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The Evolution of the 
Communications Network

What makes communication systems 
work.
How the network evolved 
How network provided more services 
for less cost
Predict where technology is going  and 
the impact of future services.
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Elements of Communications

I want to 
Talk to Joe

Time Off-hook
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Central 
Office

4Evolution..

Elements of Communications

I have 
permission
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Dial-tone
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Elements of Communications

Time

Number
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I need to 
give the net 
the address

Central 
Office
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Elements of Communications

Check path to Joe.
Check if Busy

Joe Answers

Time

Ring-back
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Central 
Office

Ring-Joe
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Elements of Communications

Joe Answers

Talk to Joe

Time

“hello”
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Central 
Office

“hello”
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Elements of Communications

Joe Hangs upI hang up

Time

“hang-up”
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Central 
Office

“hang-up”
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Voice over IP (VoIP)
One signaling protocol for VoIP is SIP
Session Initiation Protocol

INVITE bob@193.64.210.89
C= IN IP4 167.180.112.24
m=audio 38060 RTP/AVP 0

From: Computer Networking, Kurose and Ross, 3rd edition, 
Addison Wesley, 2004

200 ok
C= IN IP4 193.64.210.89
m=audio 48753 RTP/AVP 3

Caller 
(listen on port 5060)

Called (Bob) 
(listen on port 5060)

Ack

Port 38060

Port 48753

Talk

Talk
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Elements of a 
Communications System

Transmission
Switching
Signaling
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Digitizing Voice Signals

Standard rates 
for PSTN:

Sample
Rate= 8000/s

8 bits/sample

64 Kb/s

Section 3.1

125us
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TDM
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Circuit Switching: FDMA and TDMA
FDMA= Frequency Division 
Multiple Access

frequency

time
TDMA= Time Division 
Multiple Access

frequency

4 users
Example:

Modified from: Computer Networking: A Top Down Approach Featuring the Internet, 
2nd edition. Jim Kurose, Keith RossAddison-Wesley, July 2002.

time

Channel

Time
SlotFrame
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Switching
Manual
Step-by-step
Crossbar with stored program control
Digital Switching
Packet Switching
Optical Switching
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Step-
by-Step 
Switch
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Stored Program Control System
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Crossbar Switch
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Digital 
Switching
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Packet Switching
Existing switching methods allow 
connections at discrete information transfer 
rates, e.g., 64 Kb/s, or 1.544 Mb/s
Customers "will demand" dynamic allocation 
of bandwidth
Packet switching will provide dynamic 
allocation of bandwidth
One infrastructure for voice, data, video
VoIP and Video over IP
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Packet Switching
Internet Protocol (IP)

Longer variable length packets
Deployed to the desktop

Asynchronous Transfer Mode (ATM)
Short fixed length packets called cells
Deployed in Backbone Networks

Packet switching leads to the potential 
integration of all services on one 
infrastructure
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Voice, Data, Video, Multimedia, 
Image, Electronic Transactions, 
Resource Discovery

Bitway

Servic

Applicati
Healthcare, Government Services, 
Business, Environmental Monitoring, 
Education, Life-Long Learning 

High Speed Networks, Switching Systems, 
Advanced Signaling Systems

Fiber Transmission Systems, Wireless Networks, 
Cable Systems, Satellite Systems, Twisted Pair 
Copper Loops, Broadcast, Cellular

Integration Architecture of the
Global Information Infrastructure

Applications

Services

Bitways
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What’s the Internet: “nuts and bolts” 
view: how do packet flow over the internet

millions of connected 
computing devices: hosts, 
end-systems

PCs workstations, servers
PDAs phones, toasters

running network apps
communication links

fiber, copper, radio, satellite
transmission rate = bits/sec 
Some times called bandwidth

routers: forward packets 
(chunks of data)

local ISP

company
network

regional ISP

router workstation
server mobile

From: Computer Networking: A Top Down Approach Featuring the Internet, 
2nd edition. Jim Kurose, Keith RossAddison-Wesley, July 2002.
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Architecture of the Internet

Modified from: Computer Networks, A. S. Tannenbaum, 4th Ed, Prentice Hall, 2003

e.g., Sprint or 
ATT

or cable system

Voice, Image, 
Data, Video

e.g.,  Sprint or 
ATT

Point of Presence

Peering point
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Tier-1 ISP: e.g., Sprint
Sprint US backbone network-Fiber map

From: Computer Networking: A Top Down Approach Featuring the Internet, 
2nd edition. Jim Kurose, Keith RossAddison-Wesley, July 2002.
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Internet structure: network of networks
“Tier-2” ISPs: smaller (often regional) ISPs

Connect to one or more tier-1 ISPs, possibly other 
tier-2 ISPs

Tier 1 ISP

Tier 1 ISP

Tier 1 ISP

NAP

Tier-2 ISPTier-2 ISP

Tier-2 ISP Tier-2 ISP

Tier-2 ISP

Tier-2 ISP pays 
tier-1 ISP for 
connectivity to 
rest of Internet

tier-2 ISP is 
customer of
tier-1 provider

Tier-2 ISPs 
also peer 
privately with 
each other, 
interconnect 
at NAP

From: Computer Networking: A Top Down Approach Featuring the Internet, 
2nd edition. Jim Kurose, Keith RossAddison-Wesley, July 2002.
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Internet structure: network of networks
“Tier-3” ISPs and local ISPs 

last hop (“access”) network (closest to end systems)

Tier 1 ISP

Tier 1 ISP

Tier 1 ISP

NAP

Tier-2 ISPTier-2 ISP

Tier-2 ISP Tier-2 ISP

Tier-2 ISP

local
ISPlocal

ISP
local
ISP

local
ISP

local
ISP Tier 3

ISP

local
ISP

local
ISP

local
ISP

Local and tier-
3 ISPs are 
customers of
higher tier 
ISPs
connecting 
them to rest 
of Internet

From: Computer Networking: A Top Down Approach Featuring the Internet, 
2nd edition. Jim Kurose, Keith RossAddison-Wesley, July 2002.

28Evolution..

Internet structure: network of networks
a packet passes through many networks!

Tier 1 ISP

Tier 1 ISP

Tier 1 ISP

NAP

Tier-2 ISPTier-2 ISP

Tier-2 ISP Tier-2 ISP

Tier-2 ISP

local
ISPlocal

ISP
local
ISP

local
ISP

local
ISP Tier 3

ISP

local
ISP

local
ISP

local
ISP

From: Computer Networking: A Top Down Approach Featuring the Internet, 
2nd edition. Jim Kurose, Keith RossAddison-Wesley, July 2002.
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Optical Switching
All current switches are electronic
Current switches require photon-to-electron 
conversions (optical to electronic (E/O)) 
interfaces
Optical switching will eliminate these 
interfaces

Faster
Cheaper
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Signaling
Pulses --> In the same transmission path as 
voice signal
Tones --> In the same transmission path as 
voice signal
Computer Messages --> Outside of the 
transmission path.

Common Channel interoffice signaling (CCIS)
Signaling System #7, (SS7)
SIP
H.323
Others…..



31Evolution..

32Evolution..



33Evolution..

Survivability 
FIBER CUT 

Jan., 4, 1991 - New York metro area 
– 6 million homes without long-distance service 
– New York Mercantile Exchange and New York Commodity 

Exchange shut down 
– Fiber cuts are common

Survivability - SS7 FAILURE 
June, 10, 1991 - California 2 million homes without phone 
service 
June, 26, 1991 – Baltimore-10 million homes in 4 states 
without service & U.S. government phones affected 

Survivability-SWITCH and POWER  FAILURE 
September, 17, 1991 - New York metro area 

– 2 million homes without long-distance service 
– 3 major New York airports close for 6 hours 


