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TuttoAoylo

0 M/M/1
o p= % Utilization Tou cuathuatog (TTpémel va civai <1)
O P=1-p TTi©®avéTnTa To oUoTnua va eivar ddeio
O B,=p"(1-p), n=0,1,.. TTiBavoTnTa Va UTTdpXoUV h TEAATEC OTO OUOTNHA
o N= ﬁ Méaoc apiBuoc TreAaTwy aTo oUoTnua
o T= ﬁ Méaoocg xpovocg avapovihg oTo oUaThua
0 = ﬁ Méaooc xpovoc avapovAc oTnv oupd
O M/M/m
o p= miﬂ Utilization Tou ouoTthparog (pémel va ivai <1)
P — [Zm—l (mp)n (mp)m ]_1 'I—l- e ‘ ’ ’ ,6
O P =|Ento—, (=) 18avéTnTa 1o oUoThua va civai adeio
P, (mpl ) nsm
o B, = (m"')n TTiBavoTnTa va umdpxouv h TeAdTe¢ aTo OUOTNUA
P, P n>m
m!
m
O Pp=YnemPr= % TTiBavoTnTa agikvoupevog TTEAATNG VA XPEIAOTEI va avapeivel

oThv oupd (Erlang C formula)
A(1-p)




TuttoAoylo

0 M/M/x
4
A\ (e_#) , , , .
o B, = (;) ., n= 0,1,... TTiBavoTnTa va umdpxouv h TeAdTe¢ aTo oUoThua
o N-= % Méaoc ap1Buo¢ meAaTwy oTo oloThua
o T= ﬁ Méoog xpdvog avapgovig aTo ouoTnud
9 M/M/m/m
AT , . . ,
o P, = [Z?:o (;) ;] TTi®avéTnTa To oUoThua va eivai ddeio
N1 , , . .
O B,=P (;) ~ TTiBavéTnTa va uttdpxouv h TeAdTEG 0TO CUOTNUA
&%
o P,= ”T’)“n'l To Too00TO TOU XPOVOU TroU To oUOTNHA givdl atdoXoAnpévo
n=0 ﬁ n
(Erlang B formula)
0 M/G/1
o p= % Utilization Tou cuaThpatog
A E{x?} . . , ;
Q =) Méoog xpovog avapovig aThv oupd
A E{X?} , , , .
o T=E{X}+ 20p) Méoog xpovog avapovig aTo oUaThua

O N=AT Méoocg ap1Buoc eAaTwy oTo ovaThuda



npéplqua 1 :To taucio evéc soTiatopiou fast food efumnpetei meAdTeC pe péogo
xpovo 30 sec. O1 teAdTeg @Tdavouv pe péoco puBpo 100 meAdTeg ava wpa. Av uTtoOEooupe
OTI o1 apieic akoAouBoUv pia diadikaacia Poisson kai 0TI o Xpovoc e€utmnpéTnong civai
EKOETIKOC:

» 14 A
O T oUoTnpa civai; p=

O Tloio eivar To utilization Tou Tapeiov? p
o

B,=p"(1—-p), n=0,1,..

O Tlooo xpovo mepvaAveE KATA HECO Opo OTO ouoThua?

N = 2
1-p
O TTéoo xpdvo KATA HECO OPO TEPVAVE TEPIPHEVOVTAC OTNV
oupa?
T= ﬁ
O Tléool meAatec Ppiokovral KaTa pHEco 0po péoa oTo
£0TIATOPI10?
w=—"_

O Tléool meAatec Ppiokovral KaTta HEGo 0po oTnv oupa? -2




I'lpomnua 1 :To taucio evéc soTiatopiou fast food efumnpetei meAdTeC pe péogo
xpovo 30 sec. O1 teAdTeg @Tdavouv pe péoco puBpo 100 meAdTeg ava wpa. Av uTtoOEooupe
OTI o1 apifeic akoAouBoUv pia diadikaagia Poisson kai 0TI 0 Xpovo¢ e€umtnpéTnong civai
EKOETIKOC:

O3 Tloia eivali n miBavoTnTa 1o €0TIATOPIO va €ival

A
adeio; P=y
O Po=1-p=1-5/6=1/6 ~ 0.17
3 Tloia €ival n mOavoTnTa évag €10ePXOHEVOC TEAATNG P=1-p
va XPEIAOTEI va mweEPIPEVEI OTNV OUPa;
o P=1-Po=1-1/6=5/6 ~ 0.83 P,=p"(1—p), n=0.1,..

O Tloia sivali n miBavoTnTa n oupd va pnv eivai adeia;
O P=1-Po-P1=1-(1-p)-p(1-p)=1-(1-p)(1+p)=1-
(1/6)(11/6)=1-/36=25/36 ~ 0.7 N = 1%
O3 Tloia eivari n mBavoTnTa va urdpxouv mavw ano 3
weAATEC OTO €0TIATOPIO;
o P=1-Po-P1-P2-P3 T =1
vl




n pép/\nua 2: Eva umokartdoTthua Tpdmelac d1abéTel 3Uo uTAAARAOUC ypadgeiou, ol
omroiol gival eigou amodoTIKoi Kal IKkavoi va eCumnpeToUv Katd péco 6po 60
ouvaAAayéc/wpa, pe Tov Xpovo eEumnpéThong va akoAouBei ekBOeTIKA KaTavoph. O
TeAATEC PTAVOUV OTO UTTOKATAOThUA akoAouBwvTtacg Hia diadikacia Poisson, pe péao
puBuo6 100 meAdTec/wpa.

_ 4
p= —
) , p = [Zm_l(mp)” (mp)™ 171
3 Ti oUoThua eivai, 07 [4m=0 " T u(i-p)
o M/M/2 P, (m’j) n<m
O A=100 meAdTec/wpa P, = s
' , (mp)
O =60 meAdTec/Wpa Fo—0— n>m
3 Tloio eivai 1o utilization Tou ouoThuarog; Py = S Py = 2O
o p=Amp=100/(2*60)=5/6 ~ 0.83 0P, T
W =
A(1—p)
3 Bpeite Tn mBavéTnTa To oUoTNWa va eivar dadeio.
n 21" 10\° 10\l  100]
Teme1m |, mpe)™ 171 | oq (1?0) (%) _ (?) (?) 36 _ 10
o k= [Zn=o n! +m!(1—p)] = |Zn=0 n! +2!(1—§) | o LTI % - [1+ 6 +
-1
2" =2 5009
6 66

O Bpeite Th mBavoTnTa évac agikvoupevog TeAATNG va pn XPEIAOTEI va
avageivel othv oupd.

102
_ Po(mp)™ 6 (?) _ 50 _ ‘ . . . _1.PA-
O Pp= miiap) — 56 2!(1_%) = 0.76 dpa n mBavéTnTta ou {nrdue civai P=1-PQ=0.24




n pépMua 2: Eva umokartdoTthua Tpdmelac d1abéTel 3Uo uTAAARAOUC ypadgeiou, ol
omroiol gival eigou amodoTIKoi Kal IKkavoi va eCumnpeToUv Katd péco 6po 60
ouvaAAayéc/wpa, pe Tov Xpovo eEumnpéThong va akoAouBei ekBOeTIKA KaTavoph. O
TeAATEC PTAVOUV OTO UTTOKATAOThUA akoAouBwvTtacg Hia diadikacia Poisson, pe péao
puBuo6 100 meAdTec/wpa.

3 TTloiog civail o yéoo¢ xpoévoc avapovihc aThv )
. p=_—
OUpG, muy »
550 P, = [Zm 1 (mp)™ | (mp)™
_ PP Tee _ 5 _ _ n! m!(1-p)
o W= = = =— =~ 0.038 hours = 2.27 n
A(1-p) 100(1—3) 132 " (mp) e
minutes p={° ™ B
O YmoAoyioTe Tnv MOaAvoTNTA TOUAdXIOTOV P, (";f,) >m
€vadc amo Toug UTtdAAARAOUC va TTapdpEVEl . P' _ Polmp)™
adpavig. Q np—;l n = i-p)
(mp)' _ 6 10 _ 10 W=
O Py =P tm=— 66~o15 A(1 - p)

O P=Po+P1= 0.09+0.15=0.24

3 YmoAoyioTe Tnv mMIBavoTnTa va PpiockovTdl auoThpd TTEPICCOTEPOI ATTO 3
TTeEAATEC TAUTOXPOVA OTO UTTOKATACTHUA.

100

o P2=P (m”)2=i 6 — 50 L 013
0 66 2 396

1000

o P3= P(’"”) L 56 — 500 921
66 2 2376

O P=1-Po- P1 P2-P3=1-0.09-0.15-0.13-0.21=1-0.58=0.42




n pép/\ru.la 3: Inquiries pTdvouv oe éva information center aUpgwva e pia
diadikacia agi¢ewv Poisson pe puBuo 6 inquiries per second. O xp6vog Tou Tidipvel vd
vivel n emefepyacia kAOe inquiry eival ekOeTIkA kKaTavepnpévog (exponentially
distributed) pe péon Tipn 0.5 seconds. YoBéoTe 0TI To information center éxer 5
servers yid vd eme{epyaoTei Td inquiries, kai av 6Aol ol servers eival busy, kdB¢
kaivouplo inquiry ou @Tdvel Ba civar blocked.

O Ti ovoTnua civar; P =|Zm.(3)' 2
o M/M/5/5 </1 "1
. .. P,=P (-] —
O A=6 inquiries/sec u) n!
o p=1/05=2 (&)’”i
’ ", . , u) m!
3 Tloio gival To utilization Tou ouoThAuarog; bn =V 1
o p=AMmp=6/(5*2)=0.6 "=°<ﬁ> nl
3 Bpeite Th mBavéTnTa To ouoThuaA va eivai c'16£|o.
n,1°1 n 11 0 4 511
> ho= oo @) i [ @] = e TS T 2] =S < oo

7 Bpeite Tnv mBavéTnTa Tou éva KC(IVOUpIO mquur'y 6a eivai blocked.

O ‘Eva inquiry Ba vivel blocked av kai o1 5 servers eivai busy. Auté cuppaivel 6Tav oTo
ouoTnua ppiokovtal 5 inquiries. Apa ydxvoupe Th mBavéTnTta PH.
AN°1 5 .51

OP5=PO(;) ;=£3; ﬁfv()ll



n pé_ﬁlm.la 3: Inquiries pTdvouv oe éva information center aUpgwva e pia
diadikacia agi¢ewv Poisson pe puBuo 6 inquiries per second. O xp6vog Tou Tidipvel vd
vivel n emefepyacia kAOe inquiry eival ekOeTIkA kKaTavepnpévog (exponentially
distributed) pe péon Tipn 0.5 seconds. YoBéoTe 0TI To information center éxer 5
servers yid va eme{epydaTei Td inquiries, kai av 6Aol ol servers tivai busy, kdB¢
kaivouplo inquiry ou @Tdvel Ba civar blocked.

O Bpeite To Hédo apiBd inquiries Tou kdTolog Ba del 0To cUOTNUA.
O N=Z,51=0npn=P1+2P2+3P3+4P4+5P5
O  AMIWC pTropoUpe va To uttoAoyigoupe améd To Oswpnua Tou Little.

E[N] = AE[t] omou A, = (1 - Pyiockeq) ™ A €ival To effective arrival rate, dnAadn To
arrival rate Twv Inquiries xwpig va vivovrai blocked. Apa

EIN] = A E[t]= (1 - Pypckeq) ™ A *(0.5seconds)=(1-P5)*6*0.5 =~ 2.65 inquiries.
O Av kamoiog B¢éAel va kpathoel To blocking probability kdTw amé 3%,
TOO0UC TTAPATIAVW Servers MPETEl vd TpooOEoel aTo ouaThUd?
o Ta va kparigoupe To blocking probability < 3%,

Oa Tpémel va IkavoTrolEiTal N TTapdkdTw oUVONKN.
Pb = P[N =C]<0.03

Otav C = 6, P, =P6= P, (2)° X ~0.0522 A" 1
Tav C = 6, P, =P6= o(;) = ~0. : Pn:Po<_ 1
7. ,umn!

Otav C=7,P,=P7= P, (%) =~ 0.0219 < 3%. (&) 1
w7 p = u) m!

OmoTe mpémel va mpooOéooupe 2 Tapamdvw servers N m (4)" 1
u




n péplnua 4: Eva Taxudpopcio d1aBéTel pia oupd pe évav e€umtnpeTnTh. O1
agieic Twv TeAaTwy akoAouBoUv Tn diadikacia Poisson, pye péoo puBpo 10 meAdrteg Tnv
wpda. O xpovo¢ eEumnpéTnong civai oTaBepoc¢ Kai igo¢ pe D Aemtrd avd meAdrn.

3 Ti oUoTthua ivai;

o M/D/1 p= 4

o A=10 meAdTec/wpa H

O H=1/5 meAdrec/Aemto = 12 eAdTec/ wpa

o p=Ap=5/6 W = MEX

o E{X}=1/u, E{X?}=1/p2 yia oTaBepd Xpovo eEumnpéThONC A=)
O YmoAoyioTe To HETo XpOvo avapovAhg aThv oupd

1 1 2

o W= g(i{i(g = Z?Iﬁ_zp) = Z(EP) = zﬂ(f_p) = 245:5/6 - 2—54 ~ 0.21 hours = 12.5 minutes T = E{X} + %
O YmoAoyioTe To Hégo ap1Bud TeAATWyY O0TNV oupd

O Ny =AW =10+%0.21~2 meAdTeg N =AT

O YmoAoyioTe To HETo XpOvo avauovhg oTo cuoThid
O T=E{X}+W =5+ 12.5 = 17.5 minutes

O YmoAoyioTe To Héoo apiBué TreAaTwy aTo cloThid
O N=AT=10%17.5/60 ~ 3 meAdTeg



L péplqya 5: ¢ ¢va dikTuo emikoIvwVIWY o aiThoeic dedopuévwy akoAouBouv Tn
diadikacia Poisson pe péoo puBué A=30 aiThoeig/Wwpa. ZKomo¢ aag cival va oxedldoeTe
éva ovoThpa eEumnp£TNong oupwy yia Th diaxeipion Twv alIThoewyv dedopévwy TToU
@TAvouv oTou¢ e€uTNPeTNTEC Tou BikTUOU. ExeTe oTn d1dBeon aag dUo 1dWwv
eEUTTNPETNTEG:

1)Evav ou AciToupyei pe eKOETIKA KATavoun Xpovou eEumnpéTnong, He HETO XPOVo
e€umtnpéTnong 3 AeTTd ava aitnon

1) ‘Evav pe dyvworn katavopn xpovwy e§umnpETnong, TToU £TTEITA ATIO TTEIPAUATIKEC
HeTphoeic uttoAoyioaTe oTi: E{X}=1 AeTtT6 avd aitnon kai E{X?}= 20 decuTepoAcTiTa.

O XxedidoTe To aUoThya pe évav i dvo e§umnpeTnTég TUTOU (1) (M/M/1-M/M/2),
Kal ge évav e§umnpeTnTh TUTOU (1) (M/G/1) via To dedopévo ouoTnua aITAoEWY
O0cOopEVWY. 2ZUYKPIVETE Thy amédoon Twv TpIwv cuaThpdTtwy. TTio gival To mio
amodoTIKO yid Th dlaxeipion Twv aiTioewy 0edopévwy Tou OIKTUOU, av h KUpida
avdykn civat:

O Na eAaxioTomoin®olv o1 kaBuaTepnoeI¢ Kal va diaagpaAiaTei n amodoTikh e§uTTnpETNON TWY
AITACEWV.

O Na e€aogpahlioTei 0 AilyoTepo duvaTog apiBpog eEumnpeTnTwy.

AYZH
g TaM/M/1
o A=30 aithoeic/hour
o u=20 arthoeigc/hour
o p=Ap=30/20=1.5> 1 To oUoTnua civai UTTEpPoPTWHEVO Kal ol Xpdvol avapovic au§dvovtar ekBeTIKdl



MpopAnua 5 (ZYNEXEIA)

O TiiaM/M/2
o A=30 aithoeic/hour
o p=20 aithoeic/hour
o p=A/2u=30/2*20=0.75

',

T

§\°  (g)' 36]7t -
:[_4) +Q+1—fl =[1+5+3] "o 014
! : 2 2 14

_1@mp)® | (mp)™ 17
o PO = I:Z;ln=01 n + m!(l—p) - |:Z1%L=O

62
() =2 ~0.64

Po(mp)™ 1 \3

° P mi(1-p) ~ 7 21(1-3) 14

o) = PP _ 9 . 0.06hours = 3.9 minutes
A(1-p) _ 140

O T=7+W=3+3.9:6.9 minufes
O N=AT = %6.9 = 3.45 autnoeig
O No=AWw = %3.9 = 1.95 autnoewg

O TaM/G/1

o A=30 aithoeic/hour
p=60 aithoeic/hour
E{X}=1 minute, E{X?}=20 seconds
p=A/p=30/60=0.5
20

2 30——
BT %6 1 ¢ 0.16 hours = 10.2 minutes
2(1-p) _ 2(1-05) 6

T = E{X} + W=1+10.2=11.2 minutes
N=AT = %11.2 = 5.6 autnoeig

o 0 O

© O O O

30
No =AW = P 1.9 = 5.1 acutnoew

_ A
p = T
_ [ym-1@mp)™ | (mp)™ 17!
Fo = [Z?:ol n! i m!(1-p)
m n
P, (mp) nsm
P = n!
n — m n
P, (mp) n>m
m!
R o 1e) _ Py (mp)™
PQ - Zn=mPn - ml(1—p)
A(1 —p)
_ A
P=y
_ ME{X?)
~ 2(1-p) -
A EiX
T =EX}+——=
X} 2(1-p)
N =AT J
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