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Ö;ÌrÓ�Ú�$9Ë�Ó�Ô�ÉsÕ�ËÁr`zUv ¾�G ´ TrGj«�JgV�­¤RI±L­%R�TrGIH�Qj°)¬;½�GI«�±;½�Hªã Ø;Ñ�Ù É�ÚEÛ
Ìëê�ÒNË�Ó�Ô�ÉsÕ�Ëýú&"?ÌU$rû ­¤±;GI«�­%J\Q)«æJMGS­lG ´ H��¤RI­¤¬;±jV�­%°_°)¬;J;«�V�TU�
GS«æ­¤Jå®sRUT�°�H�¶¨­%R�w�� ³!´ H}��� ³ ²Â¶!«�½�½!­%±LH�JjJLTrGI«�¹¤H O ³ �
·b) ª,� � t�r`�&v ­%R�·b) ª�� � ��r`�&v V�­%J\J;HNV�GS«æ­¤J;Q)®x­%R,|?­M²9¾nTrJLK
¶!«�½�½MRI¬;J
G ´ H ³ R�TrJ;QS«æQ�QSºcQSGIH�°�­r¹%H�RnV�½�T�QIQI«�V�T�½g·?ò �LÄ�ª2� ¶!«�G ´

� O�)�H�°)¬;½�TrGS«�­%J"­r¹%H�R©O ³ � Cä� O�)?D©X r �6v �(�lH!Tr½�QS­ü«�JMGIH�JgK
GS­ýH�F;±;½�­%«�G/G ´ Hxå:æ:ç(èBé:ê/ëUë,�¤RI­¤¬;±lRIH�QS­%½�¬;GS«æ­¤JlQIH�RS¹M«÷VWH r`�&v ¾
T�QüT
PgT�QI«�Q!®x­%R!°�H�°)PgH�RSQ ´ «�±�TrJgK�®zT�«æ½�¬;RSHüKMH�GIHNV�GS«�­%J «æJ�G ´ H
��� ³ ²:�
ì ® § ÅF°��SÇ §¡«#§ ÃF��í �%î Àxï�ðbñ 
L�ëÄ�� � í òjÅ�
L
 ð

ó}
 ­Â­ 
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³!´ H ñ ­cò QIH�RS¹M«÷VWHõH�F;±;½�­¤«æGSQ9G ´ H ³ RUT�J;QI«�Q r�t��&v �%RI­¤¬;±îV�­¤°,�

°)¬\J;«�V�TrGS«æ­¤J QSºMQIGIH�° ®s­%R�®ETr¬;½�G GI­%½�H�R�TrJgVWH%¾)½�­cT¤K|PgTr½�TrJLV��
«�J��L¾õV�­¤J;J;HNVWGI«�­%JÂH�QSGUTrP\½æ«�Q ´ °�H�JMG�¾nJ;H��¤­%GS«÷T�GI«�­%Jl­�® "!Ø;ÑrÙßÉ�ÚzÛ
Ìëê¶$ Ë�Ó�ÔNÉsÕ�Ë�ú&"?ÌU$rû ¾�TrJgK ¹M«�KMH�­lV�­%JMGSRI­%½�� ª G
H�F;±;½�­%«�GIQ�|?­M²
VW­%°�°)¬\J;«�V�TrGS«æ­¤J
®s­%R!¹M«�KMH�­_GIR�TrJ;QS°�«�QIQS«æ­¤J(� ª J G ´ «�Q?QSHNV�GS«æ­¤J
¶¨H)KMH�QUVWRI«�PgH)G ´ H)QIH�RI¹M«�V�HíK¥H�QI«��%JB� ³!´ H/®x¬;½�½¼K¥H�GUT�«æ½�Q6­r®õG ´ H
ñ ­cò|«�°�±;½�H�°_H�JMGUT�GI«�­%J
° T�º
PgH6®s­¤¬;JgK_«�J r`�Q�&v �
� ´ H�J TlV�½�«�H�JMG)¶!TrJMGIQ)GS­ùV�­%J;J\HNV�G�GI­lG ´ H�QIH�RS¹c«�V�H¤¾?«�G

QSH�JgKMQlTå°�H�QSQUT��%HýGS­ T�J T�P;QIGSRUT¤V�G ÒNË�Ó�ÔNÉsÕ�Ë ärÓUÌ�ØNÖ � ³!´ H
QSH�RI¹¤H�RIQ¨RIH�QI±L­%JgK
PMº/QSH�JgKM«�J��/T!½�«�QIG�­�® T�¹%Tr«�½�TrP;½�H�yg½�°�Q�� ³!´ H
VW½æ«�H�JMGnQSH�JgKMQ¨G ´ H?JgT�°�Hn­�® G ´ H?QSH�½�HNV�GIH�K�yg½�°ìGS­/G ´ H!QIH�RS¹c«�V�H
�¤RI­¤¬;±(� ½ J;Hó­r®
G ´ H/QSH�RI¹¤H�RIQ"G ´ TrG ´ ­¤½÷K_G ´ «�Qhyg½�° RIH�QS±g­¤JgKMQ
T�JgK ®x­%RI°_Q/T�GE¶õ­��z¶!T�º¿V�­¤J;J;HNVWGI«�­%Jå¶!«æG ´ G ´ H V�½�«�H�JMG�.
G ´ H
QSH�RI¹¤H�R�GSRUT�J;QI°_«æGSQî¹M«�KMH�­ ° T�GIH�RS«�Tr½E¾
T�JgKlG ´ HýV�½�«�H�JMGîQSH�JgKMQ
VW­%JMGIRS­%½;°_H�QIQ�T6�%H�Qq®x­%R:qL­r¶ùV�­%JMGIRS­%½M±;¬;RS±g­¤QIH�Q!TrQ@¶õH�½æ½;T�Qq®x­%R
QS±gH�HNKýV�­¤JcGSRI­¤½qTrJgKó®s­¤RõR�TrJgK¥­%° T%V�VWH�QIQ6¶!«æG ´ «�J)G ´ H"°_­r¹c«�HQ�
D©T%V ´ yL½æ°�«�Q�RIH�±;½�«÷V�TrGIH�KîT�G
T6QI¬;P\QIH�Gn­�®gG ´ HõQSH�RI¹¤H�RIQU�*o\­%R

H�T%V ´ °�­r¹M«�H%¾MG ´ HîQSH�RI¹¤H�RIQ
G ´ T�G ´ ­¤½�K�G ´ H)°_­r¹M«æH"TrRSHî­¤R2�cT'�
J\«!��HNKå«æJÂT Ð)ÌrÔ�ÉsËÿä§Ó�ÌrØ�Ö � ³!´ H�°�H�°)PLH�RIQó­r®üG ´ «�Q,�%RS­%¬;±
Q ´ TrRSH�T�K;T�GUT�PgTrQSH/­r®~VW½æ«�H�JMGSQ�µLQIG�TrGIH�Q�� ³!´ H
QIG�TrGIH
«�JgV�½�¬gKMH�Q
G ´ H/°_­r¹c«�H6G ´ T�G!G ´ HîVW½æ«�H�JMG!«�Q!¶!TrGUV ´ «�J��L¾MG ´ Hó­6�9QIH�G6«æJ�G ´ H
°_­r¹M«æH@QIGSRIHNT�°ìTrJgK6G ´ HnGIR�TrJ;QS°�«�QIQS«æ­¤J?R�TrGIH�.qT¨GI­¤GUTr½¤­r®;T©®sH�¶
K¥­Q��H�J\Qõ­�®gPMºcGSH�Q��nD©T%V ´ QSH�RI¹¤H�R¨°)¬;½�GI«�V�TrQSGIQ9G ´ H!QIG�TrGIH�Qn­r®g«�GSQ
VW½æ«�H�JMGSQ/GI­_G ´ H)RSH�QIG/­�®õG ´ H,�%RI­¤¬;±ý¬;QS«�J���G ´ H ³ RUTrJ\QI«�Q"RIH�½�«��
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CET%X��©H�®s­¤RIH/G ´ H/²MH�RI¹¤H�R�oLTr«�½�¬;RSH

server
server
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 Service
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server

CsPgX ~ HNVW­r¹%H�RSº)®sRS­%° G ´ H/²MH�RI¹¤H�R%ogT�«�½æ¬\RIH
o@«��%¬\RIH � . ³ RUTrJ\QI±gT�RIH�JMG ñ ­cò�²MH�RS¹M«÷VWH

T�P;½�Hü°)¬\½æGS«�V�TrQSGnQIH�RS¹M«÷VWH%¾9Tr±;±;RS­�F;«æ°�TrGSH�½�ºîH�¹¤H�RIº ´ T�½ß®¼T
QIH�V��
­¤JgK:� ³!´ ¬;QN¾LG ´ H/QIGS­%RUT��%H/QS±gT%VWHíT�JgK�PgT�JgKM¶!«�KMG ´ RSH� ¤¬;«�RIHNK
®s­¤RnG ´ «æQ¨«�JM®s­¤RI° T�GI«�­%Jó«æQ©J;H��%½�«��%«�P;½�H¨¶%� R�� G��¤G ´ H6P;¬F�9H�R!QI±LT%V�H
T�JgKåPgTrJgK¥¶!«÷K¥G ´ RIH� ¤¬;«�RSHNKå®s­¤R)G ´ H�¹M«�KMH�­lGIR�TrJ;QS°�«�QIQS«�­%J/ôU�
o\¬;RIG ´ H�RS°�­%RSH%¾rG ´ H ³ RUT�J;QI«�Q�°)¬;½�GI«�V�T�QIG@QIH�RS¹c«�V�H6«�Q
«�KM½�H¨¶ ´ «�½�H
J;­å°�H�QSQUT��%H�Q�TrRIH QIH�JMG�� µ×H�JgV�H G ´ H¿GS­%GUT�½?­r¹¤H�R ´ H�T%KÂRSHG�
 ¤¬;«�RIH�K)®x­%R¨®zT�¬;½�GõGS­%½�H�RUT�JgV�H"«�Q!¹%H�RSº�QS° Tr½�½��
� ´ H�J¿T)QSH�RI¹¤H�RîV�R�TrQ ´ H�Q/­¤RÏK¥H�GUT¤V ´ H�QN¾ ³ R�TrJ;QS«æQ"J;­¤GI«�ygH�Q

G ´ Hõ°_H�°)PLH�RIQ9­�®gG ´ H¨°�­r¹M«�H(�¤RI­¤¬;±îG ´ TrG@RIH�°�Tr«�J/V�­%J\J;HNV�GSHNK
­�®õG ´ H)V ´ TrJ-�%H
«æJ G ´ H��%RS­%¬;± °�H�°)PLH�RSQ ´ «�±(� ³!´ H)RIH�°�Tr«�JF�
«�J��
QIH�RS¹%H�RSQ/V�­%JMGI«�JM¬;H/GS­)QIH�RS¹%H/G ´ HîV�½�«�H�JMGIQ!­�®nG ´ HîVWRUTrQ ´ HNK
QSH�RI¹¤H�R��.DnT¤V ´ V�½�«�H�JMG�«æQ�QSH�RI¹¤HNK|PMº HWF\T¤V�GI½�ºj­¤J;H QIH�RS¹%H�R�¾
¶ ´ «�V ´ «�Q~V ´ ­¤QIH�J¿T¤V�V�­¤RUKM«�J��
GI­)G ´ H"½æ­MT%K_KM«�QIGIRS«�P;¬;GI«�­¤Jq¾;KMHG�
KM¬LV�HNK ®sRI­¤°�G ´ H V�½�«�H�JMGIQUµ�QIG�TrGIH�Q�� ³!´ H�±\RI­%GS­;V�­%½¨H�F;±;½�­%«�GIQ
³ RUT�J;QI«�Q¨QIH�°�TrJMGI«�V�Q�õ!GI­��%¬gT�RUT�JcGSH�H?G ´ TrG!Tr½�½LG ´ H6RIH�°�Tr«�J;«�J��
QSH�RI¹¤H�RIQ_QIH�H�G ´ H�QUT�°�H)±;«�V�GS¬;RIH�­�®?G ´ H_½æ­MT%KlKM«�QSGIRI«�P;¬\GI«�­%J(�
³!´ H"V�½�«�H�JMGõV�­%JMGS«æJM¬;H�QõV�­%°_°)¬;J;«�V�T�GI«�J��!¶!«�G ´ G ´ H6QUT�°�H!TrPF�
QSGIRUT¤V�G VW­%J;J;H�V�GI«�­%J@¾~T�JgKå«�Q)­%P;½�«�¹M«æ­¤¬;Q/GS­lG ´ HýV ´ TrJ-�%H%¾!TrQ
KMH�°�­%J\QIGIR�TrGSHNKÂ«�J#oq«��¤¬;RIH � �|O�QI«�°_«æ½�T�R/±;RI­;V�H�QIQý­;V�V�¬\RIQ
¶ ´ H�JÿTóJ;H�¶|QIH�RI¹%H�R(+�­%«�J;Q�¾M­%R¨¶ ´ H�J�G ´ H"QSH�RI¹¤H�RIQ"KMHNV�«�KMH"GI­
°_«!�¤RUT�GIH?V�½�«�H�JMGIQ6PgHNV�Tr¬;QSH/G ´ Hó½æ­MT%K�«æQ¨±L­c­¤RI½�º K¥«æQSGIRS«æP\¬;GIHNK��
� ´ H�J�G ´ H"QIH�RS¹%H�RSQ!°�«��%R�TrGIH?T
V�½�«�H�JMGN¾MT*+W«æGSGIH�R¨­;V�V�¬;RSQ!«�J

G ´ H?GSRUTrJ\QI°�«�QSQI«�­%J)­�®qG ´ H6¹c«�KMH�­îQSGIRIH�Tr° GS­îG ´ «�Q~V�½�«�H�JMG2ö�� ª J
­¤RUKMH�R¨GI­@�¤¬gTrR�TrJMGIH�H6QI°_­c­¤G ´ ¹M«�KMH�­
KM«�QI±;½�T�ºîT�GnQI¬gV ´ GS«æ°_H�QN¾
G ´ H?V�½�«�H�JMG
°�Tr«�JMGUT�«æJ\QqT?P\¬F� H�Rõ­�®;®s¬;GS¬;RIH¨®sR�Tr°_H�Q�� ³!´ H¼qg­r¶
V�­¤JMGIRI­¤½q°_HNV ´ TrJ;«�QS° T�GIGSH�°�±;GSQõGS­,w%H�H�±ýH�J;­¤¬�� ´ ®sR�Tr°�H�Qn«�J
G ´ H"P;¬F�9H�R?GS­�T%V�V�­¤¬;JMG¨®s­%R(+W«æGSGIH�R!±LH�RS«æ­;KMQU�
³!´ H�VW½æ«�H�JMG/±\RI­Q�¤RUT�°4V�­¤J;QI«�QIGSQî­�®~G ´ RIH�H�G ´ RIHNT¤KMQ�� ½ J;H

÷ 143QI�A&f2f2IgEQH?A=K6_8I�ø&CQAG_`58HDM�d!;=<�ù&58J6I2;�E6_8AGM�KQA&fc>xI�TQf2;UJ6I2J�CQ7]5`TQR
a@P4ú�ûBY?[ü<äI�ø�C65`<�I274A�H4_8I�A�7?H:[Un lGabK658H�£G7�ný 1436587L587�R=CQAG<äA=T'HcI2I�J�K6M�HD3QIbù�5`<�HDCQA=_�7cM�TQfc36<�;GT6M�þ [�lgÿ(E6<�;GE	Ig<äHDM
E6<�;Gù�58J6I�JLK6M�1�<äAGTQ7]587�n
� 143QI��]58H?HcI�<:EFI�<c58;�J@J6IgE	I�TQJ674;GT�H]3QI�_8I�ù�I�_�;Gd:7?M&TQfc36<�;GT'MhAGV�;GTQR

H]3QI�7?Ig<äù�Ig<ä7�n

G ´ RIH�T%K ´ TrJgKM½�H�Q¨G ´ H ärÓUÑ�Ö\ÜcÉsÕ�Ñ�ÙgØ¤ÒNË�Ó6É�ÍMÚIË�Ó�êNÑ%Õ�Ë"ú����Lãxû ¾MTrJgK
«�Qn«�°_±;½�H�°�H�JMGSHNK6¬;QI«�J�� ³ ¯�� Är³�� �rO6J;­%G ´ H�RnG ´ RIHNT¤K
«�°�±;½�HG�
°_H�JMGIQõT Õ�ÌrÐ
ÐîØMÍ;ÉxÕUÑ§ÚzÉxÌrÍ °_­;KM¬;½�H%¾r¶ ´ «�V ´ RIH�V�H�«�¹%H�Q¨®xRUTr°_H�Q
®xRI­%°�G ´ H ñ ­cò QIH�RS¹%H�RõT�JgK"QSGI­%RSH�QnG ´ H�°�«�JîT!Q ´ TrRSHNKóP;¬F�9H�R��
³!´ HùV�­%°_°)¬;J;«�V�TrGS«�­%Jù°_­;KM¬;½�H¿Tr½�QS­ QSH�JgKMQlV�­¤JcGSRI­¤½/°�H�Qg�
Q�T6�¤H�Q/GI­_G ´ H
QIH�RI¹%H�R�� ³!´ H { · ª G ´ RIH�T%Kÿ®s­%RS¶~T�RUKMQ/V�­¤JcGSRI­¤½
VW­%°�°�TrJgK¥QnGI­)G ´ H/V�­%°_°)¬;J;«�V�TrGS«�­%J
G ´ RSHNT%K:�
³!´ H�G ´ «æR�KlG ´ RIHNT¤Kl«�Q/G ´ H��
	�� ��ÖgÙ�ÑrÛ%Ë�Ó ¾�¶ ´ «�V ´ V�­%JF�

QS¬;°�H�Q9®sR�Tr°�H�QL®sRI­¤° G ´ HnQ ´ TrRIH�K/P;¬�� H�R�¾rQIGSRIHNT�°�Q9G ´ H�°�«�JMGI­
T�J � � D { K¥HNV�­;KMH�R�¾õTrJLK¿KM«�QS±;½�T�ºcQóG ´ H�°<­¤J¿G ´ H�Q�V�RIH�H�J(�
³!´ H*� � D { KMHNV�­;KMH�R�«�Qq«�°_±;½�H�°)H�JMGIHNK×«�JüQS­r®sGE¶!TrRSH%¾rTrJgK6¶¨H
T�RIH�V�¬\RIRIH�JcGS½�º¿±L­%RSGI«�J���«�GüGS­�H�F;±;½�­%«�GüT ´ T�RUKM¶!TrRSH±� � D {
K¥HNV�­;KMH�RU� ³!´ H ´ T�RUKM¶!TrRSHs� � D { KMHNV�­;KMH�R,�¤H�J;H�R�TrGSH�Q�TrJ
T�JgTr½�­��îQS«!�¤JgTr½ ®s­%R?T�J�H�F;GIH�RSJgTr½�¹M«�KMH�­�KM«�QI±\½÷T�º¤H�RN¾\¶ ´ «�V ´ «�J
­¤¬;R!V�TrQSHü«�QõTÏ¹c«�KMH�­îV�Tr±\GI¬;RSH ´ TrRUK¥¶~T�RIH!®x­%RõKM«�QS±;½�T�ºc«�J��"G ´ H
¹M«�KMH�­l«�JjT ¶!«�JgKM­r¶%� ³!´ HýV�½�«�H�JMG�KMH�QS«��%Jj«�Q�KMH�±\«÷VWGIHNKÂ«�J
o@«��%¬\RIH � �
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ª JÂG ´ «�Q)±gTr±LH�RN¾×¶õH�±;RSH�QIH�JMGSHNK T Q�V�Tr½�T�P;½�H)®zT�¬;½�G)GI­%½�H�Rg�

T�JMG ñ «�KMH�­�­%J ò?H�° TrJLKýC ñ ­cò"X¨QSH�RI¹M«�V�HQ� ³!´ HÏ®zTr¬;½�G6GI­%½�H�Rg�
T�JgV�H)«�QüT¤V ´ «�H�¹%HNK ±;R�T%V�GS«÷V�Tr½�½�º�®x­%R!®xRIH�HQ.6«�GüV�­¤J;QI¬\°�H�Q6J;H��6�
½�«��%«�P;½�H
PgTrJLKM¶!«�KMG ´ ¾�QSGI­¤RUT6�¤H�QS±gT%V�H¤¾õTrJLKùV�±;¬åGI«�°�H�� ³!´ H
VW­%JgV�H�±;GIQ)±;RSH�QIH�JcGSHNKå«�J¿G ´ «�Q/±gTr±LH�R
° T�º�PLH)H�F;±;½�­%«�GIHNK «�J
T ´ «�� ´ ½æº T�¹%Tr«�½�TrP;½�H ñ ­Mò¸QIH�RI¹M«�V�H_®s­%R ´ ­%GIH�½æQ
TrJgK ®s­%R/RSH�Q��
«�KMH�JcGS«�Tr½¨J;H�«�� ´ PL­%R ´ ­c­;KMQU�¿²M¬LV ´ QIH�RS¹M«÷VWH�Q)¶!«�½æ½üqg­%¬;RS«�Q ´ «�J
G ´ HùJ\HNTrR�®x¬;GI¬;RSH%¾îK¥¬;HlG ´ Hå«�JgV�RIH�TrQI«�J���«æ°_±;RI­r¹¤H�°�H�JcG)«�J
VW­%°�°)¬\J;«�V�TrGS«æ­¤J�GIHNV ´ J;­¤½�­Q�%ºlTrJLK «æJ¥®sRUT�QIGIRS¬gV�GS¬;RIHQ� D@F;«�QIG��
«�J�� ñ «÷K¥H�­"­%J)ò?H�° TrJLK"QIºMQIGSH�°�Q�R�TrRIH�½æº
T%K;KMRSH�QIQ¨G ´ Hõ«�QIQS¬;H�Q
­�®~QSH�RI¹¤H�Ró®zTr«�½�¬;RIH�QîTrJgK QUV�Tr½�TrP;«�½�«�GEºc¾\¶ ´ «�V ´ TrRIH,w¤H�ºý«�QIQS¬;H�Q
«�Jý°)¬\½æGS«��z¬;QSH�R©®zTr«�½�¬;RIH=�z±;RS­%J;H"J;H�GE¶õ­¤R2wMQ"QI¬gV ´ T�Q?J;H�«�� ´ PL­%Rg�
´ ­c­;K_QIH�RI¹%H�RIQ"­%R!G ´ H ª JcGSH�RIJ\H�G��
½ ¬;R¨QIH�RI¹M«�V�H?H�F;±;½�­¤«æGSQ�G ´ H"V�­%JgVWH�±;G¨­r®(��� ³ ² r`z&v ¶ ´ «÷V ´

«�JgVW­%RI±L­%R�TrGSH�Q |6­c² V�­%°_°)¬;J;«æV�TrGI«�­¤J ¶!«�G ´ «æJ�G ´ H ®sRUT�°�HG�
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GUI

Player
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Frame buffer

Control Commands Video Stream Position

o@«!�¤¬;RIH � . ³!´ H ñ ­cò�¯¨½�«�H�JMG�µ Q���¬;½�GI«�� ³!´ RIHNT¤KMHNK�ò6H�QI«��¤J

¶¨­%R�w¿­�®��%RI­¤¬;± VW­%°�°)¬\J;«�V�TrGS«æ­rJB� ³!´ H¶�%RS­%¬;±ùV�­¤°�°)¬;J\«8�
V�T�GI«�­%J�QSºcQSGIH�° ±;RS­r¹c«�KMH�Q!G ´ H"®x­%½�½�­r¶!«æJ-�ÏT¤KM¹%TrJMG�T6�%H�Q�.
t � ³!´ H�(*)%+-,/.10#243�56)%0-7%5689+*:�QI«�°�±\½æ«�ygH�QõV�­%J\J;HNV�GS«æ­¤J�H�Qg�
G�TrP;½�«�Q ´ °�H�JMG9TrJgK"Tr½�½�­r¶!Q\®s­%RqT¨GSRUTrJ\QI±gT�RIH�JMG�°�«��%R�TrGS«æ­¤J
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