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Keo. 1 THAEDQNIA

1. THAEO®QNIKA KENTPA
1.1 Boaoikég évvoieg

TnAépmvo elval P GLoKELT] LEG® TNG OTTOT0G O XPNOTNG TNG, COVOPOUNTHS (Subscriber), umopel va
OUVOUANGCEL e AAAOVG GLVOPOUNTEC, TTOL KaBEVAG TOLg KaTEYEL Hol Topopote cvokevn. Kabe
GLVOPOUNTNG TNAEQDOVOL GLVOEETAL HECW ocLVOpounTiknG ypouuns (subscriber's line/loop) o€
KEVIPIKO ONUEID HETOYWYNGS, TO THAEQPVIKO KEVTIpO (telephone exchange). H kOpla Aettovpyia Tov
KEVTIPOVL givan To vo wapéyel ueon ovvoeon petabd Cevydv cuvopountav. To KéEvpo Aesttovpyel
CUUP®VA LE 0ONYIEC TV CLVOPOUNTAOV Kot 1 Agttovpyio. Tov eivor TANPOS avToOUaTN (QVTOMOTO
KEVTPA) TapOTL 6TO TOPEAOOV VIPEAY KEVTPA EAEYXOLEVA A0 TNAEPOVNTES (YEPOKIVITA KEVTPAL).
Ta kévipa dtacvvoéovtar og eBvikn Paom, ELUECOS N AUESOGS, HECH OIKTOOL Ypouumv (trunks) Kot
N petaywyn umopel va enektadel Kot o€ maykoouia faon HEcw d1EBvmv VTEPACTIKMOV KEVIP®V Kol
YPOUU®V. ZNUEPA TO KEVTPU EAEYYXOVTAL OO NAEKTPOVIKOVG VITOAOYIOTEG (YNOLOKA KEVTPA), OV KO
VILAPYOVV OKOLO GE AELITOVPYIN KEVTPO TOV EAEYXOVTAL OO NAEKTPOUNYOVIKEG GUOKEVES JLAPOPMV
TOMOV. ZT0 €yy0g UEAAOV TO YMOLOKE KEVIPA OVOUEVETOL VO OVTIKOTAGTIOOVV TANP®G OUTH LE
NAEKTPOUNYAVIKO EAEYYO.

Edv mapareipBovv OAa ta te)VIKE onpeia, To TNAEPOVIKO KEVTPO UTopel va 10w0el Gav pia opdada
N cvvdpounTdV GLVIESEUEVDV e TETOL0 TPOTO oV KABE évag va €yel TpoOcPacn o€ OAOVS TOVG
dAhovg. ' peydia cvotipata, to N givar cuviBwg peyodvtepo and 10.000, eved yro pikpd pmopet
va gtvar g 1déNg Tov 50 1| Kol PKpOTEPO. Xe AUTOMOTO KEVTPO, Ol GLUVOEGELS EKTEAOVVTAL UECH
OLOKOTTOV  (LETAYWYIKO OTOLXEID) TOL €V YEVEL OVOQEPOVTOL GOV uETOYYelS (switches). Ot
petaymyeig ival yvootol pe didpopa ovOLOTO avAAOYO LE TNV KOTOUGKEVT TOVG, T.X. KIVHTHPLOKOS
(uniselector), vyootpopikos (two motion selector), pafoemopixog (crossbar switch), ustoywyng
xpovoo (time switch), uetaywyng yawpoo (space switch), K.A.mt. Evolloktikd eivarl yvootol kot pe tnv
gpyacio Tov emMTEAOVV, T.Y. aviyvevtes (finders), kinoiOnpeg (hunters), emiioyeic (selectors), K. \.m.
Ta cuvdetikd KoKAGLOTO HETAED PETAY®YEMVY 1] OUAO®V LETAYOYEMV EIVOL YVOGTO GOV YpoUES 1
kvkAouora (trunks, links). Etval foAikd va ypnoyoromBel otn cuvéyeia o yevikdg 6pog "opyova"
oL VoL TEPLAAUPAVEL OAOL TOL KOPUATIO TOV EEO0TAMGLOD Y1 TNV EMITELEN GVVOESTNC.

O ocvvdpountic mov {NTA (o GOVOEST OVOPEPETOL GOV O KOAMY GLVOPOUNTNG, EVD 0 {NTOVUEVOC
GLVOPOUNTNG GOV 0 KAAOVUEVOS cuvopountis. O Opoc "tniepovikny kinon", moapott dev £xet
axpip] évvola, cuvnBmg dNA®VEL TO YeYovog OTL £xet emttevyBel ovvdeon M (Tpdypa mov dev etvan
16000VO0), OTL [ cLVOLAAEEN Aaupdaverl xodpa. Otav Eva Opyavo Aappavel oo Tov 1o avayKalet
Vo AEITOVPYNOEL, AELE OTL TPOGPEPONKE GTO OpYyavo awTd por KAnon (] Ot éyve pua mpoomadeia
katdAnyng). Edv, emmAéov, to 6pyavo cvveyicetl va Aettovpyel cOppova pe T1g 0dnyieg mov Elofe
Aépe 0Tl M mpoceepbeica kKANon £ywve dexty 1 amokatootaldnke (accepted, established) kou to
opyavo Afyeton koteiAnuuévo 1 amoocyolnuévo (busy, engaged, occupied). Tote 10 Opyavo
LETOQEPEL TNV OTOKATEGTNUEVT] KANOT Kol 0gv glval mAéov dabéoio ya dAreg kAnoets. O xpdvog
OV TOPEPYETOL UETAED NG KOTAANYNG TOL OPYAvVOL Oamd LK TPOGPEPOUEVT] KANGT Kol TNG
YPOVIKNG GTIYUNG OV EAELOEPDOVETOL KOTA TO TEAOG TNG OMOKATEGTNIEVNG KAONG KOl EXAVEPYETOL
OTNV KATAGTACT) TOV VO UTOPEL Vo EEVTINPETNGEL VEEC KANGCELS KOAEITOL Ypovog katdinyns (holding
time). Otav €vo 0pyavo o€ ypnoiponoteitol 1 oev £xel ntndel yo ypnowomnoinon Adyeton eAcdfepo
(idle, free). Eav yia kGmowo Adyo 10 Opyavo givar avikavo va ekteAécel T Agttovpyia tov, Aépe OtTL
N TpoceepOuevn) KANom eivar avemrtoyns. H toyn térowwv kinocewv elvar éva onuovtikd
YOPOAKTNPIOTIKO TG OOUNG Tov kEvIpov. Ot mopomdve opiopoil avoaeépoviar TOG0 GTIG LTO
HETAPaon KANGEIS HEGM TOV KEVIPOL OGO KOl OTIG KANGELS TOV TPOGPEPOVTINL GTO KEVTIPO OO TOVG
GLVOPOUNTES TOV.
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Ta 6pyava cuvnBwg Tomobetovvtol 6e ouades (groups) kol 6tav OAa Ta dpyava piag opddag stvat
Katenupéva Aépe 6t 1 opdoa sivon aroxieiouévy (blocked). Or KAGES TOL TPOGPEPOVTAL OTAV T
opdoa elval amokAEoUEVT O UTOPOVV Vo YiVOUV OEKTEG Ko GE €va abothuo. ue omwmieies (loss
system), Oe umopel vo. mpokOyel Kopio ohvOeon Kol Ol KANCES OVTEG YOAVOVIOL Xe TETOW
cvotpata Oempeitor OtL o1 youéveg xinoeis (lost calls) de Eavoepgovifoviol Kot 10 GLGTHHOTO
yopoaktnpiloviol Gov GLOTHUATO OTOL Ol youéves kinoeis exkobopilovrar (lost calls cleared) kon
aKOuN vrotifeTon OTL 01 YapEVEG KANGELS OV £Y0VV YpOVO KATAANYNG. Mo Ttapaiiayr, YVOGTY Gov
oVOTNUO OTOV Ol yauéves kAnoelg mopaouevovy (lost calls held) dropépel 610 0TL LVIoTiBeTAL OTL O1
YOUEVES KANGELS EYOVV YPOVO KATAANYNG, AALA Lo KA o™ Tov O Ppiokel eAevBepo Opyavo yio TV
egummpémon g mapott &yl yobel, mpaktikd cvveyilel vo amacyoiel To cvOTNUO, ONAAOTY, EXEL
anokatactadel. e avouovntika ovotjuata (delay, waiting systems) Op®G, o TETOWL KANOM
kaBvotepel, TOPAUEVOVTOC O U0 0VPd (queue) Kal TEPIUEVEL PEXPL va eEAeLBepmBEl Kdmolo Opyovo
Yol VoL TO KOTOAGPEL.

Eivar PoAikd va avaeépovpe to dpyovo mov TPOGPEPOVY KANGELS Gav mHyes (Sources) (MMyEQ
pumopel va givat ot GuVOPOUNTESG, Ol TNAEQPMVNTEG 1 Ol TPOYEVEGTEPOL LETAYMYELG G€ €va GVGTNUA,
avVOAOYO LE TNV TEPITTOON) KoL To Opyava Tov yepilovtol T KANGES oav kavaldio (channels) N
arobuoi elomnpétnong (servers) cOuE®va pe v oporoyia g Bewpiag avapovie. Kavaiio propet
va gtvot o1 YpOoUPES iTe Ol ETOUEVOL PLETAYWYELS.

1.2 Zupopoépnon

To Wavikd cvotnua givol TPoPAVAOS 0LTO TOV POIVETOL GTO O KAT® GYNMo, Omov givol duvatdv
OAO1 01 GLVOPOUNTEG VO LTTOPOVV VO, GUVOLUANIGOLV KaTd (eDYN GUYYXPOVMG. X& £va TETO0 GVGTN LA,
0 dvvatdc apBuog cvvoésemv givor N(N-1)/2 kan edv yuo kaBe (g0Yog GUVIpOUNTOV TOPOY®PEITOL
éva ouVOETIKO oTotyElo, TOTE 0 amalToVUEVOS apBNOg elval TepAoTIOC (TOAD HeEYAAOS Yo va gtvat
Aoykéc). ‘Eva 1é€to10 "davikd" cvotnua dgv givol mpaktikd Ady®m Tov TEPdoTIOL pEYEBOLC,
VIEPPOAKOD  KOOTOVG Kot SVOKOMAV ovvtipnons. Etva
eMOUEVOG avaykaio vo ehattwbel 0 apBpdc TOV GLVOETIKOV
otoyelov, mov onuaivet Ot ot ocvvopountés  Oa
AvTIHETOTILOVY TNV TOOVOTNTO HEPIKEG OO TIC KANGELS TOVG
va elvar avemrvyeis. Emopévog n peiwon tov apBpod tov
GUVOETIKMV OTOElMV HEW®VEL €miong kol tov apliud Tov
cuvolAéEemy mov pmopel vo AdBovv xdpo TAVTOYPOVO.
Evtuymg, avtd sivar évog pdAlov Nmog meplopiopidc, ogov
ocuvBmg mOAD omhvia mopd ToAAOl cvvOpounTES KAvouv
tavtoOypoveg KANoels. Eivarl emopévmg Aoyikd va oyedialeTon
éva KEVTPO £TG1 MGTE VAL IKAVOTOLEL TIG GLVNOELS avAYKES TTOV
Aoppdvouy  ydpa cvyvd Kol vo ayvoel ovtég TOv €
ovpPaivovv moAd ocvyvd. To péyeBog twv mepopioudv mov emiPdrroviar e£aptdvion amd TIS
tomikég ovvOnkes. ‘Etol yio évo KEVTpo o€ gumopikn meployn omonteiton peyoAdTEPOS aplOudg
0pYAvVOV amo OTL GE VAL KEVIPO GE TEPLOYT] KOTOKLOV.

2 3

5

2mv wpdén o apBpods TV KANCE®V OV UITOPEL VO AmoTOYOVV AOY® OVETAPKELNSG TOV GUVOETIKMV
otoyeiomv givar mpokaBopiopds. To mA00g TV GUVIETIKMV GTolYEIWV TPEMEL VO Elval TETO0 TOL
Vo IKOVOTOlEl TIg oLVNBELS OavAYKES, €V TOLTOXPOVO O aplUOS TOV OTOTVYIOV TPETEL VO
neplopiletal oe onueio mov va un omuovpyeitar voyinon otovg cuvopountéc. O apBudg v
KMoewv mov mpoPAémetal 0Tt umopel va yaBohv ekTindtonl amd TN cVYVOTNTO TOV KAGE®V Kol
amoterel o amd Tic PAoElg VTOAOYIGHOD TOL aPBHOD TV GLVOETIKOV oTolryeimv. MéBodot
VTOAOYIGHOD Kol 1 Be@pnTIKN OVAALGT| TG CLUTEPLPOPAS TOV OPYAVMV EVOG TNAEPOVIKOD SIKTVOV
OTOTEAOVV TO GKOTO TV CNUEUDGEDV OVTOV.

4.



Keo. 1 THAEDQNIA

2oupdpnon (congestion) €ivar 1 KATACTOON GE €vo KEVIPO OMOL £vog KOADV GLVOPOUNTNG OF
pmopel vo emrvyel ovvoeon apéows. O amorieiouos (blocking) twv KANcewV TpoKaAeital amd
OVETAPKELD UETAYOYIKOV €EOTAMGOUHOD KOUN KOTAANYN TV OpYAveOV HETOY®YNG OTOL OTOoio O
ouvopounTNG €xel mPOcPact. Zvuedpnomn, €v YEVEL, OMADVEL TNV KATACTOON Omov cvuPaivel
AmOKAEIGUOC Ko AapPdvel yopa gite andren eite kobBvotépnon (| kot ta dv0). Otav 10 cvoTua
elvar amokAeiopévo, dev vmdpyel eievbepn Sadpoun mov va umopel va omodobel oe o
TPOGPEPOLEVT] KANOT). ZE CLGTNUOTO E ATOAELES EVOG EOKOC TOVOG OElYVEL GTO GLVOPOUNTY OTL
VILAPYEL GUUEOPNOT. XE OVOLOVITIKG GLGTHHOTO, O GLVOPOUNTNG O& AapPavel T€Tol0 oNUo. GE
TEPIMTOON GLUEOPNONG, EXEWON N TPOSPEPOUEVT KANOT KaBLoTEPEITAL KOl LETAYETOL LOAIS TOVGEL
N ocvpeodpnon. H dapopd petald cuotnudtov pe OmTOAEEG KOl OVOLOVITIKOV GLUCTNUATOV £ivot
OTNUOVTIKN Y10 T OOLT] TOL KEVTPOL, AVTIGTOLXEL d€ GTNV KATATAEN TOV TPOPANUATOV GLULEOPNONG
o€ mpofinuata avouovig (delayed-calls, waiting problems) 1 o€ mpopfinuara orxwieiwv (lost-calls,
loss problems).

1.3 H dopn Tou THAEPWVIKOU KEVTPOU

‘Eva kévtpo opeilel va d€xetan dratayég amd tov KoAoLvTa cuvopounTt Kot va givor oe Béomn va
EVTOTIGEL TOV KOAOVUEVO GUVIPOUNTN OO TIS TANPOPOPIEG TOL OEYETAL, VO OMOKOATAGTNCEL Lo
OUVOEDT] HETAED TV GUVOPOUNTOV, VO EL00TOUCEL TOV KOAOVUEVO GUVIpOUNTH OTL KATO0G TOV
{ntd Kot ToV KOAOOVTO GUVOPOUNTH Y10 TO EAV O KAAODUEVOS GLVOPOUNTNG Elval daBEoog 1 Ol
Edv apyloet cuvordieln, tpémel va povticel vo dtnprioetl T 6OVOEST 060 dtopkel 1 KANON Kot
TEMKA OTOV 1 GUVOALD TEAELDCEL, VO ATOGLVOEGEL OAOL TO YPNGLLOTONOEVTO KUKAMUOTO Kol VOl
TO EXAVAPEPEL GTNV KOTAGTOGN TOL VO UTopovV va, xpnoyorombodv and dAAovg cuvOpoUNTES.
Eniong, vy dnuocio tAepovikd cvotinuota, kdbe emTuyng KANOM KOTOYPAPETAL Yo, AOYOLS
rpémong. Duoikd, mpémel OAEG QVTEG Ol AELTOVPYIES VO LTOPOVV VO EKTEAOVVTOL TAVTOYPOVA KO
YOPIc daKom yio évo LEYEAO aplBd KANoE®V Kot Yo pHeydlo ypovikd dtocTiioTo, ONAcdY|, To
ocvotnpa Tpénel va givar aciomoto (reliable) kol va €xel vynin diobeaotyto. (high availability).
[Ma v enitevén TV avoOTEP® AEITOVPYIOV TO TNAEPOVIKO KEVTPO TPETEL VO, KATEYEL KOO0 £100G
pvfUNG mov emions Ba Tov emTpémer va eKTEAEL TIG dtaTayEG TOL dEYETAL YWPig AAON.

Oleg avtég o1 AElTOLPYieg EMTLYYXAVOVTIOL LE TNV OVIOAAQYT] CNUATOV EAEYXOV, OHUATOOOTIOS
(signalling), petalh T@V TMAEPOVIKOV GLGKELMOV Kol TOV KEVIPOL (KaB®G kot petadd kévpav). Ot
Bacucol Tumol onudtwv Yo KdBe GLoKELY €ITE ALTH YPNOCLUOTOIEITOL GOV KAAOVGO 1 KAAODLEVN
eoivovtoar 610 akdiovBo oyfuo. Otav m cvokevn ypnolponoleitor cov KoAodow, M TPAOTN
Aertovpyio ivor  petddooom evOG arfuoTos Katainyng (seize) Yo T0 GUOGTNUO, TOV Ogiyvel OTL M
ovokevn emBopel v mpoypotonoinomn pog kAnong. To cvotnuo ev yével amavid pe €vo arua
amoooyns (accept). Todte N KAAOVLGO GLGKELT] LETAOIOEL TIC 00NYieS OpouoAdynons (routing) Kol To
GUGTNUO OTOVTQ LE PO TOWKIAL onuaTtmy katdaotoons (Status), ONMG, ypouun koteilnuuévny (line
busy), ypouun elevbepn (line free), axvpog opiBuog (number invalid), orxavinon (line answered).
Otav n 60vdeon TEAEUDOEL, 1| KOAOVCO, GUOKELT OTEAVEL éva anua ekkalopions (clear forward).
AvrtioTtouya, 1 KAAOOLIEVT] GLOKEVT OAVTA LE £VOL OO AT000XNS (accept), OTAV dEXETOUL EVOL OHUA
KotoAnyng (seize) amd TO oSVOOTNUO. XTO TEAOG NG emkowowviag iowg vo otokel éva onua
exkxobapions (clear forward) omd 10 cvotnua mov delyvel To TEAOG NG GLUVOLAAEENG. e TOALA
ovotuata &va ofuo. exkobapions (clear backward) nmopei vo otadlel Ko amd TNV KoAoOUEVN
OLOKEVT TPOG TO GUGTNUO, TO OMOi0 TOTE MHAVAOS VO EWOOTOMGEL TNV KOAODGO GLOKEVT OTL 1M
ouvoldaeln tekeimoe.
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MeTaywyikd
seize >0oTtnua
] - seize .,
accept »| KoaAolpevn
Kahouoa 1 accept SUOKeUr
YUOKEUR ] routing -
status
-
clear forward clear forward
1 - -
clear backward clear backward

Mepicég popéc ovpPaivovy anpdfrienta yeyovota Kol ooV OmOTELEGUO EXOVV OTL £VOC OVMLLOAQ
VYNAOG apBldg cuvopounTdV va BEAEL va XPNGLOTOGEL TO THAEP®VO TOL KATA TNV {510l YPOVIKT
otiypn. Etvar duvotd oe t€toteg mepmtdoelg 10 kKEvTpo va unyv givor og Béon va avtamokpifel 6’
Oleg auTEC TIG amoutoelg kol vo amokAswotel. o vo kavomolel OAeG TIG OMOUTNGES T®V
ouvopouNTOV, KOs TOTOG UEYAAOL TNAEPMVIKOV KEVTPOL TPEMEL Vo oYedALeTOl TPOoEKTIKA. O
LeYAAOS aplBdg cLVIPOUNTAOV ALEAVEL VTTEPPOALKE TOV OPBLO TV SVVATMOV GLVIVAGLMV KOl 0VTO
OTN OLVEYEWL TEPWAEKEL TEPIGGOTEPO TO o)edlacd. [lopdtt o1 TeEYVIKEC AEMTOUEPEIEG TV
KUKAOUATOV €lvol TOAOTAOKEG Kot GUYVA TOAD vQLEIS, N PACTKT apyn TS HETOYMOYNG TAPAUEVEL
amAn: Ot ovvOpouNTEG O1UPOVVTOL O TOAAEG WIKPEG OUAOES (groups) Kol Ol GULVOEGELS
arokafioToOvTal o€ po dtadoyn fabuidwv (stages), amoteLOVUEVOV OO OUAOEG LETAYMYEMV KOl
ypappav. To exdpevo oynpa divel To oyNUATIKO SLAYPAUILO EVOS TUTIKOL KEVTIPOUL.

A A
T EE——
AigtBuvon Porg
S
A Opadeg Emoyéwv A
Ouadeg ZuvdpounTiwv Opddeg ZuvdpounTwy
- M
A
A Mpwtn Opdda MeTaywyéw
S
A A
\ \
ZuvkéEvTPWaon EmAovn
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H Aettovpyia evog tumikov kévrpov pumopet va Bewpnbet 611 teptrapfdvetl 600 daceic. Znv TpdT
(QAoT, YVOOTN OOV GOYKEVIPWOY (concentration), ol KAMGELS TOV GLVOPOUNTAOV GLUVOEOVTOL GE L0
opdoa petayoyéwv mov moaplotdvetor pe M oto oyniua. Kdébe cuvdpountig éxer mpoécPacn oe
Kémow opdda petaywyéwv Tov M kot ) potpaleton pali pe aAlovg cuvdpountés. Otav 6Aot avtol
Ol peTaymYelg elval amaoyoAnpuévol, 1 KANoT o umopel v oLokANpmBOel Kot g1domoteital oyeTikd o
ouvopoUNTNG. AVTIBETMG, GV LITAPYEL VOGS TOVAGYIGTOV EAEVOEPOG LETAYMYENS OO OVTOVG GTOVG
omoiovg 0 ocuvvopountng €xel mpocPaocm, TOTE KOTOAAUPAVETOL KO TO KEVTIPO €100MOlEl TO
ocvuvopounTtn OtTL popet vor cuveyioel Kot vo dMoeL 0dnyieg oyetikd pe v embount kAnon. H
Aertovpyio Tov POMG mePLYpdTNKE AopPAavel yOpo OUECHOS UETA TO CHKMUO TOV 0KOLGTIKOV. H
dopn| Tov M motkilel onuavTikd Kot Thovdg vo amoteLeiTol amd dVO N TEPIGGATEPA GTASLN Y10l VOl
eEAoQAAMOTEL TIO OLOAT] GUYKEVTPOOT.

H devtepn @don, yvoot| cav emitoyn (selection), apyilel 6Tov 0 GUVOPOUNTNG oynuatilel oV
embounto  apifuo (dialling). O hepovikds aplBpog eivor oty mpaypoTkdTTo L0
Koduomompuévn devbvveon Kot o€ éva cueTNUA dueons kaboonynong (direct dialling) n diélevon
™G KANong mpoywpd kabmg oynuotiovrar to dwdoyikd yneio. Xe €vo GOOTNUO EUUETNS
xaBoonynong (indirect dialling) to. ynoio oynuotiovior and to cuvdpounty, Aapupdvovrol ard to
cvoTnpa Kot amonkedoviol o€ katoywpnty (register), TOL TEPLEYEL TAEOV TNV TANPOPOPia Yo TNV
arokatdotaon ¢ KAnong. [ v e&fynon g edong g emdoyng (selection) eivon folkd va
eEetdoovpe éva ocvotnua dueong kaboonynong. To mpdTo ymeio Bo dpoporoynoel v KANoM
HEC® €VOG UETOY®YEN OGS OO TIG OMAOES MOV TEPIAAUPAVOVIOL GTO TPDOTO GTAOO ETMLAOYHS
(selection) mpog éva petoywyéd TOL O0gVTEPOL otadiov emAoyne. To mpdTo Ynoio, emimAéov,
kaBopilel apécms 10 PEALOV TG KANONG, EMEWON O OEVTEPOL EMAOYELS OlaPOVVTOL GE OUAOESG TTOV
avTOmoKpivovTol 6to apykd ynoeio g emBountig cuVOPOUNTIKNS YPOuUnS. Ouota, to emouevo
ymoeio oevBivel v KANon o€ pol opdoo TPitwV EMAOYE®V TOL OVTOTOKPIVOVTOL GTO O£VTEPO
ynoeio. 'Etot 0 apBuog tov cuvépount®@v otovg omoiovg givatr duvat 1 TpOcPact UEWDVETOL
nepattépm. Tehkd ta dVvo tedevtaio ynoeio Bo KaBOPIGOLY TO CLYKEKPIUEVO GUVOPOUNTI], TOL
KaAgitar, péca og pa opdoa 100 cuvdpountov. H vrepamiovotevpévn avt €iKOvo Tov TpOTOV [E
TOV OTO10 OPOLOAOYOVVTOL Ol KANGELS HEGM €VOC KEVIPOL TOVILEL EMTALEOV TO PAIVOUEVO TNG PONS
(flow) tov Tpocpepopévev kKANcemv: Ot KANGELS OMNUoVPYOVVTOL OO GLVOPOUNTEG KOt PEOVV TTPOG
éva onpeio M aoupopnong (bottleneck) nécm KavoAM®OV TOL GTEVEDOVV OLEAVOVTOS TAVTOXPOVA TN
ovykévipoon tovg. Kotd ) petdfoon ovty pepikés KANCES yOvovion eved GAleg umopel va
avapeivouv péExpt va yivouv 0ektés. Ot KANOELS TOV TEPVOLV EMTLYMOG amd T0 M dravEpovion pe
LLELOVLEVT] GLYKEVIPWOT GE O1POopa KavaAlo, TPog KABe éva amd o omoio UTopel va Uy vdpyet
e ebBepn mpdoPaoct. Zopeve pe TNV Aoy avTnh, T0 KEVTIPO HOolalel pe €va TOTOAOYIKO JEVTIPO
(Ao (o yeopetpikn oevbétnon ypapudv kKot kOpPmv). Ilpogavodg n doun tov emnnpedlet
ONUOVTIKA TIG 1O10TNTEC TNG PONG KANCEWV.

On dteg apyés epappolovrar 6tav e€etalovpe Eva pepovopévo tufqpa tov kévipov. 'Etot, m.y. po
oHada YDV ToPAyEL por] KANGEWDV Kol TNV TPOGPEPEL GE [0l OPLAdO KAVAAIDV, SNA0OT, YPOUUES 1
petayoyeic e enduevng Paduidoc. Ymapyovv tpelg Pacikég pébodot pe tig omoieg pmopovv va
dtaovvdeovy petaywyeic olapopwv Paduidwv, dniaon

1. [1inpng mpoaitotyro. (full availability)
1. Mepixn mpoortotnra (limited availability)
3. Zevktiko obotnuo (link system)

H mpng owaocvvoeon peta&d dwpdpov Pabuidmv pmopel vo meptlopPdvel Kot GLVOLOGHOVS
AVTAOV TOV HEBOd®V.



THAEDQNIA Kep. 1

[Tpng mpositdtta gival o 0pog mov amodideTar ot HEB0do dacvuvoeons, Omov OAeg ot TNYES
pog opdoag (onueio €160d0v) €xovv mhvta wpdoPacn mpog kdbe Kavai (onueio €£6dov) g
opdoac. H pébodog mAnpovg mpoottdttog yio. SlacVVOEST UETAYOYE®V VoL 1 TO OTOSOTIKY,
OAMG 0 aplBpdg TV EEOOWV TOL EKACTOTE UETAYMYEN TPEMEL, YIOL PLGIKOVG AOYOLS Vo lval
TEPLOPICUEVOGS, OTOTE GLYVA Elvar adVVaATO Vo £xovpe TPOSRacT TPog OAa T KavaAla TG Opadags.

Mepikn npocitdotnta xovpe 6tav kdbe myn éxel mpdosPacn o pepkd HOvo amd ta Kovaitlo. Edqv
Ol UETOYWYEIG TV TNYDV TG opddag Exovv k e£60ovg o kabévag (€xovv mpoottdétta k) kot o
apluog tov kovoMav givor peyaAlvtepog tov Kk, mpémer vo ypnoipomomBovv 101kég uébodot
dtovvoeons vy va eEacpalotel mo amodotikny pony kAnocewv. H mo kown pébodog mov
YPNOOTOIEITOL Y100 TO OKOTMO owtd ivol yvoot| cav uciktovounon (grading) woi, Otov
YPNOUOTOIEITOL, Ol OHAdES KaAoOvTal peiktovounuéves. Ot mnyég mov €xovv mpdoPacn o€ Eva
aKkpP®OG KaBOPIGHEVO GHVOAO KOVOAIDY OTOTEAOVV MO oudda &€16000v. TovAdylotov pHepKd
KavaAle givol Ko g TePIocOTEPES OMO Lo OUAOES E1GOO0L Kail, ETOUEVACS, Kapio opdda oev etvor
avegapTn omd TG AALEG.

H Bdon evog Cevktikod cvothuatog pmopel va meprypapel cOviopo cav 1 opadomoinon 600 1M
TEPLGGOTEP®V OTASIMV MOTE VAL AEITOVPYOVV o€ oeipa (in tandem). e (EVKTIKA CLGTHUOTO EXOVUE
emiloyn v ovvOnkn (conditional selection), onhadn, pio cvvoeon pmopel va dnpovpyndet puovo
eqv m myn umopel va Bpet pio glevBepn Sadpopr] mTPog TO EMOLUNTO KOVOAL 1 KOVAALQ.
[Ipogavmg, amouteiton yvodon yo to €€ng: moeg (evleigs (links) eivon elevBepec, moleg (ev&elg N
KOavOAMo €ivol omacyOANUEVA KOl Y10L TO TG GLVOLALOVTOL TO GTOLXEIN TV SOPOP®Y GTUOIWV.
Kvpro mapadetypo eivoar 1o pofiderapind (crossbar) chommuo. Xe té€rolo cvothiuoata Umopel va
ovuPel ecwtepkodg amoxieiouos (internal blocking), dnlodn, pmopel va cvpuPel va vmdpyovv
elevbepa kovala 610 TEAELTAI0 GTAS0, GTO OTToia e TYN va £xel TpdcPacm, aAAd va un umopel
va o KatoAdPer A0ym EAdeync tov avtiotoiymv (eb&emv mov eivol amacyoAnuéves He GAAEG
KMoelc. O gomtepkds amokAelonog o cvpfaivel Aomdv and EAleryn ehevBepav KavoAMdY oA
amd EAlewyn (edéewv Tpog eAedBepa KavAALL.

[Ma v KoAOTEPN KATAVONOT TOV TPONYOVUEVAOV 1OEMV 0100VTOL GTY GLVEYELD TPIO TAPAOETYLOTOL
OTA®V TNAEQPOVIKOV KEVIP®Y, TOL EMWOEKVOOVV TPOKTIKE TN OOUN Kol UEPIKES Omd TIC
npoavagepheiceg €vvolec. Xto MmAavd oynua @aivetal &va omAd
Kévtpo oG Pabuidoc petaywyng mov eéummpetel 10 miepovikég
ypoppés. Arotedeiton and pa pntpa pe 10 eiloc660vg kar 10 E6d0v¢
L] mov ToploTdvovior amd  opllovTieG Kol KOTOKOPLPEG YPOUUES

2 10 4 7 7 4 4 4 I
a 1 g avrioTola. K’aé)a ?nkanpmvum YPapp Guv8§81a1 oe pio 81605? Kot
r pio €€0do. Kdabe eicodoc pmopel va cuvdebel o onmotadnmote €600
9 - péow evog otoyeiov ovvoeong, erapns (crosspoint), mov Ppicketon
B OTNV TOUTN TOVC. £TO SN QaivETOL Lo GHVOEST], OOV 1 avTicTOYM

emapn €xel tomoBetnBel péca 6° éva kikro. Movo pia eragn| oe KGO
ypoppq Kot og KaBe otAn pmopei va ypnopomondel tavtoypova. Aeod dev eivar avaykaio va
GUVOECOVE £VOL GUVOPOUNTN GTI OIKT TOL YPOLLLT, Ol EMOPES TAVED GTN SLYOVIO TNG UNTPOS OE
ypnooroovvrotl. o 1o €101kd avtd Tapdaderypo Oo uTopoHGAE VO LEWGOVUE TOV 0plBUd TV
EMOQOV, EMTPEMOVTAG TAVTO Tr GUVOEST KAOE ypappng He omoladnmote GAAN. AVTO Qaivetal 6To
dgvTEPO UEPOG TOV GYNUaToc. Mo Té€tota d1dtaln ouwg Ba giye mo TOAOTAOKO KOKA®LO, 0pOov O
Tpomog Aettovpyiog Oo eCaptdton and v ekdotote €icodo kot ££0do. EmmAéov o tétown
ovvoeopoloyia. 0 pmopel va ypnowomombel cov oK) HOVAdK Yl TNV KOTOOGKELY] O
TOAOTAOK®V GLOTNUATOV, OTMG 1| TPMT, £dv BepnBel 6TL o1 Ypoppég 5000V dPEPOVV OO TIC
avtiotoleg €c6dov. IMapatmpeiote emiong 6tL T0 GVOTNUO TOL TEPLYPAENKE €ival TANPOVG
TPOGITOTNTOG.
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Keo. 1 THAEDQNIA

Ta BéAN oto oynuo detyvouv 1t dSadpopr| Hog kKANong, oniadn, t oevbuvon katd v omoia
arokafictator M kAon (kar Oyt T devbvvon g ewvhg). o T1g avdykeg g Oswpiog
TAEQOVIKNG Kivnong oev elval avaykaio 1 dudkpion peta&d g evbeiog Kol g avtioTpoeng
TNAETIKOVOVIOKNG O10POUNG, ETOUEVMS, Kol Ol 0VO0 UTOPOLV VO TOPACTOOOVV HE L0 oA
ypapu. EmmAéov, dev givar avaykn va kabopiotel 10 puoikd pHéGo mov amokafioTd TG GUVOECELS.
Ta otoyeioa oOvdeong pmopel vo eivor mAektpounyovikd M nAektpovikd. To @uowod pEGO
emkovoviag pumopel va ivat gite S10popeTKol aywyol, ] 6& GLGTNUATO TOAVTAEEING, OLOPOPETIKES
XPOVIKES ayloués (time slots) | O10POPETIKES TEPLOYES GLYVOTNTAS TAV® GE VAL KOWVO ayDYUO HEGO.
To endpevo oynpa delyvel TAPAGTATIKA TIG TPELS OVTEG KATNYOPIES, TOL ovclaoTiKd Bacilovtal 6tn
dwaipeon g TANPOPOPIag 6TO YDPO, XPOVO Kot GUYVOTNTA OVTICTOLYCL.
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(B) Metaywyn Katapepiopou Xwpou (0) MeTaywyr) Katapepiopol Zuxvotntag

To mponyovpevo kévtpo pog Paduidag eivar avtiotkovoptkd, a@od o aplfpds TV amaITOVUEVOV
EMOQOV oVEAVEL e TO TETPAY®VO TOV 0plBuoy tev ypauudv. O aptBpdc avtdg Opme pmopei va
peiwbet ebv ypnowonombodv mepiocdtepeg Pabuideg. Ztn ovvéxewr Bo deiovpe VO OOUES
KEVIPWV, EVOG TOV Sruatomopikod cvotiuatog (step-by-step system) xou evOg (EVKTIKOD TOOTHUATOS
(link system).

210 enduevo oyfua eaivetol évo Tumikd kévipo 3 Pabuidmv yio 1000 cuvdpountéc. o amdlotnta
ta onueio cvvoeong de aivovtal, aAAd Ta TETPAYOVO TOPIGTAVOLY U0 UNTPO ETOPDOV OTMOS QLT
mov mePLypayoue mponyovpéves. Kabe tiépmvo cuvoéetor oe pio ypapun €o6dov oty A
Bobuida ko oe pio €€0do ot I' Pabuida. Ot ypappéc mov cvvdéovv Tig opdadeg ™ A won I'
Babuidag ot B mapiotdvouv 10 ypappéc povng n ke pia. ‘Etol oty npmt Pabuidoa A n kivnon
ovykevipoverol amd 100 g160d0vg 6e 10 £0060V¢, EmOUEVMG, Umopel Vo TPOKVYEL OMOKAEIGUOG €6V
OAeg o1 £€0001 givar amaoyoinuéves. Ot opdoeg e TpdOTNG Pabuidag umopodv va givar TANPOVE N
peptkng mpoottdtntac. Avtifeta pe 1o KEVIpo Tov TEPLYPAPOLUE €0, €ival duvaTH 1) KOTOOKELT
OKTVOV pe TOAAES Pabpideg mov va pn mopovctdlovy amoKAEIGHO. TNV TPAEN OUMG EMTPETOVLE
ocuvnBmg va cupPel LUPEOPMNOT YL TNV ETMITEVEN OIKOVOULDV GTA OPYAVOL.
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Ta 6pyava tg B Pabuidag perdyovv v kivnon mpog tv embount) 000 cOUPOVO LE TOV
emheyopevo apoud. Edm dev €yovpe oute cuykEVTPOOT 00TE amOKEVIPMOOT TG Kivnong. Avrtifeta
ot ' Babuida, émov emiteheiton n 1eAK] ohvoeon, N kivnon amoxevipodverol. O apBuoc tov
OTOLTOVUEVOV ETAPOV Yl0L TO KEVTIPO avtod eivan mpoeoavmdg 10x100x10+100x100+10x100x10 =
30.000, mov givon e&oupetikd pkpotepog amd o 1000000 yia o avtiotoryo kévrpo ping Padbuidag.

A B C

10
10C

10
100
10C

10¢

Yvvoyilovtog, 6To KEVTPO avTd, To Opyava TG A Pabpidag cuykevipdvovy TV Kivnon yopic va
dpoHOAOYOVV (Ao CLYKEVTP®OTG), T Opyove TG B fabuidag dpoporoyodv v kivnon yopic va
aAAGCovV TN GLYKEVIPWON NG, VM Ta Opyava NG I Babuidag avtiotpépovy T GLYKEVIPOGON NG
(phon emroyng). Xnv mpdén N dapopd avtn dev etvan mhvta toc0 EekdBapn. Iapatnpeiote Ot
KkdOe Pobuida eléyyetor aveEapmta amd TIG GAAEG KOl 1) GUVOESN TPOY®PE KOOMDG Tpoywpd M
EMAOYY], TPAYLLO TOL OTOTELEL TO KOPLO YOPOKTNPIOTIKO TOV PLOTOTOPIKAOV CUGTNHATOV.

Eivor ouwg dvvatdv o éleyyog moAhdv Pobuidowv va yiveton poli, €161 @oTe N KOTAANYN oG
CevEemg va mporapPdvetar ektoOg Kot €qv avt| omotehel pépog g OANG oepdg ovvoeonc. ‘Eva
tétol0 ovotnua, Cevktikd cvotua (link system) v ovotquo emiloyns vmoé ovvOnxn (conditional
selection system), QOIVETOL GTO E€MOUEVO GYNUO. XE TETOLWL GLGTNHATO ETITVYYOVETOL TEPULTEP®
peiowon tov aplBpov TOV avaykoiov ETaEOV, oo HITopPovV Vo ypnoiomomboy pukpdTEpQ
opyava. H mpaxtikny avty elvor okatdAAnin ywoo Pnuotomopikd GLUGTAUHOTO, o@OVD HETE TNV
KatdAnyn pag €€6dov opydvov g A Pabuidag, n kAnon Ba elye mpdcPacn o€ pio povadtkn
gloodo ™¢ ' Pabuidag, mov Opwg pe peydin mbavomta Bo eivol Katenuuévn. 1o (evkTikod
ovotnua, avtibeta, po ££000¢ ™ A Pabuidag o kKatolappavetor edv n avtiotoyn eicodog g I
Babuidag dev eivar erevBepn. Eivor mpopovig edd Kot 1 avaykn dmapéng vOog Katawpntn yio TV
enmitevén TV avOTEP®.

IMa 10 mapddetypa ovto, 0 cuvoAlkdg emapmv eival 10x100x10 + 10x10x10 + 10x10x10 = 21.000
avtii tov 30.000 tov Pnuotomopikod cvoTiuoTos. XtV mPdén  PéPoare  umopovv  va
YpNOoToovVTOL TEPIoTOTEPES Pabideg am’ 6Tt ota Tapadeiypota. Tedeudvovtag, Tovifovpe 0Tt
To TOPAOELYHOTO TOL d0ONKAV ATA®S TOEKVOOVY TIS Pacikég apyés Tov neBddmv kot avtd de
onupaivel 6Tt elvar TpaKTiKd ypnoomomcipa 1 Oewpnrtikd PEATIoTA.
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2. OEQPIA THAE®QNIKHZ KINHZHZ
21 XtoXOOTIKEG aVEAIEEIG OTNV THAEQWVia

Ev yével ot mAepovikég KANGE dNUIOVPYOLVTOL AtO TOLG GLVOPOUNTEG GE EVIEAMDS TLYOUES
YPOVIKEG OTIYUEG KO €E0PTMOVTAL OTOKAEICTIKG ad TIG 1010iTEPES AVAYKEG KOl cLVNBElEg ToOL KAOE
ocuvvopountr. Eav évag cuvdpountig A emBopel va uAnoet pe éva cuvopount B, 1o anotédecua
B elvor elte 1 amOKATACTOON TNG EMKOWMOVING 1 €YKOTAAEWYT TG Tpoomdbelog tov A. Xto
EMOLEVO CYNLLO GOIVETOL 1] GELPE YEYOVOT®V Y1 TNV EMiTEVEN emKov@Viog HETaEL Tov A kot B.

H emkowovia pnopet vo emtevyBel apécmg 1 petd éva apbud amotvyidv. Ev yéver 6tav évog
GLUVOPOUNTNG OTOTLYYOVEL OTO VO OTOKATOGTNOEL ML GUVOEST UE TNV TPAOTN Tpoonddeia,
emavorapfPaver péxpt va to emtvyet. ‘Etol dnovpyovvion eravaloufavousves kinoeig (repeated
calls). H xaBvotépnon pe v onoio 0 cuvopountng eravorappdvel Ty tpootdadeio Tov e&aptdTon
KLPIOG omd TV EKTIUNGT] TOV Y10l TNV OLTiOL TNG OTOTLYIOG GVVIEST|G.

O ap1Budg TV TPOSPEPOUEVOV KAMGEDV GE €VOL KEVIPO avA LOVAda Ypdvov, 0 pvluog Kinoewy
(calling rate), mowcidel. e UmOPIKEG TEPLOYEG KAl KOTA TN OLOPKELD TOV EPYACILOV OPOV UTOPET
va givai ToAD peydlog, eva KoTd T 01dpKelo TG vOXToS HetdveTon Tépa oAy, EmmAéov, exktdc tev
(QUOIOAOYIKAOV TEPLOOMV OLYUNG, AVOUOAL EEMTEPIKE YEYOVOTO GLYVA ONLLOVPYOVV OVENUEVEG POES
KMoewv kal givor duvatdv 10TE va Exovpe TPocwmpva vrepPoiikd Kokt eSvmnpétnon ond To
MAEQOVIKO KEVTPO. Ot 101eg 10€e¢ Umopel va EPAPLOGTOVV KOl Y10 TO ECMOTEPIKA TUNUATO EVOG
KEVTIPOL apov kdOe Pabuida Aapupavel kinoelg and t1g mponyovpeves Paduideg. Ot KANGES AVTES
TAPAYOVTOL GE TUYOUES YPOVIKEG OTIYIES, OLMG 1) POT) TOLG EMNPEALETOL GNUOVTIKA Otd TN SOUN TOL
KEVTPOV.
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O A emBupei
Va ETTIKOIVWVACEI

KARon

B Atravtnon
He Tov TnAe@wviké ZioTnua B? Zuvouihia
Zupeodpnon
EvkataAeitrel xwpig Aéoc Tou A Fpapun KartelAnuuévn
va TTPOoTTa0nRoEl
apyoTepa
APEOWG Kauuia Atravtnon
/
KaBuoTépnon véag MpooTabei Eava ’ ’
TIPOOTIABEIOC Ti atrogaciCel o A ?

EvkataAeitrel

H api&n tov kMocov, 1 0twg ocvvnbwg kaAeital, diadikacio ei00dov (input process) ivou
EMOUEVOG EVOL TVYXOLO POVOLEVO TTOVL YopaKTNpiletal amd mOAvOTIKOVS VOLOLG TTOL EAEYYOLV TOVG
XPOVOLS UETALD ODO O1adoyikaV KAnoewy (interarrival times) kol amd Tov aplOpd T®V KANGE®V TOV
eBavouv péca o éva kabopiopévo ypovikd ddotnua. H dadikasio e166d0v givar emopévag o
aroyaotikn ovélcn (stochastic process). Opotla n d1dpKelo TG GCLVOLIAIG 1| TNG KOTAANYNG €VOG
otoyeiov givar kol TaAL Eva Tuyaio atvopevo. Ot cuvnBeleg TV GLVEPOUNTOV KLIOTVOVTOL LETOED
OLTOV TOV GLVOPOUNTMOV TOL KOAVOLV Alyeq KANCELS OAAG HAOOV €ml TOAD KOl OVTOV TOV
GLVOPOUNTOV TOV KAVOLV TOAAEG KANOES aAAd €xovv clOvtopeg ocuvolarééels. Emopévaoc m
JuapKel po KANong, o ypovog karalnyng (holding time), kaBopiletor amd Eva mbavotikd vopo. Ot
YPOVOL TEPUATIGHOL TMOV KANGE®V ocvpPaivouv Aowmdv o€ TuYOIEG YPOVIKEG OTIYUEG Kol
emmpedlovtatl mapd ToAH amd TN AELTOLPYIO. TOV GLGTHUATOS, EMOUEVMOC 00NYOVV GE Wlo OEVTEPT
OTOYAOTIKY] AVEMEN, T dradikocio e£o600v (output process).

Eivar Bolkd va avagépovpe Tig a@ifelg Kol TOVG TEPUATICUOVS TOV KANCEWV GOV YeYOVOTa
(events). H ypovikn otiypr] mov cvpPaivel €va yeyovog avtamokpivetol og éva onueio otov dova
TV ¥poévov. Etol ot apucvovpeveg KANGES 010 cOOTNUO UTopel va €0mbodv cov pio celpd
onpeiov otov d&ova tv ypdvev. H otryun mov pia kAnon ¢Bavel 6To cOGTNO CNUEIOVETOL VO
oTOV GEOVO KO TO GUVOAO TV ONUEIOV OVTOV UTOPEl VO YOPOKTINPIOTEL cav i 1dtaitepn
wpaypoatonoinon g dwdkasiog ilcddov. EmmAéov, onoladnmote katavour onueiov otov aova
tov Ypoévov umopel va Bewpnbel cav N mpayuatomoinon Kamolag Oladikaciog €wwodov. Ta 1o
WGYVOVY KOl Yl TIG YPOVIKEG OavOy®PNoems TV kAncewv. Ipémel va tovictel OtL dradoyikd
yeyovota dev glval gv yével aveEdpmra, Ty, N AeEn pog KAnong ennpedletor and 11 apitelg
TPONYOLUEVOV KANGEMV, OLOLN O TEPUATICUOG Lo KANoNS Kupimg eaptdtal amd Tn ddpKela g
cuvopAiog.

O1 1310 TEG TOV SLUKAGUDY E1GOO0V Kot €£000V UTOPOVV VO EKPPAGTOVV 0md TOVG THAVOTIKOVG
vopovg mov KvPepvovv T dbpkela {ong, dNAadn, T JdpKED TOV YPOVOL KATAANYNG Kol TOV
YPOVIKOV OoTNUATOV UETOED 000 Oladoyik®dv agpitewv. Ot dwndikacieg €100d0v Ko €£600V
UmopovV va TEPLYpapovV €ite pe PAom 10 YpOVO TOL TAPEYETUL LETOED VOGS aplOUOv YEYOVOTWOV
elte pe Paon tov apBud yeyovotwv mov cvpPaivovv oe éva kabopiopévo ypovikd dbotnua. H
apoaidtra petad TOV VO VTV TEPLYPAPAOV &ivor TOAAEG (QOPEC YPNOUN Yo TNV
OVTILETOTION TV TPoPAnuatev copeopnons. Ocov agopd T Oladikacioo 5000V TPEMEL Vo
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dwkpivel kavelg tn O@opd HETOED TOV YPOoVIKOV Ol00THUATOV UETAlD 000  O1ado KDV
avaywpnoewv (interdeparture times) Kot ToL YpOHVOL KATAANYNG piog KANoNG.

H xobopa toyaia eicodog (random, pure chance input) gival 1 yvoototepn dtodikacio £16660v.
Mmnopei va meptypa@tel TPooeYYIoTIKA amd TV KatdoTaon 0mov vrapyetl pio ido mbavotnto yio
TIG TPOCPEPOUEVES KANGELS VO PBAcOVY G€ KATOl0 ypovikd drdotnuo oveEdptnta n pio amd v
AN Ko aveEapTnTa amd TNV KOTAGTAOT] TOL GUCGTHUATOG. TOTE TO SICTNHOTO HETAED OLALOOY KMV
KMoewv elvar 6ha aveEdptra Kow okoAovBoOv v opvytiky exbetiky katavoun (negative
exponential distribution) (0.€.K.), ev® 0 apOpdc TV KANcewv Tov eOdvovy péca og £va avbaipeto
xPOVIKO dtbotnua akorlovbel v katavoun Poisson. Gswpntikr] cuvOnkn v va cvpPaivel owtd
etvar o apBudg TV YDV va gival drewpoc. Xty Tpdén avTd KOVOTOIEITOL Y10, TIG KANGELS OV
TPOGPEPOVTOL OTIC TPDTEG Pabuideg amd &va peydaho aplBpd cuvopounT®V, 0oy aVTol TaPdyovV
KANOELS o€ TUYaiEG OTIYUEG KOl OEV £YOVV TPONYOVLEVN YVAOOT TNG KATAGTACNG TOL KEVTIpov. ['a ta
emopeva otdoa 0 aplBpdc TV TIy®V etvan TG 010G TAENG pe Tov aptBpud TV KavaAldv Kol 1 pon
TV KANoewV eCouatvverar (smoothed traffic) mavovtag va givor toyaio. Edwotepa, ol kKANoE TOL
anépyovrot omd kamowa Pfabuida mov tpogodoteitan e Tuyaio kKivnon Ba ydoovv tov kabapd Tuyaio
xopaxtnpo tove. Avtifeta, eqv ol avemtuyelg KANoelg o o Pabuida mpooeépoviol e Kamoo
A (ocvvnBwg vymAdtepng epapyikng Katnyopiag Poduida), tote dnuovpyeital o vreppoikn
xivion (overflow traffic) mov yopaxtpiletar amd TN GLECWPEVON TWV YPOVIKWOV GTIYUDV TOV
apilewv (peaked traffic), apod or ovemrtuyxelg ywoo v mpotn Pabuida kAncelg ocvpfaivovv
OVOYKOOTIKO LEGOL GTOL YPOVIKA dtaoTpato 6mov 1 Pabuida avt elval TANPOS OmacyOANUEVT Kol
EMIALOV AVAUESH GTO JCTNUATO oVTO TapeUPaAlovTol dtaothpata 6mov 0 pmopel va £xovpe
OVETITVUYELG KANOELS.

Xuyva gtvor avaykaio vo eE€TAGOVHE Kol d1a01Kacieg 16000V dmov 0 pvluog kinoewv (calling rate)
HETOPAAAETOL YPOUUIKG GUVOPTAGEL TOV OplBUoy TV eAevBépmv mydv. Avtd givor pio koAl
BepNTIKY| TPOGEYYION YO TNV TEPINTMOON TEMEPAGUEVOL (LKpoV) aptBpov myov. Tlpoeavodg n
TPOTN TEPIMTOOT €Ival TO OPLo TG TEAELTALNG, OTOV 0 aPLOUOG TV TNYDV TeiVEL 6TO Amelpo. AALES
TOPOALOYEC umopohv va dnuovpynBovv edv emtpanel n petafoin tov pvBuov agifewv pe to
xpoOVo.

H mo xown dwodikasio teppatiopod givar auty omov €yovpe ekBetikods xpOVOLG KOTAANYMG,
onAadn, ot ypdévor katdAnyng axorlovBovv apvntiky ekBetikny katavoun (a.e.k.). Opwg m
nepintwon arabepwv (constant) xpPOVOV KOTOANYES M| kovovikav (regular) agi&emv cuvaviaTot
OPKETEC POPES.

H Bsopio mAepovikig kivnong acyoleitor pe To TPOPANUOTA OVOUOVIG KOUY| OTOAELDV GE
TNAEPOVIKE GLGTNUATO, OTTMOG TOV KABOPIGUO TV GLVIAEEEDV VIO €EEMEN, TOV VTTOAOYIGUO TNG
KaBvoTéEPNoNG TOV KANGE®VY, TOV VTOAOYIGUO TOL TTANOOLG TV KATENUUEVOVY opyavey, KAt. H
aviivon Tov TpoPfAnudtov avtdv e€aptdtor 1060 amd TIG SudIKAGIES E1GOO0V KOl TEPUOTIKOV
KMce®V 0G0 Kot T doUn Tov GuoTNpatoc. Ot anavinoels oto TpoPAnuata avtd o propet va givon
akpiPeic, vmd Vv évvoln OTL pmopovv vo. PpebBodv pdvov mbavotnteg N UEGES TWEG Yoo TO
eEetalopeva peyéom.

2.2 ZtamioTikn looppoTria

Mo Adyovg evkoriog Bo avagepbBodue otn cvvéyxelon 6e P amAr] OUAd0 OPYAvV®V TANPOLS
TPOCITOTNTOS. YToOETOVE OTL KATAYPAPOLLLE TO GTIYHLOi0 0plOUd TOV KATEIMUUEVOV OPYAVOV GE
po opdda Yo Kamoto xpoviko dtotnuo. ‘Eva tétoto dudypappa Ba £xel T popen mov goivetol 6to
EMOUEVO OYNUA, ONAOON M OYETIKN KOUTOAN Tapovctdlel Pnuatikés acvvéyeles. Ta onueio mov
&xovpe avénom (Uelwon) avVTIGTOWYOVY OTIG XPOVIKEG OTIYUEG KOTAANYNG Ko eAevBépmong tmv
opyavmv. Mia tétolo KapmOAn avTiototyel e por cvykekpluévn moapatnpnon. ['a va Adfet kaveic
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THAEDQNIA Kep. 1

TANPN YVOON NG CLUTEPLPOPAS TNG Oopdadag, mpémet va AaPet €éva peydio aplBud Tétoiwv
ypapnudtov. Kdabe tétota cuvdptmon sivor andd éva deiyua (sample) TG GTOYOCTIKNG 0VEMENG
oL TEPLYPAPEL TOV aplud TV omacyoAnuévav opydvev. To cOvVoAo avtdv TV JelyUdTOV
TEPLYPAPEL EMOUEVMG OAES TIG duvatés e€elilelg g dwdkaoiag. Elval mpopavég 6t ta detyparta
SPEPOVY OTIC TOAVOTNTES ELPAVIONS TOVG, Gpa eivar POAIKO va TO. GLGYETIGOVLE E oL TVYOLN
peTaBAnTn mov va TePLypaeel TV ThovotnTo REAvVIon Toug. Tote N oTtoyaoTiKn avEéMEN pmopel
VO TEPYPOPEL GOV W10 KAVOVIKT] GLVAPTNOTN TOL ¥pOvov Kol NG tuyoiag peTafintmc. Me tov
EVOAOKTIKO avTd TpOTO TEPYypapns O ypelaletan en’ akpiPne yvoon tov delyudtomv, aAld M
oTOXOOTIKY] avéMEN umopel vo meptypaetel (Yoo T0 TOPAdEYUd HOG) GOV U0 OKOYEVELN
OTOXOOTIKOV UETAPANTOV, KAOe pion amd TG omoieg maploTdvel Tov aplipd TV OmacYOANUEVOV
0pYAV®V GE 0L CLYKEKPIUEVN XPOVIKY] oTiyur|. Emopévog n avéMén kabopiletoan apécme and
OLUVAPTNOTN KATOVOUNG Y10 TO GUVOAO T®MV TuYoimV HeTafAnT@V Tov didovv v mbavotnto va
AGPel n avEMEN Kamolo Ty o€ KATo0 Ypovikd onuelo.

H uerapepouevy tmiepwvikn kivyon (carried traffic) opiletor cav 1 péon tyun tov apdpod twv
OTOGYOANUEVAOV opYavev NG opdadas. Mmopel va Bpebel amd ) ovvaptnomn Katovoung g
OTOYOOTIKNG OaVEMENG KOl TPoPavdsg eEaptdton amd to Ypovo (yopwkn péon tiun). Edv n
oTOXOOTIKY] avéMEN elvon atatiky (stationary), TOTe 0 YPOVOG OEV VIEICEPYETOL GTN GLVAPTNON
KOTOVOUNG KO ETOUEVMG 1 €T TN €tvan otabepn Kot aveEaptntn tov ypovov. Oumc oty mpdén
N YPOVIKY péom Tun ¢ kivnong pmopel va petpndet yio éva kabopiopévo ypovikod dwaotnuo. H
vmapén g eEacpariletor amd To epyodikd Bedpnua, 6v 1 oToYaoTIKN avEMEN ivan otatikn. Edv
emmAéov M avéMEn elvar gpyodikn|, ot ypovikég péceg TWéG etvar aveEapmnteg tov dloitepov
delypartog, apol Oheg etvar iogg Kat To oNUAVTIKOTEPO €lvar 10eg e TN YOPIKN HEoT Ty, Andadn,
Yol EPYOOIKEG GTOYUOTIKEG OveEMEELS Eva delypa €xel TIG 101EC OTOTIOTIKEG 1010TNTEG L KAOE dALO
KOl EMOPEVOC OpKeL Eva o’ avTd Yoo TNV Teptypagn e aveMENG. T Tig epapproyés g Bempiog
TMAEPOVIKNG kivong ovvnBwg vmotifetor €pyodkOTNTA TOV EUTAEKOUEVOV  GTOYOCTIKMV
avediEemv Kot tOte Aépe 6Tl o1 dradikacieg avtég Ppickoviol o€ oTATIOTIKY 16oppontia. H €vvola
avtn givor ovolOOMG Yo ™ BepnTiK HEAETN KOl OVOPEPETOL GTNV LLOBECT] £PYOIKOTNTAG TMV
JdKAGLOV.

A

Ap1Buodg
KatelAnuuévwy
Opydvwv
OAa 10 6pyava KAaTeIANUuEvVa

1l
N LH_J_ E

- T ——»

Xpoévog

Edv n katdotoon (status) tov CLGTNUOTOC TEPLYPAPETAL OO TOV OPOUO TOV OTACYOANUEVDV
opybvaov 11 tov aplud tov géummpetovpéveov 1 KoBLGTEPOLUEVOV KANCE®V, TOTE UTOPEL va
Bewpnbel 011 o1 petaforés oTovg aplBUoVE AVTOVE TOV TPOKAAOVVTIOL OO TIG EIGEPYOUEVES KOl
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Keo. 1 THAEDQNIA

amepyOpeveg KANGELS avtioTafpuilovtal pe TéTolo TPOTO MOTE OMOEGONTOTE AVENGELS N ELUTTMOGELS,
o€ éval 0pKOLVTAOG PIKPO YPOVIKO dtdoTnpa, va gival Tov 10iov peyébovg. H apyn avtn epappoleton
YO TO GYNUATICHO TOV EEICMCEMYV KATAGTACNG, TOV YPNOLUOTOOVVTAL GTN GLVEXELWD Yo TOV
VTOAOYIGUO TOV TOAVOTHTOV KATAGTACTG, ONANOT, T®V THAVOTHTOV VO £XOVLE Eva KATO10 aplipd
KATENUUEVOV 0pyavev 1N ol KAon va ypsootel va avapeivel kAm. 1 omowadnmote GAAN
mOavOTNTO TOL HOG EVOLOQEPEL, TOL OH®G givol aveEdptntn omd TNV E0IKN YPOVIKT GTIYUN TNG
TEPLOOOL OV TO GVGTNUA BpiokeTal o€ 1IGoppomia.

Yy wpdén avtd pmopet va Bewpnbel 6tT1 cuuPaivel kotd ™ SAPKEIR TG WPAS UEYITTHS KIVIONS
(QKM) (busy hour), mov opiletor cav 1 XPOVIKN SAPKELD LOG DPAG KOTA TN SLUPKELN TG OToilag
gyovpe TN peyoAvtepn kivnon xotd tn owdpkeln pog npépag. Tote pmopel va Bempnbel Ot
EMKPATEL M KATAGTACT TNG OTOTIKNG looppomiog. Ot vworoyiopol mov avapépovion otnv QKM
elval ave&apnrtol tov Ypovov, OMAdY|, ol WIOTNTEC TOV TPOKVATOLV OO TNV EPYOIKOTNTO
yxpnoonoovvtor Yo avtovs. H 10éa e QKM av kot mold kohd xobiepopévn sivor paiiov
acapns. Ot QKM yia d1dpopa KOUUATIO TOV cuaTUaTog ¢ Ttavtifovtal pe v QKM tov 6lov
GLOTNHOTOG, EMIONG SPEPOLY amd LEPO GE PEPO Kot amd enoyn o€ enoyn. O Adyog g kivnong
kata v QKM 7mpog TN OLuVOAKY Kivnom NG MUEPOS KOAEITOL oLVIEAEOTHG OULYKEVIPWONS
(concentration factor).

2.3 To Erlang

Eivar avaykaio vo vrdp&er pio povado KoTtdAANAN yo T HETPMON TG TNAEQOVIKNG Kivnong.
[ToAoi opiopol tétolwv povddwv €yovv yively, onwg ov TU (traffic unit), UC (unit call), CCS
(hundred call seconds per hour) kol 10 Erlang mov givan 1 d1eBvdg amodext povaoda. To Erlang
opiletan wg €ENG: o apifuog Erlang (évraon kivnong) eivar o uéoos apiBuog twv tavtoypovmv
KOTOAWE®V KOTA T 010pKeLa. piog kaOoplouévng xpovikng mepiooov T. O opiopog dev avapepeTot
oe o ovykekpévn mepiodo T. Zmmv mpdén ocvvnbwoc T=1lh. Ta epyodikéc dwdikacieg to
amotéleopa tvar aveEdptmro tov T kot givor 1o 1010 Yoo kGBe delypa. XNV TPOyUOTIKOTNTO TO
Erlang eivon o adidotarn povaoda (0nwg to db, rad kou n oktapar).

A
x(t)

\/

t

‘Eocto 011 y10 kdmolo cHotua pog 6idetal £va didypappo Tov aptBpod TV KataAnyenv x(t) Kotd
N XPOVIKN GTIYUN t Gav cuvapTNoN ToL XPOvov Y pa tepiodo T (0<t<T), onwg oto oynua. Onwg
non &yovpe avagépet n X(t) ivor po PnUatik] cuvaptnon Tov AAUPBAVEL U1 OPVNTIKES AKEPALEG
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THAEDQNIA Kep. 1

Tipéc. H x(t) avéaver xatd 1 yuo kabe véa katdAnymn kot erattdvetol Kotd 1 dtav po KotdAnyn
navoel. Tote, 1 évtaon kivinong A yia to dtdotpa avtd eivar floel Tov 0pIGHOY

1 T
A=T£x(t)dt (1)

O vroloyiopdg Tov A givar mpaktikd e0korog v Anehovv voym ot W teg g X(t). "Eoto t,; 0
GLVOAKO Ypoviko Stdotnpa 6mov X(t)=p, tpopavag 0<t,<T yio p=0. Tote

1 n
A=;Zptp )
p=0

OmoL N 0 PEYIGTOG aPBNOG TOVTOXPOVOV KANcewv Katd to dtdotnuo T. EvaAloktikd n €éviaon
kivnong A umopel va vmoAoywotel kot g €€1g: ‘Eotm N 10 mAN00¢ TV KATOAYE®OV KATA TN
ddpketa Tov T. Edwv t, n dubpketa g v-6T¢ KaTtdAnyng, tote

1 N
A:_Ztv 3)
TV:O

I'o tov vroAoyopo TV t,, 1 OLAPKELR TOV KANGEMY TTOL ivor o€ eEEMEN KATA TN XPOVIKY] GTUYUY|
t=0, apyn Tov daotnuatog T, petpiétan amod t=0, evd o1 KAGELS Tov Tapapévouy o eEEMEN oTO
téhog t=T 1tov dwomuatog T Bewpovvrar 6t dwprovv peypt t=T. H péon ddpkee 1/p M s pog
KatdAnyng (ypovog katdAnync) umopet vo ektiun et amd v

o1 X
s:l/u/ztz—Z:tV 4)
N v=0

Ao 1 iapketo Tov kKA\oewv oe eEEMEN yia t=0 kot t=T vro-ektipdron, t<s. O pvOudg KMcewv
A mdAL exTipdTon omd v

A=N/T ®)
onote
A=Np=2s (6)

AmodewkvbeTar Ot M mponyovuevn oyéon Oidel v €vtaon kivnong Otav €YOVUE GTOTIOTIKN
1ooppomia. Kot ot drodkacieg 16600V Kot TEPUATIGHOV yapakTnpifovial and Tovg HEcovg puhpovg
ae1Ene, A, Kot HEGOVG YPOVOLS KatdAnyng, 1/u, avtictouya.

‘Evtaon kivinong 1 Erlang onuaiver 61t 0o pécog apBpdg tantoypovev KANCE®V GE Uid. Opdoo
opy&vmv yuo kdmowo ypovikn mepiodo eivon icog pe tn povéoda. Edv to minbog tov opydvev g
opadag eivat éva, avtd onuaivel OTL TO HOVOOIKO OPYOVO TNG OLAdNG Elval TANP®G ATAGYOANUEVO.
‘Etot éva 6pyavo pmopet va petapépet povo éva Erlang to moAd. Apa yio pa opddo n opydvev, M
Kkivnon mov petapépetat Toté o€ umopel va vepPet ta n Erlang.

Ola ta TponyodUevo ava@EpovTal 6TV EVIAOT TNG LETAPEPOUEVTS Kivnong, OU®G ot bIToAoyIGHol
mov yivovtal ot Bewpio TMAeeoviKng kivnong Paciloviat 6T yvdoT TG TPoseePOUIEVNS Kivnong.
H mpoocepopevn kivnon ompovpyeitol amd tic KANGES TOv OAVOLY 6TO GUCTNUA AOYETO OO T
puetémerta toyn tove. H éviaon g mpooeepduevng kivnong opiletor ¢ €Eng: Evraon
TPOGPEPOUEVIS KIVHONS Ival 0 uEcOS apilfuog apilewv a10 GDOOTHUO. KOTO. T OLOPKEIN TOV UEGOD
xpovov katainyns. Etol

Ao =Ao/lo (7)
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Ko

A=A (8)
Omov o deiktng “0” avagépeTon oV mpoopepouevy kivion (offered traffic) ko “c” ot
uetoapepouevy kivion (carried traffic). Ilpénel vo tovietel 6t 10 A, etvar £va vroBetucd péyeboc.
Movo ta Ay, A, Ag, kKot p eivor petpriowa peyedn. Zovnbwg, dexdpoocte 0t p, = p.. EmmAiéov
navto A=A

24 Métpa cuppopnong

Onwc mpoavagépape 1 Oswpia Tniepwvikng Kivnong acyoieitor pe v mocotikn HeEAETN TNG
PONG Kivnong o TNAEP®VIKA GLUGTIUATO KO TOV TPOGOIOPIGHS TOV UTOAELDV Kol KAOVGTEPTCEWV
TOV GLVOVTOLV 01 KANGELS KATd TN dtdpKeLa TG S1EAEVGNG TOVG HEGH TOV GLUGTNHLATOG,

IMo ™ peAétn ot 1060 o1 IOTNTES TV TNYDOV 0G0 KOl TOV KOVOA®OV TPETEL VoL ANeBodV vtoyn).
Mo ™ Aon tev mpofAnudtov couedpnong ot nOUEVOL Tapdyovtes TPENEL Vo Kabopiotovy €E
apNG:

1) O11d0mTeg TOV APIKVOOUEVOV Kol TOV TEPUATILOUEVOV KANGEWDV.

i1)  H 1iyn tov avemtuyodv kKAncewv.

iii)  H doun tov cvetipotoc.

Ocov agopd 10 1) cvvnbm¢ amotteital 1 YVOON TOV GLVOPTNGE®Y KOTOVOUNG TGV YPOVOV
KOTAANYNG KOl TOV YPOVIKAOV OLUGTNUATOV OVAUECH GE OL0O0YIKEG KANGELS, TOV KOTO TO HEYIGTO
dVVaTO VO OVTIGTOLYOVV GTIC TPOYHOTIKEG GUVONKES TOL TAPOTNPOVVTIOL OTIG SLOdIKAGIES IGO0V
Kol teppaticpov. Ilpémnet va toviotel Ot gival oyeddv addvaTo Vo GYNUOTIOTEL £val TANPES Kol
aKpPEG LOOMUOTIKO LOVTEAO TTOV VO OVOTOPIGTAVEL T QUGIKT TPOYLOTIKOTNTA.

2710 i) amouteitonl yvadon Tov Katd 1060 TO0 GUGTNUA AELToVpYEL Le PAoT) T SLVATOHTNTO ATOAELDV 1|
avapoving KAMoemv 1 ouvdvacpd kol Tov Vo Kol Tov katd moco e€etdletor n dvvaToOTNTA
EMOVOAUUPOVOLEVOV KANCEMV. XE AVAUOVNTIKA GLGTAHATO 1 TOMTIKY eéummpétnong (queue
discipline) npénet emiong va kabopiletar. 'ETol o tTHAE@@VIKA GUGTHLOTO KOTOTAGGOVTOL OE:

1.  2vomjuoto pe amwieies (Loss systems)
2. Avauovnuxa ovarjuoto. (Delay systems)
IMo cvotuata pe andieleg emmAéov pumopet va vrotedet ot

a)  Avemroyeic KANoEg 0 TPOoKAAODV aOENGT) TOL PLOLOL APIKVOOUEV®V KANGEDV OO TIG
OTTOKAEIGUEVEG TINYEC.

B)  Avemtuyelg xAnoelg mpokolovv yévvnomn vémv mpoomabsidv pe kdmola dobeica
mhavotnra.

H mepintowon (o) odnyel oe amiovotepo poviéda. Mo to avapovntikéd GLGTHUATO TEPUTEP®
pmopet va vrotebet Ot

a)  Avemroyelc KAoegg avapévoouy uéypig eEummpEnong
B)  Avemtuyeic kKAnoelg eykataleinovy pe Kamown dobeica mbavotnTa

Y)  Avemtuyelc KANCEIS E€YKOTOAEITOLV HETA TNV  TOPEAELGT KOO0V  YPOVIKOV
LG TN OTOC
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H nepintoon (o) etvor ko mok n ankovotepn. H molrtikn e&umnpénong avoaeEpeTor 6T0 TS
EKAEYETOL KATOWNL OO TIC OVOUEVOLGES KANOELS GE €val AVAIOVNTIKO cVuoTnua yuo. eEummpétnon.
Yvvnbiopéveg tétoteg péBodor givat:

a) FCFES (first come, first served). O npdtog mov £pbace e&vmmpeteitarl mpwrtog (Ordered
Queue).
B)  Toyxoio eCvomnpétnon (Random Queue)

Y)  Epopuoyn mpotepoiotitwv (Priority Queue). Anhaodn, coe kdbe kAnon emcuvlmteTon
évag apBudg mpotepatdTNTAG TOL EEAPTATUL A TNV TPOEAEVOT TNG N TO €id0¢ ™¢. To
cvotnua eEumnpetel TPMOTA TV KANON LE TN LEYOAVTEPT) TPOTEPOLOTNTOL.

H mepintoon (o) odnyel ot amiovotepa pobnuotikd povtéda, eved 1 (y) eivor n mepiocdTePo
epapuolopevn oty Tpasn.

Ocov agopd to iii) elvar ovouddeg va yvopilovpe moOcEG opdoeg opyavov eEetalovtol, moln
uebodog ypnoonoteital yio T SoVVIEST TOVG (TANPNG TPOGITOTNTO, HEWKTOVOUNOT, CEVKTIKO
ovotnpa), T 0éom Tovg pHéca TO TNAETIKOWV®MVIOKO dikTvo KaBMdS Kot To péyedog Tov opddwv, Tov
aplpd TV TV Kot Tov Kavoiiov. Exiong onuacio £yet ko n péBodog avalntnong eievbepov
rKavaiiod (hunting method). Ymapyovv 600 této1eg Pacikég pébodot:

a) Axolovbhoxn avalntnon (Sequential hunting), 6mov M €0peom evog eredBepov KavoAloD
apyiler oamd v dwo Tavta BEon, yivetan pe TV 1010 TAVTO GEPA Kot TO TPMTO ELELOEPO
KaviAM kotoAapBaveror.

B)  Toyaio avalntnon (Random hunting). Ed® xdbe kavdir £xel v idw mboavotnrta va
KATOANQOEL.

H onpaocia g peboddov avalnmong esivor pikpn yio opddeg TANPOLS TPOGITOTNTOC, OUMG
OLLPOPETIKEG TEYVIKEG PEIKTOVOUNOTG Elvol KATAAANAES Yo O1apopeTIKA €101 peBddov avalnmong.
SVVorTIKd, TO onueio (1) avaQEPETOL GTI CLUTEPIPOPE TOV GLVIPOUNTOV 1] TOV GAA®V TNYOV, EVO
70 (i1) Bplokeral KGmov AVALESH ATd TO TPONYOVLEV.

To PBacwd mpdPAnua g Bempiog Tniepmvikng Kivnong pmopel va 1e0el wg e&ng: dobéviawv twv
XOPOKTHPIOTIKOV THS KIVHONG KOI THS OOUNG TOV GLOTHUATOS, Vo fpebel moao, opyavo, mpémel va
tomoletnBodv ae kb oudoo N TOGES ouadeS ae Kabe aT0010, OOTE 1] EVOYANTN EVOS GUVOPOUNTH OTTO
™ ovUPOpNan va. unv vrepPaivel kamwoio xporxabopiouive. opio.

Ta Boacwkd poOnpoatikd epyoieio yio TV OVTILETOTION TOV AVOTEP® TToPEXOVTaL amd T Ocwpia
[MBavo TtV Ko XtoyaoTik®v AveAiEewv, Opmg mpénel vo Kafopicel KOVEIS LE OVTIKEIUEVIKO
TPOTO TOL TL EVVOEITANL e TOV 0pO "evOyAnomn Aoyw cuuedpnong" evdg cuvopounti. Avtd BéRata de
onuaivel 0Tt Ol VTOKEWUEVIKEG OVAYKEG TOV GLVOPOUNTAOV OyvooOvTol, OAAG amhdg OTL eivan
avaykaio 1 eloayOyn KoA®g KoBOPIoUEVOV HETP®OV GUUPOPNONG, TOL UETPOVV OVTIKEYEVIKA TO.
OTOTEAEGHATO TNG GUUPOPNONG OE OVOLOVNTIKG 1| CLGTNUOTO LE ATMOAELES. OempnTiKd, T0 Pociko
TPOPANUa elval 0 TPOGOHOPIGUAC TNG TIUNG TOV HETPMV 0TV GLUEOPNoNG Le Bdomn Tig vobéoelg
Yo TG W1OTNTEG TOV KANGEWMV KoL TOV TPOTOV YEPIGUOV TOV OO TO GUGTN LA,

Avapeco ota S1popa HETPO. CLUEOPNONG YIOL CLGTNHLOTOE LE ATMAELEG OVO gival Ta cLyVOTEPQ
YPNOWOTOOVUEVA:  Zoupopnon kAnoewv (call congestion) wolv Zvupopnon ypovov (time
congestion), mOvL &emiong omokoAlovvion mlavotnta omoxiciouod (blocking probability) kot
mbovotnto. arnwieiog (loss probability), avtictoyo. ITBovotnto omokieicpod 1 cvpedpnon
KMoewv givar 1 mOavOTTA [ aQikvovuevn kKANon va Bpel T0 cOGTNUO OTOKAEICUEVO KOt
emopéveg va yobel, 1 evoALaKTIKA, €lval 0 AOyog Tov aplBuod TV YapUEvav KANGE®V TPOG TOV
aplud TOV TPOCEEPOUEVOV KANGE®MY Yo, KAmolwo ypovikd otdotnuo. [TiBoavomnta amdieiog 1
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oLHEOpPNOT YPOVOL etvor N ThavOTNTA VO €ival TO GUGTNIO ATOKAEIGUEVO, 1] EVOAAOKTIKA, gival O
AOY0G TOL YPAVOL KaTd TOV 0oi0 GLUPAIVEL ATOKAEIGHOG TPOG TO GLVOAKS ¥POVO TOPUTI|PTOTG.

Ot opiopoi mov d0OnKav avapépoviatl oe cuVONKEG GTATIOTIKNG Wooppomiag. Ev yéver n cuoppdpnon
YPOVOL Kol KANoE®V dgv givon 16eg, TOPOTL GE TPAKTIKEG TEPUITAOGELS O1 SLPOPES PpioKovtal va
etvan pukpéc. e cvotiuata TANpovs tpocttdtrag pe tuxaio (Poisson) gicodo ta dVvo avtd pétpa
GuUEOpNoNG TavTilovTot.

H mBavdmrta amoxAieicpod Adym tov optopod g cav 1 mhavotnto pa kAnon va xabei, covnwg,
Oewpeiton KOAOTEPO WHETPO YOO TNV EVOYANOM TOL ONUOLPYEITOL GTO GLVOPOUNTH Omd 1N
ocvopeopnon om’ Ot N mhovotnTe omOAENS, av kKot peptkoi Bempoldv cmotd o oviifeto. Xe
Cevxnika ovotiuozo. (link systems) pmopei vo cvuPei kot ec@tEPIKO amokAielcpog. H mbavotnta
TOV VO, EYOVUE EGMTEPIKN GLUEOPNOT cLVIHOWG EKPPALETOL GOV GLUPOPTCT| YPOVOV.

Oocov agopd to, avapovnTIKE GCLGTHHOTO, 1| EVOYANGT TOL ONOVPYEITAL GTO GLVOPOUNTH AOY® TNG
CLHLEOPNONG EXEL SLAPOPETIKO YapaKTpa an’ OTL 6 cLGTHHATO HE omdAelec. Ot KANCES £
KaBvotepovv, dev amoppintovtal. ‘Evag véog mapdywv, o ypovog avouovis (waiting time) twv
KAMoewv givarl 10 KOPLO OVTIKEIHEVO NG HEAETNG €0 KOl TO CNUAVTIKOTEPO HETPO GUUPOPTONG
glval n cuvapPTNOTN KATAVOUNG TOV, dONAadn, N mbavotnTa 1 KaBvoTépnon TV omoia vVEicTOVTAL Ol
KMoels va unv vepPaivetl Eva Kabopiopévo ypovikd dtdotnua. Amd ovtiv TPoKOTTOVY Kol GAA
uétpo kabvotépnong onwc: m mbavomyra kabvotépnons (probability of delay), o uéoog ypovog
avouovig (mean waiting time), 0 UEGOg aplOuUOS avauevovomy KAgewv (average number of waiting
calls), K\m.

H mbBavétmra kabvotépnong eival 1o 1060610 TV KaBLGTEPOLUEVOV KANGEMY TPOG TO GLVOAKO
aplBpd KAnoewv mov TapoInpovvIol o€ KAmowo xpovikny mepiodo. O 1810¢ 6pog ypnoiponoleitol
EMONG KOl YOO TO TOCOGTO TOL ¥POVOL KOTA TOV Omoio OAn Ta Opyovo oG opdoag eival
KaTelAnppéva. Ot 600 avtol Gpot AVTIGTOLOVY GTOVG OPOLS CLLPOPNON KANGE®Y Kat YPOVOL Yid T
cvotnuate pe andieleg. TéLog vmapyer Kot €vag Tpitog OpiopOg OTEVE GULVOESEUEVOS LE TOV
TPOTYOVUEVO dNASN M TOAVOTNTO VO VITAPYOVY KANGELS G OVOUOVT. YTOPYEL €0 o EAAELYM
Kafepopévng oporoyiag kot Yoo vo. SlokpivOVUE TOVG TPELS avTovs opltopovs Ba avapepouebo o’
aVTOVC GOV GLUPOPNOY KANCE®V, GuUEOpNon YPpoOvov Kot Thovotnta Vmapéng KANcemv oe
avapov. Téhog o yevikdg 6pog fabudc elornpétnons (grade of service) (GOS) ypnoylomoteitan cov
HETPO NG €ELMNPETNONG OV TTapExeTal amd To cvotnua. H aptBuntikn Ty tov aviumposmnedet
KAmO10 amd T TpoavapepOEVTO LETPA GLILPEOPNONC.

25 Xxedlaouodg

[Ma éva choTpO, pe EMAEYIEVO TO HETPO GLUPOPNONG, TO TPOUKTIKO TPOPANUA Eivon | €DPEST TOV
mABovg TV avaykaiov opyavev M diactacioloynoyn (dimensioning) ywo. 000eica mPoGPEPOUEVN
kivnon kot éva vrotiBéuevo Pabud e&umnpémong. To npoceepdevo poptio cvvnbwg Bempeitan
YVOoTo €K TV mpotépwv. Katd to oyediaoud {nteitar va npocdoptotel 1 dpouoldynon (routing)
™G Kivnomng Kot pa extipnon tov peyébouvg Tov HETOy®mYKoy £EOTAICHOD KATH TOV MO ATOd0TIKO
KOl OIKOVOUIKO TPOTO.

Yav mapaderypa évo amAd kEvipo pmopet va BewpnBel 611 amotedeiton amd aveEdpTnTo TUNHOTO Kot
ot voAoywopol vo yivouv amd o1ddo oe otdolo. Opumg n aAAnAeédptnon TV opddwv 1 TV
Babuidmv mpémer mTOAEG QOpEG Vo ANeBel vTOYT, EMEWN O KOTOUEPIGUOS 1 1| CLYKEVIPMOT TNG
Kivnong ennpedlel TPoPavmg TIG 1010TNTEG TOV GLGTHUATOC, OTTMC ). 6TO LEVKTIKG GLGTILOTOL.

O oyedlaopdg, emiong, TMAEQPOVIKOV OIKTOOV 7OV Ol0GLVOLOVY TOAAG KEVIpPO TOPOLGLALEL
ONUOVTIKA TPOKTIKE kot Oepntikd TpoPfAnuata. Xe moAAd mpofAnuato, émov n Bewpntikn Abon
elval vrepPoiikd TOAOTAOKN 1] KOl OEV LIAPYEL, KATAPEDYOLUE GTNV eCouoiwan (simulation) 1| ce
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nepdpoto pe texvnt) Kivnon. Me tov tpoémo avtd pmopel vo yiver emiong Kot €Aeyyog TV
Bewpntikdv vroBécemv Tov yivovtat.

Téhog mpémer va toviotel Ot o1 voAoyopol yivovtor cuvifwg Paon TG amoKaAOOUEVNS opxiS
otalepov Pobuod elvmnpétnons (fixed grade of service principle). Movtépvec pébodor OpmG
epapudloov v apyn tov Moe (Moe's principle), O6mov avtikelevikdc oKomog efvar 1
elayiotomoinomn Tov afpoicuatog Tov KOGTOVG TOV GLGTHUOTOG KOl TNG OMMAELNS EIGOONUOTOS
AOY® yopévng Kivnong.

2.6
1.

Aokioeig
e éva iepoviko kévipo 1000 cvvdpountov kotd v QMK «débe ypapur (cuvopountikde
Bpoyyoq) mapdyet Katd péso dpo 2,5 kAnoelg. H péon swdpreto kabe kAnong etvon 90 sec. Na
Bpebei ) Evraom g ewoepydpevns tAepmvikng kivnong oto kévipo og Erlang kou oe CCS.

"Eva tnlepmviko kévipo €xet 10000 cuvopountés.

a) Edv o BaBudc ypnoponomoeng kdbe tAepmvikng cvokeung katd v Q.M.K. givan 15%
mola etva 1 évTaom Tng E10€PYOUEVNG KIVIION G OTO KEVTPO.

B) Ed&v o péoog xpodvog katdAnyng pag ypapung etvar 90 sec kot kKa0e cuvdpountg mapdyet
4 khoelg ava dpa katd péco 6po mota eivar 1 avtictoryn évracn kivnong.

e éva TMAEQOVIKO KEVTPO ot apifelg kKAMoewv akoAovBobv o dadikacio Poisson pe péco
xpovo petoly aeitemv 50 msec katd v QMK. O péoog ypoévog katainyng eivar 100 sec.
[Mow etvon ) Tiun ™G EVTAGE®S TG TNAEPOVIKNG Kiviong.

e éva iepoviko kévipo 10000 cuvdpountmv v QMK kdbe 3 min petpdpe Tov aptBpd tov
OTOGYOANUEVAOV GLVOPOUNTIKOV Bpdywv. To amoteAéopato TV HETPNOEMV gival aviicToly

940, 952, 932, 885, 905, 913, 947, 985, 1003, 1078, 1130, 1205, 1056, 965, 929, 936, 919, 973,
941, 995. YroAoyiote tnv mapayopevn avd cuvdpountiko Bpdyo kivnon oe Erlang.

5. Xg o TANp®G TPootth opdda 4 YpoUU®Y YV TapoTnpnoels Katd dtactipate 1 min kotd ™
owdpkeln 10 wpav péytomg kivnong, omdte mapatnprdnke ot 0,1,2,3,4, ypapués nrav
Katelnupéveg oe 89, 164, 173, 114, 60 mepummtmoelg avtiotoya. O cuvoAlkdg aplBuog tomv
amoiesOévimv kinoewv etval 34. YrnoBétovtag 6TL n cupeodpnon kKANcemv kat xpovov eivar iceg
Ko yopic va ypnoyoromndel o Tomog tov Erlang va ektyunBoiv:
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Keo. 2 THAEDQNIA

1. TENIKH EIZArQrH

H avantuoén g Besmpiog miepwvikng kivnong Eexivnoe amd Tic apyés tov mapovia oawmva. Ot
gpyacieg Tov Aavod A.K. Erlang mov onmpocievdnkay ond to 1909 péxpt to 1928 anotérecav v
npotonopioc oto medio avtd. H Bewpio tmrepovikng kivnong mov umopel vo €Qopuootel o€
TPOKTIKEG TEPIMTOGELS PacileTon 6TV LIOBECT NG GTOTIOTIKNG 1GOPPOTIAG, dNANdY|, Hmopel vo
EPUPUOOTEL GE TEPUTTAOGELS OTUTIKOV cuVONK®V. [l un oTaTiKéS cLuVONKeG dEV VTTAPYOLY OKOUN
TPOKTIKEG HEBodol vmoroyiopov. To Bewpntikd vrdPabpo yio ™V AVTIPUETOTION TETOU®V
KOTaoTdoeV avantiydnke and to Xoundd C. Palm ot ddaktopikn datpiPn tov to 1943, 6mov
peréoe 11§ petaforég oty évraon kivnong. Ot Ba avantuyfel Katotépw, Opms, Ha avapépeTon
OTOKAEIOTIKA o€ oTatikég ovvOnkes. Ov epyacieg mov €yovv yivel oty mepoyn ond 1o 1909
acyoOnkav pe cuvovacovs dtaedpwv vobécewv Kot Paciotnkav o ddpopa enimeda yvOONG
TOV OEHOTOC KOl HEPIKMG YPNOLUOTOOVY SLOPOPETIKN OpoAoyia. Mio OvaGKOTNGN QUTOV TOV
anotedecudTov o Ba mapeiye pio KaAn amoyn TV dvvaTtoTHTOV TNG Bempiag Yoo TNV TEPLYPOOT|
TOV OPOPOV KATUOTACEDV TOL TPOKLITOVV GTNV TPAEN. X1 cvveyeio Oa TapovGlAGoLUE T
Bewpla TNAEQOVIKNG Kivong He Hid Mo YEVIKY] HOPQY|, omd TNV omoio PUmopoldv v TpoKHYOoLuV
dupopeg edég mepmtmoels. [Iponyovpévog dpmg Ba yiver por cbvtoun ovaokonnon dapdpwv
otoyeiov and 1 Ocwpia [TBavot TV, XN cLVEXEW, PETA o GOVIOUN avaoKOTnon Pacikmv
EVWol®V Kot ototyelov and Tig otoyaotikésg avelilels, Bo avamtuyBoldv Wiaitepa 1 dwdikacia
Poisson kot 1 dwdikacio yevvioemv-0ovatov mov amoteAobv T Pdon vy v ovamtuén g
OTOYELMOOVS Bempiog TNAEPWVIKNG Kivnong.

2. EIZArQrH zTIZ ZTOXAZTIKEZ ANEAIZEIZ

2.1. Tuxaieg petaBAnTég Kal Oewpia TIOAVOTHTWV.

H ovvaptyon xaravouns (distribution function) F(x) g tuyaiog perafinme X opiletar yio KGO
TPAYHOTIKO oplOpd X amd T oyéon

F(x) =P {X<x} (1)

M toyaio petafint| x Aéyeton diaxpity (discrete) €6v T0 GOVOAO TV SLVATMOV TIUOV TNG £ivor
amopifunoyo (countable). Tha Swkptég toyxaieg petafAntég opilovpe ™ ovvaptnon walog
mbovotyrag (probability mass function) pe T oyéon

p(x) = P{X=x} 2
F(x)= ) p(x) 3)
y<x

M toyoio petafAnt Aéyetan cvveyns (continuous) €bv vapyetl pia cvvaptnon F(x), mov koieiton
ovvaptnon mokvotntags mbovotntag (probability density function), T€1010. OGTE

P{X € B} = If(x)dx ywo. kaOe Borel chvoro B. 4)
B

Ao

X

F(x) = j f(y)dy (5)

-0
TPOKLITEL OTL

dF(x)

=0

(6)
23
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H avauevouevny n uéon uun (expected, average, mean value) pog toyoiog petafinme X 0o
cupuporiletan pe E{X} ko opiletar amd tn oyéon

o]

w jxf(x)dx eqv X ovveyng
E{X}= [ xdF(9 =1 = @
o0 D xp(x) &by X Srakprrh

vd v TpoimdBeon Ot T0 TponyovEVO oAokANpopa vTdpyel. Amo v EE. (7) mpokdmtel Ko M
péon tiun kabe ovvéptnong g X, éotm h(x). Apov n h(x) eivon n 1d1a o toyaio petafanty, ard
mv E&. (7) érovpue

0

Eth(X)}= [xdF,(x) (8)

—00

omov Fy efvar m ovvdptnon kotavourg tng tuyaiog petapintig h(x). Opwmg pmopel tote va
amoderytel 6Tt

Eth(X)}= [h(x)dF(x) ©9)

O vroloyiopdg g Fr(x) N g fi(x) and mv F(x) 1 f(x) elvon ev yével moddmAokog, opwg n EE. (9)
(yvootm kou cav law of the unconscious statistician) d1d€l €vo. Apeso TPOTO VITOAOYIGLOV.

H perapintotnra (variance) g toyaiog petapintnig X opileton amd ) oyéon

0% = E{(X—E{X})z} (10)
H tetpayovikn pila, oy, ™¢ petofAntomrag kakeitol tomiky anoxiion (standard deviation). O
ovvteleotng uetofintotnrag (coefficient of variation) Cx pog toxoiog petafintg sivar o Adyog g
TUTIKNG OMOKAMGE®G TNG TPOG TN LEST TN TNG, ONALOT,

__Ox
Cx = EX] (1D

H v-at1 porn tg X opileton amd tn oyxéon
E{XV }: [x"fx)dx (12)

EVD M V-0TH] KEVIPIKN poTth €lvar E{(X — E{X})V}
2.2. Ao KoivoU KaTavoun TuXaiwv peTaBAnTwy

H and kowvod cuvaptnon katavoung F ovo toyaiov petapintov X kot Y opileton amd v

F(x,y) =P {X<x, Y<y} (D)
Ot katovopég
Fx(x) = lim F(x,y) (2)
y—>o©
Fy(y)= Xlgrgo F(x,y) 3)
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KaAovvton wepibwpior kotavoues (marginal distributions) tov X kot Y. Ot X kot Y Aéyovion
aveCaptnreg (independent) eGv

F(xy) = Fx(x) Fy(y) 4
Yo OAOLG TOLG TPOYUOTIKOVS aplBuove x kot y. Mmopel va amodetytel 6Tt ot X ko Y egivan
aveEhptnres ebv Kot HOVo €0V

E{g(X)h(Y)}=E{g(X)}E{h(Y)} (5)
Yo OAEG TIC GLVAPTAGELS € Ko h Yo TIC 0Toieg VAPYOLY O1 AVOTEP® HECEG TUUEC.

AVO amd KowvoU KoTavepnUEVES Toyoieg petaPAntéc X kot Y Aéyovion aovayétioteg (uncorreleted)
EQV M ovupEeTafAntoTnTa (covariance) Tovg, OpLOUEVT] OO TNV

Cov(X,Y)=E{(X-E{X})(Y-E{Y})}=E{XY}-E{X}E{Y} (6)

etvar undév. Ilpoxvmter 6tL 600 aveaptntec Tuyoiec petafintég eivar kot acvoyétiotes. To
avTioTPOPO OLmG dev glvarl aAnbéc.

Avo tuyaieg petafintég Aéyovioar amd Kool ocvvexelg edv vmbpyer po cvvdpmmon F(x.y),
KOAAOVUEVT OTTO KOIVOD GUVAPTHON TUKVOTHTOS THaVOTHTOS, TETOW MOTE

P{XeA,Y eB}= j j f(x,y)dxdy (7)
AB
v KaOe Borel chvoro A kar B.

H oandé xowvod cuvaptnomn kotovoung yw €va cdvoro Xy, Xo, X3,...,X, TUXOU®V HETOPANTOV
opileton amd Vv

F(x1, X2,..., Xp)=P {X =X, X0=<Xp,..., Xp<Xp} )
Emumhéov o1 tuyaieg petafintég Adyovion aveEaptnreg edv
F(x1, X,..., xp)=Fx (x1) Fx,(x2)".... Fx (Xp) )
Omov
Fx (%)) = leigl’j#F(xl,xz,...xn), Vi (10)

2.3. XapakTnpioTiKEG ZuvapTRoElg. FevvATpIEG ZuvapTioElg. METAOXNMATICHOI.

Xaparxtnpiotikn ooviptnon (characteristic function) ¢(*) ¢ X kodeiton n cuvdptnon, mov opileton
v kB Tpaypatikd optuo u, omd v

o(u) = E{eiux}z Tej“XdF(x) (1)

—00

Mo toyaio petafint) mAvVTo Y€l U0 XOPOKTNPLOTIKY GLVAPTNON, OnAadr, TO avVOTEP®
OAOKAN PO TTAVTO VITAPYEL KOl OTOOEIKVOETOL OTL VITAPYEL Lol EVOL TTPOG £VOL OVTIGTOLYI0L LETOED
TOV GLVOPTNGEDV KOTAVOUNG KO TOV XOPOUKTNPIGTIK®OV cuvaptioemv. Ev yével ioydet

d"ew)| _ 0™ (0) = an{Xn} 2)

n
du 40

H yevvntpio ovvaptnon pomwv (moment generating function) M(-) g X opiletor yo «éBe
TPOYUOTIKO V od TNV
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0

M(V):E{eVX}: j e f(x)dx 3)
KOl 1oYVEL
M(“>(0)=‘1HL£V) :E{ n} (4)
dv V=0

H E&. (4) dwcaroroyel kot v ovopacio
O petacynuotiopndc Laplace F¥(s) Tng cuvapmong mokvomtag mbavotnrag T X opileton amd v

F (s)= E{e_SX }: Te_sxf(x)dx (5)

—00

omov s etvan po puyodwkn petaPinti. o un apvynixés toyaies PeTafANTéC, O TPONYOVUEVOS
"SimAevpog" LETAGYNUOTIGUOG KATOANYEL GTNV

F(s)= je_sxf(x)dx (6)
0-—

Amodewkvieton 0Tt

Foo=1E0 el ™)
ds 0

Eivar mpoavéc 61t o1 mpoavapepbeicec cuvaptioelc oyetilovtal oTevd apov

9(js) = M(-s) =F (5) ®)
[Mopatnpeiote eniong v opotdtta 6115 EE. (2), (4) kat (7) mov didovv T1g n-01é€¢ pomég e X.

Mo v mepintoon SKPITOV TVXIOV UETARANTOV UTOPOVUE VO YPTCLLOTOMGOVUE TN YEVVATPILA
ovvaptnon mbovotntwv (probability generating function) G(z) mov opiletor amd v

G(x) =B = pk)* )
k

2.4. Yuvélhign

M amd T1G T YPNCIUES EPAPLOYES TOV YEVWNTPLOV (YOPOKTNPIOTIKAOV) GUVOPTICEDV Elval 6TV
€0PEDT) NG KOTOVOUNG TNG Tuyoiag HETOPANTAG Tov mpokOTTEL Gov dBpoioua ALV TuYOi®V
aveEbpmmrtov petapfintov. ‘Eoto X kot Y 0o tuyxoaiec aveEdptnteg HetafAnTtéc pe avtioTouyEg
ocuvaptnoelg katovopns F kot G. Toéte 1 cuvdptnon katavoung g toyaiog petapfintig X+Y
otdetan and v F®G 6mov

o t-y © ©
FOGMH= [[dF(x)dG(y)= [ [dF(x)dG(y)= [F(t-y)dG(y)= [G(t—x)dF(x) (1)
X+Y<t —00 —00 —0 —0

H npé&n FOG kakeiton ovvediln (convolution). To mponyoOeEVO OmMOTELEGHO YEVIKEDETAL KOL Y10l 1|
Toyaieg petafAnTég. Amodekvoetal Opwmg emiong Ott

-26-



Keo. 2 THAEDQNIA

Px1y (W) = ox (Woy (u)

Fx1y(s) = Fx (s)Fy (s)
Ev yévet, eqv X=X {+Xo+...+X,,, 0mov X, i=1,2,...,n aveEdptnreg tuyaieg petafintés, tote
ox (W) = ox, (Wox, (W)..ox (u) 3)

To 1810 1oyvet kot yio to petacynuatiopnd Laplace.

‘Eva TopamAnclo epaTnue Tov Propel va amovinbet pe tn ¥pNion YEVVITPLOV GUVAPTHGE®Y Eivatl N
ehpeo™ NG Katovoung evog afpoicratog TOVTOTIKA KATAVEUNIEVOV TUYAi®mV LETARANT®OV OTTOV TO
mAn0og tov dpwv Tov abpoicpatog eivar kot owtd pio toyaio petapint. Eotm oniadn

Y=>X; (4)

omov poe N daxprrr) toyoie petofAnt kot X; évo GOVOLO TOVTOTIKO KOTOVEUNUEVOV TuYOiOV
petapintov. Tote

Y¥(s) =N (X'(5)) (5)

omov Y(s), X'(s) ot petacynuatiopoi Laplace tov Y kar X avtiotoyo ko N(z) 1 yewntpua
ocvvdaptnon mbavotntov g N.

2.5. Yo ouvOikn mlavoTnTteg
Edv X won Y eivon dwakpirég toyaieg petafAntéc tote n vmo ovovOnkn (conditional) cuvaptnon
palag mbovotrag g Y 600eiong g X, opiletat yio dha ta X 1é€t0o100 wote P{X=x}>0, amd v
| P{Y =y, X =x}

P{X = x}

Py (v}0) = PY = y[X =x (1)

Opota, n vrd cvvONKn cvvapton koatavopng Fyx(yx) g dobeiong g X opileton yia Ao T X
tétola wote P{X=x} > 0 and v

FY‘X(y|X) = P{Y < y|X = X}: Z PY‘X(y'|X) (2)
y'Sy
H vnd ocuvOnkn avapevopevn tuny g Y dobeiong g X opiletoan vy kdbe x 1€t010 ©OTE
P{X=x}>0 and v

0

E{Y|X = X}: J.deY‘X(y|x) = ZyP
y

(yx) €)

Y|X

Edv ou X kot Y €qovv am6 kowod cuvaptnen katavouns Fyx(ylx), n vrd cvvbrkn cvvapmon
nokvotntog mlavotrtag e Y 6o0eiong g X opiletar yio ke x tét010 dote fx(x)>0 and v

fx v (x,y)
f. X)=——2— "= 4
Y‘x(Y| ) i (%) 4)
Ko 1 V7O GLVONKT GVVEAPTNON Katavoung g Y dobeiong g X amd v
y
FY‘X(y|x) = P{Y < y|X = x}= J.fY‘X(y'|x)dy' (5)
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H vé ouvOnkn avapevopevn tun e Y dobeiong g X opileton yuo kdOe x tétoto mwote fx(x)>0
oand v

B{Y|X=x{= Idey\x(Y|X) = jyf X (y[x)dy (6)

—00

Edv ovpporiCovpe pe E{Y|X} ™ ovvéptnon g X g omoiag n tipn] oto X=x givar n E{Y|X=x},
10TE amodEIKVOETAL OTL 1GYVEL 1) EMOUEVT EEAPETIKG ONULOVTIKT 11OTNTA Y1 TIC VIO GVVONKY HEGEG
TIEG Y100 OAEG TIG TUYOiEG peTaPAnTéc X kot Y, OnAadn|

o0

E{Y}=EE{Y[X]= [E{Y|X = x}{F(x) 7

—00

and v mpobmdBeon OTL oyeTkés avapevoueveg TéS vapyovv. H EE. (7) deiyver 6t yio va
Bpovue v avapevopevn T e Y pmopovpe mpmta vo Bpovpe Tig vd cuvOnkn mbavotnteg,
E{Y|X}, og mpog X kot petd vo Bpodpe ) péon Tyun og tpog X e Tponyov eV S TOGHTNTOG.

2.6. Xuvaptnolakég ESiowoeig kal n ‘EAAeiyn MvApng tng EkBeTiIkAG KaTtavounig

Ot emdueveg dVO GLVOPTNCLOKES EEICMOGEIS GLVAVTMOVTAL GVYVE 6T Bempia mbavoT TV
f(s+t) = f(s)-f(t), yio k6Oe s,t > 0 (1)
f(s+t) = f(s)+f(t) y1a kaOe s,t > 0 (2)

Amodewkvdeton 6t 1 povn (petprioyn) AOoN TOV GLVAPTNCLOKOV OVTOV GUVUPTHGEMV VOl TNG
HOpONG

f(t) =M (3)
Kot

f(t) = At (4)
avtioTotyo.

Mmnopodpe va ypnoomomoovpe v EE. (1) yuo va amodeiEovpe 0tL n exbetikn cuvaptnon eivan n
LOVOSIKT) KOTOVOUY| e EAAEWYT] pviung. Mia tuyoaio petafint Aéyeton OTL dev EYEL VAN, EQV
P{X>s+t|X>t} = P{X>s}, yuo kéBe s,t > 0 (5)

Ebdkolo amodeucvietor 0Tt avtd 1oy0eL Yoo v ekBeTiKn Katavour, apov edv N X eivarl exBeTikd
KOTOVEUNUEV

P{X<s}=1-eMf P{X>s}=eM (6)
Ko

P{X >s+{X >tf= PIX ;{S;;t)}( >t} P%;i:}t} (7)

Mo v anddeién e HovadikoTTag, £6TM

F=P{X>x} (8)
tote n EE. (5) pog 6idet

P{X>s+t, X>t} = P{X>t}P{X>s} 1 F(s+t) = F(s)F(t) 9)

omote Aoym tov EE. (1), (2)
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Fiy=e™f Ft)=1-e™ (10)
7OV €ivoil 1] GLVAPTNOT KATOVOUNG TNG EKOETIKNG TuYaioG HETOPANTNAC.

H wi6mta avt, oniadn, 0Tt n ekbetikn katovoun €ivol 1 LoV cuVEXNS KATOVOUN TTOV £XEL TNV
wWotta EAMAenyng pvnung etvan eEaupetikng omovdotdtrag onwg Bo pavel otn cvvéyea. o myv
KOADTEPN KoTavonomn avtol, uropet Kaveic vo Bewpnoet 6t n tuyaio petafAnt X mopiotdver )
Con Aettovpyiag kamowag Adumac. Tote, edv n Aduma £xelt oM {Roet yuo t dpeg, N mhavoTnTA VoL
{Noel TOLAGYIOTOV AALEC S DPEG, OMANOT, TEPIOCGOTEPO amO t+s dpeg, €lval 1o e TV aPyIKN
mBovotnTo va (ol TOLAIYIGTOV s MPEG. AnAadT|, n YPNoN O YEPOTEPEVEL TNV KOTAGTOCT TNG
Adumog.

Mo va emotpéyovpe oe MAEPOVIKA Topadelypota €0t 0Tt 1| X KOTOVEUETOL EKOETIKG Kol OTL
TOPLOTAVEL TO XPOVO HETAED 00O ooy KMV apifemv omn oadikacio e166oov. [T cvykekpuéva
¢otm OTL o kAnon €pbace oto t=0. Tote n GuvapTnon mukvotTag ThavoOTTAG (GTTT) TOV XPOVOL
péypt Vv emdpevn aeiEn Ba giva

a(t)=Ae™M (11)

Ag vroBécovpe Topa OTL TOPNAOE KATOL0G YPOVOC, £6TM t, Sec, KOTd Tn dLpKeEL TOL Omoiov dev
¢pBace GAAN KAnon. X’ avtd 10 onueio pmopovpe va Eavapmtioovpe "tota eivar n mbavotnta n
emopevn kAnon 0o eBdcel péca ota emdueva t sec and Topa;" H epodtnon sivor 1 idwa pe avty| mov
pomoape Otav t=0 poévo mov Tdpa elval Yvootd OTL 0 YpOVOG HETAEL TV aeifemv sivon
TovAdyotov t, sec. H ambvinon punopei vo Anedet amd tov EmOHEVO VITOAOYIGHO

MXSRﬁﬂX>RJ:PﬁOSXSt+%L:NXSt+%}P&£nJ=
P{X > t, P{X > t, 1)
12
_ ] —e M) _ (] _g7Mo) o

1—(1—e Mo)

oV OGS avoUeEVOTAV Oglyvel OTL 1 KATAVOUY TOL ¥POVOL TTOV OTOUEVEL LEYPL TNV ETOUEVT APLEN
KANong, 600évtog o1t mopNAOav t, sec, eivan ion akpifog pe ™ yopig cuvonkeg katavoun Tov
XPOVOL HETAED dVO KANGEMV.

Ta mponyodueva Hropodv vo avodV TapaTNPOVING TO ETOUEVO TN, OOV glval oxed1OGUEVI I
onn yia e ekOeTch petafant, Ae™M. Tdpa, Sobévtoc 6Tt Tépacay t, sec, Yl vo vtoAoyicovpe
ONT Y10, TO XPOVO UEXPL TNV EMOUEV APIEN KANOMG, TPEMEL Vo Adove TO KOUUATL TG ORT TOL
kelton 0e81d amd to onpeio t, (Ypoppookacpuévn meployr), aeod avtd TaploTdvet Tt 0o yivel 610
puéddov. To tpnuo amd 0 €mg t, etvor  mponyodpevn 1oTopic Yoo TV omoio dev LIAPYEL Kapio
apeBoiia. T'a va yivel OUmG N YPOUUOGKIOGHEVT TEPLOYN KOVOVIKT) GUVAPTNGN KOTOVOUNG TPETEL
va peyevBubel dote To cuvoAkd euPaddv g va yivel ico pe 1. H xatdAAnin peyévBoon yiveto
SWPAOVTOS TN GLVAPTNON TOL TOPIGTAVEL TNV OLPA TNG KATAVOUNG Ot Tov eUPadod g
YPOUUOGKIOGUEVIC TEPLOYNS, TTOL TPOPUVAG etvar 1 mBavdtTa P{X > t}. H mpdén avt tavtileton
pe ™ dnuovpyio pog vrd GVVONKT KATOVOUNS 010 SIPEGEMG TNG A0 KOVOU KOTOVOUNG LE TNV
mhavotta g ovvOnKne. To amotéhecpa ™ peyéBuvong eoivetal otn JeVTEPN KOUTOAN TOV
oyfurotos. H véa cuvdptnon eivon axpifiés avtiypopo e apytkng onm HOVO Tov £XEL LETOTOMIOTEL
t, sec mpog ta defid. Omag MO £xovpe amodeilel kopion GAAN cuvaptnom dev €xel v WOTNTO
avt. Tekerwvovtag tovifovpe 6Tl 01 101e¢ TAPATNPNGELS 1IGYHLOLY KAl Y10 TOVG ¥POVOLS KATAANYNG
(xpOvovg cuvopiiag) edv votebel 6T Katavépovtol ekOeTIKd.
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at)

2.7. XTOXOOTIKEG OVEAILEIG

M aroyaotixy avéliln (stochastic process) {X(t), te T} eivon pia owkoyévela toyaiov peTofAnToOV,
onAadn, v kdbe t mov avinkel oto ovvoro deiktwv T, X(t) elvar o toyoio petafint. H
petaPAnty t cuyva Bewpeiton 6TL TapLoTAVEL TO YPOVO Ko 1) X(t) TaploTdvel TV katdotaoy (State)
™G avéMEng ot xpovikn otrypn t. ILy. n X(t) pnopet va mapiotéver to TAnbog tov oe eEEMEN
TNAEPOVIKAOV GUVOLWIAEEEDV TN YPOVIKY| oTiyun t 1 10 TAN00G TOV OVOUEVOUCHV TNAEPOVIKMV
oLVOLOAEEE®V TN YPOVIKY OTIYUN t 1 TO TAN00G TOV OVOUEVOVGHV TNAEQPMOVIKOV GUVOIOAEEEWDY TN

oTlyun t.

To obvoro T kaieitonr GOVOrO dekT®V TG 6TOYXUGTIKNG aveMENG. Edv to T etvon amapiBunoipo,
TOTE N 0TOYXACTIKY] avEMEN Aéyetar avEMEN dtakprtov ypovov. Edv to T etvan éva khelotd 1 avorkto
GUVOAO TV TPAYLOTIK®OV aplOudv, 1 avéMEN Adyetan oToXaoTIK avEMEN cuveyolg xpovov. To
GUVOAO TV TIUAOV OV AdpPdvouv ot tuyoieg petapintéc X(t), teT kaleitor o ywpog kataotaoewy
(state space) ™G OVEMENG.

Muw otoyaotiky] aveMEN ovveyobg ypovov {X(t), teT} Aéyetar Ot éxer aveldptnres avlnoeig
(independent increments) v Y10 OAeg TIG EMAOYEG TOV t) < t] <ty <..<t,, oL TvYOiEg peTaPAnTég
X(t1)-X(to), X(tp)-X(t1),...., X(tn)-X(ty.1)

etvar aveEdptreg. H otoyaotikn avéMEn Aéyetan OTL Exel atatixés aveloaptntes avlnoels (stationary
independent increments) €dv emmAéov n X(t)+s)-X(t;+s) £xet v O Katavoun pe v X(tr)-X(tg)
v k@0e ty, tp €T xan s < 0.

2.7.1 Napadsiyyara oTOXACTIKWY aveAiEEwY

a) Tevikdg Tuxaiog Mepitrarog

‘Eoto Y{,Ys,..., pia akolovBio aveEaptnTmv Kot TOVTOTIKG KOTOVEUNUEVOV TUX0I®V HETABANTOV,
Kol £6TM

X, =ZYi (1)

H otoyaoctikn avéén {X,, n =0,1,2,...} kaieiton, €vag yevikdc tuyoiog mepimatog. Edv ot Y;
TOPLGTAVOLV TOV aPLOUd TOV APIKVOLUEVOV (AVETLTUXADV) KANGEOV LEGO GTN 1-0TN Gpa, TOTE N X,
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TOPIGTAVEL TO GUVOAKO OplOUd TV OQIKVOLUEVOV (OVETITUYDOV) KANGEOV LEGO OTIC TPMTEG N
OPEG.
B) Aiadikacia Wiener
Mo otoyaotikn avéMEN {X(t), >0} Aéyetar dradikaocio Wiener ebv
(1)  {X(t), =0} éyer orotikég aveEapTnTeS ALENCELS
(i)  yw k@O t>0 n X(t) karovépetar kavovikd pe péon tiun 0
(i) X(0)=0
y) Aiadikacia Markov
O yevikdc toyaiog mepimotog, M Swdwoacsio Wiener kabdg kot mn dwadikacio. Poisson ko 1M
owoikacio. yevvhoewv-Govatwv (mov Ba eEetacToblv oTn cvvéxewn) elvar mopadsiypoTo oG
YEVIKOTEPTG GTOYOUOTIKNG AVEMENG YVOGTNG Gav dradikacio Markov. Mia dradikacio Markov givat
po otoyooTikn avéEMEN pe v widtra: Aobeiong g tiung g X(t) oto t | mbavéTTa TOV
X(t+s), omov s>0, givar aveEdpnn tov Tindv X(u), u<t. AnAaon, n vLd GLVONKN KATAVOUN TOV
"uélhovtoc" X(t+s), oobévtog tov "mapodvroc" X(t) ko tov "mapeAbovtoc" X(u), u<t, sivon
avegaptn tov maperBovroc. [T avompd n avélén {X(t), te T} Ba Aéyeton dwdikacio Markov
eqv
P{X(O=x|X(t))=x1, X(t2)=x,....X(ty)=Xy} = P{X(O<x|X(t;)=xp} )
omov t1<tr<...<t <t
8) AAucida Markov
H alvoido Markov givon edwkn mepintmon g dwdikaciog Markov, £101K0TEPQ, O CTOXAGTIKY
avéhén {X,, n=0,1,2,...} pe memepacpévo 1N OmOPOUNCILO YDPO KATACTACEMV AEYETOL CALGION
Markov dv yua OAeg TIG KATAGTAGELG 1, 11,...15_1, 1,] KOt Yo OAa Ta n=0
P{Xn 177X 010, X115 X 017101, Xn =t = P X1 Xn 3)
Ed&v or mBavomteg P{X, +1=j|X,=1} elvan aveEdptnteg tov n, tote N aAvoida Markov Aéyetan OtL
&xel orotirég mbovotntes uetafoong (stationary transition probabilities). Tote Oa cuporilovpe:
Py = P{Xp+1=11Xp=1} 4

M otoyaotikn ovéMEN ov kavormolel v EE. (3) Aéyetan 6t €xet ) papxofrovy wwotnta. H
WO TO LT €lvar 1wodbvoun pe to 6Tt N VIO cLVONKN TOAVOTNTH OTOOLINTOTE UEAAOVTIKOD
veyovotog (X,+1=)), 000éviov OAwv Twv maperAdoviov yeyovotav (Xog=lg, X =11,....Xp1=1,) KoL
10V TaPOVTOC YEYOVOTOG (X, =1), lvar ave&aptntn ond ta maperdovta yeyovota.

M advaido Markov aoveyoig ypovoo (semi-Markov) {Z(t), t20} eivon pia otoyaotikny avéMEN Tov
Kével T petaPdoelg g OTmg ko 1 aAvcida Markov, aAAd o yxpOVOG TAPALOVIC GE L KOTAGTAO
npv va cupPet petdPaon eltvon Toyaios.
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2.8. XroxaoTikég AveAigeig oTn Oewpia Avapoviig

H Oempio avapovig peietd to goavopeva kaBuotépnong o€ Ypappés avapovis. Mia ovpd pmopel
va dnpovpynfet dtav OAEvovy merdtes, evd ot oTabpol eEumnpétnong etval amacyoAnpévol, ortote
TPENEL VO TEPIUEVOLY G o ovpd. Ta mpoPfAiuata e Ocmpiog Tniepwvikn Kivinong katd xvplo
AOyo eivon mpoPAnpata tétoov €idovg. I'a ) cuvéyela Ba kdvovue TIC EMOUEVEG TAPUSOYES KoL
ovpPoiiopotc 6Gov apopd ta povtéda Bempiag avapovhg mov Ba ypnoiponotcovpe. ' Eotm

I, = 0 YpOVOG APENG n-6tNc kAnong C,
t, = Iy = 0 xpoOvog petadd apifeav tov kinoewv C,_q kot C,,

YroBétovpe Ot Ol ty, ty,... elvon aveEdpnTeg TOVTOTIKG KOTAvEUNPHEVO TUYXOiEG METOPANTEG M
KOWVY| GLVAPTNON KaTavoung A(t), dniaon

P{t, <t} = A(t) yio xé0e n
Ovuota dv
Xp = 0 xpovog e€ummpétnong (xpovog katdinymg) g kinong C,
W,, = 0 xpdvog avapovis tg C,, otnv ovpa, Kot
Sy = WX, = 0 xpoévog mapapovig g C, 610 choTthna

Oa dgyTodue OtL Ot Tuyaieg petafAntés X, elvar aveEapTNTES KOl TOVTOTIKO KOTOVEUNUEVES, UE
KOWVY] GLVAPTNON KaTavouns tnv B(x), oniadn

P{X,<x} = B(x) ywo xé0e n

®a opicovE KOl TIG OTOYACTIKES aVEMEEIS GUVEYODS XPOVOL
N(t) = to mAin0og KANcewv oe eEEMEN 6TO GVOTNUA
U(t) = 10 nuteréc £pyo 610 GUGTNO TN OTIYUN t

= 0 VIOAOUTOG YPOVOS TOL AMOLTEITOL PEYPL VO OOEIICEL TO GUGTNUA OO OAOLG TOVG
neAdTeG (KANGELS) TOV MTaY TOPOVTES T GTIYUN t.
Ortav U(t)>0, to ovotnua eivar aracyoinuévo. Otav U(t)=0, to cvotnua givor ehevbepo (apyet).
EmmAéov, ou averiteig Wy, n=1,2,..., S, n=1,2,..., amotehodv mopodetypata averiEemv draxpiticon
YPOVOL GTO GUGTNLOL AVOLLLOVT|G.

Mepikoi dArot yprioyot cupfoicpot eivat ot akdiovBot:

E {t,} = /A
E {X,} =1/
E{S,} =T
E{W,} =W

Me Baon ta mponyodueva Ba ypnowonoleitor o €£Ng Yevikdg GLUPBOMGUOS Yoo €vol cUGTNUA
OVOLLLOVTG

A/B/m/k/M
omov:
A: Tlopiotdvel TNV KaTavour TOL YPOVOL HETOED SLAB0YIKAOV aPiEemV.

B: Tapiotdvel v Katavoun Tov ¥pdvou Peta&h KaTaAnyey.
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m:

k:

M:

O apOudc tov kavoMdv (oTobpmv eEumnpenong).

H yopntikoétto 1o cvetiuatog (LEY1eTo TAN00G TEAATMOV TOL Y®POLV GTO GUGTNUA, HEYIGTO
TAN00¢ TapIAANA®Y KANCEDV).

MéyeBog tov TANBVoUOD TV TEANTAOV (TNYDOV).

Mepiég Tyég T@v cupormv A,B givan

M:
E.:
D:

v ekBeTikn katavoun (Memoryless) | dwadkacio Poisson.
yw. kozavoun Erlang r-ctadiov

v otabepn kozovoun (Dererministic)

Hg: ywo vmepexOetinn (Hyperxponential) xatovoun R-ctadiov

G: v yevikés (General), OTO1EGONTOTE, KOTAVOLES.

2.9 Aoknoeig

1. H ddpkewo evog miepovnpatog ivar pio toyoio HeTafAnT] He apvnTiKy eKOETIKN Katavoun
Kot péomn tipn 100 sec. Na Bpebet: n mbavomta va drapkécet Eva tnAepavnuo Atydtepo amod 1
min, N mhoavotnTa va dlapkécel mePocOTEPO omd 3 min Kot 1 mOovOTNTA VO Ol0PKECEL
neptocotePO amd 10 min.

Edv 1 givon n didpketa Tov hAepmvipatog va Bpebodv cov GuVapPTNGELS TOV X Ot TOUVOTNTEC:
P{t>x}, P{t>x|t™>3 min} kabng kor 1 P{t>10 min|t>8 min}

2. Bpéote mv mbavotta P{x;>x,}, 0mov X, X, elvan aveEaptnteg exbetikd koTovepnUEVEG
Tuyaies petafAntec, Le TapapsTpovg A Kot A, avtictoya.

3. Bpéote 1t ovvapmon mokvotrag g Hikpotepng amd K avefdptnteg tuyoieg petafintég
KaOe pia omd Tig omoieg etvar eKOETIKA KOTAVEUNPEVT LE TOPAUETPO Ay,

4. 'Eoto n toyxoio petafintm Sn=x;+xpt ... +xy 010V X;, 1=1,2,....N etvonr aveEdptnteg tuyaieg
petaPAntég ekbetcd kataveunuéveg pe mapdpetpo A. Edv N elvon po toyoio petafinm
YEOUETPIKNG KATOVOUNG TOPOUETPOV, ONAOON
P(N=i)=p(1-p)! 0<p<l,  i=1.23,..
amodet&te Ot M Sy elvon exOeTikd Kataveunpévn pe TapapeTpo Ap.

3. HAIAAIKAZIA POISSON

3.1. Eicaywyn Kal opiou6g

M otoyaotikn avéMEn {N(t), t=0} Aéyetan diadikacio aOpoions (counting process), v 10 N(t)
TOPIOTAVEL TO GLVOMKO aplBpd tov yeyovotwv mov ovpPoaivovv péxpt to t. M wWiaitepa
onuavtiky oadikacioo dBpowong eivar 1 dSwadikacion Poisson. Xt cuvvéyein OBa opicovpe
dwdwkacio Poisson pe 600 Stapopetikovg Tpdémove, B amodeiovpe TV 1G0dVVOUIN TOVG KOt
UEPIKEG YPNOLUES O1OTNTEG TNG Y10, TOL ETOUEVOL.

Opiopog 1

M dwadikacio aBpotong {N(t), t>0} Aéyeton dradikaacio Poisson e6v

(i)

N(0)=0

(1) {N(t), t=0} éxer ave&aptnteg avéNnoelg
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(1i1) O apBpog TV yeyovotmv ce kabe ddotnuo pnKovs t £xet katavour Poisson pe péon tun At.
Anhadn, yo ke s,t > 0

P{N(t+s)—N(s):n}:e‘“(%n,nzo (1)

Amd v (iil) TpokvmTEL OTL
E{N(t)} =\t (2)
Kol T0 A Kadgiton o poluog ¢ oiadikooiag (rate of the process).

"Evag mepiocdtepo puoikdg opiopog etvar dvvatog, edv mponyovpévag ewcayfet  enduevn Evvola:
Mo cvvaptnon f kaAeitan o(t), edv

lim@ =0 3)
t—0 t
Tote
Opiouég 2

H otoyaoctikn avéén {N(t), t>0} eivar dadikacio Poisson gdv
(1) N@©)=0

(1) {N(t), t=0} éxer otatucég, aveaptnTes ALENGELS

(iii) P{N(t)>2} = o(t)

(iv) P{N(t)>1} = Att+o(t)

Amodeikvhoupe Tdpa OTL 01 000 avToi opiopol eivarl 1odHvapotl. ATodekvhovpe Tp®OTA OTL aTd TOV
opwopd 2 mpoxvmntel o 1. 'Eotw

P,(t) =P{N(t) =n}, n>0 4)
Mmopovpe va AdBovpe pa dtapopikr e€icmon ya v Py(t) oc e&ng:

Po(t+h) = P{N(t+h) = 0} = P{N(t)=0, N(t+h) - N(t)= 0} = P{N(t)=0}P{N(t+h) - N(t)=0} =

Po(HPy(h) 5)

omov 1 (ii) ypnowomomdnke yo va AneBovv ot dvo tedevtaieg 1ot TES. ToTE

Pyt =Ry(®) _p o Po(h) -] ©
h h

Topa, yio h—0 kot gpnopomordvrag tig (iit) ko (iv) Aappavoovpe 6t Py(h) = 1-Ah+o(h) ondte

P{ (t) = —AP, (t) (7)
1N 160dvvapLL

InPy(t) =-At+c (8)
l

Po(t) = ce™ ©)
Agov opwmg Py(0) =1 Ba £xovpe

Po(t) =e™ (10)
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Oupow yio kéBe n>0
P (t+h)=P{N(t+h)=n}=
= P{N(t) = n,N(t + h) = N(t) = 0} + P{N(t) = n- 1, N(t + h) = N(t) = 1 }+ (11)
+ iP{N(t) =n-kN(t+h)-N(t) =k}
k=2

Oupmg Adyo g (i) o terevtaiog Opog NG mpomyovpevng mapdotoong eivar o(t) kot
ypnoonotwvtag v (il) Aappfdavovpe

Py(t+h) = Py()Pg(h) + Py (OP ) (h) +o(t) = (1-Ah)Py(t) + APy (1) + o(t) (12)
Apa
P (t+h)—P,(t o(h
€ }z n () _ —AP, (t) + kPn_l(t)+—i1 )
I'a h—0 éyovpe
PL(t) = —AP, () + AP, 1 (1) (13)
N 160dVVaL
e (PO + AP, (D} = 1e™P, (1 (14)
Apa
L)1, 40 (15)
And v EE. (10) Aappdavoopue
d (o
—le"P(t))=A 16
Slro) (16)
gl
Py(t) = (M+c)e™M (17)
Kot agov P;(0) =0, &ovpe
Py(t) = (At)e™ (18)
, , e ()" . , : , . ,
[N va amodeicovpe 6tL P, (t) =€ 0 vroBécovpe Ott woydel avtd yuo n-1. Tote and v EE.
n!
(15) Aappdavovpe
d " ?\,ntn_l
—le™ P, (t))= 19
P A0) — (19)
gl
()"

eMPn (t)=—"—+c
n!

aArd apov P (0) = 0 AapBdavetar to {ntovpevo. H amddeén tov 6t 0 opiopdg (2) mpoxvmtel and
v E&. (1) aprvetot yio Tov avayvooT).
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3.2. Karavopuég Twv XpOovwy d@igng Kal Twv XpOvwyv HETAEU d1adoXIKWV aiewv

‘Ecto t; 0 xpdvog amd 10 0 péypt To TpadTo YeYovos Kot ev yével t,, n>1 o ypdvog omnd 1o (n-1)-016
YeEYOVOG péxpt 10 n-0t6 yeyovog. H axorovbia t,, n=1,2,... amoteleiton tovg ypdvovg petadp
b0V aeiemv. I'ia Tov TPOoGIOPIoHO TNG KOTAVOUNG TOV t, TOPATNPOVE TPAOTO OTL

P {t; >t} = P{N(t)=0} =M (1)
Apa n t; axorovbel v exbeticn katavopn pe péon T 1/A. AAAG

P {t,> 1} =E{P{t,>tt;}} )
OU®G

P{t, > t|t; = s} = P{0 yeyovota cto (s,stt]t;=s} = P{0 yeyovota o710 (5,5+t]} = eM 3)

OOV 01 dVOo TeEAeVTAiES €EIGMOELS TPOKVTTOLY OO TNV 1OOTNTO TOV OVEEAPTNTOV KOl CTOTIKMV
avEnoemv g dadikaciag Poisson. Opwmg and v EE. (3) mpoxvmtel 011 N t) Katavépetan ekOeTikd
pe péon tun 1/A xou emmAéov m ty eivon aveEdptnn tng t;. Emavarappdvovtoc tyv o cepd
OKEWYEWMV KOTAAYOVLE GTO:

O1 ypovor uetald oiodoyikav apicewv t, n=1,2,.. mwog owodikacios Poisson pvOuod A eivou
OVeCOPTNTES TAVTOTIKG, KATAVEUNUEVES TUXOIES UETOPANTES oL axolovBodv exbetikn Katavoun ue
wéan tyun 1/2.

H mponyovpevn 1010mta d¢ mpénel va pog ekmAnocet. H vwobeon (ii) ototikdv kot ave&aptitov
avénoemv eivar PBacikd 1codvvaun pe To OTL Yoo OTO0ONmoTE Ypovikd onueio t, Eavapyilet
mOovoTiKd 1 10100 6TOYACTIKY dtadtkacia, OnAaoT, 1 dwdtkacio and to onueio avtd Kot petd eivon
ave&aptnn tov Tt £xel ovuPet TponyovpEves (AOY® TV aveEapTTOV 0VENCEMVY) Kol £l TV 110
Katavoun Omwg kot 1 apyikn dwdikacio (Ad0yw Tov otatikdv agiewmv). Me dAleg Aéelg,
Swdkacio 0ev €yl pvNuUN €mOUEVOS TPEMEL Vo avapévovtal ekfetikol ypovol avapeco oe
Stadoykég apiters.

Mia 4AAN evdlapépovca TocoTnTa £ivar 1 Ty, 0 YPOVOG APIENG TOL N-6T0V YeyovoTog. [Ipogavmg
n
3, )
i=1

Kot AGY® NG TPONYOLUEVAS WOOTNTOG KO XPNCLOTOIDOVTIOS TIG WOIOTNTES TOV YOPUKTIPICTIKMV
ocvvaptioenv ywo ta afpoicpata tvyaiov petafAntdv npokdmter 6t N T, okolovdel Kotavoun
Erlang pe mapoapétpoug n kot A, dSnAaon

£ (x)=he™ % x>0 (5)
H EE. (5) umopel emiong va mpokvyel dv Tapatnpicovue 0Tl
P{t, <t} = P{N(t)>n} (6)
omoTE
F, (0= Z oM (M) —1— Z oM (M)J %)
j=n =0

Kot pe mopaydyion Aappaveror n EE. (5).
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3.3. Yo ouvOiAKn KATavounR TwV XpOvwy aeigng

Ag vroBécovpe 0Tt akpmg Eva yeyovodg Ehafe ydpa péca oto ddotnua [0, t] Kot 6Tt {ntdue v

Katovoun tov ¥povov katd tov omoio cuvePN avtd. Adym g vmdbeong (il) Yo oTATIKEG Kot

aveEaptnTeg avéNoels, ivatl Tpoeavég 0Tt OAa Ta dtactipata icov peyéboug péca oto [0, t] £xovv

v 1010 TOavOTNTO VO TEPLEYOVV TO YEYOVOG, dNAUSN, O XPOVOG APIENG TOV YEYOVOTOG TPEMEL VAL

&xet opotopopen kotavour oto [0, t]. Avtd pumopel va eleyyBel og €€Ng, apov yia s<t.
N(s)=1,N(t)-N(s)=0} s

P{tl <S|N(t)=1}: P{ P{N(t)zl} :¥ (1)

To amotéheopa pmopel vo yevikevBel, oAl mponyovpéveg mpémel vao. gwooydel 1 €vvola g
oToTIoTIKNG Olotaéeqv (order statistics). BEav n Y1,Y5,...,Y,, €ivor ot tuyaieg petafintéc, Aépe ot
Y1), Y(2)--»Y (n) Elvou n otatiotch} Sidragng mov avriotoyet otg Y1,Yy,..., Yy, edvn Y(;) eivou n i-
ot pkpoTepn TN petald tov Y,Yo,...,Y,, i=1,2,...,n. Edv ot Y; koatavépovior tantotikd Kot
aveEdptta pe kown onm v f, 10TE M Amd KOOV GLVAPTNON KATAVOUNG TNG OTUTICTIKNG
dwtdEemv didetal amd v

fY(l),Y(l),...,Y(n) (V1> Y15--¥n) =y DEy2)- f(yn) ¥ <y2 <. <¥n (2)

Avtd elvan oAnBég apov kabe po omd Tic n! perobécerc tov Y(,Yr,...,Y, odnyel oty i
oTOTIOTIKY] dTaéewv. Mrmopovpue todpa vo amodeiEovpe O0ti dobéviog otr N(t)=n, o1 n ypovol
apilng t14,7,...,T, EYOVV THV 010, KOTOVOUN OTWS ¥ KOTOVOUN OlATGLEWV TOV OVTIOTOLYEL O¢ 1
aveCapTnTES TOXOIES UETOPINTES OUOIOUOPPO. KoTavEUNUEVES ato draatnuo. (0, t).

Amddedn
‘Eoto 0<ty ty,...t,<t, 1 = t kot £6To h; apbpoi apkovvtog pkpoi dote tithi<ti;(, i=1,2,...,n

P{ompth)g 1 éva yeyovogoto [t;,t; + h;],1=1,2,...,n, kavéva yeyovog aArov 610 [0, t]}

P{N(t) =n}
~Ah, ~1h2 ~Mhy, ~Mt-hj—h,—.~h,) (3)
_ )\.hle Xhze "'the < = &hth'“hn
()" v
© n!

Apa

Plt; <™ <t; +h;,i=1,2,.,0||N(®=n} n! 4

hih,..h, qn
Kot Yo h;—0 AapfBévovpe
n!
fri,rz,...,tn (tlat2a---:tn|N(t) = n) = t_n 0< t <ty <.ty <t (5)

M dtoncOntikn e€nynon tov mponyovuevov givor n €ENG: vtd v TpobmdBeon O6TL GuvEPncav n
yeyovota oto (0,t), ot ypoévor 1y,Ty,...,T, KOTO TOVG OmOiovg Ta. yeyovota avtd cvufaivovv,
Bewpovpeva cav Un STETAYUEVES TUYOEG LETAPANTES, KOTAVELOVTOL OVEEAPTNTO KO OLOLOLOPPOL
oto dwomuo (0,t). H mponyoduevn 016t ra umopel vo xpnoyledoel Kot yuo. ToV EAEYYO TNG
vobeong 6t o Sadikacion aBpotong eivar Poisson. Avtd pumopel va yivel TopatnpdvVIog T
dwdkacia yio éva otabepd ypovikd odotnua t. Edv péoa o’ avtiv v nepiodo eBdcovv n apifelg
Ba mpénet va kotavépovtal opotopopea 6to (0,t). Apa pmopovpe va eAéyEovpe 6v i dadtkacia
etvan Poisson, eléyyovtag v vndbeon Ot 1 ypodvol aifewv TPoépyovtal amd Lo OLOOLOPON
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katavopr] oto (0,t). Avtd pmopei va yiver pe yvootég dwdikacieg eréyyov vmobécewv (m.y.
Kolmogorov-Smirnov teot, kAT).

3.4 Aoknoeig

1. Ocwpeiote K avelhptnteg dwdwcaocieg Poisson pe mopapérpovg Ay, k=1,2,....K. Ocopeiote
Topa T Jwdwkocio aeifemv mov oynuotiletal amd TN CLYXADOVELGT] TOV TPOTYOLUEVOV
dwadikaciov. AnodeiEte 0TL M dodikacio avtn eivorl Poisson pe mapapetpo Aj+iy+...+Ay.

2. M dwdwoaoio Poisson pe mopdpetpo A yopiletor oe K vrodwdikacieg og &g Mia apién
Mg apykng dwdwkaciag Oa avriotoryiCetal oty k vrodwadcacio pe mbavotTa py, OTOL OL
mbavotnteg py, k=1,2,....K exkiéyovtar aveldpmmrta yio kdbe apiEn. Amodeilte 011 OAeg o1
vrodladkacies eivar dradikacieg Poisson pe mapopétpoug avtictoryo Apy.

4. AIAAIKAZIA TENNHZEQN-OANATQN

Mo atvoida Markov cvveyotvg ypovov {Z(t), t=20} pe ydpo karactacewv {0,1,2,...} omov P;=0
otav |i-j|>2 xodeiton Swadikacio yevvhoewv-Govartwv (birth and death process). Aniodn, m
dwdkacio yevvnoewv-0avdtov elvar pia aAvcido Markov ocuvveyovg ypdvov Omov ot aAroyég
Katdotaong yivovror povo pe petafaoelg petald yerrovik®v kotaotdoemy. Evag mo mopastatikog
aAAG  10000VOUOG TPOTOG TEPLYpaPnG NG Owadkaciag Yevvnoewv-0ovatmv TpokOTTEL €lv
Bewpnoovpe to 0TL 1 dadikacio Bpiocketal oy katdotaon k SnAmvel To yeyovog 0Tt 0 TANOLGOG
tote éxer péyeboc k. EmmAéov o petdPaomn and tv xatdotaon k oty k+1 Oa onuaiver po
"vévvnon" otov mAnOvoud, evod m petdPfoon oand v xoatdotaon k oty k-1 Ba onuaiver éva
"8avato" otov mAnBuoud.

‘Etor Bewpodpe povo petaforés oto péyebog tov mAnBvopod o6mov ot petafdosig amd o
kataotaon k Aapfdvovv yopa poévo mpog Tig mAnoiéotepes kataotdoeis (k-1 ko k+1). O pobuog
yevwnoewv A O meprypdoet Tov pubuod pe tov onoio cupPaivovv ot yevvnoelg, 0tav o mAnbuoudc
&xetl uéyebog k. Opowa opiletar o pvudg Oavarwv ., mov eivar o puOuog e tov onoio cupPaivovv
ot Bdvarot, otav 1o péyebog tov TAnBvopov eivan k. ' va eipacte wo akpiPeic, o1t Tpovimobécelg
Yo po dtadtkacio yevwhioemv-0avatov givat:

() va etvon o dradikacio Markov {X(t), t0} pe xdpo katactdcewv {0,1,2,...},

(B) ot yevvioelg kou ot Bdvartotl va givar aveaptnrot (aTd TPOPAVAS TPOKLITEL AUECHS OO TN
popkofiovi 1010TnTa) Ko

(y) Bj: P{axpipoc 1 yévwnon oto (t,t+At) | péyebog mAinbouopod ki = A At+o(At) (1)
Dy: P{axppag 1 Bévarog oto (t,t+At) | péyebog mAnbvopov k} = e At+o(At) (2)
B,: P{akpiog 0 yevvnoeig oto (t,t+At) | péyebog minbuopod k} = 1-A At+o(At) 3)
D,: P{akpiBag 0 yevvioelg oto (t,t+At) | péyebog minbvopod ki = 1-p At+o(At) (4)

Amd ta mponyobueva TPOKLATEL OTL TOAALOTAEG YEVVNGELS, MOAAOmAOl Odvatol 1 TavTOYPOVES
yevvnoelg kot Bdvarotl oto didotnpa (t,t+At) elvar g TaENG o(At).

Av16 ov B€Aovpe va vtoloyicovpe Yo pa dtadtkacio yevvnoemv-0avatmv eivar ol mboavotnreg.
Py(t) = P{X(t)=kj} )

E&etdlovtag tig petaforés tov mAnbuopod oe éva ddotnua (t,t+At) Bpiokovpe 0Tl pmopovpe va
eBdcovpe oy Katdotaon k m ypovikn otiypn t+At edv cuvEPT KdTL amd To EMOpUEVAL:

Koatd ™ ypovikn otrypn t to péyebog tov TAnBvcspov frov

1. kot de cuvéPn kapia petafoin katdotoons oto (t,t+At)
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2. k-1 kou elyope pio axptpag yévvnon oto (t,t+At)
3. k+1 xou iyope éva akpifodg Bdvato oto (t,t+At)
4.  Ondnmote GALO Kou giyope TOV KATAAANAO0 ap1Buo Bovatov Kot yevwhioemv 610 (t,t+At)

‘Eoto qy k(At), qi-1 k(At) kot qi11 (At) ot v cvvbrkn mbavotnteg va copBodv ot petafdoelg Tov
neptypapovtat ota 1, 2 kot 3, avtictorya. H mBavomnta va cupfel to 4 eivar g 1aEng o(At). Tore,
UTOPOVLLE VO YPOWYOLLLE

Py (t+At) = Pp(t)qy k(A1) + P_1(Dx-1 k(A + Py (Dq+1 k(A + o(At), k=1 (6)
[popavag n EE. (6) éxet vomua povo yia k>1. Edv k=0, dev vapyet mponyoduevn kotdotaon k-1.
Tote éyovpe o €1d1kn oprokn e&icwon v

Po(t+At) = Po(t)dg o(AD) + P1(6); o(AD) + o(AD), k=0 ()

[Ipopavag eniong mpénet Yo kKAOe t va 1oyveL

PRACES (8)
k=0
I'o T Aon tov cvetpatog twv EE. (6), (7) kot (8) mpénel va ypnoonomocovue Tic vrobéoeis By,
Dy, By, Dy, v tov vmohoyiopo tov g; (At). Tote happavovpe
P (t+At) = P () [ 1-A At+o(A) ][ 1-py Atto(At)] + Pi_j (D[Ay-1 At+o(At)] +
+ Py (D[ g1 AtFo(AD] + (A1), k21 ©)

Py(t+At) = Po(t)[ 1-AgAt+o(At)] + Py (t)[1At+o(At)] + o(At), k=0 (10)

I'o v E&. (10) Bewpnnke 611 dev elvan dvvatov va Exovpe Bavdrtovg dtav k=0,(dniadn py=0,
aALG pmopodpe vo £xovpe yevwioels, Ap=0. Metd amd npatelg ota de€ud pén tov EE. (9) ko (10)
happdévovpe

P(t+At) = P ()-P(O) (Mt At + P (O At + Py 1 (Dpyge1 At + o(At), k=1 (11)
Po(t+At) = Po(t)-Po(t)XoAt + Pl(t)ulAt + o(At), k=0 (12)
n
Py (t+At)— Py (t
(P20 g Pul0) + Mt Pt (OF Bt Prer (0 0(A0/AL K21 (13)
Po(t+ AA? “Po) _ 5 py(0) + Py (1) + o(AD/AL k=0 (14)

Osowpavrog 0Tt At—0 AapPavovpe amod tig EE. (13) kot (14)
Py () = (i) Pi(D) + A 1 P 1 (O by 1 P (1), k1 (15)
Po(t) =-2Po(t) + 1y Py (1), k=0 (16)

To cOvoAo aVTO TV J10POoPO-010.POoPIK®YV ECIOMTEDMY TAPIGTAVEL TN SVVAULKT TOL TOAVOTIKOD oG
cvotpatog. ' ™ Ao Tov CLGTAUATOS AVTOL amatteiTol 0 KABOPIGUOG TOV APYIKAOV TIUDV,
dnAadn, tov Pi(0) yio k=1,2,... kaBdg ko 1 1oy0g g EE. (8).

O0 GTOUOTICOVLE Y10 AMYOo €3G Yo Vo TEPLYpayovpe o oAl pEB0do mov e emioromnon H1OeL TIG
TPONYOVUEVES  O10POPO-Olapopikés eElomaels. Evag evaAAaKTIKOC TPOMOG TEPLYPAPNG  LUOG
dwdwkaociag yevvnoewv-Bovdtov eivalr to didypoupe pobuod uetdfacns kotaotdoewv (state
transition rate diagram). 'Eva 1€1010 Sudypoppo @aivetal Katotépw, Omov ot KUKAOL 7OV
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nepikieiovy évav apBud k mapiotdvouv v avtictoyn kotdotacn k kot kKaOe pun pndevikog
pLOUOG petdfaong (amd TV KoTAoTAoN 1 6TV KATdoTao j) maplotdvetal pe £va BEAOG mov Eekvd
Ao TNV Kotdotoom 1 Kol KATOAYEL OTNV | KOl £(EL EMGUVIUUEVT] TNV AVTIGTOLYN T TOL puOUov
petdfaong.

/)‘0 /)‘1 /)‘2\ /)\k—Z /)\k—1 /)\k /)\k+1\

B 7 /

“1 “2 “k l'jk+'l “k+2

Eivar mpoavég 6tL dev vapyovv Ppodyot amd pio Kotdotaon i atov govtd . Tovilovpe 0tL Ta
BéAn (kou ot emovvnuuévol apiBuol) oe mapiotavovv mbavotnteg uetafoons orra pvOuove
uetafoons. Eav 0éher kavelc va to petatpéyel oe mBovotntes petdPoacng mpémer  vo
noAlamAacidost pe At yuo va AdPet Ty avtiotoyyn mlavotnTa Hetdfaocng yo xpoviko dtotnuo At
(At—0) ko1 va mpooBécel €éva Bpdyo v Kabe katdotaon mov vo didel v mbavoétnTo va
Topapeivovpe 6TNV KATAGTAOT OVTH LETE 0 TNV TAPOSO TOL YPOVIKOD SOGTHHATOG At.

[Mopatpovtag v katdotoon k PAEmovpe 611 kavelg sloépyeton 6° avty poévo amd tig k-1 1§ k+1
Kot wopopola eevyel uovo loepyopevog oty k+1 1 k-1. H duvoutkn meptypoa@ Tov GUGTAHOTOS
TOpo uropel va yivel Bempaviag ot 1 dpopd twv puOudv g1666ov oty k and tovg puvhuovg
€€0dov amd v k mpénet va ioovTon pe ) petafoin g "pong” oty katdotaon avt. Ewdwkdtepa

Pon mpog TV KatdoTaon k= A g Picq(t) + e Pier1 (1) (17)

Pon| é€m and v xatdotoon k= (At )Pi(t) (18)
apa 1 petaPorr g mbavomrog Pi(t) va Bpiokdpacte oty kKatdotaon k sivon

P (1) = -(hyt i) Pic(0) + M1 P (0F pes 1 P 1 (0) (19)

nov gtvon axpiPag dw pe v EE. (15). dvowd 1 Wbutepdtto TV opimv oty katdotocon 0
00NYel, OTmg eVKoAa propet va ol Kavelg, otn cmot e€iomon yo k = 0.

Evxola pmopel va det kaveic 6Tt ovtd mov kdvape givarl va oyxedidcovpe £va vTtobeTikd Oplo YuP®
amd v kataotaon k kot va vrodoyicovpe T1g poég pubudv mov dracyilovv o 6po avtd, dToV
poég oL gloépyovTal Bempovvtal OETIKEC VD 01 EEEPYOUEVEG APVNTIKEG KOL TO OTOTELECUO VO TO
e€10MGOVUE PE TNV TOPAY®YO MG TPOG TO YPOVO NG MOavOHTNTOG VO fPIOKOLIGTE GTNV KATAGTOON
QLTH. ZTNV TPAYLOTIKOTNTO OV VILAPYEL KOVELG 1d1aitepog AOYOG Yo TNV EKAOYN L0 LELOVOUEVNG
Katdotoong oav to "ohotnuae” yio. To 0moio o1 EEI0AMGELS PONG UITOPOLV VA, EPUPUOGTOVY. Mropet
Kavelg va mepkAeicel 0mol0dNmoTE aPlOUd KOTAGTACE®Y OE HoL KOUTOAN Kol v ypawyel v
avtiotoyn eElowon powv. O povog kivovvog mov dnpovpyeiton eivon va Katodovpe TEMKA o€
éva aOvoro e€aptnuévav eElcmcemv avtl aveEdptntmv. O Tponyodevos TPOTOG TOV UTOKAEIGHOD
KdOe Hog KATAoTooNS YOPIoTA Kot 1 cuyypar| g avtiotoyyng eicmong odnyel ciyovpa oe éva
GUVOAOD aVeEEUPTNTOV EEICMCEMV.

H dwdwaocio yevvnoewv-0avatov Onm¢ meptypdetnke €0® amotedel t Pdon yio HeEAETN €vOg
peyéiov aplBpod onpovTKov TpoPAnudtov e Bswpilag avapovig kot gwdwotepa e Ocmpiog
Tniepwvikng Kivnong. IIpotov cuveyicovpe v e&€tacn tov mwg pmopovv va Avbodv ot EE. (15)
kot (16) yoo e0IKEC TEPMTMGEIS TNAEPOVIKOV GLOTNUATOV, Oa peletoovpe €va evolopEéPoV
TOPBAOELYLOL.

To amlovotepo cHoTua mov propel va e€gtactet etvor avtd tov kabapav yevviioewv (pure birth),
omov vrobétovpe Ot =0 kot A=A v k4O k=0,1,2,.... Avtikabiotdvtog otig EE. (15) xan (16)
Aappdvovpe
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P (t) = -APy(t) + APy_ (1), k=1 (20)

Py(t) = -APy(t), k=0 (21)
Edv yio arAdtnta vroBécovpe 6t1 o svoua apyilet 6to 0 pun undevikd TAnbovoud, dniadn

P (0)= {1 rek=0 2)

Oywak#0

Aovovtog mg mpog Py(t) éxovpe

Py(t) =e™ (23)
kot avtikabwotovrag oty EE. (20) yuo k=1 vroroyileton n Py(t) and v

P,(t) = AteM (24)
Me gnaymyn teAka Aappdveton

P(t) = ™M (At)k/k! (25)

onAadn, n Katavoun Poisson. Apa 1 dwdikacio kabapdv yevvnoewv e otabepd pubud yevwioewv
A egtvar o dwdikacio Poisson. To yeyovog avtd pali pe Tig 1010TNTEG TOL AMOSEYTNKAV GTO
Ke@&Aao yo T dradikacio Poisson @aivovtol TopacsTaTiKG GTO EMOUEVO GYTLLOL.

Aladikaoia
Aoitewv

Poisson

EkBeTIKOI
puduoe XPOVOI PETAEU

i O1a00XIKWV

5. TENIKH AYZH AIAAIKAZIAZ TENNHZEQN-OANATQON ZE KATAZTAZH
IZOPPOIMIAZ

H Mon 1ov e§lodcemv Tov Teptypaeovy Tn SLUVOUIKT COUTEPLPOPE OGS SLOOIKAGIOG YEVVIOEMV-
Bovatmv etvat gv Yével onuavTikd SVGKOAN eKTOG Kot €4V ekKAEXTOOV KATAAANAG o1 pvOuoi Bavatwy
Kol yevvnoewv. Opmg stvot mavta oyetikd €0kolo vo Bpovpe ™ AHoN GTNV KATAGTACT) 1G0PPOTING,
dMAadn, va BpolLe TG oplakés THES TPOG TIG 0Toieg Tetvouy ta P (t) dtav t—0. 'Ectm o1t

t—o0

21008ePOG

omov Py mapiotdverl v oprakt| mhavotrta o tAnfucopdg tov cuetipatog va givat k kdmowo Tuyaio
YPOVIKY| GTIyUN| 6T0 amdtepo péEAAoV. H Bacikn epdtnon elval To katd TocoV T TPonyovUeEVa OpLa
vapyovv. Mo kav kot avaykaio cvvOnkn yu avtd Ba do0el ot cuvéyela. [pémel dpmg va
katavonfet 0tL mapodtt 10 Py, €bv vrdpyet, dev etvor mAéov cvvéptnon tov ypodvov t, avtd O¢
onpaiver 6TL n dadtkacior oprakd de petaxwveitar omd Katdotaon o€ Katdotoon. To péyebog Tov
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mAnBvopov aAddlel pe v mipodo tov Ypdvov, aALd poakporpoBecua 1 TOavOTNTA Vo fpoduE TO
cvotpa oty katdotoon k meprypdeetat and tig Py. YroBétovrag v vmapén tov opiov g EE.
(1) pmopovve va Bécovpie

lim P, (t)=0 ()

t—o0

omote ot EE. (15) kot (16) g mponyoduevng moapaypdpov 4 yivovrot

0=-(Mct )P + e 1 Pre 1 b1 Py 1, k21 3)

0=-APo + 1P, k=0 (4)
Mmopovpe va ypayovpe pia yevikn popen e&icwong ya ta Py yio ké0e k dv 0écovpe

7\,_1:7L_2:}\,_3: 0 (5)

Ho= M.1= Moo= ... =0 (6)

POZ P_ZZP_?,:...:O (7)
Tote yuo k40 k = 0,£1,£2,... ) e€lowon 1ooppomiag eivar

0 = -yt Prthie 1 P ik 1 Pt ®)
Emnéov mpémet

S B, =1 ©)

k=0

Ot EE. (8) pmopolv va, TpokdYoLV EDKOAN LE ETIGKOTNGT YPNOLOTOIMVTAG TNV 110 apyn OT®G Ko
otV mopdypa@o 3, uévo Tov TOPU GTNV KOTAGTUCT 1GOPPOTIaG 1 pon TPENEL Vo dtatnpeitat vTd
mv évvolr 0Tt M pon €10600V 1GoVTOL HE TNV por 5000V Y kdBe Katdotaorm. Aniaon,
TOPATNPOVUE OTL
Pvbpédg eteddov oty k = A1 Pr 1+ 1 Pt (10)
PuOuodc e£6d0v amd v k = (Mt )Py (11)
["o v katdotaon wwopponiag ot dvo avtoi pubuoi etvar icot, ondte

Me-1Pic 1 i1 P = (i) P (12)
AMG M EE. (12) etvan akpiPpaig 1 0w pe v EE. (8). Opota pe v avtictoyn mopatnpnon oty
TOPAYPOPO 3, LTOPOVLE VO, EPOPUOGOVUE TNV 1010 apyn OlaTPN oG PONS Yo KAOE KAEIOTN Ypapun
oV mepAapPavel kanoteg kKataotdoels. 'Etot, edv avti tov va mepikieicovpe kdbe katdotaon Le
o KAEIGTN YPOUUN YPTOLOTOMGOLUE €vo. VEO GUVOAO TETOMV Oplov ®G €&ng, M TPpATN va
nepuieiel v katdotoon 0, n devtepn TI¢ Kotaotdoelg 0 kot 1, n tpitn T1g 0,1 Ko 2 Ko ev yéver
k-om 116 0,1,2,....k-1, Ba &xovpe T1c emdpeveg amiég e€16MDGEIS H1ATHPNONG TG PONG

Me-1Pie1 = Py (13)
nov gtvar 1oodHvapeg pe tig EE. (8).

H Adom yia v gbpeon tov Py pmopet va yivel pe 600 Tovddyiotov tpodmovs, og e&ng:

(a) Tpoémog
I'o k=0 vroroyilovpe 10 P; cvvapthcet tov Py, ondte
Py = (/1) Py (14)
INa k=1 Aappavovpe
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, AoA
0 = APgHaPy-(hi+rRo/iy) Pofy Py = ==L Py (15)
Hiko
KO L€ ETAYWYN, EV YEVEL
P, = Aohp--Aiq P, (16)

Mo By
[Mopatnpeiote 0tL T0 TPOoNyohuevo amotérecpa AopPdvetor mo gdkoAa €qv ypnotpomombet to
ovvolro EE. (13) avti tov EE. (8). Apa telkd

k=l 5
P =P ][ k=12,. (17)
i=0 Mi+1

Amopéver mAéov vo vmoloyotel 10 Py Avtd yivetow ypnowonowwvrag v EE. (9) o pe
avikoatdotaon tov EE. (17) 6’ avtyv. Tote

I
Po=— g (18)

I

k=1i=0 Hi+l

(B) Tpodmog
To ovvoro v EE. (8) umopel va ypagel og e&ng

Me-1Pic- 1P = APt 1 Pty (19)
opilovtag

8k = McPr-tie 1Py (20)
n E&. (19) ypdopeton

8k = k-1 21
1N 160dvvapa

g = ¢ = otafepd aveEdptnn oL k (22)
Opog emedn Ay = po = 0 Oa etvar g_; = 0 dpa g,=0 1o ké0e k =0,£1,£2,... dnAadn

Pier1 = (/o) Py (23)
7ov gtvan To 110 cvvoro e&lomoemv pe Tig EE. (13). Topa pe epapuoyn g EE. (23) apyilovtag yia
k=0 xAm, AapPdavetar n Avon.
Téhog anodewcvietar 6t n Vapén tov Py eacpariletor dv Py>0, dnladr|, tkovr kot avoykoio
GULVONKN Y10 GTATIKY| IGOpPOTin Etvat 1

o k-1 A
1

211

k=1i=0 Mi+1

< (24)

Emumiéov mpémel va mapatnpricovpe 0Tt 1 uvONKn yuo gpyodikdtnra eEacparileton mhvta, €6V yio
v akorovBio {A /Ly } 1oxvel 6t vdpyet éva ki Té€toto wote yua kdOe k=k( va Eyovpe

M < g (25)
5.1 AokKAosig
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3. Ze pa dwdkacio kabapdv Bavdtwv Egovpe pévo Bavatovg pe puBud avaroyo tov dgiktn g
Kotaotaons, oniadn, w=ku. Eav yua t=0 Bpiokdpacte oty koatdotacn n Ppéote 115 Pi(t),
k=0,1,2,....n.

4. Xe po dwdwkocio kabopmdv yevwnoewv o puludg yevvnoewv givol avaioyog tov TAnbucuov,
onraon M =kA. Bpéote tig mbavomteg Py(t) o mAnbuopdg m xpovikn otrypn t va givon k €dv o
nAnBvuoudg yuo t=0 givon 1.

5. H Aewtovpyio piog amhig ThWAEQ®VIKNG GUOKELNG WTopel va meptypapel omd pio dadikacio
yevvnoewv-0avatmv 600 katactdoswv 0 {eledBepn} ko 1 {kotenuuévn}. Edv Ag=A kot pj=p
Bpéote T1g Py(t) war Py(t).

6. OYPEZ M/M/1

Mo amAn €QOPUOYT] TOV OVOTEP® TPOKLATEL €AV OBE®PNCOVLUE TO OAVOUOVNTIKO CUGTNUO TOV
eatvetoar oto emopevo oynuo. ‘Eyxovpe agifelg Poisson kar ypoévovg efummpénong ekbetikd
katavepmuévoue. Ta makéta mov épyovtal eEumnpetodvtar pe oelpd mpotepardtrag (first-come-
first-served). 'Eva povtélo cav avtd ovoudletar M/M/1 kot givol to amhodotepo HOVIEAO OTN
Otwpia Avopovig.

ATTEIPOC XWPOC

Aoiteic Evac otabuoc

Oéhovpe va Bpoope v mhavomra Pi(t) va vrdpyovv k maxéta oto cvonua ™ otrypn t. Ot
eflomoelg 1ooppomiog, Ppiokovior amd aVTEG TOL YEVIKOL HOVIEAOL YEVVNGE®V-00vVATOV TNG
nponyovuevNg Tapaypdpov, Oétovtag, W=, k=1,2,3,.. kou A=A, k=0,1,2,....0note:

(AHP(1) = APy (0) +1Py (1), k21 (1)

AP(t) =pP (1), k=0 ()
Ot topanmdve eE16ADGELG £XOVV Yo AVoT TNV:

P, = pX Py, k>1 (3)

omov p=A. Eme1dn 1o dBpoicpa tov mbavotitov eivat £va, Tpoeavmg

1

Py=———=1-p )
1+ Z pk
k=1
Kol ETOUEVAS 1] YEVIKT AVom gival
Py = (1-p) pX, k>1 (5)

‘Eva aALo evolapépov onueio givor n yvaoon g mBavotnTog To TaKETO oL TEPLUEVOVY GTHV 0LPA
va vrepPaivovv évav cuykekpévo apBpd N. Ao tig EE. (4) kan (5) €xovpe:

plk>Ny = D P =(1-p) Y pf=pN*! (6)
k=N+1 k=N+1
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Oa dovpE TOPA TIG AALAYES TTOV YPElONACTE TNV TTEPinT®ON TV cvotnudtov M/M/1/N, émov o
YOPOG avapovng etvar memepacpévog kot icog pe N. Zto GUGTHUATO AVTA 1) YEVIKE ADoN £XEL TNV
popo1| towv EE. (3). Opmg topa mpémnet:

N N 1—pN*!
2P =P pt =P———=1 9
k=0 k=0 -p
OTOTE £OVILE
1-p
Py = I (®)
6.1 AokAoeIg

6. Xeovommua M/M/1 o puBudg agiemv eivan A=2 meddtec/hr, evd o pésog ypovog eEumnpéTnong
etval 10 min.

o) Ymoloyiote T péom ovpd GTO GUGTNLLAL.
B)  Av 1o A avéndel og 4 meldtec/hr vmoAdoyiote TAAL T HEGT OVPA OVOLLLOVNIG.
v)  Ilow givon  H€Y1oTN EMTPEROUEVT T TOV A DOTE VO LITAPYEL LOVILUN KATAGTAO;

7. Na Ppeite t0 péoco punkog ovpdg kot tn péon kabvotépnon oe kamowo kopPo (o koOpuPog
Bewpeitar cvotpa M/M/1) étav tpopodoteitar amd 10 tepuatikd mov to kabéva oTéAvel Kotd
péco 6po éva moakéto ava 4 sec, pe péco unkog 40 bit. H ypapun €€660v €xel yopntikdtnTo
1000 bps. Xvykpivete 10 AMOTEAECUATO PE TNV TMEPITTOGN TOV £YOVUE £VO TEPUOATIKO TOV
otéhvel KGO 0,4 sec Katd HEGO 0po, TOKETO 1010 LLE T TOPATAV.

8. Evag kopPog pmopel va deyxtel g N makéta to modd. Na PBpeite v mbavétra o kopfog va
elvar mnpng otic akdAovbeg mepittdoeig: o)  N=2, p=0,1, ) N=4, p=0,1,y) N=4, p=0,8

-45-






KE®PAAAIO lii

OEQPIA THAE®QNIKHZ KINHZHZ






Keo. 3 THAEDQNIA

1. E®APMOIH THZ AIAAIKAZIAZ FTENNHZEQN-OANATQN ZTHN THAE®QNIA

H odwdwocio yevwhioewv-Oovitov pmopel va €popuootel G TNAEPOVIKO GLGTNHUATO, £V
vroBécovpe 0Tl avth meprypdper T petafoAn ocvvapthiosl tov ypdvov Tov aplduov TV
KOTENUUEVOV 0pYAVOV Kol €POGOV 0l TPAKTIKEG GLVONKES elval TETOLEC MGTE VO IKOVOTOL0VVTOL
ot GAAeg Bewpnrikéc mpobmobicelg g dwadikaciog yevvinoewv-0avdtov. Xto kepdiaio avtd Oa
aoyoAnBovpe amoKAEIGTIKA He TO vo 0gifovpe TovV TPOTMO Ko TG TPOoLMODECEIS EPAPUOYNEC TNG
dwdkaciog yevwhoemv-0avatov 6e TPOKTIKE ThAEeoVIKA cvotiuota. Kot’ apynv mpénet yuo 1o
TPOKTIKO GUGTNLOL VO IGYVOVV TO ETOUEVAL:

1) XtoTioTikn 16oppomic, TOL HOKPOTPODesa (t—>00) GuverdyETOL
AYEHZH = MEIQXH
2) ‘Ymop&n cuvaptnong KOTOVOUNG Y1 To YPOVIKA S1acTNHATO LETAED S1od0 KMV api&emv.
3) "Ymop&n cuvaptnong KaTovoung Yo Tr S1GpKELD TOV KATOANYEWDV.
4) Kabe myn kivnong dpa avedptnto amd TV KoTdoToon GAA®V TNYOV.
5) H ddpkeo piog katdAnyng tvor aveaptnto amd ) StipKeLd GAA®V KOTOANYEDV.

6) 'Yrmop&n VIETEPUWICTIKOV 1 TOOVOTIKOV KOTOVOUDV Yot TO Tt GLUPAIVEL OTIS OVETITLYEIS
KAoeLs.

7) YmotiBetan 6Tt o1 koTtavoués yio ta (2) ko (3) givon exBetikés.

H xivnon vrotiBetan 6t dOnpovpyeitarl omd andéc mnyég mov umopohv va ONUIOVPYNGOLY pic Hovo
KAMon kabe @opd. Aniadn pio amAn mnyn pmopel va Ppioketon oe pio amd d00 SvvaTEG
Kataotaoels: “0” glevbepn kar “1” amacyoinuévn. To mAnboc dAwv tov dAAwv Tnydv ("mnyés"
OTt®C Oo avVOQEPETOL GTN GUVEXELN) UITOPEL VO Eivol TEMEPAGUEVO 1 ATELPO, AL 1 TPOTYOVUEVT
amAn Tyn eivon £vag GuVIPOUNTNG N YEVIKA Eva Opyavo mponyovuevng Paduidas. Xt cuvéyeia Ha
cuppoAilovpe pe o Tov puOUd KANGEWV UaG amAng TyNg otav sivor ehevBepn (Otav 1 Tyn eivon
amocyoANUéEVN 0 puOudS KANcewv eivar 0) kat pe 1/ M s ™ péomn Sdpketor Piog KoTaAnynG.

Bdoel tov mponyovpévav mpémet vo ek@pactel 0 cuvolkdg puOuoc KAce®V yi oo Tic TnyEg Otav
10 ovomua PBpicketon oty katdotaon k. AlGpopes eVOLUPEPOVGES TEPITTMGELS, TOV TPOKVTTOVV
Y10 TPAKTIKA GLGTHHATA, ElvOl

1)  Eiocodoc Engest 1 Bernoulli

Ymotifeton 611 €yovpe memepacuévo TANBo¢ Tydv, ondte 0 PLOUOC KAGEMY HEIDVETOL LLE TOV
apOpd KataAnye®v, ONA0ON

vk = (N-k)a (1)
0oV

N = 10 mAn0og TV TydV, k = t0 TAN00G TOV KOTOANYEWDV (KATAGTACT TOV GLGTHUOTOG), 0L = O
puOUOC KAMcewv Otav 1 Ty"| elvon erevBepn.

2)  Eicodoc Poisson

Ynotifetor dmepo mANnboc mydv kol pvOuog kKANoewv aveEapTnToc Tov OPBUOD KATOANYE®V,
OnAaon

Yk =A, A= lim Noa = nenepacpévo (2)
N—ow
a—_:O
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3)  Eicodoc apvntikod Simvuutkon TOTou

O pvBuog KANce®V, vVtoTifetan 0Tt avEavel pe Tov aptBpd TV KaToAyewv, dniodn
yk=a+kb 3)

Ta d1bpopa 10N OUASOTONGEMS TOL TEPTYPAPTNKOAV GTO TPMOTO KEPAAONIO TWV CNUEIDGEMY KOl O
avTioTO0G OPIGHOG TNG Katdotaons K Hmopodv va govodv mapacToTiKe [LE TO ETOEVO. GYNLLOTO.

o) ITAnpnc mpocttdnto
O O O eee (O O O Oeee(O

N 1TnVEg n 6pyava

Ed® 10 k mapiotavel 1o mAn0og tov kotetnuuévav opydvov, k<min (N,n)

B)  Mepwkn mpocttotnto. Mewtovounon

O O O-eee O 8
Mo O O Oreee O

Shvdvev 333 :
O O O-eee O

N 1Tnyég n épyava

Ed® 10 mAn0og N tov mnyov yopiletor ce m opddeg €166d60v kdbe pio amd TG omoieg €xet
npdoPaon oe 3 and T1¢ n €£600vc. H katdotaon €d®d onuoaivel katdAnyn cvvolkd k ond tig N
my£G M 1odvvapa, kataAnyn k and ta n Opyava. Avaroya pe v katavoun tov k katoAnyemv
aVAUESO OTIG M OUAOEG EIGOO0V Kot TaL  Opyovo AapPavovTal SIaQOPETIKEG OMOKAEIGUEVES OUAOEG
€10000V (v BEPara k=3).

[Mopatnpeiote 0TL To cHOTNUA TPEMEL VoL €€TOGTEL 6GTO GUVOAO TOVL Kot Ogv givo duvartn N eEétaon
TOV TUNUATOV TOL HEUOVOUEVO. TNV TPAYLOTIKOTNTO TO K dgv apkel yio v meptypapr] e
KOTAOTOONG, 0POV OTOLTEITOL 1 YVAOOT TNG KATOVOUNG TOV K KATOANWE®DV OTIC SIAPOPES OUASES
€16000V.

v) Zguktikd cvoTnuo O00 GTUdIMV

Ed® ot myég (A) yopilovtar og opdoes, p myEg ava GTHAN Kot GKOTOG ivat 1 KATAANYT KATO10v
opybvov piag ocvykekpipévng otqing g (C) péow evog opydvov g (B). YmotiBeton 6t1 KOs
opyavo g (A) éxel mpdsPaocn oe kbbe Eva amd ta m Opyove TG avtictoyng oting g (B) kot
emiong kdBe dpyavo ¢ (B) éxer mpodcPaocn mpog dAa (q GUVOAIKA) Gpyava TNG OVTICTOLYNG YPOLUNG
mg (O).

Mo ovomua pe andieleg, 10 TAN00G TOV KATEMNUUEVOY opydvev gival To 110 Yo kdbe oTddto.
‘Etot 10 k pmopet va meprypaget gite tov aplfud tov katenuuévov mnyov 1 (euéenv 1 e£60mv.
Kot wédr to k mpénet va avagépetal o€ OAO T0 GVGTNHA. ATOUEVEL TOPO VO VTTOAOYIGTOVV Ot pvOpoi
M xar e g avtiotoymg owdikaciog yevvnoswv-0avdtov. Edv vmobBécovpe k katoinyelg
exfetucd Kataveunpéveg o puOpog Ly, etvar

w =kp=Kk/s 4)

AVTO 0V610TIKA 1600VVOLEL e TO OTL O YPOVOG TOV TTAPEXETAL LEYPL TO TPMTO TEPUATICUO AT TIC
k xotoAyelc katovépeton ekBetikd pe péon tyun s’k v 1/(kp).
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f q

O O O-eee O O O QOeee
OO Oees O O O OeesO

i 1Bi 1o

O O O-eee O O O Oeee

n 6pyava

O O OeeeO

O O O eeeO
P o A

5O beeed

N tnyég

I'o Tov mpocdiopiopd v Ay mpénet va mopotnpndet ot dev woydel mhvta A =yj, Y= 0 puOudc
KAMoewv 0tav Ppliokdpacte oty Katdotaon k. O Adyog eivan 1o cuonua dev ival mhvta og B€on
va deytel OAeg Tig apkvodeves KANoels. 'Etot gv yévet

M = YiWi 4
Omov
wi = 1 onuaivel 611 kaOe véa KA on pmopel mdvta va katoddfet Evo dpyovo 6To GOGTNLLO
wi = 0 onuaivel 611 t0 chopa Oe pmopet va deytel kopio véa kKAnon
0<w <1 onuaivetl 6Tt pePtkég POVO KANGELS LTOPOVV Vi YIVOUV SEKTEG GTO GUGTIHOL
IMa cvotuato TARpovg TposttdtnTag pe andieteg (N>n) glvan

I yuk <n

Wi = 0 yiuk=n ©
[Ma avapovntikd cuotuato

wy = 1, O<k<n (7)

a@OoV Ol AVETITLYEIC KANGELS AVOLEVOLV.

2. XIYITHMATA NAHPOYZ NPOZITOTHTOZ ME AMNQAEIEZ
2.1 YTroAoyiopog BACIKWY PEYEOWYV OE CUCTAMATA JE ATTWAEIEG

Oa gpapudécovpe €0 TO HOVIEAO TNG Bewplog yevwnoewv-BovaTov Yo €0IKEC TEPIMTOGELS
CLGTNUATOV UE ATMOAELES TAPOVE TPOSITOTNTAS. 'Eva T6T010 chOTNHO QOIVETOL TAPUCTUTIKA GTO
KOTOTEP® CYNUOL

O O O-eee (O O O Qeee(O
N Tnyeg n épyava

6mov N kot n pumopet va, etvor adtoKpitog Temepacuéva 1 Arelpa. 10 GOOTNO UTOPEL VO £XOVUE TO
TOAD T TAVTOYPOVES KATUAWYELS, ONANOT|

0<k<r = min (n,N) (1)
Eniong n ékppaon Ay = wyyy €dd yiveron
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Vi, 0<k<r-1
= 2
k {Q k>r @
1N 16odvvopLa
]I, 0<k<r-1 3
Y70, k2r @

[Mopatnpeiote 01t yio N<n dev €yovpe amdppym KANce®v, ool datibBetot teplocdtepa Opyava n
ar' 6t TotoOYpoves dvvatéc katanyelg N. Ocov agopd Tovg puBpovg Teppaticpov Ba Exovpe

e =k/s =kp 4)

O1 edikéc meputtoels mov Qo e€eTdoovpe APOPOVLY TNV EKAOYN TV PLOUOV KANGEDV yi KOl TOL
mAn0ovg opydvev n kot tnymv N. Ewdikotepa Oa eEetactovy o emdpeva GuGTHOTO

(a) Erlang
N>>n 1| N=owo, y=A
(b) Poisson
N=o0, n=00, y;=A
(c) Engset
N>n, y=(N-k)a
(d) Bernoulli
N<n, y;=(N-k)a (8)

2.1.1 MBavoTnTEC POVIUNCG KOTAOTAONC

‘Eoto X(t) eivar 0 apBudg tov kKANocewv o eEEMEN 010 cvoTa TN Ypovikn oTttypn t ko C(t,t+h)
10 Yeyovog {agiEn pog kAnong 6to ypovikd ddotnua (t,t+h)}. Opilovpe pe Pi(t) v mbavomra
vo vapyovv k kKAncelg 6to cuotnua ™ ypoviky otiypn t kot pe I (t) v mbavotta pa kKAnon
OV €pYETAL TN XPOVIKN oTiyun t va Ppet k kAnoeig o eEEMEN. Tote

P (t) = P{X(t) =k}
T&G)=§gfﬂX@)=McaJ+hn (5)

KOl 0TI LOVIUT KOTAGTOO
Pk = lim Pk (t)
o (6)
IT, = lim IT, (t)

t—0
Inuewwote 0Tt t0 Yeyovog C(t,tth) de onuaivel vmoypeTkd OTL 1) KANGON YiveTow OEKTY|.
Egappolovrag tov tomo tov Bayes &yovpe

P{C(t,t + h)X(t) = k' P, (t
1 (0 - tim L {CGEDXO =R
haO}Zfﬂ(XLt+hﬂXﬁ)=Jﬂﬁﬁ)

(7

INo Swdkaosies yevvnoewv-0avatav {X(t), T20} éxovpe P{C(t,t+h)|X(t)=k}=yih +o(h), ondte
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I, = YkPk (8)

o 2YiP;

AoV vroroyicet Tig mbavotTeg povipov Katdotaons P ywa to egetaldpevo cvotpa eivor Koveic
o€ Béom o1 GLVVEYELD VA VTTOAOYIGEL LEPIKA YOPOKTNPIOTIKA LEYEON Y10 TO cVLGTNUO, OO OVTE TOV
TEPLYPAPTNKOAV OTO TPAOTO KEPAAONIO TMOV CNUEIDCEMV. XTN GLvEYeE Katdotoon k onuaiver k
KOTOANYELS OpYavOV.

2.1.2 Juupopnon xpovou A lavoTnTa ammwAeiac E

To E opileton cav n mbavotmra OAa to Opyove vo eivorl kotelnuuéva, 1 16000vVapd, Gov To
TOGOGTO TOL YPOVOL KATd TOV 0010 6T0 cLGTHNA Eival amokAelcpévo. TIpopavmg

E=P, )
omov k=n glvar n katdotoon émov emkpatel GLUEOPNOT

2.1.3 Juupopnon KARoswvV 1 TOavoTnTa attokKAsiouoU B

To B opiletatl cov n mBavotta po KARon vo givol avemituoyne, 7 16000V, GOV TO TOGOGTO TV
OVETLTUYMV KANGEDV. ZOUQ®VOL LLE TOL TPOTYOVUEVQ.

B=II, - YnPy (10)

2YiP)

INUEIDOOTE OTL 0 aPIOUNTAG TOPIOTAVEL TOV AVAUEVOUEVO 0PI OVETITUY®OV KANGE®V avE Lovado
XPOVOL KOL O TOPOVOUOGTG TO GUVOAKO OVOUEVOUEVO OpOIO TPOCREPOUEVOV KANGEMV
VTOAOYIGUEVO GTI) LOVASA XPOVOU.

2.1.4 MeTa@EPOUEVO QOPTIO A

To A, mopioTdvel TOV avOUEVOREVO aplOUO TOVTOYPOVOV KATOANYE®V KOl €ival Lo HeTproiun
nocotta. [Ipogavmg

n
A= kP (11)
k=0
omov n (0 apOudS opydvov) etvar Kot 0 pEYeTog aptBpog Tavtoypovey kataAnyemv. Opmg agov
kqu = }‘k-IPk-l (12)
To A, pmopet va vroroyiotel ko amd v
n n-1
Ac=D MiPa/m=s> LD, (13)
k=1 k=0

(unv Eeyvare s=1/p). H tehevtaio oyéon Oa Enpemne vo avapévetol apod amAdg eKppalet To yeyovog
OTL TO PETAPEPOLEVO POPTIO 1GOVTAL UE TOV AVOUEVOLEVO aplBd apiEemv Tov yivovtal dEKTEG GTO
GUCTNUO KOTA TN O1BpKELD LEGOV XPOVOL KOTAANYTG.

2.1.5 Mpoo@epoPEVo QopTio A,

To A, opiletat cav o avapevopevog aplBpog apiéewv KAMoE®mV 6T0 GVOTNHO KOTA T SWEPKELD TOV
pécov xpdvov katdAnyne. [popavog

n n
Ay =D vkP/u=s) v P (14)
k=0 k=0
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Tovilovpe 611 10 TPOGPEPOUEVO POPTiO A deVv glvan Lo peTprioun tocdtTo, ARG v BempnTtucd
péyebog mov e£apTdTol AmOKAEIGTIKA 0md TO BePNTIKO LOVTELO TTOV YPNCIUOTOLELTAL.

‘Eoto AA = A, - A 1 d10popd TPOcPEPOLEVOD Kot LETAPEPOUEVOL QopTiov. ToTe £xoue

n-1 n
AA =3 s(1=wi )y Py +8y,Py =5 )y (1-wi )P (15)
k=0 k=0

apov tpoeovag W=0 yia k=n. An6 v E&. (15) npokintel 11 ev yével

AA>0 (16)
o ocvotmquata pe ommAeeg ev yével A>A., apod wi=0 ywo kdmowo k. Onwg Oo dodpe otn
oLVEYEL, A=A, Y10 OVOLOVITIKO GUGTHHOTA, EQV Ol KAGELS TOL AVOUEVOLY OEV EYKATAAEITOVV TO

ocvotnpa Tpotol e&umnpetnfodyv. Opmg o d1kég mepmTMSELS, Omwe B dovue, pmopel va givar
A=A,

2.1.6 To UETAPEPOPEVO QOPTIO a,, atrd TO V-00TO OPYAVO

To a, vroloyiletan gdkola edv Exovpe Toyaio avalnnon Kot gv yével SVGKOAX Yo 0KOAOVOOKN
avalftnon. Ot avtiotoyec ekgpdoelg, Omov vmdpyovv, Bo avagepbBodv ommv eEétaon TV
ELOIKOTEPOV TEPIMTAOGEMV.

2.1.7 O ouvreAeoTtAC BeATiwonc F

Edv 10 péyebog n evdg cvotuartog emextabel oe n+An dpyava ywpic LeTaoAr| TOL TPOGPEPOUEVOD
eoptiov, 0 cuvteheotng Peltioong opiletar amd v

F = A, (mAn) - Ay(n) (17)

onAadn, F etvar n avénomn g kivnong mov umopet vo PeTapépel To GVOTNUO, €AV AVENCOVUE TOV
apOuo6 opydvav amd n og n+An. Xovibwg Aappdvoopue An=1.

2.1.8 Aidpkeia ty, _Tng kardoTtaong k

To ovomua Tapapével oty katdotaon k site puéypt va teppotiotel por KatdAnym site puéypt va
e0dcel pa véa kKAnom. Ot avtictoryotr pvOuot eivar py Kot Ay. AmodeikvieTal TOTE OTL 1| KOTOVOT
ToL ty etvon ekOetikn, OnAaon

£, (0= O +py)e KRS (18)

Gpo. m péon Sidpketa ty eivar:

fe = Uy (19)

2.1.9 H mBavotnta H(x) katdAnwnc X KaBopIiouévwy opyavwy

H mbBavémra H(X) xotdAnyng X ovykekpluévov opydvov vmoloyiletor €0KoAo Yoo Tuyoio
avaltnomn, omoTe TO 1010 POPTIO HETAPEPETAL OO OAN TO OPYOVO KOl OAOL 01 GLVOVOGHOL LE TO 1010
mn0og Katenupévev opyavav givar e&icov mbavol. I'a axoiovbiakmn avaltnon o VToAOYIGHOC
g H(x) eivon e&aupetikd dvokorog. I'ia Tuyaio avalntnon ebkoia vroroyileton gvkoia OtL

()

H(X)=§ (E) Py (20)
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2.2 Xo0oTtnua pe arwAeieg Totrou Erlang

To e&eTalOpevo GVOTNUA PAIVETOL TOPACTATIKA TLO KATM

O O Oreee O O O Qe

N rnyéc, N=ameipo n dpyava, N=TIETEPATHEVO

YrnobBéoeig

N=co 1} N>>n

N= TEMEPAGUEVO

m—kp=k/s

Y=h

N =y Wy :{X,0£k<n
0,k=n

A =Mp=ks

Tote 10 dudypappo puOumv petafaocng Kotaotdoemy ival

\( \(/\ A /A\< /A\<
>\ e )

Me tovg cvpporicpong g Bempiog avapovig 1o eéetaldpevo cvotnpa eivar 1o M/M/m/m. (m
otabupol e&ummpéong, memepacuévoc ympog avapovic m). And tig EE (17) xou (18) g
ToPAypAPoL S Tov Kepaiaiov 2 Eyovue
e
!
P, = kI _ A"/k! (1)

iL‘/, W' Zn:Ai/i!
1=0 i=0

1!

H xotavoun tov EE. (1) anokaAeiton karavoun Erlang n koiofn karavourn Poisson. Iapotnpeiote
o0tt ot pvBuol A xou p gppavitovror oty EE (1) povo cav o Adyog A=A/p, oniadn, To
TPOCPEPOLEVO OPTiO (dEG TO KATW).

Me gpoproyn T@V avVTIGTOlY®V GYEGE®V NG Tapaypaeov 1 tov mapdvtog kePoraiov €OKOAN
vroloyiCovtot To emdpeva peyEn.

2.2.1 >up@odpnon xpovou E

0/t
E=P, = ? /! =E,(A) tomog Erlang (2)

> Al
i=0
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2.2.2 uupodpnon kKAnoswv B
AP,

n

D AP
k=0

ToviCovpe 611, B=E, dniaon|, n E,(A) 6ivel 1060 10 1060610 ¥pdvov mov 10 GVGTNHA ivat TANP®G
OTOGYOANLUEVO OGO KOl TO TOGOGTO TV KANGEMV OV YAVOVTAL.

B=1II, =

=P, =E_(A) (3)

2.2.3 MeTa@QEPOUEVO POPTIO A

A = ikpk = iA P =A(-P,)=A(1-E,(A)=A(-B) 4)
k=0 k=1

2.2.4 [1poo@EPOUEVO QOPTIo A,

n n
Ay =D sy P =AY P =A (5)
k=0 k=0
apa
AA = Ay-A.= AE (A) = AB (6)

2.2.5 Aidpkeia_t, Tng katdoTtaonc k

f=— -1 0<k<n (7)
A+k A+kp

TR (8)
n  ny

2.2.6 [MBavdTnTa H(X) KAaTdAnWwnc X CUYKEKPIUEVWYV OpYAvVWY

Yrortifeton Toyaio avalnnon. Tote

Ho)= Y (Ei)Pk __E,(A)
k=x

tomog Palm-Jacobaeus 9
() Epx(A) : )
2.2.7 Poprio a, 0TO V-00T6 pyavo
Toyaio avalnmmon
a, = Ac = AU=E, (A) ,  Onhaon, kabe Opyavo LeTaPEPEL TO 1010 PopTio (10)
n n

Axolovbakr| avalnmon
ay = A(E, 1(A)-E(A) (11)

ONAadN TO V-00TO OpYyOvo UETOPEPEL TN SLOPOPE KIvcewVv UeTaEh NG TEPITT®ONG Vo £YOVUE V
Opyava Kot TG mepintmong vo Eyovpe v-1 opyava. Avtd copfaivel enedn 1o v-06Td Opyavo ivan
70 TELEVTOiO TTOL epgvvhTar edv tvar eAevOepo. 'Etol 0 apBuog N, | Tov Katenppévev opydvev
and to mpota v-1 dpyava glvar aveEdptnTog amd TV TOYN TOV KANGEMV oL dgv eEumnpeTovvVTaL
and ovty v opdada v-1 opydvaov. Eropévag, 1o X, = N,, - N,_| &ivor n togaio petapint mov
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detyvel edv 10 Opyavo v eivar katelinuuévo 1 Oyt Emopévag, a, = E{X,} = E{N,} - E{N,_;}.
Opmc, to goptio mov petapépetol ond v opyava, nov oovtor pe E{N,} = A(1-E (A)), evod 10
eoptio mov petaeépovv ta v-1 Opyava etvor E{N,_1} = A(1-E,_j(A)) kot AapBdvovpe to
Entoduevo. AtucOntikd, Oo mpéneta; > ap > ay ...

2.2.8 O ouvreAeoTAG BeATiwong F

F = A (n+1)-A (n) (12)

apa
Fn(A) = A(Ep(A)-Ep11(A)) (13)
[Mapatmpeiote 0tL F(A) = a1 kot 011 0<F,(A)<1. Mepikéc evorapépovceg oplokeg TLES etva:
Fo(A) = A/(1+A), F,(0) =0, F (o) = 1, F,(A) = A (14)

2.2.9 ApiBunTiKOC uTToAOYIOUOC TNC TTIOaVOTNTAC aTToKAgIouoU B

Telewwvovrag didovpe Evav enavoinmtikd TOmo VLoAoyiopoL s E,(A). Anodeucvieton Ot

AE,_(A) - .
E,(A)= —KkI1VY E ' (A)=1+kE. ' (AYA 15
K(A) K+ AF,_(A) k (A) k-1(A) (15)
omov Ey(A)=1 E(A)—i
0 > 1+A

2.2.10 2X0OAia

M tpooexTiky] peAéTn Tov TOov Tov Erlang odnyel oto endpevo onuavtikd amotéreoua: Kabmbg
0 ap1OUOg TV 0pYEVEOV Kot TO TPOSPEPOUEVO POPTIO AVEAVOLVY LE TETOL0 TPOTO MOTE 1) TOAVOTNTA
AMOKAEIGHOV va pével otabepn, o PBabudc ypnoyonoinong tav opydvemv, dniadr, p = A, / A,,
av&avel Kou oavtog. Me dAlo Adylo, peYOAES OUAdEG OpyAveV €ival TO OTOSOTIKEG OO WKPES
OUAOEG OpYAV®Y. AVGTUYMDG, GTNV TPAEN, KATOOKEVOGTIKOL AGYOl OEV EMTPETOVV TNV EKUETAALELOT)
T0V YeyovaTog avtoV. [lapodia avtd, opnddes vyniov Baduov ypnoiomoinong sivol mo evdimteg o
TEPMTMOGELS VIEPPOPTMOONG ATt OTL LUKPOTEPEG OUADES LE TNV 1010 TOAVOTNTO OTOKAEIGLLOV.

Mo wo opddo opydvev otabepod peyébovg, m ypnoipomoinon tovg ovéaver kobmg To
TPOGPEPOUEVO POPTIO OWEAVEL, OUMG TavTdYpOova avéavel Katl 1 mlavotta omokieicpov. Etol n
avayKn Yo amwodoTIKN XPNoN Tov e£0TAGHOV ovTioTtafuiletar amd T YEPOTEPELOT TNG TOLOTNTOG
e&ummpénong.

‘Eva. onpovtikd dAro Beopnuo givar 6t To omoteAéopota yio to ovomue Erlang ioybouv ya
OTOLOONTTOTE KOTAVOUT TOV YPOVOL KOTOANYNG, TOL £XElL TMEMEPACUEVT] HECT TN, TOPOTL M
amodelln £ywve yio cuotnuate 0nov vrotifetan ekBeTikn cvvaptnon katovouns. To agloonpeioto
avtd yeyovog, 01t 1 koatavoun Erlang 1M xoAofn katavoun Poisson, toyvouvv yia avbaipeteg
KOTAVOUES TOV XPOVOL KATAANYNG, vTotédnke amd tov id1o tov Erlang to 1917, alAd amodeiydnke
oAV apyotepa (1957). A&iletl va dmoovpe v omdoelln yia v mepintwon n=1.

H dpién wog kinong, mov axoiovBei dwdwkacio Poisson pe puBud A, oe ddeo cvotnua Oa
OTTOGYOANCEL TO LOVASIKO OPYOVO Y10 YPOVIKO O1AoTNHO KOTA HEGO OPO S, OTOV 1| KOTOVOLY TOL
Oewpeitar avbaipe. Ot KAnoelg mov EOAvovy OTav T0 Opyavo €ival OTACYOANUEVO OTOY®POVV
apéowc. To opyavo givor evarrdE amacyoinuévo 1 erevBepo, e mepiodo apyiag 1/A kol mepiodo
amacyOANoNG S. OE®POVTUS TETOOVE KOKAOVG GE GEPA, TPOPOVACS, N HUECT] OLAPKELL TOV KUKAOL
etvar s+1/A ko emopévmg
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s A
P = - 16
T a+s 1+A (16)
dadn, N TpoPremdpevn omd tov Tomo tov Erlang. Enedn Py + P =1,
Py =— (17)

1+ A

Kol TdAL o€ cvppovia pe tov tomo tov Erlang. Edv e€etdoovpe 10 svoTHa amd v TAELPA TOV
apiEemv KANGE®V, 0pob Hovo pia kKAon eEunnpeteitat o€ kGBe KOKAO
E{N
m = {N} (18)
1+ E{N}

omov E{N} o péoog apiBuog xAncemv mov @Bavouv Kotd Tn SldpKeEWD TNG ATOGYOANONG TOL
povadtkov opydvov. Ouwg, apov 1 dwdikacio apiewv eivar Poisson E{N}=A, mov oonyel oto
OVOLLLEVOLLEVO OTTOTEAECLAL.

Yov po oAy poapuoyn Tov mponyovuévayv Bewpeiote por (evén pe n KukAGpHoTO PETOED 600
TNAEPOVIKOV KEVIP®V. Ta KUKAG®UOTO UTOPOVY VO KOTOANPTOVV Kot otd To 000 KEVIPA Kol £0TM
otL ot avtiotoryeg Kvnoelg eivan Poisson pe pubpodc A kot Ay avtictorya. A vroBécovpe Kot’
apynv 0Tt ot ypdvol KatdAnyng arnd Kabe kEvipo £xovv v 1ot avBaipetn Katovoun pe HéEon Tun
1/p. H veépheon tov dVo kivroewv givar Poisson pe pubpd A = Ay + Ay, n mbavotnta anokAeicpod
etvar 1 101 Yo KGO pio amd Tig kivnoelg (apob ot agigelg eivar Poisson) kot vroloyiletor omd tov
tomo tov Erlang ywo goptio A=AMpu= (A +X)/u=A; + A,.

‘Eotow topa 0tL o1 xpdvor kotdinyng elvon dwpopetikol y oo dvo kévipa, 1/puy xor 1/p,,
avtiotorya. H viépbeon tov xivioewv Oa eivar kot mdAr Poisson pe puvlud A = Ay + Ay, Opwg o
uécog xpdvog KotdAnymg yuwr OAec T kAnoelg Oa eivan 1/p = A/A (1/pg) + A/A (1/py).
[oAlamhacialovtag pe A Aappdvoope A = Ay + Ay. AnAhadn, 1 GLUVOAIKTY KIVIOT OV TPOGPEPETOL
ota KukAopato g (evéng elvar 10 dBpocpa tewv emi pépovg kwvnoewv and kabe xkévrpo. H
mBovotnTo amokAelcpoy givar 1 i yuo kéBe pio amd tig Kivinoetg (apov ot apifelg eivor Poisson)
Kot vroloyileton amd tov Tomo tov Erlang yio goptio A = A + As.

2.3 XooTtnua pe atrwAeieg Tutrou Poisson

To e&eTalOpevo GVOTNO PATVETOL TAPACTATIKO KATMOTEP®

O O O-eee O O O QOeee
N mnyég, N=drreipo n 6pyava, N=AaTreipo
YnobBéoeig
N=n=c0
w=kp=k/s
V=M=, k=0,1,2,...
A=Mp = s

To ddypappa puOudv petdfoaong Kataotdoemy etval
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/)\ /)\ /A\ /)\ /)\ /)\ /)\\
u/ 2u/ 3u/ \(k-1)u/ ku/ (k+1)u/ (k+2)u/

To avtictoyo cvomua avapovig eivar 1o M/M/oo (Grepot otabuol eEvmmpétnong). Evkora
vroAoyileTon

Ak
P, = Fe_A katovoun Poisson (1)
Enopévac
E =B =0, agov n=co ko wi=1 yio ke k
o0 00 Ak-l
A=Y kP =) A et =A )
k=0 k1 (k-1
A=Y sy P, =AY P, =A 3)
k=0 k=0
AA=A,-A.=0
H péon diapkea t, g kardotaong k sivar
- S 1
fo== (4)
A+k A+kp

To H(x) kot F dev égovv vomua yia n=co. TéLog t0 poptio a, Tov V-06T00 0pydvov vroroyileton
amd ToLG avTioTOLYOVG TOTTOVG TG Ttepintwong Erlang (mapdypapog 2.2).

24 X0oTnua pe arrwAeieg ToTou Engset
To e&etalopevo cvotnua givat
O O Oreee O O O QOeeeD
N 1Tnyég n opyava
YrnoBéoeig

N>n, N, n= nenepacpéva

w=kp=k/s
yk=(N-k)r
_J(N-KA,0<k<n
k= 0,k=n

A = puOudg Koewv ovd myn dtav ot eivar eAehBepn
a=As= Kivnon moapayouevn omd o eAevBepn TyN.

To dbypappa puOudv petdfoacng Kataotacemy eivor
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/N)\ /(N-1))\ /(N 2))\\ N n-3)A N n-2)A N-n+1)A

A

To avtictoyo cvomua avapovig eivar 1o M/M/m/m/N (m otafpol eEumnpéong, Tenepacuévog
YDPOG AVOLOVIG M, TETEPACUEVOS TANBVO UGG TELOTOV N).

v

2.4.1 MBavoTNTEC POVIUNC KATAOTAONC

Epappodlovrag tig EE. (17) ko (18) g mapaypdeov 5 tov kepaiaiov 2 &yovue

N
N
P,=—/_— 0<k<n (1)

eaqv Bécovpe
o
p=— (2)

1+a

161 AapPdvoope

mﬁk(l By
P, = 0<k<n 3)

> pa-p

Avtictorya, n mbavomra I o kAnon mov épyetan va Bpet k kAnoelg oe eEEMEn etvan

o
Hk: (N—k)OLPk _ k

n NS (4)
> (N-i)aP; 2( . ]a‘

i=0 i=o\ !

[Mapatmpeiote 0t o1 mBavotnteg ko Py xan I e&apravion and to mAnbog tov mnydv N. Xt
ovvéxewn Yoo vo detéoope avt v e&aptmon Ba yphoovue Pi[N] kou I [N], avtictoo.
[Ipopavmg,

I [N]=P[N-1], 0<k<N-1 (5)
2.4.2 Yup@odpnon xpovou E

Nj ,
o
=Pn [N]= n(n— =E(1'1,N,(1) (6)
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2.4.3 Zuupodpnon kKANoswv B

N-1
B=1I,[N]= nn—ZB(n,N,a) tomoc Engset (7)
N-1)
i=0\ !

[Mapampeiote 61t B(n,N,0) = E(n,N-1,a), dniaon, n ovuedpnon kAncewv eivor ion pe
oupedpnom ypdvov og éva cvotnua pe N-1 mnyéc, aAld pe v idwo kivnon ava edevBepn myn o
Kot 10 1010 n. Ao 115 exppaoelg Tov B kot E pmopodv va mpokdyouy ot emOUEVES GYEGEIS TOL
oLVOEOLV TaL HVO OVTE YOPAKTNPIOTIKA LEYEON

N B g (N-)(I+o)E

= N B= ®)
N—-nl+a(l1-B) N+(N —n)aE
2.4.4 MeTaQePOUEVO QOPTiIO Ac
n n n—1 n—1
A, =D kP =D (N-k+DaP; =Noad P —ad kP, =Noa(1-P,)-a(A, —nP,) 9)
k=0 k=1 k=0 k=1
apa
Na N-n
A, = 1- P 10
¢ 1+o [ N HJ (10)
KOl YPNGLOTOIDVTOG TN 6)YEon mov cuvoset ta E=P, kot B £xovpe
No(1-B)
R p— (11)
I1+a(1-B)
2.4.5 T1poo@epOUEVO QOoPTio Ay
n n n n
Ay =D sy P = D s(N-KAP, = Na Y P —a) kP, =Noa—-0A, (12)
k=0 k=0 k=0 k=1
onote ooV P, =E
2
A, = Na +(N n)a E (13)
I+a I+a
K0l YPNOLULOTOLOVTOGS TN 6Y€om oL cuvdéet Ta E kot B éyovpue
A, —— D¢ (14)
1+a(l-B)
[Mapatpeiote 0t1 A, = Ay(1-B) ko 611 t0 0 pmopel va AneOet and v
e Bo (15)
N-A,(1-B)
Eniong
AA=A,—A, =B (16)
N-o(1-B)
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Mmnopet kaveig va amodeiEel 6Tt B<E yo v mepintoon mov e€etdlovpe. [pdypatt

B<E= N B >B=a(l-B)< n
N-nl+a(1-B) N-n
No(1-B) _A

l+a(l-B) ¢

= al-BYN-n)<n=
= o(1-B)N-n(1-B)Ja<n=n>

oG oV TavTo n>A TpokdTTEL TO {NTOdUEVO.

2.4.6 Méon &idpkela t,, _Tng kardotaong k

Evkola Bpiokovpe

_ S 1
t, = = ,
KT (N-Koa+k  (N-K)L+ku

0<k<n

t,=—=—, k=n

=
=
=

2.4.7 MBavoTNTa KATAANWNC X CUYKEKPIUEVWY 0pYavwy H(x)

IMo toyaio avalntnon

H(x) = é(&i)ﬂ( - E(f (EEOQ o)

2.4.8 ZuvreAeoTnc BeAtiwonc F

No(1-B')  Na(1-B)

F(n,N)=A_.(n+1)-A_(n) = 1+a(1-B) 1+a(l-B)

omov
B = B(n,N,a), B'= B(n+1,N,a)
0AAG omd TNV avadpoptkn oyéon yuo to. B(n,N,a)

-1n- + !
B - (N-n-1)aB B n+l 1 B

“n+(N-n-1)aB ' N-n-1al-B

omoTE
B 1-yo(1-B)
‘1-B  1+o(1-B)

F(n,N)=A

onov
N-n-1 No(1-B
y=—"""— A _ Nell-B)
n+1 I+a(1-B)

2.4.9 ApiBuNTIKOC UTTOAOYIOUOC TWV TTIBAVOTATWY aTTwAELIaC E Kal atrokAsioyou B

ATOOEKVOETAL KOL 1] ETOLEVT] AVAOPOLUIKT GYEOT)

(N—-n)aB(n—1,N,a)
n+(N—-n)aB(n—-1,N,a)

B(n,N,a) =
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2.5 XooTtnua pe arwAeieg Totrou Bernoulli

To cvotpa mov e&etdalovpe gival

O O Oreee O O O Qeee(
N Tmyég n 6pyava
YnobBéoeig
N<n
e =kp=Kk/s

v = M = (N-k), 0<k<N

Epyalopevol dnwg oty mponyoduevn vronapaypapo 2.4 £xovue 6mov
N N-k k . .
P, :( ja (1-a) AlvopKn Katovoun (1)
k

Omov
o = As/(1+As) = M(A+p) (2)
2.5.1 Zupebépnon xpovou E
0,eav N <n
|

3)

P =a"=0aN,eavN=n

2.5.2 Jupeodpnon KANnoswv B

[Tavrote B=0 yio N<n a@ob vrdpyovv mavta apketd Opyova

2.5.3 MeTa@EPOUEVO QOPTIO A

n
A=Y kP =Na (4)
k=0

2.5.4 [1poopePOUEVO QOPTIO A,

n n
Ay = Y5y P, = Y s(N-k)AP, = Nsh-shA, = (N-Na)li - Na (5)
k=0 k=0 —a

Gpa OGS OVAUEVETOL
AA=A,-A.=0 (6)

2.5.5 ®oprio v-00T0U OpYd&VOoU

[Ma toyaia avalntnon
a, = A./n=Nown,v=1,2,...,n (7)
2.5.6 2uvreheaTic BeATtiwong F

AoV N<n ka0e ab&non 610 n € GLVETAYETOL ADENOT) TOV PETAPEPOUEVOL POPTIOV, dNAAIN,
F(n) = A (n+1) - A.(n) = Na-Na =0 (8)
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2.5.7 MiBavdTnTa H(X) KAatdAnwnc X CUYKEKPIUEVWYV OpYyAvwY

n—x n—x n-=x
B ey Y (el .

A i

2.6 Méon TipA Kal HETABANTOTNTA TNG UTTEPPOIKNAG KAl HETAPEPOMEVNGS Kivniong

[Ma toyaia avalntmon

(E)ak(l—a)N_k =

OewpoVLE TO EMOUEVO TNAEPOVIKO GVGTNLLO TANPOVG TPOGITOTNTOG
O O Oreee O O O QeeeO O O QeeeO
N 1Tnyég n épyava m =Q1TEIPO

OOV TO GUVOAO T®V 0pYAV®V cuvicTaTol 0md 2 TUNHOTH N Kot M OTTOV TO N EVOL TETEPAGHUEVO KO
10 m anepo. O GKOTOG VTG TNG SUPESEMS EIVAL TO VO OEYTEL O YOPOKTNPOG TNG VIEPPOTKNG
Kkivnong (amoppurtoépevn Kivinon amd To TUNWO N) TOL GTN CLVEYXELN LETOPEPETOL OO TO TUNUO M.
H xatdortaom tov cvotiuatog todpa meprypdoetal amd to ddvocua (p,q) Omov

0<p<n (1)

0<p<m, m=o0

0<p+q=<N
To mpoPAnua elval vo Teptypapel 0 YopaKTNPOS TNG OTOPPITTOUEVTG Kiviiong amd o Tunue n. Mia
TANPNG TEPLYpaPT Elvar SVOKOAN YU avtd cuviBmg TEPLOPLOUAGTE GTNV EVPECT] TOV OVO TPMOTOV
POV, TNG Héong Tiung M ko g petafintomrag V. [pogavag

n

M= 3 aPq @)
p=0q=1
n o

V= ZZ(Q—M)ZP@,@ 3)
p=0q=1

onov P, o) mapiotdver my mbavomta povipov kardotaon.
Me mapadoyés 6mwg kot oty 2.2 (Erlang) amodeivdeton Ot
M=AEq(A) 4)

V=M1—M+$ %)
n+l1+M-A

Eivor yopaxtnpiotikd e vreppoikng kivnong yio tnv tepintmon avtr| 0Tt
V>M (6)

AvTO QuoKd onuaivel 0Tl 01 KANGELS TG VIEPPOTKNG Kivnong eival mo ovykevipwuéves (peaked)
arn’ 6t oty Tuyxaia kivnor. Avtd copfaiver yrati ot KAoglg mov KotaAapfdvoovy éva 6pyavo g
dgvtepNG opddag m eOAvovy Ot 1 TPAOTN Opdda ivartl amoKAEIGUEVT), ONAadY|, p=n.

[Ipémetr dpwg va yiver o1dxpion petacd towv M kot V g veppoikng Kivnong Kot TV ovTIGTOL v
m Kol V TG LETAPEPOUEVNC, TOV 0pilovTor amod TIg
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m=YkP =A, (7)
k=1

v=3(k-m)P, ®)
k=0

H oyéon ywo ™ petafintoémra v pnopet va ypoaeet Kot og ENg:

V= Zn:(k—m)sz zzn:[k(k—l)+k—2mk+m2]P =
k=0

k=0
n n n
= > k(k—1)P +> kP —2m kP, +m’ = )
k=0 k=1 k=1
n n-2
= m_m2 + Zk(k _I)Pk = m—mz + S2 Zyk+1ykPk
k=2 k=0

Epappoyés tov (8) kat (9) yuu 11 meputtddcelg mov e&etdomnkay otig mapaypaeovg 2.2 émg 2.5
dtvouv

a) Erlang
m = A[1-Ep(A)] (10)
v=m-M (n-m), M=AE,(A) (11)
v/m = 1-[M(n-m)]/m<1 (12)
B) Poisson
m=A (13)
v=A (14)
v/m =1 (15)
y)  Engset
mZAC:IIj_(;(l—NI\_InEj (16)
V:M(m—nE)+M+m—m2 (17)
l+a n+ao
0)  Bernoulli
m = Na (18)
v =No(1-a) (19)
v/m = 1-0<1 (20)

[pénel va mapatnpnOei 6t Yo v nepintwon katavoung Erlang, V>M, evdd m>v. Avtd onuaivet
OTL 1 petaeepdpevn kivnon ivar eouatvuévy (smoothed), apod ol kKAnoelg mov épbacav dtav To
GUOTN O T TOV OTTOKAEIGUEVO OITOPPIPTNKAY.
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2.8 Hi10080vaun Tuxaia péBodog

Ocwpeiote T0 €MOUEVO TAEQPOVIKO cvGTNUO. YThpyouv K dtapopetikés opddeg opydvov kot k
aveEhpres dwdikacieg Poison dgiEng kAnocemv mov n kébe p mpoceépeton oe pice opdado
opybvav. Ot KAncelg Tov Bpickovv TV avticToyn Opado OpyAveV KATEMUUEVT TPOGPEPOVTAL GE
pio oudda opyavev vreppons. H opdda vmeppong esivar xowvn yu 6Aeg Tig k kidpieg opdioeg
opyavov. Ot ypdvor katdAnyng Bempovvion ekbetikol kol o1 KANOES mov Ppiokovv TNV opdada
VIEPPONG KatelAnpupévn aroppintovror. To mpofAnua gival va mpocsdiopicbetl o apBudc opydvmv
NG OHASOG VITEPPONG DGTE Vo Ikovorotn el pa Tpokabopiopévn mbavotta amokAElGHOoD.

o [}

> >
° °
= =
m opyava m 6pyava
- o~ x|
> > > >
ol N < —
= b= p= =
n, opyava n, opyava n, 6pyava n 6pyava
< < < <

Mo tpoceyyiotikn péBodog yia tn AVoM Tov TPoPANUOTOS avToD glval 1 icoddvaun toyaio uéBodog
(equivalent random method), mov Bacileton 6Ta ATOTEAEGUOTA TG TPOTYOVUEVNC TapOypapov. [
apy" Oewpeiote T0 AMAO LOVTEALD LI0G OUAOOG (e Eva, OPYOVO KO OGS OLLAOOS DITEPPONG KOl TTAAL LLE
éva opyavo. ‘Eoto Py n mBavotta va elvon katetinupuévn n opdda vrepponc. To optio mov
petagépeTor omd v oudda vmeppong eivor m dpopd peToEL Tov @optiov, AE(A), mov
vepyeMlel amd TV KOPLo ORAd0 KOl TOL QOPTIOV OV VIEPYEIMEEL ad TNV KVPLOL OUAdOL KoL TV
opdoa vreppong pali, AE(A). Enedn to @optio mov peTapEpel To LOVAITKO OpYovo TNG OUAd0S
VIEPPONG toovTAL [e TNV ThAvOTNTA Vo £lval OmaGYOANUEVO, TPOPOVAGS

Py = A[Ei(A)- Ex(A)] (1

‘Eoto I1; n mBavémra pio KAnon mov vrepyeilel and v kdpla opdda vo Bpet v opdada
vreppong katelnuuévn. H I eivon vrd ovovOnkn mbavomto va givol katetAnupévn n opdoa
vreppong d0BEvtoc 6TL 1 KOpLo opdda eivan KaTetAnppévn, dnAaod,

I1; = Ex(A) / E|(A) (2)
oL Umopel va, YpoapTel Kot Gov

I, = AE,(A) / AE(A) (3)
Yvykpivovrog tig EE. (1) kou (2) mpoxvmtet 0Tt

I, # Py 4)
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OMOC avapEveETal, a@ov 1 Kiviom Tov TPOocEEpeTal otV opada vreppons dev eivar Poisson.
[pdypatt, o puOUOS apitemv etvar A dtav 1 KOpla opdda ivor katednupuévn Kot undév dtav eivat
erevlepn.
Oewpelote TOPA TN YEVIKN TEPIMTOGT OTOL M KVLPLOL OPLAOL EXEL N GPYAVA EVD 1) OUAON VTEPPONG
&xerm Opyava. Kot avoroyio woydet
1. H vmeppoikn kivnomn dev eivar Poisson
2. H mBavomta o kAnomn, mov vrepyeldilel and v KOplo opdoo, vo omoKAEIGTEL GTNV OpAdQ
VIEPPONG Elvarn

[T = AEmin(A) / AEL(A) (5)
H wWwmta 1 onuaivel 6t n avéAlvon g opdadag vreppong o€ pmopel va yivel pe T YVOOTEG
nefdd0vg. Opme 1 W TA 2 PTopet va YpNGILOTOMOEL Yo VO TPOGEYYIGTIKO VITOAOYIGHO YVOCTO
oav M 1eodvvoun toyaio uéfooog. To poptio mov vepyeMiel omd TV 1-6T1 KOP1o OpAdH UTOPEl va
neptypagel and 000 mopapéTpovg, ™ péon TN M; kou ™ petafAntomto Vi g vaeppoikng
Kivnong mpog Amelpn opado LVIEPPONGS, MG eENG:

M; = A{E, (A)) (6)

A ™
Ili +1+ Mi _Ai

Vi = Mi(l_Mi +

Emopévacg, pmopovpe vo mteptypdyovpe Ty Kiviorn Tov TPOGEEPETOL GTNV KOV OUAd0 VITEPPONG

LE TO, CTOTIOTIKA YOPOKTNPIOTIKA TNG 0VTIGTOYNG KIvNnomg TPog Amelpn opddo vteppons, oOnAaon,
M=M; +M; + ... + My ®)
V=V, +Vy+ ...+ Vi )

"‘Eoto M, ka1 V, ot avtiototyeg TYES Yoo TNV Kivnon mov vrepyelilel amd v opddo vIeppons Tomv
m opydvev. I'a Tov vtoAoyopd TV M, kot V, Kata@edYouUe 6TO 1600UVOUO TUYOI0 HOVTELD
(BAéme oynua) 6mov TO 1GOJVVOUO QOPTIO A TPOGEEPETOL GE W10 LGOSVVOUN ORAd0 OpYaveV
pey€Boug n, T€To10L MOTE

M = AE, (A) (10)

V=M1—M+; (11)
n+l+M-A

KOl GTI] GUVEYELD M VIEPPOTKN Kivnon amd Tnv Oopddo ot TV N Opydvev TPOGPEPETOL GTNV
opdoa VTEPPONG TOV M 0pyavmv. Apa, apov 1 160d0Vaun Kiviion A TPOCOEPETOL GE L0 ORLAON
n+m opyavev,

M, = AE, . m(A) (12)

A
Vo, =M,|1-M, + 13
0 0( © n+m+1+MO—AJ (13)

Eivol Aoywo va Bewpricovpe 0Tt n mBavOTNTO ATOKAEIGHOD HaG KANONG oL Ppiokel v KOpla
OHLAd OPYAVOV OTOKAEIGHEVT] Kot VITEPYEAILEL OTNV OpdAda vITEPPONG elvar,

B = I, = AEp:n(A) / AE,(A) =M,/ M (14)
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Amopéverl va dovpe mmg Avovton apBuntikd ot EE. (11) kot (12). T VM vrdpyet Avon mov
avTIoTolyel ev yével oe un axépata Tiun yo tov aplipd tov opydvov n. Mo KoAr mpocéyyion
dtdetan g Avong didetan amd TV oyéEon

A~V +3Z(Z-1) (15)
omote avtikabiotovtag oty EE. (11) Aapfdvovpe yio 1o n

n~ AM+Z) M-=1 (16)
M+Z-1

omov Z=V/M o ovvreleatiic ovyrévipwong (peakedness factor) g vreppoikng kivnone. Emedn n
®G GV TPOGEYYIoN €V YEVEL VIEPEKTIUA TIG TYES TOV A KOl N, LTOPOVUE VO AABOVE TO AKEPALO
uépog [n] and v EE. (16), ondte 10 A enavomoroyileton amd v EE. (16) cav

A= ([n#+M+1)(M+Z-1)/(M+Z) (17)
2.9 Aoknoeig

1. Xpnowomolidviog Tovg mivakeg kivnong-mbavotmrog amokAelopod kobopicte 1oV EAAYIGTO
apOpd ypapudv mov amottovvtal yo v e&vmnpémon eoptiov o) 0,3E B) 11E ko y) 70E pe
TIC ENOUEVES OMOLTY|OELS:

1)  Ovomdreteg va unv vrepPaivovv to 0,005

2) Xe mepintwon vrepeopticemg 10% 1 andiewog pog ypopung (tov va pn copfaivovv
TAVTOYPOVA) Ol OTAOAELES Vo unv vepPaivovy to 0,01.

2. Tniepovikn xivnon 3 Erlang mpoceépetan o mAnpwc mpocity opdda 8 ypauumv. O pécog
xPOVOG KatdAnyng eivan 90 sec.

a) Ilowog o pécsog apBuds KAncewv avd opa.
B) IMowan mBavétra va un eBdacet kopio kKAon o€ didotnua 1 min
v)  Ilowo 10 m0600To TG TNAEP®VIKNG KIVIONG TTOL YAVETAL.

0)  Edv ot ypappég dokipdlovron pe v 101a oe1pd yoo v €0peot piag eErevBepng, mdéon n
kivnon mov dPipaleton amd kaOe pio am’ avtéc.

g)  Iow givor n mBovotTO 1o povo ypappn vo eivor erehiepn

ot) Iloco ovyvéd ovpPaiver pia aeikvoduevn kAnon va Ppiokel cOOTNUO TANPWG
Katetnupévo. [16co cvyvd cuppaivel n Katdotoon g TANPOVS KOTAANYG.

) Iooo katd péso 6po drapkel 1 KATAGTAON CQLTY.
n)  Iow givor n mBavotnTa 500 POVo Ypappés va eivar e ehBepeg
0) Ilowa eivon  mBovotnTa dAEG o1 Ypapupég va lvar eEAeb0epec

3. Zg éva Kpo WOTIKO KEVIPO eKTILdTOL OTL TO TPOSPePOEVO opTio Ba eivar 2 Erlang ko
arorteitor Ommg N TOAVOTNTO ATOKAEIGHOL eivan pikpotepn amd 2%. AmepyOUeves YPOUUES
UITOPOLV VO VOIKIOGTOVV pe KOGTog 1 dpy avd mpdTo AENTO YPNOLUOTOINGNG TNG YPOUUNC.
Znrovvtat:

a) O avaykoiog apOuog amepyOUEVOV YPOUULDV Y10 TNV KOVOTOINGT TOL TEPLOPIGHUOV Yiol
NV TOOVOTNTO ATOKAEIGLOV.

B)  To avapevouevo K6GTOG Asttovpyiog ove dpa.
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v)  Ed&v n avedpeon ehevbepm amepydpevns ypapung yivetatl pe akorlovbuokd tpdmo (ida
oelpd avalnmong mAvToTe) LIOAOYIGTE TN GLVEIGPOPE KAOE YPOUUNG GTO GUVOAIKO
KOGTOG.

4. Ze éva ovomua pe anmieteg Erlang éyovpe 10 dpyava. Metpnoeig delyvouv ot 10 1% twov
KMcewv xavovtatl. Ymoroyiletoaw 61t 10 @optio Oa dimhaciocBel v enduevn ypovid. I1oca
opyava mpénel vo. tpootefovv yia vo dtatnpn et o 1d10g fabudg eEumnpéong;

5. @cowpeiote éva cvotua Erlang pe n 6pyova kot tpoceepopevo poptio A. ‘Evag mapatnpntig
BAémel TO cVOTNUO GE TUYOIEG YPOVIKES OTIYUEG Kol TEPUEVEL PEYPL vo. PBAcEL 1| emduevn
KAnon. Yroioyiote v mbavotta n kAnomn avtr vo xodel.

6. Muw etapeia mov Onbétel WOTIKO TAEP®VIKO KEVTpO pmopel va dodé€el peta&h ovo
TILOAOYIWV Y100 TN YPEMCN TOV ATEPYOUEVAOV YPOUUUDY TPOS TO INUOCL0 TNAEPWVIKO dikTvo. To
TPAOTO TIHoAdYo avtiotoyel oe otabepd unviaio picbopa, mov 1codvvapel pe 280 dpy. v
Opa, EVO pe To de0TEPO TIHOAOYEiTOn M ¥pnon pe 10 dpy. avd min. O cvvoAiwdg apduodg
ATEPYOUEVOV YPOUU®DV TPETEL VO ETOPKEL Yoo TNV €ELANPETNON TPOSPEPOUEVNG Kivnong 2
Erlang pe mbBavomto amokieicpod 1o moAd 2%. Ilotog givor o mAéov okovoutkdg TpOmog
S OPIGHOV TOV ATEPYOUEVOV YPUUUDV OE aLTEG He atafepd unviaio picbmpo Kot ovTég ToL
yped@vovtal pe Bacn m xpnon; Ioto eivan 1o avtictoryo mpraio k6GTOG Asttovpyiag;

7. Koatd t 0dpKelo TV KOAOKOUPIVAOV SIOKOTAOV £VOG TOVIOTOANG OTOPAGIilEl VO TPOCPEPEL
TNAEPOVIKEG VIINPEGTES 6TOVG TapafePloTés. YToOEoTe 0Tt S100éTel N TNAEQP®VIKOVS BoAdLOVG
oL Agrtovpyov cav cvotnua Erlang pe anwieieg ko 01t avapével 50 meddteg v ®po TOV
katd péco 0po phovv 4,8 min. To Aertovpykd k6GTOg TOL TTOVTOTMOAN €ivar 100 dpy. ava
Bdrapo oavé ®po (doyeto pe to €dv o BAAapog ypnolomoteital) Kot T0 £€6000 amd KAOE
nmapabepiotn mov eéummpeteitanr eivar 20 opy. Tlowog elvar o BérTioToC apBuodg Barlapmy Kot
oo elval to péoo wpraio kEPOOG Tov MOVTOM®AN ot PéATiotn mepintwon. [loww eivon M
LEYIOTY T TOL AETOLPYKOD KOGTOLG méPa oamd Tnv omoia givor acOUEOPT YL TOV
TOVTOTIMOAT 1| TPOCPOPA TNAEPOVIKADV VI PECIDV;

8. Xg éva LKpo 101MTIKO TNAEQP®MVIKO KEVTPO VITAPYOLV 4 amEPYOUEVES YPOUUES. LTO KEVTPO gival
ovvoedepévol 10 ovvdopountéc mov mapdyovv omepyouevn kivnon 0,1 Erlang 6tav sivon
erevlepot. T v koA eEumnpéon TV GUVOPOUNTOV TPENEL N TOUVOTNTA ATOKAEIGLLOV
pog kKAnong va etvan pikpotepn omd 1%. Avapéveror 0Tt KoTd T0 ETOUEVO £T0C O aPOUOG TV
cuvopountdv Bo dutAactactel Kot OTL N TapoyOUEVT Kivnon avd cuvdpountn Ba avénbdet kotd
20%. E éyEate €dv t0 TAN00G TV ATEPYOUEVAOV YPALUADV Y10 TIG TOPLVES KL TIG LEAAOVTIKES
avdykes. Edv oyt Ppeite v ehdyiot duvary adENon TV amepyOUEVOV YPAUUDY, DGTE VO
wavomombel o mePLopoudc v v mlavoTTa amokAeicpov. I16co givar to Tpoceepduevo
@opTio TOTE Kol oo 1) TOAVOTNTO UTTOKAEIGHOVD.

9. Avo xwnoelg Poisson amokaAoOUEVEG YOUNANG KOl VYNANG TPOTEPAUOTNTOS TPOGPEPOVTUL CE
10 opyava. Otv kMoewc youning mpotepodtntag mov Ppickovv v opddo opydvov
Katelnppévn ybvovtat. Ot kKANoelg vymAng mpotepatdtnTag VIepyEMiovy Tpog pia fondntikn
opddo vreppons. Ot HeTpNGELS delvOoLV OTL 01 KANGELS VYNANG TPOTEPOLOTNTAS £YOVLV YPOVO
KotaAnyng 12 min, pvOud agifewv 20 xKAnoelg v Opo kol Kotd péco 0po 2 v dpa
vrepyeMlovv.

a) Ed&v o puBuodg deiEng tov kKANcE®V YapnANg TpotepatdTnTOS STANGLOoTEL, KOTd TOGO
Ba avéndei n TOavOTNTA VITEPYEIMONG TV KANGE®Y LVYNANG TPOTEPALOTNTAG;

B)  Mmopei va ypnotpomombei o tomoc Tov Erlang yio tov vmoroyiopd twv opydvev g
BonOntikng opddoc vteppoN|s;
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10. Xto «tipo pog peylAng emyelpnoems vmdpyer évo pkpod TnAeovikd kévipo pe 40
ocuvopountég kot 10 amepyodpeves ypappés. Zmv opo HEYLoTNG Kivnong kabe cuvopountnig
wopaysl 7,2 tMiepovnuoto Kotd pEcGo 0po, M pHEon dldpKEW TV Omoimv elval exBeTikd
Katoveunuévn pe péon tipun 100s. (Ayvoeiote v e0OTEPIKN TNAEP®VIKY Kivnon).

a) No Bpebei n mbavomta aroxieicpov B

B)  No Bpebet to Tpoopepduevo Kot To petapepopevo eoprtio o€ Erlang

v)  Tlowog etvar 0 pésog aptBpdc TV KATEIMNUUEVOV OTEPYOUEVOV YPOULDY
o) Iowa eivon  mBovotnTa va etvon OAES Ol YPOUUES KOTEUUEVEG

e) Iloco poptio yavetar enedn Ppickel 10 cHOTNUA TANPOG KATEANUUEVO
ot) [looeg Kinoelg yavovtal Katd pHEco Opo amd v id1a otia

{) Ilooco katd péso Opo dlopkel 1 KATAGTOGT TNG TANPOVG KATAANYNG

n) Iow Bertioon Ba enédbel 610 cvoTHA €6V avénBovV ot amepydueves Ypoupég omd 10
oe 11, 12 avtictoyo

0) Iowr givor n mBovOTNTO piaL AmEPYOUEV VPO VoL efvar EAeDBEPN

1) IIéco cuyva cupfaivel N KATACTOOT TAPOLS KATAANYNG

w) Ilow eivon n mBavoTTa dVO amepyOUEVES YPOUES Va. ivan eAeDBepeg

1f) o givon n mBovotTo OAEG O AmEPYOLEVES YPOLLES Vo lvar ehevBeped.

11. Kivnon 10 Erlang mpocoépeton o opada 10 opydvav kot kivnon 5 Erlang mpoceépetor g
onada 5 opydvav. Mo opddo veppong amd m dpyavo eEVTNPETEL TNV LITEPPOIKT Kivnon Kot
TV 600 OLAdWV.

a) Noa Bpebet To péyeboc m g opddog veppong mov divel mbavotnta amoxieicpov 10%.
B)  No Bpebel n mBavdtTo 0moKAEIGHOD TOV GUVOAIKOD GUGTHUATOG.
v)  EmavaldPete edv ot kivioelg avénbovv katd 50%.

12. H xivnon A = 15 Erlang peta&b dvo kévipwv e&unnpeteitarl and 13 amokAeloTikés Ypoppég ava
KkatevBvvon kivnong kabmg Kot amd pio opado Kovmv YPoUi®Y mov eELVINPETEL TNV LIEPPOIKT
Kivnon omd TG amoKAEIGTIKEG YPOUUES.

a) No Ppebel 10 péyebog m g opddag vmeppong mov divel cuvolkn mOAvOTNTA
amokAeGpoL 1%.

B) Iloceg ypappés Ba ypewaloviav yoo v 0 mBavotTTe. OTOKAEIGHOD &GV OV
ypMnoponombei kKaBdAov opdda VIEPPOTG.

3. ANAMONHTIKA ZYZTHMATA
3.1 YTmroAoyiopog BacIKwyV PHEYEBWYV O€ avapOVNTIKA CUCTAHAT

‘Eva. avapovntikd cvotnua yopoaktnpiletor amd to yeyovog 0Tl avemtuyeic KANCE, umopohv va
nepuévouy péypt va eEumnpetnfovv apyotepa and £va dpyavo mov Ba erevBepwbel. Avtd onuaivet
OTL Ol GUVTEAECTEG W TNG O)EoNg M=W Y| elvar wi=1 ywa k4Be k. Emopévog €va avapovntikd
ovoTNUa ivorl tkavo va dEXETOL TOGES aVAIEVOVOEG KANGELS OGEC eival duvatov va tapoyBovv. ‘Eva
cvonUa TOL pmopel va deytel Hovo €va TEmEPAGUEVO 0POUOd OVAPEVOVCAOY KANGEWV TPENEL VO
Bewpeital cov €vog cuvOLOCUOG OVOLOVITIKOD GULGTHLOTOS KOl GUGTHUOTOS LE OMMAEIES. XN
ocuvéyewn Bao aoyoAnolie pe aVOROVITIKE GUGTUATO LE GTELPO YMDPO CVOLLOVTG.
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Mo 11 avapévovoeg kinoelg pmopel Kovelg vo vmoBécel eite OTL ALTEC TEPUEVOLY UEXPIC
efummpémong eite 6t eykotoieimovv evdwpéowc. H mpdtn vndbBeon odnyel oe amiovotepa
HOVTEAQ, €V 1 OgbTEPN O MO PeoMoTikd. [ v wANPN TEPLYPOPN TOV OVOLOVITIKOD
ocvotnuotog €ivor avaykaioo m yvoon g moltikng eSumnpétnone, FCFS, LCFS, tuyoaio,
wpotepondTNTES, KA. H ypnoyomotodpevn moAltikn eumnpétmong emnpedlel v KATOVOU| TOV
xPOVOL OVaLLOVIG, OAAG gV YéVEL dev emmped el T Héon TN TOL.

®a Oewpnoovpe Eva GLGTNUA TANPOVS TPOSITOTNTOG Le N TNYEG Kot n dpyoavo OTMG GTO GYNLOL
O O O-eee O O O OeeeD
N mnyég n pyava

H xotdotaon k tov ovotmquatog, 0<Sk<SN, meptypdeet tov oplud Tov KANCEOV GTO GUGTNUOL.
Anaodn|, dv k<n &yovpe k amacyoinuéva opyava, eved dv k>n €xovpe n amacyoinuévo dpyoavo
kot k-n kinoeig oe avopovn. Tlpopavog mpémet N>n, 0101t 0AMOG dgv dnpovpyeital ovaykn
avapovns. Eriong n mepintmon N=co, n=c0 dev Bewpeitor 6T dnpuovpyet avaykn avopovis. 'Etot Oa
eetdoovpe ocvotuato 6mov N>n kot N pmopet va givor dmeipo 1 dyl, 0ALL TO0 n TPENEL VoL Etvon
TOVTO TEMEPACUEVO.

O1 puBpot Bavatov . yio avopovntikd cvotfpoto 0o Oempndoldv o1t eivan
ku =k/s, 0<k<n
[

1
nu+0(k-n)u = n/s+0(k-n)/s, k>n M)

omov 0>0 onuaivel 6T o avopévovca KANon eykataleinet pe pvOud 0u=0/s. To 6=0 onuaivel 6T1
OAeg o1 KANGELS avouévouy péypt va e&ummpetnBolv N ot youéves kinoeis kobvatepovv (lost calls
delayed). H e1dum mepintwon 0=1 onuaivel 0Tt o1 avemituyeic KANOES amaoyoAobV TO0 CUGTNUO £
1060 YpOVO OGO Kot M OdpKeEWd TOVG, ONANON TOTE EYOVUE TO GUGTNO TOV XOPAKTINPIOTNKE GTNV
apyN TOV CNUEIMCEWV GOV aVTO OV Ol youéves rAnoels mopouévovv (lost calls held). Tomkd
ToPAdEYIO TETOOV GLOTAUATOG E€ival o gomAiopdg mov divel tovovg. Ily. m yevvintpla TOL
ONUOTOC “KATEMUUEVO™ gvepyomoteital Otav o KANon omotvyel. Oleg ot KANGES OV £YovV
amoTUYEL, &fvol yapéveg y 10 cvoTNHA, 0AAG cuvexiCovv va TO0 amacYOAOVV (0 GLVOPOUNTNG
aKOVEL TO MO KATEMNUUEVO UEXPL VO OLPNGEL TO AKOLGTIKO). XT0 GUOTNHA oLTO 1) SIUPKELL TNG
KA oNg elval To S1GoTNO OTTOV O GLVOPOUNTNG OKOVEL TO GO “KATEAMUUEVO™.

I'a Tovg puOpODS YeVWNGEDVY Ay 1GYVEL OTL KO Y10l TOL GUGTNLLOTO [LE OTAOAELES, LOVO TOV TP Wi =1
v k60e k. Xt ovvéyein Oa emavoldPovpe TOLVG OPIGUOVG TMV SOPOPOV YUPAKTNPLOTIKMOV
HEYEDDV TPOGAPLOCUEVOVG Y10 OVOLOVITIKA GUGTH AT,

3.1.1 Jupgeodpnaon xpovou E

Opileton oav n mBavoTTa Vo gtvor OAa ToL OpYovaL OTOGYOANUEVE, OTOTE

N
E=> P 2)
k=n
H mBavomnta Py, vo vrapyovv kAfcelg o€ avapovn etvan
N
P, = D P &)
k=n-+1

3.1.2 Jupeodpnon kKANoswv B

Opileton cav n mBavotnta po kAo va avaykacOel vo avopetvel enedn OAa to Opyava givol
ATOGYOANLEVA, OTTOTE
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N N
B=P(>0)= >y P / D P 4)
k=n k=0

3.1.3 MpoopePOUEVO POPTIo Ay KAl UETAPEPOUEVO POPTIO Ay

To petapepdpevo optio givarl o HEGOG aplBog KATEIMNUUEVODV 0pYavmV, dNAadN,

n-1 N
A, = ZkPk+ ZnPk (5)
k=0 k=n
EVD TO TPOGPEPOUEVO €ivarl 0 HEGOC apOUdC apiEewv Katd TN dldpkeLa piog KANong, Oniadn,
N
AO =S Z ykPk (6)
k=0
Emedn opmg
syxPx = (k+1)Py4q, 0<k<n (7)
SykPk = [n+9(k-n+1)]Pk+1, n<k<N (8)
yN=0 )
Exoovpe
n N
Ay =D kP + D (n+6(k—-n)P, = A, +6Q (10)
k=0 k=n-+1
OOV TPOPAVDG
N
Q= > (k-mP (11)
k=n+1

elvat 0 pésog aplBpdS aVaUEVOVOHY KACEMY GTO GOGTNO 1) TO UECO UHKOS THS OVPAS (mean queue
length). Tehkd Exovpe 0tL A>A, ebv 0>0. Edv 0=0, npopavac, Ay =A;, apod Oleg o1 KANGELS
g&umnpetovvron teAkd. I'a 6=0 to petapepopevo poptio A, pmopet va vroroyisel kot wg e&ng

n-1 N n-2 N-1 N-1
AC = Zk Pk + ZHPk = ZSykPk + ZSykPk ZSZykPk (12)
k=0 k=n k=0 k=n-1 k=0

H E&. (12) anhé exepalet o yeyovog OTL TO TPOGPEPOUEVO (POPTIO 1GOVTOL LLE TOV OVOUEVOUEVO
apOpd aeiemv Katd tn pHéon dbpkela Log KANonG.

3.1.4 JuvreAeoTC BeATiwonc F

Etvor n avénon oto petagepopevo goptio 6tav o aptBpudc twv opydvov avéndel amd to n e nt+l

F = A(nt1) - Ag(n) (13)
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3.1.5 H mBavotnta H(x) katdAnwnc X KaBopIiouévwy opyavwy

Onwc kot yo to. suotipatae pe anoietes, n H(x) vroloyiletor evkola yia tuyaio avalntnon ondte
TO QOpPTiO KOTOVEHETAL € 16OV OTO. OpYyOvVo Kol OAOL Ol GLVOLOGHOL X opydvev elval €€ icov
mBavoi. Eropévmg

H(x) = i@m + > Py (14)
05

3.1.6 Méooc xpdvoc avauovng

O vmoloyopdg ™G Kotavouns tov xpoévov avopovig W eivar ev yével d0okoAog, g etvar
€0KOAOG 0 LIOAOYIoHOG TG pEang Tipfg W =E{W}, Bdoet Tov Bewpripatog tov Little. To Bedpnpa
Little elvan éva TOAD yevikng puoemg Bedpnua g Bempiog avopovig Kot SaTuTOVETIL OG EENG:

O uéoog ap1Buog meAatwyv o€ Eva GOOTHUA AVOUOVIS 1G0VTAL e TO YIVOUEVO TOV pobuod apilewv ato
OOOTHIUA ETTL TO UEGO YPOVO OVOLOVHS OTO GOGTHUO.

Mo oA TOPOCTATIKY] OKlypdenon TG amodeifemg didetal otn cuvéyela. 'Eoto {a(t), =0} n
OTOYOOTIKY] O1001KOG10L TOV TOPLoTAVEL TOV aplOUd apiEemv 6TO GVGTNIA HEYPL TN YPOVIKN CTIYUN|
t. 'Eoto emiong {6(t), t=0} n otoyaotikn dwadikacio dBpoiong mov didetl Tov aplfud avaywpoewv
and to cvotnua oto dtdotnua (0,t). [Ipopavdg tote 0 apBudS x(t) TEAATOV GTO GLOTNUO KOTA TN
YPOVIKN oTlyun t etvon

X(t) = a(t) - 5(t) (15)
OMMG TAPOCTATIKA PAIVETOL KOl GTO ETOUEVO GYNLLO, OTOL £X0LV oYedlaoTEL dVO detypota TV at)
Kot O(t).
‘Eoto 6t y(t) mapiotdvel 10 euPfaddv g YPOUUOCKINGUEVNG TEPLOYNS TOV GYNUOTOS HEYPL TO t.
Tote 0 péoog pubpog aeicemv A; 610 dtaotnua (0,t) eivar

A = o)/t (16)

12

=
O A
L

O = N W A~ OO N © ©
\
Q
—
L

t

O péoog ypdvog avapovig evog mehdtn Wy yia to dtdotnpa (0,t) elvor mpogavmg

Wi =y(t)/a(t) (17)
Opota 0 pécog apBpog telatmv 610 cvoTnua Yo to dtdotnua (0,t) elvon
Qr=y(®)/t (18)
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Apa
Qr =AWy (19)
IMa t—o dpwe, bv

A= lim A,
o (20)
W, = lim W;
t—o0
Oa vrdpyet kot To 0p1o Yo 10 Qy, SNANIN
Q=1 Wy (21)

H televtaio oyéom oydel avelapttog TV €WOIKOV VTOBECEMY Y10 TIG OOIKAGIES 16000V Kot
€€6dov N tov apBpov TV otaBumdv eéumnpétnong N ™S ToATIKNG eEvmnpétnone. Mropel dg va
epopuootel eite g A0 TO GVOTNUA EITE GTNV OVPA AVALOVIG LOVO, APKEL VO OPIGTOVV KATOUAANAMG
o Q, A, Wq. Etot yio myv zepintwon avapovntikdv cueTnpdtev o mponyodpevos voroyionos
gtvan e0KoA0G HOVO €V 0 LEGOG pLOULOC 16000V A pumopel va vtoroyiotet eOKoAa.

3.2 AvapovnTiké ocuotnpa Tutrou Erlang
YrnoBéoeig
N=o
N TENEPUCUEVO
p = kp =k/s, 0<k<n,
W =np=n/s, k>n
A = Yk = A, Y ké0g k, dnrodn wi=1
A=As=Npu
O kAncelg mepyévouy péypt va eumnpetnbovv, dniadr, 6=0.
To ddypappa puOudv petdfoacng Kataotacemy eivon
SN TN \ 7 \( \( \(
M e 2p —

Ot mBavodtreg Py povipov katdotaong sivar

k
A—Po, OSkSn
k!
P = (1)
n
(éj A—Po, k>n
n

Kot To P mpocdopileton amd v

P =1 (2)
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n-1 Al Al’l n
n!l n—-A

YroAoyilovpe Tdpa SApopa yopaKTNPIoTIKA peyEtn
3.2.1 upy@dpnon xpoévou E

I'vopilovpe 611
E=>P
k=n

omote omd Tig EE. (2) kou (3) g mponyoduevng mopaypaeov £xovpe

A" n
A" ! n—
E-= ©_p, = nln-A _p (A) "THmog tov Erlang"
n! n—A n—lAl A" q
E— + -
1! nln-A

INo v mbavomta Py, va vedpyovv kANcelg oe avopov £xovpe

Py=E-P,
KoL ETEON
P,=(n-A)E/n

TeMKA Aoppdavoope
Py, = AE/n = AD,(A)/n
3.2.2 2uupopnaon kKAAoswv B

Enredn yx=A, 6nog avapévetat,
B=E
3.2.3 Npoopepouevo QopTio Ay KAl UETAPEPOUEVO QOPTIO Ay

To petapepopevo poptio A, ivor
n-1 ) n-1 o
A= D kP + > 0P, =AY P, +n D P =A(l-E)+n(E-P)) = A+(n-A)E-nP,
k=0 k=n k=0 k=n+1
Jilole
E =nP,/(n-A)
KOl EMOUEVWDG
A=A
To mpocpepouevo poptio A, vroroyiletor and v

Ay=D AP =ds=Wp=A
k=0

3)

(4)

)

(6)

(7

(8)

©)

(10)

(1)

(12)

(13)
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apoa, OTmg avapéverol, A, = A, = A.

3.2.4 Méon oupd avauovic Q

Q= i (k—n)Pk:A—TPO i(k—n)(A/n)k—“:LADH(A),AQ 1)
n n-—

k=n+1 © k=n+l

3.2.5 Katavoun Tou XpOvou avauovic

O vmohoyiopog g péong g W=E{W} umopei va yiver ebkoro Pacet tov Bewprpatog tov
Little, dniadn

W, = E{W}=Q/A=s/(n-A) Dy(A) (22)

Hopatnpnote 0t n péon tip Wy agopd 0Aeg Tig KANGELS, TOGO AVTES IOV ECUANPETOVVTAL GHECDS
060 Kot auTES Tov avoykalovtot va mepipévovyv. AoBévtog 0tt D (A) etvar n mbavdtra pio KA on
Vo ovayKooTel va TepEVel, o pécog xpovog avapovig Wy = E{W|W>0} vroroyiocpuévog povo yo
TIG KANGELS OV avarykAlovTal va Tepévouy lval

Wo = E{W|W>0} = s/(n-A) (23)

[Ma tov Tpocdiopiopd ¢ Katavoung Tov ypovou avapovig vroloyilovpe v mbavotnta P{W>t}
po Toyaio KANo™ va avopeivel meptocdtepo amo t, mpv apyicel n eEummpénon . Tote

P{W>t} = P{W>0} P{W>t| W>0} (24)

Etvar evdwapépov o1t o1 mbBoavotnteg poévipng Katdotoong dev e£aptaviol amd Tn CLYKEKPIUEV
TOMTIKT €ELANPETNONG KANGE®V TTOV OVOUEVOLY, 00O OVTH OEV KOVEL dlakpioels (non-biased),
oniadn, pe v wpobndbeon 6Tt 0 YPOVOC KATAANYNG TNG KANONG oL emAEyeTAL €Yl TV O
CLVAPTNON KOTAVOUNG OTMG KOl Yo o TuYaio KOTAANYN. XTnV KOTNyopio. TOMTIKOV 7oV Ogv
KAVOUV S10KPIGEIC AVKOVV Ol TTOATIKEG eEumnpétnong e T oelpd apiEng, FCFES (first come, first
served), | pe v avtiotpoen oepd deiéng, LCFS (last come, first served, | g tuyoiog
e&umnpémong, RO (random order). I'o. TopAadetypo, 0gV OVIKEL GTNV KOTNyopio 00T 1 TOMTIKY
™G emAoyng yw e€uanpétnon g KANONG LE TOV WKPOTEPO OVOUEVOUEVO YPOVO KOTAANYNG.
Enopévmg, n mbavotta P{W>0}, mov £yel non vroroyiotel,

P{W>0}=P(>0)=D,(A) = (A"n!) (n/(n-A))P (25)
elvai 1 1010 Yo OAeG TIG TOMTIKEG TTOV JEV KAVOLV SLOKPIGELS.
INo to vrohoyopd g P{W>t}, yio v moMtikn €&ummpétnong cupemvo e T GePd APENG
(FCFS), apkei emopévac va vmoroyiotel n P{W>t|W>0}. Opmg
P{W > |W >0} =Y P{W > f|W > 0, X = j}P{X = jW > 0} (26)
j=0

omov X 1 tuyaio peTafAnTi TOL avamaplotd To TAN00Gg TV KANcE®V o€ avapovr). o ekBetikcong
APOHVOLG KOTAANYNG

] i
PIW > (W > 0,X = jj = 3 (2R oo 27)
i-0 b
Amd tov opiopd g vrd-cuvOnKN TOAVOTNTOG
P{X = jw >0y = LX =L W>0) (28)
P{W >0}
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[Mopdtt o Tuyaieg petafintéc X kot W opilovtar amd 1 okomd tov apiEemv KANGE®Y, HTOPOVLE
VO VTOAOYICOVUE TIG EUTAEKOUEVEG TOAVOTNTES Yol TUYXOIES YPOVIKES OTIYHES (0oL Ot agitelg
axolovBovv dadikacio Poisson). ‘Etot

P{X=j, W>0} =Py,; = (A/n) (A"n!) P, (29)
KOl EMOUEVAG

P{X=j|W>0} = (1-A/n) (A/n) =(1-p)p’ (30)

omov p = A/n o PaBpdg eEummpétnong Tov GLGTHUATOG, ONASY|, 6TO avapovnTikd cvotnpa Erlang
o€ 160ppoTia, 0 aplOUOg TOV KANCEWV GE OVOLOVY] OKOAOVOEL YEMUETPIKY KOTOVOUT. Apa TEAKA
éxoovpe

P{W>t|W>O} = e_(l_p)n“’t = e'(l'p)nt/s (3 1)

onAadn, oto avopovntikd cvotua Erlang e 1coppomia, 1 vo-cuvOnkn katovou tov xpdvou
OVOLOVNG TOV KANCEDV TOV avaykalovtol vo teptuévouy akolovBel apvntikn ekBetikn Katovoun
pe puéon tipn (1-p)n/s. Emopévmg,

P{W>t} =D, (A) e"(1-p)nt/s (32)
YrevOopiCovpe 6t
P{W=0} = 1-D,(A) (33)

ATO T TTPONYODHEVO TPOKVITEL OTL O HEGOG XPOVOG avapovig Wy VITOAOYIoUEVOS Yo OAES TG
KAnoeig etvan

Wq=E{W} =Dy(A) /((1-p)n) = s/(n-A) Dy(A) (34)

EVO 0 PECOG xpOvog avapoving Wy vroloylopévog HOVO Yo TIG KANGELS Tov avaykKaloviotr vo
TePUEVOLY gival

Wy = E{W|W>0} = 1/((1-p)np) = s/(n-A) (35)

Ta tehevtoio amoteAécparta, dNANOT, Ol VTOAOYIGHOL T®V HECHOV YPOVOV OVOLOVIS, £YOLV MoM
MOl evkordTEpa e eQappoyT| TOL VOROL Tov Little.

3.2.6 MBavoTnTa H(X) KatdAnWNng X CUYKEKPIUEVWY OpYAVWV

IMa toyaio avalitmon kot covpeova pe v EE. (13) g mponyovuevng mapoypdeov petd omd
TPAEELG EYOVLLE:

n—A 1 A
HE) == Dn(A)[En_X(A) + n_A},A <n (36)

3.2.7 ®oprio a,, 010 V-00T6 6pYaAVO

I"o tov vohoyiopd Bewpovpe OTL 0 YPOVOS TOL TO V-06TO OpYavo eivar katenupuévo yopiletal og
o000 apoBaio amoKAEICTIKES TEPLOOOVS, ONANOY], TNV TEPI000 GOV VILAPYEL TOLAGYICTOV pHiol KANON
G€ OVOLOVY KOt TNV Ttepiodo mov dev vapyel kAnon o€ avopovn. Eoto ot X givan 10 mAn0og tov
KMoeov oe avapovr, X,=0 otav 10 Vv-00T0 Opyavo eivar elevlepo ko X =1 otav etvar
Kotenppévo. Tote to poptio b, mov petagépet 10 v-06t6 Opyavo Ba eivon

b, =P{X,~1 | X=0}P{X=0} + P{X,~1 | X>0}P{X>0} (37)
AoV dev pmopet vo vhpyel EAe0BepO Opyavo OTAV LILAPYOVY KANGELS GE AVOALLOVT], TPOPAVAG,
P{X,=1|X>0} =1 (38)
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Mmnopovpe tdpa vo ioyvpiofodpe 4Tt

P{X\=1|X=0} =b, = A(E,_1(A) - E\(A)) (39)
6mov b, 10 Qoptio mov e&umnpetel T0 V-0T0 Opyavo ce cHoTNUo pe ammises. H 1010mta ovt
wpokvntel omd T Mopkofiavn 1otTa Tov cvotiuatog Erlang, omAadn, n ocvumepipopd tov
OVOLOVNTIKOD GULGTAUOTOS KOTA TN Owdpkewn mepddwv omov X=0, dev emnpedletor omd
oovumeppopd tov Otav X>0. Ouwg n ovumeprpopd tov avapovntikod Erlang o6tav X=0 odev
opépel amd avtiy tov Erlang pe amoieieg. Me GAla Adylo T0 QOPTIO OV HETOPEPEL TO V-GTO
opyavo etvar 1 Erlang 6tav vépyet ovpd avapovng kat by, Erlang 6tav dev vépyet ovpd avapovig.

A6 T1g TBavITNTEG LOVIUNG KOTAGTOONG EDKOAN TPOKVTTEL OTL

PX>0} =Py = 3P =D, (4) = pDy(A) (40)
n

j=n+l
Telkd, petd and aviikotdotoon Tov tponyovuévev oty EE. (37) Aaupdvovue
ay = by(1-pDy(A)) + pDy(A) = by+(1-by) pDy(A) (41)

omov p=A/n o Babuog eEuanpémong Tov cvoThpaTog kat by, T0 Poptio mov HeETUPEPEL TO V-00TO
opyavo oto cvotnua Erlang pe anoieieg. H EE.(41) dwoobnrtikd pmopet va eEnynbet ko og eé€ng. H
Stapopd petald Tov avapovntikod cvotiuatog Erlang kot 1ov GuoTAHOTOG e amdAEEG UTOpEL Vo
weptypapel  pe 10 vo Bemprnoovpe OTL TO V-06TO OPYOVO TOV GUGTNHUOTOS LE OMMAEIES, OTAV OEV
etvol anacyoinuévo (pe mbavotmra 1-b), edvmnpetel to 1/n g kivnong mov avaykdaletor va
avopetvet, oniadn, (A/n)D,(A).

IMa toyaia avalntmon égovpe amid
a,=A/n (43)

3.2.8 ApiBuNnTiKOC uTToAOYIOUOC TNC TTIOavVOTNTAC aTToKAgIouoU B

Tekewwvovtag avapépovpe 600 ypnotpes oxéocls Tov cuvocovy ta Dy (A) kot E(A).

nE, (A)
n-A(1-E,(A))

D, (A)= (44)

(n-A)D,(A)

E,(A)= n_D_(A)

(45)

YnevOopilovpe eniong 6t 10 E(A) pmopel vo voroyiotet avadpopkd (deg mapdypopo 2.2.9).
3.2 AvapovnTtiké oUoTNHA HE ATTOXWPNOEIG

YnoBéoeig

N=o

N TEMEPUCUEVO

p = kp =k/s, 0<k<n,

py = npt+0(k-n)p = n/s+0(k-n)/s, k>n

A = Yk = A, Y ké0g k, dnrodn wi=1

A=ks=Npu

To ddypappa puOumv petdfoaong Kataotdoemy eival
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/)\ /)\ /)\\ /)\ /)\ /)\ /)\\

u///// 2u//// 3u//// k\‘(n-1)u/ nU//// nu+6u/// nu+29u//

Ot mBavodtreg Py povipov katdotaong sivat

k
%Po, 0<k<n

Pk - Ak—n AIl (1)
n FPO, k>n
[T +i6)

i=l1

kot To P mpocdiopiletar amd v
Z Pk = 1 (2)
k=0

[Ma avBaipeteg TYéS Tov O ta amoteAéopata eival KATmG TOAOTAOKA, OAAL TANP®S VITOAOYIGILAL.
2ty €101KN TepinTwon Onov ot yapéveg KANoelg mopapévoouy (0=1),

P = AK/K! A "Koatavour Poisson" 3)
[Mapamnpeiote 0T T0 amoTéEAESUA ALTO TOVTICETOL [LE TO AVTIGTOLYO Y10 GUCTNUO [LE OTMOAELEG TOTOV

Poisson, mapdypagog 2.3, uéovo mov &d® M kotdotoon k onuaiver n xoatoAnyelg kor k-n
avapévovoeg KAnoelg 6tav k>n. Yrnoloyilovpe Tdpa d1dQopa YopaKTnploTikd peyéom

3.2.1 Jupgeodpnaon xpovou E

INo avBaipetec Tipég Tov B vworoyileton amd TovV OPIGUO TS GOV
) n—1 A k
A
E=> P =1-P o (4)
k=n k=0
2y €101KN TEPInT®OT OToL 01 YapEVES KANOELS Tapapuévouy (0=1)

o0 Ak n—1 Ak
E=¢? Z— —e M 1- Z— "Tvmog Tov Molina" (5)
s k! o k!

3.2.2 Juueodpnon KANoswv B

Onoc kot yio o avapovntikd cvomua Erlang
B=E (6)

opog n mbavomra By, o kinon va eykotadeiyet tpotod efummpembei, yio 6>0, vrooyileton wg
edng:
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o]

2 (k-n)0uP, o
B,, =k=ntl = > (k—n)Py
z}\'Pk k=n+1
k=0

Emneon dpmg
[n+9(k-n)]Pk = APk—l
aviikatotovrog oty EE. (7) €xovpe

e o0
Bgu:X Z

k=n+1

[% P —%Pk}Z[nPnJr(A—n)E]/A

omov ta P, ko E e€aptavron and to 0. Ewdwdtepa yio 6=1

A" n-A & AF| .
Bgu{n!_ A ZF}

k=n+1

€0m emrpénetal A>n

3.2.3 MNpoo@epouevo QopTio Ay KAl UETAPEPOUEVO QOPTIO Ay

To petagpepopevo poptio A, ivor

n-1 0 n-1 ©
A,=D> kP + > nP, =AY P +n D P =A(l-E)+n(E-P,)=A+(n-A)E-nP,

k=0 k=n k=0 k=n+1
=A(1-Bg,)
To mpocpepodpevo poptio etvor kot Tt Ay = A, dpa
AA = A -A,=nP -(n-A)E
Ev yévet, yo 0>0, égovpe A >A,
3.2.4 Méon oupd avapovig Q

O péoog apBpdc avapevousmv KANGE®V gival
Q= i(k —n)P =[nP, —(n—-A)E}/6 = AB,,/0
n+l
3.3 AvapovnTiké cuotnua Tutrou Engset
YmoBéoeig
N > n, N, n nenepacuéva
. = kp =k/s, 0<k<n
p = np+0(k-n)p = n/s+0(k-n)/s, n<k<N
M = ¥k = (N-K)A, y1o kB¢ k, dniadn wi=1

A = puBudc kAnoewv avd myn Otov avtn elval eAehBepn

o = As = M kivnon mapoyopuevn amd po ere0epr Ty
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To duaypappa puOumv petdfaong Kotaotdoemy ivol

P /(N-1))\ /(N-Z)A\ /(N-n+2))\ /(N-n+1))\ /(N-n))\ /(N-n-1))\\

—— 2u/ 3u/ \(n-1)u/ —~

y

7

ny

Ot mBavdtreg Py povipov katdotaong eivon

Nk
P, = . a Py, 0<k<n

N k-n k n
K a (k-n)la
Pk = k—n n PO 5 n<kSN
H(n +10)
i=l1

kot To Py mpocdropileton amd v

k=0

e
nu+9u/ nu+26u

oNC

X +
(N- n1un)9p (e
(1)
(2)
3)

INo yevikég Tpég tov 0 ta amotedéopato eivar kAmmg TOAOTAOKN OAAG TANPWS VToAoyicua. O

e€etdoovpe OLMG Waitepa 600 E01KEG TEPUTTAOCELG

o)  Ovyauévec kAnoeic kobvotepovv (6=0)

Torte

Nk
P, = . a Py, 0<k<n

Nk .
" (k-n)la
p = AL P, , n<k<N

- nk—n

Omov

-1

-1 N k
Py = {IIZ[kNjak + Z Nia — ak

k=0 i (N-K)n!(k-n)n* ™"

B)  Ovyouévec kAnoeic mtopouévovy (0=1)

A6 T1g e€loMOELS 1G0PPOTIOG EVKOAN TPOKVTTEL OTL
kP = (N-k+1)aPy_;, 0<k<N

KOl EMOUEVAG

P, = (N}xkpo _ (E]Bk(l BNk 0<k<N, 6=1

k

omov P=a/(1+a). [Tapatnpeiote 6T1 AapuPdvovpe T SIOVLUIKY KATOVOUN.

4)

)

(6)

(7

®)
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I 11 mBavoteg Iy o kinom va Ppet k kAnoeig 6to chotpa otav ehdvel 1oyveL
I, = (N —k)aPy

N
D (N-i)aP,

i=0

)

Kal, OTMG Kot 6T0 cVoTNUO [e anmAgles Engset, £xovpe

I [N] = P} [N-1], 0<k<N-1 (10)
Ymoloyilovpe Tdpo S1APOPO YOPOKTNPLOTIKAE peyEom
3.3.1 Zuugdpnon xpoévou E

N
E=) P (11)
k=n
3.3.2 Juugpodpnon kKAnoswv B
N N N
B=P(>0)= Y I, = > (N-K)P / > (N-K)P, (12)
k=n k=n k=0

H oyéon avt pmopel va ypagel ko og €€ng
(N-n)0E+n(E-P,)

" 0+a (13)
N(1-E)+(N-n)0E+n(E-P,)
I+a
omov ta P, kot E e€aptavror and to 0. ['a 0=0 n avatépo oyéon amlomoteita
SRl ' S ) (14)
NB(1-E)+n(E-P,) I+a
evo v 0=1 AapPavoope
E-—P,
B=—N__ o= (15)
n
1- N P,

H mbavomta By, o kAon va eykatodeiyel mpotod efvmnpembei, yia 6>0, vrohoyiletar wg
edne:

N N
PN D WS

Bgu — k:;]ﬁ—l — a kI:\In-Fl (16)
D (N-K)AP, D (N-K)P,
k=0 k=0

Kol Umopel va ypapel Kot ¢ €ENG

B 0 [N(l—n(1+(x)]E+Ian (17)
&7 o NO+0)+[Na—n(1+a)[0—1)E+(60—1)nP,
1+a

onov ta. P, kou E e€aptdvtar amd o 0. Ewducotepa yro 6=0, By, =0 6nwg avapévetat, evo yua 6=1
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nl+a) nP
B,, =E/1-———— [+—2, 6=1 18
o= E[1- R 18] 2 (18)

o

3.3.3 [pooPEPOUEVO POPTIO Ay KAl UETAPEPOUEVO POPTIO Ay

[N 6=0 to petapepopevo poptio A, eivor

n-1 N n-2 N-1 N-1
AC = szk + ZnPk = ZSykPk + ZsykPk = Szykpk (19)
k=0 k=n k=0 k=n-1 k=0

A, =

==

N N
D (N— AP, =a[N-ZjPJ} (19)
j=0

j=0
ONAadN, TO TPOCPEPOLEVO QOPTIO 1ooLTAL He TNV Kivnon o mov mopdyst po eAevBepn mnyn
TOAMOTAQGLOGUEVT] HE TO HEGO aplOud eAevBepmv mnydv alN - Zji 0 JP; . Enewdn 1o mpoopepdpievo

eoptio A, = A, Oa éovpe

a=— Do (20)
N- Z j:oJPj
3.3.4 Karavour) Tou xpovou avauovig W
H mBavomra P{W>0} o kAinon va ovoykaotel vo mepluével etvon
N-1 N-1
P{W >0} = > IT;[N]= > P[N-1] (21)
1=n 1=n

H mBavommra P{W>t} pia toyaioc xinfon va ovoueivel mepiocodtepo omd t, mpwv apyicel 1M
e&ummpénon g, etvan
N-n-1

P{W>t}= D> P{W>{X =jiP{X =]} (22)
=0

omov Q M Tuyaic petafinti TOL OVOTOPIOTA TO TANOOC TV KANoewv o avapov. Opmg, vy
exBeticog ypdvovg katdinyng n mhovotnto P{W>t|X=j} o kinon va mepuével meprocdtepo
amo t etvon akpiPdg n 101 pe avt tov cvotiuotog Erlang pe andieieg. Aniaon,

j i
AW > X = jy = 3 D o (23)
iz 1

Enopévac

E(WIX=j) = (j+1)/ny (24)
Enriong

P{Q=j} = M [N] = PyN-1] (25)
Avtikofiotdvtog telkd Aappfavovpe

N-n-1 i
P{W>t=c ) @e_q’“) (26)
i-0 I
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oMoV
N-Dla" ()N
o(t) = n/a + nut Ko ¢ = HO[N](#(EJ e (27)
n! n
' Tov vmodoyopd g péong g Wy = E{W} epapudlovue tov tono tov Little. Edd n péon
ovpd etvan Zio JP:, 0 puBuog apitemv eivor Agp kot 0 pHEGOG XPOVOG TOPAUOVIG GTO GUGTNHAL

gtvan 1/p+E{W}, emopévac,

N .
> 0dPj = Ag(I+HE{W})) 28)
Xpnowonowwvrag EE. (20) petd and avikatdotaon Aappdvovpe
N 1 1
E{Wj=(—-1)—-— (29)
A, noA

3.4 Aoknosig

1. Mo cuoKeVT TOV EKTEAEL IOl KOTTOL0L LETAYWYIKT) AETOVPYIN GE £V TNAEP®VIKO KEVTPO TPETEL
va apyioel va Asrtovpyetl péoa oe 10 msec (katd péco 6po) petd T ANym €vOg KOAOVLVTOG
onuatog. Ymotifetot 0Tl avTomoKpiveTot OUECMOS TNV KANGT €KTOC Kol €0V Eivol KaTeAnppévn
amd GAAN KANOT OMOTE Ol APIKVOVUEVES KANGELS avaykalovtal va avapeivouv. Edv vrotebovv
a@ifelg Poisson kot ekOeTIKEG KATAVOUES TOV YPOVAOV KATAANYNG LITOAOYIOTE:

a) Iloceg kKinoelg avd dpo umopel va YEPLoTEL | GLOKELY €AV L0 KANGN TNV ATOGYOAEl
v 50 msec kotd peEGo Opo.

B) Ed&v mpémner va yepileton 18000 xi/h mola eivor M péylotn Ty tov UEGOL YPOVOL
KOTAANYTG.

2. Zg €va avOoUoVINTIKO TAEP®VIKO KEVTPO LILAPYOLVV 6 amEPYOUEVES YPOUUUES KO ATELPOG YDPOG
avapovie. H mpospepouevn kivnon eivar A=4 Erlang. Yroloyiote

a) Tn ovueopnon KAncemv
B)  Tn péon ovpd avapovig
v)  To péco xpovo avapovig yu 1/u=90 sec
0)  To péco ypdvo avapoving TV KANGE®V oV Oev Ppickovy eAehBept ypopun.
€)  To @optio mov petapépetor omd KaOe amepyOUeEVN YPaUT Yo akolovOlakn avalntnon.
ot) TnvmBavétnTa vo unv vapyovv KANGELS GE OVOLLOVT).
)  Tnvmbavotnto kapio ypopun vo pnv gival amacyoAnuévn.
3. Xpnowonowwvrtag tig oyéoeilg E(A) kot Dy (A) anodeilate 0T
@) EBy(A)<e ™ iAk Jk1<D,(A)
k=n
P)  Dn(A)= Ey(A)/[1-A(1-Ep(A))/n]
Y)  UDp(A)=1+(n-A)/[AE, 1(A)(A)]

4. Xt0 ypapeio TANPOPOPLDV VO GLONPOdPOUIKOD GTAOUOD £vag VTAAANAOG amacyOAEiTaL LE TO
va dtvel TAnpoopieg amd tTMAepmvov. To ThAEPOVIKO KEVTIPO TOL YPAPEIOV TANPOPOPIDOV EXEL

-84-



Keo. 3 THAEDQNIA

10.

oe0100TEL £T61 AGTE 01 KANGES TOv POGVOLY G° aVTO VO AVOUEVOLY GE L OVPA LEYPLS OTOV
eEummpemBobv katd ™ oepd aeiedg Toug. H ovpd pmopel va cvykpatnoet 10 moAD 5
avapévovoeg kKAnoels. Kinoeig mov Ppiockovv v ovpd yepdrn ydvovtat. Ot kAncelg eOdvouv
axolovBmvtag dradwkacio Poisson pe puOud A=60 kA/h kat o ypdévog e&uanpétnong Toug omd
ToV VTAAANAO KotavépeTal ek0etikd pe péon tyun 30 sec.

a) Ymoloyiote v mBavotTa va lvar 1 ovpd yepdn

B)  Ymoloyiote 10 pHéEGO XPOVO AVALOVIG GTNV OLPE

vy)  Ilotwo givar 10 T0G0GTO TV KAGEMV TTOV OEV vl OVOYKACUEVES VO avaEivOVY

0) M kinon @bdvel oto cvotua Kot avaykdletor va ovopeivet. Tlowog eivor o pécog
YPOVOG AVOLLLOVTG TOVG.

‘Eva. avapovntikd cvotnuo émov ot kAnocelg "amobBappvvovian" eivar ovtd mov o pubudg

€16000V petavetat Otav avEdvel to pnkog g ovpds. ITo ewdwkd, éotm A, = A, /(n+1) ko p, =
L. AmodeiEre 0Tt 01 TBOAVOTNTES KATAGTAGEWDY TNG 0LPAG divovTot amd Tov TOHTO:

P, =p"eP/n!, omov p=A/p

Mo etoupeion mov SoBETEL OIOTIKO TNAEPOVIKO KEVTPO pmopel vor StoAélel petaly 600
TIHOAOYIWV Y10l TN XPEMOT TOV ATEPYOUEVOV YPOUUUDV TPOG TO ONUOGI0 THAEP®OVIKO dikTvo. To
TPOTO TIWOAGY10 aviiotoryel oe otabepd punviaio picBopa, mov wodvvapet pe 280 dpy. v
dpa, evod pe 10 devTEPO TYoloyeitar n ypnom pe 10 dpy. avéd min. O cvvolikdg apBprog
amepYOUEVOV Ypouu®Vv elvar 4, ot KANcelg mepyévouv péypt va eEumnpembovv kot To
npoceepopevo optio ivan 2 Erl. Tlowog givon 0 mAéov o1kovopkog tpomog dloymPIGHOD TV
AmEPYOUEVOV YPOUUDV GE aLTEG e oTafepd unviaio picBmpa Kot 6 avTéG TOL YPEDVOVTOL LE
Baon ™ xpnon; oo etvar 1o avtictoryo wpraio kK6GTOG Asttovpyiag;

Ocewpeiote éva avapovntikd cvotnua Erlang pe 10 ypappéc mov e&umnpetel mpospepduevo
@optio 6 Erl. Edv o puBuodg apifemv avéndet katd 1/3, moa eivon | avtictoyyn advénon

) O©TO TOCOGTO TV KANGEMV TOL TPEMEL VAL TEPYEVOLV Y10 EELTNPETNON.

B)  om péom Tipn| Tov YPOVOL AVOLOVIG TV KANGEWMY TTOL TPEMEL VO, TEPUEVOLV.
Emavalaperte edv avti tov pubpov avénbet n puéon didpketa KotdAnyng kotd 1/3.

Ye éva avapovntikd cvotnuo Erlang pe eéummpémmon xotd oepd apiéng, moto eivon to
TOGOGTO TOV KANGEMVY TOL 0V EELMNPETOVVTOL AUECMG KL TTPETEL VAL TEPYUEVOVV TEPICTOTEPO
amd 10 LEGO YPOVO AVOLOVNG;

e &va ymeloko TNAEQP®VIKO KEVTPO, 0 eEOTAIGUOC OV TTaPEXEL TOV TOVO EMAOYNG WITOPEL va
BewpnOet cav éva avopovntikd cuotmnua Erlang pe eEummpétnon copemva pe t oepd dpiéng
TV KAMoewv. Edv évog cuvdpountg mov GNKAOVEL TO AKOVGTIKO dEV AKOVGEL TOVO ETIAOYNG
yw 30 sec, Tt TPENEL VO KAVEL,

H Pizza oxomevel va apyicel va TOVAQ Titoeg pe TNAEQPOVIKN TopoyyeAio. TNV dpa oyung
avapéverl 120 mapayyehieg avé dpa. ['a kaOe mopayyeiio aratteiton pécog ypdvog 30 sec.

a.  Ymohoyiote v mbavotnta évag meAdns va Bpet kotenupuévo to Aépavo tng Pizza.
B.  Ed&v ot meldtec mov Bpiokovv KATENUPEVO TO TNAEP®VO OV TPOoTaBovV Eovdl, oAAL
TNAEPWVOUV € avtaywviot ¢ Pizza, mécec mapayyelieg Katd péco 6po ybvel | Pizza

oTNV OPaL oLHNG;
H Pizza dev sivor svyapiommuévn oamd 115 mapoyyeiieg mov mpaypotikd AapPaver xoi
aropacilel va {ntoet and tov OTE 1 copuminpopatikn vinpesio “avopovr kAnons”. Topa
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11.

o meAdng mov KoAel wou Ppioker 10 Aépwvo g Pizza wkatenppévo axoder Eva
nxoypaenuévo unvopa péypt va e&ummpetndel. Ot meldteg dpmg dev dratiBevtan va mepyuévoovy
axovyovtog yio oAy, ‘Etol, edv dev e&ummpetnBolv €ykaipa, eykotaieimovyv katd péco 6po
petd 30 sec.

v. 160 Ba avéndel o kKhkhog epyacidv g Pizza;

H Pizza wél dev elvar guyopiotnuévn kot yo vo eEummpetnost KoAdtepa v meAateio g
aropacilel vo (ntoel tepiocdtepeg Ypoupés amd tov OTE oe cuvontiky civdeon.

0. [ooeg emmAéov ypoppég mpénet va (nmbovv wote va e&umnpeteitan apécmg to 95%
TOV TEAATOV;

e.  Iooeg emmAiéov ypappég mpénet voo (nmbovv dote | mbavomra vo unv e&umnpetn el
AUECMG EVOG TEAATNG VO VOl TPOKTIKG UNOEV;

210 V€O SLPMUIOTIKO PLALAO0 oL popalel 1 Pizza, Aoyw tumoypagukod Adbovg, avti tov
oWGTOV GLUVOTTIKOV aplBpol avaypdeetar o apBudg evog omtod. Evtuydg, n owoyéveln
Aeimer ko kaveig dev amavtd. Ot mehdteg avapévouy yio andvinon katd péco épo 20 sec. Edv
Bpovv ™ ypouun KoteAnuuévn kheivouv Katd pnéco 0po petd S sec.

oT. YmoAoyiote v mbavotnTa €vag TMEANTNG TOL TNAEQ®VEL Yoo TapayyeMa va Ppet
KATENUUEVO TO TNAEQ®VO NG OtKiag.

. Tooeg khnoelc katd pEGo 6po aKOVV GNHOL KATAANWYNG;
Yrobéote movTov ekOETIKEG KATAVOUES Y10 TOVG XPOVOVG KATAANYNG Kot dtadtkaciec Poisson
v TG apigers.

"Eva ymowokd aotikd kévrpo €xet 30.000 cuvopountég ko 3.750 ypappés (KuokAdpata) yo T
obvoeon Tov pe 1o vmepkeipevo dwPifactikd Kévipo. Ymobéote OTL Ol WGEG YPOUUES
ypnoonoovvtal cav amepyoueves. Kabe ocvvopountic omv QMK mopdyst amepyduevn
kitvnon 0,04 Erl, evd 10 poptio tov ypapuav givar 0,8 Erl. H péon didpkela tov kAnocewv gival
90 sec. ['a v g&ummpétnon g kbbe KANOMG amacyoreitor £vag amd TOVG VIOAOYIGTEG TOL
KévTpov Yo 50 ms Katd péco po. Ot KAGEIS avapéVOLY GE ovpd Amelpov peyéboug péypt va
Bpebel vmoroylotig Yo vo Tig e§umnpemosl. Ynobéote ekBetikn Katavoun yuo v dldpkela
TOV KAMGE®V KOt TO YpOVO EELMNPETNONG TOVS OO TOV LTOAOYIOTN. Y TOAOYIOTE:

a) To mnBog TV KMcewv mov eEumnpetel To KEVTPO ot ddpketa g QMK.

B) Tov oplBud TtV vroAoyloTtdV GOCTE 1M MOAVOTNTA o KANOY VO OVOYKOOTEL v
mepEVEL va elvar pikpotepm amd 1%.

v)  Tn péon ovpd avopovig 6ToVE VTTOAOYIGTEG.
0)  To péco ypdvo avapoving Tmv KANGewV Tov 0ev Bpickovy eAe0BePO VTOAOYIGTY).
g)  TnvmbBavotnta va unv vedpyovy KANGELS GE AVOLOVT.

ot) To goprtio kéBe voroyiot v N avaltnon ehevBepov yivetan pe Tov akolovbiako
TpOTO.

12. Ze éva pkpd Ae@@vikd k€vipo téacepa TNAEQ®VA Exovv TPOGPact mPog dVO amEPYOUEVES

ypoppéc. Kabe miépmvo otav etvar eledBepo mapdyel KANGES pe péong dapkelag 3 min kot
pe néco pubud pio ové 27 min. Ot kAcelg mepyuévooy uéypt va e&ummpetnBotv. Edv mpootebet
Ho oKOUN TNAEQPMOVIKY] GLOKELY], Katd moco Bo avénbel m mbavotnta (o KANon va pnv
eEummpemBel apécma. 'Evag eEmtepikdg mopatnpng kotaypdeet to pEco aplind kKANcewv avé
opa. Toteg Tyég Ba AaPet v 11g dvo meputtdoelg (N=4, N=5). Yroloyiote eniong 10 péco
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13.

14.

xPOVO OVOLOVIG, TO TOGOGTO TMV KANCEMV TOL TEPLUEVOLY TTEPLECOTEPO amd 45 sec Kot 10
TOGOGTO TOL YPOVOL TOV M0, TNAEQPMOVIKY] CLOKELN €lvar €AevBepn (Oev mepyuével 1 dev
eEumnpeteitor) Kot yio Tig V0 TEPITTAOCELS.

X€ OVOUOVITIKO TNAEPOVIKO KEVTPO 1) TPoseepouevn kivnon elval 3,5 Erl, vdpyovv téooepig
AMEPYOLEVES YPAULES KoL 1 pEoT O1dpKela TV kANnoewv givar 120 sec. Na Bpeboidv

a) HmBavémra o kKAnon va avaykacOel va mepyuéver.

B) HmbBavémra o kAo va avaykoacHel va mepiuével meptocodtepo amd 60 sec.
v) O péoog xpdvoc avapovig.

d) O péoog xpdvog avapovig TV KANGewv mov dev Bpickovv eredBepn ypapuun.

210 TAeQoVIKO KEVTIPO oG etaipeiog ol gloepyOueveg kKAnoelg eummpetodvion  amd
TNAEPOVNTPIEG TOL TIG GLVOEOVV ot {NTOVUEVA E0MTEPIKA TNALQMVA. YToBétovtag 0Tl 1
TpocPepOeVn Kivnom eivar 6 Erl, vmdpyer dmepog ydPog ovOHOVIG Yol TIG EI0EPYOUEVES
KAMoEL, Kot 1 péon dwpkeld yo v e&ummpétnon pag kAnong eivar 30 sec, va Bpebei o
avaykaiog aplpog TMAEEYNTPIOV OoTe N TOAvVOTNTO (o KANoT Vo avoyKacOel va mepyuévet
ePLocOTEPO amd 1 min va givon pikpdtepn and 1%.
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