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1. OVERVIEW
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(1-3) Administration
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2) Network Applications
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2. TYPES OF COMPUTER NETWORKS
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1) Personal Area Network
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MAN & dubd o7 cable TV network AH¥ 3 Z=A] AAE oz dit). oA
Ethernet, Token—ring, ATM, %+ Fiber Distributed Data Interface (FDDI)¢] JHE|=
o|Fd 4 it}

I) ATM(Asynchronous Transfer Mode) — H|&7|AEER==2 24, dolH HYL
ASE Adsl7] 93 50|t} PSTN(public switched telephone network)2}
ISDN(Integrated Services Digital Network)2] backbone °.& AFg% 3814
protocol ©] ™, # Lol = Internet Protocol(IP)Z 21slo] & ¥ 8% t).

IDFDDI - 7 200km 744 o] 7bedt A2 eadel FAol= deolg x$ e
Eelr, B2 g 7wks a9l

Metro Ethernet < s oA AFEHE= AMuH|Zzot). o] A , =
Ae] LAN < @MM S o9tk o2 Hol, MAN & @ wAle] 9= sde mE

ARASE A4 5 9

_Qm



Metro Area Network

Metropolitan Area Network

MAN 9] backbone & 1183, 11&9] FAFolth, MAN S LAN #F WAN Apolol| A &53slt}
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4) Wide Area Network
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I11) Frame Relay: packet switching H2!
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5) Internetwork
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3. NETWORK LAN TECHNOLOGIES
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1) Ethernet

Ethernet & 92 MY =3 A= LAN 7]Eo|t} o] 7]&LS 1970 Aol Bob Metcalfe and D.R.
Boggs o ]3] 7NFE ). o] AL 1980 Wl IEEE 802.3 o2 w33ty 9t}
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2) Fast—Ethernet

N2 AZE O} sl=9o]e] 7]&o] e %ol ugl, Ethernet < Fast—Ethernet &=
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PG Fast Ethernet ¥ 100MBPS 7}A]¢] &2 & #8353 100BASE—FX standard ©l A
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3) Giga—Ethernet
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4. COMPUTER NETWORK TOPOLOGIES

network topology @& oJ® computer A|Z2~Elo|4} network 7|7]E9] A2 AZAE vjdFe=
2H3lc}. topology = network ¢ E@% ¥ =gl RES AHYsr|E vk =glF 2
=24 topology & U= §L3%F network oA ZAY &= = Ut}

1) Point—to—Point

Data Flow

FYRJAE-F-¥2JE network & F&3IA computer & & F /M9 T2E, ~9%], #9-H
EE 3 27 AlolES ARESte] Wl-F-wlow dAdd Mz FAEEH. TF T
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2) Bus Topology

B2~ topology ¢ Ao, RE 77152 3 e EAIAMolY AolEE &3
topology &= #52 TAEVL sAl HelHE HEsh= A4 A
a2 R, B2 topology + CDMA/CD 7144 Ab&stAY 123 A4S & ds

S
shite] S2EE Bus Master A Q1A g oA 54 7719 o] wE 717]d
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A2 B vE V7Y Vss wEA ve R .

Data Flow
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3) Star Topology

2~E} topology & EE IAEEY IQNE-F-IQIE A4WA S ARE-Sk= hub device &
F2= 3 e T4 7I7d dZ2He dn F, SAESY s|He IRIE-F-3RIE
A AT ©o] FE V7SS Ued g2 AE T sl & vk

. Layer—1 device such as hub or repeater
. Layer—2 device such as switch or bridge

. Layer—3 device such as router or gateway

Star Topology

# 2 topology AMAH, slB= shupe] ZAEAY ettt el 587 AX30H, Be
STAEEY 283 AR w=Fdv. dfustd, SAEEY] BE TALS FHRNS F3
o]Fo] x| 7] wjZoltt. 2F} topology = ¥ 7H VB«] S 2B AAs L, o wal @A g
Mol AolExte] Hasty, FA% (hehetE R vRA] gt

4) Ring Topology

Ring topology °lA, ZF 32E+x U¥ network 7°F5 WE7] 3t AH3bsA @A F+

Aol the AFEOR QAR @ Ao srEsl azel AR UA 2 E s
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5) Mesh Topology

ol¥l F9] topology oA, ZAEF 3 =& HF9 TAE
R i*Ecﬁ ¥RJAE-F-¥RQEZ dA4Ad EES al
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(5—1) Full Mesh: &+ w2

HEE ST2E7} network o] 5 EE UE T AE I¥QE-—F-_JQE HFA O F o AL|o]
AT, WA BE AR TAEE 98] n(n—-1)/2 4347 Q35 oA} EE
network topology & olA 7} AlF st 4= Q)= network 0|t}

(5—2) Partially Mesh: 3% ]3]

NE FAEV RE 2 3AEM ¥AE-H— o7 Ay A= Frh
TRESS 2 fdojHel WwHom Mz dA"Y. ol¥E topology = F-E7F RE
TAE FoA @A F e TAES AFHAS Fofstaat & 4Gl AREE

6) Tree Topology

ASA topology = L&A dom, oA A AFE Fol network topology oA 7}
ddkx ol efolt). o] topology & 43 2E} topology A HolW, W2 topology 9
E4S 7

o] topology + network & &9 levels ©J4 layers = Ysrth. =2 LANs oA, o]
network & 3 7F4A 589 network AFHEZR et 71 @2 £0] computer 9]
&8k access—layer ©]aL, 5%F layer = distribution layer = ¢& A d=H o)A %
layer ¢} o}#i % layer 7Fe] FTAA AEES gk HA layer & core layer #F F-E2m1,
network & FA Aoty O] EelA], BE node 0] U9 By 2SS 21

Core |Layer

Distribution Layer

Access Layer

Tree Topology



HE o] SAEEL A2 FQNE-F-—IQE "oz AAHT o] AL 2 topology 9F
H=sto 2 whdof] FEZF gdEUtH, EE network 7F B[S T ¥QJQEE9 Ziko]

7) Daisy Chain

¢l ahte]l Hgow A= vk & topology ¢ HIEsHA,
7o EAECRE ddHe] oy, YU SAESE %4
itk Wk dolx Agle] dE HE TAEVF AdAEo] vhd, 2RS¥ topology =

Uebd Aold.

o] topology & E&
HE TRESELS ©X

Daisy Chain Topology

dlo]#] A%l topology ¢ 74 ¥ @ ZERIES] HARS :
23S network & F e AAWER NG 8a B S SA2ESS A
M ZAESS flske] HEllolAd 2 din.

8) Hybrid Topology

shub o] A topology & E3tSIEE 3|
hybrid topology &= =1 QFell X 3$txo] 9l&= X E topology o FHHS 2=

Hybrid Topology



Qo] a2 doJA hybrid topology & XdHs U A= AZgHo Qe 9]
topology + 2B}, ®, W2, 22]a "HolA =A<l topology ¢ $AS EF 74 & Aok
-+ WANs + Dual—Ring topology & AFE&3le] AZAF ol Qow, o]Ae dA%
network < tiF& 2E} topology network =]t} internet = 7} Atk hybrid
topology & 7Hd £& oot



5. COMPUTER NETWORK MODEL

network 3 38roll A= software, firmware, chip level engineering, hardware, and electric
pulses & TEt 7| UENA Md AAE 559 layer &2 78381, 2t layer &
o' B3 JdFE s, B UE layer 9 S SHAo|t; 22X T AAHOR
U, BE EYY AFES A BF o]edt layer o] 9E35ta Ut} layer & 1A E
ZHol "olHE ¥k, ©@x MZ input = Wol output A7 FEstal o)

1) Layered Tasks

network =2 9] layering T304, 2E network Z2ZAME & JFEZ AEHT 19
ool Zhzbe] 2 R X O dFRES HdEAeRE AHEsteE 59 layer o
Eacadl=y

layering 3t F41 A|2H A S 2EQ ofH Jagyerv YAY T2EQ FU3 g =
a7 Ad(peer) layer o 93] = AFE HAweth 1 A= TP B dio
UAY L9 F HRY layer o o3& it AFET v T AR 7F HA] layer o
olaf Azt T, F7HAQl AElE fste] 23S of#ell A= layer = AGEHT o]§ 1
layer = & d& o, 1 dFE AHg 5, thAl 1A 89 layer o] A& v 1
AF7F 7HE 92 layer ol Al AJZHETHA, Ao R o] gk HA o] o] Fol X,

B S
-~

H
Inter-layericommunicaton
1

Peer layer

-~
v
T resr I_aie_r_ _______ e e

Layered Tasks

7} layer & A2l QRS2 Fdatd o3 RE Axp, TREEZ a8 HHS A3
9th. EE layer + encapsulation header ¢} tail ¢ 7|HE Al&3le] AAEQ A=
218 gk,



2) OSI Model

Open System Interconnect © REE &4 A|=ES 9t /Wy qFEolth. 0SI R
ISO ol A w2t o] mae 7 719] layer & TAE Utk

Application Layer

Presentation Layer

Session Layer

Transport Layer

MNetwork Layer

Data Link Layer

Physical Layer

OSI Model

(2—1) Application Layer:
o] layer += applications ¢8R} Al interface & A|-&st=d AUS X2z, AHA
ol gatel A& F 9lE TREZE JFAL 9l

o] layer & network oA Ho|HE Fi We TAES AFSEE network FAS e
T E applications and utilities = ©| layer ol <3k}

o
e

of:
Browsers: Mozilla Firefox, Internet Explorer, Google Chrome etc
Email clients: Outlook Express, Mozilla Thunderbird etc.
FTP clients: Filezilla, sETP, vsETP

(2—2) Presentation Layer:



A7 ZrEe] x7) T g dolgst thE Sase] THAE ofw

HolHE  &H|$h.  application  layer ZHEH  HolHE
Folx .dOC, Jpg, .txt, .avi ¥ #E XY I 2 FAST ol 3 YRS
= 5“"“1 e ] applications & AR&ste] W= A& ﬂﬂl adA 3
A 3 A, ﬁ?ﬂ layer © W3l compression and encapsulation < TFETh =
S 9= (computer oA EW)stal A (computer oA WL-)3k
layer A% dlolHE F&EststA T, o] Zlo] 3¢ layer & Huh ¥ @A olgtale ‘Q@

gitt.

B

VI)  Encapsulation: OSI ¢ 7 AlZRdoAx AR} SLL&AZFOoRZRE EgAZ=7HA
AaE o, 2t ASLE SHAAGE(FTE Header)E F7FsHH (&3},

(2—3) Session Layer:

o] layer © 94 Z2EETHS AASE FXgt. d& 5o, dd o] &A= Q150
o|FofAH, ¥ TAE= A o] Aol %X]Q% A &t FEE FS 896HA
%=

/‘1]/\4 layeroﬂf\iL connections = TFET} o] A& F 719 4] node 7Fol] o] FojA &= AAS
AlZE ], FEAIIY o] layer = %3 1 y of ApAle] HH]*E Alggteh. AlA layer &
Tk ii54 %4 layer 7Fe] tistE F7IsMA71H, 2359 ol wdS # gt

AF Fol, W AMNM ST AU B 0§t AMG BAFES T & vk
Geue o84} H BEw BAS S bR FAss AL S, AA lyer
o g A9e et e,

(2—4) Transport Layer:
o] layer T2EE 719 end—to—end delivery & M UAH, 433 22 AH|2E gErh
—o|A& F 7|7] e AAES AA kAl #elgit
—o] AL Y9 applications E°] Aol HolHE HUla S F U=H A4S
multiplexes gt}
— gz wet, doly dEWH-2 connection oriented ©] A4 connection less ©]t}.
(3]

—folHe AES AT 4+ 1S %, connection less method = AF-&-3%Hty.

VII) Connection—oriented communication:



telecommunications and computer networking ¥#°F2] network communication mode ©]™,
ol {83k dolErt HEE7] Hel Fal Moy HE-F-A < AAo] I
HolE 9] stream ©] ZAE©°] HUZ A d 9tA ALy = HEY T 54 Bo|t},

o] A 2] thote connectionless communication 18], o]E& & IP and UDP(User Datagram
Protocol) protocols © 2J3] AF8%+= datagram mode communication ©]t}. o] AL A=
2 packets 7F FHACR HFFEHY] wiio, dHeolHr7l FEASHA dgd F don,
L3 A2 2 paths 2 AEE Fx= At

—Connection less method ¢l A1+ UDP protocol & A}-&3tc}.

—218& 4 9= dole e e 4§, connection oriented method ©] A}-8-# T},

—Connection oriented method ¢l 4] &= TCP(Transmission Control Protocol) protocol <
AH-E-HT

A& = U= 94
AH-E-E T,

—A#g 4= gl A2 windowing 4 acknowledgement o] AFES Tl TES

AR

o

A2 ] sequence numbers and acknowledgments (ACKs)7}

VIII) sequence numbers and acknowledgments (ACKs):

TCP &= B2 Z}7}e] ulo]Eof sequence no. & &3sle] 1 dolHE F43 v} 179
&3k acknowledgement no.& AREEte] oW dlo]HIE HEF Fo| EAHIAEAE
grol sttt TCP connection 279, 7t side = 0o A58 4,294,967,2957 a
value ol A @ ¥ Initial Sequence Number (ISN)Z A}-&3}o] &gt}

—|~
2
o

(2—5) Network Layer:

network layer & [P address 2 4&# % =84 F42E& At AUS 2t} Router &
o] layer oA ZsEt}. ©] layer & F8 7|5 v Ao

— IP address & A 9| gt}
— AR e w=d3dl7] 915k, IP address & AR B-HE Feth

— Token Ring, Serial, FDDI, Ethernet 53 22 A& ©E link types = 74 AZAA 71t}

JP address:
IP address &= 32 bit 4 ©]2] software address ©]™H, F 7§¢] FAAAL=E o]Fojx] 3l



—Network component: 7]7]2] network {5 72| sit},

—Host component: 533k network segment o %= 53 77| & A 2| gh}

.Subnet mask + network component and host component & T&3sF=d] AFgF T}

[P addresses are divided in five classes:
Class A addresses range from 1—126.
Class B addresses range from 128—191.
Class C addresses range from 192—223.
Class D addresses range from 224 —239.
Class E addresses range from 240—254.

ol7fj o] address & 53t ZF o= ALEHrh

— 0 [Zeroli= defxlojler BE IP addresses & X &3
— 127 2 < °F= address ©]™ interface ©IA] loop back ¥} 2 HAEg o2 ALgHTl
— 255 & o°FF address o], WFEA o= ARG HTL

5

P packet:

1

network layer i transportation layer =HE segment & WtolA] 178 datagram ©|&}
o+ A IP header & 7}A a1 74T}

.Datagram:

Datagram & packet ¢ T T}E o] Eo]|t}. network layer & datagram = AF&3}] node 7Hel
AEE A3,

IX) network layer oA F £
UM X]E route updates ]E}

59 packets 7} AFREHEH, 3= data oln
(IX—1) Data packets:

Data packets < network A o] &=} Hlo|H& HAFdk=H AR&3th. lol¥ packets ol 4]
AF&-3F= protocol <= routed protocol & & A 1o, IP and IPv6 7} At



(IX—2) Route update packets:

o] packets = internet ]S dl=td] AolA route information & 7§AIE=TH) *F‘lf&ﬂr.
router += ©]#] 3k packets & AF&3t}. route update packets H U+ protocol & routing
protocols 2} 2w RIP, RIPv2, EIGRP, and OSPF 7} 2

(2—6) Data Link Layer:

of layer &= A9l0.20E] el Aol g ol E 9u i) gl Ao,
921 olel of layer o4 2A R, Holt] P19 Fa %S g gk

— Media Access Control (MAC) or hardware addresses & 73 2] gt}

— Ao Q3 physical =+ hardware topology & A 2] gt}

— data link layer frame ©| 4] network layer protocol ©] encapsulated 3}+= HH S
e Cian

— connectionless ¢} connection—oriented services & UHE& A3 3t}

— wjtjofo| A ¥AY3}= Defines hardware (MAC) addresses ¥5F o}Y2} communication
process & A 2| 3stt}

X) MAC Address:

MAC address ¥ 48 bit long layer two address ©]t}. T3 o] A2 hardware address #31%
B =1} MAC address ¢ A WHA six hexadecimal digits &= A AHE YERAT

MAC addresses = YA ®WEEok AT FUdAHS FAst Jdorz 3= tdst
HkE oo A FU3 MAC address & 7F2 <= it}

PN >\I

XI) Fame:

Data link layer + network layer =4-E packets & HLO}H frame ©]2} 1-?4;-_:# two Header
layer & 7}A|al Z17AS wrap 3t} Ethernet frame ¢ 5 7}A] specs.o]

—Ethernet II
—-802

(2—7) Physical Layer: 7 & =,

o] layer += hardware, cabling, wiring, power output, pulse rate etc. & % 2]3tc}.

h s



84 layer dlA = &4 PlHolE tEH. ©] layer & HlolH ®W A layer Z5-F frame &
wholx] 171 E5S bit & WHIAZTE o]HL o]t bits & AAE AFESIE S Yo
A AT

ntjolo] f3ge wef, o]k bit #hES single = W30, oJH ZE audio tones =
AR E AR 2 S state transition(voltage 7F ¥ AL @A, B @Ge A8 E
3 2)S 283 (utilize) st AFEH T

3) Internet Model

internet < internet suite @ H=3i= TCP/IP protocol suite & AF&3IT}E, o] AL 4 719
layer 2 A" &Zdolt}t. OSI EdLe ddbzel FAl mdo|x|nk internet EEE-
internet ¢ BE EAloA AL-g&3tE= Edo|t} internet & 1A 9 7| A7} ¥ network TFF
=, R BElyE sd4olr), o] Rdle g3 22 4719 layer & 7HA AL

Application Layer

Transport Layer

Internet Layer

Link Layer

Internet Model

(83—1) Application Layer:

o] layer ¥ ©]-8 27} network oA H£3lE protocol & Aoldlth o & Eof FTP, HTTP
etc. o]t}

BGP, DHCP, DNS, FTP, HTTP, IMAP, LDAP, MGCP, MQTT, NNTP, NTP, POP, ONC/RPC,
RTP, RTSP, RIP, SIP, SMTP, SNMP, SSH, Telnet, TLS/SSL, XMPP

(3—2) Transport Layer:

o] layer © HI°|H7} T2EE HolA oAdA s2=X5 Aottt o] layer o A&
%83+ protocol ©] Transmission Control Protocol (TCP) ©o|t}. o] layer += T AEEZH
A dolEl7F Al 9r=A] 18]l end—to—end delivery & o] FojH=2]E g1t}

TCP, UDP, DCCP, SCTP, RSVP, more...



(3—3) Internet Layer:

[P = ©] layer o4l &5 3t} o] layer = host addressing and recognition & &4 3} sk}
T3k o] layer = @H7-HS B gttt

IP, 1Pv4, IPv6, ICMP, ICMPv6, ECN, IGMP, IPsec, more...

(3—4)Link Layer:
o] layer & AAZ dolHE $5A8tE WAUSTS A&t} o]z 2] A2l OSI =2}
2], o] layer & 7|AE ©o|Fi & network ?LZ ‘31 st=glojol= Ey Aot

ARP, NDP, OSPF, Tunnels(L2TP), PPP, MAC, Ethernet, DSL, ISDN, FDDI, more...



6. COMPUTER NETWORK SECURITY

internet 7]l o] A AFEL AT Y HA o= EHQP oo s A=At 1 Fo
BE network 7F A2 E3Ho] internet & JAIS W, ZA dHolHE FFHQA HE
network & 3l MGt dHkl2 o]t Y E JEL% 3], 2159 bank credentials,
username and passwords, personal documents, online shopping details, or confidential
documents ¢} 72 uj§- TSk do|HE Ryl 4 A HA

HE Bt 91 9151—1 O = o] FofXIth vl HElA, 2RSS WA Aol F Q] BAs
7h wnk gt o5 495 A Bk

Interruption: STE| P Y9 o] 87t S FAst= Heb f13dolt} dE&E & i
# AWl J2d F AW 1 ANE Y Geth

Privacy—Breach(S1): ol Aol A, ALEALe] Sefoln Al WA REh FLAD
ZY2 gk Abgbo] QlFE AR B AY 17t wbeE dlolHooll kst ZEEA 4tk
Integrity: ©]¥1 T/ AP+ A dd &S WANAY Z2Hst= Ao] x3hHT
TAAE AR Bl HolHE TRt ZFEA thEel, ZEE dHolgE wWASAY
2N FAAA wlh AR QAo $AAF wda gl bged 1

dlole g Alse.

Authenticity: ©|23 919 FAAY mekgubasl A fhom Agwol o
AatAY o2 A4 39 B4 S s

=Y oyl 7|EE 100% SHAEA vl ey dlo|E7F eHdEFA] E3F network ©|u}
internet & “olttd EoF RS R % 2AES HET & A A €
A8%+= 71 o] Cryptography (s 8h) o]t}

Sender Receiver

= Cypher-text O ot

Cryptography

4532 plain text HIOJHE oldfistAY At oHA Twes dwTIHelt o5

o) § 7H5e ofe] A PE LaelFol A, vt Ak



. Secret Key
. Public Key
. Message Digest

1) Secret Key Encryption

SR B ’3}‘%9] HE 715 Zteth o Hjd 7l ¥WA F20x FHoA HeolHE

Fassicd A8, HolHsl dudE Foolde $4 Ede Fi_ $AAdA

M A W 1R S Hene, Waaa oA A4S A A5 & o

Hg 7] O*E«] o] 7} Data Encryption Standard (DES)e|t}: v 7] ¢+S oA, network £

RE S2EE AZ7F AYstr] e 5959 718 7HAokvk gk,

2) Public Key Encryption

o) dms Asdold, BE AL 244 Adel W A 2AW 2L FHaA

) o WW v Am FA QGoo] wmEEA gtk AN HE s o], BE

ARG A2Rgel T4 718 Zhenh o B4 Ve B4 gHeEw AMgEY deHE
x ] 2~

Ao slstr] 9kl FAIAIE ARE-SHCO ’\]XV} 43 HeolHE HAyds W, 25 ALY
HY 7)1 AL83Ee] 2RSS =it 3% 7] 93539 o Rivest—Shamir—Adleman
(RSA)o]t}.

XII) RSA: %9 842l public—key FzA|AolH doly HFe <hds 93|
g AFE-H AT

3) Message Digest

o) WAL A FolEE Bl @, 7 Ale] A FkE ANHA B G
HFo) g4 AN HA e ANE ol BT A5 A gkt vlwdeh FHo)
tol Bsehe, 1 dolEE A5 T 18R grhd AYH

XIII) Hash 3

191 2719 dolHE mAR vl delEE map dhidl AgHE FZolth o
Ja eRE ghe A4 g A4 mEda Rev, Asd dolHe] 2442
o ALET). o] Wel @i MDS hashing olch AHER} 29 =E Amel A

I oizste] 138 e il of WHE AL

ﬁL%L

it
HEES
H

S, o oot O,



7. PHYSICAL LAYER INTRODUCTION

OSI Bdlof A E2]4 layer & AAAQ st=dojet A& WAYFO] HFE4E3esF st
AeS st} B84 layer © AAE T e AR OE AHoHS EEHoR A4 ]7]%
OSI network & Y3t layer ©o]t}. o] layer & 3dt=9%o] #H], cabling, wiring, frequencies,
binary signals(¢]Zl 213)E X d3=d AFE3= pulses 52 Ao gt}

524 layer ol Data—link layer | ]ZL"q - ELHUﬂ, Data—link layer = =94 layer o Al
frame 55 YATH. 284 layer © IAES olF HolHZE XdHE 7] 2=
HAAZ oo, 1 ol HlolHE 74 wAlE &3 A 1=

mlm
of
ol
ok

1) Signals

dolE7F B84 wiAzEE $4" o, 23S HAr] 252 WA bk ey
X]—xﬂ‘* o1 7} O/HJ,} 7Lo o].uri:,_o]ﬂq. E]/\EL/] VL}o]ﬂa E];q%m o= O}J:]-_ O}ELEZQJ-
0A9 dolg mF AP ohdr Aze @38 5 vk

(1-1) Digital Signals:

gAg A= Aol o]ibdoln, dA&d ek d2E yEepdt yAE 21$E computer
A28l 3] 2ol A ALE-HT)

(1-2) Analog Signals:
olgR I AlEE o] A& T o=r Ho

hoes
o
A
re
4P
a2
ro
ral
D)
~
1=
offt

o
u
=5
[-4 U
i,
Au)

2) Transmission Impairment

AE7} WA AgR W, 4SS A 497 ek olAe e ge gow

WAy s)w Sk

(2—1) Attenuation(Z4]):

TAATE AR HolHE dMetr] Hsids 2 AErt Fw8 Aol g Am
WAE Eal ded w), 2L oFeix= Bl vk ATt golud FE oA "k

(2—2) Dispersion:

AEo} AE B AwE W, 2R FHAAY FojAE
AHgE Fel weh AR E T

rr
o,
o%
o,

o,
)
>
23]
1o
ofj
ol
rlo



(2—-3) Delay distortion:

NEE AR AR SFEsh Fdez Az $54 At wd 459 SE
FAEE AR WA Qevd, o AEE gele] BAAe] =ad sbsyel Ytk UAd
Al A, o® HESe] WA wdl A5 wrh W HxAe] muratiy olze W

A\ A o]},

(2—4) Noise:

bR HAY AseA cdeld wash Bk
ANARE RTFANTY, o]z oo

(2—4—-1) Thermal Noise:
g

de wol=E fuAZ F b AEAE =A@ olm HEAXE el @
1

=
wol=E ¥ ¢ gtk

(2—4—2) Intermodulation(F39 AEZHZR):

el Faeg @ WAV FRE w, oAE zte] Mol wiAel wel=E LA
offl mol=i vk 7)o ME g Fugrh skl wiAlE FRe s F9
stk vy AsAu FAes 3 AAVE SRR gwsiA gedd, o AddE

WS Fohrl UE B dgE g F 9l

(2—4-3) Crosstalk(E&A41):

o]d P o=t N A7} v
te wAe) Aol dFE 747

(2—4—4) Impulse(Z3):

of ol M, MY], R, Wi BIVER e ugPH WA Aste] WA
HAE dole o g a ol =o] Hiiio] G Wizt

3) Transmission Media

 computer A|2F) bl HRES HuUlF= wAE AF wjAlR FEH, 5 7HA GE7E

ATH:

(3—1) Guided Media:



BE EA ¢lo]o]/A|lo] &L UTP, coaxial cables, fiber Optics 21 2 = uFoltt o] mjAE
FTAAE A o= ?iﬁﬂﬂﬂ, OAS B ARE AE(F=)3)

(3—2) Unguided Media:

Aoy Feue HFE ulA FE2 2 olfE AR He ofmdk A ARl
AZNE g7l ot ArRe FFo=z JHrtd, FAVE 2t e v
ARE st

4) Channel Capacity

ARAEF] £25 AQd A E 20, olAE yAE HopolA = data rate =
Arbst, a3 Zo] o 7kA] Qdef wel AA ek

. Error—rate: =0]=2] 9lo] F+= HAI3 AHH o Q4

. Encoding: A|Z1@& 02 AlgH #HHES HE

5) Multiplexing

HE| Z A Aol dd wiA 2 249 data streams = 3|4 HUE 7]HE @it} o]
Z1HoE A2EYHES HEZAAE Y] 98 multiplexer (MUX)9F Al 288 AHAHRE

oAl AR e BAAR BAAATE de—multiplexer  (DMUX) 9} #2 A]2H
st=sols daw tﬁt}.

6) Switching

29 old AR AY AdAHA F& HAAE HoH/ARE Hle HwHAYFoIth
network 52 A5 A4% éi% 2Z5Y HolHE WolA RS AFeta £Ag o,
B2 Ao 7H 7}77} | e F WAL 7R Bdle A5dd 77ES 7HA A o

[>
Ho
oM
1o
jut
N
rlr
Au)
o
_\-;Ll
N
Au)



Packet Switching

Switching

(6—1) Circuit switching

A Zl 29 A ol node E°] &A1) Ao, F 719 node 7} network ©f] H&EFA
AL (AA)ES F538F=  telecommunication network AXWHS ekl S ful
bandwidth & HEAsH EA AAdo] o]FojA= Fot Hdo] 2&Hr}l, AHE node 9]
e doR st A7l d4dE AAH 25

M7 =92 network o] WEgh 2= F7]e] ofg 2L A3t network otk g
A7 25 b2 M|z F37t o]Fod o, HeGuwdr|d = 29AEL Ut
o|FoJ 2= Fot, 7 A7) Atolo Al Al&GEA A AFES A S

ja—

NP 297 SRHNOR network & B8l AFHE Ao, HolHE PP I
2947 gzl A7 2926l 9ol skl F4 A A Fais thalel, 47

9 AN ol network FAFo] Be] BA AMN LA ARES TR,
oA A AT Aulae] FAE dojziry.

(6—2) Message switching

de| AFYA o] Aol A, WA X =9 AH & FHo| one hop & MWA A ES telecomputer A A=
FEAZI= A 2939 Ailolddh oA UlE FFAN, 23, HEIS| AP dhufshy)
8k 1959-1963d B¢t Ze]E1ole] Collins Radio Company oA & Z2 wHE9lt),
HIAA] 2915 A 2~"1E Ao
ool A&sar ot zb =99 QdEE R FHFHET 4 vA A= o=
AR7F EZ3Eo glom, ZF AQX|dA o] HHE ¢ v, &S Foke vs
29A = AGETt network Z7ol we}, ofe] wAXE] syt U Hom AdEA
2715 gt} ZF HAA = g A9A2 dEEH7] ded, (RAM 9] AR Qlste] diA=
st=dofodl) A olgg o|F =, o]AE HEF 'store—and—forward network =}
F271% gt} o] dL HAIA] 29AE ALE83= XA Q] applications ©]t}. + computer
Zholl AAIZE dloly Asae= g, oWdS deste de dEol7t 3 &




(6—3) Packet switching

A7 29 FATEA FA AMN FHIE AR B %Y F JEF, BE
A% dolHE sZloletn Rt A 279 BEow AUzl tAY network
B2 geltt. W 293 network 9 AW ABHEL FUAMM, 9@

7]
network oA ZE3lE BS applications ¢ 7)< % convergence & 7}F5#A $Hth.
HRL st dHolz=z FAAT dde AHE network dH=glolel o8],
Ao HAA R A geh=d ARSEM, Flo] == applications AEEofo] ofsf 2]
A-g-F Tt
7l ~99AL 1960 d et 1970 Aol o Z7]el X259 ARPANETOA 4
AREE AT 2 5d o] A internet ¥ -2 LAN oA Abg W= 7124 Tlwmolt. P&
Holgpal F-2&= ol olAo] BAN(AREAHA) R A5 AZE FFo]7] wZolth
7 ~9He dolg 1 A9 A2 connectionless packet switching ¥ virtual circuit
switching ¢! connection—oriented packet switching &2 &% 7]% ghr}:

Connectionless protocol ¢ <2+ Ethernet, Internet Protocol (IP), and User Datagram
Protocol (UDP)©] $l3il, connection—oriented protocol 2% X.25, Frame Relay, Multiprotocol
Label Switching (MPLS), Transmission Control Protocol (TCP)7} Slt}.

connectionless RZolA, 7z} #FloE= AL FAAHHIF Sodrk. o] I ES
MEAo R gfE HER O Ayt "yuE A2 gE FE2E AFESte] &Add mEXA

g Addn, ZF 95 5X2] T4 ARY T, XE HE7F ZAFHO 4. E=d
azlell R dE "IV FAE T v olRe HFlo] EAAE Thes de
HAst=d Efo] He d8Hde 84S A "Hojmdn, gy o3le Y B
AR7F 7 Y 2e = v As Yudt 2B IYe g% AAA HaL, o
AKX = power—hungry content—addressable memory oA FHAFETE ZF gjzlo] d@Ewy

st geEHE  Eote dAdE Atk AR oRE, oyd A &HCgA =
connection—oriented system 2] connection set—up Al dfoF d= HAAH BE WS
fote] B2 A& doF A%, applications o] L7F7d wel A HHTUES VA AE
283 A9s & F Aok BAA A, 2o wAA/HolHE 7Y sHE AR
=HkE A= AFHF "ok e B=E virtual circuit ©]4 byte stream 22 ¢ % virtual
connection ©9lA] W& FTAE network node E°] WA a connectionless network
layer service 7S A|-&3} 2t =, transport layer protocol o o] ZHE o] &4}l Al A-&FH ).
Connection—oriented transmission oA @ HZL FA HHqHHe FHES 9354,
AGE7%= Aol Z242ke] 8 node oA AXAA7E osit, HZlES FAFES HE0
A4 AEAE Z3eial lom, Qe ZRIES JAHES oA SAdE 18 dYE
AZetHA daddty, FAGHRE R4X2 ] H9-EE 3, dEZE 7} network node 9
A =9 EHolEd FrtE AdZAF e sdelvt 1 node 2 AEETh o] wf AMEH

moﬁim

Al713% protocol & applications & st LAY QFAMES EAZISIEE o] @A
et g E Fes st Ai|a g EHR 8 7Hed gES 24 5 Qo 9iFl


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
http://en.wikipedia.org/wiki/Network_layer

length, timestamp, or sequence



8. DIGITAL TRANSMISSION

doley AR+ F 714 wHoe=z AFE}: analog and digital. computer o4 dHlo]EE
Abg3L7] 93te] = discrete digital form & Fo] lojof gt} dlolE| 9} H]S=E}HA, signals
Y3 analog and digital form ©]ojof gt} dlo]HE UAH=E HEstr] flaiA, ¥4 tA 4
FJEE RS A oF g,

1) 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 ojt}

(1-1) 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
A" Al2de vAE HeolHE Eﬁﬁ} discrete signal o]&} F-2w o]&a F 3+ 3

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



Line Coding

Bipolar

Line Coding

(1-1-1) Unipolar Encoding

Amplitude
'\

g2 9O 42 0 A A
(1T .

Time

UniPolar NRZ Encoding

(1-1-2) Polar Encoding

Polar encoding scheme < binary values = X3 3}7] 93}e] multiple voltage levels <
AFE-3Ht) Polar encodings o1& 4 7FA £577F ok

(1-1-2-1) Polar Non Return to Zero (Polar NRZ):



o] %l
voltage & 12 18]l negative value & 0 S F &3t} o] AL 3l NRZ ¢l
ol o ZAE EA5HA] &7 "ot

NRZ scheme ol &= 5+ 7}A7} 21t} NRZ—L and NRZ—1.
O

i 9 1 1 O 1 1 O O i i

Time

NRZ-L

B
L

Time

NRZ-|

Unipolar NRZ
3l whHo| NRZ-1& 1S whyd

NRZ-L & A =2 t& HEZ} tbd o voltage level & W7
o] voltage & W7 A 71t}

(1-1-2-2) Return to Zero (RZ):

NRZ ©] ztal gli= ¥4 sender 9} receiver 2| AAIZ} F7134H % & 49 2|97}

HIE7L 29 e} v HIEZ} A2te W& conclude & 5= §lths Aol

(0] I | (0] 1 1

B e e e

B
>

Amplitude

Return-to-Zero

Fob: 1 S %338} positive voltage, 0 S £33}
¥ 83FA] ¥+ zero voltage. Signals change during bits

not between bits.



(1-1-2-3) Manchester:
o] encoding scheme 2 RZ and NRZ—-L 9] Z3F3t Zo|t}. Bit time < two halves & YU},
O] AL HEQ T3t AEEw tfE H|Ee} wbd w) phase 7} WU}

(1-1—2—4) Differential Manchester:

o] encoding scheme 2 RZ and NRZ—1I
ubd w7t phase & W7 3o}

(1-1-3) Bipolar Encoding
Bipolar encoding < three voltage levels & A}-&3%t}h positive, negative, and zero. Zero
voltage = binary 0 <, 18|31 1 & positive and negative voltages & altering SO =4

RN
oi1/lo0/1i0i1/1i0i0/1

= - —

Time

A

Amplitude

(1-2) Block Coding
FA1H data frame ¢ AL BAE 7] Y3+, redundant bits 7F AFRETH & S0,
even—parity | 4], one parity bit 7} frame even ol += 1 E9] AlLboll F71E )

Block coding & mB/nB 2.2 &A=, ©] 552 n > m 9 A9 m—bit block ©] n—bit

upeba] BIES] Y 71 F7ekth. o] A S Block Coding o] 2} F-E&t.
%
block < thA3t}= A o]t} Block coding o &= three steps ©] At}

> Division



> Substitution

> Combination.

(line coded for transmission)®]

flo
2
ofx
ofo
o
fr
12
fols
ot
i
L)
ro,

block coding ©] v, 1A

A},

2) Analog—to—Digital Conversion

Microphones < analog voice & 18|31l camera+ analog videos & FF 3t} o] A4S txd
dolH=Z AFsl7] AsiA e gxd wWslo] Hgsir).

Analog data + 3 =3¢ A& do]gQl ¥l t]x€L o]4t Hlolglo|t}, ofd R 9FH S
OA g do]g & W3 7]7] 93X+ Pulse Code Modulation (PCM)S A}-g&3fo]oF 3hc},

PCM & 71 kA9l ¥ o) shueln, 3 7k41 9] wA7E 9l

. Sampling
. Quantization

. Encoding.

(2-1) Sampling

—

Analog Signal Sampling

analog signal & X% T interval & AZ3t; MEHA 7Y 583 24+ analog
signal & AZ3}+= H]Eo]t}l. Nyquist Theorem o wz}, AMEH H]|E&L Ao|% signal 9

A3 Wzl w7k Hojof g,



(2-2) Quantization

S0 s "
o—: : : B
:>' —

Sampling Quantization

Sampling & A&HQ opgE 1 Al1de] o]ibd HeHE AlFech od 7<'5“°F°ﬂ
ol Ak A FEL oldmg A|1dS %—:_-L,— ]74 EO%—H:} Quantization = <]
FH o] FE gk AloledlA] o

ol .

(2-3) Encoding

: 9
—9— :
TR "
BERE s =G 11010110 10110100 .. 11010101
Quantization :> Encoding

Encoding

71z gtst=tl ojA], ZF SAMA &= o)l Eyloz WEET)
3) Transmission Modes
transmission mode 9| A= 5 computer 7Fol Hlo]E 7} A4E = WS AA3 T 1s 3}

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

(3-1) Parallel Transmission:



E

F s

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

Receiver Sender

o]x HIEX: 3AE Zolo aBE=R FAHo At} sender ¢ receiver & tF U3+
dolg gele] x5 ztu WyH2og AZARo] Qt}. UE computer 52 high order and
low order data lines 7FS W3t} sender & BE Z}elo] 3HHo| RE HEES HULh 1
o= ZFolY dHolEl frame o QU= BHIES FUt Fdsr] wiidl, ¢dd HE
IF(dolE frame)S FHHO| B

ol Folm, WHe wWHHAS

wlshohs Aol

|
4= 7] wEo]t}, Advantage of Parallel transmission <
2 Bl do]He 47F wolxmR cost of wires ©]

(3-2) Serial Transmission:

serial transmission °A4], HE
X g e B4 Adute] A

Receiver Sender

Serial Transmission



Serial transmission & &7]2]o|4} H]F57]2] 0.2 o] FoZt},

~—~~

3-2-1) Asynchronous Serial Transmission:

o]Fo] E=dli= ZAH, timing ©] TR3HA & WA oltl dolH-HExs 5¥H3 dH S
7FA AL 9lo™, receiver 7} AlZtE £ HlolH HIEE ¢l&=dH =S FUh oE B9, 0 &
BE o]y ulolEd prefixed HH, 3+ 71 o]/de] 1s 2 &5 H7HEth

T M9l A44 data—frames (bytes)2] Alolell gap o] 5014 = 3l

(3-2-2) Synchronous Serial Transmission:

synchronous transmission ©|A timing & sttt dlukst A1z E HlolE HIEE

=9
123 = HAYFo| EA5HA] &7 UH—E#O]E} o]ug 3l pattern ©|Y prefix/suffix method 7}
$1Th. Data bits & bytes (8—bits) AFo]9] gap = F*|3FA| 3L, burst mode 2 5 ¥},
burst of data bits = H}|EQ] =& X33t —’F O =2 timing ©] v T L35}t}
Ho|Eo] 9l HIEE o2t o= AES receiver o ¥9# 9t} synchronous
2<

transmission 9] FHL 31&0]1 | asynchronous transmission ©|41* % extra header and
footer bits o] W3t o] 3t overhead = $ITH= Holt).



9. ANALOG TRANSMISSION

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

. Bandpass:

Felsel B udel FoeE Besha #2470 AHEE) Bandpass = LEE H2@
S Qe e w=olt,

. Low—pass:

Low—pass ¥+ low frequencies signals < 3|43} ZEg o]t}

A9 d°o]E = bandpass analog signal = W73k w, digital-to—analog conversion ©|Z}
B E21}. low—pass analog signal 2 bandpass analog signal &= W7 & @ analog—to—analog

conversion g} &

1) Digital—to—Analog Conversion
computer 9] data & ofE=I1 g E F3| thE computer & Bl wj, WA opdz=
AlZ1d & WHEAAOE St} =) Analog signals & UXA|E HolHZ WA Eo]of st}

analog signal < amplitude, frequency, and phase = TAEM, of7|o+= 7

T

digital—to—analog conversions ©] ] t}:

(1—1) Amplitude Shift Keying:
©] conversion technique ©lA4], the amplitude of analog carrier signal ©] ©]%l

YFS 7AES HgHH.

EIRA=E

| Time

Amplitude




Amplitude Shift Keying

binary data 7} digit 1 = YEFH wi, the amplitude 7} A E A9k, 12X LridH 0 0=
A A=}, frequency and phase %¥Z t} %9 carrier signal ¥ o] X ¥}

(1—2) Frequency Shift Keying:

o] conversion technique © A1, the frequency of the analog carrier signal

2 binary data ©I
S VA =T HAGET,
A

A== rll l'l

- | |

= | 1 -~

5 \ | Time

=T | =| Ill Il ime

Frequency Shift Keying

7

o] 7ol E F+ 7FA T35 {1 and 2 7} AFSET dE 59, olAE F9Y
f1 & binary digit 1 & % d3}7] st Aelym, x| s} bmary d1g1 0%
93l AFEE T} amplitude and phase of the carrier wave & UF 94388 4|3t}

r o
-
S

N

(1—3) Phase Shift Keying:

o] conversion scheme A, the phase of the original carrier signal

< olX HolHell &=
712 7] $eke] A

Amplitude

\ |/ Time
\




Phase Shift Keying

Al binary symbol < %hg W], the phase of the signal ©|] B} t}. Amplitude and frequency of
the original carrier signal & 43&S -F% 3k},

(1—4) Quadrature Phase Shift Keying:

QPSK = & el A9 o] HAES nrgetES phase & WA oA F /1A
XA &2 TFE phase ol 4] o] Fo]Zt}. The main stream of binary data & two sub—streams I A
U3 A Y]z} serial data 7} both sub—streams ©l4 HH2 o g W3E v} each
stream = NRZ technique & AR&3to] tA|d AlZid = Wb 21 $ol|, 5 digital signals
o] A& FFErh

2) Analog—to—Analog Conversion:

Analog signals < analog data & 3% ds}7| $I5te] WAL oJoF sk}, o]2 3t conversion &
Analog Modulation ©]2} %2t} Analog modulation < bandpass & AF&3 w] 3 Q3s}c},
Analog to analog conversion <& 3 7}A| W o2 o] Fo] Xt}

Anal og Modulation

Amplitude Modulation Freguency Modulaton w

Analog Modulation

(2—1) Amplitude Modulation:

o] modulation | 4], the amplitude of the carrier signal < analog data o] 4GS 7| ==
iR RaA=



7 ; # F B

e e e

Amplitude Modulation

Amplitude modulation 2

S multiplier © & 23}t amplitude of modulating signal

(analog data)+ amplitude of carrier frequency ol <38 F3%% o], analog data °l JeFS

71 Z1t}, frequency and phase of carrier signal &= W3lA] &=

(2—2) Frequency Modulation:

o] modulation technique ©A], the frequency of the carrier signal < the voltage levels of
the modulating signal (analog data)2] W3S ¥rst== WG H )

Analog Data
Carrier Wave
" - ~ ~ A ~
f\ /1 )

Frequency Modulation

Frequency Modulation

The amplitude and phase of the carrier signal & W3}#|] &=},

(2—3) Phase Modulation:



o] modulation technique °l| 4], the phase of carrier signal < voltage (amplitude) of analog
data signal ¢] W32 Wkdslr] st W7 5 oo o}

\ Analog Data

Carrier Wave
~

Phase Modulation

v V V VvV U ¢ \/ \\//

Phase Modulation

Phase modulation & A4 2% Frequency Modulation ¥} H]|5=3}A| %k Phase modulation
frequency of the carrier signal © <7FelA| 2=t} Frequency of carrier signal < the
amplitude of modulating signal o] 4] voltage W3S wd3l7] €3] W7 (made dense and
sparse) ¥ T},



10. TRANSMISSION MEDIA

transmission media % computer network communication ©] 7}s3dEE = FL3k
physical media ©]t}.

1) Magnetic Media

computer 7ol T 1E1E' X*’“ﬂ—‘i— 7H Hed Wy T2 Sty network ©] ®HAISHY)
Ao = A% wjAe] 1 Aol 3 Aol thE xog EglFow HEd=
Zoth. a14:9] internet Amu S5 A v= paAolg suelE, wolHe R}
2 9, vlaug ojAE AFESoh

oE Eo], 22 1A 3t At dolHE FHFolWA, Aoz A "ol 9
o] aZS WSt ks A B oz S owE = Q) 3ol A ﬂ%‘?ﬂ:/l
ol go] g } I Q3| internet 2 Eal 1AL AL} E AL X &l WAN links &
IS 158 AYEA e a5 a8 dchd, v]go] TX# EIEAR=

7d9-°f|, data backup ©] magnetic tapes or magnetic discs © #&% t}L-ol, U7X ol A

2) Twisted Pair Cable

A twisted pair cable & F 719 Zgfxgo=w R FAH02 Hol glow T J7} alelA
sty FElE olFa At o] 7 HAHAOERE, ©A surt HAA Ajads dALshal
U X = ground reference 80 = /\}ﬁﬂr/} A 7Fe] twists == noise (electro—magnetic
interference) and crosstalk & =o|=4 E80| FH}.

s

T T7Y twisted pair cables ©] 2

. Shielded Twisted Pair (STP) Cable: <&t o 2 7H4 twisted wire pair & Ho] o,
noise and crosstalk ] sl FwkS-3lc},

. Unshielded Twisted Pair (UTP) Cable: 7 7§ ¢] Z}e|le]E ztar glow, zHzte 53l
9“:011 o+ A Qo). computer networks | 4], Cat—5, Cat—5e, and Cat—6 cables ©] 7}
o] AR8-%™, UTP cables = RJ45 connectors o <12 %}



3) Coaxial Cable

Coaxial cable < two wires of copper ©|t}. TAlol&= core wire 7} 9lo™, 1A A=
Fo] 9t} Core + AAEE sheath(Ld: wrapping) & el 9ttt & WHA wire &
sheath & WA Qo T3 HAA sheath & TthA] 7] Qt}. o] RS Zgtrg
JHoz yo Qi

Coaxial Cable

olg gt Fx= Adte], coax cable & ¥ FIHFY AadS ALY 5 QoA twisted
pair cable ¢ 1A KT §-F8trt. o] A & 2= noise and cross talk o thgh -k
WojukS- A)-g-3}H, Coaxial cables & 3149] bandwidth rates of up to 450 mbps ©]
7} skt

coax cables ol = 3 TFH7F 9t RG—59 (Cable TV), RG—58 (Thin Ethernet), and RG—11
(Thick Ethernet). RG & Radio Government 2] &¢I o]t}

Cables & BNC connector and BNC—T & A}-83}e] A%, BNC terminator & %Z& £
AT gfololE wigkst=d AFSEH T

4) Power Lines

Power Line communication (PLC)olAlE dlolg Al28L AHAEE7] it AAS
AFE3F= Layer—1 (Physical Layer) technology & AF&3Mc}. PLC ol A4, modulated data =
Aol EZ BT & o d+= receiver &= L H°]E|= de—modulates and interprets

Eige



< A7

| 71718 EAsle] RUESE 4
LC 7} St

power lines ©] dg] A& %7 wjal, PLC
9)t}. PLC = half—duplex & A& 2 279

S
td

. Narrow band PLC: lower data rates up to 100s of kbps & #|-&3}H, lower frequencies
(3—5000 kHz)oll Al #& 3t} 4= 712 o]do= gikd 4 Qi)

. Broad band PLC: higher data rates up to 100s of Mbps & A& 3}™, higher frequencies
(250 MHz)oll A 253t} o] A& Narrowband PLC W g =& git).

5) Fiber Optics

Fiber Optic ¥ the properties of light 2 2}&3gtt}. light ray 7} critical angle o v % uff,
IOAS 90 &= FAAZILE o]y 3 Aol FAfol A A& E L It} The core of fiber optic
cable & 1% glass or plastic &2 RFET SF & FoA] Ho] HRAlEHA A& o)
of gk thSof thE & Hof o+ light detector oA light stream = ©X|3F th-of A7
HolE = WA},

Fiber Optic & Z1%S A&y, + =2 o 9t} 3ty single mode fiber ©]al, &
3ty += multimode fiber. Single mode fiber == a single ray of light & transportation 3t
HbH o] multimode + multiple beams of light & %3k},

e

Fiber Optic H=3F dwtakAd v} oFulgk A
special type of connectors 7} AF&%H, o]zfst AER
Tip (ST), or MT—RIJ 7} &}

t}. fiber optic o HL3H7] YA +=
+ Subscriber Channel (SC), Straight



11. WIRELESS TRANSMISSION

o

Wireless transmission = a form of unguided media ©]t}. Wireless communication < &
Moldel 7171 Atolol AAE oW &)%) HArk dox &g T4 Aad2 #5ow
A, gk Qtete] o)l = A E

antenna 7} electrical circuit of a computer or wireless device o] <38 w, digital data &=
T Alad R vk ohgel T WY el A A it Al Eel 9= receiptor 71 ©]
Al1d-E& drobx Al HX Y dHlo|H=E WSt

electromagnetic spectrum ¢ Z17F B8 Tho] wireless transmission o] AF&¥ T}

Radio Micro ifraiad Ultra %R Gamma
Waves Waves et violet G & Rays
10 10" 107 107 107 10° 10 10"
Visible Light

Electromagnetic Spectrum

1) Radio Transmission

Radio frequency + A4Fsh7] #dl, 239 Augt wavelength 7} ¥ 2 F2ES
#ES = 9l7] wjFo|t}. Radio waves ¢ W= 1mm 4] 100,000km #
(Extremely Low Frequency) to 300 GHz (Extremely High Frequency) %
W Q= zr=t}. Radio frequencies == six bands & T}A] ylt}.

Al 32l Radio waves & HS E3& 4 gl whdoel, & RF & Hd o= 7hn oA
oAl Ho] vtk A Fuare A2 A7 oy 45 A Folenk. kA High
frequency radio waves © U 22 39E zZta Qi)

VLF, LF, MF bands ¢} & A F34=52 24o|A 1000 kilometers 74 Ag# T},

D) (6

— - EARTH B



Radio wave — grounded

53] Radio waves + HlEo|Y  T|E} AFoefEe JF4uHry] Ao oA E
A2 Z(ionosphere)S o] &3t} 1153 radio waves(HF and VHF bands ¢F #2)
o2 ST o|RlEo] ATl B s, X/ oE thA] HhARE

s
Mo rlo

-

i O N O s P H E R E

==t I EARTH —

Radio wave - Ionosphere

2) Microwave Transmission

100MHz ol/¢e] AAp7|sk= A oem sA= Aol slor, ofzle] Aade od 5
ZHOlAE &l Bix= duk el o) dEHT. Microwaves 7F HAdo®
w9l sender ¢} receiver & t 9ZA3}A line—of—sight & A A= lojof st}

Microwaves ¢ Zo]+= 1mm oA 5B 1meter o], 343+ 300MHz to 300GHz 7}A

o]},

i i

Personal Area Network



Microwave antennas + WOo® Te Fa4E 22t 9o OHANAAHH, v
StelUEo] Ry de =4d3str] flste] Ad=E 4 Qth Microwaves & JlFilo|m g

FoES ¥ FL & gl

lo

’

Microwave transmission < 94| ¢} AFE F3alo] A o]&E35i)

3) Infrared Transmission

Infrared wave & J7HAFA AFHEZI microwaves  Abolo] gtk o]AY
wavelength += 700nm to 1mm ©°]9¥, =34 HY+= 300GHz to 430THz ©]t}. Infrared
wave + v AY I Fo] zTdAY FAA AREFH. AHAA Q] Infrared &
AAH oz A, 2 T MR st WS Tyt Xshr)

4) Light Transmission

dlolg FAlo] Al2% 3+ Highest most electromagnetic spectrum < light or optical
signaling ©]™, LASER 7} tf 3 4 o]t},

frequency light uses 2 <ls}o], o]AL AT ANAFS Zb=th 2822 sender and
receiver = line—of—sight o] ¢Jo]oF 3tt}. laser transmission & UWAo|m 2 oFZ o=
the laser and the photo—detector 7} ook $+t}. Laser beam <& AHFH O F 2£0] Imm
ol F 7H¢ receptors 7} d@lo]A Azl AFetA srHA dojof FEsiA AEsH

fr},

FPhoto Line of Sight
Dretector // \

Laser

Light Transmission



Laser += Tx (transmitter)® ZFs3}al photo—detectors = Rx (receiver)® %+

ofr

Lasers += walls, rain, and thick fog & @5 4 §lt}. F7}2 laser beam <= F3J3}A o

91+ wind, atmosphere temperature, or variation in temperature © 23l =% 7]

Laser += ¢FA 3 data transmission ©] A%k, communication channel & H&j|3}4]
Z0 2 YolAE wFE FS ulg oy}



12. MULTIPLEXING

Multiplexing ©]& shared link & &3l A2 t& ofg=2¢t YAHY HAy 2ERHS
ZAlo] A stE 7]Holth Multiplexing & 114 %9 medium & thsl ~Edo] A3

JEE A5 =814 medium &2 Fasit)

Communication < physical media (cable), Z#]a1 light C(optical fiber)S A}-&3}¢]
= (radio frequency)oll A o] Fo] Rt} BE wjAlE= multiplexing ©] 7} 3Fth.

o] A7 @ A2 gkt glolHE B o)) Multiplexer 717]& o3-S =84
AR F&ste] ZHztol| shupy stesith 1gal SAle] HitiEe] 9l De—multiplexer +
G A28 2 0|83t HolHE WolA, I3 S receiver & H T

1) Frequency Division Multiplexing
Carrier(A &2 A7} F3t4=d 49, FDM < A3ttt FDM o]k ofd =1 7]&olt)
FDM 2 =84 =z 2FEHo|Y FgoE T3 v, 7179 A&

Aol @Rtk AFEARE HHH o2 A4l channel frequency & AHER T 9loH,
IR 5d-e2 JAEE £ Ay EE AES AR FEFA @A 2EdEY. AdES
guard band & A|&3te] AFE3t+= U, Guard band & 3192 channel o

frequency & Z3Ht}.

O

o

o

2
>~
=
ofo
ol
20
>
50
s

D
l f: | v 2 | f: |
Channel-1 u M Channel-1
| E U
T L
I - | I AL
Channel-2 L P Channel-2
)W EAWEAN
X E
I £ | E x I fs |
Channel-3 o : Channel-3

Frequency Division Multiplexing

2) Time Division Multiplexing



TDM & 7]2A o tAd Aladel] AHE=AN, ofdRa AlTdede A8
TDM oA Ff%+E= AL time slot(HdEE = dolgo AZFtE )=t
ALEALEA A e AFERE ZRE 2 24] AlFE time slot Wloll AT o]
4= At} Digital signals += time slot ¥} %3 frames, & 5743 time slot ©l
A= HA ol =719 frames & hETh

TDM & 57|72 RE= Zsgit. 4% 29 Multiplexer and De—multiplexer & % &-3}7|
71082 AEetH, vy AdeAdeE & o Al g Huiy e gt

2
2
oy

(1){_11
4

xmxmr-'o—-ir-cg

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

Time Division Multiplexing

channel A 7} 3 & Zo] Q= frame & A5 W], De—multiplexer © AES S W%
Zo) gl u]ﬂﬂi IS A3t} channel A’s time slot ©] TR % 2} v}x} o] %8 channel
B Z nvp{t}, dhZo A, De—multiplexer = F7]2 o2 253}l channel B & H|T]o]9
AgdFEe A7 & AldolaA] & Signals & interleaved mode(Al3 9] FEELS AA3
AR wep 719 ¥ ) e R O TEE AREeth

3) Wavelength Division Multiplexing

Light 2 ©t}%3k wavelength (3% colors)= 2zral QJt}. fiber optic mode oA, 49
optical carrier signals & A= t& IJFS AFETo=ZX FAFE multiplexed 3.
o] & analog multiplexing technique ©|¥, 7Y@ A o2+ FDM I =3t H@W2o=
AP AqE Ws Alada ARESthE 540 3



ZI‘HXI‘HFT-#!‘:;
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Wavelength Division Multiplexing

Oy Zb wavelength time division ¥ ## 3|4, multiplexing WA& AFEstH o B2
dolg AadS Az Fgste] dad o Sth

4) Code Division Multiplexing

Multiple data signals & Code Division Multiplexing & A}&3tH @ Fu4E AL8 4=
ATt FDM 2 F35E Hoh 22 AQdz yrA 9l CDM 2 o]&x2 shoda full
bandwidth & AF&3|A] AAEA FL3 Z=5 ALt A 29SS A5

CDM & Zu#=(orthogonal codes: FF8tH o7 7} QA4hBo] M2 ZHHYS Yeys
FE)E AMEste] Alads A

Zy zglol o= chip olgte F¥ ZEVF SdET A9 5HAoR o] I} 3
whole bandwidth oA Zolthdct, 1283l receiver & Ao Al TEalloF 3t chip code
signal o disto] w2 ¢ar gl



13. SWITCHING

Switching ©]& EEo|M ¥ EZ packets & ZHAZ BuE 3}AS T3l dolgr}
EE EoL o, 1AL ingress #F 23, do]g 7} YA @, egress @f

Al z~"Eol= thre] A% 9 node 7F ETFHE O] itk Fo]F o R switching <&

2 Uitk

major categories

. Connectionless: H] 144
g Abd T&/A4 AP Yol F S2E A 2HR] EfE S wEd ¢ s
Walolth, &, A Holl vjg] d4s dAsA & WAeE S(arc) AR A At
=
. Connection Oriented: 174 #] 34

125 7] Aol $5215 Fholl =2l ¥l AZdo] AA s o] lojof gt F A 1t
1 78 o] wAAEe] AANHE FASEE o]y ko] rhssith. HolE 7t

A%

SERNEREES R

Eal0] A

1) Circuit Switching

T node 7} AE&EAHo2 HE B8 ) circuit switching o8} FEt}t 54 dHolH =
Agstr] fste] meEl AR FEZF dQsiH, O v o2 dHolH & 8 A Ee
do|H & %3 circuit switching ol A, circuit = Hlo]E H%o] o] Fo]X = A X F o]o}
Eia=3

Circuits & 99 5 AdA AU % 9t} circuit switching & A}F8-3}+= applications S
o2 22 3 7HA 9] dAlE ARE g

. Establish a circuit
. Transfer the data

. Disconnect the circuit



Circuit Switching

Circuit switching < voice applications €22 AAHJT}. A= 7b L& o9 circuit
switching ©|t}. o] €27} A3tE 317] #oll, caller and callee 7FY] virtual path(7Hy 5=
ATM Aol 3 2L1E 3= =gjAdl 7H gol= 9] i) 7} network AAo] A= glojof
Eia=3

2) Message Switching

o] 7]¥H< circuit switching and packet switching & <%t oJt]j&o] 3FET}. message
switching o1 A, =& message = data unit & FHFHH, DA77} 295 o] ALH),

message switching oA ZHsslE A2YXE WA, AA HAIXE e s AE5EE £ Y=
Aol B wj7kA] 13E buffer ot ool WAXE W7lol] Apglo] FESHA FThd,
I HAAE A Ee] 29AE 7|vd Tk



Store full Message

Store full Message
& then forward

& then forward

Intermediate Switching Devices

Message Switching

o] 7|W2 circuit switching A9 EE =27} @A F 79 < Ee] o3 wslorm=,
circuit switching ¢ WA 7]|"H o E o] AF Tl Message switching 2
th 218 Aot} Message switching ¢ @8-S th&-3} 7t

T

[e)

=

packet switching

-

J= FEI AFa
ol g& 4 9l

i
i)

8=
2 WA Ag-tea-dE 1Me AAgstel t7] (waits) SR,
z91ge vs e,
z91g e

S streaming media and real—time applications < 93t 3124

2 xHt.
3) Packet Switching



message switching ¢ @3 o] packet switching o ™3k ofolt]o]S FuA AT A
WA A E packet il 2= HU} AS chunks & Z 0T}, switching information 7} 2+
packet o] &t F7FE o] ojA] AR} HmPA o R HFHT)

intermediate networking devices 9|4 22 =719 packet & A A3= AL Hup H| s,

O] AEL carrier path 9l A} internal memory of switches AU Be 2AYS Ho 7 314

oyt

Packet Switching

Packet switching = ©4=9] applications oA TA3F packets 7} carrier ©|A4] multiplex

H O 2M line efficiency & =9It} internet < packet switching technique < A}-&3%+c}.
Packet switching 2 ©]-&%}7} data streams = Ao wel &gl AL 7FsshA S},

Packets © service & #2S YElY & 459 H2 A E o @3 Ho)



14. DATA LINK LAYER INTRODUCTION

Data Link Layer ¥ OSI Layered Model ¢ ¥ WA layer ©|t}. o] layer &= 7}F& &3ksk
dolofs Fo shvtoln, Hid 7ls# oFE 7FAal vk Data link layer & &4l
w24 Ho} A layer oA ARE 7|ESta YE FR3% =dgoe UYSs #HE
A

Data link layer &= oW oJvjoA A AAH F 7o T2E Apo|o A 253ttt o] st
A2 A4 point to point Y broadcast & 4= 31T broadcast network “32] A|~ElS
T HHo| A TE 4 v} data link layer 7F Sk ¥©] single collision
domain oA o] S2EES tUE W, 45 SR de] 3

Data link layer & data stream & HIE H Aladz WHIAAA 7|82 s=go]d 1AL
HuUlE= Aol 9}, FAlo] ZE W, Data link layer & st=gojoA] A7 A1d FEj=
ol A& HeolHE FE% v, A4 4 A& frame XWOo R IAES Hol, A9

layer o @At

Data link layer & F 7}#]¢] sub—layers & Zr=t}:

. Logical Link Control: protocols, flow—control, and error control & t&Et}.

. Media Access Control: actual control of media & t}ET}.

1) Functionality of Data—link Layer

Data link layer & A9 layer & tAlste] B R E asl=d), ey 2}

. Framing:

Data—link layer ¥+ Network Layer ZY-E] packets = WolA 1A ES Frames o2
Meslsitt, 28 v, AL st=god g ZF frame o bit—by—bit = Etl H=
Al A, data link layer & StEHZRE A21E9ES FEA IHES frame o] S

. Addressing:



Data—link layer ©l*4]+= mechanism < addressing 3}7] 98t¢] layer—2 hardware =
Al&3stal Yot Hardware address &

= HAg W FdI AoR oAAAL du. o]AE
shedlolE Az v m=she

T

. Synchronization:

dol8 frame &°] A2 Hjd o, F5 FHHFH

sk,

A58 ¢ =T B85 oo}

. Error Control:

o2 A9 52 AE Ald wA7F HAste] 279 v EEo] ALY o] g o &2
AR H oo s, 252 dolH HIEE 35T 4 JQLF ool st} S o] A A=
A1 A}ol| Al error reporting mechanism < A|&-3fo]oF 3lt}.

. Flow Control:

HEL G Jde 2EHodES vdd Sy &8 71 Al 9tk Data link layer ol 4=
FE AFH BT $dY SE= HolHE wEd § UXEF flow control & WASE]of
gt

. Multi—Access:

F49 Y36 9= FAEV} dojEE Assten o

link layer oM+ EH49 A|2"HE7]8
o] =

& sk = e AeE 2
A+ CSMA/CD ¢} 722 HAYSFS A&gh),



15. ERROR DETECTION AND CORRECTION

AFE = w9 dHoHE WrleEdgs %S ¢2lo]l ul: noise, cross—talk etc. ]
layer 58 AukA <l network 3o 93 Lgwct wabd A9 layer & A|~E 7ho)
error—free transmission = 7]ttt} tH-E2] applications 52 o2 dlo|H 7| H+=
71ther v 2 shA] &=t gk voice and video 9F 2 applications 52 9% w
gorg ourt ol # AEav|E g

XN s

Data—link layer &= frame(data bit streams)E°] A&3sIA AFEHJ=AE &dsl7] Y5t
error control mechanism < AR&3Ich, 12ju o8] EA4 7|HS olalsly] Yaias A
7bsst ol e1e F/R7F FAdA A diste] of= Zlo] dujA el

1) Types of Errors
F5el o7t 9

(1-1) Single bit error:

Sent Received
[1]of1]1]ofof1]1] - [1]of1]1]o W 1]1]

Single bit error

¢ frame Qtofl, ojdA] m2x]gk Lufjor v]EV} stk Qlot.

(1-2) Multiple bits error:

Sent - Received
[1]of[1][1]0f0[1]1] (101 N0 pg1[1]

Multiple bits error

frame o] RT3t Jeo] B40] v]ES 2Yo}GCy,



(1-3) Burst error:

Sent - Received
[1]of1]1]ofof1]1] 1 oo QIFYEYEN
Burst error

frame o] shLfo] o] A%E Raf u]Er}t ERjEct

2) Error control mechanism < 2 7}X|7} it}

. Error detection

. Error correction

(2—1) Error Detection

AFE frame 9 o HEL Parity Check ¢F Cyclic Redundancy Check (CRC)E AF-&3}o
GAET, T A BEF, 4299 F7F HEE AA dolEet A BHuUlA Rk o A
Aad deolert mdl Ay 22X E gt Ao A counter—check 7F E8WH, 1
HEZSL2 Bojst Ao= 7hHr

(2—1-1) Parity Check:

3 e 49 HEE %7] HES 4 BUA even parity ¢ A$oE even 2, odd
parity ] A& odd & THEESE S}

frame & WFEXE ZoF sender & 1 £ 9 1 9 £AE AL dE 59, even
parity & AFE&3SEaL, 1 ¢ £A7}F even ©]2bH, 0 1 %ke] & 7) H|E7} F7b T o] WY
1 9 =AS even 08 FXTh v 1 9 =27 odd 24, 1 9 3¢l HIEES 371381

even = W=t}

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

Even Parity




receiver & YA frame oA 1 ¢ Ak AALgth 1 9] S2A7) even ©]al even parity &

AT, 2 frame < LQGHA @2 AoE HFHo Hadd, v 1 9 xRt
odd ©] 2L odd parity & AF&IATHH 1 frame & oA 99 %A &t}

ke A B EZE A4S Fo flip ST, receiver & 1 9 £AE Ao wR AL
AAL 2 ﬂ:lﬂqulﬂiﬂ%ﬂHﬁv}ﬂﬂﬂﬁ,lr%awrﬂOM%%%ﬂﬂﬂﬂ
HA &},

(2—1-2) Cyclic Redundancy Check (CRC):

CRC & AHFH frame o Fa3% o7} 3o J=AE A= & UE wolt),
o] ZIHAAM= HAEE  Heoly HEE oxFHow KEIgE v} divisor &
polynomials(t}a+2] )& AFg3te]  A2tEIth sender = HEW H]ES ojdk division
operation = 3 3dlo], YHx|Z Axksith, AAe] HEES BU7] Ao, sender & A9

HE o] 1 YRS HHE3It}h. o33+ Actual data bits plus the remainder =
codeword 2} -2M sender & codewords & H|°|HE %3t}

Sender Receiver
Divisor Divisor
11 111
101 11001 101 1100110
101 101
................ R T
110 110
101 101
111 G %3
101 101
10 101
CRC R O
000
No ERROR

CRC



B & Hol, receiver = % & CRC divisor & ©]-&3}4 codewords ©| #3F divisiosn
operation = 383t} WA remainder 7} R zeros W, 1 Ho|H &= HIHT 12X
o, HlolE7F A% ol 298 Ao R skt

(2—2) Error Correction

T X g Aol A, error correction o= 5 7FA] HH o] qth:

(2—2—1) Backward Error Correction:

receiver 7t g wlelE oA o218 AW, sender ol 7l ThAl == 23t

(2—2—-2) Forward Error Correction:

receiver 7} A5E dlolEol A o|H S FASH, error—correcting code = APA]FA
AF o7 B|EA7) AL T oW F/O oY= A s}

1 M A Sl Backward Error Correction 7} ©esl™, wWkgo] HAX] ¢
AbgETh 47} fiber optics ©Jtf. ZrElyp FA AL uwkERol A
glt}h. &xko] Aol Forward Error Correction ¢ Ab-&o] v}z &hu},

o 52
<
)
o
)
o
+

data frame oA o8& FAHSI7] 984, receiver & I frame 2] ©j® H]EZ}
LALHNE=AE FIstA Sotofp gtk ole] HIEE 27 9ste], ol A&l FEH
HE X9 AFEE = YJoH|EVL 9t} o & 9], ASCII words (7 bits data)S WS uf, 8
7FAe] BRI HQasith AS 7 Vi oW HEZE o QIAE T, olert flthe
AE AT 170 o] HE

& 5o, m7e Holg BHIEAA r7)el JAREZL AFRE QAT r HIES] AR FE 27
o]t} m+r bit codeword oA, 7}sA o] 9)\—5 E 2 1 TE

Stk Zlojrh, T BR AR r W ES] =
=, mtr+1 o]ojof gt}

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

1) Flow Control

data frame (Layer—2 data)c] @ wjAl& &3l 3t TX2EqA & TA2EZ HUYHE o,
sender and receiver & < H£LE2 AT 4 dojof st} =, sender & receiver 7}
Arste] A ¢ dE 52 HolHE HUok 3t} sender or receiver 9 X7}
tt2m oj@ A =7} sender 7F UH we] B uUlA] receiver o] IF-3}7F A2 (swamped),
o]y &Ao] WA 4 )
9

dolel EAE AT F FFe vAUZe] rk

(1-1) Stop and Wait :

o] flow control mechanism < Ho|E HA%Eo] o]FoZ vt} HU2 HolE —frame =
Hreh o2 A2E wj7hA] sender 7F HHA Vvt =5 gt}

Sender Receiver

pok>

Time
R 3 n
Yy 0 <
=
~ o

Stop and Wait



(1-2) Sliding Window:

o] flow control mechanism oA}, sender and receiver & T acknowledgementZS Y43 o,
golE-frame 9] 47} AX|stojof sttt QoA BiH 50|, stop and wait flow control

mechanism & A}94-& GH|I22, o] protocol & 7Hssh gt 7]E A4S Wo| o] &=

et

2) Error Control

data—frame ©] A5E o), A% o dolg = AAY} oA s Fx gt}

receiver &= &3 do|H —frame & WA %3}al, sender = oW £=2o]

B3t} o]H 7 -, sender and receiver 25 Hlo]E £y &
h

e r
o o

lo

transit errors

4 9=y ©%o] H= protocol & wlEEIH, sender ZolA] data—frame & ThA] X

receiver Zo| A o]A 9 HolE —frame & AL EE Q7 4= Qojof 3t}

error control mechanism ¢ Q8 x7A& Sy )

rlr
ro
1B
3
>,
o
01-}
3
9
X
2
T
N
N
3
o
roh

. Error detection: <$5A1x & t} -

cach

=

o o
VRPN (A e
oot N

£ o

. Positive ACK: 2127} €8S frame & 9 3HH 1318 €<l (acknowledge) Al Aok o,

. Negative ACK: FAlx}7} &£49 frame ©oly T5%F frame & HFIS o, 2
xg_d

Z A A o Al ThA] NACK & H ol $A124E= ThA
. Retransmission: $A1A= £ 8 A17HS A A W o] de| HolE frame
TEAIZE Aol =FekA geud, $AAE I frame ofvf 23l tig #elo
=AH FoZ AZSHA, 1 frame = UHA|] A58}

- 2

Data—link oA oHE EA|3}7] ¢35} o] &3 4~ A= 3 7FA] F7F2 Automatic Repeat

Requests (ARQ) 7]¥ o] t}:

(2-1) Stop and wait ARQ:



Sender Receiver

[ W‘
Mr—
_ o W‘
E |
S—
— / W-
—
Stop and Wait ARQ
th&w 7+& Wslo] Stop—and—Wait ARQ o] 4] A3 sk}
FAAE FTEAZE AAES #AE s
A= FEAIE AAES Al FST

v = -

BAY How 7hFEdtl. EAAE frame <

A 23y,

ko] Hog ol gdolo] HEwErhd, £ I frame &

(2—2) Go—Back—N ARQ:

Stop and wait ARQ mechanism <& AY9&
gl dlo] g (acknowledgement) 7} HaE wfj7hA],

GAjel whet e

of A o, FAAE frame oL 1319
= AEAE ohgol &

sender v+ HIEAZWA o}F AL 5
2+=TF Go—Back—N ARQ method © 4], sender and receiver =%

frame < # &3t}

EPARRERLEEE

Axow  FF8sx  Esho)

window & &H 3}l ¢l



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

sending—window size(TCP ZFA|1S s FAA A Aol =41 w3 o783
A718 AHFHoZ FHI= 16 HE HE=)E F3] sender & o]H9 Aol

vl Xy Y49 frame S HYE 4 Qb
receiving—window i receiver 7} H4=9] frame < A48t 1A S acknowledge T
A B} Receiver & AFH frame 2] 4] HEE F2 3

acknowlegdement (Zel-&wh) =

S

lo

sender 7} UE%o] U= EE frame S HY o W H7FA]7F positive
acknowledgemen & A A3}, BE frame ©] &4%20 Ao

AES frame & HuWth T7Hd sender 7} NACK & HE&IAY 5¥H3 frame 22 oW
ACK & W4 23vhd, ojw gk 3449 ACK &= 4] 3

(2—3) Selective Repeat ARQ:
Go—back—N ARQ 9l A, reciever &= 9E$ Alo]=RoA] ojwl Wx F7F%E zba 9lA] vlar
7hA g}, webA FdaeE wiuith ZF frame 2 A& oF k) o] A& o] A

X3 & frame & REESIE S gl



Sender Receiver

Set Timer for O

Set Timer for 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 ©ll 4, receiver & S F43t= &< WEH frame & W3
oS0 WA AY £=4E frame WS iAo 2 NACK & Hulth old ZH9-9, sender &
NACK %48 packets & H it}



17. NETWORK LAYER INTRODUCTION

OSI model ¢ Lay—3 & Network layer # H &t} Network layer + sub—networks,
O

719 3l internetworking & @@ 3= S AE 9} network addressing o] #3F FA4S g g}

Network layer ¥ subnet QF#e] AAZHE EAX 2 packets & #$-Eale= AolS 71x 1
gt F 74 A2 o2 ME network & AME ©E  addressing schemes U}
non—compatible addressing types & 7F& 4 At} protocols ¢ Fio], F Jje] tE
A B network & AE 33E A &= ©E protocol & VAL 298 4 Al Network
layer += A= TE addressing schemes and protocols & mapping 3te] A= FEH
LA X744 packets B ZH-HalloF st AYS JHA L )

1) Layer—3 Functionalities
Network Layer °|A Z&3te 77152 2 #9Hol =28 & 933 Ul Routing ol &
S7bA] BRE @Ads] 91d thed 22 el A7 45t

. Addressing devices ¢} 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.

2) Network Layer Features

%T 715 gEo], Layer 3 & UYs 5HS AT ¢ Aok

. 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 &

T

internet °|4] end—to—end TlH}o]~7} F
Layer protocol & #%3}3t). F
A A P A qE - 2] FL2

o= AEs F
T 7HA Bl o2l gk WAlzE ]
2 HAZ address space &
HhEolA ol A9 LAIAES oFstAl 7]

|

~ =

ok A d Fot AAS
U2 [Pv4 18]3l o] AL
o] IPv6 7} 1A o]t}



18. NETWORK ADDRESSING

Layer 3 network addressing < Network Layer & & %5 F9 3yolt}. Network
Addresses © I =g oty v TElM, o] AELS H37et configurations(BA) o2
7o) 7hegk A EY o] o]E3] 9] address ©| U

A network address == &4 host / node / server & XRJEsAY, AA) network% el

4= At} Network address+= &% network interface card oA configured 3}, Yvk4 o &2

Layer—2 communication & 7382 MAC address (hardware address or layer—2 address)
5 ZtF Al2="e) 93] mapped ¥t}

& &3 T3 network addresses + the-3 #Zt):

il

.IP
. IPX(Internetwork Packet Exchange):

IPX/SPX ZZEF2 1980 Wddl = WA Ayt welr] w=woa  sdkg
Netware ¢ 7] T2 EFo] ¥t} IPX/SPX & IPX ¢ SPX & F&23F 4 9l=1), IPX &
TCP/IP 9] IP ¢ 93s 3lal, SPX = TCP ¢ 93& 3t} IPX 4% »= D9 YEYA

TAE UHr, == ID & 48 HEZ FA"E MAC F4£E o831, WEHa F4a+
32 HER T,

. AppleTalk:

NEAF AFE UENDES 8 AE e sgsolth 1984 o] 27] WEA]

EFERon, TCP/IP MENA Y] Haz Qs z 22olx] Al HAth. 724 59 W
B o Zo] wjIEAM olyzg} IBM &8 PC 9F & ofZo] ofd AFEH} M2 54
T odeH, TREY Al T gAnE Fa s 5 A Ho]

Network Addressing



[P addressing < hosts ¢} network & F¥H3le WAHUYUSS A3ttt IP addresses 7}
Aoz qFs7] wZd, host & 4 5HI network o AEHETE A9
subnetwork = eJF-¢} EXlstH = IS AE+= packet/data & H.U+= destination network
address & ¢olof st}

Th2 subnetwork ©] Hosts & AZ23Fe] X& Zelste= wAYFo] dastth. o]eld
A= DNS 7} &F+=d], DNS & mapped ® 924 T2E?2 Layer—3 address °] 172
domain name °©J4 FQDN & A|&3Fi= A ¥ o|t}. host 7} 94 T 2EQ| Layer—3 Address
(IP Address)ES 95 uf, gateway H¥ I RE packets & EJ = 3t} Gateway o

destination host & packets & ZFE3EE FEA|7]+= ARE 2t Q= 2F5-Eo|t}

Routers + T3} & AR E zra 9= routing tables ¢ £ wh=t}:

AR HE A o=

L UES A0 mgshE Wy

forwarding request & WAIAL 2H-HE SHAE 3] U529 hop (adjacent router)=
packets & X ¢ = st}

el e 2t #geHRE F9d 48 s, AR em dolH packets 7t
HFAA ] =g

Sk}
Network address & Y % 3sfvfo|t}:

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

. Anycast (destined to nearest one)

Router i+ broadcast traffic & 23 %7]| oz ¥ H=3}X &+=r}. Multicast traffic <=
5] video stream ©]Y} audio oA HAAH o=z A& ETE Anycast & unicast 9}
Hl el vE, H4o] HAXE AFST o] packets 7F 7P b HAAER dEdHUE
2ol 71 9l



19. NETWORK ROUTING

device 7} A Ao Edsl= B4 FE2E 7HA I S W, 3 oE AEY dsste §
227} 9t} old A9 3}AHS Routing ©]gF ¥t Routing & routers & FE2&= EEHE
network 7]7]el 23] o]FoJXAY software processes ©° 2o]d| o]Fo|XIt}, ¥ A|qk
AT ES oEY g9He 7l HeTE AgH ol

Router &= &4t default route & T4 (configure) ©t}. default route = EWH3 54 X829
gHE AT 7 s W, packets & EHET HHE dEarh 2 B =g

| =3
T U B RV SA4HE, SEHE ofgie] AR wel 1 F2E AT

. Hop Count

. Bandwidth

. Metric

. Prefix—length
. Delay

Routes += statically configured or dynamically learnt & 4= 21t} Route & U 7|7]|H.t}
$-XH o2 configure & 4 U,

1) Unicast routing

internet ¥} intranetwork oA tF-E2] E =S unicast data or unicast traffic ]2} F21,
EW BAX 2 do]e]E XUt} internet ©A] unicast data & ZF9-®3FE A2 unicast
routing °lz} d}. o)AL s rukdk ey el o= JHA A7} olm Z
AdH A 7] witoltt. ZHE=E gg-He @A 9% ]E% ZAbste], B3 hop 2
packets & XZE=3lH FHr)

Destination




Unicast routing

2) Broadcast routing

Z 717kl 9l&ll, broadcast packets & EA network ¢ ZFFEHEE ZHFE EE X 9= HH
or=th. ks Routers 7} broadcast domains & 7FAal 917] tiEo|vl. 1A
Zasitpd ofH 53 Z 9o = broadcast & XY= =E configured & 4 Utk

Broadcast routing & + 7}FA] W9 (algorithm) & & o] Fo] 2t}

> g 7E dHolH #7ls vbE ool sty Zzhe] s AEd azls Btk olegh
Ao, 1 gBEHE TYs 247 o=y As 2k gl dolE R ARG Egw
AAsct, RE 7S unicast = HUWA AW A E0] EFo|A HUA 7] wjio] wmlx

2}9-E]+= broadcasting A& FWE o},
> o]t W We bandwidth & Z2H|eH #$HE 724 =29 ZFHX] ARE z2tu
ofop Fth, F WARZ, 2H$-E]7} broadcasted @ RS HFEE uw, 2RSS EE
E a7 @A (flood). HE

A F ol 22 HEH WAt o]lyst FjFlo=z  Qlste] FluEHA
HGEHES U3 wA o7 configured Holof o},

L
H__) ..... __)H
Q—) —>€—> —>H—> —)’—)—)Q
Source J‘ﬁ _)J Destination

Broadcast routing



.L/
LA

ol Wye #9Ee CPU oA: 44T FE S9EZRE A5E szl FEHe

=AE oF7IAE & 3l

> Reverse path forwarding & 3F+e] 7]y olt}. o] AE 2Bl 7} broadcast S =3 oFqt
st A9l AJAle] dlste] vl dal vk AS Yn|sit o] VHE FE RS

CREEE P RS AR

3) Multicast Routing

Multicast routing < broadcast 2] 53t Z9-0]H, broadcast 9] Auhsk zo]e} E7ofry,
broadcast routing ©lA], packets & T U Z=vhH BE node o AEHT. gy
Multicast routing 9|4 = d]o]E:= WA I packets & 7] Y3} node oWk AL F T}

Destination

Destination

Multicast routing

Router & multicast packets (or stream)= W7] 93} node 7} Qar, ©X] Z132owk Hjjof
b= AS Yolof 3t} Multicast routing < looping & ¥ 3F7] €3} spanning tree
protocol & A}F-&3t},

Multicast routing %3+ duplicates and loops = B©X#|8}e] #H 7|8} reverse path Forwarding
technique = AR&-3Ht},

4) Anycast Routing



o3l =214 address = 74 & A==

Anycast packet forwarding 2 multiple hosts 7} 2] =
2 3} packets 7F 2 o, routing

st w7 Folt. o]y e =24 address &
topology ol Al 7} 717ke] Q= T2ER Bt

DNS Server
AnyCast
Destination

L=
)
=3

Source N Vi AryCas
Destination

AnyCast
Destination

Anycast routing

Anycast routing < DNS server ¢ =&& Wi=t}. Whenever an Anycast packet 7} 4=
ottt 2AS Bl DNS 2 @73tk DNS &= 270 29790 9= /M4 7H7ke 1P 9
IP address & |33ttt

5) Unicast Routing Protocols

unicast packets & ZFF-Eg u] AL 4= = F VA 79 29 protocol ©] Atk

>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).

6) Multicast Routing Protocols

Unicast routing protocols < ZL#3EE A}-83FA % Multicast routing protocols < trees &
ARgsth thA] BEA], loops & F37] $13F spanning tree(ths AZAA S Q3% A=
A Al QEY AERE ATt 7P 284 AEE AMEshe 7)) E AR ST H A 9
E 2]+ 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 IHFH oz ALEHW F 7|7} AEHTh

. 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.

7) Routing Algorithms
routing algorithms & &3 2t}

(7—-1) Flooding:

Flooding & 7} ©@<=3} packet forwarding o]t} packets 7} HdE wf, g$HES
W= interface o] ZAS HUYATE oln] HE4H AL ALAZIY) o] A2 network ol WHFU
& 71, B& F5 packets E°| network oAl W33tA Hh

§g F
Mo r



Time to Live (TTL)+ packets o] §3F F3 3 y]sl7] 98t AF82 4 9l Selective
Flooding ©]#} 2+ E £ flooding WHol d+=d, oA network ¢ overhead &

FaAH o] WRioA, BBl AEE RS Al9letals 2= interface o flood out 314
oFi-
e

(7—2) Shortest Path:

network ¢ Routing decision & a2 A9} EA %] 7+e] v &S AR WAYST o] u)
Hop count & =% 6’& o188 3lt}, Shortest path & H 43+ hops & 717 E2E5 AA 87

Hete] tefFst daElES AHEstE 7IHelth
A utA el shortest path algorithms <& t-&-3 7o}

. Dijkstra's algorithm:

an algorithm for finding the shortest paths between nodes in a graph, which may represent,
for example, road networks. It was conceived by computer scientist Edsger W. Dijkstra in
1956 and published three years later

. Bellman Ford algorithm:

an algorithm that computes shortest paths from a single source vertex to all of the other
vertices in a weighted digraph. It is slower than Dijkstra's algorithm for the same problem,
but more versatile, as it 1s capable of handling graphs in which some of the edge weights

are negative numbers.

. Floyd Warshall algorithm:

an algorithm for finding shortest paths in a weighted graph with positive or negative edge
weights (but with no negative cycles)



20. INTERNETWORKING

A A Ao A, TLe A network B Wb o R WA X H oz AkajE o] 9l
A2 e = A& g2 F 7HA 9 network 2 AZA3s7] Y3 ZHo] vt F network
7F¢] Routing & internetworking ©]2} 3t}

Networks < Protocol, topology, Layer—2 network and addressing scheme &} 72 t} st
parameters o] W&} A2 T2 o2 o AZIT

internetworking oA, 2}-9-H = A 29 Fad] tigh A 2S 7R3 Q) o|HEL FH o
2 petwork o2 7[EE Z3AZAY internetworking routing protocol & AFg&3S

R

sterer 4 gk,

Routing

TC -

7ol 3§ 7] ol A AF&3= Routing protocols & Interior Gateway Protocols Hi=
IGP 3}, OSPF &= IGP 9] 3t dojt}, A= b2 713 7Fe] Routing 9l A& Exterior Gateway
Protocol & A}g&8 % gJom, x| supwre] EGP 9 Border Gateway Protocol &

Ag-ste]of T,

1) Tunneling



AgHer "ojH = F 789 network ©f SIHHH, o= el HEAME AAY, T
network & %3 dlo]E S HAdslo]of 3}

Tunneling ©|% intermediate networking complexities =
network ©] A= FAlgt= W 7Y Fo|th Tunneling & 4% ol &34 Ft}.

Network Cloud

\

g" Tunneling: Virtual Direct Link

Tunneling

dolEj 7} BjE ol 3 ZogHE Lo u, 1AL tagged T oY tagged data & L
t}2-o] the intermediate W= EF-HEAY BHYE W] Eo ZY3sE= network ©f
AFs), dolgrE Heel &A1 u, I ®Bl2= AASO network o AUiFoz A

Hr}.
gz 22 AHHoz AAE AAHH AAAH, AL WHAGlo] transit network =
ATy =2 s}

2) Packet Fragmentation

H-2] Ethernet AlZZHE= 1500 wlo]Eo] 114 % #4159 maximum transmission unit
(MTU)E 7}A]aL dt}. data packet < applications © ™} packets Zol|7} A7|%= i
271 & gkt}, Transit path o QA+ 717152 AAIE9] hardware and software capabilities =
A AL Qlom, o] RAES HeolH e A A 4 A= packets o A7|E AA g
data packet size 7} transit network 7} A 8] 4= = IA7|HTF FAY Zopd, FHPAH 0w
A dt. packets 7} A, Ze FzZtow Ead tlSo] ¥z 3t} olgd AL
packet fragmentation ¢]2} H=2m, Z} fragment o= Y3 HZAHX e} A2 address 7}
E°19¢] transit path & &3 FA dEEh A5 & DAA o] AL thA] EA)

w2l packet with DF (do not fragment) bit set to 1 7} L packets & TE 4 ¢+ #-5-Hol
Sol2t, 23S dropped ® T}



=

Zt-Eol od] =HH packets 7} its MF (more fragments) bit set to 1 & 7}F& wj, 1
2B = LA o] fragmented packet ©]™ Z7| packets & dF-h= Ae A Bk

=
U ZA 2704, intermediate router & 1A A2 4 §gleBm = dropped E T%E

ATt

k) packets 7F U5 Al fragmented ®©THH, overhead 7F Eoidth. W 1 packets 7F



21. NETWORK LAYER PROTOCOLS

=

network 9] EE computer 52 YA 23] address & 4 A& [P address
7}A a1 It} IP address & Layer—3 (Network Layer) logical address ©]t}. ©] address
computer 7} A7HsE wwich v 4= Qlth computer = g EFYel el IP &, 1
0 Blol= & P E 2

e

1) Address Resolution Protocol (ARP)

EAStE B¢ SAEE 293 HR oA AE TH¢lolt) network o £33 Yy EA XA
computer & Layer—2 (MAC) address 7} € 8.3}t}F MAC address+ &84 2.2 computer 9]
Network Interface Card (NIC)oll A AF&(burnt) %™, A5 W3s}A] g+t

T AR FAH =elae IP address ¥ =EX 9 #H3ich vkl NIC 7} ojW g3 o g
Halthd, 1 MAC address A W3kl o]gjgk W20 ® Layer—2 communication ©]
o] Fo x| 7] wjit-oll, FAZ+e] mapping ©] = L3}T}

e 4.8 2 IP

2.2 2
MAC a:a:a:a:a:a MAC b:b:b:b:b b

2
b

ARP Request

for 4. 4.4_4/

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 9 U= 92 T AES MAC address & 27] ¢3slo], BAS Azele =
computer = “ Who has this IP address?” #+al &9 ™A ARP broadcast message H.{IT}.
Ta7e] HRETIf|AEo|7] wjiFol, network segment (broadcast domain)el] UeE EE



52 o] packets & Wol #]g]3tt}. ARP packet o= destination host & IP address &
shal glom, £A & TAEZ ololy] Az Y3} TAEV AAS EHow 3 ARP
packets & H4& u], 2219l MAC address &F €74 B A S-wsio)

dt T ~E7V} destination MAC address & 92, Layer—2 link protocol & AF&-3}o] 914
T2ES B8 = 9lt). IP mapping & $13F ©] MACs & $54 &2E §Z EO] ARP
cache o A& Eo], thgo wd FAlo] dasittd, AHPASZ ALlE ZHxFe] ARP
cache & #=x3%Ht}.

= |

Reverse ARP @& S 2E7F 92 $2E9 MAC address & dAw, EAL 93 1P

address & 273} wWlAY Sl

2) Internet Control Message Protocol (ICMP)

ICMP += network diagnostic and error reporting protocol ©]t}. ICMP = IP protocol suite ©l|
%3} | carrier protocol & IP & A3t} ICMP packet ©] WHEo]d th3of, 2742 1P
packet ol F-a| ). [P AFA| 7} a best—effort non—reliable protocol ©]7] uwji&ol, ICMP
AA| wpxb7EA|

network oA @ feedback & A]Z+3l host & THA] BT network o o]@ o7}
WS ICMP ol 98] Hargch ICMP o= <= 4 7FA1 9] diagnostic and error reporting
messages 7} ¥3§rE o] o}

ICMP—echo and ICMP—echo—reply &+ end—to—end hosts ¢ E=2o]5-(reachability) &
A=Ad7] Yt 7PE dubE o2 Ab8-E = [CMP messages ©] T

host 7} ICMP—echo request & 5% w], ICMP—echo—reply & ¥ &d HEWU} transit
network o] oJ® EA|7} 9lvbdA, ICMP o] 71 A4S Has Aot}

3) Internet Protocol Version 4 (IPv4)
[Pv4 + 32—bit addressing scheme ©]™, TCP/IP host addressing mechanism & %2 AF&H T}

IP addressing ©. &2 TCP/IP network ¢ 2E TA2EE §dsA4 2E3 4 9t}

IPv4 + AF4 addressing scheme & A& 3stE =2 network & A1E network &= Y& F
al, o]E 22+ well—defined number of hosts = 7}A]32 9t} IP addresses & U3h

el el 2 Al EEH )

. Class A: AHA 2L network addresses &0]aL wpx] 9t 3 7]9] L E1& host



addressing 89 2 A}&-3-t},

!'Note:

S (octet) > AFBAA 8] HES} o 2 AE BT 7] FAFHELS 1 vlo|EVL
% 8 HIERRS uistA] ggtonz, 8 HIEE B Adty] A3 S olFe &ol7t
g2 A Aoltt. a8y 2FdE ulo|Edtu 22 2v]7} FHQth

. Class B: A& 7719 =82 network addresses §-°]3L wlA] % 5712 host
addressing &0 & A}&3h},

. Class C: # Al7H2] &ElS network addresses £°]aL wpx]4} 3k 7fi= host
addressing &0 & A}& 3k},

. Class D: ¢]¢] 3 Zet2olld AS7x2E AHE8hs wbde] o] A2 flat IP addressing <
A& ket

.Class E: Algg& o2 Ag3ir}

o2

[Pv4 T3k 2 AHolg address A¥o] A5 7FA a1l Qo] A] private addresses (not routable on
internet), and public addresses (provided by ISPs and are routable on internet) |4 AR8-=
T Yok vHF P & AlFEA Eeluetks, 142 ‘Best-Effort-Delivery’ mechanism <
A& sk},

4) Internet Protocol Version 6 (IPv6)

Exhaustion of IPv4 addresses ©] ZFA|t] Protocol version 6 S A Z T} IPv6 & V=
Q& Z33 address & Al&3t7] Ydto], 128—bit 9] node & address 3T}

[Pv6 o4 Anycast addressing & =U3FH A, broadcasting & 71d& A A3 T IPve &=
7171590] 222 IPv6 address & 94 A H network ¥ FAGEE o =N,
auto—configuration Dynamic Host Configuration Protocol (DHCP) servers ¢ o]&A4<
F23} Al7it}, webA, B S A H network ¢ DHCP server 7} Bt U Ets, 3 AE7 8=
Az ZA1E 4 QT

IPv6 o] 2L 7]%52 [Pv6 mobility ©]t}. Mobile IPv6—equipped machines &= AA1E9] 1P
address & vh&E H Q8 glo] Eolrbdr),



[Pv6 &= ©F&7}A| transition phase ° qom™, 2T [Pvd & SHEA A Aoz
ZIhE 2 dok. A, =A4 network ko] IPve E 9% th. IPv6—enabled
networks £ 0% 0|83 4= 9= oW transition mechanisms < IPv4ol A% HA M= tE
network o] Zatil Fofthd 4 Qlth ol g AES v 2k

. Dual stack implementation:

Dual—stack IP implementations provide complete IPv4 and IPv6 protocol stacks in the
same network node on top of the common physical layer implementation, such as Ethernet.
This permits dual—stack hosts to participate in IPv6 and IPv4 networks simultaneously.
The method is defined in REC(Request for Comment) 4213.

.Tunneling:

a tunneling protocol allows a network user to access or provide a network service that the
underlying network does not support or provide directly. One important use of a tunneling
protocol is to allow a foreign protocol to run over a network that does not support that
particular protocol; for example, running IPv6 over IPv4.

NAT-PT:

Network Address Translation/Protocol Translation (NAT—PT) is defined in RFC 2766 but
due to numerous problems, it has been obsoleted by RFC 4966 and deprecated to historic
status. It 1s typically used in conjunction with a DNS application—level gateway
(DNS—ALG) implementation.

.NAPT-PT:

While almost identical to NAT—-PT, Network Address Port Translation + Protocol
Translation which is also described in RFC 2766 adds translation of the ports as well as the
address. This is done primarily to avoid two hosts on one side of the mechanism from using
the same exposed port on the other side of the mechanism, which could cause application
instability and/or security flaws. This mechanism has been deprecated by RFC 4966.



22. TRANSPORT LAYER INTRODUCTION

OSI Model ¢ t}2 layer + Transport Layer (Layer—4)©|t}. data or data stream & &4ko]
el BE B L2AAE o] layer dlA HF3) HY BE UE layer A H, ©] layer &
974 3 2E° FF Transport layer 9F nAl3kc},

Transport layer &= 974 3 2EQ F I AAME 7to| peer—to—peer 9 end—to—end

-

connection & A|&3t}. Transport layer + 4% layer(i.e. Application layer)® 5-E
ol S FH3lel, 23S B} 2 A7|o AaWER R tS, 7 HlolEdME HIE
w71 5 519 layer(Network Layer)= d&3ic},

1) Functions

. ©] Layer ¥ 7} WA Application layer o4 &39 AHHOIHE A1HED L &=
Bo 22 FUEZ Z20Y. Od gl AadE
o] AE 9] accounting & A&7 I}

. o] layer = Ho|E7F Rl AP & 7o SR ALHEE B A

layer = % & MH network ol F89l= ofH= S 2E he] HoJHE end—to—end

WA oz AU

]
I

e

.network o] 4] EAlstEE BE AW Z2AAE F Ad# A 9 Transport Service Access

Points (TSAPs), X3+ port numbers = 2Ztil ¢lojof 3t}

2) End—to—End Communication

SAEZ AT TSAPs & 1§ & AHe] gons Fusg Fistet Tegst
oju] o] 7o) tha] i Ak,



Application Layer Application Layer

oS Eo|, DHCP(Differentiated Services Code Point) client 7} €24 DHCP server ¢

A8t aA & w, 1AL 34 port number 67 oA BEHALEE Bty T3 DNS(Domain
Name System) client 7} 92 DNS server ¢ EA15tx & wj, 272 34 port number
53 (UDP)olA #HAAEE Bt}

!'Note:

Differentiated services or DiffServ is a computer networking architecture that specifies a
simple and scalable mechanism for classifying and managing network traffic and providing
quality of service (QoS) on modern IP networks

T+ M9l 873k Transport layer protocols & t}S-3 7t}

. TCP(Transmission Control Protocol):
T E2E H A1F8E 4 e BAS A3
. UDP(User Datagram Protocol):

F B2Ege] ANT 4 gl FUL ATI



23. TRANSMISSION CONTROL PROTOCOL

Transmission Control Protocol (TCP)/Internet Protocols suite ol 4] 7}& < 2.3F protocol &
=9 slytoltt. internet A=, EAl network oA Holy HFELow VP dy AFEEH =
protocol ©]t}.

1) Features

TCP & Algg 4= 03+ protocol ©]th. =, receiver &= 84 H|o]E packets © w3}
sender ©| Al positive or negative acknowledgement & X Wit} 1% A $+S 2 X sender &
7 dlolEl packets 7F HAAA =g EA He thA] BHujop sk o] gk 2
GAE DA Hr

TCP = B wje} & 22 A2 s}

rir
I
)
)
o
o
N

.TCP + connection oriented ©]t}. TCP + F 719 974 I EZo] 2x¢ do|g7}
HUA 7] el AZo] AA4d AL Q3

.TCP & error—checking and recovery mechanism < A|-& gt}
.TCP = end—to—end communication & A|& gt}

.TCP = flow control and quality of service & A& 3t}

.TCP += Client/Server point—to—point mode oA £ ¥t}

TCP += full duplex server & A &3t} =, IA LS receiver & sender Y% 52 o

g 5 gl

ok
o

2) Header & T4
TCP header & Zo]+= HA 20 bytes o4 H | 60 bytes 7}A] o] t}.



TCP Header

. Source Port (16—bits): &41-& vinfo]zel Q1= applications Z&=A|A 9] source port &
A gkt

. Destination Port (16—bits): 41-8 tlulo]2ell 1i= applications Z = A4 2] destination
port & T gt

. Sequence Number (32—bits): session | = AZHES] Ho]E Hlo]Ed] o3l
sequence number.

. Acknowledgement Number (32—bits): ACK flag 7} 2= uj, o] HSo] t}L FHOZE
o g5 = deoly nle]ErF xgE oz, Aol dolee] tgh acknowledgement =
A&t

. Data Offset (4—bits): ©] =3+ TCP header (32-bit words)e] Alo]=<e} A TCP
segment oA A A9 packets o A+= HoJE] 9 offset & TS oJv| 3},

. Reserved (3—bits): W& 02 dofyo] glom V|G 0 2= AEH Q.
. Flags (1—bit each):
> 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 0, 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 is 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.

m&al

. Windows Size: ©] Z=+= two stations 7+%] flow control €2 % AR5 receiver 7}
AMIHEZ o7 st W T (bytes)e] 7S YeERAT. =, receiver 7} Erjhv} B
dolHE 7lgsta JQ=7HE YERATH

. Checksum: ©] ¥ =9+ the checksum of Header, Data, and Pseudo Headers 7} 338}t of

ATt

. Urgent Pointer: ©] ZTojxE= vk URG flag 7} 1 & AMEHS oA, 7153 data
byte & XSE 3},

S e
i
ol

. Options: °| A2 At syl AWHSA st F7F S4S &84 s 54 2=+
gtAF 32—bit words = BEAFHAU 7k o] =7} 32-bit v|Rre] Hlo|HE XTSI,
32—bit boundary ol =g3}7] 93t U™ A H|EE AWS}7] 918} padding & AR,

rH

3) Addressing

T 94 32~E 7+e] TCP communication & port numbers (TSAPs)el| €8] o]Fo]xlt}.
Ports numbers + 0 9| A€ 65535 744 o], t}h&3 o] vhieth:



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

4) Connection Management

TCP communication & Server/Client model oA o]Fo]Zt}. Client 7} connection <
A ZFelar, s 24S A4 AY A8} connection management S &l three—way
handshaking 7] o] A&t}

Initiator Responder

SYN

YN + ACK

ACK

TCP Handshake

(4—1) Establishment

Client 7} connection & A]2}8}al segment & Sequence number &F o] B Wlt} Server &
%ﬂ'olcﬂ‘i-‘ﬂ Sequence numberilﬂr s 7H Eﬂ o X]‘/Q_]_Sﬂ Sequence numberS’,]— %E]'O]OJE
AIHES] ACK & Hed HUe 3S @t (acknowledges). AlZHES] ACK 7}

HA4EH, Client © A9 §Holl tigk &<l (acknowledgement)S H AT}



(4—2) Release

server Y client oA 1 & AAHE FIN flag ¢ 37 TCP A|IHEE Bl 4 gt} 4
Zo] A FIN 2 ACKnowledging al¢] ®¥F&-& w], TCP communication ¢ direction < closed
%) 31 connection & released ¥t}

5) Bandwidth Management

TCP & Bandwidth management ] 275 $83}7] 93t9] window size & 7Hd2 o]-&3ht},
Window size ¥ 9924 sender oAl receiver 7} WS data byte segments & & dd T+
AL W3lth, TCP &= window size 1 & A8 24 slow start phase & AR&shY, 7t

Falol AEH o=z o]Foj a4l window size 7F A A o2 F7Fgk)

o2 Eo], Fo|dEE Wmdows size 2 & AF&3PH 2 bytes of data & Hit} 9]
ATHE] gt 017@01 T o dESAel=E 2 9 w9 4 7 E FHeolH, 1 v
HUyE A2HEC”)] 7,3]0]1_ 4 data bytes 7} & Holt}. 4—byte data segment 2] Q17o]
HA4E o, Fgo]dEE windows size S 8 & A At}

Tk o1A o] glow, = dlo]E]7} transit network oA EAF ALY NACK & How,
window size & WO 2 Z£o|E 11 slow start phase 7} ThA] Al ZHE T}

6) Error Control and Flow Control

TCP += port numbers = A}FE3}e] oW applications X =ZA|~7F dolg AHIHEE
Yrsted Qs E rh mebA o] TS o] &5ty YA TAES AlS F7)38)
At RE oy MIHEE Wi 3 $5-2910 sender £ ACK 7F A= )
receiver 7} A4 vlx o dglolE] AIZHEE 4A HW, receiver © FHtol H4w
packets ¢ +HS #1135t sender 7} Bl wpx|w Al HEC js] &A )
[e)
=)

Htol Ao ATAES] +Ho] receiver 7F 7IE £¥ I X sHA] Fevhd,
#H7]% 3 NACK 7} HEd HUZc vkl 5+ 7o NaHEZ e ¢sHow &
TCP timestamp value & H]ulsle] A9 E AA )

7) Multiplexing



Sk Mol T 7l o]kl dloly A~E"S A3}el= 7IWS Multiplexing ©ol# HF-Eth
TCP client 7} AW} AZ2S A2 uf, 24 4 2 Fod port number & #313h=H|,

o] M3I3= application process = oH|3tt}  client A~Z2~2F  private port number
pools ol A F-H F2+9]= AJ4kE port number & AF-&3HT},

TCP Multiplexing & AF&3}H, SFEFo]AE= 4= -2 applications 3 T4 = Ut} 4 &
S0, FHolAET} e F72 wolE(HTTP, SMTP, FTP etc)E Egslal A& w
page = QA3H, TCP session timeout ©] &7}8te] 1 AlAo] Ht} o#ixoer Ay
=), k3 three—way handshake overhead & ¥ 3le] s}7] wjFo|t}.

o] AL ZglololE A|AEI O 7 Flo]E F}e] JpA AR B4 AL stsarE sl
olg]dl 7} A A9 timeout ©] U AW A4E Av9 e soldr).

8) Congestion Control

e tole7 2AS HEdd ¢ 9= A 2Hd F3E w, congestion(AA])o] WY ST}
TCP + Window mechanism & AF&3slo] AAE FA gttt TCP &= ¥H|& o2 drpy @2
¢ = 3+ window size & AAst Atk TCP +=

Hlolg AZREZ Bjg=Ael s <
AE A #1337 dagEs AR Sk

. Additive Increase, Multiplicative Decrease:

additive—increase/multiplicative—decrease (AIMD) algorithm is a feedback control
algorithm best known for its use in TCP congestion control. AIMD combines linear growth
of the congestion window with an exponential reduction when a congestion takes place.
Multiple flows using AIMD congestion control will eventually converge to use equal
amounts of a contended link. The related schemes of
multiplicative—increase/multiplicative —decrease (MIMD) and
additive—increase/additive —decrease (AIAD) do not converge.

. Slow Start

Slow—start 1s used in conjunction with other algorithms to avoid sending more data than

the network is capable of transmitting, that is, to avoid causing network congestion("2 3,
AA)

. Timeout React



9) Timer Management

TCP = 98 74 75 37| st tdfdt 72 timer & AR

(9—1) 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.

(9—2) 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.

(9—3) 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.

(9—4) 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).



10) Crash Recovery

TCP & "l$- A18]& 4= 9+ protocol ©Jt}. o|AS AIHER HUZ Z}Z}e] Hlo]Eo
WS Aalerh 183 o] AL feedback mechanism < A&l thA] DeiA, T AE7}
packets & W& Tl packets 7} Ho4

TCP Server 7} &4l 7ol crashes aFo] 1 I} o] thA] AlZHE v, 17L& RE 3 AE
TPDU(Transport Protocol Data Unit) broadcast & X4t} ZTAEES 8WH 23
NACK 7} ¥R &+ vpX] 9 diolg MIHEE Bl v A R8st}



24. USER DATAGRAM PROTOCOL

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

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

mechanism ©] X3$tE o] QIt} UDP & ¥ 4 ¢l % protocol o]gtal et /9]
ANE Addsts WAYUSTS Aok P services dlA F2 AFE-ST}

UDP oA, receiver += A% packets & A4S ABASHA| o, HPﬂ}i sender &= H. 4l

packets ©] oJwdt JAAGLE 7|thg A &=t} o] g @] o] protocol & A=A KEH

WEQA W T2 AL WY YR

1) Requirement of UDP

g 7 ofo] Atk 9 dlolHE AFst=d AlEE 4 3l protocol ©] HQFHI?
$2]&= AFA acknowledgement packets o FRFE & ’E}%"i RIS bandwidth g Ffrole
UDP & AFgstar Qul. o & E9], video streaming 7499, A 79 packets 7}
o] gAe Al XY= Hr}. EE packets & Q1AdE 740 v‘f‘xﬂﬂ Roem Ag g
bandwidth wastage 7} 22§ $tt}, IP protocol & A wWlAHUYSFo] 19 packets & A3t
Hgolgh= Aol RGP ZMN, HF HTe ~EY] packets o &40 YA HE 1
FTAo AGA A= &7] witel, oldd &S HA FAE 4 Atk wekA video and
voice traffic ol 4] 2F7+9] packets =42 wjuj2 FAJ= 7| %= o),

2) Features

. UDP = HlolEle] gjle] F23kA &= - ARgdh
.UDP = & #Waon 52+ dolHole 5% TREF|th
.UDP = #AgJEd TAE&o2E hdsta A g st

. UDP += connection oriented 7} ©}4

. UDP + congestion control mechanism & #|33}#] &=t}
.UDP & Az &A= dolHE Agsix e

. UDP + stateless 3}t}.

rr

1101'
o

. UDP += VoIP, multimedia streaming ¥ 2 streaming applications &2 &2 += %

T2 EFo|T,



3) UDP Header
UDP header == 7]%5°] 7tetsic):

UDP Header

UDP header & 4 7}# 9] & Q.3 parameters 7} At}

. Source Port: 16 bits information o] H7]|EQ] A~ XEE u}d]=d] A& TH

. Destination Port: 16 bits information ] &% %] 7] Aol A application level service =
o= AHgEn

. Length: Length field & UDP packet (including header)?] AA] ZAo]E X A3t} o] AL
16—bits field o]™, HA%-S 8—byte, 5, UDP header L #tA|9] Alo] =% 8—byte ©]th.

. Checksum: o] == FA1 Holl F227F ABAEeE checksum value ©] A= o] Qlt}.
IPv4 ol A o] A== AdeAoln, o] vt ojudl ghwe zka A & W, 23S

007 AYHERE RTE 79 HEEL (o7 AAH

4) UDP application
UDP 2 dlolg AZolM AFg3al= 2@ 7149 applications ©] ¢lTh:

. Domain Name Services

Domain Name System (DNS) is a hierarchical decentralized naming system for computers,
services, or other resources connected to the Internet or a private network. It associates
various information with domain names assigned to each of the participating entities.

. Simple Network Management Protocol



Simple Network Management Protocol (SNMP) is an Internet Standard protocol for
collecting and organizing information about managed devices on IP networks and for
modifying that information to change device behavior. Devices that typically support SNMP
include cable modems, routers, switches, servers, workstations, printers, and more

. Trivial File Transfer Protocol

Trivial File Transfer Protocol (TFTP) is a simple lockstep File Transfer Protocol which
allows a client to get a file from or put a file onto a remote host. One of its primary uses is
in the early stages of nodes booting from a local area network. TFTP has been used for
this application because it is very simple to implement.

. Routing Information Protocol

The Routing Information Protocol (RIP) is one of the oldest distance—vector routing
protocols which employ the hop count as a routing metric. RIP prevents routing loops by
implementing a limit on the number of hops allowed in a path from source to destination.
The largest number of hops allowed for RIP is 15, which limits the size of networks that
RIP can support.

. Kerberos:

Kerberos /'kerbarps/ is a computer network authentication protocol that works on the basis of
tickets to allow nodes communicating over a non—secure network to prove their identity to
one another in a secure manner. The protocol was named after the character Kerberos (or
Cerberus) from Greek mythology, the ferocious three—headed guard dog of Hades.
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26. CLIENT-SERVER MODEL

T 7FA9 ¥4 applications ZZA|A = dlFEo] 2 7HA Y M=E O E BFoE AT 4

ol ¢l
AT

. Peer—to—peer:

FHo) 97 TRALEe] FUAR FANA £V AFE oW TH AU g
dlolel e wakat,

. Client—Server:

g el 94 ZEAMTE FEoldER dEstH, A2 SEshs EUE ofEedlolA
ZRAA ] ofH AYS 2T

client—server model oA, oW X ZA A= Server T Client A% 3F3t} o]
IR2AME AFEHY =7, AFEHY A7), B 23S AHE wt= AFE 5499

RENG =
o|FEatA Feth EE o3 AFHE AHE wEv 84S AYshe v9S 2

Requests
35U0dSaY

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



Al 2Ele FAlo] Server and Client 2 g3ty & 3 TRAAE AWE, UYWA=
FHoldER  FFdt). oA FUI HFEHA  SFHolAdES AW Z2 A7}
FE(reside)d of TAs7 = ko,

1) Communication

client—server model 9|4 F 7}A] 9] ZZA|AEo0] vthekst Wrlo g A5 2838 4= 9t

. Sockets:

an internal endpoint for sending or receiving data within a node on a computer network.

. Remote Procedure Calls (RPC)

when a computer program causes a procedure (subroutine) to execute in a different
address space (commonly on another computer on a shared network), which is coded as if
it were a normal (local) procedure call, without the programmer explicitly coding the
details for the remote interaction. That is, the programmer writes essentially the same
code whether the subroutine is local to the executing program, or remote.

(1-1) Sockets
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Application Layer ©lAl ©]&x-8&<1 2] 7§¢] protocol ©] US™, Application layer
protocols = AA F+ Mo WF=E Yz 5 Atk

l

o] 827} AF&3}+= Protocols. For example, eMail.

o] 827} ALEStE TR EFS X YUski= Protocols. For example, DNS.

Application layer protocols & 2y B, t}a-3 7o}

1) Domain Name System

Domain Name System (DNS)i= Client Server model o] A 53t} o] 22 transport layer
communication = ¢ UDP protocol & AF&3%tt}y. 18]a2 DNS & ASTH Z=dels
9]#3}+= naming scheme 2 AFE-3HC} DNS server & Z12F2] [P address & mapped ¥ Fully
Qualified Domain Names (FQDN)3¥} email addresses & -4 o] it}

A DNS server © FQDN & g#H2=EsH, 159 mapped € IP address ©F 37 thA]
Hh-2-3kth DNS £ UDP port 53 2 AF-&-3hc},

2) Simple Mail Transfer Protocol

Simple Mail Transfer Protocol (SMTP)S M2 AA} HAdS dAdsl=d ALg&HT). o83t
o o] gx}7} ALE3FE email client software (User Agents)ol &l o] Fojzit}. User
Agent += ©o]&A7} oldS AAstal xHsteE ASs =91 AEHUIE o888 +F U=
f7hA] RS Agth ojrdSs Bl uf, 77 FARFL UREH S E email client
software o W% o] )&= Message Transfer Agent oA t&

Message Transfer Agent &= uses SMTP & A}&3}e] & U2 Message Transfer Agent
(Server side)ell olWds Xt ‘;W 1 & E‘Hﬂ e FHFol-&Aedl o3
SMTP 7} AHgd wf, 71 AMELS dubd oz SMTP & AME3sle] oldds FHalen)
SMTP & TCP port number 25 ¥} 587 < }%T‘&D}.

Client software = o|H<S 7] 935}4] Internet Message Access Protocol (IMAP) o]yt
POP protocols & ApR&3%kc}



3) File Transfer Protocol
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28. NETWORK SERVICES
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3) File Services
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(3—2) File Transfer
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4) Communication Services

(4—1) 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.

(4—2) 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.

(4—3) 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.



(4—4) 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.

(4—5) 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.

5) Application Services

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

(5—1) Resource Sharing

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

(5—2) 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.

(5—3) 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.
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