both sites should be a ciphertext letter. The object under layer 1 at both sites should
be a piece of mail.

2.1.3 Logical Connections

After following the above two principles, we can think about logical connection
between each layer as shown in Figure 2.3. This means that we have layer-to-layer
communication. Maria and Ann can think that there is a logical (imaginary) connection
at each layer through which they can send the object created from that layer. We will
see that the concept of logical connection will help us better understand the task of lay-
ering we encounter in data communication and networking.

Figure 2.3 Logical connection between peer layers
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2.2 TCP/1P PROTOCOL SUITE

Now that we know about the concept of protocol layering and the logical communica-
tion between layers in our second scenario, we can introduce the TCP/IP (Transmission
Control Protocol/Internet Protocol). TCP/IP is a protocol suite (a set of protocols orga-
nized in different layers) used in the Internet today. It is a hierarchical protocol made up
of interactive modules, each of which provides a specific functionality. The term hier-
archical means that each upper level protocol is supported by the services provided by
one or more lower level protocols. The original TCP/IP protocol suite was defined as
four software layers built upon the hardware. Today, however, TCP/IP is thought of as a
five-layer model. Figure 2.4 shows both configurations.

2.2.1 Layered Architecture

To show how the layers in the TCP/IP protocol suite are involved in communication
between two hosts, we assume that we want to use the suite in a small internet made up
of three LANSs (links), each with a link-layer switch. We also assume that the links are
connected by one router, as shown in Figure 2.5.



Figure 2.4 Layers in the TCP/IP protocol suite
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Figure 2.5 Communication through an internet
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Communication from A to B

Let us assume that computer A communicates with computer B. As the figure
shows, we have five communicating devices in this communication: source host
(computer A), the link-layer switch in link 1, the router, the link-layer switch in link 2,
and the destination host (computer B). Each device is involved with a set of layers
depending on the role of the device in the internet. The two hosts are involved in all five
layers; the source host needs to create a message in the application layer and send it
down the layers so that it is physically sent to the destination host. The destination host
needs to receive the communication at the physical layer and then deliver it through the
other layers to the application layer.



The router is involved in only three layers; there is no transport or application layer
in a router as long as the router is used only for routing. Although a router is always
involved in one network layer, it is involved in n combinations of link and physical lay-
ers in which »n is the number of links the router is connected to. The reason is that each
link may use its own data-link or physical protocol. For example, in the above figure, the
router is involved in three links, but the message sent from source A to destination B is
involved in two links. Each link may be using different link-layer and physical-layer
protocols; the router needs to receive a packet from link 1 based on one pair of proto-
cols and deliver it to link 2 based on another pair of protocols.

A link-layer switch in a link, however, is involved only in two layers, data-link and
physical. Although each switch in the above figure has two different connections, the
connections are in the same link, which uses only one set of protocols. This means that,
unlike a router, a link-layer switch is involved only in one data-link and one physical
layer.

2.2.2 Layers in the TCP/IP Protocol Suite

After the above introduction, we briefly discuss the functions and duties of layers in
the TCP/IP protocol suite. Each layer is discussed in detail in the next five parts of
the book. To better understand the duties of each layer, we need to think about the
logical connections between layers. Figure 2.6 shows logical connections in our sim-
ple internet.

Figure 2.6  Logical connections between layers of the TCP/IP protocol suite
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Using logical connections makes it easier for us to think about the duty of each
layer. As the figure shows, the duty of the application, transport, and network layers is
end-to-end. However, the duty of the data-link and physical layers is hop-to-hop, in
which a hop is a host or router. In other words, the domain of duty of the top three
layers is the internet, and the domain of duty of the two lower layers is the link.

Another way of thinking of the logical connections is to think about the data unit
created from each layer. In the top three layers, the data unit (packets) should not be



changed by any router or link-layer switch. In the bottom two layers, the packet created
by the host is changed only by the routers, not by the link-layer switches.

Figure 2.7 shows the second principle discussed previously for protocol layering.
We show the identical objects below each layer related to each device.

Figure 2.7 Identical objects in the TCP/IP protocol suite
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Note that, although the logical connection at the network layer is between the two
hosts, we can only say that identical objects exist between two hops in this case because
a router may fragment the packet at the network layer and send more packets than
received . Note that the link between two hops doesnot change the object.





