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Abstract We previously proposed a new version of TCP, called Inline measurement TCP (ImTCP), in [1, 2]. The ImTCP

sender adjusts the transmission intervals of data packets and then utilizes the arrival intervals of ACK packets for available

bandwidth estimation. This type of active measurement is preferred because the obtained results are as accurate as those of

other conventional types of active measurement, even though no extra probe traffic is injected onto the network. In the present

research, we propose a new capacity measurement function and combine it with ImTCP in order to enable simultaneous mea-

surement of both capacity and available bandwidth in ImTCP. The capacity measurement algorithm is a new packet-pair-based

measurement technique that utilizes the estimated available bandwidth values for capacity calculation. This new algorithm

promises faster measurement than current packet-pair-based measurement algorithms for various situations and works well for

high-load networks, in which current algorithms do not work properly. Moreover, the new algorithm provides a confidence

interval for the measurement result.
Key words end-to-end measurement, available bandwidth, capacity, inline measurement, packet pair
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+* ê7���Ä�Ì�ô�Æ�À;0�2�Ò�ó	é × Ó�Ô��	��í��	��Ä Case A) Ä�Ìô�Æ�À;0)2 ö���� ó�,�'�ï�é ê�ë Ä ×�Ø Ü	Ì�ô�Æ�À;0�2���� �÷ Case A) Ä��XÄÍÒ����ÍÕ Ö ×ÍØ ß�Ü-g���ï / �*ÛÊóÍé´÷Èç
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2 ������� ��¡£¢¥¤§¦©¨ª�¬«§��(¤¯®¥°§±�®©²§³

× ê Pathrate [6] ,�í�Ì!ô�Æ�À;0�2	Ä�Â�T�Ä���¿�À�´��-µ�Ò�`�¶ö Ü Case A) Ä<Ì�ô�Æ�À10�2XÄ�Â�T*Û	��#�þ��	S�7	·�¸�Û.á	éþ�é *1¹ �*Ä	�*þ�,.Ü Case A) Ä.Ì�ô�Æ�Àº0�2XÒ�����Õ*Ö ê�
× Ü CapProbe [8] í Case A) Ä<Ì�ô�Æ�À10 2�Û�»�¼r,�'	Ö 
 ,Ì*ô!Æ�À�Ò<ù½�¿¾�jXÖ ê Case A) Ä<Ì�ô�Æ�À10�2�,	�XÖ �rÀ *� í�Ì�ô�Æ�À�Ä���ù	Á	Â�ß�ÿ	Ö�Ã	Ä	Õ�Ö êÅ�Æ�À�Ç�É*Ë�Ì*¿	Û���þ�Å À¿Æ Ä�Ç	È*ß�3Gé�è<Ü Case A) ÄÌ�ô�Æ�À;0�2�Û	��#�þ���É�é�·	¸�,�S�7	Õ�Ö�Ê�Ë	Û	�	Ö ê ö��ö Ü	ÅãÆ�ÀÇ�É�Ë�Û�Ì	Í	Õ�Ö�þ�'	í Case B) Ä�Ì�ô�Æ�ÀY0�2XÄ/ Û Case B)Ü Case C) ÿ)���2á�â2ï�Ö ê ý�Ä�]-^�Ü CapProbe Û�	6�ß Case A) ,-�XÖ�þ�Ã�Ä�,�'�Ö�Ì�ô�Æ�À;0�2	Ò�¼�b�j�Ö 
,�Ä2ú�Â�Û�Î	�!ß�Ï�â Ü Pathrate Ü Nettimer ï À í�Ð-�	�!ï��-�Ò	S�Õ êÑ�Ò Ä�ÓXÔ�����þ�Ó #�è2Ü�8�9	:�,Xí Case A) þ Case B) ÄÌ�ô�Æ�À;0�2�Ò�Ô / þ���Î�Ï	Ð�Ñ�Ä�Ó	o�ß�ó�é�Ö��	��Ò�ä�å	ÕÖ ê ý�Ä����!Û p %�ï�Ï)Õ�í2Ü ImTCP Û�Ó�Ô ö è2é�Ö � ó p %ï�Ð	Ñ�Ä�Ö�×�Ò � ó�Õ�Ö	ý�þ�,	��Ö ê
2. 2 Ø	Ù�C�Ú�Û)Ü(Ý	Þf

2 ß�Ü�Ì ô!Æ�Àß0à2XÄ�I´À ÚXÅãÆ�Ë � »ÍË�á�J�KXÕ Ö�gh*Ò�iXÕ ê ÌYô�Æ�À10 2XÄ�M�NYÄ<Ì ô�Æ�À (P1) Ä�J�KXú�â Òãåä Ü L / Ä�Ì�ô!Æ�À (P2) Ä�J	K	ú	â!Ò ãçæ þ�Õ!Ö ê ãåä � ÷ ãçæ 
,�Ä	Â�ß�Ü!Ë�~�¿�À����	Æ�Ë	Ä�Ì�ô�Æ�ÀÛ	I�ÀoÚ	ÅãÆ�Ë � »	Ëá�J	KXÕ�ÖXý�þ<Û�èr"�÷�ç�Ö ê Ì*ô�Æ�À P2 íXý<çã÷<Ä	Ë�~	¿À�����Æ�Ë	Ä2Ì�ô�Æ�À�Û�IãÀ�Ú�ÅãÆ�Ë � »�Ë	,�O	Ïãæç�Ö 
 ,P	Q�É�,�R�b!ý�þ�ß�ï�Ö ê�ë Ä ×�Ø Ü�I�À Ú�ÅãÆ�Ë � »�Ë�Ò�S× þ�'XÄ�Ì*ô!Æ�À10 2�Ä<ú�ÂGÂ�T*í�Ü L / Ä.Ì�ô�Æ�À P2 é¿êþ�Ë�~�¿ãÀ(���	Æ2Ë�Ä�O	Ïãæç�Ö�ú�Â�Ä�ëãþ�ï	Ö ê Õ�ï	ì�í2Ü
tvuxw q

s�î�ï
n (2)

þ<ï�Ö ê ýXý	, ï í ã ä Ü ã æ�ÄXÂXß	I´À Ú�ÅãÆ�Ë � »	Ë�á�J�Kö × Ë	~�¿�À�� ��Æ�Ë�Ä�ð�,	�	Ö ê IãÀoÚ	ÅãÆ�Ë � »XË	Û	�	#þ�� � ó p %�Ð�Ñ�Û�ñ�é � »	Ë	,	�	Ö�þ ¹ ��Õ!Ö�þ�Ü�Ë	~�¿�À� ��Æ2ËXÛ�I½À Ú	ÅãÆ�Ë � »�ËXÒ<õXç�Ö�ð*Ä�ò�ë*Û nàó�ô þïXÖ ê ýXý�,<Ü ô í ë Ä.ú�õ*Ä � ó p %XÐXÑ*Ä��*Ò�iXÕ ê Ìô�Æ�À;0�2	Û	I´ÀoÚ	ÅãÆ�Ë � »�Ë	ß�J�K�Õ�Ö�ú*Ä�ú�Â�Â�T�Ò÷ö
( ö q ã æ ó ã ä ) þÕ�Ö!þÜ ï Ä�ø	ù�í
ï q öûú n ó�ôvü (3)
þ�ï	Ö ê ( 2) m�þ ( 3) m � ÷�Ü

nàq
s�î öýú nró	ôvütvuxw 
 × í nþq

s ó ö©ÿ ôtvuxw ó ö (4)

þ���â�ý!þ�Û-,	'�Ö ê m ( 4) ß	ÿ)��Ü Case A) 3�ÿ�[ Case B) ÄÌ�ô�Æ�À;0�2 � ÷Î�Ï�Ð	Ñ�Ò�Ó	o�Õ�Ö�ý�þ�Û-,	'	Ö ê���� ß�3é�è�Ü�ý�Ä�m!Ò�ó	é ×�� ö é	Î�Ï�Ð	Ñ�Ä�Ó	o / ��Ò�ä	å�Õ�Ö ê
3. °«²´³«µ	��
����
��X¶«· ª����������
3. 1 ImTCP ��������<�=½>+@BA�C���� �
ImTCP Ä�ù d"! ~	´��	µ�í�Ü TCP Reno Ä�ù d#! ~�´	�	µ	ß$ þ©b�Ä�Ó�Ô ! ~�´-�	µ�Û�%�&�æ�ç!Ö	ý!þ�ß	ÿ�#�è�Ü ImTCP Äù d#! ~	´���µ�Û�6�7ãæ�ç�Ö [2]ê Ó	Ô ! ~�´	��µGí TCP ' Ä( ��kÍÜ�Õ ï�ì�í IP ' þÊÄ<ñ »��*)�+�É ¿-,/.*ß����ÍÕ*Ö ê

TCP ' ß�3�é�è . b!Ä�Ì�ô!Æ�À�Û�O�Ïãæ�ç�Ö�þÜ ë ç�Ò�0-H�ß
IP ' ß�1�æ�2 Ü�Ó	Ô ! ~	´��	µ	Û TCP ' þ IP Ä ' Ä�Â�ß�ó�3ö è�é!Ö FIFO 4 Æ�)�5�ß�é�# × Å�6 7�Õ�Ö ê ImTCP Û2Ó�Ô�Ò8 *:9 ß�í�Ü 4 Æ�)�5�;�Ä�Ì�ô*Æ�ÀÒ�Ó�Ô�2�Ú#< � ò�µ	ß�ÿ	#è-=���æ�çYÖ<ú�ÂGÂ�T , IP ' ß�1GÕ ê ÓXÔ*Ò 8 ìXï<é´þ�'Xí

ImTCP sender receiver

Measurement

stream

Packet pair

Normal data packets

Normal data packets

Time

�
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statistical

analysis

PP
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PP
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ÓXÔ ! ~�´���µXí 4 Æ�)�5�á�J�K ö × Ì�ô�Æ�À�Ò-U*V*ß IP 'ß�1	Õ ê
ImTCP Û<ÎGÏXÐXÑ´þ � ó p %GÐXÑ*Ò*W<úYß<ÓXÔXÕ*ÖGý*þ<Òp %�þ�Õ�Ö ×�Ø ß�Ü�Ì�ô�Æ�ÀY0�2	Ä�`	¶ X�[�ù d�Y %�Ò�Z�[�ÕÖ ê f 3 ,�i´æ�ç*ÖÍÿ * ß�Ü�ÓXÔ ! ~)´���µÍÛ . b Ä<ÓXÔ*¿À � É�µ	Ò2ù d ö × L Ü . b�Ä�Ì�ô�Æ�ÀY0)2�Ò�`	¶]\ ù d Õ�Öý�þ�ß�ï	Ö ê Ó�Ô�¿ãÀ � É�µ	Ä�ù d Ä�Â	ß2Ü�à�^�Ä�Ì�ô�Æ�À�Û

TCP ' � ÷ 4 Æ�) 5�ß�J�K�Õ!Ö�ý�þ�Û���Ö ×�Ø Ü<Ì�ô�Æ�À_0�2Ò�`�¶�Õ!Ö ×�Ø ß�æ�÷�ß�Ì�ô�Æ�ÀÒ�_�`�Õ�Ö�ú�Â�í	��þ�Å À ��ãþ ö ï�é ê�ë Ä ×�Ø Ü�Ì�ô�Æ�ÀY0�2�Ò�ó	é × Ó�Ô Y %�Ò�a	\ö ×
ImTCP í�Ücb	��Ä ImTCP þû	�!è	Ä�$-%�Ä�d!í	��þ�Å Àï�é�þ�e�"�Ö ê

3. 2 Ø	Ù f�g�h�if
4 Ò�ó	é�è2Ü Ì�ô!Æ!À;0�2�Ä�Ó�Ô��	� � ÷�Î	Ï�Ð�Ñ�Ò���ÔÕ�Ö�2�Ú#< � ò	µ	Ò�j#k�Õ�Ö ê ä	å�Õ�Ö-2�Ú"< � ò	µ	í�W�k�Ä¿�l�Æ ! � ÷Fm	¶�æ�ç�Ö ên Ì*ô!Æ�À10 2�Ä�´�ÚXÉpo<»�´ :

� ó p %XÐ�Ñ*Ä��YÛ�!*q öè�é�ï2é�Â�ß�rã÷ç × Ì�ô�Æ�À;0�2�Ä��	��Ò . b�Ä	´�Ú�É! ß 
 þ Ø Ö ê ´�Ú�É ! ß�s	Õ�Ö�Ì!ô�Æ�ÀY0�2�Ä	Â�T�Ä�øù tvuxw Ûut Ø ÷Ãç*Ö êwv é�ø�ù��*Ò�r*Ö ×XØ ß�Ü�´<ÚXÉ! ;	Ä�Ì�ô�Æ�ÀY0�2�Ä�à*Ò 3 W	�ãþÕ�Ö ê�ë Ä ×	Ø Ü 2 Ìô�Æ�À;0)2�W�k�Ä�´�Ú�É ! í � Ä	´�Ú�É ! þ�^�xãæFy�Ö ên ð*» ! Ú�Ä�Ó�o : ë ç	yXç�Ä�´�ÚGÉ ! Ä�ø�ù	J�KYÂ�T*Ä��tvuxw � ÷Ü . b�Ä�Î�Ï�Ð�Ñ�Ä2ð�» ! Ú (sample) Ò � Ä�m,�Ó�o�Õ!Ö ê

nþq

z{{| {{}
s
tvuxw�~ ��������#� Ä�]�^ (5)

s ó ö©ÿ ôtvuxw ó ö ~ � � Ä�]	^ (6)

ýXý�, � í � ó p %XÐÍÑ´þ�ÌYô�Æ�À10 2<ù d�� ÉWÀ s�� öÄ��B��Ò�i�Õw����,���Ö (Ì*ô!Æ�À;0)2�Û�ù d æç�è � ÷ÜIãÀ�Ú�ÅãÆ�Ë � »	Ë�ß�J�K�Õ�Ö 
 ,�Ä	Â�ß	í�Â�T�Û�!�ì�÷ï�é�þ ¹ ��Õ!Ö )ê � ó p %�Ð�Ñ�Û2Ì�ôXÆ!ÀY0�2�Ä � É À2þ
— 3 —



ImTCP

 Cross

traffic 1

 Cross

traffic 2

 Cross

traffic 3

100 Mbps

Bottleneck

link

Sender Receiver

100 Mbps 100 Mpbs 100 Mbps

�
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��� W"�(]-^�Ü-b 
 � ������ ��� Û�� × æ�ç!Ö�þ�'�Ü Ì�ô!ÆÀ;0�2	Û	I�À�Ú�ÅãÆ�Ë � »�Ë�Ò�z�Ý	Õ�Ö 9 � � Ä�Ì�ô�Æ�Àß��½�(� 
 ç�Ö p %�$�Û���é ê	ë Ä�]	^�Ü�Ì�ô�Æ�À;0�2	Û
Case A) ß�\�Ö ×�Ø Ü-m (5) (m (1) ß�����é × m ) Ò���ó	ÕÖ ê	.�/ Ü � ó p %	Ð�Ñ�Û�Ì�ô�Æ�ÀY0)2�Ä�ù dp� É À�ÿ���½æ�é�]�^XÜ	b 
 � ��������q � Û�� × æ�çYÖ*þ�'<Ü�Ì*ô�ÆÀº0�2XÛ Case B) ß�\*Ö p %�$�Û�É�é ×�Ø Ü�m (6) Òu�	óÕ�Ö ênP� Ó	O	Ï

–   ^�Ä�Î	Ï�Ð�Ñ!Ä�ð�» ! Ú�Ä�ø	ù-��Ò�Ó-o ö Ü ë ç!Ò. b�Äu¡	Ô�� (obsevation) þ�Õ*Ö ê¢  Û�&�'.é��À Ü ¡XÔ�� Ä d*£ ¸YÛ�ÉXéYÛ�Ü . b*Ä-¡�Ô�� Ä<Ó�oÕ�Ö ×	Ø ß<á�à�Ä.Ì�ô�Æ�À;0�2XÛ��	�ãþ<ï	Ö ê/¤�� ß3�j�Ö�¥w¦�Q � É"¥#§�»	,	í�Ü   q©¨«ª Ò � ó�Õ�Ö ê
– ¬ ¡�Ô	� � ÷ ( �® ï��	��Ò2Ó	o�Õ!Ö ê�
 × Ü�¡	Ô-�Ä�.�¯ � ÷�Ü 90% Ä d�£"° Â�Ò�o)S�Õ�Ö ê

4. ±�²´³¶µ�·�±�¸��#¹�º¼»�½�¾
8 � ,�í�Ü.ä�å ö × Î�Ï�Ð	Ñ�Ó�Ô	�-��Ò ns-2 ¥"¦�Q � É���Òó�é!è�¿ À	Õ!Ö ê�
 × Ü<ñ!»-��ñ!»�Å�Æ!À�Ç2É!Ë�Ó�Ô�ÄBÁ"Â-,�Üä�å ö × �	��ÒB��ó ö × ]-^�þ CapProbe [8] 3�ÿ�[ Pathrate [6]Ò��	ó ö × ]	^�Ä2û�ü�Ò��	ì�y�è 8 * êf

5 ßw¥Ã¦�Q � ÉÄ¥"§�»!ß.ó!é ÷�ç Ö<ÅãÆ�À2ÇÊÉ*Ë ÀÆÅ�~Ç É�Ò�i�Õ ê Cross traffic ( Ë�~�¿�À(���	Æ2Ë ) ¨ 3�ÿ�[ÉÈ�þ�Ä�ùdp� É À�í Ê��),�Ü ë ç-y�ç 5 Mbps Ü 15 Mbps ,	��Ö ê Ë�~�¿À�����Æ�Ë	Ä2Ì�ô�Æ�Àoð	ñ�ò	Ä�.�¯�í�»���É�ÅãÆ�À�À(����Æ�ËÄ � Ó��	É�� [15] Ò�ó�é�Ö ê ¥"¦�Q � ÉË¥#§�»�ú�ÂXí 80 Ì ,��Ö ê
4. 1 <"Í�Î�Ï"ÐB��Ñ�Òn � Ä�	�I�À Ú�Å±Æ2Ë � »�Ë�Ä�Î�Ï�Ð�Ñ!Ò 90 Mbps Ü¯3!ÿ�[ Cross

traffic 2 Ä�ù dÄ� ÉÁÀÒ 5 Mbps ß�	� ö × ]�^!Ä�Ü � Ä��ßuÓXÕ*Ö<Ó�Ô����*Ä�!*q*Ò�iXÕ ê f 6(a) þ f 6(b) í.Ü ëç	y�ç � =0.9 Ü � =0.8 þ ö × ]-^�Ä�Ü�Ó�Ô��	��Ä�! q�Ò�iÕ ê f ì�Ä2º���É 4 É�í�Ó�Ô-����ß�Ó�Õ�Ö 90% d�£"° Â	ÒÔ Õ (d¢£´° ÂGÛ�b j�÷�ç*è�é*ï�é�����í<Ü�Ì*ô�Æ�Àº0�2Ä�à!Û�Õ!ï�â d�£w° Â�Û�Ó-o),	'�ï�é-]	^),���Ö )ê ý	Ä�]^�Ü�I�À Ú�Å�Æ�Ë � »�Ë���Ä�Ë�~�¿�À��)��Æ�Ë�Û�Õ�ï�é ×Ø Ü�m (5) Û�Ö�ì2ç�Ö���'-,	��Ö ê � q�ªØ× Ù Ä�-��,�í�Ü�m
(5) Û��*ß�Ö ì<ç*ï�é ×XØ Ü d*£´° Â�Û�& '�é*ý*þ � ÷�ì� Ö	ÿ * ß<Ü�ÓXÔ����*Ä�Ú�¸*Û�ÛXé ê�Ü ß�Ü � q©ªØ× Ý ( 
× í ªØ× Ý ÿ������ãæ�é�� ) Ä����Û�ÿ�é-�	��Ò�i ö è2é�Ö ê� ß2Ü�Î�Ï�Ð�Ñ!Ò 80 Mbps ß�-� ö Ü Cross traffic 2 Ò 20
Mbps ß�	�	Õ�Ö ê f 7(a) 3�ÿ�[ 7(b) ß ë ç	y	ç � qÃªÞ×àß3�ÿ�[ � q�ªØ× Ý þ ö × ú�Ä�Ó�Ô��	�*Ò�i	Õ ê ý�Ä�]	^�Ü�Ë~�¿ãÀ(� ��Æ�Ë	Ä � É À�Û�É�é ×�Ø Ü�m (6) Û�Ö�ì<ç�Ö /ÛBá 
 ö é ê ë Ä ×�Ø Ü � Ä��ãæ�é�� ( ªÞ×àß 
 × í ë ç�W-k )Ä���*Û�Ð��	��ï����*Ò	S<Õ ê�
 × Ü � q©ªÞ×àÝ íXý	Ä�]�^� v é�	��,-��Ö�ý�þ�Û���â�,�'�Ö êý�Ä�ÿ * ß2Ü � q�ªØ× Ý Û�� l Ä�|-b!Ä�]-^!ß�3�é!è v é-��,	�	Ö ê)
 × Ü	g���ï�]	^�ß�3�é�è-��ý�Ä�	��Û�ÿ�é�ýþ�Û-ì � # ×�×	Ø Ü�W�k�Ä ¥#¦¿Q � É"¥ã§2»�,�í�Ü � qÃªÞ×àÝÒ�ó�é�Ö ên   Ä�	�  í�¡�Ô	�!Ò�Ó	o�Õ�Ö ×�Ø Ä2ð�» ! Ú	à�,-��Ö ê ý	ý-,í2Ü�Î�Ï�Ð�Ñ�Ò 80 Mbps ß2Ü Cross traffic 2 Ò 40 Mbps ß�� ö è<éYÖ�ä*å�,�è�æ*Ò 8 * ê f 8(a), 8(b) 3*ÿ�[ 8(c) íë ç-y�ç   = 1, 10 3�ÿ�[ 50 Ä�]�^�Ä2Ó	Ô	�-��,-�	Ö ê f
8(a) ,�í d £#° Â	Û�&�'�é�ý!þ�Û	ì � � Ü�ý�ç!í   = 1 Ä]	^!ß�Ó	Ô-�	��ÄBÚ	¸�ÛBÛ	é�ý!þ�Ò�3wç�Õ�Ö ê 
 × Ü   Û&�'�é (   q�ßèª ) ]�^�ß�3�é�è	í f 8(c)

� ÷Ü	����Ò	S�Õ

é
1 êDë�®FLDìÆíBîPïDð@ñDò óD>@ôDõPö©�§����� �-¡@÷

Capacity Cross traffic 2 Proposed Algorithm CapProbe

10 (Mbps) 1 (Mbps) 60 (PPs) 87 (PPs)

10 2 60 85

10 4 60 92

10 5 60 159

Ä�ß�Ï�é�ú�Â	Û ��� Ö�ý�þ�Û�ì � Ö ê f 8(b)
� ÷   qÃ¨øªÄ���), v é	Ó�Ô��	��Û�rã÷ç�Ö�ý�þ2Û	ì � Ö ×	Ø Ü�W�Xý�Ä�	�!Ò � ó�Õ�Ö ê

4. 2 CapProbe ù���ú�ûä!å���� þ CapProbe þÆü)ø ßÊû�üÍÕ Ö ×ÍØ ß�Ü	8�9�:�ß3Xé*èGí CapProbe Ò TCP ß-ý*þ�� Å/ÿ ê TCP ßuý*þ�� Å/ÿ
CapProbe þ�Ü�����ß����XÕ�Ö CapProbe þ<Ä�� . Ä�	�Ó�õ�í<Ü8 Ò CapProbe í<Ü�
�XÄ<Ó�Ô*ß�3Xé�è<Ü	Ó�ÔXó*Ä�Ì*ô!Æ�À ðñ�ò�Û��������ãæ�ç�Ö�Ä�ß�Ó ö Ü TCP ß�a	\ ö × ]	^�ß�í�Ü�Ìô�Æ�Àoð	ñ�ò�Ò�Ê�� (TCP Ä���É���ðXñ�ò )

ö è�é�Ö�õ�,	��Ö êý�Ä���	í2Ü ImTCP ß�ý�þ	��Å�ÿ CapProbe Ä�$	%�Û�Û�é�F�ß�ï	Ö�ý�þ�Û�è�"�÷�ç�Ö ê
4. 2. 1 Î�Ï�Ð	Ñ�Û��ãæ�â ÜGÅ�Æ!À�Ç�É�Ë�����Û���é	]�^I�ÀoÚ	Å½Æ�Ë � »�Ë�Ä<Î	Ï�ÐXÑ�Û 10Mbps ,�Ü Cross traffic 2Û 4 Mbps ,���Ö�]	^�ß�b�é�è�è�æ�Õ*Ö ê f 9(a) Û�ä�å��	�*ÄÓXÔ����*Ò�Ü f 9(b) ß CapProbe Ä<ÓXÔ����YÒ ë ç�yXç�iXÕ êÔ / Ä��-��Û v é!ý�þ2Û	ì � Ö ê�
 × Ü CapProbe Ä����!Ä / Ûÿ��©���),	��Ö	ý!þ��-ì � Ö ê�ë Ä�Ï)Õ�í2Ü CapProbe í��	�!ß

Case A) Ä2Ì!ô!Æ!À 0�2�Ò��-��,-' × ]-^!ß2Ü ë Ä�Ì!ô!Æ!À 0)2Ä�Â�T!Ä�þ�Ò�ó�é!è�Î�Ï	Ð�Ñ!Ò�Ó�o�Õ�Ö ×�Ø ,���Ö ê CapProbeÄ	� *;. b!Ä � õ�í�Ü	ä�å	���ãþû	��è2Ó�o�Û�4	5�,���Ö	ý�þÛ�����÷ç�Ö êö���ö Ü CapProbe í (�� Ä.Ó	Ô��	�*Ò�a S�Õ*Ö 
 ,�áXà�ÄÌ�ô!Æ�À_0�2	Ò��	��þÕ�Ö ê Ô 1 ß�Ü Cross traffic 2 Ä�&)'�æ�Ò!�q�æ�y × ú�Ä�Ü (�� Ä�ÓXÔ��	��Ò�a�S�Õ�Ö ×	Ø ß�����þ�ï�#× Ì�ô�Æ�À10�2XÄ�à*Ò�i�Õ ê Ô 1
� ÷�Ü CapProbe Û (�� Ä���*Ò	S<Õ ×XØ ß.Ì�ô�Æ�Àº0�2XÒ 85 ^�W��	���ãþ ö è.é�ÖXý�þÛ	ì � � Ü ë Ä�à�Û�ÅãÆ�À�Ç�É�Ë�����Û�É�â�ï	Ö�þ�þ���ß�&�'â�ï	Ö�ý�þ2Û	ì � Ö ê�.	/ Ü	ä�å��	��í2Å�Æ�ÀÇ�É�Ë�����ß�ÿ÷ 2�Ü (�� Ä<Ó�Ô�����Ò�S<Õ�ÄXß 60 Ì*ô!Æ�À10 2�ÿ�jXÒ����þ�Õ�Ö ê

4. 2. 2 Î�Ï�Ð	Ñ�Û�&�'!â ÜGÅ�Æ!À�Ç�É�Ë�����Û�É�é	]�^� ß2Ü�Î�Ï	Ð�Ñ�Ò 80 Mbps Ü Cross traffic 2 Ä2ù dÄ� ÉÁÀÒ 60
Mbps ß��� ö × ö × ]�^ Ä����*Ò f 10 ,�iÍÕ ê f � ÷2Ü�äå	����Ò�ó�é × Ó	Ô�Û	ÿ�é	����Ò�a�S�Õ�Ö�ý�þ�Û	ì � Ö ê	ë çß-Ó ö è<Ü CapProbe 2<ÚË< � ò�µXÒ � ó ö × ÓXÔ*Ä����*Û����,	ï�é�ý!þ�Û	ì � Ö ê ý�ç�í�Ü	ÅãÆ!À�Ç�É�Ë�����Û�É�é�]	^ß�í�Ü��!þ�Å À Ä�Ì�ô�Æ�À;0�2�Û	Ë	~�¿�À(���	Æ�Ë�Ä�Ì�ô�Æ�Àß��?�(� 
 ç!è�Ü Case B) Ä�Ì�ô�Æ!ÀY0�2!þ�ï�� Ü Case A) Ä�Ìô�Æ�À10�2XÛ�Õ*ï�é ×	Ø ,��XÖ ê f 10(b) ßGí<Ü Cross traffic 2Ä � É À�Ò 50 Mbps þ ö × ]-^�Ò	�-ì�y�è�i ö è�é!Ö	Û�Ü ý�Ä�	�������!ï�Î�Ï	Ð�Ñ�Ä�� � ÷��	ç�è�é�Ö�ý�þ�Û	ì � Ö ê 8 Ò
CapProbe í�Ó�Ô�ó�Ä2Ì�ô Æ!Àoð�ñ�ò�Ò�! qãæFy�è2Ü<Ó	Ô!Ä�$-%Ò	Ë��ãæ y!Ö�Û�Ü	ñ�»���ñ�»�Ó�Ô�,�í�Ì!ô�Æ�À�ð�ñ�ò	Ò�����ÕÖ�ý!þ�íBá 
 ö â�ï2é ×�Ø Ü CapProbe í�ñ�»-��ñ!»2Ó	Ô!ß�í-Ë� ï�é�ý�þ�Û-ì � Ö ê

4. 3 Pathrate ù���ú�û� ß<Ü Pathrate Ä�Ó!Ôr2<Ú´< � ò�µXÒ ImTCP , � óXÕ*ÖXýþÊß�b!é è�èwæÍÕ Ö ê Pathrate íÊÌ ô�Æ�Àß0½2ÍÄÍÂ	T Äà��¿À¿´���µXÒ����ãþ�Õ*Ö ×GØ Ü ImTCP ß�3XéYè��� ö è.é*Ö<Ìô�Æ�Àß0 2ÍÄXÂ�T*Äà�<¿´À ´���µXÒ�`�¶ÍÕ*ÖÍÿ * ß<Õ Ö ê æ÷<ß<Ü Pathrate í<Ì*ô�Æ�ÀGÀ � ñ*»XÄ<ÓXÔ��)�r,��XÖ Average
Dispersion Rate (ADR) [6] Ò�����þÃÕ�ÖXÛ�Ü�Ì�ô�Æ�ÀGÀ � ñ�»Ò TCP ,�6	7�Õ!Ö�þ�Ü TCP Ä�$-%�Û�&�!!ß�"�#�Ò c j�Ö ×�Ø ÜÌ�ô�Æ�À�À � ñ�»	í���� ö × Ù�É	Ú�,�Ó	Ô�Õ�Ö	ý�þ ê Ì�ô�Æ�ÀÀ � ñY»XÄ����´þ�Ì*ô�Æ�Àº0 2XÄ �<¿½À¿´���µ � ÷�Ü PathrateÄ	2�Ú"< � ò-µ�ß����	é�è�Ó	Ô	����Ò�t Ø Ö ê¥Ä¦�Q � ÉÃ¥"§�»Íß�3�é èÍíÊÜXÎÍÏÍÐ!Ñ Û Ýèª Mbps þ ö Ü
Cross traffic 2 Ä � É À�Ò�g��	ï���ß�	�XÕ�Ö ê)
 × ýXý�,Gí�ÜË	~�¿�À����<Æ�Ë�Ä�Ì�ôXÆ�Àoð	ñ!ò�Ò 400 4 ñÁÀ � ÷ 600 4 ñÀ�Ä	Â�Ä . g�.�¯�ß ö × Û * ��Ä�þ�Õ�Ö ê ý�Ä�]	^�Ü�Ë	~	¿ãÀ���	Æ�Ë�Ä�Ì�ô�Æ�Àoð	ñ�ò�Û��ãæé ×�Ø Ü#W"�(��ù � É Àß�3
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“Proposed method”
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