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MeTa nekuil

e O3HanomMunTuCs 3 NPU3HAYEHHAM | PYHKLIAMU PISUYHOrO
piBHA moaeni OSl

* PO3KpUTU CYTHICTb pyHOAMEHTaNIbHUX (OYHKLIN, LLO
BUKOHYIOTbCA (PISNYHMUM PIBHEM — KOOQYBaHHSA | nepenaya
OAaHUNX

* BUBYUTK OCHOBHI XapaKTepPUCTUKN JiHIl 3B'A3KY
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1. Ponb | oyHKUIT PISUYHOIO
DIBHSA



@Pi3N4YHUU piBEHb

Outbound (Tx) signal

i NN N

Sample electrical signals
transmitted on copper cable

Representative light pulse fiber
signals

Microwave (wireless) signals



@Pi3N4YHUU piBEHb

BusHauae

Cepeposue nepenadi Cxemun nepenasava

Ta KOHEKTopu npunmMmada

[MpenctaBneHHs OITiB
Kagpy Yy cepegoBuLle KogyBaHHs iHdbopmau,il
nepenadi




Pi3N4YHUU piBEHb

Twunn cepenosunla
nepenadi

MigHui kabenb OnTnyHe BOMOKHO besnpoToBa mMepexa

Shielded twisted pair (STP) :

Coaxial Twisted Pair Fiber Optic Wireless



@Pi3N4YHUU piBEHb

Di3nYHNN piBEHDb
cTaHOgapTu3ye

®i3nyHi Ta enekTpUYHI CurHanu, 3a Jonomoroto

BMaCTUBOCTi cepefoBmLLa AhUNnRIE e 2L o= e
nepenadvi 6iTM gaHux Kaapy

MexaHi4Hi BNaCcTUBOCTI
kabeso: po3mip, CurHanu ynpasniHHS
KOHCTPYKLisi, po3natoBaHHS iHpbopmauieto
KOHTaKTIB
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@Pi3N4YHUU piBEHb

PyYHKUIT i3NYHOro piBHS

peani3yloTbCs anapaTtHUM Criocotom

|\ Implemented

in software

} Implemented
in hardware

Standards allow different companies to make cables
and NICs, knowing they will work together.




@Pi3N4YHUU piBEHb

Layer 2 Frame
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KogyBaHHSA € MeToooM
NepeTBOPEHHS NOTOKY OITIB
OaHNX Yy BU3HA4YeHi Koau
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2. KogpyBaHHSA | nepena4vya gaHux



2.1. KoayBaHHA gaHuX



KoayBaHHA gaHuX

« KogyBaHHS BUKOHYETLCS Haf rpynoto BiTiB 3 METOHO
CTBOPEHHSA NepeadavyBaHux KoaiB (predictable
pattern), sSIKi MOXYTb OyTU rapaHTOBaHO pPO3ni3HaHi
npunmadem

« BukopuctaHHsa nepenbadyBaHuX KoAiB Joromarae
BiApPi3HATK OiTK gaHUX BiA OITiB yrnpaBnsar4ymx
CUrHaniB | NOKpaLlye BUABIIEHHA MOMMUIIOK



[‘pynyBaHHSA OITIB

MeTa: nokpalleHHs1 edbeKTUBHOCTI Nepeaadi gaHux Ha BUCOKOI LLIBUAOKOCTI —

rpynyBaHHSA GiTiB 403BONSIE KpaLle BUSBIISATY NOMUIKW.

CyTHICTb rpynyBaHHs
nonsirae B TOMy, LLIO
6iTn Kagpy
npeacTaBnaAlTbLCS
€OMHOI0 pynoto, A0
KOl goaaroTbea BiTu
rpyn, Wwo no3HavarTb
no4vaToK i KiHeUb

dopenmy.

Specific physical
signal pattern
denotes the start of
the frame

(-

Physical signals
representing frame

contents
A

A

Specific signal
pattern denotes the
end of the frame

Random unframed

signals on physical

media due to noise
or interference

A

SRINIINp

H.

1 PHYSICAL LAYER DECODES FRAMED MEDIA SIGNALS INTO BINARY CODE

T10001101000101107 XXXXXXXXXXXXXXXX 1 0001101000101101 XXXXXXX

A

i

A specific bit pattern
denotes the start of
the frame

A

1

Bit pattern
representing frame
contents passed to

Data Link layer

Specific bit pattern
denotes the end of
the frame

Unframed signals not
decoded and not
passed to Data Link
layer




[‘pynyBaHHSA OITIB

Data bits 11111111

Y

Code symbol for data bits 1 0 1 0 1 1 0 0 0 1
v F

Signaling onto media _.I_l__\—|

3 iHWOoro BOKy rpynyBaHHSA BITiIB BUKOPUCTOBYETLCSH A9 3aMiHN OOBIUX
NOCnNiAOBHOCTEWN, WO cknagatTbes 3 ogHuxX 1 ado 0, kogoBuMU KOMOIHALISIMU, B AKUX
110 3miwaHi.

Lle HeobxiaHO AN NOKpaLlEeHHSA CUHXPOHI3aUil MiX nepegaBavyemM U NnpummMmadem, Lo B
CBOI0 Yepry, 3abesneyye nokpalleHHs1 BUSIBIIEHHS MOMMUIIOK i HAAIMHOCTI pO3ni3HaHHS
AaHNX



[Mpuknaa koay

4B/5B Code Symbols
Data Codes Control and Invalid Codes

ecoe | sy

0000 11110 idle 11111

0001 01001 start of stream 11000

0010 10100 | start of stream 10001

0011 10101 end of stream 01101

0100 01010 end of stream 00111

0101 01011 | transmit error 00100

0110 01110 invalid 00000

0111 01111 | invalid 00001

1000 10010 | invalid 00010

1001 10011 | invalid 00011

1010 10110 invalid 00100

1011 10111 invalid 00101

1100 11010 invalid 00110

1101 11011 \ invalid 01000

1110 11100 invalid 10000

1111 11101 | invalid 11001




2.2. [lepepaava paHux



[lepepayvya AgaHuX

[TpucTpol, Wo npauoTb Ha ISUYHOMY PIBHI MatoTb
CTBOPIOBATU ENEKTPUYHI Ta ONTUYHI curHanun abo
curHanu 6e3gpoToBMX Mepex, Sknumm dyae
npeacraBnsaTUCa ABinkosa iHbopmauisi — «1» abo «0»

MeTtopa npeacraBneHHs biTiB CUrHanamMmm Ha3nBaETbLCA
MeToOOoM nepenadi

CTtaHgapTv isM4HOro PiBHSA BU3HAYaloTb TUMK
CUrHanis, L0 BUKOPUCTOBYHOTLCA AN NpeAcTaBleHHs
«1» abo «0». Lle moxe ByTn npocTa 3MiHa piBHSA
EeKTPUYHOro cMrHany (CBiTroBOro iMnynbcy) abo
GinbL ckNnagHi MeToau



LndpoBe koayBaHHSA

MeTogun undgposoro
KoadyBaHHSA

[ToTeHuinHI kogu IMMynbCHI Koan

Ons npencTtasneHHs 1 abo 0 Ans NPEACTaBNEHHA 1abo 0

BUKOPUCTOBYETHCS 3HAYEHHS BUKOPUCTOBYETBCH IMMNYyNbCU

noTeHLiany curHany BU3HA4EHOI NoNAPHOCTI abo
nepenaau noteHujiany — PoHT

MNpuknagu: koan NRZ, NRZ| iMnynbey

[Mpuknagn: 6inonapHUn
IMNYNbCHUI KOA,
MaH4YEeCTEPCbKNN KoA



Koa NRZ

[MoTeHuinHnM Ko 6e3 BepTaHHS
00 Hyns
(Non Return To Zero, NRZ)

- Npu Nepegadi nocnigoBHocCTi “1”
CUrHars He BepTaeTbCA 40 Hyn4d
Ha NPOTA3i TAKTY

+ Volts
MNMepeBaru:
- MPOCTOTa peanisauil
- nobpe BUSABNSE NOMUIKA 0 Volts
Heponik:

- NOTPebye CUMHXPOHI3aLLil
(nig Yac nepenadvi gosrol
nocnigosHocTi 1 ado 0
curHan B niHil He
3MIHIOETLCH)

Signaling Bits for Transmission
Non Return to Zero (NRZ)
T = Bit-Time

A = Amplitude (height of pulses)

-« T >

Bit time
biToBMM iHTepBan — 4ac nepegadi ogHoro OiTy



CuHXpOHIi3auis

CuHXpOHi3auis noTpibHa ansa Toro, Wwob npurumay ToMHO 3HaB, B SIKUIA

MOMEHT Yacy HeoOXxigHO 34MTYyBaTM HOBY iHGOOpMaLito 3 NiHil 3B'A3KY

BapiaHT opranisauii cMHXpoHi3au,il
System A

Pasom 3 gaHmnmu, no

timing A
OKpeMunm gpotam e System C %& System D
nepenaeTbCs TakToBa
NOCNIOOBHICTb OS5 @«9 T
CUHXpPOHi3aLlii System B ~55° timing C timing D

timing B \
TakToBa MOCHigOBHICTb

Heponikn cnocoby:

He npugaTtHUW and nepenadi Ha Benuki BigcTaHi (cepenoBuLLe nepeaadi
HeoaHopigHe)
BUMarae BUKOPUCTaHHSA 4o4aTKOBUX OPOTiB



MaH4YecTepCbKUU KOA

KoA, Lo caMOCUHXPOHI3YETLCA

\"
IMNynbCcHe KoaoyBaHHS !

Y paHomy Ko Ansa npeactaBlieHHS
1 abo 0 BukopuctoByeTbca nepenag Vv
noTeHuiany - PPOHT iMnynbey

1" bit '0' bit
~ . . I bit time l
KOXXHMW TaKT OinuTbCcA Ha 2 YacTuHi, ]
OaHi KoayrTbCsd nepenagamm
noTeHuiany, wo BigbyealTbCs B
cepeaunHi KOXKHOro TakTy ©

1 q— 1 1 ' 0

BukopuctoByeTbcs ana nepenadi gaHux y mepexi Ethernet 10Base-T 3i
LUBUAKICTIO nepeaaBaHHsa 10 M6iTt/c
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3. XapakTepuUCTUKU niHil
3B'A3KY



Cmyra nponyckaHHSA

Cwmyra nponyckaHHs (bandwidth) - kinbkicHe Bupa)keHHA CNPOMOXXHOCTI
KaHany nepegasaTtu iHpopmadito.

[ns uyndposBux KaHasiB - MakcMMarsibHa KinbKiCTb BIT B CeKyHAY.

Bits per second bps 1 bps = fundamental unit of bandwidth
Kilobits per second kbps 1 kbps = 1,000 bps = 103 bps

Megabits per second Mbps 1 Mbps = 1,000,000 bps = 106 bps

Gigabits per second Gbps 1 Gbps = 1,000,000,000 bps = 10"9 bps
Terabits per second Thps 1 Tbps = 1,000,000,000,000 bps = 102 bps

Digital bandwidth measures the amount of information that can flow from one place to another in a

given amount of time.




[lponyckHa 34aTHICTb

End Node

Application

Presentation

Session

Transport

Network

Data Link

Physical

NMponyckHa
34aTHICTb
(Throughput) —
KinbKicTb OIT
iHdbopmaLii, Lwo 6ynu
yCrilHO nepeaaHi 3
ofHoro 6oky
MEPEXEBOIO
3'eQHaHHSA Ha IHLWIN
3a OUHMLIIO Yacy.

End Node

Application

Presentation

Session

Transport

Network

Data Link

Physical

Throughput

time.

Throughput is the measure of the transfer of bits across the media over a given period of




[lponyCKHa 34aTHICTb

3anexiTb Big 6baratbox (pakTopiB, HANPUKNAa4, MeToay KoayBaHHS

Ethernet 10Base-T, UTP CAT3

MaH4yecTepcbku Ko

[MponyckHa 30aTHICTb ~
10 MOiT/c

Fast Ethernet 100Base-T4, UTP CAT3

Kog 8B/6T

[MponyckHa 3a0aTHICTb ~
33 Mbit/c



EdekTnBHaA nponyckHa 34aTHICTb

Data Throughput and Goodput

Goodput
EdekTuBHa End:hiade - End Node
nponyckHa Application < Y > Applcation
3AaTH i CTb Presentation Application - Presentation
(goodput) —
. . Session Session
KiNbKICTb JaHMUX, Do | [ D | [Dwm
Lo Oynu ycniwHo Transport Nework | g Transport
. Head
nepenaHi 3 ogHOro o * —
oKy MepexeBoro — Fame | Nework | gy | Frame m—
' . Y ata Lin ata Lin
3'eQHaHHA Ha IHLWWIN Header | Header Trailer
3a OAMHULIO Yacy. Physical [1Jol1flo]lo]1]1]1]o]o] 1] Physical
Throughput

Data throughput is actual network performance. Goodput is a measure of the transfer
of usable data after protocol overhead traffic has been removed.



CniBBIAHOLUEHHS

100 M6GiTt/c

60 Mo6iT/c
40 Mb6iTt/c

Bandwidth Throughput Goodput



Ctanaaptu Ethernet

Ethernet Media
[ [1oBASET 100BASE-TX |100BASE-FX |1000BASE-CX | 1000BASE-T | 1000BASE-SX
Media EIA/TIA EIA/TIA 50/62.5 m EIA/TIA 50/62.5 micron
Category 3,4, Category 5 multi mode Category 5 (or multimode fiber
5 UTP - four UTP - two pair fiber greater) UTP,
pair four pair
Maximum 100m (328 100m (328 2 km (6562 ft) 25m (82feet) 100 m (328 Up to 550 m
Segment feet) feet) feet) (1,804 ft)
Length depending on
fiber used
Topology Star Star Star Star Star Star
Connector ISO 8877 (RJ- ISO 8877 (RJ- ISO 8877 (RJ-

45) 45) 45)



Refer to the exhibit. Which type of Category 5 cable is used to make an Ethernet connection between Host A and Host B?
| Coax cable

| rollover cable
| crossover cable
| straight-through cable



BnpaBa

14 In most business LANs, which connector is used with twisted-pair networking cable?
' BNC

' RJ-11
RJ-45
Type F

11 Whatis a primary role of the Physical layer in transmitting data on the network?
i create the signals that represent the bits in each frame on to the media

, provide physical addressing to the devices
) determine the path packets take through the network
control data access to the media

6 Which OSl layer is responsible for binary transmission, cable specification, and physical aspects of network communication?
Presentation

Transport
Data Link
Physical



BUCHOBKW

®i3nyHMK piBeHb - HAaHWX4YN piBeHb Moaeni OSI, npusHaveHni
be3nocepeanHbO Ansa nepegadi NOToKy AaHuX.

3AincHIoe nepeaady enekTpuYHX abo ONTUYHKX CUrHanis y kaberb |
BiAMNOBIOHO - NPUIOM i NEPETBOPEHHSA B BiTV AaHKX BiAMOBIAHO
10 METOAiB KOOyBaHHA LMPOBUX CUrHanNIB.

Ha ubomMy piBHI NpaLoTb KOHLEHTPATOPW 1 NOBTOPIOBAYi curHarny.

Di3NYHUIN piBEHb BU3HAYaE enekTpuYHi, npoueaypHi i yHKLioOHanbHi
cneuudikauii Ana cepeaosuLa nepefadi AaHnX, B TOMY Ymchi
KOHEKTOPW, pO3naloBaHHs i NPU3HAYEeHHS KOHTAKTIB, PiBHI Hanpyru,
CUMHXPOHi3aLito 3MiHW Hanpyru, KogyBaHHA curHany.
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