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1.1 What Is the Internet?
The Internet is a computer network that interconnects hundreds of 

millions of computing devices throughout the world.



As of July 2011, there were nearly 
850 million end systems attached
to the Internet  

End systems are connected 
together by a network of 
communication links and packet 
switches

there are many types of 
communication links, which are 
made up of different types of 
physical media, including coaxial 
cable, copper wire, optical fiber, and 
radio spectrum



Different links can transmit data at different rates, with the 
transmission rate of a link measured in bits/second.

When one end system has data to send to another end system, 
the sending end system segments the data and adds header 
bytes to each segment (Called a packet) 



A packet switch takes a packet arriving on one of its incoming 
communication links and forwards that packet on one of its 
outgoing communication links. Packet switches come in many 
shapes and flavors, but the two most prominent types in 
today’s Internet are routers and link-layer switches.
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Link-layer switcher vs Core Routers

• Link-layer switches are typically used in access networks, 

• while routers are typically used in the network core

An access network is a user network that connects 

subscribers to a particular service provider and, through 

the carrier network, to other networks such as the 

Internet. Some types of access networks:



Route Path
• The sequence of communication 

links and packet switches 
traversed by a packet from the 
sending end system to the 
receiving end system is known as a 
route or path through the 
network.

Cisco [Cisco VNI 2011] estimates global Internet traffic will be 
nearly 40 exabytes per month in 2012.

lower-tier ISPs are interconnected through national and 
international upper-tier ISPs such as Level 3 Communications, 
AT&T, Sprint, and NTT.



Protocols

• End systems, packet switches, and other pieces of the Internet run 
protocols that control the sending and receiving of information within the 
Internet

• The Transmission Control Protocol (TCP) and the Internet Protocol (IP) are 
two of the most important protocols in the Internet. 

• The Internet Protocol (IP) are two of the most important protocols in the 
Internet. The IP protocol specifies the format of the packets that are sent 
and received among routers and end systems. The Internet’s principal 
protocols are collectively known as TCP/IP. 



Internet Engineering Task Force (Standards) 

• Given the importance of protocols to the Internet, it’s important that 
everyone agree on what each and every protocol does, so that people 
can create systems and products that interoperate. This is where 
standards come into play. Internet standards are developed by the 
Internet Engineering Task Force (IETF)[IETF 2012]



A Services Description of the 
internet

We can also describe the Internet from an entirely different angle—
namely, as an infrastructure that provides services to applications.



A Services Description

• These applications include electronic mail, 
• Web surfing, social networks, 

• instant messaging, Voiceover-IP (VoIP), 

• video streaming, 

• distributed games, 

• peer-to-peer (P2P) file sharing, 

• television over the Internet, 

• remote login,

• and much, much more

The applications are said to be distributed applications, since they involve multiple end systems that 
exchange data with each other



Internet applications run on end systems—they do not run in the packet 
switches in the network core.



What Is a Protocol?



A protocol defines the format and the order of messages exchanged between two or more communicating 
entities, as well as the actions taken on the transmission and/or receipt of a message or other event.



Protocols can place between End Systems

Hosts are sometimes further divided into two categories: 
clients and servers

End systems are also referred to as hosts because they host 
(that is, run) application programs such as a Web browser 
program, a Web server program, an e-mail client program, or 
an e-mail server program. 



Access Networks

access network—the network that physically connects an end 
system to the first router (also known as the “edge router”) on 
a path from the end system to any other distant end system.

Types of Access Networks 
1. home,
2. enterprise, 
3. and  wide-area mobile wireless) 

Home Access: DSL, Cable, FTTH, Dial-Up, and Satellite

Fiber to the home (FTTH), also called "fiber to the 

premises" (FTTP)



Types of home access 

• Today, the two most prevalent types of broadband residential access 
are:
• digital subscriber line (DSL) 

• and cable

A residence typically obtains DSL Internet access from the same local telephone company 
(telco) that provides its wired local phone access. Thus, when DSL is used, a customer’s telco is 
also its ISP



Digital subscriber line (DSL)

• Each customer’s DSL modem uses the existing telephone line to 
exchange data with a digital subscriber line access multiplexer 
(DSLAM) located in the telco’s local central office (CO)

digital subscriber line access multiplexer (DSLAM, 

often pronounced dee-slam)



What is multiplexing
Here is a simply example of time division multiplexing 



• On the customer side, a splitter separates the data and telephone 
signals arriving to the home and forwards the data signal to the DSL 
modem

• On the telco side, in the CO, the DSLAM separates the data and phone 
signals and sends the data into the Internet.

The DSL standards define transmission rates of 12 Mbps downstream and 1.8 Mbps upstream [ITU 
1999], and 24 Mbps downstream and 2.5 Mbps upstream [ITU 2003]. Because the downstream and 
upstream rates are different, the access is said to be asymmetric



Cable Access
While DSL makes use of the telco’s existing local telephone 

infrastructure, cable Internet access makes use of the cable television 
company’s existing cable television infrastructure



Cable Access 
A residence obtains cable Internet 
access from the same company that 
provides its cable television

Because both fiber and coaxial cable 
are employed in this system, it is 
often referred to as hybrid fiber coax 
(HFC).



Cable Access Cable internet access requires special 
modems, called cable modems. As 
with a DSL modem, the cable modem 
is typically an external device and 
connects to the home PC through an 
Ethernet port

At the cable head end, the cable 
modem termination system 
(CMTS) serves a similar function as 
the DSL network’s DSLAM—turning 
the analog signal sent from the 
cable modems in many 
downstream homes back into 
digital format



Cable modem termination system (CMTS) 

Access is typically asymmetric, with the downstream channel 
typically allocated a higher transmission rate than the upstream 
channel. The DOCSIS 2.0 standard defines downstream rates up 
to 42.8 Mbps and upstream rates of up to 30.7 Mbps. As in the 
case of DSL networks, the maximum achievable rate may not 
be realized due to lower contracted data rates or media 
impairments



Cable Access Share Broadcast medium

• One important characteristic of cable 
Internet access is that it is a shared 
broadcast medium. In particular, every 
packet sent by the head end travels 
downstream on every link to every 
home and every packet sent by a 
home travels on the upstream channel 
to the head end. 

• For this reason, if several users are 
simultaneously downloading a video 
file on the downstream channel, the 
actual rate at which each user receives 
its video file will be significantly lower 
than the aggregate cable downstream 
rate



Fiber to the home (FTTH)



Although DSL and cable networks currently represent more 
than 90 percent of residential broadband access in the United 

States, an up-and-coming technology that promises even 
higher speeds is the deployment of fiber to the home (FTTH)

As the name suggests, the FTTH concept is simple— provide an optical 
fiber path from the CO directly to the home. In the United States, 

Verizon has been particularly aggressive with FTTH with its FIOS service



• The simplest optical distribution network is called direct fiber, with 
one fiber leaving the CO for each home. 

• Another option each fiber leaving the central office is actually shared by many 
homes; it is not until the fiber gets relatively close to the homes that it is split 
into individual customer-specific fibers. 

There are two competing optical-
distribution network architectures 
that perform this splitting: 
1. passive optical networks 

(PONs). 
2. active optical networks (AONs) 

(We will talk about this one 
later 

an optical network terminator (ONT), which is connected by 
dedicated optical fiber to a neighborhood splitter. 



An optical line terminator (OLT) in the telco’s CO. The OLT, 
providing conversion between optical and electrical signals, 
connects to the Internet via a telco router. 

In the PON architecture, all packets 
sent from OLT to the splitter are 
replicated at the splitter (similar to 
a cable head end)

FTTH can potentially provide Internet access rates in the gigabits per second 
range. However, most FTTH ISPs provide different rate offerings, with the higher 
rates naturally costing more money. The average downstream speed of US FTTH 
customers was approximately 20 Mbps in 2011 (compared with 13 Mbps for 
cable access networks and less than 5 Mbps for DSL) [FTTH Council 2011b].



Access in the Enterprise (and the Home): 
Ethernet and WiFi

With Ethernet access, users typically have 100 
Mbps access to the Ethernet switch, whereas 
servers may have 1 Gbps or even 10 Gbps access.





Physical Media 
Electricity in a wire, radio waves, photons in a wire



Physics

• Physical media fall into two categories: 

• guided media
• With guided media, the waves are guided along a solid medium, such as a 

fiber-optic cable, a twisted-pair copper wire, or a coaxial cable. 

• unguided media
• With unguided media, the waves propagate in the atmosphere and in outer 

space, such as in a wireless LAN or a digital satellite channel



The Network Core



The Network Core (the unseen)

the network core—the mesh of packet switches 
and links that interconnects the Internet’s end 
systems. 



Packet Switching the source breaks long messages into 
smaller chunks of data known as packets.

Between source and destination, each packet travels through 
communication links and packet switches (for which there are 
two predominant types, routers and linklayer switches)



Packet Switching Store and Forward 
Transmission
• Most packet switches use store-and-forward transmission at the 

inputs to the links. 
• Store-and-forward transmission means that the packet switch must receive 

the entire packet before it can begin to transmit the first bit of the packet 
onto the outbound link



Queuing Delays and Packet Loss 

Each packet switch has multiple links attached 
to it. For each attached link, the packet switch 
has an output buffer (also called an output 
queue)



Forwarding Tables and Routing Protocols 

• But how does the router determine which link it should forward 
the packet onto? 

• In the Internet, every end system has an address called an IP 
address.

• When a source end system wants to send a packet to a 
destination end system, the source includes the destination’s IP 
address in the packet’s header.

• Each router has a forwarding table that maps destination 
addresses (or portions of the destination addresses) to that 
router’s outbound links 



How do forwarding tables get set?

• The Internet has a number of special routing protocols that are used 
to automatically set the forwarding tables. A routing protocol may, for 
example, determine the shortest path from each router to each 
destination and use the shortest path results to configure the 
forwarding tables in the routers.



How would you actually like to 
see the end-to-end route that 
packets take in the Internet?

www.traceroute.org

http://www.traceroute.org/


https://www.maxcdn.com/one/tutorial/how-to-read-a-
traceroute/

Hop 
Number

Host Name / Ip of 
router RTT 1  …… RTT 3

There are three columns because the traceroute sends 

three separate signal packets

https://www.maxcdn.com/one/tutorial/how-to-read-a-traceroute/


Circuit 
Switching

The network establishes a 
dedicated end-to-end connection 

between the two hosts. 



Multiplexing in 
Circuit-Switched 
Networks 
• A circuit in a link is implemented 

with either frequency-division 
multiplexing (FDM) or time-
division multiplexing (TDM).



A network of networks

Internet Exchange Point (IXP) (typically in a 
stand-alone building with its own switches)


