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Maoénpa 8.4:

8.4.1 To mpotummo CSMA/CD

H BeAtiwon mtou enépepe TO TIPWTOKOAO CSMA oto ALOHA arnodeiXTnKe aopaAwg
EUEPYETIKA YA TNV artdd00T TWV TOTUKWYV SIKTUWV TOCO WG TIPOG TO pUBUS SiEAeEUONQ
00 Kal wg TIPOG TNV KaBuoTtgpnon HeTAdooNg TwV TakETwyv oto diktuo. Mwa véa
BeAtiwon Tou TPpWTOKAOANOU CSMA, TTou €yLVE N Arapxr Yla TNV napanepa avarttuén
TOU KAl TNV El0AywyT] TOU OTNnV evoUpartn erkowvwvia, £€dwaoe tn duvatdtnTa OToUG
KOMPBoUG va otapatouyV TG METAadOO0ELG TOUG, UOALG avTIANPOoUV oUYKPOUOT OTO KAVAAL.

Ma napddetypa, av dUo M) tePlocATEPOL KOUBOL aviXveUovTag TO KAVAAL SLamoTw-
oouv otL auTto eival oe apyia kat arnogacicouv va petadwoouv oxeddv Tautdxpova,
Ba dwariotwoouv oxeddv TauTtoxpova Kat tn cuykpouon 1tou 8a cupBel. Emopgévwg
6a dlakdYouv auEowg TN HETASO0N TWV TIAKETWY TOUG, TIOU £TOL KL AAALWG O AUt TNV
neplmtwon eivat avweeAn, pe anotéAeopua tn BeAtiwon g anddoong Tou SIkTtUou
doov apopd To pubUSd SlEAEUONG KAl TNV KABUOTEPNOTN HETADOONG TWV TIAKETWV.
Kd6e kéuBog mou dlariotwvel cUyKpouorn avaBdAAAel TN HETASOO0T) TOU TIAKETOU TOoU,
TIEPUEVOVTAG YA KATIOLO XPOVIKO dldoTnua, kat erixelpel apydtepa, urtoBgtovtag oTL
oto dlidotnua auto kaveilg AAog KOBog dev dpxloe va etadidel. To VEo BEATIWEVO
TIPWTOKOAANO OVOUACTNKE MPWTOKOAAO TTOAAATIANG TPAoBAONG HE aAviXveuon Pé-
POVTOG Kal avayvwplion cuykpoUoewv (CSMA/CD: Carrier Sense Multiple Access/
Collision Detection).

To CSMA/CD, énwg Kat TtoAA artd ta rpATUTA TWV TOTUKWY SIKTUWYV, AKOAOUBOUV TOUG
YEVIKOUG KAVOVEG TIOU TIEPLY PAPTNKAV 0TO MdABnua 7.4. To kavdAl eival CUyXPOVIOUEVO
oe KABe xpovoBupida kal urtopei va Bpioketal oe pia arnd Tig akOAoUBEeG TPELG KATAOTA-
oeg:

v KatdoTtaon apyiag. Ztnv nepintwon autr dev ernixelpeital petddoon and
Kavévayv KOHBo Tou kavaAloul. To XpoVviko dSldoTnua Katd To oTto{o To KavAAl
napapével oe apyia Aéyetal mepiodog apyiag.

v KardoTaon perddoong. To kavdaAl eival arnacxoAnuévo arnd KArola Ertuxnue-
Vv HETASO0O0N. SNV nepliittwon autr] Aol ot KOUBOoL SIarmoTwVvouV OTL KATIOL0G
ANNOG KOUBOG €xel deouelael TO KAVAAL Kal dev ertXelpoUV va UETASWOOUV.
AUTO TO XpOVIKS SldoTnua arnaocxdAnong Tou KavaAloU AEyeTal TEPiod0g pe-
Tddoong.

v KardoTraon avraywviopou. To kavAAl eival aracXoAnpuévo and kdaroia oUyKpou-
on. 2NV neplittwon autr] Aol ol KOPBOoL SaroTwvouyV 1] OTL €Xouv oL (dlol e-
prAakei og kdrola oUyKpouomN KAl ETIOPEVWG SLAKOTITOUV T CUVEXLOT TNG META-
300N G TOU TIAKETOU TOUG 1] OTL KATIOLoL AAAOL KOUBOL €XOUV eUNAaKel og oUyKpOU-
omn Kal €xouV de0PEUOEL TO KAVAAL KAL ETIOUEVWG OeV ETIXEPOUV VA UETASWOOUV.
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AUTOS TO XPOVIKO Sidotnua arnaocxOAnong Tou KavaAloU Aéyetal mepiodog a-
VTAYWVIOHOU. SNUeElwveTAl OTLN TIEPI0S0G avtaywVviooU ep\aUBAveL TO XPo-
VO TIOU arnatteital mpoKegEvou To KavAAl va erIAUCEL TIG CUYKPOUOCELG KAl va
kataotel Kal TIAAL ETOLUO YA PeTAdooN.

‘Onwg gaivetat kat 0To oXNua 8.7, Tn XPOVIKN) OTyur ¢, 0 KOPBOG £xel TepuaTiosL TN
MeETASOO0T TOU TTAALC{OU TOU KAl ETTOUEVWG OAOL OL KOBoL TToU eival ETOLOoL Yia HETASO-
on propoUv TWPEA Va ETIXELPHIO0UYV va HETAdWOOoUV To TIAA(oLd Toug. Av Suwg duo 1y

Q

});; ) 4 TIEPLOOCOTEPOL KOPBOL ETIXELPTIOOUV VA LETASWOOUV TNV (Bla XPOVIKY oTiyur ¢,, 6a oup-
a L g a
0 eAdxiotog xpovog nou anal-
Teital yla Tnv avayvwpion piag tO
gUykpouang 10oUtal PE TO XPOVOGUP[55S
XPOvOo nou xpelaCetal To afpa \ S OVIOPOM
yia va petaboBei and tov €vav || ||
K6uPo oTov GARD. Mhalolo T T Miaioo T T T Mhaiolo T M\aiolo
e ) - \ ,
Mepiodog  MMepiodog Mepiodog
HETAdoONG  avIaywviopou apylag
Xpoévog

2onpa.8.7: To CSMA/CD umopei vo fploKetal eite 6€ KATAGTOON Opylog Eite € KATATTAON

' AVTAYWVIGUOD 1] 08 KOTAOTOON LUETAOOTHG.
‘\ WV‘ i i /) i e Z 5 =4
;) \ 4 Bel ouykpouon. Apa TO KPIOWO EPWTNMA APopPd TN JLAPKELA TNG TIEPLOSOU AVTAYWVL-

s ¥ i s OHOU Kal eBIKGTEPA TO XPOVO TTOU aralTelTal yia Tny avayvwpLon pag ouykpouong.
Eival onpaveiko va tovigtei ot | 3’ va SIKTUO EKTTOMING Baoikiig Zwvng o Xpdvog avayvwplong piag ouykpouong
oe avtifiagtoAn pe ta npwtd- | gival dumAdolog and tnv kabuotépnon dlddoong TOU CYUATOG OTO KAAWSIAKO HETO.
koMa ALOHA kai CSMA nou|  Snuewwvetatl Ot n KabuoT€pnon auTr, Tiou cupBoAiletal pe T, apopd To XPAVo Tou
€xouv egappoyn otnv aclp-| YPelAZeETAL TO ONUA YIA VA HETAS00e( HETAEU TWV TILO ATIOUAKPUOUEVWYV KOUBWYV TOU
patn enikoivawvia, n ikavotnta|  diktUuou. Emopévwg n didpkela petddoong kdBe nmAalciou Ba npémnel va eival té€rolaq,
TNG avVayvwpiong TwWv OUYkpou-|  TTOU VA ETUTPETIEL TNV AVAYVWOPELOT TWV CUYKpoUoewV TIpLy arnd To TEAOG TNG HeTADO-
gEwv agopd ta evolppatd| Orig Tou, dNAAdr) TOUAdxXLoToV 2T (OxNua 8.8), SlapopeTIKA ol ouykpouoelg de Ba
peoa petaboong kar enopevwg | avayvwpifovral éykaipa, Pe ouvénela n anddoon tou rnipoturiou CSMA/CD va eivat
TO VEO NpwtokoAlo gxel e-| avAAoyn pe auTtrv Tou CSMA. To QuUecOo CUMMEPAOCLIA TIOU TIPOKUTTTEL artd Ta rnapand-
(pappoyn ota evolppata to-| v elval OTL To PKog Tou KaAwdiou dev ipérnel va elval TIoAU UeydAo, WOTE Ol CUYKPOU-
nikd 8iktua. Adyw tng enitu-|  gelg va propouv va avayvwpifovrtal. EvaeikTikd avagépoupe ATt €va oUoagoviko Ka-
xiag tou CSMA/CD gyivav ap-|  AwdLo prkoug 1 km €xel kabuoTtépnon dilddoong orjuatog =5 Jsec.

KETEG NpoandBeleg npogappo-

H avayvwplon tTwv cuykpouoewyv eival pua diadikaoia katd tnv oroia o KOuRog
TapakoAouBei, pgow karolag dATa&ng, To KAAWSLAKS HEoo ag OAN TN SLApPKeLa TNG
petddoong. Mpaktikd autd onuaivel 8t o KOUBoG cuykpivel TNV LoxU 1] To MAATOG ToU
TIaAOU TOU ONUATOoG Ttou AapBAvel e auto Ttou €oTelle. Av TO onjua 1tou 6a AdBeL o
KOMPBOoG elival SlapopeTIkO ard auto TtIou €0TeENE, TOTE JLATIOTWVEL OTL CUVERN CUYKPOU-
on. To oxNua KwdIKOTIONOoNG TWV CNUATWY TIPETIEL VA ETUTPETIEL TNV AVAYVWELON TWV
ouykpouoewv. [Na nmapddelyua, n ouykpouon dUo onudtwy tdong 0 Volt eival TtoAU

YAG tou ato nepifdAAov tng a-
oUppatng enikoIVwviag, ol on-

oieg 6pwG Bev Kapno@opnaav.
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2yiua 8.8: H avaryvapion tie GOYKPOLTHS UTTOPEL VO, EXEL UEYITTH OLGPKELO 2T.
(o) Tn yxpoviky otryun 0 o kKéufioc A otélvel Eva mwlaioto.
(B) To mhaioio mpooceyyilel tov kouflo B og ypovo - &.

(v) Axpifcd¢ Tpiv o wAaioio tov Koufov A pOdoetl orov Koufo B, avtoc apyilel tn uetadoon
TOV 01OV TOV TTAOLGTOV. OTOWY 0 KOULOS B O10TTIGTWOOEL 0TI EAOLE TTEPLETOTEPN LoXD THIUOTOS
aTTO AVTHY TTOV EGTEILE, AVTIAOUSAVETOL 0TI EXEL EUTTAAKEL O€ GOYKPOVTH, OTTOTE GTOLUATA. TH
HETADOGH TOV KO OTEAVEL GUETWS EVva. orjua Qopbfov 48 bits oTovg dALOLS KU ovg.

(0) To orjua Bopbfov pBavet orov Koufio A oe ypovo 2T, OTOTE AVTOS CTOUNTA TH UETAIOGH TOV.

Teavd va unv prnopei va avayvwplotel.

‘Eva onpeio 1ou mpé€riel va urtoAoylotel, apou apopd tnv arnddoorn Tou dkTUou
CSMA/CD, eivaiL n didpkela arnoxrg evog KOUBou Tiou avixveuoe pia ouykpouon. Eivau
QUOLKO 1n dldpkela autr va dlagpepel arnd KOUBo oe KOMBO, WOTE va PUnv
enavalappdvovtal HeTaddOELG TIOU KATAATN)YOUV O€ CUVEXOMEVEG OUYKPOUOELG.
Emniiong mpérnel va urtoAoylotel n rubavotnTa CUILETOXTG KATIOLOU KOBOoU o€ emnavel-
Anupuéveg ocuykpouaoelg kat va AapBdvovtal PgETpa, WOTE 1 CUMETOXY) TOU OTOV avta-
YWVIOUO va eival avaAoyn Tou aplBpuoU TwV CUYKPOUCEWY OTLG OTtoleg €XEL EUTIAAKEL.
"’ autoUg Toug UTTOAOYLOMOUG XPnoloTrtoleital o 3uadiKog aAyopliOHoG EKOETIKAG
amnoxnq (binary exponential backoff algorithm), cUupwva pe Tov ornoio n didpkela
arnoxng MetTplétal oe xpovobupideg (oxnua 8.7). ‘Etol, petd and pa ocuykpouon, o
XpPovog xwpliletal oe xpovoBupideg didpkelag 2t (MEylotn kabuotépnon dlddoong
onuartog pe eruotpodn). MNa napddetypa, oTo KaABOPLoUEVO artd TO TIPWTOKOANO 802.3
ToTuKO diktuo Twv 10 Mbps, péylotng andotaong 2,5 km Kat 4 enavaAnTttwy, N Xpo-
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voBupida €xel didpkela 51,2 psec. Metd and k cuykpoUOoEeLg OTLG OTIolEG EXEL EUTTAAKEL
€vag KOURog, 0 aplBudg Twv XpovoBupidwy rou TtapaAeirnel erAgyeTal Tuxaia and to
didotnua 0 éwg 2% - 1. ‘Etot:

AplBuog Aldotnua xpovobupidwyv ka-| Meavétnta va EavacupBel

oUYKPOUTEWV K BuoTépnong (0 €wg 2K - 1) oUyKpouaon

1 0,1 0,5

0,1,2,3 0,25

3 0,1,2...7 0,125

4 0,1,2...15 0,0625

5 0,1,2...31 0,03125

6 0,1,2...63 0,015625

7 0,1,2...127 0,0078125

8 0,1,2...255 0,0039062

9 0,1,2...511 0,0019531
10 0,1,2...1023 0,0009765

O aAyopiBog oe KABe xpovobupida npooriabei va Bpel Tov KATAANAO aplud Twv
KOUBwV TToU eival TiBavod va CUUETEXOUV OTOV AVTAYWVLIOO, WOTE va eEAAXLOTOoTtoloU-
vtal ol cuykpouoelg. Ouwg rapouotdlel oplopéveg aduvapieg, ol oroieg eival oL ako-
Aoubeq:

v

8.4

‘Otav o0 aplbudg Twv KOUBwWYV eival HKpOg Kal 0 aplBudg TwV CUYKPOUOEWY e
TIg omtoieqg ermPBapuvovtal oL KOUBoL peydAog, ToTe n TbavotnTa va EavaoupBel
oUYyKPOUON TWV TIAKETWY TOUg eival Ukpr], OUwG 0 XpOvog eNMAVAPETASOONG
Toug eival peydhog. Na nmapddetypua, 2 képBot pe 913 10 cuykpoUoelg o Kabg-
vag eival eméevo va €Xouv TToAU LIKEN TIIBavATNTA va CUYKPOUOoTOUV Kal TIAAL,
OMWG N KABUOTEPNON TIPOKELUEVOU VA ETIXELPTIOOUV ertavapeTtadoon elival pe-
YAAnN.

‘Otav o aplbudg Twv KOUBwV eival peyAdAog Katl 0 aplBdg TwV CUYKPOUCEWY |E
TIg omoieqg erBapuUvovtal ot KOUBOoL UKPAGg, ToTE n riBavéotnta va Eavaocuppel
oUYyKPOUON TWV TIAKETWY TOUG gival PeyAAn, OUwG 0 XPOVOGg ETTAVAETASOONG
Toug eival pkpdg. MNa nmapdderypua, 100 kéuBol pe 2 ) 3 cuykpoUOoEelg O KaBg-
vag eival endpuevo va €xouv oAU PeyAAn TubavotnTa va cuykpouotouUv Kal
TIAAL, OWG N KABUOTEPNOT TIPOKELLEVOU VA ETILXELPTIOOUV ETTAvVAETASooN eival
MKPN.

.2 To mpoTumo IEEE 802.3 ka1 To Ethernet

To npdturto IEEE 802.3 avtutpoowrievetal and to 7-eriugvov CSMA/CD. Zto ipdtu-
IO AUTO 0 KOWPBOG TTIOU TIPOKELTAL VA UETASWOEL aviXveUEL TO KAVAAL KAL, AV SLATiloOTWOEL
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OTL elval armacxoAnNuUevo, TIEPLHEVEL, HEXPL auTo va TieplENBeL oe katdotaon apylag.
AlapopeTikd, av dwartiotwoel OTL eival oe apyia, petadidel apgeowg. Av dUO 1] TIEPLO-
odtepol KOUPBOL apxioouv Tautdxpova In KETASOO0N TWV TIAKETWY TOUG O €va KavAAl
Tou Bpioketal oe katdotaon apyiag, 6a yivel cuykpouon. MOALG ot KSBoL SlarmoTw-
oouv T oUyKpouaoNn oTnyv oroia evenAdknoayv, otapatouyV TN HETAS00N TWV TIAKETWYV
TOUG KAL TIEPILEVOUV KATIOLO XPOVIKO SIACTNUA TIPOKELUEVOU VA EMTAVAAGBOUV TNV OAN
Swadkaoia.

H dnuoupyia tou mipotunou /EEE 802.3 otnpixbnke ota nmpwtokoAa ALOHA kat
CSMA, ta omnoia epappdotnkayv otn padloerikowvwvia. Apydtepan etapeia XEROX
PARK evowudtwoe to CSMA/CD, mipoKeluévou va Kataokeudoel To cuotnua 2.94
Mbps CSMA/CD, to ormoio uhortoinoe oeg pa eykatdotaon ouvdeong 100 nAekTpovi-
KWV UTTOAOYLOTWV e €va KaAwdlo 1 km. To cuotnua autd ovoudotnke Ethernet kat
arnoTtéAeoe TN BdAon endvw otnv oroia ot etalpeieg DEC kat INTEL kataockeUaoav To
YVwoto npdtutio 70 Mbps IEEE 802.3. Znueliwvetal 6Tl To ipdtutio /EEE 802.3 Tiepl-
YPAPEL OAN TNV OIKOYEVELA TWV TIPOTUTIWV T-griugvov CSMA/CD kal cupurep\apuBAavel
TO Ethernet, To orolo elval CUYKEKPLEVO TIPOIOV TTOU UAOTIOLEl APKETA KAAA TO TIPATU-
o /EEE 802.3.

- ————
A£Ee1g TTOoUu TIPETTElI va Bupapupai

MPWTAKOAAO TIOANATIANG TIPACRACNG LIE AVIXVEUON PEPOVTOG KAL AVAYVWPELON
ouykpouocewv (CSMA/CD), Ethernet, Suadlkdg aAyOpLOOG EKBETIKNAG ATTOXNG. I

L= =

H apxikrj €xBoan tou npotu-
nou /EEE 802.3 yia eknopnn
BaoikAg Cwvng avantuxBnke
ané tnv etaipeia XEROX kai
XPNaIHonoIfBnKe wg TUrjpa tou
tonikou iktuou tng, nou yi-
vVE yvwato wg Ethernet. H e-
MNEKTaan Tou NPoTUMNou yia ek-
nopnr eupeiag Cwvng €yive
ané tnv etaipeia MITRE ota
téAn tng Bekaetiag tou 1970.
Andé to 1980 kal petd noAAEg
etalpeieg napouaiaoav Bidpo-
pa gugtripata Bagiopyéva ato

npPOTUNO auto.




