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dynamic send window
dynamic send window, randomized transmission

pP "!#aA��� �&� � �e(#��������(*b7-<b7 ?D? "�ZHt-*�R-k'9a���./�� "(#��(*'����� .��Y')(*�R���A�YEAHC��-*+ ?.�WX ?��EA(@W���(#D? ?./HIWX "���A(#aA�
-*��E1WX "���B�,-*��EA(#+ "l&��EB���,-*����+ ?���� "(#�	� ! % �o}�uC��E	\

��(&��� ��� ��	�� % � , �  � , � % � , �  ?���D"(*�J� � m � �*�%\J^_�A�X�, "!#���S�7-<���S(*'epP "!#aA���������A(@WX�S����-<�J���A��D?-<��!*��������E
WX ?��EA(@WX�J����-<b7D"�T./(#���A��./�� "(#�I�R��(o}]D?D] "���`.&D? "�����`b7aCv��&�h-<!#-* ?�	\Sc[HY�� ?+F����D"(*�[� ��� � � ���A��.&D? "�����[b7aCv��&�
 ?�[}]D?D"��EB��(q� ��� (*'P "���_.&-<�7-*.& "�ZH*\

�����A(@W ������(#a����I���A�t����(*b7D"��+ (*'T}]��E� ?�A!����A�tG<-*D?aA���(*'����A�jEAHC��-*+ ?.kWX ?��EA(@W �7-<�,-*+F�&���&�,�
���� .��T-*��E ! ����-<�J(*���� ?+ "l&�_���A�X���&��')(*�,+-*��./�h(*'	���A��EA��./�������,-*D? "l&��E�����&')�&��.,�� ?�A!�����(*��(C./(#D�\M^g(@W`-<�,E
���� ?�R����E�W[�Y}7�,���R')(C.&a��R(#�����A�B ?+F�7-*./�R(*'_���A�q�7-<�,-*+F�&���&� ���� .���\ ����pP "!#aA��� �&� W[�B-<��b7 "���,-<�, ?D"H
���&� ! % ��-*��E �7D"(*�B���A��D"(#���B����(*b7-<b7 ?D? "�ZH�-*�k- '9a���./�� "(#��(*' ���� .���')(*�k���A��EAHC��-*+ ?.IWX ?��EA(@W
��(#D? ?./HBWX "���A(#aA�X-*��EIWX "���k�,-*��EA(#+ "l&��Ek���,-*����+ ?���� "(#�	\_pA(*�T���� ?�X�7D"(*�XW[����-�G*�����&�����A��.&D? "�����Xb7aCv��&�
.&-<�7-*.& "�ZHq��( � % � �*����c[H%���*\�K)���R-<����.&aA����������D"HW[(*��UC ?�A!o(#�1�� ?+ ?D?-<�J�7D"(*���`')(*�`(*���A�&�_.&D? "�����`b7aCv��&�
.&-<�7-*.& "�� "���&\ Oo^_�A�[}7!#aA���_���&��+�M��(R ?��E� ?.&-<���`����-<�S���A�_EAHC��-*+ ?.[WX ?��EA(@W���(#D? ?./HRW[(*��UC�MW[��D?DC')(*�J-TWX ?EA�
�,-*�A!*�q(*' ���� .��qG<-*D?aA���&\ � ��H ���� .��qb��&�ZW[�&��� �I-*��E � � ���&��+�o��(IW[(*��U�W[��D?DS')(*�o���A�qEAHC��-*+ ?.
WX ?��EA(@W���(#D? ?./HBWX "���A(#aA�_�,-*��EA(#+ "l&��EI���,-*����+ ?���� "(#�1WX�� ?D"��-*��HkG<-*D?aA�Rb��&�ZW[�&�����Y-*��Ej�!# "G*����!*(%(CE
���&��')(*�,+-*��./�FWX�A�����,-*��EA(#+ "l&��E����,-*����+ ?���� "(#�j ?����+F�7D"(@H*��E	\q^_�A��(#aA!#�A(#aA�����A���������(*'`���� ?���7-<���&�
W[�Ya�������A� ���� .��YG<-*D?aA��������-<�R-<����-* ?�����A�Y+ ?�� ?+-B ?��pP "!#aA��� �&� ������ .�� % �B')(*�����A�YEAHC��-*+ ?.
WX ?��EA(@W ��(#D? ?./HWX "���A(#aA�_-*��E1WX "���B�,-*��EA(#+ "l&��EB���,-*����+ ?���� "(#�	\

���Y-*D?��(1(*b7���&��G*�F')��(#+ pP "!#aA��� �&� ����-<�����A�D"(#���T����(*b7-<b7 ?D? "�ZH1!*��(@WX��D?-<��!*�&��')(*����+-*D?DP-*��E�G*�&��H
D?-<��!*� ���� .���G<-*D?aA���&\M^_�A�T���&��G*�&�h.&-*�1�A(*�[�����&')�&��.,�1-o��aC�q.& "�����`�%a�+Rb��&�[(*'e')�,-*+F���[WX�A��� ���� .��� ?�
��(%(Y��+-*D?DJK .��#O`-*��Ek����-<��G<-<�� "(#�I-<�X���A��.&D? "�����X ?�`���A�&���&')(*���o+F(*���RD? "U*��D"H*\M� �A��� ���� .��o ?�`��(%(qD?-<��!*�
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dynamic send window

pP "!#aA��� � � ���e(#���J����(*b7-<b7 ?D? "�ZH�-*�[-R'9a���./�� "(#�(*' ! ')(*�[���A�TEAHC��-*+ ?.hWX ?��EA(@W���(#D? ?./H�WX "���A(#aA�S�,-*��EA(#+�� "l&��E1���,-*����+ ?���� "(#�	�3���� .�� % �R}�uC��E	\

KV� � � WX "���A(#aA�J�,-*��EA(#+ "l&��EY���,-*����+ ?���� "(#�	m��z�RWX "���Y�,-*��EA(#+ "l&��E���,-*����+ ?���� "(#�]OM-R')�&W ./(#���A��./�� "(#���
.&-*� ����W`-*+F�%�X���A�[+oa�D"�� "�7D"�/uC�&�	b7aCv��&�g�����&G*������ ?�A!X���A�J(*���A�&��(#�A!*(# ?�A!�./(#���A��./�� "(#���g')��(#+ +-* ?����-* ?�� ?�A!
-F'9a�D?D�.&D? "�����hb7aCv��&��\

���o�A�/uC������a�EAHq���A�R ?+F�7-*./�_(*'P���A���7-<�,-*+F�&���&� ! (#�k���A�����&��')(*�,+-*��./��(*'P���A�oEAHC��-*+ ?.�WX ?��EA(@W
��(#D? ?./H*\ ���RpP "!#aA��� � � W[�J�7D"(*�e���A�[D"(#���e����(*b7-<b7 ?D? "�ZH�-*�g-_'9a���./�� "(#��(*'A���A�J�7-<�,-*+F�&���&� ! ')(*�g���A�[EAHC��-*+ ?.
WX ?��EA(@W���(#D? ?./H�WX "���A(#aA�o�,-*��EA(#+ "l&��E����,-*����+ ?���� "(#�	\�K9^_�A�B�7D"(*��')(*���,-*��EA(#+ "l&��E����,-*����+ ?���� "(#�� ?�
(#+ "������Ej-*�� "�� ?�XG*�&��Ht�� ?+ ?D?-<�X-*��EjD"��-*E��X��(B�/uA-*./��D"HI���A�F��-*+F��./(#��.&D?a��� "(#���&\ OkpA(*������ ?�X�/uC���&�, ?+F�����
W[�Xa��������� .�� % ��-*��E � �*� ��c[H%���_(*'�.&D? "�����Mb7aCv��&��\P^_�A�`�7-<�,-*+F�&���&� ! -<������-<�,�M��(R��-�G*�X�� "!#�� ~}].&-*���
 ?+F�7-*./�e(#�R���A�S���&��')(*�,+-*��./�S(*'A���A�[EAHC��-*+ ?.PWX ?��EA(@W���(#D? ?./H*\�^_�A�J+ ?�� ?+oa�+�(*'A���A�[D"(#���e����(*b7-<b7 ?D? "�ZH*m
WX�� ?.,�1 ?�h-<����-* ?�A��E1')(*� ! % �%m7 ?�h-<b�(#aA�_��-*D"'g���A��D"(#���`����(*b7-<b7 ?D? "�ZH')(*� ! % � (*� ! % �A\S���Ra���� ! % �
���A��(#aA!#�A(#aA�h���A������+-* ?��EA�&�`(*'P���� ?�`�7-<���&��\

x[(#���A��./�� "(#����WX "���I��+F���ZHt.&D? "������b7aCv��&�,��-<���F-*D?D"(*������Ej�� "!#�� ~}].&-*����D"HkD?-<��!*�&�TWX ?��EA(@W  ?��./����+F�������
����-*� ./(#���A��./�� "(#���BWX "����'9a�D?DXb7aCv��&�,�q-*� ! !*�&���kD?-<��!*�&��K9���&��pP "!#aA���j�%O,\�^_�� ?�Y!# "G*���k./(#���A��./�� "(#���
WX "���j��+F���ZH�b7aCv��&�,��-*�� ?��./����-*����E�.,��-*��./�Y(*'[}7���� ?�A!1���A�� "��')�,-*+F���R ?����(k���A�Y+oa�D"�� "�7D"�/uC�&�Tb7aCv��&�R-*�
./(#���A��./�� "(#���PWX "���o'9a�D?D�b7aCv��&�,��-<���h���A��(*����D"��E	\P^_�� ?�g�/v���./�J ?�������7��./����E ?�opP "!#aA��� � � \P� �A��� !  ?�P��+-*D?D
./(#���A��./�� "(#����WX "���j��+F���ZH�.&D? "�����Tb7aCv��&�,��-<���Y-*D?D"(*������E�D?-<��!*�FWX ?��EA(@W� ?��./����+F�������&meb7aA�T���A�FWX ?��EA(@W
 ?��./����+F�������[(*'g./(#���A��./�� "(#���`WX "���Y'9a�D?D�b7aCv��&�,�[-<����-*D?��(o����D?-<�� "G*��D"HYD?-<��!*�*\S^_�A��')�,-*+F���[(*'�./(#���A��./�� "(#���
WX "���1��+F���ZH1b7aCv��&�,�h���A�&���&')(*���R��-�G*�o��(q./(#+F���&���RWX "���1')�,-*+F���_(*'M./(#���A��./�� "(#���_WX "���1'9a�D?D�b7aCv��&�,�h')(*�
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Client Buffer B in KByte

basic window policy
dynamic window policy

dynamic window policy, randomized transmission
dyn. window, rand. transmission, 2 frames start-up latency

pP "!#aA��� � �%� �e(#���e����(*b7-<b7 ?D? "�ZHX-*��-h'9a���./�� "(#�T(*'A.&D? "�����eb7aCv��&�g�� "l&�M')(*�g���A�Sb7-*�� ?.SEA��./�������,-*D? "l&��E������&')�&��.,�C�
 ?�A!F����(*��(C./(#De-*��Ek "���`���/}]�A��+F�������&\

b7-*��EAWX ?EA���	\ �V�T ?�T�A����./��i%a� "����D? "U*��D"H1����-<��')�,-*+F���T(*'J./(#���A��./�� "(#����WX "���I��+F���ZHIb7aCv��&�,��-<���FD"(#���T-<�
���A�k+oa�D"�� "�7D"�/uC�&��mSD"��-*E� ?�A!j��(�����-<��G<-<�� "(#��-<����A�k.&D? "�����&\ pA(*�YD?-<��!*� ! m[���A�1WX ?��EA(@W� ?��./����+F�������F(*'
./(#���A��./�� "(#���RWX "����'9a�D?DPb7aCv��&�,�R-<���q+ ?�%aA���Y./(#+F�7-<����E���(I���A�YWX ?��EA(@Wr ?��./����+F��������(*'_./(#���A��./�� "(#���
WX "���k��+F���ZHkb7aCv��&�,�&\�^_�A�o./(#���A��./�� "(#����WX "���k'9a�D?Deb7aCv��&�,�X-<���o���%a������A��(*����D"��Et-*��EI���A��./(#���A��./�� "(#���
WX "������+F���ZH�b7aCv��&�,�F��-�G*�t-*�� ?��./����-*����E�.,��-*��./�I(*'�!*�&���� ?�A!����A�� "�F')�,-*+F���F���A��(#aA!#� ��(����A�I.&D? "�����&\
� �A��� !  ?�J��(%(D?-<��!*�K "5�*OJ���A��EAHC��-*+ ?._WX ?��EA(@W���(#D? ?./H!# "G*���h./(#���A��./�� "(#���[WX "���B-o')�&W �����&')�&��.,�A��E
')�,-*+F����-*���/uC������+F��D"H���+-*D?D*WX ?��EA(@W� ?��./����+F������-*��E����A�[������E�WX ?��EA(@W���-<�,E�D"H�!*��(@WX�g��(��h(*�gb��&H*(#��E	\
^_�� ?�h�����&G*�������X���A�R.&D? "�������_')��(#+ �����&')�&��.,�� ?�A!Y+F(*���R')�,-*+F���&\h^_�A�R.&D? "�������_-<���R���%a��X-<b7D"����(qb7a� ?D?EBaA�
(#��D"Hq-��+-*D?D��������&��G*��(*'P�����&')�&��.,�A��E1')�,-*+F���X-*��E1����-<��G<-<�� "(#�I ?�`���A�&���&')(*���R+F(*���RD? "U*��D"H*\

pP "!#aA��� � �k���A(@WX�����A����&��')(*�,+-*��./�F(*'`(#aA��b7-*�� ?.FEA��./�������,-*D? "l&��E������&')�&��.,�� ?�A!1����(*��(C./(#D�m�-*��E� "���
G<-<�, "(#a��J���/}]�A��+F�������&\M���T�7D"(*�[���A�TD"(#���[����(*b7-<b7 ?D? "�ZH�-*�h-R'9a���./�� "(#�Y(*'e���A��.&D? "�����Jb7aCv��&�`�� "l&��')(*�_�*� �
D? ?�AUkaA�� ?D? "l�-<�� "(#�	\RpA(*�����A��b7-*�� ?.oWX ?��EA(@W���(#D? ?./HkW[�Fa����F-q}�uC��EjWX ?��EA(@W� ?��./����+F�����T(*' �� % � , � \
^_�A���7-<�,-*+F�&���&�,��(*'[���A�EAHC��-*+ ?.oWX ?��EA(@W���(#D? ?./HI-<������&����( ���� .�� % �B-*��E ! % �%\F^_�A��}7!#aA���
���A(@WX�M����-<�S���A�hb7-*�� ?.`WX ?��EA(@W ��(#D? ?./HR��-*�Sa���-*.&./�&����-<b7D"H��� "!#�FD"(#�������&\M^_�A�hD"(#���M����(*b7-<b7 ?D? "�ZHR ?�M-<b�(#aA�
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� � �&� � �Y')(*� � �tc[H%���B(*'�.&D? "�����Rb7aCv��&��\t���1-*D?��(j���&�B����-<�o���A�BEAHC��-*+ ?.WX ?��EA(@W���(#D? ?./Hjb��, ?�A!#�
�� "!#�� ~}].&-*���� ?+F����(@G*��+F�����R(@G*�&�o���A�b7-*�� ?.FWX ?��EA(@WQ��(#D? ?./H*\q^_�A�YD"(#��������(*b7-<b7 ?D? "�ZHI')(*�R���A�YEAHC��-*+ ?.
WX ?��EA(@W���(#D? ?./H� ?�F-*D?+F(#���F(#�A�1(*�,EA�&�F(*'T+-<!#�� "��a�EA�1��+-*D?D"�&��\ � E�E� ?�A!t�,-*��EA(#+ "l&��E����,-*����+ ?���� "(#�
'9aA�����A�&�[����E�a�./���[���A�TD"(#���[����(*b7-<b7 ?D? "�ZH��� "!#�� ~}].&-*����D"H*\M^_�A�TD"(#���J����(*b7-<b7 ?D? "�ZH�')(*�`���A�TEAHC��-*+ ?._WX ?��EA(@W
��(#D? ?./H�WX "�����,-*��EA(#+ "l&��E����,-*����+ ?���� "(#��')(*� � �tc[H%���1(*'T.&D? "������b7aCv��&�F ?�F-<b�(#aA� � , � � �&� � � \����
��+F�7D"(@HB+oa�D"�� "�7D"�/uC�&�`')�&��EAb7-*.�U1�A�&���*\

y aA�o�/uC���&�, ?+F�����������A(@W[��E�����-<�����A�1D"(#���R����(*b7-<b7 ?D? "�ZHj')(*�FEA��./�������,-*D? "l&��E������&')�&��.,�� ?�A!tWX "�������A�
EAHC��-*+ ?.�WX ?��EA(@W ��(#D? ?./HY-*��EB�,-*��EA(#+ "l&��EB���,-*����+ ?���� "(#�BEA(%���h�A(*�_EA��(*�1b���D"(@W �&� � �T�&G*���k')(*�_G*�&��H
D?-<��!*�Tb7aCv��&�,��KV� � �Ib%H%���{O,\J����(*b7���&��G*��EB����-<�hWX "���qG*�&��HqD?-<��!*��.&D? "�����`b7aCv��&�,�&mCD"(#�������`(C.&.&aA�_-*D?+F(#���
�/uA.&D?a��� "G*��D"Hq�, "!#���X-<�X���A�Rb��&!# ?���� ?�A!�(*'P���A�o+F(@GC "�RWX�A���1���A�o.&D? "�����X��-*�X�A(�����&')�&��.,�A��EI')�,-*+F���&\`���
-<������A�&���&')(*���Y+F(*�� "G<-<����E���(I ?������(CE�a�./�-k���A(*��������-<���V$%aA��D?-<������./H�-*D?D"(@WX ?�A!B���A�Y.&D? "��������(I�����&')�&��.,�
')(*�T-Y./(#aA�7D"��(*'M')�,-*+F�R���&�, "(CE��`WX "���A(#aA�_����+F(@GC ?�A!q-*��EIE� ?���7D?-�HC ?�A!�')�,-*+F���&\h���o')(#a���Ek����-<��-YG*�&��H
���A(*���X����-<���V$%aA�jD?-<������./HB(*']n�a������F')�,-*+F�����&�, "(CE��`b��, ?�A!#�hEA�,-*+-<�� ?.R ?+F����(@G*��+F�������X ?�1���&��')(*�,+-*��./�*\
�  "����-k����-<���V$%aA��D?-<������./Hj(*'_�B')�,-*+F�F���&�, "(CE������A�Y.&D? "�����������&')�&��.,�A���RE�aA�, ?�A!q���A�F}7�,����-*��E�����./(#��E
�� ?+F����D"(*�hWX "���A(#aA�`����+F(@GC ?�A!F')�,-*+F���&�A���A��}7�,���`')�,-*+F�� ?�`����+F(@G*��EI-*��EkE� ?���7D?-�H*��E1-<�_���A������EB(*'P���A�
���� "�,EF��D"(*�&\M^_�A�_D"(#���M����(*b7-<b7 ?D? "�ZH�WX "����T')�,-*+F���J����-<���V$%aA�YD?-<������./HF ?�J� � �&� ��� ')(*� � �tc[H%���X(*'�.&D? "�����
b7aCv��&���A-*D?+F(#���`�ZW[((*�,EA�&�,�`(*'�+-<!#�� "��a�EA��D"(@W[�&�h����-<�hWX "���A(#aA�h����-<���V$%aA�kD?-<������./H*\JpA(*�X.&D? "�����`b7aCv��&�,�
��+-*D?D"�&�[����-<�_��-*D"'g- �tc[H%���*m7�A(@W[�&G*�&��m����A������-<���V$%aA�kD?-<������./HqEA(%���h�A(*�`����E�a�./�����A��D"(#���`����(*b7-<b7 ?D? "�ZH*\

^_�� ?�g.&-*�ob��[�/uC�7D?-* ?�A��E�b%H����A�[�ZW[(��ZH%�7 ?.&-*D%D"(#������./����-<�, "(#������-<��W[�`(*b7���&��G*��E� ?��(#aA�P�/uC���&�, ?+F�������&\
y �A�BD"(#������./����-<�, "(� ?�oE�aA�q��(��� "!#��-*./�� "(#� ��./���A���F ?�����A�1+F(@GC "���&\��  "����+F(CEA�&�,-<����D"H��� "l&��E�.&D? "�����
b7aCv��&�,�FK"�r� �*� ��c[H%���{O,m�-B�� "!#�j-*./�� "(#����./���A��WX�� ?.,�t����i%a� "�����TD?-<��!*��')�,-*+F���� ?�TD? "U*��D"Hk��(1EA�,-* ?�t���A�
.&D? "�����[b7aCv��&�h./(#+F�7D"�&����D"Hq-*��EBD"��-*Eq��(��aAb7����i%aA�����`D"(#�������&\MpA(*�XD?-<��!*��.&D? "�����[b7aCv��&�,��KV�z� �*� ��c[H%���{O,m
 "�[ ?�J�� "!#��D"H�a���D? "U*��D"Ho����-<�`-o�� "!#�Y-*./�� "(#�q��./���A�TEA�,-* ?���S���A�Xb7aCv��&�`./(#+F�7D"�&����D"H*\��e(#�������`E�aA�X��(�-R�� "!#�
-*./�� "(#�I��./���A�R-<�������A�&���&')(*�����/uC������+F��D"HB�,-<���*\

^_�A�F(*���A�&�RD"(#������./����-<�, "(1(C.&.&aA�,��-<�����A�����-<����(*'`-k+F(@GC "�*\�� �A����-1+F(@GC "�����-<�����&m�D"(#���T(C.&.&aA�,�
WX�A���BE�aA����(-*�Ba��A'9-* "�[�7��-*����-*D? "!#��+F�����`�A(#�A�T(*'g���A��}7�,��� ��� � �T')�,-*+F���[(*'g���A��+F(@GC "�T!*�&�h���A��(#aA!#�
��(1���A�F.&D? "�����&\FsC ?��./��W[�F-<���EA�,-�WX ?�A!B-1�A�&W��,-*��EA(#+ �7��-*���F ?�t��-*.,����D"(*�&me "�� ?�Ta���D? "U*��D"H1����-<������ ?�
a��A'9-* "�e�7��-*���[-*D? "!#��+F�����g���&�,�� ?�����e')(*�����A�`�A�/uC����D"(*�&\Pc[HR-*D?D"(@WX ?�A!X-��A�&W�./(#���A��./�� "(#��-����A(*��������-<���V$%aA�
D?-<������./HB(*'�(#��D"H1�o')�,-*+F���_W[��.&-*�k���A�&���&')(*���R-�G*(# ?EI+F(#���_(*'����A�R ?�� "�� ?-*D]D"(#�������&\

����pP "!#aA��� ��� W[�I����a�EAH����A�k�ZW[(�')�&��EAb7-*.�U ��.,�A��+F���YEA����./�, "b���E  ?��s%��./�� "(#� �A\ � \�d_��.&-*D?Dh')��(#+
s%��./�� "(#�t�A\ � ����-<�� ?�I(*�,EA�&�T��(B����(@GC ?EA�R���A�F���&��G*�&�TWX "���I�� ?+F��D"Hk')�&��EAb7-*.�UIWX�A���I�,-*��EA(#+ "l&��EI���,-*�����
+ ?���� "(#�j ?�T��+F�7D"(@H*��E�W[�+-�Hj�� "���A�&��a����+oa�D"�� "�7D"�/uC�&��')�&��EAb7-*.�Uj(*�R.&D? "�����T')�&��EAb7-*.�U]\�  "����+oa�D"�� ~�
�7D"�/uC�&�X')�&��EAb7-*.�U1���A�o+oa�D"�� "�7D"�/uC�&�_-*D"�&�����X���A�o���&��G*�&��WX�A���A�&G*�&�X(#�A�R(*'S "���_�7-*.�U*�&���TEA(%�����A(*�_}7�X ?����(
���A��+oa�D"�� "�7D"�/uC�&�[b7aCv��&��\:�ta�D"�� "�7D"�/uC�&�[')�&��EAb7-*.�UB-*D?D"(@WX�[���A�����&��G*�&�h��(��������-*Eq(#aA�`���A�T���,-*����+ ?���� "(#���
�,-*��EA(#+D"HR(@G*�&�J���A�h������ "���h')�,-*+F�h���&�, "(CE	\Mx`D? "�����P')�&��EAb7-*.�U�����D? "���P(#�F���A�_.&D? "�����S������E� ?�A!T-*�-*.�UC�A(@WXD~�
��EA!*��+F�����J')(*�J��-*.,�Y����./�� "G*��E�7-*.�U*�&�[��(R���A�X���&��G*�&��\*���F(*�,EA�&�J��(�������aA���h����-<�J���A�X-*.�UC�A(@WXD"��EA!*��+F�������
-<���, "G*��b��&')(*�������A���A�/uC�`���,-*����+ ?���� "(#�Y ?�[��.,�A��E�a�D"��EY���A�T���,-*����+ ?���� "(#���J.&-*�Bb��T��������-*EY(#aA�`(@G*�&�_(#��D"H
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Client Buffer B in KByte

multiplexer feedback
client feedback

pP "!#aA��� ��� ���e(#���S����(*b7-<b7 ?D? "�ZH�-*�[-�'9a���./�� "(#�F(*'e.&D? "�����Sb7aCv��&�[�� "l&�_')(*�J�,-*��EA(#+ "l&��E���,-*����+ ?���� "(#��WX "���
+oa�D"�� "�7D"�/uC�&�`')�&��EAb7-*.�U1-*��Ek.&D? "�����h')�&��EAb7-*.�U]\

��-*D"'h(*'_���A�q')�,-*+F�q���&�, "(CE�-*��E����A�B+oa�D"�� "�7D"�/uC�&�Rb7aCv��&���� "l&�B ?�R���������, ?./����E���( � . �+� K)���A�BEA��D?-�H� ?�
���A��+oa�D"�� "�7D"�/uC�&�� ?�X���A���j-<��+F(#���T��-*D"'S-q')�,-*+F�o���&�, "(CE]O,\�^_�A��}7!#aA���o!# "G*�������A�FD"(#���X����(*b7-<b7 ?D? "�ZH1-*�
-B'9a���./�� "(#�t(*'[���A�.&D? "�����Tb7aCv��&���� "l&��')(*�o�*� � D? ?�AUIaA�� ?D? "l�-<�� "(#�	\������+F�7D"(@HI���A�EAHC��-*+ ?.RWX ?��EA(@W
��(#D? ?./HqWX "���k�,-*��EA(#+ "l&��E1���,-*����+ ?���� "(#�k-*��EI-*D?D"(@W ')(*��-B�F')�,-*+F�o����-<���V$%aA�jD?-<������./H*\X^_�A�R.&aA��G*�R')(*�
+oa�D"�� "�7D"�/uC�&�o')�&��EAb7-*.�U�-*D"����-*EAH�-<������-<����E� ?��pP "!#aA��� � �%\�^_�A�q}7!#aA���1���A(@WX������-<�F.&D? "������')�&��EAb7-*.�U
���&��')(*�,+����D? "!#����D"H1W[(*�,��������-<��+oa�D"�� "�7D"�/uC�&��')�&��EAb7-*.�U]\R^_�A��D"(#��������(*b7-<b7 ?D? "�ZH1')(*��.&D? "������')�&��EAb7-*.�Uj ?�
-<b�(#aA���-*D"'�-*��(*�,EA�&�F(*'�+-<!#�� "��a�EA�1D?-<��!*�&��\�^_�� ?��.&-*��b��1�/uC�7D?-* ?�A��E�b%H �A(*�� ?�A!j����-<����A�k���,-*�����
+ ?���� "(#���h-<���R��������-*Ek(#aA�_(@G*�&��-��+-*D?D"�&�X ?�����&��G<-*De-*��Ek���A�R+oa�D"�� "�7D"�/uC�&�hb7aCv��&�X ?�X��+-*D?D"�&�h')(*��.&D? "�����
')�&��EAb7-*.�U]\	�V�` ?�[���A�&���&')(*���T+F(*����D? "U*��D"HF����-<�h-R')�,-*+F�TEA(%���`�A(*�[}7�` ?����(o���A��+oa�D"�� "�7D"�/uC�&�Jb7aCv��&��\M^_�� ?�
 ?�B��aA�,�1D"��-*E��h��(Y-*�k ?��./����-*����E1����(*b7-<b7 ?D? "�ZH(*'M����-<��G<-<�� "(#�k-<�_���A�R.&D? "�����&\

���tpP "!#aA��� � �qW[��./(#+F�7-<���o(#aA�TEA��./�������,-*D? "l&��EI�����&')�&��.,�� ?�A!Y����(*��(C./(#D?�XWX "����-*(# ?�%$����A�4$AsC�A(*���������V$
/TaA��aA��K"-%s�/�O�wS���&')�&��.,�� ?�A! � � �{�_-*��E y ���� ?+-*DhsC+F(%(*���� ?�A!�� � �CmS� � m � �@�|\�^_�A�q�7D"(*�R!# "G*�������A�1D"(#���
����(*b7-<b7 ?D? "�ZHX-*�g-`'9a���./�� "(#�T(*'C���A�S.&D? "�����	b7aCv��&�g�� "l&�M')(*���*� � D? ?�AUXaA�� ?D? "l�-<�� "(#�	\g^_�A�M(*���� ?+-*D*��+F(%(*���� ?�A!
.&aA��G*����-<���q(*b���-* ?�A��E�b%H�-<���7D"HC ?�A!k���A�q(*���� ?+-*D[��+F(%(*���� ?�A!t-*D"!*(*�, "����+ � � �CmM� � m � �@�`��(j���A�q���,-*./���
a�����E ')(*�k���A���� ?+oa�D?-<�� "(#��(*'����A�������&')�&��.,� ��(#D? ?./H*\��������A���z./(#+F�7aA�������A��D"(#���1����(*b7-<b7 ?D? "�ZH ')(*�
����-<�� ?���� ?.&-*D?D"H�+oa�D"�� "�7D"�/uA ?�A!t���A�I��+F(%(*���A��E ���,-*./���Y(#��-�b7aCv��&�,D"��������� �Ib��7�D? ?�AU�WX "�������A� �g-<��!*�
N��&GC ?-<�� "(#� -<������(�uA ?+-<�� "(#�Q� � �Cm_� � �|\r����EA(����� ?�q')(*�1�ZW[( G*�&�,�� "(#���B(*'R(*���� ?+-*DT��+F(%(*���� ?�A!A���A(
 ?�� "�� ?-<�� "(#��EA��D?-�H�-*��E - �&� ')�,-*+F�� ?�� "�� ?-<�� "(#��EA��D?-�H�� � � m_� � m � �|\r^_�A�jEA��./�������,-*D? "l&��E������&')�&��.,�� ?�A!
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Client Buffer B in KByte

opt. smoothing, no start-up latency
opt. smoothing, 10 frames start-up latency

decentralized prefetching, mux feedback
JSQ prefetching

pP "!#aA��� � �A���e(#���J����(*b7-<b7 ?D? "�ZHo-*�[-�'9a���./�� "(#�F(*'e.&D? "�����Sb7aCv��&�[�� "l&�_')(*�[(*���� ?+-*D7��+F(%(*���� ?�A!Am�EA��./�������,-*D~�
 "l&��E1�����&')�&��.,�� ?�A!-*��E -%s�/������&')�&��.,�� ?�A!A\
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������a�D"���M-<���_')(*�J���A�_EAHC��-*+ ?.`WX ?��EA(@W ��(#D? ?./HRWX "�����,-*��EA(#+ "l&��E����,-*����+ ?���� "(#�	m#+oa�D"�� "�7D"�/uC�&�P')�&��EAb7-*.�U
-*��E ��')�,-*+F���1����-<���V$%aA�zD?-<������./H*\r^_�A� -%s�/ �����&')�&��.,�� ?�A!�������a�D"���B-<���j')��(#+ � � �{�|\rN���./�������,-*D? "l&��E
�����&')�&��.,�� ?�A!1.&D"��-<�,D"HI(#aA�����&��')(*�,+��(*���� ?+-*DM��+F(%(*���� ?�A!Am	b�(*���jWX "���A(#aA�T-*��EjWX "���j����-<���V$%aA��D?-<������./H*\
^_�A��D"(#���`����(*b7-<b7 ?D? "�ZH')(*�XEA��./�������,-*D? "l&��E1�����&')�&��.,�� ?�A! ?�h(@G*�&�X(#�A��(*�,EA�&�_(*'P+-<!#�� "��a�EA����+-*D?D"�&�h����-*�
���A�ID"(#�������(*b7-<b7 ?D? "�ZH�')(*�Y(*���� ?+-*D_��+F(%(*���� ?�A!�WX "��������-<���V$%aA� D?-<������./H*\ ^_�A�k!#-<��WX ?EA�����F��(�(@G*�&�
�ZW[(k(*�,EA�&�,��(*'`+-<!#�� "��a�EA��')(*� � �tc[H%���(*'`.&D? "������b7aCv��&��\F^_�A�����&��')(*�,+-*��./�F(*'[���A�EA��./�������,-*D? "l&��E
�����&')�&��.,�� ?�A!�����(*��(C./(#D�m%�A(@W[�&G*�&��mCEA(%���J�A(*�J./(#+F��.&D"(#���X��(����A�X����+-<��U<-<b7D"� -%s�/����&��')(*�,+-*��./�*\(������A�
�A�/uC�[����./�� "(#�YW[�T����a�EAH����A��!#-* ?�Y ?����&��')(*�,+-*��./�_����-<�`.&-*�Yb���-*.,�� "�&G*��Eqb%H-*E�E� ?�A!����, "(*�, "�� "���M��(o���A�
EA��./�������,-*D? "l&��E1�����&')�&��.,�� ?�A!F����(*��(C./(#D�\

� �����
*�P���
	F�,��������	 ���e���X�e���	�!���

���R�A(@W�-<������+F���_��(Y ?+F����(@G*�����A�����&��')(*�,+-*��./��(*'PEA��./�������,-*D? "l&��E1�����&')�&��.,�� ?�A!�b%HB��-�GC ?�A!F���A�����&G*�&�
+-<��U�./�&����-* ?�')�,-*+F���S-*�S���, "(*�, "�ZH�')�,-*+F���&\MpA�,-*+F���[-<���_�������J-*�JD"(@W����, "(*�, "�ZHRWX�A���F���A�_.&D? "�����S��-*�S(#�A�
(*��+F(*���������&')�&��.,�A��Ek')�,-*+F���_ ?�k "���hb7aCv��&��mA����-<�X ?�&mAWX�A���$%�e� � \[pA�,-*+F����-<���R�������X-*�X�� "!#�1���, "(*�, "�ZH
WX�A���B���A�&���R-<���R�A(F�����&')�&��.,�A��Ek')�,-*+F���_ ?�B���A��.&D? "�����hb7aCv��&��mA����-<�X ?�&mAWX�A��� $%� % � \

���T-*����a�+F�X ?�F���� ?�J����a�EAH�����-<�J���A�X+oa�D"�� "�7D"�/uC�&�J ?+F�7D"��+F�������S-R�A(#�%$������&��+F���� "G*�_���, "(*�, "�ZHo��(#D? ?./H
WX�� ?.,�IW[(*��UC��-*��')(#D?D"(@WX�&\ � �� "!#�I���, "(*�, "�ZHB')�,-*+F���������&�, ?�A!q���A�Fi%aA��aA���A�&G*�&�� ?�����&���,aA�����_���A�����,-*�����
+ ?���� "(#��(*'h���A�q')�,-*+F�B.&aA����������D"H� ?�����&��GC ?./�*mS "������������./�� "G*�(*'X "���R���, "(*�, "�ZH*\t^_�A�q�A�&W��� "!#�����, "(*�, "�ZH
')�,-*+F�k ?�o�7D?-*./��E b����� ?��E�-*��H �� "!#�����, "(*�, "�ZH�')�,-*+F���-*D"����-*EAH� ?�����A�ki%aA��aA�k-*��E -*�A��-*E (*'T-*D?D`D"(@W
���, "(*�, "�ZHq')�,-*+F���&\ �V'P���A��+oa�D"�� "�7D"�/uC�&�_ ?�X ?+F�7D"��+F��������EkWX "���k���A��}]�� "����b7aCv��&�X(*'S�� "l&� � . �Fm�D"(@W����, ~�
(*�, "�ZHI')�,-*+F����-<��������+F(@G*��E� "'J�A��./������-<��HI')��(#+ ���A�Fi%aA��aA�F ?�I(*�,EA�&����(k-*.&./(#++F(CE�-<���Y�� "!#�t���, "(*�, "�ZH
')�,-*+F���&\ � �� "!#�t���, "(*�, "�ZH1')�,-*+F�*mg�A(@W[�&G*�&��mg�A�&G*�&���7a����A����-*�A(*���A�&�R�� "!#�I���, "(*�, "�ZHk')�,-*+F��(#aA�T(*'[���A�
i%aA��aA�*\��e(@W ���, "(*�, "�ZH')�,-*+F���`-<����-*D"W`-�HC�h-*E�EA��EB-<�h���A�T����Eq(*'g���A��i%aA��aA�*mA����(@GC ?EA��EY���A�&���� ?�`���7-*./�*\
^_�A�R+oa�D"�� "�7D"�/uC�&�_WX "���B}]�� "����b7aCv��&���� "l&� � . �r'9aA�����A�&�,+F(*������ ?+F������-*+F�7�X�&G*�&��HkD"(@W ���, "(*�, "�ZHq')�,-*+F�
�������&�, ?�A!k���A�Yi%aA��aA�*\ �V�����&�, "(CE� ?.&-*D?D"Hk.,�A��.�UC�R���A�YD"(@Wr���, "(*�, "�ZHI')�,-*+F���R ?�����A�Yi%aA��aA�-*��E�����+F(@G*���
')�,-*+F���R����-<����-�G*�qb��&���� ?�����A�qi%aA��aA�Y')(*��+F(*���q����-*� �/. � ����./(#��E��&\I^_�� ?�������&G*�������oD"(@W����, "(*�, "�ZH
')�,-*+F����')��(#+ !*�&���� ?�A!I����a�.�U� ?�t���A�b7-*.�Ut(*'`���A�i%aA��aA�FWX�� ?D"���� "!#�t���, "(*�, "�ZHI')�,-*+F����-<������&��G*��E�')(*�
�/uC������EA��E1���&�, "(CE��[(*'P�� ?+F�*\

�  "���Y���� ?�S���, "(*�, "�ZH���(#D? ?./H*m%-R�� "!#����, "(*�, "�ZH�')�,-*+F�� ?�JD"(#���` "'	-*��E(#��D"H "'����A�Ti%aA��aA�� ?�M}]D?D"��EaA�Y��(
.&-<�7-*.& "�ZHtWX "���I(*���A�&���� "!#�I���, "(*�, "�ZH1')�,-*+F���&\�fX(*���F����-<�T���A��.&D? "�����T��aCv��&�,�T����-<��G<-<�� "(#�tWX�A���j-q�� "!#�
���, "(*�, "�ZHq')�,-*+F�o ?�XD"(#���&\_^_�� ?�X ?�hb���.&-*a����o-Y')�,-*+F�o ?�X��������-*���� "!#�k���, "(*�, "�ZHB "'M-*��Ek(#��D"H1 "'P���A�o.&D? "�����
��-*�h�A(o�����&')�&��.,�A��EB')�,-*+F���h ?�q "���[b7aCv��&��K $%� % � OJ-*��EB�A�&��E��`���A���� "!#�Y���, "(*�, "�ZHF')�,-*+F�Tb%HY���A�T����Eq(*'
���A�X��D"(*�J ?�F(*�,EA�&�S��(R������aA���_./(#���� ?�%aA(#a��S�7D?-�H%b7-*.�U]\M� �A���-RD"(@W����, "(*�, "�ZHo')�,-*+F�X ?�SEA��(*������EF ?��(*�,EA�&�
��(Y-*.&./(#++F(CE�-<����-�� "!#�B���, "(*�, "�ZHY')�,-*+F�����A�R���&��G*�&��EA(%���_�A(*�_����./�� "G*�R-*�I-*.�UC�A(@WXD"��EA!*��+F�����&m7�� ?+F���
(#aA�T-*��Ek���&���,-*����+ "���X���A�R')�,-*+F�*\�s%��-<��G<-<�� "(#�t-<�����A��.&D? "�����X(C.&.&aA�,�X(#��D"Hk "'P���A��EA��(*������E1')�,-*+F�o��-*�
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