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Part I: The Present Internet NICT

Its Original Features
* Primary applications: File transfers and Email.
(No real-time applications assumed)
e End devices were host machines
(Today’s mobile terminals were not assumed)
» “Best effort” services were provided
(No “Qo0S” guaranteed)
o All users are trustworthy

(No concern about security)
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E2E Design of the Internet g7

s “E2E Arguments in System Design,” by Saltzeretal[ 2]
“... Such communication functions as error control, rout Ing
and security should be implemented not within the n etwork,
but at the end nodes (hosts), since these functions can be
completely specified only at the end nodes that run

applications, and any partially implemented functio ns within
the network will be redundant, waste network resour ces and
degrade the system performance in most cases

s The above paper contains some flaws in the firstex  ample
on “file transfer.”

*+ End-to-end design should merely be one of
many design options, and should not be called a

“principle.”




—

~

Main Features of the Internet NICT

 The network provides basic packet delivery
service (calleddatagram service’)

e Applications are implemented at end hosts.

 Simplicity and transparency of thelP led to
Innovative deployment of the Internet and quick
development of new applications
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e Every service Is an end-to-end application.
 New applications can be deployed by anyone

Diagram : Paul Wilson, Asia Pacific Network Informa  tion Center

/




Problems with E2E Design Nﬁ

v E2E ARQ (Automatic Repeat Request) is far
from an optimal strategy in many cases.

v Routing protocols (e.g., RIP, OSPF) cannot
be efficient, since they can not be based on
network load information.

v TCP’s ability for congestion control and
flow rate control Is also intrinsically limited.
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v TCP/IP protocols cannot provide call
admission control (CAC).

v TCP/IP attempts to mimic processor
sharing (PS), butis much inferior to PS,
because it cannot have the current state
Information of individual flows.




A 'Departure from E2E Approach ,v@;?

The control plane of the Internet became overly
complex: Mobile IP, IPSec, middlebox control, etc.
have been appended to the IP layer .

Flow Routing , L. Roberts [6]
» Part of DARPA Control Plane project

\/

s+ Let routers store state information on
individual flows.

\/

s Guarantee QoS of an IP network

N/

A flow router processes “in band”
signaling information in hardware.
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CHART (Control for High-Throughput
Adaptive Resilient Transport ) [7, 8]

“ Also a part of DARPA Control Plane
Project

“* Its control plane allows routers to monitor

and collect network state information
better control resource usage.

to




Y Open Flow and Virtual Node Nﬁ

OpenFlow [10, 11]

“* Provides a flexible, open network  platform
to allow researchers to experiment with new
networking protocols, E2E designs or non-
E2E designs.

“* Flow Table and Controller

Vnode (Virtual Node), A. Nakao [12, 13]
“* Provides a “meta network architecture,”
similar to OpenFlow.



Part |l
7 New G o Networ NICP
S
A flagship of the networking research

In Japan

dDesign of a new network
- A*clean slate” approach

4 Implement and Verify on a testbed

 Experimentally operational by around
2015




_ N
Requirements for NwWGN m”cr’
—”

T ]

1. Scalability (users, things, “big data ")

2. Heterogeneity and diversity (in
“clouds” )

3. Reliability and resilience (against
natura | disasters )

4. Security (against cyber attacks )

5. Moblility management

6. High performance
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/. Energy and Environment

8. Socletal needs

9. Compatibility ( with today’s Internet)

10. Extensibility (for the unforeseen and

unexpected)




A N
A AKARI Network Architecture  N/c7

d Cross-layer optimization
d ID/locator split architecture
d Virtualization

1 Optical packet & circult integration




:? ID and Locator In the Internet Nd;?
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Network Virtualization NICT

d Choose a subset of a collection of
physical resources (routers, end users,
links,etc.) and functionalities (routing,
switching, transport) of one or multiple real
networks and form a logical network

d Provide a meta network architecture for
studying various network architectures and
their protocols.
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Virtual Networks and IW(.{T)
Overlaid Networks —

(a) Isolated Virtual Networks

Physical Network

(b) Overlaid Virtual Networks

Physical Network

Physical Network

Diagram: Akihiro Nakao )
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Virtual node
M vy

Figure 3 @The configuration of virtual node (Router)
Diagram: NICT News No. 393




Virtual Node Project and
Participating Companies
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Figure 6 @Assignments of aach company in ﬂ'ﬁ\l‘lmml Node Project

Diagram: NICT News No. 393
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Optical Packet and Optical Path NICP

Characteristics of Optical Technology
d  Broadband

d  Memory and operation circuits, not well
developed

> Optical packet switching: translate the header into electric
signal

> Optical path: Optical paths in WDM  (wavelength division
multiplexing ) are equivalent to circuits in circuit switching

»  AKARI Architecture integrates optical packets and
optical paths
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JGN-X Network Overview N@é?
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Research around JGN-X N@a
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Part Il
Modeling and Analysis Issues
of the Future Internet

Nﬁ

» Quantitative evaluation of different
architectures is difficult

*» Unsatisfactory state of affairs mathematical
modeling of the present Internet

* Lack of interest in mathematical modeling
among the Internet community

- Its character, culture and history



Modeling and Analysis Issues m’cr)
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-cont'd

“* TCP/IP’s “best effort” services dominate the
mentality of the Internet research?

** Few textbooks and papers on modeling and
analysis of the Internet.

- Annurag Kumar, D. Manjunath and Joy Kuri
Communication Networking: An Analytical
Approach (Elsevier 2004)

- Mung Chiang, Networked Life: 20 Questions
and Answers , Cambridge University Press,
2012 (to appear).



Testbed and Overdimension Nﬁ

¢ Prototyping and testbed
- Useful for a proof-of-concept or protocol
validation.
- May not lead to quantitative understanding or
to a solution for optimal control.

“* The Internet has been successfully running,
because of its “* overdimensioning .”
- Cost/performance of the network components
have been improving geometrically.
- No guarantee in the future.

“+ Energy consumption of IT equipment



A Virtual Network as NI{,?
a Network of PS Servers —

¢ Little attention or effort paid to the performance
aspect of a virtual network

+» Statistical sharing of limited physical resources b y
multiple logical networks (or slices)

** A network of “processor sharing” servers seems a
reasonable mathematical abstraction of a virtual
network, where a “processor” is a bottleneck
resource (e.g., a router) at a node.
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Processor Sharing (PS) Nﬁ

¢ Originally introduced as the limiting case of
round-robin scheduling by L. Kleinrock

“ Early work on PS was motivated by it’s
applicability to time-shared computers.

“ Renewed interest in PS scheduling
- Modeling of statistical multiplexed traffic;
- Modeling of Web servers;
- Modeling of links/nodes congested with TCP
traffic




Processor Sharing (PS) —cont'd Nﬁ
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“Fair scheduling ” emulates PS.

The stationary distribution of  the number of
customers in a PS server Is insensitive to the
distribution of service time (e.g., flow size).

A network of processor-sharing nodes leads
to a product-form solution

N. Dukkipati et al. [5] compare the
performance of TCP/IP algorithms against a
theoretical limit implied by a PS model.




Loss Network Models Nﬁ

¢ Loss network theory is a recent development,
see Kelly [25], Kobayashi & Mark [23,24].

* Can characterize a network that supports  multiple
end-to-end circuits with various resource
requirements (e.g., various bandwidths ).

% Can be viewed as a generalization of the classical
Erlang or Engset loss models.

¢ Its insensitivity to network traffic load (similar to
PS server) make the model very powerful.
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Performance Analysis NICT

¢ Blocking probability and call loss rate can be
written in terms of the normalization constant

¢ Product form solution and computational
algorithms

*» Asymptotic analysis becomes more accurate
and simpler as the network parameters become
greater. See e.g., Y. Kogan [26].




Open Loss Network (OLN) N@é’)

Number of links in the network: L=5

=

FIGURE 7.3-1: Open los=s network (OLN)

A call class: r=(c, T), c=routing chain or path, Tt=call type




An OLN is Equivalent to /)\
Generalized Erlang Loss Station! M7

L=Number of the server types

Twpe 1
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FIGURE T.3-2: Generalized loss station (GLS) which 1= equmvalent to the OLIN.
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A Mixed Loss Network (MLN) ”C’fr)
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FIGURE 7T.4-1: Cueceing-loss network (LN
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