Future Internet: New Network
Architectures and Technologies

Part 1: Principles and Evolution
of Internet Architecture

Tania Regina Tronco
tania@cpqgd.com.br



About me

A Telecom researcher at CPgD Foundation (1986-),
Campinas 1 SP

A Future Internet project: ARCMIP (Architectures for
Mobile IP) - Project Coordinator (sponsored by
FUNTTEL)

A Editor and author of the book:

A New Network Architectures: The Path to the Future Internet,
Springer 2010.

(P



Outline \ F

A Motivation for Future Internet Research
A Is the Internet broken?
A Internet Timeline
A Review of Internet Principles
A Recent extensions to the original Internet
AlPve, Mobility, CDN, P2P,
A Future Internet Evolution Scenarios
A Internet of People
A Internet of Content
A Internet of Things
A Network Requirements for Future Internet

(D~



Motivation for Future Internet Research \\ (P‘i)

A Internet: A big success
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Motivation for a Future Internet
Research

Today, the Internet has 575 In 2020, expect 50 billion of sensors on
million host computers buildings to be connected to the Internet.

Source: Zdnet Internet World Stats, Network World



What is the problem? \ ‘P.”

A There is nothing wrong with Internet
i Al't 1 s the problem that has changed!
A The Internet was conceived in this world:

I It was conceived to share resources, not for data, neither for business!!!



What is changed?

Original Internet

A Experimental network to share
resources (prints, tapes) forwarding
packets among a limited number of
machines

Today

A Internet is to a billion of users and to
forward money, to forward packets is
just a way




Internet Timeline

A 1969: ARPANET (Advanced Research Project
Agency Network)

A First transmisssion connecting UCLA and
SRI

A Communication between hosts through
devices called IMP (Interface Message
Processor)

A IMP received messages from a host, break
them in packets and sent it to the next IMP

A IMPs were connected through the leased lines
supplied by telephonic companies.
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Internet Timeline
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A 1970: First standard networking protocol, namely
NCP (Network Control Protocol)
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A NCP function: store-and-forward messages
from a sending host to a receiving host.

A First concept of connection: it was forbiden
sending another message until receives a
RFMN (Request-for-Next Message). Send socket

A Socket specified one connection endpoint

Receive socket

A 1971: There were 15 sites attached into ARPANET
using NCP



Internet Timeline
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1974: Transmission control protocol
(TCP) designed by Vinton Cerf and
Robert Kahn.

A To preserve intact the internal

operation of each individual network 1

gateway concept
1977:. TCP began to replace NCP

1981: After testing TCPv1, TCPVv2, a
separation of TCP into an inter-network
(IP)v3 layer and a transport layer
(TCP)V3.

1982: TCPv4 and IPv4 was standardized
in RFC 823.
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Internet Timeline
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A 1983: Every site connected to the ARPANET
switched to TCP/IP.

A This is considered the fAdate of the birth o
| nt ernet o

A 1985: The NSF(National Science Foundation)
launched a network to connect academic
researchers to supercomputers (NSFENET).

A 1986: NSFNET was connected to ARPANET and
became the backbone of the Internet. ARPANET was
ended.

A 1991: Commercial email service started, new
backbones were built and Internet service providers
(ISPs) were introduced.

A 1995: NSFNET was officially dissolved.

NSFNET T3 Network 1992




Internet Timeline

o To Do Do Do Do Ix

1989: World Wide Web (WWW) was invented by Tim-
Berners Lee.

1990s: Web browsers Mosaic, Netscape and Internet
Explorer were introduced.

1999: Google, Inc. was founded by Larry Page and
Sergey Brin.
2001: Napster (online music store) was founded.

2003: Skype ("Sky peer-to-peer i) and m
founded.

2005: YouTube was founded and was bought by
Google, Inc. in Oct. 2006.

2006: Twitter was created by Jack Dorsey
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Internet Architecture

A When ARPANET was designed,

A The main purpose was to share resources and data between researchers.
A QoS (quality of service) was not considered.

A No real-time applications assumed.

A No mobile terminals assumed.



Internet Architecture

A The Internet architecture was formalized by David
Clark (1988)

A Set of goals and features (in decreasing order of
Importance):

A
A

A Support multiple types of services
TCP provides a reliable delivery of data

UDP (User Datagram Protocol) to
provide datagrama services, not reliable
but with low delay requirements.

A Must accommodate diverse networks
A Allow distributed management

A Allow host attachment with a low level of
effort

A Be cost effective
A Allow resource accountability

David Clark
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The principles behind the original \\ (R’,

Internet architecture

Connectionless packet-switching

A 1P layer provides a datagram service
wi thout guaranteed

ef forto).
A The packets may be dropped, !
duplicated, or reordered during the R 4
delivery.
A If the IP layer had already be designed

for the connection oriented service, it e Layer 3

would not be flexible enough to also
support datagrama services.

A This goal was the reason of the split of
the TCP in two layers, TCP and IP
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The principles behind the original
Internet architecture \ (2’7

Transparency and Simplicity

The internet (IP) layer treat all data packets equally, no error control for data, only
a header checksum.

A Simplicity and generality to the network, making easy upgrades and addition
of new applications

A AEma@ENd argument 0: algvelifuncion bemgpated atat i on
network layer

/ - TYPE SERVICE TOTAL LENGTH

IDENTIFICATION FLAGS | FRAGMENT OFFSET
nmm; PROTOCOL |  HEADER CHECKSUM |

SOURCE IP ADDRESS

IP Packet

DESTINATION IP ADDRESS

IP OPTION PADDING
DATA




The principles behind the original |
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Survivabllity

A When a failure occurs, there is not connection broken at network layer

A at the transport layer TCP can recover the information, sending again the
packets lost and reordering the packets at the end points.

Information State Information State
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The principles behind the original |
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4.  Globally Fixed Addresses

A The IP addresses are divided into
classes (Classfull adresses
scheme)

A each class consists of 32-bit words,
containing
A network identification and the host
belonging to it

A The packets are passed from one
subnet to another, until they reach
their destination using fixed-length
global IP address.



