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j*FZ�hq$BVK«r�FIOZOZq$WEXRBV\/XRK[W¯XRbNK6X_\3FIOZghBEK@M�XRBV\3HNWVD�FZWEWVFIghH+WE]_bNK@D�K�f?ghB�D�FZHNFID=\/O�XRBV\3HNWVD�FZWEWVFIghH+BV\/XRK[W
\3H$M«�pF~XRbc5�DFGdReIL/fG �Nk�jUghB§\G]@OZFIK@HyXC�pb$g6W�X_\3B�XRW§BEK@][ghBVMNFIHN��\/XLXRFZD�K2g4h@S�XRbNK¯bN\/XR]_bNK[Mª\3BVK@\3W
][gu�3K@B�K��$\3]�XROI}=XRbNK"][ghHyXRK@HyXLg3f'K.\3]_b�WVK[�hDGK[HyX�\3WpBVK@][K@F~�hK@M6�y}±XRb$K�][OZFIK@HyX.k°��K[�hD�K@HyXi:2FZW�K[H>XVFZBEK@OI}
BEK@]@K[FI�3K@Mª\/X§XVFZD�Kjgk7VGlg4hHmn:
o X p k a b�q$W@S4XRb$K{WEXR\3BEXVqN��O�\/XVK@HN]�}6g3f�XRbNK¯WE]_bNK@D�K{][ghBVBEK@WV��ghHNM$W§XRg
g DVMqg4hrG X p k a bNK�XVg3X_\/O4WVK[BE�hK[B�XVBR\3H$WVD�FZWVWEFZghH��N\3HNM$�pFIM$XRb6FZWist^`_bau GvR�wyx7CzED D 7 k
{ ó�ç�è�ä�ã}|�ì
~ ã��¦ã¢í?ñ.�uæ�î�ê�ä
ä0ë
|�î*í�â�è�ç[ëuö�âuç[ëwí�í�âuî�ì�ê�ì/îEè¤í�â/ê_í4í�âuî��.ãåïwî�ç¿ãåä`�¦ç[õ�ä0í
ê&õ@í¤ðuã¢í�è
ê&í�î[ý
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Segments Client picks up transmissions

t t t t t0 1 2 3 4
Time

j*FZ�3qNBVKªrhk a bNK��U\3WVK�WV]_bNK[DGK�g3f"XR\3FZOIghBVK[MÔXVBR\3H$WVD�FZWVWEFZghHÔ�pFIXVb�DGFIHNFZDG\3O�XVBR\3H$WVD�FZWVWEFZghH+BR\/XVK@W[k
JC\/XV]_bNK@M�\3BEK.\3WpFZH$MNFZ]@\/XRK§XVbNKsMU\/X_\¯g3f�K.\/]_b�WEK@�hD�K@HyXLHNK@][K@WVWV\3BE}�XVg�f?q$OZOI}GBVK[]@K[FI�hKd\¯WVK[�hDGK[HyX.k

¥§q$BVFZH$�±XRbNK¯][ghHNWVq$DG�$XVFZghH«g3f°XRb$K{��FIMNK@g$S�\�][OZFIK@HyXsD=\.}�MNK@][FZMNK{XVg6DG\3^/K¯qNWVK�g3f°XRbNK¯�/\3BEFZghqNW
lL���Ïf?qNHN]�XRFZg3HNW@k2Y�K[WVFIMNK@WL�HT�AVU D�g�M$K3S$�#Ks]@ghHNWEFZMNK[B
��A o �$T¿ÓiFZHyXVK@BVBEqN�$XpXRb$K��$O�\.}hghq�Xpg3f�XVbNK"��FZMNK[g�f?ghB¿WEghD�K"��K[BVFZg�M4S
j*j)¡0ji\3WEX�jUghB���\3BEMi£�Ó��$O�\.}��U\3]_^±XRb$Ks��FIMNK@g�\/X�\�]@ghH$WVqND��$XRFIghH�BR\/XVK���� o
R�f?ghB¿WVghD�K"��K@BVFIg�M�S
j*Y�¡�ji\3W�X�Y�\3]_^y��\3BVMU£�Ó*�$O�\.}��U\3]_^sXRbNK°��FIMNK@g§\/X�\C][ghHNWEqNDG��XRFZg3HnBR\�XRKtM����io R�f?g3B*WVg3DGK#��K[BVFZg�M4S

�pbNK@BEK������Ïrhk�ALMNMNF~XRFZg3HU\3OZO~}hS��$jÒ¡
��OIgw��jUghBE��\3BVMU£#\3HNM��$Y ¡���OZgw�9Y�\3]_^y��\3BVMU£#].\3H=��KLMNK[®UH$K@M
FZH�\3HU\3OIgh�3}GXRg±j*j+\3H$M;j�Y��pFIXRb�\GBEK@WE��K[][XRF~�hKdBR\/XVK�f0\3]�XRghB������ rhk a bNK[WVKnf?qNH$][XRFIghHNW���g3WVK�HNg
WV��K@][FI®U]�MNFI��][qNOIXVFZK@W¿][ghD��U\3BVK[M�XVg=j�jÔ\3HNM�j�Y9\3HNM�]@ghqNOIM���K�K.\3WEFZOI}±]@gw�hK[BVK@M��>}�g3qNBLD�g�MNK@O¤FIH
��K@]�XRFIghH6�$k
|"FI�3K@H�XRbNK«X_\/FZOZg3BVK@M�XVBR\3H$WVD�FZWVWEFZghH�WE]_bNK@D�K �pF~XRb9DGFIHNFZDG\3OpXRBR\/HNWVD�FZWEWVFZg3H9BV\/XRK[W@S§XVbNK�lL���

f?qNHN]�XRFZg3HNW§��A o �$T)\3HNM«j�Y ¡0\3WC�#K@OZO*\3Ws�$jÒ\3HNMª�$Y¿£p�pFZOZO'HNK��hK@Bs\/]@]@g3qNHyX"f?ghB§\=f0\3FIOZqNBEKdFIH�XRb$K
WVK[HNWVK�XRbU\/X�XRb$KG][OZFZK[HyXn\�XVXRK[DG��XRWsXRg6]@ghHNWEqND�K=\6WVK@�3DGK[H>X@S*��K[f?ghBEKGF~XsbU\3Wd��K[K@H f?q$OZOI};BVK@][K@F~�hK@M�k
a bNK@WEK�qNWVK[B�FIHyXRK@BV\3][XVFZghH$W¯\3BVK�WEFZD��NOI} K@HN\3�NOZK[M!�>}ÆWVq$��]@FIK@HyX��Nq$��K@B�\/X¯XVbNK�]@OIFZK[H>X@k0P§HNO~}©XRb$K
\3][XVFZghHsj*j�S[�pbNFI]_bn\/]@]@K[OZK[BR\/XVK@W¤XRbNK�][ghHNWEqNDG��XRFZg3H�g/f�XVbNK���FZMNK[gp�pF~XRbsBVK[WV��K@]�X�XVg�XRbNK°�HT¤AVUÒD�g�MNK3S
D=\.}�OZK@\3MnXVg§XRbNK�M$K@WV][BVFI��K[M�f0\/FZOZq$BVK°WVFIXVqU\/XVFZghH4k'J�gu�+WVb$ghqNOZMdXRbNK¿WEK@�hD�K@HyX�XVBR\3HNWEDGFIWVWEFZghH{BV\/XRK[W���K
\3MU\3��XRK@M�¡0FZH$]@BVK@\3WVK[Mi£'FIHnghBEMNK@B'XRg"\.�3ghFZMnXVbU\/X'XRbNK#��FIMNK@gLMU\/XR\CBVK[Õ�q$FZBVK[Mnf?ghB��NO�\.}hg3q$X*g/f�\LWVK[�hD�K@HyX
\3BVK�HNg3X±}3K[X�\.�3\/FZO�\/�NOZK�� a gÔK[HNWVq$BVK;XRbN\/X6\3Hy}���ghWVWEFZ�NOIK;j�j ][ghD�D=\3H$M�].\3H���K�WVqN][]@K[WVWEf?q$OZOI}
K���K@][q$XRK[M4S¤XRbNK{�#ghBEWEXs].\/WVK¯WV][K@HU\/BVFZg$S4�pbNK@BEK{XRbNK¯][OZFZK[HyX"BVK[D=\3FIHNWCFIH«j�j�D�g�MNK�XRbNBEghqN�hb$ghq$X"XRb$K
]@ghD��NOIK[XRK¿��FZM$K@gNS�D=\.}���K§\3HU\/OI}�Ì@K[M±\3W#FZH�ÉÑr@Ë�k���O�\.}hg3q$X¿\3H$M=lL���)\/][XRFIghHNW°��K[�hFZHGghHNO~}�\/f¾XRK[B#XRb$K
®UBVW�X�WVK@�3DGK[H>X�bU\/W���K@K[H�K[HyXRFZBEK@O~}±BVK[]@K[FI�hK[M4k a bNKdBEK@WEqNOIXVFZHN�¯DG\���FZDG\3O�XVBR\3H$WVD�FZWVWEFZghH�BV\/XRK[W

5 ^ P! 7 G R"���
��� m :`M�r f?ghB(: G rJI � I�K�K�K.IL/ ¡ � £

�hFI�3Ks\¯MNK[XVK@BVD�FZH$FZWEXVFZ]§�3qU\3BR\/H>XVK@K"XRbN\/XL\3Hy}±lL��� gh��K@BR\�XRFZg3H�FZW¿WVq$�N��g3BEXRK[M4k
#�$&%('*)+'-,/.0,0132&,54�687�9:1<;>=>=?%@$<2BA�2DCFEG$&)H2<E�,/I>4J$&EK)+1<EGLM)+4N2<%@$
o WVqU\/OZOI}3S�\G]@OIFZK[H>Xp�pFIOZO�\3O~XRK@BEHU\/XVK���K[Xe�#K@K[H�MNFI��K@BEK@HyXClL���ÐD�g�M$K@W�FZHN][OZqNMNFIHN�G� T¤AVU \3HNM�j�Y

XRb>qNWsX_\3^>FIHN��XRbNK�WEXVBR\3FIH g3��XVbNK¯XRBV\3HNWVD�FZWEWVFIghH«BVK@Õ>qNFIBVK[DGK[H>XVW@k�jUqNB�XRbNK[BVD�ghBVK/S�FIXsD�FZ�hbyXs��K�XVghO~�
K@BV\3�NOZK�XVg+WEqN�N��ghBEX�lL��� FIHyXRK@BV\3][XVFZghH$W��pF~XRb)\+bNFI�hb9�NBVgh�N\3�NFZOIFIXe}ÒghHNOI} ¡0FZH$WEXRK@\3MÏg/f¯\�rwvhvHO
�hqU\3BV\3HyXRK[Kw£�S2�pbNK[H�­Æ\3W�\;XRBV\3MNK&�eg3�!­ÆWEK@�hD�K@HyXVW�]@\3H!��K�XVBR\3HNWEDGF~XVXVK@M!\/X�\3HÔ\3�3�hBVK[�y\/XRK=BR\/XVK
OZgw�#K@BLXVbU\3H]s ^ P! u Gdw x7CzED 5 ^ P! 7 k§ceH;XRbNFIWC][ghHyXRK���X@S���K¯BEK@]@\3OZO�XRbNKd�NBVg3��ghWV\3O*FIH�ÉÑr@Ë*f?g3B§\=�NBEgh�U\��
�NFZOIFZW�XRFZ]pWEqN�N��ghBEX¿g/f'lL���9f?qNHN][XVFZghHN\3OZF~Xe}��U\3WVK[M�ghH�\±ÞEÜ3Å¦Ã§À¾Á�Ú�Þ_ÃVÜ Ø ÃQP[Ü�Ú�Å¦Ù�ÞSRnÓ���b$FZOZKLWVK[�hDGK[HyX"r



FIW§WEXVFZOZO¤XVBR\3HNWEDGF~XVXVK@M;\�X§BR\�XRK<5 D;G RwS�XVbNK{WEK@BE�3K@B"MNK[OZF~�hK@BEWCXRb$K{WVK[�hDGK[HyXRWQ:�G � I8K�K�K8I / \/X"BV\/XRK[W
5��7 G Rvo85 ^`_ba7 S$�pbNK[BVK�r�� R�� ���ª\3HNM 5 ^`_ba7 FIW¿]@ghD��Nq$XVK@M�FZH ¡¦ru£�k
ceH!XVbNK�HNK&��X�WEK@]�XRFZg3H4S���K��NBEgw��FIMNK�\;by}��NBVFIMÔW�XRg�]_bU\3W�XRFZ]±��K[XVBVF¿HNK�X¯D�g�MNK[O#�pbNFI]_bÔ\3OZOIgu�pWdqNW

XVg=K[�/\3OIqU\/XVKsXVbNK���K[BEf?ghBED=\3H$]@Ksg3f*XVbNK��NBVgh�N\3�NFZOIFZW�XRFZ]LlL��� WEqN�N��ghBEX{¡0K/k¢�$kISiFZH�XVK@BVD�W�g3f��NOIg�]_^>FIHN�
�NBEgh�U\3�$FZOZF~XRFIK@W_£{MNK[��K[HNMNFIHN�ÆghHÔXRbNK;BV\/XRK�FZHN][BVK@\3WVK6f0\3][XVghB@k P§�>��FIghqNWVO~}hS¿MNF~��K[BVK[H>X=qNWVK[B±�NBEg3®UOZK[W
FIDG��ghWVK"M$FI��K@BVK[HyXLBV\/XRK"BEK@Õ>qNFIBVK@D�K@HyXVW{¡?WV��K@]@F~®UK@M6�y}�R"£�XVgG\/]_bNFZK��hKsXRbNKsWR\/DGK"��K@B�f?ghBVDG\3HN][K3k

�4³���µ	�6��
�� �©¸¤¹�	'� �m¸i· �'·u¸�

��
�¼��0¼��[¶u¼0» "���� �.º�� ��¸i·w¶
�©K§M$K[�hK[OZgh��\/H�j��$�2ß)D�g�MNK@O�g3f¤XRb$KC]@OIFZK[H>X��eWEK@BE�3K@B��$BVg�]@K@WEW¿FZH��pbNFZ]_b�\d��FIMNK@gnXVbU\/X�FZW��$BVgy\3M��

]@\3WEXVK@M;��F�\�XRbNK�X_\3FIOZghBEK@M�XRBR\/HNWVD�FZWEWVFZg3H�WV]_b$K@D�K{FZWp��FZK[�#K@M��y}�\GqNWEK@BC�pF~XRb�\=WV��K@][FI®U]/S��Nq$XCBR\3H��
MNg3D ��K@bU\.��FZghB��N\/XVXVK@BVH�k a bNK«D�g�M$K@OL�pFIOZO���K�WE��K[]@F~®UK@M�FZH�\/HÏ���°ß6T��eOZFI^3K;H$g3X_\/XVFZghH�S��pbNFZ]_b
�#K��NBEK[f?K[B=MNqNK�XRg FIXVW��#K@OIO~�mghBV�y\/HNFZÌ[K@MÔDGFÊ�$K[MÔXVK���XRqN\3O�\3HNMÒ�3BR\3�Nb$FZ].\/O�BEK@�NBEK@WEK@HyX_\/XVFZghH�k9��FZHN][K
�$�2ß6TÒ¡ Ø Å¦ÙwÚ_Û$Ü Ø Å0À
ÚLÝpÃ�Å0Þ&À*Á�Ã�Å�+~Ü3Á��3×$Ü���Ã�S4É �/Ë�£°]@q$BVBVK[HyXROI}GMNg�K@W�H$g3X�K[H>��FIWVFZg3H=¬UqNFIM±]@ghD���ghHNK@HyXVW�g3f
W�XRg�]_bU\3WEXVFZ]���K�XRBEF�HNK[XVW@S'WEXRBV\3FZ�3b>XEf?ghBE��\3BEM \/HNM«]@ghD�DGg3H�K���XRK[HNWVFIghHNWsf?ghBCXRb$K@FZB"WE��K[]@F~®U].\/XVFZghHª\3BEK
\3M$MNK@M�XRg{XVbNK§D�g�M$K@O�FZH�j*FI�hqNBEK � \3HNM±�pFIOZOi��K§K����NOZ\3FZHNK[M±f?ghOZOIgw�pFZHN�sXRbNK"FIH$f?ghBED=\3OUFIHyXRBVg�MNqN]�XRFIghH
g3f#XRbNK�MNFIWV]@BEK[XVKGf?ghBED=\3OIFZWED�k a b$K@BVK@\/f¾XRK[B@S'��KGMNK@WE]@BVFI��K�XRb$KG��K@bU\.��FZg3B�g/f�XRb$KG�NBEK@WEK@HyXRK[M�DGg�MNK@O
\3OIghHN�¯�pFIXVb�WV��K@]@F~®UK@M6D�K.\3WEqNBVK[W@k
� #���� )(I�����;>,�� E� 2DE I>1<,0%@I>1
ceH��$�2ßtT�S¤][ghDGD�ghH �$�2ß K@OZK[DGK[HyXRW@S'OZFI^3K�¡0M$FZWV][BVK�XRKw£LÄ>+~Ü�Ú_Ã Ø ¡0BVK[�NBVK[WVK[H>XVK@M�\/Wd�NOZ\3FZH�][FZBE]@OZK[W_£&SFIHN�Nq$X@SUghq$XR�$q$XL\3HNM6FZHNbNFI�NFIXVghB"Ü3ÞRÚ Ø ¡?XRb$K�OZ\/XVXVK@B��pF~XRb6\�WED=\/OZO�][FZBE]@OZK"FIHNWEXVK.\3M6g3f�\3H6\3BVBEgu�pb$K.\3Mi£&SFIHNMNFZW�XRFIHN�hqNFIWVbU\3�$OZKnÅeÙ�!yÃ�Á Ø ¡0MNg3XVWpghB¿�U\3BV\3DGK�XRK[BVW¿FZH��NOZ\3]@K[W_£&SNXRFZD�K@M�\/HNM�FIDGD�K@M$F�\/XVKdÅ0ÞEÜ3Á Ø À¾Å�À
Ù�Á Ø¡?K@D��$Xe}¯BVK[][XR\3HN�hOIK@W2ghB��NOZ\3]_^{�U\/BVW@S>BEK@WV��K@]�XRF~�hK@O~}$£2\/BVK¿qNWEK@MG\3W2FZH¯ghBEMNFZHU\/BE}{M$FZWV][BVK�XRK��mWEXR\/XRKL�$�2ßLW[k

ALOIXRb$ghqN�hb;®UBEFZHN�GXRFZD�K@WCD=\.}���K{]_b$ghWVK[HªXVg���K¯Õ>qNF~XRK{�hK[HNK@BV\3O
S���K{�pFIOZO'K@D��NOZgw}6ghHNO~}�K&�$��ghHNK[H��
XVF�\3O4¡0K�����ghHNK[H>XVF�\3O�XRBR\/HNWVF~XRFZg3HNW_£'\3HNM�MNK[XVK@BEDGFIHNFZW�XRFZ]#MNFZW�XRBEFZ�Nq$XVFZghH$W¿¡0M$K[XRK[BVD�FZHNFIWEXVFZ]2XRBR\/HNWVF~XRFZg3HNW_£�FIH
XVbNFZW�W�XRqNM$}3k*� Kp\3OZWEg"qNWVKd¡0DG\3BE^�FIHN�/�mMNK@��K@HNM$K@HyX&£�K&���NBVK[WVWVFIghHNW�f?ghBpÜ3ÞRÚ - ×'+ÑÅ�À Ä>+ÑÀ
Ú�À¾Å0À
Ã Ø \3HNM"�3×$Ü3ÞEÂ Ø k)�\/BV^>FZHN���eMNK[��K[HNMNK@HyXsK&�$�$BVK@WEWVFIghHNW@S'\3OIWVg±]@\3OZOIK@M ÞVÜ3ÅeÃ¯ÞRÃ$#°Ü3ÞEÂ Ø S4\/BVKnf?ghBED{qNOZ\/XRK[M��pFIXVb;BVK[WV��K@]�X"XRgXVbNKdH>qNDn��K[BLg3f�XRgh^/K@HNWLFZH6�NO�\/]@K@Wd¡&%('�M$K@HNg3XVK@W�XRbNK�H>qND{��K@Bpg3f*XVgh^3K[HNWCFIH�M$FZWV][BVK�XRK��NO�\3][K)'6\3HNM
­�\3W°�#KC�pFIOZONWEK@Kp­¯D=\.}�\3OIWVg���K�qNWEK@M=f?ghB2XRb$KLHNg3H��eFIH>XVK@�hBV\3OUXRgh^/K@H±H>qNDn��K[B#FIH=\s¬UqNFZMG�NO�\/]@Kw£&k�ceH
�$�2ß6T2S�\3BV]�D{qNO~XRFI�NOZFI]@FIXVFZK[W�\3W���K[OZO�\3W§\3OIO¤FZMNK[HyXRFI®NK@BVWC\3BVK�OZg�].\�XRK@M�FZH6XRbNKd�NBVg.��FZD�FIXe}�g/f�XRbNKd]@ghB¦�
BEK@WV��ghHNM$FZHN�¯gh�(*EK@][XVW@S$�pb$FZOZKC\3OZO�g3XVbNK@B#K����NBVK[WVWEFZghHNW[SUOZFI^3KLXVBR\3H$WVFIXVFZghH=\/XVXVBVFI�Nq$XRK[W"¡?K3kÎ�NkIS�®UBVFIHN�dXVFZD�K
MNFIWEXVBVFZ�$q$XRFIghHNW@S��NBEFZghBEFIXRFIK@W[S>�#K@FI�hbyXRW[SN�hqU\3BEMNW_£&SN\3BEK§OZFIWEXVK@M±��K@OIgu��XVbNK§�hBV\3�NbNFI].\3O�BVK[�NBVK[WVK[H>XR\/XRFIghH�g3f
XVbNKsHNK[X@k°ALDGg3HN�¯XRbNghWEK"XRBR\/HNWVF~XRFZg3HNW@S
�pb$ghWVK§FIHN�Nq$X��NO�\/]@K@W#bU\.�hK"\�X�OZK@\3WEX�\3W#D=\3Hy}�XRg3^3K@H$W¿\3W#XVbNK§BEK@WV��K@]�XRF~�hK"\3BE]CD{q$OIXRFI�NOZFI]@F~XRFZK[W@S3\3HNM
�pb$ghWVKs®UBVFIHN��FZW¿HNg/Xp�NBVK��hK@HyXVK@M�\��NBVFIghBVF��y}6\3H6\3][XVFI�/\/XRK[M�FZHNbNFI�NFIXVghB�\/BV]3Si\/HNM
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  rreward   outflow = #PPLAY + XF*(#PFF);    reflow = XF*(#PFB);              
  transatt  T1:   dist=det(sd*(2−A)/A);      T2:     dist=det(sd/A); 
            TP:   dist=exp(lam_P);           TPAUSE: dist=exp(lam_PAUSE);  
            TFF:  dist=exp(lam_FF);          TFB:    dist=exp(lam_FB);            
    
            tFB,tPAUSE: weight=0.1;          
            tFF:        weight=0.8;

                      
 

end transmit_consume;
end

module
 parameter N=36;   (* number of equal−length segments, in which video is transmitted 
                      on different channels *) 

           L=7200; (* video length in sec *)    
           sd=L/N; (* segment duration in sec, equals D/b *)

           XF=3;   (* FF playout factor *)
           A=1.4;  (* rate increase factor for transmission, 
                      applies only to segments 2,3,...,N *)

           lam_P =1/45;   (* rate for exponential PLAY period *)
           lam_FF=1/9;    (* rate for exponential FF period *)
           lam_FB=1/9;    (* rate for exponential FB period *)
           lam_PAUSE=1/9; (* rate for exponential PAUSE period *)
             
process transmit_consume;
    smeasure blocking_time, blocking_prob;
    rreward  outflow, reflow;
 private

FPAvailVideo

SegRec

T2Pit Pir

T1P2t

t3

tReset

PPLAY

Pchoice

PPAUSE

PFF

PFB

TP

TFB

TFF

TPAUSE

tFB

tFF

tPAUSE

FPforFB

FTconsume
FTrewind

tFail

PFail

sd

#Pit N−1

N−1

sd

#PPLAY outflow reflow

#PFB
#PFF

#PPAUSE

reflow

outflow

#FPforFB

sd

#PFail
#PFail

PView

{#tFail}E{#PFail};       blocking_prob =E  blocking_time = smeasure

            (* pseudo SPNL code for fluid part of model: *)            

guard=(#FPAvailVideo=0),             tReset:    

 VoD.

 VoD;

 / E{#t3};

prio=2;

guard=(#FPforFB>0);                                     FTrewind: 
            tFail:    guard=(#FPAvailVideo=0); 
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