1-54 Physical Layer

Computer Networks
Q.2 State and explain the basic service primitives used in client-server model
(Refer section 1.5) [6]
Q.3 Draw the neat diagram of OSI model and explain in brief the function of each
layer in it. (Refer section 1.6) [10]
Q.4 Explain UTP cable with reference to following :
i) Categories ij) Connectors jii) Performance iv) Applications
(Refer section 1.10) . 8]
; Q.5  Explain TCP - [P for its relationship of layers and their addresses with an
j example. (Refer section 1.7) i8]
; Q.6  Draw OSI-reference model and explain any three layers. (Refer section 1.6) [9]
Q.7 Differentiate OSI reference model and TCP/IP. (Refer section 1.7) 9]
, Q.8  Explain the terms interfaces, services and protocols. (Refer section 1.5) [6]
Q.9  Explain the TCP / IP model with protocols at each layer. (Refer section 1.7) [8]
Q.10 Compare OSI and TCP / IP network reference models. (Refer section 1.7) (4]
QA1 What are the different types of address exists 7 (Refer section 1.8) [4]
Q.12 Compare guided and unguided transmission media. (Refer section 1.9) [4]
Q.13 Explain TCP / IP reference model with suitable diagram. Compare OSI reference
model with TCP / [P. (Refer section 1.7) [10]
Q.14 Give classification of fransmission media. Explain any two guided transmission
media. (Refer section 1.10) . )
ada
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2-4 Data Link Layer

Computer Networks .

Character oriented framing was suitable only for text data transmission. The flag
Tacter or

1d be selected to be any character not used for text communication.
could be selec

Wh 4 other types of information such as graphs, audio and video, the

e . . . .

. n sm m_m: be part of the information. So it creates problem for receiver. When
ag could also

. unters this pattern in the middle of the data, thinks it has reached the
receiver enco

end of the frame.

* To solve this problem, 2 byte stuffing was used.

Byte stuffi .
y M u mﬂmw o is added to the data section of the frame. When there is a character
* Special byte

ith ¢ pattern a flag. The data section is stuffed with an extra byte. This
WSH ?m mmﬁ_v\@nmzma the Escape Character (ESC); which has a predefined bit
yte is usua

pattern.
» Tig. 2.1.2 shows byte stuffing:

« Data from
upper layer

Frame
received

Data to upper
layer

Fig. 2.1.2 Byte stuffing

Wh the receiver encounters the ESC character, it removes it from the data
enever

secti J treats the next character as data, not a delimiting flag.

ction an

If th character is part of the text an extra one is added to show that the
e escape

second one is part of the text.
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Computer Networks 2-5 Data Link Layer

Bit Oriented Protocols

e In this protocol, the data section of a frame is a sequence of bits to be interpreted
by the upper layer as text, graphic, audio and video. Most protocols use a special
8-bit pattern flag 01111110 as the delimiter to define the beginning and the end of
the frame.

» In bit stuffing a specific bit is stuffed into the outgoing character stream. The
format is as follows :

Data 0110-1111111111111111001 0

After bit stufing0 1 10-11111011111011111010010

Stuffed bits
Fig. 2.1.3 Bit stuffing

* Each frame begins and ends with a special bit pattern, 01111110 called a flag byte.
When five consecutive 1's are encountered in the data, it automatically stuffs a '0'
bit into outgoing bit stream.

Error Control

*= To ensure the proper sequencing and safe delivery of frames at the destination, an
acknowledgement should be sent by the destination network. The receiver sends
back special control frames bearing positive or negative acknowledgements about
the incoming frames.

* If the sender receives a positive acknowledgement it means the frame has arrived
safely.

* If a negative acknowledgement arrives that means, something has gone wrong and
the frame is to be retransmitted.

* A timer at sender's and receiver's end is infroduced. Also sequence numbers to the
outgoing frames are maintained so that the receiver can distinguish
retransmissions from originals. This is one of the most important part of data link
layer duties.

I Flow Control

» When the sender is running on fast machine or lightly loaded machine and
receiver is on slow or heavily loaded machine. Then the transmitter will transmit
frames faster than the receiver can accept them.
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Computer Networks

2.8 Data Link Layer

Error Detection .
The simplest form of error detection is to mm%ﬁ.a a single bit, nw:ma a parity
check, to a string of data bits. This parity check bit has the Si.co 1 if the ::W&E
of 1's in the bit string is odd and has the value 0 (zero) otherwise. In other words,

the parity check bit is the sum, B‘oaiw 2,
of the bit values in the original bit String.

In the ASCII character code, characters are
g m:& ﬂTmB

o« T-bitdata —

[D, [ D5 ] Ds[D4] D3 [P, ] D1 Do
lﬂ

Parity bit

mapped into strings of seven bit

d as an eighth bit Fig. 2.2.1

a parity check is appende
as shown in Fig. 2.2.1. .
Note that the total number of 1's in an encoded string H,m always .m<w.:. If an
encoded string is transmitted and 2 single error occurs E transmission, _ﬁrw:
whether a 1 is changed to a 0 (zero)ora O toal the Hm.mc:_:m ::B_uwﬂ of I's in
the string is odd and the error can be detected at the receiver. m.E receiver cannot
tell which bit is in error, nor how many errors occurred. It simply knows that

errors occurred because of the odd .
It is rather remarkable that for bit strings of any length, .m single parity wrmaw
enables the detection of any single error in the encoded string. Two errors in an
s leave the number of 1's even so that the error cannot be
mber of errors are detected and any even number

number of 1's.

encoded string alway
detected. In general, any odd nu
are undetected. .
It is observed that, error detection requires redundancy 5. that wrw amount of
information that is transmitted is over and above the 8@.:8& .BEEEB. mm.x .m
gh k + 1, k bits are information bits and one bit is

i i f len
single parity check code o  + 1) of the transmitted bits is redundant

the parity bit. Therefore, the fraction 1/(
t every error detection technique will fail to detect some

nd observation is tha -
oeco r detection code is measured by the probability

errors. The effectiveness of an erro
that the system fails to detect an error.

PEEE] Redundancy

Redundancy is a form of error detection where each data unit is sent multiple

times, i.e W\snm At the receiver side, the two units are compared and if they are

mmBm\ m .wm mmmc.Bmm that no transmission errors have occurred. Redundancy is a
!

character redundancy and message redundancy.
When the data unit is a single character, it is called character redundancy,
whereas if the data unit is the entire message, it is called message redundancy.

Another type of redund
message several times. At the r g1V
the same, it is assumed to be a successful transmission.

ancy used with short messages is to transmit the same
eceiver side, if a given number of the messages are
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Computer Networks 2-9

Data Link Layer

Detection versus Correction

The ability to detect when a transmission has been changed is called error
detection. When an error is detected it may actually be fixed without a second
transmission. This is called error correction.

The correction of errors is more difficult than the detection.

The error detection, users are looking only to see if any error has occurred. A
single bit error is the same as a burst error.

In error correction, user need to know the exact number of bits that are corrupted
and their location in the message.

: Forward Error Correction versus Retransmission

In Forward Error Correction (FEC), the transmitted bits contain the actual data
along with checking bits which allow both the detection and correction of many
errors. In an FEC system, the transmitted data are encoded so that the receiver can
correct as well as detect errors. FEC techniques are used to correct errors on
simplex channels.

FEC is preferred on system with large transmission delays. There is no
requirement for retransmitting the messages as long as the errors are infrequent. A
burst type of interference destroying several bits cannot be corrected by this
method. Whenever highest level of data integrity and confidence is needed, FEC is
considered.

Correction by restransmission is a technique in which the receiver detects the
occurrence of an error and asks the sender to resend the message.

Coding

Redundancy” is achieved through various coding schemes. Coding schemes are
divided into two class.

a) Block coding b) Conventional coding

Fig. 2.2.2 shows the general idea of the coding.

Sender side Receiver side

Fig. 2.2.2 Structure of encoder and decoder

Physical
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Computer Networks 2-12 Data Link Layer Computer Networks 2-13 Data Link Layer

m data bits and r check bits. The total length of message is then n = m + r. An 3) The parity bit P; is inserted at bit position 4, for even parity of the bit
n-bit unit containing data and checkbits is often referred to as an n-bit codeword. positions 4, 5, 6, 7, 12.

o 1£ 10001001 and 10110001 are two codewords, then the corresponding bits differ in ‘ 4) The parity bit Py is inserted at bit position 8 for even parity of the bit positions
these two codewords is 3 bits. The number of bit positions in which two 8,9, 10,11, 12.

differ is called the hamming distance. If two codewords are a | * For inserting the parity bit even or odd parity can be used. Each parity bit is
: determined by the data bits it checks. When a receiver gets a transmitted frame, it

performs each of the parity checks. The combination of failures and successes then
determines whether there was no error or in which position an error occurred.
. Once the receiver knows where the error occurred, it changes the bit value in that
M position and the error is corrected.

codewords

rmSB.EW distance d &
the other. Determining the placement and binary value of the hamming bits can be

implemented using hardware, but it is often ‘more practical to implement them
using software. The number of bits in the message are counted and used to
determine the number of hamming bits to be used. The equation is used to count

part, it will require d single bit errors to convert one into

the number of hamming bits. Minimum hamming distance (d,,;,)

. oH > M+H+1 - (22.0) ¢ The minimum hamming distance is the smallest hamming distance between all
w . H, possible pairs in a set of words.

“ where M = Number of bits In & message "+ To find the value of dppipe we find the hamming distances between all words and
H = Hamming bits : select the smallest one.

* After calculating the number of hamming bits, the actual placement of the bits into
the message is performed. Hamming code works as follows : Supose that frame
consists of eight bits say My Al Mgy my ms mg 1y mg. If n parity checks are used,
there are 2" possible combinations of failures and successes. If we use 4-bit parity
checks, then there are 16 possible combinations of parity successes and failures.
Total 12 bits are sent which contain 8-bit original message and 4-bit parity bits.

inserted into the frame.

The four parity is i
Four parity bits are P Py P3 and Py. Let us consider following.

Data bit my mp M3 omy ms mg My g Solution : Hamming distances of given codeword is

SEN ma inimum hams ling &#Eém o ma oding m%ga %Em: below.

: d(000, 011) = 2
! d(000, 101) = 2
d(000, 110) = 2
| d(011,101) = 2 '
* The parity bits are inserted into the message. Position of the parity bit is d(011, 110) = 2
caleylated as follows. Create a 4 bit binary number by b3 b and b, where Q
. , d(101, 110) = 2 ,
by =0 if the parity check for P; succeeds ;
b =1 otherwise W

fori=1,2 3 or4
1) The parity bit P, is inserted at bit position 1 for even parity for bit positions 1,
3.5 7,9, 10. In these bit positions it contains even number of 0s or 1s.

Solution : a. d(10000, 00000) =1 b. d(10101, 10000) = 2
. ¢ d(1111, 1111) = 0
d. d(000, 000) = (

2) The parity bit £ is inserted at bit position 2, for even parity for bit positions ,_
)
2,3,6,7,10,11.
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Computer Networks 2-16 Data Link Layer Computer Networks 2-17 Data Link Layer
XN pxN-1o 1x2 iyl x0 ! 10010 10 --— Quotient
* Polynomial codes are used with frame transmission schemes. A single set of check Eo 1J11010110000 Dividend
digits is generated for each frame transmitted, based on the contents of the frame Divisor 11001 « P
—e— | i
and is appended by the transmitter to the tail of the frame. The receiver then : 00111 ! ! m i
performs a similar computation on a complete frame and check digits. If no errors 00000 « m o
have been induced, a known result should always be obtained, if a different ! 01111 | _“ |
: t
| answer is found, this indicates an error. Consider an example for binary, the 00000 m | i
! ; |
! polynomial for binary 10011001 is, Tl
T4 w3 w0 (y0 , T
XTextex?4x0 (x0=1) Do
11001 ¢ !
* The polynomial which represents the data bits is called the message polynomial, 01110
usually shown as G(X). There is a second polynomial, called the generator 00000 «
polynomial P(X). G(X) and P(X) both having same format. Combine two 11100
polynomials P(X) and G(X) to produce the CRC checksum polynomial F(X) 1100 1
calculating CRC error as follows : ,
a) Multiply the G(X) by X%, where n-k is the number of bits in the CRC 010
ply the ¥ W 0000
checksum. ;
101 ~—— Remainder
b) Divide the resulting product X"*[G ()] by the generator polynomial P(X).
Step 3 : Define T(x) = B(x) - R(x). In this case,

¢) Add the remainder C(X) to the product to give the F(X), which is representated
as X" %G (0]+C ().

"

B(x) 1101011000 bit string B

- R(x) 1010 bit string R

d) The division is performed in binary without carrying or borrowing. In this
case, the remainder is always 1 bit less than the divisor. The remainder is the Tx)

CRC and the divisor is the generator polynomial.

11010111010 bit string T

Note that the string T is actually the same as string B with the appended 0s replaced

Working of CRC ; by R. Th d it th e T
» Let's now describe how CRC works. Suppose we want to send the bit string y K. the sender transmit the m:qﬁzm '

1101011 and the generator polynominal is G(x) = e+ 1 Polynomials
Step 1: Append 0s to the end of the string. The number of 0s is the same the degree | * A pattern of 0s and 1s can be represented as a polynomial with coefficients of 0
of the generator polynominal G(x) (in this case, 4). Thus the string becomes 11010110000. | and 1. The power of each term shows the positions of the bit, the coefficient

shows the value of the bit.

Step 2 :  Divide B(x) by G(x). We can write this algebraically as
¢ In general it interprets the bit string

i B(x R(x
OMxvv = OAxv+OMxvv ; by bp2 _uzuw ..... GNUHUO
as the polynomial
where Q(x) represent the quotient. : by X+ bp_px™2 +.@__|wx:lw .4 byx? + byx +by
G(x) = el = 11001 , ¢ For example, the bit mib.m 10010101110 is interpreted as,

x_o +xﬂ +xm +Xw +XN +.x_

Stririg = 1101011 = After appending 11010110000
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Computer Networks 2-20 Data Link Layer
1. Addition 2. Subtraction
0+0=0 0-0=0 “,,
1+0=1 1-0=1 ;
0+1=1 0-1=1
1+1=0 1-1=0

The steps are as follows :
Step 1: Append 0 t0 the end of the ms._:m T(X).
The degree of polynomial G (X) = P B
So we append 4 zeros to string T(X).
The string becomes
11010101010000
Step 2 : Divide B (X) by G (X). After appending 0s to T (X) it becomes B (X). (Actually it

T (X) divided by G (X)).
is new (X) div 0001110

10101Y11010101010000

11010
10101
011111
Louo!
010100
10101
000011010
10101
011110
10101
010110
10101
000110 « Remainder
11010101010000
+ 0110
11010101010110 & Codeword

moE:on >Eumzm 3\ 4 bit o vmnm:mm nOmmema of moo
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Computer Networks 2-21 Data Link Layer -

The binary equivalent of d(x) =1100110000
100001
11001)1100110000
oot
11001
0000010000
11001
a  Remainder
Remainder is added to d(x) to give f(x) i.e.

1100110000 + 01001=1100111001 « f(x)
f(x) is transmitted.

8 ﬂwm Emmmuom HSSQS s tobe 5%3&3 :mSW DNO error  detection
&ws:m:: m%::::m Sm CRC NSN \:Q:NSN tobe X’ + 1, m&mz,:ﬁm %m sm&% that QE:E
wm 3535& N\ ma mnﬁsm @e Eo& § is 83§& %Sc mﬁ n m m&%i by \ Em
receiver.

Solution : S\m Swm Em message EooSoH append ooo to it and Q_S% _uv\ SS The
remainder is 011; what we transmit is the original message with the remainder
appended, or 1100 1001 011.

11010011
1001)11001001000
1100
1001
1011
1001 V
1000
1001 .
1100
1001
1010
1001
011
Message transmit = 11001001000
011
11001001011 :
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Data Link Layer

Computer Networks

DR N s

e Algorithm for sender

» Algorithm for receiver side

o Fig. 242 shows the flow diagram for sender algorithm.

Sender Receiver

Arrival

Time

Fig. 2.4.2 Flow diagram for sender

Computer Networks 2-25 Data Link Layer

¢l A Simplex Stop-and-Wait Protocol

Protocols in which the sender sends one frame and then waits for an

acknowledgement before proceeding are called stop-and-wait.
The communication channel is still assumed to be error free however and the data
traffic is still complex.

Main problem : How to prevent the sender from flooding the receiver with the
data faster than the latter is able to process it.

It is also assumed that there is no automatic buffering and queueing done within
the receiver's hardware. The sender never transmit new frame until old one has
been fetched by from_physical_layer.

In some situations, delay is inserted by sender in the above protocol to slow it
down sufficiently to keep from swamping the receiver.

A more general solution to this dilemuia is to have the receiver provide feedback
(ACK) to the sender. After having passed a packet to its network layer, the
receiver sends a little dummy frame back to the sender which, in effect, gives the
sender permission to transmit the next frame.

After having sent a frame, the sender is required by the protocol to bide its time
until the little dummy (i.e., acknowledgement) frame arrives.

Using feedback from the receiver to let the sender know when it may send more
data is an example of the flow control.

The simplest retransmission protocol is stop-and-wait. Transmitter (station A)
sends a frame over the communication line and then waits for a positive or
negative acknowledgement from the receiver (station B).

If no errors occurred in the transmission, station B sends a positive
acknowledgement (ACK) to station A.

The transmitter can now start to send the next frame. If frame is received at
station B with errors, then a negative m%boimgmmq_m:ﬁ (NAK) is sent to station
A. In this case station A must retransmit the old packet in a new frame.

There is also the possibility that information frames and/or ACKs can be lost. To
account for this, the sender is m@:%@ma.\ with a timer. If no recognizable
acknowledgement is received when the timer expires at the end of time out

interval t,,, then the same frame is sent again.

Fig. 2.4.3 shows the design of stop and wait protocol.

Protocols in which the sender sends one frame and then waits for an

acknowledgement before process are called stop and wait.

TECHNICAL hcmtn\»doz%. An up thrust for knowledge
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Computer Networks

2-28 Data Link Layer

Noisy Channel

Sliding Windows Protocols

« Sliding windows i one of the methods of error correction. To increase the data

rate, this method allows the sender to transmit a specific number of packets in
continuous mode, ie. at the ma
acknowledgments for these packets.
¢ The number of packets that can be :m:mﬂima in such a way is known as the
EF&E size. Windows size can be constant parameters for this algorithm, which
osen at connection setup and does not change during the entire

ximum possible rate, without receiving positive

means that it is ch
session.
e If the destination receives the packet with corrupted data, it might send a

Negative Acknowledgement (NACK), specifying that the packet needs to be

retransmitted.
When a data frame arrives, instead of immediately sending a separate control

frame. the receiver restrains itself and waits until the network layer passes it the

next packet. The acknowledgement is attached to the outgoing data frame.

The acknowledgement gets a free ride on the next outgoing data frame. The
temporarily delaying outgoing acknowledgements so that they can be

technique of ’ ) .
hooked onto the next outgoing data frame is known as piggybacking.

e The principal advaniage of using piggybacking over having distinct
acknowledgement frames is a petter use of the available channel bandwidth. The

ack field in the frame header costs only a few bits, whereas a separate frame
would need a header, the acknowledgement and a checksum.

¢ In a sliding window protocol each outbound ?mq.a contains a mme._mbnm number in
the range 0 to some maximum (MaxSeq). If n bits are allocated in the header to
store a sequence number then the number range would be from 0 to 2% - 1.

Window of frames that may

Frames already be transmitted

transmitted

"

Frame Last frame
sequence transmitted it
number Window shrinks as Window expands m.m

acknowledgements are

frames are sent |
received

Fig. 2.5.1
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For example : If a 3 bit number is used the sequence numbers would range from
0 to 7. The sender and receiver maintain a window.

Sending window : It is a list of consecutive frame sequence numbers that can be
sent by the sender or that have been sent and acknowledgments are waited for.

When an ack arrives and all previous frames have already been acknowledged the
window can be advanced and a new message obtained from the host to be
transmitted with the next highest available sequence number. If ack arrives for a
frame that is not within the 'window' it is discarded.

Receiving window : It is a list of sequence numbers for frames that can be
accepted by the receiver. When a valid frame arrives and all previous frames have
already arrived the window is advanced. If a frame arrives that is not within the
‘'window' it is discarded.

Window of frames that are

Frames already received accepted by receiver

Last frame

acknowledged
E—

Window shrinks as
frames are received

E—
Window expands as
acknowledgements are
sent
Fig. 2.5.2

Advantages of sliding windows protocol :

1) The sliding window is simpler, having only one set of parameters to manage.

2) Simultaneous communication in both directions is possible.

3) Better utilization of network bandwidth, especially if there are large transmission

delays.

4) Traffic flow with reverse traffic data, known as piggybacking.

1 Stop and Wait ARQ Protocol

* This is the 'simplex protocol with sequence numbers and with the ack frame

indicating the sequence number of the next frame expected'.

* In this sliding window protocol, the maximum window size of 1. Such a protocol

uses stop-and-wait since the sender transmits a frame and waits for its
acknowledgement before sending the next one.

One-bit sliding window protocol is also called stop and wait ARQ.

TECHNICAL PUBLICATIONS - An up thrust for knowledge
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Computer Networks 2-32 Data Link Layer

° Cu,:m:w. a timer js set E\ sender after each frame is transmitted, its

acknowledgement must be received before timer expires.

b) Lost or damaged frame Sender Receiver
° When a receiver receiyeg .
the frame and found jt
damaged or lost, it is
discarded but retains it
number. When sender
does not receive i

Lost
acknowledgement it frame
retransmits  the

. same Retransmitted
frame. Fig. 2.55 shows frame
Stop-and-Wait ARQ with

lost frame.
Time Time

Fig. 2.5.5 Lost frame in Stop-and-Wait ARQ

c) Lost acknowledgement
« When an Sender Receiver
acknowledgement is Jogt, |

the sender does pot
know whether the frame

is received by receiver,
After the timer expires,

the sender re-transmitg

the same frame. On the Lost ACK
other hand, receiver has )

. Retransmitted” || = ACKO __-.----~
already  received this frame

frame earlier hence the
second copy of the frame
Is discarded. Fig. 254 Time
shows lost ACK.

Time

Fig. 2.5.6 Lost ACK

d) Delayed acknowledgement
* The ACK frame may be delayed due to some link problem. The ACK is received
after the timer is elapsed. While the sender has already transmitted the same
frame. Again second ACK is initiated by receiver for the retransmitted frame,
hence the second ACK is discarded. To avoid duplication the ACKs must be

numbered. Fig. 2.5.7 shows delayed ACK.
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Sender Receiver

Delayed ACK 1

Discared frame

Discard ACK

Time Time
Fig. 2.5.7 Delayed ACK

Features of Stop-and-Wait ARQ

1) Sender keeps a copy of last transmitted frame until its ACK is received.

2) Both data frame and ACK frame are alternately numbered as 0 and 1 for
identification of frame and.to avoid duplication of frames.

3) In case owamBmmm\. or loss of frame, the frames are discarded, no acknowledgment
is sent.

4) The frames are numbered sequentially to avoid duplication.

5) The sender maintains a timer, if ACK is not received in time, sender assumes it it
lost.

6) The receiver send only positive acknowledgement to the sender.

Shortcomings of Stop-and-Wait ARQ

1) If the sender's frame is lost, the receiver never sends an acknowledgement, and the

sender will wait forever.
2) If the receiver's acknowledgement is lost, the same thing happens.

3) If the acknowledgement is damaged, the sender may draw the wrong conclusion
\

and make protocol fail. .
4) Both sender and receiver do a lot of waiting, it is just like teacher is giving one

assignment question at a time. The student takes the question at home, works on

it, brings it back to school, gives it to the teacher and waits for the next question.
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Computer Networks 2-36 Data Link Layer

5) Timers . ‘ .
¢ The sender has a timer for each transmitted frame. The receiver don't have any
timer.

6) Acknowledgment -
o The receiver H.mmmuoﬂmm for frames arriving safely Uv\ positive mngos_mmmgmbwm. For

damaged or lost frames receiver does not reply, the sender has to retransmit it

when timer of that frame elapsed. .

. al frames.
o The receiver may acknowledge once for sever

7) Resending of frames
o If the timer for any frame expires, the sender has to resend that frame and the

subsequent frames also, hence the ?oﬁoﬁow is called Go-Back-N ARQ.

Operation

a) Normal operation , .
o The sender sends frames and update the control variables ie. Sg,S, S; and

receiver updates variable R. Fig. 25.10 shows normal operation.

Sender Receiver

Time

Time

Fig. 2.5.10 Go-Back-N ARQ, normal operation

b) Damaged or lost frame
o Suppose frame 2 is damaged or lost and if receiver receives frame 3, it will be

discarded since it is expecting frame 2. Sender retransmits frame 2 and frame 3.

Fig. 2.5.11 shows this process.
(See Fig. 2.5.11 on next page.)
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Sender Receiver

Frame 2 lost

e

Frame 3

Frame 2 retransmitted Frame 3 will be discarded

since frame 2 is not recieved

?Oﬂw\\\\\\\\\\
| .-~~~ Frame 3 retransmitted
Time Time
Fig. 2.5.11

Selective Repeat ARQ

o Selective repeat ARQ retransmitts only the damaged or lost frames instead of
sending multiple frames. The selective retransmission increases the efficiency of
transmission and is more suitable for noisy channel. The circuit complexities at the
receiver side increases.

» The size of sender window is one half of 2X. The receiver window size is of same
length as that of sender. The receiver window includes the set of expected frames.
The boundaries of receiver windows are defined by Ry and R; . Fig. 2.5.12 shows
the sender and receiver windows.

Re R,

Sender window Receiver window

Fig. 2.5.12 Selective repeat windows

¢ Negative acknowledgement (NAK) is used for lost or damaged frames.

Operation
¢ In sequential transmission of frame 0, 1, 2, 3, suppose frame 2 is lost and the next
frame 3 is already received then receiver sends NAK 2 frame to sender. Then

sender retransmits frame 2 only. Fig. 2.5.13 shows operation of selective repeat
ARQ. .
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2.40 Data Link Layer

Computer Networks

. i size 7 :
b) Maximum link utilization with flow control of windows

lisU=1for W2a+1

Maximum link utilization for window flow contro

W for W<2a+1
2a+l

U =

Since W =7 and a =270

‘ 1
Then (2a + 1) = 2 x 270 + 1) = 541  which means that W < 2a +

\ 7 0
- = =003=13%
u 2a+1 541

. i s size 127 :
¢) Maximum link utilization with flow control of window

i =1forW2a+1
Maximum link utilization for window flow contrel is U or
U = W forW<2a+1
2a+1

Since W =127 and a = 270

. 2 1
Then (2a + 1) = (2x 270 + 1) =541 which means that W<2a+

i

<< Hwﬁ s
= =22 =0235=235%
U 2a+l 541

. indows size 255 :
d) Maximum link utilization with flow control of windo
. isU=1for W2a+1
Maximum link utilization for window flow control is

W for We2a+1
2a+1

Since W = 255 and a = 270

Then (2a + 1) = 2 x270 + 1) = 54l
W W A o

= = — = MNH = »m.N.H \c

U= 2a+1  Za+l 0

A channel has a data rate of 4 kbps and @ S%ﬁsn@ delay of 20 ms. For
, n efficiency of at least 50 % 7

U =

which means that W < 2a + 1

1

what range of frame sizes does stop-and-wait give A

Solution : Data rate = 4 kbps

1

i i = ——— = UNm
Bit duration 2000 ms

Time to transmit frame i (tgap, )
Frame size = TFrame size X Bit duration

trame = Bit rate |
For stop and wait flow control, efficiency (U) = @a
Where a = torop / trame

torop = 20 ms
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Solving this equation with respect to a
a = 0510 -1] .
For U >50% = 05, then a < 0.5 [(1/0.5) ~1]=>a 0.
Since a = tyrop /tirame then tprop /tirame < 0.5 => trame 2 2t prop
But frame_size = tg, . /bit_ duration =>

Frame size > 2t ., / bit_ duration = 2x 20 ms / 0.25 ms = 160

1. Explain Go Back - N ARQ protocol and selective repeat ARQ protocol.

2. Explain selective repeat ARQ protocol,

Explain bit stuffing in detail ? Expluin GBN ARQ technique.

Explain simplest protocol and stop and wait ARQ protocol for noiseless channels with suitable

diagram.

| HDLC

¢ HDLC is the most important data link control protocol, also it is the basis for
many other important data link control protocols, which use the same or similar
formats and the same mechanisms as employed in HDLC.

* The HDLC protocol is an international standard that has been defined by ISO for
use on both point-to-point and multipoint data links.

¢+ It supports full duplex, transparent mode operation and is now extensively used
in both multipoint and computer networks.

¢ Although the acronym HDLC is now widely accepted, a number of large
manufacturers and other standards bodies still use their own acronyms. These
include IBM’s SDLC (Synchronous Data Link Control) and ADCCP (Advanced
Data Communications Control Procedure), which is used by the American
National Standards Institute (ANSI).

* To satisfy a variety of applications, HDLC defines three types of stations. These

are,

1) Primary station : Primary station has the responsibility for controlling the operation

of the link. Frames issued by the primary are called command.

2) Secondary station : Secondary station operates under the control of the primary

station. Frames issued by a secondary are called responses. The primary maintains
separate logical links with each secondary station of the line.

TECHNICAL PUBLICATIONS” - An up thrust for knowledge



SUREIMOUY J0f JSnuy) dn uy - SNOLLYOITENd TYOINHOIL

@Y 94 SmOYs £97 Bif e
"Arepuodss e pue {rewnd e se SUOTIOUMJ UED UOI}R)S
yea pue juod o} juod st yuy sy ‘pedueleq sI uohem3yuod Ay NGV U e
(NG V) SPOJAl padueeq snouoryouisy (z
‘S urodymur pue jurod-oj-jurod 10q 10§ p3sn ST JARIN YL e

WYN 797 ‘Bl

Asepuooag

Aiepuooag

Asepuoosg Aewld
(ARIN) 8poJq suodsay] [ewIoN € sMoYs 767 S e
‘puodsar Kjuo ues uones Arepuosss e ‘spueunuod puas ued uoyels Arewrid v ooe

'suojes Arepuodass a[dymuw
pue uoneys Arewrsd suo sre arsyy, 'SUOIRINSPUOD PIOUB[RQUN UT PISN ST SIYL, o

(JANIN) 9poN ?suodsay [ewiopN (I
(INGV) POy padueleg snouoIyouAsy (g

‘(IARIN) apoy asuodsay [eurioN (T
: sapow Iajsuer) ejep Juimolof sey yIqH

O7AH i0 epojy |euoyyerado

"SUOI}E}S PAUIqUIO) SB UMOUY
os[e a1e A3y ‘Arepuooss e pue Arewnd e UI0q SeY uonjels yos adUIG "UOISSILUSLET)
xadnp jley pue xejdnp pmny ypoq spoddns uogemSyuos padueeqg ‘uoyenSiyuod
POIUE[E] S umowy st pue suoneys Arewnrd omy sey (i) jred w uogem3yuod syy

. ‘uorssusueyy xsdnp jrey pue xajdnp
I yioq sproddns uonemSyuos pasuerequp "SUCHEINSIFUOD PAdUE[EQUN S UMOLD]
are uoness Arewnd ay8urs e aaey (1) pue (1) yred ur umoys suopemSyuo> OM] e

iafe7 yur] ejeg sp-2 syomia Jeindulod

abpajmous Joj sty dn Uy .zm.zo\._«o:m:m TYOINHOIL

i

[ -sasuodsar se Arewnd oy 0 AIepuoss A} WOL} 950y} puE SPUELILIO)
) nes Arewnzd Aq jues sowrery ayy e

|
I
i

Se UMOWY a1e uop)s ATepucdss Ay O} uo
u yujod-oruod (a) 19 Bl

suone)s paulquod uadmag y

pUEwoD so500053 ChEuone)s

: Asgpugosg
- o ewy:

sosuodsay

SA1IEPUODIS OM} PUE soprewiid omy yim jurod-oj-jutod (1

yuif yuodnnyy (8) 192 Bid

UOHBIS uonEl®
| 0985
A1epuolss Augpu

sasuodsay «

sasuodsay +

—<—— gpuelwwod

uonels
Klewud

todyy (11
SOLIEPU0IAS adynw pue frewpad 73u1s s urodyIA (1

yui yurod-oy-jutod 19 Big

sesuodsay
I

spuewwo) woners
uolje}s Aewid
A1epuooss

£repuooas pue Arewnid 318uts s jutod-o3-jurog (1

(@) 197 pue () 19 Sty up payensnT 21 suonemSyuod 3a0qe [y
coEpUOoaS OM) PUR saureuttid oMy yIm jurod-op-qurog (1t
s311epU0Das AN PUE Arewnd ay8urs wim Juodnmy (1

£1epu0das pue Arewnd 2y3uts yim quiod-op-utod (1

‘se suoreIndyuod JI0Mmau JuaIafip Ul vgﬁm@: 0099 Ue) SUOHERS
I i d Eumcmm g Se paulyap ussq Sey DJJH 0UIS e

: 0 >yuy| eyep 9s0dr
3y, ‘Jooojoxd [orjuod yur| mu %mmmu pie spuwwI0> oq 3nsS! £ewr uone}s paurquIod
‘SoSu
) SOUIQUOD 3] : UOWRS PAaUIquIo) (€

v Arepucdss pue Arewd jo saImesj Y

Jakeyun ereq e

syiomjap Jepnduio)

H
I




2-44 Data Link Layer

Computer Networks

Combined Combined

Fig. 2.6.3 ABM

ntrol information or commands. This is typical

: ; data, co
* Either station can send n the X.25 interface standard.

i i and i
in connections between two computers arx

Frames

In HDLC both data and control messages are carried in a standard format frame.

Three classes of frame are yged in HDLC.

. These are used for functions such as link setup

1) Unnumbered frames (U-frames) that they do not contain any

. i P the fact
and disconnection. The pame derives ?oﬂ in sequence numbers
acknowledgment information, which is contained in 5¢4

. These carry the actual information or data and are

ames. I-frames can be used to piggy back
he flow of I-frames in the reverse direction

2) Information frames (l-frames)
normally referred to simply s Hr
acknowledgment information relating to t
when the link is being operated in ABM or ARM

3) Supervisory frames (S.frames) : These are used for error and flow control and

. , bers.
hence contain send and recefve sequence num

Frame structure g
¢ HDLC uses  synchronous | Flag.
transmission. All transmissions

are in the forms of frames.

o Fig. 2.6.4 shows the structure of
HDLC frame.

¢ The flag address and control
bits before the information OF
data fields are known as a
header. The FCS and flag fields ;
following the data fields are (¢) U-frame
referred as a trailer. Fig. 2.6.4 HDLC frames

¢ Flag fields : It has a unique
pattern at both the ends of the frame str cture.
and end of frame. The length of flag field i 8-bit.

Address

FCS | Flag

“Flag

ucture. It identifies the start of the frame
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* Address fields : Address field states the destination address. The address field is
usually 8-bit long but can be extended.

* Control fields : Control fields contain frame numbers, Also it controls the
acknowledgment of frames. Control field is 8 or 16 bits in length.

¢ Information fields : Data field contains the user data received from the network
layer. It can be of variable length but in integral number of octets.

* FCS (Frame Check Sequence) : FCS is an error detecting code calculated from the
remaining bits of the frame. FCS can be 16 bits or 32 bits long.

Contro! Field

Control field for I-frames

¢ Iframes are designed to carry user data from the network layer. This field also
include flow and error control information.

¢ Fig. 2.6.5 shows the control field in I-frames.

e

Fig. 2.6.5 Control field in i-frame

e The first bit defines the type. If it is 0, this means the frame is an I-frame.

e Next three bits define the sequence number (NCS). Sequence number range is in
between 0 to 7.

¢ P/F field is 1-bit with dual purpose. This field is set when it is 1. It may be poll
or final.

» Last 3-bit corresponds to the acknowledgement number when piggy g.&a:m is
used.

Control field for S-frames

¢ S-frames do not have information fields. mHm 2.6.6 shows the S-frame.

j«— Code —» fe N(R) o
Fig. 2.6.6 S-frame
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Transition States

* The transition state is used @
to indjcate the phases
through  which ~ PPP .
connection  passes.  Fig.

2.72 shows PPP transition Drop
carier . Failure

Detect carrier

) 3)
states. ,

Succeed
¢ The PPP connection passes uccee

through  five important

Authenticate ©)

states. @ Failure
1} Idle state
. Exchange Succeed
2) Link establishing state " Fmsh | ,Qw_w,,ﬂ,,
3) Authenticate state @
4) mxn:m:mm of data state Fig. 2.7.2 Transition states for PPP

5) Terminate link state.

1) Idle state : In the idle st
this state.

2) Link establishing state : When carrier i8 gmﬁwama\ o:m. om. the end points mﬂ:m the
transmission then connection enters into the link establishing m.w:_.ﬁm. Under this &.&m
there is negotiation between the devices. On mcmmmmm.?_ negotiation, the connection

otherwise it enters into idle state.

ate the link is not in use. The carrier is not activated in
<l

enters into authenticate state
3) Authenticate state : The authenticate state is mutually decided by the m.ﬁwn.w:m. The

stations sent several authentication packets. On .mCmnmmm?_ mc.ﬁrmsnn.m:o? the

connection enters into exchange of data state otherwise to the terminate link state.

4) Exchange of data state : This state 1S also referred as networking state. In this state
exchange of data started. The connection is terminated only after the any of the

end points wants to terminate.

5) Terminate link state : After data exchange is over several packets are exchanged

between and points for closing the link.

PPP Stack
e PPP uses a stack of other protocols for establishing link and to authentications.
Two major protocols are used in PPP stack. These protocols are -

1) Link Control Protocol (LCP)
2) Network Control Protocol (NCP) «

TECHNICAL PUBLICATIONS ™~ An up thiust for knowledge
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* During connection a PPP packet carry any of these protocols in its data field as
shown in Fig. 2.7.3.

Data field

m_.owoom_,

Type of stack protocol

is defined
Fig. 2.7.3 PPP stack

Link Control Protocol (LCP)

* The LCP performs the function of establishing, maintaining, configuring and
" termination of links. LCP also involves in negotiating mechanism between stations.
The PPP carries LCP packet in either establishing or terminating state i.e. when
user data is not carried. Fig. 2.7.4 shows the frame format of LCP packet and how

it is encapsuled in PPP frame.

_1byte 1byte 2bytes Variable

LCP packet

 Flag | Address

Fig. 2.7.4 LCP frame in PPP frame

1) Code field : Code field is 1 byte in length. The code field defines the type of LCP
packet. There are three types of LCP packets - Configuration packets, link
termination and link monitoring packets.

2) ID : ID field is 1 byte in length. ID field is used to match the request packet with
its reply packet. The request end point inserts a value in this field which is copied
in corresponding field in reply packet.

3) Length : The length field is 2 bytes. It defines the entire length of LCP packet.

4) Information : This is a variable length field. Any additional information needed by
LCP packet is stored in this field.

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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 Multiple bytes

Media Access Control

: i hared channel or transmission link
. t its backbone is a s ,
* One feature of LAN is tha
. i user to access . ' 4 i
ﬂrﬁr provides all tations ransmitting simultaneously, causing their signals to
that two or more S

interfere and becomes garbled: . .
t a number of different control mechanisms or access

order to handle the bursty nature of LAN, traffic

to the transmission facilities. It may be possible

» To resolve these conflic .
protocol have been devised.

. Q.
asynchronous TDM is use .
yI TOM mechanism i further divided into contention methods

* The asynchronous

(tand ) and deterministic methods (controlled methods).
random access

Random access techniques are
i) ALOHA
ii) Carrier Sense Multiple
iii) CSMA with Collision-Detec
iv) Register ingertion.
Controlled access to LAN can be

i : nir
1) Centralized technique : In nmmBm
is to access the channel at any one .

_Access (CSMA)
tion AﬂmE\ OUV

performed in two types :

alized technique master node decides which node

e.g. Polling,
2) Distributed technique
opportunity to transmit on the channel.
eg. i) Token passing method
ii) Slotted ring method:

. ical
Fig. 2.8.1 illustrates the typic .
* e L illus a fransmission medium.

. In distributed technique each station is given an

multiple access communications where a number of

user stations share o
chniques are used in wired communications, and networks based
* This sharing techniq

on radio communication.

TECHNICAL vcm:g:oz,ma. An up thrust for knowledge
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“multiple access -

medium

Fig. 2.8.1 Multiple access communication
* In wired communication multidrop cables are used in data networks to connected
number of stations to a host computer.
» The host computer broadcasts information to the users on the outbound line.

* The stations transmit information to the host using the inbound line. This system

is illustrated in Fig. 2.8.2.
\ Multidrop cable

Host Inbound line
computer

Outbound line

| station 1 ) | siation2 | | stations |

Fig. 2.8.2 Multidrop cable system for access control

* A Medium  Access Muitiple Access Protocol
Control (MAC) F
protocol is developed « ) « J@

for this system. Here

Random access Controlled access Channelization

the host computer protocol protocol Drotoce
issues polling .

messages to  each M%\_”> mmwmzm._oz FDMA
stations, providing it CSMACD Polling TDMA
with  permission to COMA/CA Token passing CDMA
transmit on the

inbound line. Fig. 2.8.3
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2.56 Data Link Layer

Computer Networks

o If all users try to resend their frames after the time-out, the frames will collide

again. Pure ALOHA dictates that when the time-out period passes, each _.;2 waits
a random amount of fie before resending its frame. The randomness will help to

avoid more collisions, This time is called as back-off time (Tp).

e Fig. 2.9.2 shows the procedure for pure ALOHA protocol.

_ Start v

Wait for random :Bmw :
Tg=RxTp

Select random
number in between

0and 221

‘“Terminate

Packet deliver
- stccessful

Fig. 2.8.2 Working of Pure ALOHA

« The time out period is equal to the maximum possible round trip propagation
delay, which is twice the amount of time required to send a frame between the
two most widely w%mﬁm"& stations (2 x ﬁuv.

ame length. And each requires one time unit for

nd packet A at time t,. If any other user

t, and t, +tp, the end of packet B will

Since in pure ALOHA packet, a station

it has no way of knowing that

o Let all the packets have the s
transmission (tp). Consider any user to se
B has generated a packet between time

collide with the beginning of packet A. ce
does not listen to the channel before transmittng,
above frame was ajready under way.

TEGHNICAL PUBLICATIONS ™~ An P thrust for knowledge

Data Link Layer

Ccomputer Networks 2-57
o Fig. 2.9.3 shows vulnerable periods during which packets can collide.
Collides with Collides with
the start of the end of
packet A packet A
t |
| | |
] PacketB* Packet C m
' B T
" — T
1 I
_TI ﬁu —_—— ﬁu — m
I B ! |
| Packet A~ _“
‘:o ot *;o w2, 3 Time
Start of End of
packet A packet B
transmission :mzmammm_oz

' 1
1 1
! Vulnerable period |
| of pure ALOHA B
Fig. 2.9.3 Vulnerable period for packet A

¢ Similarly if another user wants to transmit between ﬁoiuu and (t,+2t,) ie.
packet C, the beginning of packet C will collide with the end of packet A. Thus if
two packets overlap by even the smallest amount in the vulnerable period both
packets will be corrupted and need to be retransmitted.

Throughput of pure ALOHA channel

1} Throughput :

¢ The throughput S is defined as average successful traffic transmitted between
stations per unit time. The unit of time is slot-time, which is the time required to
transmit a frame.

» Assuming all packets or frames are of same size. Since only one packet per slot
can be transmitted, the maximum value of S is 1. When collision occurs, some of.
the packets are lost and part of available channel time is wasted. The resulting
value of S is less than 1. \

S =Gxe?C

2) Offered traffic :
s The offered traffic is the average number of packets per slot time which are
presented to the network for transmissions by users. It is denoted by G. The
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2-60 Data Link Layer
Computer Networks
From equation (292
- .. (295
m = O.m ¢ A v
The maximum throughput Onnsam.v\m\ﬁjﬂ =b
| g |
ie. " G = S = o.mmm\_

which is twice that of PUre ALOHA. This means that the best channel utilization that
wice tha

can be achieved js around 37 %-

* The relation between the offered traffic and the throughput is shown in Fig. 2.9.5,
elation

=0368atG=1.0
1

L

04+ ! \‘ Slotted ALOHA

Throughput ~ + Pure ALOHA

> 02+ \ / Smax

=0.184atG=05

1.5 2.0 2.5 3.0

o 05 10
Offered channel traffic (G)
Fig. 2.9.5 Comparison of the throughput as a function of

offered load for pure and slotted ALOHA
Pros and Cong of slotted ALOHA

Pros

1. Single active node can continuously transmit at full rate of channel.

: activ

2. Highly 4 niralized, each node independently decides when to retransmit.
. y dece /

3. Simple to jmplement.

Cons
1. Collisiong waste slots.
2. Idle slots.

Caleule the throughput S for @ pure ALOHA network:

if the' offered traffic G

Solution : For pure ALOHA, throughput 5 is given by,

§ = G- mlmO

TECHNICAL ucm:n\,:ozwa. An up thrust for knowledge
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. S = 0.75+e72" 015 2 01673

or S 16.73 %

ple i A slotted mhom\w channel has an average 10 % of the slots idle.
- a) What is the offered traffic G ?
b) What is the throughput ? -
o) s the channel overloaded or :,:n.mx%m& ?
Solution : For slotted ALOHA channel,

a) Probability of single transmission during a slot time is = e~ ©,
10% = e©
01 = e©
= -G = -23
G =23
b) § = Gre @ =23+e" @Y =023

¢) For slotted ALOHA, S is maximum at G =1.

Here G = 23 and
S 0.23

It is beyond G =1, hence it is overloaded.

5] Difference between Pure ALOHA and Slotted ALOHA

© Pure ALOHA

Frames are transmitted _at arbitrary | Tim
fme, o
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Computer Networks Z-64 Data Link Layer

* When two or mope gtations are waiting to transmit, a collision is guaranteed. Since

iately -at the end of busy period. In this case each

each station wil| fransmit immed
I then reattempt to transmit.

will wait a randgm amount of time and wi

* Asin the case with non-persistence CSMA, the performance of 1-persistent CSMA

Protocol depends on the charnel delay time.
* Fig. 29.8 shows the flow diagrams for 1-persistent CSMA.

Sense .
and transmit data Physical medium

Station
Continugusly sense

Time
Busy

(a)

“Check

o:m::m_f .

condition

1dle

Station can send data
(b)
Fig. 2.9.8 Flow diagrams for 1-persistent CSMA

3) p-persistent CSMA :
lity of collision in 1-persistent CSMA, not all the waiting

* To reduce the Eo_umg ) L.
stations are alloed to transmit immediately, after the channel is idle.

* When a station becomes ready send and it senses the channel to be idle, it
either transmits with a probability p Of it defers transmission by one time slot with
a Eo_um_u_.:a\ QIT p If the deferred slot is also idle, the station either transmits

with probability p or defers again with a probability g. This process is repeated
until either packets are transmitted or the channel becomes busy.

* Fig. 2.9.9 shows the flow diagram for p-persistent CSMA.
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Station

. does not allow transmission .
Station Transmit

continuously sense 1 _ [ o |
Time slot | Time slot | Time slot |

1 2 3

| i :
| 1 1
! Y ! Time

Busy
(a)

Idle
Check: -

May collision occurred Station can send data

(b)
Fig. 2.9.9 Flow diagrams for p-persistent CSMA

Carrier Sense Multiple Access with Collision Detection

o In both CSMA and ALOHA schemes, collisions involve entire frame transmissions.
If a station can determine whether a collision is taking place, then the amount of
wasted bandwidth can be reduced by aborting the transmission when a collision is
detected. The Carrier Sense Multiple Access with Collision Detection (CSMA/CD)
use this approach.

¢ CSMA/CD is the most commonly used protocol for LANs. CSMA/CD
specifications were developed jointly by Digital Equipment Corporation (DEC),
Intel and Xerox. This network is called as Ethernet. The IEEE 8023 CSMA/CD
standard for LAN is based on Ethernet specification.

o The basic protocol is that, a station with a message to send must monitor the
channel to see if any other station is sending. If another station is sending, the
second station must wait or defer, until the sending station has finished. Then it
may send its message. If no station was sending at the time that it first listened,
the station may send its message immediately. The term "carrier sense" indicates
this "listening before transmitting" behaviour. .
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. Data Link Layer
Computer Networks 2-68 4

CSMAICD throughput
¢ The throughput

* For 1-persistent method, the maximum
od, the maximum throughput can go upto 90 % when G is

{ CSMA/CD is greater than that of pure or slotted ALOHA.

)

throughput is around 50 % when G = 1.

* For non-persistent meth
between 3 and 8.

Access with Collision Avoidance

Carrier Sepse _<_=_%_m

* Wireless networks cannot use CSMA/CD in the MAC sublayer, since this requires

the ability to receive and transmit at the same time - hence the use of CSMA/CA.
rec

h of the sent energy is lost in transmission. The
ergy.- Therefore, a collision may add only 5 to 10
s not useful for effective collision detection. We

* In a wireless petwork, muc
received signa| has Very little en

ercent additional energy. This i
Mmmm to av #“% llision on wireless networks because they cannot be detected. So
oid co

CSMA/CA was invented for this network.

+ Collisions are ayoided by using mqmm.BmEo%.
a. Inter-frame space b. Contention window ¢. Acknowledgments

* Fig 2912 shows the all three method of CSMA/CA

Size:
ﬂoar__ma binary exponential

Continuously sense

L

Busy

Contention window Send frame  Time-out Time

Fig. 2.9.12 CSMA/CA methods

Inter<frame space . . )
¢ Collisions oided by deferring transmission even if the channel is found idle.
are av

* When an idle channel is found, the station does not send immediately. It waits for
idle ¢ ’

a period of time called the Inter-Frame Space (IES).

* In CSMA/CA the IFS can also be used to define the priority of a station of a

frame. A station that is assigned shorter IFS has a higher priority.

Contention window ivided i . .
* Contentj -dows are an amount of time divided into slots. A station that is
on win

ready to send chooses a random number of slots as its wait time.
¢ Station set ope slot for the first time and then double each time the station cannot
on .

detect an idle channel after the IFS time.

* In this method, the station needs to sense the channel after each time slot
O y
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o If the station finds the channel busy, it does not restart the process; it just stops
the timer and restarts it when the channel is sensed as idle.

¢ This method gives the priority to the station with the longest waiting time.

Acknowledgments
¢ The data may be corrupted during the transmission. The positive acknowledgment
and the time out can help guarantee that the receiver has received the frame.

» Fig. 2.9.13 shows the flowchart for CSMA/CA.

Set backoff
to zero

'

i (i

Persistence
strategy

!

Wait DIFS

Set a:timer: ,

Wait backoff
time

Walt SIFS.
{

- Send =._,m,§3,m

 Increment -
~ backo

Fig. 2.9.13 Flowchart for CSMA/CA
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Fig, 2.103 shows the poll method.

Primary

Server Switch

] Pol /

. ] NAK _

Poll

] ACK

Fig. 2.10.3 Polling method

Token Passing

. s allowed to send data when it receives a token (special frame).
1. A station

2. Ring topolog
n station has @ predecessor and a successor.

3. Each s

4. Frames are €0

is circul
5. Howm” tion captures the token if they want to send data.
6. The sta

Fig. 2104 sho

y is used for connecting devices.

ming from predecessor and going to the successor.

ates around the ring.

ws token passing network.

Fig. 2.10.4 Token passing network
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7. Flowchart for token passing procedure is shown in Fig. 2.10.5.

- Wait wol:m,,
- foken

\  losend

‘Release
the foken

Fig. 2.10.5 Flowchart for token passing

[’ A CSMA/CD bus %Em a &mgxnm c\ 1 5 § Nx ma %E :SW is m E&a Sw&m
m ma E§§:§ frame size ? i

Solution : Typical propagation speed in h>Z cables = 200 E\ us

End to end propagation delay ¢,
1500

t, = 200 =75us

Minimum frame size = 2 X 7.5 x 1076 x 5 x 10° = 75 bits
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Computer Networks 2-76 Data Link Layer

Advantages of TDMA :
1. At a given time oply ope carrier is present on the channel hence intermodulation
‘ y

distortion is eliminated.
2. TDMA transmissiop s m%mﬂmga in time domain. Processing of signal in time

domain is easier.

3. TDMA is most efficient method
transmission resources.

4. TDMA can accomgdate a wider range of bit rates by allowing a station to be
oda s TDMA is more flexible than FDMA.

of transmission because of efficient use of

allocated several slgts, Th

Disadvantages of TDMA :

. jons is required. Transmission of every station
Precise synchronization between stations
ization be

—_

must occur during exact time slot:

o

Bit and frame timings must be maintained by TDMA

Code Division Multiple Access (CDMA)

In CDMA each station transmitter may transmit whenever it requires and can use
station . . : :
entire bandwidth ;e there are no restrictions on time and bandwidth. CDMA is

also called as spread spectrum multiple access because transmission can spread

rea . . . . .

throughout the bandwidth. Each station 18 assigned a unique binary code, this

code is called ag chjp code. Each station and transmission is identified by its chip w

code. The rece P es chip code to recover the signal from desired station.
: ver us

Fig. 2.11.3 shows conceptual view of CDMA technique.

Station - 1 Station - 2

Station - 3

Station - 4

Frequency —

T\\\\ms\ . __

Fig. 2.41.3 CMA Technique
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Applications of CDMA :

1. CDMA is used for wireless systems with fixed base station and many mobjle
station at varying distance from it.

2. CDMA is used in satellite systems so that many signals can use a transponder;
making it more efficient.

3. CDMA is used in digital cellular telephone services because it permits more userg

to occupy a given band.

4. Wideband CDMA (W-CDMA) is used for digital cell phone systems to
accommodate voice transmission alongwith high speed data, FAX and internet

communication.

5. CDMA is ideally suited for military application because of immunity to noise.

Advantages of CDMA :
1. Each station can use the entire bandwidth at any time.

2. High immunity for interference or jamming.

Disadvantages of CDMA :
1. The overall performance degrades with increase in number of users.

2. Time synchronization of stations is required.

BUd Comparison between FDMA, TDMA and CDMA

. cpmaA
Sharing of bandwidth
. m:n time

 The bandwidth is
‘divided w.;o, 9&5%

e}

“/Not required

* Both are required

EXPH (EEE Standards

¢ The Institute of Electrical and Electronic Engineers (IEEE) publish several widely
accepted LAN-recommended standards. These standards, collectively known as

IEEE 802.

TECHNICAL PUBLICATIONS - An up thrust for knowledge
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el Minimum payload length : 46 bytes
| < Destination i-| - - Solrce . ]
address  address Maximum payload length : 1500 bytes
; B | ‘
Toyes  Tbyle | BPVES Gbytes  2bytes 4 bytes ,  Destination - | Source
‘address. - o7 address ¢
Physical layer i e s
header 6 bytes 6 bytes 2 bytes

Fig. 2.13.1 802.3 Frame format
i ;, i ; Minimum frame length : 512 bits or 64 bytes
1. Preamble : A 7-byte pattern of alternating 0s and 1s used by the receiver to establish inimum g y |

bit synchronization. Each frame contains the bit pattern 10101010, The pattern provides Maximum frame length : 12,144 bits or 1518 bytes
oavmvsn H_Ml nd a toing pulse. The preamble is actually added at the physical layer Fig. 213.2 Minimum and maximum lengths
/ an a

¢ The standard defines the maximum length of a frame (without preamble and SFD)
as 1518 bytes. If we subtract the 18 bytes of header and trailer, the maximum
length of the payload is 1500 bytes.

and is not part of the frame:

2. Start Frame Delimiter (SFD) : The sequence 10101011, which indicates the actual

start of the frame and enables the receiver to locate the first bit of the rest of the frame.
e [réd

Addresses
3. Destination Address GE M.H The UU> Dm_.a 18 mr w.«w ﬁmm MM% specifies the station for o A source address is always a unicast address, i.e. the frame comes from only one
which the frame is intended. lt may be a unique physical address, a group address or a station. The destination address can be unicast, multicast or broadcast.
global address. ¢ If the least significant bit of the first byte in a destination address is 0, the address
4. Source Address (S A): The SA field is also 6 bytes and contains the physical is unicast; otherwise, it is multicast.
) acket. .
address of the sender of the p Access Method : CSMA/CD

¢ Standard Ethernet uses 1-persistent CSMA /CD.

. h of LLC data field in octets, or Ethernet Type field
Type : Lengt : yp :
3. Length or Typ 1. Slot time = Round trip time + Time required to send the jam sequence

depending on whether the frame conforms to the IEEE 802.3 standard or earlier Ethernet

S . ase, the maximum frame size, excluding preamble and SFD, is Slot ti
specification. In either € &P 2. Maximum length = Propagation speed x IMN_IBW

1518 bytes.

6. Data : Data unit supplied by LLC. It is a minimum of 46 bytes and a maximum of Minimum frame size

¢ While a data field of 0 bytes is sometimes useful, it causes a problem. When a
transceiver detects a collision, it truncates the current frame, which means that
stray bits and pieces of frames appear on the cable all the time.

1500 bytes.
7. CRC - This field contains error detection information.

e Length o Ethernet requires that valid frames must be atleast 64 bvtes lon , from destination
Fram q Y &
An Ethernet frame needs to have a minimum length of 512 bits or 64 bytes. Part address to checksum, including both.
* An ) ) o .
of this length is the header and the trailer. Fig. 2.13.2 shows the minimum and * Reason for having a minimum length ‘frame is to prevent a station from
maximum length of the frame. completing the transmission of a short frame before the first bit has even reached
o If we count 18 bytes of header and trailer ie. 6 bytes of SA + 6 bytes of DA the far end of the cable, where it may collide with another frame.
+2bytes of length + 4 Mva_“m of CRC, then the minimum length of data from the * Fig, 2.13.3 shows collision detection.
. _ = tes.
upper layer 15 64 - 18 . yie * At time 0, station A, at one end of the network sends off a frame. Let us call the
o If the upper layer packet is less than 46 bytes, padding is added to make up the propagation time for this frame to reach the other end T. Just before the frame
difference. gets to the other end (ie. at time T - ¢), the most distant station B, starts

transmitting.
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Computer Networks 2-84 Data Link Layer

Application : 10BASET is the most flexible topology for LAN's and is generally the
best choice for network installations. 10BASET hubs or multi-hub concentraters, are
typically installed in a central locations to the user community. The signalling
technology  is very reliable even in moBmirmﬁ. noisy environments it automatically
shutdown the offending parts without affecting the rest of the network. Cabling is
cheaper and requires less skill to install. Maintenance is easy.

The disadvantages are the hardware required is more expensive and maximum cable

run from hub is 100-150 metre.

5) 10BROAD36 : It is a 10 Mbps broadband option. It provides support to more
stations over greater distances than the baseband versions. The maximum cable run is

restricted to 3600 m in two segments of 1800 m from the head end. Other services such
as TV or voice can also be integrated on the same cable using FDM.

6) 10BASEF : 10BASEF is 10 Mbps running over fiber optic cabling. The maximum
cable length depends on signaling technology and medium used but can go upto 2 km
unrepeated segment. It is star wired so there is no minimum distance requirement

between devices. ,
Application : 10BASEF is the only recommended topologies for inter-building links.
However they need not be limited to this role, it can also run to desktop. It has excellent

noise Immunity.
The disadvantage is, it is very expensive due to the cost of connectors and

terminators.

! Manchester Encoding
* In order to transport digital bits of data across carrier waves, encoding techniques
have been developed each with their own merits and demerits.

* Digital signal is a sequence of discrete, discontinuous voltage pulses. Data is
tepresented in binary. These binary data is transmitted by encoding each data bit
into signal elements.

Desirable Properties of Encoding Techniques

L Synchronization capability : The ability to stay synchronized or to get

re-synchronized.

2. Error detection capability.
3. Immunity to noise : Ability to separate noise from the transmitted signal.

1) Manchester Encoding : In Manchester encoding each bit period has both the high
and low voltage values. If the data is a 1, the first half of the bit time period is sent at
the positive level, and the second half of the period is at the negative level. For data bit
of 0, first a negative signal and then a positive signal. There is a transition which can be
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used for a synchronization. Sometimes this method is called self clocking encoding
method. Fig. 2.13.4 shows manchester encoding waveform for the 8-bit data stream
11000101.
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Fig. 2.13.4 Manchester encoding

2) Differential Manchester : I differential Manchester encoding, a binary 0 is marked
by a transition at the beginning of an interval, whereas a 1 is marked by the absence of
a transition. In this encoding method, detecting changes is often more reliable, especially
when there is a noise in the channel. Fig. 2135 shows the differential manchester
encoding for 8-bit data stream 101011100.
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Fig. 2.13.5 Differential manchester
YRERE Binary Exponential Backoff Algorithm
* After a collision, time is divided into discrete slots whose length is equal to the
worst-case round-frip propagation time on the either (271).
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2-88 Data Link Layer

networks.

1. Explain the fast ethernet

Gigabit Ethernet
s Goals of gigabit othernet
ate to 1 Gbps.

1. Upgrade the data T r
2. Make it compatible with standard or fast ethernet.
. Make 1

3. Use the same 48-b
e frame format.

it address.

Use the sam

M-

minimum and maximum frame lengths.

the same
5, Keep o different modes of operations.

+ 1t support the tw!
f duplex.

ode, there is a central switch connected to all computers or other
In full duplex 1 itch has buffers for each input port in which data are stored
miw.ﬁ_n me. meM# MM\%BE&. There is no collisions in this mode. This means that
untit they

CMA/CD is not used:
¢ can also be used in half duplex mode. In this case, a switch can

hub, which acts as the common cable in which a collision might
palf duplex approach uses CSMA/CD. For shared medium hub

oo ; e are two enhancements to the basic CSMA/CD scheme.

Mwmmﬂmmmwmﬂwamo: . 1t defines the minimum length of a frame as 512 bytes.

, Ca

i) Full duplex if) Hal

. Qmmc: etherne
be replaced by 2

pursting It allows for multiple short frames to be transmitted
2. Frame fively, UP to a limit, without relinquishing control for CSMA/CD
consecutivelys "
between frames:
Fast Ethernet (100 Mbps)

100BASE - X 100BASE - T4

«

100BASE - FX

100BASE -TX
Fig. 2.15.1

Computer Networks 2-89

Transmission Media

Summary sheet of gigabit ethernet

Topology
¢ Gigabit ethernet is designed to connect
two or more stations. If there are only
two stations, thsey can be connected
point-to-point.  Fig. 2.152 shows the
point-to-point connection.

Fig. 2.15.2 Point-to-point

o Three or more stations need to be connected in a star topology with a hub or a

switch at the center. This is shown in Fig. 2.15.3.

1. Explain the gigabit ethernet networks.
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