OSI Data Link cnoit. IToxcnoene
LL.C u MAC

IOL. A-P UHXK. AWIbH XbKb
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OCHOBHU MOMEHTH
 OSI Data LInk croii.

* dopmar Ha Kagpure.

 LLC u MAC.

* Komuzus.

* JlocTten go mpexoBara cpeaa (MAC).

* VerpoiicTBa, kouto padotat Ha Data Link
CJIOU.

10/1/2024 JOILL. I-p MHK. AHIbH XBKb



Data Link (KanaineHn) cinou- agpecu

Physical Data Link Network [ Transport ] Upper Layers
Timing and Destination Destlnatlor.l and Destination and | Encoded
. and source source logical —
synchronization . source process | application
bits uelesl L2 JlITA number (ports) | data
addresses addresses o

* C0sT 3a MPEHOC Ha JaHHU (KaHAJTHHUAT CIIOH )
M3I10JI3Ba (DU3UYECKHU aApPECH, 3a JIa
HJICHTA(UILIMpA YCTPOMCTBATA.
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Data Link cioi-npeaHa3Ha4YCHUE

Original Source

Final Destination

NIC ﬁ NIC

- '

L3

H

Web Server

— L2 L3 = L2 L3 T L2
PC1
192.168.1.110 \
— Source P Destination 1P
Destination NIC | Source NIC 192.168.1.110 172.16.1.99
L2 = Layer 2 L2 Header L3 IP Packet
L3 = Layer 3

172.16.1.99

* CH0ST 3a IPEHOC HA JaHHU (KaHAJHUAT CJIOH )
OTroBaps 3a JOCTaBKara Ha Kaabpa ((ppeima) oT
mpekoBaTa kapra Ha n3rtounuka (NI1C) mo
mpesxoBa kapta (NIC) Ha momyuaren B chinms

CCI'MCHT.
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Data Link cion

* CJ104T 32 IPEHOC HA
NaHHU (KaHAJTHUAT

Network

CJI0M) ompeneis

Data Link

LLC Sublayer

MEXAHU3MUTE 3a
JIOCTBII 10

MAC Sublayer

Physical

802.3 Ethernet

IpeHOCHATa cpeaa Ha
MAC moncioi.

802.11 Wi-Fi
802.15 Bluetooth

10/1/2024

* Tou ce cBbp3Ba C
TOPHUTE CIIOEBE C
LLC mmosacioii.

JIOIL. JI-p UHXK. AUJIbH XBKb



Media Access Control (MAC) noxacioi

OtroBaps 3a.

* EHkancynanus Ha JaHHUTE
— Orpannyenue Ha Ppperma
— AJZpecupane

— Kopexkiuug Ha rpemku

 Media Access Control

— KoHTpoJ1 Ha pa3nosaraHe Ha periMa B
IIPEHOCHATA cpeaa

— BB3cTaHOBIBaHE HaA IIPEHOCHATA CPEIA CIE
npeaaBaHe Ha pperm

10/1/2024 JOIL. I-p MHK. AIbH XBKb



Logic Link Control (LLC) moxcaoi

OtroBaps 3a.
* OCBhIECTBIBA BPb3Ka C TOPHUTE CIIOEBE
* nentuduypa ko € MpEKOBHS IIPOTOKOJ

* OcurypsBa HE3aBUCUMOCT OT (DM3UYECKOTO
000OpyaBaHe

Logical Link Control Sublayer

802.3 Media Access Control

g -
Physical E E = = 8, = £ 5
Signali = © = o = = 2 =3
— —
gnaling S = -2 =z92 E£85 £e @9 i
Subl 0 (7] £ - : 0 o : o L
ublayer = (5 -5 S - &N = =) ~ D 8 Q
2 =2 sz gz Sz g2 B§¢ g2
=) n @ =8 a (=8
Bx ey | EE | Ee || %2 55 | &2 ==
© ] ! 0
o8 ~8 WwE dg 8B B s &C
Physical W o g < s Qg gg gg gs il
Medium << < ® 2 85 8 = gi
= =] e = e b= =]
- - = e - E
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Data Link cion

Packet

(Data) Trailer

Header

* KaHaJHUAT cJI0M Onpeaeiisa Kak JaHHUTE OT TOPHUS CJIOMN CE
CHKAIICyJIMpaT BbB (PpeiMOBE 3a IIpeaaBaHe.

 KaHaJHUAT CJIOH ITOJTy4YaBa OT (PU3NYECKUS CI0M OMTOBE,
KOMTO OpraHu3upa B IPYIH - ¢pperiMoBe (Kaapu).

* OperMbT ChIbPKA KAKTO JAHHHU, TaKa U yIIPABJIsBaIlla
UH(pOpMaIIHSL.
* KaHaJHMAT CJI0U IIPOBEPSIBA!

— JlaJy JAHHUTE ca ¢ BepHU (pJIarose;

— JlaJIi UMa IpelIKd BbB (pperima.
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Crangaptu 3a Data Link croii

* Ethernet

» Token Ring

« High level Data Link Control (HDLC)
 Point-to-point protocol (PPP)

* |IEEE 802.11

* PAP

« CHAP

10/1/2024 JOIL. I-p MHK. AIbH XBKb



Ethernet ¢ppeiim

v
_

6B 2B 46-1500B 48B

10/1/2024 JOL. I-p UHX. AWIBbH XbKb 10



Ethernet ¢peitmone

Comparison of 802.3 and Ethernet Frame Structures and Field Size

Field size in

bytes
7 1 6 6 2 46 to 1500 4 -
Preamble Start of Frame Destination Source Length/ 802.2 Header and Frame Check
delimiter Address Address Type Data Sequence

8 6 6 2 46 to 1500 4 <
Preamble Destination Source Type Data Frame
Address Address Check
Sequence

10/1/2024 JOIL. I-p MHK. AIbH XBKb



HDLC ¢peim

Flag Address Control Data FCS Flag

« HDLC (High-level Data Link Control ) e cuaxponeHn OuToBO
OpPUEHTHPAH MPOTOKOJI OT KaHAJICH CJIOH, Ch3/1aJicH Ha 0a3a Ha
SDLC(Synchronous Data Link Control).

* Ocurypssa u connection-oriented, u connectionless ycayrm.

* JlepuHupa cTpykTypara Ha (peiiMa Ha KaHAJIHUS CIIOM.

* Ocurypssa flow control, error control u n3mon3sa
acknowledgments.

« Mzmonspa flag, 3a na Mmapkupa HagaaoTo M Kpasg Ha (peiima.

10/1/2024 JOILL. I-p MHK. AHIbH XBKb 12



PPP dperim

1| 1
Address I Control

1

Field length, in b}r‘tes‘

2 “Wariable 2 or 4
Data FCS

Flag Protocol

* Flag — noka3Ba HayanoTo win Kpas Ha ¢peiima u ce ceeTon ot 01111110.
AKo ciesT TOBa TaHHHUTE ChIBPIKAT CHITUS MOJICI, 3a Jia Ce 3aIa3u
WHTETpUTETA UM, c€ BMBbKBa 0 cien Bceku S5 ‘1° OuTa, a morydaresisT I'u Maxa.

« Address — cecTom ce ot cranmapren broadcast anpec,korito ¢ 11111111, (He
Ce IIPHCBOSIBA MHANBHIyaJICH aJIpec.)

« Control — 1 byte ce cweron or 00000011, xoeTo Ka3Ba Ha IOTPEOHTEINS, Ue CE
npeIaBar HermoaApeaAcH! (hperiMoBe.

* Protocol — 2 bytes, kouTo naeHTHPHUITUPAT KO IIPOTOKOJ € CHKAIICYIUPaH B
data mosnerTo.

« Data— >=0 bytes, konto cbabpKar IMaKeTa 3a ykazaHus IpoTokoil. Kpas e
3aTBapsi duiar u chabpika 2 bytes 3a FCS. Makcumannara apJpKkrHA Ha data
e 1,500 bytes.

 FCS - 2 bytes xonTpoiHa cyma.

10/1/2024 JOILL. I-p MHK. AHIbH XBKb 13



802.11 dpperim

Preamble PLCF Header

Octets

10 2 (12 bits) (4 bits) 2

Synch [ SFD PLW PSF |HEC MAC Header and Data CRC
\Octets X
L2 2 B B B 2 6 0- 2312 4
| 1
Frame |Duration| Address | Address | Address |Sequence | Address
Cortrol & ID 1 2 3 Control | 4 Frame Body  |CRC
! Tt BT ; :
\ Bits
2 2 4 1 1 1 1 1 1 1 1

To From | More Power | More
Ver. | Type | Subtype DS DS Frag Retry Mgmt | Data WEP | Order

101010...10

SFD -Start Frame Delimiter - 16 bits- 0000 1100 1011 1101

JIOLL. JI-p UHX. AWJIbH XBKb
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Meton 3a 1oCThI OO Cpeaara

* MeToabT 3a JOCTBII A0 IMIPEHOCHATA Cpeaa ONpeaeIs
Ha4YMHAa, 110 KOMTO HAKOJKO YCTPOMCTBA IOJI3BaT 00IIa
IIPEHOCHA Cpefia, 3a Aa MpeaaBaT/mprueMar pe3 Hesl.

* Jlensr ce Ha:

— Channel based — 6a3upan Ha kaHAIN- TOCTHITBT CE PCATH3HUPA
C MYJITHIUICKCHPAHE, KOCTO TO3BOJISIBA HIKOJIKO ITOTOIN JaHHM /
CUTHAJIM Jia CIIOJENAT €Ha U Chlla (pU3NIECKa cpejia 3a
npeHoc. To ce ocurypsiBa oT (PpM3UYECKHUS CIIOM.

— Packet based — 6a3upan Ha makeTu- JOCTHIBT CHIIO CE
OCHOBaBa Ha IIPOTOKOJI 32 MHOXKECTBEH JIOCTHII U KOHTPOJICH
MEXaHU3bM- KOHTpoJ Ha goctbna 1o cpeaara (MAC). Toii ce
ocurypsasa or MAC noxacmos na Datalink cimost ma mogena OSI.

10/1/2024 JOILL. I-p MHK. AHIbH XBKb
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MeToa 3a 1oCThI
110 cpenara

Channel based

Packet based

Duplex methods
10/1/2024

MeTou 3a 1OCTBhII

Yecrora(F), Bpeme(T), xon | KoHKpeTHH peanu3anuu
(C), monspuzarus(P),
[Tync (P)

FDMA OFDMA, WDMA, SC-FDMA

TDMA MF-TDMA, STDMA

CDMA W-CDMA, TD-CDMA, TD-SCDMA, DS-
CDMA, FH-CDMA, MC-CDMA

SDMA HC-SDMA

PDMA

PAMA

Collision recovery ALOHA, Slotted ALOHA, R-ALOHA ,AX.25

MACA, MACAW, CSMA, CSMA/CD,
CSMAJ/CA, DCF, PCF, HCF, CSMA/CARP

Collision free Token ring, Token bus, MS-ALOHA

Delay & disruption ~ MANET, VANET, DTN, Dynamic Source
tolerant Routing

TDD, FDD

Collision avoidance

JIOLL. JI-p UHX. AWJIbH XBKb
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JloCTBII 10 MpeHOCHAaTa cpea

* JlerepMuHUpPaAH JOCTHII

— PazniensiHe Ha KaHaya 3a MPEHOC Ha MOJAKaHAIM (110
4ECTOTA U 110 BPEME) 3a BCSIKO YCTPOMCTBO - HE CE
I0JI3BA B JIOKAJIHA MPEXH, T.K. CE€ TTOJTy4yaBa MHOTO
HHACBHK KOC(HUIIMECHT Ha N3MOJI3BAHE Ha
IpOITyCKaTeJIHaTa CIIOCOOHOCT Ha cpeaara

— Token passing — manHuTe ce “3akadar’’ 3a mpeaaBaHe
caMo 3a cBoOoxcH token (>=1)

* HemerepMuHupaH qJOCTHII
— CSMA/CD - 3a xabelHN pelIeHus
— CSMA/CA — 3a 6e3:KUYHH MPEKH

10/1/2024 JOILL. I-p MHK. AHIbH XBKb 17



JleTepMuHUpad JOCTHO - TOKen

TNoiine token. Uma
3aKa4eHo ChOOIeHHe
KBbM Hero, KoeTo e 3a
MeH. O0padoTBam
CHOOIIIEHHETO U
npexaBaMm npasen token
HaraTbK. Ilociae yakam.

Hsamawm token. He
¢ MOsI pell 1
YaKaM.

Hsamawm token. He
€ MOs pel !
JaKaM.

Token Ring
Network

Hsamawm token. He
€ MOs pef !
yaKaM.

10/1/2024 JO1L. 1-p WHXK. AIBH XBKb 18



JleTepMuHUpad JOCTHO - TOKen
passing

Hsamawm token. He
¢ MOsI pell 1
YaKaM.

Hoiine token, Ho nma
3aKa4Y€HO ChOOIIeHUEe
KbM HEro, KOeTo He € 3a
MeH. He ro oopadorBam,
npeaaBaM ro HaTaTbK M

yakKaM.

Hsamawm token. He
€ MOs pel !
JaKaM.

Token Ring
Network

Hsamawm token. He
€ MOs pef !
yaKaM.

10/1/2024 JO1L. 1-p WHXK. AIBH XBKb 19



JleTepMuHUpad JOCTHO - TOKen
passing

Hsamawm token. He
¢ MOsI pell 1
YaKaM.

Hoiige mpa3zen token.
MosT pen 1a npeaaBam
e. 3akauaM cH
CbOOIIEHNETO KbM
token-a u ro mpexaBam

HATATBbK.

Hsamawm token. He
€ MOs pel !
JaKaM.

Token Ring
Network

Hsamawm token. He
€ MOs pef !
yaKaM.

10/1/2024 JO1L. 1-p WHXK. AIBH XBKb 20



Half-Duplex /Full-Duplex

Receive ]

D A
|HH Send ]

Hub —_—

—— -y

Switch

Receive ]

Server Hub

» Half-Duplex - camo egHO ycTpoiicTBO MOXKE Ja
IpejiaBa B CIIOACICHAaTa IMPEHOCHA cpeia

* Full-Duplex — emHOBpEeMEHHO ce ImpueMa u
npenaBa, T.K. UMa (DM3UYECKHU OTACIHU Ka0ean/

KaHaJIN

10/1/2024 JOIL. I-p MHK. AIbH XBKb 21



Kommzun

B CIIOACJICHA CPCaa dKO XOCTOBC IIPCAABAT I10
CIHO U ChIIO BPCMC, CC I110JIYH4AaBAT KOJIU3HUMH.

* Ilonenena cpena:
— Bb3ayx
— KoakcuaneH kaoen

— KoH1ieHTparop u kabeiu OT THII “yCyKaHa JBOMKaA™

10/1/2024 JOIL. I-p MHK. AIbH XBKb 22



KoJan3noHHn 1OMENHU

 Konmznonen noMeiH- 001acT, KbJIETO CE
CJIy4YBaT KOJIU3HUM.

* JloOaBsgHETO HA MOBEYE KOHLICHTPATOPH U
XOCTOBE BOAM JI0 pa3pacTBaHE HA
KOJIN3UOHHMS JOMEUH, MOBEUE TpapuK 1
[IOBEYE KOJIM3HH.

10/1/2024 JOIL. I-p MHK. AIbH XBKb
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CSMA/CD

» Carrier Sense: “Cnyma” gaiy uMa CUTHAII 110
KaOea

* Multiple Access: XocToBeTe oACIIAT €1HA U
ChIlla IPEHOCHA cpena (€auH Kadell, Bb3yX) U
BCUYKH UMAT JOCTHII 0 Hes

 Collision Detection: OTkpuBa u yIpasisBa
KOJIM3UATA, KOTaToO CE CIYUH

* Oo0cayxBaneto ¢: FIFO -, ,mbpBu nnpucTuryaani,
IIbPBHU OOCITYkKEH "

10/1/2024 JOILL. I-p MHK. AHIbH XBKb 24
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“Chnyma”

HUmMa Jau curgaJj mo
KaoeJa?

JIOIL. JI-p UHXK. AUJIbH XBKb
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Yaka ako nMa cur”al

Ille moyakamM J0KaTo 110
ka0eJjia He ce “yyBa ”

CI/IrHaﬂooo \

10/1/2024 JOIL. I-p MHK. AIbH XBKb 26



10/1/2024

“Chnyma”

HUmMa Jau curgaJj o

JIOIL. JI-p UHXK. AUJIbH XBKb
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I Ipamia manHm

YyaecHo. A3 e
MmoJiI3BaM KaodeJsa u 1e
paTsi MOMTE CUTHAJIN.

/

10/1/2024 JOILL. I-p MHK. AHIbH XBKb 28
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“Cnyma” 3a KOJIM31UM. HIMa

Hama xoaun3umn.
Bcuuko e Hapen.

MoeTo choOIIeHHE €
U3MPATEHO.

JIOLL. JI-p UHX. AWJIbH XBKb
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“Cnyma’” 3a KOJIM3HUH. UMa

A! Uma xkoaun3us.
TpsaoOBa na cpa
NMpPAIIAHEeTO HA CUTHAJIM.
Cb0o01eHneTro Mmu ce

3aryou. Uznpamam
< J

10/1/2024 JOILL. I-p MHK. AHIbH XBKb



[Tak “cnyma”

YakaMm ciydyaeH nepuon
or Bpeme. IIpoBepsiBam-

U3npamam
HOOIIEHNETO OTHOBY

10/1/2024

JIOIL. JI-p UHXK. AUJIbH XBKb

HAMA CUTHAJI B MOMCHTA.
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CSMA/CD

Koau3us ce ciiyuBa KOrato Xxocra u3nparu
CHUTHAJI 10 Ka0ejia B MOMEHT, B KOUTO HIKOHU
ApYyT U3MOpaiia, Ho U3NpallaliysiT Ollle He 3Hae
3a TOBA.

3abaBsHe (Latency) e BpemeTo, 3a KOCTO
CUTHAJIBT IbTYBA MpE3 cpeaara. KoskoTo 1o-
OBIBT € KA0EIBHT U MMOBEYE MPEIKOBU
YCTPOUCTBA UMA, TOJIKOBA MO-TOJIsIMA €
Latency.

Huxkon He

JIOIL. JI-p UHXK. AUJIbH XBKb
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CSMA/CD

AKO XOCTBHT OTKpHE KOJIM3HUS JOKATO MU3Ipalia
nspBuTe 64 DItS oT Ppeiima, cmmpa u ro
penparia Imo-KbCHO.

AKo xocThT m3npartu 64 DItS u gak ciren ToBa
OTKpHE KOJIU3UATA, BEUC € TBHPJIC KbCHO H
HsIMa Jia Ipenparu gpperma.

3aKbCHEHHUETO TPsIOBA Ja ObJI€ JOCTATHYHO

MaJIKO, 34 1d CC OTKPHUBAT KOJIN3NHUTC HABPCMC.

ToBa orpannyaBa IbJIKMHATa Ha KaOeja u
Oposi Ha MPEKOBHUTE YCTPOMCTBA.

JIOIL. JI-p UHXK. AUJIbH XBKb
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IIST00)%050%000%0%

 Latency (propagation delay): spemero, 3a
KOCTO CUI'HAJIBT IIPCMHUHABA OT U3IIpalda4da 10
NJCCTHUHAILIUATA.

* Bit time: BpeMeTo, 32 KOETO YCTPOICTBOTO
npama 1 bit mo kabena. (Mm 3a xoeto
I1OJIY4aBaIOTO YCTPOUCTBO I'O IPOYUTA OT
Kabea.)

 Slot time: BpemeTo, 32 KOCTO CHTHAJIA OTHUBA
0 Hau-JaJeyHUsA Kpau Ha MpeXXara u ce
BpbIlla 0OpaTHO.

10/1/2024 JOILL. I-p MHK. AHIbH XBKb 34
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Interframe spacing

ToBa € BpemMeTo MeXay Kpas Ha €IUH (PpeiM U
HA4YaJI0TO Ha CJICABAIIMS TO.

JlaBa 11aHC HA MPEHOCHATa CPejia Jia ce
CTaOMI3HpA.

JlaBa Bpeme Ha yCTPOMCTBOTO a2 00padboTH
(dperma.

YcrpolicTBara yakaT MUHEMYM 96 DIt times
cien KaTo (ppeliMa NpUCTUTHE Opeau aa
IpaTAT NaK QperM.

9.6 microseconds ipu 10 Mbps Ethernet
0.96 microseconds mpu 100 Mbps Ethernet

JIOIL. JI-p UHXK. AUJIbH XBKb
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Pazamanum bandwidths
* IIpomsua ot 10 Mbps ma 100 Mbps

* M3npamava pasnonara outopete B kadeaa 10
I'bTU MO-0BbP30, HO TE€ OIIIE ITbTYBAT ChC
chIllaTa CKOPOCT IO JIbJPKMHATA Ha Kalea.

* Konmsudara ce OTKpHBA 110 ChIHA HAYWH KaTO
IIPEIN.
g S e IR ey N ey N

i

10/1/2024 JOILL. I-p MHK. AHIbH XBKb
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CSMA/CA

« Carrier Sense: “Cnyma” gany uMa CUTHAI B
IpeHOCHAaTa cpeaa (1o Bb3ayxa)

* Multiple Access: XocToBeTe oACIIAT €1HA U
ChIlla IPEHOCHA cpeia (Bb3AyX) U BCUYKHU
MMaT JOCTBH 0 Hes

 Collision Avoidance: Ako ce yyBa CUTHAII,
yaka CIIy4armHO BpEMeE, IPEar OTHOBO 1A
CJyIlla 3a CBOOOJICH KaHaJ 32 KOMYHMKAaIHSL.

* Oo0cayxsBaneto ¢: FIFO -, ,mbepBu nnpucturaanin,
IBPBU OOCITYKEH
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CSMA/CA

VKOHW HE MpeaB
HO HsIMaM
IIO3BOJICHUE OT
TOYKaTa 3a JOCTBHII.
He mora na
[IpeaaBaM.

VKO HE TIPEIana,
HO HAMaM
MMO3BOJICHUE OT
TOYKaTa 3a JOCTBHII.

He mora na
[peaaBam.

L

Huxou He nnpegasa.

IHosy4ux or
TOYKATA 32 JOCTHII
IO3BOJICHHUE /1
npeaaBam.

Huxou He npeaasa.
Ipamam
MO3BOJICHHE /1A Ce
npejaana.

10/1/2024 JO1L. 1-p WHXK. AIBH XBKb




CSMA/CA

Hsxou npenasa
cpoomeHue. To He e
3a MeH. He mora na
IpeaaBaM.

Hsaxkou npexasa
cpo0menue. To e 3a
MeH. [losryyaBam ro
U 1o o0padoTBam.

=

=

A

10/1/2024 JO1L. 1-p WHXK. AIBH XBKb 39

Cpenara oOemé
cBOOOIHA.
Hoayuux ot AII
CMI'HAJI, Ye MOra
aa npeaaBam. A3
3amo4YBam aa
npeaaBaMm.




Hsxou npenasa
cpoOmenue. To He e
3a MeH. He mora na
IIpe1aBaM.

IIpoBepux, ue
MAKETHT € MPHET.
KonTpoanara
MOCJICIOBATETHOCT €
NpaBUJIHA.
HMs3npamam curaasa
HA U3mpanaya, ye

FAKECTDHT € 10CTaABCH?

10/1/2024

CSMA/CA

JOL. 1-p UHXK. ATbH XbKb

Hsxou npenasa
cpoomeHue. To He e
3a MeH. He mora na
IpeaaBaM.

40



CSMA/CA

VKO HE TIPEIana,
HO HAMaM
MMO3BOJICHUE OT
TOYKaTa 3a JOCTBHII.

He mora na
[peaaBam.

=

A

JOL. 1-p UHXK. ATbH XbKb

VKOHW HE MpeaB
HO HsIMaM
IIO3BOJICHUE OT
TOYKaTa 3a JOCTBHII.
He mora na
[IpeaaBaM.

L

npeaaBax:
IMosyunx
MOTBBbPKIABAI
MaKeT 0T TOYKAaTa
3a J0CThII, Ye
CHOOIIIEHNETO €
nocraBeHo. Mora
aa uzuMctsa oygepa
CH.

41



CSMA/CA

Hsxou npenasa
cpoomeHue. To He e
3a MeH. He mora na
IpeaaBaM.

Hsxou npenasa
choOiieHue. To e 3a
MeH. [lonyyaBam ro u
ro o0padboTBam.

LT

aKax, HO He MOJIYy4R
NMOTBBbPKAABAI MMAKET
OT TOYKATA 324 JOCTbII,
ye ChbOOIIEHHUETO €
nocraBeHo. I1a3sa ro B
Oydepa cu. TpsioBa 1a
H349aKaM IMO3BOJIEHHE
OT TOYKATA 32 J0CThII
A T0 MpeiaBaM
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CSMA/CA

VKOHW HE MpeaB
HO HsIMaM
IIO3BOJICHUE OT
TOYKaTa 3a JOCTBHII.
He mora na
[IpeaaBaM.

VKO HE TIPEIana,
HO HAMaM
IMO3BOJICHUE OT
TOYKaTa 3a JOCTBHII.

He mora na
[peaaBam.

Huxou He npeagasa.
Hoay4ux ot
TOYKATAa 3a JO0CThII

Hukoi1 He mpenasa. MO3BOJICHHE /1A

Ipamam npexasam. Llle
I03BOJICHHE /1A Cce u3npars

npeaasa. CHOOIICHUETO

OTHOBO.
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Meton 3a moctsi - | DMA

« Time division multiple access (TDMA) — meTox 3a 1OCTBI Ha HAKOJIKO
HOTp€6I/IT€JII/I A0 CIIOACJICHA IIPCHOCHA CPCaa YpEC3 PasaAcC/IsIHC Ha CUT'HAJIA B
pa3IndYHu BPEMEBU NHTEPBAJIU.

* Bceku noTpeburten npegaBa B COOCTBEH BPEMEBH CJIOT, €AUH CIIE IPYT 110

KaHaJla 34 BPb3Ka.

 TDMA ce uznon3pa B nudposure 2G kinerbunu cucremu kato GSM, DECT
CTaHAApT 32 IPEHOCUMH TeIePOHU, CIBTHUKOBH cucteMu, PON Mpexu.

10101010111010101

A3

~

*  Guard periods (optional) ~

10/1/2024

Data stream divided
into frames

Frames divided into
time slots. Each user
is allocated one slot

Time slots contain data
with a guard period it
needed for syncronisation
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MeTton 3a noctsn — Dynamic TDMA

10/1/2024

Dynamic TDMA - aaropuThbM 3a IIJIaHUPaHE,
KOMTO JUHAMMYHO 3ama3Ba IIPOMEHIIUB Opou
BpPEMEBU MHTEPBAJIM BbB BCEKU (DpeiiM 3a
IIPOMEHJIMBHU ITOTOLY OT JaHHM, Bb3 OCHOBA Ha
M3HMCKBAHMATA HA BCEKU IIOTOK OT JAaHHH.
Dynamic TDMA ce n3nom3sa B HIPERLAN/2
|EEE 802.16a WiMax, Bluetooth.

TDD-TDMA Frame

TDM Downlink D-TDMA Uplink
Modem

bl S-ALOHA
/pteam e con

trol '\I
Burst from Access Point = Mobiles Burst from Esnlar A User B User C
To Access Point

8
&=

R
[EEETEE

]
]

Frame header and schedule

JIOIL. JI-p UHXK. AUJIbH XBKb
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FDMA

* JlOCTBIT HA HAKOJKO MOTPEOUTEIHN, TP KOUTO
ce pasnpeeiis MHAUBUAYAJTHO HA €aHA WX
HSIKOJIKO Y€CTOTHH JICHTH/KaHAIIH,

* 3a carejMTHA KOMYHUKAIIMS.

10/1/2024 JOILL. I-p MHK. AHIbH XBKb
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CDMA

* Hsakonko moTpeOUTeNnn CIOACIAT €HA YE€CTOTHA
JICHTa KaTO Ha BCEKHU MpeaaBaTell € MPUCBOCH KO,

e CDMA ce u3nonsBa B 3G va GSM.

spread spectrum

Base-band Spectrum Radio Spectrum
(A2 : :

%
&

v 4 e
Time )
Sender Receiver
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OFDMA

e Jlonxanamute ca B yectotHus nomeiin, a OFDMA cuMmBosmte ca
BbB BPEMEBHUSL.

e JluHAaMHUYHO Ce€ pa3npeaesaT U MO3BOJISBA aJalTUBHA
MOJIyIalysl/KOAUpaHe/ KOHTPOJI Ha EHeprusita

« Msmomssa ce B 802.11a,9,nh,ac, HiperLAN/2, Mobile WIMAX,

LTE, nudporo paguo u nudpona TV.

__Single Carrier Transmission ___Multi Carrier Transmission
TDM A 7 2
R C a —
_ \ i€ o
B ( oloj1|1]e]1]o]1 -3 : &
/ B ) 0
A | [
P t [T 0
4 - ¢
}.T(f" - - - - L -
' . HOL :
) | $ .MKC

Spectra of subcarriers with a constant frequency offset

TDMAVXO FDMA Tr——

g ==
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OFDMA- konupane
T o

Symbot: 2 periods of §,

W Transmit
T

Symbot dperodsolf,

e QVAVANYLY ,

«—Smbol Aoadotacll

—

Data coded in Transformation to time domain: Channel frequency

frequency domain each frequency is a sine wave  response
in time, all added up

Decode each frequency
n separately
Receive
g TS |
B
Time-domain signal Frequency-domain signal

10/1/2024 JO1L. 1-p WHXK. AIBH XBKb
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HamansBaHe Ha KOJIU3UH
* KomyTarop 3amMecTBa KOHIIEHTPATOP

Switch Uses

pppnpan, _ o #EEF

Switch acting as a
bridge between two
shared-media hubs

Two collision domains—one for
each shared media LAN.

B 3R B BB
2 4 % R L& ﬁ

center of a LAN Each computer has its own
collision domain.

10/1/2024 JO1L. 1-p WHXK. AIBH XBKb
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YCTpOMCTBaA HA KAaHAJIHUA CJI0H
[ * Mocr (bridge)

* KomyTtarop (switch)

* MpexoBa nHTEp(PEcHA
kaprta (NIC)

10/1/2024 JOIL. I-p MHK. AIbH XBKb
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Host A Host C

* C noHe 2 MpEKOBU KapTH, BCAKA CBbpP3aHa KbM
OTJICJICH CErMEHT OT MpeKara.

* MocCThT ocurypsBa npo3padyHa Bpb3Ka MEXKITY
XOCTOBE OT Pa3JINYHU MPEXKHU, UYPE3 TPaHCIAIU U

¢unTpanus Ha (PperMOBE.
* MoCTBT OrpannyaBa KOJM3UMOHHUTE JOMEHHHM.

10/1/2024 JOIL. I-p MHK. AIbH XBKb 52



ISP

Komyrarop

S0/ 1 A

* (CpyeraBa QyHKIIMUTE HA MHOTOIIOPTOB OBTOPHUTE
(KOHLIEHTPATOP) ¥ BUCOKOCKOPOCTEH MOCT.

* KoMyTaropbT npeniexkaa NoCTbIIMINTE (PpEHMOBE,
OIIpEIEIIA U3TOYHHUKA U JIECTUHALIUATA UM U TH
npenpaiia, Kato JocTaBs pperiMa caMmo Ha
YCTPOUCTBOTO, 32 KOETO € MPEAHA3ZHAUEH.

10/1/2024 JOIL. I-p MHK. AIbH XBKb
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10/1/2024

MpexoBa Kapra

~

i Transmit

Ethernet
Controller

\._ Ethernet NIC

JOL. 1-p UHXK. ATbH XbKb
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Receive \

Ethernet
Controller

Ethernet NIC_/
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Bwropocu ?

bnarogaps 3a BHUMaHHETO !
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