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1

IPv4_packet( ) { 
 IPv4_header()   
 UDP_header()   
 for(i=0;i<N;i++){   
  packet_data_byte 8 bslbf
 }   
}

2

IPv6_packet( ) { 
 IPv6_header()   
 if(next_header !=0x11) {
  IPv6_extension_header()   
 }   
 UDP_header()   
 for(i=0;i<N;i++){   
  packet_data_byte 8 bslbf
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 }   
}

3

’

3 IPv4

3 IPv4

IPv4_header( ) {
 Version 4 uimsbf
 IHL 4 uimsbf
 type_of_service 8 bslbf
 total_length 16 uimsbf
 Identification 16 bslbf
 Flags 3 bslbf
 flagment_offset 13 uimsbf
 time_to_live 8 uimsbf
 Protocol 8 bslbf
 header_checksum 16 bslbf
 source_address 32 bslbf
 destination_address 32 bslbf
 for(i=0;i<IHL-5;i++){ 
  option_or_padding 32 bslbf
 } 
}

4

338



IPv6_header ( ) {
 Version 4 uimsbf

traffic_class 8 bslbf
flow_label 20 bslbf
payload_length 16 uimsbf
next_header 8 bslbf
hop_limit 8 uimsbf
source_address 128 bslbf

 destination_address 128 bslbf 
}

5

UDP_header ( ) {
 source_port 16 uimsbf

destination_port 16 uimsbf
 Length 16 uimsbf 
 Checksum 16 bslbf
}
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1

slot { 
 if(stream_type == 0x01) {
  reserved_future_use 176 bslbf 
  for (i=0; i<N; i++) {
   TSP 8x187 bslbf 
  }

 else if(stream_type ==0x02) {
  first_TLV_indicator 16 bslbf 
  reserved_future_use 160 bslbf 
  for (i=0; i<N; i++) {
   TLV_data_byte 8 bslbf 
  }
 } 
 else{ 
  reserved_future_use
 } 
 BCH_parity 192 rpchof 
 stuff_bit 6 bslbf 
 LDPC_parity bslbf 
}
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TLVMPEG-2 

SectionPES IP

’ ’

’ ’

342



1

2
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9Mbit/s�Z�fI�f+K���- 
9-11Mbit/s��Ñ0��� 
²,-Ñ�O����(�8G� 
��´��	
0��� 
þ)ÂÃ� 
²,- 
7-9Mbit/s���¥°��Û�0�G�-|Sprinkling, Bronze} 

11Mbit/s 11Mbit/s�Z���û- 
�3���� 11Mbit/s���Õ�� 
��(���¥¦(�-�I� 
²,- 
7-11Mbit/s��³&)f�(�@)��K²,- 

13Mbit/s ÎR��'����,- 
�tuv����Q��O��û� 
ñ�à0 13Mbit/s 
T-�de 
Whale�¡���@)ÂÃ�)û� 
ñ:�z56ÕQ6� ¡�Ï�^��3�4Q���@)���)�13Mbit/s 
T-0�
�(f+K�0�T�- 
þ)f�)��0�T�- 
���� 

15Mbit/s �û� 
� ,:ÛTI�Ñ0!"
 
þ)f�)��0�T�- 
15Mbit/s���de 
15-17Mbit/s�#$à�Ø)%H- 
ÑÒ0á�) 15Mbit/s�Z�-(²,- 
Opening Ceremony ( Sprinkling� 15-17Mbit/s�,- 

17Mbit/s ���, 
�´�O-:�& 
�'�Ñ���ij�&�Õ�� 
Green Leaves�(�)�²,- 
Soccer ( Sprinkling� 17Mbit/s����K²,- 

ñò 3r*+,-�./�z56ÕQ602��-�0
Ì120�¨TI� 
z56ÕQ602��Ø��¨TI�- 
z56ÕQ603¨¥¦ 
Ôz56ÕQ6�2K©
ÛG� 
ã45 3H�67)�-(�ý(�Ï�gh�þ)ÂÃ� 
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2.6� Ý7ú�

�4@2í??4O�¾È���� L®)/³�aVa¨Ca¨�´_`�û��î���Ú��5��A4

� ��}©âÃ¨Á/Î7��qrîGèü�é�

366



 

 

3� _`ãG48��7��5��A4�op���

3.1� ¡"�

�e_`ãG48��7�§�gÐe� �aVa¨Ca¨�ö��aVa¨Ca¨�ö���Ca¨Ca¨� ûüýü���5�

�A4��op�Fé�

3.2� ���

����+,-N	�����QR�ûüýü
 VÚ
 �a D��é��^_�ô KD��é�


 V� ����QR�

_` ãG48�� 4:2:2, 8-bit
�6�N` 64�4�Q5m��_`(NHK� SHVÁº,¥)çèì2

�?�½4���89:ãG48���6�N �̀8�4��
6, 60Hz5Ocop, ô 5�õ� 
SVT89:ãG48���6�N`�5�4��6, 50Hzã
P9�op, ô 6�õ� 
�
 9�õ� 

�� á�?4ì þã�2í?á�?4ì(Fraunhofer HHI) 
O?4ì þã�2í?O?4ì(JM) 
>�ãäQ9 High (8-bit, 4:2:0)
5��A4� 1080/60/I: 10, 15 Mbit/s

1080/60/P: 10, 15, 20 Mbit/s 
2160/60/P: 30, 40, 60, 80 Mbit/s 

GOP 1 sec, IBBP..., �õãA4� 2 
@49 >zãP9nð�=MBAFF(1080/60/I), CABAC 


 ^� �6�N`�

No. �4��6 �	 
1 Whale��<:�*1 �<:�m<�>76�+� 
2 Intersection���³�*1 6¾Ç��9��³��Ý�F*E 
3 Aerial�>��*1 ?@�>� 
4 Horse Race�Ag�*1 BC�FACg 
5 Singing Children�ÞH�D�*1 fD�ÞH�D 
6 Portable Shrines�E¥FG�*1 FG�HýIJ 
7 Sunflowers�ÞÝ'¥�*1 ÞÝ'¥�I�7¾�4r?�> 
8 Times Square�K��*1 K��L�M± 
9 Crowd Run�Ç�Ç4�*2 ¾�61��z4�fD�Ç�Ç4 

10 Park Joy�N@�*2 N@�O¯�FPÌ�D 
11 Ducks Take Off�6Ð�*2 6Ð�Q-òÏ6R 
12 Into Tree�>�£S�*2 S7T9�>� 
13 Old Town Cross�>�£K�*2 Kê-�>� 
*1: 64�4�Q5m��_`çèì2�?�½4� 
*2: SVT89:ãG48���6�N` 
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³�´�àÇªÂñ� � � � ³�´��ãÃñòÁñ±ÃâÀã�

    

³�´��ñòâªÂ� � � � ³%´�LÀòÁñ�Xª±ñ�

    

³2´�*âãÅâãÅ�|ÇâÂ¬òñã� � � ³C´��ÀòÃª©Âñ�*ÇòâãñÁ�

    

³K´�*«ãÈÂÀ5ñòÁ� � � � ³V´�)âõñÁ�*ô«ªòñ�

ô 2� *L/ �6�N`³¿LÄ � *L/Áº,¥´�
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³^´�|òÀ5¬�X«ã�� � � � ³�a´��ªòÉ�UÀ8�

��� �

³��´�®«±ÉÁ�)ªÉñ�ÈÈ� � � � ³��´��ãÃÀ�)òññ�

�

³��´�Â¬�)À5ã�|òÀÁÁ�

ô C� */) �6�N`�
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 �a� N	����QR�

���I %1&'�(�(DSIS)IÚ5P��(��
 5�õ� 
�5��A4�"DÝ7ú§�4��6������N` 1-10Ú
5��A4� X�N` 1-10Ú5��A4� Y�N` 1-10Ú...�Ú
N`"D�� 
�5��A4����Ü)ÙÚ�e�=94>"DÕ� 

�îQR ��È�îV7×+��	F, 
�e� û�� 16* 

OP6>AQ 50-inch PDP(1920�1080/60/P, I) 
56-inch LCD(4320�2160/60/P) 

î,» 2160/60/P~NÐá,� 1.55(1.5H)* 
1080/60/P, 1080/60/I~NÐá,� 35(3H)* 

W�Cu�ÌOîÚîe �Ma �*îX®È�FòÅ�î� �Ma�D¦�Fî,»é�

 

�

ô 7� ��^_ 

3.3� ��qr�

3.3.1� �e��6¾z4{�=�

�aVa¨Ca¨�Ú�aVa¨Ca¨�Ú��Ca¨Ca¨� ���"D�e��6¾z4{�=����é�e�Ì��

��³7â�e���³7� �ñòÁÀã��aúÚaMCð���e��=\�F�77��éû�q

rÚ�C½��e���DÚ�aVa¨Ca¨� È �½Ú�aVa¨Ca¨� 7 ��Ca¨Ca¨� Èâ �½���qrî=\

SVT MF image files 

SHV (G1/G2/B/R) Down Convert

SHV MF image files 

SHV MF image files 
(4:2:0) 

Software 
Enc/Dec Coded image files 

(4:2:0) 

2160/60/P image files 

1080/60/P image files 

1080/60/I image files 

HD-SDI x8

HD-SDI x2

HD-SDI x1

SDI-HDMI

SDI-HDMI

4kx2k LCD 

HD PDP 

HD PDP 

Disk recorder 

(1) SHV_`çè�89:ãG48��_`s$ 

(2)89:ãG48��_`��� 

(3)89:ãG48��_`�þ��
� 
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3.3.2� �aVa¨Ca¨� 7 �aVa¨Ca¨��

ô V D�6�N`"����³���é�
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1080/I-10Mbps
1080/I-15Mbps
1080/P-10Mbps
1080/P-15Mbps
1080/P-20Mbps

(95% Confidence Interval)

 

1

2
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4

5

8 9 10 11 12 13 14 15 16 17
Bitrate (Mbit/s)

M
O

S

1

2

3

4

5

8 10 12 14 16 18 20 22
Bitrate (Mbit/s)

M
O

S

 
1080/60/I     1080/60/P  

ô V� �aVa¨Ca¨� 7 �aVa¨Ca¨� ���qr�

�aVa¨Ca¨� ÈÙÚ�2}©âÃ¨ÁÈuvæ§��6�N`È }*��M2��©"�/ÎîGèüÚ�a}©âÃ¨Á

ÈÙl�Ô��6�N`È }*��M2/Î�uvæ§��6�N`È }*�Ma/Î�È��é89:

ãG48���6�N`ÙÚ��"¾z�P19ðF��ßZDGe�§+¥Ú�4@2í??4

O�¾D,F��N`�N	��Èg���6�N`7ÙZðFîÚGèü���5��A4�
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ÙÚ�4@2í??4O�¾�ÉÊ� ��}©âÃ¨Á7×+��qrÈ��é�

�aVa¨Ca¨� ÈÙÚ�a}©âÃ¨ÁÈuvæ§��6�N`È }*��M2/ÎîGèüÚ�2}©âÃ¨ÁÈl�Ô

��6�N`È }*��M2/Î�uvæ§��6�N`È }*�Ma/Î�Ú�a}©âÃ¨ÁÈÙl �¨� ��6

�N`È}*��M2/ÎÈ��é��î�§Ú�aVa¨Ca¨����}©âÃ¨Á7×+����qrî�aVa¨Ca¨�

ÈÙl �K}©âÃ¨ÁÈGèüFF�7�BèüFéÝ�Ú�ãÃñòÁñ±ÃâÀãÚ�ñòâªÂÚLÀòÁñ�Xª±ñ� �Ï

��6�N`ÈÙÚ�aVa¨Ca¨� � �2}©âÃ¨Á,¥F �aVa¨Ca¨� � �a}©âÃ¨Á��î }* îï�7��

qrÈ��é�üè �Ï��6�N`ÙÚ�N`D�ÝüF�bî0�ÚLÀòÁñ�Xª±ñÙf�ðT

����7��ºYîFé�aVa¨Ca¨� D�k§_`²�¯]°î �57ðF�7ÈÚ�N`D�

ÝüF�bNá²i$��ÝÞ�f��¹E�F�7�BèüFé�

3.3.3� ��Ca¨Ca¨��

ô ^ D�6�N`"����³���éô V� �aVa¨Ca¨� �qr�àÉ�§�Fé�

��Ca¨Ca¨� ÈÙÚVa}©âÃ¨ÁÈ �Ï��6�N`�=��8�uvæ§��6�N`È }*��M2/

ÎîGèüÚCa}©âÃ¨ÁÈl �¨% ��6�N`È }*��M2/Î��Ï��6�N`�=��8�æ§

��6�N`È }*�Ma/Î�Ú%a}©âÃ¨ÁÈÙl �¨� ��6�N`È }*��M2/Î��Ï��6�N

`�=��8�uvæ§��6�N`È}*�Ma/Î�Ú�a}©âÃ¨ÁÈÙl �¨%��6�N`È}*��M2

/Î�l �¨� ��6�N`È }*�Ma �yøF�È��é��î�§Ú�aVa¨Ca¨� � ��}©âÃ¨Á7

×+����qrî ��Ca¨Ca¨� ÈÙl Ca}©âÃ¨ÁÈGèüFF�7�BèüFéºD LÀòÁñ�Xª±ñ�

}* îïç��îÚf�ðT�7<D0���bNá²i$����N`ÈFéÝ�Ú*âãÅâãÅ�

|ÇâÂ¬òñãÚ�ñòâªÂÚLÀòÁñ�Xª±ñÚ)âõñÁ�*ô«ªòñ� %Ï��6�N`ÈÙÚ�aVa¨Ca¨� � �2}©âÃ¨Á

,¥F ��Ca¨Ca¨� � Va}©âÃ¨Á��î }* îï�7��qrÈ��é�üè %Ï��6�N`ÙÚ

�aVa¨Ca¨� ÈF }* îïç��F�NÚ�4��6�ßD�4�Õ���F�N�N`D�Ýü

F�bî0�7��ºYîFé�

�
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1080/I-10Mbps
1080/I-15Mbps
2160/P-30Mbps
2160/P-40Mbps
2160/P-60Mbps
2160/P-80Mbps

(95% Confidence Interval)

 

1

2
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4

5

8 9 10 11 12 13 14 15 16 17
Bitrate (Mbit/s)

M
O

S

1

2

3

4

5

20 30 40 50 60 70 80 90
Bitrate (Mbit/s)

M
O

S

 
1080/60/I     2160/60/P  

ô ^� �aVa¨Ca¨� 7 ��Ca¨Ca¨� ���qr�

3.4� Ý7ú�

89:ãG48���TN`�6�N`�g�§_`ãG48��"���5��A4��uv

��éá�n¯] |* Omn9o	���!J�����qrN�É�4@2í??4O�¾�g�

���qrDö��Ú�aVa¨Ca¨� � ��}©âÃ¨Á���5��A4��ö÷7�F7Úâ_`ãG48

�����5��A4�ÙÚ�aVa¨Ca¨� î �K}©âÃ¨ÁÚ��Ca¨Ca¨� î Ca}©âÃ¨Á7�BèüFéä©�;

<�"DÙæ�× �89:ãG48����6�N`ÈFîÚ_`²�D�ÝüF�bNT�

ð¸�+�DZ8�§Ú_`ãG48��D,�§���¶ªîZðF�7F	èç7ð��é
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×á��_`�ëÍ"ð����úDÙÚ�N`�á *¿X ��b�ïm�7T��"oð��

Ùïð�ÂÃ7�BèüFé_`3456(�¤¥¦§�	©ý�teD¦��§ÙÚÀø�qK

�-ðèÍÚ,èD��ð�����Ú8�RS�oð¸�[�[��§te,üF�7î�Ý�

�é�
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4� ¾�8ãG48��7N	+,-��5��A4�op���

4.1� ¾�8ãG48���\�D,F���æ	�op��� ���

4.1.1� ¡"�

\�3�>z�=�\�D,F\þ,��\��op�Fé�

4.1.2� ���I�

��QR�
 �� DÚ��^_�ô �a Dûüýü��é�


 ��� ��QR�

_` ãG48�� ]^N~ 
 1920�1080, 8/10-bit 
 3840�2160, 8-bit 
 4096�3072, 8-bit 
TN~ 
 1920�1080, 10-bit 

�6�N` JIS X9204ö÷N` 
SVT�6�N` 
FastVDO 4:4:4�6�N`* 
_h¸czmÇ9 4:4:4�6�N` 
(* http://www.fastvdo.com/HDData.html) 

¾�83�3�>z

�= 
��^_ô 10 (3)ÉÊ���ãP9n:«D,¥�; 


��I 4:2:0Ú4:2:2Ú4:4:4�N`� dot-by-dotF�Ù�f:«ÁD
NÐ�¤×Ë�� 
TNÙ 30/PÈ
� 

OP6>AQ 24-inch CRT�4:4:42Â HDTV6nmc�{n� 
50-inch PDP�1920�1080� 

���I û��D,F�î 
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³�´¾�83�3�>z�=�?�>3�>z�=:«�

 

4:4:4�4:2:2 4:2:2�4:2:0

4:2:2�4:4:4 4:2:0�4:2:2

YCbCr 4:4:4 YCbCr 4:2:0

{ 2,0,-4,-3,5,19,26,19,5,-3,-4,0,2}/64 {  5, 11, 11, 5 }/32

{ -12, 140, 140, -12 }/256{  1,  3,  3, 1 }/8

YCbCr 4:2:2

 

ô 10� ��^_ 

4.2� ¾�8ãG48��7��N	�op��� ���

4.2.1� ¡"�

%é�éaÚ%é�é�Ú%é%é% �N	�N��5��A4��op�Fé�

4.2.2� ���I�

��QR�
 �� DÚ��^_�ô �� Dûüýü��é�

4:4:4 

4:4:4 - 4:2:2 

4:2:2 - 4:2:0

Source 

4:2:0 - 4:2:2 4:2:2 - 4:4:4 

4:2:2 - 4:4:4 

4:4:4 image files 

4:2:2`4:4:4  
image files 

4:2:0`4:4:4  
image files 

HD-SDI x 2

SDI-DVI PC Monitor 

Disk recorder 

4:4:4 Monitor 
10-bit 

8-bit 

³�´�6�N`��$�

³�´�6�N`�þ��
��
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 ��� ��QR�

_` ãG48�� 1920�1080/60/P, 10-bit, 4:4:4/4:2:2/4:2:0 
1920�1080/24/P, 10-bit, 4:4:4/4:2:2/4:2:0 
(4:2:2Ú4:2:0Ù�� 17×9�>�)6D,�§ 4:4:4�N`çè
�$) 

�6�N` SVT89:ãG48��N` 
FastVDO 4:4:4�6�N`(1920�1080/24/P) 
_h¸czmÇ9 4:4:4�6�N`(1920�1080/24/P) 

AVC á�?4ì þã�2í?á�?4ì(JM13.2 + akA4�¶·) 
O?4ì þã�2í?O?4ì(JM13.2) 
>�ãäQ9 High 4:4:4 predictive (10-bit, 4:4:4/4:2:2/4:2:0) 
5��A4� 1920�1080/60/P: 20, 25, 30 Mbit/s 

1920�1080/24/P: 15Mbit/s 
GOP  �õãA4�Ô=2, GOP#b~M=3, N=15 
@49 CABAC, Progressive Frame Coding 


��I 4:2:0Ú4:2:2Ú4:4:4�N`� dot-by-dotF�Ù�f:«ÁDNÐ
�¤×Ë��é30/PÈ
� 

OP6>AQ 24-inch CRT�4:4:42Â6nmc�{n� 
50-inch PDP�1920�1080� 

���I û��D,F�î 

 

 

ô ��� ��^_�

4:4:4 

4:4:4 - 4:2:2 

Software 

Enc/Dec 
Coded image files 

4:2:2 - 4:2:0

Source 

³�´����

4:4:4 image files 

4:2:2`4:4:4  
image files 

4:2:0`4:4:4  
image files 

HD-SDI x 2

SDI-DVI PDP 

Disk recorder 

CRT 
10-bit 

8-bit 

³�´�6�N`�þ��
��
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4.3� N	opqr�

û��D,FN	D��F?����
 �� D��é�


 ��� ¾�8ãG48��7N	D��F?����

¥¦Øñò u36µ¶Q6|��¥}�85*´��Ø)�����)f9)�ÅÆ¥/��Ø

)%H-���T�-��. 
ã45 3H���é¥�>?@¥/(�ý(�ÏØ)��T�-)�!"
��9�Í
1,:�¨�::�����f�. 
;<�ã=����K"T-. 
4:2:2 ( 4:2:0�Ø�ý(�Ï��T�-.4:4:4�������f�. 
4:4:4 (��'(029:>��Ù:-�. 
ó?0�-�f�)�Þß,:@�:���. 
�����A½B	
�FG�(�C1��Ø���-�D�. 
8�EFQG0��-�äH���)À,-. 

>?@¥¦ z56ÕQ602�Ø����)��4�yøQ�56�Ø�IJ��-. 
>?@þ�<)�0��. 
4:2:0�4:2:2K4:4:4�L0>?@�@)�&
��. 
dM,� 4:4:4)û-(��G�-. 
4:2:0)Mú�3)2
�NOà0� 4:2:0�P�. 

 
4.4� ¾�8ãG48��7���£5��A4�º��

*/) �6�N �̀�aVa¨Ca¨���g�§Ú%é�éaÚ%é�é�Ú%é%é% �â¾�8ãG48��� �2}©âÃ¨Á

z�a}©âÃ¨ÁÈ���Ú�*¿X25��A4�º��Ök�é�

���²�� �*¿X ÙÚ\�²��NoÔ��ID2Â�§��ý�ï�7�F�úÚ%é�éa�c�%é�é��

c�%é%é% 7ðF2UîFé×w5��A4�È���²� �*¿X ��Ù aM2z�¬Z+�È¥Ú

%é%é% î %é�éa 7×+����²� �*¿X 7ðFDÙÚlÄ2}©âÃ¨Áîï�ÈFé�\�²��

�*¿X ÙÚ%é�éa�d�%é�é��d�%é%é% 7ðF2UîFéN`D,�§�ÙFîÚ×w5��A4

�È�\�²� �*¿X ��Ù aM2z�M2¬Z+�È��éð+Ú\�²�� �*¿X ÙÚì2�3�

>z�=¨?�>3�>z�=:«�ÝÞ��$È�Fé�

���²�7\�²����ý´�îÖñ,üF���î¥Ú�üèÛÙe2"ðF�ÈÙð

�îÚ��²�7\�²��æ	DÙ�A4@cã��±îFé�

�

4.5� Ý7ú�

%é�éaÚ%é�é�Ú%é%é% �¾�8ãG48��7N	��±�op��é"e"ÈFîÚ_`D

,�§Ù\�²��[¯]D,F\á�m�þ,�N	f�UÎîop,ü�é �Ú��N

`ÈÙÚ¾�8;`��Î¬F�7D,¥���îu£,üª�ðFÉÊF¥Ú��²�æ
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