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d efgfhi jkj fe lm niopqfp irf st uutv qhw ohqxfenku nqyoukiqth jetz ufy { dh oh|htvh
ntoegf } l vrqgr qn knnoyfp it z futhw it k gfeikqh jkekyfieqg sky qu~ � �uq|f irf sky�
qu~ ts �hqif�kujrkz fi yfyte~ufnn ntoegfn l � ke|tx ntoegfn l �hqif� nikif ntoegfn l jkekyfi�
eqg noznfin ts irfnf sky quqfn l fig �� l qn it z f nqyoukifp � �f kef wqxfh k iekqhqhw nf�ofhgf
� � � �� m � � � � � �� � irki rkn fy fewfp sety irqn oh|htvh ntoegf l kn vfuu kn k nieqhw ts
� joefu~ ekhpty zqin � � � ��m � � � � � �� � l irki kef qhpfjfhpfhi ts � � l khp toe wtku qn it
wfhfekif kh toijoi nf�ofhgf � � � �� m � � � � � �� � l � � � l gteefnj thpqhw it irf nqyoukifp
jet gfnn l irki nkiqn�fn irf st uutv qhw ireff gthpqiqthn {

� �� �rf yfgrkhqny z~ vrqgr � � qn wfhfekifp gkh zf efjefnfhifp z~ k pfifey qh qniqg sohg�
iqth � � � � �� � � � � � l vrfef � ptfn hti pfj fhp th irf oh|htvh ntoegf } �
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�� � �rf jetzkzquqi~ p qnieqzoiqth ts � � qn �� ����� irf ��pqyfhnqthku y kewqhku ts irf jetz�
kz quqi~ ukv } gteefnj thpqhw it � � ste kuu } � � �

�	 � �rf yoioku qhsteykiqth 
 �� � � � � � qn kn nykuu kn j tnnqz uf l nqyouikhftonu~ ste kuu
} � � �

�h 
oznfgiqth � �� ts irf efsfefhgfp jkj fe l vf efsfeefp it irf gknf vrfef � � � khp irf
|f~ ekif l � �� � �� l qn �hqif � �huq|f irf tirfe gknfn l ste vrqgr vf vfef kz uf it pfyth�
niekif gthgefif nqyoukiqth ngrfyfn irki nkiqns~ kuu ireff gthpqiqthn l � ���	 l qh ir qn gknf l
vf thu~ jefnfhifp k hth�gthnieogiqxf f� qnifhgf efno ui qh k xfe~ ukewf fhnfyzuf ts ngrfy fn
��rftefy 	 l irfefqh � �

�rf jeqy ke~ joej tnf ts ir qn kppfhpoy qn it nowwfni k nqyjuf nqyoukiqth ngrfy f irki
nkiqn�fn irf kz txf gthpqiqthn qh irf gknf vrfef � � � kn vfuu � �h irf nf�ofu l utvfe�gknf
htikiqth nogr kn �� l � � l khp �� l v quu pfhtif nj fgq� g efkuq�kiqthn ts irf ekhpty xfgiten � � l
� � l khp � � l efnj fgiqxfu~� �te k wqxfh iekqhqhw nf�ofhgf �� l ufi

� ��� � � � � � �� � m� ��� ��� � � �� �� � �  !" #$ !��� %&�
m

���

khp
� ' ��� � �� � � � � m� (�� ��� � ) � ��� � ytp !" #* !+ ���

vrfef �, �- � jtnqiqxf qhifwfe� ykjn k nf�ofhgf �, it irf ��� .�/0 1�2 3.� qhpf� v qirqh qin
i~j f guknn "#4 l !"#$ ! qn irf gkepqhkuqi~ ts "#$ l � ykjn � � it k gteefnj thpqhw qhifwfe qh56 � �� � � � � �� 7 �8 l � pfhtifn kppqiqth ytpout !"#$ !l � � m, qn irf qhxfenf ts �, l khp 9 :�m pfhtifn
ieohgkiqth ts kh ��nf�ofhgf it kh ��nf�ofhgf l q �f �l f uqy qhkiqth ts irf ukni ; �� � 7 �
n~yztun � �h <� � ��� l � ��� � � � � qn w qxfh z~ irf �eni � n~yztun ts k nf�ofhgf qh "#$ � �rf
|f~ qpfk qn irki l kn �� f�rkonin 56 � �8� l irf uf� qgtwekjrqg qhpf�fn ts irf nf�ofhgfn qh "#$
sety vrqgr irf � ��� � �� � kef tzikqhfp z~ irf ieohgkiqth 9 :�m kef ohqstey u~ njkgfp vrfh!" #$ ! = �� l v qir k pqnikhgf ts !"#$ !��� z fivffh fxfe~ ivt gthnfgoiqxf gkhpqpkif qhpf�fn
�oj it qhifwfe ieohgkiqth feeten� � �s l qhnifkp l !" #$ ! � �� l fkgr qhpf� qn nfufgifp �� � !"#$ !
iqy fn �kwkqh l oj it qhifwfe ieohgkiqth feeten� � �h <� � ��� l �� qn �eni ieohgkifp it � zqin l
khp thu~ irfh k nf�ofhgf qh "#* qn ekhpty u~ nfufgifp � >tv l pf�hf

� � � �! ��� � � � � �� ? � ��� � �� � utw !"#$ ! � ��
� ' ��� � �� � utw !"#$ ! = �� �

�	�
d n qh irf jkj fe lm irf qpfk qn irki vrfh � qn ukewfe irkh irf fhietj~ ekif @ ts irf ntoegf l� � qn uq|fu~ it ik|f irf xkuof � ��� � � � � l vrfefkn tirfev qnf qi qn uq|fu~ it ik|f irf xkuof
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� ' ��� � � � � � >tiqgf l rtvfxfe l irki irf ifni it pfifey qhf irf efukiqth z fivffh @ khp � qn
zknfp rfef th �� l khp hti �oni th �� kn qh irf jkj fe �m

�rf nqyoukiqth ngrfyf �! tzxqtonu~ nkiqn�fn �thpqiqth � �� �t nff irki �thpqiqth ��
qn kunt nkiqn�fp l htiqgf irki v qir � �� 5�� { utw !" #$ ! = �� 8 l vf rkxf

� e5� � � � � !� � 8 � �#$ �� � �� 	#$ 
� � 
��* } ��� � ) �#$ �� ��� 	#$ 
� � 
��* } ��� � � �� �
�te k wqxfh � � l fkgr nf�ofhgf ts irf stey �� � � qh � � qn tzikqhfp v qir � �z fstef ieohgkiqhw � � �
sety f�kgiu~ thf nf�ofhgf �� � � � � �h kppqiqth l ste fkgr nf�ofhgf �� irfef f� qnin f�kgiu~
thf nf�ofhgf �� �ts irf nkyf i~j f� nogr irki � ' ��� � � � �� � � �� ste kh~ � � � �rfefstef l �� �
gkh z f veqiifh kn

� e5� � � � � !�� 8 � �
�� ��* � � �� � } �� � � � � ) �

�� ��* � � �� } �� � � � � � } ��� �
kn gukqyfp �

�f jetxf irki �! kunt nkiqn�fn �thpqiqth �	 � �te wqxfh nf�ofhgfn �� khp � � l ufi
"#$ ��* � 5� � { � � � � � "#$ 8 � >tiqgf irki ste kuu � � � "#$ ��* vf rkxf " � � � "#$ ��* �irf nfi
"#$ ��* gkh z f x qfvfp kn irf i~j f ts irf �pq�fefhgf� z fivffh �� khp � � � � �h irf kznfhgf
ts |f~ ekif uqy qikiqthn l qi qn nrtvh qh irf jkj fe m irki irf yoioku qhsteykiqth qn y qhqy q�fp
vrfh �� qn pekvh kggtep qhw it irf �grkhhfu� � ! ��� !�� � �� !" #$ ��* !� !"#$ !l vrqgr qn irf
sekgiqth ts nf�ofhgfn qh "#$ irki nikei v qir �� � �tvfxfe l irqn �qpfku� grkhhfu gkhhti z f
qyj ufyfhifp qh wfhfeku v qir k uqy qifp nojju~ ts ekhpty zqin � �fi � �� � !�� � pfhtif irf
grkhhfu qhpogfp z~ �! l q �f �l

� ��� !�� � � ��� �
��

�5�� � �! ��� � �� �8 � ���

�te irf gknf qh vrqgr � � @ l irf khku~nqn qh irf jkj fe m �<�n � �	�� khp �	��� efy kqhn
xkuqp l khp irf yoioku qhstey kiqth kgrqfxfp z~ irf ngrfyf qh ir qn gknf niquu kjjetkgrfn qin
tjiqyoy xkuof � �@ 7 � � � �rqn gknf qn rkhpufp v qir rqwr jetzkzquqi~ z~ irf ngrfy f � '
wqxfh qh ��� l nqhgf � � qn k ukewf pfxqkiqthn fxfhi qh ir qn gknf l kn nrtvh qh djj fhpq� d ts irf
jkj fe �m �t khku~�f irf gknf � � @ l kggtep qhw it irf pfeqxkiqth ts <� � �	� � qh irf jkj fe lm
kh~ grkhhfu irki nkiqn�fn irf st uutv qhw ef�oqefyfhi kn~yjitiqgkuu~ kgrqfxfn irf y qhqyoy
kiikqhkz uf yoioku qhsteykiqth vrfhfxfe � � @ { �te k wqxfh �nykuu�  � 6 l ufi

! �� 5 ��� � �� � { � = utw !"#$ ! 7 utw !"#$ ��* ! ) �  8 �
	



�rfh l ste kh~ ��� � � � � � ! l

�� 7 ��� � �� ! ��� !�� � � � �� � !�� � � �� ) ��� � �� ! ��� !�� �� ���
� rquf �fyyk � qh irf jkj fe m thu~ wokekhiffn irf �� .���� �� ts nogr k grkhhfu l vf

htv jetxf irki irf gthgefif ngrfy f � wqxfh qh ��� qhpffp qhpogfn k grkhhfu irki nkiqn�fn
irqn gthpqiqth � � qeni l htif irki nqhgf �� qn pf�hfp z~ uf� qgtwekjrqg tepfeqhw l kuu !"#$ ��* !
yfyzfen ts "#$ irki kef jef��fp z~ irf nkyf � � kef fhoyfekifp gthnfgoiqxfu~� �ron l
pof it irf �etowru~ � ohqstey njkgqhw z fivffh irf j tnnqz uf nf�ofhgfn sety vrqgr � ��� � �� �
qn tzikqhfp z~ ieohgkiqth kn � � f�rkonin 56 � �8� l ste !"#$ ! = �� l irf hoyzfe � ��� � ts
|f~ nf�ofhgfn � � ste vrqgr �� ��� � � �� ��� � !" #$ !��� % qn jef��fp z~ �� qn �v qirqh � ��
irf ekiqt z fivffh !"#$ ��* ! khp irf njkgqhw !"#$ !��� � �te !"#$ ! � �� l qh ioeh l fxfe~ �
gthnfgoiqxf ut gkiqthn kef nfufgifp �� �� !"#$ ! iqy fn kn gkhpqpkif toijoi nf�ofhgfn �oj it
qhifwfe ieohgkiqth feeten� l nt irki � ��� � qn qh irqn gknf !"#$ ��* ! iqy fn �� � !"#$ !� �rfefstef l
qh kh~ gknf l � ��� � � ��� ! ��� !�� � � �l khp kggtepqhw it <� � ��� vf rkxf � �� � !�� � �
� ! ��� !�� � � ��� � �oi ste ��� � � � � � ! vf rkxf ��� � ��� �� ! ��� !�� �l khp nt <� � ���
qhpffp rtupn � �thnf�ofhiu~l irf ngrfyf �! nkiqn�fn �thpqiqth �	 kn gukqyfp �

�rf kppqiqth ts �� ��� � qh ��� qn kqyfp ki jefnfex qhw irf jetzkzquqi~ ukv efwkepufnn ts
qhkggoekgqfn qh irf qyj ufyfhikiqth ts irf tjiqy ku grkhhfu � ! pof it |f~ ekif uqy qikiqthn �
�s f�kgi qyjufyfhikiqth ts � ! vfef j tnnqz uf l irfh qi vtoup hti z f hfgfnnke~ it qhiet pogf
kppqiqthku ekhptyhfnn iretowr � � qh tepfe it nkiqns~ �thpqiqth �� khp l ste k wqxfh |f~
xkuof l � � vtoup pfj fhp th �� thu~ iretowr qin i~j f �

�h kh kuifehkiqxf nfiiqhw l thf gkh kqy ki kh f�kgi qyjufyfhikiqth ts irf grkhhfu v qir kh< uqkn pfgtpfe 9�l jj � �����	�: l onqhw qpfkn sety 9�: l khp ojj fe�z tohp irf ��2 ����
 hoyzfe
ts ekhpty zqin irki kef hffpfp ste irf pfgtpfe it wfhfekif � toijoi n~yztun l vrfef irf
f�jfgikiqth qn v qir efnj fgi it irf ekhpty |f~� 
j fgq�gkuu~l

� ! �� � !�� � �
��,� m � ! ��, !� ,� m � �� �

vrfef
� ! ��, !� ,� m � �� � �� !" #$ �� 4 !!" #$ �� 4� ß ! ���

qn gufkeu~ irf sekgiqth ts nf�ofhgfn qh "#$ �� 4� ß irki nikei v qir �, l khp iron pf�hfn k jetz�
kz quqi~ pqnieqzoiqth th irf ntoegf kujrkz fi � �s � qn irf fhiqef guknn ts pqngefif y fyte~ ufnn
ntoegfn l irfh � ! � !� ,� m � �� � qn nqyju~ irf fyjqeqgku pqnieqzoiqth pf�hfp z~ kh~ nf�ofhgf qh
"#$ �� 4� ß � >tiqgf irki irf nf�ofhgf ts p qnieqzoiqthn 5� ! � !� ,� m � �� �8�,� m qn jefgqnfu~ irf thf
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onfp z~ kh fhoyfekiqxf pfgtpfe 9	: irki pfgtpfn k nf�ofhgf �� ts k 0 .��� i~j f "#$ � �t
toijoi �, l irf < uqkn pfgtpfe qn iohfp it irf pqnieqzoiqth � ! � !� ,� m � �� �l khp onfn irf |f~
kn kh qhjoi z qiniefky � d n nrtvh qh 9�: l irf f�j fgifp hoyzfe ts |f~ z qin irki irf pfgtpfe
gthnoyfn it �nf�ofhiqkuu~ � jetpogf � � qn ojj fe�z tohpfp z~ irf fhietj~ ts irf pqnieqzoiqth
� ! � !�� �l j uon 	 zqin � �rf f�j fgifp xkuof ts ir qn ojj fe ztohp �v qir efnj fgi it � � khp
� � � qn � utw !" #$ ! 7 � utw !"#$ ��* ! ) 	 l v rqgr qn nrtvh qh irf jkj fe m it z f �@ ) � ��� ohpfe
y qup efwoukeqi~ knnoyjiqthn � >tif irki irf pfgtpfe y k~ ef�oqef kh ohztohpfp hoyzfe ts
ekhpty qhjoi z qin � �tvfxfe l irf jetzkz quqi~ irki irf ngrfyf v quu skqu it jetpogf k nf�ofhgf� � ksife jet gfnnqhw � ekhpty zqin l � � �@ l pfgk~n v qir f�jthfhi 7 �� 7 �@ � � �ron l v qir
jetzkzquqi~ thf qi jetpogfn kh toijoi l kuirtowr k rkep uqy qi th irf |f~ ekif v quu qh wfhfeku
k�fgi irf f�kgi jefnfexkiqth ts irf jetzkzquqi~ ukv qs irf ekhptyhfnn qh � � qn hti oiquq�fp �
dh f� gqfhi qyjufy fhikiqth ts irqn kjjetkgr x qk keqiry fiqg pfgtp qhw l v qir k �hqif efwqnife
ufhwir 9�: l v quu gkonf kppqiqthku pfxqkiqthn � �rf �� ��� fhoyfekiqth qh ��� khp ��� kppefnnfn
irfnf qnnofn l ki k gtyjuf� qi~ gtni �

�rqn pqngonnqth jkeiqkuu~ kjjuqfn kunt it khtirfe jkj fe th ohqxfenku nqyoukiqth 9�: l v rfef
kgr qfxkz uf ekifn vrfef ntowri ste ykqhikqhqhw jetzkzquqiqfn ts gfeikqh fxfhin gteefnj thpqhw
it k wqxfh nfi ts nikiqniqgku ifnin � �s irfef qn thu~ thf fxfhi l te k efukiqxfu~ ny kuu hoyzfe
ts fxfhin nogr irki kuu y fyzfen ts fkgr fxfhi �v qir qh irf i~j f guknn ts �� � gkh zf tepfefp
gthnfgoiqxfu~ qh irf fhoyfekiqth �� ��� � �vrqgr yk~ hti hfgfnnkequ~ z f uf� qgtwekjrqg� l
irfh irf nqyoukiqth kuwteqiry jetj tnfp qh �	� v quu w qxf eqnf it wttp kjjet� qy kiqthn ts irf
gteefnjthpqhw jetzkzquqiqfn � �tvfxfe l irfef yk~ hti z f kh f� gqfhi fhoyfekiqth kuwteqiry l
qh wfhfeku l ste kh kez qieke~ nfi ts fxfhin �

�oe nfgthp gtyyfhi qn irki irqn jetz ufy nfiiqhw l qh irf gknf � � � l rkn kh kppqiqthku
kjjuqgkiqth tirfe irkh ohqxfenku nqyoukiqth l khp irqn qn qh ge~jitwekjr~ { �fef l � � j uk~n
irf etuf ts irf j ukqhif�i l � � qn irf nfgefi |f~l khp � � qn irf ge~jitweky � � qhqy q� qhw irf
yoioku qhsteykiqth 
 �� � � � � � gteefnj thpn it yk� qyoy f�oqxt gkiqth @ �� � !� � � l vrqgr qn
irf guknnqgku �woef ts yfeqi ts irf gqjrfe n~nify � �rf skgi irki � � qn ts irf nky f i~j f guknn
kn � � �vrqgr qn k hfgfnnke~ gthpqiqth it ykqhikqh �thpqiqth ��� l gteefnj thpn it fhge~jiqth
zknfp th k ngekyzuqhw yfirtp �

�oe irqep khp ukni gtyyfhi efsfen it k j tnnqz uf kjjetkgr ts efuk� qhw �thpqiqth �� ��h 9�: l irf ykqh efno uin ts irf guknnqgku �hth�ohqxfenku� nqyoukiqth l vfef f�ifhpfp it efuk�
irf ef�oqefyfhi ts xkhqnrqhw pqnikhgfn z fivffh irf jetzkzquqi~ pqnieqzoiqthn ts irf nqyo�
ukifp jet gfnn khp irf pfnqefp jet gfnn { �te k wqxfh hth�xkhqnrqhw z tohp th ir qn pqnikhgf

�



�pf�hfp z~ nfxfeku j tnnqz uf kggoekg~ yfknoefn� l irf y qh qyoy ekif ts ekhpty zqin ef�oqefp
qn w qxfh z~ irf ekif�p qniteiqth sohgiqth ts irf pfnqefp jet gfnn l vrfef irf �pfuqi~ geqifeqth
pfj fhpn th irf kggoekg~ yfknoef � 
j fgq�gkuu~l thf jtnnqz uf pqnikhgf yfknoef z fivffh ivt
pqnieqzoiqthn } khp �} qn � ehnifqh �n �� pqnikhgf l vrqgr qn irf y qhqyoy f�jfgifp pqniteiqth
���� �� ��� m � � �� � � � � � kythw kuu � tqhi p qnieqzoiqthn ts �� � � � � � v qir ykewqhkun } khp �} l
efnj fgiqxfu~l vrfef � qn k wqxfh pqniteiqth yfknoef � �h 9� : l qi qn nrtvh irki ohpfe gfeikqh
gthpqiqthn l qs irf nqyoukifp jet gfnn �} qn th u~ ef�oqefp it z f v qirqh �� pqnikhgf � sety irf
pfnqefp } l irfh irf y qhqyoy |f~ ekif ef�oqefp qn w qxfh z~ irf ekif�pqniteiqth sohgiqth� �� � ts irf ntoegf } v qir efnj fgi it � �

�rqn �hpqhw rkn kh khkutwof qh irf ohqxfenku nqyoukiqth jetz ufy l vrfef htv � �� �
�ekirfe irkh @ � z fgtyfn irf geqiqgku |f~ ekif z f~thp vrqgr 
 �� � � � � ��� yk~ xkhqnr
vrfh � � qn p qnieqzoifp kggtepqhw it }� nogr irki �� �} � }� � � � � � qeni l vf gukqy irki ste� � � �� � irf hteykuq�fp yoioku qhsteykiqth gkhhti z f nykuufe irkh � �� �7 � � �rqn gukqy
stuutv n sety irf skgi irki 
 �� � � � � � � @ �� � � 7 @ �� � !� � �l vrfef @ �� � !� � � gkhhti
f�gffp � � �� l khp @ �� � � gkh z f utvfe�z tohpfp l st uutv qhw 9�: l z~ htiqgqhw irki ste kh~
}� nogr irki �� �} � }� � � � �v qir � � wtxfehfp z~ } khp � � wtxfehfp z~ }� � l irfef f� qnin
k pqnieqzoiqth � �� � !� � � nogr irki ���� �� ��� m � � �� � � � � � � � l nt irki irf gteefnj thpqhw
yoioku qhsteykiqth z fivffh � � khp � � qn utvfe�z tohpfp z~ �� �� � khp irfefstef nt qn@ �� � � � �i qn kunt efukiqxfu~ fkn~ it nrtv gthxfewfhgf ts irf yoioku qhsteykiqth it �fet
vrfh � � � �� � l kn vfuu kn irf kz txf � �� � 7 � z frkx qte ste � � � �� � l kuirtowr qi
kjj fken it z f yogr rkepfe htv it grkekgifeq�f irf f�kgi gthxfewfhgf ekif ts irf yoioku
qhsteykiqth it �fet ste � � � �� � � �te f�kyjuf l vrfh � � � l kpkjiqhw qpfkn sety 9�: it
irf ohqxfenku nfiiqhw l k ohqxfenku nqyoukiqth ngrfy f gtoup zf zknfp th k �ohqxfenku� ekif�
pqniteiqth gtpfz tt| irki gtxfen "#* � �rf �ki ufkni� � �� �� � )  � ekhpty |f~ z qin vtoup
z f onfp it nfufgi kh qhpf� qh irf gtpfztt| kggtepqhw it irf gthpqiqthku jetzkzquqiqfn ts
irf �okhiq�kiqth gfuun qhpogfp z~ irf gtpf � �rf toijoi vtoup z f irf efjetpogiqth xfgite
gteefnjthpqhw it irf nfufgifp qhpf� �
	
�
�

�
�

9�: � � �fuqhf| l ����� ����� ��� ������ � ���� � !��"# > fv $te| { � g% ekv �� quu l ���	 �
9�: � � 
 � �kh l � � �tnr q l ��hifexku kuwteqiry ste ekhpty hoyzfe wfhfekiqth l� &'''

(1��� ) &�* /1+ ) (3 �/1� l xtu � �	 l jj � ����� ��l � kegr ���� �

�



9	: � � � � �txfe l �<hoyfekiqxf ntoegf fhgtpqhw l� &''' (1��� ) &�* /1+ ) (3 �/1� l xtu � �� l
jj � �	��� l �khoke~ ���	 �

9�: � � � qnnkhfh l �%fhfekuq�fp � eksi qhf�okuqi~ khp keqiryfiqg gt pqhw l� &�� � �) � �� ) � ��
���/2 )l xtu � �6 �	� l jj � ��	��6	 l � k~ ���� �

9�: > � � ferkx l �dgrqfxkz uf |f~ ekifn ste ohqxfenku nqyoukiqth ts ekhpty pkik v qir efnj fgi
it k nfi ts nikiqniqgku ifnin l� &''' (1��� ) &�* /1+ ) (3 �/1� l xtu � �6 l ht � �l jj � � ��	6 l
�khoke~ �66� �

9�: $ � 
ifqhz few khp 
 � �fep 	o l �
 qyoukiqth ts ekhpty jet gfnnfn khp ekif�pqniteiqth irf�
te~l� &''' (1��� ) &�* /1+ ) (3 �/1� l xtu � �� l ht � �l jj � �	�	� l �khoke~ ���� �
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