
QoS ����������	
�����

������������� �
� �� fujikawa@real-internet.org

http://www.real-internet.org/
http://www.lab1.kuis.kyoto-u.ac.jp/ppq/

2001/12/22(�)

  !"#$  

 %&

  '()*+,-.QoS/0123456789:

      QoS;<=>?;@ABCDEFGHIJKLM

  IntServ1Guaranteed ServiceNWFQ(PGPS)OPQR

  WFQNSTUVOWX8,YUZ[\]^4_9

      `abcdefghiGajnkl<=O(log n)
      @Amnfo�pq

      rstauvfwxyz{|}~

 

 ��

  ��1�������PQR�����_��PPQ1��

  PPQOPQR�X9IntServ CS ���

 �����QoS������  

 

S: Sender
R: Receiver
T: Router

ST1T2

T3

R1

R2

bw=3,delay=1bw=1,delay=2bw=3,delay=1

bw=3,delay=1

bw=5,delay=2
bw=5,delay=2

 
  �(U 4¡¢.£¤¥¦�§¨

      Hierarchical QoS Link Information Protocol(HQLP)f©ª

 �����QoS������(2)
 

 
Request:
     bw=2,delay=6

S: Sender
R: Receiver
T: Router

ST1T2

T3

R1

R2

 
  «¬N®¯�°±²³´�µ¶·¸¹º\»¹¼½¾U

¿À¬

      Simple Resource Reservation Protocol(SRSVP)f©ª
 �����QoS������(3)
 

 
QoS:
     bw=2,delay=6

S: Sender
R: Receiver
T: Router

ST1T2

T3

R1

R2

 
  ¸¹º\»¹1ÁÂÃOÄU ÅY½-À¬

  QoS/0(¥¦.¡¢/0)�23

 Æ�ÇÈÉÊË  

 

Request:
    bw=2,delay=6

QoS:
     bw=2,delay=6

S: Sender
R: Receiver
T: Router

ST1T2

T3

R1

R2

QoS:
     bw=2,delay=4

 
  ÌÍSTUOW²:®¯1ÎÏ¸¹º\»¹ÐÏ

 WFQÑÒÓ  

  ¡¢�100%Ô9�ÅY½-T,NÕÖ×_9

  STUØ.O*ÙU�ÚÛÜ�

 
Flow#1

Flow#2

Flow#3

  ÝU]Þ»¹��ß±à�STU1V�n.²:.ÅY½-
1á�Olog(n)1âã4ÜÜ:

 
Sorting

   ä321åæ(U ·N2ç·Ã_9

   ä¥¦âã1è¤éê

 WFQ�ÑÒÓ(2)
 

 XÜX^» Uë½-·N

  ì,-íSîU-STU�ï®

    ä ¡¢�QoSSTU·100%Ô9Ã:ï®N_9

  ð�ð�[½-ñ�O�:ÅY½-T,Nòóô

    ä Ìõö1ÅY½-T,4*ÙU·÷Í8�øù_9

      wmnAVúûvyB@ü=ýþþÿ��ÿ�=ÿü=���  

    � PPQ ���



 Policed Priority Queuing(PPQ)
 

  *ÙUNQoS	.ì,-íSîU-	1
Û��       QoS�ay�l��������

  STUØ.O��¡¢��X89_9Ü�\¸»¹

      �ay��<��		
  STUVO��� !1á�âã

 

P2

P3

P4

P1

C

C

Input
Interface

Output
Interface

Classifier

Policer

QQ: QoS Queue
BQ: Best-effort Queue

Flow1

Flow2

Flow3

Flow4

QQ

BQ

QQ

BQ

 M/D/1/K"#$%&'�  

  �STU4(V)*(�+Ý»èõ)Üð7��,U,--4 .
×R/0Ü�0×7:.²:

  STU�12±�1�34��+Ý»Üð7��,U,-
-4

.
×9

  ÅY½-56N !âã

  MTUN(IPv6 �788)1280.²:

 
 QoS*ÙU19:9N M/D/1/K .X8;8:

 M/D/1/K �<=  

   >(?)@

       �STU1ABCDãE

   >FG>(?)@

       H:56*ÙUICD²:STU341

       ABCDãE

   J@

       56^» SKU,1á�L6

   MF>NJ@

       O	P    Q@

       £¤*ÙUR

 
 M < 1 O/Û

 STUË�ÊV  

  WX1YZ�78:

      [��a\26
      ]^y_`v80%avbhM

 

 ÅY½-T,PL=10^-5��STUOWX8/0

 

1e-06

1e-05

0.0001

0.001

0.01

0.1

051015202530

Lc

K

0.9
0.8
0.7
0.6
0.5

 de  

 K/J(K=26, MTU=1280bytes 1.Ã)
  100Mbps · 2.6msec 
  1Gbps · 260Jsec
  10Gbps · 26Jsec
 

 ¿½ (Queuing delay)Nåæ\»f·Ngh·Ã:

 
      ikjskdlvyWFQfmnop

 PPQ �qrs��tu  

 ®Z

  STU1vU-���¡¢õöOwx²:Ö.

  STU1,U,--�wx²:Ö.

  y z1ñ�P4{9Ö.

      |k}de;yF~icEln|�`d����f��       �I�k<���v���gh�����y��ÿü��       m�: �a�ük�MCDEF��IJ����M��k�M

 

 �!.X8-Uf»,Y½-1O	�78:

  2ç4��

 Ë����TUËqrs���ÑÒÓ  

 -Uf»,Y½-�\¸»¹Nð166·NO	·Ã_9

 
 ��

  -Uf»��vU-¤ 
      ä ¡¢��-ZSÞ½f� èX8X6ß

 
  ÅY¡¢^£¤ 
      ä ,U,-²:-ZSÞ½f� èX8X6ß

 
  vU-�,Y¡¢^£�

.

      ä ¤¥-ZSÞ½f1ÅY½-�¤¦O§¨×7:

 
 ©ª«¬f»,½«�®¸»¹¯°±

 ²³´µ¶·¸¹º´»¼½·¾¿ÀÁ  

  ÂÃÄÅ«¬ÆÇ�ÈÉ¬«¯ÊËÌÍÎ«ÏÐÑÒ

  ÓÎ«ÔÕÖ×ÅØÙÚÛÜÝ¯ÍÎ«Ù«¬ÆÇÔ Þ
ÌßàÙáâÚãäåæçèéêÛÌ

 

Packets

Tokens

Buckets

To QoS queue

  Óëì¬íèÚîÍïç10^-6ðñ¯òóôõö÷ÙËÌ ø
ùúû       M/D/1/Küýþÿ�����       ��60 ��	1.1
���5 ��	10
����



 ��µ�¿ QoS ��¿���  

  ��¬è�����¬�¯ ®!Ç"

  #$%QoS��¬¯��¬&è26
  80%¯'()ç*+QoS('(),-./0ËÖ

  1ö¯20%è23«4�5¬«ç67       89:;<=>?=@A�ü�

   B!Ç"èC÷Dç
ø

Ö

  ÓEÎF�3÷10^-5
  GHBÇÆçèIJèKLçØÌ

 

 MNOP¿QR  

 

S: Sender
R: Receiver
T: Router

ST1T2

T3

R1

R2

bw=3,delay=1bw=1,delay=2bw=3,delay=1

bw=3,delay=1

bw=5,delay=2
bw=5,delay=2

 îSTíè 
  10^-5åUVÓEÎF�3÷.WX       YZ�[\]^_`=ab       End-to-endc;10^-3defgühij	klm

  BÇÆV1ö'(Å���TÃÇ"IJ.n0×opIJ
.qr

 Comfortable Service (CS)
 

 ÓEÎF.

   stÇ+
ø

öÍT3FuÔvÖFë�wÎÆÓíTÇç

  xyzDÐÔ{(i)ç

 |ÌÅ

  10^-3åUVÓEÎF�3÷ç

  }~�V�|IJÅîSTíçVK/�VIJ.à�*×I
Jç

 ÓEÎFÔzD

 
 îSTíè10^-5VÓEÎF�3÷.��ÛÌKÅ�.��Ù �

ÜÌ

 PPQ¿�µ�����µ��¿��  

 ������(�)�  

 ÍÎÆ�ÉTÇ

  4Gbps
 ÃÇí��T3

  100Base�16
      ��� ¡k�¢64

  1000Base�2
      ��� ¡k�¢256(£¤8ü¥¦=§¨©ª1000)
 

 128ÍÃFå�VÓEÎF&ç�S«Ã¬T3T®.��
 QoS���¯(100Base°»¼½·¾)  

 

Router

Sender1

Sender2

Receiver1

Receiver2 1Gbps

 

      4.5Mbpsü¡k�^160±(720Mbps)²³´µ89´       3¶ü·¸¹º»4.5Mbpsü¡k�^50±(225M)·¸       10¶ü¼½¾¿¹º»9Mbpsü¡k�^110±(990M)·¸  

 ÀÁ

  QoSWX��Tè23F4�5TF��TÙÂÃ

  100Baseç3msec,1Gbpsç0.5msecåUVIJ

  QoSWX��TÔ'(ÄÅ*ÝÆ�'(.ÇÈÝÖÌQoS

��TÙèÉÊ.ËÌÍËÖ

 QoS���¯(1000Base°»¼½·¾)  

 

RT1

Sender1

Sender2

Receiver1

Receiver2 1Gbps
RT3

RT2

1Gbps1Gbps

 
  RT3V��V1000BaseÃÇí��T3VÎ B!Ç"       RT1->RT3üÏÐ\RT1->RT2->RT3üÏÐ=¡k��Ñ²ÒÓ²ºÔ �§Õab          RT1->RT3ü¼½^HQLIPcÖ�×ØÙÚÛ�SRSVPc³´µ89´       RT1\RT2üÜ8³9´Ý ^Þß

  à 1000BaseV B!Ç"ÆáâÙãäåÅ.æX

 QoS���¯(çè)  

 ÄÅÓíTÇ

  2éV'(ÄÅ

  15ÓEÎF(1�ÉTê)ÍT3F

  �ë��Vìí       Ñ²ü¡k��¼½¾¿�Ñ²ü¡k��î�l	

  2éV'(ç30ÓEÎFï�ÍT3Fð|

 
 ÖïäVßàÆñòË��TóVÉÊèË+È×

 ôõö÷  

 øùú   ��TûüÔûýÛÌÅù)äÖ+ËÖ

 
 þÿ�

  î��Tèûý*ËÖ
ø

ùÙ�ÛåÅÔ�0�äÌ

  |��+sÆ�3�VSTíÔëÇ�êËIJ.	
Ûä
%

ø
Ö

 
 Åå�ç|��ÔFTÆÇÍEÎFç!�TÇ"ÛÌÅ...
  Æ����Ì

  �ÅÛ��S�+�



 End-to-end°10^-3¿���°����  

  ãäå�V�3÷.��*×�ä%FEC.�ÑÛä%
ø

Ö

      PPQ��cklm^���§¨¼½ü@A?m����  

  �3÷Ô
Þ

�+�0 !ÍäÝÖä%s�BET!"ÇÔ #
ØË�3÷.$ÌåÅè%&

 
 '(ËVèá�ÙÃ)ÈÝ�3÷Ô!ÍäÌåÅ       ¡k�*\üklmü+�=,-�.��/+�Ú

 DiffServ�¿01  

  DiffServçÆQoSWXÙèÚ��T2ÅV345(

 

20Gbps

10Gbps

10Gbps

  DiffServV4Î6çÆPPQè7Ñ
8

  5ï*Æ9sç B!Ç"ÛÌ5(èËÖÔ...
  CSèQoSST:wÇ"Å;S<�=3FÆ>$ÝÖÌ       ?@�Acü¡k�*\ü��;/+       ?@�AcüÜ8³9´;BC=;�»�D

 ����EF¿G÷  

 )Å0

  WFQ(PGPS)Vøùú.HI

  &JçÓEÎFVKöLÖÔMÐNOVPPQ P

  Q*ÖIntServ, CSV P

  RT®S�sSTTVæUVWXYZ[\á]^_æ`

 
 ab\cù

  cde8\fg       hijklmnopqrstlmuv

  wxyzW{|}~�^�����\���M�

  ��\�}T_�����V�wxyzW{|}~�^�
�����^�����X����


