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2. M/M/s
3. M/G/1
4. M/D/1

5. M/M/1 AUUs=vINSNAIH




I FALUU M/M/1 FUNAFIUVDIA MUY : A<

= UULLEI IR Y

» dnsniadnsuusniadusuugy Snsuanasanudasduwuuiees

»annsdusniadusuugn dniseondluiuwdvaviosnsinisliusnisdusuugy
fin1swanasauuaziuiuulingey

> 115 USNSLUUTOINIE U ILA S T LA DU
> 138N RAINLY IR LR IR
> U IUUSEIINSUINLNY

> {5=Juunisliusnisuuuuniaulssuusnisnou




I FRTFTUIUFTRTU M/M/ 1

(\ .

Arrivals t Waiting Service I Exit

Arrivals are assigned System
a priority as they arrive

Processing
ordpr




I AI9UT9N 1

G]LE]V]L@%JGUENSUFIF]’]?LLMQMH\‘M 1 [,3] WQQUTUUQ‘ME}[}]E{’MﬂiﬁJ QWﬂﬂ’]iLﬂUsUallﬁgLuaE]G]WU’J’]'GF]F]’]LSU’]
ZLI’lgLsUUiﬂ’]iLLUUﬁiJLﬂﬁUﬂf’ﬂiJ\‘1&, 25 578 HNISLANLANAINTUUIRL LU‘LL‘LJ’J"UE]\? Tusunis V]ElﬂFl’]LL[}]ﬁo,
i’lUeLGUL’Ja’]iLI’]ﬂuE]UWWQHULQGUT}UE 1.5 U [ﬂ’]iLLQﬂLLQQF]’J’lllu’l?]o,LUULLUULE]F]"UIWLUHLGUUG]QQ
’JLF]T]:M?Z‘U‘UU?H’]TUEN@LE]‘V]LE]ZLI

25
model : M/M/1 P = 4—0 =0.625 P, =1-0.625=0.375
- A 25 _ _
ﬂ/ — 25 | ey L = — :167 L —O625X167—104
SUFIDU L A 4023 .
e 00 _ 40 sl 1 1 1 W =pW = 51 _1
1.5 W, = = = ? 40 15 24
u—A 40-25 15
(A< p)

85U TnuafyaciignAiaylusiuu 1.67 AU uazsaABuINaliEadu 1.04 AU LRADTD

2 U 30 FuN saAunauls liglendu welanangianduas lddtwiniu 0.625



I AU 2 M/M/1

ﬁ@J’Tﬂmﬁumﬁfqﬁﬁiwmmmﬁ'ﬁzwj’lqm'ﬁLﬂTmﬂstTU%ﬂW'ﬁ‘ﬁ'ﬁﬂ’1'ﬁuﬁmLL%NLam‘ﬂWLuuuLSTIUaimUﬁ
Auady 10 un wazianldlunisusnisinisuansasendlwunwdualaudaady 5 und 0
womeylisimaus ez lasuntoulaldnoussmaus o use 1UT
1AudRnduiauldusnslidessaduvinls

2. MNUIANTRFNAUNTS

3. UTEAsRugUINsiEEuUIMsl e AeuLazian e lunisusnissanldsiingn 15
U seugnsAud U A AR

. 1 .
ANUVDYA A=—x60=6 ALFDTI 1LY

10 PN V)
u:§x60=12 FILBIBUI AN




508197 2 model M/M/1

1.ANuUNzidunAulldiandu Ll ese

ANVDYR

A=6,u=12

AuinlElendulnulddassafinawlio ludlaslunnimpoua: lidlasiasldgia by durRaszuudne AuLiaz

Junlusiossomay@e

2. RIANIARNTUNNG

u—A 12-6

6

P=1——]—=0.5
12

75U leualuaziignAagluszuu 1 AU LRz

a

— -~

ApuNa Ly Flafou 0.5 AU LRFADISE 5 U7

FoAunau LA L ifody wazlanaigiaRduas
TWNY C. 5



I AI9U19 2 model M/M/1

3.USENATNUEUSNITENESUUSNT M IR AaoLazIa il 3a lun1susnssIu llsinn g 15

U FIUUDHIIAULT LN LT WALV UL LR

w1 il s
60
] ] . y v o a O
> A>8 omsIAWIUT T TBOUAISIALAL
12-4 4 IUULINANTINAIOVINTU 8 AUFDT 1L

FodlansnAwinldEionduatilpy 8 AusaTIlLe Fafudonsiniseinld 6 AusaU LS

ANUERS AL o duspwALAy 2 AusaYIlueIeazAndedioiioununile)




I AI9U19 3 M/M/1

UIunawoanfur1usy Lﬂ‘V]L‘Wﬁﬂ[}]@Qﬂ’]imuﬁQGUFﬂlULﬂUV}F]ENETHF]’]GUENU?EW] TNVUFIATUF
aumlmaamum | AU LAYALNIUSY GUuﬂuF]’]?]’]ﬂiflUiiVm GINF]‘LN’]‘LL N PIUAS GU‘U,ET‘U,F]’]VL[E] 0.8n
AUIDFD T E]’]I‘LIZLIﬂ’]isUuﬁuF]’]E]E]ﬂQ’]ﬂiflUiiVmﬂ LﬁUF]’]LﬁUM’]U’JUﬂ” 300 U ETFJ‘U,F]"]Q’N

ALSIUULUGUL 105 UIARTY NINUSENAITAS aﬂﬁmu\‘ﬂusuuaumﬂmu E]’]if]UiiV]ﬂV]LsU’liJ’]ﬁ\‘i
JuFIENISLAINLasUITme 9

ANV A =1 PILIFIR U

GERBE A<p  ali p>1.25




o/
Qv

— dld | 1 1
I M/M/c A58 M/M/S model: ssuukninagNiuunauLFgRUaNgva9inIg

Assumptions: A <sp

Number of servers = s

Number of phases =1

Input source: infinite, no balking or reneging

Arrival distribution: Poisson; mean arrival rate = A

Service distribution: Exponential; mean service rate = K
mean service time = 1/ u

Waiting line: single line; unlimited length

Priority discipline: FCFS




I Operating Characteristics M/M/s

Auverage utilization: p=—
Sp

Probability that zero customers are in the system:

S_l Ky
A/ )" (X/ Y 1 _
P —[E H Wty

=0 N s! 1—p0

Probability that n customers are in the system:

A

Sl B ,0<n<s—lI
n!

(A"
n—s O =3

St I




I Operating Characteristics M/M/s

P(A/LY
Average number of customers in line: | = (MY P
q 2
SI1—pP)
Average time spent in the system: W, :Wq—|—l
o
. - L
Average time spent in line: Wq —_41
A

A

Average number of customers in the system: L =AW, =Lq + —
il




Iﬁamiwﬁ 4 : M/M/S

Usnsruiuiusvesaudnsns: nuiufuimisivindiousausmn 3 39 (A.8.0) U
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Az 12 Ut (Mswanwasmudasdulvuenlwudua) visusnsldadodilum: 5 Au A
WATIZUTTUUNITIAUINNG
A=9  Ausiatlug
, A <su
nw=>5 AIUFDTI LU

s=3




IDperating Characteristics M/M/s : A=9 pu=5 Ai<sp

A9 A9
P=—"=—=0.60 —=—=1.
SW 15 uos
Z(Mu) L 1 S— : —0.1460
s1 1-p (1.8) +(1.8) +(1.8) N (1.8) (15)
0! 1! 21 31 15-9
PA/W’ P 0.1460(1.8)° (0.6) _ i
L, = = ——=0.5321 AU W, =W, +—=0.0591+1/5=0.2591
S1(1—pP) 31(1—0.6) u
w, = za 05321 50 139 L, =AW, =9(0.2591) =2.332

TOIEA
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I FIDYUNNN 5 M/M/S: (r<su)
Husmssumawiilsipsindulainmisiiuwuninauliuinisim TnognAidiuns
Usnsludnsnadodlue: 40 Au Tnogfliusnisusiazauasliuinisidiafoinluee: 10 Au
N95UIANTARTITNINUARLARsYinIia e AuignAsiasreuliAu 0.75 unfl dhgnAni
Lt TRl FICTAMC NIRE AT L faN

Unymiiulaym v/w/s Taudiasniswiet s 7inld w, <075 U pod =10 4=40

e Z A
> =—<1 w
UL 5> 5 {p S } S P L p W,
(V) (U]
5 013 2.219 .0555 3.33
5 0163 0.580 .0145 0.87

7 018 0.182 .0046 0.276




I M/G/1 model :nshivsnisuuuduusinisiantasaanuuiaziduvewiainliusnisidlasnglnwu g s

Assumptions: A < U

Number of servers =1

Input source: infinite, no balking or reneging

Arrival distribution: Poisson; mean arrival rate = A

Service distribution: General; mean service rate = #
mean service time =1/ u

Waiting line: single line; unlimited length

Priority discipline: FCFS




Operating Characteristics M/G/1
A

Auverage utilization: P=—

ol

Probability that zero customers are in the system: PO =1—pP

Probability that n customers are in the system: P :(7\,/“)” F,

7\,262+p2

Average number of customers in line: L =

q
2(1—pP)

1

Average time spent in the system: W;=W_+—

1
: L L
Average time spent in line: W= 4
T2

Average number of customers in the system: L =AW,
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I Operating Characteristics M/G/1

A
P=—=0.75/1=0.75

L

}\,262+ 2
L,= P =0.09 AU

2(1—pP)

=~

L
WY =7q=0.12 UIN

R =1—pP=1—0.75=025

Wo=W, +1=112 Wi

w

L =AW, =0.84 AU




IM/D/1 model  Assumptions: 3 <y

Number of servers =1

Input source: infinite, no balking or reneging
Arrival distribution: Poisson; mean arrival rate = 4
Constant service rate = H

Waiting line: single line; unlimited length

Priority discipline: FCFS




I Operating Characteristics M/D0/1

A
Average utilization: P=—
9l
Probability that zero customers are in the system: £ =1—p

}\,2
2LL(L—A)

Average time spent in the system: W, =W +l
q

w

Average number of customers in line: Lq —

L

Average time spent in line: Wq =9

A

Average number of customers in the system: L =AW,
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I Operating Characteristics M/D0/1

A _ _ _
P=—=12/4=03 R=1—P=1703=07

ol

}LZ
=0.0643 AU W, =W, +1=03036 il (182 Funil

apu—h) u

L
q

L
W =—1=0.0536 1% (3.2 U9 L, =AW;=0.3643 AU

q




I M/M/1/0 /N/FCFS(Finite-Source, Single-Server Model ) : A<p
LALNZAUSZUULDIADUAUIRRN USzans bt 25

Number of servers = 1

Number of phases = 1

Input source: finite, equals N customers [N<25)
Arrival distribution: Exponential interarrival times; A mean= |/ 4

Service distribution: Exponential; mean service rate = U

mean service time = 1/

Waiting line: single line; no more than N - 1

Priority discipline: FCFS

>, N! A
Probability that zero customers are in the system: £, = [Z (—)n]_1

n=O(N _ I”l)' H




IFinite—Source, Single-Server Operating Characteristics

Average utilization: p=1- PR

(A+1)

Average number of customers inline: L =N (1—P)

Average number of customers in the system: L =L +(1—P)

Average time spent in line: w, :Lq[(N—L)/I]‘l

1
Average time spent in the system: wo=W +—

gl
Probability that n customers are in the system: p -p N (&)n ,n=0,1,2,....N

" O (N=-n)! u
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I Finite-Source, Single-Server Operating Characteristics

-1

SN AL | 3 (1Y
P"_[;(N—n)!(ﬂ)] {Z(s—n)!(zn =0-2105

n=0

(A+1)
L =N-—
A
L =L +(1—F)=0.6315+(1—02105)=1.421 ia504

(1—p)=3—[3(1—02105)]=0.6315 iA%0s

0.6315

=04 lus (24 i)
(3-1.421)(1)

W, =L [(N-L)A]" =

1 1 |
/4 =Wq +—=04+—=0.9 7114 (54 U

o 2




I AT LAY VDITEUULDIMBY(Queuing cost]

l:. =(humber of channels) (cost per channel]
mC  WNuUlAay A998 AeTesis iJusiu
S

total service cost =

I I=[tota| time spent waiting by all arrivals X [cost of waiting)

= [number of arrivals)(average wait per arrivallC

= (Mw)C,

] e,




I Total Cost

L 1

or

L 1
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Juasazaaadunnimoufiol waziovinfivusonunuarlaineazdtendevuniodusn Taodniuusinnsg
AouNdwNUEFUTINNT gnAvesgudns: oAU uInTuLe: IRuAisnsensoluwmreulfiun lauady
udrsnazdievuiuiuslusnsuado 9 Audedalusnisuanuasmdtasfuuuiimes) luvnsfaueu
TfalumsuioRudadudua: 12 und (nMswanaseutanfuluueniwuwdos) wiousnisldiady
Flasaz 5 Au dAldEunsliusnsAmdumiioa: 200 sl wazsausI LSz AuiAn 1y
nsfonanAndu 100 unsedalus asduuAlTEUT T VUL RUAN T U

35‘1/1'1 A=9 },l=5 p=0.60 P, =0.1460

L,=0.5321 L,=2332 W _=0.0591 W, =0.2591

FuIusn luszuvlaquu leualy 2.332 AU 1I819595UUSNISIAUalY 0.0591 TILUe %158 3.546 U9

AT TINVDITZUUVUNNY = 3(200)+9*0.2591(100)= 3(200)+2.332(100)



o))

=)

=o

A=9 u=>
P =0.60 L, =0.5321 W, =0.0591
P, =0.1460 L, =2.332 Ws =0.2591

Tuso luszuuiagiu Tesmas 2.332 Al
AT UUINT 1aainay 0.0591 ¥ 119 130 3.546 UIN

A 159195 IWUBITEVVVUDE = 3(200)+9*0.2591(100)

= 3(200)+2.332(100)
=600 +233.2 =833.20 UINADY 1344




AU USUUNYUNISANLUIIULA A1 L1378

M/M/2 M/M/3 M/M/4
A g g g
L 5 5 5
p 0.9 0.6 0.45
A 0.0526 0.1460 0.1616
La 7.6763 0.5321 0.1052
L; 9.4737 2.3321 1.8052
Wq 0.8526 0.0591 0.0117
A 1.0526 0.2591 0.2177
AT Ly TuNguINS(uUIn/ i) 400 600 800
ATl TuNSEUIa U/ VL) 947.37 233.21 190.52
AT LAY IU(U/ VL) 1,347.37 833.21 990.52
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