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Abstract:

The optimization of service — equipment fleet involves multiple
variables, many of which are non-deterministic in nature. The
demand for fleet services is normally time and zone dependent and
follows certain random distributions. The type and size of the
fleet affect the Tevel of the services rendered and is a function
of the initial investment, the operational costs and the desired
service quality. This paper gives an application of a simulation
approach for planning the optimal fleet of fire-fighting equipment
for a given municipality. The area under study is divided into

a commercial/industrial zone and a residential zone. Possible
fires and their intensities are described by stochastic variables
that are time, zone and service dependent. In addition to the
local equipment that is made available, possible assistance from
neighbouring localities may be rendered subject to given pri-
orities, constraints, costs and penalties, A simulation model
using GUSS (General Utility Simulation System) is used to deter-

mine the optimal fleet.

I. INTRODUCTION

Equipment planning, be it the type, num-
ber or replacement schedules, is a major
preoccupation for scientists and engi-
neers. It normally involves major deci-
sions that, once made, not only commit a
major capital allocation, but also a
given capacity and quality of service

and an impact on the environment. Careful
studies are therefore justified to ensure
the selection of an optimum decision.

Analytical optimization models, even when
they are simple in structure, become
difficult to solve as a result of the
interaction of the different problem
variables and their stochastic nature.
This is rather evident in models of
service equipment such as trucks, autos,
fork 1ift trucks, etc., where the demand
is stochastic in nature. In such a case,
the simulation provides an efficient

tool for determining an optimal solution.
This paper presents a simulation appli-
cation for the determination of the

optimal number of fire trucks for a fire-
fighting centre.

II. PROBLEM FORMULATION

The objective is set to determine the
optimum number of fire-fighting equipment
for a fire-fighting centre to meet the
needs of a given region. The type of
equipment is selected in advance based on
the available technology. It is clear
that the services offered by the centre
correspond: , for a given type, to the
number of pieces of equipment available.
Figure 1 shows an example of such a
relationship.

For this problem, the region where this
service is planned is divided into dif-
ferent districts, each characterized by
its distinct parameters such as its
distance from the centre, its nature
w.r.t. its service needs, etc. For
example, the distance between the centre
and a given district influences the delay
before the arrival of the equipment and

81CH1709-5/81/0000-0271300.75 (:) 1981 IEEE



272 " M. Sadek EID

is stochastic in nature with a given
probability distribution. The district's
nature reflects the probability of a
service call and the intensity of the
demand. Folliowing is a 1ist of the
variables and hypotheses assumed in this
study:

I1.7 - Nature of demand

The possibility of a fire depends on the
nature of the district as follows:

a) Fire occurrence

Figure 2 shows a distribution of fire

occurrence in two districts, one residen-

tial and the other commercial, each with

tts probability distribution of demand

given by: '

NAT(i,j) = probability for a service

need, t.e. a fire break, in
district i during the inter-

val j; a stochastic variable.

b} Demand intensity

The intensity of the demand, fire in this
case, depends on different factors. Such
factors are classified in two major
categories:

i. Linear factors 3 those that in-
crease the fire such as the type
of building, its age, etc.

ii. Exponential factors 2 those that
exponentially increase the fire
such as the contents of the
building of chemical materials,
etc. :

At the end of each period, the intensity
of the demand is changed as follows:

GRAN(i) = f(Xij, Yik)'yijk. (1)
. . v} ,

where:

xij = effect of Tinear factor #J

on demand #i; j =1, ..., m

Yig = effect of exponential factor #WX
. on demand #i; k =1, ..., n

The following function is adopted in this
study:

GRAN(H) = | {} Y k. teM 3oy ']»1(2)
? im je1 13 ke ik

where with

m=# of lTinear factors
= # of exponential factors

and 0 € GRAN(i) <1

1.2 Delay

The arrival time of a piece of equipment
to its destination where a demand Ras
originated is a function of both deter-
ministic variables,such as the distance
between the service centre and the demand
originsas well as stochastic ones such

as congestions and route conditions at

the time of the demand. A delay in equip-
ment arrival may result in increasing the
intensity of the demand. Supposing
therefore:

DELMAX(3) » maximum delay possible
normally between the need
i and the arrival of

equipment.
DELAI = a random factor with
0 g DELAI <1
DEL(1) = DELAI , DELMAX({#) {3)
where '
= possible delay before the

DEL(1)
: arrival of equipment to
demand #i.

The effect of the delay on the demand
intensity can then be expressed as
follows: ' h

GRAND(1) = GRAN(i) [1 + DEL(f)] (4)

where

GRAND(i) = the demand intensity at
the arrival of equipment,

with 0 < GRAND(i) g 1
I17.3 - Assignment of Equipment

After a call for equipment services
arrives to the centre, the demand is
expressed in terms of its intensity and
the efficiency of equipment into a number
of units (equipment) for a certain service
time. In addition to equipment Tocally
available to a centre, additional help
can normally be called upon from
neighbouring centres for some costs,
normally higher than those for local
equipment. An operational policy is
normally established at a centre such as:

a) A piece of equipment that is serving
at a gfven location at present period
will remain there for the next one
unless the demand s totally met
or priorities have changed.

b) A priority system is established
among requests for the service.

¢) A higher priority is given to a
demand with higher intensity.

d) The call for outside assistance is
called upon only after all locadl
equipment has been assigned.

e) Other policies.

After a call for service is received,

the demand is translated, e.g. Figure 1,
into a given number of equipment NCN(i),
necessary to meet the demand. A decision
for equipment assignment is then made.
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1.4 - Cost

In this study, two types of costs are
included:

a) Operational Cost

This includes both direct and indirect
costs incurred for the service and could
be expressed per unit of equipment
dispatched. The operational cost of a
certain demand can therefore be calcula-
ted based on the number of units
assigned and the service duration as
follows:

COP(1) = CU , NCS(1) (5)
where
coP{i) = operational cost for demand
1 per period
cu = operational cost, direct and
indirect, for a piece of

equipment.

=
o
(%]
—
e
S~
1t

# of pieces of equipment
assigned to demand #1.

The number of equipment assigned to a
demand affects the quality of the service,
e.g., the ability to control fires. The
amount of damage incurred is a function
of the equipment shortage and the demand
intensity. The following function is
assumed in this study:

NCN(1)

NeS{d 1)] (6)

CDG(i) = CDVAR , GRAND(i) ,

where
CDG(i) = anticipated damage cost for
the i th demand
CDVAR = possible damage cost, a

random variable.

1.5 - The Simulation

In order to determine the optimum number
of pieces of equipment, n, to have at the
centre, the call- for services and the
effected response are simulated for
different values of n =1, 2, ... - In
this study, the simulation is effected
using GUSS, "General Utility Simulation
System", 1 7. The choice of GUSS

was made based on its flexibility and
advantages for such a study. The
equipmentzplanning model is written in
FORTRAN and is submitted as a sub-routine
to GUSS. The results of the analysis

are presented in tab1es 1, 2 and 3 and
figures 1, 2 and 3.

ITE. CONCLUSION

This application shows how simulation can

aid in studying complex and stochastic
models. It can be applicable to differ-
ent cases where the demand on equipment
services assumes a stochastic nature.
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*
*
#*
FIRE STATION X-TRA *
#
*
4
%*

NUMEER OF AVAILABLE LOCAL ESQUIPMENT AT THE STATION = 10
MAX. NUMSER OF AVAILABLE LOCAL EQUIPMENT AT THE QUTSIDE = 3
MAX. NUMBER OF EQUIPMENT AT THE COMMERCIAL SERVICE = B
MAX. NUMBER OF EQUIPMENT AT THE RESIDENTIAL SERVICE = 2
NUMBER OF LINEAR FARTORSG -=-—=---- COMMERCIAL = i
NUMBER OF EXPONENTIAL FACTORS -~ COMMERCIAL = 1
NUMBER OF LINEAR FALTORS —-w--—-e- RESIDENTIAL = i
NUMBER OF EXPONENTIAL FACTORS -—- REBIDENTIAL ) = i
MAX. NUMBER GF SIMULTANECQUS SERVICES = 4
DETERMINISTIC VARIABLES
SET C85T OF THE COPERATION O.4OOQOE¢§B
DPERATING COST OF A PIECE OF ERUIPHENT FOR 1 HOUR 0.10Q00E+03
OPERATING COST AT ASSISTING ERUIPMENT FOR 1 HOUR 0.30060c+03
PROBALILITY OF NOT HAVING FIRE IN A GIVEN PERIOD 0.BBOOCE+GZ2
INPUT RANDOM VARIABLES
CUM.PCT  NUMBER OF NUMBER OF NURBER OF DISTRIBUTION DISTRUBUTION DISTRIBUTION
SINULTANEOUS EKT. TRUCKE SUPPORTING OF FIRE FOR OF FIRE FO OF FIRE FOR
FIRES AVAILABLE AT EQUIFNENT REGIDENTIAL RESIDENTIAL RESIDENTIAL
SUPPORTING: 70 RETURN GR COMMERE. (OR COMKERC. OR COMMERC.
LOCALITIES - SECTOR SECTOR ECTOR
¢, 0.10000E+01 0.0 0.0 0.0 0.0 8.0
3, 0.1000GE+04 0.0 0.0 0.0 0.0 0.0
ic. $.10000E+01 0.10000E+01 0.0 0.0 0.0 0.0
9. 0.10000E+01 0.16000E+01 0.0 0.0 0.0 0.0
20. 0.10000E+01 $,10000E+01 0.0 0.0 0.0 0.0
2. 0. 10000E+04 0. 10000E+01 0.0 0.¢ 0.¢ 0.6
30. 0.10000E+01 0.20000+01 0.0 0. 10000E+01 G.100002+01 0. 10000E+01
3. 0. 10000E+01 0.20000E+01 0.0 0.10000E+0i 0. 10000E+01 0.100002+01
40. 0. 10000E+01 4.20000E+01 0.¢ 0.10000z401 0. 10000E+01 0. 10000E+0L
5. (. 10000E+01 0.20000E+01 0.0 . 10000'*01 0. 10000401 0.1CC00E+01
30, 0, 10000E+01 0.30000E+01 0.0 . 10DD0E+01 0. 10000£+01 0. 10000E+01
93, 0,20000E+01 0.30000E+01 0.0 0. 10000E+01 0. {0000E+01 . {0000E+01
-60. 0.20000E+01 0.300005+01 0.0 0.10000E+01 0.10000E+01 0. 10000E+01
g3, 0.20000E+01 0.40000E+01 0.0 0.1C000E+01 0. 10000E+01 0.19000E+01
1. 0.20000E+01 0.40000E+01 0.10000E+01 0.10000E+0f 0.10000E+(! 0. 1000CE+01
13« 0.20000E+01 0.30000E+01 0.20000E+01 0. {GO00E*G1 ¢, 10000E+01 ¢.10000E+01
0. 0. 30000E+01 0.50000E+01 0.3D000E+01 0.1C000E+01 0.10000£+01 0. 10000E+01
5. 0.30000E+0T 0.800002+01 0. 40000E+01 0. 10000E+01 0. 10000E+01 0.10000E+01
0. 0.30000E+01 0.70000E201 0.50000E+01 0. 10000E+01 0. 10000E+1 0.10000E+01
92, 0. 40000E+01 0.80000E+01 6.80000E401 ¢.10000E+0L . 10000E+01 0.100C0E+01
100, 0.40000E+01 0.90000E+01 0.70000E+01 0. 10000501 G.10000E+01 0. 10000E+61
BIST. TYPE 0. 0. 0. 0. Q. 0.

0=DISCRETE,

1=CONTINUOUS
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DELAY  FOR
RESIDENTIAL
SECTOR

-10000E+0]
{0000E+0!

r—~b40<)<>

A

Ua

goar OF

DA¥AGE
COM¥ERCIAL
SECTOR $

5.200002+04
0.50G00E+24
§, 100002+03
0. 15006203
9. 15000EHS
. {5000E+05
0.15000£493
§. 150002293
§.1500CEH)S
4. 13000E+05
¢. 150002203
0. 15006240
0150065405
$.20000E+03
0.20000E+05
OI~JGUVt+OJ
«25000E+05
v.300b0£+3§
0. 350002103
0. 30000EH)T
0. 450C0EH0T

i

ia

INPUT RANDOM VARIABLES

BELAY  FOR
RESIDENTIAL
SECTAR

» 1G000E+01
«10000E+01

G,

DELAY FOR
RESIDENTIAL
SECTOR

; 100D0ECE
. 10000E+01

.

INPUT RANDOW VARIABLES

L
SECTOR ¢

0.30000E403
0.10000E#02
0.280008+04
0. 300008404
0.4GI00E#04
0200002404
.50000£+04
0.E20005+04
0.50000E+0%
0.50000E+02
0,E00005+08
¢, 500005404
0.80000E+0%
0.80000E+0%
£.50000E 04
0.B00COE+04
3 B36092+04
T0000E+04
3800005104
.900095 408
0.10000E+05

1

Table i1

CusT OF

TAthcE
#<SIDERTIAL

S‘CTOQ $

¢.30000E03
¢, 10000E+04
0. 20000E+04
0.30000E+34
G.400002-04
§,40000E404
0.50000z+04
0.000302*v+

0,200005+03
0.63340E+6%
0. 70000104
0.800002+04
¢.50000=+04
3. 10000E+05

4=DISCRETE

G=DISCRETE, {=CONTINGOUS

TIRUGUS

£0ST OF
DAMAGE
COMHERCIAL
SECTOR $

0.20000E+0¢
0.500005+04
0.10000E+5
0. 15000E 405
0.15000E+05
0. 150005405
0.15000%+05
0. £56005405
0.150005405
0. {5000E+05
0.15000E+05
0.15000E+03
9.15000E+05
0. 20000E405
C. 200005405
0. 250008405
0.25000E+05
0.30000E+05
6. 3300E+05
0. 30000E+03
0, 45000E405

1.

£g3T OF
DAMAGE
RESIDENTIAL

SECTER ¢

£.30000E+)3
0. 100005 +04
0. 20000404
£.30000E+08
Q. 500008404
G,40000E+34
0.506002404
£.63000E404
. 802008104
0,8GU00E+04
0.50000E+04
0.30000E+04
$.800002404
0,80G0GE+04
3.500002 0%
0.89000E+03
$.83COGE+G2

0-70090E+v7
0. 8000GE-C4

S qeuvv*+v1

0. 1G00CE+0T

4]

£osT oF

EAMAGE

COMMERCIAL
ECTOR ¢

$.20000E+0¢
0.50000E+03

0.13000E+03
0. 13000E+05
b.-uOOOE+03
¢ 15000503
0. 15000E+0
0. 15000EH0T
. 20000EX05
3. 20000£405
0.23000E+C3
0. 25030E+03
$.30000E+03
0.35000£+03
0.40000E+05
6. 53000E+05

i

RtS‘B.NT’AL
SECTOR %

4.300005493
¢.10000E+03
0.200005+04
3. 300040
6.40000E+04
0.40000E+34
9500062504
¢.50000E+04
0.30000E+02
9.600002+04
300005404
3, E0000E404
3.60005E+04
0.50000E 403
0.ELU0CEH0
0,50000+34
LSI0I0EH0
0. 700005433
0.80000E+0
3. 200006404
0. 100002405

£
hall
wm

£OET OF
DAMAGE
COHMERCIAL
SECTOR ¢

$.20000E5+04
0. J0GO0E+04
$.10000E405
0. i5000E+05
0..3100C+05

0.13600E+05
0. 150008405
0.200G0E+05
0. 200005405
0.25000E+05

o.@sooos+55

.

LINEAR
rl"n ToR
CHUMERCIAL

0.0

0. 1000GE+Q1
$.13000E+0E
G, 20000E+)1
0. 26000E+31
§.200002+61
0 JECH0E+01
'R §i000=+2§

G.470008+01
0. 48000E+01
¢, 31000E+01
G. 53000401
§,33000E+01
$,S5000E 431
0 E3000E+01
B3G003+51
$.I3050E04
. 35000E+¢]
0. 100002402

C:-
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CUM.PCT

CifM. 8o7

‘Ik:ﬂg
COMMERCIAL

0.0
0. 10GO0E+01
0.130005*01

0.51000E+01
0.53000E401
0.550062+01
0.58000E+0;
0,53000E+0
0.53000E+01

. 73000E+01

0. 850006401
0. 10000E (2

b

EXPONENTIAL
FAGTOR
COMRERCIAL

0.0
9. 100005400
0.200095400
. 310005430
0.350005500
2. 51000E+00
0,43000E+00
0.47000E+00
2.50000E+00
2.55030E400
0.520005+00
0.E8000E40C
0.70000E+00
£.720005%00
6. 740005400
0.750005400
G.B1C00EH00
0.85C00E+00
0.500005+00
¢.55000E+00
0. 10000E#0¢
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INPUT RANDOM VARIABLE

LINEAR
FACICR
CORMERTIAL

0.0

0. 10000E+01
0. 130005461
Q.200005104
0.26000E+01
0.30000E+GE
0.33000E#01
0.4L000E401
0.43000E+)1
0.45060E+(1
8. 47000E401
G.4800CE+GE
0.1000E+01
0.33000E+01
0.35000e+01
0.98000E+01
0.63000E+01
0.G3000E+0]
0. 75005E+01
0.85000E+01
0. 100005402

LINEAR
FACTER
CEMMERCIAL

0.0

0.10000E+01
0.1300CE+01
0, 26000E401
0. 25000E+91
4. 36000531
(.39000E+01
0. 410005401
G, 430005401
0.43603E 01
$.47000E+0]
0 58000:*01

§.5500 E+€;
0.J5300E01
0.53000=301
0.B3000E+01
0. 730005401
0.63060E+0!
0.100002402

1.

INPUT RANDCM VARIASLES

«*aIDENxIA’

¢.0

. 10000E+0L
¢, 1E000E01
§. 18000801
G.210005401
$. 230008401
3.250008+0}
0.27000C+01
G, ZECH0E+OT
8. 28540531
G, 290008 +0
0.32000E+01
§, 380002 +0¢
$.420002+01
0, 46000E+01
0.37000E+01
{.G600CE+0T
0, 770005+01
0.85000E+01
0.95000E40]
¢, 1COQGE+G2

U=DISCRETE, I=CONTINGQUS

Tabis 13

LINEAR
FALTOR
RESIDINTIAL

B, 48000Ef01
0.57000E+51

$.88000E+G]
0. 770G0E+0¢
¢, 83000E+01
0.32000E+01
G. 1000GE402

i
iw

SIMULATI

EXPONENTIAL
FACTOR
COMMERCIAL

0.0
0. {0000E+GO
6. 2000CE+00

0.36G00E+30

0.£10005+00
0.450002400
. 47000E+00
0.50000E409
3. 33000630
0.82000E+00
0.68000E+06
G.7C000E+G0
. 72000E4G0
0. 74000C+00
0. 75000E+00
0.81000E+00
0.85000E+0C
0.80000E+00
3.96000E+90
0.1G000E 01

LxﬁEﬂ?
STOR
xthB:NTIA_

>

.0

§. 100062 +01
‘.159)0t+01
0.13000c+01
O.ZIOUGE+¢{
¢, 23000E+§1
0.23000E+01
0.27000E+01
0.28G00E+0:
3. 2B390E+¢1
2.2500CE+01
G 32000E+C1
$.36050E+01
6, 32000001
0. 48000E+0¢
0.37000E+01
0. 58000E4G1
G, 770005431
G.83000E401
0.34005c+01
0. 1000GE+Q2

2N RESQ

EXFDNE&?IAL
ACTOR
Lﬂunt?C‘AL

0.0

0. 100005400
0.200002+00
0.3L000E+50
0. 38000E+00
C.31000E+00
0.43C00E+00
0.37000£+00
0,50000E+00
0.55000£400
§.52000E400
0.B800GE+00
0. 700005456
0. 72000E400
01750602+00
2. 78G00E400
0.8£000E+00
0.5000E+00
8.50000E400
4.55000£+00
0. 10000E+0§

LINEAR
FACTOR

r
REGIDENTIAL

0.18000E+¢1
0.21000E+01
0, 25000E+04
0.25000E+01
.270008+01
0.,28000£401
0. 289005401
C.”’ﬁCﬁ Lﬂ‘

. ’2“00k+b£

0. b8060E+01
G 770002+01
¢, 85000801
3. 84G00E+01
Q. 100002+02

—————

Lani.
—

EHFGVE&T AL
FACTIR
COXMERCIAL

0.470005+00
9.50000E+0¢
0.55000E+00
0.82000E+00
0.65000£+0¢
8.70000E+00

7200030
0 I3000E 00
6. 760005400
4.81000E+00
0.350005400
0.50000E40¢
$.E5000E+00
2. 10000£40}

EXPONENTIAL
FACTUR
?ESIB~|:IAL

4.0
0. 10030E+00
6.20000E+00
9.33000E+00
6. 430005+06
$.50000E+00
0.8800CE+00
9, 70000E+0
0. 730305400
0. 750005400
3. 750002400
0,E20005+00
0. 340005405
0.3E000E=90

0880005 +00

§.S0000E+00
$.82000E+00
0.83000E+00
.93000E+00
0.58000E+00
0. 10060E+01

.
-
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