
� � � � � � ��� 	 
 �
� � � ��� � � � � � � � �
	 ��� � � � �  � � � � ! " # $ � % & � ' (

) * +-, .-/ 021 3 * 465

798;:<8>=?8>=A@CBCDFEC=HG;IKJ
L

560-8531
8;:NM;OQPNRCSKTVUXW

1-3

Phone:06-6850-6616,Fax: 06-6850-6589

E-mail: m-morita@ics.es.osaka-u.ac.jp

Y98;:<8>=[Z]\N^`_badcfehgXikj]lm_
L

560-0043
8]:NM;OQPNRCSKTnUXW

1-30

Phone:06-6879-8793,Fax: 06-6879-8794

E-mail: o oosaki,muratap @cmc.osaka-u.ac.jp

q;rHskt \KjAlm_CuwvFxzyC{]|`}�~��`jQ�
–
�`jQ�����H�`�QvQx��A�K���`�C���k�H�V}��;�h�`~HgN�?���<_�����j

�
QoS(

ZC_;�>�>�N�
)
���X F¡�~h¢K£]¤K¥m¦K§�¨<©F�CªC«C¬V}N­�®�y]¯m°]®C±C²K³K´;µ;}·¶H¸�¹A´��`~m\�jAlm_<uºv

xzy<{A|F}»�`�Fv¼x��A�>�C�k½��K�X¾]¿`¡K~N�]�HÀ`ÁKÂ<¿A�mÃAÄK±C�]�Qv¼xÅ�A�����`½A�C�<Æ]¤>¥<�C�F�mÇHc>ÈAÉ>¬
}�¶]Ê·Ë¼~m�]�<À`ÁKÂ<¿�´KÃ>Ä¼}·Ì¼ÍmÎmcF_`lk�<¡m±k~·��Ï>ÐkÑ>�ÒxÔÓÖÕh�m�`�VvQxÅ��Ï¼�C×�{¼ØÚÙÜÛKÝXjV�¼xC�Hv
�k½��K�X¾�¿<¬b}·¶HÞKßK�`�Qv¼xà�>�K���`½��C�<¾�¿Ay��;~

ICMP (InternetControlMessageProtocol)
�·áAÃC¬V}�¶Câ

y;~·��Ï>ÐkÑA�wxÔÓÖÕäã>­HuÜvQxäåh_Qæ<��çÖÛ]vCæhèÜvHæH�Q��é;ê]~
1
Ì�Î

1
ÍmÎ]�CÆ;¤��]�HÀ`Ák�<¡m±CÇHcKÈ]É�¬

}�¶K�]�XÀkÁ·ë`�HÌ>Îº�H¡m±C�CÏ>Ð;Ñ]��xìÓnÕh�H�]�Qv¼xì��Ïk��×��]~N�]�XÀkÁmÓÖÕh��ÍXÎn�C¡m±kÛ�Ý�jV�FxK�Nví�
½A���<î>ïk�mÃAÄ¼}�¶�¸K¹]´A�k~

ARX (Auto-RegressiveeXogeneous)
ÇHc>ÈQyHðb¡m±��A�<À`Á>Â<¿]�Nñ�Ãb¡K~�¾]¿Cò

ó ÓnÕ�ÇXc>ÈF�X�FÛAah_`lH�mô]¿H¬b}·¶Nõ�ö;�muÖvFx»åä_Qæä÷Cø`yC{�|;}ä¾A¿<ò ó �mÃ�Ä�±CÇXcKÈAÉk��ù]Äk~
ARX

Ç
c�ÈQykØQúäÛ�ÝXjV�¼x��Hví�F½��mûFüC�<ý�þKÇ<cKÈ]É]´k¯A}NÓ�ÿ��>¬V}�¶
�������	�
��� �`�Qvbx����>���k½A�A~ºx»Û�
�vCæ·¾�¿k~H�]�XÀ;Á�Â<¿k~

ARX
ÇXcAÈ

On Measuring the End-to-End Packet Delay
and its DynamicsModeling using SystemIdentification

MitsushigeMorita� Hiroyuki Ohsaki� MasayukiMurata�
7
GraduateSchoolof EngineeringScience,OsakaUniversity

1-3 Machikaneyama,Toyonaka,Osaka560-8531,Japan

Phone:+81-6-6850-6616, Fax: +81-6-6850-6589

E-mail: m-morita@ics.es.osaka-u.ac.jp

Y
CybermediaCenter, OsakaUniversity

1-30Machikaneyama,Toyonaka,Osaka567-0043,Japan

Phone:+81-6-6879-8793,Fax: +81-6-6879-8794

E-mail: o oosaki,muratap @cmc.osaka-u.ac.jp

Abstract Understandingtheend-to-endpacket delaydynamicsof theInternetis of crucial importancesinceit directly af-

fectstheQoS(Qualityof Services)of realtimeservices,andit enablesusto designanefficientcongestioncontrolmechanism.

In this paper, we measuretheend-to-endpacket delayof theInternet,andbuild a modelrepresentingits dynamicsusingthe

systemidentification.We first measure,astheinput andoutputdatafor thesystemidentification,thepacket inter-departure

timefrom asourcehostandthecorrespondinground-triptimemeasuredby thesourcehost.ICMP (InternetControlMessage

Protocol)is utilizedto measuretheround-triptimefor eachpacket. Wenext modelthenetwork,seenbyaspecificsourcehost,

asa dynamicSISO(Single-InputandSingle-Output)system.Namely, the input to thesystemis thepacket inter-departure

time from the sourcehost,andthe output from the systemis the round-trip time variationbetweentwo adjacentpackets.

Usingmeasurementresultsobtainedfrom severalnetwork environments,weshow how accuratelythepacketdelaydynamics

of theInternetcanbemodeledwith thesystemidentification.

keywords End-to-EndPacketDelay, Traffic Measurement,SystemIdentification,ARX Model
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