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2. TYPES OF COMPUTER NETWORKS
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3. NETWORK LAN TECHNOLOGIES
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4. COMPUTER NETWORK TOPOLOGIES
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. Layer—1 device such as hub or repeater
. Layer—2 device such as switch or bridge

. Layer—3 device such as router or gateway
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5. COMPUTER NETWORK MODEL
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OSI Model
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>Transport Layer:
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6. COMPUTER NETWORK SECURITY
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. Secret Key

. Public Key
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2) Public Key Encryption
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daststr] fste] FAIAIE AREST }94}7} dastE dHelgE Hyds W, 1v
Aae] W )% Apgakel 1RG4 A5 F e

T4 7] ot53}9] o= Rivest—Shamir—Adleman (RSA).

6) RSA — Hx9 AEA<l public—key @oA|2Hloln, Holg & s i3]
de] AR AT

3) Message Digest
o] WiHo A= A HolHE B &tl tialdl a3 S AtellA much A

By
AF ol gL AAel HAA G AN el BF GrH A% was, FE ghol
FASTH, 1 dolei PrHa 18A g Ava

o

7) Hash function — 99& A7]9 dolEHE 4% F7]9 dolEZ map sH=1
AbgEd = Sl derelnh o] el s HEE @te s @k, sial 2=
2, dE5E vy &de Sdskd AR



W] o= MD5 hashing ©|th AREAF S| =7) AH o] A

st QoA o] of WHE ALg .

2

o

d

3} )

al

o

=

3]



7. PHYSICAL LAYER INTRODUCTION

OSI Edo Al Z2]4 Folojs AAHQ oo Als WAYF Fs248stes s
qas gtk EYA dHolole AAE F oY AME HE ZHOAS =FAHS=E
AAA7I= OSI Ho o3k dolojolty. o] Hololi= st=9o] AH], cabling, wiring,
frequencies, °|% Az E Yeh=d AFE 5= pulses 52 Aol

=84 #oloj= Data—link #olojo] AH]2E AF3dtt}. Data—link #|o]oj= &
goloz ZHIES dAZT E3 golols IAES oF dHolHE mdHE A
HaZ WAAIY, 231 g5 2 o) dHolH 7t {4 ujAlE Fa AgE ).

N

Signals

dolEg7F E8]4 wAIZ25E Hld o, 242 AR A52 HA vpgojof s}, dolH
O AAE Ak g4 e ohdRIelAu txazel dAAy dxdd 5 gk
shdz1sh U eloje] % Ao} otz AEE FAF 5 9tk

>Digital Signals:

HAY Az A2 orbHoir dSd A HAE yekdg. "Ad Az HFH
Al gle] B zo| A ARG-E

> Analog Signals:
ofgE I 4AlEeE AHo] dSH HPo=E Hol glom A&KAQ] AA] o r AT

Transmission Impairment

NEE AR AR W, aRES PAE A9k Aok oS Bedt Be g
A9102 WA/ E Fk:

> Attenuation(Z4]):

FAAZE AAZ dHelHE siAstr] AsiM= 2 AmTE Fwsl AsioR dth Al
AE Fal A w, 2L oFeix= Aol vk ATt soivd AieE el ok

>Dispersion:

AE7E MAS Ba Awd W, 25 FAAAY EoAE Aol Atk W) FFe
AR Foao] W 24w



>Delay distortion:

Ao Abde] Aalxl &xol Fur wjAzke]l Rt wd Ase] Zwel Fupir)
By x =, 1 /\] = 0loje] wialo g EXJ;qoﬂ wogst 7lsAo] 9tk fxdg
WA A, ofE HESe] olm] Bl AE WUl W wuwd o e w$ XE Aot}

>Noise:

ohgmau tAd AlsolM doF waet B OL
AANARRE NFAG w0l 2 ofgo] {3

é o,
2 o
(o
N
L
2
1o

>>Thermal Noise:
e wol2E FWAZ 5 Ui ARAS = Bk oW FEAA, ol T o] 2E

S@ S g,

>>Intermodu1at10n(—r~l‘r—r«] CRALEIR

o] Fa4E 3 wjA AV FHE ul, o]AE
]ed e UPOEI T MY MR gE Fa5rt
ClaB >4 Lﬂf,'—ur A AY R8s 1 AAVE iR AEeA fevd, 1 AR
WA sk Foes 7 v AYEA s 7 9

>Crosstalk(E&41):

19 +39 woj== 9 Alz7F vjA el
o2 i Ale] Az JegE 71%]7]

>>Impulse($24):

o] wolx:= . Ay FA, T B
=]
B

tAE el iL ol2gk o]zl

Transmission Media

T AFH Al2E e ARES RS wAE AF dA a2y, 5 oA FErE o

>QGuided Media:



E EAl 9fo]oj/Alo]E-& UTP, coaxial cables, fiber Optics A& %= wjA|o]t}. o]
jﬂoﬂ"i, &A1} )‘”X}L AMdAor ddyo a4s T AEE AS(FE) o

2 I

>Unguided Media:

FAloly wFate HI%E Ae F-2rk 2 olfe SR ghel] o d AZdAdE {17
mitolth ARE FFoR e $AVE 2t gl Tkl 1 AR 19 5
o]
AN

Channel Capacity

ARAF 25 Ad ANHAEG F20 oS bR EofollA = doly YolER
Arrel, thg o] w@e 24d wel A4gHch:

. Bandwidth(53}<= th%%): The physical limitation of underlying media.
714w A e E2 A AL

. Error—rate: Incorrect reception of information because of noise.
wojze] glelo] B HAsE Auel A%

. Encoding: The number of levels used for signaling.

ATEgoR AHEE AWES 5

Multiplexing

He|Zg o)t g wiAZ E9 fHoly 2EHES st Hule 7|HS ¢t o
ZIHoM = 2EHES HEEZHAAE7] Y3 multiplexer (MUX)9} wiAZHEH HARE
ol M=z tE E-A2 BFAHAIAFTE de—multiplexer (DMUX) 9} 2 A|2E
Sedels Baw .

=

Switching
z9Fold Augozny Y ddxx Fe ZHAR  dolH/4RE HuyE
HAYFI. UEe A3 d4d" ArRYo=RE dHolgE wold & AFslu
BAF g, BAXG 74 sbte] gl T WAl J7® mut 4Edd 7752
ZHA AL 3d



Packet Switching

Switching

>(Circuit switching

A7 29Holgt wEEo] FAlslr] A, F el 9 w==rF Hlex A& FAl
A (MZ)S FFoe ddAFYUACNA e Adx WS Fslth, MRS f
bandwidth & 25 B4 AHe] o] FolAe B HEE FA@h AZe 1 mEEo
Eg Ao e Ar|slEs dAE AAY As3h).

A =29 % Yo kst o2& x7]o] ofd2 M3l Yot} 3 HIr|RFH v
As71 2 &7t olFojd o, Hstuwdrld e 29AES e 3 o

A& =2 T A7) Moo A A%AA fH AZS wEL

AR z94e mygdHem U Fd A¥E dZox, HeHE past w3

2943 dxAolr. 37 299dA, el shte] E4 MM AFae vl Ul
YA Biel AAsks B4 AMelA AT AR ols) FHEADE, 47 29 elA

Alsshs Aujzol tieh £ BAe] o] FojxA| o= dyE WA

>Message switching

Qo)A FUA el A, MAK 29HE @] one hop = WAA S0 wWeH A
SEAFE, 7 29Fe] Aol ol AL U e, e, Al wula]

#3le] 1959—-1963 ' =t el EYo}¢] Collins Radio Company oA HZx= wr=it)
HAIA] 2913 A|AEL AAo e dF-29%] e AF-290F dHolE Y FuE
T+ uﬂ)\]x‘:‘

2
= AEER AFAh 72 WAAdE o
ot

2ol A&y vk 4
7 AR A8 vgd, dE8dS Sk

Ausl waEo] gom, 7t ~9AdA ol

Oa 2932 dedu, Ul 2360 me}, ofg vAx =] eyt eddd dom ddsA
@71= gk 4 WAAE te 292 d9E7] A, (RAM 9] A= lske] diAl=

Eal |
st=gojd) AAET). o2k o] F= QAdle], o] AL WSk 'store—and—forward' network 2}

>Packet switching



7 294e BATEAH BA A4l o8 T £ Ax MAS Fokel Add
QES, WE A% dolHE zlolghn Y2 AP v)e] LE:om Huah):
gAd 9 EA welth 3R A9de el a8AN AZAL FuAv, A
QeI A AEaE B olBe] /Ed AMALE Ths 1 g,

f7e Adsh Aelzew pHAL. dAde Aus 9 stsdefo os), W3le] 1A
BT I e i P i R
7 2932 1960 A9 1970 ddeo] 7 lern, 7)<l X.259 ARPANET oA g
AR, o5d oA B o] LAN o4 AEEE JEA ol 9g
goleti HEt o] fi olle] BAN(ANEAT)oR 45 A4 Fxo|7] Hioltt,

g7 =L doly 2 A9 Al connectionless packet switching ¥} virtual circuit
switching ¢! connection—oriented packet switching &2 &% 7]% 3o}
connectionless 22 EF9] o 2% Ethernet, Internet Protocol (IP), and the User Datagram

Protocol (UDP)¢] a1, AZ4-A&4 X2 EF 2+ X.25, Frame Relay, Multiprotocol Label
Switching (MPLS), the Transmission Control Protocol (TCP)7} 1t}.

connectionless XEEZo|A, ZF dFlo= A3 FALAAHHIE 599 o] IFEL
MEAo R ggE FHERZ O Ayt "oz A2 UE 25 4*‘10}04 Aol mpEA
i dgdn. 7t wZle 544 Fa HE F2, LE WSV #AH ok Ed

d WHe7b ZAE FE QAT onE #iFlo] HAAR Tt HdE
Hask=d Efo] HeE d&d9 F8AdS wAXZY. 2y o]ALS v W FHIb
g7l FHelA BeR ke RS ou|gitt. 1Y BEE U= U AXA i, o] AR}
power—hungry content—addressable memory oA AAFE HQ 7} v}, zF sfFl e dw
ot 29-HE Eotel ded o vk AAHoRE, 1 A ~EE connection—oriented
system ©] connection set—up ©A] dof = ANEE BE IS ¢t BE AL o
shAIRE, o &9 82 dHfA = A RIS JHA AL A Eth HA A oA, o
A A /HolH = A FHE AR SHE SAZ AFAT @k 28922 virtual circuit
or byte stream ©.& <2#1% virtual connection °]A H|E FA48 ¥l w=tEo] WA g
connectionless network layer service TS A 3-8} 2} %=, transport layer protocol o ]3] %
o] g2l Al AlFH Tt
Connection—oriented transmission o4 " Ze B4 Fejugeo] FHS 81,
AGE 7| Aol Z}7he] #I- =ToA AXEAE 83y e FAPYHETE
o4 NH&X}E Rl oe) A o]o:q d = jo]Eg} ﬁﬂ A2 Uﬂoiﬁ —FHEHE aga e E
AAstHA dgdtt, FAFRANAN XA RS g¢-ES Fa, dEZZE 2 Y =2 Qe
2913 HolEd ddo] FrtE AAH Y= wtolvt I =R ﬁ%%ﬂr. o] wf ARg-¥
A1dey ITZEZS o]Zg dold 179 QTAES E—?‘éﬁ}ﬁ} = 3lo] YA v EHE
s grh. AH|A gerHE $8 et #ES 224" )\‘jr. 7 e e tE

YA FEIEE o]8)3 A H 9} length, timestamp, or sequence number 9F & AHH WS
ZgehE ArRY 9


http://en.wikipedia.org/wiki/Connectionless_communication
http://en.wikipedia.org/wiki/Connection-oriented_communication
http://en.wikipedia.org/wiki/Ethernet
http://en.wikipedia.org/wiki/Internet_Protocol
http://en.wikipedia.org/wiki/User_Datagram_Protocol
http://en.wikipedia.org/wiki/User_Datagram_Protocol
http://en.wikipedia.org/wiki/X.25
http://en.wikipedia.org/wiki/Frame_Relay
http://en.wikipedia.org/wiki/Multiprotocol_Label_Switching
http://en.wikipedia.org/wiki/Multiprotocol_Label_Switching
http://en.wikipedia.org/wiki/Transmission_Control_Protocol
http://en.wikipedia.org/wiki/Network_layer

8. DIGITAL TRANSMISSION

dolHy AHE= F 7FA ®WHoz AHAHr): analog and digital. FHFEHANA dHolHE
ALE317] 93] discrete digital form = Fofof 3t} dlolE e H|S=E}A|, signals H=3F
analog and digital form ©o]ojoF 3t} dHolEHE UAEH=R HEslr] s, WA x4
FJEH = 2RSS HAoF gt

Digital—to—Digital Conversion

olAl fxd dHolHE YAY Aladz WHIA7]= Wi gis] dolr Al F 7EA] Wyl
9lt}: line coding and block coding. mE EAlo]A line coding & Z4Zo]x%k block
coding & A 14 o]},

>Line Coding

gAd doleE YA"E Aad=E ®W3AI]e= HAE Line Coding ol#t gt fA™
dolg+= 2 A Feg R FHo] ormz YHRAHO T series of 1s and 0s o2& FdAH ALY
A7},

Sender Receiver

----------

----------

Digital Signal

Decoder

Digital Data I_l |_ _l Dlgltal Data
Line Coding
OAg Aade txg golgE ;i,_ﬁié} discrete signal 2 F-2m o] &% 4 9+ 3

7}A] &F9] line coding schemes 7} $



Line Coding

Bipolar

Line Coding

>>Unipolar Encoding

Unipolar encoding schemes & H°o]HZ £d3}7] $J3}9] single Voltage level & A3}
o] g, vlele] 1S xd3s7] #135ke] high voltage 7} A5, 0-& xdsH7] ﬂz‘sﬂ/ﬂ‘:—
no voltage 7} AFHT}, o] AL F3k Umpolar Non—return—to—zero #i1l%: F-Z+=4),
olf-= o3t 7e} 2% Q7] wito|th: = it either represents 1 or 0.

Amplitude
'\

g2 9O 42 0 A A

(1T

Time

UniPolar NRZ Encoding

>>Polar Encoding

Polar encoding scheme < binary values & %
AF8-3ke}, Polar encodings ol & 4 714 277 2t

>>>Polar Non Return to Zero (Polar NRZ):



ol 7 & X3 Hste] F 7FA 9 ‘3} Voltage levels & AF&3tt}h, ddb4 0 2 positive
voltage & 1 & 171l negative value & 02 Z A3}, o] AL 3 NRZ |, 1 olf+=
sl Yz =A% EAskA] 7] o]t}
NRZ scheme o= F 7}#]7} 21t} NRZ—L and NRZ—1.
- 0 W - O N B G W - R T
= _
= Time
;Oild i g iBidid oD A
~ -
s Time
Unipolar NRZ
W3 WhHo], NRZ-1+ 1S 9

NRZ-L & A= t}& v E7} 7k o voltage level &
]l voltage & WA 71t}

>>>Return to Zero (RZ):

gl Al Algel gAY AAZE Br18kE A e gl gAmrt
e} th2 B EZF A2 WS conclude & 4 fitHE Zolt)

(0] 1 1

I e

(0] I |

Amplitude

Return-to-Zero

RZ = 3 7FA1 9] voltage levels & AFg3tt}h: 1 & 333l positive voltage, 0 & X33} negative
Signals change during bits not between bits.

voltage 18]l ofF AX T3EA &= zero voltage.



>>>Manchester:
o] encoding scheme = RZ and NRZ—-L o] A3g3st o]t} Bit time = two halves & Yz T} o] A2

H|E 9] F7hd AeH™ tE v E9} whd u phase 7} W3k

>>>Differential Manchester:

o] encoding scheme 2 RZ and NRZ—1 & Z33 Aol GA| H|E F7Ho] HAFH A
w2t phase & W73}

>>Bipolar Encoding

Bipolar encoding = three voltage levels & A}&3kt}: positive, negative, and zero. Zero voltage &
binary 0 &, 18]3 12 positive and negative voltages & altering 3+ 2% HE & F ).

0i11{011i01111i0:i01}1

- - —

Time

'

Amplitude

Block Coding
FAlE data frame 9o AEAES ®BAST] Y5Fo], redundant bits 7} AFRHTE oS B9,

even—parity ©| A, one parity bit 7} frame even ol = 1 59 A4tol F7FHT),

It O

Block coding & mB/nB &% ZdH =4, o] 52 n > m ¢l

gk v ES] Aol 427} ZF7}e}. Block Coding ol 2 H-2t}
> 7
A 3kch+= Ao]t}. Block coding o+ three steps ©] St}

$-o m—bit block ©] n—bit block <

1. Division
2. Substitution

3. Combination.



block coding ©] B¢ theo, 2AE& A4 o7 o353 (line coded for transmission)©] F T}

LI MY

Analog-to-Digital Conversion

Microphones 2 analog voice & 18] 3l camerai= analog videos & F a3t} o] AS A E

HolE = d4alr] flain e tAe W] Be s
Analog data = %539 A& flolgel wiHe| t]x gL o)At Hlo|go|t}, o2 73S
U)X g dlolg & WA 7]7] $18iA4] = Pulse Code Modulation (PCM)S Ap-g3&}o]of 3k},

PCM 2 7Hg vt Ql W 9] shtelw, 3 7kx 9] A7} vk

. Sampling
. Quantization
. Encoding.
>Sampling
Analog Signal Sampling
The analog signal & = XE Tinterval & &3t AMEZHA 7 23 Q4+
analog signal & &35l W&ot} Nyqulst Theorem ©f] we}, M= H)| &L A%
7}

o= ©°
signal & Hi HIEQ] F nj

>Quantization



T8 é
—3 1 3§ B % 9
:> TiRiR-=s3

Sampling Quantization

Sampling = A&EAQ opF=2 1 Al1del olikd YFEHE ATt ol A5 =
ojibA IS old R A 1dS FTEAA HoFU Quantization & HUe] FE
H Aol FE 7k Alolol A o] Fo] Xt} Quantization < instantaneous analog value &

ol .

>Encoding
—P—o—
—o—:
: = e
AERE s =G 11010110 10110100 .. 11010101
Quantization l::> Encoding

Encoding

Transmission Modes

T =

0s 2% o7 folg &= F 7H4 == B Zt}: Parallel and Serial.

transmission mode 9| A= F FAFE Zholl HiolE 7 ASEH= #hHS AAst) 1s ¥

>Parallel Transmission:



E

F s

Hl@|rl@H|le|H]o

Receiver Sender

H dole aFER 2AH k. At fAH &t U3 dolH
2}ele] eAE zta Wy ow AALe Q) U$E AFE ES high order and low order

T EE Eelel @l EE HES RNt T olfs

zde] e HES 7t sddty] witd, g HE 5 (ol
g el)S 3Ho| BJlth Advantage of Parallel transmission & ilZ:o|@ Aoln, ¢y L
HeaAl oz Bl dolge] 47 O T =E the cost of wires ©] H|ATH= Aot}

>Serial Transmission:
E

24 o7 U#ks] BfR Tl Serial transmission o A& §HA
o

i

serial transmission ©|, H]
sk e A Aldute] g

Of

Receiver Sender

Serial Transmission

Serial transmission & & 7|2 o]t} H] 57|24 02 o] FoZt},



>Asynchronous Serial Transmission:

olF°] 5= AAF, timing °] TR3IHA F= WA ot HolH-HEE 5483 RS
ZRA AL Qlow, gAHTZE Az & dHoly HEES ¢ Ews T4 dE 59, 0 2
2= "ol Hio]Eo| prefixed =™, g 7§ oA o

T /he] 9442 data—frames (bytes)2] Apo]ol| gap ©

>Synchronous Serial Transmission:

synchronous transmission ©|A timing & =83tt}. ovtkstd Az & dHolg HEE
Q1AEE= HAYZo] 64 &7 wjFolt}h oyl pattern or prefix/suffix method ©]
Stk Data bits & bytes (8—bits) /\} 19 gap & FRAIFA %3 burst mode & ZEHT}
burst of data bits &= H}o|E Q] 48 ¥ 33 4= 9o B 2 timing ©] W =234},

Hlo]Eo] e HIEE A st #Eske A gAMel €¥ Yk synchronous
transmission ¢ FHL 11&0]1 asynchronous transmission ©|41* % extra header and
footer bits o gk o3t overhead &= {lthi= H o]t}



9. ANALOG TRANSMISSION

ofg= wyolz UAE dHeolHE Hul7] Hsl, ofdE Ads WEA[FAF Fh
dolg :Emgel wel 5 74A] Alo]=7F Q)

>Bandpass:
el Eol Balude] Fasg Besn w2470 AR Bandpass & BEE 723

F 9 Fshee] Wsoltt,

>Low—pass:

Low—pass + low frequencies signals & 3] 23}= HE o|t}.

tJx]¥ d|o|E & bandpass analog signal = W73k ujl, digital-to—analog conversion ©|Z}
B E21}. low—pass analog signal 2 bandpass analog signal &= W7 & @ analog—to—analog

conversion g} &

>Digital—to—Analog Conversion

HFEHQ data & old=2 JlEloE B3 v FAFH=Z B o, WA ofdEd A|lAYR
WH3A| Aok Sk}, Analog signals & Y XY Ho|HE HbYgsl =5 W ojof st}

analog signal < amplitude, frequency, and phase = TAEM, of7|o+= ST
digital—to—analog conversions ©] ) T}:

>> Amplitude Shift Keying:
nversion technique °| 4], the amplitude of analog carrier signal ©] ©]%l Ho]E
FFS VA== WP A}

o
o
o

>
~

Y

\ | : Time

Amplitude

Amplitude Shift Keying



binary data 7} digit 1 < YEFE w, the amplitude 7} X H Ak, 182 &
A A =T} frequency and phase 9% tfF H %9 carrier signal ¥} £#o] A%t}

>>Frequency Shift Keying:

o] conversion technique ©| 4], the frequency of the analog carrier signal < binary data |
QFE VA== AA

A
g !1“ 'Ill ||: Time7
Frequency Shift Keying
o] 7|l M= F 7 F32l {1 and 2 ©] ARgHET A&
f1 -

Sol, olAE Fo] sl
binary digit 1 & E@st7] $1ske] AeEm, A s 2

binary digit 0
Q&) A}8-E ). amplitude and phase of the carrier wave = o ¥9&& % 3}

>>Phase Shift Keying:

o] conversion scheme ©l| 4], the phase of the original carrier signal & ©]Zl ©]o|E ol kS
712 7] $]ske] A7 Ht,

Amplitude

{ L l \ |/ Tme
f - \
\ V) v/ \ { \/ \

Phase Shift Keying



Al binary symbol < %hg W], the phase of the signal ©] B} t}. Amplitude and frequency of
the original carrier signal & 93-S % sit}.

Quadrature Phase Shift Keying:

QPSK & 3 W] F 719 o]x TAEZE W52 phase & WATT o]AL F 714
2 2 phase oA o] Fo]Zt}. The main stream of binary data += two sub—streams I 4]
=& A ¥ o]z t}. serial data 7} both sub—streams o4 HEA o7 WHsle t}So] each
stream = NRZ technique & AR&3to] TAY Al1d 2 WMSHTE 1 $of, 7 digital signals
o] 7\1& Esl—%;}_

>Analog—to—Analog Conversion:

Analog signals < analog data & X @3}7] ¢I5te] WA ojoF s}, o]2| 3k conversion =
Analog Modulation ©]2} H-&t}. Analog modulation 2 bandpass = A& wj I Q3sjc}.
Analog to analog conversion < 3 7}#| W o2 o] Fo| Rt}

Analog Modulation

Amplitude Modulation Freguency Modulaton w

Analog Modulation

>> Amplitude Modulation:

o] modulation | 4], the amplitude of the carrier signal < analog data o] G&& 7| ==
LiRERA=

Amplitude Modulation



Amplitude modulation 2 multiplier o] &3] A3Ft}. amplitude of modulating signal
(analog data): amplitude of carrier frequency ol <3 F¥%% o], analog data °l kS
711t} frequency and phase of carrier signal &= W 3}*

] o) 1-
o 1o

>>Frequency Modulation:

o] modulation technique © 4, the frequency of the carrier signal < the voltage levels of
the modulating signal (analog data)9] W3}E Wdstes HA AT

Analog Data

\_—/

Carrier Wave
faY
n' \

Frequency Modulation
2 ™\ f\

Frequency Modulation

The amplitude and phase of the carrier signal + Y 3&}4]

O}
e - .

>>Phase Modulation:

o] modulation technique °l| 4], the phase of carrier signal < voltage (amplitude) of analog
data signal & W3}= wkd&l7] 9Jsle] WM ojof Fhr},



\ Analog Data
Carrier Wave
. ~ ~ ~ ~ ~ ~ ~ ~ ~
\ \ M\ N\ N\ Al Al N\
\ '. \ (AR A ) B f\ \
[ I fiiil I \
{1 | [ \
| \ { \ { \ f \ \
| 1 y | { 1 { \ -
\ { \ f \ | \ f \
{ \ | \ \
Nosd \ \ ) \/ \
\ / v, \ "u n" J f oy \
v v LY v W iy

Phase Modulation

Phase Modulation

Phase modulation 2

T

A H S 2 Frequency Modulation ¥} H]Sz&}A] 9k Phase modulation
frequency of the carrier signal & Z7}8F#] &+

t}. Frequency of carrier signal 2 the
amplitude of modulating signal o] 4] voltage W3S wd3sl7] €3te] W7 (made dense and
sparse) ¥t}



10. TRANSMISSION MEDIA

The transmission media &= Y EAlo] o]Fo| %= ©WA| physical media ©|T}.

Magnetic Media
ZA3E 7hel dlo] g
A RS A%
AEU AU &=
A E AL,
Oﬂ-% 50, 232 uA gk Avtet dielHE HTshuA, Xeldoez dey Hojx =
2ol RS Mgste] PHEA BAFgo A AtS dd G Qv 23 A o) 859
agqg dlo]g 7t Zasichd, JdHYS Fdl 27S dAEshe 32 fHX &tk WAN links <&
O e n&S AQsHA gtk aglEe] 18 @y, v go] ¥
o]

2 7%, data backup
gl g o2 wupylct,

= Afshe 7P A ¥y 9 s o] BAlsy
sto] g ZEoldelM HE or FejHow ﬁ% a}
& gl vl el dteett, dlolH e Ry S W, vaudE

] ek,

=)
=]
magnetic tapes or magnetic discs ol #7gH T}l A XA

o O,

Twisted Pair Cable

A twisted pair cable & F 7l ZgpArgom A FHORE ol glow, F Jf7F Ao A
stute]l YEfE olFa Utk o] 7 HAHeERY, @A spitvt NXH Alads AFsha,
U™ X = ground reference £ 20 % /\F‘lﬂﬁ} AXA 7F9] twists & noise (electro—magnetic
interference) and crosstalk & &¢o|=d =] At}

T F52 twisted pair cables ©] AT}

. Shielded Twisted Pair (STP) Cable
. Unshielded Twisted Pair (UTP) Cable



STP cables & &&4o &2 Yol twisted wire pair = H°] 912™, noise and crosstalk ©I
3 w3l

UTP = 7 79 7Hdlag]E zkar glom, 472 548 &% 23 A 9tk computer
networks °l| 4], Cat—5, Cat—5e, and Cat—6 cables ©] 7}4 @o] AF8% ™, UTP cables &
RJ45 connectors o] A4},

Coaxial Cable

=z

Coaxial cable & two wires of copper ©|t}. T4+ core wire 7} 1o, 1A E=A =
o] 9it}h. Core & HAAXE sheath & 7ol vl ¥ WA wire ¥ sheath & 7IRA
o, Sk A sheath & TRA] 7] U} o] A BF & XgiE oz to iy,

Coaxial Cable

o]t TFx=Z 3}, coax cable & ¥ FHF A|2dS HAGE 4 QoA twisted
pair cable & 1A XY -5t} o] A9 ¥E FZE= noise and cross talk o] gk I3
HroluhS- A)-g-3}™, Coaxial cables 2 114:9] bandwidth rates of up to 450 mbps ©]
7}s 8ot

coax cables o= 3 EF7}F At RG—59 (Cable TV), RG—58 (Thin Ethernet), and RG—11
(Thick Ethernet). RG & Radio Government 2] <1 o]t}

Cables & BNC connector and BNC—T & A}-&3}o] A4 %™, BNC terminator © 4% £l
AT gfolojE wigkst=d AFSEH T

Power Lines

Power Line communication (PLC)¥ H|olE A|AE S AE3d7] 9ste] A4S AL&3=
Layer—1 (Physical Layer) technology & AF&3%t}. PLC ©| A, modulated data & #Alo| &=
BUYZth & E9 A= A= 1 "ol E de—modulates and interprets 3FC}.

power lines ©] 9#] A}&-5 7] wfj&o), PLC & BE A7) 7|17]1E EA8te] ZUEHE
21t} PLC &= half—duplex & AF&9T},



ZF9 PLC7F 9tk

. Narrow band PLC
. Broad band PLC

>Narrow band PLC & lower data rates up to 100s of kbps & A|&3}™, lower frequencies
(3—5000 kHz)oll A 2ZHsgttt. 4 7|&= oo s Fikd 4 Q).

>Broadband PLC += higher data rates up to 100s of Mbps & #|&3}H, higher frequencies
(250 MHz)oll A #%=3kt}. o] 252 Narrowband PLC W e = itk

Fiber Optics

Fiber Optic & the properties of light 2 Z}& 3t} light ray 7} critical angle ol H]Z of,
ORAS 90 &= =AA I, o]k Ao FARFNA AEE 3L At} The core of fiber optic
cable & 1% glass or plastic &2 =T 3 2 ZoA dlo] wialywW XS uhg}
of t}E & o] i+ light detector oAl light stream < BA|3F t}So] 7]

Fiber Optic & Z1&E A&dy, F+ B2 ¥ o] 9t} vt single mode fiber o], ¥
3l multimode fiber. Single mode fiber + a single ray of light & W= HhH,
multimode ¥ multiple beams of light & %3t}

Fiber Optics

Fiber Optic %3+ dwhaka} oFeF 758 2bal vl To connect and access fiber optic
Asl7] Y8 = special type of connectors 7} AF&% ™, o] 23t Z1E 2= Subscriber
Channel (SC), Straight Tip (ST), or MT—RJ 7} S



11. WIRELESS TRANSMISSION

Wireless transmission = a form of unguided media ©]t}. Wireless communication <
folZde] 7171 Atoldl HAAH ojwgt F2]4 HAL o] FoX A etk T AladE
FTeoz HAH, A-3s ey o s A HT.

antenna 7} electrical circuit of a computer or wireless device o] 45 ”41 digital data &
o Aladz upy oo FEg Mo Ul 9 Ui /\PEH%OH 1= receptor 7} ©]
AZAE oA Al TAE delHE WaA I,

electromagnetic spectrum ¢ Z17F F-5-0o| wireless transmission o] AF&¥t}.

Radio Micro IhfErad Ultra %R Gamma
Waves Waves e violet s & Rays
10 10* 10° 10° 107 10° 10 104
Visible Light

Electromagnetic Spectrum

Radio Transmission

Radio frequency & A4Fst7] 4#&dl, A4 Auksk wavelength 7} ¥ e Fx2ES
#&e F 27] witolth. Radio waves 9 W9+ Imm °lAl 100,000km X=o]™, 3Hz
(Extremely Low Frequency) to 300 GHz (Extremely High Frequency) H%E9 Fu}4=
H Q= zr=t}, Radio frequencies = six bands & T}A] Ut}

A F3+2] Radio waves © HS T3 & v HbH|, =& RF & A o2 7l HoA

oA gl L}&\:} A Fae AL At sojud F2A8HA4 &0 =1}, High frequency

radio waves & %2 39 E zta ).

VLF, LF, MF bands ¢ #Z< # F3452 XA oA 1000 kilometers 74| ZEE T},

D) (@

EARTH —

—lN >{\‘

Radio wave — grounded



o| A=

a3k Radio waves © HlEolY  7|E AHelEe FFH7 Hrh 7
A 8] =(ionosphere)S o] &3t} 1153} radio waves(HF and VHF bands & #&)&
Zow tdnh oA Ee] Ml = ot AFom thA] WhabgTh

e rlo

= EARTH —_—

Radio wave - Ionosphere

Microwave Transmission

Electromagnetic waves above 100MHz ©]7%9] #A}7]|uf= 2 KM o2 H A= 7Zgko] 9o,
oA Aadd oW 53 xgoldS I HuUlXE HAi Hd 3| ﬁ%\—%‘ﬂr.

Microwaves 7} o= Haxr]  diwdd, gt gAY = o Z 1A
line—of—sight &2 A ¥ o]o} 3},

Microwaves ¢ Zo]+= 1mm oA 5B 1meter ©]3, F343+= 300MHz to 300GHz 7}A

pr——

Personal Area Network



Microwave antennas + W< E'_‘:% I FI5E 2Ze2u 99 a"AAMAH"E, v

Qe Y& o] EE‘r He =dstr] fste] Add —’F ATE  Microwaves + il53fo]H

Microwave transmission = G4 9} A& Fulgo] I A o] &35k}

Infrared Transmission

13} microwaves Alololl it} o] A 2] wavelength &
300GHz to 430THz ©]t}.

s 2ol zuwrE EAA AEFT. AHA
Fopel M9 Aste] e Frsha ®

700nm to Ilmm ©°]9¥, T34 H+=

5
=g
ay
=
(@)
[@N
=
a
<
D
rr
= 1
v}
=
ofy 2,
i)
k\}r oo n‘”

flo

Light Transmission

dlolg FAlo] Al2%+= Highest most electromagnetic spectrum << light or optical

signaling ©]™, LASER 7} AF-&%t},

frequency light uses & ¢I8}o], o] AL AAT AXNAHE zZt=t} 23 E2=E sender and
receiver == line—of—sight ol 91 o]oF 3}, laser transmission ©] YWAdo|m g & Lof+=
the laser and the photo—detector 7} 1¢JoF &t} Laser beam & YWH4 o0& 20| Imm
olm=, F 7N receptors 7} #olA Ao AFSHA wrHA Qoo FEstA s EHA
H}.

Photo Line of Sight
Detector / \

Laser

Light Transmission



Laser += Tx (transmitter)® Z+&3}al photo—detectors & Rx (receiver)® 2z 3t}

Lasers & walls, rain, and thick fog = #&& I Qlt}. F7F=2 laser beam = 8§37 o
91+ wind, atmosphere temperature, or variation in temperature o 3l &% 7%= 3t}
al

Laser + <¢Fd3} data transmission ©] A %k, communication channel & 3lsFA &3 Imm

Lo dolAE BFE AL W oYk



12. MULTIPLEXING

Multiplexing ©|# shared link &
Al Ak 7] oltk. Multiplexing <
A5 =82 medium ©2 YiETH

Communication <
frequency) S Z3f o]

Eole] AR th2 ohdrsh T4

1459 medium <

physical media (cable), and light (optical fiber)<
Folxth, 2E wjA= multiplexing ©] 7}

Ax ~ELS
9 A= e ~ERY 95

AF-&-3Fo] F7] (radio
3},

2} 2}

o] Al 7F @l wiAl 2 2 o), Multiplexer 2k 71717F 224 AE=2 o] 2
shubd ddgitt. $419 & %o 9l De—multiplexer 7} ©d wjA|25-E 2 HolHE
ok, gk thgol e ﬂ/‘]ﬂii it}

Frequency Division Multiplexing

the carrier 7} =344 wj, FDM < A&
Adz 2FAEHoY AgddE Yir v, sy
AbEAE 5924 07 channel frequency = ARESH 5= Q1o
Atk EE AES AR F&EIFA A UHAX.
¥ +=d], Guard band & either channel o] 2]3l] A}-8% ]

[ 7 | s [ |
Channel-1 M Channel-1
U
L
I Iz l T l £ |
Channel-2 P Channel-2
L
E
I 5 l X I fs |
Channel-3 : Channel-3
Frequency Division Multiplexing
Time Division Multiplexing
TDM & 712402 g8 Aade] 4§54, ofdza Aadels 488 5 9
TDM oA &+ A8 time slot 2= WA o2 ALE2HE Abolol Al Yirth, ZF ALgAbE
G2 AF% time slot ol AWt do]EE A4E 4= At} Digital signals & time slot 2}
&5 % frames, 5 543 time slot oA AET F A+ HH9 779 Ty do=z Yt

st} FDM o] & opd 21 7)o
A8 E
H, IR SHAeR A
ZH\:]E._Q.

O} 1-
=,

1t} FDM & =24
Zt e stgeit, 7t
<
T

guard bands ©° 23l

frequency ©|t}.

= =2




st} &F%: #9] Multiplexer and De—multiplexer &= 7 &35} 7|
7Moo ® Asetn, & v Al v AEolA wA| €

:amxmr-v——lr-cg

D
E
M
U
L
T
I
P
L
E
X
E
R

Time Division Multiplexing

channel A 7} 3t % £ &= Zdd AFE uf, De—multiplexer & & %% £ &=
Ao vjtjo]E A|F sk}l channel A’s time slot ©] YR %2} vz}l o] £ channel B &
vt} WbZo| A, De—multiplexer &= ®7]|20 2 AE3ste], channel B o] w|fol=
Ager), A2 g2 Ado|A 2 Signals © interleaved W2 o2 1 F2& AFE-3St)

Wavelength Division Multiplexing

Light & %3 wavelength (colors)S 2Zril Ut} fiber optic mode °IA], Th42] optical
carrier signals < A2 Y& IFS Alggo=zZH FAFE multiplexed . o] AL
analog multiplexing technique °©]9, /f@ & o2+ FDM ¥ Td3 H2oz P x|k
S AJ1g A AREgho

D
M |
U M
L U
T L
- po— : D e T -
/ N \ P N/ ’// . N\ I g \\
g L ~ - P >,
E L ’
X |
E X
R |
R

Wavelength Division Multiplexing



Code Division Multiplexing

Multiple data signals & Code Division Multiplexing & A& o ZH ©d Fut4
T Atk FDM & FiE B 22 Ad=2 UrAY, CDM 2 o] &A= 3}
bandwidth & AF&3|A] AAEA] 553 I=E o] &5t Al1dS AFT F 2
CDM & 2 1 5= (orthogonal codes)E AFg3to] A|19S Augic).

7t zglo]Ael= chip ol FEE f§dY ZEVF @EETh Alade 59HoR o|ld
sk 7 whole bandwidth WolA =ottpdnt, ejAM= Aol =Zsfof 8= chip
code signal o thale] wg] <ar At}

t
2
of
)

2



13. SWITCHING

Switching o]& X EA XER 97|25 HAAZ Bul= Aot} dtlo]E7} g LE A
Z

< W, ZAE ingress @} FEI, HloJH 7t U W], egress B FETH Al A|Z&Hlo=
2999} =9 F7F ¥shEo Ard. He FFo =% switching 2 F 709 major

categories &= Uit}

. Connectionless:

The data is forwarded on behalf of forwarding tables. No previous handshaking is required
and acknowledgements are optional.

. Connection Oriented:

Before switching data to be forwarded to destination, there is a need to pre—establish
circuit along the path between both endpoints. Data is then forwarded on that circuit. After
the transfer is completed, circuits can be kept for future use or can be turned down
immediately.



Circuit Switching

T =7 ALFAAoR MR FAE o, circuit switching ©]g F-Et}. Holg7} thd
gl ezl FEZF d8stH, 1 ¥e ou3t dHeolHE F&3tA 2+t HelHE

43} circuit switching ol 4], circuit & Hlo]E Z o] o] FoAEF A x| x| ojof siu}

Circuits © 998 % dAAY F% 9t} circuit switching & A&l o] 25L& 1S3
28 3 7}A 9] phase & AdgstA € Aotk

. Establish a circuit
. Transfer the data

. Disconnect the circuit

Circuit Switching

Circuit switching & voice applications 802 AAEYCE A= 714 £& 49 circuit
switching ©]t}. o] &x}7} A3t= sF7] Aol caller and callee 7+ 7F S =271 Y AA 9
A= ojof ko),



Message Switching

o] 71¥& circuit switching and packet switching ¢ F7F o]tz 3f m
switching ol 4], & message += data unit & FHFHH, AA7}F 24 A F 2 A5}
] =

message switching oA Z&3t= 29X WA, AA HAAE o, oS GAZ A5S
T A Aol & wi7bA] A S buffer St tigFe] HAAE whr]o] Alo] FR-SHA|

oh, 1 MAAE AFEe] 294 JnRi

Store full Message Store full Message
& then forward & then forward

Sender Receiver

Intermediate Switching Devices

Message Switching

o] 7|2 circuit switching NAAHHE BE S27F @A F 719 QIHEH=Z Ysfglonz
circuit switching ] A 7|H o2 o] A% ). Message switching < packet switching &
th Al gk A o]t} Message switching & @S v}y A}

. Every switch in transit path needs enough storage to accommodate entire message.

. Because of store—and—forward technique and waits included until resources are vailable,
message switching is very slow.

. Message switching was not a solution for streaming media and real—time applications.



Packet Switching

message switching ¢ @& o] packet switching o] tat ofolr]o]S AT A
HAIR S 7| =8t F 2= B} 2HS chunks 2 Z70Z Y}, switching information 7} 2+
71 =9] dHel] F7lE o] HHPA oz AFE)

intermediate networking devices oA Z& 7|9 W7 =E A A= AL HU Hel,
Ol AEL carrier path 9l A1} internal memory of switches oAt e YL FQ =2 317

o}
o - .

Packet Switching

Packet switching & t52] o] Zo|A] 2AISE packets ©] carrier ol 4] multiplex & ZA A,
line efficiency & <9It}. internet < packet switching technique & AF&3tt}. Packet
switching & ©|&x}7} data streams & $Ao wgt x¥Hslst= AS 7Fs3HA o)

Packets & service 8] #2& AFst= ATl wel A= 99



14. DATA LINK LAYER INTRODUCTION

Data Link Layer == OSI Layered Model ¢ 5+ WA layer ©]t}. o] #oloj+= 714
dols T styoly, H33st 7|53 oFE 7FXa vl Data link layer &
st=dole] yds #5Fa 9lal A wiARZA B A9 dlolojdd ~2x2E B
A

Data link layer &= oJ® oJujollA A3 AAH F /N T2E Atelol|A 2Fghet. o] g
A4l AL point to point or broadcast ¥ 4= AU}. broadcast network 4] A|~EIL
T HHo| A FE 4 v} data link layer 7F Sk ¥©] single collision
domain o4 #5¢] IAES vE W G5 S36HA b= FEe] vk

Data link layer i data stream = H|E ®H=Z A9 R WHIA|AA 7|82 Ft=gojo 17&
Bl Aol olvh. H43hE #ollA, Data link layer £ sF=dojolA] A7[A2d Hej=
Hol = HeolHE HWoldl thgol, AT ¢ e T xwo=m Hol A9 #olod
YA

Data link layer &= & 7}A19] sub—layers & zt=t}h:

2 ofy J
o fo o
Rl poh poh

. Logical Link Control: It deals with protocols, flow—control, and error control.

. Media Access Control: It deals with actual control of media.

Functionality of Data—link Layer

Data link layer = "¢l #lolols talete] B2 dFE s, vaat 2ok

>Framing:

Data—link layer takes packets from Network Layer and encapsulates them into Frames.
Then, it sends each frame bit—by—bit on the hardware. At receiver end, data link layer
picks up signals from hardware and assembles them into frames.

>Addressing:

Data—link layer provides layer—2 hardware addressing mechanism. Hardware address is
assumed to be unique on the link. It is encoded into hardware at the time of manufacturing.

>Synchronization:



When data frames are sent on the link, both machines must be synchronized in order to
transfer to take place.

>Error Control:

Sometimes signals may have encountered problem in transition and the bits are flipped.
These errors are detected and attempted to recover actual data bits. It also provides error
reporting mechanism to the sender.

>Flow Control:

Stations on same link may have different speed or capacity. Data—link layer ensures flow
control that enables both machine to exchange data on same speed.

>Multi—Access:

When host on the shared link tries to transfer the data, it has a high probability of collision.
Data—link layer provides mechanism such as CSMA/CD to equip capability of accessing a
shared media among multiple Systems.



15. ERROR DETECTION AND CORRECTION

dojojE2 drbAQl HES A S = HEsith A9 #olofE2 A|&E T
error—free transmission < 7|tigtt}h, tfF-Eo] o]ZEL o7 dolg7F A4=E w 7| thsh
g 253K &=t voice and video &F e o] ZELS S HEA] XN ojwl of 29
gisiA = & ZEslr = g

Data—link layer & ]9l (data bit streams)E°] A3 A AEHA=AES 321357
error control mechanism & AM&3stt}h ey} o8] EAHE oldlEr] Y ste], wHAlEH
o gjo] F/7F FAQIA A diste] of= Zo] dujde|r},

HAEEE o HolHE Wrimgs Be Yolo]l 9tk noise, cross—talk ete. A9
] o

¢

Types of Errors
79 o g7} 9

>Single bit error:

Sent Received
[1]of1]1]ofof1]1] -"hWHHWEHH

Single bit error

In a frame, there is only one bit, anywhere though, which is corrupt.

>Multiple bits error:

Sent - Received
[1]of1][1]of0[1]1] (101 N0 pyi1[1]

Multiple bits error

Frame is received with more than one bits in corrupted state.



>Burst error:

Sent - Received
11]oj1[1][0]0[1]1] [1 FRCNCN o [1]1]1]

Burst error

Frame contains more thanl consecutive bits corrupted.

Error control mechanism & 2 7}A| 7} Qlt}:

. Error detection

. Error correction

>Error Detection

A T gl o8& Parity Check and Cyclic Redundancy Check (CRC)S A}-&3}¢]
GAET, T A, F45Y F7F HEESE AA dolHef A HuUlA vt FelA Hayd
dole7F Bl Ay ZexE sHelsit). gyAv oA counter—check 7} E8W, L R EES
Bajs Aoz 7hFHE)

>>Parity Check:

st 7le] o9 HEE %7] HES A HUA even parity & A9-ol+E even =, odd
parity & ZA-$-ol= odd &

O

ES DR

AALst), o] & E9], even parity &

AF83kar, 19 2A7)F evenolgbd, 0<1 gkl &k 7l HIEZ} F7hET o] WS 19 A&
even 0.2 A3 WA 1 9] =x7F odd 2HE, 1 9] kel HEE F718Y] even S WHETE

Data Bits Even Parit
1|{o]o|1]|o|0]1] |- 1]ofof1]o]o]1]1]

Even Parity

YA E 2] Zgdel 1 9 AR AAketh 1 9] 52A7F even ©]il even parity &
AbSEThH, O T g LAHA ¥ AHAoR 7
odd ©] 3L odd parity & A}&3tid, 1 L o}A



A AF HEZ A% Fol flip FOHE, AAME 19 £AE ARFORH 1
ek, e}, 17) ool MEL ojelebd, 1 A7} el B ©Xer] 7t

4>£4

>>Cyclic Redundancy Check (CRC):

CRC © 49 =Z#dol Fast diolgr7F x3E o] A=AE

o] 7|H¥el= HEE dHolg BHIEY o4 FEE EFs d1V1sor £ polynomials <
Abgsto] AAbE T At = Bl B Eo] thdk division operation & 335, YHXA|E
Alxkgith, Azje] HEE BHuUl7] e, Alds AAe] HE o] 1 YWAE H7hsid
Actual data bits plus the remainder & codeword 2 H2w, A= codewords *¥
oy & d&3rt.

BAsh ke Wil

Sender Receiver
Divisor Divisor
11 111
101 | 11001 101 | 1100110
101 101
"""""""" Data Bits Data Bits+CRC
110 110
101 101
s i | 111
101 101
10 101
CRC i I
000
No ERROR
CRC
vtz o], YA E £ e CRC divisor & ©]83l9 codewords © #3F divisiosn

operation < F&at}. 7Y remainder 7} E5 zeros ©FH, 7L HlolHE HEHTE 18X
2TH, old dlolE7F dE Foll "ol 2¢lo] WAS o= HFHT

>Error Correction




tAE A4l A, error correction ol = F 714 W o] gtk

>>Backward Error Correction:
A7 AaE dlolgHoollA dgE AAsHH, Ay A A HUlEs 8% s
>>Forward Error Correction:

A7 A5E dol”elA olelE XS, error—correcting code & A 3PAIAA
AAEo® 3Tt A oW FFR oY= 7@ st Ae wE

2l WA Backward Error Correction 7} ;.;o}Uﬂ FEo] HMA] Q= oo FEHoR
AHEETE olE& S50, fiber optics ©th. L Zﬂ%-‘ﬂ IEQl Aol vlgo] A3
I A}t Fx}e] A$-o= Forward Error Correctmn«] Abg-o] vtz sl

data frame ©lA odHE FAS7] fstd, HAHE 2 ZEAe oH HEZ}
LAHA=AE AEstA Golop gt Ay HES 37] 9she], o] ©x]&<1 s E
HE A& AMSY = JAHEE ALE-3stt), o & 59, ASCII words (7 bits da

8 kind of information 7} "ot S 7 = ojw v EV} o g R =
s A & = 171 o]/de] HE

For m data bits, r redundant bits are used. r bits can provide 2r(2 2] A|3¥) combinations of
information. In m+r bit codeword, there is possibility that the r bits themselves may get
corrupted. So the number of r bits used must inform about m+r bit locations plus no—error
information, i.e. m+r+1.

Ll
=S
%
N
kil
o
&

2" >=m+r+1

Required bits



16. DATA LINK CONTROL AND PROTOCOLS

Data—link layer == point—to—point flow and error control mechanism ¢ 2 & 2 <]o]

o)
2R

Flow Control
data frame (Layer—2 data)o] =2 "iAlE S 3 S2EoA thE T 2ERE HUAS o,
sender and receiver © £ £E2 Zdfof st} =,

sender + ZAIH7}F HEdte] AHEed = A= S22 HolHE HUoF 3l sender or
receiver 9 &£X7F g2 ofd A H =7} Adrt Y @] BuUlA A RSkt
A2 (swamped), dlo]¥ &£Ao] wAIst = gt}

dolel EAE AT F FFe vAUZe] rk

>Stop and Wait :

o] flow control mechanism <= H]o]E] AFo] o]Fofx thgo Hul& dlo]H -3 <ol
A5E AL QA WA AE7 WAA JTeES @

Sender Receiver

NOSS

ok

Time
7z £ 5%
3 3
g0} ]
~ o

Stop and Wait



>Sliding Window:

o] flow control mechanism oA, sender and receiver = T} the acknowledgement =
Bl oo tlolg-made] &7t AX|stojof gt oA HIR %o, stop and wait flow
control mechanism 2 AFg-& JH|stE &, o] protocol & 7hsst g o] 7|2 A

olgsteln Fict

Error Control

data—frame ©] A%E=E ul, HAE Fo| HolHE AAY oA S % Ao F H§-
5, YAHE A3 dolH -2y dS W] Koy, Algs oW &Ao] ueE A

ezl i), o]l 7 9-9, sender and receiver J_l:r transit errors such as loss of
data—frame ¥ £ AF g & @XT F J&d E=go] He TRZEFS vids)of st
J# 2%, sender ZoA data—frame % Al HUWAY  receiver ZoA o] A
HolH-ZH Y-S AdFIEST &

mi
4
il
20
i3

error control mechanism ¢ Q%A ey )

. Error detection: The sender and receiver, either both or any, must ascertain that there is
some error in the transit.

. Positive ACK: When the receiver receives a correct frame, it should acknowledge it.

. Negative ACK: When the receiver receives a damaged frame or a duplicate frame, it sends
a NACK back to the sender and the sender must retransmit the correct frame.

. Retransmission: The sender maintains a clock and sets a timeout period. If an
acknowledgement of a data—frame previously transmitted does not arrive before the
timeout, the sender retransmits the frame, thinking that the frame or its acknowledgement

is lost in transit.

Automatic Repeat Requests (ARQ)=E o8& F A& 4= 9+ Data—link o|A4] o]&3 4
AT 37HA T/ 7ol 2



>Stop and wait ARQ:

Sender Receiver

Time-Out
?
k
0

Time-Qut
\/

\/

W
/}M
—

w w

Stop and Wait ARQ

Time-Qut

o5 22 wWdko] Stop—and—Wait ARQ oA 2HAY gt}

. The sender maintains a timeout counter.
. When a frame is sent, the sender starts the timeout counter.

. If acknowledgement of frame comes in time, the sender transmits the next frame in
queue.

. If acknowledgement does not come in time, the sender assumes that either the frame or
1ts acknowledgement i1s lost in transit. Sender retransmits the frame and starts the
timeout counter.

. If a negative acknowledgement is received, the sender retransmits the frame.

>Go—Back—N ARQ:

Stop and wait ARQ mechanism & A& #HA o=z &-838}% K3t} acknowledgement 7+
A4 ), Ao SEAYHEA ol AR 1% 2¥E=Th Go—Back—N ARQ method ©l A,
sender and receiver =% window & X8} At}



Sender Receiver
Set Timer for O F’am@ 5
Set Timer for 1 m‘
Q

Set Timer for 2

Close Timer for O Send 3
Close Timer for 1 Send 4
Time-out for 2

Send all frames
again

Go-back-n ARQ

sending—window size &= A7} o] o] Ao tgt acknowlegdement & WA ZiE &

TYAde B £ JEE 3} receiving—window & ZAH7F B9 g ols HEska
TIAL acknowledge T 4 AU A 3T} Receiver = HAFH ZH Ao A HE
sender 7} %% A= EE ZYdS B2 o, oWl HE®H +WH7ZFA|7} positive
acknowledgement Q1A & A3t} RE Zg ool LA Ao oHLACIA, sender &
02 AES Zygds Bty 7+ A7l NACK S H4AAY 5dHS 2y d8o=w ofn
ACK & Wkx] Z3ichH | o3t A%< ACK & HHx] E3lomng RE xgolo] iy}

[r
il
o
2
o
i)

>Selective Repeat ARQ:

Go—back—N ARQ 94, A7 dE$ F7]2 93] o' vy T% zta 9= &
7hgstt. wEbd AaeE divit ZF ZEdS A sof st o] AL Algo Al QA EA]

2 RE LS MESES



Sender Receiver

Set Timerfor 0O

Set Timerfor 1

Set Timer for 2
Close Timer for O Send 3
Close Timer for 1 Send 4

Time-out for 2

Send frame 2
again

Selective—Repeat ARQ ©| A, receiver += £HE F4sl+= &<, H R
ool mAAY &4 g e didefZ NACK & Rdth o

NACK A€ 7| ExtS Bt



17. NETWORK LAYER INTRODUCTION

Layer—3 in the OSI model 9] Lay—3 & Network layer 2} &t} Network layer +=
sub—networks, and internetworking = ¥#@]sli= T AEQ} network addressing ©f 3k
S-S A s

Network layer ¥ subnet ¢HHo® AARHE EAARZ fJ7]%2E g$HEE HAdS
M gk T kA AEZ tgE AHABYe AE 2 addressing  schemes or
non—compatible addressing types & 7} < At} protocols ¢f FHFo], F 7o y&
ABYE M2 335R = 2 TREIA 98 = ). Network layer & A=

£ addressing schemes and protocols & mapping 39 A2 HEH SA4A 711 7)==
g-g s 7HA a9l

Layer—3 Functionalities

Devices which work on Network Layer oA ZE3dle 717|158 F
933 Qlth. Routing dlv ©Y HxE g5 93 3 g
kel 4= Q)

=

. Addressing devices and networks.

. Populating routing tables or static routes.

. Queuing incoming and outgoing data and then forwarding them according to quality of
service constraints set for those packets.

. Internetworking between two different subnets.

. Delivering packets to destination with best efforts.

. Provides connection oriented and connection less mechanism.

Network Layer Features

-

#5715 geel, Layer 3= e S4& Al o ek
. Quality of service management
. Load balancing and link management

. Security

. Interrelation of different protocols and subnets with different schema.



. Different logical network design over the physical network design.

. L3 VPN and tunnels can be used to provide end to end dedicated connectivity.

Internet protocol < QAEJHlo|A end—to—end Tlv}o]~7} &

o]
Layer protocol & Z=3}At}. F 7}X]°ﬂ/\1 013161 WA 7}
A AT A F2 F 2 address space & UHFE [Pv4 183l O],ﬂ
olA e TAHS FsIA7IH = HA Y IPv6 7} 1A o]t

W r>
°

N _b.
I



18. NETWORK ADDRESSING

Layer 3 network addressing & Network Layer ¢ T8 d%E £9 3d}olt}. Network

Addresses = &4} =g dolt}. thA] T4, o] ASLS A3 configurations & W74 71538
AEE] oEY o=y o)

A network address ¥ 3 host / node / serverd] ZEQIES ALY, AA US vAE & 9tk
Network address ¥ &4} network interface card ol 4] configured 3}™, dwH4 © & the MAC

address (hardware address or layer—2 address) of the machine for Layer—2

communication < 2t& A ~®lo] & mapped F U}

& E3t= thoFdl network addresses & &3}
1P
. IPX

. AppleTalk

o] 2ollM= AA AAZ AFEH= IP ol dis Lol r|= Ft

Network Addressing

[P addressing = hosts and network & 8 3FA 7| & WAYSFS A&kl IP addresses 7}
AsHa oz s 7] wol, host & 4 5E3 Yo A&GE, A4l AU 9F=
FAIStH AL 8t 2 A~E= packet/data & XU destination network address & olof

s},



o2 AUl Hosts & A= A& glete HAYFe] dastt. olggk g5+ DNS 7}
sl=td], DNS & mapped ¥ ¥4 FT2E9] Layer—3 address © 179 domain name or
FQDN & A|-&3t= A1 ]E} host 7} 994 & 2~E 9] Layer—3 Address (IP Address) & 9%
o], gateway & 1AL EE H7|=2E XY= St} Gateway @& destination host & 3| 7] =

ZFESEE o113 we ARE Zta 9= eh-EHolth

Routers & U3 22 AW E 23l 9+ routing tables & =%

o

itk

. Address of destination network

. Method to reach the network

forwarding request & WA} 29-HE HAXE &) th2]  hop (adjacent router)=
7|22 w9 e}

ol gt 1 tgd dfHE $9% 9
2470 Eda.

Network address © T & sluo|th

som, Aggow doly 7=z

o
O

. Unicast (destined to one host)
. Multicast (destined to group)
. Broadcast (destined to all)

. Anycast (destined to nearest one)

Router & A3 *%7] 2% broadcast traffic & XY =381+ &=t} Multicast traffic <=
] F-5-0] JJ 319 priority & 2z video stream or audio oA ¥ EWH3I X7} HQ 3}
Anycast + unicast o} H|=SHA|RF B9l EAXE AREE W) packets 7} 7HE 7S
E422 AgHT= xfel7) ¢l



19. NETWORK ROUTING

device 7} HAA o] EdatE 559 S2E 7ML JS W, 3 ohE ARt duste
TE2E Adgsit old A9 A& Routing ©]2F $Ht}. Routing < routers 2 F-2+& 53
Yl 7] 7)o )&l o] F o] A A software processes o &]&] o] FojX T} AXEQ o] oFEH
g 71539 H97E Al ol

Router + 34} ojwl rC]JZE g$E o] configure Et}h. default route & EWH3EH
EAZ] G geHE Y 5 s W, H7EE =T g9HE dEath e
AR m=gst 4 Qe E4e FEVF EASud, ZeHE oy ARl uef
A A sk}

. Hop Count

. Bandwidth

. Metric

. Prefix—length
. Delay

Routes + statically configured or dynamically learnt & <= T} Route & TS ZHT}
XA o2 configure & 4 U,



Unicast routing

e yly} QQETYo A EEo] Eg ol unicast data or umcast traffic O]E} Han,
EHs ZAxE HYE= 74°]E}. Q1 E] Yl o] A umcast data & #$H¥3dl+= ZS unicast
routing ©olg} @t} o]AE 7 wkdk 298 gl ol HAHA7F olm %
A 7] welth 8RR #9HE 94X #9E ]E% ZAFse] T hop =
H71EE X =3t Hrh

ga —>.—> —a-—> —>.—> ag

Source Destination

Unicast routing



Broadcast routing

Z71gkel 93, broadcast packets = oW Yo #FHEE ZFHFEIHAY XY= HA
2k=1t}. Routers += broadcast domains < WHETE 184 ojwl EWal 74
XL =SS configured & 5 Ut}

H

I (algorithm) 0.8 o] Fo] Zth:

Broadcast routing & S+ 7}A

. A router creates a data packet and then sends it to each host one by one. In this case, the
router creates multiple copies of single data packet with different destination addresses.
All packets are sent as unicast but because they are sent to all, it simulates as if router is
broadcasting.

. This method consumes lots of bandwidth and router must destination address of each
node.

Secondly, when router receives a packet that is to be broadcasted, it simply floods those
packets out of all interfaces. All routers are configured in the same way.

Q-—r—)q—»—ad—y—aﬂ.—)—ag
Source N % NN Destination

Broadcast routing



. This method is easy on router’s CPU but may cause the problem of duplicate packets received from

peer routers.

. Reverse path forwarding is a technique, in which router knows in advance about its
predecessor from where it should receive broadcast. This technique is used to detect and

discard duplicates.

Multicast Routing

Multicast routing = broadcast 2] 53t 7 9-0|™, broadcast & Attt =fo]o} o]t}
broadcast routing ©ll4], packets & W A Fevpd RE =rd HAFHY. a2y
Multicast routing 914 2 dlo|H = ©XA| 1 F7]| =& 7] dele =Ttk AgdHT

Lo

Destination

Destination

Multicast routing

aL, @A 23k RE Hojok

Router & multicast packets (or stream)< W7 3= =27}
7] 913} spanning tree

b= AS Yool 3t} Multicast routing < looping &
protocol & A}F-&3t},

Multicast routing %=3%F duplicates and loops = BXA|8}e] #H 7|8} reverse path Forwarding
technique & AF-&3hc},



Anycast Routing

Anycast packet forwarding = multiple hosts 7} 5 Y3 =g8]4 =g ~E 71d F A==
= H7bUEolt olg @ =eld oEdas HRE o H7|EVE AH4E ul, routing
topology ol Al 7} 717ke] Qv E2ER Ht

DNS Server

AnyCast
Destination

Source AnyCast

R Destination

AnyCast
Destination
Anycast routing
Anycast routmg 2 DNS server ] =2 W=t} Whenever an Anycast packet 7} B2
wjulc}, 1A W DNS o;wm NS = A6 29AH e} Y= A% e P o

IP address = Xﬂ%—“?}‘:}.

Unicast Routing Protocols

unicast packets & #FET w AL ¢ = F M| FF9 #9E ZEEZo| Qth

>Distance Vector Routing Protocol:

Distance Vector is simple routing protocol which takes routing decision on the number of
hops between source and destination. A route with less number of hops is considered as
the best route. Every router advertises its set best routes to other routers. Ultimately, all
routers build up their network topology based on the advertisements of their peer routers,
for example, Routing Information Protocol (RIP).



>Link State Routing Protocol:

Link State protocol is slightly complicated protocol than Distance Vector. It takes into
account the states of links of all the routers in a network. This technique helps routes build
a common graph of the entire network. All routers then calculate their best path for routing
purposes, for example, Open Shortest Path First (OSPF) and Intermediate System to
Intermediate System (ISIS).

Multicast Routing Protocols

=

Unicast routing protocols < L ZE A}-&3FA Wk Multicast routing protocols < trees &
ALttt Al e A, loops & ¥37] 93 spanning tree & AFE3ITH H Ao E+=
shortest path spanning tree ©]t}.

_

. DVMRP: Distance Vector Multicast Routing Protocol
. MOSPF: Multicast Open Shortest Path First

. CBT: Core Based Tree

. PIM: Protocol independent Multicast

Protocol Independent Multicast = @A Wby oz ALY F 7|7} A& Hh
. PIM Dense Mode:

This mode uses source—based trees. It is used in dense environment such as LAN.

. PIM Sparse Mode:

This mode uses shared trees. It is used in sparse environment such as WAN.

Routing Algorithms

routing algorithms & t}&-3} 7t}

>Flooding:



Flooding% 7V @3k packet forwarding W ot} 7| EVF A4E u, J9HES B E
A FH o] 2ol THS HUX|TE ojn] H4H Zﬂﬁ ALJAA 7}, o] AL Hlo] UFHi @

FHs 71, B& T8 d7|EE0] HdA wssiA

Time to Live (T L) #7129 F3 F3& Js}7] st AHE=E 4 3tk Selective

Flooding ]2} ¥-2+ % thE flooding R o] J=Hl, o] AL Y9 overhead & FAA| T}

o] W} T9EHE MElE AL ALt EE Qg H o]~ flood out 34 ¥+
>Shortest Path:

9] Routing decision <& A= Ao} E&%] 7H] H]
count © =23 9&S 3t} Shortest path & & A3
et ket G S ARSI ol

lo olo

kA 9l shortest path algorithms & the-3} 7t}

. Dijkstra's algorithm
. Bellman Ford algorithm

. Floyd Warshall algorithm



20. INTERNETWORKING

A A A A, sdet A YES dukd oz A X g oz jbAEo k. A=
g e AR o8 T 7 YS ddetr] 18 2o A 7 9 1FY Routing &
internetworking o] 2} 3t}

Networks 2 Protocol, topology, Layer—2 network and addressing scheme 9} #-& t}oFsh
parameters o] e} thE A 02 of AT

internetworking 1A, 2F9-H = A2 Fad digh A4S 7HA a2 o) o] AELS FH o=
& yo=g 7lxE ZyAF ALY internetworking routing protocol = AF&3le] wjE &

et

-
JEFITATN0.

Routing

7o} A7) oA AFE3}= Routing protocols S Interior Gateway Protocols or IGP.
RIP 2} 3}, OSPF = IGP ¢ 3% oojt}. tb2 713 7F2] Routing o4& Exterior Gateway
Protocol & AF8g % dom, ©@x supwke] EGP ¢ Border Gateway Protocol ©]
E A gk

—_ =

Tunneling

Aoz "ojA = F el dle] dnd, o
Heole & deste]of gt}

il

el Agde 2AY, S8 Us S8



Tunneling ©] ¥ by passing intermediate networking complexities & Ao ZH . F 7l
ol4e] TAddl Yo] A2 EAEE= w7ty Zolt}h, Tunneling & 92 Zo] &3 A wt}

Network Cloud

\

g" Tunneling: Virtual Direct Link

Tunneling

dolel7} BEe] 3 EoRRE So]& uwf, 1AS tagged Tl o] tagged data & L
th=-ol the intermediate W= #9-HEAY ©HY v o] ddstes Yo dF53soh
golEl7} Elge] &A1 wl, 1 Blas AAE U AdFor A Hr}

dE Fo AHHow AAR AAHYH AAXH, HALS WHAEGo] transit network =
AGE =2 s},

Packet Fragmentation
H-Eo] ojHl *ﬂl‘ﬂE% 1500 H}O]Eoﬂ TAE AA1E9 maximum transmission unit
(MTU)Z 7FA a2 9t} data packet & o] =9 we} f7]|E ZAo|7} a7|% stx 27| %= i},

Transit path oI O‘f 717158 AAIE9] hardware and software capabilities & 743l
o, o]AEL HolHe AHHULH AT F Jdv HINEY A7|E AA 3

data packet size 7} transit network 7} A2l = A= IA7|HY AAY Ao, SHA R
At 7| EVE avd, A 27t w Fafg thael = kot o]k S packet
fragmentation ©]2} 21, Z} fragment °l+= 5l ZA x|} A o]Eg AT So]9lo]
transit path & &3 |7 AGdch. A4 & SAA o] AL thA] EAu)

02l packet with DF (do not fragment) bit set to 17} 71 Ij7|EE & 4 Y= 2H2HI
S0124™, 2712 dropped ®Ht}.

d

LB o Qs A= 7] E7} has its MF (more fragments) bit set to 1 & 72 @, 1
$El= 1710] fragmented packet 0|t x7] Ij7|EQ] dRelt= S 47 Ho.

el 71 E7F Y5 ZA fragmented © U, overhead 7} Eoldth vl 1 S 7| EVF YF
A ZNA A intermediate router & LAl HE ¢ QIO 2 =2 dropped € FXE T}



21. NETWORK LAYER PROTOCOLS

el BE AFEES fYsA At o=l ad § 9l IP address S 7HA 3 ok
IP address @& Layer—3 (Network Layer) logical address O]E‘r o] ol=d#l~+= FHFH7}
A7bed wuich vbd 5 9ok HAFEHE o Bl sty P &, aEla oE el

oe IPE etk

Address Resolution Protocol (ARP)

FAlEE w9, TAEE FUS HEEIAE ‘:Uﬂo]ol‘/} Jo &3 A= H4A HiFEY
Layer—2 (MAC) address 7} Z23ltF. MAC address + =3 A o® 7AFE 9 Network
Interface Card (NIC)o|A] Z¥](burnt) ™, 23 Walx &=

T aHo R FA =it [P address & =EX|qF Wt 9k NIC 7} ojwl #ZE o7
WetohH, 1 MAC address 9A] Wgtt) o]dk WA o= Layer—2 communication ©]
o] Fo x| 7] wjit-oll, FAZ+e] mapping ©] = L83}T},

TP L. 1% . L IP 2.2.2.2
MAC a:a:a:a:a:a MAC b:b:b:b:b:b:b

ARP Request

for 4.4.4'4/ /
ARP Reply

’ d:d:d:d:d:d

IP 3.3.3.3 IP 4.4.4.4
MAC c:c:c:c:c:c MAC d:d:d:d:d:d

ARP Mechanism

broadcast domain o] 9= ¥Z TAEQ MAC o=d2E &7] 9ol Ba1S AzslE =
AFE]E= “ Who has this IP address?” 2}a1 &2 H A ARP broadcast message E‘fﬂ_‘jr.
7o) BREJ|AE0]7] wid|, network segment (broadcast domain)dl ¢+ BE



SAEELS o] y7|EE ol g3t} ARP packet o= destination host & IP oJ=dAE
x3tetal glom, FAl & SAEE olopy] A Y3t TAEVE S HEH o F2 gk ARP
N EE A5 o, Z21e] MAC AJ=d 29} g7 H&Eof et

At & ~E7} destination MAC address & 2%, Layer—2 link protocol & AF&3le] 94
S 2~E9 EAlE 4= 9lth. This MAC to IP mapping & 93k o] MACs & &4 34E
FE BT ARP CaChe of AAwo], thgel T F2lo] "asitpd, AHgHo =z AAE
Z}2}2] ARP cache & ZF=x3hc}

Reverse ARP & 3 ~EV} 94 &
Y AE drF Q5= HWAHAYSFoH.

Internet Control Message Protocol (ICMP)

ICMP &+ network diagnostic and error reporting protocol ¢t} ICMP = IP protocol suite ©|
223} | carrier protocol & IP & AR&3Ft}. After constructing ICMP packet ©] wHEo] %l
oholl, 2A2 IP packet ol &z}, IP A7} a best—effort non—reliable

protocol ©| 7] W&o, ICMP 9 A] m}z7FA] T}

o tigk ojW feedback 2 A|Z$E host ol ThA] BRI o] o] o 2|7} AYSHHE,
ICMP o o] H gt} ICMP ol+= 4 4 7FA]9] diagnostic and error reporting
messages 7} ¥3§rE o] o}k

ICMP—echo and ICMP—echo—reply + end—to—end hosts ¢ =24 (reachability) =
A=Ad7] Yt 7FE dubE o7 AL8-E = [CMP messages ©] T

host 7} ICMP—echo request & A& u], ICMP—echo—reply & ¥ &% H WY} transit
network o oJ® EAI7F JTHH, the ICMP o] 71 A5 Hig Zlolr}

Internet Protocol Version 4 (IPv4)
[Pv4 &= 32—bit addressing scheme ©|™, TCP/IP host addressing mechanism &2 A}-g¥ T},
[P addressing &2 TCP/IP network ¢ RE TAEE FU& A AEE 4+ 9}

[Pv4 &= 7A1S4 hierarchical addressing scheme & A|F3lE2 Y& ABHYOZ Yz
o Z+7Fe well—defined number of hosts & 7FA] 31 ¢t} IP addresses &= ThF3H
el g 2 AREch

. Class A: It uses first octet for network addresses and last three octets for host
addressing.
. Class B: It uses first two octets for network addresses and last two for host addressing.

. Class C: It uses first three octets for network addresses and last one for host



addressing.
. Class D: It provides flat IP addressing scheme in contrast to hierarchical structure for
above three.

. Class E: It is used as experimental.

[Pv4 B3t 2 AHojg oj=g A Aol AE 7FA AL 9ol A] private addresses (not routable
on internet), and public addresses (provided by ISPs and are routable on internet) i A
AREE 4 QT Bl [P & Ak ket ets, 142 ‘Best-Effort-Delivery’ mechanism &
A| &gk},

Internet Protocol Version 6 (IPv6)

Exhaustion of IPv4 addresses ©] Z}A|t Protocol version 6 & ©AA|Z T} [Pv6 += 1=
9E) FH3 o AE A FEy] Y8t 128—bit ] wEE o=@ s}

IPv6 ol A Anycast addressing < A703}aL A9} broadcasting & @S A A3}t 1Pv6
= 7171E50] AR IPv6 address & ol MBI FAE S st} o3t
auto—configuration Dynamic Host Configuration Protocol (DHCP) servers & o]&X4 &
welsl A7tk mebd, 02 AByle] DHCP server 7F THEH s, 545 7ele A=
28 4 9lek

[Pv6 9] M ZF 7]5< IPv6 mobility ©]t}. Mobile IPv6—equipped machines & AAIE9] [P
oj=dag vl e glo] Bojrhlth

[Pv6 & o}&A7}A] transition phase o ¢Jom, Z57k [Pv4d & ¥ sHA A8 Ao =
1= Q. A, S5 Jwto] [Pve & 9% 3l Ut} IPv6—enabled networks £ 0 &
o] 83t 4= 9l oW transition mechanisms < IPv4 A% A A2 tf& Yo T3l
=olthd 4 At ol AELS o Erok

. Dual stack implementation
. Tunneling

. NAT-PT



22. TRANSPORT LAYER INTRODUCTION

OSI Model 9] ©}g do]o]+= Transport Layer (Layer—4)= <73 w1 9t} All modules
and procedures pertaining to transportation of data or data stream ol

ZEANA= o] Holojelld W3t "y BE vhE oA |, o

%3 Transport layerj 9 =213t}

Transport layer © 974 ZX2E9 F ZRZMXAE to| peer—to—peer and end—to—end
connection = A|&3c}. Transport layer += 9 @eo]o](i.e. Application layer)= HE
HolBE FHgh ool Bop #& A7]9 AIHER RIfaL, ZF vlo]lEd HEE wfj7|aL
AGste= 319 @o]o](Network Layer) = |71t}

Functions

o] Layer & A|1WHEZ I s+ HU} 2 FYEZ Application layer ol A &3 AX
{

delg s 270 3 A oty o] A2 A E e EE nlo]Ed "I E ZolH

ry
ac)
%
Ev)

o] AE <] accounting & %
Co] Zolol= uHlolEl7} Bl AT B PO 2z ArHLEE nAgs).
| dolojs & 22 An o] £HYE e T

Ao w e

o

F

oA FAlstEHE B AW Z2AAE 2 &E 2 Transport Service Access Points

(TSAPs), T3+ port numbers & &# 3 AL zk3=ojof 3ir},

End—to—End Communication

3t 3 AEQ] MR A 23+= Port numbers & €& % TSAPs o ol&] ¥4 Yo 585 S2EE
A Eth TSAPs + 9 2 AoHo] glon, Fx5ef F2lstd s T2 A2 ojn] oA

el il



Application Layer

Application Layer

dE E9], DHCP client 7} 92 DHCP server &} 21312 & uj,
number 67 oA 2] #HA~E 3t} DNS client 7} 924 DNS server & A1} 2 & wj, 14

&2 port number 53 (UDP)olA] gH2E o),

T 719l 823 Transport layer protocols & th&-3 7t}

1. Transmission Control Protocol
It provides reliable communication between two hosts.

2. User Datagram Protocol
It provides unreliable communication between two hosts.



23. TRANSMISSION CONTROL PROTOCOL

The transmission Control Protocol (TCP) Internet Protocols suite ©°lA 74 SQ3H
waEzs Fo spuolth imtemet Mg, TA A boly Asgez bYW
AgHE ZRED ol

Features

TCP+= 4138 4= Q3= protocol ©|t}. &, 24 g dlely 7] Ed tiste] Ay ol Al
positive or negative acknowledgement = ) = 34 dlolH
71 E7} 4R G =R T A Bulof stEX]e] gist £ G E AA Hrh

TCP = Bl wfs} & 22 FM= dahs HXA ¢ =2y

.TCP i+ connection oriented ©]t}. TCP & F 719 €7 ¥<l
BUA|7] Ao AZdo] AxdE A& Q-3

.TCP & error—checking and recovery mechanism < |3 3t}

=°l AAe] Holert

.TCP += end—to—end communication = A]-& 3},
TCP += flow control and quality of service & #|-& 3t}
.TCP &= Client/Server point—to—point mode |4 << Ft}.

JTCP &= full duplex server & A|-&3%tt}. =, 142 receiver and sender ¥% EF9o] g5
T 4 Q.

Header
The length of TCP header ¢] ZAo]+= 2 20 bytes oA ] 60 bytes o]t}

TCP Header



N 41¢] source port & 2] 3T}

. Source Port (16—bits): AlY T]ulo]=o] gl ofF Z=ZA
o 9= o]Z EZREA|A Y destination port =

. Destination Port (16—bits): #] A8 T]v}o]~
T+ gk},

. Sequence Number (32—bits): session o U= AITHEZS] dlo]E Hlo]Ed H-Z sequence
number.

. Acknowledgement Number (32-bits): ACK flag 7} AAE uw], o] ¥HEd+= dAE=
to]

HolE9 the WS X
FE 30,

. Data Offset (4 bits): ©] =+ the size of TCP header (32—bit words)e} AA] TCP
segment oA & 7 Ee] 9= HolE Y offset & S ¢n| s},

. Reserved (8—bits): P|ef& o2 dokro] gom Z7|#4e 002 MEHS 9]
. Flags (1—bit each):

A3t old dol¥ 9 acknowledgement =

oot
ol
K

]_

A

> NS: Nonce Sum bit is used by Explicit Congestion Notification signaling process.
> CWR: When a host receives packet with ECE bit set, it sets Congestion Windows
Reduced to acknowledge that ECE received.
> ECE: It has two meanings:
. If SYN bit is clear to 0, then ECE means that the IP packet has its CE
(congestion experience) bit set.
. If SYN bit is set to 1, ECE means that the device is ECT capable.
> URG: It indicates that Urgent Pointer field has significant data and should
be processed.
> ACK: It indicates that Acknowledgement field has significance. If ACK is
cleared to 0O, it indicates that packet does not contain any
acknowledgement.
> PSH: When set, it is a request to the receiving station to PUSH data as
soon as it comes to the receiving application without buffering it.
> RST: Reset flag has the following features:
. It 1s used to refuse an incoming connection.
. It is used to reject a segment.

. It is used to restart a connection.



> SYN: This flag is used to set up a connection between hosts.

> FIN: This flag is used to release a connection and no more data is exchanged

thereafter. Because packets with SYN and FIN flags have sequence numbers,

they are processed in correct order.

used for flow control between two stations 7Fe] flow
st T (bytes)e] HA7|E

. Windows Size: ¢] I =+

control |02 AL&HEH, A7}
SR A=
stal d+=7He UERAT

%, gAIH 7 dul 28 dlolHE 7|Hs

AIHEZ SR

. Checksum: ©] ¥ =o9]|+= the checksum of Header, Data, and Pseudo Headers 7}

32%E o] .
. Urgent Pointer: ©] =
byte &

¥ERNE gith

A= L URG flag 7F 1 2 AMEHS oA, 71538k data

. Options: ©] A& At algelr AWslA Eah= 271 4L a4 3sho) .
2—bit HYFe] dolHE x3sirid,

34} 32-bit words = HAMETH W o] A7}
32—bit boundary ol =&3}7] {5t YA HE

Addressing
T 94 32E 7+ TCP communication < port numbers (TSAPs)ol] 9]&] o] Fo] R},
Ports numbers ¥ 0 9| A FE 65535 71#] o]H, t}&3} o] vhEr):

. System Ports (0 oA 1023)
. User Ports (1024 ol 4] 49151)
. Private/Dynamic Ports (49152 o4 65535)

[e)

Connection Management
=

TCP communication & Server/Client model ©A o]Fo]%xlt}. Client 7} connection
A1ZFshal, MW= O3S A4shAY AA S} connection management & 93 three—way

handshaking ©] A& %t}



Initiator Responder

SYN

YN + ACK

ACK

TCP Handshake

>Establishment

Client 7} connection = A]Zslal segment = Sequence number &F 7o) B Wt} Server &
acknowledges it back with its own Sequence number and ACK of client’s segment which is one more
than client’s Sequence number. Al ZTHE ] ACK & A%t v, Client & Server’s response 2]
acknowledgement & H T},

>Release
server U client Yt 1 & AJE¥ FIN flag ¢} 74 TCP AIZHEE HE 4= 3t} the

receiving end o 4] FIN & ACKnowledging &t 24 %4k-3-8F uf that direction of TCP
communication ©] closed ¥ il connection < released ¥ T}.

Bandwidth Management

TCP &+ Bandwidth management &] 75 483}7] 913} window size & 7| @& o] &3t}
Window size + tells the 94 Ao 9+ sender oA o] Ho 9= FAIH 7} WS the
number of data byte segments & ¢t} TCP = window size 1 & AF&3 02X slow




start phase & AR&stH, Z+ E4lo] A

AFA o g FIHe.

o & E°], Z¢olAdE+ windows size 2 & AFE3Ste] 2 bytes of data & HWT} ©]

ATHE gk 21go] Had o defAlol=E 4 9 ol & Aolw, 1 v Euyzl

/H]:LEH_EE Zol7} 4 data bytes 7} & Aolth. 4—byte data segment & Q1A o] Hd o,
ZeFo]AE = windows size & 8 Tl A|E A7t}

kel ol o] glom = ©lo|E| 7} transit network oA AT AL NACK & 2o the
window size &= WFO 2 ZFo]E- 11 slow start phase 7} ThA] Al ZE o},

o

Hog o]Fojx t}gd the window size 7}

Error Control and Flow Control

TCP + port numbers & A}&3}o] o3t o= X2 M| A7) HlolH AIHEE {dr|=4)
dasAE <tk webA o]AL £WS o]fste] ¥4 TAEQ AAS F7|st AlXITh
BE doly AOWEE £HY 3 Fe4En. Addes ACK 7F AaE o Aot
Aagk vt ol AIWUEE Stk AT Hod HIyE H7IES £HE
%*’@335&1 A7 Bl w29 M 2HE s ko)

Ftol HA4d AIZHES $£wHo]l FAIHZE 7|gist £y A X 5HA] -*Er)r‘?ﬂ :’-Zi
#H 7153 NACK 7} HEWXY, 7 F 7o MadE7 22 sz =dgsitd TC
timestamp value < H|ulsle] A7 sk},

o

Multiplexing

g Al A o o]de] dHlolH 2ERS Adete 7S Multiplexing olgt &
TCP client 7} AW e} A4S A|2a “41 OARAL A 2 AolH port number & Fald=d),
o] M3I = application process = oJu|gtt}. client A~22F  private port number

pools ol A H-H F2+9]= AJAkE port number & AF-&3HT},
TCP Multiplexing & AF&3slH, E8folAEE & B2 o4Z7 T4 = Qo).

oE Eo, Zgold EE— vkt FHo Holg (HTTP, SMTP, FTP etc.)E& X&slw
AT a web page & 2% 3HH, TCP session timeout ©] F7Fstal 71 M2 B} e E<t
dg =, dkstd three—way handshake overhead & 3|3} 3}7] wjiEo|t}.

oA FEOIAE ANxgloR stelF B s dAR B ddg AFEES A
o]H 3 7P AAL I timeout ©] YUF AthA AMujo] £X %}

TCP & Window mechanism < A}&
golg MIHEZF B =Ae &) Tel=
AAE SASH7] 13 3 7HA] dag5& AHE



. Additive increase, Multiplicative Decrease
. Slow Start

. Timeout React

Timer Management

TCP & ol 7b4 472 a8y dstel Be £79 timers 2 AHgah

>Keep—alive timer:
. This timer is used to check the integrity and validity of a connection.
. When keep—alive time expires, the host sends a probe to check if the connection still

exists.

>Retransmission timer:
. This timer maintains stateful session of data sent.
. If the acknowledgement of sent data does not receive within the Retransmission time,

the data segment is sent again.

>Persist timer:

. TCP session can be paused by either host by sending Window Size 0.

. To resume the session a host needs to send Window Size with some larger value.

. If this segment never reaches the other end, both ends may wait for each other for
infinite time.

. When the Persist timer expires, the host resends its window size to let the other end
know.

. Persist Timer helps avoid deadlocks in communication.

>Timed—Wait:

. After releasing a connection, either of the hosts waits for a Timed—Wait time to
terminate



the connection completely.

. This is in order to make sure that the other end has received the acknowledgement of its

connection termination request.

. Timed—out can be a maximum of 240 seconds (4 minutes).

Crash Recovery

TCP & wi$ A= & e ZEEZF o|th o7l AIWMER Bzl ZH7te] nlo]Eo
WS A=), o] AE feedback mechanism S A 33t} thA] Waljr], T AE7 7 ES
WS wf, TRl wiAu MIHEZE olYgtd, e THe S7IEV AS5E Adge
ACK(g) S zteth

i

TCP Server 7} =41 Z%Fo)| crashes 3t 7 A 9] tha] Al ZFsk o
TPDU broadcast & HWt} T 2EEL I8W 23 EUA HA &&= vpx|E o)
MIWMEES BuUlar Al Mgt 4=



24. USER DATAGRAM PROTOCOL

User Datagram Protocol (UDP) + 7}tk Transport Layer communication

protocol ©]™, TCP/IP protocol suite © &3t} oA+ HATS] communication

mechanism ©] 23] Qith UDP & ¥& & §le &% T2EFo|gtal AT, 3]
Q.

ATE A= 17%%%—% A &3k IP services & ©]&

UDP oA, SIS R AVES Q8E g9 genl wde dd ud
Ui‘é‘iiﬂﬂh iixﬂ@—e— Bl F9H

Requirement of UDP

sk 712l o)Fo] AZIth o dHolHE HEFsled ’\]ﬂ_ T e ZEEFo QSR
9-2]+= acknowledgement packets 7} A4 do]g o] FHtE = Adsh o bandw1dth =

3= UDP & ARg3tl oS 59}, video streaming 4 $ol, & A 719 H7|EV}
ol gatol Al = Hrh EE FH7|EE AASE AL AV e Adis 4o
bandwidth wastage & X3ts}7] ©t}h I[P TEEF9 HAte HAd wAUSE 19 J7|ES
Ageledl  HAolgbe Aol BAFAAT, HIF HHL 1\—5%94 ow 7| ET}
EAHEEE 2 F40] AgAe AL o E=E, H4A FAFE 4 Ak Loss of few
packets in video and voice traffic oA ¢Fzte] FH71E £4L wu =2 %"/\]QE}

Features

. UDP is used when acknowledgement of data does not hold any significance.
. UDP is good protocol for data flowing in one direction.

. UDP is simple and suitable for query based communications.

. UDP is not connection oriented.

. UDP does not provide congestion control mechanism.

. UDP does not guarantee ordered delivery of data.

. UDP is stateless.

. UDP is suitable protocol for streaming applications such as VolIP, multimedia streaming.

UDP Header
UDP header & 7]%s°] 7tdslr):



UDP Header

UDP header &= 4 7}# 9] < 2.3} parameters 7} At}

1. Source Port: This 16 bits information is used to identify the source port of the packet.

2. Destination Port: This 16 bits information is used identify application level service on
destination machine.

3. Length: Length field specifies the entire length of UDP packet (including header). It is
16—Dbits field and minimum value is 8—byte, i.e. the size of UDP header itself.

4. Checksum: This field stores the checksum value generated by the sender before
sending. IPv4 has this field as optional so when checksum field does not contain any

value, it is made 0 and all its bits are set to zero.

UDP application
UDP & wlole] A%l AHgat 3 b9l ofFo] ek

. Domain Name Services

. Simple Network Management Protocol
. Trivial File Transfer Protocol

. Routing Information Protocol

. Kerberos



25. APPLICATION LAYER INTRODUCTION

- oF
) Y

Application layer & OSI and TCP/IP layered model & wl ZFtfj 7]l Qlt}. o] o] A
gojo] o] EAet=d, 2R F8A wEolth vl TejA, o] gAet o] ga o=
ol BsAgS & EAgt o] Holoje Al AlaHle] FHostal e oES AT
o)t

user &= o]Z 3 A A5 L3 £ glar ¢F & % 9lth. Application layer & AR
E2lo] AJAE AL o] FoX| = o] o #ojozk W FHehzlel Ql7] W&o, oW v
gojojo] =& FA| 3l Application layer ¥ 974 TAEC] HolHE AFdAY
SAls7] 91ske]  Transport 9F 7149 Wel & BE #HoloZHYH =g Wt

kel

o
=2

application layer protocol ©] €A Q1= 5% application layer protocol ¥ E413}a2A} &
], Transport layer o Ho]Ey AHE FE3kt}. transport layer & 27 Hoj = BE

dlojole] YA =gg v

L

S

Application Layer

Application Data
Presentation Layer anhd Information

Network Layer
Data Link Layer
Physical Layer

Application Layer

Application Layer and its protocol & ©ol&sl= tl= HEodo] Jr. o] ofZE9|
ENA 2" AT 2AEEE o] &9 ASE AQstals BE o84 o]ZS Application

Layer © zit} =% ¢g=t}. o & £9], designing software or text—editor += application

layer programs o2 759 4 gl



T Ao w Yy A5 AL Yt A AH o= Hyper Text Transfer Protocol
(HTTP)E Alg3st= ¢ B84 E A8 o, HTTP &= Application Layer protocol ©]t}.

T t}E o= File Transfer Protocol QH o]AL YO F text based or binary files =
AEsted =S FU. ol &AE FileZilla or CuteFTP ¢ & GUI 9&¥
LEZEolo A o] 2rEZS ARREE & lon, @2 o]&A7} Command Line mode ©ll4]
FTP & A8 5% v

aHug fe7h ARgshs AZEdeiehs wAgle], oA 1 Ze AZEdojoA
AFE&% Application Layer oA 11gs X2 EFo|t}, DNS = X EFo|H, o|AL
HTTP ¢ 22 o] &2} of&F Z2EFo] Al d& ety v TREFo|th



26. CLIENT-SERVER MODEL

% A 97 0B AL F2 270 AR O Rgon B & vk

. Peer—to—peer:

Both remote processes are executing at same level and they exchange data using some
shared resource.

. Client—Server:

One remote process acts as a Client and requests some resource from another application
process acting as Server.

client—server model oA, o]® Z Z A4 = Server or Client A& 853}, o] AL 7] A9
T, 71AY AV, B IAS AHE Tt=s HFYE 997 olyth olRAe JAE
MHE MtEs A4S MRS sE ot}

Requests
35U00SaY

ZAlo] Server and Client & ZE3t}, = 3 T 2AAE AR, YA+
2 53 oA w3 VA ] SFelolAdES A ZZAA 7} reside T



Communication

client—server model 9|4 F 7}A 9] ZRZA|AEo] theksl wirl o2 A5 283 4= 9tk

. Sockets
. Remote Procedure Calls (RPC)

>Sockets

o] Fetrhele A, AR SEsts T2 AAE Z Iy B FgoldE o3 d#

¥EEZE AMESlY] socket & o TS0l oW FEo|AdE FAZEVL & wirpx] 7|gd)

ZgoldERZ %3 T WA T2AA AAl socket & AW, FAXEE V=
~

i s

Client Program

Transport Layer Transport Layer

Network Layer Network Layer

Data Link Layer

Data Link Layer

Physical Layer

Physical Layer

http://localhost/data_communication_computer_network/images/sockets.jpg

request 7} ABo] =& wf 172 served H ™, information sharing ©] Y} resource
request & 4 AT}

>Remote Procedure Call



o] AL 3 WAYZ0] procedure calls o] o3&l t}E T2 A9 AS LSS w7 ZHo|t),
One process (client)= 974 S 2E9 9+ procedure & FE0 944 S 2E9Q process =
Awel 3t} o & T2 AMAEL stubs & S} oY EaAle thew

Ao e}

rir
2
il
[H
b
|4
0¥
K3
ry
i
i,

. The client process 7} client stub & F-&t}, 149 9
st EE g

. 23 RE parameters 7} packed(marshalled) ¥ il A| 28] FHo| ylo] ut
aRe HUYEE g

. Kernel o] Y Aol the data & B, Wkl d wh=t}

. YA S 2~E7} unmarshalled ¥ server stub ol Ho|HE 2

. The parameters 7} procedure ] 3] 2~% 31 the procedure 7} <

. The result 7} &4 WH o2 Seho|AdEA thA] Bzl



27. APPLICATION PROTOCOLS

Application Layer oAl o]&x}8<21 o8 7o xZ=ZEFo| om, Application layer
protocols = A F+ 7o HFE Yz 5 Atk

. Protocols which are used by users. For example, eMail.

. Protocols which help and support protocols used by users. For example, DNS.

2 7}#] Application layer protocols & t}&-3}

Domain Name System

The Domain Name System (DNS)¥ Client Server model oA &3t} o] AL UDP
protocol for transport layer communication & AF&3%Fth DNS = hierarchical domain based
naming scheme < A}&3tt}l The DNS server & ZtzF [P o]=d 2~ E mapped ¥ Fully
Qualified Domain Names (FQDN) and email addresses & -4 ©t}.

A DNS server © FQDN = #|#HX=ESIH, 79 mapped ¥ [P A== 7 ThA|
Sorslt}, DNS & UDP port 53 & A}&-3hc},

Simple Mail Transfer Protocol

The Simple Mail Transfer Protocol (SMTP)S M2 ZA HAdS AEst=d A&} This
task is done by means of email client software (User Agents) the user is using. User
Agents help the user to type and format the email and store it until internet is available.
When an email is submitted to send, the sending process is handled by Message Transfer
Agent which is normally comes inbuilt in email client software.

Message Transfer Agent uses SMTP to forward the email to another Message Transfer
Agent (Server side). While SMTP is used by end user to only send the emails, the Servers
normally use SMTP to send as well as receive emails. SMTP uses TCP port number 25 and
587.

Client software &= o]W|dS 7] 235} Internet Message Access Protocol (IMAP) or
POP protocols < A}-&3Hc},



File Transfer Protocol

The File Transfer Protocol (FTP) & Yoz AL ALEsie=d 7B dd AMEEH =
g EFo|t}, FTP uses TCP/IP for communication and it works on TCP port 21. FTP
works on Client/Server Model where a client requests file from Server and server sends
requested resource back to the client.

FTP uses out—of—band controlling i.e. FTP uses TCP port 20 for exchanging controlling
information and the actual data is sent over TCP port 21.

The client requests the server for a file. When the server receives a request for a file, it
opens a TCP connection for the client and transfers the file. After the transfer is complete,
the server closes the connection. For a second file, client requests again and the server
reopens a new TCP connection.

Post Office Protocol (POP)

The Post Office Protocol version 3 (POP3)& wld A ZHE wAdL AAMs7] ¢35
User Agents (client email software)ol] 2|3 AF&% = 7Hehsh fd H[A 22 EFo|t),

When a client needs to retrieve mails from server, it opens a connection with the server on
TCP port 110. User can then access his mails and download them to the local computer.
POP3 works in two modes. The most common mode, the delete mode, is to delete the
emails from remote server after they are downloaded to local machines. The second mode,
the keep mode, does not delete the email from mail server and gives the user an option to
access mails later on mail server.

Hyper Text Transfer Protocol (HTTP)

The Hyper Text Transfer Protocol (HTTP) is the foundation of World Wide Web.
Hypertext is well organized documentation system which uses hyperlinks to link the pages
in the text documents. HTTP works on client server model. When a user wants to access
any HTTP page on the internet, the client machine at user end initiates a TCP connection
to server on port 80. When the server accepts the client request, the client is authorized to
access web pages.

To access the web pages, a client normally uses web browsers, who are responsible for
initiating, maintaining, and closing TCP connections. HTTP is a stateless protocol, which
means the Server maintains no information about earlier requests by clients.



28. NETWORK SERVICES

Computer systems and computerized systems 2 217FS ZolA] &% o=z S 3
Azber = gle AS gt s gt oy 7|7jEe] US FAHIEF A2 d4E
I 58 g oaprr Sk H Yol AlEE 4 de 2 A 712 A Q]

2

Directory Services

These services are mapping between name and its value, which can be variable value or
fixed. This software system helps to store the information, organize it, and provides
various means of accessing it.

>Accounting

In an organization, a number of users have their user names and passwords mapped to them.
Directory Services provide means of storing this information in cryptic form and make
available when requested.

> Authentication and Authorization

User credentials are checked to authenticate a user at the time of login and/or periodically.
User accounts can be set into hierarchical structure and their access to resources can be
controlled using authorization schemes.

>Domain Name Services

DNS is widely used and one of the essential services on which internet works. This system
maps IP addresses to domain names, which are easier to remember and recall than IP addresses.
Because network operates with the help of IP addresses and humans tend to remember website names, the
DNS provides website’s IP address which is mapped to its name from the back-end on the request of a
website name from the user.



File Services

File services include sharing and transferring files over the network.

>File Sharing

One of the reason which gave birth to networking was file sharing. File sharing enables its
users to share their data with other users. User can upload the file to a specific server,
which is accessible by all intended users. As an alternative, user can make its file shared
on its own computer and provides access to intended users.

>File Transfer

This is an activity to copy or move file from one computer to another computer or to
multiple computers, with help of underlying network. Network enables its user to locate
other users in the network and transfers files.

Communication Services

>Email

Electronic mail is a communication method and something a computer user cannot work without. This is
the basis of today’s internet features. Email system has one or more email servers. All its users are
provided with unique IDs. When a user sends email to other user, it is actually transferred between
users with help of email server.

>Social Networking

Recent technologies have made technical life social. The computer savvy peoples, can find
other known peoples or friends, can connect with them, and can share thoughts, pictures,
and videos.

>Internet Chat

Internet chat provides instant text transfer services between two hosts. Two or more
people can communicate with each other using text based Internet Relay Chat services.
These days, voice chat and video chat are very common.



>Discussion Boards

Discussion boards provide a mechanism to connect multiple peoples with same interests. It
enables the users to put queries, questions, suggestions etc. which can be seen by all other
users. Other may respond as well.

>Remote Access

This service enables user to access the data residing on the remote computer. This feature
1s known as Remote desktop. This can be done via some remote device, e.g. mobile phone
or home computer.

Application Services

These are nothing but providing network based services to the users such as web services,
database managing, and resource sharing.

>Resource Sharing

To use resources efficiently and economically, network provides a mean to share them.
This may include Servers, Printers, and Storage Media etc.

>Databases

This application service is one of the most important services. It stores data and
information, processes it, and enables the users to retrieve it efficiently by using queries.
Databases help organizations to make decisions based on statistics.

>Web Services

World Wide Web has become the synonym for internet. It is used to connect to the internet,
and access files and information services provided by the internet servers.



