AvaAuaon tnc Atmodoonc lNAnpogpoplakwyv
2UCTNUATWYV

ATTAQ PJovTEAQ 2uoTNUATWY AVAPOVNG

\ 4

Aladikaoiec Markov 2uvexouc Xpovou

[avvng 'apo@aAdkng
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‘Eva 2uotnua Avapoving

ECuttnpetnTEC B(X)

Apiceic A(t)




B 2uvaprnon Karavoung éavorntag Twv xpovwyv
UETAEU d1adoxIKwV apicewv (X.A.)

A(t) = Prob[xpovog JueTagu OIadOXIKWY a@icewy <t ]

m 2uvaprtnon Karavounc lNiavornrac Tou xpovou
e€utTNPETNONC £VOC TTEAATN (X.E.)

B(X) = Prob[xpovoc¢ ecuttnpeétnong < X]

B 2UvNOBwC UTToBETOUE OTI OI TTAPATTAVW
2.TOX00TIKEC Aladikaoieg (ZA) ouykpoTouvTal ATTO
QAVECAPTNTEC, OJOIA KATAVEUNMUEVEC TuXaieC
MetaAntec (TM)



=
AANQ PJEYEDN TTEPIYPOAEPNC TOU CUCTIMOATOC

ApIBuOC EUTTNPETNTWYV (Servers) oTo cuoTnua m.
XwpPnNTIKOTNTA TOU CUCTNMATOC O€ TTEAATEC K
(default: K = =)

[1AnBuouo¢ uttowniwyv TTeAatwyv M (default: M = )

[ToAiTikn e§utTNPETNONG, ONAAOK O TPOTIOG ETTIAOYNG
TTEAQTWY OTTO TNV OUPA YIA TOV (TOUG) EGUTTNPETNTEG.
(default: FCFS i FIFO)

KAaoeic rehatwy (default: 1)
Ouadec mporepaiornrac rehatwy (default: 1)
AiaBeaiuornra ecuttnpeTntr (default: 100%)



MeTpIKEC ATTOO00NC

XPpOVOoC armokplong — response time
(OUVOAIKOC XpOVOC OTO oUCTNUA) YIa £va
TTEAQTN.

XpOVvo¢ avauovAncg yia eva TTEAQTN.
PuBuarmrodoaoan (throughput)

ApIBuoc¢ meAarwy oTo cUOTNUA.
Xpnoiyorroinon (Utilization) Tou
ouoTNMATOC.



"
2UMBOAIONOG CUCTNHATWY OVOMOVNAG

m A/B/m

A, B: ZuvapTtnoeic katavoung moavorntac X.A kai X.E
avTtioToixa. EkppalovTal wg

m M ( yia Tnv €KBETIKN KaTavoun).

m D (yia Tn VIETEPUIVIOTIKI) [OTABEPN] KATAVOUR).

s Er (yia tnv katavoun Erlang r-BaBpuidwv).

m G (yia OMNOIAAHIMNOTE KATANOMH)
M. ApPIBUOG ECUTTNPETNTWYV

m A/B/m/KIM

K : n XwpnTIKOTNTA TOU CUCTAMOTOG
M : 10 pEyeBog Tou TTANBUCHOU TWV TTEAATWV

OTav auTA €ival OIAPOPETIKA ATTO

m [lapadeiyua: D/M/2//200



"
AvaTTapacTaon CUCTAMATOC

QAVAMOVNC

$1YITHMA ANAMONHE

I:lll I:lll E|_‘

XXA—T

EfuTTnpsTh T

= A(t), B(X) : auBaipeTa

" M ECUTTNPETNTEC

= ApIOUOUUE TOUC TTEAATEC PE TO OEIKTN N
Kal opidoupe C, TOV N-00TO TTEAATN

TTOU EI0EPYXETAI OTO OUOTNHA



" A
2UMBOANIGHOI fadikwv peyebwv

A

m XpOvol HETAZU DIAOOXIKWYV a@igewV:

tn+1

T, = XPOVIKN OTIyuN a@igng Tou TreAatn C,
t, = XPOVOG PETACU TWV aPigewyv Twv C, 4, C,
=Tn—Tn_1vlan22 (t]_:Tl)

Cn Cn+1

‘EoTtw o1 uttdpyxel To: £ £ lim t,

n—>00
AnAadn To t gival N Z.A. Tou Xpovou PETAEU
OIad0XIKWY aPicEwV, AveCAPTNTO ATTO TO N.

A(t) = A;(t) = Prob[t < t]

> U péoocg xpovoc ueraél diadoxikwy apiéswy
> Pubuocg agi¢ewyv (arrival rate) Twv TTeAQTWV: A =

~ | =
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2 UUBOAICUOI BaCIKWY PeEyEBWY (2)
m XpoOvol EuTTNPETNONG:
X, = XPOVoG gguttnpeTnong Tou C. . Kai edw: X 2 711_{210 Xy,
Prob[x = x] = B(X)

X . HEOOC xpovoc eEUTTNPETNONG
PuBuoc eéurrnpérnong (service rate) TwvV TTEAQATWY . U =

x| |

m XpOVOG AVANOVAG EVOC TTEAATN OTNV OUPA:
W, = xpovog avapovnes (otnv oupd) tou C,. (w = lim w, )
W =W UETOC XpOVOC avauovng

B 2UVOAIKOG XPOVOG VOGS TTEAATN OTO CUCTNHA (XPOVOGS
ATTOKPIONG):
S,, = XpOVOG GUOTNAHATOG (oupd + gguttnpETNON) Tou C,
=W, +X, (52 limsy,)

n—0o

T =W +X péoog xpévos auoriuarog ( T=5 )



" A
XpoVvIKO Aldypaupa 2ZuotnuaTtoc Avauoving
(1 ecuttnPeTnNTAC — FCFS)

S
e LU >
C 1 C Cn+l c 2
A A A A
W X
( ............................ X ...... >< ....................... LU > X 2
< ......................... >
ESvmmpemtiig
A A A
C Cn+1 C 2
Wp,,=0
W1 Xpovog
#
T, T T,
Ol)p('l n +1 2
A )
'( ................. tn+1 ......................... t L, >
n
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Nopoc Tou Little

m O peoog aplBuog TreAaTWwV o€ £va oUOTNHA
AVAPOVAG €ival i00G PE TO HECO PUBUO aQigewy
TTEAQTWY OTO CUCTNHA £'ITI TO JECO XPOVO TTOU
COOEUEl EVaC TTEAATNG O AUTO.

N=A-T
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Nopoc Tou Little (2)

m Aiaio6nTikn airioAdynan: évag meAdTng mou @Bdvel oTo
ouoTnua Ba Boéer yeoa KATA HECO OPO TOV I010 APIBUO
TeAaTwWV N TTOU Ba urrapxel oTav Quyel. Opwg KaTa 10
0la0TNUa TNG TrTapouaiag Tou NPEBav A -T TTEAATEG KATA
MECO Opo. H TeAeUTaia TTOOOTNTA £ival O TTEAQTEC TTOU

aQrvel TTiow PeUyovTac.

m O NOpog divel pia Xpnoiun oxeon PETAEU OPIoHEVWY
Baoikwyv peyebBwy evog oUCTAPATOG AVAUOVAG, AAAG Ogv
aTTOoTEAEI «AUON» OTO YEVIKO pag TTPORANua: OuoiaoTika
OUVOEEI VA YVWOTO PEYEBOG £10000U (A), JE dUO AyvwaTa
ueyéon (N, 7)) Ta oTroia gival HETPIKEC aTTOdOONC TTOU
OcéAouue va Bpouue.
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Nopoc Tou Little (3)

Oupd ESuTTNpeTNTEG

A

—

VAN

m [ 10 Opla TOU CUCTAMATOC JOVO OTNV oUpd
Ny=1-W

m [0 0pIia oCUCTAPATOC HOVO OTOV(-0UCQ)
EQUTTNPETNTN (- eg)
=A-X
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XpnoiuoTtroinon (Utilization)

B O ouvteAEOTAG ATTAOXOANONG N XPNOIMOTTOIinOoN P,
opifeTal WG 0 AOYOC TOU PUBHOU E TOV OTTOIO EICEPXETA
«DOUAEIA» OTO oUCTNMA, TTPOC TO MEYIOTO PUBPO UE TOV OTTOIO
TO oUOTNMA MTTOPEI VA EKTEAEDEI QUTN TN «OOUAEIa». AnAadn
yia 1 ecuttnpeTnTN:

P = (H€oog puBubg agicewv TTEAATWV) X (WECOG XPOVOG gcutTNPETNONG) / 1
— p — A * JZ'

A-x

B 27NV TTEPITTTWoN M (idlwv) ECUTTNPETNTWYV. p = —

m 0= {Meon TIYR TOU TTOCOOTOU ECUTTNPETNTWY TTOU Eival
arraoXoAnuévol}. AIOTi:

-5 N AnAadn, yia 1 SEEJ'ITI‘]pETr]Tr']Z

p = Py = o (N. Little) p = N



2.T00€pO oUOTNUA AvAPOVAC

m 2Ta0EPO oUOTNUA AVAUOVNG, €ival AuTo
OTO OTTOIO OEV ETTITPETTETAI VO
ONUIoOUPYOUVTAl OUPEC AVECEAEYKTOU
(QTTEIPOU) UNKOUC.

m2€ £va 0TaBePO ouoTnua lIoxuel0 < p <1
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G/G/1

m Eotw T éva auBaipeta peydAo xpovikd diaoctnua. Karta tn didpkeia auTtou
TOU OIQOTHAMATOC TTEPIMEVOUNE O OPIBUOC TwV agicewv A va gival TTOAU
KOVTa oTnv TIUA A - 7 ETriong, é0Tw p, N mBavornta o eEutTnpeTNTAS Va
gival agpyoc o€ KATTOIO TUXAIa EKAEYMEVO XPOVIKO dlaoTnua. MTtTopoupe
AOITTOV va TTOUHE OTI KATA Tn OIAPKEIA TOU dIACTHMATOC T, O ECUTTNPETNTNG
gival arraoXoAnuévog yla 7 —7- P, Sec Kal apa o aplBPoG TwV TTEAATWYV

TTou £€UTTNPETOUVTOI B 0TO XPOVIKO didoTnua T, £ival TTEPITTOU (r=7-p,)
X

H A=B: /I-r;(r_f'p") OTTOTE YIO T — o0, EXOUPE: AX =1 -p,

X

m Omére p =1 —po

OTTOU P, N MOavoTNTa 0 EEUTTNPETNTNGS VA Eival AEPYOS OE KATIOIO
TUXAia EKAEYMEVO XPOVIKO dIdoTnUa



"
AAuoideg Markov ouvexoug xpovou (1)

Ta ammAouoTepa cuoTthuara: M/M/m/K

m EKOeTIKG KaraveunuEVol XPOVOol JETACU OIAdOXIKWYV
agicewv (X.A.)

A(t) = Az(t) = Prob[f<t]=1—-e*, t>0

m EKOeTIKG Karaveunuévol Xpovol ecuttnpetnong (X.E.)

B(x) =Bg(x) =Prob|x <x]=1—-e™™, x=0



"
AAuaidec Markov ouvexouc xpovou (2)

m /0I0TNTA TNC QUVNOIAg: «O XPOVOC WG TO ETTOMEVO
YEYOVOC, ival avecapTNTOC ATTO TO XPOVO TTOU EXEI
TTEPACEI ATTO TO TEAEUTAIO YEYOVOC.

m ADI=EIZ:
Av £xel TTEPAOEl XpOVOG t, atro TNV TeAeuTaia agign (tou C. )
Prob[t, <t+t,[t, >t ] =Prob[ t <t ]

i tn g

A G ) | AN G,
m ANAXQPH2EIZ: 0 to to+t XpOvog
Av £xel TTEPATEI XPOVOG X, ECUTTNPETNONG TOU TTEAATN C,
Prob[ X, <X+X, [ X, >X] = Prob[ X, <x ]




"
AAugidec Markov ouvexouc xpovou (3)

m P (t) = Prob[ k TeAdTeg 0TO GUOTNUA TN XPOVIK) OTIYUA t ]
viao 0<k<K, t>0
o P, = !Lrg P (t) = Prob[ k meAdTeg oT0 CUOTNHA KATTOIN
XPOVIKI OTIYUI OTO UEAAOV]

m Karavoun uoviung Karaoraaonc.
m YTIAPXEl, av TO ouoTnua gival otabepd (0<p<1)

Nouoc¢ icopporriagc tn¢ pong meavornrac

2.TN MOVIUN KATAOTOON, 0 «PUBHOC pONG TTIBavOTNTACY» MIAG
aAuaidag Markov armro kGBe katdoTaon, €ival icog JE TO «puUBUO
PONAC TTIBaVOTNTAC» TTPOC TNV KATdoTaon.



"
AAucidec Markov Nevvnoewyv — Oavatwy (1)

m Av 170 oUOCTNUO BPICKETAI OTNV KATAOTAON |, TOTE OTNV ETTOMEVN
aAAayn karaotaong 0a BpeBei o€ pia atro TIC KAaTaoTAoEIC -1 N
J+1.

m A puUBPOG agicewv OTav UTTAPXOUV Kk TTEAATEG OTO CUCTNUO

m U, PUBUOG ECUTTNPETNONG OTAV UTTAPXOUV K TTEAATEG OTO
ouoTnua

Ap Aj A A2 Ak Ag Agtj
A A2 A3 Aok HE Pk k2

AlIQypANMO KATOOTACEWV-PUOMWYV METARBACEWY
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AAucideg Markov lN'evvoeswy — OavaTtwy (2)
m {PuBuoc ponc mbavotntag amo tnv kardotaon k} =
P - (A + 24)
m {PuBuocg por¢c mbavornTtag mpo¢ 1nv Karaotaon k} =

Peat  Aca + P i

m Me Baon 10 vOUO 1I00pPOTTIAG PONG

Na k=1 P (A +ta) = P Aat P M QO

Nak=0 Po- Ay =Py 14 (2)
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AAucidec Markov Nevvnoewyv — OavaTtwy (3)
m |oxUel TTQVTA OTI i p, =1 (3)
k=0
m /AUvoVTaG TIC eclowoelg (1), (2), (3), TTAiPVOUE:
k-1 1
ﬂf pO — k —

| i=0 Hi 1+§:ﬁ & (4)

k=1 i=0 Hin1

m H mmapamravw Auon uttapxel (dnAadn, UTTapXEl HOVIUN
KAtaoTtaaon), av py, > 0, dnAadr av o TTapovouaoTAG TNG OXEONG
(4) eival JIKPOTEPOC ATTO OO . ['1a va 1oXUEl TOo TEAEUTAIO, Ba
TTPETTEI N aKoAouBia A/ 4 va ouykAivel, OnAadr Ba TTPETTEl va
UTTAPXEI KATTOIO K, TETOIO WOTE: A4, .1 V@ OAa 1o k >k,

Hy



"
AAucideg Markov lNevvoewyv — Oavatwy (4)

ENAANAKTIKA

O Nopoc¢ diatripnong TNG pong spapudletal Kal o€ KABe
«0oUvopo» TNG aAucidag Markov:

LppAdo=pPrbr ™

2:p1 A =Py
P12 = P22 > ’Id1a AtTroTeAéopaTa

KiPerAr = Pl



"
AAucidec Markov Nevvnoeswyv — OavaTtwy (5)

[MTAPAAEII MA

Mac diveTal pia aAucida Markov yevvoewyv — Bavatwy, n
OTTOIa £XEI MOVO TPEIC KaTaoTaoelC {0, 1, 2}, evw IOXUEL:

A=Ay k=01 Kal i, =4 yok=12

y) y)
Iz Iz

Alaypaupua Karaotdoewv — PuBuwyv Metapdoewy



"
AAucidec Markov Nevvnoeswyv — OavaTtwy (6)

m Mo v katdoTaon 0: Po A =Py 4
m Mo v katdotaon 1: Py (A+p)=py-A+p,-u
m [a v katdotaon 2: P, =P, -4

ATTO TIC TTAPATTIAVW 3 OXEOEIC, MOVO 01 2 gival aveEapTNTEC.

ENAAAAKTIKA:

L po-Ad=p1 -

2. p1-A=p2-u
AveECAPTNTEC.



"
AAucidec Markov Nevvnoeswyv — OavaTtwy (6)

m XpnoipotroloUue TNV Py + P, + P, =1 pe 2 amd Tic
TTaPATTAVW, Kal TTAipVOUUE TNV TEAIKN AuonN:

_ 1 0 = Al - (A/ )
1+ u+ W) 7 1+ Yu+ W) 7 LA u+ (A u)

Po

H aAuagida auTtr) avtioTtoixei oto cuotnua M/M/1/2. Tari;
270 ouoTnua auto emrperreTal A/ 2 1. Mari;



"
Aladikaaoiec Poisson (1)

m E10IKA TTepiTTTwon Nevvnoewv-Oavatwy (UOVo agigeig)
A=A yiaohaTak
U.=0 vyiaoAa 1a K

A i A i A i A
Aldypaupa Karaotdoswyv — PuBuwv MetaBdaoswyv Aladikaoiag Poisson

Acv gival epyodiko ouoTnua. OAeg o1 KAaTaOTACEIS Eival
UETABATIKEC.



"
Aladikaaoiec Poisson (2)

m EOTW TO oUOTNUa ¢eKiva Tn oTiyun t = 0, adeio. AnAadn:

OB

0, %0

m Tn xpovikn oTiyunt: p (t) () ot YIak=0,t20

Sl

KaTtavopur Poisson

m Méon Tiun kai Aiakouavon (apiBuou agicewyv oto [0, t]), ioa
ue At. (avapevouevo).

m AnAadn, oto M/M/1, n d1adikacia HOVo TwV a@igewy, gival
Poisson



" B
H kartavoun Poisson

Probability of Events in One Interval

p)e W gn o

0.35

K il —e— Lambda = 4
0.3 . —8— Lambda = 5
—8— Lambda =6
0.25
> —_
b Lambda=4-t
= 0.2
©
0
o
&= 0.15
0.1
0.05
0
0 2 4 6 8 10 12 14

Events (k)
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Poisson a@ieic — EKOeTIKOI XpOVOI METALU a@iEWV
A(t) = P[t < t]

p,(1)= W es

m t =TM yia 10 XpOvo peTaly agitewv, ye PDF A(t) kai pdf aft)

Poisson

~ H—J
A)=1-P[t>t]=1-Py(t)=1-e~-4 [ t>0 (PDF EKBeTIKAQ)

[Mapdaywyog w¢ TTPoc¢ t:
N Méon Tiun:
— E[f]=t= 1
A

a(t)

(@) pdf

t

1

A(Y)

a(t) = Ae At t>0 (pdf EKBeTIKAC)

(b) PDF

H exBetikn] koTavopn



" A
I516TNTOa Apvnoiag tng EkKOeTIKAG KaTavoung
‘E0TWw OTI YiveTal pia agicn Tn Xpovikn oTiyun 0. Twpa, £0Tw OTI TTEpAacav
t, OEUTEPOAETTTA KOTA TN OIAPKEID TWV OTTOIWYV JEV EYIVE AQIgN. AV QUTH TN
OTIYUN t, PWTNOOUUE «TTOId Eival n TBavoTnTa N ETOUEVN aIén va YiveEl
UEoQa oTa ETOouEva t OEUTEPOAETTTA aTTO TWPEAY, N atTavrnon Ba givai:

— t— PE<t]=A(t)=1—e ™

, - AdEN Cees
AdLen Ck

>

0 to to+t Xpovog

Plt, <t <t+t,] P[f <t+t,]-P[t <t,]
Plt >t,| Pt >t,]

5 _ 1— —Alt+ty) 1— e Mo
<j> Pt <t+t, \t>to]= el_(l_e(uo)e ) <j>

P <t+t, [[>t]=1-e* ¢mm) Pf <t+t, [{>1,]=P[t <]

Pt <t+t, [T >1,]=




ETafEpd; pamo;

Mo
apizEny
Pois=on

puEudgfmpiEEmw
Nl

Et:Bemioi ypdval
pETaEL

Gl doy sy
mipiEEy



To KAQOIKO 2U0TnHAa AVAUMOVAG
M/M/1

EkOBetikn katavoun 1N d1adIKAoiag TwWV XPOVWYV UETACU
OIAOOXIKWY AQPIEWV

EKOeTIKN KATAVOUN TWV XPOVWYV £CUTTNPETNONG

‘Evacg ecuttnpeTnNTnG

ATTEIPO UNKOC OUPAGC
AAucida Markov Nevvnoewv — OavaTtwy

Me Tn ouvnBiopEvVN TTapadoxn OTI Ol PUBUOI APiEewv Kal
ECUTTNPETNONG OEV ECAPTWVTAI ATTO TRV KATAOTAON TOU
OUCTAMATOG (APIBUOG TTAPOVTWY TTEAATWYV), IOXUEL:

A =4 vyia k=012,...

U, =u Yya k=123,...



To 2uotnua Avapovne M/M/1 (cuvéxeia)

AIQypauUa KATOOTACEWYV - PUOUWY JETABACEWYV VIO
T0 cuoTtnua M/M/1.

Na tn Avon:

PoA=PyH

P1A =Py 0

' Kall Z p, =1

PraA = Py k=0



= S
Auon cuoctTnuarog M/M/1
m Xpnolyotoinon (G/G/1):  p=A-X :%

m 2UvONKn oTaBepoTnNTag: 0O0< p = 4 <1
y7;

m ATTO TN YEVIKN AUon Twv diadikaoiwy -0 (A Tnv
TTPOCEYYION TNG TTPOoNYoUuEVNC DIA@PAVEIAC):

p.=1-p)-p* wva k=012

m [epiéxetaito: Py, =1-p



~
Auon cuotnuaroc M/M/1 (ocuv)

m Tap, akoAouBouv Tn [ewueTpikn Karavoun

m EcapTtwvTal atmo 1a A Kal Y, JOVO JHEOW TOU AOyou
TOUC p

Pl p, =1-p)- p°

Ta p, 010 GUOTNUA 1
M/M/1.

gl—-e



"
MeTpikEg atrodoong oto VI/M/1

m Mcooc¢ apIBuoc TTeAatwy oTo cuoTNUA

N =Skp, =(1-p)> ko* = (1— — 2
Zp ( p)Zp (1 p)(l 1o,

N 1




" A
MeTpikég atrodoong oto /M/1 (ouv.)
m MEOOC XpOvOoGg eVOC TTEAATN OTO CUCTNUA

(Response Time) - E 1 /,U
A

Me xprnon Tou Nouou rou Little:
1-p

1u




"
MeTpikéEg atrodoong oto /M/1 (ouv.)

m MEoocg xpovog avapuovng evog TTEAATN aTnV oupd

e P
W=T-X=T-1Lu=
p-(1-p)
m Méoocg apIBuocg TreAaTtwy oTnv oupd
2
- N p
N =N-p=-—L—
g '0 1_,0

m [11IBavoTnTa va uttapyxouv TOUAAXIOTOV N TTEAATEC OTO OUCTNUO
Py = Prob[ n r mepiocorepor eAdreg 070 0U0TNHA]

o0 o0 . o0 o 1 .
Piny = kz P, = (1—/));/)k =(1-p)p kZ_;pk =(1-p)p 1= 5="



"
To ocuoTtnua avapovng M/M/m

m Q101 ECUTTNPETNTES

O KaBEvag ue pubuo ecutTNPETNONG M

Ta uttoAoITra xapakTnpIoTIKA, idla pe Tou M/M/1
A=4A ya k=0,12,...

LY yio 1<k<m
He = M yio m<K

(m-1iu



To ouotnua avapovnc M/M/m (cuv)

m XpnoiyoTtroinon 2.UVONKn 21a0epoTNTAC
= X = A O<p= i <1
m mu M

m AUOnN YOvIPNG KATaoTooNng

( K
p(mp) yio 1<k <m
0 k'
pk:< kr;.'m
pO'Ornl yio kK=>=m

= (me)t (me)" Y 1 |
e



"
MeTpikEG atrodoong oto M/M/m

m [1IBavoTNTa va XPEIQOTEI VA TTEPIMEVEI OTNV OUPA EVAC
TTEAATNG:
['1=Prob[ m r} TrepicoOTEPOI TTEAATEC OTO OUCTNUA]

o0 m oo

K.~am m m
_ _N g Ppm oo m c_pm 1 (mp)
n—;pk—épo =P k;p P P 15 " P )

m MEooc¢ apIBuoc TTeAatwy oTto oUuoTNUA

oll
1-p

N =>kp, =mp+
k=0



" A
MeTpikEg atrodoong oto U/M/m (cuv)
m MEoog xpoOvog evog TTEAATN OTO oUCTNUA (response
time) i
T = E = i 1+ I :
A u m(Ll- p) (N. Little)
m ME£oocg XpOvocg avapovng evog TTEAATN oTNV oupd

11
W=T-X=T-1Lu=
mu(l- p)
m Mcooc¢ apIBuoc TeAatwy otnv oupd
N, =N -mp = P

_l—p



"
To cuoTnua avapovne W/ M/1/K

m |010 XapakTNPEIOTIKA he To M/M/1, aAAG TTEPIOPICHEVN
XWPENTIKOTNTA O€ TTEAATEC.

®m 27O oUOTNUAO PTTOPOUV va BpiokovTal TO TTOAU K
TTEAQTEC (OTNV OUPA KAl OTOV ECUTTNPETNTN).

m [leAartec Tou POAvouvV Kal BPioKOUV YEUATO TO
ouoTnua, Xavovrail.

m O1 puBuoi agicewv kal ecuttnpETnong Tou M/M/1/K:

A yio 0<k<K 7, o 1<k <K
A = Hy =

0 o k>K o vio k> K



" A
To cuoTnua avapovine V/M/1/K (ocuv)

A A A A A
M M M M M
m /A\UON CUCTAMATOC

K
1-A/u (A
0, :41_(1//1)“1(#} yio 0<k <K
0 AAALODG




" A
To cuoTnua avapovine V/M/1/K (ocuv)

METPIKEZ
m MEoocg apIBuocg TreAaTtwy oTo cuoTNUA
N Al (K+D(A/ )"
N = kak — 1 //1 / K+1
k=0 — A/ 1- (A 1)

m MEoocg apIBuocg TreAatwy oTnv oupd

N, = 3 (k=Dp, = 72— (i) T,




"
To ovuoTnua avapoving M/M/1/K (cuv)

B Mapadeiypya: To JOVTEAO UIAC TNAEPWVIKIG CUOKEUNG XWPIC
KpAtnon KANoewv (TTaAié avaAoyiké ouoTnua):

M/M/1/1 (1
yio k=0
1+ A/ u
P, =1 A1 yio k=1
1+ A/ 1
0 AAALDG

\

Po : MBavoTnTa va PIAACEL, KATTOIOG TTOU KAAEI

P, : MBavoTtnTa va Bpel KATeIANPUUEVN TN OUCKEUN, KATTOIOG TTOU KOAEI
A . M€oo¢ puBuoG pe Tov OTTOIO YivovTal KANOEIG OTN CUOKEUN)

X = 1/,u : M€on xpovikr) dIGpKEIa JMIOG OUVOUIAIaG
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