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From Signals to Packets

Analog Signal
“Digital” Signal

Bit Stream 0O 0101110001

0100010101011100101010101011101110000001111010101110101010101101011010111001

] PaCketS —>r< >< >< > “—>< >
Header/Body Header/Body Header/Body

Packet [ - |
Transmission Sender O—O Receiver




Asynchronous and Synchronous
Transmission

* timing problems require a mechanism to
synchronize the transmitter and
receliver
— receiver samples stream at bit intervals
— if clocks not aligned and drifting will sample

at wrong time after sufficient bits are sent

* two solutions to synchronizing clocks
— asynchronous ftransmission
— synchronous transmission
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=3/11X100% =72.73 %
waste percentage= 100%- 72.73 % =27.27 %



Asynchronous and Synchronous
Transmission

* timing problems require a mechanism to
synchronize the transmitter and
receliver
— receiver samples stream at bit intervals
— if clocks not aligned and drifting will sample

at wrong time after sufficient bits are sent

* two solutions to synchronizing clocks
— asynchronous ftransmission
— synchronous transmission
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Synchronous Transmission

block of data transmitted sent as a frame

clocks must be synchronized
— can use separate clock line
— or embed clock signal in data

need to indicate start and end of block
— use preamble and postamble

more efficient (lower overhead) than async
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Performance

Performance measurement terms:
Bandwidth
Throughput

Latency -Delay

Delay Jitter.



Bandwidth

The term can be used in two different contexts with two different measuring
values: bandwidth in hertz and bandwidth in bits per second.

Banawidth in Hertz
We have discussed this concept. Bandwidth in hertz is the range of frequencies

contained in a composite signal or the range of frequencies a channel can pass.
For example, we can say the bandwidth of a subscriber telephone line is 4 kHz.

Banadwidth in Bits per Second’s
The term bandwidth can also refer to the number of bits per second that a
channel, a link, or even a network can transmit. For example, one can say the

bandwidth of a Fast Ethernet network (or the links in this network) is a
maximum of 100 Mbps. This means that this network can send 100 Mbps.

Relationship between BW (Hz) & BW (bps)

There is an explicit relationship between the bandwidth in hertz and
bandwidth in bits per seconds.



Throughput

The throughput is a measure of how fast we can actually send data
through a network. Although, at first glance, bandwidth in bits per
second and throughput seem the same, they are different.

A link may have a bandwidth of B bps, but we can only send T bps
through this link with T always less than B.

For example, we may have a link with a bandwidth of 1 Mbps, but the
devices connected to the end of the link may handle only 200 kbps.
This means that we cannot send more than 200 kbps through this link.

Imagine a highway designed to transmit 1000 cars per minute from one
point to another. However, if there is congestion on the road, this
figure may be reduced to 100 cars per minute. The bandwidth is 1000
cars per minute; the throughput is 100 cars per minute.



Latency (Delay)

The latency or delay defines how long it takes for an entire
message to completely arrive at the destination from the
time the first bit is sent out from the source.

We can say that latency is made of four components:
propagation time, transmission time, gueuing time and
processing delay.



Latency - Propagation Time

Propagation time measures the time required for a bit to
travel from the source to the destination.

Distance

Propagation time =
Propagation speed




Latency - 7Transmission Time

In data communications we don't send just 1 bit, we send a message.
The first bit may take a time equal to the propagation time to reach its
destination; the last bit also may take the same amount of time.
However, there is a time between the first bit leaving the sender and
the last bit arriving at the receiver. The first bit leaves earlier and
arrives earlier; the last bit leaves later and arrives later. The time
required for transmission of a message depends on the size of the
message and the bandwidth of the channel.

Transmission time = Message size
Bandwidth




Latency - Queuing Time

The third component in latency is the queuing time, the time needed for each
intermediate or end device to hold the message before it can be processed. The
queuing time is not a fixed factor; it changes with the load imposed on the
network. When there is heavy traffic on the network, the queuing time
increases. An intermediate device, such as a router, queues the arrived
messages and processes them one by one. If there are many messages, each
message will have to wait.



Jitter

Another performance issue that is related to delay is jitter.
We can roughly say that jitter is a problem if different
packets of data encounter different delays and the
application using the data at the receiver site is time-
sensitive (audio and video data, for example). If the delay
for the first packet is 20 ms, for the second is 45 ms, and
for the third 1s 40 ms, then the real-time application that
uses the packets endures jitter.



