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is busy
0 otherwise
What are the
transition
rates?
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[ steady-State Distribution

Two Tandem Queues w/infinite capacity

M/M/1 System with feedback
Two Cyclic Queues

Two Tandem Servers w/intervening Queue

M/M/2/2 Queueing System
Two Tandem Servers w/o0 Queues
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server 1 is
busy

Overflow is lost

Poisson arrivals

if both servers

are busy

rate

153

rate A
rate
51

* steadyv-state distribution
* fraction of customers fost
e utifization of each server

e want to compute:
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1 if server

is busy

0 otherwise
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PI
0.191205 0.449331 0.152964 0.206501

| Average ¥ in System E

L= Zniﬂi
i= 8

PI+.x0 1 1 2
0.580539

| Average Arrival Rate

7 = PI+.x .2 .2 .2 0
l“iezs Aim 0.176385
‘ Average Time in System
L. (PI+.x0 1 1 2)% PI+.x .2 .2 .2 0
w=" 3.29132
©Dennis Bricker, U. of lowa, 1997
GEN,BRICKER MM 2 2,4/14/93,1,Y,Y,Y/NY,Y, 72; <
LIM 2, 2, 100;
INT,, 3700;
MONTR, CLEAR, 100
NETWORK;

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

Qa QUEUE(1),, 0, BALK( Q) ;
ACTIMITY/ 1, EXPON(3.0); FACILITY 1
COLCT(1), I NT(1), TI ME_IN SYS 1;
ACT,, , C3;

@  QUEUE(2),,0, BALK(T);
ACTIVITY/ 2, EXPON(4. 0); FACILITY 2
COLCT(2), I NT(1), TI ME_I N_SYS 2;

C3  COLCT(3), INT(1), TINE_I N_SYS_3;

<

SLAM code
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Markov Chain

in System

Comparison Simulation Analysis E
Average # 0.555 0.581 :
in System | i

) l i
Average Time 311 3.29 i

0 if #1 is idle
1if #1 is busy
b if #1 is blocked
_ [0 if #2is idle
- {1 if #2 is busy

(x,y) where

Q)
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EXPON(5)

% INT(1) w

é 2; EXPON(4), @E@)
®

O
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#**¥STATISTICS FOR VARIAELES BASED ON OBSERVATION**

MEAN STANDARD COEFF. OF MINIMUM  MAXIMUM NO.OF
VALUE  DEVIATION VARIATION  VALUE VALUE 0BS
TIME_IN_SY5_1  0.288E+01 0.291E+01 0.101E+01 0.110E-02 0.352E+02 459
TIME_IN_SYS_2  0.367E+01 0.386E+01 0.105E+01 0.234E-01 0.253E+02 186
TIME_IN_SYS_3  0.311E+01 0.323E+01 0.104E+01 0.110E-02 0.352E+02 645

##SERVICE ACTIVITY STATISTICS**

ACT ACT LABEL OR SER AVERAGE STD CUR AVERAGE MAX IDL MAY BSY ENT

NUM START NODE CAP  UTIL DEV UTIL BLOCK TME/SER TME/SER CNT
1 FACILITY 1 1 0.368 0.48 0 0.00 27.63 35.22 459
2 FACILITY 2 1 0.187 0.39 0 0.00 94.70 26.27 186

Poisson |
arrivals

& 2 identical servers, with exponentially dist'd
service times
® No queues allowed in front of either server
& Server 1is "blocked” whenever it has
completed service while server 2 is busy
& Arrivals at #1 are turned away when it is
busy or blocked 9

ARannis Buisbav 1| of lowa, 1997

0 if #1 is idle
x=131if #1 is busy

b if #1 is blocked
_ [0if #2is idle
- {1 if #2 is busy
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| Tanden Servers w/o queues §

| Transition rate matrix E

to
ﬁ 1 2 3 4 5
pErETelers: o 1|4 4 0 0 0
A = mzl 04 4 0 0
=4 305 09 4 0
_ 4/ 0 5 0 "9 4
Hi=4 5/ 0 0 5 05

Ho=5
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‘ Average #* in System

L= Zniﬂi
i= 8

PI+.x 01 1 2 2
0.907323

| Average Arrival Rate

L= ‘Zs Aim;

PI+.x 4 0 4 0 0
1.85358

’ Average Time in System

w=l

(PI+.x0 1 1 2 2):PI+.x 4 0 4 0 0
0.489506
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GEN, BRI CKER TANDEM 4/ 14/93, LY, Y, YIN.Y, Y, 72; &
LIM 2, 2, 100; ]
INIT, , 3700;
MONTR, CLEAR 100
NETVERK:
CREATE, EXPON(0. 25) , , 1;
Q QUEUE(1),, 0, BALK(T);
ACTI VI TY/ 1, EXPON(0. 25); FACI LI TY 1
@  QUEU?2),,0,BLOK:
ACTI VI TY/ 2, EXPON(0. 20); FACH LI TY 2
COLCT(1), I NT(1), TI ME_I N _SYS;
T  TERM
END;

&

SLAM code
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Markov Chain

in System

Comparison Simulation Analysis |
Average # '
in System 827 0.907 :
Average Time 0.481 0.489 '
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I Tanden Servers w/o queues k

I Steadystate Distribution E

i | state Pi

1] ¢0,00 0.257437
2] ¢1,00 0.371854
3| (0,1 0.20595

4| (1,1> 0.0915332
5| (b,1> 0.0732265
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EXPON(0.25)

TIME_IN_SYS

ACT ACT LABEL OR SER AVERAGE
NUIM START NODE

- Q\ mEXPON(O.QS) ‘ EXPON(0.2)
DG G O

pErEmelers: [
(ENT(I)

A =4
Hi=4
P2=5

#¥STATISTICS FOR VARIABLES BASED ON OBSERVATION*#*

MEAN STANDARD COEFF. OF MINIMUM  IMAXIMUM NO.OF
VALUE  DEVIATION VARIATION  VALUE VALUE OBS

0.481E+00 0.322E+00 0.671E+00 0.586E-02 0.287E+01 6708

#*¥FILE STATISTICS**

FILE AVERAGE STANDARD  MAXIMUNM CURRENT AVERAGE

NUMBER LABEL/TYPE LENGTH DEVIATION LENGTH LENGTH WAIT TIME
1 Q1 QUEUE 0.000 0.000 0 0 0.000
2 Q2  QUEUE 0.000 0.000 0 1] 0.000

#*¥SERVICE ACTIVITY STATISTICS#**

STD CUR AVERAGE MAX IDL MAX BSY ENT
CAP  UTIL DEV UTIL BLOCK TME/SER TME/SER CNT
0.463 0.50 1 0.07 2.43
0.364 0.48 1] 0.00 2.78

2.42 6708
1.71 6708

1 FACILITY 1 1
2 FACILITY 2 1

Suppose that we add space for I customer
o wall between the two facilitres...

Poisson ___ | Facilit Facilit S
arrivals # 1 Y @ *#2 Y

queue
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Stat T iti

(x,y) where

®
®

0 if #1 is idle
=41if #¥1isb
" b Iif #1 Iii‘ blilt‘)st\:,'ked @ @
0 if #¥2 is idle
y=1+1if #2 is busy @ @

2 if customer waits

between
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EXPON(0.25)
O ‘ M/M/ 1 System |
with feedback
EXPON(0.25) EXPON(0.2).
v @ /ol—‘\ 9‘(1 D O
D ® g

| A
O ——0000 >

B
paaneiers: [ TIME-IN- A customer, when service is complete,
% = INTCH | 'SYSTEM . A o
=4 will depart with probability ¢ and return
Pi=4 to end of queue with probability p=7-y

&

P2=5 Ka
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Que-ues OO0

kK customers circu-
late through two
facilities

A A A A A
G QG T la-
ap ap au ap ap

0000[

service S t
Ka rate e
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(i,j) where
i = ¥ customers in subsystem 1
= # customers in subsystem 2

P

Two Tandem Queues
with infinite capacity

—

|

L L .v L L
@ _F_ e -
2 M2 M2 P2 L2

e ihis g firth-death process?
Compare with Ml Tak guedeing slisiem!
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(m,,m,) where m; = ¥customers in

@ subsym #1i
@ @

@ ©Dennis , U. of lowa, 1997

. for siale (07
1.9

lat
ati

Ba
U Amog = ponos

ror state 1,07

A+p)mip=2A mog+ Poniy

tor state (7
A+p2) mop = Py Tip + PoRo2

el
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Claim: these balance equations are satisffed

oy 1 o2
T[ml,mz = T[ml >< nmz
where
Mo, = (Lp) P pi= My,
s the steady-state distribution of the
MMl gueue

That is,
P{m, at station 1 & m, at station 2}
= P{m, at station 1} X P{m, at station 2}

©Dennis Bricker, U. of lowa, 1997
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Argp = poro
A+pymip=2 mgp+ pongy
(A+p2) mop = Py Ryg + PRz
A+prymop =2 mip+ ponzy
A+ +p2) myp =4 mop +g R F 2R g2
(A+p2) moz = By Ro+ PoRo3

e get infinftelv many eguations i1
nfinftelv many vnknowns/!
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_ 1 2
Substituting into Trmy,my = Ty X Tin,

R, = (1p0) P, i = M

Amgo = pono
yields A (1- l/l-'-l) (1- l/llZ) =2 (1- I‘/p.l) (1‘ )'/uz) A'/|.I.2

Substituting fntoe  (A+pg)ng=
yrelds

A+ (1' "/ul) l/l-'-l (1' l/uz) =
A (1' l/m) (1' l/uz) + Rz (1' l/uJ "/M (1' l/uz) 7L/le

Top + Pp2my

elc.
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