`s ifs ek``srxkmhgml
sglsmwseik`r kv � � �si � 
 � 
 � �s ifs sglsmhsekbxkrgigkm kv � j amh hs�ms � �
� 
 ���� � ��wgkqrn�j rxam �� � � rxam �� � amh � 	 � � � � �v ifs � wseik`r a`s
mki mk`b angosh j ifs hgalkman kv � j � � hgal �� � j ekmiagmr ifs r�qa`sr kv ifsg` mk`b r
���� � � 	� � � � � �fs`svk`s j �s eam gbxngegin� �k`� � gif ifs mk`b angosh � � ��� ��
reangml ifs eknqbmr amh `k� r kv � � �fgr gr gms�xsmrgws j amh ar mqbs`geann� ria�ns
ar s�xngegi mk`b angoaigkm � �fs `srqnigml vaeik`goaigkm gr mki a tu �qi `aifs` a �t� �
vaeik`goaigkm �fs`s � gr k`ifkmk`b an amh � a vqnn b ai`g� � �m s�aei a`gifb sige j ifs
anlk`gifb vk` ifgr rgmlqna` wseik` t� vaeik`goaigkm ��fgef �s eann d�t�� vknnk� r �
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 fsm rkb s kv ifs wseik`r gm � a`s ngmsa`n� hsx smhsmi j kms k` bk`s kv ifs sglsmwanqsr
amh ifsg` ek``srxkmhgml wseik`r gm � a`s os`k � �m �mgis x`segrgkm j a rgb gna` s�sei gr
eaqrsh �� anb kri ngmsa`n� hsxsmhsmi wseik`r amh sglsmwanqsr enkrs ik os`k � �seaqrs
kv mqb s`gean mkgrs j rqef sglsmwanqsr eammki � s �kqmhsh a�a� v`kb os`k � �k x`swsmi
mk`b angoaigkm kws`�k� r j amh ik awkgh am s�xngegi ekbxqiaigkm kv ifs mk`b kv ifs
wseik`r � j �s rsi a b gmgbqb if`srfknh vk` sglsmwanqsr � �v � gr ifs baefgms x`segrgkm j
�s gmrs`i ifs vk nnk� gml i�k risxr �

¤ �� � � � ba� � ���� �
¤ �� �v ���  � j rsi ��� � � j vk` ann 2 �

�ifs` ri`aislgsr vk` hsangml � gif ngmsa` hsx smhsmegsr a`s anrk xkrrg�ns � �k` s�abxns j
�s ekqnh ekmrghs` kmn� ifkrs sglsmwseik`r � gif sglsmwanqsr l`sais` ifam rkb s �ravs�
if`srfknh � �fs `srqnigml �argr gr ifsm rb anns` j �qi gi gr lqa`amissh ik � s k`ifkmk`ban
amh ik mqbs`geann� rxam a rq�rxaes kv ifs k`glgman wseik`r � � gmann�j � seaqrs kv �m gis
x`segrgkm a`gifb sige j ifs anlk`gifb ba� faws ik �s axxngsh gis`aigwsn� �� ��� 	 �
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ik lqa`amiss vq nn k`ifkmk`b angi� kv � ��	 j �fsm mk rsekmh kqis` gis`aigkm gr msshsh �


s rqbba`gos ifs a�kws aman�rgr gmik ifs vk nnk� gml anlk`gifb � �fs ekmhgigkm
mqb�s` � ���� gr ekbxqish v`kb ifs sglsmwanqsr kv ifs b ai`g� � � � �� �		 � �� �	 j amh
ifqr ek``srxkmhr ik ifs b ai`g� � svk`s ifs axxngeaigkm kv ifs nari d�t� � � �kqmh km
ifs `srqnigml � �� ��	 � eam �s gmvs``sh if`kqlf ifsk`sb � �� j amh ifgr gr �fai ifs qmign
ekmhgigkm efse�r � �gmann�j mkis ifai "� 	 � ���	 " eam �s ekbxqish hq`gml _d �

��������� � !"! � � g_dcd�t� �� '� � �. /+9) /. 7+ �' �'	
� � + /06�
� �% 	 � �
� ���� � *)9: + ;�� �+9
2 � �
[W� W��0 � "� 	 � ���	 "

� ��	 � _d �� '� ���	 �
�� �0  9 �� ��\ �� ���� � � ����

|[W�� �=� .< �;)* d�t� 
� �%	 � � ��	
� � �
� +69 /06 � � �� );.+* �= /+= /� Z[ �� �� ��	 � 7 � ���� �
[W� W��

� ���� � � �� �� �	 �
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{���� �� +69 /06 � 8)*=+ �

� ^ �{[��W[ Z���� �����Z�] ^ �fs a�kws gr a �nk e� anlk`gifb ifai ia`lsir x s`vk`c
b ames � pk�sws` j ifs isrir gi xs`vk`b r a`s xsrrgb grige ar ifs� axxn� km ifs �nk e� � ar
a �fkns � �fgr b a� �s �arisvqn rgmes gmhgwghqan wseik`r gm � ba� �sekb s k`ifklkman
ik � amh ik kifs` wseik`r gm � � �q`ifs` `sk`ifklkmangoaigkmr rfkqnh s�sbxi ifsrs
wseik`r j xs`vk`b gml ekbxqiaigkmr km a rb anns` � nk e� � �k`iqmaisn�j �s eam xs`vk`b
isrir km gmhgwghqan wseik`r amh ah�qri ifs �nk e� h�mab geann�j � gifkqi a�seigml ifs
�nk e� ri`qeiq`s k` ifs mqb�s` kv r�mef`kmgoaigkmr kv ifs anlk`gifb � �mis`srigmln�j
na`ls �kqmhr gm nsbbar � �� amh � �� eam �s ifs `srqni kv kmn� a ekqxns kv gnn ekmhgc
igkmsh wseik`r � �� l`kqxgml wseik`r �arsh km gmhgwghqan isrir j ifs �kqmhr rignn axxn�j
km n� vk` rb anns` �nk e�r j amh ifqr x`kwghs � siis` hg`seigkm ik ifs anlk`gifb �

dxseg�eann�j avis` ifs _d xfars amh � gifkqi ahhgigkman ekbxqiaigkm j �s eam rsxac
®



Qb Qgg Qb = GS(  , )3)

Qgb

Qgg Qgg Qgg = IT

V Qgb = IT QgQg bb

Qgg

gWV

WbgW

WbV

W1) V
GS(V,W)+Daniel’s test

Qgg Qb

Qb

gW

WbQgb

2)

1 synchronization

 BLAS 3

Same flops as SVQB

V ,

,

4)

New  V New  W

repeat from (1)V

SVQB(        )

SVQB( [                ]  )

��� � � �� L
`ais ifkrs wseik`r ifai hk mki mssh `sk`ifklkmangoaigkm �lkkh wseik`r� amh ifkrs ifai
mssh gi ��ah wseik`r� j � �  � �� � £ � pk�sws` j rkb s kv ifs lkkh wseik`r ba� �s ws`�
enkrs ik kifs` wseik`r gm � � � k`skws` j � seaqrs ifs d�t� xfars b g�sr ann wseik`r j
ifs ghsmigi� kv ifs lkkh kmsr � gnn h graxxsa` �


s eam rknws ifgr x`k�nsb gms�xsmrgwsn�� � r gm ifs `slqna` d�t� j �s ekbxqis
� � � �� � 	��

� �� � � � �  � �� � £	  � �� � £ � � 	 � * �g`ri �s xs`vk`b am sglsmwanqs
hsekbxkrgigkm kv �� � �fgr j � gnn rq�hgwghs ifs lkkh l`kqx gmik � � �  � ��� � � £ � �fs
l`kqx � �� ekmrgrir kv ann ifs rgmlq na` wseik`r ek``srxkmhgml ik na`ls rgmlqna` wanqsr
kv �� � �fsrs � �� wseik`r a`s k`ifklkman �kif ik � amh ik saef kifs` amh eam �s
axxsmhsh ik � gm vqiq`s gis`aigkmr � �kis ifai � �� far ai nsari kms wseik` � �fs l`kqx
� � � ekmrgrir kv ann ifs rgmlq na` wseik`r � gif rb ann rgmlqna` wanqsr j amh rk ifs� ba�
faws nkri ifsg` k`ifklkmangi� alagmri � ar �snn � �fs`svk`s j �s rfkqnh ekb�gms ifs
� � � �gif ifs � � wseik`r j amh axxn� � � � d�t� � � � �� � £� � � gmann�j ifs `srq nigml � �
msshr ik �s k`ifklkmangosh ws`rqr � �� � �fs b am� gbxnsb smiaigkm hsiagnr vann � s�kmh
ifs rekx s kv ifgr xaxs` � � glq`s � �� rfk� r ifs ekmesxiqan risxr kv ifgr anlk`gifb �

�kiges ifai ann kv ifs a�kws sglsmwanqs hsekbxkrgigkmr j k`ifklkmangoaigkmr j wseik`
l`kqxgmlr j amh isrir a`s xs`vk`b sh mki km ifs � wseik`r j �qi km � 
� bai`gesr amh
ifsg` sglsmwseik`r j � gif mslnglg�ns ekbxqiaigkman ekri � �fs b agm kxs`aigkm gr rignn
� � � 	 � j �fgef gr ���d ¤ amh gmeq`r kmn� kms r�mef`kmgoaigkm �

� ^� ^ ��[��|�W | �Z ~� ���Z[���� ^ 
 fsm ifs mqb�s` kv wseik`r gm � gr na`ls j
axxn�gml ifs d�t� bsifkh km ifs vqnn � nk e� b a� mki an�a�r � s eaefs s� egsmi k`
mqb s`geann� ria� ns � ��xgeann�j ifs`s gr am kxigb an �nke� rgos �s�kmh �fgef eaefs
x s`vk`bames hse`sarsr � �m ahhgigkm j ifs ekmhgigkmgml kv � gr � kqmh ik hsis`gk`ais
� gif �nk e� rgos � �k` ifsrs `sarkmr j �s �ami a wa`ga�ns � nk e� rgos ifai eam �s iqmsh
aeek`hgml ik ifs baefgms amh ifs x`k�nsb �

�si � �s ifs hsrg`a�ns �nk e� rgos � 
s xa`igigkm � gmik � � � @� rsir kv wseik`r j
� �  �  ' * * * '� � £ j amh axxn� ifs g_dcd�t� km saef kms gmhgwghqann�� �vis` a � �
rq��nk e� gr b ahs k`ifkmk`b an amh k`ifklkman ik � amh ik x`swgkqr � � ' �  2 j gi gr
nk e�sh � gif � amh ifs ms�i � ��  gr ia`lsish � �fs anlk`gifb vknnk� r �

®«



��������� � !"! � � �_dcd�t� �� '� ' �� �7)9.) �*+ �*6 (� g_dcd�t� � +/06�� � � @��)9 /. /.6; � �  �  ' * * * '� � £
� �   £ ' � � �
�Z[ 2 � � '�

� � � g_dcd�t� �� '� � �
� �  � '� � £
� �  � '� � £

�fs mqb�s` kv r�mef`kmgoaigkm xkgmir gm ifs �_dcd�t� anlk`gifb gr � �� � j amh
a na`ls` x s`esmials kv ifs ekbxqiaigkm gr rx smi km ifs _d x`k eshq`s � �k` � � �j ifs
anlk`gifb `shqesr ik ifs enarrgean _d bsifkh j �fgns vk` � � � ifs anlk`gifb gr ifs
g_dcd�t� bsifkh � 
s s�xsei ik ghsmigv� a `amls kv �nke� rgosr vk` �fgef ifs eaefs
x s`vk`bames gr kxigb an j �fgns ifs r�mef`kmgoaigkm `s�qg`sb smir a`s mki s�esrrgws �

� ^ � �� ��� W�� W[�� W��] ^ 
s faws isrish kq` gbxnsb smiaigkm kv �_dcd�t�
alagmri a wa`gsi� kv k`ifklkmangoaigkm anis`maigwsr � �k x`kwghs a ekbbkm ekbxa`grkm
v`ab s�k`� vk` ann b sifkhr j �s qrs a ��_dc�sifkh� anlk`gifb ifai gr ghsmigean ik kq`
�_dcd�t� j s�esxi ifai a hg�s`smi bsifkh gr qrsh ik k`ifklkmangos ifs �nke� �

�fs �`ri b sifkh gr ifs enarrgean _d anlk`gifb � gif `sk`ifklkmangoaigkm � �fgr gr
ifs kmn� b sifkh �fkrs ri`qeiq`s hg�s`r rnglfin� v`kb ifs ��_dc�sifkh� � �k` _d j gi
gr b k`s s� egsmi ik k`ifklkmangos saef wseik` gm ifs �nke� ai kmes alagmri ann � wseik`r
amh ann x`swgkqrn� k`ifklkmangosh wseik`r gm � � �fqr j �nk e� rgos hksr mki a�sei ifs
� sfawgk` kv _d j amh gm ifs �lq`sr �s rgbxn� `svs` ik gi ar _d �


s anrk ekbxa`s alagm ri ifs tu vaeik`goaigkm � gif pkqrsfknhs` `s�seigkmr � �fs
b sifkh gr hsmkish ar �_dctu j amh qrsr ifs tu gbxnsb smiaigkm v`kb ifs dea��c
y��� ng�`a`�  � £ vk` �kif rgmlns amh bqnigx`k esrrk` xnaivk`b r � � gmann�j �s ekbxa`s
� gif ifs ekbxqiaigkmann� rgb gna` �fkntu bsifkh � �fs bsifkh j hsmkish ar �_dc
�fkntu j qrsr ifs �rs�qsmigan� �fknsr�� hsekbxkrgigkm gm ifs dea��y��� ng�`a`��

� nn anlk`gifb r faws �ssm gbxnsb smish gm �k`i`am ¢	 qrgml ifs �y � gmis`vaes j amh
`qm km ifs �`a� �¤� ¢		 amh ifs ��� dy� xa`annsn ekbxqis`r ai ��ud� �aigkman
�a� j amh km a ��cmkhs enq ris` kv d�� � ni`a �r ai ifs �knnsls kv 
 gnngab amh �a`��
��� �� kv b sbk`� a`s awagna�ns km saef mkhs kv ann b aefgmsr j �fgns km ifs dy� ifs
mkhsr a`s i�kcx`k esrrk` d�y mkhsr j �qi ifs� a`s arrglmsh gmhgwghqan �y � x`k esrrsr �
�fs �¤� msi�k`� gr ekmrghs`a�n� varis` ifam ifs dy� amh ifs ��
 msi�k`�r �yk�s`
d� gief amh �ari �ifs`msi `srx seigwsn� � � �m ifs ��ud� xnaivk`b r �s ngm� � gif ifs
�y ��p ng�`a`gsr amh �s qrs ifs baefgms kxigb gosh ng�`a`gsr vk` dea��y��� amh
���d � �m ifs d�� enqris` j �s qrs ��� �y � j amh ���d ¤�� �s`msnr aqikb aigeann�
kxigb gosh � gif ����d v`kb �mgws`rgi� kv �smmsrrss  �¤£ �

�q` �`ri mqbs`gean s�abxns gr am sargn� `sx`khqeg�ns rsi kv ifg`i� � `�nkw wsec
ik`r kv ifs hgalkman b ai`g� � � � ��� �	� ��� � �gm � aina� mkiaigkm � j amh ifs gmgigan
wseik` � � 	 � 	
� �	
 ��� � � �j � gif � � ������ � 
s nsi � �  j amh �qgnh � ar
ifs rsi kv mk`b angosh wseik`r � � � �� '�� '� �� ' * * * '� ���� � �fs ekmhgigkm mqb�s`
kv ifs `srqnigml rsi � j ar ekbxqish �� ifs � aina� �
�� vqmeigkm j gr � �¤¡¢����	 �
�fs lkan gr ik k`ifkmk`b angos ifs rsi � ar aeeq`aisn� ar xkrrg�ns j if`kqlf wa`gkqr
k`ifklkmangoaigkm b sifkhr amh �nke� rgosr � �_dc�sifkh �� '� ' �� � �mgigann�j b kri kv
ifs ekbxqiaigkm gr rxsmi km ifs ��sifkh� j �fgns ar bk`s �nk e�r lsi k`ifkmk`b angosh
_d ia�sr kws` j `shqegml ifs ekbxqiaigkman hg�s`smesr � si�ssm b sifkhr �

� glq`s ¡ �� gnnqri`aisr ifs rgmlnscmkhs �kaigml xkgmi x s`vk`b ames �����y `ais�
aef gswsh vk` saef kv ifs vkq` anlk`gifb r ar a vqmeigkm kv �nk e� rgos j km ifs �¤� �nsvi
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��� � � �� L � �#0 �� #�*� �� ��� �� � $ 2#"+��# �$ 1��"� ��%� $ �� +� � $ �2� 3 �+� �*�, ��� "����
!��$ ��3�#"� �*��#+�0 � �$ 1��"� 3�+��*� �� �9!�"+�* +� "�2#+�� 1���#"� +� � �#"����� �# +� � #23 1�� �$
� �� � , ��� 3 �+��*� ��+��#��3���%� +� ��+ ��"+��� �$ *�3 �#���# ������,  �$ + 0 ��! � *�! �"+� ���
��� ���2�+� , � �0� + 0��! � *�! �"+� ��� �� � ���2 �+� ,

l`axf� j amh km ifs dy� �`glfi l`axf � � � r s�xseish j ifs _d `ais gr ekmriami `sla`hnsrr
kv �nk e� rgos � �fs rgmlnscmkhs xs`vk`b ames kv ifs �_dctu hksr mki gbx`kws � gif �nke�
rgos km sgifs` b aefgms j �fgef xkgmir �kif ik ifs dea��y��� gb xnsb smiaigkm amh ik
ifs gmfs`smi �nk e� ngb giaigkmr kv ifs tu � �m ifs kifs` famh j ifs � nk e� ri`qeiq`s kv
d�t� amh �fkntu annk� r ifsb ik kqix s`vk`b _d rglmg�eamin�j swsm vk` rb ann �nk e�r
kv ¡c �	 wseik`r � �fs �fknsr�� �ae�crknws gbxnsbsmiaigkm rssb r ik s�xnkgi �siis` ifs
a`efgiseiq`s kv ifs dy� ifam kv ifs �¤� � pk�sws` j km �kif xnaivk`b r j �_dcd�t�
gbx`kwsr _d xs`vk`b ames �� ai nsari �	c¡	� vk` ifsrs rb ann �nk e� rgosr � 
s rfkqnh
b smigkm ifai ifs �nk e� �_d bsifkh gm  ��£ gr s�xseish ik faws �k`rs rgmlnscmkhs
xs`vk`bames ifam _d �seaqrs km n� kms kv ifs i�k xfarsr gmwknwsr ���d ¤ �s`msnr �

_kkh mkhs xs`vk`b ames gr gbxk`iami kmn� gv gi nsahr ik aeeq`ais amh varis` k`c
ifklkmangoaigkm � � nn kv ifs anlk`gifb r isrish x`khqesh a �man k`ifkmk`b an rsi � j
� gif "� 	 � # � " � �	�1 � �glq`s ¡ �� rfk� r ifai s�seqigkm igb sr kv �nke� bsifkhr
a`s rqxs`gk` ik ifs _d bsifkh � �fs l`axfr xnki s�seqigkm igb s ar a vqmeigkm kv �nke�
rgos j vk` if`ss b sifkhr j amh vk` wa`gkqr mqb�s`r kv x`kesrrk`r � �fs nsvi l`axf ek``sc
rxkmhr ik ifs �`a� �¤� amh ifs `glfi kms ik ifs ��� dy� � �fs �_dc�fkntu amh
�_dcd�t� a`s ekmrgrismin� varis` ifam _d j vk` am� �nke� rgos km ifs dy� j amh vk`
�nk e� rgosr kv � k` a�kws km ifs �¤� � �i gr anrk ensa` j � seaqrs kv ifs nkla`gifb ge igb s
reans j ifai ifs `snaigws gbx`kwsbsmi kws` ifs _d igb gmlr x s`rgrir km na`ls mqb�s` kv
x`k esrrk`r j hsrxgis rbanns` nk ean x`k� nsb rgosr � �_dcd�t� gr �	� varis` ifam _d km
ifs �¤� j amh bk`s ifam ��� varis` km ifs dy� � �kis ifai ifs lkkh xs`vk`b ames kv
�_dc�fkntu km ifs dy� �¤�� varis` ifam _d� hksr mki ea``� kws` ik ifs �¤� �

�q` ms�i s�xs`gb smi b sarq`sr ifs s�seir kv r�mef`kmgoaigkm ar ifs mqb�s` kv
mkhsr gme`sarsr j �� ��gml ifs x`k�nsb rgos km saef x`k esrrk` amh qrgml a ekmriami
�nk e� rgos kv � � �k` if gr isri j ifs rsi � far ¤	 � `�nkw wseik`r lsms`aish �� ifs
b ai`g� kv ifs hgre`sigosh �axnaesam km a ¤ hgb smrgkman eq�s � �ws`� x`kesrrk` fknhr a
¤� 
 ¤� 
 ¤� qmgvk`b l`gh nk eann� �rk ifs bai`g� rgos gr x`kxk`igkman ik ifs mqb�s` kv
mkhsr� j amh qrsr gi ik e`sais ifs � `�nkw rxaes � �fs � wseik`r a`s lsms`aish gm efqm�r
kv � rqeesrrgws � `�nkw wseik`r j amh saef efqm� gr k`ifkmk`bangosh �� a eann ik �_dc
�sifkh �� '� ' �� � �glq`s ¡ �¤ xnkir ifs s�seqigkm igb sr kv ifs vkq` b sifkhr kws` a � ghs
`amls kv x`k esrrk` mqb�s`r � �fs �¤� far � ssm qrsh vk` ifgr s�x s`gb smi �seaqrs kv ifs
na`ls mqb�s` kv awagna�ns mkhsr � �m ifs a�rsmes kv ekbbqmgeaigkm�r�mef`km goaigkm
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��� � � �6 L ��3 � ����2� 1��"� ��% � $ �� +���� 3 �+��*� �#* $ �� �����2� #23 1��� �$ ! ��"������ , ���
�2�+� �1+��#�* �# +� � ��� ���$ + 0 ��! �� �#* �# +� � ��� �� � ���0� + 0 ��! �� , ��3 � �"��� �� ��0���+�3 �",
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��� � � �� L � "���1���+ �$ $ �2� 3 �+� �*� �# +� � ��� � 2#*�� "�#�+�#+ ! ��1��3 ��% � ����5'8«�
��"+�� ����� !�� ! ��"����� �#* 1��"� ��%� �$ 5, �*��� �"���1���+ ��2�* ���� �� � � �+ � ���% �#+�� ��#�,

ekrir j ifs igb sr rfkqnh � s s�qan vk` ann x`k esrrk`r � �fs igb s gme`sars k�rs`wsh gm ifs
�lq`s gr `snaigwsn� rb ann vk` ann b sifkhr � seaqrs kv ifs s�i`sb sn� vari �¤� msi�k`� �
pk�sws` j ifs s�seir a`s bk`s axxa`smi km _d amh �_dctu j ar ifsg` eq`wsr gme`sars
varis` ifam ifs `srxseigws kmsr vk` �_dc�fkntu amh �_dcd�t� � �gmann�j km ifgr
x`k�nsb ifs �_dcd�t� gr bk`s ifam ¤	� varis` ifam _d �am gbx`kwsbsmi kws` ifs
x`swgkqr mqbs`gean x`k� nsb � �

�seaqrs kv rqx s`reana` x`k esrrk`r amh a fglfs`cnaisme� msi�k`� j �s s�xsei ifs
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�nk e� anlk`gifb r ik x s`vk`b �siis` km ifs d�� enqris` � 
s qrs ifs rab s isri ears
kv ¤	 � `�nkw wseik`r v`kb ifs qmgvk`b cl`gh �axnaesam j � gif saef x`kesrrk` rik`gml
a ¤� 
 ¤� 
 ¤� rq�l`gh � �fs nsvi l`axf gm �lq`s ¡ �� rfk� r ifs s�sei kv �nk e�gml
km ifs rgmlnscmkhs s�seqigkm igb s kv ifs anlk`gifb r � �fs s�seir a`s bqef bk`s
h`ab aige ifam km ifs kifs` b aefgmsr ar s�seqigkm igb s gr `shqesh �� a�kqi fanv �
�fgr gr aii`g�qish ik ifs ����d �ms iqmgml kv ifs ���d �s`msnr � �kis ifai �fkntu
gbx`kwsr rgmlns mkhs xs`vk`b ames km ifgr a`efgiseiq`s � �fs igb s wa`ga�gngi� gr i�xgean
kv eaefgml s�seir � �fs `glfi l`axf kv ifs �lq`s j rfk� r ifs reana�gngi� kv ifs anlk`gifb r
qmhs` ekmriami ekbxqiaigkman nkah xs` x`k esrrk` � � �nk e� rgos kv �� gr q rsh j g �s �j
�_dc�sifkh �� '� ' ��� � �q` x`kxkrsh b sifkhr ensa`n� kqixs`vk`b _d j amh ifsg` igb s
gr mki km n� rq�riamigann� rb anns` ifam _d �qi anrk rssb r ik gme`sars rnk�s` � gif ifs
mqb�s` kv x`k esrrk`r �
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s faws gmi`khqesh amh aman�osh a ms� bsifkh j eannsh d�t� j
ifai ekbxqisr am k`ifkmk`b an �argr kv a r�gmm� b ai`g� � v`kb gir `glfi rgmlqna` wsec
ik`r � �fs b sifkh gr aii`aeigws ekbxqiaigkmann� �seaqrs gi gmwknwsr kmn� ���d ¤
�s`msnr amh gi `s�qg`sr kmn� kms r�mef`kmgoaigkm xkgmi gm xa`annsn gb xnsb smiaigkmr �

s faws x`kwsh ifai ifs hsxa`iq`s v`kb k`ifkmk`b angi� kv ifs `srqnigml wseik` rsi gr
�kqmhsh �� � ��� �� �� � j gv � �� �  � ��@9 �� � 
s faws anrk ekmrghs`sh ifs x`k�nsb kv
i�k xfars k`ifkmk`b angoaigkm �fs`s a � nk e� kv wseik`r gr k`ifkmk`b angosh alagmri a
x`swgkqrn� k`ifkmk`b an rsi kv wseik`r � gif _d j amh abkml girsnv � gif d�t� � �kbxqc
iaigkman s� egsme� rqllsrir ifs gmhsx smhsmi j �nk e� axxngeaigkm kv saef kv ifs b sifkhr �
pk�sws` j saef xfars gbxag`r ifs k`ifklkmangi� x`khqesh hq`gml ifs kifs` xfars � 
s
faws x`kwghsh �kqmhr ifai hsre`g�s ifgr mqbs`gean gmis`hsxsmhsmes amh faws qrsh
ifsb ik �anames ifs �k`� xs`vk`b sh �� saef kv ifs i�k k`ifklkmangoaigkm xfarsr
� gifgm am gis`aigws refsb s � �q` �aina� s�abxnsr faws hsbkmri`aish ifai kq` ifsc
k`sigean �kqmhr a`s gm aeek`hames � gif x`aeiges j amh kq` xa`annsn gb xnsb smiaigkmr
km ifs �`a� �¤� j ifs ��� dy� j amh km a d�� ��
 faws rfk�m ifai kq` b sifkh
gbx`kwsr ifs x s`vk`b ames kv kifs` k`ifkmk`b angoaigkm anis`maigwsr �
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