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Bit rate of JPEG video
Frame Size (Bytes) x 103

3Frame Number x 105.00

10.00

15.00

20.00

25.00

0.00 20.00 40.00 60.00 80.00 100.00

��&5F"�����Lx 7��8&5����,9���� 97l��>��:����,"*E�B���0iOW����=�

Bit rate of JPEG video
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Burstiness Curves
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Service Rate vs. Bucket Size
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Bit rate of MPEG video
Frame Size (Bytes) x 103
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Average bit rate of MPEG video
Frame Size (Bytes) x 103

3Frame Number x 10
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LECTURE.mpg

NEWS.mpg

Worst case average rate (bits/sec.) x 106

Interval Length (sec.)

1.00

2.00

3.00

4.00

5.00

6.00

1e-01 1e+00 1e+01 1e+02 1e+03

��&5F"�����@� 7��%����$���&5���S$�$n*E����4"�S$O7� "�n|q�%�!��*E "?UA����S$�$��S1�4"&N13�� 

x"x



*E "�C$��V&D�������/���S$��n -7+��>��/4"&N13�� CI K $B,U���S$��3'5�
|~�+�0��4<&N13�� 6TC�S*E "?U�S$
,�'D <�
$�?@ 3 "��>����o&)7=,_4"����,-F"�S1
 -4"���=,-�G&5�g������4;,_'��=>3&N*�>q*E "�3��,_&5�C$=w/ <�=?@ "���n�vX¥7Y��,-?U�S$�I

K 7Y�����`$V?@ g <��>3&5��FCpC��>���T3&5�B��,9����$��E,-����$=$V>� ;�0&D��FZ13��AR���C13���C*E.b "�}��>��@*E "�g�����g��$o -7+��>��/4<&N13�� CI
W!>3&N$n13��AC���C13���C*E.b*�,-�ZTR��*�'5�S,-��'5.~$������6&5�b��&5F"������syIO¦n���B�� G��>��BAR����&5 Q1<&N*/A����S$V���C*E�� 97l�jX¥7���,9?@�S$
&5�Z��>��
$V�����S,-?Zp3��>��BT3&5�n��,-���B 97l|~�+�!� 4"&N13�� 613��AC���C1�$o��AC "�}��>��
*E "?@A3'5�EP3&5�H.6 97lA3&N*E�������S$o�=>3&N*�>
,-���/$����3��,"$o�vX¥7Y��,-?@�S$�I!�j�g������X¥7��E,-?@�B�C,-�������
 -7+��>��/,_'5F" "��&5��>�?¤?L,-#<�S$!��>��
T3&5�n��,-���/13��AC���C13���3�B "�
��>��@?U "��&5 "�~&5�]��>��@4<&213�� RIL�j�k*�,"$��U -7=��>��@4<&213�� ~���!i!W����o�=p���>��@?@ "��&5 "� �0,<$n���E'N,-��&54"�E'5.~'5 -�
I
K $�,}���S$V�3'D�/��>��GT3&5�@��,-���L,_4"����,-F"�S1� ;4<���
AC���V&D �1�$G*E ;4<����&5��FZ?/�3'5��&5A3'D�}�vX¥7Y��,-?@�S$¢p+$�>� -�!�S1b,}>3&DF<>
*E "�����E'2,9��&5 "�Z�!&5��>6��>��B��,-���B -7+*E "�����S$�AC "�C1<&5��F6�"�+�0�����E,"*E�"I

��&5F"�����`¡/A3'5 "�E$=$j&5F"?L,-XY��>� �*E����4"�S$%7Y "�!��>��`|~�%�!� ����,<*E�S$�I�W!>��
$�����4<&N*E�
��,-��� �/7Y "�!�S,"*�>L����,"*E�
4;,9��&5�S$%7��� "?�AC�S,-#G��,-���n�� /��>��B��4"���3���C,_'§,_4"����,9F"���E,-���"I��v�%&N$%&5�g�������S$���&5��FG�� /�� "���n��>C,-�!��>��BT��C*�#"���
$j&5���}a%��f=13 g�S$���� �B&5�C*E���S,"$��U��4"���~&(7=��>��L$�����4<&N*E�@��,-���La �Cf!&N$n'5�S$�$���>C,-�~��>��@AR�S,-#~T3&5�
��,-���"I@W!>������
&N$@,}#g������&5�\��>��Z*E����4"�Z,_7Y�����:�=>3&N*�>���>��6T��C*�#<����$H&D���~$���,-����$n&5�C*E���S,"$H&D��F]��,-A3&N1<'5."I�W!>��G��,-���L -7
&5�C*E���S,"$��:&N$B*E "?@AC,9��,-T3'5�/�� L��>C,-�� 97O��&DF<�����
�CIBW!>��:#g�����/ �*�*E����$B,-�B,@�E,-���
�o>3&2*�>}&N$o'D -�!���n��>C,-�
��>��BAR�S,-#L�E,-���"I+W!>3&N$%&N$n$� /TC�S*�,-�C$V�
��>��n'N,-��F<�S$��!7Y��,-?@�o&N$= -7��vXY��.gAR��,-�C1U&5�!&N$n,_'5�=,S.�$87� 9')'5 -�!�S1GTg.
,B�3��?/TC���% -7§$�?L,_'('��%XY��.3AC�!7Y��,-?@�S$¢Il�%./��>��=�V&D?U�=��>��o7���,9?@�!���EPQ�%�� 
��>��0'2,9��F"�S$����jX¥7���,9?@�`,9����&54"�S$�p
��>��/T��C*�#"���B>C,"$n���� "��F">b$�AC,<*E���� Z,"*�*E "?@?@ �1�,-����&5�B�!&5��>� "���B���S*E�S$�$�,9��&('D.]$�����4<&D��FZ,9�BAC�S,-#}��,-���"I
W!>��n#g�����n&5�6��>��B*E����4"�n �*�*E����$=,-�%��,-���B*�'5 g$��n�� /��>����! "�E$��O*�,"$V�`,_4"����,9F"�=��,-���= -4"���O,-�U&5�g������4;,_'� -7
'5����F"��>} "���
$��S*E "�C1�$�I

K �\,-A�A��� "A���&N,-����*�>C,-��,"*E������&5�S,-��&5 "�] -7�|q�%�!��4"&N13�� b�C$H&D��F ��>��@'5�S,-#3.bT��C*�#"���/?@ �13�E'o*E <������X
$�AR "�C1�$!�� :��>���#3�����o&D�6��>���F"�E,-A�>C$% -7§��&DF<�����
¡�I�W!>��B$�����4<&2*E�B�E,-����,-�!��>��S$V��#3�����S$!*E "�����S$�AR "�C1G�� 
��>��BAR�S,-#L�E,-���n -7§��>��
|~�+�0� 4"&N13�� @ <T���,_&5���S16,_7Y�����=$�?@ 3 "��>3&5��F/&5��$!T3&5�=��,9���� -4"���! "���
$V�S*E "�C1U&5��X
������4-,_'N$�I�W!>��=T3&5�+�E,-���! -7�|~�%�!��*E "?@A����S$�$��S1/4<&213�� :TC�S*E "?U�S$�>3&5F">3'5.L*E "�����E'2,9���S1/,_7������+$�?@ 3 "��>3&5��F
,-�C1���>���*�>C,-��F"�S$%&5�~��>��:T3&D�n��,-���
,-���B?@ g$V��'5.Z13���
�� @��>���*E "�3�����3��$! -7���>��
4<&N13�� CI=W!>������E7Y "���:��>��
#3�����@AC -&5�3��$B*�>C,-��,"*E�����V&D���U��>��/����,_[�*/,"*�*E���E,-���E'5."I��y "�B��>��/����,<*E�����!iOW����=�oI�?@A�FZ,-A�A��� <A���&N,-���
$�����4<&N*E�
��,9���
,-�C1GT��C*�#"����$j&5����,9���@x"It 3�
|}T�AC$=,-�C1}{" /ªnXv�%.g���S$o���S$�AR�S*E��&54"�E'5."I

|~�%�!��*E "?@A����S$�$��S164<&N13�� 6�EPQ>3&5T3&5��$nT�����$V��&5���S$�$= <�Z���! ��V&D?U��$�*�,_'5�S$�Ind=�~,@$�>� "���=��&5?@��$�*�,_'5�
��>��nT�����$���&5���S$�$8&N$!13������ 
��>��B*�>C,9��,"*E������&N$��V&2*�$% -7���>��B*E �1<&D��F@,_'5F" <��&5��>�?Zp3�=>3&N*�>GF"��������,9���S$!zB��.gAR�S$
 -7B7Y��,-?@�S$U -7�1<&(���������3�Z,S4<����,-F"�Z$j&5���S$�I�W!>��b$�>� <���L������? T����E$���&5���S$�$6$�?@ 3 "��>��S$U "���G�=>�������>��
T3&5�/��,-���/&N$/,_4"����,-F<�S1~ -4"���B&5�3������4;,;'2$� -7�,-A�A��� "A���&N,-���@'5����F"��> � I~W!>3&N$�'5����F"��>\13��AC���C1�$/��AR "�\��>��
AC���V&D �1<&N*�&5�H.\ 970�jX¥7��E,-?@�S$n&5�]��>��L$������S,-?ZI K 7������:��>3&N$/$�?@ 3 "��>3&5��FZ��>��G����,;[�*:����?L,_&5�C$:T�����$���.~ "�
,G'5 "��F<�����V&D?U��$�*�,;'D�"I~W!>3&N$:T�����$���&5���S$�$�7Y "�
 <����$������S,-?L$B�!�����}x"I��"{6,-�C1]z�It{9�Cp��=>3&N*�>b&N$/13���6�� 
��>��6*�>C,9��F"�S$:&5�\?@ "��&5 "�\,-�C1 ��>��Z*E "?@A3'5�EP3&5�H.] -7`$�*E�����S$��"I]e-&5�C*E�Z��>��Z$�?U g "��>bT3&5����,-���6����?L,_&5�C$
*E "�����E'2,9���S1�7� "�n'5 "��F<���BAC����&5 �1�$B -7!��&5?@�@,"1�1<&5��&5 "�C,_'OT��3������&5��FG&N$B���C,9T3'D�U�� Z$�?@ 3 "��>}��>��/T3&D�:��,-���
7Y������>����SI W!>��~#g�����~AC 9&D�3�U&D� ��>��q$j&5F"?G,b��>� ]F"��,9A�>C$L$�>� -�¤��>��q$�,-?@�}7 ,<*E�SI W!>��b,-?@ "���3�@ -7
,"1�1<&5��&5 "�C,_'�T��3������&5��F/�����S13�S1@�� 
TC�B,-T3'5�n�� 
$�����4"�B,-�+,���,-���!'5 -�!���+��>C,9�@��>��=��,9���= -7�#3�����=&N$�'N,-��F"�"I
W!>������E7Y "���o��>��=#3�����=AC -&5�3��$�F9&D4<��,BA��� <AC����'5�S,-#3./T��C*�#<���O*�>C,-��,"*E�����V&D�S,9��&5 "�@ -7h��>��=4<&213�� RI K �� <��>����
&5?@A3'(&N*�,-��&5 "�� 970��>3&2$�&N$:��>C,-��7� "�:����,-�C$V?/&N$�$j&5 "�] -7�|q�%�!�©4<&N13�� b -4"���
,}�������O <��#Jp���>��L,_4;,;&)'N,-T3'5�
TC,-�C13�!&N13��>~ -7���>��B�������! "��#6,-�=,-�3.G&D�C$V��,-�3��$�>� "�3'N16TR�/?@ "���B��>C,9�6��>��
$�>� "���o������?�,_4"����,9F"�B��,-���
 -7§��>��
|q�%�!��$������S,-?ZI��v�~*�,"$��n��>3&N$=TC,9�C13�!&N13��>6&N$!�� "�=,_4;,;&)'N,-T3'5�"ph*E "��F"�S$��V&D <�Z�! "�3'N1G���S$��3'5�!&5�3�� 

� �"!	X'A1$�!	H)0]?5.Q#%4:!�0�,/.9A6!T!�&5(Q!	!�&[#%$	#%4:!�0�*�L=(�D�#%$T41.=!	0�B:A)(ED�!�.i!�&60],60 D (�Gi#%418�A6*�*�0�,C#%4q$�Xi.:.9!�&:#%41>�!�&60]H:#%!T$�!�*�0Q(+XCR
` &10KX (+x9#%X'A1X ,103D (EG�#%418OA1*�*�0�,/#%4/$�Xi.:.=!�&[#%46>J#%$T>+#%L=0�4 H:G��

�
R��:0�0U$�0O8�!N#%.94 ji(Q41,
	KP^.9*	,60�!3(�#FD%$�R

��` &60K$�&1.=*�!T!�0�*�X H6A1*�$�!N#%460�$�$K?6*�.9?50O*�!NGi#%$K(Q4J#%46&10�*�0O4:!]?6*�.9?50�*�!"G�.+P�!�&60'(ED%>9.=*N#%!�&1XY$]?6*�.9?5.=$�0�,@H:Gqb/c�def $�!3(Q4[g
,)(+*�,6$�R
�h.Q\	0�L=0�*�n�#%!Y(ED%$�. ,10O?50�46,1$i.=4<!�&60J0O418�.:,:#%46><?1*�.:8O0�$�$�R/�N4~.9A6*U8Q(Q$�0�$�&1.=*�!U!�0�*�X H6A1*�$�!N#%460�$q(ED%$�./,60�?50O41,6$
A6?5.94/!�&60K*3(+!N#%.�.+P�!�&60KB:A)(+4:!N#%VQ(Q!N#%.94@P"(Q8�!�.9*�$T.QP�� n)cI(Q41, prg^P^*3(+Xi0O$�R

xSw



Service Rate vs. Bucket Size
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Inter packet spacing of packets generated by NV
Inter Packet Spacing (second)
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Burstiness Curves
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