Unit-3 Notes- Medium Access sub layer
The medium access control (MAC) is a sublayer of the data link layer of the open system interconnections

(OSI) reference model for data transmission. It is responsible for flow control and multiplexing for
transmission medium. It controls the transmission of data packets via remotely shared channels. It sends
data over the network interface card.
MAC Layer in the OSI Model
The Open System Interconnections (OSI) model is a layered networking framework that conceptualizes
how communications should be done between heterogeneous systems. The data link layer is the second
lowest layer. It is divided into two sublayers -

The logical link control (LLC) sublayer

The medium access control (MAC) sublayer
The following diagram depicts the position of the MAC layer -
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Functions of MAC Layer
® |t provides an abstraction of the physical layer to the LLC and upper layers of the OSI network.

® |tis responsible for encapsulating frames so that they are suitable for transmission via the physical
medium.

® |t resolves the addressing of source station as well as the destination station, or groups of
destination stations.

® |t also performs collision resolution and initiating retransmission in case of collisions.

MAC Addresses

MAC address or media access control address is a unique identifier allotted to a network interface
controller (NIC) of a device. Itis used as a network address for data transmission within a network segment
like Ethernet, Wi-Fi, and Bluetooth. MAC address is assigned to a network adapter at the time of
manufacturing. It is hardwired or hard-coded in the network interface card (NIC). A MAC address
comprises of six groups of two hexadecimal digits, separated by hyphens, colons, or no separators. An
EXAMPLE OF A MAC ADDRESS IS 00:0A:89:5B:F0:11.
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CHANNEL ALLOCATION PROBLEM IN COMPUTER NETWORK:-

Channel allocation is a process in which a single channel is divided and allotted to multiple users in order
to carry user specific tasks. There are user’s quantity may vary every time the process takes place. If there
are N number of users and channel is divided into N equal-sized sub channels, Each user is assigned one
portion. If the number of users are small and don’t vary at times, than Frequency Division Multiplexing can
be used as it is a simple and efficient channel bandwidth allocating technique. Channel allocation problem
can be solved by two schemes: Static Channel Allocation in LANs and MANs, and Dynamic Channel
Allocation.

Channel Allocation Problem

Static Channel Allocation Dynamic Channel Allocation
in LANs and MANs

Channel Allocation may be done using two schemes -
o Static Channel Allocation

e Dynamic Channel Allocation

Static Channel Allocation

In static channel allocation scheme, a fixed portion of the frequency channel is allotted to each user. For
N competing users, the bandwidth is divided into N channels using frequency division multiplexing (FDM),
and each portion is assigned to one user. This scheme is also referred as fixed channel allocation or fixed
channel assignment. In this allocation scheme, there is no interference between the users since each user
is assigned a fixed channel. However, it is not suitable in case of a large number of users with variable
bandwidth requirements.

Dynamic Channel Allocation

In dynamic channel allocation scheme, frequency bands are not permanently assigned to the users.
Instead channels are allotted to users dynamically as needed, from a central pool. The allocation is done
considering a number of parameters so that transmission interference is minimized. This allocation
scheme optimises bandwidth usage and results is faster transmissions. Dynamic channel allocation is
further divided into centralised and distributed allocation.

LAN PROTOCOLS- ALOHA PROTOCOL:-
S IRNST LAN & ol fSomga foham R o7 aifds & 90 dread 7 off uvrel 81 ALOHA T Hod It TR

Mclhict 81 RT®T ST Aedd § random access e H {1 ST 1 | 1970 § Hawaii University % Norman
Abram-son iR I Arefl 7 AT TAIhH $Hl THRAT BT 8 BRI U method BT develop T ol
SR ALOHA System B&T SITdT 21 39 method ¥ Acad &I a1 ff user fard) off €159 5 data Y TRIFAE AR FabdT
21 afE T F 31 JoR Ua & THT UR data BT SRIFLH $_AT 81 AT data T collision B SITT 21 Ry STeT
YIRTS &Y ST & iR a9 It user @Y fohR & data BT re-transmit @RAT TST 81 ALOHA &7 SUINT Ground based
radio broadcasting & f?*TQ foraT SITaT 81 ALOHA &7 Acad & fhdt off shared transmission medium
q apply fopT ST AepdT 81 Aloha @Y & YR ST 1T & R ugatr pure aloha Sﬁ’\’w slotted aloha & s’ﬂﬂ'ff
ST (AR Slehe UNAT e} & foTq e faham T o tReq] SRINT fopedT T shared Ries 7 &R Favd B
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ALOHA I8 foar 8 & fpa gk a8 IR RieewT Uep #ifegw & amer i1 fodt collision(SaTd) & access
PR 8. Tg AICIDicT Tl FIECH BT Ua frame (37H) HSTAT & UR=] 519 Ueb collision BT & T 5 T P& T
feTT S=CTOTR epRT TSl & 31X e GEIRT HSHT ATl 8. I8 WfshdT Tl b Tl & Sfd e AT frame AT el f&U
ST, §99 BRI §8H collision T HTRIBAT I8 M 8. TAT 9 BRUT ALOHA TICIhieT BT throughput (SaT8
&) S8 €1 &4 et 18% 8. ALOHA H collision ST BIAT & Fifeh TE Ueb Hec Ul Ueridd g fwTeheT ReeH
& AT SIS ST AT &1 3 31fereh RIved Uep & I9T H U delel N SiRITHT R T YIRT v 8 T collision (SHRTE)
BT &,

\ Types of Aloha ]

[ Pure Aloha ] VSIotted Aloha}

Pure Aloha

Aloha & original version GARS) pure aloha daTl NIl 2l QW e § pure aloha U simple aloha version gl
R TA® user, ead H f-dT ff 9T data BT TRIFE @R FHdT 81 39 aloha method H collision BT R¥®
984 31fIeh I8 B SAfSIY Aead H send [ T data frame o status @I S & oY Acknowledgement
method T ST fHAT ST & TR collision P TE destroy §Y data frame T TR A A PHRAT TSl 81 T8
95 &l TRA TIeIpiel & 7 3o ST +ff RIeeH & UT ST WO & folY 81T & I8 A D SHC R odll & S99
I continuous BIAT 7. 519 +ft 31 Riee T ! Tiafie v & T collision 21T & 31K frames -8 & ST 8. Pure
JreltET ¥, Ife RAleR dIS acknowledgement &1 AT & A T8 T T ST & 6 359 78 &1 1 § 31K e bl
SERT SRIME febaT ST €. Pure aloha @1 Te¥t 981 4T I8 & fob 384 collision & chances T8 31fere Bl &,

® Pure 3TclIEl &7 Fdaa3fel 9T (vulnerable time) 2x Tfr &.
® TP Athel TRIMIM T S = G * exp(-26) &.
® @ ITRIHAT throughput (FATE &FAT) 18% &. (T8 G = %)

| Pure Aloha %T Diagram |

user

» Time
A [ Frame 1 J [ Frame 2 J

» Time
B [ Frame 1 ’

- Time
c | Frames | | Framez ]

» Time
D [ Framea ] ‘ Frame2 ‘ | [ Frame3 ‘

» Time
E [ Eramies J ‘ Frame2 ‘ [\ Frame 3 J

» Time

Frame are transmitted in global time

Disadvantage of Pure Aloha

Pure aloha & communication T+TaT &7 low utilization BIdT &1 31T communication channel & pure capacity

T SIS e haT ST FehdT 81 39 method ¥ el BT dhael 18.4% T utilization BT 51 SATTY SADT SYINT
Haet radio broadcasting Y T ST & etfdhe g SYANT satellite broadcasting 5 &I fapaT STTaT &l
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Slotted aloha

' Slotted Aloha ®T Diagram ‘

user
» Time
A [ Frame1 } 1 Frame 2 \
» Time
B { Frame 1 |
»Time
C l Framea 1 { Frame2 ]
» Time
p |[ Frames | | [ Frame: | | | Frames |
» Time
E [ ECneT ’ [ Frame2 ’ [ Frame 3 J
» Time
Time Slot1 Time Slot2 Time Slot3 Time Sloty

slotted aloha method H Siedd & communication et & Tl T8 B fIf¥— eTeH Taiie & dic faT SrdT 8l
qeT user ST DI TRAMAC TR P foTT S TSH TATe BT STANT BT 21 T drs oY user fordt off erge waife @t
SUINT axP data BT "g"RTfﬁl‘c’ IR FhaT Bl pure aloha 7 comparison ¥ slotted aloha @I BT ITcATal
version @&l ST 81 SR YA user 7cdd H data T Uget A define fHd Y €13 Taife H SRIfTE &vaT &
slotted aloha &T {¥J advantage ITeT & utilization BT SGHT 21 slotted aloha & communication It & 36.4%
&7 utilize BYAT B SATTT SHBT IUANT satellite broadcasting 5 fasar ST 81 Slotted 3TelET Bl pure 3TATET Y
BIIETHT T T&IR I b foT fGepfRaet fohaT 1T &1 RIS pure aloha H collision T A=ITEHT g &1 3111 Bl
&. 3 aloha H systems & T7T P slots (FaAfed) H TR = feam SiTar & R R U4 slot H dhdeT U &
frame 95T AT & 3R I frame Wslotﬁiﬂ'ﬁmﬁﬁﬁwwwg aﬁﬁéﬁ%@slota?%ﬁmﬁ
frame TT&I ST UTAT & AT S 3FTeT slot P YR B BT FIoTR PRAT TSN 2. T 3felal 4 Y collision (SHRI) D
RTS8 & AT &1 RITCH U time slot 3 ORI ¥ frame T CIRAFIC =T T DITRILT PR & AT IR T8 pure
aloha I 98} & Tl 399 collision BT AT Y &.

® Slotted ITcAET BT Hae-Teflel T (vulnerable time) Tfr .
® DI AT IHet TRIHIAIE S = G * exp(-G) &.
® DI AMIBAT throughput (FATE &FAT) 37% &, ST& (G=1).

Difference between Pure and Slotted Aloha

= Pure aloha T RiUeT 3T11ET version & ST slotted 3T Bireid™T TATET version &l

= Pure aloha H el T 18.4% T J[CATZOI2 BIAT & Safeh slotted aloha H el b 36.8% T JfcaATgolerT
BT 8l

= Pure aloha &7 I TS 97 ST STSHIRCT H fdba ST & ST9b slotted aloha T SUANT satellite
STSHIRCT H T ST B

= Pure aloha ¥ data @' TRIAE TR & folU TTH Taile T SUANT &l fhaT ST & S6fd slotted aloha ¥ data
DI TITHC PR P foTT eTeH Teile BT SYANT T ST &
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OVERVIEW OF IEEE STANDARDS:-

Stands for the "Institute of Electrical and Electronics Engineers" and is produced "l triple E." The IEEE is
a professional association that develops, defines, and reviews electronics and computer
science standards. Its mission is "to foster technological innovation and excellence for the benefit of
humanity."

In 1963, the two organizations merged to become a single entity — the IEEE. Since then, the organization
has established thousands of standards for consumer electronics, computers, and telecommunications.
While the Institute of Electrical and Electronics Engineers is based in the United States, IEEE standards
often become international standards. The Institute of Electrical and Electronics Engineers is a standards
setting body. Each of their standards is numbered and a subset of the number is the actual standard. The
802 family of standards is ones developed for computer networking. IEEE 802 is also an Institute of
Electrical and Electronics Engineers (IEEE) standard set that covers the physical and data link layers of
the Open Systems Interconnection (OSI) model. It defines standards and protocols for wired local area
networks (WLAN), metropolitan area networks (MAN) and wireless networks; defines characteristics,
operating procedures, protocols and services for networks that carry variable sized packets and specifies
the development and handling of compatible devices and equipment. IEEE 802 is comprised of standards
with separate working groups that regulate different communication networks, including IEEE 802.1, 802.3,
802.11 and 802.15. Below are a few examples of technologies standardized by the IEEE.

® |EEE 1284 (Parallel Port) — an /O interface used by early desktop PCs

® |EEE 1394 (Firewire) — a high-speed interface designed for external hard drives, digital video
cameras, and other A/V peripherals

® |EEE 802.2 (Logical Link Control)- specifies the general interface between the network layer (IP,
IPX, etc) and the data link layer

® |EEE 802.3 (Ethernet) — it is the standard which Ethernet operates by. It is the standard for
CSMA/CD (Carrier Sense Multiple Access with Collision Detection)

® |EEE 802.5 (Token Ring) — The token is a special frame which is designed to travel from node to
node around the ring.

® |EEE 802.11 (Wireless Network Standards/Wi-Fi) — a series of Wi-Fi standards used for wireless

networking

® |EEE 802.16 (WiMAX) — a wireless communications standard for transferring cellular data
IEEE 802.11 Wireless Network Standards:-
802.11 is the collection of standards setup for wireless networking. You are probably familiar with the

three popular standards: 802.11a, 802.11b, 802.11g and latest one is 802.11n. Each standard uses a
frequency to connect to the network and has a defined upper limit for data transfer speeds.

-802.11a was one of the first wireless standards. 802.11a operates in the 5Ghz radio band and can
achieve a maximum of 54Mbps. Wasn't as popular as the 802.11b standard due to higher prices and
lower range.

-802.11b operates in the 2.4Ghz band and supports up to 11 Mbps. Range of up to several hundred feet
in theory. The first real consumer option for wireless and very popular.

-802.11g is a standard in the 2.4Ghz band operating at 54Mbps. Since it operates in the same band as
802.11b, 802.11g is compatible with 802.11b equipment. 802.11a is not directly compatible with 802.11b
or 802.11g since it operates in a different band.
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FDDI:-

FDDI & A9 Fiber Distributed data interface &l I8 U@ specification & ST H1geR 3ifftea HIfSIT &7 SUTWT
@R Tt 100 Mbps & €ldT T @ describe BRaT 81 FDDI @Y IEEE 802.5 0SS & similar ITHT ST 21 FDDI
T ANSI RT I 1986 H TRIR o T el

FDDI @ 100 Mbps &I THE # 200 fHaAmer & 3R 100 FCM R I BT ST AHaT 81 FDDI Aead & gRT
$URAC H 10 Mbps 3R ST R H 4 Mbps &1 HUIE =l &1 FDDI Acad H &1 A1S o fag &1 g3 Ueh fepet ey §
%Y 8T 12U FDDI WW@@& e H high speed backbone SHT & foTT T SITAT 81 Acdd Sdha
T TG Aead § 8 dTel STl I & folt Sedd anfdhedar 81T 81 ST TSaid Sa-Iciiol & §91-IT ST &
fORTDT &dT Sedd H TR 31fdh BIdT & Hedd Pl IRBRHT Jedd & Jhd- IR depend &< & FDDI U &8T5
performance fiber optic LAN S¢dds 81T 8, ST fdh 200 km T & cover RaT &1 FDDI Aedd H SleT TS ot
100 Mbps BIdIT & 3R ST SFTHT 1000 FCAT Pides & 8l Fld 394 high bandwidth 8Tl &, $feTg FDDI
qgd & Sleg U popular choice s AT off high-speed backbones Y ST 89 & foTT universities 3R
businesses H. S8l t& T7I H FDDI "gﬁRJTEbT H fastest LAN technology X&T BT ot & fore, a8t a1e 5 5
supersed @ foTaT TIT Fast Ethernet & GIRT. ST & offer @=aT 1T 100 Mbps speeds ar ot s lower cost H.
TS & T § dgd A networks SETHTA PR & Gigabit Ethernet, ST Y support AT g speeds up to 1,000
Mbps d®.

» T ACaB(FDDI) P 818 band -width B & &RUT S copper LANs connection & TI89 backbone &1
RE g1 fbaT ST 8. FDDI 4edé H multimode BIZaR 3T I3 &R &, i 100 Mbps ¥IS TR Tl
gTel ead o foTu singlemode HTSER T IS PRAT TcTReh T T IGT el & [SIRIhT Plg SR el

= FDDI, laser ! SFT& LEDs T JT PRall &

- FDDI afeiT H &1 TRE fob fiber ring il &, Ueb Felleh dTgoT SRNGIH N A el & 3R §AL Uel-
Feifch TSl SRR H TRATC PRcll 81 3R fhefl hEler H T cbefeT 5ep Blcll & T 85 ORI el bl
43T 1 TRE Gl PR el &l

- Token Bus

. token ring N § I § l

Advantage of FDDI:-

- High Bandwidth: FDDI -icad & §Sf<er 250 Gbps T &l bl &l

= High Security: FDDI -cad 5 HIgeR 3iiftcerd dheict &b PRUT g3ieh! FRIFIRET BThT strong Bl 8l
- Cable Distance: FDDI 9cad & Rieer T 200 fdheiiier d@ crRifie far S daar 2l

Disadvantage of FDDI:-

= FDDI & -Icad T dIeidd Technology BT ST & YT 39 HeIR b edd &b eelele 3R maintenance
¥ 984 TP technical skill BT SATaeIhaT 81t 81 FDDI I8 81 7&1T technology 81 aJT 9 HIgeR 3iffeeaxT
et P AT connector 3R adapter BT SUINT fHIT STTAT & | ST BT T &I B
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DATA LINK LAYER:-

SICT foieh ok T AU RAFCH eI AT OS| T SART IR BHeT T & gD [SFHERT Ueb fthiTehel Hcdd
fcTep < 3R STCT T STHTHC R T Bl &l T U IS A GAR AIS T SICT T UgeT dTetl Favy “RIdwe A
HIT ST 81 AR oRR H ¥ Fa-Y SATaT complicated 3R complex | 81 2 310 3feR b BTSRR fAeH @I BUT ]
IURY TRl Y efeT Ueb R & HTegH b Tve @ 81 STl fole o1aR & U 81T & a9 T PRl & ST 310 H
feedY 7 fopedt oRE & MY IS 8V B 81 I SRNGT $Hae IT Al Ufsc ¢ Ulse &l JandT & T fR sfsareel I fie
1S 913 fe STeT T & RiFTet § IeetdT & 3R S 370 3ieR & BTSRRI} H 99T T & fOhe STeT foid ok SRR
o I SICT BT Seiferge RiFTel & WU H UTH R & d1e I T dlel BiHel H geeid & 3R IUR dlel Rl T IgdT
T BT bRl &l

ST1eT foi SRR & frgisamy

fpformer TofaT
o hfSTdeT TSRIT S ATel § "ead USRI I Bt 37erT &l
o STad TSR T Head § Aie 31k <dir & i a1 iR TH=AaT & ST BRr Sfthds & Aead 5 Rea
IT rout B F IRIFT Bl B

o TEI et TSRAFT foidh-oRIR aTel @il R devices &5 U&a e & 3R THM fhftarer dresm & i
ST & ST & TR P TS H FerT BIT B
o DT UTSFNI B B- HIfSAT TRy ducier fORY 87 MAC & AT J ST &
Acad Aqeront
® ATId Tl P FURIhR I T vl & foh U Aead & 3iex IR fSa1es for are & foias fondr S
® 3o HIfSAT devices BT T UGS GRT S (S T <df & S P& R UGS FRT FARTCT
i ST CIATATST BT TRIRT HRT & SiT juniper Acdd & ST 0 & R &l
TR AErhher
o 3T ol TRIR T Uep I thiTR & ST SURT URAT Bl U8l &1 3 9T o ol 3TTE N T & 3FR fohfSTehet
foTeh o 3TER PIg TR 31T MU
o SR ITMERY & AR IR RFeT BT @Y ST, WIS d-d9™ & i clocking RiTet &1 @7 ST @ik T1 a7
T3 foids & Fa 3ife BIR &T @Y ST
W R
o I foieh oRR W RIRIRAT b & < & RTAepT Hietel A §31T fob 3R ST STeT Hlerd ¥ b dTeR Srfie
8 TRIT € T W8T %H A T2 UTH 8T & Se ST o i BR R Rt b ST Hepa &
® U IS oRR Al &% P 3R SICT payload P AT TAMC §Y Ubol Bl SIS T Sirar & St & (by
means of Bit)l
WAl HUEHET
® Tl HUCIA STeT fofdh R H STeT Bl UTH v dlet fSATSH Bl STET & 3SR congestion (ST BT UdheH
§ 7SS PRl &l

o R Il IRk § SUR AT 1 it TSR bl 9 91T I gl & 3RS N T B

® P 1S Y devices 3 congestion b GoHT BT IR URT b TICIehic] T U el & dTich STCT DT ST
o~ & qaTet T ST Sl

ST foi SRR & FI-oR—R
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319 & ST foih o 3iER T-oR & IR H S| STeT fofdh ok Pt & Ae-oRR H 1T 8 &

1. @IRTD foid Pl (LLC), 3Tk

2. HifeaT TR FHUeieT (MAC)
319 &7 37 ST -0l Bl IS & b I & T TeTuerT Te-oRR RiveT fofep ead & 3ier & IR fearsd &
ST & FAR BT HAS IRAT 31 T foldh TR I & 31eR U thiced &l JUIC Rl § ST Hoe vl 8RR ofdel HIcihied
BT T RivTet fOhfiahet foids ot TR d_eT e 91T 81 I8 3 Ae-olR fhiNidel Aead drea &l iU 1
NeIpie] oI o Sg-X7g T 21 fSargd & Tt i &t Hep tgs T SI1aT & i Rur I8 fhividet fofd
& G T3 T SR ! SICT foieh @fdR WR Y& &R Hebl

STeT foidh iR &1 Bt

pain

ST fofds IR Teadh ok I Uhol oidlT & 3R Ive P e H dic <l &l fhe 3 Top-Ueb fe R b & AR A !
ETSIRR N AT &1 TR T81 R STeT foids R BTSaIR A Rt ofaT 8 8iR S+ % H 98af <aT &

TeRiT

STeT fofdh 2R “2lIR-2 BTSIIR UgRIT HboH” UR I e 8l 394 foldh o iR BISdR Ugd Jfie 8l 81 I
TS 3 BISRIN BT g1 THY &1 < {1 SIrefT 81

RispTgeET

SIS STET HrT Bl foids & 3aR VST SITAT & a9 &1 7efiM 19T ¥ synchronize 81 ATfeY &l d STCT &I AR
IR TR 81 Tl

TR PUGIeT

-t RieTet 3 TIoe § FoRaT o1 STl & aifes foe o et o Aapelt 81 37 Rufey & 399 Tetcl) Y uaps
3R STeT fdaw T Repar R fop epIfereT fob STt 81 SHeb TN Bl STCT Wor dTel e ol WY 397 WK fob g &Y
STl 8l

TocT-UaaNT

e TS foldh P 3ISR BT ST DY TFAHR R {3 DI FRAT & I §b 3MIH § TH (Collision) s dreht
IR Y& BISTET fofdh @R CSMA/CD & Hofow SaT & Sl Aec vt R # 9RR 5 T STeT df Yoy
R T T gTdT & 3R collision @Y T e B

ELEMENTARY DATA LINK PROTOCOLS:-
Protocols in the data link layer are designed so that this layer can perform its basic functions: framing,

error control and flow control. Framing is the process of dividing bit - streams from physical layer into data
frames whose size ranges from a few hundred to a few thousand bytes. Error control mechanisms deals
with transmission errors and retransmission of corrupted and lost frames. Flow control regulates speed of
delivery and so that a fast sender does not drown a slow receiver.

‘Data Link Protocols

Stop - and - Wait Go - Back - N ARQ

Selective Repeat ARQ
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Types of Data Link Protocols:- Data link protocols can be broadly divided into two categories, depending
on whether the transmission channel is noiseless or noisy.

Simplex Protocol

The Simplex protocol is hypothetical protocol designed for unidirectional data transmission over an ideal
channel, i.e. a channel through which transmission can never go wrong. It has distinct procedures for
sender and receiver. The sender simply sends all its data available onto the channel as soon as they are
available its buffer. The receiver is assumed to process all incoming data instantly. It is hypothetical since
it does not handle flow control or error control.

Stop — and — Wait Protocol

$9IPT TR connection oriented BRI ¥ T ST & TTIT ST TRANT STT fofds iR oIl TRIUIE oRR H
BT &. stop & wait protocol Y Jvex U THI H hdel U SeT Yope Y &1 REtaR BT send axar & 3R Rffar @t
¥ Ser Upe UMW Bar & g8 sender @l acknowledgement ASIAT &
sender ERT Uohe THT send Rl & 9T Bl aTel dbe T acknowledgement I IIRT 3T TRIT &

ST e A P Tg UfhIT a9 dh Teicl! & & S da b sender & URT A & T ST 81T 2. stop & wait
protocol @1 J&I WIS & ! accuracy. FfP T& Rl ST Ube Tl Worar & ST fUwel et &t
acknowledgement e Wit &, N ST Udhe & lost B T T FITEHT W & ST 2. stop & wait protocol T
TR IST JHA I8 & b T8 ST Yheq o SRAfHer & TTRT T 98T T (slow) &R T 8. FIfh sender SFTAT
Uope I deb el AoIdT 99 dd S Usat dtet fh acknowledgement YTH T&T & ST, $ BT sender T
reciever I & infinite T & f?rlifsv-_cl\_rﬂ'\’aﬂﬂT Q?;FIT%.
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Stop — and — Wait ARQ

Stop — and — wait Automatic Repeat Request (Stop — and — Wait ARQ) is a variation of the above protocol
with added error control mechanisms, appropriate for noisy channels. The sender keeps a copy of the sent
frame. It then waits for a finite time to receive a positive acknowledgement from receiver. If the timer

expires or a negative acknowledgement is received, the frame is retransmitted. If a positive

acknowledgement is received then the next frame is sent.

Sender

Ack

Ack

Ack

Receiver

—— Daa
——— Daa

— Dam |

Flow

> + Control
—— After

Consumption
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SLIDING WINDOW PROTOCOL
Sliding window protocols are data link layer protocols for reliable and sequential delivery of data frames.

The sliding window is also used in Transmission Control Protocol. In this protocol, multiple frames can be
sent by a sender at a time before receiving an acknowledgment from the receiver. The term sliding window
refers to the imaginary boxes to hold frames. Sliding window method is also known as windowing.
Working Principle

In these protocols, the sender has a buffer called the sending window and the receiver has buffer called
the receiving window.

The size of the sending window determines the sequence number of the outbound frames. If the sequence
number of the frames is an n-bit field, then the range of sequence numbers that can be assigned is 0 to

2n-1. Consequently, the size of the sending window is 21—-1. Thus in order to accommodate a sending

window size of 211-1, a n-bit sequence number is chosen.

The sequence numbers are numbered as modulo-n. For example, if the sending window size is 4, then
the sequence numbers will be 0, 1, 2, 3, 0, 1, 2, 3, 0, 1, and so on. The number of bits in the sequence
number is 2 to generate the binary sequence 00, 01, 10, 11.

The size of the receiving window is the maximum number of frames that the receiver can accept at a time.
It determines the maximum number of frames that the sender can send before receiving acknowledgment.
Example

Suppose that we have sender window and receiver window each of size 4. So the sequence numbering
of both the windows will be 0,1,2,3,0,1,2 and so on. The following diagram shows the positions of the
windows after sending the frames and receiving acknowledgments.

0f1]2]3] 0[1]2]3

Frame 0, Frame 1 Sent

0|1 [2]3] fo]l1]2[3]o1[2]3]

ACK 2 R‘ey

2[3]of1]2]3] [o]1]2]3]0]1

Frames 2 Sent

23] [o]1]2

ACK 3 R‘ey

3|/o0f1]2
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Types of Sliding Window Protocols

The Sliding Window ARQ (Automatic Repeat reQuest) protocols are of two categories —

Sliding Window ARQ
Go - back - N ARQ 1 Selective Request ARQ |

Go - Back - N ARQ

Go — Back — N ARQ provides for sending multiple frames before receiving the acknowledgement for the
first frame. It uses the concept of sliding window, and so is also called sliding window protocol. The frames
are sequentially numbered and a finite number of frames are sent. If the acknowledgement of a frame is
not received within the time period, all frames starting from that frame are retransmitted.
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Selective Repeat ARQ

This protocol also provides for sending multiple frames before receiving the acknowledgement for the first
frame. However, here only the erroneous or lost frames are retransmitted, while the good frames are
received and buffered.

Selective repeat protocol @I Selective Repeat ARQ (Automatic Repeat reQuest) o} PET ST 8. T8 T Sl
foid IR Meidiel & ST f sliding window fIeft &1 TIWT &_aT &. Go back N MICIhict 38T dRE BRI Hvdl &
If< 39 errors FHH B 2. E{'\’-_g’aﬁ{ line YI=T9 BIT & AT frames Eﬁgﬁﬂﬂ ‘ﬁaﬁﬁagaﬂﬁ bandwidth &7 JHATT
BIT 8. 391U 89 Selective repeat &I TN x4 2.

L A
/‘gﬂﬁﬁ L-z" ':‘ —
5 %
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Selective Repeat

sﬂﬁaﬁ?ﬁ?ﬁﬂcorruptm@m?ﬁmaﬁ
3T aTetl @Y frames T AT GERT ST T
g,

S et AT T T GHIRT WSAT SITCT & ST corrupt IT &1 STl
g.

g g error rate Bﬁ%ﬁﬁT%?‘ﬁﬂ%’ﬂEﬁﬂﬁ
bandwidth T Sifig o T &.

&9 bandwidth BT T 81T &,

gg IIal complex BT & FIfP 35 sorting =T searching

Jg BT complex (HS) BIT &. oY AT Uit 7. 3R 39T SATST storage T Y 3rrerezramar
gl 8.

sﬂffsorting &Y BT TSt s?ﬁframes ﬁﬂﬁ?ﬁqﬁaﬁ%%ﬁsomng P I ',

4T 3 searching & HT ST &, TRy gU frames @I search &< & foly $H searching

JATORI BT perform AT ST &.

ST TRINT 1T fhaT SITaT 8.
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