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Communication Links 

Initially, these analog encoding and decoding operations could not be done
very quickly because of the high error rate and low capacity, or bandwidth, of
a switched telephone line. In the early days of telecommunications—the 1970s
and 1980s—the rate at which information could be sent and received via a
phone line was limited to about 1,200–9,600 bits per second (bps). Advances
in modem design have produced devices that now transmit at 56,000 bps, or
56 Kbps, an order-of-magnitude increase. However, this is still considered too
slow to handle the transmission of multimedia-based documents such as Web
pages, MP3 files, and streaming video.

The dial-up telephone system is still used occasionally for remote access
to networks, and many computers are equipped with a built-in 56 Kbps
modem. However, their limited speed makes dial-up phone links inconvenient
for applications where speed is vital or we are sending large volumes of data.

A technology called broadband has rapidly been replacing modems and
analog phone lines for data communications to and from our homes, schools,
and offices. The term broadband generally refers to any communication link
with a transmission rate exceeding 256,000 bps. In the case of home users,
there are currently two widely available broadband options—digital subscriber
line (DSL) and cable modem.

A digital subscriber line uses the same wires that carry regular tele-
phone signals into your home, and therefore is provided by either your local
telephone company or someone certified to act as their intermediary.
Although it uses the same wires, a DSL signal uses a different set of frequen-
cies, and it transmits digital rather than analog signals. Therefore, the voice
traffic generated by talking with a friend on the phone does not interfere with
a Web page being simultaneously downloaded by someone else in the family.
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• A Local Area Network (LAN) connects 
hardware devices such as computers, printers, 
and storage devices that are all in close 
proximity.
- Examples of LANs include the interconnection 

of machines in one room, in the same office 
building, or on a single campus. 

• Ethernet (/ˈiːθərnɛt/) is a family of computer 
networking technologies commonly used 
in local area networks (LAN).

LAN



• Topology à Topos (space in greek) + logy (study in greek) 
- Study of the geometrical properties

Network topologies

7.2.2 Local Area Networks

There are two types of computer networks. A local area network (LAN)
connects hardware devices such as computers, printers, and storage devices
that are all in close proximity. (A diagram of a LAN was provided in Figure
6.21.) Examples of LANs include the interconnection of machines in one room,
in the same office building, or on a single campus. An important characteris-
tic of a LAN is that the owner of the computers is also the owner of the means
of communications. Because a LAN is located entirely on private property, the
owner can install telecommunications facilities without having to purchase
services from a third-party provider such as a phone or cable company.

The previous section described how a wireless local network is set up using
Wi-Fi and a router connected to a wired network.  Here we take a look at the
properties of that wired network. Wired LANs can be constructed using a number
of different interconnection strategies, as seen in Figure 7.4. In the bus topol-
ogy, Figure 7.4(a), all nodes are connected to a single shared communication
line. If two or more nodes use the link at the same time, the messages collide and
are unreadable, and therefore, nodes must take turns using the line. The cable
modem technology described in Section 7.2.1 is based on a bus topology. A num-
ber of homes are all connected to the same shared coaxial cable. If two users
want to download a Web page at the exact same time, then the effective trans-
mission rate is lower than expected, because one of them must wait.

The ring topology of Figure 7.4(b) connects the network nodes in a circu-
lar fashion, with messages circulating around the ring in either a clockwise or
counterclockwise direction until they reach their destination. Finally, the star
network, Figure 7.4(c), has a single central node that is connected to all other
sites. This central node can route information directly to any other node in
the LAN. Messages are first sent to the central site, which then forwards them
to the correct location.
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Ethernet LAN 
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There are many different LAN technologies available in the marketplace, but
the most widely used is Ethernet, which you learned about in the previous sec-
tion. It is the model that we will use to describe the general behavior of all LANs.

Ethernet uses the bus topology of Figure 7.4(a). To send a message, a
node places the message, including the destination address, on the cable.
Because the line is shared, the message is received by every other node
(assuming no one else sent at the exact same time and garbled our data). Each
node looks at the destination address to see if it is the intended recipient. If
so, it accepts the message; if not, it discards it.

There are two ways to construct an Ethernet LAN. In the first method,
called the shared cable, a wire (such as twisted-pair copper wire, coaxial
cable, or fiber-optic cable) is literally strung around and through a build-
ing. Users tap into the cable at its nearest point using a device called a
transceiver, as shown in Figure 7.5(a). Because of technical constraints, an
Ethernet cable has a maximum allowable length. For a large building or
campus, it may be necessary to install two or more separate cables and
connect them via hardware devices called repeaters or bridges.

A repeater is a device that simply amplifies and forwards a signal. In
Figure 7.5(b), if the device connecting the two LANs is a repeater, then every
message on LAN1 is forwarded to LAN2, and vice versa. Thus, when two
Ethernet LANs are connected by a repeater, they function exactly as if they
were a single network.

A bridge, also called a switch, is a “smarter” device that has knowledge
about the nodes located on each separate network. It examines every message
to see if it should be forwarded from one network to another. For example, if
node A is sending a message to node B, both of which are on LAN1, then the
bridge does nothing with the message. However, if node A on LAN1 is sending
a message to node C on LAN2, then the bridge copies the message from LAN1
onto LAN2 so node C is able to see it and read it.

(a) Single Cable Configuration
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(b) Multiple Cable Configuration
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LAN 2

C

A B

An Ethernet LAN Implemented
Using Shared Cables
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• A Wide Area Network (WAN) connects devices that are 
not in close proximity but rather are across town, 
across the country, or across the ocean

• Unlike a LAN, in which a message is broadcast on a 
shared channel and is received by all nodes, a WAN 
message must “hop” from one node to another to 
make its way from source to destination. 

• The unit of transmission in a WAN is a packet—an 
information block with a fixed maximum size that is 
transmitted through the network as a single unit.

WAN



Example of WAN

To send a message from source node A to destination node D, the message
could go from A S B S C S D. Alternately, the message may travel from A S
B S F S D or A S E S F S D. The exact route is determined by the network,
not the user, based on which path can deliver the message most quickly. If the
message is large, it may be broken up into multiple packets, and each one may
take a different route.

One of the nicest features of a store and forward network is that the fail-
ure of a single line or a single node does not necessarily bring down the entire
network. For example, assume the line connecting node B to node C in the
previous diagram crashes. Nodes B and C can still communicate via the route
B S F S D S C. Similarly, if node F fails completely, nodes E and D, located
on either side of F, can still exchange messages. However, instead of talking
via node F, they now use the route E S A S B S C S D.

Reliability and fault tolerance were the reasons that WANs were first studied
in the late 1960s and early 1970s. The U.S. military was interested in communi-
cation systems that could survive and function even if some of their components
were destroyed, as might happen in time of war or civil unrest. Their research
ultimately led to the creation of the Internet. (We will have much more to say
about the history of networking and the Internet later in this chapter.)

7.2.4 Overall Structure of the Internet

We have defined two classes of networks, LANs and WANs, but all real-world
networks, including the Internet, are a complex mix of both network types.

For example, a company or a college would typically have one or more LANs
connecting its local computers—a computer science department LAN, a human-
ities building LAN, an administration building LAN, and so forth. These individ-
ual LANs might then be interconnected into a wide area “company network”
that allows users to send e-mail to other employees in the company and access
the resources of other departments. These individual networks are intercon-
nected via a device called a router. Like the bridge in Figure 7.5(b), a router
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If you send a short message, then it can usually be transmitted as a single
packet. However, if you send a long message, the source node may “chop” it
into N separate packets (such as the first 1,000 characters, the next 1,000
characters, and so on) and send each packet independently through the net-
work. When the destination node has received all N packets, it reassembles
them into a single message.

For example, assume the following 6-node WAN:
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that interconnects all local ISPs in a single geographic region or country.
Finally, a regional or national ISP might connect to an international ISP, also
called a tier-1 network or an Internet backbone, which provides global cover-
age. This hierarchy is similar to the standard telephone system. When you place
a call to another country, the telephone line from your home or office connects
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transmits messages between two distinct networks. However, unlike a bridge,
which connects two identical types of networks, routers can transmit informa-
tion between networks that use totally different communication techniques—
much as an interpreter functions between two people who speak different
languages. For example, a router, not a bridge, is used to send messages from a
wireless Wi-Fi network to a wired Ethernet LAN (as discussed in the previous
section), or from an Ethernet LAN to a packet-switched, store-and-forward WAN.
We can see this type of interconnection structure in Figure 7.8(a).

The configuration in Figure 7.8(a) allows the employees of a company or
the students of a college to communicate with each other, or to access local
resources. But how do these people reach users outside their institution, or
access remote resources such as Web pages that are not part of their own net-
work? Furthermore, how does an individual home user who is not part of any
company or college network access the larger community? The answer is that
a user’s individual computer or a company’s private network is connected to
the world through an Internet Service Provider, or ISP. An ISP is a business
whose purpose is to provide access from a private network (such as a corpo-
rate or university network) to the Internet, or from an individual’s computer
to the Internet.  This access occurs through a WAN owned by the ISP, as shown
in Figure 7.8(b).  An ISP typically provides many ways for a user to connect to
this network, from 56 Kbps modems to dedicated broadband telecommunica-
tion links with speeds in excess of hundreds of millions of bits per second.

The scope of networking worldwide is so vast, a single ISP cannot possibly
hope to directly connect a single campus, company, or individual to every other
computer in the world, just as a single airport cannot directly serve every possi-
ble destination. Therefore, ISPs (that is, ISP networks) are hierarchical, intercon-
necting to each other in multiple layers, or tiers, that provide ever-expanding
geographic coverage. This hierarchical structure is diagrammed in Figure 7.8(c).

An individual or a company network connects to a local ISP, the first level
in the hierarchy. This local ISP typically connects to a regional or national ISP
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• What's a protocol?
- Mutually agreed set of rules (kind of saying "hello" when answering a phone call).

• The Internet is operated by the Internet Society.
- It is a nonprofit, nongovernmental, professional society com- posed 

hundreds of worldwide organizations in 180 countries.
- Goal: maintaining the viability and health of the Internet. 

• This group, along with other organisations, establishes and enforces 
network protocol standards. 

Communication protocol



• The Internet protocol has five layers, this hierarchy is referred to 
as TCP/IP.
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ure of a single line or a single node does not necessarily bring down the entire
network. For example, assume the line connecting node B to node C in the
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B S F S D S C. Similarly, if node F fails completely, nodes E and D, located
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via node F, they now use the route E S A S B S C S D.
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in the late 1960s and early 1970s. The U.S. military was interested in communi-
cation systems that could survive and function even if some of their components
were destroyed, as might happen in time of war or civil unrest. Their research
ultimately led to the creation of the Internet. (We will have much more to say
about the history of networking and the Internet later in this chapter.)
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TCP/IP  examples

Informazioni sulla comunicazione (una parte del pacchetto)

https://en.wikipedia.org/wiki/Transmission_Control_Protocol


