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IP-Networks and the Internet

•Internet and IP
•TCP/IP Stack
•IPv6 - the Next Generation IP
•Carrying Voice Over IP
•Next Generation Internet

 Amjad Umar  
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Network Convergence to IP

Network Technologies 
(Ethernet, Token Ring, Wireless, ATM, 

Frame Relay, X.25, FDDI, and many more) 

Internet Protocol (IP)
Currently IPv4, Future IPv6

Applications
(Data, Voice, Video) 
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Service Delivery in Internet

Wide AreaWide Area
NetworksNetworks

PHYSICAL NETWORKPHYSICAL NETWORK
WirelessWireless
NetworksNetworks

LocalLocal
Area NetworksArea Networks

IPIP

TCPTCP UDPUDP

FTPFTP SMTPSMTP
TELNETTELNET DNSDNS

OthersOthers
(HTTP,(HTTP,
RTP,,)RTP,,)
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Applications
TCP
 IP
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Applications
TCP
 IP
Ethernet

Applications
TCP
 IP
FDDI
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TCP
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FDDI

PCMAC PCUNIX

Global IP Network 

Router

Applications
TCP
 IP
Frame Relay

MVS

FDDI LAN
Ethernet
 LAN

Global IP Network 
(The Internet)

USA France France Japan Japan
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Forms of Internet

• Public Internet - no central owner
• Intranet  - Privately owned by corporations
• Extranet - Collectively owned by

corporations/agencies
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ANX Architecture

ANX
CSPANX

CSP

ANX 
Subscribed

TP
ANX

Overseer

ISP

ISP
ISP

Internet 
Exchange 

Point

Public
Internet

ANX
Network

ANX 
Subscribed

TPANX 
Subscribed

TP

Legend:
ANX CASP ANX Certificate Authority Service Provider
ANX CEPO ANX Certified Exchange Point Operator
ANX CSP ANX Certified Service Provider
ISP Internet Service Provider
TP Trading Partner
       IP Security (IPsec) Function

ANX
CEPO

ANX
CASP

ANX
CSP
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IP 
WAN1
 

Router3

IP
WAN2

IP
LAN1

Router1

Router2

83.13.17.3

83.13.17.4

75.10.17.1

75.10.17.3

108.2.11.5

108.2.11.7

IP Network 

83.13.17.1

IP
WAN3

Router4
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123.10.20.2
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         IP
(Internet Protocol)

           TCP
(Transmission Control Protocol)

         UDP
(User Datagram Protocol)

Telnet FTP SMTP H.323 
(ITU)

SIP 
(IETF) 

F-Ethernet FDDI X.25 ATM Frame Relay Other 
Physical 
Networks

Other Transport
 Protocols

HTTP

NGN is IP-Based (“IP Dialtone”)

 Sonet (150 Mbps to 100 Gbps)

Voice and Video
Applications 

Data Applications 
(typically Web based) 

DNS Others
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            IP           

 Physical   Network    

Telnet FTP SMTP HTTP

       TCP           UDP    

Others

            IP           

 Physical   Network    

Telnet FTP SMTP HTTP

       TCP           UDP    

Other

Computer 1 Computer 2
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IP 
WAN1
(Typically 
ATM,
Frame Relay,
X.25)

Switch/Gateway

IP
WAN2

IP
WAN3

Switch/Gateway

Switch
/Gateway

83.13.17.3

83.13.17.4

Bank1.co..uk

Level3.co..uk

75.10.17.1

75.10.17.3

www.IBM.com

www.sun.com

108.2.11.5

108.2.11.7

cs.um.edu

arts.um.edu

Partial View of Internet

•DNS (Domain Name Services) translates cs.um.edu to 108.2.11.5
•Telnet cs.um.edu = Telnet 108.2.11.5
•FTP cs.um.edu = FTP 108.2.11.5
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NSPs and ISPs

IP 
Network
 

 

Mainframe

ISP  (POP
+ Web services)

POP NSP POP

Dialup
•POP(Point of Presence) provided by an NSP only provides a
local phone access. The user can choose an ISP
•An ISP provides an IP address
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         IP
(Internet Protocol)

           TCP
(Transmission Control Protocol)

         UDP
(User Datagram Protocol)

Telnet FTP SMTP TFTP NFS

Ethernet FDDI X.25 ATM Frame Relay Other 
Physical 
Networks

Other Transport
 Protocols

HTTP
Other Application
 Protocols
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Layered Systems

ATM ISDN Frame Relay SMDS Analog Modems Cable WirelessPhysical Network
(Layers 1-2)

IPTransport Services
(layers 3-4)

Business
Services

Telecom
Services Corporate

Services

ECommerce
(B-To-B) Ecommerce

(C-To-B)

Middleware
(Industry-
Unaware) 
Layers 5-7

Directories

Distributed
transaction 

Storage/Archives Messaging

IT Gateways Legacy
gateways, etc

EDI, Catalog services, payment systems,
shoppong carts,  etc

Network
Applications
(Industry
Specific)  -
Layer 7+

Internet
Telephony

Corporate
Apps (ERP)

Shopping markets , Mass
Customer Support

Supply Chains,
Virtual
enterprises

Web

Remote Data Access
(ODBC/JDBC)

Remote Application Access 
(CORBA, MOM, RPCs)

Note: Layer 7+ indicates industry specific application services

Others

Workflows 
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Address Levels in IP

              Service Access Point
•Application ID within a host (port ID)
•Network ID, host ID

              Internet Global Address 
•Network ID, host ID
•Internet 32 bit address given as sequence
of four decimal numbers 
(e.g., 123.44.33.14)

      Network Attachment Point Address
•Vendor specified device address
(e.g., 48 bit Ethernet Address)
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IP (v4) Datagram Format

Identifier

16 310 8
Version and Length Type of Service Length of datagram (bytes)

Flags and Fragment Offset

Fragmentation Control Fields 

Time Header Checksum

Source IP address 

Destination  IP address 

Options and Padding 

Data 

Data 



Copyright (A. Umar) 2002

Example of a Routing Table

Net1
10.0.0.0 Net2

30.0.0.0
Net3
70.0.0.0

Router
A Router

B

Destination Network                     Route Information

10.0.0.0                                           Direct

30.0.0.0                                           Direct

70.0.0.0                                           Indirect (route to gateway B, address 30.0.0.0)

a) A Simple IP Network

b ) Routing Table for Router A
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IPV4 Address Classes
16 310 8

32 Bits

Class A 0 Network Host

Class B 10 Network Host

Class C 110 Network Host

Class D 1110 Multicast Address

Class E 11110 Reserved for future use 
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TCP Port Number ExamplesTable Error! No text of specified style in document.-1: Examples of Assigned TCP port Numbers

Port No Keyword Description

0 Reserved

1-4 Not assigned

5 RJE Remote job entry

7 Echo Echo port

11 Users No. of active users

13 Daytime Daytime

15 Netstat Network Status

20 FTP Data FTP data send/receive

21 FTP FTP session management

23 Telnet Terminal logon/logoff

25 SMTP Simple Mail Transport Protocol

53 Domain Domain name server

80 HTTP HTTP default port for Web
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TCP SegmentFormat

Sequence number

16 310 8

Source Port Destination

Acknowledgement Number 

Flags Window

Checksum 

Options and Padding 

Data 

Data 

Urgent Pointer

Data 
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Telnet Session
U:Telnet CS.Berkeley.com  
C: Enter Login 
U: Login User1
C: Enter password
U: PW
C: Logon successful
U: Do work
U:  quit
C: session completed

Legend: U= user, C= computer
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Example of Telnet Operation

Operating
System

Telnet
Client

Operating
System

Telnet
Server

NetworkTerminal

U:Telnet cs.rutgers.edu  
C: Enter Login 
U: Login User1
C: Enter password
U: PW
C: Logon successful
U: Do work
U:  quit
C: session completed

Legend: 
U= user 
C= computer
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Example of FTP Operation

Operating
System

FTP
Client

Operating
System

FTP
Server

NetworkTerminal

U:FTP cs.rutgers.edu  
C: Enter Login 
U: Login User1
C: Enter password
U: PW
C: Logon successful
U: put file1.sys1 file1.sys2
C: File transfer done
U:  quit

Legend: 
U= user 
C= computer

Copyright (A. Umar) 2002

Example of NFS Operation

Operating
System

NFS
Client

Operating
System

NFS
Server

NetworkTerminal

U:Mount host1 dir1  
C: directory dir1 mounted 
U: lookup file1
C:  f1 is the file handle for file1
U: showattr f1 
C: attributes of file1 shown 
U: unmount
C: directory unmounted

Legend: 
U= user 
C= computer
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1. SOCKET = creates a socket and specifies socket type     (TCP, UDP)

2. BIND   = assigns a name to an unnamed socket  (handle)

3. CONNECT = establishes a connection between local and remote server

4. LISTEN = server is willing to accept connections

5. ACCEPT = accept a connection and put it on queue

6. WRITE  = send data  on TCP socket

7. READ   = read data  from TCP socket

8. SENDTO = send data  on UDP socket

9. RECVFRROM = read data  from UDP socket

TCP/IP Sockets 
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Berkeley Socket Psuedo Code (TCP/IP)

        
1 SOCKET
2. BIND 
3. LISTEN
4. ACCEPT

8. READ (from Socket)
9. WRITE (to socket)

  

         
 

5. SOCKET
6. CONNECT
     Read local data
7. WRITE (to Socket)

  
10. READ (from socket)
11. CLOSE, EXIT.

SERVER CLIENT
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A Typical IP Network

TCP

FTP

IP Ethernet
LAN

Telnet

IP
Ethernet

TCP

A1 FTP

IP
Ethernet

TCP

A2 Telnet

IP
ATM

IP ATM WAN
Router

Unix
Joe.college1.edu

PC-Windows
Sam.college1.edu

MVS
Tom.bank3.com

129.22.10.4 129.22.10.8 283.13.7.4

Copyright (A. Umar) 2002

IP v6 (Next Generation IP)
• Aims to preserve IPV4 investment as much as possible.

• IPv6 is a collection of standards that address different aspects of IPv6.

•  Why IPV6:

♦ Scalability: IPv6 uses 128bit address space as compared to  IPv4
(32 bits).

♦ Autoconfiguration:IPv6 basic specification includes address
autoconfiguration. So, even a novice user can connect  hi/her
machine to  the Internet.

♦ Security:IPv6 basic specification includes security in the form of
packet encryption and source authentication

♦ Real-time:"Flow Label” to tell a router which packet belongs to real-
time traffic.

• For current information

– http://playground.sun.com/pub/ipng/html/ipng-main.html

– http://www.ipv6forum.com
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IP- V6 Header

Payload Length

16 310 8

Version Flow Label 

Next Header

Source Address 
(16 Bytes)

Destination    address
(16 Bytes) 

Priority

Hop Limit
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Convergence of Telecom
Network and Internet

                     Drivers
• Widespread acceptance of Internet

– Internet Applications over PSTN Now
– PSTN Applications over Internet in the Future

• Emerging of VoIP or Internet Telephony
– Arbitrage
– Low Operational Cost
– Advanced Services

• Deregulation of Telecommunications Business
– To Invest in the Future not the Past
– To Position for Competition

• Product Support from Vendors
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• Circuit
Switching

• TDM transport
• High reliability

& security
• Limited

programmabilit
y

• Time sensitive
billing

• Slow service
set-up

• Dumb phones
• Telephony

services

• Packet Switching
• Intelligence at

“edge”
• Lower reliability &

security
• Innovation in PC

and enterprise
applications

• Flat rate or
bandwidth pricing

• Hard to achieve
quality

• Smart PCs

• Single infrastructure
• Packet Switching
• Intelligence

throughout
(distributed /
collaborative)

• High reliability,
security & controlled
QoS

• Innovative business to
business applications

• High value service
bundles

• Instant self-
provisioning

• Broadband
WAN/LAN

Voice World Data World
Next Generation
 Network
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         IP
(Internet Protocol)

           TCP
(Transmission Control Protocol)

         UDP
(User Datagram Protocol)

Telnet FTP SMTP H.323 
(ITU)

SIP 
(IETF) 

F-Ethernet FDDI X.25 ATM Frame Relay Other 
Physical 
Networks

Other Transport
 Protocols

HTTP

NGN is IP-Based (“IP Dialtone”)

 Sonet (150 Mbps to 100 Gbps)

Voice and Video
Applications 

Data Applications 
(typically Web based) 

DNS Others
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Saving Communication Costs

Centrex

Router
 IMUX

Gateway

PSTN

IP Phone

Phone   Fax

AIN

PBX

Gateway

PSTN

IP/FR/ATM
Packet
Network

Router
IMUX

PC Client
NetMeeting

     PSTN

877-699-NGN1

 I

732-699-6461

Call Forward

    Outside to

NPA NNX YYY2

703-734-5500

 IP Phone PC Client
 NetMeeting

VMS

Toll Bypass

Tail-End Hop-Off

<8kb/s
 Compression
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Next Generation Internet

Next Generation Network Technologies 
(Very High Speed Converged Networks) 

Next Generation Internet Protocol (IPng)
( IPv6 or its variant) 

Next Generation Applications
•Innovative applications in a wide range of areas

•Enabling advanced middleware  
Operability

Issues
(QoS, 

Network
Management,
Robustness)


