
Communication Quality Assurance and
Differentiation for Wide Area Data Networking

2015 2

Shigehiro ANO



Communication Quality Assurance and
Differentiation for Wide Area Data Networking

2015 2

Shigehiro ANO



AA : Active Application
AAL5 : ATM Adaptation Layer Type 5
ABone : Active Networks Backbone
ABR : Available Bit Rate
Ack : Acknowledgment
ADSL : Asymmetric Digital Subscriber Line
AF : Assured Forwarding
ANEP : Active Network Encapsulation Protocol
Anetd : Active networks daemon
ANTS : Active Network Transport System
ATM : Asynchronous Transfer Mode
ATM-PON : Asyncronous Transffer Mode - Passive Optical Network
BSD : Berkeley Software Distribution
BT : Burst Tolerance
CBR : Constant Bit Rate
CDVT : Cell Delay Variation Tolerance
CLP : Cell Loss Priority
CRL : Communication Research Laboratory
Cwnd : Congestion window
DARPA : Defense Advanced Research Projects Agency
DF : Default Forwarding
Diffserv : Differentiated Services
DS : Differentiated Service
D2D : Device to Device
EE : Execution Environment
EF : Expedited Forwarding
EPC : Evolved Packet Core
FAIN : Future Active IP Networks
GCRA : Generic Cell Rate Algorithm
GFR : Guaranteed Frame Rate
ICMP : Internet Control Message Protocol
IETF : Internet Engineering Task Force
IntServ : Integrated Services
IoE : Internet of Everything
IoT : Internet of Things
IP : Internet Protocol
IPv4 : Internet Protocol version 4



IPv6 : Internet Protocol version 6
ISDN : Integrated Services Digital Network
ISP : Internet Service Provider
IST : Information Society Technologies program
ITU-T : International Telecommnication Union - Telecommuniction Sector
JGN : Japan Gigabit Network
JVM : Java Virtual Machine
LLC : Logical Link Control
LSE : Link State Exchange
MBS : Maximum Burst Size
MCR : Minimum Cell Rate
MIB : Management Information Base
MSS : Maximum Segment Size
MTU : Maximum Transmission Unit
M2M : Machine to Machine
NIC : Network Interface Card
NFV : Network Function Virtualization
OAM : Operation, Administration and Management
OSIMIS : Open Source Initiative Management Information Service
OS : Operating System
OSPF : Open Shortest First
PCR : Peak Cell Rate
PHB : Per Hop Behavior
PLANet : Packet Language for Active Networks
PVC : Permanent Virtual Channel
PVP : Permanet Virtual Path
QoE : Quarity of Experience
QoS : Quality of Service
RFC : Request For Comment
RIP : Routing Information Protocol
RED : Random Early Discard
RSVP : Resource reSerVation Protocol
RTT : Round Trip Time
SBR3 : Statistical Bit Rate 3
SC : Stream Code
SCD : Selective Cell Discard
SCR : Sustainable Cell Rate
SDN : Software Defined Network
SNAP : Sub-Network Access Protocol



SVR4 : UNIX System V Release 4
TAO : Telecommunications Advancement Organization
TCP : Transmission Control Protocol
ttcp : Test transmission control protocol
UPC : Usage Parameter Control
UBR : Unspecified Bit Rate
VBR : Variable Bit Rate
VC : Virtual Channel
VP : Virtual Path
VPI : Virtual Path Identifier
WDM : Wavelength Division Multiplexing
3.9G : the 3.9th Generation
4G : the 4th Generation
5G : the 5th Generation
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(2) 10 MBS
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TCP 3-6 3-7 PCR 45Mbit/s

8 9 PCR 155Mbit/s

3-1 4 TCP
TCP SCR MBS

MSS=8192

PCR =35Mbit/s

S/R

128k 256k 512k

TCP Mbit/s 6.148 12.224 24.270

TCP Mbit/s 24.592 48.896 97.08

SCR Mbit/s 28.196 56.434 117.745

MBS 5727 8788 29

MBS 3712 4414 22

MBS 6754 11661 34

MBS %
61.36 52.97 0.77
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UPC TCP

(1) 3-6 3-9 3.3.1 MBS SCR TCP

MBS SCR UPC

(2) MBS 3-6 3-8 S/R

MBS TCP

TCP MBS

TCP

TCP

MSS [1-9]

S/R MBS

(3) SCR 3-7 3-9 TCP

S/R TCP

UPC SCR 3.3.1

SCR 2 TCP

MBS UPC MBS UPC

(4) S/R 512k PCR 45Mbit/s

155Mbit/s TCP

PCR 155Mbit/s

PCR 155Mbit/s 45Mbit/s 3.3.1

MBS PCR 45Mbit/s

SCR

MBS UPC

3.4.2 TCP

3-10 3-11 TCP

UPC 1 10 3-10 3-11

1 TCP
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UPC TCP

(1) 3-10 UPC MBS 3-1 MBS

S/R 512k

S/R

512k TCP

TCP 1

UPC 1 TCP

S/R 512k 4 TCP

ATM LAN
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TCP TCP

1

3.4.1 (4)

MBS UPC

TCP

(2) 3-11 UPC SCR 1 SCR

MBS (1) S/R

TCP

3.4.1 (3) SCR 2 TCP

MBS UPC MBS

TCP

TCP TCP

T
C

P
th

ro
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]

SCR [Mbit/s]

S/R=128kbyte

S/R=256kbyte

S/R=512kbyte
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3-11 UPC
TCP (4 )
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(3) 10

3.5

TCP VBR

(1) RTT 160ms ATM TCP

UPC MBS SCR

S/R MSS RTT

TCP VBR

(2) TCP

TCP GCRA SCR

MBS SCR SCR

MBS GCRA MBS MBS

TCP SCR

MBS SCR GCRA UPC

(3) PCR 155Mbit/s 1 TCP ATM

S/R 128k 2.5M TCP

MBS S/R 1M

S/R MBS

(4) RTT 160ms S/R 512k PCR

45Mbps 155Mbps ATM 1 4 TCP

SCR MBS UPC

(5) 1 TCP SCR MBS UPC

TCP TCP

(6) TCP MBS

TCP

SCR

TCP
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TCP VBR ATM VBR

SCR MBS TCP TCP

SCR MBS VBR

TCP

TCP ATM

TCP

TCP UPC SCR

TCP
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SCD ATM
SCD ATM VBR

TCP/IP

ATM PCR, SCR, MBS SCR

ATM TCP/IP

4.1 ATM VBR

ATM TCP/IP

PCR CBR (Constant Bit Rate)

VBR [3-1 2] VBR

TCP/IP SCD ATM

ATM

ATM CLP

TCP/IP SCD VBR

ATM PCR

SCR MBS TCP/IP ATM ATM

UPC

PCR SCR, MBS

CLP 0

1 CLP 0 1

ATM

SCD

ATM

SCR MBS

SCD VBR ATM TCP/IP
[4-1]

ATM TCP/IP

TCP/IP

UPC
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4.2

4.2.1

SCD VBR SCR MBS UPC

(1) SCD VBR UBR SCD VBR

ATM

a) SCD VBR ATM SCR MBS

CLP

SCD 50 95

SCD

b) UBR ATM UPC

UBR ATM

c) SCD VBR ATM a)

SCR MBS UPC

a)

ATM

(2) 1 TCP 1 ATM VC (Virtual Channel)

VBR 2 UPC

a) VC TCP

TCP UPC

TCP

b) VP ATM

TCP

ATM VP (Virtual Path) VPI (VP Identifier)

TCP/IP
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TCP/IP

VC

(3) TCP

TCP

ATM TCP

(4) TCP/IP

(S/R ) S/R

(5) VC SCR MBS

a) SCR VC TCP S/R

b) ATM VC SCR

ATM ATM

SCR

c) MBS TCP S/R

- ATM (5 )

- AAL5 (ATM Adaptation Layer Type 5)

- TCP/IP (20 )

d) LLC/SNAP (Logical Link Control / Sub-Network Access Protocol)

(6) PC 3.3.1

PC TCP 8 PC

TCP/IP PC

TCP/IP

(7) PC RTT

(8) MSS 2 1 LAN

Ethernet 1 S/R

ATM NIC (Network Interface Card)

MTU (Maximum Transmission Unit) 1TCP

(9) PCR PC
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a) ATM 3

ATM PCR UPC SCR

UPC

b) ATM LAN

ATM

4.2.2

4-1 8 PC ATM NIC (Fore PCA-200EUX/OC3SC)

6 PC EPSON DIRECT AT-700C 2

MICRON SE440BX2-AT 8 PC 450MHz Pentium II

OS Solaris 2.6 PC ATM LAN (Fore

AXS-200BX) 155Mbps OC3-c ATM 45Mbps

DS3 PC PCR

ATM LAN

ATM 8 DS3 1 DS3 ATM

4-1 SCD ATM
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ATM

8320 ATM LAN

15000 30000 ATM

ATM

(ADTECH SX/14) ATM (HP75000)

ATM ATM ATM

ttcp PC TCP/IP

S/R

TCP TCP (ftp TCP/IP

)

(1) TCP/IP PC OS Solaris 2.6

Solaris 2.6 UNIX System V Release 4 (SVR4)

OS SVR4 TCP/IP 4.3 BSD (Berkeley Software Distribution) UNIX

Tahoe [4-2] Reno [4-3] TCP/IP

TCP

[4-4]

(2) TCP 3.3.1 24

(3) S/R TCP/IP 48kbyte

TCP/IP 8 24kbyte

16 48kbyte SCR MBS

- TCP/IP

SCR 1.69 Mbit/s, MBS 1078

- TCP/IP

SCR(24kbyte) 1.02Mbit/s, MBS(24kbyte) 539

SCR(48kbyte) 2.03Mbit/s, MBS(48kbyte) 1078
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(4) PCR 35Mbit/s

(5) TCP/IP 300

(6) RTT 10ms 160ms

,

(7) 8192 MSS Ethernet MTU

1460 8192 2

4.3 TCP/IP

4.3.1

4-1 SCD VBR UBR SCD VBR

TCP/IP ATM

4-1 3 ATM S/R 48kbyte

TCP/IP

SCD VBR UBR 95%

2 ATM TCP/IP

TCP/IP TCP

TCP/IP

SCD VBR RTT 160ms 65 % RTT

10ms 40 50 % SCR

ATM VC TCP/IP

SCR

ATM SCR , S/R RTT

TCP/IP

SCR MBS SCR, MBS

UPC TCP/IP [3-3 5]

TCP SCR

RTT=10

ms RTT=160 ms TCP SCR
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4- ATM ATM ( TCP

24 , S/R 48kbyte)

RTT ATM MSS ATM

10 ms

SCD VBR
1460 byte 95.36 %
8192 byte 98.37 %

UBR
1460 byte 96.03 %
8192 byte 98.12 %

SCD VBR
1460 byte 49.90 %
8192 byte 41.33 %

160 ms

SCD VBR
1460 byte 96.12 %
8192 byte 96.89 %

UBR
1460 byte 97.19 %
8192 byte 97.26 %

SCD VBR
1460 byte 65.17 %
8192 byte 67.36 %

SCD SCD VBR ATM

4-2 SCD 90 % 95 %

SCD 90 %

RTT MSS 4 RTT 10 ms MSS 8192 byte

SCD 80 % 95 %

RTT TCP

TCP MSS
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4.3.2 S/R TCP/IP

TCP/IP

TCP/IP S/R

TCP/IP

(1) 4-2 3 ATM VC TCP/IP

4.3.1 SCD 90 % VBR

SCD VBR TCP/IP

SCD VBR

UBR TCP/IP

VBR

TCP/IP UBR

(2) 4-2 TCP ATM SCD

L
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]
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S/R=48kbyte

4-2 VBR SCD ATM
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4-2 ATM TCP

( TCP 24 ,

S/R 48kbyte )

RTT ATM MSS
TCP [Mbit/s]

( / / / )

10 ms

SCD VBR
1460 byte 1.399/1.385/1.392/3.45e-3
8192 byte 1.886/1.301/1.500/1.39e-1

UBR
1460 byte 2.500/1.166/1.402/2.89e-1
8192 byte 2.096/1.224/1.496/3.80e-1

SCD VBR
1460 byte 0.769/0.706/0.729/1.69e-2
8192 byte 0.659/0.609/0.630/9.30e-3

160 ms

SCD VBR
1460 byte 1.415/1.389/1.403/6.47e-3
8192 byte 1.483/1.448/1.477/4.36e-3

UBR
1460 byte 2.011/1.139/1.419/2.51e-1
8192 byte 2.050/1.121/1.383/2.97e-1

SCD VBR
1460 byte 0.963/0.941/0.951/5.93e-3
8192 byte 1.037/0.996/1.027/8.65e-3

S
ta
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d

ar
d
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ev
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t/
s]

SCD Threshold [%]

VBR with SCD
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RTT=160ms, MSS=8192byte
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100

S/R=48kbyte

4-3 VBR SCD TCP
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VBR 4.3.1 UPC

SCD VBR TCP/IP

ATM TCP/IP

(3) SCD SCD TCP

4-3

SCD 90 % 10kbit/s TCP

1Mbit/s SCD

VBR TCP/IP

4-3 RTT 10ms MSS 8192 byte 100 kbit/s

UBR

TCP

ATM

TCP/IP SCD ATM

UBR

(4) TCP/IP 4-4 RTT

160 ms MSS 8192 byte TCP

(a) SCD VBR (b) UBR (c) SCD VBR

TCP Throughput [Mbit/s]
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4-4 TCP/IP

(S/R 48 kbyte )



41

4-4 (b) UBR TCP 1.5

Mbit/s 2.0 Mbit/s 2 2 PC

8 PC CPU

OS MICRON PC

TCP 2 Mbit/s

EPSON PC TCP 1.5 Mbit/s

(a) SCD VBR (c) SCD VBR TCP

4.3.3 S/R TCP/IP

S/R 8 24 kbyte TCP/IP 16 48 kbyte TCP/IP

ATM TCP/IP 4-3

MSS 1460 byte 4-4 MSS 8192 byte

SCD 90 % RTT 10 ms MSS 8192

byte SCD

80 % 4-5 RTT 10 ms MSS 8192 byte TCP

SCD VBR TCP

UBR

S/R 48 kbyte

S/R
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4-3 ATM TCP
( TCP 24 , MSS 1460 byte , S/R

24 kbyte[8 ]/48 kbyte[16 ] )

RTT ATM
S/R TCP [Mbit/s]

( / / / )

10 ms

SCD VBR
24 kbyte 0.822/0.803/0.810/5.8-e-3
48 kbyte 1.722/1.699/1.712/7.00e-3

UBR
24 kbyte 1.926/0.801/1.108/3.46e-1
48 kbyte 1.753/1.403/1.560/1.38e-1

SCD VBR
24 kbyte 0.648/0.628/0.636/6.44e-3
48 kbyte 1.278/1.259/1.268/6.01e-3

160 ms

SCD VBR
24 kbyte 0.839/0.827/0.834/4.44e-3
48 kbyte 1.735/1.724/1.730/2.70e-3

UBR
24 kbyte 1.013/0.817/0.881/6.79e-2
48 kbyte 2.075/1.486/1.668/2.06e-1

SCD VBR
24 kbyte 0.542/0.519/0.531/7.52e-3
48 kbyte 1.042/1.024/1.036/4.92e-3

4-4 ATM TCP
( TCP 24 , MSS 8192 byte , S/R

24 kbyte[8 ]/48 kbyte[16 ] )

RTT ATM
S/R TCP [Mbit/s]

( / / / )

10 ms

SCD VBR
24 kbyte 0.821/0.799/0.812/7.74e-3
48 kbyte 1.758/1.729/1.739/4.62e-3

UBR
24 kbyte 1.950/0.850/1.196/3.45e-1
48 kbyte 2.014/1.381/1.606/2.24e-1

SCD VBR
24 kbyte 0.431/0.416/0.426/4.58e-3
48 kbyte 0.749/0.699/0.730/6.69e-3

160 ms

SCD VBR
24 kbyte 0.888/0.874/0.879/3.95e-3
48 kbyte 1.779/1.748/1.768/6.86e-3

UBR
24 kbyte 1.013/0.817/0.881/6.79e-2
48 kbyte 2.075/1.486/1.668/2.06e-1

SCD VBR
24 kbyte 0.752/0.718/0.723/4.29e-3
48 kbyte 1.503/1.488/1.497/4.82e-3
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4.3.4 SCD VBR TCP

1 VBR ATM (VC) 1 TCP

TCP 1 ATM

ATM VP

TCP SCD VBR UBR SCD

VBR

4-1 8 VP ATM LAN

ATM ATM ATM LAN VP

UPC SCD VBR

VP TCP 3 ATM TCP

24 S/R 48 kbyte SCR

MBS 5.08 Mbit/s 3234

4-5 TCP 4-5

SCD VBR UBR TCP

SCD

VBR PC ATM

TCP

SCD VBR SCD VBR

T C P T hroughput [M bit/s]
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R T T = 160m s, M SS =8192byteR T T = 160m s, M SS =8192byte

(S C D T h resh o ld = 9 0 % )

S /R = 24 k b y te

S /R = 2 4k b y te

S /R = 24 k b y te

S /R = 4 8k b y te

S /R = 48 k b y te

S /R = 4 8 k b y te

0
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1 5

2 0

2 5
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1 0

1 5

2 0

2 5

0

5

1 0

1 5
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2 5
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4-5 TCP/IP

(S/R 24 kbyte/48 kbyte )
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4-5 VP TCP
( VP 8 , VP TCP

3 , S/R 48 kbyte )

RTT ATM MSS
TCP [Mbit/s]

( / / / )

10 ms

SCD VBR
1460 byte 4.236/4.061/4.162/7.38e-2
8192 byte 4.513/4.261/4.425/1.01e-1

UBR
1460 byte 5.125/3.632/4.207/4.20e-1
8192 byte 4.674/4.102/4.415/2.21e-1

SCD VBR
1460 byte 2.255/2.138/2.186/4.17e-2
8192 byte 2.087/1.822/1.958/9.47e-2

160 ms

SCD VBR
1460 byte 4.410/4.045/4.202/1.39e-1
8192 byte 4.481/4.214/4.369/9.23e-2

UBR
1460 byte 4.823/3.733/4.256/3.55e-1
8192 byte 5.027/3.971/4.400/2.87e-1

SCD VBR
1460 byte 2.968/2.729/2.835/9.49e-2
8192 byte 3.160/3.013/3.057/5.04e-2

4.3.5 ATM SCR

ATM VBR SCR

ATM

SCR ATM
[4-5]

ATM 80 % VBR SCR

MBS

4-6 4-7 S/R TCP

S/R TCP

SCR 100 % 80 %

SCD VBR SCR VBR TCP

S/R S/R 24 kbyte

TCP S/R 48 kbyte TCP

4-8 ATM RTT

SCR RTT

10 ms ATM TCP
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UBR VBR

UBR RTT 160 ms

VBR TCP

4-6 ATM SCR TCP
( SCR ATM

80 , S/R 48 kbyte )

RTT ATM MSS
TCP [Mbit/s]

( / / / )

10 ms

SCD VBR
1460 byte 1.403/1.367/1.389/9.81e-3

8192 byte 1.796/1.298/1.476/1.13e-1

SCD VBR
1460 byte 0.623/0.577/0.599/1.44e-2

8192 byte 0.621/0.578/0.597/9.01e-3

160 ms

SCD VBR
1460 byte 1.403/1.372/1.392/8.39e-3

8192 byte 1.501/1.451/1.467/9.91e-3

SCD VBR
1460 byte 0.888/0.861/0.874/7.19e-3

8192 byte 0.934/0.896/0.916/1.26e-2
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4-7 ATM SCR TCP
( SCR ATM

80 , S/R 24/48 kbyte )

RTT ATM
S/R TCP [Mbit/s]

( / / / )

10 ms

SCD VBR
24 kbyte 0.986/0.883/0.922/3.92e-2

48 kbyte 1.621/1.567/1.598/1.96e-2

SCD VBR
24 kbyte 0.364/0.346/0.354/6.59e-3

48 kbyte 0.601/0.578/0.591/9.04e-3

160 ms

SCD VBR
24 kbyte 0.880/0.869/0.873/4.32e-3

48 kbyte 1.701/1.677/1.691/9.12e-3

SCD VBR
24 kbyte 0.615/0.588/0.601/9.82e-3

48 kbyte 1.197/1.159/1.175/1.43e-2

4-8 ATM VBR TCP
(MSS 8192 byte, S/R

24 kbyte[8 ]/48 kbyte[16 ] )

RTT ATM
SCR

ATM

�S/R 48 kbyte
TCP �

�S/R 24 kbyte
TCP �

10 ms

SCD VBR
100 % 2.114

80 % 1.733

UBR 1.408

SCD VBR
100 % 1.994

80 % 1.669

160 ms

SCD VBR
100 % 2.074

80 % 1.937

UBR 1.893

SCD VBR
100 % 1.951

80 % 1.955
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4.4 SCD TCP/IP ATM VBR

SCD TCP VBR

(1) SCD VBR TCP/IP

a) SCD VBR UBR ATM

TCP

UBR TCP

TCP UDP

UBR

b) SCD VBR SCD VBR

ATM SCD VBR

SCD VBR

ATM SCR

TCP/IP

SCD VBR ATM TCP/IP

SCR/MBS

TCP/IP

SCR/MBS

c) ABR (Available Bit Rate)[4-6] ATM

1 ABR ATM

ATM ATM NIC

d) GFR (Guaranteed Frame Rate)

MCR (Minimum Cell Rate) MCR

ATM ATM ITU-T [4-6 7]

GFR [4-5, 8 10]

MCR ATM SCD

VBR GFR

ATM

SCD VBR
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(2) SCD VBR TCP/IP

[4-5] [4-8] TCP/IP

TCP

ATM ATM

TCP

(3) SCR

SCD VBR

SCD

VBR SCD VBR

SCD VBR SCR MBS

SCR MBS

CLP 0 1 SCD

(4) ATM VBR SCR 100 %

TCP ATM

VBR SCR 100 %

UBR
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ATM VBR AF PHB TCP
IP QoS Diffserv[1-13]

Diffserv AF Per Hop Behavior (PHB)[1-14]

AF PHB ATM VBR

1 ATM TCP

AF DF AF PHB

SCD ATM VBR TCP

TCP TCP

5.1 Di serv AF PHB ATM

IP QoS

(Differentiated Service: Diffserv)[1-13]

QoS Diffserv

(PHB) 3 2 PHB EF (Expedited

Forwarding) PHB[5-1] AF PHB[1-14] IETF RFC (Request For Comment)

1 PHB DF (Defaule Forwarding)

DF PHB

Diffserv PHB EF PHB

EF PHB Internet2

QBone

AF PHB TCP/IP

AF PHB IP

AF PHB AF PHB

TCP/IP

AF PHB TCP/IP

[5-2 3]

RED (Random Early Discard) DF PHB

AF PHB

IP WDM

(Wavelength Division Multiplexing)

IP
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QoS

ATM

ATM ADSL (Asymmetric Digital Subscriber Line)[5-4

6] ATM-PON (ATM Passive Optical Network) [5-7

9] ATM Differv [5-10]

ATM

AF PHB ATM SCD VBR

[5-4] ATM SCD VBR ITU-T

SBR3 (Statistical Bit Rate 3)[1-3] SBR3

SBR3 ATM PHB

AF PHB

ATM SBR3 [4-1, 5-11] DF PHB

ATM UBR ATM SBR3

AF PHB ATM Internet2

[5-12 13]

ATM SBR3 AF PHB

ATM

AF PHB DF PHB [5-14] PHB

TCP

SBR3 TCP Differv AF PHB

TCP

ATM Diffserv

Diffserv PHB ATM PHB

SBR3 AF PHB

5.2 Di serv AF/DF PHB ATM SBR3

5.2.1 Diffserv

IP

Diffserv
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(1) IP IP

Differentiated Service (DS) field

(2) Diffserv IP PHB[1-12]

3 PHB EF, AF, DF PHB

PHB

(1) EF PHB

EF PHB

(2) AF PHB

AF PHB

AF PHB

4 3

IP DS

AF PHB

2

d

a)

d

b)

0 d

c)

d 0 ( )

IP

(3) DF PHB

DF PHB

PHB

BE (Best Effort)
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5.2.2 ATM SBR UBR

ITU-T SBR3 CLP 0 1

PCR [PCR01 ] CLP 0 SCR MBS [ SCR0, MBS0

][1-3] UPC

UPC

UPC

(GCRA)

UBR Diffserv

DF PHB

5.2.3 AF/DF PHB ATM

Diffserv AF/DF PHB ATM SBR3/UBR

(1) SBR3 AF PHB

ATM SCD SBR3 AF PHB

AF PHB SBR3

a) SCR0 MBS0 AF PHB

b) SBR3 CLP AF CLP 0 CLP

1

AF PHB ATM

ATM SCD

SCD

CLP 1

CLP 1

ATM

(2) UBR DF PHB

ATM UBR DF PHB
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5.3

5.3.1

5.2.3 TCP

AF PHB DF PHB

ATM PVP (Permanet Virtual Path)

PHB 5-1

(1) SBR3 PVP AF PHB UBR

PVP DF PHB ATM

UPC VP

(2) ATM 1 SBR3 UBR 2

( )

ATM

(3) PVC (Permanent Virtual Channel) ATM TCP

(4) PVP ATM ATM

AF PHB

(5) PVP PVC (TCP/IP ) ATM

(SBR3 UBR)

(6) AF PHB PVP

AF PHB SBR3 PVP

PCR01 ------------------------------ (1)

SCR0 PVP ------------------------------ (2)

MBS0 S/R ------------------------------- (3)

PVP TCP

(3) [3-4 5]
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PC
(Solaris)

PC
(Solaris)

PC
(Solaris)

PC
(Solaris)

PC
(Solaris)

PC
(Solaris)

PC
(Solaris)

PC
(Solaris)

OC-3c
(155Mbps)

OC-3c
(155Mbps)OC-3c

(155Mbps)

Congestion Output Port

VC Switching for
TCP Data Segments from

Network to Customer
Sender/Receiver

Side Customer Premises Wide Area Network

ATM LAN Switch
Fore ASX-200

ATM WAN Switch
Fore ASX-200

ATM WAN Switch
Fore ASX-200

Data Channel Simulator
ADTECH SX/14

VP Switching for TCP Data
Segments from Customer

to Network after UPC

VC SwitchingVC Switching VC SwitchingVC Switching

5-1 ATM PVP AF/DF PHB

5-2 ATM AF/DF PHB
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5.3.2

5-2 8 PC (Pentium III 500MHz, Solaris 7, 4.3BSD Reno

) ATM NIC (Fore PCA-200) ATM

PC ATM LAN (Fore ASX-200BX) 8 OC-3c

ATM (Fore ASX-200BX) ATM LAN 8 OC-3c

PC PC TCP TCP

1PC 6 PC 2 TCP

8 OC-3c VP

6 TCP TCP

48 TCP 1 VC

ATM LAN PC OC-3c

ATM LAN

ATM 8 OC-3c

ATM 1 OC-3c ATM

PHB 10000

(ADTECH SX/14)

VP ATM LAN

ATM ( 2 )

VP UPC 1

ATM 2 ATM

ATM Fore ASX-200BX VP

TCP ttcp

ttcp 2 PC TCP/IP TCP

ttcp TCP ftp TCP

S/R

TCP

MSS 8192 byte ATM

PCR01 149.76 Mbit/s

SCR0 18.72 Mbit/s

MBS0 8256
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SCD 90% ttcp TCP

ping 2048 ICMP (Internet Control Message

Protocol)

PCR 35 Mbit/s

TCP 180

RTT

ATM

RTT RTT

20ms 80ms 160ms RTT

RTT

5.4 TCP/IP

5.4.1 AF PHB DF PHB

5-2 SBR3 AF PHB TCP

UBR DF PHB TCP

(1) RTT 20ms 80ms

RTT 20ms 80ms TCP

ATM

ATM

5-3 RTT 80ms 48 TCP

5-3 TCP (Identifier) 1 12 AF PHB

PVP (2 ) TCP TCP 13

48 DF PHB PVP (6 ) TCP RTT 20ms
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5-3 AF PHB DF PHB TCP

AF PHB DF PHB

TCP

TCP

a) AF PHB PVP AF PHB PVP DF

PHB PVP PVP

b) TCP ttcp TCP MSS

8192 byte

c) 8192 byte TCP 172 TCP

40 byte TCP/IP 8 byte LLC/SNAP 8 byte

AAL5 [5-15] AAL

172 ATM

AAL5 ATM 48 byte

MSS 8192 byte 8 byte TCP

172 ATM ATM

5-4 MSS TCP

TCP connection Identifier

5-3 ATM AF/DF PHB TCP
(RTT=80 ms, 48 TCP )
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d) ATM 149.76 Mbit/s AF PHB PVP

ATM SCR 18.72 Mbit/s

TCP

(DF PHB )

“ PVP ( 149.76 Mbit/s 18.72 Mbit/s 2 ) 8 PVP

14.04 Mbit/s

“ TCP ( 14.04 Mbit/s (8192 byte ( 172 53 byte ) ) )

6TCP

2.10 Mbit/s

5-4 MSS TCP ATM
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(AF PHB )

“ PVP 14.04 Mbit/s 18.72 Mbit/s

32.76 Mbit/s

“ TCP ( 32.76 Mbit/s (8192 byte ( 172 53 byte ) ) )

6TCP

4.91 Mbit/s

5-3 TCP TCP

TCP

AF PHB PVP 0 ms

7ms DF PHB PVP

8 ms 48 ms Diffserv

AF PHB DF PHB ATM

(2) RTT 160 ms

RTT 160 ms TCP

ATM ATM

TCP

PVP TCP

“ PVP TCP ( RTT ) ---- (4)

: TCP S/R ( 48 kbyte)

: ATM NIC S/R ( 2.9 ms)

: PVP TCP ( 3 )

TCP TCP
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a) AF PHB PVP TCP

2.30 Mbit/s 2.41 Mbit/s

b) DF PHB PVP TCP

2.28 Mbit/s 2.41 Mbit/s

5-5 RTT 160 ms 48 TCP

TCP

AF PHB DF PHB

TCP ATM

Diffserv PHB TCP

PHB

5.4.2 AF PHB

AF PHB

5-5 ATM AF/DF PHB TCP

(RTT=160 ms, 48 TCP )
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SCR0

AF PHB

MBS0 PVP

(1) AF PHB 1 PVP

PVP PVP AF#1

(2) 1 AF PHB 1 PVP SCR0

MBS0 SCR0 MBS0

PVP TCP SCR0

MBS0 PVP PVP AF#2

(3) 6 PVP DF PHB

ATM UBR PVP

5.4.2.1 SCR0

5-6 RTT 80 ms SCR0 PVP TCP

5-7 RTT 160 ms SCR0

PVP TCP AF #2

TCP

5-1 RTT 20 ms 80 ms 160 ms

RTT 80 ms TCP SCR0 ( 15 Mbit/s)

TCP

TCP AF #2 TCP

SCR0 15 Mbit/s

AF #2 TCP

AF #2 PHB TCP
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5-1 AF #2 TCP
(PCR01 149.76Mbit/s, SCR0 =2.12Mbit/s 18.72Mbit/s,

MBS0 = 8256 , 48 TCP )
TCP

RTT
SCR0

2.12 Mbit/s 6.32Mbit/s 10.60Mbit/s 14.84Mbit/s 18.72Mbit/s

20 ms 15.89Mbit/s 18.93Mbit/s 22.99Mbit/s 22.97Mbit/s 23.23Mbit/s

80 ms 14.33Mbit/s 21.23Mbit/s 24.01Mbit/s 25.52Mbit/s 25.72Mbit/s

160 ms 12.72Mbit/s 13.06Mbit/s 13.49Mbit/s 13.62Mbit/s 13.80Mbit/s

( )

20 ms 16.39 Mbit/s 19.69 Mbit/s 23.05 Mbit/s 26.39Mbit/s 29.44Mbit/s

80 ms 16.39 Mbit/s 19.69 Mbit/s 23.05 Mbit/s 26.39Mbit/s 29.44Mbit/s

160 ms 14.48Mbit/s 14.48Mbit/s 14.48Mbit/s 14.48Mbit/s 14.48Mbit/s

SCR0 of PVP for AF #2 [Mbit / s]

5-6 SCR0 AF PHB TCP

(RTT=80 ms, 48 TCP )
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RTT 20 ms RTT 80 ms

RTT 80 ms TCP SCR0

15 Mbit/s 10 Mbit/s RTT

SCR0 ATM

TCP

SCR0 ATM

RTT 160 ms ATM TCP

RTT ATM

SCD

2-7 SCR0

AF #2 PVP DH PHB PVP TCP

SCR0

SCR0 of PVP for AF #2 [Mbit/s]

5-7 SCR0 AF PHB TCP

(RTT=160 ms, 48 TCP )
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AF PHB SCR0

ATM TCP

5.4.2.2 MBS0

AF PHB PVP MBS0 PVP TCP

5-8 RTT 80 ms

PVP TCP MBS0 RTT

20 ms 160 ms TCP

AF PHB Diffserv

TCP/IP

MBS0 of PVP for AF #2 [cell]

5-8 MBS0 AF PHB TCP

(RTT=80 ms, 48 TCP )
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5.5 Diffserv AF PHB ATM SBR3

Diffserv AF PHB TCP ATM SBR3

TCP

(1) ATM AH PHB DF PHB TCP

SCD

ATM SBR3 AF PHB PVP TCP/IP

AF PHB

AF PHB TCP

AF PHB DF PHB TCP

AF PHB PVP TCP

DF PHB PVP TCP

(2) AF PHB ATM

ATM AF PHB

AF PHB ATM PVP

(3) AF PHB TCP DF PHB TCP

TCP

TCP/IP TCP [5-16] TCP

KDDI

TCP TCP

TCP (cwnd)

5-9 5-10 DF PHB AF PHB PHB TCP

TCP

TCP TCP



5-9 DF

5-10 A

F PHB

AF PHB

PVP

PVP

(RT

P

(R

66

RTT=80 m

RTT=80

1 TCP

ms, S/R

1 TC

ms, S/R

P

CP

=

=

48 kbyte)

=48 kbyt

)

te)
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DF PHB 5-9 TCP

1 TCP

5-9 18.0 40.5 58.5

76.5 81.0 TCP

TCP TCP

40.5

TCP

[4-2]

2

5-11 1.85, 3.75, 6.75,

12.74, 24.75

TCP

TCP ATM

5-9 40.5

10 TCP

DF PHB AF PHB 5-10

TCP Ack (Acknowledgement)

TCP

TCP 200 ms

500 ms

DF PHB

TCP

ATM

SBR3 UPC SCR01

ATM PVP

TCP

SCD

TCP UBR

ATM ATM
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5-11 DF PHB TCP
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TCP

(4) AF PHB MBS ATM SBR3

TCP

MBS TCP

TCP 1 TCP

[3-4] 1 PVP

TCP 6

(5) ATM AF PHB DF PHB

ATM UBR SBR

(ATM ) AF PHB DF

PHB ATM SBR3 ATM

CLP 2 AF PHB 2

2

ATM 2

IP Diffserv AF PHB DF PHB

AF/DF PHB

1
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IP
IP

[6-1 2]

QoS

Openflow / SDN (Software Defined Network) (NFV : Network Function

Virtualization)

QoS

IP

QoS

6.1

6.1.1

IntServ DiffServ QoS

QoS

QoS

1990

6.1.2

IP (Internet Protocol)
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QoS ( )

IP ISP (Internet

Service Provider)

ISP

IETF (Internet Engineering Task Force)

ISP

ISP

QoS 1990

IntServ DiffServ ISP

1990 IP IPv6

IPv4 IP

IPv4

DARPA (Defense Advanced Research Projects Agency

) 1994

DARPA

40

FAIN 2000

1999

[1-6]

6.1.3

IP
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QoS

2 6-1

2

6-1 2
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6.2

6.2.1

QoS

1998 1999

[1-8] 6-2

QoS

QoS

6-2
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( QoS )

(SC) [1-8,6-3]

CPU 128 128

1

2

6-2 SC SC

UDP/IP SC

SC

1

6-2 SC

SC

SC Unix

Solaris2.6 FreeBSD 4.0

SC SUN Ultra 60 (CPU 360MHz, 256

) 6-1 1000

gettimeofday
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1 SC

MOVE 0.23

ADD 0.36

SUB 0.35

SKIP 0.23

6-2

2 SC

ALLOC

ALLOC_PERM

COPY

TABLE

OUT_SINGLE

6.2.2

6-3

6.2.2.1

( 6-3 AN)

6-3
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AN a

6-3

( 6-3

SC) AN

6-3

6-3

800

1.5

6.2.2.2

6-3

AN

6-3
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6-3

6-3

-a ( ) 6-3

-b -a

900

1

6.3 QoS

QoS

[6-4] 2

ATM OAM (Operation,

Administration and Management)

QoS QoS

QoS

[1-8, 6-5 7]

QoS
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(JGN Japan Gigabit Network)

6.3.1

QoS QoS

[1-16][6-8] RSVP (Resource reSerVation Protocol)

QoS (

) OSPF [1-15]

RIP (Routing Information Protocol)[6-9] QoS RSVP

QoS

QoS OSPF [1-16] QoS

QoS QoS

QoS

QoS

2 IP 1

RSVP RSVP

QoS

2 RSVP

QoS

QoS

1) QoS

QoS

2) RSVP OAM

1) QoS
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6.3.2

6.3.1 6-4

QoS

2 QoS

QoS

(1) 2

-

QoS

-
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QoS

QoS

3

(2)

( 6-4 AN3) ( 6-4 AN5)

(AN5)

(AN3)

QoS

Fig.2 Network congestion management

T1 AN1

AN2 AN4

AN3 AN5 T2

Test Packet (Network Monitoring Protocol)

(1) Congestion Detection/
Bandwidth Change Detection
(Network Monitoring Protocol)

QoS Routing Packet

(2) Flooding
(QoS Routing

Protocol)

User Packet: High Priority

User Packet: Low Priority

Congestion Management Protocol User Protocol

Active Node

Terminal

Active Internetwork

Count packet
number

Route calculated by the
default routing protocol

Route calculated by the QoS
routing protocol

6-4
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(3) QoS

QoS OSPF

(4)

( 6-4 ) OSPF

6.3.3

QoS

QoS

6.3.3.1

(1) OSPF

(2)
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( SC)

2

(3)

2 1

1

( SC)

2

(4) OSPF

6.3.3.2

(1) (5)

(1) (LSE : Link State

Exchange) 2

LSE

(2) 2
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OSPF

(3)

IP

IP

(2) OSPF

(4)

i)

(LSE)

ii) LSE

LSE

LSE

iii)

iv) (2)
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(5) LSE LSE

(LSE Ack ) LSE LSE Ack

LSE

LSE

6-5 3

(AN1, AN2, AN3) 2 (N1, N2)

AN1 AN3

AN1 AN1 AN3

AN3

AN3 AN1

LSE LSE

LSE Ack

AN2 AN3 AN2

AN3 AN2

1 2 AN3

AN2 LSE AN3

AN1 AN2 LSE

AN2 LSE AN3

AN2 LSE AN3

AN3 AN2

AN3 AN1 LSE

AN1, AN2, AN3



85

AN3N1 AN1 AN2 N2

Neighbor State Table
N1, UP

AN3, DOWN

Neighbor State Table

AN1, DOWN

AN2, DOWN

Neighbor State Table

N2, UP

AN3, DOWN

Link State Table
AN1, N1, LsSeq0

Link State Table Link State Table
AN2, N2, LsSeq0

Hello(AN1, none)

Hello(AN3, none)

Hello(AN3 AN1)

Hello(AN1 AN3)

N1, UP

AN3, UP

AN1, UP

AN2, DOWN

AN3, AN1, LsSeq1AN1, N1, LsSeq1

AN1, AN3, LsSeq1

LSE(AN1, N1, LsSeq1 / AN1, AN3, LsSeq1)

LSE(AN3, AN1, LsSeq1)

AN1, N1, LsSeq1
AN1, AN3, LsSeq1

AN3, AN1, LsSeq1

AN1, N1, LsSeq1
AN1, AN3, LsSeq1

AN3, AN1, LsSeq1

LSE Ack

LSE Ack

Hello(AN3, none)

Hello(AN2 AN3)

AN1, UP

AN2, UP

LSE(AN1, N1, LsSeq1 /

AN1, AN3, LsSeq1 /

AN3, AN1, LsSeq2 /

AN3, AN2, LsSeq2)

AN1, N1, LsSeq1
AN1, AN3, LsSeq1

AN3, AN1, LsSeq2

AN3, AN2, LsSeq2

AN : Active Node
LsSeq# : Link State Seqence Number #

Fig.3 Example of routing protocol communication

Neighboring Node

Link State

Link State Sequence Number

Originating Node

Terminating Node

Source AN
Hello Received Comfirmation for the Destination AN

All Elements of the Link State Table

6-5
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AN3N1 AN1 AN2 N2

Neighbor State Table

N1, UP
AN3, UP

Neighbor State Table

AN1, UP

AN2, UP

Neighbor State Table

N2, UP

AN3, DOWN

Link State Table Link State Table Link State Table

LSE Ack

LSE(AN3, AN1, LsSeq2 /

AN3, AN2, LsSeq2)

AN1, N1, LsSeq1
AN1, AN3, LsSeq1

AN3, AN1, LsSeq2

AN3, AN2, LsSeq2

AN1, N1, LsSeq1

AN1, AN3, LsSeq1

AN3, AN1, LsSeq1

AN1, N1, LsSeq1
AN1, AN3, LsSeq1
AN2, N2, LsSeq0

AN3, AN1, LsSeq2

AN3, AN2, LsSeq2

AN1, N1, LsSeq1
AN1, AN3, LsSeq1

AN3, AN1, LsSeq2

AN3, AN2, LeSeq2

LSE Ack

LSE(AN1, N1, LeSeq1 /

AN1, AN3, LsSeq1 /

AN2, N2, LsSeq1 /

AN2, AN3, LsSeq1

AN3, AN1, LsSeq2 /

AN3, AN2, LsSeq2)

AN1, N1, LsSeq1

AN1, AN3, LsSeq1
AN2, N2, LsSeq1

AN2, AN3, LsSeq1
AN3, AN1, LsSeq2

AN3, AN2, LsSeq2

LSE Ack

LSE(AN2, N2, LsSeq1 /

AN2, AN3, LsSeq1)

AN1, N1, LsSeq1

AN1, AN3, LsSeq1
AN2, N2, LsSeq1

AN2, AN3, LsSeq1

AN3, AN1, LsSeq2

AN3, AN2, LsSeq2

LSE Ack

AN1, N1, LsSeq1
AN1, AN3, LsSeq1
AN2, N2, LsSeq1

AN2, AN3, LsSeq1
AN3, AN1, LsSeq2

AN3, AN2, LsSeq2

N2, UP

AN3, UP

AN : Active Node
LsSeq# : Link State Seqence Number #

Fig.3 (cont'd) Example of routing protocol communication

All Elements of the

Link State Table

Neighboring Node

Link State

Link State Sequence Number

Originating Node

Terminating Node

6-5( )
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6.3.3.3

LSE

LSE

DOWN, Hello_RCVD, UP 3

2

(1)

Select an element in the Neighbor State Table

corresponding to Specified IP address [that of sender];

If remote IP address [that of receiver] does not exist,

then change the state of the element to HELLO_RCVD;

else

send a Link UP signal to SC Engine;

DOWN LSE

SC

LSE

(2) LSE

LSE

Select an element in the Neighbor State Table

corresponding to Specified IP address [that of sender];

If the state is not UP, then send a Link UP signal to SC Engine;

Allocate temporary buffer;

Copy Stream Code itself into the buffer;

Update the Link State Table for new LS information included in this packet;



88

Copy this new LS information into the buffer;

If there is no new LS information, then SKIP to SND_Ack;

Update the Routing Table using updated Link State Table;

Loop:

Pickup another Active Node from the Neighbor State Table;

If there are no more Active Nodes in the table, then SKIP to SND_Ack;

Send the buffer using OUT_SINGLE;

SKIP to LOOP;

SND_Ack:

Allocate temporary buffer;

Copy Stream Xode below LSE_Ack into the buffer;

Send the buffer using OUT_SINGLE;

LSE_Ack:

Stream Code for LSE Ack packet is packed from here.

LSE

SC UP 4

7 LSE LOOP

LSE LSE_Ack

LSE Ack

6.3.3.4

UP AN1

AN2

(AN2 AN1)

2

AN1

AN2
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AN1

6-6

AN1

Hello (Down)

Hello (Up)
Down

Hello
Rcvd

Up

3000

Test (100)

Test (100)

Test (100)

Hello (Up)

3001

3002

3003

100
Down

0
Test (100)

Up
Test (100) 1

35 85

Test (35)

2Test (100)

3

Link State

Test (35)

35 86

Up 35 93

Up

AN2 AN1 AN2

Test (35)

Test (35)

35 94Test (35)

35 95

Test (100)

Test (100)

Test (100)

100

100

100

100

100

100

100

Test (100)

Test (100)

Test (100)

Test (100)

Test (100)

Test (100)Test (35)

Test (95)Test (35)

Test (35) Test (95)

Test (35) Test (95)

35

35

35

1

2

3

4

Test (35) Test (95)

35 59
Test (80) Test (95)

Down

100Test (80)

Down

ignore

35 60

3000

Hello (Up)

discard

0

35

100

95

Link State Link State LinkState

Measurement
Timer Expiration

Measurement
Timer Expiration

Measurement
Timer Expiration

Link Down
ExpirationTimer

LinkDown
ExpirationTimer

Packet
atAN2

Received
Packet
atAN2

ReceivedNumber of
AN1Recei-
ved Packet

Number of
AN1Recei-
ved Packet

Measurement
Timer Expiration

(1) AN1 100ms

AN2 10

10

100 AN1 AN2 AN1

100

(2)

10

6-6
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3000 UP 10

10 AN2

100

(3)

100 ( 10

)

LSE

QoS

6.3.4

6.3.3 2

3700

6-7

SUN UltraSparc 1

5 QoS

2

OC-3 ATM

ATM

6-7 ATM 2

Motion JPEG QoS

3
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(1) UP DOWN

AN3 ATM

UP 2

DOWN 10

(2)

6-7 AN3 AN5

2 PC ( 5 TCP/UDP Terminal) ATM

ttcp 2 PC 155 Mbit/s TCP

UDP Motion JPEG

(AN1-AN3-AN5) 11.2

Mbit/s AN3 AN5 155 Mbit/s

1

Mbit/s

(AN1-AN2-AN4-AN5) 11.2 Mbit/s

Video
Server AN1

AN2 AN4

AN3 AN5
Video
Client

Terminal

ATM
Switch

TCP/UDP
Terminal
TCP/UDP
Terminal

TCP/UDP
Terminal
TCP/UDP
Terminal

Cross Traffic

(TCP/UDP)

ATM
Switch

Active Node

Route before
the congestion

Route after
the congestion

Congested Link

6-7 QoS
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2

QoS

SC

360 MHz Sparc SC 512 byte

1 5000

Motion JPEG 11.2 Mbit/s

6.3.5 QoS

QoS

(1)

2

QoS 2

QoS

QoS

(2)

LSE

QoS

LSE QoS

(3)
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QoS QoS

QoS OSPF

OSPF QoS [1-16]

RSVP QoS [6-8] RSVP
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AA ANEP (Active Network Encapsulation Protocol)
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[6-17 24]
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6.4.2
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