UNIT IV

PHYSICAL LAYER AND
DATA LINK LAYER



Three kinds of Transmission
medio

» Guided (copper wire & Fiber opftics)
» Wireless (terrestrial radio)

> Satellite



Guided Transmission Dato

» Magnetic Mediao
» Twisted Pair

» Coaxial Cable
» Fiber Opfics




Twisted Pair

(@)

(b)

Category 3 UTP.
Category 5 UTP.

BW it support up to few MHZ



Coaxial Cable

Insulating Braided Protective
material outer plastic
conductor covering

RN

> 1) 50 ohm cable
> 2) 75 ohm cable

Adv. High BW and excellent noise immunity

SN

BW it support up to GHZ



Filber Opfics

. Air .
Air/silica Total internal

boundary B1 / reflection.

)

Light source

Three examples of a light ray from inside a silica fiber impinging
on the air/silica boundary at different angles.

Light frapped by total internal reflection.



Fiber Cables

: Sheath ~ Jacket
Cladding
(glass) (plastic) '

b

Side view of a single fiber.
End view of a sheath with three fibers.



Filoer Cables (2)

ED Semiconductor laser

Data rate High

Fiber type Multimode or single mode

Distance Long
Lifetime Long life Short life

Temperature sensitivity Minor Substantial

Cost Expensive




Filber Optic Networks

To/from computer

() Computar Copper wire

A ot interface
XS

0@
Direction
of light
propagation

- Fiber Optical Signal Optical
. receiver regenerator  transmitter
Interface (photodiode) (electrical) (LED)

Optical fiber



The Elec’rromogne’ric

10 14 4016 1018 1020 10
X-ray

10

Visible
light

Maritime radio

HF  VHF UHF SHF EHF THF

The electromagnetic spectrum and its uses for
communication.



Radio Transmission

Earth's surface Earth's surface

(@) (b)

In the VLF, LF, and MF bands, radio waves follow the
curvature of the earth.

In the HF band, they bounce off the ionosphere.



Data Link Layer Design Issues

Services Provided to the Network Layer
Framing

Error Control

Flow Control



Functions of the Data Link Layer

* Provide service interface to the network layer
« Dealing with transmission errors

- Regulating data flow
Slow receivers not swamped by fast senders



Functions of the Data Link Layer (2)

Sending machine Receiving machine
Packet Packet
l /Frame W
Header | Payload field | Trailer Header | Payload field Trailer

L J

Relationship between packets and frames.



Services Provided to Network Layer

{1

Virtual

data path

(a)

Host 2

JJ

{f
JJ

Host 1

{f
JJ

(f
JJ

Actual
data path

Host 2

{(

JJ

{(
JJ

(b)

(a) Virtual communication.
(b) Actual communication.



Four methods of Framing

» Character Count

» Flag byte with byte stuffing

» Starting and ending flags, with bit stuffing
» Physical layer coding violations



Framing(Character Count)

/ / Qiracter count j One character
5] 1 6|7 9|8

(a) 21345 8 0|1|2|3|4|5|6(8|7|8|92|0|1|2]3
Frame 1 Frame 2 Frame 3 Frame 4
5 characters 5 characters 8 characters 8 characters
Error

/

(b)|5(1|2|3|4|7|6|7|8|9|8|0(1]|2|3|4|5|6|8|7|8|9|0[1]|2]|3

Frame 1 Frame 2 Now a
(Wrong) character count

A character stream. (a) Without errors. (b) With one error.



Framing (2) (Flag byte with byte stuffing)

FLAG| Header Payload field Trailer |FLAG
(@)
Original characters After stuffing
A FLAG B — | A ESC | [FLAG B
A ESC B — | A ESC | | ESC B

A ESC||FLAG|| B | — | A ESC | |ESC | |ESC | [FLAG|| B

A ESC | | ESC B — | A ESC | |ESC | |ESC || ESC B

(b)

(a) A frame delimited by flag bytes.
(b) Four examples of byte sequences before and after stuffing.



Framing (3)(Starting and ending flags,
with bit stuffing)

(@) 011011111111111111110010

(b)) 011011111011111011111010010

T

Stuffed bits

(¢) 011011111111111111110010

Bit stuffing

(a) The original data.

(b) The data as they appear on the line.

(c) The data as they are stored in receiver’s memory after destuffing.



Flow control

Sliding window

Send one frame Send several frames
at a time at a time




Stop and Walit

Sender Receiver
% WT = Wait time
A Data
WT =P
4 ACK

A —_

T Data \’
ACK
WT%<=: Data T
vl ACK
EOT >
v v

Time Time



‘ Error control I

Stop-and-wait Sliding window
ARQ R

‘ Go-back-n ' Eelective—rejecl




Sliding Window Protocols

« A One-Bit Sliding Window Protocol
« A Protocol Using Go Back N
» A Protocol Using Selective Repeat



Sender 7 .0 7 .0 7 .0 7,0
6 1 6 1 6 1 6 1
5 2 5 2 5 2 5 2
4 3 4 3 4 3 4 3
Receiver
7 0 7 0 7 0 7 .0
6 1 6 1 6 1 6 1
5 2 5 2 5 2 5 2
4 3 4 3 4 3 4 3
(a) (b) (c) (d)

A sliding window of size 1, with a 3-bit sequence number.
(a) Initially.

(b) After the first frame has been sent.

(c) After the first frame has been received.

(d) After the first acknowledgement has been received.



Sender

Receiver

L

Data
ACK 1
47
Data
e ACK 0
Data
Error in NAK
meel‘"
Data
ACK1
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A 4

Time

Time



Sender

Receiver

Data | 0 P
T a
Data | 1 =
a
Data | 2 M=
Data | 3 a
ACK 3
Data | 4
Data | 5 " INAK 3| Error in frame 3
a
Data | 3 - E?Scarje:
Data | 4 \} - 1scarde
Data | 3
Data | §
[Data | 4
: Data | 5]




Receiver

Data | 0
Sat . —p{Data | 0
ata

»| Data | 1
Data | 2 —@ Lost
Data | 3
Sata T a *:- Discarded
Data 24 AR

Discarded

Data | 3 —
Data | 4 2



Time out

Receiver

Data

Lost <¢—

Data

Data

—p[Data | 0
—»[Data | 1
—p[Data | 2




Sender Recelver

Data | 0
Data | 1
Data | 2
Data | 3
4
5
2

Data
Data

Data
Data
Resent Data

-
v
=
&
SIEENEE




Sliding Window

Window

6]710[1[2{3]4]516|7[0[1]2]3]4[5



Sender Sliding Window

Sender window

0]112]3]4|5]6]7{0]1]2{3|4]5]6
/ — Direction |—» Direction

r ) \

Thligggégeoggsfigéltﬁj This wall moves to the right,

Il
\ W%en a frame is sent. the size of several frames
J .
at a time, when an

ACK 1is received.

™




Receiver Sliding Window

Receiver window

0111213[{4[5[6[7]0]1]2]13]4]5]6

/ — Direction KDirection

™\

.

4 4
This wall moves to the |[This wall moves to the right,
right, frame by frame, ||the size of several frames at
when a frame a time, when an
X 1s received. ) ACK 1s sent.




Receiver
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X.25




X.25 Layers In Relation to the OSI Layers

Packet layer (PLP)

Data link

Frame layer (LAPB)

Physical

Physical layer (X.21)




Format of a Frame

m
T

I-frame: user data
S-frame: empty

U-frame: control data



Addressing at the Frame Layer

Address: 00000001 Address: 00000011

> <

Address: 00000001 Address: 00000011

< >

Command Command

Response Response




Three Ph
of the
Frame L

Data and control
transfer

Link
disconnect

Sending and receiving network layer
packets (encapsulated in I-frames)
and using S-frames to control
the flow and error of those I-frames

>

U-frames

[-frames and
S-frames



Frame Layer and Packet Layer Domains

Packet layer domain

Frame layer domain Frame layer domain
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LCNs in X.25




-

LCN Assignments

EASSigned by

DCE i

' One-way calls
. (incoming)

Two-way calls
>

2047 2048

Assigned by E
DTE

One-way calls
(outgoing)

Reserved
<>




PLP Packet Format

Head User data, control data,
cader or nothing

8 bits or 16 bits



Categories of PLP Packets

PLP packets

Control packets
RR, RNR, REI I




Data Packets in the PLP Layer

a. Three-bit sequence number b. Seven-bit sequence number



RR, RNR, and REJ Packets

P(R Packet type Packet type 01 |
P(R) 0

a. Three-bit sequence number b. Seven-bit sequence number




Other Control Packets

3 2 1

I Ve

Additional information




Control Packet Formats

Address length | DTE addresses | Facilities length Facilities

Address length | DTE addresses | Facilities length Facilities

Cause Diagnosis

Clear confirm

Interrupt

Interrupt confirm

Reset request/

Reset indication Diagnosis

Reset confirm

Restart request/
Restart indication

Diagnosis

Restart confirm

Registration request Address length | DTE addresses | Registration length | Registration

Registration confirm Address length | DTE addresses | Registration length | Registration




X.25 Address Format

4 digits 10 digits

Network
number




Triple-X Protocols

terminal



Integrated
Services
Digital Network
(ISDN)



ISDN Services

Supplementary
services

waiting

Reverse
o000 Teleconferencing o000 charging

Bearer Circuit Packet Frame Cell Message
services switching switching switching switching handling




Voice Communication over an
Analog Telephone Network

Telephone network
‘ NN\ (analog) ‘
( CcO
ocal loop

L
' v



Voice and Data Communication
over an Analog Telephone Network

Local loop
(analog)

Local loop
(analog)




Analog and Digital Services
over the Telephone Network

L(%ﬁllli)og(;p Telephone network

(analog and digital)

Local loop
(analog)

Local loop
(digital)



IDN

Integrated digital networks

digital

Local loop
(analog)

Local loop
(digital)

Packet
switched




ISDN

ISDN
Integrated services digital networks

IDN
Integrated digital networks

Packet
switched

Subscriber loops
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ISDN Layers

_%J
/

Application Application

Presentation Presentation

Session Session

Transport Transport

Network Network

oueld JuswoSeuBN

Data link Data link

Physical Physical

/

Control
hlane

User
hlane



Simplified Layers of ISDN

B channel D channel

End-to-end
user signaling

User’s choice

Call control

Network X.25 and others 0.931

Data link | LAPB and others LAPD

Physical BRI (1.430) & PRI (1.431)




Error Correction

Redundancy
Data (m) bits (r) bits

Total m + r bits




Hamming Code

11 10 9 8 7
dldjdjr]d




Hamming Code

r1 will take care
of these bits

1011 1001 OI11 0101 0011 0001

(dd|dfrg[d|d[d[ra|drm|r

r7 will take care
of these bits

10111010 01110110 00110010
11 10

ﬂ-ﬂ-ﬂﬂﬂ-




Hamming Code

r4 will take care
of these bits

011101100101 0100

(dd|dfrg[d|d[d|rg|drm[rm

rg will take care
of these bits

101110101001 1000
11 10 9

-EIEIEIEIEI-




Example of Hamming Code

Data: 1001101

v

1

Code: 10011100101




Single-bit error

1]0J0J1[1[1]0JO0[1]0]1}—»{1]0]0]1]0[1]0[O]L]O0]1



Error
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Single-bit ' Multiple-bit |



Single-bit error

0 changed to 1

EEEEEEIE-IEEEEIEIE

Received




Multiple-bit error

Recelved



Burst error

o[ i[o]o[o[1[o]o[o 1 [o[o[o[o i [T

oftfojtjrjofujtfojijojojofofift

Received



Redundancy

Data
1010000000010101

z

. Accept
eneratin heckin
function function

:

1011101
Redundancy check

Data & redundancy check
>(1011101f 1010000000010101




Detection methods

e ) [ | [} [



Data |l 100001

Even-parity
generator

VRC

Sender

Checking
function:
Is total
number
of 1s even?

Receiver




LRC

Direction of movement




VRC and LRC

Direction of transfer

of the whole block
»

&

NN
of o
of |1

Direction
of transfer
for each unit

Ho~©~oo~|

0

|

|
—




Error Correction

Redundancy
Data (m) bits (r) bits

Total m + r bits




Hamming Code

11 10 9 8 7
dldjdjr]d




Hamming Code

r1 will take care
of these bits

1011 1001 OI11 0101 0011 0001

(dd|dfrg[d|d[d[ra|drm|r

r7 will take care
of these bits

10111010 01110110 00110010
11 10

ﬂ-ﬂ-ﬂﬂﬂ-




Hamming Code

r4 will take care
of these bits

011101100101 0100

(dd|dfrg[d|d[d|rg|drm[rm

rg will take care
of these bits

101110101001 1000
11 10 9

-EIEIEIEIEI-




Example of Hamming Code

Data: 1001101

v

1

Code: 10011100101




Single-bit error

1]0J0J1[1[1]0JO0[1]0]1}—»{1]0]0]1]0[1]0[O]L]O0]1
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