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私について

199x~ : サイトオペレーション
(鉄道電話, 専用線故障窓口, PDH/SDH, D60/70, ATM/FR, etc.,)

1999~ :  BGP/MPLS-VPNs, Traffic Engineering
MPLS-IX (mplsASSOCIO)

2007~ : NGN
モバイルバックホール

2010~ : IPv4/IPv6 共存

2013~ : コントロール/ データプレーン分離
SDN

2016~ : 5G, SRv6



Generic Expectations for 5G Networks

Source: NGMN white-paper
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https://www.ngmn.org/fileadmin/ngmn/content/downloads/Technical/2015/NGMN_5G_White_Paper_V1_0.pdf
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Software Defined Network*

*:RFC7426 



Key Concepts of Software Defining Work

Topology

Policy ID focus



Use Case Study:

MEC (Multi-Access Edge Computing)
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"35845549853" by Metro Transportation Library and Archive is licensed under CC BY-NC-SA 2.0

https://www.flickr.com/photos/30993133@N04/48099698572
https://www.flickr.com/photos/30993133@N04
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=ccsearch&atype=rich


Network Stack of the Current Data Plane
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"Remote Control" by Jeff Hester is licensed under CC BY-NC-SA 2.0

https://www.flickr.com/photos/49503179907@N01/101735547
https://www.flickr.com/photos/49503179907@N01
https://creativecommons.org/licenses/by-nc-sa/2.0/?ref=ccsearch&atype=rich


Software Defined Network



OverlayとUnderlay



OverlayとUnderlayの特性がミスマッチしてしまった例

ATM PW (Pseudo-Wire) over MPLS

VCごとのQoSを、VP PWで実現したい

VPI

VCI

VCI

PT

VPI

VCI

HEC

CLP

Bit 0 7

Label (20bits) TTL
(8-bits)

TC
(3-bits)

BoS
(1-bit)



OverlayがUnderlayの状態を考慮しようと頑張った例

Copyright 2007 Satoru Matsushima and Softbank Telecom Corp.
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https://www.janog.gr.jp/meeting/janog20/pdf/kosoku_matsushima_post01.pdf



OverlayなのにUnderlayのキャパを超えてしまった例



OverlayがUnderlayの特性をうまく考慮できた例

IPv4/IPv6 Stateless Address Mapping

6rd

SP’s IPv6
prefix

IPv4 Local
Site Interface ID

IPv4

ɥ

ɦ

Stateless Address Mapping for 
IPv4 over IPv6

ISP’s
prefix

ἸὊἈὊ
ἸἝὊἁᢿ

48bit
(IPv4 + Port)

SP’s IPv6
prefix ἸὊἈὊἸἝὊἁᢿ

local
site Interface ID

TCP/UDP
Port

16bit32bit
ɥ

ɦ

IPv4ỴἛἾἋσஊ

SAM: Stateless Address Mapping
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Network Stack of the Current Data Plane

�����"#&+��
���

!����"#&+��
���

����������
����������

�����"#&+��
���
!����"#&+��
���
��������
��
��������
��

�2,,&+������
��

!��������	
��

 �����-/1�	��
 �����-/1�	��

��3�����	
���
��3�����	
���

����������
����������

 0&/��"6+-"%�

�/-3)%&0��)'(��2"+)16�",%��&+)"#)+)16�
�2+1).+&�!)/12"+��&14-/*0��-�&5)01�

�&.+-60��-#)+&��"$*�("2+�",%��-/&�
4���)'(��2"+)16�",%��&+)"#)+)16�

�-/��� ��+",&�",%������&14-/*0�

���3	 �"0��-#)+&� 0&/��+",&��/-1-$-+�
�2+1).+&5&0��&00)-,0�),����2,,&+��&14&&,��4-��-%&0�

��3�"0� 0&/������/-1-$-+�

Stacking Multiple Small ID Space Networks to Fulfill 
Requirements of Reliability, VPNs, etc.,



How to Integrate Complicated Stack?  Simplify!

IPv6 DA
(128)

IPv6 SA
(128)

IPv6 Addr
(128)

IPv6 Addr
(128)

LSP Label (20)

VPN Label (20)

DMAC (48)

SMAC (48)

LSP Label (20)

VPN Label (20)

IP DA (32)

IP SA (32)

Tunnel ID (32)

VLAN ID (12)

UDP Dport(16)

UDP Sport(16)

IPv6 DA (128)

IPv6 SA (128)

DMAC (48)

SMAC (48)

User Payload

572bits

512bits



128-bits Resource Abstraction for Underlay/Overlay 
Integration

Underlay resources 
abstracted in
128-bits space

λ/Slice

Networks/Apps
Overlay

128-bits Addressing

Accelerator λ/SliceSource Destination

Resource Abstraction



IPv6とソースルーティングでデータプレーンをフラットに

128-bits ID Space

Stateless Data Plane



ご清聴ありがとうございました
つづきはまたどこかの機会で…


