golE A ELL(FHE2)

Lee Jun Hyeok (wnsx0000@Qgmail.com)

December 17, 2024

I A2

1 A2
1.1 Data Communication . . . . . . . . . . o v o e e e e e e e e e e e e
1.2 Network . . . . o e e e e e e
1.3 Network Types . . . . . o . o e

2 Network Protocols
2.1 Protocol . . . . . .

II Physical Layer

1 Ae
L1 A
1.2 Analog Signal . . . . . . . L
1.3 Digital Signal . . . . . . . oL
1.4 TImpairment . . . . . . . . o L e e e
1.5 Datarate . . . . . . o e

2 Digital Transmission

2.1 Digital to Digital : Line Coding . . . . . . . . . . . . .
2.2 Digital to Digital : Block Coding . . . . . . . .. .. ... .
2.3 Digital to Digital : Scrambling . . . . . . . ...
2.4 Analog(signal) to Digital(data) Conversion . . . . . ... ... ... .. ... ......
2.5 Transmisison Mode . . . . . . . .. L

3 Analog Transmission

3.1 Digital(data) to Analog(signal) Conversion . . . . .. .. ... ... ... ... ......

3.2 Analog(signal) to Analog(signal) Conversion . . . . . . . .. . ... ... ... ... ....
4 Bandwidth Utilization

4.1 Multiplexing . . . . . . . e e

4.2 Multiplexing Z|®HE . . . . . .

4.3 Spread Spectrum . . . . . ... e

4.4 Spread Specturm ZIHHE . . . . . . e

5 Switching
5.1 Switching . . . . . .. e

o B W W w

Qo



IIT1 Data-link Layer

Mg

O
1.2 Addressing . . . . . ...

Error Detection and Correction

2.1 ME L
2.2 Block Coding . . . . ... ...
2.3 Linear Block Code . . . .. ... ... ... ... .......
24 ZI1BF7IRHE

Data Link Control

3.1 A
3.2 Protocols . . .. ...
33 719 7NEE .. ..

Media Access Control

4.1 AZ .
4.2 Random-access Protocols . . . . ... ... ... .......
4.3 Controlled-access Protocols . . . . . . ... ... ... ....
4.4 Channelization Protocols . . . . . . . ... ... ... ....

Ethernet&wireless LAN

51 Ethernet . . . . . . . . .. o
5.2 wireless LAN . . . . . . . ..o



Part 1
AlE
1. HE

1.1. Data Communication

1.1.1. Data Communication

1. Data Communication

&4 (Telecommunication )& Aot/ H /Hev] 3 55 ZgFol= dA 2] A4S on]gl.
glo]E]-E4l(Data communication)& = 7]7] 7Foj Hlo]EE FHt= &

data communications= SF=g0](chipset, NIC chip 5 )2} £ ZEo] (4] HYo] 5)2 &,
A wifi, bluetooth & data communicationS 5 5}= C}YFst A AHIEO] 912,

2. 72 545

data communication ofgjo} Zro] 47}x] £ EAEES 7FF.
H (delivery) : A2 Hlo][E|E SHE H X Z]o] HEalioF 3.
Y5 (accuracy)  A2FIE HJo]E1 2 HE o] JeoA ALl .
Z A (timeliness) : A|2E2 o] E]F 112{E Al7F ylof g afoF 3f.

oFy YZ(jitter) : A|2H2 jitter7}F H gl dolufz] Q== Sfjof gl

o 7] A] jitter+= B Z] T AF A|ZF ] of] w2 Yejloju} BE A g on]gk.

3. 74 24

data communication2 ofgfeF Zro] 57Fx] 4 @ AES 7H4.

HAI%] (message) : 57 Ho]E]

2412} (sender) : messageE H U= AFE.

F41ZF(receiver) : messageE BF= AFE

4 ol 3] (transmission medium) : HA]X] 7} o] &= F&] &2l FZ. (cable, 37])
I &2 EF(protocol) : data communications AJofsl= 12k Fgf.

YHE Yol &2l /=e]d] F2E FE°] A€ (channel)o]2lE ¥

Jul

O]
Rand

Rule 1: Rule 1:

LUl Protocol Protocol R,

Rule n: Rule n:
—  Message —

Sender - . - Receiver
Transmission medium

1.1.2. Data Representation

gjo]E] F#E ¥ " (Data Representation)ofl= ofgfjef 22 AEo] QIS
1. text

bit patterne] H3Ho 2 EE o HEE coded} o131, HYAEE eI 7 codingo]2}
codeofli= Unicode, ASCII 59°] 5.

ol

Unicode= 32bit2 patterns 7oL, AIAFS] BE oo]& S = Q2. ASCIIE= 8bit2 patterns
TgoFal, Unicode?] A 1277](ZRRF &)l ol #AHE EHY + US




2. number
number+= o2 e Hokgh

3. image, video

images= T4 (pizel)o] teF W2 FEHSF imageo] A2 37Fx] ZHH (RGB)Z &gl

pizel2 T 28 imageE A= 71 ZRS T2 ZF pivelS 51LF0] AAS LFEFY. imagel] SHAFE
(resolution )= pizell] 7H=of] 2]l A7 .

video= imagel] FgFo 2 FE S}

4. audio

otz 02 FHo| 7Pt text, mumber, imageshs e, A%2]9] dlo]Eg X0z HAL H
HFA]-S 717]

o 12 -

1.1.3. Data Flow

gloJEl7} AEE +
7

= el wpek djo]e] 58(Data Flow)& 78 4 9. 9171419 data flow
L ojrfjo] EA ]_Eo_ =i

1. simplex
eHaFeF(simplex)= THIFRF L& onjgl. AEH F A F opo A= S48 7ol o2 ot
oAl AT 7P

oE &°f, 7]HE, Y U E 50| 5.
2. half-duplex

Wo] & (half-duplex)= 2} FA]OA 4/741E FAlo] +s1x] Eohe PYF FAL on)E AZH
P HAE /240 BF SPsolA5, B0] S5 v

—

g Fol, £717], A9l 2H.2(CD radio) 5] 9IE.

3. full-duplex
Ho)Z (full-duplex)= 2} FHNA &/541 FAlo] +G 5= Sl PYF S <Jnjgh dFH F
FAE Ho]E & S5 488 = 9.

& &°f, A3} o] U=

1.2. Network

1.2.1. Network

1. Network
YEYZ(Network)= 2§ 7Fset 71719 42 HE FoFel. 2F 717]&S host7F & I a1, client
7L E 2 Qs

2. connecting device
networkofJ Al router, switch, modem 52 ¢4 %X (connecting device)o] A-§.

2 E] (router) : networkE CFE network2} 45l= Xl-x‘] packet Agt, Az e, Hol =2 x5},
5,, network layero] Al datagram-= decapsulations}o] ip FA2E 2 ,_6]-_Z 2 A5k networki datagram
= encapsulationsf Al AEgl. o]E Y5 HZ 0 Z tableS 7IA] 1 Y1, o] FYS g

—1 HE T
AL (switch) : network YA MAC F4F Z]HFC 2 of ] 3z 7—5— HAdstal gloElE A (for-
warding)ol= 2R, =, data link layerofA] frameQ] MAC F4& FFolslo] 2FF Q=] (ZFZ], switch,
router & )& frame< encapsulatzono]]k] Hdgsk o] & 9 H L2 EQE tableS 7Fx] 21 @1, of & ZF
ojo A3}

2l (modem, modulator-demodulator) : fjo]E] F2A(CIX]E-ofd 2T & )& Hekofo] Qe Yl HE
58 $95l= ZFX]. physical layero] sfjgHE.

3. Network 7} 7]&




Networke] 7} 7)Zoe ofeio} 2-& A5o] U

& (Performace) : Hjo]E] A2k} 2] Freg F7T.
A= (Reliability) : A3 ¥z, L A] B2 A2k Aol 5o et Hugh o2 FoT.
Hok(Security) : B]QI7FE 2, d]o]¥] HZ, Ho]E é”oﬂ ek = %

1.2.2. Physical Connection

222 9] A2 (Physical Connection)olie = 7}7] 57} 9-&. o] A2 WS BLa] topology7} 7
/K-IQ
o)

1. Point-to-point : 5FLFo] ¥ & (link)oj] = 7]7]gto] EAsH= F-2. =, link7} = 77|15 9ol A&
link(dedicated link) Q] 75-2.

2. Multipoint : 8FLF9] linkE 37] o]4Fe] 7] 7] 7F &

Jo
9,
F{l"
o,
o

1.2.3. Topology

H< FH(Topology )= network?}F Ee]d 02 P& BAS ol topology= linkET} FA|(E)
52 74E.

ofafjef Zrol o] topology”F EA e}

1. Mesh Topology
ZF = =7F B E ofE 1 E9f point-to-point2 HAE= "] N(N-1)/27]9] linkE 7}3.

FH.

FAE gotA = E gy tigh gj#]7F §-olgh. eF--gol =1, fault gl tigh A 7F #1+-
2.

Hl-go] go] €1, slEfo] BH =t w5 Yol oES.

n=>5
10 links. \%

AN

\ i
F N
2. Star Topology

z} 2 E7) hub E= switch2 Fal= Y HEE ]9 point-to-point 2 HE E= HH4]
ZF2]
o -

G} A G o] ZHBF. S linkel ] BAF YAE THE linkels o] 7}X] SFL, fault 5ol
tht 4187} H2]7h-Golgk hubo] T S HEE BFo] F5.

oF 3
topology HAH7} huboll SJZ5111 17] Tho] hubF 5.0 8 A A2 H0] 5

3. Bus Topology

&
SIL9] cableo] HE W Eof ol main cableZ AFEEE= HFAl ZF = EEL drop lined} tapof] 2] bus
of] multipoint=2 2=

bi




drop line2 ZF2]2F main cableS A= linko] 1, tapS Ho]-Bo TES HIA drop lined] ¥ZHSH
H H o]
T o

K127} main cables mpa} o] g uf o X|7F £YUEB2(H FO2.), bus?t 7§ 7159 tap 2] 72}
tap Ato] 7 2Jofl= Agto] Sl

ZFA.

7<4 o FAo] B AFgsto] A= 7} 7FHESH

7.

AEGT} fault ol dieh H2]7F o2& bus} ol A A AlLHo] S5 & Q5. Alole 2]
eHAlol sl 2o FX4] 8-

lDrop line lep line lDrop line
Cable end D D Cable end

Tap Tap Tap

4. Ring Topology
ZF L &7} o1F W =9 point-to-pointE HAAEE HF]. RIS /Hlo]El7F F2 o] wEE AR EF x|
L2 =Ty

RF2]
S -
G| Aldo] ZHHSE ring FEHOJEE Z2 glo]E &= A£H Q] data flows SFEE + 5.
=y
Juilure7F BASEALF ringo] Gl H HA ALHo] F:& 5 91E. kB Z7F Al network B T
+ s
Repeater Repeater
"’ R Repeater (%
4+ cpeser Repeater Repeater >
AolBe HA 2k Ao] feldt A5}, & SolAE busE AHEIIE .

1.3. Network Types
1.3.1. LAN

LAN(Local Area Network)2 714, AR, A&, ol TB919] networkE el LAN-S hoste= A2
HAE3t

of 2] HFA] O 2 J15]el = 7%. It ol = bus topology 2 7] = RO, X[FL £ 2 star topology
=2 Z4sl B2 wifi 5 74 LANE EX]3F.

1.3.2. WAN

1. WAN
WAN(Wide Area Network)—,g— IR, 7 T 9] networkE BeF. WAN-E connecting device(router,
switch, modem & )53 H&¢

WANEL o 2] HF&] 0 2 Z& 2. connecting deviceE F-§5}9] switched WANS 4 8F7] I 5F11, point-
to-point WANS F2A4/5F7] = g}




2. internetwork

internetwork(internet) 271 ©]3F2] networkz} A1AH 7S 2ok
E]

ol

=

o] 7] A1 9] internet:2 InternetZl= FEEE= 7Y Y

= =

Point-to-point

Modem
WAN

Resident

Modem

Switched WAN

Router
'._ Point-to-point
. WAN
Router .

H Router

% Point-to-point

* WAN LAN

Router
\ \ \

1

¢33 R

3. Internet

QIE] Yl (Internet )= A A 0] FRE0] A= HAFEo] flo]ElE FiE = internetwork .

Internet:S backbone, provider network, customer network, peering point 502 4.

] layero]l = backbone> F2 Al E4 SJAHATET, NTT 5)5°] °laf 2F=H= ti+t2
network®). 1 T2 layero] 9l provider networks backbonel] AJH|AE 519 newworkol] A-&5F
1

+= network®]. backboneZ} provider networkE E50] QIEIY AJH]A A FIFHISP, Internet Service
Provider)2lil 2E.

customer networks 9] layer © 2 A] Internet© 22 E] x| FEH= A]H]A

=
=
peering pointi= = 4G AFste] Hlo]EE HYHOZ WA 5+ YT o

.3.3. Switching

A1 (Switching)> H|oEE 2 dot 9] 2 B YT (forwardingdl=) XS on]el. networkol=
switching2] @&]of] wfz} Circuit-Switched Network2} Packet-Switched NetworkZ} ¢l
1. Clircuit-Switched Network

switch7} = ZF=] Aol o] X171 (circuit) o] B -8 5] (dedicated connection)S A-&F= BFH]. switch
= 2} 3] et By B YIS >

= T omn-

T2 7] A3 SOl AHEH. A H= packet-switched 2= 2] 2|7} 7}

Low-capacity line
== High-capacity line

Switch

2. Packet-Switched Network

= ZF2]7F 57l (packet)o]Bl= ©9] 2 fjo]E]E FHR= HFA] dedicated circuitS AFE3F A2 9l

A7 o4, routers Al-gsla] Sl packete] w3 2 F4l0] o] o],

packet-switched networks packetS 2] ZSFl forwardingsF?] 9eF queueE AFggl

j=




packet switching2 U X|'d Glo[E]& FaE5. & Hlo|8 && wel7] Ao/« HoJHE A=Y/

H 2 sffoF 2.
Low-capacity line
\\,, p === High-capacity line \ >

Queue Queue

O I | ~€&=[oono

Router Router

2. Network Protocols

2.1. Protocol

2.1.1. Protocol

1. Protocol
I 2 EZF(Protocol)& B&Z% Q1 F1I& flof 741/ /HE FR50] X]AHF of= 173 9] Helel.

2. Protocol Layering
ot &1l biek protocok:> 2} o) Hick AlFsk Layering)& &l HA /7 /A RTE He
Fek = 92, ofuf ZF layero A= QI layersho] FEAFGEF e 5.

protocol layeringol ©JF network modelZ+= TCP/IP, OSI Model 5°] 15

3. principles of protocol layering

protocol layering Aol 2} layerZF X]#OF o= 122 ofef2F Z5.

1 2 loerts 299 2 09 Y 2E 24T - ol B

2. B4 30 = 320 e, FAT layere ] A2 HSHE T he S} B
q& &9, Encrypt/Decrypt layer— encrypt/decrypt 4SS 2= &
encryptof Al HH Ho]ElE decryptal 2] o] tlo]E{e} & LojoF gf.

2.1.2. Internet F4 A

Internetel A= £ FAE AHs17] 913 oo} -2 FAES G
1. MAC F&

MAC(Media Access Control) F4= Y EL T 9] ZF ZF2[7F 7F2] 11 ¢l NIC(Network Interface Card)
o G F42, network WolA Y& 7] A AHEH. 16342 o FA .
o]t]Yl(Ethernet)2 LANOJA]S] MAC F4 2 X elof gish T2 EZFQ. ethernetS AFESl= net-
workE ethernet networkef1l &F.

2. IP 34

network ol 25 2 Hst7] Qo AFEEE F4. dolof whaf IPvj, IPv67F Y11, AL ipeF 391
ip &9 ZF7F A

2.1.3. TCP/IP

1. TCP/IP
TCP/IP(Transmission Contorl Protocol/Internet Protocol)= Q=Y Internetof A Al G 5= T2 EZ

Zlsrol.



TCP/IP+= olefiof Zro] 57)9] layer2 4= o] 11, Z} layer+= U9 T2 EZS ZPslT 9IS,
Layer5. §-§-(Application) layer : AF§-2F2FE] 4o 2l 2] 8]ok= layer. (HTTP, HTTPS, DNS &)

Layer/. 714(Transport) layer : port 418, HJo]E] reliability, 55 #&] 53 +H5l= layer. (TCP,
UDP E.)

Layer2. gjo]JE] & F (Data link) layer : 2ZF &7 0] BRAI-S = 5]= layer. (ethernet %)
Layer1. 52| (Physical) layer : E8]% Q] 91 HS 5ol H{EE FHE3}lE layer.

oAl FEF 5719 layers= OSI 1A 54 57] €] layerE ZFA 2 AEeH Ao]xl, 7] €] layerz= HE
L7 = gf. o] -2 network layerE Internet layer2 2237, data link layer2} physical layerE S-o1 4]
YEQ 7 HAA AlZ(Network Access layer) 22 HE, B2 onll EJg}.

2. A&}/ JHE3}
$413F 4] Hlo]El= application~physical®.2 5 2] Hi=r], oJuf 2} layero] Het S5 7} F7Fe]
D:] ﬁﬁi}(&ncapsulation)%]. O] 5‘]]1}]%—_ _/IE/HX]' é‘oﬂ/{—] layer—a‘g 7'ljllli Qj’ﬁ?ﬁ]—(decapsulatian}%. O]H_’b7
Hlo]El encapsulation®l AJefe] wle} o} HHo2 HE.

encapsulationo]] o]t Hlo]g] w3l TroJ= ofafoF ZHo] layer¥ 2 EeF. 2F2F9] layerofA] 7 &3}E
&0l U2 ZF AIES izl (packet)o]fE B&.

mI A1 2] (message) : http2] -3 http WA Z]. application layerofl 4] 8% /88l hitp sl 55 =718t
2. uri F2, hitp JIAE 52 ZeFel

A ZHE (segment, TCP)/Ho]E] 13 (datagram, UDP) : transport layero 4] message©] transport
layer SEE F7F3F A. port M5, A|AL ¥lg, 52 o] FH 55 E3Hg).

glo]E] 23 (datagram) : network layerof Al segmento] ip SClE F7FeH Z. ip F£4 55 Z&Fel
Z¢] (frame) : data link layero Al ethernet SEE F7Fet A. MAC F4 52 ZgFf

HIE (bit) : physical layerolA+= frames H]EZ H2kofe] gk

3. Addressing

L g
ofl,
i
Mo
9,
£
)
my,
oo

=
layerd 2 7}2] = gjHE & ol £
application layer : name.
transport layer : port ¥13.
network layer : ip T4
data link layer : MAC £,

4. dlole Jg 7%

encapsulationl HOJE[{= connecting device(switch, router & )55 AXH ZX2]2 HEE.

switch= data link layerE Z]2]gF. =, LANO| g E2F5f1l, MAC F£4E 2Folslo] 2z
(sutich, router, BH7] 5)o] Ho]ElE A%

router+ network layer& X 2]el. =, WANoJ tjsf] -&2}l5l1l, ip A& BFolofo] et ZFx] (switch,
router, =X 2] 5)of fjo]ElE H43}

grois] o]gl A]o & packeto] Tis) decapsulation} encapsulations *2]sl2]H MAC address2} ip
addressZ} Ea]Elo] QloJoF &}

2228 BAGH dlo]el2] SIE7} layer <AZ A-§/AHA 0] X 2E.

ol

1 3]




Source (A) Destination (B)

Application Application
Transport Router Transport
Network Switch Network — gih Network
Data link Data link Data link Data link Data link Data link
Physical Physical ﬁ Physical Physical Physical Physical

Communication from A to B

= S — T
~ . Router - <
A Link 1 Link 2 B

Link 3
\\7_/
c

5. end-to-end/hop-to-hop

o714 3, 4, 5 layer:= end-to-endE HGSYOF gt =, 3, 4, 5 layero]] Hjot Hlo]E= FZF ZA] (hop,
host@} router )°] 7N glo] TR} 72127 2] g ARESoF 3. hopol O]sf mZlo] 47 EH oF
. o]uf E layeri= Interneto] T4 &2FoH= A Y.

1, 2 layer+= hop-to-hopS HZS|OF 9F. &, 1, 2 layero] tfjel fjo]E]= hopoflA] AF§aloF gf. ouj 2
layer+ SFEgJo] & Q1 linkoj] s 4] F2o= Z1¢.

router+ data link layer GJOJE] (frame)o]] th5l] decapsulations 35111, swtich—= HJO]E]E 7S]

oro
o 7 -

2.1.4. OSI Model

OSI(Open System Interconnection) 745 model:2 ISO(International Organization for Standardiza-
tion)of| Al AgoF T2 EZ 3.

ISO& 4] #F5 2]doks =4 718 4.

HE BRIl ZFR]o] ZF layerE FoH= tj#l, B3t layer?t 2517 = gF. E3t {A| 2= TCP/IP
TR EZS F ARGl

Application
Presentation Application Several application
protocols
Session
Transport Transport Several transport
__| protocols
— Internet Protocol
Network Network and some helping
— protocols
Data link Data link Underlying
LAN and WAN
Physical Physical technology
OSI Model TCP/IP Protocol Suite o

10




Part 11

Physical Layer

1. A&

1.1. A=

1.1.1. Physical Layer

= #]Z(Physzcal Layer)2 E2]& 9] AHS 5o HHEZ JEol= AFY. datag HRF7] signalZ

a7l 4
hyscaltogerol A9 50 sigals] 2B, datarh B o £ signaliz WHZA B

dygid spud

PTREID)
(gl et}

1.1.2. Analog vs. Digital

data®} signal 2= ofd 2 7 (Analog)} T]X]E (Digital)9] 71E-S 714.

1. analog/digital data
analog data= 9219l FH] gjst data©] 1!, digital data= ©]4F2 Q1 ZHoj gt data .

2. analog/digital signal
analog signal-S | ZF]] WH-E signal gFo] H<£2] 0 g2 B515] ZA5lE= signalo] 1, digital signal 7g9]
E # 7R o]{FA Q1 signal gF RS 7FX]+= signal Q.

Value Value
\

Time I Time

a. Analog signal b. Digital signal

1.2. Analog Signal

1.2.1. Sine wave

AFQI T (sine wave)= 71 7|2 & ¢l FEf o] F£7] 2] 0] ofY 2 7 {15 (Periodic Analog Signal) Y. 2]



Wt (Fourier Transform)o]] &3] B-E Periodic analog signal-2 sine wave2] Zglo 2 BjE 4 ¢l2.
1. sine wave’} 7l = £45E
sine wave= of e} ZH2 1,‘/1-755 1.
1. ZZ(Peak Amplitude) : signal o] 7} 7ok ] F o A1 9] signal gte] Z7]. signalo] ZFZI o] z] 2]
27| 2F vl 2gf.
2. F7](Period, T) : sine waveZ} &F cycle:S = b del= Al7H(s). Frequency2l 9= HAY.
3. &5 (Frequency, f) : sine waveZ|F 12 9]] Z-&5l= 314(Hz). Period2} 95 A Y.
1

T=_
f

4. ©]4}F(Phase, Phase shift) : sine waveJ F71&] geloA] R][7FF o 2 duli} oF F = Hof 9l X2
eIl = 7Y, A]7Fo] 091 R F o A] BFS uff sine waveZF HOFL} shiftE]o] QIE=X]E radian F= degree
= e

5. o (Wavelength, \) : sine waveZ| 3F H12] periodo] o] &sl= A 2]¢l. =, sine wcwe7]- A< oA =2
Sa 55 A7 Fo 448 112] ol Ae(W27])E ey, obels) o] 23 7 oL,

O

c
A= —
f

2. Time/Frequency domain
sine waves= time-domain T frequency-domain © 2 HEH e (plot0 2 LFEI).

time-domain plot2 time-amplitude plot O 2 A7l of2 FZ-S 3Fole 4~ QIS frequency-domain
plot-2 frequency-amplitude plot 22 E7F frequencyE 7FX|+= sine waveoﬂ gt amplitudeE &Fo1er
- 0] O
T OARAT-

frequency-domainS o 2] 7J2Q] sine waveE A o] LfEF of Ha]gl

Amplitude A 1 second: Frequency: 6 Hz

Peak value: 5V

VVVVVV %

a. A sine wave in the time domain (peak value: 5 V, frequency: 6 Hz)

>
>
>
>
>

Amplimdeﬁ Peak value: 5 V

T LA A S S S S
| 1 23 45 6 7 8 91011121314 Frequency
(Hz)

b. The same sine wave in the frequency domain (peak value: 5 V, frequency: 6 Hz)

si 1A T2

1.2.2. Composite Signal

1. Composite Signal
o 2] 7] 9] simple sine waveZ 7% signalS &5 £1S (composite signal) 217
HE2E HustAL thaeol ERoJAE szmple sine wavedS F4sL7] = sEx|ak, g 22 9] data com-
municationof A= composite signalS H-2gF.

F

ol

Fourier Series/Transform=S AF8-5}0] composite signalS 2355l frequency-domain 2 2Foler 4=

12




X9,
T

2. Periodic Composite Signal2] E3sf
FZa2]of] G (Fourier Series)& A5} periodic composite signalS ©]4FZ Q] sine/cosine wave:Z
L A o]o

Bafler 4 Q2. =, time-domians ©]2FF Q] frequency-domain O 2 ZFHs] UEFY &~ Ql2.

frequency”Z} fQl composite signalS fourier seriesZ 2ot 72, Eoj AIZ LF2 sine waveE2]
frequency= o] Hi+¢]. o]F T X I (Harmonics)2Fil &F. 7}XJ ;7'3 frequencyS 7FX]= hamonics2]
frequency= fo]il, ©] hamonicsE 7] FIt4(Fundamental frequency) ¥+ 3 1 ZTF(First Har-
monic)2F1l gF.

Figure 3.11  Decomposition of a composite periodic signal in the time and frequency domains

o itude === Frequency f
Figure 3.10 A composite periodic signal Amplitude — Frequency 3f
— Frequency 9f

Time

a. Time-domain decomposition of a composite signal

Time
Amplitude

9
f 3f )f‘ N o Frequency
b. Frequency-domain decomposition of the composite signal

3. Non-periodic Composite Signal9] E3j

Zajof] Hsl(Fourier Tmnsform) AF-§8}0] non-periodic composite signalS 9<2] Q1 sine/cosine
waveiZ —,—01770L 2 Q2. =, time-domiang H<LZF 9] frequency-domain© 2 3] LJEFY 4~ Q12

non-periodic composite signal-L 2615] Z-L sine wavel] T4 02 A H.

4. Bandwidth

o 92 (Bandwidth )& composite signal®] IR frequency H9]e] Zo]¢l. o] periodic composite
signal@} non-periodic composite signal 2 F=of -5,

SAAE banduidihr} F& 0] KT R FANAE Faa Jeol et Aol FAH B
2 oA levz Xo7F A3l bandwidthE 7FR[OF E-4l0] 7Fegl. fAoA = )& 2|9
AFEOIA] bandwidth?} FoFS PIX=d], d& S0 728 BQMHz?f%J bandwidth7}pX|2F 212t
Al e]7} ZFsolal, bandwidth7} "1 o} 5 O H fo]E[7F &4 .

ol& £9], composite signale] 1000~5000HZ2] frequencyE ZFZITHH, bandwidth= 4000Hz$]

1.3. Digital Signal

1.3.1. Digital Signal

1. Digital Signal
digital signal:2 g datal] £7% HIE . , 05 09 71712 ek
o= Foeh 7 5. o7 7]7’/] ]77‘” velS AF&5] ofe] 7] HIEE 5fLrLJ ’ﬁ‘”oﬁ Heed o

o] o
AR

mlm
é.i
o
<
ku
=1
rel
w
~
o
ol
©
ry
II.O
l o
©

bit ratew= 129] {4 7}5¢F HEQ] 7H’“°7(bpm) bit duration-2 oF HIEEZ H4ol= flof dalE&
AIZFRI(s). of2i<f 77'0] bit rate@} bit durationS & HA Q.

1
bit duration

bit length~= transform mediumofJA] 8JLf9] HIEZl RIZ]5l= F2]&] Aa]Q]. olgfe} Zo] g £
(propagation speed)@l bit durationS FoA 7+ 5 U=

bit rate =
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bit length = propagation speed X bit duration

2. Digital Signal9] 23
digital signal™ composite signalZ FF5l9] Fourier Series/Transfer& AF-gslo] Eae 4 Q2.

2 digital signal:& 53] (vertical) /5= (horizontal) 91 4 (line) 02 FAE[o] QE=0], vertical lineo]
A& frequencyZ| FSFflo] 31, horizontal lined A= frequency”F 0. frequencyZF 02} FSHj] AFo]ofl 4]
HI2FsFO &2 digital signal:S- oFef|2F Zro] 72lel F79] frequencyE ZIA]A] €. &E periodic] -+
S1AFE 9] frequencyE 7HA] T, mon-periodice] H-9= <39l frequencyS 7.

ek I I | | | | i
Time f 3f 5 7F 9f 11f 13f Frequency

a. Time and frequency domains of periodic digital signal

I o N
Time O Frequency
b. Time and frequency domains of nonperiodic digital signal

digital signalo] A 0] AFZFalE o 2] sine waveZ ZolJo}H AFZFatol Q-AFSH FE] O] sine waveS 2 har-
monics7F 4 H.

f(x)

1 —

05

0
L X

N~

-05

-1

AZTHS S8l ALRITHS B3t FEOR BHE 4 2

0o

1.3.2. Transmission of Digital Signal

digital signal®] FZ£=ofl= baseband transmissionI} broadband transmission©] ${-=.

1. Baseband Transmission

Baseband Transmission2 digital signal-S analog signal2 H2}5F2] 9F31 F45l= HFA ¢l

signal-s +2olfo}H o] 22 02 FoF 7] frequency HEo] EASFEE, A signals 2 5] Aol
H 25t H Q19 frequencyS HAGSJoF SEX]BF channel& oFHgE bandwidthT-S A|&& &~ Qloa
o HAUHOZ B, channelg A3 FA] 2 signalo] W] HAHSHA F.

GG 5 HL bandwidthE 7FX]= medium-=S AFESFH =2 FoHE 2 digital signalS& A48 4+~ Q2.

oY,
Jo

i P FEYSAL Fgo] BIsoAEt £HH signalZHE L signalg £

> Mg of
xo, M
U2,

bandwidth7} Aetd5 A& digital signalZpo] 2Jo]7F AR B2 ol 7} LFolF]. o]uf ZZoF har-
monicsg T F7FA] Y& digital signalZFo] 2polE =Y 5= 5.

L frequencyBFS EFFA 7] = channelS Low-Pass Channelo]2F1 $F. baseband transmissionof A=
low-pass channelo] AF&-E. AFZFEE low-pass channelol SZFA]Z]H 2FZ] F2o] 527 ZHo]A] &.

F2 5 B AGTHE B9,
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Input signal bandwidth Bandwidth supported by medium  Output signal bandwidth

0 59 fi f h f

L] @ ) -

Input signal Wide-bandwidth channel Output signal

2. Broadband Transmission

Broadband Transmission> transmissions s digital signalS analog signalz H2H Conversion)
= H X (Modulation)slo] ZH4sl= HFAI .

digital signal:& SFLFO] frequencyBlS 7FX]E= analog signalz H2E] =4, of 7]oflA]9] analog signal
< carrier signal®]2F1 €} carrier signal®] amplitude/frequency/phaseZF ¥S}olH digital signals
FA AR Y-S F oA Hhs.

digital signalS analog signalZ H2FeH o] S o=, modulationS E3l £7% frequency Y-S 7FR] =
= ok AAAION A= ZF frequency T o] Tfel ghgo] =7} RpojAl ErejE]al Q7] o), AEet

frequency 9] AFgo] WA Q] F7FE | modulation] B 2FY-S E X (demodulation)2fil &F.

T = ©o

o A= bandpass channelo] W2 0 2 AR-gE. o]uf 9] signalS bandpass signalo]2l1 gF.
24 BUANAE AGSHE, F2 2 B AL A, dote S A0 = B4+ analog
signal& AF-&ofoF oF.

E% frequency O] 98-S B X 7] = channel& Bandpass Channelo]2F11 &} broadband transmission

[ ] k [

Input digital signal ! Output digital signal

1

Digital/analog Analog/digital
converter converter

f

Input analog signal bandwidth Available bandwidth Output analog signal bandwidth

i h

—Cl—

Bandpass channel

Input analog signal Input analog signal

1.4. Impairment

1.4.1. Impairment

4 Ao signalofl= £ (Impairment)o] BRAISEA] E. impairment2] 910 2= attenuation, dis-

tortion, noise 5°] =

1.4.2. Attenuation

1. Attenuation
4 (Attenuation )2 signalQ] U] Zk2& BFeF signalo] medium-S XJLF7FHA] BhA] Bl = 2] GF of

15




Bofl 27} & S0 WAL

attenuationof] EHOI' =l o 2 ZZ7](amplifier)E AL %= &
2. Decibel

G| A8 (Decibel, dB)-& 7 0] B &< 4§ 215 Fo}1L 105 &5 E 5}
el #HSE] o AFg-et.

attenuation decibelZ LFEFY 5 QI5. = 2] Al signalo] Z}x|= oL X5 S5} ofafjo] 4]
oz AYF. Py, Py 2 A HIH S5 LY.

i

rr

2 ueg.

rLu
Wi

T3]

P
dB = 10log;, F2
1

919] decibel:2 7] TlgF g9, decibelo] 2~H attenuationo] YIS Ho| 11, F-H ZZE= A9,
ok Aol 2 GASAE, FA] 77E] decibele 2 FE 7710] decibeld] 02 78 1 9.

1.4.3. Distortion

9= (Distortion )& 2|2 AJAH O] H]XE Yo o5 LFEFLEE signalo] FEH] H2lE 2al.

composite signal®] ZF harmonicsE-2 frequency®] THE mediumof 4] o] Ao} £ 7] cf2 31 o]o] ujaf
HEwa 717k oh2 2] Y2 71, 7 ABo] B z|o] rugS o YEy thE AL FIz]A)
Feg szgnal_J e} Hajek = 9lL.

gFoISIAI L \f 7} sine wavel] L o]HZ N7} E5}H frequencyol HlEsls £ &2 713,

Composite signal Composite signal

m 56(1-1\:\\ \/ \/ \/ \/ received
o - —\%ﬁw 4

Components, Component%
in phase out of phase
At the sender At the receiver

1.4.4. Noise
1. Noise
o] Z(Noise)i= OJEHA] ghe ZHIol} Feg 2k

ot 2 Zrol noisedfl= o2 FF7F s

o F-2(Thermal noise) : wiree] L5} ool ma} A7) Bi7algt Bag] £E02 Bl
noise. 27} ol ~E noise7} A7

A2 AE F(Crosstalk) : 215 ¢F wireo] _457' 7M. 0 2 HBRAISLE noise.

AEA o] (Impulse Noise) : B A1ZF ZHA] 2 o] & 771 signal(¥7), ¢ A 5)o] 2J7]
7Hq o 2 BRAIGLE noise.
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Transmitted Noise Received

z | z

Point 1 Transmission medium Point 2

2. SNR
SNR (Signal-to-Noise Ratio)w= signall] A|7]2} S5 signalof] Z &l noise2] A|7]9] H[& Q. SNRO]
%95 signalo] §3elA] HLEE A,

SNR-E 481 28] 3 719,
SNR-E ofells} 2] signale] 4712} noise<] 4]71¢] B[ &2 8 5 1, oF £ decibelZ EHF:

average signal power

SNR = .
average noise power

noise7} W2 Aol A= levele A =Y 4 gl

1.5. Data rate

1.5.1. Data rate

Ol

glo]e A4 <% (Data rate)= 541 A| A4 713 FQ3F A HE F
data rates= o2l o] 37}x] @ Qlof o5 A H.

1. bandwidthe] Zo]. (= A&EE frequency = ZH2 signal H-&)

2. signalo] 7FX] = level.

3. channel9] 5.

bit rate 2 2 data rateS 4 5~ A2

Jpol.

1.5.2. Calculating Data rate

data rateE AXFol7] fJer o] 22 Q] -F4] ¢ 2= NyquisteF Shannon©] 5.

1. Nyquist bit rate

Lfo] A A E (Nyquist) bit rate= noiseZF R+ channelo]] sl data rate(bit rate)Q] o]ZZ Xz &
Fole 549,

olg|o] FAI 0 2 bit rateS F& 5= 912, bandwidth= channelQ] bandwidtho]1, LL dataE EH5F=
ol A levele] A0l BA2 HH noiseE 1ot e AT L 5 UL

BitRate = 2 x bandwidth x logy L

bandwidth@} level2 =0]H data rates = = UX|2F, bandwidthof = SHAIZF Q-S. ESF levelS =

o)A 5% SL=glo] Bz} $obA] 1l reliability7} WoFd(levelo] BOIX|T 7 Alof A iz}
1D + AL).

2. Shannon capacity

A= (Shannon) capacity~— noise’} QI+ channelo]] s data rate(bit rate) 9] o] 22 F 2| & Fol+=
aLR]o]
S
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ofgfo] A 0 & capacity(bit rate)E 7+ 5 Q& bandwidth+= channelQ] bandwidth$].

Capacity = bandwidth x logy(1 + SNR)

2. Digital Transmission

digital/analog data®] Digital signal transmission®]] tf3f] &otE =}

12 7149 codinge F 353 Te

2.1. Digital to Digital : Line Coding

2.1.1. Line Coding

1. Line Coding

Line Coding:2 digital data, = bit9] H{E-S transmission medium(line)ol] WA digital signalZ B
2H(coding)Sh= B . SRR SolA] digital dataE digital signalZ 1T 4] HEIH L=
digital signal-& T YA digital dataE H-=Z.

2. data/signal element

datas= &N OF 5= Aol signal:> HA 2 HEck= AQ. data elementi= JHE HH5h= 71
2Fo ohojel(slito] HIEQF QX[ ). signal element+ digital signal@] 7}3F 2R AJZ7FA] T Q.
data element+= signal elemento] Q&) 2BFE (carried). o]l ZF signal elementZ} |5t signal element

9l5)] 2HIE]E= data elementQ] H[E&S r=2 E7]SF =, 5FLL9] signal elementZ} 37]29] data elementS
2l 2 39

number of data element

number of signal element

3. data/signal rate
Data rate(N, bit rate)= 120f HEEE data element2] 7]+, THoJE= bpsY.

signal rate(S, pulse rate, modulation rate, baud rate)+= 1Z°f FHALEE signal element9] 7]49].
o= baud(CEE g5 )9

data rateg} signal rate AFoJoll= oo} 2-& BAZF H . o] ci= Hlo]e] WElo] ak2 F- 2.el9).
S=cx N x 1
T

data communicationofAlE data rate= Fjet 52]1, signal rate(bandwidth, frequency)
= Fjet ZooF @ data rateE E2]H H9] AJ7F &9 &0l HES] =7 HolR] B2 HE &
7} #ral . signal FMSP7F S5 U] 2 frequencyS AFEOOF oFE2, signal rateE £°|H O 2R
frquency 2 signalo] EHEE 2 T Q 5t bandwidth’} &0]&. bandwidth= oFgE]o] QJo B 2 £2 Zo]
23l ESF frequencyZF =OFX]H o] F 9]ek sfEg]o] o] ZFA o] ] Fol.

4. Line Coding Scheme
Line Coding Scheme:= line codingo]] gjgr HFZ9Q]. line coding schemeof.= unipolar, polar, bipolar,
multilevel, multitransition S0] Q<.

2} line coding schemeo]] tjsf] DC component(Baseline wandering ZE@F) 2} self-synchronization2 B>
5] signalZF B 2FQlo] £l&. THAL bandwidthE Fof1 oFelsl= 219, of7]A] bandwidth+= N(data
rate) 2 LEFY 5= Q1. digital signalZ} FAFSF FEIQ] sine wave(HA 2 o]2 A EaHE. )& 18],
HIE o7} A4 AJ7Ho] o] B2 8l sine wave2] period ¥ frequencyE 7 5+ Sl o] Y-S
HHE 4] o] 2] frequency& 7-oFH frequency-domainoA] bandwidthE WENY + =

18



signal ratex= Hlo]§ o w} @2]x]al, o]of w2} F2 Ha2Ql Z-p-of thsf signal rateE o]op7| ¢t

o] B+

2
T
2.1.2. Line Coding?] 4] A=

|
o5 o4 9f Sol Hlo]E] WElo] whet x| AL o dobuz,

line codingol A= ol eff 2-2 A B0 BT+ 90 B2, line coding schemei= 0|5 2 2|2
S OIO-IOF 07-'

1. Baseline Wandering

signal®] FRIR= 218 signal2] A7]9] HatXE AXlofe] o] % =R1H signalC] A7 ]

S
["O]l
Hx
2

(Baseline) © 2 AF-ggl. o]of signalo] E7 A7] & L2 0 2 7IXCHH baselineo] HEFE 4= Q,Z%E],
o]& Baseline Wanderingo]2f1 3F.

=2 line coding scheme= baseline wandering= 2 BFX]5]JoF oF.

2. DC component

SRDO)IAE & Wikoz YFe BR7 S22, BR(AC)IAE 2719 i) Witv] B2}
SE. AA] signalof A w7 4E(AC Component)< Xﬂ77’ ol Y& FEE 27 FE(DC component)

oj2}1 .

AC component= F7]&o| B2, A signal] o] tieh F3to] 0o]AL} 09 7FgR] ¢ 7d-% DC
componentZF ZeFE] Al o]u] Mo ZFS DC valuedl1l g} digital signalS AFZFE 2 QFO] signal
ol o] 1, 1, 0 502 DO valued ANE + 9. W signale] 32 olafeh 2ol
Jroz 1P 78+ 98

T
DCvalue:/ s(t)dt
0

A Fuf GRS SR 7 AU B 7[5 AFE-SFE mediumo[u} A A B0 A= DC componentZ}
H7FE 4 Qoo 2 sig sl of] 4k line coding scheme= o] ZF 2] 2]5JoF &F. data communication
oJJAl= DC componentES A AsH= Zo] £&. DC component”} H23lE] AL} A AE signalS DC-
balanceds}clial gf.

F2, WoP)E 2J40] wsfe] 2 3] f (s 2Hlo]2] ¥F)o] oJa FHFIRZ, DC HF (A
BIo} gl )78 47 ¥ = A 2[opR] ZolAvf G| =AI7F B 7 s

3. Self-synchronization

F2IzFo] H|E 7FA (bit interval ) F $=212F9] bit intervalo] YX[SFR] 91O H signal-S o] ZEeF off 24|
ZF grAigl o] & Sl dst7] 95l data 9Fof Eo]Y HHE Eglol= 2p7] & 7]5)(Self-synchronization)
signal-S AFggF.

% 48 AN el BE o 5 slefer FL, olol wfef A FUA A F10e]

2.1.3. Line Coding Schemes : Unipolar

Unipolar scheme= signal levelo] QFF}F 2 oF HFGFO 20F W5l scheme®]. =, signal levelo] SFHEI}
Dot A5}, A7F % W HolrlN] e

NRZZ} 2.

1. NRZ
NRZ(Non-Return-to-Zero)= H|E F7Fo]] ZgFo] 00] 2] ZF= unipolar scheme®. ¥ [ 12,
0[S 002 3
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Amplitude
A

V |—

0

Baseline Wandering, DC component, Self-synchronization©] 2] 2]E]X] 9F-2.

uni= @Y, polares =& oJnjgh & @ d TR 71| = scheme.

2.1.4. Line Coding Schemes : Polar

Polar scheme+= signal levelo] QFy} -2 QFZE HIGFO 2 HSL= schemed].
NRZ, RZ, biphase”} Q1<

1. NRZ
NRZ(Non-Return-to-Zero )= H|E Z7Fo] F¢Fo] 0o] EX] ¢ polar schemed]. NRZ-L3Z} NRZ-I7}

ol O
NRZ-L(NRZ-Level)& Z1¢} levelo]] ufef H|EZF A== NRZY. 9Fo] S 0, 59 A< 12 ¢

NRZ-I(NRZ-Invert):S o] Wiafo] mpef HIEZ}F 5= NRZY. ek Hal7F glowd 0, Hopr)
olom 12 g,
AR P =

o,1,;0;0;, 11} 1}0]
I I : I : : l—l r=1 Savc =N2
NRZ-L : — P
! . . ' Time F
I I I 1 1 | 1 1
I I I 1 1 | 1 1 1
T —— Bandwidth
NRZ-1I — —— 0.3
Oy 1 1 Time 0
I I I I 1 | [} 1 T T ! T
1 1 1 1 1 1 1 1 0 1 2 fIN
I I I 1 1 | 1 1

O No inversion: Next bitis 0 @ Inversion: Next bit is 1

Baseline Wandering, DC component, Self-synchronization©] 2] 2]E]X] oF-2.
2. RZ

RZ(Return-to-Zero)= H|E <7Fof] FgFo] 00] EE polar scheme. k] AQt, 29] Ak, 0 HY=
B Agafel, B3 BEC] do WS BAT F HE F20] 0 B0 Fopg. 2 Aol

=
0 ez %Ofﬁ‘: A2 0, Fo] o]t 0 Aoz Fopes A2 12 g

Amplitude 1 Cx
I | I I I P
0 : I : 0 : 0 : 1 : 1 Bandwidth
I I I
| | I | 05 /\
ﬂ 1 ! ; 0 T T T T T >
J 1 L J | | Tlme 0 1 2 .f/N
I

Baseline Wandering, DC component, Self-synchronizationo] z]2]%. sFx|gF 87]o] HefS FEE 4+
YE= Fects Ao] TR, AU Wkt WOl £L frequency7t HREVT bandwidth?} HTHE
B 3o] 21,

3. biphase(Manchester, Differential Manchester)
biphase= 27]J9] phasezZ HJEE HESIE= polar scheme]. QFo] FQtyl 29 ¢S A-g5fof, H]
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E sliE #HY 0 B HYS AFEoItL S tE AYE AHE el manchester?t differential
manchester7F ¢l-=.

Manchester.= NRZ-L7} RZ9] 7]d-S €12 biphasez, FFo] oJs) H]EZ} ZR|HA] 7o) F¢fo]
. o] Aol Ittt 2.2] Welel A 0, 2o Hko| AL} o] Wglel AS 12 7
Differential Manchester(Z}Fo] Manchester)«= NRZ-I2} RZ9] 7§55 ¢}3l biphaseZ, F¢Fo] Hslof
ojef BJEZ} x| HA] FZFo]l deto] vl Hef Haprp glow 1, H3l7f QLo 022 g

C 0is —L 1is J_ ) O No inversion: Next bitis I @ Inversion: Next bit is O
¢ ! 11 @0t o ! @} 1 1
S 2 B N i Swe=N
p— 1 - ] j  —
i 1 i 1
1 ' i 1
Manchester P
1 1 ! 1 .
| [ . | l_ 1 Time
| i i i 1 i .
! ! [ ! ! ] Bandwidth
i ' I i i ' 0.5
e ey ! ey H ey |
Differential H r 1 | | 0 T T T T
Manchester \ | ] ] i i /N
Time 0 1 2 J

Baseline Wandering, DC component, Self-synchronizationo] *]2]%&. SFx]a NRZoj] H]5} signal rate
ZF 28] A bandwidth?| 51 =2 frequencyE AR5 .

biphaser} ZAE} BA 713 S, RARE SESIO] ol #i FobA] RTFAo] 9125 o]
objebEl 7tet EATAE ok

2.1.5. Line Coding Schemes : Bipolar

Bipolar= 54 H=E2 HHY 1 Gt 20 AUL WZf AFEI schemed.
AMI, pseudoternary”}F 9l-=.

1. AMI, pseudoternary
AMI(Alternate Mark Inversion)= 02 0 HYO2, 1.2
HHSIE bipolar scheme$]. ZFA ] BRlof] 2 AFEH.

pseudoternary= AMI} &gt 07} 1°] F@o] ¥Hfel. &, 15 0dYg o=, 02 Fo] Hefat 59
S vlzof ARgofo] @ k= bipolar schemed.

ol

o) Sk} 9] S W

o
o
~—
2
oo
Ol
-
£

Amplitude 1
Ot 1 1ot o0 1 1 Q1 =l Save =2V
I 1 I 1 1 1
1 1 1 1 P
I 1 I 1 .
AMI ) L L . Bandwidth
] 1 ; LI | Time 1
1 1 I 1 1 1
1 1 1 0.5
1 1 1
Pseudoternary : : [ e T —>
. 0 1 2 fIN
1 ! ! ! Time

Baseline Wandering, DC component& X 2]} HA], NRZJ 22 =529 signal rateE 7}, SIX]8F 0
o] A£2 0z FYok= -7 synchronizationof A7} HE 7 QU5

2.1.6. Line Coding Schemes : Multilevel

Multilevel:& o] 2] 7]9] signal levelS AF§5l= schemed].

multilevelo]] SEEl= YH schemeEL mBnLo] FHIZ o]E2 E9|. mL data elementQ] 7J5E, n
2 signal element] 7J4E, LS A-E35l= signal level®] 7]4& LFEFY.

2B1Q, 8B6T, JD-PAM57} QL.

1. 2B1Q
2B1Q+= 27]9] data elementE 47f(quaternary)Q] level:S Z7}X|= 17§2] signal elementzZ HEHol=
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multilevel scheme$].

o] & &2 9] scheme?] 5]l A], o] H level(F ) o] o] H H|E Zo}S mfg e 7 91 X]-= hamming distance
= 223l hamming distancei= 5= o]Z=of sl A= ]2 HIE ZI& 7IX= 2Fe] o] T2 (dE &
o], 003} 01:& =fo]7F 1. 017} 10-& XFo]7} 2¢].). e}t hamming distance”} H]g|oF -2 Z} H|Eo]
oot AekS HAgk H|Eo] 2Fo]7} Z oy, Fef xfo] ok 2] o4 FE oA H SHES Fol= 4.
Y=, greF 113} 000] vFE §F HeFE ARk, 119] dfgsl= Aol 0022 4 E o @77} o
AZXA H.

Rules:
00 =>-3 0l=>-1 10 =>+3 11 => 4]
11 1 00 ' 01 ! 11 ! 10 !
EE :
1 1 1 1
o :
1 1 1
1A ' | | Time
1 1 1
1 1 1
=31 1 1 : : :
1 1 1 1 1

As‘suming‘ positi\./e origihal levél
NRZoj B]5] 24] wr=A] djo]e]& AEg 5 QUAIeE, {IXP7F 2 levels 728 4+ QlojoF gk
A o] EA5FE AstA-S ARl QIE[H-S A-&5F= DSL(Digital Subscriber Line) 5041 AF-&gF.
(SMbps®] L5 A&k + Ql5.)
Baseline Wandering, DC component, Self-synchronizationo] z]2]E]z] -2,

2. 8B6T
8B6T= 8702 data elementE 37](ternary)9] levelS 7}X]= 6719] signal elementZ HE E 5= multi-
level schemed].

37 9] levelS AFgoFEZ 8709 HIEHCE ] IR JHE LFEFE 5= QIX|TF synchronizationT} error
detectiono]] G2 signal element5= AF&SF.

8B6TO A= data offo] sfgtE= signalo] 0 E= +12] DC valueE 7IX]EE HA%o] QIS5 o]of
DC valueZF +19] signalo] S%ZFeF F-2 DC balanceE BFE7] 93] 1 tf& DC value?} +19] signal
2 ez WaEo] DC vilucE 12 FA B, ol 414 Sol4] Helepm, 44 Ze Al DO
valueZ| -19] -2 BFAE signal9] Z 02 Hokeh & Q2.

01010000 :

Inverted |

+V +
8 |_ pattern i
J |_E Time
-V ]

-0-0++ ! -+-+4++0 ! +-—-+0+ !

LAN =, tjo]¥] 4lE] 5ol &-§%= 100BASE-4T cable 504 AFE-2. (100Mbps®] & =& A&

+908)

Baseline Wandering, DC component, Self-synchronizationo] 2] 2] 5.

3. 4D-PAMS5

4D-PAMS5(4-dimensional 5-level Pulse Amplitude Modulation)= 57§9] levelZ} 471 9] signal element

= AFgol, ZF signal elemento] teF wire(PAM)ZF 5= 470 EA51= multilevel scheme .

aroF (7] 9] wireTHS A-&5A] data rateE 2-X|ol2]H 22 A|7F 7HF oo signal 4717F Eo]7FoF &F.
, 25 sine waves-2] period”7} iHH, frequencyZl 487} E]21 H2FA] O 2 bandwidth?F 48] Z}7Fo]

Z, JD-PAN5E AFg51E bandwidth7F L2 &9 5= 912

r

o, N
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0 HAefof] lEsl= level:& error detectionof A

00011110 1 Gbps

— 250 Mbps
7 Wire 1 (125 MBd)
i ||
1
1
1
I — 250 Mbps
i | P Wire 2 (125 MBd)
+2 I i
1
+1
E 1 250 Mbps
Wire 3 (125
-1 ] | ire 3 (125 MBd)
=6 1
- 1
1
— 250 Mbps
Wire 4 (125 MBd)
|

Baseline Wandering, DC component, Self-synchronization©] %] 2]%.

error detection 5 ZFA|3H Y82 F29 tHE.

2.1.7. Line Coding Schemes : Multitransition

Multitransition2 oj&] 7§2o] A W7 (transition) BHA]-S A-E5l= scheme .

NRZ-I2} differential manchestero] A= B E Hs}o] Qo] fjj5] Z¢fo] B F =] A X2k, multitransition
ofJAl= transitiono]] tieh & o] o LS.

MLT-30] 9]-&.

1. MLT-3
MLT-3+= 3719 level(QFO] Fef, 52 H¢F, 0 A)S AF§sFL, ofefjel Zro] level Hi3lo] fjer 37FX]
transition &S AFESF

1. of& HEZ}F 0o]H, HelsER] oS

2. o5 HIEZ}L 10] 1 A levelo] 00] oL, TS level:S 0 Ao = %

S. of2 HIEZF 10]31 FA levelo] 00]H, T} levelS bfx|alo 2 =215 go] ofY levelQ] Bl level
= Yok

0 1 I 1 0 | | l 1 1 1 0 1 1 1 1 1
1 1 1 1 1 1 1 1
+V + 1 I 1
i o
ov . : n ; . i Next bit: O
1 1 1 1 1 1 Time ( \4
V4 0 i . Next bit: 1 o
1. Typical case .
1,1, 1,1 S s
LV ! ! ! | ! ! non-zero NON-zero
1 I I I | I Next bit: 0 level: +V level: =V Next bit: 0
oV —! —
C ¢ ! Time c. Transition states
V= i 1 1 i i [ 1

b. Worst case

MLT-32 © Bgeh AJAES ARgsh=r]o] hefl NRZ-I9F -5 signal rates 7. spA]0F QA2
MLT-35 NRZIo] 9[3] ¢ Bsb} 41, 19] wHEsls 50 Ygo] 7149l Jefg Hojnz
2 F729) frequency2 FYEF] B F& bandwidthS 2] 18 1WA 7] (FE]E frequencyF
$2MHzIT] FOA| B 12h7] WA} W) 58 Bl WHE S5 (100Mbps 712 Hlo]E & Fal
of gF o MLT-3-2 AF-&3F

Baseline Wandering, DC componento] 2] 2]E]z]al, o] H<2Z] 0 g2 EXF51E 772 Self-synchronization
o} A5 ke,

A27] WAL ARTHE 212, signale] A7 ute] el £ 29,
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2.2. Digital to Digital : Block Coding

2.2.1. Block Coding

1. Block Coding

Block CodingZ m7jo] H{EE nrjo] H|EZ WHEISIE 7|a2, ¢ I HEE AFE5] schemeo] w}e}
ZI&2] glo]El7} 7FE = U= EAF (Baseline wandering, DC component, Self-synchronization &)
= Hekek

= JELa =

block coding-& miI} nof] e} mB/nBo] FEfZ o] 2L E¢.
block coding2 F2 line coding schemeo]] 9Ja]] QTG E]7] M3} C]AHE o]T o] AFgHE.

2. Block Coding Step
block coding& ofg|o] 371X THAIE 7}F.
1. Division : H|EES m7J& L}¥H B2,
2. Substitution : m7]2o] H|EE n7jjQ] H]
8. Combination : H2lsl i} HEES

ko |m

block coding2 no] mEtt ¢ & Z9¢. mo] nEtt ¢ & F9= datal] =02, png, jpg, mp3 S|4

;n_@_.

2.2.2. 4B/5B

4B/5BE 47]2] HEE 48 00] giis 57]2] H]E & #3HsHE block coding.© &, NRZ-ISA] A18517]
9Jaf CIAFelE 2

Sender Receiver

‘ Digital signal l

4B/5B NRZ-I Lintte NRZ-I 4B/5B
encoding encoding decoding decoding

NRZ-IE= (o] d&A o2 1} o= -2 mfoj Self-synchronizations X 2]5lxX] & JB/5BE Al
5hel WIEHE 5719 HIEL URHD} B 002 AR5 91, 7] 00] 2hE HolAA A
kg, A0z 3 ol 00] BH F2t EAHA g,

Aol Lol BH (Control Sequence)oji= 00] {4202 Eol7}7]| = G} start/end delimiteri= packet
o] R]ZFa} Zof] AR E]E= control sequence .
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Data Sequence | Encoded Sequence Control Sequence Encoded Sequence
0000 11110 Q (Quiet) 00000
0001 01001 I (Idle) 11111
0010 10100 H (Halt) 00100
0011 10101 J (Start delimiter) 11000
0100 01010 K (Start delimiter) 10001
0101 01011 T (End delimiter) 01101
0110 01110 S (Set) 11001
0111 01111 R (Reset) 00111
1000 10010
1001 10011
1010 10110
1011 10111 - 1 ¢ - .
1100 11010 Chabrestrroroetection
1101 11011
1110 11100
1111 11101

4H|EE SHIER HYlong Qo] HIE (Redundant Bit)7} EHASI=1], o] error detectionof AR
H. 4B/5B] nje] Yool Q=] ¢f2 HE F o] AEE F- error7} BAASS & + A5

NRZ-19] 4B/5BE& Alg-oFH signal rateZl 20%(25%%) S7FolA] E I, signal H-go] HolxjB &2 ©f
=0 frequency®} -2 bandwidths AF§SHA H. SFx]EF 2% biphaseHoH= o] A 3] bandwidth7}
5. 4B/5B+& DC componentE o dsl|= ZofE 2 DO tfet Agto] Sl e oAl bipahseE
AF-g-alloF 2.

2.2.3. 8B/10B

1. 8B/10B

8B/10B+= 879 HIEE ¢<£% 1 T 0] Y37 DC balanceE F-X|oF = 107]9] H|EZ H3lol+=
block coding]

87 9] HIEE 579} 3702 Lol ZFzF 5B/6B, 3B/4B 9179L dot H(ujq Ho]Eo] thaslE
Lol Yol %), dalEE @l Disparity Controllerghi= 240 Y%}

8719 HIEE 107]9] H|ERZ EEP o2 JB/5BHLE redundant bit2] =7} Bkal, o]oj] ufaf o gFitE
error detectionS 5=JeF o~ Q12

'~

5B/6B encoding
—

8-bit block =) —— 10-bit block
Disparit

_>D congolle};

3B/4B encoding

8B/10B encoder

2. Disparity Controller

Disparity(=DC weight) Controllero Al 17} 00] EwFoF /|2 EXsAL, QYset C}E HIEE
5}o] g2 go] Aol 395 HIE W 52 Fl H[g F, DC balance B F2
8B/10B2] B2k table:s HH 51L}0] 8bit HJo]E[7} 7= 72 10bit Hjo]E]o] mfF=o] QIS o]uj 10bit
gjo]g] zFzo] BE= DC weightZ} 091 Ax 17, -13F +19] Ax Q2. disparz'ty controller% o] af
E3Fsl glo] DC weightZ 188l ZAgl DC weightZ 7} 10bit HJo]E]E H&

T~
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2.3. Digital to Digital : Scrambling

2.3.1. Scrambling

1. Scrambling

Scrambling2 line coding scheme(FZ2 AMI)of &85l synchronizations BFeflol= ZE(0o] ¥
Ao Fiole BR)S B8t bit v g2 g x[oh= 7] Y.

7] line coding scheme 5 biphase(polar)= bandwidth7} HF 5 131, NRZ-I°] block codingS A}-&
3l H-2L DC component ZA7} Y131, AMI(bipolar)= bandwidthE %31 DC componentZ EFAY
oFx] &=o synchronization A7} YRS o]u] AMI= synchronization =A7F ol 2slH =1,
scramblingS AMIo] Z-gslo] o] BAE sldeF 4 ¢l<.

scramblingolli= B8ZS2} HDB3o] ]2

2. B8ZS

V(Violation)’= AMI 72 $dksle 0o] obd H9(HH 0o] obd H(B EeH7} 53t )
o] 1, B(Bipolar)i= AMI 77-2]9] 7283H= 00] ot (2 00] oFd HSH(V Egh)h vk <l Hk)
. 5, mpxjato] St 091 ofd efe] R of upal 00VBOVBZF FH s LERA H.

bit rate, DC valance 2} bandwidiho] &9 & 7|21 2] ¢FO WA synchronization 242 5
Bo}rfja]zlof Al F£2 AR&EE HFA] Y.

1 0 000 00 00O 1 0000 0 0 O0 O

|
|
|

-

i,
Ol
I~

B

-
g -

1B 1V 1 1

B Vv

0

1
E

=)
=

] |
I |
] |

a. Previous level is positive. b. Previous level is negative.

3. HDBS3

HDB3L 0 bit 47]7} d<a4] 2} scramblingo] Z-£E0] 05 000V E= BOOVE s}
ey sl R T

OFR g}l scrambling (substitution) 9] £ & A|FZE] AZ-2 scrambling 2] A|Z} X FH7F] 00] ofd HeFo]
A2 THI5He, B (even) (EE 071)o]E BOOVE X8k, E+(odd) ol 000VZ g

bit rate, DC valance2} bandwidtho]] F S 7] 2] 2] &F.0 HA] synchronization 2 S A& 5= ¢J-2.
fH, YB B4 2 AR WY,
First Second Third

substitution substitution  substitution
1 1.0 0 0 01 0 0 0 0 0 0 0 00O

IVI

o

B

1o

BVl

4
Even Even Odd Even Even

ANE GRS BN BAR AL 23 BBY Al Fofshoeh BAFA 7ol ol WEHy] i

2.4. Analog(signal) to Digital(data) Conversion

2.4.1. Analog(signal) to Digital(data) Conversion
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HAA 2] H]o]E]+= analoge] 1, O]& It 2 HiFE] A|LHoJA ARgSA L HEooF of= F-77F EA]
H(EY ) Ex SUATF AE analog signals RIRF S04 H ol AFgdl= F-27F fla. °l&
Aol Al analog signalE- digital data= Bekel = QlofoF ofal, of7]Al= 1 13 o] bl erofa.

analog signalS digital data 2 Helsl= 7] o= PCM2} DMo] 2.

o] 2 A ¥} digital data= 2 & SF line coding scheme2} 7] 55 A3 digital signal 2 HE5FALE,

i

digital(data) to analog(signal) conversionS E3J analog signalZ2 FEe + QIS

2.4.2. PCM

1. PCM

PCM(Pulse Code Modulation)+= analog signal(pulse)E digital data(code)Z B2l (modulate)sl= 7]
yo) 713 BalA] AFEELE digitization 7]% 5 5.

PCM-& sampling, encoding, quantizing®] TAZ FHE 1, HLA Q] ZHS o] {JFA] Q] gFo 2 HBko}
EREEE)

rr

Quantized signal

PCM encoder

N ke p e Bl e SEUPRRIT)

Encoding Quantizing Digital data
Analog signal
| ® The analog signal is sampled.
@ The sampled signal is quantized.
PAM signal ® The quantized values are encoded as streams of bits.

(9] ZE A= encoding@} quantizingC] s=A17F Z22 L2l US)

2. Sampling

Sampling T+ PAM(Pulse Amplitude Modulation)2 AJZF(x==)o]] tisf analog signal:S ©J{F& S &2
ZA= "HAY. samplingo] O] Z&H dilES5 PAM signalo]efal 3F.

sampling9A1= analog signal-S E73 X 7F 7HH 02 R =0], o] 7FH-S sampling interval = sam-
pling period(s)2F1l 5131, Ty 2 FEZ]gl. sampling interval®] HE sampling rate = sampling fre-
quency(Hz)eF1l sl1l, fs = T%E Hr]gk

Amplitude Amplitude Amplitude

Analog signal Analog signal Analog signal
AT [/ AT
,'IT T I T\\‘ Time ,Aﬂ Hh\ Time /’ﬂﬂ H ﬂ“u Time
RN A 1] 11 1122

a. Ideal sampling b. Natural sampling c. Flat-top sampling

Nyquist (sampling) theoremo]] QJFH, sampling rate”} ZASF YL analog signal®] 28] EF ofoF H
515l digital data2 YE analog signalE 23] Yot £+ QL. =, of Hlo] F7]of fisf XL 2812

- =
2 FIG 7 glojof Srhs A, mrEe] ek 7HEoz He Hol BY et
2.2 sampling frequency?} 2 analog signalg & 2] BLAG 5 A5 FAHAE 18 B

cost7| BFAISE,
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/\

N\

\/

/\

\V/

a. Nyquist rate samp

b. Oversampling: f,

/\

Kt 2
; ;
;
2 2
g
y
2
¢ ¢
ling: f, =2f
e °

c. Undersampling: f, = f

3. Quantizing

Quantizing(YFRFS})E Z(HY) (yv=)ol ol PAM signal& o]{F 0 2 R7)E= THAQ]. quantizing©f]
olal]l =ZEH AIEE quantized signalo]2}l 3}

quantizingo A= PAM signale 53 19} 717.0.2 2ALH), o] 7128 Mg} 87, ofefs} o] el
SHA| e 4=~ Q& of 7] A LEL quantization leveld].

Vmam + len
L

PAM signal®] 7} gk& H7stole 52 A2 o 5, g o] Sohe 779 gLo2 A} o] %
S5k 27koll THEE codeiz WS O] F Encoding FHCNA G codeE AHEF £ B]E Hgo
BEEE

A:

Quantization ~ Normalized

codes amplitude
7 4D oy 1197
6 3D ’
5 2D 11.0
= 753
4 D I
0
3
- lTime
2 D¢ 6.1 e 6.0
1 -2D =
0 -3D
—4D
Normalized -1.22 1.50 3.24 3.94 220 -1.10 -2.26 —1.88 -1.20
PAM values
Normalized -1.50 1.50 3.50 3.50 250 -1.50 250 -1.50 -1.50
quantized values
Normalized -0.38 0 +0.26 -0.44 +0.30 -040 -0.24 +0.38 -0.30
error
Quantization code 2 5 7 y/ 6 2 1 ) 2
Encoded words 010 101 111 111 110 010 001 010 010
Quantization Level(L)& quantizingof]A] AFSol= 7 H(level) Q] 7H4+¢]. Lo] & analog signal-Z

ol gefo] Feek 7 Ql5. Lo] Zfopx|H =7 o] X1 quantization errorZ} 7] .

Quantization Errori= quantizingoA]] AR ofof BPoH= @3] gkl. =, AA] ghape] xlol& o}
Bl ghe.

=

-1
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4. Encoding
Encoding2 quantized signal-S bit2] o2 QA FHsl= A Q.

S AoHA . ofLtO] quantizedd o] IRl HIES] 7j(my )= oFe e} go] L2 78 5 5.

np = logy L

bit rates= 1Z20]] FEE= B ES] Jjso] B2, of2fof Zro] sampling rate2f np5 &l P& T U5

bit rate =fs X ny

Fag, Av Z4g 9t Fof2 20kHz712] o] Futp& 71, oo whet =&, 3oF A4 ¥ 7]7]= sampling
rates %435t 44.1kHz7tA] A Qo= AA S T3t Le =7 25602 2] A g
2.4.3. DM

1. DM

DM(Delta Modulation)2 EA analog signale] A &3} o] 7 A 7F ZHHJA] BRof o] A4 F
A 72 zlo](delta, )7} 7IX|+= F2 o ojef HEZ ths AJZF 7FAC] HIEZF Y E= 7] 9.
A9 signalo] ZH 1, Zo @ Qo] A=,

digital data 2 B2}t A]oll= DM modulator& Al-g5l1l, o] CFA] analog signalZ B2lel ofjol= DM
demodulatorE AFE-SF.

o oF H|EL A2} HEZ WHslare 3ojst 4~ glonaz o ]3¢k

POMIT} 4o SHEFJo] B =g 7},

Amplitude

=T -
1
d
T

- Ti
bﬁl‘l‘:‘;‘c‘l‘ﬁ‘{ 01 1 1 1 1 100000 0 | e

2. DM Modulator

DM Modulator= DM Z]5oJJA] analog signalS digital dataz2 BHZsF= HEQ]

DM modulator= comparator, staircase maker, delay unit© 2 4%,
Comparator : A £~FL H]W5le] H|EE XA o},

Staircase Maker : analog signal-S WX slo] A &2 2| gl
Delay Unit - HEE AJZF 218 59 9 H5ke 93I3

=, comparatorE ARl o] X7 7FH o A1 9] analog signal-S staircase makerof 4] Hzxslo] E7 2 QF
T ZHAA 81, delay unito A S S Hlw o] AFgeF gi7}R] 3X]5}a1, comparatorof Al 1
HeFs ZEH7F AA9] analog signaly} Bl ste] BIEE 5l= 2.

DM modulator

T

Comparator

Digital data

Analog signal

Delay unit Staircase maker

3. DM Demodulator
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I o

DM Demodulator= DM Z]§]oJA] digital dataE analog signalZ E-@sl= HEQ] 24 HIE
22 270 Fe9] signalz B, ol F 2l HEL AL

ol

DM demodulator= staircase maker, delay unit, low-pass filter=2 4=,

Staircase Maker : digital data2 2 E] A £~FS XA}

Delay Unit : 925l A7 244 5ok |38 Here S

Low-pass filter : Fup7F 32 25 AR 5, 2H P25 |TsLA] ZHopA] £ analog signal}
AR REl2 Xl Helgl

g

DM demodulator
Staircase
maker
- ) — D i‘_\
Digital data Low-pass
T filter Analog signal
Delay unit

2.5. Transmisison Mode

2.5.1. Transmission Mode

ofy
)
£
L2
og,

Transmission Modes= 74E digital data(H]|E eF)E transmission medium-< E35 Z
A EgHO R AEaA] T L7

transmission modeof= parallel mode2} serial mode”} 9=

Al 5714 line coding scheme®} 02| 7|H5, analog to digitals 53] M HIE Hoba F45t= Y=
AL, o7 I8 49T HIE Hes ol FHE AE5S AAAE vE

2.5.2. Parallel Mode

Wg BT (Parallel Mode)= H|E Felo] H|EES EX /42 753617, H E 4= 2-F29] wire/chan-
nel & AFGoto] IEE FAJo] HEH 0z BT transmission BA9)

a5, cost7} Bo] 5.

The 8 bits
are sent
together
N =
70
ek 7\
! 1 \ / \
—t—
| FAY }
T \v}
L yay !
\ U I
\ 0 |
—6—
——
\ N ,I \ /
|| N, N4 L |
Sender We need Receiver
eight lines

2.5.3. Serial Mode

wxl BT (Serial Mode)= SILFQ] wire/channelZhg AFS5}o] ZF H{EE £2}& 0 2 H45l= trans-
mission HFA] Q.

oJuff £=RIZFQ} line AFo]ofli= parallel/serial converter?}, lineil $=RIX} AFo]ojl= serial/parallel con-
verter7} . Q3F.
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FQ "HFAl o 2L Asynchronous®l synchronous’F ${=.

0 The 8 bits are sent 0
1 one after another. 1
1 01100010 1
0 (1]
8 We need only g
one line (wire).
1 (ire) 1
(N Parallel/serial Serial/parallel | |{U
converter converter ||
Sender Receiver

1. Asynchronous

H]-&7] Z4=(Asynchronous transmission )< signal-3 H]&7]2] 0 2 FH45]= HFA] Q]
7 HE Hoh= 18] E Q. S HIOJE grojl start bit(0)E, Fo end bit(1)E &0 o Hlo]E 2]
AIZFF & EF.

<

Direction of flow

=

Sender Stop bit Start bit Receiver
\ Data ¥

G oo I

ottot]o] [i]irimont]o] [i]oootorni|o] W

Gaps between
L data units

|

A = 2} Hpo|E= Hlg7]H ez ASE g o Ho]E QFo] ZF v EE &7 o= 22| H.

asynchronous: ZFEFEF transmissionol 4] AFGSH= WAIS. o8 Sol, FHHFHeN HUHZ 3
HE HYHE Hoos Bd] HlolE BelE YR E HEohw . U oF Wle] 1ulo] ER L} BRE
Hlo] 5 g Haaof s B v FLleAL Ago] Bt

juiel]

2. Synchronous

=] F<(Synchronous transmission )2 signal-3 &7 &0 2 F4sl= gHA¢].

ZI1E H4 AL frame. frame2 link layero] 4] 9] Hlo]E] H4 T2, physical layero]A] frame
= Yo link layerof A o]F &= A. framesE MAC F£&, ip F4, ZE Ho & Al5H A
BIE 93 et FHE AT L. AL vz FolE ZREZ] oo frameo 2R HHE
o]

Direction of flow

Frame Frame Frame

[T110111 ITTTTOTT [ TTTT0110 | oo 1110111 11110011

Sender Receiver
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o|fyl, wLAN(wifi) ZREZF 5& AF§dhs YER LA synchronous 4S5 A& gk

3. Isochronous
SA] H<(Isochronous Transmission )2 synchronous2} FAFSHA] signalS 7] & 02 Z4=8]x]qt, ZF
frame AfO],] A 7F 7HAL 2 ASEA] §F HFAIQ).

ede/vde & bloje 7] AlZh 7o) AIEIgt real-time H]o] B 9] Jg:o Fold Y. 571
oNAE 2} frame Apo] o] AJZF ZHA o] Ygoprt= Zi = BEo1A] g5

o]’X]UI- physzcal layerO]]/l-]_J XJE]O]]/K-]]: 0]777] 2] 4] %7 _ZEH/(_] real-time tjo]EJo] thot :z_'% Az of
A2 applicationo A] F&sF. Z7F] izl ZHEo] Zr]oats, £~ X EY o7 XG5S Z A s] AAetAL
L2 Ko 1 AJo]E M oE.

3. Analog Transmission

3.1. Digital(data) to Analog(signal) Conversion

3.1.1. Digital(data) to Analog(signal) Conversion

1. Digital(data) to Analog(signal) Conversion

Digital(data) to Analog(signal) Conversion2 XA~ E]o]] —J—XH_]-— digital data& analog signal 2 3]
o] A4l A =, £RIZFE digital dataE analog dataZ H2}s)] {45k, 5~4IXF= analog data
£ digital data2 B2els)] 2Folgh

digital data-& analog signalZ H2lol= 712 S5t signalS broadband transmission(F4) S 2 Z4=5}
7] 95t Aol X ZF7FX]E= baseband tmnsmzsszonofoq 2.

digital to analog conversion ¥ oJli= ASK, FSK, PSK7} QI sine waves= 37FX] ¥ (amplitude,
frequency, phase) & 7IX|=4], ASK, FSK, PSK= 21z} t-& 5= W0 HslE &0 24 digital data
£ analog signal 2 FHG. QAMZ =4, o]= ASK2l PSKo] 7Jg-S oFxl A ¢

2. Carrier Signal
Carrier signal< dzgztal to analog conversionofA] F435F= analog signal9] base signal$.

ASK, FSK, PSKOJA] 43l analog signal-2 carrier signalo] AL} carrier signal-S HE e Al
St carrier signalof _770]] szgnalol EX Fol AL JIX]A] . =, carrier signal baseband signal
= bandpass signal2 Helsl= =71 E]—E] o],

A

carrier signal®] Fo~E carrier frequencyzlil 51, fC E ZIgk. carrier signal sin(2n f.t) T
cos(2m fet) Y. ©o17]A] 2mi= 782 HOJE Llof] AFE-SF= ¢l (periodE A XFall HH FAgE).

B2EAL =g FSKE, WAN, wifi, LTE/5G= QAME A-83

3.1.2. ASK

1. ASK

ASK(Amplitude Shift Keying):2 carrier signal®] amplitudeTrS B3l digital dataE analog signal
= e AL

2. BASK

BASK(Binary ASK) = OOK(On-Off Keying)= 27§9] levelarS AF-gsH= ASKY].

SFLt9] signal level-2 carrier signaldf g Hdol1l, TFE ofLf= 09.

ol bandwidth= f.Z /‘7OE P 132 ofF] s R gL.). =, carrier signal-S &
Z]X'IOHOF X—?Z—?"]— z_u_]—,_,_ [H /(]—_Q_ol- ,{,K_ /OJS
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Amplitude Bit rate: 5

Ly ¢ 6 7 e r=1 S=N B=(1+d)S
1 1 1 1 1
/\ /\ : :/\ /\ /\ :/\ /\ /\ i i Bandwidth
Time E
VV VVYVVV ime e

1 signal | 1 signal ! 1 signal ! I signal | 1 signal i
element , element . element , element : element :

] 0 }

ls 0 f

Baud rate: 5 ‘

1 carrier signal 2, 0-& 0° 2 3c}H thas] ofafo} ZFo] unipolar NRZE AR&sto] 7+de + Q-
HFXU](Osczllator)]_ A&l A] carrier signalsS Y SH= F420]1l, Multiplier:= T & T35l
HBol F ojrFo] Aulof] wlaf analog signalo] +4H.

1
i Multiplier m MMM
]
1
1
1

1 0 1

1 1
1 1
|
] ®
\ 1 Carrier signal u
1 1

I
: Modulated signal
1
i

1 1 ;
1 1 1
1 1 1
1 1 1 i
AVAVAV_%%%AV%—}—» Oscillator
1 1 1
1 1 1

3.1.3. FSK

1. FSK
FSK(Frequency Shift Keying)2 frequencyE HEFS) (2] frequencyE AFE3l) digital dataE analog
signal 2 LFEY= 2]

ole] fo& AF§-oFEE %*‘?3 SHAl= ASK] HIof bandwidth7} . EoF X S04 9] frequency 4

2o mp2 SlEgo] BFEI} . EoF A2 OFE frequencyE Ho] AFE§SFE dlojE W4 & 57;
etz =, Eo] E bandwidth AoFo] o] GBI FSK& mlE 48 2Hd 2 g,
2. BFSK

BFSK(Binary FSK)= A2 CFE frequencyg& 7FX= 2719] carrier signalS AF§&dF= FSKY].

oluj] bandwidthi= = carrier signal®] f. ZFZl-S E4 02 FAHJE. =, carrier signalS 2 ] 5)oF
e 34 thol S AT - LS

Amplitude
Bit rate: 5 r=1 S=N B=(1+d)S+2Df
1 ' 0 y 1 ! 1 1 0 !
i i ' H H B=5(1+d)+2Df
: i i ; : Sl]+(/: IS(1+(/)
- ! Time .
1 signal i 1 signal i 1 signal i 1 signal i 1 signal i T
element : elemem : elemenl : elemenl : e]emenl : 1 =
Is J2
Baud rate: 5 I‘T'

3. Multi-level FSK

Multi-level FSK= A2 CFE frequencyE 7IX]= 37] o]4F9] carrier signalS AF§F= FSKQ!.
nZi Q] carrier signal(fs)S AFESFCFH SFLFO] analog signal®Z log, nBHFo] HIEE HEHE & Q2.
qF &of, oF ¥ 457’5 = ZHoIHH 16719 frequencyE AFE-5lIOF of.

EFFLAMAE 709970 9] frequency & AH§5HL, EFF29 wiie M= Fupa o kAL A= ol
=
=

E}E} EFFL 7717 Y AR wifi A7t Qe SelAe T4 &0 2

;9“1

oJ o
4
o _O_
T =N

3.1.4. PSK

1. PSK
PSK(Phase Shif Keying )+ carrier signal®] phaseZHS W F s digital data& analog signal 2 LEFHE=
HFaJ o],
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2. BPSK
BPSK(Binary PSK)= phaseZ} 091 carrier signal®} phaseZF w1 carrier signalZhS AF-§5l= PSK¢.

ofa) bandwidihi= feZ FHLo2 GHEF. 2, carrier signal F A GNoF HHT Fo4 2 AHgE

1
A o] o
Amplitude Bit rate: 5
1 : 0 : 1 : 1 : 0 : r=1 S=N B=(1+d)S
) I 1 I |
I | [/ | |
i i | Bandwidth
! ; 1 Time
1 signal : 1 signal : 1 signal : I signal | 1 signal | i
element ! element ! element 1 element 1 element | 0 i
T T
s 0 3
Baud rate: 5

1& phase 022, 0& phase m2 SIT}H B3] ofg|9f Zro] polar NRZE AF§ole] FAde = ¢l2.
7]

grz] (Osczllator),_ A|L8JA] carrier signal& AJAo= HE o1, Multipliers= Y& S +36l=
HHol & ofxko] Auto]] ma} analog signalo] A E. -10] FeJR]H phaseE w2 3F FHo] &

1 ! 0 1 1 0

i : i i Multiplier
i f i i | TH+
— T — />_<\ MMNWWWAM

-

1 1 Gl b 1
1 1 Carrier signal
1 ) 1 1

1 1 ! L
i Modulated \1gnuli ]

3. Quadrature PSK
Quadrature PSKE= 27]9] BPSKE EX|of] AFgSFH= PSKZ, in-phase signalZ} quadrature signal<
carrier signal2 AF-§6l= PSK].

, *7T—/,7 47FX] phase & SFUE 7FX]|A] EH. =, 5LL9] signal element

ZF signal element= i T, % , Z

2 27]9] H|EE AHET 5= 912
quadrature PSKoA] H]Eo] whet A5 analog signal G Yok Ao FEL olefo} 2. H]
E zko] 00/01/10/11 5 RolQIx]o] uja} = 712] digital signalo] J4E. OscillatoroAls HAE
AA51o] sine wavel} cosine wave(phaseZ} T )82 AFGE. FA dAito] o) WAE A2 gFAA A
&9k sin(2r [t + im) 52 o] G2 FalslH, sine wave 27 (sine SFLFF cosine SFLE)
o el 4L U5 glonE, Ao YYH JBE P A NSE BE + 4L

cos(a + ) = cosa - cos f T sin o - sin

sin(e + B) =sina - cos Bt cosa-sinf

45° |, 135 , 225¢ , 315°

olmjl oscillatorof Al -4 7] & signalS I component(in-phase signal), 5T o]&H signalS Q com-
ponent(quadrature siganl)o]2F1l k. 0577]/<‘] in-phase= 7] & A5 9} 9JiFo] ZH2-S o]u]el. quadrature
A (E= TEFe] 24 X}O]) £ ojn]s}lal, I component2} Q component—': X‘]E ] WSl= signal

his) Flr
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3.1.5. Constellation Diagram

1. Constellation Diagram

Constellation Diagram-2 Z} signal elementS amplitude@} phaseo] e} 18 Zoj sfL}o] o2 H
ot diagram$). o] o] o1 FE symbolo]2f $F.

G F Aol o] A2l signal element (12} Q2] €Y signal) 2] amplitudeo] 17, x=7}9] ZF &= phase
o], 7l2 =L [ component®] amplitude”| E[17, A|2=L Q component?] amplitude”} E.

ofels} Zo] FAIo] T 7} signal clemento] BEE SJoIT - 4L 7 Fe ol Felo] Lok
of ufe} 53 signalz A4 E. SNRO] %845 (noise?} BO] Z4-5) THE signal2 142 1T ]

714

Y (Quadrature carrier)

______________ .’ : SNR=30 dB ; SNR=20 dB SNR=10 dB
2

Amplitude of
Q component

»,

\‘/,5
&
']

L

’
o \Angle: phase
4

Amplitude of
I component

X (In-phase carrier)

2. ASK, FSK, PSK=29] 3£
ASK(BSK)OJ A& in-phase signalZ} 09 AFESLE 2 constellation diagramofA] z= 2o
HF gl oF HE 1.

BPSKojJAl= in-phase siganl9FS AFESIX]OF, NRZ 2159oF0] Ao 25 signalo] 2&S 7]FO0 &2
S Z] o] 2| B 2 (phase”} w) constellation diagramollA] z= Qo = HE 714.

QPSKoJ A= in-phase signalZ} quadrature signalE A1, &= signalL = oF amplitudeS 2-X| 5}
GA] Sl 74 WHE HA E 48] BE A .

' 0le” | ell
/ \
. - — ! !

| ] ;
0w | 610

ol

F AT

ASK (OOK) BPSK QPSK

constellation diagram-2 amplitude®} phaseo] gt diagram©] 22, frequencyo]|9F MslE F= FSKoj|l=
T A8 G A DT,

3.1.6. QAM

QAM(Quadrature Amplitude Modulation)2 in-phase signalZl quadrature signal-S carrier signal®Z
ZIX]2, ZF carrier signal®] amplitudeof] HolE F&= dFA]Q). =, signal ASK2} quadrature PSK2]
NaE ol 4.

QPSKoj amplitude H3}7}FX] Z-goF Zo]B & constellation diagram =2 HE 5] HH oo} 22

JgEo] EAF + UL
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(] [ ] [ ] e o o O e o
o o o o o o
o ! e o
[ ] { ] [}
a. $QAM b. 4-QAM ¢ 4-QAM d. 16:QAM

AFgSF= O] of ulef 4-QAM, 16-QAM, 32-QAM &2 &2 7|3} GolstAlE n7flo] o] ot
SILF9] signal element=log, n 78] HIEE UEFY 5~ Q8. =27} A AE phase2} amplitude ZFZFo]
Ojol LEE o]F 7 EFrrl =2 EEOF amplztude7]— 7"JX] B A sagre Zropy],

digital to analog converisono|A] 7} A ujAd 02 AR HRAlO]

HEO AH(LE)S AFRSHE AL =0 HLo bAElA|E cost” T A F2 spe] AlARo) A
7+ v 72 @9&6}01 AF%}EE T & 5o A %ﬁﬂ 3% B4 B0l AL ¥},
EXA A7 2L AL 64-QAME 27 1% x] eg% AL 4-QAME 2= %ﬂi A 2 wifio A=

1024-QAM7ZHA & A}-g3teha 3t

_,d
e O
E

3.2. Analog(signal) to Analog(signal) Conversion

3.2.1. Analog(signal) to Analog(signal) Conversion

Analog(signal) to Analog(signal) Conversion-2 digital dataZ9] B2l glo], ZEX]SF analog signalS
HEE analog signal2 {48l= A

analog to analog conversionoA19] input signal-S modulating signalo]2}1l &F. analog to analog con-
versionOfJA] I carrier signalo] AFEEE=H], G conversionE carrier signalS 35} modualting signal
= HEdoh= 71 Y.

3.2.2. AM/FM/PM
analog to analog conversion®] BHH o 2= AM, FM, PMo] 5.
1. AM

AM(Amplitude Modulation):& carrier signal®] amplitude?t:& A2} analog signalS E & analog
signal 2A] H4s= drA 9.

modulating singalZ} carrier signalS & 4], carrier signal®] modulating signal®] B 7} FAFSH &
B9 amplitudeE ZFX 5 gF. o]uff bandwidth= fs & S22 FHH. AM2 ool Zo] 7 H

Modulating signal

Mlﬁgr 5 1 %
&/

VA AN NNANNN %
\VAVAVAVAVAVAVAVAVAY ]

Modulated signal

B =28

B N

7 3289 amplitude FUZES HobA] P signal B 5 4L BANE, A} HojU5
attenuation©] BAISIE=1], attenuatwn_J Aol Aol Yef ofgfjo] Rlg 7l A2 HR]A EH o o
H. 5, dAe] 4l el 2 el

2. FM

FM(Frequency Modulation)2 carrier signal9] frequencyTrS B3l analog signalS F CFE analog
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signal2 4] 451 W49,

VOOE 98 Hof vislof] mlef frequencyo]] BaFE £ P22, modulating signall] A 0] wjaf
carrier signalo] TFE frequencyE 7FX 2 gF. o]of] bandwidth= f, & =402 FAH. FM% ol o}
7o) 7.

Amplitude

Modulating signal (audio)

Carrier frequency \_J Time _%_ - VMWVW]M_,

—_—

Voltage-controlled

1 oscillator
Time

Bpy=2(1+ b)B
FM signal fe——

| 1 I
ﬂwuﬂd%ﬂu%%%&vq_ ol f
Time Je

AelzF olloj upe} attenuationo] BHYSHE, frequencyol ojel {ISE FESIEZE FaFo] F
A A Ao 2 AFEE.

3. PM

PM(Phase Modulation)2 carrier signal®] phaseBrS ¥ &3l analog signal-S F CFE analog signal
24 daohe B4

i

Oo

modulating signal®] A} +&5 o] Zsla7 0077 UL HRA) 0 2 2 E] L), A )82 A HstR]
A
o

vC
2.2 ofuf banduidih’c {8 5402 HF. FIE ofafef 2ro] THF. PME obefsf 2ro] 785,

Amplitude

Modulating signal (audio)

\/ Time

Carrier frequency
e

Time

AN A LA —
AT e

analog signal-2 H}Z analog signal2 A&d 4+ QA4 digital dataz HEsoF A%
3t 52 AT & A5 AAR digital datag AET W= GFota do o= AAgo] xg Hoi

)

7}
()]
AR

oo ok

Bandwidth Utilization

A A Aol A 9] link+= AJ$HA bandwidthE 71A] 11 12 data communicationo]| 4 bandwidth+= 714 & Q St
A = shto| B2 o] & & &-8-51= A, = bandwidth utilization©] ZQ S} tjE 2] 21 bandwidth utilization
HHH O 2 = multiplexing®} spread spectrum©] $J-2. multiplexing-2 §-& 7|49] =™ A bandwidth& &
835}31, spread spectrum-2 HOE} ot A o] =Mool A bandwidthES 285t

4.1. Multiplexing

4.1.1. Multiplexing

Multiplexing:e ©]2] channel<& 6“%@ oA ofLFe] data linkof| Al o1 2] signalo] Tieh A A&E 7F
So}A] o= 7| o2 linkol 4] 9] A4 T8-S NI
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of 7] A link= Fe] & 0l F2E oJu]slil, channel: line $F % (input/output) o] 5415 GHslE link
o] oF HIE ol multiplering®] Z-§F X AHOJAE o7 7}]_,,7 lineo] 3F link2] bandwidth % —(’;1 5lof,
ZF channelS E5j] 45,

ojuf z} lineS ¥4 st linkZ H45H= 2SS MUX(Multiplexer), linkE ZF line2 2 He]sH=
—'F’«T_'T"—é DEMUX (Demultiplexer)2lil &F

MUX: Multiplexer
DEMUX: Demultiplexer

Input > . Output
lines . g lines
1 link, n channels

4.2. Multiplexing 7| H&

4.2.1. FDM

Frequency-Division Multiplexing(FDM)2 analog signal-S Z¢lol= analog multiplexing 7] Y. =,
signals A2 HRX] Y= frequency 02 GA SHAH O] Z4

G ASHAIE link2] bandwidth7} ZF signal&2] bandwidthS ¢l 'UL’E]' o ARgo] Zhsgl

Z} signal-& MUXOJA] A2 TFE carrier signalS Eof] MR E]D, o]T Gt A] linkE Eof H4g. ojuj
qug 7} signalo] FABl= bandwidthi= A2 HZ|2] Fr2 EX 71A0rE EHOfX]EE ; 55,

il

ojuf o] AR E|Z] el bandwidth 7FHE-S H o ]9 (Guard Band)O]E]-_Z aF.

Modulator

Carrier f;

_@_ Modulator

Carrier f,

Modulator

Baseband LLLLL
analog signals Carrier f3

it

link<] ol E2+eH signal filtero] ©J5 a5, DEMUXo] ojs] ¢ {2 By

~ ‘ T~y | Demodulator
AW

\m— \, ! ———

Filter Carrier f|

\ 5 y Demodulator
“\’1J\Ilw[\w‘i‘I'\’H = A'l",l'l’l' T

Filter Carrier f,

1 ’ | ” ' ” Demodulator
m— “i‘JY‘l‘i‘l’i‘lyi‘i‘H“"“ _WM' Baseband

: | " :
il Carrier f; analog signals

i Dy

FDM2 37| opg = Adspgol A F=2 AFgE 5. offiet 2ol HH tf F bandwidth® groupingd}o]
aas Al



48 kHz

12 voice channels

240 kHz
60 voice channels
1

! 2.52 MHz
600 voice channels
16.984 MHz

3600 voice channels

12 voice channels

Y 1
6 Master group H
1

Jumbo
group

4.2.2. WDM

Wavelength- Division Multiplexing(WDM )& FH+7 signal& 28Fsl7] 9JeF analog multiplexing 7] 8]
2. 5, 7} signal A2 T W A5 E AGelo] BAH] D5 = £Ol22 frequencyo] Fo]E

ol YR 1% HEES BRI 9P WHOR, W AEE AGHIL frequency?} TS FTH=

&

=
ofnf W [z o] Aeke} Lo et F&Hel TEL BysAe 1 delis vad] Lo Eg 9§

A A
A A
)\,3 }\,3

4.2.3. TDM : Synchronous TDM

Time-Division Multiplexing(TDM)-& oJ2] 7] 9] X< channelS LS 1< channel2 Z g5l dig-
ital multiplexing 7] . =, ZF lineQ] data”} linkE E7 AJ7F 7FH o2 Lp=o] HALH, linko] =&

bandwidthE &-gsl= 7.
Data flow . 1 %’
: @
3(2(1(4]13|12[1]4]3|2]1 %\%
+ @
1. Synchronous TDM

Synchronous TDML Z} lineo]] tjoF unit 0 2 T = frameS FG5}0] HEsF= A,

unit-2 input line dataof] gt H4 thY Q. link= ZF line'd 2 5FLFO] unit2 74 21A] sFLFo] 220 =2
] g]sh=H], o]& frameo]2tal of. o] unito] AFR[Sh= A|ZF 7FAS time sloto]2f1l Sl=t], MUX2}
AL lineof] A1 9] time slot= input time slot, frameofJA1 9] time slotS output time sloto]2f17 F.

input time sloto] To]1l, & n7]9] lineo] MUX] HAE o] QITtH, frameL TAIZHFCF n7] 9] unit-S
AgsoF aF. =, output time slot-2 F| 4 %0570]-' 5l, c}FA] 2ol link= line 2T} data rateo] &4 nHff

-1
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wafof of.

ojuff ZF time sloto] HI-§%+= lines< 1= 0] U5 o]oj wief ofjig lineo] o] H Al o] &gk data”}
Ao H empty sloto] BYSHA H. empty sloto] Hro] BHgr5 synchronous TDM2] 52 Hol XA
. empty slot ZA|= statistical TDMO 2 20| 7}5g}.
T
i

C31B37A3]|[C21B21A2][CITBI Al
| A [ A | A

T , i 1

Frame 3 Frame 2 Frame 1
Each frame is 3 time slots.
Each time slot duration is 773 s.

C3 Cl

T
I
1
1
!
[
1
1
1
1
1
[

Data are taken from each
line every T's.

2. Synchronous TDM : data rateo] o}Z 3

orof| &l A HEF synchronous TDM-E Z} line2] data rateo] Z-clal 7FF e A Q). wleF 78 %]
o oo} 22 B0z TEAT = U

1) Multilevel Multiplexing

Multilevel Multiplezing2 ZF lineQ] data rateo] A2 Zu]d wf MUXE AFE3] lineS &FF data
rate & BEE 7)Y,

52
Mo
o
]

20 kbps
20 kbps
40 kbps

40 kbps
40 kbps

160 kbps

2) Multiple-Slot Allocation

Multiple-Slot Allocation& ZF line2] data rate] A2 v o] DEMUXE A-§3] lineS H2]5}]
data rateS TFEE 7]H Q).

o] L data rateo] MFE line2 SFLIY] frameo] o] 2] unitS YA H.

25 Kbps

50 Kkbps

gi EEE

The input with a
50-kHz data rate has two
slots in each frame,

25 kbps
25 kbps

125 Kbps

25 kbps

3) Pulse Stuffing
Pulse Stuffing2 ZF line9] data rateo] A2 ZHu7F ofd o, datao]] dummy bitES F7FsFo] =&
data rate2 7FX] = lineS 71 WFE data rate gF0 2 B 7]H o]

50 kbps

150 kbps

50 kbps
46 kbps ———

Pulse |30 kbps
stuffing
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3. Frame Synchronizing
Frame Synchronizing2 MUX@Q} DEMUX AFo]9] synchronization 7] 8 9.

F2 ZF frame gF]l framing bit2f1l of+= SspLfo] HIEE £ol= Al o&2 23l framing bitof= syn-
chronization patterno] Z2o]x]o] Qlo], 55t patternof] TFE bit glo] x| H.

Synchronization

pattern
Frame 3 Frame 2 Frame 1
| I I 1 1 I
C3:B3:A3 :B2:A2 Cl 1Al

—_—
()

[]

mimlm ] ]

MUX®2} DEMUX7} ZF BrofoF ZF time slot-S A E5IA] 9] & 4~ Q222 frame synchronizing=
TDMoJ A 71F 8ok 24 5 ofLFel.

4.2.4. TDM : Statistical TDM

Statistical TDM-E Z} lineof] gl unit 0 2 7 A o]l Z1o]9] frameS FA o] Hadl= HHA]e). =,
512] F]E sloto] ZAf3]A] gL, F4 AIHl EAGE unitEELO R frameS P43 HET

o]& 95l Z} slotofl= 3G unito] DEMUXOJA] o] line 02 HAYE|=X]of tjoF addressing 27}
SJoloF B 07 lineol ZATCIE, log, n ] bitE frame o] BOL= 402 7HT 5 Y.

Line A

Line B

[Ernem|[ e wEm]

Line C

Line D a. Synchronous TDM

Line E

Line A

LB  BEED20E | DG |
Line C

Line D b. Statistical TDM

Line E

4.3. Spread Spectrum

4.3.1. Spread Spectrum

Spread Spectrum-2 redundancy®] F7F2 bandwidth-& &35} (Bss >> B) linkojA] 2] Hola} oFg
& AAsl= 218 Y. =, 7]E9] dataE redundancyz2 ZZ o] QFASIA HE6l= A

bandwidth-5 23622 7]&£9] QR bandwidth L} T HL bandwidthE A-&3JoF 8F11, bandwidth
o] e el 9] signalof] &7 & o2 g E[o]of gF.

24 EX(LAN, WAN)oJA] &-g5l= 7|8 ¢l. B ERXloJA = E7]E transmission medium O 2 AFg
ofEZ, aEH = HOM oFgAS 2 ghEe W Yol 5. ok B F1Io] B2 analog signal
of et A ¢l.

ok

4.4. Spread Specturm 7| =

4.4.1. FHSS

1. FHSS
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Frequency Hopping Spread Spectrum(FHSS)& M7]9] A2 CFE frequency=S 7} 1 & (Source)
signals ¥z ofo] FEo= Al
FHSSE source signalS Hopping Period(Ty, )BFCF CFE frequency& A-gofo] BIZslo] FHEgh =
of@ Al Zo] et frequencyE A&oFo] HEHJTEZE, £ AIZF 7HH o] Aup OFE frequencyE AFS
ofo] BzH. ojujjo] A7k ZFAE hopping period2fil 2t of 2] 7] 9] frequency® W SFo] HESFE =
bandwidth7]— Q%}%(BFHSS >> B)

Carrier
frequencies
(kHz)

A

900 | O
o -

600

500

400 O Il

300

200

12345678 910111213141516 H;p
periods

ral

2. 74
& PR|e} Heks wefspH, Hxo] ofH frequencyE AREE X7} FALIE FJEo[oF gf. o]F
5] PN} frequency table, frequency synthesizer< A-&3gF.

Pseudorandom Code Generator(Pseudorandom Noise, PN)&= 2219 bitd-S A= sF=gof 4.
=2 Ho] FA9lE ol oR FHE FAoR, s AE ehder 7R (truerandom)= oFH. PN
N AGE 5 bitde F7] 50 wEEo] A8,

Frequency Table=2 bit @7} frequencyof tfeF o F-S 2Zol= table)]. PNo| bitd-S A4 oFH v 3 &l
frequency 15 WHY.

Frequency Synthesizer+ frequency table 25 frequency gH5 BFoF 55 frequency ] signalS {48}

)

Modulator First-hop frequency
Original 6-(\ Spread
signal u signal
1 k-bit || Frequency
Frequency 000 || 200kHz
e woni g k-bit patterns U =00
e SN paRI 001 || 300 kHz
010 ] 400kHz
= \ 101 111 001 000 010 110 011 100 i
ES L 011 500 kHz
R i, s 100 [ 600 kHz
g “:’u First selection 101 700 kHz —
3 2 10| 800kHz
=i Frequency table it 900 kHz
Frequency table

3. Bandwidth Sharing
FHSSE= hopping periodofC} ol CFZ frequencyE Al§-olo] HXEDE, F MO A2 C]Z fre-
quencyE AR ol linkollA] & MZJ2] channels Al A& + U5

Frequency Frequency
Ja Ja
54 J3
2 2 4
N Ji 4
2. FDM Time b. FHSS Time

bluetooth7} o] W24S ARg-5l=H], 707 7F&F9] frequencys& &8¢
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4.4.2. DSSS

Direct Sequence Spread Spectrum(DSSS)E ZF data bitE chipS AFE3)] BHRolo] F45lE= HFA] Q.
chip2 do]7F nol bitd 2, chipo] gJoF bit rate= 7] data bit2] bit rate2] nHJ .

chip& 21 QlojoF Ya) o] data bit-S ofd o= 9oz Hol AF o]Fo] QL. 2, ulof ]2 rf
= Chlpé’ AF&So] B 29t signalS SFF T TRA] 2olleh = ?Z.': 2lgolabH DSSSo A bandwidth

sharingS 288 4 912

Modulator

Original f>-<\ Spread

signal signal

Chips generator

1 I 0 i 1 I
Original
signal 4
lOllOll1000|10110111000|10110]11000:
Spreading ] !
code L I'

Spread

signal L
e

3G SolA A FAQ.

5. Switching

5.1. Switching

5.1.1. Switching

1. Switching

Switching2 switchE &-§35}9] deviceE7]8]2] A4S Ha]st= 7] l.
2R (Switch )= o12] 72 devicee} AEE o] of2] links 7Fe] A& ¢l AE
z]e].

E—’,‘—_‘ﬂ deviceZ A E networkol] A, 73 device7]E]= 14]1 communicationS & 5> QlofoF &} o] =
5] BE deviceo]] Ol point-to-pointQ] mesh topology= F+de £ °7X]':'} network_/,7 +27}
z—_LUF A= 2P WH]ZF 2 Az B2 il switching O 2 ?0770} - U=

AIAJeE 4~ Q]

] XF

o

mlo
S
rr

switching BF] 0 2= circuit-switching, packet-switching, message-switchingo] TJHEZ]o]1l, packet-
switchingoll.i= Datagram approach, Virtual-circuit approach?} $l&. QEYJE circuit-switching,
packet-switching®] F2 AFEE[B 2 message-switchingS g 2]5FX] 2.

2. TCP/IP #HZo] afE& Switching Z-§&

switching@ TCP/IPS] 2 AZol4] 788, A% ¥ 78 thge oo} 2:2.

physical layer : circuit-switching. (packet 2] E71&.)

data-link layer : virtual-circuit approach. (packet(frame) 22| 7}5-.)

Network layer : virtual-circuit/datagram approach. (packet 2] 7}&.)
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5.1.2. Circuit-switching

1. Clircuit-switching

Circuit-switching-2 ¢ 2] link2} switchZ = X]=F(Station) AFo]oj] 2] & Q] H-§& 7 2 (dedicated path)
= Al&ok= 249l

circuit-switching-2 dedicated pathE A|ESF2 2, gFoF 67§9] inputd} 67]9] outputo] HAE]o] QIctH
ol networks= & 36719 pathE A&k 4 glofoF g

circuit-switched networko Al = ofgfo] 73S E5) = stationo] BEXIsHA .

AZF BojA] &4lsFe{ 1l 5= s 7Y Sk

1. Setup Phase : A= B2} Z} switch 5ol 94 23S Hijj 1 £919F2. dedicated path7] +74%.
2. Data-transfer Phase : A7} BojJ7A] EXIgF.

3. Teardown Phase : dedicated path”} SjA]]&.

[=~]

-
|
>

1
Connect
1

Data transfer

Total delay

Disconnect

2. g

dedicated pathE AFESIEZ, connectiono] A E o] of= ERlof Qlo]A]9] delay’} R4 3},
dedicated path& G311 &4 Foll& ol& AT = §7] W&o, o connectiono] AF-§ &o]H
2 connection©] it S g = glS. 3] network 54+ H2lE ZCH paths df A5}
E]zx|gh, HFE 7F 11 Sl FAIZE connectiong FX[SJOF ofi= F-27F EAoFEZ H|Z&F]
A 0] O

T OART -

=
il
o]
=

7t lineof| A 2] AE A1 signal Zg-ofli= ol A B2 line coding 0] 2-8-H.
Shto] link7} 223 bandwidthS 7421 ¢lth#, FDM/TDM 5-& A-86}0] o] 8] channels A&

5.1.3. Packet-switching

Packet-switching-2 = deviceZ} packet TH 2 fjo]E] & F7HH= gFAI Q] o]ujf packetof«= n]2] s3]
2l grgouf 2 F EAGRR] ofar, "o ojef xpglo] ehgtEm KR o 2 HEH.
el

packet-switchingof~= datagram approach®} virtual-circuit approach”}F <l

5.1.4. Datagram approach

1. Datagram Approach
Datagram approach= ZF packet(datagram)S ZH & 02 FGsl= H]E 4] (Connectionless) BF] Q.

connections $-X|51x] ko o2 H]HHAX o]zl o}

datagram networko 41 9] switch-E& 2FE](Router)2f1l &F. ZF router+—= Routing Tables 71F]. o]&=
destination address2} 19 O-S& &= output portof] Tt table2, F7] 2 02 7HRIE. packet2] header
ofl& destination address(X]& BX 2] o] F4. F 2 ip F4)7F Qo]A], routerofl 4] o] portZ H4E ]
A= &~ o] o
=202 T Ro-
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Destination | Output
address port
1232 1
4150 2
9130 3

2| 3
2z} packeto] Hieh path= AEE= FgNA 422 ZYH. olo ot ZF packet:e A17F FHE
Az EXFspALE, Ao e AIZF M-S ?J_l gyoprut, FE R =P 2 £ Qs
[e)

ofof High A= % laye?”"z’]ﬂ] Aelo] gl

Datagram network

A BEEm

X
%

L7l datagram switchingE network layerof]A] X g El=4|], o 7] o] A= CFE switching BFA] ko] H] W Z
Plol elek.
2. %"E*’ﬁ
packetO] Z£r]L X Zof] o] "o el EZ o2 orFr|Ha 2 circuit-switching 2] H] 5]
S B el e 5B 25

packet% LM 8 IR X] 9FT routerodl] EAFSF £ AJOl2 X 2]E| B2 delay/waiting timeo] BF

A B

\m— PN < \m—

Transmission |: |

time
Waiting |:
time

Total delay

Waiting
time
—_ |

I

Time Time Time Time

5.1.5. Virtual-circuit approach

1. Virtual-circuit approach
Virtual-circuit approach+ circuit-switching@} datagram approach®] EAJS HF 7IX] 17 = qFA]Q].

circuit-switching A g setup/data-transfer/teardown phaseQ] TAIE A% *2]E] 11, datagram switch-

ing A & headerol] EAFX] F£42E G17 QlE packet(frame)S &gl A2 &2]F <l dedicated pathE

TJoIAIE BRIEE, setup phaseo Al pathZF Y= o' pathTre A2

virtual-circuit approachS A8 4 7o dnpehgo] 2pelo] G-I s 5 9IS, ofuf
v B S

setup/teardown phaseof] k2 2] X|7Fo] £ Q EJX]8F, data-transfer phasef 4] dela
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2. VCI

virtual-circuit approachofA] ZEZFR] F4= Virtual-circuit Identifier(VCI)2l1l ol= A Hxl2 2 ¢l

VCIE local jurisdictions 71, &, ol&= & E2Z] 2] 9] F£4 (end-to-end jurisdiction)”} o] 2} HFZ
2 switch22] F49].

ZF switch= VCISF output porto] djgh o g o] JZFE] tableS 71X Y2L. o]= setup phaseof Al 1 1
go] ZAE. data-transfer phased= packetol] ZSF= VCI 1F 55 switch7} 7FF tableQ] U]-§0 =2
ZF packets oft] &2 HYX|7F A7gH. o] packeto] ZFgl VOI= switchE o]-&olH A< ZH41H.

Incoming | Outgoing Incoming | Outgoing
Port |VCI| Port |VCI Port | VCI| Port |VCI
1 |[14] 3 |66 2 |22| 3 |77

A

WAN

Incoming | Outgoing
Port [VCI| Port |VCI

1 66| 2 |22

Part 111

Data-link Layer

1. AZ

A& 7FA] physical layerof A A2 22 5ht9] linkol| A &A= HE
EE 1 9 A=2l data-link layero] djsl gotx A},

e

o]

o
=Y
st

AA7F = o1 AT

1.1. A=
1.1.1. Data-Link Layer

1. 9g

data-link layerof A= = node Afo]of] EXol= 5FLLO] linkoA]29] data communicationTHS 172},
=2, data-link layero] A frameoj] ZEIA]7]E HHLE node@} node AFO] linko] Aol ERlojjul & Qo
glo] & /.

Node+= data communicationo 4] 9] device Q. router, switch, source/destination 55 XL gFgl ouf A
HAZ - EE source host, OFX]8F I EZ destination host2f11x gF.

link<= 3IF2] nodeof 4] TFE nodeZ2 2] HAA . =, A path7F oFH, node-to-node Q.

ojuff 7N linkolli= 4|2 TE protocolo]t} Z|Ho] AREEH = Q5. & £0°], APFEE-Z| A==
LTE/5GE, 7]|3]Z0jA] T}2 2O 2L cthernetS AF§6H= 402 7.

2. Service

data-link layer= physical layerQ] serviceE &-§3519] network layero]] serviceE A||-&-&F

oF.
data-link layerof Al A|3-6F= service2+= oo ZHE AEo] <.
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1) Framing

data-link layero A= datagram-S frame 2.2 encapsulationd}il, frameS datagram O 2 decapsula-
tionSF.

2) Flow Control

data AE°] 55 24¢t

3) Error Control
XJX}7] NES AFgoto] ERIGE7] mf 2ol errorZ} WS 4~ =0, o]o] gjst detectiond} correction

)
= e

UOl'

4) Congestion Control
os J45 5l 93 55 He] 522 25 (congestion)& £k

1.1.2. Sublayers

data-link layer+= DLC2} MACE sublayer= 7}5.

1. point-to-point link vs. broadcast link
point-to-point link= = nodeE 10]12 A 45lE= link2, mediumQ] 2E oS gHgdlo] ERISH HIH
broadcast(multipoint) link—= o1& node2l HZAH link=Z, mediumo] Y2 125 & —(%1’0_‘]-01 E RIS

2. DLC/MAC

Data-link Control(DLC) point-to-point link2} broadcast link R FofA] FE2Z 02 xa]E|ofo} sl=
HHS ZololE sublayerd].

Media Access Control(MAC)Z broadcast linko| 4] =712 0 2 Z2]|E]o]oF ol HES ZFolE= sub-
layer=, &) tjer 2] 55 3

bus topology 5= /"72,7'0}'-"’1 broadcast linko 4] =Eof gjoF o] A al= gty s] G2 9. -2 point-
lo-pointol Iz 2 A45tem she 3-8 2A7E 8 4 YA, o] gt Al 270 & A-gste]
IEe2 £2lojol FEE. 19 FHH] 94 e MACo] BR .

1.2. Addressing
1.2.1. MAC address

1. MAC address
MAC address= data-link layero 4] AF8-8= addressz2, physical address, link address2f 1% $F.

data-link layerof A= LY linkofl 4] o] ERITRS 112sF. MAC addressi= SFLF9] linkoflA] &4} node
oF T 2F noded] oF addresso]1l, sFLFQ] linkoA] TFS link2 HolZh ] 1 glo] A&7 X]Z457.

To another
n;

N;L,

Frame ’

NoL, gy Naly

'\L'_'_J
Link 1
Order of addresses
Le IP addresses: source-destination
: Link-layer address: destination-source
Link 3 | |
I
Lt
NgLg R2
S ‘ N,L, R2 NI =
Bob \ =
Frame =
NsLe
To another

network
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MAC addressoll= 37FX] 8271 Q1S
1) Unicast Address : linko]] ZA5l= 5FLF2] nodeo] tgl address.

ethernetof] Al AFGElE unicast addressi= 48bit A 7]o]n], o] F2 127]9] 16345 (02 FE5lo]
HFlgl dE Fof, A3:84:45:11:92:F1 S0 2 F7|g}.

2) Multicast Address : linkof] EAJ5l= o] 2] noded] tfeF address.
3) Broadcast Address : linkoj] ZXfo}= H-E nodeof tf¢F address.
ethernetof] Al AFEElE= broadcast address= 48bit Z7]o|H, BE Zto] 19]. = FF:.FF:FF:FF.FF:FF

o]
-

ethernet-2 @A) physical /data-link layerol| A 7} LHH2] © 2 AREE]= protocol .

1.2.2. ARP

1. ARP
Address Resolution Protocol(ARP)&= IP addressol tfsfl, oj®EE MAC address(data-link address)<
ZHE network layerQ] HZ I 2 E-Z(Auziliary Protocol)$].

=, o] nodeZ} network o] EASF= CFE nodeQ] ip addressTHS 2kl QIS o, ZF linko]] st MAC
addressE S oj] AFgE.

ICMP |{IGMP P
layer P 1
¥
Link-layer
address
2. Packet Format
ARP packet9] format-2 ofefo} 22
0 8 16 31
Hardware Type Protocol Type
Hardware Protocol Operation
length length Request: 1, Reply:2

Source hardware address

Source protocol address

Destination hardware address
(Empty in request)

Destination protocol address

Hardware: LAN or WAN protocol
Protocol: Network-layer protocol

o] 7| flA] hardwares= data-link layer& 2]0]o}al, protocol:2 network layerE oJn]gl. ESF typeofl= 2}
S A& protocol:s WEHI= Y EE (ex. IPvfi= 0208009].), address= o' addressE %18 ek

3. &2 73

o] packetL destination© 2 ZYsle]1? & o, IP addressBF 1 pathE HEH ARP7Z} -FZFgl
ARPOJAE ARP request packetS linko]] EXof= H-E noded(broadcast) <8 G packetofl=
2=RI2L0] IP/MAC address2}, 5412} (22 2] ) 9] IP address7} ZglE]o] ¢l

ARP request packet2 AYERL node < pathel B2 = nodeof A= s packeto] FAIE] 11, path
oF A2 o] Q= nodeof A= 2F419] ARPE E5f ARP response packet-2 F43F. ARP request packet
o= it node2] MAC addressZ| ZEEFE]o] =
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Legend

Alice’s site Bob’s site
N: Network-layer address
H L: Link-layer address H
1 1
N N N N N
A 1 3 4 B
s < <
& L, LRy Lo L gy L+ |[EB

Forwarding
table
Ng N3

N

T ARP | [ARP

| Network layer (R1) (R2)
L L L

3
Datagram I Data I Ly

R - |

Frame Frame

Physical layer I Physical layer

Signal TJU LT JUTULT | Signal
from Alice

To R2 Flow of packets at Router R1|

== ZF nodeof 4] 9] table/cache 52 AFS, proxy ARP, destination?] 9Jz] ol uf2 A& 0] &2
e FElo] EAls1| Tk, o] & KB g EloR]= g5

2

2. Error Detection and Correction

2.1. A&

2.1.1. Error

error2-= single bit error2} burst error7] <.

1) Single Bit Errori= data TF9] = SJLF9] bitol|gk Bl Z o] BRAIGE -2 dFgl. QJHFZ] o0 22 5]Lfo]
off aisol= AlZF 7HES w2 &7 wjiZo, single bit errori= & YoJUR] k5.
2) Burst Error—= data T & 27] o]4fo] A4 9] hitEo] HFE = F-2E 2ok

Q2 (Error)E data communicationof A 4 5= 7H (Interference) 5-of] 9]l BHAGIE= data o] W75 ¢

bit

2.1.2. Modular Arithmetic

52 ArH Modular Arithmetic)2 L] HRFS Z]HFo 2 oF fba AAQY. a2} boj] ek modu
arithmetic2 a mod b= H7]gf.

o] No &2 vfmz] ¢RkS oF 718 zhe 2 gf

=29 42, mod-20] 4 FPT} WHo] Z& BIE EE5L1, o= XOR dikn} FUrH= A
ASFAE mod-NojJA = g5 52 o,

°~V.l

AtS AT 7 9D

"

modular arithmeticolA] = 2] QA /4] /Z40) tiet modular arithmetic

o} F el

mod-N arithmetico Al= 02 E] N — 17}2] 9] AJotE Ho=okS A3} &fgF Bl o] 2 Hloju zFS sfjoF

B2 mod-NojJA] ¢lst HI7F S vk uf vpeA] oliho] EEEW, N j+~E Bgh 5 1]

2 RS oF modE
Fottf, modE Fofal ALKS off Ayl Aot Yniz] ¢ire] BufHa] g o RE Aztel HH

2.1.3. Error Detection/Correction

1. Error Detection/Correction

Error Detection& errorS HEol= AL 9ol =, error BHAJo] S REOMS 519]5F17, BRA 719}

93] w5 e,
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Error CorrectionE errorS A&, errorZ| BFAJST bito] =2 %5}
2o} ojufl redundant bits Z-&of Y& datas F55F] EopAL}, d
R

detection 2T} correctiono] B o] 11 L redundancyE Q2 sF= o] urz]o]

2. Redundancy
=& (Redundancy) error detection/corrections 93l datad] redundant bitE5S F7FoFo] H46l=
Z1& 2gl o]E detection/correction®] 3] 7 Q.

redundancys= 23 5} (coding) & £ 7+HE. codingol= block codingZ} convolution coding®] =1,
o] 7] Al block codingTHS TF&.

2.2. Block Coding

2.2.1. Block Coding

1. Block Coding
Block Coding2 datawordsoj] redundant bitE F7}6F codewordsE A45Fe] F4d= 7]H .

redundant bitis 413}l 2]al F71E 3, S 417po] ofa] AHAE.

Sender Receiver

Encoder Decoder

Dataword iy

Extract
Checker

Discard
Unreliable

—— transmission e
nbits| Codeword Codeword | n bits

2. Dataword/Codeword
block codingo| A= dataword@} codewordel= 7S A-ggl

Datawords= message(data)E k bit do]=2 ZIJA] BFE blockS 2HeF block codingo A<= r7]9] redun-
dant bitE ZF datawordo]] F7}5le] n = k + r bit 4 0]9] blockS AGsl=r], o]& Codeword2l1?

51

oF.

block codingoJ 4] s}L}2] datawords 8LF2] codewordo]] Yo Y2 mfF =, dataword= k bito] 5.2 & 2k
ZIR|7F EXE 4= 9131, codeword= n bito] B2 = 2" ZFX|7F EAfel 4~ Q1S datatword 2} codeword=
o] ff-LojB 2 Z on 2k 7}z] o] AlLE]Z] O codeword?} G bit <=0 wla}F 7F53F codeword
= o]d dataword2} v E = HS 742 %F codeword2l 1! 5F11, TEX] L AL a5l UL codeword
2ta gk

3. Detection/Correction

TRIZZF ek codeword®] ks & i, oy Hglol £l = codewordE FAERQITHA
errorZ} BIAIQN2-S detectione 5~ 2. oJuf GHASIA L error2 Q3] codeword”} BFF =] -4 ¢t

ol

F redundant bitE AFE5F] errorZ} BIAISF codeword”} o]H 3G 9F codeword$l-5-S XHSEA
F 5= QICHA, correction 7F58l o] & Eof, af 01011914 0101022 HYEH YL,
245t codword?} EAJ5FX] gFo ™ L1 9] codewords= 0101191 Z1 22 correctiondF 5= 2.

hamming distanceE -85} detectionT} correctionQ] Z7[-5Alo] tjjsl FHatol 7]&S A& o+ =

el

i
=
=
&

oft Jo ol

o

2.2.2. Hamming Distance

1. Hamming Distance
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Hamming Distance= & ¢l Z o] o] = word(bitZF)of i, & er <

Apz)o] 743,

hamming distance= = bit& o] 45l XOR
=

A
ﬁﬁ—& zF zpa]of tjall bit7} Zow 0, thE W |
= #H7]ek

N
2
R
u
uu)
|
S
s
BN,

l
N
~
2,
r

errorZ}F BRAIQIS of, {IE codeword2} L 2FSlH codeword?] hamming distance= errorZF BFAUSF bit2]
7HA oJ.

2. Minimum Hamming Distance

Minimum Hamming Distanse(dpin )= 78 8F codeword 2] gFoJA] £xet & Q&= hamming distance
& FEHY. olmf errorz} o2} codeword { gl thek gkl A 72J5kR}.

SRINA] s7] o]a}e] bitofA] errorZF BHF et P& wf, HE o] tigh error detections ol
A= minimum hamming distance’F Z 4 s+ 10]oJof g} = sHr] #JoF g} TaJoF error7} BFAIGT
codeword?} FoF o]H codeword2} HX|X] <.

Legend

y [l Any valid codeword
L] e Any corrupted codeword
with 1 to s errors

I
|
I
I
I
dmin >S5 :
1

ERIoJA] t7] o]SL9] bitof|A] errorZ| WHAIICIL S uff, BE F-2of gJ$F error correctiondS Y5 A]

+= minimum hamming distanceZF 4 2t + 10]0770]_— 31 = 2sH L} #oF & 9Jo] 78 mt ZFo] 27).9]
CodewordS A ztol ErpH, “1eoF errorz} BHHSH codeword7]— 251 Jo] A2 Az]z] eko} LEO]
ZlEs}F o]af ojE = @&l codeword”} 7}R]= H Qo] B £51x] ob= errorZ} BIAE £~ Q= A

T e S A oo A e ] el o e m e - A

Territory of x Territory of y

. Legend
. Any valid codeword
° ® Any corrupted codeword

with 1 tot errors

ZJeloldH, detection/correction®] dpin XS TFEA]Z]7] QA= ZIHEE error bit YA & ZF
g 7 Q= codeword {gFS AFE-SHOF g

2.3. Linear Block Code

2.3.1. Linear Block Code

Linear Block Codels = 383t codewordo]] XOR ¢&F(mod-22] QA H2Ho 2 E of2 253} code-
wordZ} A E]= block coding BF] Q.

o Z]of A= o] E A XOR HLFC 2 codeword’} A %]+ FE linearsftiil gf.
L E5Y AFESIE g2 9] block coding2 linear block coded].

2.3.2. Parity Check Code
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1. Parity Check Code
Parity Check Code= 17]9] bitE redundant bit= A3} codewordE F+4ol=, dmin = 29! linear
block code HFA] Q.

ojuff X5t bit(W QEX)o] F7lol= 17]9] bitE parity bitef1
P e )

partiy check codeofAl= datawordoA] TF bit XFO|7F parity bitof] 28] codewordof A= = bit XFo]7F
HB22 d,., =29, parity check codeZ} HE Z-29] O3]l detection= 5F2] ™ errorZ} BFAISF codeword
o} 2aF codeword AFo] 9] Ztf hamming distance} 19]0] HgE]oJoF gl &2 AHIZ Q] HL o]
ERER S

112, o]= codeword”} 7FR 19]

Ol

Dataword Codeword Dataword Codeword
0000 00000 1000 10001
0001 00011 1001 10010
0010 00101 1010 10100
0011 00110 1011 10111
0100 01001 1100 11000
0101 01010 1101 11011
0110 01100 1110 11101
0111 01111 1111 11110
Sender Receiver
Dataword Encoder Decoder Dataword
[alealer]ag] [@Jeo]o o]
Accept -
¢ Decision g
m Syndrome é

Parity bit Unreliable

transmission

[w]a]aTao] o} [2a[Ba]oaTP0] 40
Codeword Codeword

2. Detection

bitF o] ZF bit g5 mod-294] G S Hl(=, 2F AFe]of] dis] XOR dtks s uff) 237 0% 19]
@), 10]81 10] G A

LRI} Zo) A= datawordQ] ZF bit Z15 mod-20) 4] Bt AEE parity bit2 AFSESHro = az + as +
a1+ ag mod 2).

FRIZF Z0J A= codeword®] Z} bit 7S mod-2904] ©leF XS Syndrome BitZ &H(sq = by + bs +
b1 +bo + qo). syndrome bit7}F 00]H error7} §le= 2102, 10]H error7}F BFAISF 210 2 HTFSL parity
check codeofJAl= = 7] bitd] error?| BFAYSE AF8F-S detectioner o~ 2.

S oA e BT BYOIA] @SS ol codingol A o] WY E, YA WY o FE ohE = S
RE FHof th3t hamming distance”} F8F5] %] E AFgFo] ofabd, block coding eF2eF HAS

A o
P gl

ok

2.3.3. Cyclic Code

1. Cyclic Code

Cyclic Code= codeword& 2F(rotate, cyclically shift) A]Z7]H E CFE codeword”’} E+= linear block
code$.

of 7]ofl A= F 2 AFEEE cyclic code$]l CRCE TlE.

2. CRC

Cyclic Redundancy Check(CRC)= encoder2} decoder’} 3-7-5l= divisorZ mod-20]4 2] =7
AFS glo] 7 YR E &-g5F= linear block code$.

dataword®] Z7]E k, codeword®] Z7]& no]2l1l IR} redundant bit9] ZAoll=n — k. Divisor=
Zol7Fn — k+ 19 bitd 2, encoder?} decoder”}F L=7] ¢4tof] AL-g8l= gHY. divisor— redundant
btk Zo|7} 1 A7) mZo) LR = redundant bite} Zo]7} BRS.
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3. CRC9| &3 7%

£RIZF Z9] encoderofAl= datawordQ] HBAFEE generatoro]] HAEgl generatoro A= datawordE
codeword Zo]o]] BFELA] L] bito]] 052 F7Fol bitg-S divisore} L& g H4Fe] LFH X7} redun-
dant bit= AF§E]o] dataword] 5F9] bite] 27FE. F12 LAl Aol 2L 9 bit ghg DA
=]

-

LRIR}E Z9] decoderof A= AEHRE codewordl] HAHZ-S checker= H Y. checkerofAl= codewordZ
divisor2} L. afjgh H4Fe] L X[ 7F syndrome bit2 AFE-E. syndrome biti= redundant bite} Z o7}
2. syndrome bit2] ZJ bit7} 2= 0o]H errorZ| BHASIR] QRS A o2 mHEo] dataword 2 o]
AFEEL, ol SpelE 10]7 errors} HATGE A0 HEFEO] 2 M

Sender Receiver

Dataword Encoder Decoder Dataword

u;luz a,lao a5 u;la] anl

Accept
00 -
Decision [ =
logic > é

m ‘ \ — Syndrome

Generator I<— dyd, d, dy

Shared ttt
\_—
\
171_ Unreliable N 1 1 l
transmission
|a3 a2|a| ag| [ [ o] [, bzlbl bullfz 41{490

Codeword Codeword

Checker

Remainder

ojuff L=7] ke gadt 10817 te v} & Yok W4 2
o] G EE, 529 F2 mod-20]42] ¢ilo] B2 GlM vl M4-S XOR ¢IxFo 2 ] a]sjof str}=
29

Uncorrupted

Codeword [1 0 0 1[1 1 0]
Decoder l

1 0
| 0 =— Codeword

1011
1011

0000
0000

Zero Syndrome

Dataword T001

accepted

3. Polynomial
CRCY A= HOE Q3] bitF-S t} g4 (Polynomial) 2 LEF 7] &= &F. }9] bit'2E] 0H %2 A]ZF5}le]
nHA bit= " O 2 ER T, 2} bit FS Al (Coefficient) 2 gF.
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a ag a4 4 4 G

IO+ 05 + 0+ 08+ 02+ I+ ‘*’ +x + l

a. Binary pattern and polynomial b. Short form

CRCJA]E] ¢k mod-29014] 3. polynomial®] T4/ M-S &l T+ EHE=H (XOR AL,
o] 7 polynomial Apo]of & Lt 2p=0] gFo] et AAek F4e F @9 A& oLl v
Ao = Flo] zpLs m,

olnf F4o) te 2ozl Jyeku, oje] wet YL7ele] FE &
LHeAle PlofA] bitd7]e] tHe XY o 4 S (FAAE HAT WS
B9).).

polynomialell T3 shift Ge B8] 2 o] A2 shiftshe B LAY ew H. 22 bito]
g 24 Mok 32 A A

QPeflA] Ak L] (L)) Glabis FgAlo
CRCLE LAN/WANOJA] 28 A&,

cyclic code®] 2312191 oo} Leal7]o] 7@ 52 Bslng b2 ghe.

protocole] wat AFE5H= CRCS} divisor2 AF&5}= EF polynomialo| thE. o & 0], LANOJ| A A5}
X CRC-32&= F¥112}5}+9] 247} 3221 polynomial-2- divisor= AF&-SF.

2.4. 7]€} 7| HE

2.4.1. Checksum

4. g7
mod-20|41 9] Bl AT}

%
=

o
-

X9,

A
T

4>

1. Checksum

Checksum-2 ZF unit © 2 Z3F checksum-= F7F2 messageo]] ZESFAIA F45= error-detecting 7]
). o= 912]2] ZolE 7HAJ messagea] o] =Eo] F5F,

Unit2 messageS m7J9] bit¥4] 22 AL 2Fgl. Checksum-L Z} unit-2 Cjol= 59] HAFO 2 AHRISH=

Zol7F mol bitd Q. checksum-E Fol= F ]ﬂ?_] HpAl S o}a]]o]] otz ejek

Internetof A= unit] ZoJE 16bit=2 Sfi= checksums AFge.

checksum=2 data-link layero Al = AFE-E] X BF, network/transport layerof Al F2 AF&H.

2. 53 7%

£RIZLO] generator= messageS unit TR 2 Z ) checksum-=2 F+5F1, O] messageo] A A 4
g £d 4] oA T F] S, checksumS 002 3, checksumg EEFoHE FA] message
of Tl checksumS A{Foho] 1A checksum O 2 SHs A Y.

FRIRFO] checker= F418RE message(checksum ZEFH)E unit THJ2 Rl checksumS TIA] AI{Fel
ofigt ko] 0o]™H error7} WHAYSER] oFe A1 0 2 10]H error7F B F10 2 mhChel.
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Sender Receiver

Message Message
|m bits|m bils| e oo m bils| |m bils|m bits| e oo Im bits|
1 ) | |
o
All0’s [yes]
Discard
[no]
'
Checker
[ [ 1
Im bits|m bits| oo Im bits |m bits} }m bits|m bitsl e o o [mbits |m bits
Message plus checksum Message plus checksum

3. Checksum ZJ{F

checksum-2 tiaFS B ool H 19] H~(0One’s Complement)& FoF AS ZFro 2 71, o]of check-
sum® ZoJ7} m o[, WAL TG 0 ~ 2" — 19] Gk 7 4 2. H4 Aol Zol7} me
Hol7el ok 912 bitdS Fet 2% bitdlol] hA] g

Hohe WAjo] 23 BES7IE ¢, ol WACE HEHE checksum G 1A] 19] W0l 22,
checkerof 4] checksumg ClA] 28F off error7} BHAUSER] FQic (o] &5,

off Al HelsHA stele, bitdg x4 v H o G, o] oldSE vl Holrhe
@e depd dole . o F 19] HE -

More words?

[yes]
Sum = Sum + Next Word H

[no]

I

Left(sum) D
_is nonzero?
Sum = Left(Sum) + Right(Sum)
Notes: [no]
a. Word and Checksum are each
16 bits. but Sum is 32 bits. [Checksum Complement (Sum) )

b. Left(Sum) can be found by shifting ¢
Sum 16 bits to the right.

¢. Right(Sum) can be found by [Checksum = truncate (Checksum))
ANDing Sum with (0000FFFF), ¥

d. After Checksum is found, truncate St
it to 16 bits. op

4. ¥

checksum-& CRCRBFE Z2FsF error detectionS SIX]= E&F error2 Q15 o] unitS gFo] X1l
ofH unit=2 o] oA checksum gko] & LSFA L, unit®] gro] 7| Z-&ol Aot bit Zo]of wpet
checksum gFo] sl H2E detections}X] -3}

2 A] checksumS CRCZ TIFE= FA] 9.

g2, oJz}1] detectionTt SFH EEZ checksum2 HFEA] message®] F|5}9] bit Zof &2
AA L@ A= message] S B2 5% ¢

e,
e,
ko
rr
2,
lfeS

2.4.2. Chunk Interleaving

Chunk InterleavingS ¥ packet-S Z}ZF Z45F= tj&l, ZF packetQ] bit -2 oFLFR 7Fxi 9} 246t

packet-S 4G
o 39 HET oW packeto] ervorrF HYSHEE, U packers] FHANH BE U £

ol i

T 13 =
A = QL. E packetQ] TIE FFES E-875) corrections}7] 7} §o]gF. E3] burst errorof] o
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detection/correction©] 7ol o] A=

Packet 1 [05]04]03102|01
Packet 2 [10]09]08]07|06
Packet 3 | 15]14]13[12|11
Packet 4 |20]19] 18]17]|16

Packet 5 |25|2423(22|21

Packet 1 [05[04 02101
Packet 2 |10]09 07106
Packet 3 [15(14 12111
Packet 4 [20(19 17]16) |
Packet 5 |25]|24] [22]21

Sending
column by column

o

a. Packet creation at sender d. Packet recreation at receiver
L Packet 5 Packet 4 Packet 3 Packet 2 Packet 1
[25]20]15]10]0s] [24]19[14]09]04] [23]18] 13]0s]o3] [22[17]12][07]02] [21]16]11]06]01]
b. Packets sent
[25]20]15]10]0s] [24]1914]o9o4] [T Moodt | [22[17]12]07]02] [21]16]1 1]06]01]
Packet 5 Packet 4 Packet 3 Packet 2 Packet |

c. Packets received

2.4.3. XORE &473% Correcton

XOR ko]l gigh 9 Ake Heeo] Y] ks o ¥l o] +3spd . =, ofgjje} Zo] Ho] AFajuk

HHETLT §2FE 4 918

!

R=P P&  -@P® - -®Pv+— P =P &P,®d - - -®R® ---& Py
o]H messageE n7fQ] unitO 2 RIf HALshE A8t SojlA, BE unito]] gjgk XOR H4RS B3] AH&F
oF Aupgks oA dEe = QIS 28] H ofFo] unitof T error7} BRSO H-2, U 2] unitE2F XOR
dRro] Aup2 RS =} erroro] ek correction©] 7FsgF.

3. Data Link Control

3.1. A=

3.1.1. Data Link Control

Data Link Control(DLC)-& point-to-point links} broadcast link BEo)4] FEH.0 2 Hal=oloF of
=BG mekals sublayer®]. 5, linko] FRIE G glo] £ AT node A10]2] node-to-node
F1I& $IF protocol:s ZEgg)

DLCOJJA] A &3lE= serviceZ+= framing, flow/error control 59°] U=

3.1.2. Framing

1. Framing

Al layer2 2 E] HGEEL datagram= frame 2 encapsulationdlil, frameS datagram = decap-
sulationd}e] 19 layerZ Y frame(bit-oriented)©o] 71 data section9] bit G2 A layerofA]
ofa] 71x] iz HAH.

2 frameZ]2] o] 742 W 2E]E P 722 (Delimiter) & AF§-SfoF gl Hl-FE-2] protocolof A= 8bit
7719 flag(01111110)F delimiter2 AF-§-514] frame2] A2z} Z-2 LFEFH.

Data from upper layer

Flag | Variable number of bits | Flag

01111010110 see llOllllOIﬁH 01111110 |

2. Bit Stuffing
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Bit Stuffinge SR} S)A] frame2] bit &L B ¢Iopo] spLpe] 03 thAl o] 10] &3H(011111)31H
21 BEZ o) 05 F7lols 7 . IR 011111 F9 02 A 7gk.

frame2] data sectiono] 4] flagell HESHs bitdo] S 4= QEr], o] F end flagiz 9 9I5}x] Y2
bit suffing <-go1= 4.

ofu] FoJg F:2, 011111 Fol YA 10] L., 00] L.E 0 F7FeHrhe A,

bit stuffing:> ethernet oAl AFEH X Qfal, L7} o2 L B G4 Y EQ oA ARE-H.

3.1.3. Flow/Error Control

Flow control@} Error control:> DLCOJA] 2] Z7}2F si]Z]o] zHQ]e]. o] &8 EEo] DLCEFL ol= Al.

1. Flow Control

Flow Control £41212 2] gnp} g2 dlojel& A + 98]
pHH0 2 SRt 2410 o B AHelo] Haoht, e &, plwe] 5o =
Seoflis g} L. A} Aele 5 9l AR H 2T BL Ho]Es} e
T3} 7} H 1, 9 o]l AalE3] 2ehn 4. wEle] Aot A2 5
L]y 2L glo]E7F JEHTH FAA = ddle HH O] MR B2 B A& o]F Z 2sl= Aol
flow control9].

Sending node Receiving node

b Tl Frames are pushed et
Data-link P Data-link

layer | layer

Flow control

2. Error Control
Error Control:2 error ]2 2F¢]Ql.

data-link layeroi]/ii 4’50110;]'5 error COntTolOﬂ/{‘] 67‘7’07”077 EHE:_]— detectionoi]g =& CRCEZ /(]-—g—o;]-l:r];
ol o} ZFe 27}] 2] F HLFE 23 3).

1) frameo]] error7F YW T3] g frameS ZAJ51LL, error7} Q.0 H tha5] A layerE Al
2) frameo] errorz} 1.0 >3] ' frameS FAJoAL, error7F gl H

& 4%k o9 ack= flow/error controlof tfjeF FH 2 2§

Acknouledgment’= Hlo]E}7} AFFGAL, ABL 5182 Fel packers). 7] ackz E718
o] 7| o A = AF&EIR]RE, TFHE layerof A= AL EE 7HE Y.

SRR A acknowledgment

3.1.4. FSM

Finite State Machine(FSM)& 2-9Fst 7i4=9] AFef (State) & 7} ZFX](Machine) . machine o]
state 7}, JoJH evento] BAo] O At stater} HBIRE

2} Evento] HiojAl+= ofefje} Zro] 27FR]7} o] E o] Q5.

1) WG cvoent7}F BYBS 1) Y2 790 B2,

2) &g evento]] O]af HAHEE= ChS state. (7] ARIC2 Zol& = 9L.)

£5] o2 fojol o2 ERE. off FAY AIAHS] FIE U0 Y £ 9IS, o
DLO9] protocol& LFERA= Hlelz 2§ 4~ 9]

o
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Event 1
Note: Action 1.
The colored Action 2.
arrow shows the
starting state.

_> sl et 2

T | t Action 3.

Event 3

3.2. Protocols

DLCO| A flow/error control& 4=3§5}+= protocol 2+ simple, stop-and-wait, go-back-n, selective repeat]
9Jg. o] & oY A EE AL simple, stop-and-wait B9

3.2.1. Simple

Simple2 flow/error controlS =5FX] U= protocol 2, HLFE o] o] EaSFR] -2

IR 9] layer®] packet©2 frames WA A&l A HujZ] gk ofil, IR oS frames
gropA] 419] layerz HEs]7]0k gF

Packet came from network layer. Frame arrived.

Make a frame and send it. Deliver the packet to network layer.
Read: Read:
SI;I]‘[ 2 Stﬂ]-[ =t
Sending node Receiving node

3.2.2. Stop-and-Wait

1. Stop-and-Wait

Stop-and-Wait= ERIRF7F SPEE] frames &3 F TAIAFZRE ackE Y-S of71x] 4i7]5]+=
protocold].

SR oF Blof] 51LE9] frames &0, SA] timerE AJZFoFo] AIZRS Sk timer?| expire=]7]
Hofl ack7} ZRF5IH, TF2 frameS F45F1 timerE X751k timer?F expireX]H, £4IXE= frame
of £AFISIALF ermorh WAE A0 ekelo] et frameg ¢ o HEE

58




Sending node

/

Packet came from network layer.
Make a frame, save a copy, and send the frame. Time-out.

Start the timer.

Resend the saved frame.
Restart the timer.

Start Error-free ACK arrived. Discard the ACK.
Stop the timer.
Discard the saved frame.

\ v

Corrupted ACK arrived.

Receiving node

Corrupted frame arrived. . 5
orrupTed frame arrivec Error-free frame arrived.

Dl i ' e ‘ Extract and deliver the packet to network layer.
Start—>{_ Y

Send ACK.

RIAFE frames of 2] H HUof 8 5= Q0 B & ackE ¥H7] F7IR]E Sl frame ] HAFE-S %3¢ 5117

| =)
2t 2 o]aj error detectionE Y&l frameoli= CRCE Z7}¢}.

Sending node Receiving node

Network Data-link Data-link Network

Packet H -
Legend —k.
1 : A '—>|
. Start the timer. i @4____’__’___.
i
i
i
:
i

(¥ stop the timer. Packet .' Frame
Lost

@ Restart a time-out timer.

|
: Frame (rese,
Notes: E ML* Packet
A lost frame means ] /
either lost or corrupted. : @
A lost ACK means either i Packet H Fr:
lost or corrupted. :'—"‘]me\» Packet 3

i
¥ ¥ ¥ ¥
Time Time Time Time

2. Sequence/Ack Number

frameX} ack BFol &4 Ti= error7} BASE 5 QIS =, errord]] tfeh P oo Zro] 37}X] 7}

ole.

1. framed} ackZ} SHFEA] H4H

2. frameo] SHIEA] HEE|R] oF2 75’ . frameo] A HEH.

3. frame:S SHIEA] HEE Q=T ackZF SHIEA] HEEA] 982 -2

A= a8k7} Aoz FEHZ] S F9Y. SR ackE Hx] 2 oB = o]Fo HAEH frame

ol oh] s S, 05 S of frumeo] A3l ARIIE o ] Sl T

sequence/ack number& AF§6lo] ZF frame/ackQ] A FHE LIEFY

Sequence Number= frame2] s=A]o] gjot HiGo]11, Ack Number= ackQ] Afof] djst Hig el 35
-2l thell frameo] A EE A QIX|PF mFolslH E] B2 sequence nubmers= 07F 17HS gFe 2 7]

M H. ack numberi= FRIZ}F QJZFo A Cf&of BRoloF 1= frameQ] sequence numberE LEFY. &
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Sol, @A) Aehre

= - 1

0Z} 191 AF-L-810 2 number 7] 0] Aol bit= 1709,

Req: Request from process

=
=7

frame2] sequence numberZ} 10]H, ack number= 00] H

number 7k mod-20]4] 7 9] 4.

pArr: Packet arrival Sender Receiver
Events: PALL- e TR Transoort
aArr: ACK arrival P‘ p‘
T-Out: Time out occurs layer layer
S H !
Start Res, : i Packet o : pArT
- JaAr ! ACK1 1-=->
Sep g i — !
. ! :
q . + Packe '
Start F_e_‘l_, i...l_l_l_Qi_l_i :-% :
H Lost H
s : :
Time-out; restart T".QEE, '_ ' ot iﬂﬂ% silly
s = R
i acko Tl
Stop : ;
! Pac : R
sun @ ey PP
i aox s
s ' T—_"!
} 15, Lost .
Cimncout aestert T-QEH "; i} -l--g-:]-' M‘»i pArr Packet 0
— ? ___aArri ACK 1 17777 discarded
. 1031 10[1]0y 1 ===~ E“""——’—_—_——_i (a duplicate)
Y Y
Time Time
3. &
stop-and-wait:2 channelo] =411 A2 H] z]o].

a8
=
TRIR7IR] O] GE X (round-tip delay. AZF.)°] é"if—':— A

channelo] F=Ztl(thick)= H-L
(long)&= H-2
Bandwidth-Delay Product= channel®] ackZS 7|tl2]= EoF A48 4+~ 9=
rateZ} delay time(o] 7] A= Y2 X 71H)& Foll bandwidth-delay productg

HASFAI = channelo] =711 A A] bandwidth-delay product”} acko] $=41-8 7jclajm HrAISI=
L] 7} 2Jgk
o ==

channelo] bandwidth(=2 data rate)E 7F{t= AHolxl, Z

o] L

data(bit)2] 7]+, data
A+ A

= A
= T%)

stop-and-wait-2 window sizeZ} 191 GBNY.

3.2.3. Go-Back-N

1. Go-Back-N
Go-Back-N(GBN)& &RIxF7F o 2] 7§ frames 3
HFz] 251 2] % HE] 1:}/(] 431 protocol 9.

GBNYJ A& windowg AFE%F. Windows frameQ] sequence number& =]73ofo] Rl /=RIRF 2}ZF
oA frame E=410] AFgsl= i Q.

FRIZIZHE] ackE 2] B6HH ackE

o] 9] frameZ} ack?} channeld] EAo A2 = SIS
Sender Packet ACK Receiver

Application r
pp == seqNo checksum ackNo nchecksum =
*— > | *
o = |
Logical channels
Sy First S, Next

— R, Next
* outstanding ‘ to send @Tlme' " 10 receive
-u:' | | | I | l | I'"I eee -.-E—__‘_l;l___:.-.

Send window Receive window

Application

Transport Transport

[~ — o -
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FAE B3 YL ofefell oA FE

2. Sequence/Ack Number

sequence/ack number® m bitE AFSSFCFH, sequence/ack number+= mod-2" oA olEH. = 0
2~ 19] kg 7}3]2, o5 G2 Wol7lE HAl 03] AZFEE GENOJATL: ofz] A frameg 7]
of 52 ole] 79 bitZ A1E e

ack numbers= AIRF Qo)A of5-of] 'Zrofof 5fi= frame®] sequence numberE LFEFH.

3. Send Window

Send Windows= §LIAF7} AFESH= windowZ, oo Zro] & 7}R] FY9o &2 LpH.

1) window Y& : ALEH Y ackE 22 frames.

2) windowol| Al A= B - AEE QT ackE TR 2k frames. ol framel] BAREZS 2] 5}1
(o] X

AR

5) windowoll 4| S| Qe W : Fgo] Z0|EI] gof o} HEINA] G frameS.

4) window @EZ : window”} @X] ¢ro} 118 tfjifo] ot frameE.

send window®] AR5 oAl 37FA] Bl4o} Rl Sy window?] A2 YXE 7le]7]1l, S, &
ohgol H&e frames 7}e]7] 1, Sgizers window?] sizeE LFEFY].

ackE BFo W send windows @ E2Z0 2 g ackTHE slided.

~

g pirst - Next
* outstanding ) * to send
1= N " e e 1]z o] o | i |
oo 6 TLOTT]O]3]4[5]6]730. 00
Sent, Outstanding Can be sent Cannot be
acknowledged, (sent, but not when accepted accepted
and purged acknowledged) from process | from process
I
Ssize = Send window size

send window?] o] F7]&= 2™ — 1(HA]] sequence number 7f+H} 1 2FS.) Q. 2FF window?]
Z|7F 2™ o]gfo]el, send window QF FA sequence numberZF HF E0] Q= 4gFo] B £
A o] F-¢ window 9] frames A7 FH 0z HEH =0 ack?} AGEZ] 23] timer?} expire
HH window®] ASFE] OfA] HgH. ojuf 7I2p oAl HEZE 48RS RS number®] frame
of dH5E Aol , A3 0E LA BEEE AA, 1 0 frameo] AE5E AAANE 2 +
;. =, window®] Z7]7F HA| sequence number®] F| =k o= Zfofof o] Jgts YR|T = Q.

o] 7| oA = A7F Bl A H2 ackZF AUl 2 JEEHA] ghE F-29.

Sender Receiver Sender Receiver
S, S H : S, S H H
Start )" - : - Start /" :
soa Packet( v pm = g
of1]2[3: s 1243 ® [oli]2[3]o: :
TRCKL ! !
noEg O et i
: 13
o, 4
RLT: : CITL:
- oo b
0] 3 Correctly lo[1]2[3]0t &
Time-out; . discarded S
restart iy 3 Y | Paerd
i i o AL Erroneously
g i @ mn 3] 0: ;TUH»V* accepted and
. . Time-out; e delivered as
a. Send window of size < 2™ restart Time <+ Time new data

b. Send window of size = 2"

4. Receive Window
Receive Windows =4IZ7} AFESl= window=, g Z7]7F 19]. ofgel Zro] ZAE 0], &L
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fmme—‘% T U= (AAre) 11':1_ 2
receive window2] A5 LJsA] B~ R, LIRS ARLSHH

=]

= -

Aot ackE HE FE, LEEL frames TLITR] 2ot 7
L @A) S Alurofo} SHe frume:S 7}el 7]
receive windowolAl= Ryl ool framed mogt R,& ¢F 7t slidesfal, TR oF2 o=

frameS ZA]g}.

R, Next
J expected
cee t 0 T2V A ST 6 T 0102 oo
Already received Cannot be
and acknowledged received
|
inxc o

5. 54 33
LRIZE send windowE AFES] 4e framesS #2251, ackQ] T &l A7FgIo] window2] frame
= A& dEel o timerE ARERl. Al ack(o]n] Mo BRE acke= FAIeE)E RO W timer
= Z7|8)5Fal, noj gjet ackE BT n-1712] FFR o2 [EE Ao oy BE7FR] window
slide$F. timerZF expireX] M tablel] X2HE] CFA] 48l ojof] F£o]eF AL timers= S8 ackE
FS o] 27]S1ECRE A =, windowE slided off timerZF £ 7]},

TARIAF= receive windowg AFE-Sl frames A= frames el R, ol of'd k= frameo] oft|H
HHE BRI5EAI, R, o dl5ol= frameo]H ST frame HIZ CH2 framel] sequence numberE& ackZ
By

ol acke & (cumulative) © 2 2] H.

I, iy 1

Yo

.
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Sender Receiver

Transport Transport
layer layer

Start
timer @
Stop O 1]

S s,
) BB S e
2|3
213

)
aArr

BB DS OEHIESE
R L i
Start @ --lil-b[_( 415 !
'SF Sﬂr
S N EEREE
R '\F 5“
B E EYE e

: aArr
ACK discarded =t===

Packet discarded
Packet discarded

aArr
ACK discarded ====

f O

Time-out (a mmm e f:f) n i :_(E}:I:::E::
: 5y 2,
Rt 1171 £ (Y G A
S; s
->-{0[1[2[3[4]5]6]7]0fiT2:
'\J ‘\n

Packet 1 (resent)

Packet 2 (resent)

Packet 3
{

resent)

surt @ O RELETE 420
Rk Sy X
o -, aArr
Restart [3]4]5]6]7[0]112} €--- Req: Request from process
o . pArr: Packet arrival
SeqrSe A aArr: ACK arrival
Stop TRRTITI Kl D Time-out: Timer expiration
AR R <2 pli

Time Time
6. ¥&

stop-and-waito A1 2] ackQ] =41& Z]cta] i YA slE Yol = s ASIX]OF, timer F expire® 1 window
o] BE frames HE TIA] HE0lE 2 noiseZ}F H2 channelof A= H| &&2] ¢].

3.2.4. Selective Repeat

1. Selective Repeat

Selective Repeat(SR )= GBNI} 2AFSER]EF, window] H-E packet-S FE CFA] F4olE= tii] £4HH
packetBFS A e 0 2 I ZH45F= protocol .

GBNzZ} 2AlSIE 2, BE W& tfX]l GBNZO] 2fo]F-& F4] o= g2
2. Window

send window2} receive windowg A8 7] A] send/receive windows Z7]7F ES-

send windows= Ht Z7]7F Gl A 2lofli= GBNY} Y= &3k oek ackE BHo W o packet
RS ack®H Z1 02 R a]el windowQ] AJZFHRE] H4:2] 02 ackE BFYTFH windowE slidedr.
receive windows= | Z7]7} send window2} BFE] R, $=RIR= 4] of] AFEFSlO] packet-= HEdho
oot windowof] E-%. reveive window2] Z7]7F send window2} ZF7] mjZof] packetQ] £-AJ7F EHFH o]
orete d7 2 nj7pz] 2 8s] 3ol & 4 Uss. windowl] AJRFFFE 520 2 packeto] HF
Holm gt BHS 9] [qyerz2 HYSI windows slideg}.

L-

ol
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Send window

First outstanding S 5 Next to send

ENAEN NN I I N R R TR

D Outstanding packet,
not acknowledged
Packets already | Outstanding packets, | Packets that can Packets that Packet acknowledged
acknowledged | some acknowledged be sent cannot be sent I:l out of order

T
g A=l

Receive window

p Receive window,
y next packet expected

14 i 15 !
Packets that can be received El Packet I:ECEi\"ed
Packets already and stored for later delivery; Packets that out of order
received shaded boxes, already received cannot be received

) _om-l
Rype=?

sequence/ack number2 m bitE AF&ITIH, windowo] Ftf Z7]= 2™~ (ZF] sequence number 7)
7o Fuh) Q. g window®] o Z7]7F o] g o] golapH, FXIXf SoA] timerQ] expireo] ©]5]
packetg @ SFE] AHFIE 0] receiver windowsF o] slide]o] 2lo] HF packeto] H-Z7e]
OHA] &= ZRIA], 1 thS frameo] AEE& ZRIAE 72 = g5 5, windowe] I 7|7} A
sequence number 714-2] B AL} Zfofof o] ¢l HFL WA 5 9L,

ol 7] oA = BAF WS AFE ack7t A2 AL oHe H99.

] _ Sender Receiver ) ~ Sender Receiver
Start ¢ Sn i i R Start 5 Sy ! !
DIETH Packe: 1 n T Packe 1 n
0]1}2}3] —Tacket0_ s o] 1[2[370 §—Packero !

J08E o =

TACK 0 1
oA - a 1 Tt L. Pad '
of112!3 Packer| 1 olLl2[3t0r Packer] L .
_L_l E\;: ,'0',-] Inl 4 bei! :A(‘K | ' :0“ m g
:A(Klr—_: el il i < 1 -+ L
o iy ] o H D, :
41 L Pack 2301 j—Packer »
II 2;3) E%)_E___’_ Correctly mnl L B ] 2!
Time-out; y Y discarded 1ACK “X o
restart T 1 D, ' 2 rrone
IO llzl}:o: i Packer g 4 Erroneously
. fi I\ ! accepted and
a. Send and receive windows Time-out; Y v stored as
of size =2" ! frgart new data

b. Send and receive windows
of size > 21

3. Acknowledgment

SROJA] ack number= F42 02 HEH packeto] sequence numberd].

SROJAIE ackZ} cumulativestAH] 2] 2]E] 2] &al, packetnfr) Bf= FH45,

4 55 39

SRR timerS AJZFSIEA] window 9] packetS SHFY A5 A2 HE ackS Wowl 55
number& ack %] 2]gl. window?] AJZFHHEE] 92 0 2 qckE HFITHH windowE slided}1l timerE
271913k timer7F expire =] H window o] QFE-FE ackE 7] gk ASS opAl FEe ojnf £od H2,
ackE &S o timerg Z7]8}ok= Zlo] oftel, windowE slide@ uff timergs Z7]oFotcl= A Y.
FRIZF= windowoJA] AYERS packet= HFL A 02 F 7511, 54 sequence numberE ackz HY.
window2] A]ZFFHE] AL2] 0 2 packeto] HE Ho]H sfgf HES 9] layer2 HEYS) T windowsS
slideSF.
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Events:

Req: Request from process
pArr: Packet arrival

aArr: ACK arrival Sender Receiver
T-Out: Time-out Tr:]mspuri Tr‘ilnspurl
ayer ayer
SpqrS,  Initial R, Initial
ol 2[3[4Tsieii:
k) G ]
Req ! ol I i
Surt @ > [ DPSET0  —babao
S S ACK 0 -
J L} i = g £ —
Stop i TS / [ Duadelivered
10]1[2]3[4]51617,0; to application
S Sy i
Star Rc‘.‘L] ™ DICIFIEETRIT Y I i P i
Start @ - :p 4 5_:_6_:_7_:_0_. % H
B v Lost
Req Ef_ ] R : i _u R R,
...... > 10[1]2[3]4]5}6) 70, -—_“LL_____) pArT 0 Boaoe
- Prom— H donnney > 10[1]2(3]4|51617!
S S :% - -
f n
S e, AT
0B B R
s S
f n
Req . e— . - P R
S :_ﬂ _5_:_(1_{_7_:_0_: ——P—‘[L—M_l;______)- pArr . n .
...... > 10 516171
.Sf S aArr § ACK
UL
S S
N f n R
T-Out - -e—— . __ _ ! Packe -
Restart (B) == 10[ 1213141561710 ——'_"_“_"_“ﬂ___* PAT - _ ke
= ot S e > !_QL“E_!.R 4
Sears, %
. m oo ol o - dArr Data delivered
Stop :_(]_:_l_:]_:_ _“_: = i to application
i
Time Time

o220 timeri= packet M2 ZAEA timer7} eapired packet:g THA] HEoHEE g SR o
2] YA FANAE SLF] timerth AFE-E

3.3. 7|¢F G &

3.3.1. Piggybacking

Piggybacking:S packeto] ackE FopAl FEck= 718 ¢l

KA AL & QR Bidirectional) E410] BlHslOE 435 71| packeti} ackZ 3= HFOJoF
k1, o] piggybackingS AFHEE = U

3.3.2. HDLC

1. HDLC

High-level Data Link Contorl(HDLC)& point-to-point/broadcast linkojA] 2= A-&E]= bit-oriented
S48 A protocold]. £/ LANJA] 1252 A8 3}

HDLCOJA = &= 7FX] Q& tranfer modeS A|-&9F.

1) Normal Response Mode(NRM)

2) Asychronous Balanced Mode(ABM)
station2] configuration®] ¥ o] = mode . ZF link+= point-to-point©] 1, Z} station2 primary/sec-
ondary?] 1L B 33
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Normal response mode

Primary Secondary
L o h

a. Point-to-point

% rimary \% Secondary \%SCC““‘MW
¢ ® ag

<—| Response | 4—1 Response |

Asynchronous balanced mode

Combined \% Combined \%
Command/response

2. Framing
HDLCE framingS 37FX| 2 L}=0o] AHalgl &, 37}z] £79] frameS A-&%F.

1) Information frame(I-frame) : user data2} THE HJHE GL frame.
2) Supervisory frame(S-frame) : control & FJHE G2 frame(ex. ACK).

3) Unnumbered frame(U-frame) : A|2~"] F2]E QJSF frame. link 72 65 Yol {48 (ex. WIFIQ]
beacon frame).

wifi A2& 5t8]1 & off HEo & & = 22 beacon frameg ARG 2.

4. Media Access Control

4.1. A=

4.1.1. Media Access Control

Media Access Control(MAC)E broadcast linkolA] F7}3 0 2 =]a]E]o]of 5l= HES Hglsl= sub-

layer®]. =, SILFQ] channelofA] FA]of] BAISIE of 8] accessE ZE&(coordinate)dlE= protocolE=
Rierer )

R

G protocol5-2 channelofA] 8] & (Collision)S BIX] = FASJol= AS ZHEZ ¢

Multiple-access

protocols
I
I | ]
Random-access Controlled-access Channelization

protocols protocols protocols

\‘lj()“‘\ Reservation FDMA

(ﬁ\l \( ‘ Polling TDMA

CSMA/CD Token passing CDMA

CSMA/CA

4.2. Random-access Protocols

4.2.1. Random-access

Random Access= station AFo]oj] o] & {—747} EAXSIR] ¢Fa1, o]H fmmeO] ojd@A Hi= 3=
&3] protocole] §o1E 0] oJ5) AGHE WAS]. %, station AFo]A] o] ojFA] o]0l D
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A& FEPIeHA 2YH.
gLl frameQ] a2 F2 HEE= Ao ZF channel9] FEfZF idleo]Lt, busyo|Lf 5of mhal 27 H

o
ol stations 2K Z 17t tfsr 722 EAoFR] k7] wjiZof Z} station2 channelof] 2 FH2
517 Lloh &Yk
random-access protocolZ2+= ALOHA, CSMA, CSMA/CD, CSMA/CAZ} Ql&.

4.2.2. ALOHA

1. ALOHA

ALOHAE 1970 d ) sfefo] tfjstofA] 7iEtE 2 9] random acess protocol ¥.
ALOHAOJA] AFg-8= 7] &S 71 0] 59| protocolof = 7]HE 2] 0 2 2-gE]i= Ao] S
2. Pure ALOHA

Pure ALOHAOJA] Z} station& F4EF frameo] A mjjufr] H
ackoll ©]&3}.

ojuff FASIA L collisiono] B YsIE =, ofefo] 25 AR}
1) ZF stationo Al= timerZ} expired(time-out)EH back-off time(Tg )2 7] eF FHofl sJ5 frameS
Yelge

2) -G Alez}) ola] GgofE QAR (Kimea ) S HOI7FH, allE stations G271t JE& Aol
Lol thA] A&k o (Kmaw= T2 152 @)

back-off time& 9] 2]2] Zlo]& zZF= A|7H(random amount of time)< ©Jn]g}.

Station has
Legend ? a frame to send

K : Number of attempts IS
T  Maxi e e K=0 '
»+ Maximum propagation time L

Tj;: Average transmission time

T: (Backoff time): R x Tor R x T
R : (Random number): ( Jlo”‘ 1

Aeg 811, e o £}

5}
Mo
Ol
rr

Send the
frame

ACK

received?

K 2 KW(M

false
[lec] [true]

Abort © © Success

3. Vulnerable Time

FoF A ZH Vulnerable Time)& oJE frameoj] tdl] collisiono] BAYSH 7}l5A4]o] Qli= Al7F 7FA Q.
o2 AFSF uf frame SFLFF RIS Al7F ZFH(E Bt A7F 7FH)L T;, 0.2 LpERY

2FoF pure ALOHAOA] o] 2] stationof| 4] &9t 2} frameo] Ty, O] A|7F 7HH S A= ebrfal 5ER}. of

frame BE A tof] HgorepH o] 2 ap Zo] t — Ty, ~ t+ Ty, &L= collisiono] BHAe
7Fsgol &

—
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A’send B’send

collides with collides with
B'sbeginning  C’s beginning

|
I
I .
I

! L Time
t-Tg ! 1+,
‘ Vulnerable time =2 x T, ;
I |

=, pure ALOHA 9] vulnerable time2 2 x Ty, Y.

4. Slotted ALOHA
Slotted ALOHA O A= AIZHS Ty 2] AolE 7FXE= time slot 22 LFA=0], ZF station2 framesS time
sloto] AJz}e} wjollat H4olE = o

Collision Collision

duration  duration

1 1 1
Station 1 (%, 1 i |
%é! !

Station 2 \%:

Station 3 \%: i
Station 4 \%i

Time
Slot 1 Slot2 Slot3 Slot4 Slot5 Slot6

slotted ALOHA9JJA] vulnerable time:2 Ty, 9. 5, slotted ALOHA= pure ALOHA 9] vulnerable time
= JRAS A Y.

4.2.3. CSMA

1. CSMA

Carrier Sense Multiple Acces(CSMA )&= ZF stationo] Z4= Foj 24 channelo] H]o] YE=X]E HAF
5l= HH4]9] protocold].

CSMAE collision®] BHAJS Zo| x|k, Ha} X|7F Propagation Time, T,)°) TFZ delayZ
oAl =23k

CSMA Q] vulnerable time2 T, 9. S HASIA L oH stationof Al &t frameo] HT}E]7] H7FX] CFE

station-2 1 WIS oF = g5

2
ol

i et 5]

D

} Vulnerable time

\&5 \&F
B senses v C senses Y D senses
|
|

here here here

propagation time
Frame propagation

Time Time

2. Persistence Method
Persistence Method— Z} channel®] idle/busy ofFZof] of2 &2F dF21Q]. CSMAoJE ofgfief 22 3
ZIZ] persistence method7} Y=

1) I-persistence method
channelo] idleo]H ZA] 48l channelo] busyo]®H channelS AH<5A ZFA]SFT QT idle=2 T
HEE w7 frames JE9)
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collision 7F5-AJo] =2 HE&J o]

2) nonpersistence method
channelo] idleo]H ZA] Z
HALGE

5
=2

collision 7}5A4]-S

3) p-persistence method
chennelo] idleo]H po] B2 4

WA idle Aol 715

o] o

o A
RE T

olonz §Lo]

channel®] busyo]™H back-off timeTFE T]7]SFCF7E channel:S TFA]

wof 3.

5, q = 1 — po] BFEZ CF2 time slot7FX] t]7]gF. channelo]
busy©]H back-off itmeTFE th7]SFCF7F channel-S TFA] ZHAFEF.

Channel D l
busy? [true]

[false]

Station
can transmit.

Channel DB
busy?

[false]

Station
can transmit.

‘Wait
randomly

a. 1-Persistent

b. Nonpersistent

Channel By
busy?

[true]

[false]

Channel D [false]
busy?

[true]

Use backoff process

Wait i
aslot

as though collision occurred.

Generate a
random number
(R=0to 1)

[true]

Station
can transmit.

c. p-Persistent

4.2.4. CSMA /CD

1. CSMA/CD

CSMA with Collision Detection(CSMA/CD)= CSMA] collision detection®] Z7F& protocold.

CSMA /CDOJA Z} station-2 ZFR129] frame-S F4=5}HA] CFE stationO] frameo] FRIOJA] AL E=X]
2 g frameo]] Higt collisions TFelet. statwnO] collisiong detectiongl 0 H ZA] A4S ZFrkslil
protocolf] %O %l persistence methodoj] wal 2714

ojmf ALOHAA1 2] back-off timeZ} Koo o] 7NE = AFE-S 5 %’—E’T-

collisionS detection@ ©H Jamming SignalS CIE stationS oA

L2 5l7]% g}
B c
(Q%% Collision %

==5}0] collisiono] BIAS <Fg]

A
&
1

)
occurs :
. . ! I
Transmission 27 Transmission
time I3 dtime
A detects
collision and
aborts G
abort C detects
collision
- Time and aborts Time
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Station has

a frame to send
K=0

Apply one of the
persistence methods
ol .| Done orj
Transm'it b o collision?
and receive

[true]

Send a [true] .| Collision
jamming | detected?

signal [false]

Legend

T};: Frame average transmission
time

K : Number of attempts

R : (random number): O to 2K

Tp: (Backoff time) = R x T,,.

Wait Ty
seconds

Create random
number R
[y
Abort O

y

Success

-

2. Minimum Frame Size

CSMA/CDoJA] £ framed] tgF collision detectionS S frameQ] H<& Fofjatr =&, = ol
frames] F40] E1p7] Dol detections YT 4 UOIF &

ZFF da] "HolZl L= station A, B AF]9] propagation times T,2F1l SFAF. detection©] 7} =7
TP E= Fofo] F-¢= ARFE HEH flo]g ) Boj L Ysl= «7F B7F flo]E[E H&ok= A A
+ BZF FE&eF glo]E]7} PRI A] FofeloF collision detectionss g 4+ Y 0 H &, HFF BO] Ho]E[7}
E2F517] Hoj] AoJA]Q] frameQ] F4o] EYULIH collision©] detection®]x] 2.

=, frameoj] TSt collision detections QA= minimum frame sizeZ} 2T, ©]&Fo]ofoF

It

(e]

F

ok

collision& channel®] energe level®] ZHo| AL gFolet 4= Q)L energe levelo| zeroQl 74 idleQl Ars}
normalQl -9 AAZ 0 2 frame©] busy?l A2}, abnormalQl 73-9-(energe levelo] 281Q] 79 5) collison

o] MAIG Ao 2 4 9.

4.2.5. CSMA/CA

1. CSMA/CA

CSMA with Collision Avoidance(CSMA/CA)E= CSMAQ] collisiono]] tfeF 3]n]7} Z7FE protocol .
ol 4 FELlo 2o Hgg Lo JHEHE. detectionof A= XFlo] FESkE signald} T2 station©]
HFSHE signalo] 4191 signal 24545, 410] B signalzhe] Ao & o collisions] PAZ T
QIgl. EAl=, P4 ELloA= TFE stationo] HE2t signal:& dE Z50f oR]7F Bro] 7415 o]

=2} 2o T o] 2717} Hrhe .
419l signale] -9Jm[gt 2Fo] £ 1 o] x| gk
o4l ]n)sHe YA Fi2 A

2. 5% 2y

53 FHL oo} 22 error Eis £40]

A
1) 1A= DIFSEHE 7]ohe] &, RTSE H

o
AR

==

=
o
2.

ot
g,

A d TS e,

2) RTSE 22 £RE SIFSEHE 7|oe &, CTSE 2.
3) CTSE B F{I2p= SIFSTrE 7]og 2, Hlo[EE H.
4) HlolHE A7 Bhe SR SIFSTHE Z]ohe 7, acks H .
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Source Destination

A

®
DIFS [}

SIFS [

Data

SIFS

Time Time

- R
<?

All other stations

NAV

Time Time

Station has

a frame to send

Legend

K: Number of attempts
Tg: Backoff time

IFS: Interframe Space
RTS: Request to send
CTS: Clear to send

Channel free? B

[false] ?Itlue]

Carrier sense

Contention
window

(hoose a random number

R between 0 and 2% — |
and use the Rth slot

Wait Ty
seconds

[true]

K < limit 2 B L

Send RTS

.- CTS received
before time-out?
Wait IFS
Send
the frame

( Set a timer |

[false]

Transmission

ACK received
before time-out?

[true]

Success

4.2.6. CSMA /CA : 37}A] A=k

1. Interframe space

=
=1

IFS7} ZUH station<

o
22 A9

71

Interframe Space(IFS)E channelo] idle AEfY of HEZ ZH4
2 stationof]A] A4S AJZFHL £~ 9lo] 7]’:]"3171_

contention windowo]] TFaf M4 /(]XHS;}

2} station H2 [FSE cf27] EA] priorityE Hojg %

CSMA/CAC= oot &2 S7FX] ek (7] )& AFg-oFe] collisions o] gF.

ol

—
AlZHe.

o £l

A
o] o
A

AslAE IFS7} &

A7}

AL kel

79,

O H priority”}




RTSE Huj7] A 222 S3sH= [FSE Distribute IFS(DIFS)2L1 511, 7 o]& FHA] S3sH= IFS
= Short IFS(SIFS)2F1l

L

2. Contention Window
Contention Windows= o 2] 7]9] sloto 2 LFHolR A7F 7FH 9.

stations IFSE Z]thel F, B sloto] 0kg 7]ohel 5 dE5 AJ3HgE o] slotf] = X~ Hi7]
Z2F(Binary Expoential Backoff Strategy)oj] wel 2. slotof] 7fof tfer A2 (CWmin. 9] 7
glo Al 0)9F 2] (CWmaz. £]2] T A28 —1)E & e F12, CWmind} CWmaz AFo]ojl 4]
RRSIE 25 o} Fof o 5 UF slotS A|THE. %, W Wl RHSIZ HaH slote] +2F
Z1oHEe7F 2RI g=o] busyol H, F2FY0] BILIE = vl 2 &2 ¢ 7]cfe]A] E.

oJoj] station©] 7l slotTF-E-S 7]cte o channelo] busy-S detectionPTFH, sloto] TffsF o 7] A]
748 ZHH= timer FA] BE. channelo] ThA] idle g FITITFE TR timerE hA] AGAI7]
=, 28] 7]pe stationsS TRA] 18k Z]opd HQ7F glo] Hlw A 24202 [HEs1A H.

Size:

Found i :
binary exponential

idle

Continuously sense

N

Biisy Contention window Time

IFS

3. Acknowledge
CSMA/CAJAl= RTS, CTS, ackE A|o](control) frame© 2 2r-g35lo] Hjo]El& Z&¢l

RTS(request to send )= EXIXP7F LR o] Bl E HE0l e B=X]& &0l = frameo] 1L, CTS(cle
to send)i= TR} SR A g0 Bl & HAEof e Hofl §Hol= framedl.

RTSO= a5 $410] channel& #5foF SHe A7 YBE Beohn Q. RISE HLIE O
stationg~=> Network Allocation Vector(NAV)2F1l SF= timerE A]&}slo] RTSO 2 ¢l AJZHFg of 7]
oF 7], channelo]] FH& Al=g).

RTS®} CTSE F1HroF = stationo] 9AEE= IF4-S Handshakingo]2l1l g}, handshaking 2} of A
errortf 24, collisiono] BHAISF 21 0 22 mHElslH £ RIRFE= back-off timeB2Hg 7] cFHcl7F RTSE T} A]
d&%

RTS9} CTSo] AL Hidden-Station problem=2 dJAEl o]= station a, b, c7F ZAJEF o, aofA] b
2 g9t glo]E7F bolli= L ER]GE cofli= AGE ] gFof, collA & bof H]o]E][E {E5}9] collisono]
RAISE = Q= 94k RTS/CTSE A8 RTS7F o2 o] stationo]] HYE 2] grjat: CTSE
FRIZFOF HAE] BE stationof] B2 4~ Q1.0 2 2 hidden-station problemoj] TFE collisiono] BFAISEX]
2.

HHH | hidden-station problemI} S-AFeH ZA] 91 Exposed Station Problem-2 sj-4dE]x] £} o] station
a, b, ¢, d7F EX of, a2l b AFo]of] Bol= FRloj oJof be] FFA ofefof U= 7 be] FFH
ol Sl ds} SI513] EoHe BA9L.

72

S




Ccansend to D
because this area is
free, but C erroneously
refrains from sending
because of received RTS.

If C sends, the
collision would be

' Y in this area v \
Time Time Time Time
4.3. Controlled-access Protocols
4.3.1. Controlled-access
Controlled-accessi= Z}F station©] 4F2]sFe] o] H stationo] 241 FHael HOIX|E AA5F= Hl4]e). =,
Z} station2 CFE stations oA &7} authorize)Br7] Fol= A4 & HS.
controlled-access protocol Z+= reservation, polling, token passing©] Q-5

4.3.2. Reservation

Reservations 2} stationo] &o] tjgt djeks gt F Hlo]EE HEol= 4] 2] protocoldl.

reservation2 AJ7FS intervalo]2l= FZFO 2 X 11, ZF intervalofli= Reservation Frameo] £ X[}
reservation frame2 ZF stationof] ol HE Minislot 0 2 L}H oA QL.

frameS HE3FHE stationS reservation frameofJA] 2212 minisloto] F-S 004 12 x| s}o] of
oFgh. o) oG intervaloe oS g stationo] frameSo] ST H4H.

G ASHAI L minislotL stationQ] 78 Zxjar.

Direction of packet movement

54321

Data
station 1 oj0j0foit

Data
station 4

Data
station 3

Data
station 1

Reservation

b

{

frame

4.3.3. Polling

1. Polling
Polling& s} primary stationZ} L X secondary station®] EX5l= topologyoll A, primary sta-
tiono] X O 2 channel-S EX|5}= BF2] 2] protocold.

HE HJoJE £ primary station@} o] 20X (G primary stations A H.), ©]H secondary

station©] channelS AFESLo] primary station© 2 254182 = primary stationo] A7 gk

GASHAI = primary station©] TRE[H channel HA7] BlEo] H.

2. 55 7

1) primary stationof|A] secondary station© 2 HEsl= F-$

primary statino> SEL(select) frames A<l ackE 2. o]F HJoJE & {45l ackE 22

2) secondary stationofJA] primary station© 2 FE5lE= -2

primary stationS ZI secondary stationoj] Poll frame2 H Y] L fjoJe[7F QE=XE gFolgk ZF
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stationS FA4g A QI oH fgjoJE]E, OB NAK frameS EY. primary stationL HJo]E[E HIQEO
H qckE HY,

B

A

Select

4.3.4. Token Passing

Token Passing 7 station®] =24 02 ring®] FHj& 7}2]3L, tokeng g ring®] el B
Herspe] Ashe Holale Y419 protocol?]

Z} station2 tokens WES mf &gk flo]E|7F QIO channel:S ;SLrorol'o"] HEotkal, dEe glo]
EI7F 10 ringQ] Tl stationo 7] tokens Y. =, tokeno] £-77F & channel -7 ;3 Fo 1,
channel:s 75} H tokeno] & w7}z 7] ‘:rl'?i’ OF 22

oJuff o]Fof tokensS 7IX| 1 UE stations FYXF(predecessor), Hof tokensS S stations =Y}
(successor)2Fl &F.

FASHAE token £ET Ui A7hl ATE AL, S0l nhe} tokend HoJdhs oz
o] 753

¢—&
- ¢

a. Physical ring b. Dual ring ¢. Bus ring d. Star ring

A

4.4. Channelization Protocols

4.4.1. Channelization

S Channelization )= linkQ] 71§ bandwidth& &-§3F A7}, frequency, F &3} (code) 52
ohs §d& ofc 34l S 2k

channelization© 2= FDMA, TDMA, CDMAZ} Q2.

4.4.2. FDMA

Frequency-Division Multiple Access(FDMA )= link2] 71§ bandwidth& frequency band T2 L=
2, ZF station-2 GGEEE frequency bandE channel 2 Z-§3d}0f fgjo]E]E &= B9 protocol Q.

FDMA= FDM3} 445 9412 AF§ 53], 91EIb] 3271 o 2§27 7o) oFH. FDMAE data-

link layer2] protocolo]il, FDM-S physical layerJ protocol®]. FDM& MUXE AFg3dFe] o 2] signal

—E——E— W 2ol &] g1 slufo] B X6 2 HLsl=r]of Hlsl, FDMAXE Z} station©] physical layerS
&l ZFrloA ehgE bandwzdthOﬂ =i ti]O]EfE B R 5fo] 245}
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Data Data

Station 1 \% B . \@%Smnnnl
| ]

Common
channel

\% Station 4
. &

f
Station 3 \% B e
& [
t

Silent Data

4.4.3. TDMA

Time-Division Multiple Access(TDMA )& X 7Fe] ZHE o A] bandwidthE -gF= 419 protocol?:].
TDMAOJ A= AIZHS slot 02 =11, Z} stationsS XA egEl sloto]] o] E]E F&et.

TDMA= TDM¥} AFSE BRAIS ARESE|t, QdslA] HE o] &5 & dek o] old. TDMA+
data-link layer2] protocolO]J_, TDM—— physical layer2] protocol%. TDMOi]/V,’: 2 channel2H2E]

gjo]El& Ko} Hb‘]’ channelz2 F45F=0|of HI5), TDMAoJAl= ZF station©] physical layerZFE]
SEL. (lotS Thas ALL3F

= i

Data Data

;
Station 1 \% I \% Station 2

Common
channel

|/ I
Station 3 \Cé \(é Station 4
N eee T
N

Silent Data

4.4.4. CDMA

1. CDMA
Code-Division Multiple Access(CDMA)= Z} station©] chipo]2l= code(bitE)E Al-g35le] sl
channel2 FA]of] F48F= HFA] 9] protocol Y.

2. Chip
Chip& Z} stationo]] eg== A2 TFE code]. o]mff chipE-2 oo 2SS vF=Egl

1) station9] 7§4=7F NoJH chipQ] Zo]&E NY].

2) chip2 —,L—H“}(H”E“])OE Hg=r (2zef &, 9 9 dAito] 7hsek), S A E A (inner
product)0] &g}l of 7] 4] Y& dot producty.

3) chipE-2 A2 orthogonal(Z] )%}

CDMAOJA] chip2] sequences= station9] 7|4=9FF9] & /H-S 7IX&= Walsh tableS AAJslo] I
/‘cﬁ/fj?f walsh tableQ] Z} 3 T = Fo| ZF station9] chip 02 A-EE. walsh table2 ofgfoF Zro] XA el

A O
9l

Tlo

(0]




Sl el e
1 L +1 -1 +1 -1
Wy = Wy =
Wy Wy 2 4
W[ = [+]] Way = o | +1 +1 -1 -1
v WN R -1 4
a. Two basic rules b. Generation of W, and W,
3. 53 74
2 stationo] A= 12 FEETHE +18 Fro2 541, 02 AEeehe 12 gLoR 511, 4ot ek

ohE 0& ez ofef ek

Z} stationZ XFA19] chipJJ A4=8F Z1-S FHoflA] channelo]] F4¢F. channelof= Z} stationofA] d4=5F
chipx gro] B oFA = QA H.
Z} stationof| Al 5% stationofA] &St gH& 2Felope] H, channelo] EXlok= A ghe] 3 &4IRFE]

chipoll thallA] Y &E& AlxFsfal statzon_J b/ ES=RR R AT = I~

A& 59/, 4709 stationo] EXoFil ZF chipE Cy ~ Cy, {3 OfE?L #s dy ~ dyelal spf 2z}
stationo] A&k chipx gte] gol diCy +d2C2+dSC3+d4C4 o1, FRIRF9] chip ko] CroH, & 9]

A= dy < C1,Cr >¢. o]uf walsh tabledfl= 1 E= -17F & XHO;]'EE, & < Cy.Cy >= dd, 9. =
station9] 7|F2 UE di S SFolsk 4~ QL.
Bit0 Bit 0

1 1

G

( Station 1 Station 2
Sta Station 2 1-1+1-1
[+] +1 ~1ou\% k \%.H +1-1
~ d -« dy ¢y -
] [=0 = =1 =1 [—1+1—1+1|1

Common
channel

Data

[l =1 28 4] ‘

I [0 0 0 0 [+1 -1 ‘H\t
dy-c, Cy
[+1 =1 -1+1]
[+1 +| 1 &% Station 3 Smtinn-l%
I{] I”

Silent Bit 1
Fig o714 9] code= HL 97} ofH 2t bitd2 oJm|et.

CDMA-= o}te] channelfhg -88tth= oA FDMASE th=211, RLE stationo] 7ol X3
Aol4] TDMA®} ot

rO]!
kY
rr

5. Ethernet&wireless LAN

IEEE®] wired LAN protocol(Ethernet) i}, wireless LAN protocol-2 4Fm X 2.

5.1. Ethernet

5.1.1. IEEE project 802

IEEE project 802+ ethernetS E$Fol physical/data-link layer protocol®] Xl EFES AJa-oF
Z2AEY.

IEEE projecto Al data-link layer& LLC(Logical Link Control. DLC2} -8 5= 71 )2 MACC
2 QS LLCE framing, flow/error contorl & HE IEEE LANOJA] T link 5415 X[ ¢5l=
210 MACE 2} LANY| w2} 3 752 +ajshe e
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LLC: Logical link control ~ MAC: Media access control

LLC

Data-link lay
ila-linK layer Ethernet | Token Ring| Token Bus

MAC MAC MAC

Ethernet |Token Ring| Token Bus

Physical layer physical | physical | physical | eee
layer layer layer
(). Transmission media ) ( Transmission media
OSI or TCP/IP Suite IEEE Standard

5.1.2. Ethernet

Ethernet=2 wired networkoj] el physical/data-link layer protocol®].
ethernet-2 data rateo]] uf2l standard/fast/gigabit/10-gigabit ethernet© 2 L}H.
BARE ole protocolSo] ALIXT, cthernet ALIE T} AFEELS.

5.1.3. Standard Ethernet

Standard Ethernet2 7} HEF2 Q] ethernet =2, ofgf|ef ZHE EXZES 713,

1. Connectionless/Unreliable
standard etherneto] A frameS F I EH= ERIL connectionZ]o] QITFALL, reliabled}R] -2
1_

7} frame2 SYH 02 HGHT, SAE YAZ ASHYEAE oI5| oS FUAHE frameo]
Aoz L] G9Lowl o] 8 Bia] BAIGh. statndard cthernctel i o] HYUE 9] layere 7]
7]
aa-

2. Frame Format
standard ethernet] frame foramt2 ofzfjo} ZF2-

1) Preamble : synchronizationS ¢JeF ZE. 010101--- 2 724 =.
2) Start Frame Delimiter(SFD) : frame A2} o] gl delimiter. 010101119].
3) DA/SA : destination®} sourceol gt link-layer address¥.
4) Type : frame©] encapsulationdF packeto] L] layerof Xl ARl protocol FH Q. (ex. IP)
5) Data : 9 layer2F ] B2 packet. packet Zo]of oja} Zo]7} 7PHA] .
6) CRC : CRC9] redundant bit.
Minimum payload length: 46 bytes

Preamble: 56 bits of alternating Is and 0Os Maximum payload length: 1500 bytes
SFD: Start frame delimiter, flag (10101011) i i

S Destination Source 5
w e e Type Data and padding CRE

7 bytes 1 byte 6 bytes 6bytes 2 bytes 4 bytes
| Phvsicallaver Minimum frame length: 512 bits or 64 bytes
NG Maximum frame length: 12,144 bits or 1518 bytes
header =
3. 79
fe) & oJ].o

opefet g-e Fedo] FelHof U
Implementation Medium Medium Length Encoding
10Base5 Thick coax 500 m Manchester
10Base2 Thin coax 185 m Manchester
10Base-T 21UTP 100 m Manchester
10Base-F 2 Fiber 2000 m Manchester

10BasebE 9|2 5H, 102 10MbpsE, Base= baseband(digital )&, 5= 500ms= oJn|gl. 2} o] &

7




ololE 7k 11 IS

4. Bridged to Switched

Z7] ethernetL bridgeS AF§-519] networkE Lo 2 WL, bridgeS AF§51H 5] BE station
S olLt9 link=2 HZSF= AHCH o 211 collisionS £ 4 Q<.

o] Fofli= switch-E AFE-510] bridgecf A # 7O network 2 Upir= A& HolAA], o B& 72
o] 2.

Dom ain

2200 ¢ 29000 S

a. Without bridging

Domain Domain

Domain . o Domain
b. With bridging

Switch

A -
Domain

Domain

5.1.4. 7|€} ethernetS

1B ethernetSo] st 7E-L of e} 2.
1. Fast Ethernet

U
1
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W

JYYTYIITY

100Base-TX 100Base-FX
4% 25 Mbps 4 x 25 Mbps 4 x 25 Mbps 4 %25 Mbps
IR RN WYY b b Thpgp
| 4B/5B encoder I [ 4B/5B decoder | | 4B/5B encoder l | 4B/5B decoder |
125Mbps 125 Mbps 125 Mbps 125 Mbps
MLT-3 sncoder MLT-3 liecoder NRZ-I vmcmler NRZ-I :lecnder
Station ‘ 1 Station ‘ 1
Two UTP category 5 Two fibers CATSE
C =—eum
100Base-T4
100 Mbps 100 Mbps CAT6
8B/6T encoder 8B/6T decoder
CAT6A
0 ===
| (L f
Station \l r——""
4 category 3 UTP
Implementation Medium Medium Length Wires Encoding
100Base-TX UTP or STP 100 m 2 4B5B + MLT-3
100Base-FX Fiber 185 m 2 4B5B + NRZ-1
100Base-T4 UTP 100 m 4 Two 8B/6T
2. Gigabit Ethernet
1000Base-SX, 1000Base-LX, and 1000Base-CX 1000Base-T
8 x 125 Mbps 8 x 125 Mbps 8 x 125 Mbps 8 x 125 Mbps

IXB/lOB block encoderl ‘SBIIOB Plock decoderl

T A TYYIIIY)

1.25 Gbps

NRZ line encoder
W

1.25 Gbps

NRZ line decoder |
A

Station ‘ 1

4D-PAMS encoder

3. 10-Gigabit Ethernet

Station
Two fibers or two STPs 4 UTP cables
Implementation Medium Medium Length Wires Encoding
1000Base-SX Fiber S-W 550 m 2 8B/10B + NRZ
1000Base-LX Fiber L-W 5000 m 2 8B/10B + NRZ
1000Base-CX STP 25m 2 8B/10B + NRZ
1000Base-T4 UTP 100 m 4 4D-PAMS5
Sl 10-gigabit ethernet:2 F--F29F F2do] 7l5gF
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Implementation Medium Medium Length |  Number of wires Encoding
10GBase-SR Fiber 850 nm 300 m 2 64B66B
10GBase-LR Fiber 1310 nm 10 Km 2 64B66B
10GBase-EW Fiber 1350 nm 40 Km 2 SONET
10GBase-X4 Fiber 1310 nm | 300 m to 10 Km 2 8B10B

5.2. wireless LAN

5.2.1. wireless LAN

wireless LANO] Z7[2]= E7%J-.2 ofgflof ZF

%

1. Architecture

wireless LANL wired LAN, wireless LAN, infrastructure network 5 routerZd-2 ZHH]E Agsl=
networkEy} AEE + U=

2. Access Control

wireless LANOJA] Z}3F £ QoF 118 Alg) & O;]"/]L—:f access control®]. =, 7] 59] 32 medium=
A& eE F110A] 2} stationo] o @A 4-Fg ZQIXE 7 O]5oF oF.

4 BAGNE D2 stationo] Fe signal 14 EF0] A7k Bol §A5o] =2 Aol
= 7 oiz] 277} Fol= A =, xR szgnalL]- ZFR19] siganlo]] CFE signalo] 4191 signalo]
ojulet Aol & Holz| gFe 4 QIS A P FLIoA= signalf] ELITF 41& FAlO] 5]
of .

Aglof] orE2 oy x] 94 =90 2 hidden station problemo] ¢S 5 2.

5.2.2. IEEE 802.11

IEEE 802.11-& wireless LANO] tfgF physical/data-link layer protocol®] A A el HFEQ. WIFI 50]
FolH.

1. Architecture

architectrue= basic service setZ} extended service setO 2 Uz 5= 2.
=
E

basic service set-2 stationZ]2] FRI5A L (ad hoc BSS), stationEo] F£712 Access Pomt(AP)Ef_r_
o= =9F stationS HA] %ﬁ@(mfmstmcture BSS). o]t stationES 7= Y& BSSEFL

Ad hoc BSS Infrastructure BSS

extended service set-2 APE E3f oJ2] BSSE distribution system O HZAG} distribution system
A= wired/wireless LANY & 5.
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Server or
gateway

Distribution
system

BSS BSS

2. MAC Sublayer
IEEE 802.119]4]-= MACE DCF2} PCFzF= sublayer2 U0] access methodE 72 gF.

Distributed Coordination Function(DCF )& access methodZ CSMA/CAE Al-§&F.

Point Coordination Function(PCF)& infrastructure network(APZF 3 e BSS)oj A AFSE <
optional access method¥. ad hoc networkof A= AFEEX] @S, AP2Fo] B4l Hido] Zojr]o] Q1.8
Akl Wzt Bl AFEE

3. Frame Format/Type
MAC9] Frame Format-& olefo} Z-2-.

1) Frame Control(FC) : frame ZIF]o)] tjet JEHE G2 ZE. from/to DSE EgFel
2) Duration(D) : NAV 2|7 of et Z<& 717F &

3) Address : to/from DSoj] 2 address 7.

4) Sequence Control(SC) : flow controlof] AFEEE= frameQ] sequence number.

5) Frame Body : frame©o] Gl = f-&.

6) FCS : CRC el B,

2bytes 2bytes 6 bytes 6 bytes 6bytes 2bytes 6 bytes 0to 2312 bytes 4 bytes

FC D | Address I | Address 2 | Address 3 | SC | Address 4 Frame body FCS
Protocol To |From|More | Pwr |More|,,
version Fype SuBipe DS | DS | frag i mgt | data L

2bits  2bits 4 bits I'bit I'bit Ibit 1bit Ibit Ibit Ibit I bit

frame2] type2- ofZoF ZHS. framed 4] typeo] = fieldo] O]a] X G =11, G type WA subtype
= AR E 2517 = gl

1) Management Frame : 41 7] #2]& 2J3F frame.

2) Control Frame : access/ack 5°f Al-EE= frame.

3) Data Frame : {48 datag G2 Y= frame.

4. Addressing

frame formatofl= = 4719] address field7} EXSF=H], FC2] to DS} from DS2O] ko]l 95} Z} address
fieldZ} 7}2F= on]7F galy]. o]af address 1:& Y a5 frame©] L2 device©] 1, address 2= gF3F
N frameS FEel deviceq. field gro] 00]H source/destinations &0Jsl1l, 10]H APE ougf.
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To From Address Address Address Address
DS DS 1 2 3 4

0 0 Destination Source BSSID N/A

0 1 Destination Sending AP Source N/A

1 0 Receiving AP | Source Destination N/A

1 1 Receiving AP | Sending AP Destination Source

1) to DSZ}F 0, from DSZF 091 -
BSS o] 4] source”} destination© 2 FH4¢l

2) to DSZ}F 0, from DS7F 191 Z-¢
APZL distribute system © 22 E] BFS A-S destinationof] F4gF ojuj] APOJA] H<3F sourceQ] ad-
dressg o7 &2

3) to DS7} 1, from DSZF 091 732

source’} APE E3df distribute system O 2 J43F oluj] Gt frameS HEHRS destination?] address
= o dEE

4) to DSZF 1, from DS7F 191 -2

Sl AP} distribute system-=2 E3)] CFE2 AP2 48} o]of gt frameS ALl source2t 5 frame
L AHYHRL destination addressZ o7 4

E

|
BSS 1 BSS T a A
I AP Bss Ak 1 3 | S
@i \% | ’ \%
| k
& 4 < v | A
B 1| A B I A
T | NP N VY | bt s
. Case 3 d. Case 4
5. 7+¢¥
fe) & fe) =] o = o = =
ofefo} Zre Elo] FolElo] Yg. ofu] AlgkE oL {hel/ et/ o2 & fF Hele] Y.
IEEE Technique Band Modulation Rate (Mbps)
802.11 FHSS 2.400-4.835 GHz FSK 1 and 2
DSSS 2.400-4.835 GHz PSK 1 and 2
None Infrared PPM 1 and 2
802.11a OFDM 5.725-5.850 GHz PSK or QAM 6 to 54
802.11b DSSS 2.400-4.835 GHz PSK 5.5and 11
802.11¢g OFDM 2.400-4.835 GHz Different 22 and 54
802.11n OFDM 5.725-5.850 GHz Different 600
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