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Objectives

AEpraln the role of physical layer protocols and
services in supporting communication across data
networks.

ADescribe the role of signals used to represent bits
as a frame as the frame is transported across the
local media.

ADescribe the purpose of physical layer signaling
and encoding as they are used in networks.

Aldentif_y the basic characteristics of copper, fiber
and wireless network media.

AD_escribe common uses of copper, fiber and
wireless network media.
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Outline

APhysical layer: Communication signals
I Purpose of the physical layer
I Physical layer standards
I Physical layer fundamental principles

APhysical signaling and encoding: Representing bits
I Signaling bits for the media
I Encoding: Grouping bits
| Data-carrying capacity

APhysical media: Connecting communication

| Types of physical media
I Media connectors
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Purpose of the Physical Layer

AThe roles of the OSI physical layer:

| To encode the binary digits that represent data link layer
frames into signals.

| To transmit and receive these signals across the physical
media.

AThere are various types of physical media and they
carry different types of signals.

I Copper cable T electrical voltage.
| Fiber optic 1 light pulses.
I Wireless T electromagnetic waves.

APhysical layer will encode the binary data in a
frame to the proper type of signal depending on the
physical media used.
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Purpose of the Physical Layer
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In diagrams, signals on the physical
media are depicted by this line symbol.
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Purpose of the Physical Layer

Representations of Signals on the Physical Media

Outbound (Tx) signal

Sample electrical signals
transmitted on copper cable

Representative light pulse fiber
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Physical Layer Standards

AThe physical layer technologies are defined by
organizations such as:

I The International Organization for Standardization (1ISO)

| The Institute of Electrical and Electronics Engineers
(IEEE)

I The American National Standards Institute (ANSI)
| The International Telecommunication Union (ITU)

| The Electronics Industry Alliance/Telecommunications
Industry Association (EIA/TIA)

I National telecommunications authorities such as the
Federal Communication Commission (FCC) in the USA
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Physical Layer Standards

AThe technologies defined by these organizations
Include four areas of the physical layer standards:

I Physical and electrical properties of the media.

I Mechanical properties (materials, dimensions, pinouts) of the
connectors.

| Bit representation by the signals (encoding).
| Definition of control information signals.
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Physical Layer Standards

Comparison of Physical layer standards and upper layer standards
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Physical Layer Standards
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Physical Layer Standards
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Physical Layer Fundamental Principles

AThree fundamental functions of the physical layer:
| The physical components
| Data encoding
I Signaling
AThe physical components refer to the physical media
and its connector.

I Responsible for making sure that signals can travels reliably
from one device to another over the physical media.
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Physical Layer Fundamental Principles

AEncoding refers to the method of converting a stream of
data Dbits Iinto a predefined
I Codes are groupings of bits used to provide a predictable

pattern that can be recognized by both the sender and the
receiver.

I Encoding is also used for control information such as identifying
the beginning and end of a frame.

Mhis is normally represented
and 10s.
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Physical Layer Fundamental Principles

ASignaling refers to the process of converting the
encoded bit streams into signals.

| The signals generated is dependant on the physical
media.

| The method of representing the bits is called the signaling
method.

AThe processes of encoding and signaling complete
the preparation of data for transmission over the
physical media.

AThe physical layer sends these bits out one at a
time onto the medium as a signal and those signals
get picked up and decoded at the receiving end.
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Physical Layer Fundamental Principles
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Signaling Bits for the Media

ABits are represented on the medium by changing
one or more of the following signal characteristics:

I Amplitude
I Frequency
I Phase

ATo make sure that the receiver reads the signals at
the right time, the timing for both senders and
receivers needs to be synchronized.

I Done by the use of a clock signal.

| This ensures that they both have the same bit time (the
time that the signal for one bit stays on the media).
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Ways to Represent a Signal on the Medium
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Slgnallng I\/Iethodl Nonreturn to Zero
(NRZ)

ABits are represented by voltage level:
1071 low voltage value
17 high voltage value
AThe simplest signaling method but only suitable for

slow speed data link.
I'NRZ is used in communication over serial port.

ADisadvantages:
I Uses bandwidth inefficiently.
| Susceptible to electromagnetic interference.

I No inherent clocking capability and therefore easy to lose
synchronization.
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Signaling Method i Nonreturn to Zero

(NRZ)
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Encoding

ABits are represented by voltage transition:
1071 change from high to low
17 change from low to high

ABetter than NRZ and can be used in faster data
links.

I Provides inherent clocking capability which makes it
possible to transmit signals at faster speed without losing
synchronization.

I Manchester encoding is used in 10 Mbps Ethernet LAN.

ADisadvantage: the signal needs to be read twice
during each bit time.
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Encoding: Grouping Bits

Aln transmitting bits across the transmission media, the
bits are normally not transmitted as it is.
I If we have data bits 0011, normally we do not just send signals
that represent the bits 0011 into the media.

Alnstead, the bits are first encoded to prepare it for
transmission.

I With encoding, the data bits 0011 may now be represented by
the bits 10101.
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Encoding: Grouping Bits

AAlthough encoding may introduce more bits to
represent the data, it does provide several
advantages, for example:

| Specifies the start and end of data frame.
I Provides better error detection.

I Limiting effective energy transmitted into the media by
making sure that the number of +ve voltage produced is
equal to the number of T ve voltage produced.

AThere are two methods of encoding:

I Signal patterns

I Code groups
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Encoding T Signal Patterns

ASignal patterns can be used to identify the start
and end of a frame.

AThis is done by using a certain pattern of signals.

IWhen the receiver Nseeso t hi
frame will follow afterwards.

I Enables to receiver to get ready to read the frame.

AAny signals that are not followed by the start frame
signal pattern will be ignored.

I This will help the receiver to know which signals to read
and which signals to ignore.
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Encoding T Signal Patterns

Recognizing Frame Signals
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denotes the start of contents end of the frame media due to noise
the frame or interference
A A A A
PHYSICAL LAYER DECODES FEAMED MEDIA SIGHALS INTO BINARY CODE I

TTOTO00T0 TTOT o0 0 M M M M X

A A

A specific hit
pattern denotes the
start of the frame

A

Bit pattern
representing frame
contemts passed to

Data Link layer

A

Specific hit pattern
denotes the emnd of
the frame

110100010 T101 =000

Linframed signals
not decoded and
not passed to Data
Link layer




.. =
L. 5

3 Cisc'NerOfkiﬁ Agademy’
SisEl qgademyl

Encoding i Code Groups

ACode group refers to a consecutive sequence of
code bits that are interpreted and mapped as data
bit patterns.

I Example: data bits 0011 can be represented by the code
bits 10101.

ACode groups are normally used in higher speed
LAN technologies.

AExample: 4B/5B (used in 100 Mbps Ethernet LAN).

I 4 bits of data are turned into 5-bit code symbols.

| These 5-bit code symbols may represent data or control
iInformation such as symbols that indicate beginning / end
of transmission.
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Data Code / Control Information Symbol
0000 11110
0001 01001
0010 10100
e e
1110 11100
1111 11101
Idle 11111
Start of stream 11000
End of stream 00111
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Encoding i Code Groups

A Advantages of using code groups include:
I Reducing bit level error

/The receiver read the bits by sampling the signal at certain
time interval.

At is important for timing between the sender and receiver to
be synchronized.

ATiming can be synchronized by having the signal to change
Its level every so often.

/Code groups can help to achieve this by making sure that
there are not too many O006s or
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Encoding i Code Groups

I Limiting the energy transmitted into the media

At is important to balance the number of high and low
signal levels (this is called DC balancing).

/Otherwise, excessive energy may be injected into the
media and this may cause interference.

/Code groups can help to achieve this by balancing the
number of O00s and 10s.

I Helping to distinguish data bits from control bits

An addition to data bits, control bits must also be
transmitted to facilitate data transfer.

/Code groups specifies special bit sequences for control
Information (so that it cannot be confused with data
codes).
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Encoding i Code Groups

ABetter media error detection

| Code groups defined symbols for data and control
iInformation.

| They are also invalid symbols which are not used to
represent data or control information.

| These invalid symbols will never be generated by the
sender.

I If the receiver receives any of the invalid symbols, then it
knows there must be some error in data reception.

I This will enable the receiver to take an appropriate
corrective action.
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Data Carrying Capacity

A Different media support the transfer of bits at different
Speed.

A Data transfer can be measured in three ways:
I Bandwidth

/Refer to the capacity of a medium to carry data in a given
amount of time.

/Commonly measured in kilobits per second (kbps) or
megabits per second (Mbps).

/Depends on the physical properties of the medium and the
signaling method applied.
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Data Carrying Capacity

Units of Bandwidth, Throughput, and Goodput

Unit of Bandwidth Abbreviation Equivalence

Bits per second bps 1 bps = fundamental unit of bandwidth
Kilobits per second kbps 1 kbps = 1,000 bps = 10° bps
Megabits per second Mbps 1 Mbps = 1,000,000 bps = 10° bps
Gigabits per second Ghps 1 Gbps = 1,000,000,000 bps = 10° bps

Terabits per second Thps 1 Thps = 1,000,000,000,000 bps = 10" bps
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Data Carrying Capacity

I Throughput

/Refer to the actual transfer rate over the medium in a period
of time.

Anfluence by multiple factors such as the amount of traffic,
the type of traffic and the number of devices on the network.

I Goodput
/Refer to the transfer rate of actual useable data bits.

/Goodput = throughput i (overhead for connection
establishment, acknowledgement and packet header).
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