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Studies on On-demand Quality of Communication Service

in The Internet!

Naoto Morishima

Abstract

Thirty years have passed since the Internet was born. At the dawn of the Internet, we put
the Internet to good use for some research areas. With the passing of the years, the technologies
in the information science has been developed more and more, and in the early years of 1990’s,
the Internet has been commercialized. Thus, the Internet have come into wide use on not
only commercial business, but also daily lives including the economic activities. Up to the
present, the Internet had been established a position as the social infrastructure for the global
communications.

As technology advance and the status as the principal in these communication infrastruc-
tures, the requirements for the Internet has been undergone a sea change. Some concepts and
formations for the new communication such as P2P, the diversification of contents like streaming
or applications, and the improvement of the qualities of services.

For the realization of the service which was kept the communication quality under control,
we need to keep consistency with the resource management and the actions from targeting
machines in the specific domain. The other hand, requests demanded from users are closed to
granularity of the series of time. Hoever, it is too hard to control them intermittently since the
Internet has been designed based on the concept of autonomous, distributed, and cooperative.

The aim at this research is to realize the quality of communication services which are driven
with requests from users. As a start point, I have proposed for the separation model which divide
data flow on the Internet as forwarding layer and control one. To put these services into practice
on the each layer, I have designed and developed the framework, and also verified and evaluated

the availability of this proposal model through the network operations in practice.



First of all, I describe the proposal model, that divide data flow into forwarding and control
layers. On the current hierarchical structure, the mechanism of forwarding and control for a data
flow is closely related, and integrated into the internet layer. It is too difficult to separate them,
and this incurs the difficulty of the symbiosis property, that is, autonomous, distributed, and
cooperative. On the other hand, I propose the separate model that the forwarding mechanism
and the control one is addressed dividing under the internet layer. That is why, we can provide
the control mechanism without on internet layer, and also be able to keep concentrate control

consistence.

From discussion on the requirements on each layer, I have designed and implemented the
concentrated network control systems. This system is designed on a premise that the request
driven quality of services is provided on the control layer. It will be necessary to describe the

restricts flexibility as the direction for control requests.

On the other hand, I have reported the system operations for the large-scale temporary
network with real users. These operation were quite meaningful, since they are the first trial
to provide quality of services which drive with requests in the world. Through the 3 times
operations, I considered some problems and possibilities of the request driven quality of services

from the point at users gaze.

Forwarding layer which accepte control requests from control layer must be reflected the
decision to provide services. In the case of request driven quality of services, to reduce the
reflection delay is essential topic for providing the services since these requests are brought
out in close granularity of the series of time. In this research, I have proposed the method to
reduce delay for the reflection of control parameters using MPLS which is widely noticed as
forwarding layer. Furthermore, I have verified and evaluated the availability of this proposal

method through experimentations using the implemented prototype system.

After the reflection of control requests on the control layer, equipments on the forwarding
layer will identify the target data, decide the corresponding actions and apply them. Although
all of control requests which will be delivered from control layer to forwarding layer are the same,
there is a possibility to be worked out the difference result since the methods of identification data
on each equipment are different. In the mentioned case, we cannot guarantee the consistency of
process on the communication path which is essential for realization of quality of services. In
this study, I proposed the 2-phase classification method. The definite condition is defined by

service providers. With this method, I had separated the part for definite condition from the



process for identification of communications, and it will be easy to specify the problems such as
the lost point of consistency.

In this paper, I have mentioned the model, the separation layers as control and forwarding
one. Then, I had described the system implementation and operation though the request driven
quality of services, moreover, I had referred the delay compaction method which is required to

establish the LSP with explicit route, and the 2-phase classification method.

Keywords: quality of communication, network control, the Internet
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Institute of Science and Technology,NAIST-DT9961027, February 7, 2003






HRN

1 00
1.1 DO00000D00000 ..
1.2 00000000000000 .0 o o o e
1.3 0000000000000 ... 0 o0 o e
1.3.1  O0O0000000 ... 0 e
1.3.2 00000000 ... e
1.3.3 00000000 .0 e
134 0O0O0D00O0O0O0O .0 e e e
1.4 000000 .00

2 J0bo0obooobooboooboobooooog

21 0000000000 .0 s
22 0000000 ..o e e e s s s
23 00000000000000000 ... 0o oo oo
24 0000000 .. 0o s s s
25 OO SLADDOO SLA . . . e
26 00000O0O0O0O0O0O0O ... 0 s
27 0D0O0OO0OD0OO0ODO0OO0OO0O0O ..o oo

3 dgboooooad
3.1 0000000000000 ... o o e
3.2 000000000000 .. e
3.3 U00O0O0D0O0OD0O0O00OO0O0O ... e
331 00000D0000D0O0O0O0O ... 0o oo
332 O00000D00OD0OODOODOO0O .« ... o oo

NAIST-DT9961027

N S O Ot s e N

©

11
11
13
14
14

17
17
19
19
21
24

vil



RN

34 000000000 .. . 0 e e e e e s e s 25
4 0000 27
4.1 Differentiated Services . . . . . . . ..o 27
4.1.1 0000 QoSODOODOO QoS - v v v v e e e e e e e e e e 27
4.1.2 DSODOODO ..o e 28
4.1.3 DiffServ CodePoint . . . . . . .. ... 28
414 0000000 .. s s 30
4.1.5 000000 Per-Hop Behavior . . . . ... .. .. ... ... .. ... 31

4.2 Multi Protocol Label Switching . . . . .. .. .. .. ... o0, 34
421 00000000000 MPLS. . ... . . 34
422 0000000 ... s s s e 35
4.2.3 OO0 ..o e 35
424 00000000000 ... s e 36
425 0000000000 ... e e e e e 39
426 00000 .. e s s s s s s 40

5 DU0bO0bUobobobobo 47
51 00000 . . e e e e e s 47
5.1.1  O0OOOODOO ... e e e s e e 48

52 0000000D0000O00O00O000 ... e 49
5.21 camp-net OO0 . . . . . . . . o 49
522 000000000 ... e s e e e e 51
523 0000000000000 ... . et 53
524 0000000 ... e s e 58
525 00000 ... e e e 58
526 O000O0 ... e s e 59

53 000000000000 O0OOO0OD0O00O00O .. ... ... ... ..., 60
53.1 camp-net OODO . . . .. .o 60
53.2 000000000 ... . e s s e e 64
53.3 O00O00O0O00O0 ... s s s s e 67
534 000000000 ... e e s s e e 68
5.3.5 O0O0O000O0 ... e s s e e 69

viii

o0 oo o0ogi1s0 20 70



g

5.4

9.5

5.3.6 OOOODO . ..o e e s
I PP
5.4.1  camp-net D OO . . . . oL o0 e
542 O0OO0O0OO0OODO ... o e
543 000000000 ... s e
544 O0OO0O0OO0O0OODO ... o e
54.5 NATOODOO ... e s s e e
546 O0OOOODOOODOO ..o e e
5.4.7 OOOODO ..o e e e s s e
I

6 MPLSUUOOOLSPOOOOOO

6.1
6.2
6.3
6.4
6.5

6.6

LSPOOOO0O0OD0OOO ... e e e e

6.5.1
6.5.2

I

6.6.1
6.6.2

googn
ooog

OO00O0 ..o e

v Uobooobooboo 20000

71 0000000000 . e e e e e e

7.2 20000000 . .00 e

7.3 OO o e e

731 0000000 .. e

732 O0O0OOT1 .« e

733 ODOOO 2 ..o e

74 00000000000 ... e e e e e

741 00000 .o

742 O00O0 .. e
NAIST-DT9961027

71
76
76
78
80
83
86
88
89
91

93
93
94
96
100
101
101
103
104
104
105

107
107
108
110
110
111
111
111
111
112

ix



RN

751 0O0OO0O0OO0OOOOOOOOO
752 0O0OOOOO

8§ UJUOOO

81 0O0OO00O0ODOO0ODOODOOD
8.1.1 O0O0OOOO0ODLOObOOn
8.1.2 O00OO0ODLOODDOO

8.2 0OD0OOODO ... ... ... ...
821 0O0OOOOOODDOODLOOODDO
822 0U0OOOODOOODOO
823 UO0OOOODOOOOODO
824 ODOODLOODODO
825 UO0OO-O000O0DOOOOOODODOOO0
826 UO0OOOODOO

83 OO ... ... . ..

A 00OOO

Al DOODOOOODOOO

Al11 0ODOCOO

Al2 0000 (0O0O00)
Al3 0000 (0O0O0)
Al4 0DO0OOOOO(OOO0)

Al5 0O0O0OO

AL6 OO ... ... .........
A2 000000 ..............
A21 0000 (0DOO00O)
A22 000000 (@MQOOO0)
A23 00 ... ... .

B OO0

o0 oo o0ogi1s0 20 70



HRERE

21 000000DO0ODOO0OD0DOO00OaOgn .00 oo oo oo
22 ODO0OO0ODOOOODOOOODOOOODOOOODOOoOOoDg oo oo

31 0U0DOOOOOOOOOOoDooOOooO c»booOoDpogonO oo
B 30 I I I I
33 000000000000 /00000 ...
34 00000D0DO0ODOODDOODOO0O ..o oo oo

4.1 DSOOODO . . . e e e e e e
4.2 DSODOOOO .o e e e e e s e
4.3 0000000000 . .0 o e e e e e e e e e
4.4 Class Selector PHBO DSCPOOO . . . . .. . oo oo
4.5 Assured Forwarding PHBO OO OO DSCPOODO .. ... .. ... ... ...
4.6 MPLSODODOODODOO . .. e e e e e e e
4.7 0000000000 O0000000 .. ..t
4.8 MPLSODOOODOOODOO ... .. e e e e e e
49 0000O0O0O0OOOODODOO0O0O0OO0OO00OOOOOO ..o e
4.10 LSPO OO MPLSOOODOOOODOOO ... .0 e e e
411 LDPOODODOOOOO0O0O0 ... e e e e e
412 LDPOOOOOOODODO0O . ... e e e e e e e e e e
413 TIVOOOOOOOO .. o e e e e e e e e e e e e e e e
4.14 CR-LDPOOO LSPOOODODOO ... . o e e e e e e

51 20000000000000 campnet00000 (IPv4) ... ..o ...
52 20000000000000 camp-net 0000 (IPv6) . . . ... ..o ..
53 00 (DC0ODOOO)DOOOOOOODOOOO0O ...

NAIST-DT9961027

10
13

18
18
20
20

28
29
30
32
33
36
37
37
38
39
41
43
44
45

50
50
54

xi



goo

xii

5.4

5.5

5.6

5.7

5.8

5.9

5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17
5.18
5.19
5.20
5.21
5.22
5.23
5.24
5.25
5.26
5.27
5.28
5.29
5.30
5.31
5.32
5.33
5.34
5.35

goboobogbooooboooon oo
I
I 0
I 0
O000o0ooooooo(@og) ... ... ..
Oo000oooooooo(@wooog). ... ...
I
O0o00o0oooooooo(@oog). ... ..

20000000000000 camp-netdO04Qd

AFO0O0O100000000000 .+ ...
goboobogobooooboooooog ...
I
gbobooooooooooooono oL
AFOOD0O 1000000000000 O0 ... ..
AFOOD 100000000000 & ... ..
AFO00OD1000000000O0O0O0O ... ..
AFOOD0O 100000000000 & ... ...
AFOOD 10000000000 .+ ... ...
AFO00OD010000000000O0DODOCDOO .
2001 0000000000 camp-net OO OO

goobooobogooooog oo
I 0
200000000000D00DOODODO .+ ...
gboboobooboobobooboobobooon
rECOOOOOODOOO ... ... . ...
O
NATOOODO . ..o oo
NATOOOODOODOO ... ...
I
I
000000000 camp-net DO00O0O0OOOOO)
camp-net OO0 0000000 O0OO00O0OO00OO

................. 54
................. 55
................. o7
................. 60
................. 61
................. 61
................. 62
................. 62
................. 63
................. 66
................. 68
................. 70
................. 71
................. 72
................. 72
................. 74
................. 74
................. 75
................. 75
................. 77
................. 80
................. 80
................. 81
I 82
................. 84
................. 85
................. 86
................. 87
................. 88
................. 89

................ 90
................. 90

o0 oo o0ogi1s0 20 70



god

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9

7.1
7.2
7.3

00000000000000 (Protection 14+1) . . . . .. .. ..o
00000000000000 (Protection 1:1) © . . o . oo oot
CR-LDPOOOLSPOOOOOD (OO) . o v oo oo
CR-LDPOOOLSPOOOOOD (OO) . o v oo oo
CRALDPOOOLSPOOOOO0 . oot ot
00000000000000000000 .« .. ..ot
000000000000000000000000 .« .« oo ..
0000000 .. 0o e e e e e e
CRALDPODODODOD © . o\ o ot e
OO0000 .. oo oo e
00000000 .« .. oot
000000000 . .ot

NAIST-DT9961027

xiii






HREEN

4.1
4.2

5.1
5.2
5.3
5.4
9.5
5.6
5.7
5.8

6.1
6.2

7.1
7.2
7.3
7.4
7.5

DSCPOODODOONO ... e e e e e 29
Assured Forwarding PHBOOODOO DSCP . . . . .. .. ... ... .. .... 33
OO00000 (1) « o v oot e e 53
OO00000 (2) « o v oot e e e 53
I 58
000000000 ... oo e e e e e e e 60
camp-net OO0 ATMOOODOOOODOOOOOO ... ... ... ...... 64
DO00000000O00 ... e e e e e e 64
DO000000000000000 . .00t 65
O0D0O00000000000 .00 e e e e e 78
I I I 1 102
OO00O0O0O00 . . .0 e e e e e e e e e e 104
0000000000000000000 .+ .« 000ttt e oo o 110
000000000000 (IPv4D) . ..o o it it i e 113
000000000000 (IPv60) . . ..ottt ittt 113
00000000000 PCOOO .. ... . e e 113
O000000000000000 . . .00 0ottt it i 114

NAIST-DT9961027 Xv






Chapter 1

11. 000000000000

gboooooobooboboooboobo 400000000000 60D000O00ODOODODOOO
gboobogobooooooboobobooboooboooboboboooobobobobobon
gboboooooboboboooooboboobooooobobobooooobobooboboo
gbobogboooboobooboboooooobooboboboboboobooooboobobon
gobooobobooobbooobooobooobbooobbuoobboobboooboboo
gobooboobboobbooobboobobooobboooboobobuoooboooboboon
goboboobboobbooobooobooobooobbooobbooobooooboon
gobooobobooobboobpoboobboobboobbooobooobboobboo
gboboobobobooooboooboooboboooboouooboboooobobooobo
gobooboooobooo

gbobgobooooboobobooooboboboboobooboooboboboobooog
gboboboooooobobobgoobooboobobobobobooooobobobon
ggboboooboboooobobbooobbooobbooobobboobbooobboobbo
goboooobboobbooobooobooobbooobooobboobbooobobon
goboobooooboobooobooboobbooboonbg

uoboooobooobboobbooobboobboobobooobooooobooobobag
ggbooobboobbtbooobooobboooboboooooboboobbuooboobood
gbooboboboboboboobobouoboboooboboobobobobaoyd
gboobooooobobobooooobobobouobobooooobobobooobobobon
gbobogobooooooobobobgobooooooboboboboooooobobon
gboboboboboobobooboooooobooooooooooooboooooooDo

ubooooobooobobooboooboboobbooboboooobooobobooobooba
gobooboooboooobboobboobboooboooboboooboobooobobooboboo
gobobooobbooobboobbuoobbooobooobboooboboooboboobobao
gbobobooobooboobobooboobbooboobbooboao

NAIST-DT9961027 1



CHAPTER 1. OO

goobogoobooobooboboobbooboboooboooobbooobbooobboo
gobobooobboobboooobooobooobboobboobboobboobboo
goboooboooboboobbooobobooobooobobooboboobobooobooboo
goboboobooooboboobbooobobuooboboobboobbooooboooobboo
gooooo

gbooboooboobooobooboobobboboooboobooobobobobooobo
gobobooobbooboboobbuoobboobboobbooobooobboobboo
gobooobbooboboobboobobooboboooboooboooboooobobon
goboboooboboobobooobooobooobbooobboobboobboooboboo
goboboooboboobbooobooobobooboboooboboobboobobooboboo
gobooboooooboobboobooboooboboonbooo

gooogobooboooboooooobuoobob o —0Oobobobobboboobobbo
gogboboooobbbuooobooobbooobooobbooobooobboobDDboo
goooooboboboboboboobooboboboboboboooboboboboogo
gobooboooboboobooonoobooon

1.2, 00000OO0O0DOOOO0ODOOO0O

gboobooboobooobobooooboboboobboboobbobonooobooobo
gbobooboooobooooboobobooboobooboobooboobobooboobobooan
gobobooboobooobobbobooobboobbooobooobbooobooooboboo
goboboooboboobbooobuooboobooooboboooboooobobooobobooooboo
gobooboooboboobboooobooooooooboboobboobobooboboonboboo
gbooboooboobobobobooboobouooboobobobooboobobooban
gbobooboobboobooobooobuooboobboobooboo

oboboboboboboooooooooooooboobobobobooooboobDg EDI
(Electronic Data Interchange) 00 00 0000000000000 0O0OOO0ODOOOOOOOO
obobobobobobobooboboooooooooooooooodWwWebO oo
goboobooobobooboboooboboobobooobooooboobbooboboobooboo
gbooboboboooboboboobooboboobooooboobooboooooboboo
gogbboobbooobboobboobboobbooobuoobbooobbooboobod
gboooooboobooogobobboboboboboob le00b0obo0obLO0ob 1100000

2 o0 oo o0ogi1s0 20 70



1.2, 000OO0O0O0O0o4Oooobooood

0000000000000 jpobo0o0oboo0boo0ooooOoUoOoO0ooUooUoo
goboobooobbdoooobooobbooobboobbooobooobbooobboo
U0 WebOOOOOOoooooooooooboboooooogoobooooooooogoo
O0o0000oo0oo0oOoO0ooO0O0OO0On0 RbOD0O00O00ODOOOOOOOObOOOOD
gobooboooboboobboobbuooboobooooboooboboobboobobooobooboo
goboobooobobooobboobboobbooobooobooobobooboooobooon
gobooobboodobboobobuooboboooobooobboobboobbooboboo
gobooboobbooobooobooobuooboobboobooboo

gooogoobooobooobooobboobbooobooobbooobbooobboa
goboooboboobobooobooobbooobboobboobbooobbooboboo
gobooobboobboobobuoobbooobooobooobooobbooobboo
gobooobboobboobboobbooobooobooobobooobboobboo
goboooobooobbooobooobobooobooobooboooboboooobobboon
gobooooboboobboobobuooboboooobooobooobooooboboobboo
goboobooobobooobboobobuoobobooooboooboboobobooboboonboboo
goboobooobobooobboobobuooboboooobooobobooboboobobooobooboo
gobbooobboobbooobuoooboooobbooobboobbooboobooboboo
gogbobooobboobbooobuooobooooboooboboobbuooboboooboboo
gogbboogobboodobboobbuoobbuooobuooobooobooobboobboo
gogbbooobooobboobboobboobbuoobbooobooobboobboao
goboboboboboboboboboobobooboboboobobooboboboooo

goboooobooobooobooobooobbooboboobboobobooboboon

000000000 @Booooooooo0oooooOo0oooooOoOoooOOooOoobLoOooo
goboobooobobooobboobboobboobboobobooboboooboooobooboon
gobobobooobboobboooobooobbooobooooboboooobooooood
gobooboobbooooooboo

gbooobooobooboobobooooboboooobobobooobobooboooooo
goboboobooboobobooobboooobbooobobooobbooobboobboo
gobooobboboooboboooboboboboobobobooboobobooboboog
gobobooboboooboboooboboooboooboboobobooobbooooboboo
gobooboobbooobooboonoobg

uboboooobuooobooobbooboooboboobooboooobobooobobooboboo

NAIST-DT9961027 3



CHAPTER 1. OO

gobogooboooboooboooboooboooboboobboooboooobobon
gobogoobobooobboobbooobbooobooobobooobooobboooboboo
gobobooooobbooooboooobooobbooobobooobooooboboooboboo
goboobooobobooobooobooobooboobbooboooboo

13. 0000O0O00OOooooog

ubooboooobooboboobbooobooobbooboboobboooboboonboobooo
gboooobobouooboobobobobuooobooboboboobooboobooonood
gbobobooboobooboboouobobobobooboobuooboboobooboan

uooooobooboooobooboboooboboobooooobobooboobooboobon
goboobooobobooboboooobooooobooooboobooobobooboobooobobooboboo
gobboobobooobboobbuooooooobboooboboobboobboobboo
gobobooobooobboobboobbooobooobooobobooobboobbao
gobogboobboooooab

13.1. 0DO00OO0O00ODOO

ugboboooobooobooobooobooobboobooboooboboooboboobooboon
gobobooobobooooboboooboboooboboooboboobobooobobooonboono
gobooboooboboobooobooboobooobboobooboboobooooo

goobooobooobooobooobboobbooboboooboooboooboo
goboooobobooobboobobuoobooboooboooboboobbooboboobooboo
gobooboooboboobbooboboobboooboooboooobobooboboooboboo
goboboobobooobobooboboboobboooboooobobooboboooobooon
gobooboooboboobboooooboooooboobbooboboobooboooobobooboboo
gobodgbooobboobooobboobuoobbobobooboobboobooo

ubobooooboooboooboooobooobbooboboobboobobooboobooo
goboooobobooobboobbuoobbooobooobooboooboobooobobooboboo
goboobooobooooboboooboboobbooobooooboobooobooboobobooboboo
goboboooboooobboobboobbooobboobobooboboooboooobooboon
gogboboobboobobooobuoooboboobbuoobboobboobboooboo
goboobooobbooobboobbuoobboooobooobboobboobboobboo

4 o0 oo o0ogi1s0 20 70



1.3. 000OOoOoooobooooon

gobooobooobbooboboobbooobooobooobooobboooboboo
goboobogoobboobbooboboobboobboobboobbooobooooboon
gpooboooog
ugbboobobuobobuooobooobooobbooboboobboobbooboboo
gboogoboooobooooooobooobooomoobooboobooboobobobobooDbo
gbobogoboobooboobobooboooboobobobooooboooboboboboobon
gboboooobobobooooobobogbooooooboboboboooboboon
gbol1gboooooobobobgoobooobooboboboboooboooboobobobon
gobodboooobooboooboobooobuoobboobuoobbooobg
ubobooooboooboboooboboobobooobobooboboobbooobobooboobooo
gobooboooboobooobbooboobouoooooooboooboboobboobboooobooo
gobbooobbooobboobbuoobboooboooboboooboboooboboobboo
gobobooobooobbbooobobooobboooboboobbooobbooobog
gobodboobobodgbobuoobboobuoobbooboaboo
OO0000QeSODO0O0DDODOO0ODOO0OO0O0ODOOODODOOOOO0ODOOoOoDODOOOOOOO
gobooobobooboboooboooboboobboobboobboobboooboboo
goboooobobooobboobboobbooobooobooobobooooboboonbboo
goboobooobobooboboooobooboboobobooboboooboooboboonboboo
goboboooboooobooooboooobooobobooboboobobooooboooobooon
gobooooboooobobooboooboboobobooooboboobobooboboobboo
goboobooobooooboooboo
gboboboboooooboboboboobooooobobobobooobooobobo
gobooobboobbooobbooobobooobooobboobbuoobboooboDboo
goboboooboooobbooobbuooobuooobooobboobbooobboobboo
gobobooobooobooob 3oobbobooobobooobbooobbooobboo
gobooboooboboobboooobooobooboobboobboobboobboobboo
goboooooooo

1.3.2. 0O00OO0OODOOO

ubooboooobooobobooboboobboooboooboobooobooooboboooboobg
gboobobooboobobobooboooboboobobooboboboobooboaa
gboboboooboobobobobooboobooboboboboboboboooobobad

NAIST-DT9961027 il



CHAPTER 1. OO

gobooboooobooooo
gboboogoboooboboobboobbooobooobooobooobboobobg
gogbbooobboobbooobouoobbooobuoobbooobooobboobboo
gboobogoobooboboobgoboooooooobobobobobooboooooboboon
gbobgoboobooboobooooobobobuoobooobobobobobbooboboon
gbobgoboooooobobobooobooobobobooboboooboobobobon
gobooboobobooboobobooboobbooboobbooboobbooobobo

1.3.3. 0O00OO0OOD0OOO

ooooooobboooobooMPLSOOOOD LSPOOOOOODOOOODOOOOOODO
gbobobobobobobobo

uboboooobooobooboooboboooboooobboobobooboboobooboobooboo
goboooobobooobboobbuoobboooboooooboooboooooboboonbooboo
gbooboouobobobbobooboobobbobooboooboboooboooboan
gobobooobbooobboobbuoobboooboooboboooboboooboboobobaa
gogbooobobooobboobbuoboboooobooobboobboobboobbao
gbobogboobbooobooobboobuoobbooboaoo

oooO0ooooOOooOooo MPLSOOOOOOOOODOOOO LSPOOOODOOOOODOO
gbobooobobooboooboooobooboobobooboboboboobooobogan

gbobobobooooboboboboboooobobobobooobooboobobo
gooogboboooboooobboooboooooooobbooboobooboboooon
gbobgbooooooboboboobooooboobobobobooobooobobon
gobooobboobobooobooobbooobooooobboobboooboboon
gobooboooobooooo

ugboboooobuoobobouoobobooobobooobbooboboobboobbooboboo
gooooo

1.3.4. 0O0OO0OODOOO

MpPLSOOOOODOOOOOOOODOOOOODOOOOOOOOOVPNOOOODODOOD
gobboooboboobboobbuooboboooobboooboboobboooboobbao
oooooooobOoOoOoOoOooobOoOOoOoOoOoooMPLSODOOOOOOODOOODODOOOO

6 o0 oo o0ogi1s0 20 70



14, DODOODOO

o000O0O00bOOO00bOOOO00DOO00DOOO00 LSPO0DOO0ODDOOODODOOODOO
o00ooOOoDOOoO000oOOoO0OoOoOooOoOoooMPLSOOOOOOODOOOODOOOODDOO
goooooboobboobboobbooobooobobooobobooboboonooboon
gobooboooboobooobboobboobbooobooobooboooboobooobobooobooboo
gboboobobouooobooooboboooboboobbooooboooobooooobooobooboo
gobooboooboboobooobboobooobbooboobbooo

14, 0O00D0OOO

gooobo20000000000000000000D0ODODO0ODOOOODOODOODO
gboogbooboobooobooboobooboooboobooobooosobobooboon
gogbboobobooobboobbuobbuooobooobboobbuoobboobbao
gboobogbooooboobobobooooboobobobooboobooboobobobon
ocooooOoOoOOD4000000D0OCCOOOODOOODODODOOOOOODIiffServd MPLS
gbobobooboooo

sddboogbgboobobooboboobobooboboobbooboboboon
gobooobboobobooobbuoobbooobbooobooobbooobbooobboo
gboooboobobooboobooboboboobobobooboboboooboboog
gobooobooobooobooobooobbooobooboboooboooboon
gbooobobooboboooobobbdebobbbobobboboboobobod
ooooOoMPLSOOOO LSPO0OOOCOOOOCOCOOODOOOODOOOOODOOOODOO
oboboboboboryooooooooooooooobooooooobooooboo

gbobos8sboooboboooboooboooobooboobobooboaoo

NAIST-DT9961027 7






Chapter 2 Jooobobon
J0ogooooobobon

gobooboootooooooboogobooboobooooooooooooooog
ooboobooooobOooobooooooooboooboooboboooooooboooooooon
tboboobooboobobooboboboboobooobooooboOoOoboOoobooboooooboo
gobooboooooobooooobooobooobobooooooobooooboooogooon
ubooooobooooooooooboooobobobOobobOobobOobobobooboon
oooooboooobooooobooooooooboooboooooooboooobooboooooo
gbooooooooooooooooooooooooboOobobOobOobobooboboobon
gboboobooooboboooobooooboobooobooboon

21. DOOOOOOOOO

0000000001990 0000000 ARPA(DODDOOOD)00000O0O0O0OOOOOO
000000000000 00D0OD00ODODODODOD ARPNAETOOOOODOOODODODODOOOOOO
gobobooobboobbooobooobboobooobooobooobooooboobood
gbobodboobboobooobbooboobbooboobbooboobbon

1980 000 UOARPANETO TCP/IPOOO0UDOO0OOOO0ODOOOOOOOOOOOOO (The
Internet) 0000000000000 0DO0OOO0O0OOO ARPANETOOOOOOOOOOO
gbobooooogoobooboboboboooooooooooobobobooooooon
gogbboguobooobboobbuoobbuooobooobuoobbooobooobbod
0000000000000 000O0O0O0000oooooOOOOO (O 21)0

22. 0JOO0ODOOO

uboobooooboobboobbooobooobbooboboobboobobooboobooao
goboooobobooobboobbuooboboooboooboooobooboooboboonbooboo
goo

e JOODODODODO

NAIST-DT9961027 9



CHAPTER 2. 00O0OC0OOOO0OO0O0OOODOOOOOOOOO

10° T T T T T T
10%
107 F

108 |

ooood

1970 1975 1980 1985 1990 1995 2000

0 21:00000000000000000000

0 0: O Hobbes’ Internet Timeline v5.60 (Copyright (¢) 1993-2002 by Robert
H Zakon)[4)0 0000000 (The Internet) 000000000 1980 0000
go0o0obo0ob0obOooOobO0oooobOobOo voooooobooboboo
0000 8E 4 06 x exp(0.43 * (year —1995)) D000 OO

e JOOODOODODOOO

e NUUOOODDOOODLOODLOUODDOODLOODnO

goooboboobobooobobobooooobooooboboobOobobobOoOoo
gobobooobooobooobobooobboobboobobooobobooobboobboo
goboogoo

ARPANETOODOOO0ODOOO0OODOOODOOOODOOOODOOODOOOOOODOOOO
OO00O0OOOO0O0OOARPANETOODOOOODOOOOOOOOOOODOOOOODODOOODOO
gbobooooobobobobooboooobobobobooooboooooboobooboo
goboooobobooobboobbuoobboooboooboboooboobooooboboonooboo
goboobooobobooobobooboobuoooboooboooboobooboooobobooobooboo
gobobooobboodobboobbuooboboooboooboboooboboooboboobboo
gboboobobooboobboobuoobboobbooboo

10 o0 oo o0ogi1s0 20 70



23. 0O0obObOoobooboooobobod

goobooobooobooobbooboboooboooboboobboobDbooooboo
goboboobooboooboboobboooboboobobooobobooobooobbobboo
gobooobobooobbooboboobobooooboooboooboooooboboobboo
gobooboooboboobooobooboooobooboooboobooooboooo

23. DO0O0DO0DDOOOODDOOODDOOO

gbobgboboobooboooboboboooobobooboboboobooobobo
gboboooboobooboobooooobbobooboobbooboboobOo0obon
gobooobooobboobbdoooboobobooobooobooobooobbon
gobobooobooobboobobooobooobbooobboobboobboooboo
goboobooobbooboonobooboon
ugbobobogoboodobbuooobooobbuooobboobboboobboobobao
goboogobooooooboboobooooboboboboboboooobobobon
goboobogoboooooobobooboooboooboboboooooboboboboobon
0000000000000 000000Uo0oUoo0n WWW(World Wide Web) 0O OO
gobooboobobooboon
ugbgboobobooooboboboobobboboboboooobobobobobg
000000000000 00000000O000O0O0O0OOVoIP(Voiceover IP)DODOOOO
gbboobodgbuooboboobuoobobobbobbooboobooboobobobobo
gbooboobopooobobobobobobobobobooooboboboboboboonbg
oboooboobooboobobooooboobooboboboooobooogvelPOODOODO
goboooobooobbooobbooboboobbooboboobobooooboooobooboon
gbobodoboooboboobooooobooboooboboobooboboooo

24. DJO00O0ODOOO

oo ooooooboboboboobobobobobobobbobbbbn
iU oD Do OO bObDbOO
oo oD bobDbDbDD
O0000000000000000 (Service Level Agreement; SLA) 00 OO

SLAOO0OOO0O0O0OoOoooooOOooOO0oO0OoOoooooDooOoCocOoOOoOoOoOooooDooOOoD

NAIST-DT9961027 11



CHAPTER 2. 00O0OC0OOOO0OO0O0OOODOOOOOOOOO

gboboooood
gobobooobboobboobobooobbooobboobboobobooon
gbooobobooobooboobbon

oon
gbobobobobooboboboboobobooboboooo

gooooo
goboboooboboobobooobooobobooobboobbooobboon
gboooooooobgd

gooooo
goboobooobobooobboobbooobboobboobbooboboon
gbooooboobooonooboobooooboobooon

gbooooo
0000000000000 002000000000000000D0OO (OO0
O000000)0000000000O0000D0O0OOOODOOO

good
gboobogoooobooboboobo2000b00b0b00ob00o0bo0obobonDo
gooooooooon

gboopoooooboobobobobooboboboobbooobobobobooooobod
goboooogooo

0000000000000 0000000O000O0000O0O000O0O0O00O0O000O0O0
O0ooo0oo0oooO0b000o0o0ooO0bo0o0Oo0oooooO0oo0oOo0b00O0oOo0O0oO00bO0o0O
00000000000 0000000000000000000000Quality of Service(QoS) O
00000000000o0ooo0on QoSOO00000 D OIntegrated Service (IntServ) [5]
oo000000boo

00000000000000000O00O0O0O000000000000000OO0O0OODOOO
000000000000 000000 Class of Service(CoS) D0 D OO0OOOODODOOOOO
OooooOooooooooo CoSOOOOnoOoooOoDOOO0O0OO0ObOOO0OO00QeSOOO
0000000000000000000000000O0000b0O00O00000000B00000
ooooooooooooooooooOOObOOOoOooooooooOOObOoboOOg CeSO
O0000000000000D0DO0O Differentiated Services (DiffServ) 0000000000

12 o0 oo o0ogi1s0 20 70



25. OO0 SLAOOO SLA

15000000000 (Gbps)

00 02 04 06 08 10 12 14 16 18 20 22 24
oo

U22.0000000000000000000000000O0O

00000000000000000ONSPIXP2 (6000000000000 O0O
gboboooooooooboocoooboooboooooboboo

25. OOSLAOOO SLA

ubooooobooboboobboobboobboooobooooboobooobobooboboan
gobobooobobooboooobobooobbooobooobobooboooooboboonboboo
gobbooobbooobboobbuoobbooobooobbooboooboboobboo
obooboob 220000000000000000000DO0ODO0O0ODOOODOOODODO
ggboboboboobobooooooooooooooooooobooog

gbobgobobobooboooobobobooooboooboboboobooobobo
SLAOOOO0O000O0OoOOOOO000oooooooo0O0oooooooOoboooooboboboOo
gbobogobooooooobobobooobooboooboboboboobooooobobobon
gobobooobboobboobboobbooobooobooobobooobboobboo
000000000oDooODoOoO0oO00obOoO0OOSLAO0OD SLAODODOOOoOOoOooooooog
OO0O0OO00ODOOO0OSLAOODO

OO0 SLAODOOOQOCOOOOCCOOOOO00000O0DOODOoOoOoOoOoOoooooooo
Ooo00oooooooCocoo0OooooooO SLApDoOOoOoOoOoOoOoOooooo veNOOODO
goboobooobbogbooo

NAIST-DT9961027 13



CHAPTER 2. 00O0OC0OOOO0OO0O0OOODOOOOOOOOO

26. DO00ODODODODOOoOoOoOOn

OO0 SLAODODDOOOOOODOODOOOOOOCOCODOOOOOO0OO0O0O0O0O0OoOooOoooo
ooooooooooOoooobooOoooooOoooOooooOooOoDOObOOoOoOooDbObobOo0on
oooooooooooooooooOoOoooOoOOoOoO0oOoOoOoDOOooOOoOoOooooOobooOoooon
ocoooOooOoODOOOOO0OO0OO0O0O0OOOOOOO00O0O00000O0O0OObO0oOoOoOoooooo
0000 (Virtual Private Network; VPN) OO O OO OOVPNOOOOOOOOOOOODOOO
ocoooooooooooooOooOoOoOoOooOoOboOoOoOoOoOooOoObooOoOooooOoboOoOoooon
ooooooobooobooboooboooooooooOoOoobOoOoboobboOoooveNOO
cooooooooooooooooooOoOOoOOoOoOoOoOObOOoOobOOoOoObObOOoOoooon
ocoooooooooobooooooooobooOoboooOoOooooooDooon

oooooooooooooooboooooooOoobooOoboOoOOoboOoOoOooooboOoOoooon
cooooooooboooooooobobooooooOooboOoOooooOoOoOoOoOoooooOoboooooon
cooooobooooooooooboooooOooooobooooooOooboOoooooOoOoboOoooon
cooooooboooooboooooobooooobooOooOoOooOoOOoOoOOobOoOoOooooOobOoooo
ocooooooobooooooooOooOooOoOoboOoO0OoOoOooOOoOoOoOoOoooOOoboOoOoooon
ooooooooooboooooooooboobobood

oboooooooboooboooboooooooOoboOoOoOooooOobooOooooOooOooboboOoOooo
cooooOOoOOoO0OOOoOoOoOOO00CcOOOO0OO0OOO0O0OOOO0O0000000O0000000
ocoooooooooOoooooooooooooboO0oooooooOoooooobOoOoooon
ooooooooooooooooooooboooooOoOoooooono

oooooooooooooooooOoooooOoooOoooooooOoooooooOoooo
ocoooooooooOoooooooOooooooboO0ooooooOooOoOooooobobooOoooon
ooooooooobooooooooobooOoooooObooOoooooOoooOoooooObobO00o
ooooooooooOooooooooooooOobooOoooooOobooOooooooOoboOoOoooon
oooooooooooooooOoooOoOoOooOoOOoOoOoOoOoOooDObooOoOoooOoDoOoboOoOooon
ooooooo

27. JO00OO0DOoOODODOOoOoOoOoOooooOo

ubogboobobobobooboobobobobobobonooooobobooooobobo
gboobooobooboboboobobobobooboobobbobooboobobon

14 o0 oo o0ogi1s0 20 70



27, J00obO0obOobOobobobobo

gobogoobooobobooobooobooobooobooboobobooobboobboo
goboobooobbooboboobobooobboooboobobooobooobboooboboo
gobooboooboboobbooboboooboboobbooobooobooooboooobooon
goboobooobbooobooobooobooboobbooboooboon

uboooooboboooboboooboooobobooboboooboboooboboooooooa
goboooobobooobboobbuoobboooboooboboooboooooboboonboboo
gogboboobboooboboobobobboobbooobobooobbuooobobooobbao
goboobooobooobboobbuoobbuoooboooboooboboooboboobboo
ggbbogobooobboobbuoobbuooobooobboobbuoobbooboboo
gbobodgboobobooboobobuooboobbooboobboobooao

NAIST-DT9961027 15






Chapter 3

Jooooboon

gbbooooooboboobooooooooooobobOobooboooooooooooonoag
oboooboooooboooboooobooooboooboooboooboboooobooooboooo
goboooobooooooobooobobooooobooobobooooooboboooooboooooboooon
gboooboboobooboobooboobooooono

31. 0O00O0OO0DOO0OO0ODOO0OO

2200000000000 O0O0DODOODOOOODODOODODOODOODODObLOOD
goooooooobooboooboo “b»ooooobbooobbUoobbooobobObooooDon
gooooooooooooooooo+«“»booobboooobboooo sabooooooDobon
goooboobooboobooboboooogbogoDobo oo bobbooboobooo
goboooboboobobooobooobooobbooobbuoobobooboboooboo
gobooboooobooboooobooboobbooboonoba

ubboobooboooooobooobbobobogo 3d2oboouooboooboooboboong
gobbooobuoooboboobboobbooobooobboobboobboooboboao
ggbbogobboobbuoobbuoobuooboboobbuoobbooobooooboood
gbobodboobobuogboboooboobooon

goobogobooobboobboobobooobooobbooboboobobooobbo
gobooobbooobboobboobboobbuooobooobooobobooobDbon
goooobooobobooobobooboobooooboboobobobooooobobod
gobobooboboooboboooboooboboooobbbooobooobooooboboo
gbooobobobobooboboobobobuooboboooobobooooboobonbog
gobobooboboooobooooboboobboooboboooboboboobbooooboon
goboooobobooobboobbuoobbooobooobooooboooooboboonbooboo
ooooo 0’00 “0”’DO00 “0”0000OO0O0O0ODOO0O0O0ODOOOOODOOODOO
goboboooboooboboobboobboooboooboooboooboboobboo
gobooboobooboobboobuoobbooboobobooobooboo

NAIST-DT9961027 17



CHAPTER 3. JOOODOOOCO

ooooo
oo

—--— 0o0ooooo

oooooo

031 00o000ooooboooboo0oDbo “o»oobboooo

goooooOoOoO0ooooOo0O0oooooOobOOOoDOoOoOooooOOoOoBooooO o7
goboooooobobodooobooobooooooboOooobooOoooooo

ooo
1.0000000

A

ooooo

2. 0000000

ooo
1.0000000

18

2. 0000000

ooo
1.0000000

2. 0000000

\ 4

032 0000000000000000000000

goboooooooooooooooboboooooboboOoobooOooooooOoooon
gobooooooooooooboooooboobooboooboboooooboboooon
gbobooooooobobooooboooooooooboo

o0 oo o0ogi1s0 20 70



3.2, 00O0Oooobooooogd

3.2, O0O0OO0ODOOOOOOOnO

goobooobooobooobooobooobbooboboobbooboboooboboo
gobobooobooobooobboobobooobobooobooobooobboooobDbon
goboooobobooobboobbuoobbooobooobooboooboobooobobooboboo
gbobooooobobobobooobobooboboboobood3bubooonooobobon
gobooooboboobboobbuoobooboooobooobooooboooooboobooboo
gobodboooboboobooooboobooobooboboooboobooboonog
ubooooobooobboooboooboboooboboobbooboboobobooboboan
gbobooobooooboooobobooobobooobooooboooobooooboboobooboo
gbooobooobobobobobooboboboobobooboobobobooboa
gogbboggbboobbooobuooobobooboboooboboobbuoobboobbao
gboooooboboobobobuobobuoboobobobooooboboooooobood
oooboooobooooboooobooobooooooobooobooObOoobOoOg sub-IPOO
gboobogooboobooooboboobooooobooboboboboboobobobobon
OoooooooooOoMPLSOOOO0O0OODODOOOOODOOOOOOOODOODAO DiffServ
gboboboboboboboboboboboboob
coooogoooooooooboboooooboooobboooooooooobboOorIPooobO
gbobooooobobooboooobobobobooboobooboboooobbobobon
gobooboobboono 34000d

33. DO0O0OoOoooooooooooo

gboooboobobobooboobobboboobooboboobobobooboono
goboboobobooobooboooboooobobooobooooboboooboboobobooon
gboooooboboboboobobooboobooboboobobobooboboboooo
goboobooobobooboboooobooooboooobooboooboboobboobobooboboo
gobooboooboboooooan

ubooooboboobobuoobobooobooobboobobooboboooboboobooboan
gobobooobobooobboobbuooboboooboooboboooboobooooboboooboboo
gobbooobooobooobbooobboobboobobooboboooboooobooon
gobbooobooobbooobboobbooobooobobooobboobboobboo

NAIST-DT9961027 19



CHAPTER 3. OO0O0OOODOO

goooo

20

033 000000000000/00000

gobooooooooooooooooboooooooooboooooobooboOooon
gboboooooooboboooobooobooooooboooo

ooo
1.0000000
20000000
goo
DoooDo0——— DoooDo0——— 0oooo

o = O0000 nann cm— O0000 mun eomftes = = = = = O0000 mmm m

034 00000000000000000000

gbboobooooobooodoooobobooOo0oboboOoobOoOooDooooboOon
gooooooobooooooooooboooobbooooboooobbooooo
goboooooooooooooooobooooooooOooobooooooboOooon
gobooooooooood

o0 oo o0ogi1s0 20 70



3.3. Doobooooooaooooog

gobogoobobooobboobboobbooobooobobooobobooobboooboboo
OO0O00O000OO00O0SLADOO0OOO0ODOOOO0OOO00ODOOOOOOODoDOO

331, O0O00O0ODOOOODOOOOOO

gooboooobooobbooboboobboobbooobooobooobobooboon
oboogooboooboboobooooooooboobobooooooboboboD 4000
gobooooobooon

e JUODODOODLDDOOOO
e NUUODODOOODLOODLDDOOODLOOODLDOO
e NOUODOOODODOOODOOODO

e NOIODODOOODOOODODOO

goboobooobooo

goobooobooobooobboobooobbooobobuoooboooboooboo
000000000000 0oOoOOoOooISsPO00D0OOO0ODOOOOOOODOOOOISPOOO
gobooboooboboobboobboobboooboooboboobboobbooobboo
gobooboooboboobbooooboooboboobobooobboobboooboooboDboo
gobobooboboboobboobboobbooobobooboobooooboboobooboon
goboogood

uboobooooboooboooboboooboooobboobobooboboooboooobooo
ooooooooooooboOoboOoo IspOO0O0DOOOOODOOOOOOODOODOO
gobbooobooobboobbuoobbuoooboooboooboooboboobboo
gobobooobboobbooobuooobooooboooboooboooboboobboo
gbobodgboobobuogboobobooboobbooboab

gbobogboobbooboaobboon

gboboooobooobooobooobooobbooboooobobooboboobooboon
goboobooobooooboboooboobooobobooobooooboobooobooboooboboobboo
gobooboooboboobbooobuooboobooooboooboboobboobobooboboo
gobobooobooobooobboobboobboooboobobooobooooboood
gogbobooobboobboobbuoobboobbuooobooobooobooobbod

NAIST-DT9961027 21



CHAPTER 3. OO0OOCOOOO

gobooboooboboobbooobooobboobboobobooobooobboooboon
gobogoobobooobboobboobbooobooobobooobobooobboooboboo
goooobooon
gbobobobgobooooboboboboobobooboooboobobobooboo
gbobogobooboobobgobooboooooboboboobooooobobobobobon
gbobooooboboboooobobobobooooboboboboobboobooboon
gobooboobbooboobbooobuooboboobobooboobbon

g
gobbooobbooboboooboooobobooobboobboobobooon
gbobogboboobooaobbooboan

agoo
gboobooboooboobobooboboboboooboobooboooono
gbobooboboobobooobooobobuoonobooobooboooboboooboo
gbobodbobobobooobooobooboooobooboboobobn
gboboobobooboaobbooboobbooboobbod

goodg
gobobooobobooobooobbooboboooooboobobooboboon
gboboobobooooboobooobbooboboooboooboboobboooboo
gboboobobuooobobooobbuoobbooobbooobboobboobo
gboooboboobooboboobobooboobo

oo
gobobooobobooobobooboboooobobooboboobbooboobooon
gbobooobbooobooobboooboboobobooobooooboobooonoo
gboboooboooboooboboobobooobooobooobobooonoo
gboboobobooboboobobooobboobbuoooboooobboobo
good

gboobooobooooobon
gboobooobobboobooboboobooboobobobooboooaoong
gboboooboobobooobooobobooobooobooobobooonoo
gooobooboobobooooooooboobooIpob0oobooboooooDoOoD
00000000000 NATOODDODODOOOOOOOODODOODOOOOOODOO

22 o0 oo o0ogi1s0 20 70



3.3. Doobooooooaooooog

gobooobooobooobboobbooobboobboobobooooDoon
gbooobobooboobboobdooboboobobooboooo
gboobooobood
goboboobooooboboobbuoobbooobooobobooboobooon
gobdoboboboobobobobobuonooooobobobobobobo
gbooooobooobooan

gobuodgbobooobooooo

goboboooobooboboooobobooboooboboboboooobobobobo
gboooooboboboooobobobooboboboboboobobobboboobo
goboboooboobooobboobobooobbooobooobboobobooobboobboo
goboboooboooboboobbooobboooboooboboobboobboooboboo
gobobooobooooboooboboooboboobbooboboooboooobobooboboao
gobooboooboobooobooboooboboobboooboooooooboboobobooboboo
gboobobobooobooobobooboboobobooboboooboooobobod
gbobooboobboooooobboobuoobbooboaoo

goobooobooobooobooobobooobboobbooobboobboooboboo
gobooboboooobobdooobooobobooobobooobboobbooobbooobboo
gobooobobooobboobboobbooobooobobooobboobboobboo
gobooboooobooboooboobooon

goooooogooo

0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000
0000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
000000000000000000000000COPS (Common Open Policy Service) [7]
0 SNMPConf00000000000000000000000000000000000000

NAIST-DT9961027 23



CHAPTER 3. OO0OOCOOOO

gobogoobooobbooobboobboobbooobooobooobooobbon
gobooooboogn

33.2. 0O000ODODOOODOOOOOO

oo0o0o0ooobooobooobnbooobooboobbooobooobboooooo
oo oooooooobobobobbobbobn
O00000000000000000O0OIntServ (Integrated Service) D MPLS (Multi Protocol
Label Switching)O DiffServ (Differentiated Services) 000 0000000000000 0OO0
dooooooon

godouoobbobbbtbtboddooooooo 2o oo

e NUUODODOOODLOOODLDOOODLDOODLDOO

e NUUODDOOODOODDOOODOODDO

ddddoooouououooooooboboobobobobbobbboboobobbbbobbbboboobon
oo bobobobobobobobobbobon
0000000000000 0000000000D0O000 (Tall Drop) D00 OOODOOOOO
oo oooooooooooboboboboobooboboobobobobbbn
oo bbbobobbobobobobobobobobobobobo
oL bbb bbbbbn
0000000 (Priority Queueing; PRIQ) O RIO (Random early detection with In/Out) [8]0
WFQ (Weighted Fair Queueing)0 CBQ (Class-Based Queueing) [9]0 H-FSC (Hierarchical Fair
Service Curve) [10)0 0 0000000000000 O0OOO0OO0O0OOOOOOOOOOOOO
0000000000000 0000 BSDODODODOOOODODOOOODOODOOODOOO0O0OO0
O00DO0O0O0OO0ALTQ[1)00000000O0000O00O0O0O0O0O0DODOO0ODOOO0OOD
doooooobobobobbboooouoooooo

oo bobobobbbobon
gogobbdooobotboobobobtoooobtboooob bbb oobobboooo
oD bObObDbbbDbO
gdboooobboutboooubuooobbooubboo0boouobbooubboobLo
ggboogouobooobobbbdoooouobooooboooobbooubDbooobbobLoboo
oL
oo bbb bbobbobbobn

24 o0 oo o0ogi1s0 20 70



34. 00O0DOODODOO

O00Oo0000O000O00DOoO0bOO00O00DO0o0oDO0DObOOo0OO0o0oDOoOooDOn MPLS
oooOooOoOoOdoo0o0obOoOobDoOoooMPLSODOOOOOOOOOODOOODOODODOO
gobooboooboboobobooobobooboboooboooboboooboboobobooboboo
gpobooooog

34. JOO0O0ODOOO

ocoooooooISsPOo0O0O0dO0OO0O0ODOOoODOUObDOO0OO0OOOO0ODOUODOODbOOOO
goboboobobooooboobbooboboooboooobooboooboooooobooon
gboooboobobobobooboboobooobobuooboooboooooobobooobo
gboobooobobbobooboobobobooboobobooboobobobooban
oooOoOoboOo0doboQeSOO0bOOObOOOOO0O0ODOODOOOOOObOOOODOODOO
gobboguobbooobboobbuobbuoooboooboboobooobboobboo
gbooboooboobooboobooboooboboobobobboobooboobobOooDbo
goood
ubobooooboooobooooboooobooobboobobooboboobobooboobooaan
gobobobooobboobbuooobobooboboooboooobbooobooobooboo
gboooobooooobooboooboooobobooobobooboobooooboooson
gogbbogobboobboobbooobbuoobboobbooobooobboobbao
gbobogoboooooooboobooboboboboo200b00b0oboboobobobobon
gboogbooooooooobooboogobobooogbobooooboboooobobo
gboobogobooooooobobooboooobooboboboooobobobobobon
OooOo0o00000ooooooooooooooONATOODODOOO0O000O0O000O00O
goboooboobobooobooobbooobboobbooobooobboobboo
goboooboboooboboobboobbooobooobboobbuoobboobbon
gobooobobooobboobboobbooobooobooobobooobboooboboo
goboobooonobooooo
gbobogooooobobooboobobobouooboboboobbooboboboobo
gbobobobobooboooboooooboooooooooon
uobooooboobooobobooooboobooooboobobooooooboooooboooboobg
gobobooobbooobboobobuoobbuoooboooboooobooobboobboo
gobbooobboobboobbuoobboooobobooobboobbuoobobooboboo

NAIST-DT9961027 25



CHAPTER 3. OO0OOCOOOO

gobogoobobooobboobboobbooobooobobooobobooobboooboboo
0O00DOO00bOOO000DOOoO00obOOOoOoOoDoODOOOoMPLSOOODOOOODOOOOO LSPO
o00o0ooOoOO0o00bOOoOo0oOoDOooOoooOOOo LSOO OO0O0OOODOOOLSPOOOO
oooLspOO0O0DOOO0ODOOOODOOOOOOOOODOOOODOOMPLSOOODO LSP
goboobooobobooobboobobuoobobooobooobooooboooooboobobao
gooond

ubobooooboooboboobbooobboobbuoobobooobooobboobobg
gbooooobobooboooboobobobooboboboobobobboboooobo
ggbboobooobboobbuobbuooobuooboboobbooobboobbao
gogbbooobboobboobbuoobbuooobooobboobbuoobboobboo
gobooobooobooboooboooooboobooobooooobooboooboobooboo
gboooboobooboobooobooobooobooobooooboooboooboooboon
gbooooboooooboboooobobooboooobobooboobobobbooboDbo

goobooobuoooboooboooboooboboobboobboobboooboo
gobooobbooobboooboobooobboobboobobooobbooobbon
gobogoobobooobboobboobbooobooobobooobobooobboooboboo
gobobooobooobbooboobuoobobooobooobboobboobboobboo
gobobooboobobooobooobobooboboobboooboooobobooobooboo
gbooboooboobobbobooboobobboboobooboboboboboooboan
goboboooboboobboooboooboboobboobobooboboooboononD 20
goboboobobooobobooobbooooobobooboboooboobooobobooboobooon
gobooobooooo

26 o0 oo o0ogi1s0 20 70



Chapter 4

0 O o o

O00000D0DODOODOOOOOO0O DiffSevd MPLSOOOOOOOOO0OOO0O0O0OOOO
gbooooobooooooooooooboooooboobobobobOobobobobobooboo
gooobooooobooboooooboobooooobooooboboobooogooboo

4.1. Differentiated Services

Differentiated Services (DiffServ) 00 0000000000000 O00OOOOO0OOOOOO
000000000000 00D0000000000000000000D0000D0 D0 dIntServ
goboboobobooobobooobooobbbooobbooobooobbooboon
OO00DiffServ0 00000000 OCOOODOOOOOOOOODOOOODODOOODDOOODODOO

41.1. 0000 QoSOOOODO QoS

Differentiated Services (DiffServ) [12]| 000000000000 IPSOO00O00O00OO0OOOO
oooooOOoOooobOoo0oOooDbOoOooobooOoo0ooOobOooOoooDOoOoOooDooDiftsery
gogbbooobboobbooboobuoooboooobboooboboobbuoobboobboo
gobodgboooobbooboaobboobo

DiffServ 0019970 800 IETF O IntServ 0 000 00000000000 DiffServ BoF!O
0000001994 00000000000000 Integrated Service (IntServ) 00000000
0000000000000 000 RSVP (Resource ReSerVation Protocol) 0 00000 QoSO
gobooobobooobboobboobobooobooobboobboobboooboboo
gboooboooboobobooboboobobbobooboobooboboboobon
DiffServ BoF OO ODOOO QoSOO0OO0O0DOO0ODO0O0OO0OOOOOOOD QoSOOOOOO
goooboobooobooboobooooboboobooboboboobobbogobD240b000D
0000000000000 Class of Service (CoS)0 0O OOO

DiffSeevO0 0000000 OC0O0DOOO0COCOOODOOODOOODOODOODOOODOOODOO
00000000000 0DOOO00DO0O0O0ObOODO DiffServ00O0O0OO0ODOOODODO QoSO

'Birds of a Feather 000 00000000000 DOOOOOOOOOOO

NAIST-DT9961027 27



CHAPTER 4. 0OODO

psOoOo0Ono

IROO0O000000
cROOOOOO
EROOOODOOOO

0 4.1: DSOCOOO

DSOOO000OCO0O0OODSO00OC0O00O0OoooOooOoooooooooo
gobooooooooooobooooboboo

gogboboobobboobbooobobooobbooobuoooboboobbuoobooboood
OO0DO0ODO0ODODiffServ0O0O0ODOO DiffServ0 00000000 OOOCOOOOOOO
gobodbooboboobooon

OO0000O DiffServ0D0000O0DOOO0O0ODOOODOOOO QoSOOOODOOOODO
00000000000 0O0D0 QoeSODOO0OOO0 QeSOODOOOOOODOOobooOoo

4.1.2. DSOOODO

DiffSeevO 00000000000 O0DOOOOOOODOODODOOOOODOOOOOOOO
gogbboguobbooobboobbuooboboobboobbuoobbooobooobobod
gbobogobooboooobobooboooobboobobobooooobobobobobon
oOobDSOOOOO0OO0oOooobDSOooOoOooooooOoOooOoOoOooooooboobooOoooo
000000000000 000000000000000000O00O0000O0ODSOO000OoDnOO
0000000000000 000DOO0O00O00OOO0O0O0DbDSOO0DOU0OOoODOOO0OoDoOOoOd
000000000000 00O0o0o0OoO00oooobSO0DODOO0OO0OO0 410000

4.1.3. DiffServ CodePoint

DiffSeevO000000O0OCOO0IPOODOOOOOOODOOOOOODOOOOOODOOO
0000000000 DiffServ CodePoint (DSCP) [14]0 00000000000 OOOOOO
OpPOO0O0DSOOOCOOOODOOCOOODSOOOOOOOIPvADOOO0O ToSOODDOO

28 o0 oo o0ogi1s0 20 70



4.1. DIFFERENTIATED SERVICES

I I
ToSOOOOO Precedence MD Mr MR MM | MBZ

psoooono DSCP ECN

Precedencel 000

MDOOoooo

MOOOOooooooo

MROOOOOOO

mwooooooo DSCPU DiffServ CodePoint
MBZO O OO ECNOECNO O OO

0 42: DSOCO0O0O

IPv4 ToSOOOOOO DSOOCOOOOOOIPVAO0O0O0OCO ToSOOOODO
O0Ipv6 000000000 OOOODSOOOOOOOOOOOOOOOOOOO
000 20000 DiffServ 0000000000000 OOODOOOOOECN
(Explicit Congestion Notification) [13]|00000000000000000000O

O 41. DScpOOodoogog

oOooo | bscpOOOd gooooo
1 xxxxx0b oood PHB
2 xxxx11b o0o000ooooooooon
3 xxxx01b oo0o0oooooooooo*

00000000000 PHBOOOOOOOOOOOOOODOOOO

DSCpOUOOOOOOOOOOIOODOOODOOODO DSCPOOOOODOOO AF
OEFO000O0C0O0000O0OCOCOOO020030000000000000O0
ooooooooooooooooobobooooooobooo

NAIST-DT9961027 29



CHAPTER 4. 0OODO

gboboobo

- > ooo T e L L L L '

—— 0ooo — 0ooo v

043 0000000000

goboouooooobooboooooooooobooobOboOoOobOoOoooDboOooon
goooooooooooobooboooooooooobooooobooooooooo
o0 DSCpO0O0D0O0O0O0O0O0ODOODOOOOOOODDOODOOOOOODODOOD
gooo

OO0Ipv60 0000000000000 DODOO 1000000000O0O0DSCPO DSOODODOOO
0060000000000000TIPvdaToSOOOOOODSOOOODOOOOODO 420000
DSCpO0O0O0O0OOO0ODOO0ODOODOUODOUODOODOODDOODODOOODOODODOOO
OO000O0O0000OO0oO00ooDOoOOoOooobSOOU00ODOO0O0D0ODOOOOObODOOOODOO
gobobooboboobboooboooboboooobooobooboooobooooooboon
oO0oOOo00DOOoO0OoOoO0o0oDooOoboboOoOoobScpOOOODOOOOO41D0O0O0

41.4. OOODDOOO

OO00O0OO00ODOO0O0ODbSOOoO0DOOoU0DOOO0DODOOOOODODOOOOOOoOSLADDODOD
DSCpOOO00O0ODOO430000000000000DOOOODOOOOODDOOOOO
goboobooobooooboobooon

000 (classifier)

DSOOD0D0O0O0O0OO0OD00O00000DO0ODOODOODOOD SLAODODOOOO
000000000000 0000000000O00DO000000O0O bsCcpOODO
000000000 BA (Behabior Aggregate)DIPO0 0000000000 OODO
O000000000000000 MF (Multi-Field) 00O OO

000 (meter)

oo bbb LoD oo bobon

30 o0 oo o0ogi1s0 20 70



4.1. DIFFERENTIATED SERVICES

gobooobooobooobbooobbuoooboooboboobbooonoo
gobooobooobooobooobboooboooboboobboooDoo
gbooobboobooboboobooboobboobooooboo

000 (marker)
00000000 bOO000O0oOoDOOoDSO0OOoobOOoooOo bscpOnoOoOonOoad
0000000000000 0O0ODSCPO0ODOOODOOOOODOOD

0000 (shaper)
gbobbooooobbodoooobbbobbooobobbuooobobbooaa
googooboobbbbdoooooooooobobbdooouooon

000 (dropper)
000000000000 000000000000000DOD0O0000O0DSO
Joooobobooboooooooooooooooboog

4.1.5. 0OO0OO0OODO Per-Hop Behavior

gooooobooobboobbuoobbuooobooobbooobbooobbooobba
0000000000000 000O000O00DO0o0DOoDbSO0OO0OoOoDOoooOoooOoood
DSCpO0O0O0D0O00OOO0ODOODODOOOOODOODOOOIPOOODDOODODOOODOOO
O0IPO0OD0OODSCPOOOOOODOOOODOOOODOOOODOOOODIiffServd
OO0DSO0D0OO0O0OO0OOO00OO00DOODOO0O0O0U0DDOOO0OOIntServOOODOOOOO
gobooboooobooo

O0000000000000000000 Per-Hop Behavior (PHB) D OOOPHBOOOOO
gbobgboooboobobgobooboboboboooooboboboboobobon
ooobooooobobobooPpPEBOOOOODODOOUOOODOOOOOODOOOODOO
gooo

0000000 PHBO OO Default O Class Selector [14]0 Assured Forwarding (AF) [15]0 0
0 O O Expedited Forwarding (EF) [16)|0 0000000000000 PHBOOOOOOOOO
OO0 DSCpOD00O 410000 100000000DOOOOO0ODOOODOoOOOOO

Default PHB
O0PHBOOODODOODODODODOOODOODOO DSCPO oooooop0 OO0
000000000000 00000DOO0OOo bsCcpoboooonoonoOonoOon
J0d0o0obOOo0obO0o0obOOobOoOOooOOoOobOoboOoooOg bscpoOoooobDOOD

NAIST-DT9961027 31



CHAPTER 4. 0OODO

DSOC0OOD 0o 0 o0 ECN

0O 4.4: Class Selector PHB O DSCP O OO

Class Selector PHBOOODO DSCPOOODOOOOODO 30000 ToSOOOO
0000000o0o0bO0o0ooo0o0 TeSOOOODODOODOOOOOOOOOOO
gobooooooobooooooon

000000000000 0D0OO000DO0O0DOO0 Default PHBOODODOO
godg

Class Selector PHB
OO0 PHBOODSCPOOO 3000000000 OOOOUOODOOODO (O 44)0
003000000 420000 ToSOOODOOOODODOODOOOODOODO
0000000000000 0000000000 ToSOOODOODOODODODO
OO00b00OO0obOOoDOOo0Ob00obOOooDooOoobobOobDooooo3boboOon
Oo0O00oO

Assured Forwarding PHB O 0O 00O
OO0 PHBOOOOOODOOOODOOOO PHBOOOODODOODODODOODODOO
00000000  PHBOODOOOODOODOOOOD PHBOOOOOODOODOOODODOO
0000000000000 00000000000000000000O0000
0000000000000 000000000000000000000000
oo0oooon

AFPHBOOOOOOOOOOOOOOOOOOOOOOSLAODDOODOOOOO
gboboooboobobooobbooobboobbuoooboooobboobn
gobooboooogIpO0O00O0bOO0O0OOO0bOO0Ob0O0O0OO0o0oobO0oboOo0oooDon
gboboboooboobboboobobobooboboboboobooan
goooooooooooogooon

obobooooooo4000000 pPHBOOOOOOOOOOOOD PEHBO
gboooooooboobo3sbgb0 pHBOODDODOODOOOODOOD
O0OAF PHBOOODODOOOCOO DSCPOO 4500000000000O0OOO
gboboboboooboobo3gbobooboboobob 20000000000

32 o0 oo o0ogi1s0 20 70



4.1. DIFFERENTIATED SERVICES

pDSOO000 Lo ECN

O 4.5: Assured Forwarding PHBO OOODO DSCPOOO

Assured Forwarding PHBOOOOOOOO DSCPOOO0OO0OO00O0O 3000
00000000 20000000000000000

O 4.2: Assured Forwarding PHBO OO OO DSCP
ooooo

goo

O O U

gagdl 001010b (AF11 001100b (AF12 001110b (AF13

gogd 2 010010b

011100b AF33

) ( (AF13)
AF21) | 010100b (AF22 010110b (AF23)
) ( (AF33)
) ( (AF43)

( )
( )

000 3| 011010b (AF31 AF32) | 011110b
( )

goo4 100010b (AF41 100100b (AF42 100110b (AF43

AFPHBOOOUOOOOOOO DSCPOOOOOO4000000 300000
0o0oo0oooooDooD 1200 DsCcpOOOOOODOODO400000000DDO
gobobooooooboooooooboooboooo

NAIST-DT9961027 33



CHAPTER 4. 0OODO

gon

oo00ooOoO0oo0o0Db+«.000D0000 000000 PHBOOOOD DSCP
O0AFjO000COCCODOO0ODODOO0OO0O0O0OOOOOOOODOODODODOODOOOO
O000000000000000AFPHPOOOOOOODODODODODOO DSCPO
oooo420000

Expedited Forwarding PHB
00 PHBOOODODDOOOODOOOODOOOODOOOODSOOOODOOOOOOO
0000000000 000DODO0O0O DbSCpOOODOO01110p000000000O

oooboOooooooOoO0ooooOoOoooooOoOoOobooOoOoOoOooooDbsbd
gboboboboboooooobobobobobobooooobobooon
gbboogobboobboboobobbuooobbooobbooobbooon
OO0D0o0oboOoDbOoboboOoDO0boooo0gbOboODg Priority Queune0 00000
OooobooopEBOOOO0ODOOOOOODDOOOOOODOOOODOODOO
goooooooooooooooboooooooooDg

4.2. Multi Protocol Label Switching

Multi Protocol Label Switching (MPLS) O Osub-IPO0 0000000000000 O0OOO
gbobobooobooooboooboobobobobooobooooobooobooobooobooooon
gbobobobobooboboobooooobooooobooooboooooboooo

42.1. ODO0OOO0O0OOOOOOO MPLS

Multi Protocol Label Switching (MPLS) [17] 0 00000000000000000000
00000000000000000000000000000000000000000000
000 subIPO0O0O0O0O0000O0O0O0O0O0OsubIPO0O0OOOOOOOOOOOOOOOODO
0000000000000000000000000000000000000000000
000000000000000000000000000000

MPLSO0199000000000000000000000000000000000000
000000000000 [800000000000000000000000000000
Tag Switching 0 00 0 0O Cell Switching Router (CSR)000000000000000000
0000000000000000000 IP SwitchingDOMPLSO0O0O000000000000

34 o0 oo o0ogi1s0 20 70



4.2. MULTI PROTOCOL LABEL SWITCHING

gooooooobobobo“oborobuoboboboboboobooooboooobuoDbo
gobooobboobbooobooobooobooobboobboobbooobboo
goboooboooboooboooobboobbooboboooboooboooobobon
goboboobooobbooooboooboooobobooobbooboooboboooboboo
gobooobooooboobooooboooboooooonboo

goooobogobobooogooboboobooboobobooooobobooboob IPODOO
gogbbooobboobbuooobuoboboooboooboboooboboobboobbao
ggbogobuooobbodgbbuobbuooobooobboobboobboobbao
gbobogobooooooobobobgobooobooobobobooobobooooobobon
goooooooooooooMpPLSOOOOOO0OOODOCOOOOOOODOOODOOOOOO
gbobogoobooooooobobobooobooboboboboboooboobobobon
gooooooooooo0oOooooooobooOooooooboooOoOooooMPLSOO0O0O
gobooboobobooboooboon

422. O0O00OD0OOO

MPLSOOODOOOOOODODODODOOOOODODOOOOOOODOOODDODO “0cObDO000d
0 (Forwarding Equivalent Class; FEC)” 000000000 FECOOOOOO LSR (Label
Switching Router) 00 0000000000000 OOOONHLFE (Next Hop Label Forwarding
Entry) 000000000000 MPLSOOOODOOOOOODOOOOOOOOOOMPLSO
000000000 NHLFEODOOODDODODOODODOOOOODODOODODOOO FECOOOO
O0o0o0oooo0oooooooooooooon

0000 FECODOO0OO0ODO0ODODOO0O0ODOO0O0DOODOO0ODOOO0OO0ODOO00DOOooOoooOoonog
d0bOO0oo0bOOo0obOOo0obOO0oobOO0obOOoo0bOFECOODOOOOOODOOODOOODOOODOOO
goooooo

423. O U U

MPLSOOODOOOOOOOOOODOMPLSODOOODOOOOOOO4600MPLSOOO
goooooIpOOO0O0OO0DOOOODOOODOOOMPLSOOOO L20C000IPOOOO
00000D0D20MPLSOO000 32bit0020bit000003bit0 00000000 (Exp)dO
0000000 (00)ODoOOoDoO0oO 1bitD 0000000 MPLSOOOOOOOOODOO 8bit
O TTL (Time To Live) 000000 (190 000MPLSOO0O0OOOOCOOOOODODOODOO

‘000000000000 000O00OooOoog

NAIST-DT9961027 35



CHAPTER 4. 0OODO

ooowroooood L2000 iPOOO

MPLSOOOOOOO00O

PODOODO Leooo

iPOODO

(MPLSO 010)) ooQ Exp TTL
(20bit) (3bit) (8bit)

L S (1bit)

O 4.6: MPLSOODODOOODO

IPOO0O0OO0OOOO MPLSOOOOOOOODODOOOOOCOMPLSOOOOOD
200it 00 0FECOOOOOOOOOOODOOOOO0O0O0OO0O0O0OOO MPLS
ooooooooooo0ooooooOOOobO00oo MPLSOOOODOOOOD
goboooooooboooooooboOoooooooa

OOMPLSOOOOOOODOOOOOMPLSODOODOOOODOODOOODOO MPLSODOO
gooooooobooboooooooobobooooooboobobooo“coboUuDbo
orooobobooooboooboooobooooooooooooooooooooog

OoobOreECOO0ODOOO0ODOOOODOOOO0ODOOOOODOO0ODOOOOODOOOOODO
oobooOobOOo0 rECOOOO0OOOO0ODOOODOODOODOOODOOODLSRODOOODOO
OO0 rECOO0000000DOOODOOO0ODOO

424, OO00O0OOOODOOO

gobobdoobooboboboboboboboooouoobDobooobobobobo
gooooobobobogobooboooobbooboobobobobooboobboooDoobo 1IPOD
gobooobbooobboobboobbooobooobooobooobbooobboo
gboobooooobooooobobobooooooboobobIPOobobobobobooDoD
gboooboobooboobobooboooboooboobooobooboooobooboboo
gboboboboboboboobo IpOObO0ObDODODODUODODO 470000

O0DOMPLSODOOOOOOOOONHLFEOOODODOO MPLSOOOOODODO00000
oooooooooobobooooooobboOooobOobobobOOoOobDobObOOoOoOoDoOOMPLS
O000000D00 NHLFEODOODOOO422000000000NHLFED FECOODOO

000000000MPLS 00 TLM (Incoming Label Map) 0 FTN (FEC-to-NHLFE) O 200000000
ooooooboooooooooooboooooobobooooooooooboooOobbOooobbooooOobOoOoooDoboOoo
O00O0O0O0O0000000000000000000 NHLFEOOOOOOOOOOOOoOD

36 o0 oo o0ogi1s0 20 70



4.2. MULTI PROTOCOL LABEL SWITCHING

goooocooo 00000000 (0ooOooOo0ooO

a.b.c.d 24 ifo
POO0O0O0ono

JdO00O0Oa.b.c.d

PODOOOD
go00d0Oa.b.c.d

U477 0oobooooboobooboobooob

gboboooboooboboooobodbooboobdobodbobouodbd asboc.dd
0000 IPOO0O0OOOOODODOOOOOOOOOOOOOOODOOOO/O0
Ooo00000 a.p.c.d/24000000000000000000 ifo0000O

ooooo
ooo goooopoooo oo
a ifo 0000 (b)
pgooooooo

0ooooooo
Od00a

048 MPLSODOOOOOOODO

MPLSOODOOOOOOOODOOOODD a00000O0OLSROOOOOO
ILMO NHLFEOOOOOOOOOOOO»OOOOOOODODDOODODO ifoD
gooooo

NAIST-DT9961027 37



CHAPTER 4. 0OODO

gooooooo gooooooo gooooooo

—1.00000 —1.00000 —1.00000
200000 200000 200000
3.00000 3.00000 3.00000

goooooa goooooa goooooa

U 49 00000000000000000000O000O00O0

goooboodoobooooooooooooooooooooooooboooooo
goobooooooooooooooooboooooboooooooooooobooon
oooood

LSROOOO0ODOCOOOOO00ODOOO0OObOOOO0 NHLFEODOOOODOODOOOODOODO
goo

LSROOOOOOO0ODOOO0OO0O0ODOOO0OO NHLFEDODOODOODOOOOODOOOO
goboobooboooboobooo3oboobooboonood

0000 (Push)
Jooooooobbobbooboooooooooooooo

0000 (Swap)
godoooboboobobotbdbdddooooooboobooboboboodouooooo

0000 (Push)
gboboboboboboboobobooboooooo

O0OoMPLSODODDOOMPLSOOOOO0OO00O0O0O0O0O0O0O0O0O0O0OOOOOOOOOOO4.2.3
oooooopoooooo MPLSODOOOOOOOODOOOOOOOOMPLSODOOOOOO
goooboooooboooOooooOoOoDOoO00obDOO0U0obDOOOoOoOoOoMPLSOOO MPLSODOOO
oOoooOo0OLSROODOO MPLSOOO MPLSOODOODOOOOOOODOODOOOOO
oooMPLSOODOOMPLSOODOOOOODOOOODOOOODOOOOODOOMPLSOOOO
oboobobob 480000

38 o0 oo o0ogi1s0 20 70



4.2. MULTI PROTOCOL LABEL SWITCHING

gooooooo gooooooo
1.00000 1.00000
. i """ Sub-1P0] N i """
200000 200000 200000
3.00000 3.00000 3.00000
EECEEEER R | ooooooo |7 | ooooooo )T
—
O0000LSR O OLSR OJO00OLSR

O 4.10: LSO OO MPLSOODOOOOOOOD

LSspO0OOCO0OOMPLSOO0OO0OOOOOOOOOOOOOOOOCOOOOODO
goboooooooobootooooooooooboboooboooooo

425. ODO0O0O0OOODOO

4240000000000000000000000000000000000000000
00 (O 4.9)0

1. Joboooobooboobbooboobobon
2.0000000000000

. Ub0ooooon

OO0O0O0O0ooOoMPLSOOOO MPLSOOODODO LSROOOOOOODOOOOOOOODO
(0 4100000 LSRO MPLSOOOOODOODOOOOOOODOOODOOOOO FECOOOOOO
oO00OO00oDOo0oCcO0OOoO0bOOoOD LSROCODOOODOO LSROOOODOOODOOOO
OreCOO0000O0000CO0OO0OOOO0OOOOOOCODOOODOOO MPLSOOOODOO MPLS
oooooooOoOooo0oOooo MPLSOOOOOOODO MPLSOOOOOOODOOOOO
oobooOobOOo0ooOOOo rFrECODOOO0ODOOODOODOO LSROODODOODOOODOOODOO
00000000 “0000000000 (Label Switched Path; LSP)’ 00000 OOLSPOO
OO0 LSROO00O0O0DOO0O0ODOOODOOO0O0O0LSRODOOODOLSROODODOOODOOOOOO
OLSROOOLSROOOOODO LSROODO LSROOOOLSPOOOODO MPLSODOO MPLS
goooOoOoOoOOOODODOOOOOO0O0OOOOOOCDOODOOD FECOOOOOOOO MPLS
gbobobobobooboooo

MPLSOO FECOOOOOOOODOOOOOOODOOOOOOODO MPLSOOOOOOOO
oooooopoooobD FrFECODOOODOOOOOODOOOO MPLSOO MPLSOODOO
oooooooooobooobooOo0oobooooboOooo0ooboOoboOOoooDoOoOoDOoOoO LS

NAIST-DT9961027 39



CHAPTER 4. 0OODO

OFECODOOOODOOOODODOOOLSPOOOODODDOOOOODOOOODOOOOOO
OOMPLSOOODOOOODOOOOO LSROOOOOOOOODOOOOOOODOOODOOOO
goboobooooobooboooooboonbooo

0000000000000 000000000D00O000000 (Virtual Private Network;
vPN)OOOOOOOOOOOOOODOOOOOOOO0OO0O0DO0O000O0OLOOO0OoDOOO
oooooooooooLspoooooooOooobbobo0oobbooobboooDboooDon
gboobogoobooooooboboobgoooboobobobooboobboobobobobon
gbobooboooooboobgoobooobobooboooboboobooboboobooobooboobon
gogbobooobooobobooobooobbuoooobbooobooobboooboo
gopbooboogod

426. DO O0ODO

000ooOoOooooMPLSODOOO0ODODOOOO0ODODOOOOOOFECOOOOOOOO MPLS
0d0dbodoOOdbOobOOobOobOObOobOobOo “coooo»oOonDog

goboboooboobobooobooooooboobogooobooobobboobooooboobooobooo
gbobogoboooooobobobooobooboobobobobooboooboobobobon
gbobgobooboooooboboboobooboooboboboobooooobobobobon
oo ooooooooobobobobbobbobno
0000000000000 00000000000000O000000000OBGP (Border
Gateway Protocol 4) [20, 21]0PIM (Protocol Independent Multicast) [22, 23]0RSVP (Resource
ReSerVation Protocol) [24, 25| 000000

O000000000000000000000 (Interior Gataway Protocol; IGP) 0 0 O OSPF
(Open Shortest Path First 2) 26| 0 0 0000000000000 00O0O0O0OOOOOOOO
gggboubboooobboooobooobbobobbooobbooobbbboobon
ooooooobIiGpOo0bOOU0ODOOO0OOOOODOODOOOOODLOOODOOODOO
gbobogbooooooobobobobooooooboboboboooboooboboon
0000000000000 000D00000D000 (Label Distribution Protocol; LDP) [27]0
0000000000000 00000 (Constraint-based Routed Label Distribution Protocol;
CR-LDP) 28] 00000000 LDPOOOODOOOO0DOOOODOOOOOOOOODDODOOODO
00000000 LSPO0OOODOOOOODOODOOCR-LDPODOODOOODOOODOODOODO
000DOO000DOO00O0DOO0O0OO0DOODOO LSpOODOODOOOODOODO

g0oo0dboo00obOobOoo0OO0bOoUob0 LSROODOOobOOoOooOOooDOobOobooboonoo

40 o0 oo o0ogi1s0 20 70



4.2. MULTI PROTOCOL LABEL SWITCHING

OO0LSR

0 4.11: LbPO0OOO0OOOOOOOODO

LbpOCOOO0O00O0ODOOCOOOO000OOOO FECXOOOODOOOOOOD
00000000000000 LsROoOOOOOOCOOOOO0o0oOgon

gooo

0000000000 (LDP)

00o00oo0ooU0oO0o0oOo0oOoOo (Lbp)OD0OO0O0OO0OO0DOOUOOOOOOOODOOO
OO0MPLSOOOOOOOOOOODODODOOOOOOOOOODDOOOOOOODODOODOOO
OO000O0O000O0DOO000O0O000DOO00DOO00bOO0OO FECOOO LSPOOODODOO

LbpO00OO0OO0OOODOOCOCOOOOOO0O0LSROOO0O0OOOOOOOODDOOOCODODOOO
OO0O00O0LSROOOOOO0OO0O0O0O00O0O0LSROOOOOOOOODOOOOOODODDOOOO
Oooooooooooo0oOooooooobOoOOoLSRO TCPOOOODODOODOOOOOO
gobobooobobooobboobbbooobbooobooobbuoooboooboboon
gbooo41100b0boooboboobobooboboboboobobooobobon
0000000 LSROODOOO LSROOODOOOOOOODO

LbpOOO0OO0O0ODOOO0 LSROOCOOODOOOOOOOOOOOOOOOOODOODOO
gboboboboboobobooboboobo

0000000 (Downstream-on-Demand; DoD)
oooOooooooOobD LSROOOO LSROOODOOODOOOOODOODO
ERERN
00000 (Downstream Unsolicited; DU)
00000000000 LSROOOOO0O FECOOOODOOOOODOOODOO
oo oon
goooobobobbbotbddooooooobobobbbooogoooag

gobodbooboboobooobooboooboobooobuooboboooboooboo

NAIST-DT9961027 41



CHAPTER 4. 0OODO

OO00OoO0DOOo0OOO00OOo0oOoOO0 rECOOOOOODOOODOODOOODDO LSPOOO
o0oOoOoooOOoOoMPLSOOOOOODOOODOOODOOOOOOODOOODODOOOOOOOO
gooboobooobbooobooobooo 2000000

goooobogo
0000000000000 0000 LSROOOOOO0OOO0O0OD0OO FECODOO
O00000000O0O000O00DOO00bOOOoobODOLSROOO0ODOOODOO
0000000000 LSROOO0OOOO00ODOOO0DOOOOODODOOOODOO

goooooo

00000 LSROOOODUODDOOODODOOOOOOOO0DOOOO000O0OO
gobooobooobboobbuooobboobooobooobboooDoo
O0LSpO0ODOCOOOO0O0DOOOOOOOODOODDOOODOOOODODODOO
gboopobooboobboobuooboboboboobooobobooooo

gboobooooon
ooboooobooboooLsRubboooooouooboooooooboooon
ooooogog

e IO LSROOODDOO FECOOOOO LSROOODO

e JO0DOOOFECOOOOODOOODOOODOODODOOO

ooooOooOooOOOOOOCOCOCOODOOO0OO0OOOUOOOOOOLSRODDOO
O0000D0000000D0O00D0O000 LSROODODODOODO LSROODOO
goboooboobobooobooobboobbooobbooobboooboo
gobooooooooooogoooboooooooonogonD 4120000

00000000000 D0O00D0000 LSPOOOOODO LSROOOODOO LSR
gobooobdooobobooobbuoobbooobooobboobboooo
000000000000 0DO000 LSRO LSPOOOCOODOOODOODODOODOO
O000000000OLSPOOLSROODOOOOOOOOOOODOOOOODOO
O0O00D0O0OO000b0OOoOLSsRO0OOO0O0OOOoO00oDOOoOoODOOOoOoDoo
googn

coooooLrLppOOO0obOOoOoboOOOOOOoDOObOOOOD

42 o0 oo o0ogi1s0 20 70



4.2. MULTI PROTOCOL LABEL SWITCHING

PLSD \\
e s

\

> FEC X FEC X
ooo A
(2)DDDB Ay

OO0O00LSR

-
-

0 4.12: LDPODOOOODOODOODO

0000000000000 LbPOOO0ODOODOOOOOOOO(1) OO0 LSRO
FEC X OUOOOOUOODOOOO LSR1IOOOOOO(2) LSR10O FEC X OO
0000000000000 00000000000000000000LSR1 O
LSR200000000000000O0O0O0O0OOOO0OO0OOOO0OOC0OO

1. 0O LSROOO

oobooooboooobooboooobooboboooLLsrRbogoooo
2. 0000000

000000 LSROOOO TCPOOOOOOODODOOOOOOOODODOODOO
00000000000000000000000000000 Dob/DUDCOOO
00000000000 000O00O000O0O000OoOoOoDOoooTCcPOOOODDOO

gooooobooboobobooboonoobg
3. Jgnoogoooon

goboobooobobooobooobooobooobooobboobboon
gbobooobooobooobbooobboooboobbooobobooobon
gbooooboobooobooboobooon

oOo0DbOOoOo0oboOooOOOLSROOOODUOOODOOODOOOODODLOO
gboooobooabooo
4. DO0O0O0Ooaoog

OO0 LSROOO0O0OO0O0OCObOO0ODOO0OOO0bOOO0ODOO0OOO0O0Og LSRO
gboboobobooboabboobuoobbooboobbod

LbpOO0O0O0O0O0O0ODOOOOOTLVODOOOOOODOOOOO0O00O0O0ObO0000000

NAIST-DT9961027 43



CHAPTER 4. 0OODO

I I
0ad (Type) 00 (Length)

0 (Value)

0413 TLvOOoDoooDO

LbpOoOoooOOoO TLVOODOOOOOODOOOODOODOODOOO0O0oODO0bO00o
oooooooooooooooDoooTWVOOOO 4000000000000
goooooooobboooobooo

00000000 (Type)DOODOODO (Length)DODODOODOOOOODOOODO (Value)OO OO
ooooTvooooooobooo41300booooobobobooboooo200b00m
gbopooooobobooboboboobobobooobobooboobooboboboobonbod
oooooDoLbpO0OOOOOOO0O0OODCOOOOODODOOOOOOOOOODOO CR-LDP
oboboboobobooboLbPpObOnOOonOO

O0000000ooooooO (CR-LDP)

MPLSOUOOFECO LSPOOOOO LSROOOOCOOOOMPLSOOOOOOOO0O0OO0COO
cooooooooooooOoOoooob0 LSRO MPLSOOOOOOOOOOOOOOOOO
o0000oooOo0Oo0ooOo0O0OoMPLSOO0O0O0OOOO0OOOCO LSPOOOOOOOGCOOO
oobo0o00000000o0ooooooOooOoOOO0OO0O0O0O0O0O0O0O0O0O0OOOOOOOOOO
oooooooooooo0oOoooooobobooOoooooDooboooOooooooooMPLSO
O0000000ooooOo0o0o0o0ooooooooooo

000000 LbPOOOODOOOOOOOCOOOOODOOOMPLSOO0O0C0OOO0OOOCODOO
OoooooLspO00O0O0ODOOOOOOO0O0O0ODOOOOOOOOOODOOOOOOOOOO0
0000000000000 00000000D00000000000000 (Constraint-based
Routed-Label Distribution Protocol; CR-LDP) 0 0000000000000 OO0OOOOO
O000000000oOoO0OLbPOOOOOOOOOOO

000000000000 0000000 TLV (Explicit Route TLV; ER-TLV) 000000
oo0O0O000 TLvOooOoOoOODOOOER-TLVOOOOOOO LSROOOOO0O0O0O00D0O0O0
OOOO0OO0OER-TLVOOOOOOOOOOOOOOOOOOOOOOOO0O0O000000 TLVO

44 o0 oo o0ogi1s0 20 70



4.2. MULTI PROTOCOL LABEL SWITCHING

OO000LSR

s 00000000
== (0000000

0 4.14: CR-LDPOOO LSPOOOOCOO

CR-LDPOOOOOOOOOOOOOOOOOD LSPOOOOOOOOOOOO
0000000 LSROOOOO0O0ODOCO LSRO DoDOODOOOO LSROOOODO
o0o0000oooOO0o00ooo0o00Uoo LSROODO0DO0OooOOoO0oooooo
00000oooooooo Lspo00oO0Oooooooon

oo0bOOo0oO00oboOOoOo00obOOoOo0U0bOoOoOU0ObODOoOOUobOoOOO LSPODOOOO LSR
oo0ooOoOoOoDoOoCR-LDPOOOODOOCOOODOOOODOOOODDOOLSPODOOOODOO
LSROOODOOO0ODOOODOOODOOUODOO LSROODODOOODOODoDOOOOODOOOOO
gobooaoo

041400CR-LDPO0ODOOCO LSPOODOOODOOOOOOOOODOOODOOOOO

0000 LSR - LSR1 - LSR2 - O00O0O0O LSR

0000000000000 0000000000o0O0LSROODOooooood (LSR1,LSR2,0
O00LSR)OOO ER-TLVOOOOO()LSRIOODODO ER-TLVOOOOODOOOOOOODO
O0LSRIOOODODOODO ER-TLVOOOOODOOOOO((2)00 LSR20000 ER-TLVOO
0000000000 00000000 LSR200000000000 3)DooOOLSROOO
ooobooooooboobobOo ER-TLVOOOODODODODOOOOODOO0ODOO0DOO0ODbOOO0O0OD0
0000000000 U000 LSROOOOOOOOOODODODO0DO0DOOOOOODODOODOO
000000000000 LSR20 ILMOOO NHLFEQOOOOOOOOG)ODooooooOo
0000000000000 00000000000000 LSRIOO0O0O000O00OOO (6)0
00000000 LSsROo0oooooooooLspoooooOn
OOo0OO0OO0OCR-LDPOOOCOOO LSROODO LSPOODOOODOOODOOOOOOOO
ooooOOoooboOoOoOoooOoOo LSROODOoOooooOoOoobDoO0OobDoOOoOobboOoooDon
oobOOo0ooOooocobooOobooOoLSsROo0obooo LSsRObOOoOoOoOoOoOoOobOOoOoDOoOoon

NAIST-DT9961027 45



CHAPTER 4. 0OODO

OO0 LSROOOOOODOOO

46 o0 oo o0ogi1s0 20 70



Chapter 5

Joobobooooboboodgdd

obboooooobOobobobooooboooooobooboboboooboooooonoag
ooooboooooobooooooboobobooobooooboooboooobooobooon
gooooooooobooooboooooooooboobooboboboobobobobooboo
goboobooooobooooooobooooooobooooooboboooboooooooon
gboooboboobooboboooooboooon

51. 00 O0OO

gboogboobobboboobooboobobobboobooboobuoboboboboog
gobobooobboobboobboobbooobooobboobooobboobboo
gobobooobobooobboobobooobooobboooboboobboobbooobDboo
goboobooobboooboobooobooboobbooboooboo

ubobobooobobobobboboobooboobobobooooboboboonbog
gobbooobboobboobboobboobobooobbooobboooboooboobod
gbooboooboobobobbooboobooboobobooboobooboboban
ggbobodobbuoooboboobbuoooboboobboboobboobbuooboobood
gboboboboboboboboboboboboboboboobooboowIDEDODOD
bodb0dcamp-net 000 O0D0OO0DOODOODOODODODOODODOODODOODOLOODO

WIDEOOOOOO [29)000000000000000000000O000O0oO0nood
gboooboobooboooboobooowIbEOoD ooobooooooboobooooog 2
0((@:30/0:90)0040000000000000000000O0OOOOOOODOO 200
gsobogooooboboobobobooboobobobonoooboboobobooobo
goboobooboooooooo

uoboboboooobobooooooobDb camp-net 00000000 O00O0O0OO0OOOO
U0camp-net DO O0O0OOO0O200000000000000000000000O0000O000
gogboboobbooobbooobuoooboooboooboobooboboooboboobboo
Ubb00camp-net OO0 O0O0O0OO00O0O0O0O0OO0OOO0OOOOOO0ODOOOO0O0ODOO0OOO

NAIST-DT9961027 47



CHAPTER 5. O0O00O0OOOOOOOOODO

gobooboobboooboobboobooooboobooooobooobooon

camp-net 0000000000000 0000O0O00O00O0000O0000O00O00O0O00O0O00O0
gbooboboboboboobobononoobonoboonooooooondndcamp-net
gobooboooboobooobboobbuoobbooobooobooboooboooooboboonboboo
ubobooobooobooboobooobooboon

camp-net 0O O0O00O0O000O0O0OO0O00OO0O0O0O0O0OO0O0OO0O0OOOOOOOOOOO0
gobboooboooboboobboobbuooobooobooobooobobooboboao
O00oO0oOoORTTOOOOOODOOODO000D0000camp-net 000000000 OOOODO
gogbooobbooobboobbuoboboooobuooobobooobboobboobbao
gogbboouobbooobboobbuobbooobooobboobobooobboobboo
ooood

000000200000 /200000 /200000000000 WIDEOOUOOOOOOOO camp-net
goood

e NUUIDODOOO0ODOODLOOODODOODLOOODLOODLDOOODOO
e NUIDODOODDOODLOODDOODLOODDOODOODODO
e NUUIDDOODDOODOODDOODDO

gobodboooboboobooon

51.1. 00O0O00ODOO

Ubooooobo3b0bobooobub camp-net 000000000000 0OODO0O0OOO
gbobgboooooooboboboboboooboobobooobobooooobobon
gboboboboboobobobooooon

O0000o00oooooooooooo (200000)

2000000 WIDEDOOODOUODUODUOO camp-net OO ODOOOOODOODOO
gbobooboboooboooboboobbooobooobooobooboooboon
gbobooboboobobooobbooobobooobboobbooooboooooboo
O0O0O0DoOo copSOOUdObOOOOODOUObOOOOOUODOOOn DiffServd
gobobooboboooboboobboobobooobooooboboobooboon
gogbboobbooobbooobboobobooobobooobboobooboon
goboogbooooooan

48 o0 oo o0ogi1s0 20 70



5.2, O00OOOOODOOOOOOObDObOOOn

goobboodd campnet D00 O0O00O0O00D0ODOOO0O0O0ODODODODOOO
gobogboboboboboboboboboboboboboboboboooo
gbobooboboooboooboboobboooboooboboobboooDoo
gbooooobooobogoooo

00000000000000000oooooo (200000)
gobooboooboboobboobbooobboobboooboobooboon
gboboobooboobboboboooboboboboobooboboooboooogon
gbobobobooooobobobbobooboboboooooboboboon
gboboooboboooooboboooboboooboooboboooboooooboo
gbob2000000000 camp-net0 000000000 DOOO0O0OOOO0OO
gboboobboobouoobboobuobboobuoobooboboobooon

0000000000000 0000ooooDoO (200100)
gobboobboobbooobooobooobboobboobobooan
gbldl1bgboobobuooobooboobobobobooobobobobn
gbbodgbbuooboooobbooobbuooobuooobboobboobn
goobogz2o01000000000000000b0b0bOobOOoOoooo0oDODn
gbobobobobobobooboboobooboobobooboboobobon
ooooooooooogn

gobooooboboobboooboboobbooboobooobboooooon
gboooboboobooobooobobooboobbooboooboooon

5.2, 0000000 OOOOOOOOOO

gboobooobz2c0000 WIDEODODODODOOOOOOOOOOOoOoO 20000
04010 0obo0obooboobooooooooo 26000000

5.2.1. camp-net0 00

000000 camp-net 00 0000000000000 O0O0OOOOOOOOOOOOO (O
gooooOO)DooooOoOoOoOoOoOODOOOOODOD (IPv6OO; 0000O0ODOOO)OOO
00000000000 000000ATM over T1(1.5Mbps) 000 00O JGN (Japan Gigabit

NAIST-DT9961027 49



CHAPTER 5. OJ00O0O0OD0OO0OOCOOOOOO

WIDE Internet

fujisawa-gw

0ooooo
(1.5Mbps) 0oo000000

0o@Eooooo)

Terminal
203.178. 143. 128/ 25 nat
Plenaryl
10.1.1.0/ 24
Plenary2
10.1.2.0/ 24
BOF
10.1.3.0/24
Wireless
10.1.4.0/ 24

0 5.1:20000 000000000 camp-net 00000 (IPv4)

WIDE Internet ‘ WIDE Internet
\
fujisawa-gw | nara-gw
\
o0ooooooo (1.5Mbps) (1.5Mbps) goooooooooooo

0o@Eooooo)

ospf6-1 ospf6-4

Terminal

3ffe:501:10ff:1::/64
3ffe:501: 10ff:8::/64

NOC
3ffe:501: 10f f: 1000: : /64

Wireless

Plenaryl
ospf6-3 3ffe:501: 10ff:4::/64
3ffe:501:10ff:2::/64

3ffe:501:10ff:5::/64

Plenary2
ospf6-2 3ffe: 501: 10ff: 3::/64

BOF

3ffe:501:10ff:7::/64

0 5.2:20000000000000 camp-net 00000 (IPv6)

20000 000000000 camp-net 000000 0OOSPF version3000000000O0O
IPv40 IPv6 0000000000 O0O0O0O0OOOOOOOOODODOOOODODODOOOODODOO
0000o00oo0O0oo0oooo0oUooOooUooDOD Ipv6e00)00O0O0OOOOOOOO
0000000 (D0o0000)000L000000UO0DUDDO0OO0OULO0OUOO0OO 1.5Mbps O
ATMO0OO0O0O000000O00O0O0O000000O000000O00O0O0O0 vVeOooooooo
O 15Mbps 0000000000 ODOOOOODOOOODOODODOOODODOOOOO DNSOOOO
gobooooooooooobooboooobooobooOoOoobooooOboOoOoDooOooo

50 o0 oo o0ogi1s0 20 70



5.2, O00OOOOODOOOOOOObDObOOOn

Network)!DOOODODO0O00DO0OO0D0DO0O0O0OO0OOO0O0DOOOOODOOODODOO 300 PVC
gobodbooooboobooooboobooo

. JoboboboboboboboboboborIpvabobobobobobobO
2.00b0000000DOU0bObOO0ODOOoOobDOIPvéDOOODOOODOOODOO

. b0bo0b0obobobobobobOoboIpveibobOobObODODOD

gbooobobooboboooobooobooboboooboooobobooboboonIpPv4ad
Ipv6 0000000 00DOO0O0O0ODOO0DO0OD0O0O000 camp-net JO00OO0OO0O0O 51000
obg s20000

5.2.2. OOOOOOOOO

gbobobooboobobobobobobooboboboboobo

goboooboog

ubooboooboobuooboibbUcampnet 000000000 O0O0onOOoOonooonOO
Ubb00O0camp-net DO UOOOOO0OUO0OO00O0O00000 camp-net00O0OO0O0OOO0OO0O
obobogobooooooobos21000000000000000000 camp-net 00O
gbobgboooooooboboobobobooooobobobobooboobooobobon
oooooooooooooOoOoooooO0oooooOooooooOooooDoo bSoOoOoo
gobogoood

O00000000000000000 (Best Effort; BEYOOOOOO 20000000000
gobobooboobooobboobobooooboboobobooooboboooboooobooobooon
gboboobooobboobooobooboon

gbobgoobooboooooboboobooboobobooooboboboboobobobobo
gboooboooobooobooboboobboboboobooboobobooboobon
AF(Assured Forwarding) [15|0 00 0000000000000 O0OOOOO0OOOO0OOO0
gobooboobboobooboonoobg

e NOODDOODDOODOODDOODLDOODDOODDOOD

e JOUODODOODODOODOOOO

ITAO(D0O0DODO0)000000000000

NAIST-DT9961027 51



CHAPTER 5. O0O00O0OOOOOOOOODO

gooog

uboboobobooooboboboobboboboboboboooooboonoooobooobo
0000000000000 000ooO0O0oooOoIpv4/IPv600000000OOODOOOOO
oooooobooooooboooooobOOoOobOoooboOooooobbogooOooTeP
gobobooobboobboobbuoobbooobooobbooboooboboobbao
gobogboobbooobooobboobuoobboobbooboobbod

gobobooboobooboooboobooobooboboooobooobooboooboboo
gboboboooobooooboboboooogobooboboooboboboboooobobo
goboooboooboboobbuoobbooobooobboobboobobooobboo
00000 (D0o0o0bD)boooooooooo

g O

OO0O00O000O00DOOO0bOO00O00DOoU0OboOwidennitOOOOOOOOODOODOO
O0000“widewnit” OOOOOODOOOOOOODOOODOOOODOOODOOOOOOODOO
Owidemit 00 O0OOOO0DOOOOOOODOCODOOOODOOOOOOODOOOODOOODOO
ggbboguobbooobboobbuoobbuooobooobuooobooobbooobobod
gbobodgboobboobooobbooooab

Uoooboboboobooboooboooo 2000widennit 000000000 DOOODOOODOO
00o0U00o0oo0ooo0oO0oUo0ooo0oOOo0o0oUO0DoOooOOoU0oO0oUDOOoO (ooo
00)0000O000000000000O0O0O0O0O0OO0OO0OO0COOOO0OOO0OOOOOOOOOOO
gobooobooobooobooobobooobboobboobi1oobo0o 2000000
000000000000000 (0000000000 10000000)0 10000000
Ob00dlowidemnit OO DO ODOODODOODO

gbobooboogbooo

oooooboooooooooooooooooooDOooDOoOoDbOoOD “PEPerOODO
OobDO00000o0bOoO0OO0OWindowsD UNIXOOOOOODOOOOOODCOOUODOOO
JavaODOOOOOOOOOODOOOOOO

gobooboobooboobooobooboo IboboboobooooboboobbooOooOoDs.2.2
gobooboobpbooboobbooboobbooboobbooboobooobbon

uboobooobobbooboouonooobooobobobobooobooobooobooboonog

OOo0oOo00oOOoUooOboOoboO00DOoOoDOoOoOobOO00DOOOwidennitODODOODOOODOO

52 o0 oo o0ogi1s0 20 70



5.2, O00OOOOODOOOOOOObDObOOOn

0 51: 000000 (1) 0 52: 000000 (2)
od oo/o0 od oo/o0
IPv4 isawa-gw IPv4
fujisawa-gw
IPv6(oO) ospf6-1 IPv6(o D) isawa-gw fujisawa-gw
IPv6(@D) ospf6-4 nara-gw IPv6(0 D)

051000000000000000030000000000O0DO0ODOUOUD IPv4/IPv6eO0O0O0O
goboooooooboooooooboobsoobobo0ooboo0oDbboooDbOboOooDbOOODDO 5.2
gopvCOOOO0OOO0O0O0ODDODOOCOOOOOOOOODODOODODOOcampnet000000000O
00000000000000 isawa-gw O fujisawa-gw 0000000000000 O0DO0OOO0O 200
ooooooo

OOoo0o0O0OWebOOOOOODOOOOOO

5.23. O00O0OODOOOODOOODO

goobobbbuoooouooobbbobbbObcamp-net U0 oooOoOOO0ogoog
ooo

PEPO O O

522000000000DSO000000000000000O000Ocampnetd0000
0000000000000000000000000000000000000000 PEPO
000000000000000000000000000000 30000 (IPv4/IPv600
D)0 PEPOOOOOO521000000000000051000000000000000
50000000000000000000000000000000000000000000
000000000000000000000PVCOO00O0O00000O0O000000000
000000000
PVCOOO0O0OOO0O0O0OO0OOOO00O0PEPOOOONOOOOOONOODO 53000054
00000000000000ATMOOOO0000000 100 IPv40 PVCO 200 IPv60O
PVCOOO00/0000000000 isawa-gw/fujisawa-gw 0000000

0000 Oisawa-gw D IPvAa000000000000000000campnet00000000
O00O0O0IPV40000000000 isawagwO00000000000000IPv6O000
O0O0O0IPv60O00000 ospf6-1000 ospf6-400 ATMO OO O OO0 isawa-gw 0 000
ODO0Oisawa-gw 00 PVCOODO0OO0O0O00O000O0O0O0DOOOO0OOOOOOOOOOOOOO
O0D0O0ATMOOOOO0O00000000000000000 O fujisawa-gw 0 IPv4/IPv6 00

NAIST-DT9961027 53



CHAPTER 5. O0O00O0OOOOOOOOODO

- 0Spf6-4=— .
Ethernet P - ATM Switch
(Pve) IPv6(0 O)
oooo
-0spf6-1— IPve(D ) 00oO00o000Dn
Ethernet Pvd
(IPv6)
_-_
Il pvcbridge
Ethernet = '
(IPvg) —————————————————————J e

isawa-gw-

053 00 ((C000000)0000000O0O0O00O0O0O0

- ATM Switch
IPv6(0 O) IPv6(0 O)
oo
(0oooo IPve(D )

IPv4

e
Il pvcbridge o
] |, Ethernet
fujisawa-gw= (IPv4/IPv6)

Os54:0000000000000000

0000o000oooOooooOopPVvCOODOODOODOOOODDOOcamp-net O
000000000000 PpPEPOOOOOOOOOOOOODDODODOOODCDOO
pvCOOOOODOOOOOOOOCODOOOOOOOODOOOOOOOODOOOOD
goboooooooooooooooooooooooooOooboOoOoooooboon
gb0000campnet 1O O00O0OOOO0OOOOODOOODODOODOOOOODO
isawa-gw 0 0 0 fujisawa-gw 00 0000000000000 O0O0OOO0OO 1/3
gobooooooboooooooooooooOooooboOoOoboOoooobooOooon
goooo

54 o0 oo o0ogi1s0 20 70



5.2, O00OOOOODOOOOOOObDObOOOn

000000000 (1.5Mbps)

T\—DDDDDDD (64kbpsx 18000 0)
00000 (64kbpsx 10000)

0oO00o@Oooo)ooo

|:| 000000000 (64kbps)

U s5: 00000000

1.5Mbps 000000000000 2000000000000 18000 64kbps
gobooooooooooooooooooooobooooOooOoboOooooboOooon
ooooboobooooooOo320kbpsCOOOOOOODOOOOOOOOOOOO
goooooooo

Ooobobodbdb0lcampnet 000D OOO0O0O0OODOOOOODOODOODOIPVAODODO
oobDpPvCOOOOOIPv6OOODOOOD PVCOOOOOfujisawa-gw DO OOOOOO0O0O
ooooodIpv600O00O0O0OO0OODOOO PVCOOPVCOOOODOODOODOOOODODOO
obobobobobobobbobobobobIpve000O0O0O0 nara-gw OO OOOOO
gobboooooooobooboooobbo pPEPOODOOOODOOOOOODOODOOOODODOOO
0000000000000 000OOoIPv4/IPv60000O0O0O0ODOO0 isawa-gw/fujisawa-gw
gobodbobooobuogboooooobooobooab

gooooooooo

goooboboobobooboboboboobobd campnet 00000 ooonOg
gobooobbooobboobboobbooobooobooobooobooobDbon
goo

000000000 ATM over T1(1.5Mbps) D000 200 0000000000000O0O 55
oboob2000000064kbps0000D 10000DO00DOO0ODO0ODOOODODOLOOODO
gboopooobobobboooobobobooobobboooobooooooboonDod
gooooob19oooobooboobooboboobobooobobooboobooobooboooooon
0000 1 8000000000000 0DOOe4kbpsD OO0 O0OO0ODOOODOODOOODOOO
goboobooobobooobboobbuooboboooboooboboooboobooobobooboboo
ooo0bOo0oO0o0oDOOo0o0100o0oO000bO000bOO00O00bDOO0O0DOn 64kbps O
gobobooobbooboboobbuoobboobboobbooobooobboobboo

NAIST-DT9961027 99



CHAPTER 5. O0O00O0OOOOOOOOODO

01s00boogoo1b00 320kbps0 00000000 boonooon
gobooooboogd

gbobgoboobooooboobobobooboooooboboboboboooboobobo
gbobgoboooooobobobgooboooboobobobooboobobobobobobon
gboodboobdobobbdboobooboobooboobuoboboooboobDUbedkbpsd OO
gobooboobooon

gooooooooo

ooo0ooOOooOO000ooOoOoOO000oDOOO00OOPEPOOODOODOOOODODOOOOAFR
PHBOOOOUOOOODODOOOODOOOOUOOOODOOOOODOOOODOO ALTQ [11]00O
OOO0OO0OO0OAFPHBOODODOOOOOOOO10000O0DO

O00camp-net 0000000 0OOOOOOODSOOOOOOOODODODODDODODOOOIPODO
00000 DSCPOODOOisawa-gw 000 fujisawa-gw OO0 000000000 DOOOODODOO
00000000000 TRTCM (Two Rate Three Color Maker) 30|00 000000000
0000000000000 00000064kbps0 000000 (AF11) 0 O64kbps 00 96kbps
0000000 (AF12) 00000 9%kbps 0000000 (AF13)000000O00O0O0OOOO
O0O00O0OOoDbsCpOOO 420000 AFPHBO DSCPOOOOOOOODODOO

00000 (000000)00000D0D0D000O0O00D0O0DOO0D0DO0D0D0ODOOO0OOoOn
DSCpO0OO00DOO0OOOOOOOUAFIIO00DOOOOODODOOOODOOOODDOODOODO
O000000AF3000000000O000DOOO00ODOOOO0ODOODOOUOODODOOn
gobooboooboboobobooobuooooooobboooboooboobooooboboobobao
0 0 H-FSC(Hierarchical Fair Service Curve) [10] D0 00AFOO0000O00O0O00ODO0OOOO
RIO(Random Early detection with In/Out) 8]0 0000000

gbobobooboobooooon

0000000000000 000o0DO0OoOCcoPS (70000000 UODOOOUOUOO
OO00ooooooDOoOooOoooccopsOOOOOoOoOODD PEPO ALTQUODOOODOO
O0O0OO0OOPDPO campnet OO O00O0OOCOOOOOOO0O0O0O00O0O0O0 PEPODO TCPOOO
O00000DooOoOoooooocopPSOO0O0OODODOOOODODDDOOOOODO widecamp
oooogo

goboobooboobogooooboooboobbobobooooboo pDPOODOOODOO
gbobobobobooboobooboooooooog

56 o0 oo o0ogi1s0 20 70



5.2, O00OOOOODOOOOOOObDObOOOn

oooooo

fujisawa-gw =
\"(\_/\ DSOOODO _/
(@oooo)

g s6: 00000000

gobooooooooboboooooboooooobooOoobobOoboOoobooOoooon
oo0oo0O0oOoOo0o0oooooo “PEPe” D000D0O0OOOOCOODOOOO
OO0 PEPOO PDPOOOOOOOODOOOOOOOOOOOOOO CcOPSODO
gobobooooooboooooon

oo,/00
PEPO00000000O0OOOOOOOOOO00000000O0000000
000000000000000000000000000

good
OooDoOodobDOe4kbpsOO0O0ODOOO0ODOOOODOOOODOOOODODOOO
gooo0o0 8oobobobobobobobobo

good
gboobogoooooobobooooooboboboooobobobobo
gob0oooooooooobooooogoooobooooooboobooogoo

goboobogoo
gbooooooobobobooobooooboboooooPEPOODOODOO
gooooobooboonoog

0000000000000 00000000D PostgreSQL [31|00000O0OODODOO

NAIST-DT9961027 57



CHAPTER 5. O0O00O0OOOOOOOOODO

0s3: 0000000
100 200 300 400 500

o000 | 150 18:14:50 | 16 0 12:33:37 | 16 0 13:42:54 | 16 0 16:19:47 | 16 O 20:55:27

oooo | 150 18:19:05 | 16 O 13:39:28 | 16 0 13:49:03 | 16 O 19:39:47 | 16 O 23:49:24

gobooooooobooooooooooboOoobOoOoOoboOoOoOoOoOoOobOOooOobOboOoOoooon
goboooooosbbO0obooooOooobOoooboobobooobbOooDoD

5.24. O0OOODOOO

goboobooobooboobooobboboobooboboooobooobooobooboogDsed
goo

1. 0000 PEPe0 00000000 OOOOOOOOOOOOOOO PEP(OO camp-net
00 isawa-gw) 0000000000

2. PEPO PDPOOODO REQUOOOODOOODOOOODOODOOOO

. POPUOODOOOODOOOOODOOODOOODDOOOUOD widewnitOOOOOOOOO
obooboobooooooooooooooooooooooDo

4o JO00O0OOOOOOOCOOO ...PDPODOCOOO DECOOOOOO PEPOOOOPEP
oooboooobooooboooob RPTOOOOOO PDPOOODOOORPTOODOOO
000000 PDPUOOODOODOOODOODOOO PEP(isawa-gw) 0 DECOOOOO
oooooo

4b DO00D0O0UDOODOOOOOO ...000000 PEP(isawa-gw) 000000000 DECOO
gooboobogn

5 PEP(isawa-gw) 0 0 0000000000000 DO0OOO0O0OOOOOOOOOO

5.25. 0 O0O0ODO

camp-net 0 DSOO00O0OO0O0O0OOCOOODODOO 1.5MbpsOOOOOOOOOODOOOOO
gbooobooobobobooboobooboobobooboobobooobooooboboonboon
DSOOOOO0ODOOODOOOOOOUDOObOOO0ODOOODOOODOOO

Uobooooboooobobo0o uUbPOO0O0OOcamp-netJ 000000 O0OO0O0OOO camp-
net 000000000 00000000000bL30000

58 o0 oo o0ogi1s0 20 70



5.2, O00OOOOODOOOOOOObDObOOOn

52.6. 0 O00O0ODO

oooobooboouoooboooooooooooos8bobooonoDOOU 1.56Mbps
gboobogobooboobooboboboooobboobobobooobobooboobobobon
gboogoboobooogobooboobs9bbooboobooboboobooobooboon
ooboooobDooboboooDoobio0dD camp-net 0000 IPODOOOOOOODOOO
OoooDooooooobosrgos40000000camp-net 000000 0ODOODOODOODO
gbooooboooooboobobooooobooobobobobDobooobobOobobDOoo
oooogo

0000002360 00000000000000000000O0O0ODO0O0O 41.5%0000 98
gbooboooosiobooobooooooooobooooboobobbobobooboooon
gbobooobooobboobbuoobbuoobbuoobbooobooobboobbao
gboboooobooboooboooboboobooboooboobooboboobbooboogs1100
gbobooobooboboobooboboboooooboobobobobobooobOobon
gbobobooooooobobgs22005230000000000000000O00DODO
goooobooobo soooboboboobobooboobobooboobooboobo
gopboobooooboooo

uboboooobuoooboooobooooboooobboobobooboboobobooboobooo
gbooboobobboboobooobooboobobobobooboobobooboan
gobobooobboobboobobuoobbooooboooboboobboobbooboboo
gogboboguobboodobbuoobbuobboooobooobboobooobboobboo
gogbbogobooobboobbuoboboooobbooobbooboboobboobbao
gbobogoboobobobooboooooobooboboboooooobobobobon
gboboboboboobooooobooobooooooo

goobooobooboboobobooobooobbooboobooobobooboboobooboon
gboopoooobooobobobobooobobobooobobooboboobobobonod
goboboooboboobobooooboooooboobboooboooobooboooobobooonooboo
gogboboooboboobboobobooboboobbooobooobooobooobooon
goboobooobooobooobbooboboobbooboboobbooboboooobooon
gbobodgbooobooboooon

NAIST-DT9961027 59



CHAPTER 5. O0O00O0OOOOOOOOODO

1600
0540000000000 (@CODO)

g g g

OoOod
|

1400 —

gbooogao 223 259 241
1200 —

gboooao 1194 1503 1347

= 1000 |- .

=)

O goo |- | 00 57000000 54000000000 camp-
= net 0000000000000 0000000
o 600 N 000 isawa-gw O fujisawa-gw 00000000

0000D0000D0000000D0000O0
000000000 0000000000nOo
200 |- == 0000000000000000000000
00D00D00000000

400 - -

ooooooo goooooo

Os57 0000000000

53. 00000 DOODDODOOODDOOODOOOOOO

googpoz2o0000 WIDEOODOOOOOODODOODOOOOoOoooooOoD 20000 90 11
04o0o0o0booboobbooboonbob 239000000

5.3.1. camp-net 00

00000000000 campnet 00000000 5.120000000000000000
000000000000000000 (00000000)0000000000000000
0000000000000000000000000(00000000)000000000
0000000 IPv4/IPv60000000000000000000000000000000
000 OSPFv2(IPv4) 0 OSPFv3(IPv6) 00 000000000000 0000000O0SPFO
0000000000000 000000000000000000000000000000
0o000000000000

campnet ] 000 0000000000000 0C0O00000000000JGN200000
ATM over T1(1.5Mbps)0 0000000 03(2Mbps)i0 00000 0ATM O 00O O O 256kbps

TAO(D000D00)000000000000
3(0)JSATOO00D000D0000O
{000000000000000000000000000000000000000000000000000

oooooobooooboooooo

60 o0 oo o0ogi1s0 20 70



53. DOUObOooboboOoobooboobobooobood

2.0
&
2
O
O
O
o 1.0 —
O
O
]
O
O
O

0

oo
058 00000000000 (000)
2.0

10— —

0000000000 (Mbps)

oo

059 00000000000 (@OOODO)

oo0ooooOoo0o0o0oo0oooOoo0o000o0Oo0o0o0o0oo0O00O0 1.5Mbps OO
gobOs8000000000O0O0DOOO00DODOOODOOOODODOOODOOOD
gbboobooooooboossbbouoboooooboboobooobobooobooboon
goboboooobooooboboooobooobooobooboooboooobooo

NAIST-DT9961027 61



CHAPTER 5. OO0O0OOODOOOOCOOO

62

goooooogd

gooooo

nor T T T
60 [
50

40 (=

20 |-

10

150 18:00 160 0:00 160 6:00 160 12:00 160 18:00 170 0:00
oo

U510 000000000000

or T T =

60 -

40

30 |+

20 |

10

o u._.h_.L.L.d . . .nl .

150 18:00 160 0:00 160 6:00 160 12:00 160 18:00 170 0:00
oo

0 5.11: 000000000000 (oOoO0)

gobobobobooooooobooboboboobobobobooboobooon
ooad

o0 oo o0ogi1s0 20 70



53. DUUObOOOoOooOOoobooooobooboooonod

WIDE Internet

|
L :QZZU | y
’,/, ds-edge-sfc ds-fujisawa- net ’,/,
R \ 203. 178. 140. 24/ 29 R
i | 2001:200:0:ff22::/64 "/

Sy
e //512kbps
. /

Sy
e /'512kbps
. /

nara-sat-nara sfc-sat-shirakaba

\

/ |
opooooooo ‘
1.5Mbps /S ooooo L 1.5Mbps

0o@ooooo)

sfc-sat-shirakaba ds- canp- net

203.178. 140. 16/ 29
2001:200: 0: ff21::/64

ds-edge-shirakaba canp- backbone- net

203.178.140. 0/ 28
2001:200: 0: ff01::/64

terminal-gw !_ """"""" _"_"_"l_F');/Z'ii_ """""""" _"_“_ul_F-);/_G-i

Terminall | H|
203. 178. 140. 64/ 26 i 1000016 ,; _______] I O i
2001: 200: 0: ff11::/ 64 P |

nara-sat-shirakaba

Terminal2 1

203.178. 139. 128/ 26 i '
2001: 200: 0: ff 12::/ 64 '

Terminal3 I

203. 178. 139. 192/ 26 | :
2001: 200: 0: f f 13: : / 64 Vi i

Plenary

10.1.0.0/16
2001: 200: 0: ff51::/64

BOF1

10.2.0.0/ 16
2001: 200: 0: ff52::/64

BOF2

10.3.0.0/16
2001: 200: 0: ff53::/64

Wireless

10.4.0.0/ 16
2001: 200: 0: ff54::/64

0 5.12: 20000 000000000 camp-netO0 000

0000000000000 camp-net0000000000O0O0COOOODOOO
gooooooooooooobooooooooobooooboooooboDbOooD
(b0o0o00)0ooOO0oOOoO0OO0oDO0ODO0DO0LO0OUDOUDOUOUDUDUODOOD
000000oO0o000ooO000ooo0o0ooo0o0oo DNSODOOoOoooo
gobooooooooooooooboooboboobooooboooonooo

NAIST-DT9961027 63



CHAPTER 5. O0O00O0OOOOOOOOODO

0 5.5: camp-net OO0 ATMOOODOOOOO0OO0O00O0O

0o 0o
ATM OO 0 (256kbps) 0Gooooon)
oooo 0 (512kbps) O (0000000)

camp-net 000000000 ATMOOOOOOOOOOOOOOOO/0000
000000 PVCO 256kbps 00000 O0OO0OO0ATMOOOOOOOOOODO
O00000oO0o000oo0o0o0oooooooo ATMOOOOOOoooog

0 s6: 00000000000

good goog
AFDO0O1 ATMODO RN
AFODO0O 2 good oo
gboooood gooo oo

0000300000000 0000000AFODOD 1000 AFOOO 200
0000 ATMOOOOOODOOOOOOODDOOOODOOOODDOOOOOOOoO
gooobodooobooooooboooooboooooooOooooOooOooooOoOooon
gooooo

oo00o00O0 200 pPVCO S512kbps00000O00OOOODOOOO PVCOODOODOOODOO
O0000oOobDOoO0ooOo2ekbpsO000ODO PYVCOOOOODOOOOOOOODOOODO
512kbps D0 U000 2000000000000 camp-net 00000000 OOO0OOO

5.3.2. OOOODOOOOO

gbobobooboobobobobobobooboboboboobo

gobogbood

OO0 camp-net 00000 ATMOODOODOODOO0ODOOOOOSG5000000000000
00200000000000000000000000000000000000000O0O0O0
goo0oooobo0oboobOoboobOoooboobOOoobOoboobooboOobooboOoD bSo
00000Doo0oooo000oooooo2000000000000000000000
0000O0ODSO0000O0 5.1200 ds-edge-shirakaba 0 ds-edge-sfc 00000000000

000000000 00o002000000000000000000000000O00000
200000000000 AFOODO 1/AFOO002000000000000000000O00OO

64 o0 oo o0ogi1s0 20 70



53. DUUObOOOoOooOOoobooooobooboooonod

057 0000000000000000(@0ODO)

00 00 00
AFOO00 1(ATMOD) 36.063 515.888 48.419
0000 (oooo) 552.909 904.997 568.590

camp-net OO0 OO000O0O00O0O0O0O0O0O0O0O0O0O0COOO0Dping00OOOO
gooobobooooooooooboooboooobobOOoO0OO ICMP ECHO REQUEST
gsopobO0O0DO0o00DOOoO0O0OD IeMp ECHO REPLYD OO DO OO

oO000o0o0oooo0 ATMODOOODOOOODOOODOOODOOODOOODOOOODOO
gobooooboooobboobobuoobobooooboboooboboobboobbooboboo
gobooboooboooboobooon

gbobgooboobooooobobooboboboooooboobobobooobooobobo
goboobooobboobooobbuoobbooobobooobbooobboobboob 200
gobodboooobooboooboobooo

O00000oO0O0o00DoO000 AF0ODO 100000000DO0O0DO0OO0O0DO 700
O000000ping00000O00O0COOOOODOODOOOOOCODOO/OOO/OO0O0ODODOO
oooooooOoOoOOAFOOO1000000000O0OOOOOOOOOOOODOODODOOO
gbobgbooogoscobgbooooooboboboboooboooooboobobon
go40000000000DO

g g

00000000000 OOOOUOODODODODLDODLDOODOODOOD “wideunit” O
goboooobobooobboobboobobooobboooboboobobooobooobbon
10,000wideunit D O OO OO O

gbooboob4000000000D0DOD

e NOODODOODODO

e JOOODODO

e NUUDOOODLODOO

e OODODO

O00DAFOOO 1(ATMOO)0000O0O0OD0O0OO000OO00O0ODO 1kbpsO0OOOOOOODO 10
ooooo0o0o0oooOoO00b0widemmitO0DODOOOO0OO0DOO0ODOOOOODOOOOOODOO

NAIST-DT9961027 65



CHAPTER 5. O0O00O0OOOOOOOOODO

2.0

-------------------------------------------------------------------
............................................
.........................................
.............................................

1.0

O0ooooog (wideunit)

0 50 100
00000000000 (%)

O 5.13: AFOOO 100000000000

AF000 1000000000000O00000000000O0O0O0O00O0ODODO
50%000000000000050%0000000000000000OO00OODO
95%00000000 50%000000 2000000000AFO000 2000
0oooUuoooo 140000000

goboboooobobooobbbooobbooobobooobobooobobobogs13oonon
0000000000000 5% 0000000005%000000 0.1wideunitO0O OO OO
000000000000 %% 00000000000000000000O0000D0OOOO
2000000

AFO0U002(0000)000000AFO0D 100000000 ODOUOOOO0OOODOOO
0000000000000 0000 AFOOD 10 1/4000000000)0000

gbooboooooon

ooo0ooooooooooobobOooooDoDbOo0b0DO0 wWebdDODODODO Web
goooooooooobo HrrpO0bOo0ooooooobOOobO0oobooooooooooo
gboboboobobooo

0000000000000 0000000000 (ATMOOOOOOOOO)oOOOOO0OO0O
uboobooobobobooooooboboboobobobooooboobobooboooooo
gobooboooogoboobo Ip0O0b00bOO0OO0OO0O0OOOobOO0ObOOO0OOOobOO0ObOO0ObObOObOOOD
gboogboboobbobobobobbobobooboboobobboboobobod

66 o0 oo o0ogi1s0 20 70



53. DUUObOOOoOooOOoobooooobooboooonod

goboogobooboobbooboobooooon
ooobobooOoobooouooDboOoOobooOobobooO weboOOoooDOOODOOODO
gbobodgboobbooboobboobuoobboobuoobobon

533. OOOODOOOOO

0000000000000 00DO000O00O00DO00O0O bSCcpOODOOOOOOOODO
oOooOOoOoDSCpOOO0OO0ODOODOOOODOUODOODODOO

goooobooooo

AF0O00 1/200000000000000000 AFPHBOOOO 1/2000 Default O
000000000 O00DSO000OO00ODO0D0O0OD ds-edge-shirakaba O ds-edge-sfc 0 0O O
ALTQDOO000O0OO0ODOOOOO0OO0DDODOOOOOUODDO

bsooooobooooooooobboooooobooboooUoobbooobbooooDbbobooo
gobobsceoooooooooboboouoboooooobboooboooooobboooDboo
goooooooOoOoO0OOOOCOOOODOOOO DSCPOOUOUUOOUAFPHBOOODOODO
0000000000000 000O000O0U0O00UO0OU0O0O0 (AFH)ODOOO0OODOOOooo
0000 1200000 (AF2)0000000 (AF3)00U0D0O0D0OD0O0OAFOOO 1/20000
000000000 DSCPOOOOO 420000 AFPHBO DSCPOO0OODODOOOOOOO
00000000000 O00 DSCP O Deafult PHBO OO oooooob 0O OO

oooooboooooobSscepUbOoobDOoOobOoOobOObDbOObDbOObDbOObDbOObOO
OooooooooooooooRIOOOOOOORIOODOOOOOO AFPHBOOOOOO
gobobobobobooboobooo

gooooo

DiffSeev000O00O0DSCPO PHBOOOOUOOOOOUOOODOOODOOOOODOOOOODO
ooobooooboOooooooobsceoboooobooopPHBOODOOODOOODODOOO
gooooooooooOoOOOOODSCPOOOOOOOOOOOOOOOOOOOOOOOO
Oooooooooooooo SLAODOo0oOoooooooooooooo

UboooooooobobobooobobuobuobOobi0n Point-to-Point DO OO0 OO0
gbooooboboboboooboboobooboboboooboobobooboboobooa
gboboooooooobooboboboooooobooIpPOobobobOobOobOOoOoOoOonDOoD
ooooooooolpPOob0COO0OOODSCPOOODOODOOOOOODOODOODOOO

NAIST-DT9961027 67



CHAPTER 5. O0O00O0OOOOOOOOODO

poopooooo

ip_forward()

poopoooooD
ooooooooo
(o)

ATMOOOOOO0
@o)

ooooooooo
(o)

U514 000000000000000000

ooooooooODOO0O0O0b000000O04ipoutput) OOO0O0O0O0O0O0O0OO
ooogoooIpoOOoOOOCOOODScpOOOOOOOOOODOOOODOOO
gooooood

gobooboooboooobboobbuooboobooooboooboboobboobobooboboo
gobooboooboboobboooboooobooooboboooboboobboobobooboboo
00000o0b00obooDbOon Point-to-Pint 000D O0OOD0OO0O00OODOOODOODOOOOODO
gbobogboobbooboobboon

OO camp-net 0000000000000 OCO0DODOO0OOOOATMODOOODOOOOO
0000d00OO00OOo0D0O0o00O00OOO00O0O0DOOo0ooOgoO ATMOOODOODODOODODOODOO
OO000O00DbOO00DbOO00DOOOO0OOOoUobObOOoDoOOoOo bSscpOOOODODOODDOO
obobobobobooboboosiapognoo

53.4. J0O0O0O0ODOODOO
PODPOOODODOOCOOO

gobbooobooooooooboobooobooo WebOoooooooobooob oo g
gobooogopbPOO0O0Ob0DODOO0O0O0OODO0OODOOOODOOODODOOODOOOLDD
oooooboboPEPOOODODOOODOOOOODODOODOOLODOOODOOD PDPOODO
0000000000000 0oooOOo copSOO0OOOOoOPDPOOOOODO COPS-PR [32]
OO000O0OO00DOO000D0OO0O00D0OCOoPS-PROO PEPOOOOOOOOOOOOODOO
gobbooobobooboboobbuoobobooooboooboboobboobobooboboo
googd

68 o0 oo o0ogi1s0 20 70



53. DUUObOOOoOooOOoobooooobooboooonod

goobogobooobooobooobooobobooboboobboobobooooboo
goboogoobooobboobboobboobboobobooobooobooooboobon
obooooooobobobooobobooooopbPOb 000D OoOobOobObOODOD
OO00bOO0o0o0oooDoOooOoOobooOooOo copSUOOPDPOODOOOOOOOOODOO
gobooooobooon

pOPOOOOOOOOODOODOODOODOODOODOODOO PEPO PDPODOODOODODLOODOO
gooboboobobooooobooooobobbuooooobbobooooobooboobooooan
copSOOdpOoOoOOOO0ODOODOObnOn

0x08
pOPOOOOOOODOODOODOO

pOPOO0OO0OOCODOODOOODOOOOODOODOOOOOOODODOODOOODODODLDOOOO
oboobobobbOPEPO PDPOOODODOODOOOODOODOODOODOODOODOODODO

gbobooboobboobooobooboon

Oo00O0o0oOOo0o0obOoO0oobDboOoOoooOobocopSOOoOOoOOoOOOOoObOOUODO
ooooobOooOo0ooooooocoOooocopsPhbPOOOODOOOODOOOOOODODOO
goboooobobooobboobbuoobboooboooboboooboooooboboonboboo
OO0oOoO00ooO0oooOoO WebOOOOOOoOOOODOODOOOO

good
gogbbooobbodobboobobooobboobboobbuooboboan
gbooobboobogbooboo
g
gogbobooobooobboooobbooobboooboooboboon
gbogbobooboagoboobooboboaboo
goodg
ggbobooobooobbooobboooobboobobooobooboon
goooboboooogao

5.3.5. OOOODOOO

ugbbooboobbooboobbooboobbgslsboayd

NAIST-DT9961027 69



CHAPTER 5. O0O00O0OOOOOOOOODO

gooo

Dooooo et 104 videcamp g
0ooooo /e P P. 000DB

iooooo

ooooooo

0oooooo
(COPS)

ds-edge-shirakaba ds-edge-sfc

\___bsoooo/
(0oooo)

0 b5.15: 0000000

ooooooooooobo WebOODOOOOOOOOOOOOOODODOODDO
o0 pDPOOOOOODOODOOOOOOOOOOOOOOOOOODOOOOOOO
COPS PDPUOOOOONOOOOOOOOOOODODO WebODODOOOOOO
gobooooooooooboooobooooooboooooboooboobOoooo

1. 000b00b0 WebOOOooooooooooobobobobooooooooo
obooooooIbboboooooooooooooobooooboooD bBOoOOoooooQ
gbooboooooooboobobob pODPOO0O0OOOOOOODODODODODOO
gbooooo

2.00000000000O000OOO00DbOO0bObOOo0bOOo0bOobOOo0bOo0oDoDoOon

. 00gbooobooopPbPOO00bDODOODLODUOOOOODOUODLODUODOODODOO
oooobobobooooobooogoboopbPO0ObObOOOObDObbODODODOO

4. PDPOOUOOODO PEPOOODOODOODODODODODOODODODODODODODO

5. UO0DO WebOOOOUDOOOOOODOOODODODOODOODOODOODODODOOD
oboobooooooooon

70 o0 oo o0ogi1s0 20 70



53. DUUObOOOoOooOOoobooooobooboooonod

% ping -n www.wide.ad.jp

PING www.wide.ad.jp (203.178.136.57): 56 data bytes

64 bytes from 203.178.136.57: icmp_seq=0 ttl=250 time=529.435 ms
64 bytes from 203.178.136.57: icmp_seq=1 ttl=250 time=528.705 ms
64 bytes fron 203.178.136.57: icmp_seq=2 ttl=250 time=528.708 ms
64 bytes from 203.178.136.57: icmp_seq=3 ttl=250 time=528.710 ms
64 bytes fron 203.178.136.57: icmp_seq=4 ttl=250 time=525.701 ms
64 bytes from 203.178.136.57: icmp_seq=5 ttl=250 time=528.715 ms
64 bytes from 203.178.136.57: icmp_seq=6 ttl=250 time=528.967 ms
64 bytes from 203.178.136.57: icmp_seq=7 ttl=250 time=528.939 ms
64 bytes from 203.178.136.57: icmp_seq=8 ttl=250 time=38.286 ms
64 bytes from 203.178.136.57: icmp_seq=9 ttl=250 time=37.789 ms
64 bytes from 203.178.136.57: icmp_seq=10 tt=250 time=38.788 ms
64 bytes from 203.178.136.57: icmp_seq=11 ttl=250 time=38.783 ms
64 bytes from 203.178.136.57: icmp_seq=12 tt1=250 time=37.548 ms
64 bytes fron 203.178.136.57: icmp_seq=13 ttl=250 time=37.801 ms
64 bytes from 203.178.136.57: icmp_seq=14 ttl=250 time=38.795 ms
64 bytes from 203.178.136.57: icmp_seq=15 ttl=250 time=38.292 ms

--— www.wide.ad.jp ping statistics ---
16 packets transmitted, 16 packets received, 0% packet loss
round-trip min/avg/max/stddev = 37.548/283.560/529.435/245.300 ms
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