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M/M/2/72 Queueing System

Two Tandem Servers w/0 Queues
Two Tandem Servers w/intervening Queue

M/M/1 System with feedback

Two Cvclic Queues

Two Tandem Queues w/infinite capacity

@D0enniz Bricker , U. of lowa, 1997
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Overflow i1f
server | is

Poisson arrivals busy Overflow is lost
i1f both servers
rate 3" are busy
rate rate
IL1 Lo

e want to compuies *steady-siate disirrbition
¢ fracition of customers fost
e piiiizatron of each server

&

@D0enniz Bricker , U. of lowa, 1997
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(n;.no) where 1if server i
nj = 15 busy

0 otherwise

Hhat are the
Iransition
ratess”

()

@D0enniz Bricker , U. of lowa, 1997
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(n;.no) where 1if server i
nj = 15 busy
0 otherwise
A
0,0 1,0
H1 <
2 La| (A
A B
0,1 1,1
L1

@D0enniz Bricker , U. of lowa, 1997
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Transition rate natrix

to

I{ (0,00 (1,00 ¢o,1y 1,1
(0,00 "0, 2 0.2 0 0
mel,0n| 0.33333 T0.53333 0 0.2
coL,1af Dl25 0] .45 0.2
tl,1y 0 0,25 0.3333 70,5833

E R e

1
A = e

—

H1
2= 1/21

@D0enniz Bricker , U. of lowa, 1997
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ofeadystate Distribution

@D0enniz Bricker , U. of lowa, 1997
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nfeady-5tate Distributlon g

(0,0) (1,0) (0,1) (1,1)

@D0enniz Bricker , U. of lowa, 1997
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PI
0,191=205 0,44935331 0.,152964 0,206501

Average * in System |

L = T PI+.=0 1 1 2
iEZSnl:ml 0.580530

Average Arrival Rate |

1 = T PI+.x .2 .2 .2 0
A= 1523 A 0.176385

Average Time in System

W—L— (PI+.%0 1 1 232 PI+.x .2 .2 .2 0
=7 3.29132

@D0enniz Bricker , U. of lowa, 1997
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EXPON(5)

] QT‘\ 7T\ EXPON(3) FACILITY
Iy ) \\J)IJ@ A\JHT(H 1 )’)

EDHEIHEDW’

'\J_)QJE(DH}DNH] Q"T“} FAEILIT?>>

: @D0enniz Bricker , U. of lowa, 1997
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GEN, BRIRCKER MM 2 2,4/14/93,1,Y,Y,Y'NY,Y,72;

LIM 2, 2, 100;

INIT,, 3700;

MONTR, CLEAR, 100

NETWORK;
CREATE, EXPON( 5. 0), , 1;

QA QUEUE(1),, 0, BALK( Q) ;
ACTIM TY/ 1, EXPON(3.0); FACOLITY 1
CALCT(1), INT(1), TIME I N SYS 1,
ACT, , , C3;

Q QUEUE(2), , 0, BALK(T);
ACTIM TY/ 2, EXPON(4.0); FACLITY 2
CALCT(2), INT(1), TI ME_I N_SYS 2;

=

3 OOLCT(3),INT(1), TI ME I N SYS 3:
T TERM

END; ]
C1 Nk o

SLAM code

@D0enniz Bricker , U. of lowa, 1997
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¥*ITATISTICS FOR VARIABLES BASED ON OBSERYATION®*

IMEAN STANDARD COEFF. OF IMINIIOIN — IMAETITONf MO OF
WALTE DEVIATION WARTATION  WALUE WALTE OB5

TIIE_TN_S5Y5_1 0. 238E+01 0. 291E+01 0.101E+01 0. 110E-0Z 0. 35ZE+02 459

TIIE_TIN_S5SY5_Z 0.367E+01 0.3536E+01 0.106E+01 0. 234E-01 0. Z253E+02 186
TIHME_TIN_S5SY5_3 0.311E+01 0. 323E+01 0.104E+01 0. 110E-0Z 0. 35ZE+02 Sk 357

#¥3ERVICE ACTIVITY STATISTICS**

ACT ACT LABEL OF SER AYERAGE 3T CUR AVERAGE IaX TIDL IIaAX BESY ENT
HUIl START WODE AP TTIL DEY UTIL EBLOCE TIE/SER TIE/SEE CNT

1 FACILITY 1 1 0. 3635 0. 458 0 0. 0o a7.63 d5. 22 459
& FACILITY 2 1 0.187 0. 39 0 0. 0o 94 .70 26,27 186



Analvsis
0.551
3.29

Markov Chain

3.11

Simulation
0.555

Average Time

Average ¥
in Svstem
in Svystem
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2 Tandem Servers

'ith no queues

Poisson

i Facility |
arrivals

#*1

Faglélty

¢ 2 identical servers, with exponentially dist'd
service times
# No queues allowed in front of either server
# Server 11s "blocked” whenever it has
completed service while server 2 is busy
¢ Arrivals at #1 are turned away when 1t is
busy or blocked 1

TP - Dl.-'iﬁl.-nl.-- . af ||:|-,l,|,-a-l 1997
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O if #1 is idle
=3 11f #1 15 busy
b if #1 is blocked
_ JOif *#2is idle
1i1f #2 15 busy

(x,¥) where

)

@D0enniz Bricker , U. of lowa, 1997
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O if #1 is idle
=3 11f #1 15 busy
b if #1 is blocked
_ JOif *#2is idle
1i1f #2 15 busy

(x,¥) where

@D0enniz Bricker , U. of lowa, 1997
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Tanden Servers w/o Jueues |

Transition rate natriz |

to

il
LAEETSESrS % 1
A =4 %
ILi=4 :

Ho=5

@D0enniz Bricker , U. of lowa, 1997
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Tandemn Servers w/o Jqueuss |

afeadwystate Distribution

1| state P1

1| c0,00 0.257437
21 1,00 ©0.371354
F 0,1y 0.206H95
41,1y 0.0915332
Bl th,1y 0.0732265

@D0enniz Bricker , U. of lowa, 1997
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Average * in System |

L= T PI+.x 011 2 2
iezsﬂl T 0.907323

Average Arrival Rate |

q — . PI+.x 4 0 4 0 0
l—iEZs A 1.85355

Average Time in System

W—L— (PI+.x0 1 1 2 23=PI+.x 4 O 4 0 0
=7 0. 489506

@D0enniz Bricker , U. of lowa, 1997
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. O mEHPDN[D 25 |/T\ EXPON(0.2). .
e g O

parameters [@m Yo

Hi=4
Ho=5
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GEN, BRI CKER, TANDEM 4/ 14/93, 1, Y, Y, Y/ N, Y, Y, 72;
LIM 2, 2, 100;
INIT,, 3700;
MONTR, CLEAR, 100
NETWORK;
CREATE, EXPON( 0. 25) , , 1;
QA QUEUE(1),, 0, BALK(T);
ACTIVI TY/ 1, EXPON( 0. 25); FACILITY 1
@  QUEUE(2),,0, BLOCK;
ACTI VI TY/ 2, EXPON( 0. 20); FACI LI TY 2
COLCT(1), I NT(1), TI ME_I N_SYS;
T TERM
END;
FIN o

| o

SLAM code

@D0enniz Bricker , U. of lowa, 1997
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*¥¥3TATISTICS FOR VARIABLES BASED ON OBSERVATION®*

IEAN STANDARD COEFF. OF INMININIOIN — IMAXTIONL HO.OF
WALTE DEVIATION YARTATION  WALUE WALTE OE3

TIHME_IN_S5T3 0.431E+00 0. 32ZE+00 0. &671E+00 0. 536E-02 0. 287E+01  &703

**FILE STATISTICS®*

FILE AVERAGE  STANDARD HMAKTIMOT CURRENT AYERAGE

HUIEEER LABEL/TYPE LENGTH  DEYIATIOW LEWGTH  LENGTH WAIT TIIHE
1 0l QUETE 0. 000 0. 0aoao 1] 0 0. 000
& 0z QUETE 0. 000 0. 0aoao 1] 0 0. 000

#*SERVICE ACTIVITY STATISTICS#*#*

ACT ACT LABEL OF SER AVERAGE 3Th CUR AYERAGE IIA¥ IDL IM&X B3Y ENT
NI START MODE AP TTIL DEY UTIL BLOCE TIHE/SER TIE/SER CNT

1 FACILITY 1 1 0. 463 0. &0 1 o.ov 2. 43 2. 42 6708
2 FACILITY 2 1 0. 364 0. 43 0 0. o0 2. 73 1.71 6708



Analvsis
0.907
0.489

Markov Chain

0.827
0.481

Simulation

Average Time

Average ¥
in Svstem
in Svystem
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Suppose that we add space for 1 customer
to WALt between the two facililies..

ngﬁnn .
arrivals

Facility

#*1

—( =

queue

Fﬂil%lt‘f

—

@D0enniz Bricker , U. of lowa, 1997
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(X,y) where

(0 if *1 is idle
x=711f #1 is busy
b if #1 is blocked

(0 if #2 is idle

y=+< 11f #2 15 busy

2 1f customer waits
between

®
® ©

@D0enniz Bricker , U. of lowa, 1997
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Transition

Diagram

® © &
® ©

@D0enniz Bricker , U. of lowa, 1997
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EETelars
A =4
Hi=4
Ho=5

m EXPON(0.25 |/T\ EXPON(0.2). O
\J)J 0 A(MX @ )

[ TIME=IN-
Q“”” S?STEHW
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M/M/1 System [

with feedback

F
——3OO00 =

T
A customer, when service is complete,

will depart with probability ¢ and return
to end of queue with probability g=7-g

&

@D0enniz Bricker , U. of lowa, 1997
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Ueues

k customers circu-
late through two
facilities

oo ol

5 L2
sErVIe
rate &)

@D0enniz Bricker , U. of lowa, 1997
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(i,j) where
1 =% customers in subsvstem |1
i = # customers in subsystem 2

d P
S
P2 Iz

fe his g Birin-deslh process?
Canagagre Wikh SRR Tek gueneing siesiem!

@D0enniz Bricker , U. of lowa, 1997
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Two Tandem Queues |
with infinite capacit

@D0enniz Bricker , U. of lowa, 1997
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(m,,m,;) where m; = #customers in
subsystem #1

G0
@) G2

(2 @3
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Fot sigfe
Balance

Equ ATon = Rzt

ror sigie 7ol

A+p)mig=4 mgp + pomyy

For sigie o

(A+p2) Tpp = By Tip + Ponnz

=T
@D0enniz Bricker , U. of lowa, 1997
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Balance
ATon = panpg

A+p1)mip=2A oo + Pamti
(A+L2) Tpp = 1 Rip + B2ftoz
(A+p1) 2o =24 Wip + Pantz
)
)

Equations

A+p+p2dmyp =4 mgp Hhg Rog HRoR 2
A+p2) moz = By o+ Rafos

e get infinstely many equaltions n
mfmnitelv many unknowns!

@D0enniz Bricker , U. of lowa, 1997
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Claim: these balance equations are satisired
by

T['I'Ill,ﬂlg — ]T'il:ﬂl >< T[zmg
where
Mo, = (1-p) P i =My,

5 the steady-state drstrrpution of the
MoA{ gueie

That is,
P{m, at station 1 & m, at station 2}
= Pim, at station 1} >} P{m, at station 2]

@D0enniz Bricker , U. of lowa, 1997
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Substituring finlo | Tmyme = Fomy X Ning
i = (1-p1) 05

yrelds 1. (1' VMJ (1' Vuz) = Bz (1' Vul) (1' Vuz Xuz

SUDSLAIRIING (Mo A+pmpp=A Rop + Lol
Vyields

(A+p) (1' ;%H,] ;%Ll (1' ;%lz) =
A (1' lKUl) (1' 'Vuz) T B2 (1' ;%H) Mul (1' lﬁuz) MHE

Aoon = oy

el

@D0enniz Bricker , U. of lowa, 1997



