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A Policing Method for Statistical QoS Guarantee using Priority Queuing
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In this paper, we propose a policing method for stream traffic. Inexpensive systems of remote meeting, tele-
phone, and broadcasting are going to be realized by the development of the Internet. The requirement for
delay of these stream traffics is generally demanding. Therefore, it is desirable that high-speed QoS routers
are introduced to the backbone network. In order to solve the situation, a scheduling algorithm called Policed
Priority Queuing(PPQ) has been proposed. In PPQ router, many flows of the same output link share a QoS
queue. Unless the packets of illegal flows are not discarded, the packet loss rates of other flows might rise. In
this paper, we propose a policing method that detects illegal flows and discards the packets of them. We refer
to an effective use of a well-known policing method, or token bucket. By using the proposed method, you can
police the illegal flows without obstructing proper use. We aims at the realization of isolation of flows within
a general use.

1 �! #"%$�?w�C]Z�Èg�[Hj&���|pC¹Cª#'�(HW�)�*	+	,�-Íj
.H ¦p=�È¬kod�4¬0/�1`¼32tü ¡ZÙd°¹H�?�x�^T J=K WXC� Î±°4³��54Hå	6�7

(Quality of Service
�

QoS)
j~ÆÇ¦�Z��q�ä=��YCÔÕCÖZ]Ñ\�wny�8�É�9Í\�:H_

Policed
Priority Queuing(PPQ) [1, 2, 3]

�;�È���ô[�c�eZfþgi^ø=ù
(policing

��rb\±]HuHwZy
)
�xzZ{Êjd}Z�¦�È�H�

PPQ
W?X�Æ=ÇÑÙ^°Ê�=< > ¶=·�¼kÚÑeHàk]H��>	?�@ EW�X�¡tüÿ�HÛ`ÜÊ\�wZi^Å;AZ��B=ßZ�5C�DÈ���Cqxä��sÆÇ�Ù^°ô��< > ¶=·k¼�EôÙ`�C�xÎk�kq�ä��Q¶H·Z��F;GÈ¡Yè[n\�]`_QaZ�4[ c�eCf gxi���¦ps¹H�È�x�QÌxq

PPQW?X=á?ÖZ]=�?wnyZ�ÃH�C¹
FIFO(First-in First-out)j��È�n¹=�È�sò=�kánÖ=]C�CwCyC��HHºZ¡�Á�gne�I±¼�EÙÈüd¹�J�Kkqxä��Qª;Lk¼�C�MN�5O	Pk��¡�À�¹k���n�k²

°´³`�=Q�7n÷è³
PPQ

jvª;L|p�q�ÉÊ]��sXkYt[�\±]n_�
QoS

j�Æ=Ç?�k��ÁÈgni Â|]Qw±É?]?�^��<;�W3R?�x�
PPQ

W?X�Þ=ßÈ�?e=àk]nWk½?¸��=áCÖ|]?jdâ?ã|pn¹���Qqxäk�` HåCæHçôjvéHêÈ���=enàk]Q�xëHÔègZ[±jvìHípQ¡C��ov�xîZ�=eHàk]��±ë=ÔÑg[ ïHðCñ�¼CòCó¦p�¹=pÌ¬ �xÎÈ²�W�T JHK W?X±ÚèeHàk]`¼ PPQ
�x Zå=æHçjdõöp�¹=�È�x÷kø=ù¦�Z�sz={È�x}?�èjdú�¡?ÀCqk�

PPQ
W?X

WFQ
��S�TôÙv°Ê��U�V��=YCÔÈÕCÖ]Ñ\±wyN8`É�9,\�:=_
[4, 5, 6]

oXWÑ¡è�~��R|³ZY���[	\È�Ãn�n¹5]?U	���QëHÔÑg?[ ïCðôj�ÆZÇÈ�Z�C²ko^XHúk¯k¡�Q�Hps÷pQ¡`¼´³ T JHK Wk}H�?�Z��rb\^]�unwHynzH{j��È���k²=odWÈ�x½Q¾N�Z�	�H�?Ã�^��ënÔègZ[ ï=ðôj
_=ñ��H��Æ=Ç¦�Z�Z²Èov¼HW?«¦�n�



2
���

2.1 �������
	�����������������������! #"�$�%
�'&��(���� *),+
-/.�0Y´[�\±]Q_Qa [vcHeZf gni=j�12¬~òkW

WFQ
¡C¢?�

U;V	�38±É�9Í\X:n_ÑjX�?���C²Èo Xk��2�3=��4�5È�?Ã�Q¹CË´ÌCpôü ¡Z���
•
eHàk]±ßÈ¼76/ü ¡�Zo ª�L�¼3O	PHW�¡Z�

•
Æ?ÇèÙ�°´�Z< > ¶Z·�¼|Yt[=\Q]C_�a 8�8 \dÔÑ]u:9�wÑo`pH¹HX > «H�

U;V	�`ÆHÇèj�úb¬ 8dÉ39 \0:C_�WHX��vî?�=eCà=]x�
;7<È�n�È�?³*=�4CåN6�7�jvÆHÇ¦�Z�QqnäH���xÁ�gQe3I
> ��:H¼ > «ôü ¡Ñ��¼!?sWNR=����@n�sëHÔôgÈ[���A? B7C j U;V?�=�ED�]k¼QÞ7F�W�R��ÿ�~ª;LCò����CW�RH�x�ÌCq�< > ¶?·¦�=¸��=¹?X��|�/G¦¹?�|eÈàZ]���Átge�I^¼�HnWk¡Z�5[�\Êj*I�V¦pn¹n�Z< > ¶H·ÊjKJÑÛCpn¹�?�=�kÎ��Èq=ä�< > ¶Z·��MLÑ�|e=à�]H�7N 1k¼�OÍÌ°Z¹=pÈÌn�±�ô\sw=i�¼�ÄHÅkW	R=À`¹H§/PRQ�=���k¼�S¡k�k�
2.2 Policed Priority Queuing(PPQ) T
U�V

2.1 W W7X�G?qÈ��¬s¡=U	V���8�É�92\�:H_���Y/Z�5j*[�UÑ�È��qHä=�k�
Policed Priority Queuing(PPQ)

[1, 2, 3]
osÒHÓC°4�sz={�¼C}=�ÑÙs°È¹��?�H�

PPQ
�
\�]èj#^�_?�È���

•
4HåN6�7nÆCÇ|Ùv°|�^ëHÔôgZ[~XR`HYÊ[Ka�e7bQ]Ñ[×CØ�?e=àk]���c�dÊjfe	^H¡Z�

•
< > ¶=·X QoS

Æ=Ç	���=áHÖ�]n��< > á�Ö�](]o~ëHÔègZ[ > ��:Q�ZÛ±ÜÊ\�w=i^Å;A��È�CÀ�¹ZU�VÙd°4�x�?\ w?iv¼�ÄHÅHW�R���g=¢x¶H·ZX�E�Ùüd¡�µ�=Æ=ÇÑÙs°4�=< > ¶=·ÈX?e?àk]xßZ¼76Ñ�5[	\?�
WFQ

�¦�^§Mh�i�EÑÙn�
•
Ú|enàk]xXHá=ÖC]�j�â=ãÈ���`�nWkÁ�gne�I > �;:X�EôÙ�üv¹���

•
Ú�ëHÔèg�[v�
D�]X�VHß�'�(nWHW«È�

•
ë=Ôèg�[�ïZð?ñÈX��

QoS
ÆZÇôÙ�°t�=e=à�]��;@

E �	�Cñ´oX< > áHÖZ](]È�È�ZÀQ¹/j�V�W¦«��
•
ª�LZ¼;O	PkW	R?�

T�kCWHX�`nY4[lake�bs]¦[þ×`Ø=�Q¸��`¹�X
mn°R=C�
QoSÆ=ÇÈ��n=�Z� S iÈ�=¸=�C¹/12¬ �

2.3 PPQ oRp7q:r�s�t�u7vÁ�]`Yè[ Q=�^ÄÈ�¦[~cHexf gsi^X5\�wÈps¹�§±ÄZ�vÁ?]Yè[ QÊj�ã¦���Cqxä���áxÖZ]C�CwCyC�5H?ºZ¡Cá=Ö=]f]¼ > «èü^¡|À±¹�pÈÌ¬^��Îk�Zq=äk� PPQ
W�X�ëHÔ´g[d�Mx�yÈ��n?pn¹

•
>;?{zx]¦[±j�ë?c�|n]k�kov�È��r	87}�w�x
yHW3R��÷C��ÌsqnX�zx]Ñ[Ñ� Á?]CY´[ Qk¼�âÈ�CÎ±°4�¦�§(~Ñ�/x�yZW?¡´üd¹�Xn¡Ñ³±¡Z�

•
î�?e=àk]oR�(�Ñpn¹�X=¡Ñ³±¡Z�

os�4¬E�'�n¼�jN^Ñ³ °¹H�¦�n�
� �x�M���?¡±r	8�}nwMx�y�¼�\7w¦px¹H§`r�8�}nwMx

yZ�n¡?�Z²=od¼kýô³ °Z¹k�?�`�QWZ�sÚ�enàC]��Q¸?�n¹
PPQ

W?�Që=ÔègÑ[�xRyÈ�
���n¼Zöô³ °�q5[	\?�nÉ|]�s�/xRy¦�k�±ënÔègZ[��
xRyHëÑ�n]�wCXQr�8�}CwMx�yW3R?�±÷Z�kÌ`q�XkÎ±°4�¦�d§`Á¦]CY´[ QH¼R~È�/xRyZ�¡?�¦o��!�|³ °4�n�
2.4 PPQ oRp7q:r(�,�(�7������TMV��

PPQ
�Ã�^¦�±rb\±]Hu=wCy=XM2�3��xº��èj*�ÑqC�

H=º�¼NR?�C�
•
ënÔ�g?[`j#enåÈ�k��zn]¦[±j >�?;@ ER� AZ�
�7��È�=²�o

•
ënÔ�g?[ �/xRyHë��Q]�wn�QÁ?]CY´[ QôjK���È�Z�²�o

• � ½R��
� � ñ?¼�~��=²�o
•
O	P���ª�L�W¦«��Z²Èo

PPQ
W?XM��VÈ�Që=ÔègÑ[þï=ð=ñèj*� G W?«?�?�¬�;>	?ÍjvúèÀQ¹?�¦�=�HÎ��q=ä;>�?�@ E j >�� �kò� �±ëCÔèg[þ¼�xRy¦�Z�?o

,
îÈ�?eHà�]��Që=ÔègÈ[þïðHñ��Mc7dèj`ÃZ�f�Ñpx¹ZpÈÌ?¬^�*��À`¹nÎH��[�\=�Qr\�]nu=w�yC���kÀ�¹n½ S �±ëCÔèg?[sj�ìZíÈ����H=ºk¼R?�C�rÍ\^]�unwHyC�C§4¬ ½�¸H�
���4oxpx¹`Á¦]CY4[ QZ�

����¼NR?�C�xÁ¦]=Yt[ QÈ�xÄÑ�± =å��[�\
,
]����H�

���¦�±°ZÓ3>�?�zx]4[xjdöÑÀ`¹��=q�o`pH¹=§
,
½	';��QëHÔÑg[��MxRy{zn]Ñ[ ¼HÄbü ¡=À±¹=pÈÌ¬ ��Îx°��QÀ±¹`î�=e=àC]n�`ë=ÔÑg[ ¼�ìHí�Ùv°¹=p?Ì?¬f���

Q�¼��� Z�x�nÎk�=qHä
PPQ

�Ã�^¦�±rè\x]�uHw=yQWX
,
r	8�}Hw7xRy4��^§QÁ4]nYt[ Q�¼kÄ¦�5[	\=ëHÔèg[xjdìZí|pC¡èüv¹HX?¡|³v¡Z���
2=ò�475�¼

PPQ
�?Ã�^��Qrb\±]xuHw=yC�
����WNR�±¼

,
Îx°´³kjdª?¤?�È�sòkW � ½R�Z�
¡��Z�/¢�£¦�Z�HHºH¼�R?���

PPQ
�?ÃZ^È��rè\x]xu=w�yCX

,
 CåHæHçjvéê4pC¹¦�?�Q÷¢t¬^÷èj¥¤�GÑ��¦	Vto�1=¡��Ñ²Èo¼=W¦«��C��Î��M§

,
��?¡x ZåÊjdú�¡ZÀQ¹¦���Q�=§Q÷÷=¯ô³�=Qé?êÊo51H¡ZÙ`°4�=_=ñ

( � ½R��
� � ñ )
X

,h�iR~bü¨j�V|Ùv°?¡´ü~¹�XH¡4³�¡C�C�sT JHK WHX7�7¦Ûn���C��©�ªèj#«R¬È�Z�Z��q�ä
, ®� ½R�?�
� � ñ�¼á`Ö?]f¯k°?�¦�n�sëHÔôgZ[ ï=ðCñ4j*hRi�3 � �k�È¬���È�7°¦os�4¬s×�±Êj�o��x�

2.5 ²�³µ´E��¶� ¸·�¹�º�r�&¥»/¼�½¿¾#À�T(Á�Â
Ã{Ä#�
��oRÅ�º!rEÆ�ÇÞ=ßÉÈ`]�Ê=j*ËÍÌQ���=[�\���pxÓÈpQÓ [ c�eZf gCiëÑ�C]Hw±¼�Î;�¦���=²kos¼CýÊ³�°Z¹��?�

[7]
�

PPQ
�ÃH�Q¹HXk Cå�'��Ê[�ckeÈfµgCi�ëÑ�Q]HwQ¼Z�±r	8�}Hw

¡ � �|�±§�ÁÑ]�Y/[ QÈ¼�Ä ü^¡�³x¡�¦�Ñ¬`��Vôä|³°Z¹H�È�±¼k�sÞHß,È±]�ÊHjEËµÌ±�Z�#¡ � WnÁ¦]CY´[ Q¼CÄtü ¡=À`¹=p¦Ì?¬�÷?§�ýk°¦¡C�k�xÎ���[	\=�±rè\Q]
> ]n�=ÃH�n¹Cr	87}�w�x�yôj�Ï�ÐZ�±Á¦]CY´[ QZ�(¦�Vj~ú ¬�o ����Z¡± Zå4j~ú�¡=À`¹H���Q�?§s÷=÷Q¯Í³f=ënÔèg[ ¼�ì=í�Ùv°¹=p¦Ì?¬d�±ÎC�kq�äH�nÞCß,È`]�ÊjKËÍÌCpnqsë=ÔÑg[~�/xRyHëÑ�n]Hw`¼��±r	8�}nw7x�y��^§QÁÑ]CYt[ Q�¼kÄ/ü ¡?³`¡Z�²Zov¼ZËèÌ�pH�C�



T W WkXkr�8�}Cw�¡ � �M�ôÀ±¹` ZåÑpnq4[�c�eZf gis�5Q	7H¼=��ÞHß,È�]�ÊHjEËµÌQpx¹H§Mg4o � ¢
Î��¦p¡k�?²ÈoZj��¦�`�Î��=qnä���=M\��Z���	�ôj�j�^Q�±Îk���	�Z�/3=W�X
È±]�Ê=j#Ë�ÌCpx¹?§|[�cHefµgCi^ë��C]Hw`¼=r�8�}�w
xRy�W�R?�Z²�o�j
�|�n�=Îk�������¼È¡k��[�\ZW�§Q�Á¦]kY´[ Q�¼�gèo � ¢/Î��|p�¡=�?²ÈokjEX�G��H�� �

1.
Éô]?�s��Ã�^|�CáHÖZ](]ÈX��:� >

2.
ënÔèg?[¸x�yN'n��X=á=ÖC]xX����������;R��n�
������È�ZÃn�n¹?áxÖZ]¥]k¼

j
W;R¦�=_Cñôj

q∞(j)os�¦�
3.
ënÔ�g?[þ¼�x/y¦px¹s÷ô³xÛQÜÙv°|�=ÌvWH�3'�(Èj
j ×∆o[sec]

�xß�=ò	���¦�Z�Èos�¦�
(j
X�xRy����=á=ÖZ](]?�

∆o[sec]
XÛQÜ�(C�4o`pC�7hRi�EÙn�?²Èo=oQ�Z�

)enàC]
i
���?Ü��?�
xRyôj ë?c!|x]��

λi(
�Hß

)
�`r

8�}Hw7xRy´o`�Z�n�Û`Ü?��w=�n]=e��k�nY��kWC�	'�(
(t0, t0 + ∆t]

�QëÔÑg|[�¼|ÛQÜ�Ùv°Ê��_=ñ
P0

j^»Èä?�H�
(t0
X���£

)
(t0 − j ×∆o, t0 − j ×∆o + ∆t]

���?Ü����ë=Ôèg[ ¼�xRyÈ�Z�=_CñÊj
P 0j
����Ü����/x�y¦pHq�ë=Ôôg[¼ �ôÀ`q�����CáCÖ?](]�¼

j
W	R��Z_Hñèj

q0(j)
ov��Èo

q0(j) = q∞(j)
¡C�CW

P0 =

∞∑

j=0

P 0j × q0(j) (1)

=

∞∑

j=0

(λi∆t + o(∆t))× q∞(j) (2)

= (λi∆t + o(∆t))×
∞∑

j=0

q∞(j) (3)

= λi∆t + o(∆t) (4)
�"!Z��';(

(t1, t1 +∆t]
�`ë=ÔÑg[ ¼|Û`Ü?����_=ñ

P1(t1
X���£

)
X
P1 =

∞∑

j=0

P 1j × q1(j) (5)

= λi∆t + o(∆t) (6)

P0, P1

XÑox§n�
∆t
��½�#È�
LZ¼��Hß¡n��W � �n�

�;�?�=�QÀ`¹�ÛQÜÈÙv°�qsë=ÔÑg[ §xr�87}nw�x/yZ�=¡�x���À±¹n�`ò�$È���	�ÊjKjN^¦��o~ÞZß,È`]�Ê=jKË,Ìp`¹k§Q��[ cHeHf g`i ë��n]nwnX`r�87}nwMx/yÑo ¡?���#������
3
¼¡Z��%��ÍjE���¦�=���È�¦ovëÈÔèg|[�
xRyN(C�kX��x½H¸��{ÈQ]�Ê=jKËÍÌ`����¡ � W�< > W

∆o

=H°ô�x�?px÷�pkÛQÜÍ\�wi^Å�AÈ��lÑpn¹�>�?�@ E¼�h/i;EôÙ`�5[�\=�QÎ��/=�°ZXRx/yN(C�k�xl¦px¹�h�i
EôÙQ�H�CW��=ù�W¦«��n����

1
¼�¡C��%��4jK�!�?��o�ë=ÔÑg?[ ¼�ïHð¦�k�k²o�¼	R��Q�QWZ�!Ès]�ÊCj�Ë ÌQp�q [�\��R së�c!|H]n��`r	8�}HwMx/yZ��¡��ZodX���³±¡H���Hp±÷ÈpxÎk��[�\Á¦]kY´[ QÈX�K=p'&�EÑÙôü^¡=�H�

2HòH÷|³sr	87}nwM¡ � �(�èÀ�¹� ?å¦p�q�[	\=�sÞHß�µÈQ]�Ê=j�Ë ÌQpn¹k§Ê[vc=e?f gQix�xÁ¦]CY´[ QZX7go � ¢�Äbü�¡Ñ³�¡C�?²�o ¼k¯�÷¦�x��q�(Èpx�)���
2
�

nZp�¹HXH�=UÊj�*/üv�ZH=º�¼	R?�H�½H×Rx�yk¼Cr�8�}�w�x�y|�¦�d§`Á|]xYÊ[ Qk¼M~��[
\Êj*����Èov�kÞ=ß È`]�Ê=j*ËÉÌQ�È�=²¦o±�¦�kÀQ¹C�r	87}�w�x�y4�?�d§`Á¦]CY4[ Qk¼�Äbü ¡?�C²ko^X�¡C�o��!�¦³^°4�n�
3 PPQ +-,%".+0/2143-576-8:9-;<+>=@?
3.1 A	B�CED)F	GH"IJ�K�L�M�N�O�P>QSRUT	V�W�X�Y�Z�[>\�] ^�_	`abdc e�f�g�h i N�j�k�l:Q�mdn4o�p�X�q�r>\s]'^tu�v�w XSH
I4xzy>t	{ |
N}�~�|��'^ e)����� o�NSHI�J�X�L	M4`�K ��|���t��� b ��t| e��	� Rz� �� Q�msO���o�p�N�����\���>� �	� ��t ����| e � b
i K	�	��� X �	� i ��t����� ��O���o�p�X���`)_ N e���� R"o m�p�l	P�QSR¡ \�¢	£���t���¤�¥ e)¦ � N �� R�o�m�p�l�P:QR¡  iN�§�¨ i ��K���©�ª ez«�¬ �)o�l�P�Q�R >\®¢	£���t��
3.2 ¯	°:±�F�²	G�³�´:µ±�¶S·�¸�¹º-» o	¼p	½�X�N�`�¾�`�¾7R�o�m�p�l	PEQ4R cS¿�'À
Á�t���©�Â�`

PPQ
XSÃ���_�¤�Ä Â�ÅÆR"o�m�p�lP�Q>R�\ ¿ ��t�{'|�N�Ç�È���É:Ê i�ËÌ�i ��K�� �

1.
R�o	m�p�Í�Î:Ï)o�R c ������l	PSQ�R�\ ¿ � t|Ð	Ñ �	��\ ��� `�_��t ��� o\z§:¨ i ��K��

2.
l�P:Q�RÒ�Ó�Ô c �����)l	P�Q�R�\ ¿ ��t'|�l�o¬ R¡ÕS��j���R"� �S� Q�m c�Ö	× `�_�` a�b

3.
Ï�o�R

,
l	P>Q�RØÒSÓ�Ô�Ù�X�Ú�x��)l�P>Q�R�\ ¿��t�|

, Û v K�R"� �S� Q�m���O	PÜQ�R�\
��Ý'XÞ	ß `�_�` a�b

àdá�â�ã

äæå�ç�è

é�êSë�ì
QoS íïîñð  ò  

ó
1:
�	� ��R)om�p�l	P>Q�R

� { i�f�ô�i N
,
� ÁEÀ)� õ�ö:\
÷�ø���t�ù	 E|�`�_

¯	°�±�F	²	G�³�´:µ	±�¶ (
ó

1)
\z¢£��'t����� R�o�m�p�l	PEQ4R�  i N �	� o�ú�X Ò4Ó	Ô��û KSt�l	P:Q4R�\züSý ¿�þ `

(
�Eÿ � Ò>Ó	Ô�\

B1 �
Bk[
�

]
|)��t

),
� ���	XÜR)om�pS\��'^4t	{�|�|��t��
O�P�QSR c��	� ��t�| � Á�
�Á��l�P�QSR �����R"o�m�p�Ý:\���
,
¤�Ä i ��R"om�p���K���l�PÜQ'Rc�� ÁS¾ � ��O�P:QR�\�� ß ��t�������_���l�P4Q'RX0R"o�m�p c�� t����

,
�	� `�©)O	P:QSR�\���L���t

� X
QoS �	� ¿ �	����o�X! �Á ,

����_���l�P:QR#"



À
¤�Ä � Ä0R�o	m�p\�������t��>Rso�m�p�N � l�P:QR¡ú�X�ø�ª�t'Ï�o�R
(R1 � Rk � Ð�Ñ Ï�o�R λ[pps] ����������

)
i	��
 �'t��:R"o�m�p�� � ý	Ç�'X)O	P:QRz��L	M'N i ��K ��� i

, � þ ��������� (t0, t0 + δt
]
X�Ã�� _

QoS ��� ¿ ���	�So	X  �Á0À"Á�t � t �� o���O	P:Q4R�ý
n
N

n ≤ min
i=1 � k

(Bi + Ri × δt) (7)

\���©�`
,
Ð	Ñ Ï)o�R�\ ��� ` ©�L	M��l�o ¬ R®Õ c

�� X�j���L�M�\��S^	t�{�| c�i �t��{���ù�  i N
PPQ

i�� ª4À�Á�© Û v K	LMÜ\��K )_�� e º:» o�¼�p	½�X �  �_)O	P>QSR c � ß x
Á_�` a�b {�| c�� t��` "�`
,
� � w W c �	�o"! ÁX � t�O�PEQ�RØT�V	W �#� �%$	�	Ú:x��
Kt � b X ,l�P:QSRØÒSÓ�Ô

B
Ã �'& R"o�m�p���Í	Î�Ï�o�R R

\
( � ��t�{'| i

,
� ��Z	[�\�)�* i ��t u Ú�x>���'t{�| c�i ��t��� { i O	P>Q�R � �	� c º�+-, p ��� i � t�����XÄ	��_

,
O	P:QSR c��	� ` ©��%. i R)o	m�p c	/0 `K�� w W>\21�ª�t��
{�{ i N�l)PSQ	Rz��3�� Ì Ý>\

, 45 ��6	É-7�XSÃ)Å't 4 5 �-68�X�9�:�_�t {�|
X �  _
,
� � w W:\�; � ¨�������K�< 5 R"om�p c �� >=� i�� t-��N 4 5 ��68 c 0,

R"om�p c 3 i�� t	�N 4 5 �6-8 c%? � i�� t|"@�K ����O�P>Q'R c ¤	Ä�	� ��t|
,
R"o	m�p�N��>��x�Á�t)� i 4 5 �68�N

1 A ^St��CB'X�R)o	m�p c Í	Î�x�Á�t'| 4 5 ��68�N
1 D t��� b ��t�|�O�PÜQ�Rz� ��� N º�+�, p ����i � � ,Rdo m)p c Í�ÎSxzÁ�t azi �	�-��N�¤ � K�� i

,
l�P�QR���3�� Ì Ý�N

M/D/1/K 4 5 �>6�EGFHXJI b � AjN���
1

R
[sec]

X
j[
�

]
��O	P:Q�R c��	� �'t w W

)
�  "_ M/D/1/K 4 5 ��6�E�F�H�">ÀzO�P�Q�R �����X0R�om�p c K	� w W

( K 5 º#+-, p �	��i � t�X�MLÆÀ � O�P:Q�R c � ß x"Á0t w W
)
c 1 a t�� i

,� � w W c � ��oJ!�Á�X � t�O�P�QSRUT	V ��� $���Úx��
Kt � b X�O�ON�o�	\ ( � ��Á¾ � � �P
1
X ����c O�ON�o�

λi

� º�+�, p �	� i�� t
���'X

,
� lP�Q�R i � ß x"Á�t w W c

10−6
ÇÈ�XK	t � b K ,

R�o�m�p�Í�Î�Ï�o�R
R Q%& l	P4Q'R ÒÓÔ

B
�	R�S>\�T�`�©��>US^�¾

,
Ð	Ñ Ï�o>R c

50[pps],R"o�m�p�Í�ÎEÏ�o4R c
50× 1.25[

�
/sec]

i
,
l�P:Q�RÒSÓ�Ô c

30
��|��

,
O�PEQ�R �	� ��X�R�o�m�p c K� w W'N

10−6
ÇÈ i � t��

����c º-+�, p ��� ��� ��lo ¬ RUÕ c�V �� ��N ,O�P:Q�R c � ß x�Á�t w W�N�x'À�X V � K�t��CIW "_
Û-X K�L	M�X���`�_�N ºE» o�¼�p�½�X � tGY¤>Z��C[
� WÜ\G$ � V ����t {�| c]\�^�i�� t��üý��ÜR�oSm�p�l	P:Q�R�\"_4��_ º@» o�¼�p	½'�tM`�X�N

,
P

1
� � b XMY¤>ZS�M[ � W c H ua ��lP�Q4R��Mb���y�\C_���t�{�| c

, c W�J K º:» o�¼�p½�|d��^4ÀsÁ�t��
3.3 d�e�D�F�³�´:µ�±�¶S·�¸�¹
3.3.1 f]g�³'F	e�±Chji�k#l�A	BS·	m%nl�o ¬ R¡Õ'��j���L�M i � � K c À ,

��� R"o�m�pl�P:Q�R¡  i%o * i ��K	�"pq'J�K�O���o�p\
Ç	È X
r�s t��

a

b c

tvuxwzy|{|}�~������ ����� �����������|���x�z�tvuz~����
���v��}����������z 
¡z¢�£ �¤}

��¥ �

ó
2:
l�o ¬ R®Õ'��j���LM

1.
ÒSÓ	Ô���Ú>x���l�P:QSR

(
US^�¾ ó

1
�

1 ¦§ �l�P:QSR
)
��R"o	m�p c 3 X	K�t a"i k���Ï�o4Ri L�M��'t
(
ó

2
�M¨��

ab)

2.
� ��l�P:QR®�>R"o�m�p c 3 X�K )©>��. i L�M\ �	©	�'t

(
ó

2
�M¨��

bc)

3.
� ��l�P:QR��>R�o	m�p c%ª  )©���. i�e�« & LM�\ «O¬ ��t

{)��O:��o�pS\� ��® `�© ��� ,
�	� �:R)o�m�p�lP�QSR i N ºÜ» o�¼	p�½�X �  �_�O	P�QSR�\ � ß � t{�| c	i ��K���� i

,
j���l�o ¬ R®Õ>\�¯° �© ��� O��o�p c	±	× `�_�` ab �

(
ó

2)ó
2
� � b K�L�M'N ,

¤��	J X�L�M�\ �	©�`�_�R)om�p�l	P�QSRz��R�o�m�p c	ª�a t a�i 4 Ä	©�ª ,
�	�R"om�p�l�P:Q�R
�M²�b�@ i N�§:¨ i ��K!"³ �© �` "�`�{�� � b K�LM i N ,

L	M4`�K ���	�'\ ( Åt�{ | i l'o ¬ R¡Õ>\�´]@	¨�Â	`�_��'t���`�© c  "_L�M�`�K������'\"9�Ä�Å�t�{ | i � � � b K
L	M�\Gµ¶�{�| c�i ��t��
3.3.2 d�e�D�F�³�´>µ	±"¶l4o ¬ R Õ c j���LSM�X����'t)ù 0|�`	_ e�«�¬��o"l	P�QSR¡ >\z¢	£��t���{���ù	  i N�O�P>QSR��L	M c ��<�Á�K��������§:¨�X%·¸¹º:\G»	 ��'t��
¼½ J�X�N e�� t�l�P:Q�RzXÜR�om�p

(
«¬ ��o�lP'QR�R�o�m�p

)
\s¤ � Ï�o�R i Í�Î�`�_C¾'� e O�P�QR c	��� � t
ú X «�¬ � l�P�Q	R�Rso m)p�\'�����	t��

��� ��¿ c%À � u e �>����t «�¬ �)o"l�P:Q�R�R"o�mp���ý:\ � ��`�_�� Á¾ e L�M�`�K��������"8��>R����� Q�m
O���o�p i N «S¬ ��o�l�P:QSR	Rso�m�p c K� K �_	` ab � «�¬ �)o�l	P4Q'R�R"o�m�p c K��
KÁ	¾�L	M c K�"³ )©�|)`�_ e � ������� �	� R�o�m�pl�P:Q�RÂÁ��ÜR)o�m�p���Í	Î:\���<�K�� �{ b �'t�{'| i'e OP:Q�R ����c K'������� �S�R�o�m�p�l	P:Q�R'Á'�ÆR�om	p)ÍÎ c KSx�Á�K��©ª e l�o ¬ RsJ K�L	M�\Gµ�¶S{�| ci �t��{���ù	 'X�Ã���_�� e Û v K�LM>\2[Ã "_)§�¨ `�_` ab�\>^ Õ c�� t�©�ª e [�§�¨�� w W>\ ��� `�K��_�N�K�À�K���� {zÁSN �	� �>¿�\2ÄÅÆ�`)_�ÄÅ « H
Ç �GÈÉ \'_���t	{ | i [�§�¨�� w W>\"1 ª	t	{ | ci �'t��
3.3.3 ³'F	e�±JÊÃË�·MÌ�Í{�� «¬ �)o"l�P�QSR
\'_���© ������l�o ¬ R¡§�¨��k a \ § � ��t��
O�P�QR�\ ÈÎ J�X n

� L�M�`�©



P
1:
Y¤�Z[ � W c 10−6

��l�PEQ�Rz��Ï�o�R�|zÒ�Ó	Ô �	R%S
R
λi

1.01 1.05 1.10 1.25 1.43 1.66 2.00 2.50 3.33 5.00 10.0 50.0

B 490 112 60 30 23 14 12 9 8 6 5 4

P
2:
l�o ¬ R���O��WN�o�

n
|s§�¨�x�Á�t a"i � � ý

n 2 3 4 5 6 7 8 9 10� ý
21 22 21 21 19 22 25 19 21

���������
l

	 
 ��� ��� ��� � ���

 k

��
��

���! #"%$'&�(*),+�-�.0/�1
243�5!687�9�:<;,=?>A@�B�CED0F?G

H�I#JAKML

ó
3: NPO « H Ç � È É � · ¸ ¹ º ó

(
l�P:Q�RØÒ�Ó	Ô

4)

� 5�eC±RQ �
n S �	��L�M>\ ��©	�	t|
�� �©"l4o ¬R¡Õ���j��
L	M'X�Ä���_ e �4�zÄ�O�P�QSR�\�L	M�`�©

��. i�ûTQ c §�¨ i � t "�\ P
2
XMT�`�©�� {�{ i N

NUO « H Ç �CÈ�É�c �VQ ·¸'XXWZY��'t � b X\[�OP�QSR�� �	� X^]U_�_-���	��t�R�o�m�p�� � ý:\a`��
� b X ( � `�©���K	Ã	{zÁ.À"�cb Q�& O��]N�o	��Nedþ J�X�ø � `�©���� i � t���{�{ i N e R�o�m�p�Í	ÎÏ�o�R�\

λi × 1.25[
�

/sec]
e �	� ��¿�N

k ×∆s

X%Ä
ÅÆ�`�©��

(∆s = 1.5
λi

[sec])
l	P>Q'RØÒ�Ó�Ô	N

33
|�`

_ e O�P:Q'R c��	� ��t|
f(k) = k + 0.2×

√
33× k

[
�

]
�:R�om�p\G��	��t���{��gfVh�"�ÀjiRk�Jml	IX e���� R"o�m�p�l	P�QSR¡  i §�¨ i ��K��"l�o ¬ R\��Tn i ��t�{'| c T�x�Á�©��

4 oqpfRr i N
3
r i ¢	£�`�© �	� R�o�m�p�l�P:Q�R¡ �Ã

�'& «¬ ��o�lP�Q4R® '�^sut:\�� b �
4.1 ¯	°:±�F�²�G�³�´:µ�±�¶S·^vTw��� R�o�m�p�l�P:QSR®��Õ ^ \xsTt'��t � e ��� �� c Kx"Á4©���'X�Ä��_�¼zy���Ï�o�¼|{�p\��'K� ©�� {zÁ�X �  "_~} v K �	� o���O�P:QR�\~�)ÁÂ	Å� ß i �t!"E\
§ � ��t��ER)oSm�p�l	PEQ�R�XN P
1
X rWs t

12
Z	�S��l	PÜQ�Rz� ��":À

5
Äe�u� i _��© �

4.2 �|�j�z��F\�|�)G¼Uy��'Ï�o�¼|{�p i N e ���	_ � ��� o c Ð�Ñ Ï�oR��
20 S �SÏ�o4R i L�M�`�©|)`�_)§ � ��t�� (

ó
4)

1375flow

�����   �����j�����*���

QoS �j�j� �T�

�m�
:50pps/flow

100kpps 

�e��� �^¡
:1000pps/flow

ó
4:
¼|y ��Ï�o ¼U{�p

¼|y ��Ï�o�¼¢{"p	� ( �V£V¤ \zÇ�È�X%T����
•
º » o)Ò4o�\ ±S× `�_�� ��o�X O	PEQ�R c  �tÏ�o�R c ¨X¥ » p'm
k a �

0.8 S X�K>t � b X e¨X¥ » p�m
k a �
0.6875 S a"i �	� Ð	Ñ \a¦�ª©��

•
¨\¥ » p4m)k a N

100k[pps]
|��:t�| eX§�½�i

68.75k[pps]
a�i Ð�Ñ \ ¦'ª�_ � ��� i�e���� o¨ Ä�� Ð�Ñ ���4\

50[pps]
| `�_

1375
��� o � t|�`�©��

( 100000[pps]× 0.6875 = 50[pps] ×1375
)

•
� ��o"! ÁSX � t�O�P4Q'R T�V	W�N 10−5

X�K4t
� b X ? � �	�o"8Ü\ 26

|�`	©��
•
��� o�� ¬e© �Xª'X	N��pR«¬�Õ:\�¯�©"y:t��

•
��� o��"¯ Î �>�

T = Tmin+Taddition
|�`�©��

Tmin =10[sec]
|
` e

Taddition
N^®R¯

10[sec]
�° ý	�V±'X%I b � b XS`�©

•
��� o�N�¯ Î ��� c�²�× ��t�|´³Uµ	` e ¶ ©^· �� o c]¬~© ��t�|���t�� ��� o ¬X© ��Xg¸ lg¹»º¼Øc � M=�� i � t|���t��

•
�>��� o�¸z½m¾�`�_e¿VÀÂÁ���<T·TÃÄ

• 300[sec]
�RÅ^Æu¿�ÇVÈÂÁ~É|y~ÊÌËgÍ ¼jÎRÏ Ä

ÉÐycÊÌËRÍVÉ¢{jÑRÒTÓÔ¸eÕ
3
ÅgÖØ×ÙÄZÉÐÚjÊ|ËVÍÉUÛ�Ñ~ÜR¸RÝRÞÐÁÙßuà Î^á Ãuâcãämå»æ^ÍXÉVÑgçeÜ�èé»êcë ÏXì ¹»º ¼ ÁcíTîuïUðRñzòzâVÅ\ó\ôZõ»öXÜZ÷â^ÄcøÔù á ägúgû»üzý<í�îVïuÅ^þVÿRÜ\ó\å»æ^ÍeÉgÑVçð���âcè é�� ÁxñÔò����¢ù Ï Ä\ÉUÚ�ÊZË^ÍeÉ|Û�ÑmÒVÓ

�u×	��
 á Å����Í���ÝVÞ�ßRàÐÁ Î^á�� ä^úgûÐüzý<íîVïZó
10−5

Á����TÜ�â�������� êjë Ï Ä



Õ
3:
��� ýjÍ��eÑ ì û»üÔý��zð ��âmå ægÍeÉRÑVçgÒVÓ

� ÀúVû»üÔý � å æmÍ	�|Í~ÜÅeè é 
 ÊTÍ�� ë Æ� � úRû»üÔýÙíVîVï
415392571 391656321 45 23736205 1.90× 10−6

4.3 ���
4.2 � Ü�� �Tù Ï ÉÐÚjÊÔËeÍgÉ¢ÛjÑXÜuó���
 á Å��XÍ �eÝRÞ�ßRà»Á �Vâ � Ã������Tð�� Î Ã������Rð �

����� ��!gä ��� ý�Í��gÑ ì û»üuý"�ÐÁ$#uÃâ � �cÜ
QoS

Á&%�'uÜ � Ï Ä��gÅ ��� �(��zÀ�) ��*�+ × �
RÀÐÁ,� �Vù Ï	-�. ðgó ��� ý�Í��gÑ ì û»üTý/� �0�
�Zð21�3ÜZ÷uâ �	4657� ë âgÄ
8�9 õ�:TðRÉ6;~Í=<VÑeç ê�ë á Ã��VÃ ���VÍ~ð�>RÃá�� ä2?�@7AXÍ ì û»üuýB�zð��eù á0C0D ð ì ÍE@ ýcÁF�G Ü �â����	� � ê�ë Ï Äê �^ð � ë �~Å=HI�Tó
•
ô�J�� ý�K ��L ü��~ðEM �Tâ=N0O���P�Q � ÎgáER
# �Zâ

•
å æjÍ^ÉVÑ^ç �âTS\Ü2%�U ��
 ��V�W �2X �ZY´ÇÈ ��[�\ Üu÷uâ

(
ú�ûÐüzýmö Ï ×

O(1)
Å\þ�ÿ0]

)

• ^ 80_ Å=` × ï Á&a0b�c ê YÙÜ �Zâ
� Ãd�����eÁ�euÖTÅ�f�g � Îgáih 5 á Ãuâ���� � � êë Ï Ä
j�k ÅgÉ|ÚaÊTËcÍeÉZÛ ÑjÜóXúgûzüTý<ígîRïÐÁ

10−5

� Îgá úlK6mgÍ�AcÅ=n�oÂÁ���Vù Ï �zäi#�pTð�qdr áú�û»ü|ýÙíVîVïÂÁts�u��Zâ ���mó�v�wÜu÷uâRÄÏ=xZÎ ?�@lAgÍ ì û»üzý/�Tó\ä �0� ýjÍ��gÑ ì û»üý/� �U× � þ�ÿ�] � ��y��7z ÅRð�M Î ä={ ë ð0| . �} ��~��Zâ �uð�> z á ó F�� �����Ü÷zâRÄ
5 �Z���6�j�k Üó\ä�������� ����������~=# z á

QoS
~�%

' �Tâ2@Xû6��ÊTÍÔæjÑ�ç��	��� æ����
PPQ

ð����uâå æmÍeÉTÑRç���~t���ä0��� ÎRÏ Ä
PPQ

Üuó2��#�~���� Îgá z â Ï ò�f� ��Xû|Í�@l~¡0¢ ÎRá � × ä�Ö��ÔÅ�£d#�¤�¥�Ü|ó�¦ � Å���TÍ�Ü
 ÊTÍ�~�e�1 Î �����
QoS
~�%�'Ü �âgÄ

PPQ
óE%

' êcë â=§6¨�©�ª ��«Ôò á c ê0z S|ä [�\ �2¬��Ôð
�Vù á z â Ï ò=�I ��®�¯ Ü\÷zâeÄ � YaÅ0@�ûI��ÊVÍæ~ÑVç7�i�l� æT���VÜuóuä0°ÔÅ� �Í����	±6²I³ ~´�µ Ï òTðI{ ëI¶ëd· � �TÍ7~	¸�¹zð=º ù á z â��Tä
PPQ

Üuó j�»�¼ Ü���� ÎRÏ åqæmÍRÉVÑRç½~T# z á2¾
¹�¿�~��IÀ Îgá z âgÄ
��� ÎeÏ ��� ý�Í��gÑ ì û»üuý/�ógå���ÁgÑ�ÂEÃ �z �aÈ�Ä7ÅRð [�\ �EÂ0ÃVú½A�ÍeÑ �½� ì ûÐüzý/��Æ��
~�Ç � G ÎeÏ �Tä 80È Å��ÂýtK �7L*ü0��~�ºÉ�,SRÜ�{ë�Ê S ì Íi@ ý/ËTó�Ì�Í���
 �^Ü � z Ï ò\ä&Î�Ï0Ð\òÏmì û»ü|ý,�6Æ�����S7ÑRð��zâ=475uâRÄ
��� ý�Í��gÑ ì û»üzýÒ�Zð�� z á ����� � � ó\ä=Â
Ã �Rå���Á�Ñ2Â�Ã\ÜR÷ ëIÓ6Ô�Õ ðE# z â ì û»üTý · ^8�_ · `q× ï � ÔTÖ �TðgÜ �Zâ � z �����cÜ÷âgÄE@ýeæ Í�� · 80È Å��2Â�Ãð0> z á ^ 8�_ · `q× ï � ÔÖ �Tð��Vâ �7�	�Xú�K6mgÍ�A�~$Ðòâ � � �2×�Ø�Å^Ü

÷Vâ �Vä j0»�¼ Ü�ÐVò Ï úlK6mgÍ�Acó�aEb���#�Å � �· Ü÷ ×�äiÙ�Ú�Åeð � Í ¯ Ü\÷zâ�� z ��g�ÛZ~ h 5 áz â�Ä��� ý�Í��gÑ ì û»üzý"�(Ü�ÝZó 80Þ · ýtK �IL ü0�ðEM0qÜ ��� z �Täi?�@lA~Í ì û»üTý/� �àßIá . �iââ ���að ��ù á ä �z×�ã z ýtK ��L ü0�~ð=M�q\Ü �â
�7�~ð��Tù á z â�Ä
ÎlÏE��� Î\Ï åqæmÍ\É�ÑVç��zó�äVïlÅRð

QoS
~�%

' Î^á z â Ï ò�åUüTýTæXÍ�� �Eç�è\Ü÷â Ö J�äTðXÝÞVßVàZ~ FlG Ü �uâeÄ Ê S ·=é�ê �d�ÌýàK �7L*ü0�Të
�Z~$# z Ï Ö�ìlí�îE%�' �\ä&ï�ð · åuüzýtæ�ñ��~ð��z á �I�ÜZ÷uâ �$465zâ^Ä
Î�ò ·=ó�ô � Îgá ó\ä=õ7ñ�öE÷�;��à��ñ�A�~$# z Ï
��ø�~��É� �àeð\ä���#úùû×�Ä ·=ü�ý ���

PPQ
�T{· åqæ�ñ2þTÑRç�H���~��Ð×�ÿ Y F ' �â&�����Z÷uâRÄ

�������

[1] Fujikawa, K., Fujimoto, Y., Ikeda, K., Matsu-
furu, N. and Ohta, M.: Comfortable Service: A
New Type of Integrated Services Based on Po-
liced Priority Queuing,

V6W	��×�
� »6¼ W��
(2000).

[2] ������� , � j���� , ������ , � Þ���� ,  	�"!�# :
Policed Priority Queuing (PPQ)

~T# z Ï ����ñ
$ � ·

QoS
%I' · Ï ò ·

Comfortable Service
(CS)

· ���
, DICOMO2001 (2001).

[3] � j��%� : M/D/1/K
�������	&"'6� ~$# z Ï Ö

ìlí0î0%I' · ���Zð	( �Zâ=4%)
, *%+ ¨,
.-/
 ÞV�W/
.0�f%1 »�¼ W/�.2

(September, 1999).

[4] K.Parekh, A. and G.Gallager, R.: A Generalized
Processor Sharing Approach to Flow Control in
Integrated Services Networks-The Single Node
Case, INFOCOM ’92 , pp. 0915–0924 (1992).

[5] Demers, A., Keshav, S. and Shenker, S.: Analy-
sis and Simulation of a Fair Queueing Algoritym,
Proc. of ACM SIGCOMM 1989 , pp. 1–12 (1989).

[6] D.Stilidiadis, A.: Latency-rate servers: A gen-
eral model for analysis of traffic scheduling algo-
rithms, INFOCOM ’96 , pp. 0111–0119 (1996).

[7] 3	�5476 ë�8 Craig Patridge 9 : :7;< üRýZå�üý&æ0ñ��
,
Á��Ðý ì Ñ6�>=�?%�%@

(1995).


