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Ahstract

Tiiis paper!describesia simulation model developed as a tool to aid

deployment decision-making for the New York City Fire Department.

“fhe model, wriften in Simscript I.5, has been used to evaluate

alternative solutions to workload and response‘pfoblems plaguing

the City. These solutions invelve new pdliciesbfor iocating,

' relocating and dispatching fire-fighting units to achieve a more

effective.utilizétion of rescurces. Seversl specific a?plics-

tions of the ﬁimulation are ‘described. In addition, methodolog-~

ical 1issues concefhing the design and use of the model ure

addressed.

I. INTRODUCTION

Since 1968 a large-scale regsearch program

for the Fire Department of the City of New

York has been in progress at The New York Ciﬁy—'

Rend Institute. An overview of that resesrch
is contained in [1]. A major part of the pro-
gram has been sn 1n§eetigation and evaluvation
of mliternative policiee for the deployment of

fire~fighting resources. This paper describes

——
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a simulation model of tne responses of fira-.
fightiug units to alermeg, which has been one of
thé tools used for this zvaluation. A compre-
hensive description of the design of the simula-
tion model 19 given in [2]. Our emphasis in
this paper will be on the use of the model. We
will describe the varilous policies which were
compared and ptesent the differences in their
performance. We will slso note new policies
which have been implemented based in part on -

simulation results.



" We had two primary motives for using
simﬂ at::lcm'

(1) To be able to compare alternative
- policies ‘without risking lives ead
property and spending considerable
sums of money by trylng thea in the
real world, zmd

(2) To gain a‘bel:tar_understanding of
’ fire department operations by waking
‘clear the effects of interactions
within the system and the second-
crder consaquances of sugg‘-aged
-actions, : .

" The need for sucb xmdetst:anding and for

the development of new yol*c‘ns had become ap-‘

parent to t:he Departmem: a8 the alam zate:

began to grow exponantially in the 1960'5_. In

1968 the Department responded to 227,000

alsrms;vmore than three times tha‘a@et' re-~

sporded to in 1956, placing a savere etrain on

existing firg—fighting resoutceé and i;xc_reas-
ing the preséﬁr;as on the Clty for adding to :
them. However, a full-time fitev cqmpﬁni--s |

| pumping engine or ladder tmck and a comple-
ment of men sufficient to man it arcund the
clock-~costs vver $600,000 par year. The Fire
Department wanted to make more efficlent use
of existing resources and to determine the
most effectiva ways to add aew resourées. 'fhe
simulation bec;;ma the major tool ‘fér‘evalu-‘ :
ating candidate poliéies.

We presentc hera the resilts of gimula-
tion expef:lmente In whf;ch' three types of
policles were tested:

(1) Dispatching policies: how many and
which uunits of each type {engines
and ladders) should be gent tc each
incident? With gome excep:ione; im
t.e past the same response was sent .

to all alarms received by streei box
in all areas during all times of day.

However, box hiat:c:ies ghnwed that the
nrobabil:lty that a given alarm signalled
a sevious fire varied greutly by time -

and area. With the simulation it was = - B

‘possible to chserve. *he effact of va"y-
ing the etandard regpon

{(2) Relocation policies: aiven geveral
units busy in an area (at one large
" fire or several small ones), which
available units should be moved into
- empty fire houses *n the avea, when
" ghould they be moved, and which empty =
houses should they £111?7 The wethod -
being used by the Department was not
designed to handle the increasingly
common instances of severxal fires in .
progresa in an area simultan«.ous..v.

(3) Allocation Loliciea. how many ‘units of
cach type (engines ard ladders; shouid
be located in each area at each ¢ime of
day, and where should their houses be?
Traditional practice in New York City

 and throughout the country is to have
the same pumber of unitg on duty 24
hours a day, although, for example, .
the alarm rate ire New York City between
: 8 p.m. and 9 p.f. is six times as high
as between 5 a.m. end § a.m., and over
60 pevcent of the day'e alarms are re-
ceived between 3 p.m. and midnight.

The new d:lspatchiﬁg, ruloééfioh; and gi-
location policies tested in tha aimulat!.mi were
designed on the basis of the experience.of fire
officers and v‘analyais by offii:ez’_fé and r;seinbers of
tb’ek I\vuAat:kitute's gtaff. The purpose of the stmﬁ-
1&\1:10& expe.riménts was to compare the new poli-
cles to the traditional‘ohés under controlled
conditions to see how muéb better (ox erse‘)' .the' ,

new ones would be expected to be,

II. MEASURES OF BFFECTIVENESS

A direct way to measure fire department
performance 18 in terms of loss of life and
propexty damage, but we made an sarly decision
in the design of the simulation model not to
attenpt to do so. The tel@tionshipa betweev.‘

deplovment actions end these direct measures



were ﬁQﬁ knows, and obtaining such meésures"\
seemed to be a long and possib1y £ut11e proj-
| ect. We felt that ourlimmediate ébjegtivgs
could be met by using several,éasiif‘célculated
surrogate neasures of performance guch as the
| response time of units to fires. It developed
that different pulicies could often be ranked
in terms of perfarmance in p;aventing life loss
and property ﬁam&ge;by-examihing their perior—
nance on the surrogate measures if one aasumed
only a monotoae relationship between them and
the direct meesures.

By a surrogate or "imternal” neasure wé
mean an aspect ofvthe Fiie Depaitment’a perfor-
mance which can beiobser#ed by watching only
tﬁé Depertment's activity and not its conse-
quences. Examples of internal measures are the
number of units fesponding to incidents, the
time 1t takes each one to arrive, the number of
. responses made by each unit, and the proportion
of time each unit spendﬁ working.

In order te show the close interrelation-
ship between direct and internal measures let
us focus on one direct measure: loss of life.
How would it be affected if the current policy
were changed? In order to find this out from
the simulation we would have to know, first,
how the pattern of responaes would differ
under the new policy; and s2cond, how this
changed pattern vould affect loes cof life.
The latter question is quite difficult to an-
swer.

On the cther hand, the answer to the

former iz easy to obtain in a simulation, and
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this intetual‘meesure can be used as a surrogate
for loss qf 1ife and loss of property. The fol-
iowing analysias shcws how this may be done.

A ueeful measure of a policy at a particular
jucident is the vector of the response times of
all units responding to it. The vector of ze~
sponse times for ¢igines gives the time of ar-
rival (relative to’ .ie time of alarm) of the
first engine, second engine, stc. We divide the
vector into tw> parts depending on whether the
uvait is an engine compﬁny or a ladder company.
Thg vector for each type of unit is then puﬁ invi
crder of unit éfr+val.

If, at a particular incident, one policy
produces a rpsponbe time vector every component
of which 1s smaller than the-corresponding com-
ponent for another policy. and there are no

other differences between the two policies, then

it is clear that the former policy is as good or

better for preventing loss of life, even though

we do not know the precise relationship between

respouse time and loss of life. We would not ex-

pect one policy to be better all the time, but we
can aggregate the response time vectors by irci-
dent type and =atimate the distribution of the

response time voctor for each type. (See Teble 1
£or one possible breakdown of incidents by type.)
The empirical cumulative distribution function

(cdf) for a given incident type can then ba used
to test whether one policy is better than another
policy for vesponse to that type of incident. If

the grouping we are using for this analysis is

those incidents at which arrival time is the



primary factor in determining if a life will be
icat, then, if the empirical cdf for policy 1
is bettexr thar, that of policy 2, policy 1 is
tne bettey poiicy; that is, it will result in .
ag few ox £=wer ilives being lost.

Detetmining whethar the empirical cdf under

policy 1 is better than that under poiicy 2 4s
" genexally mot an-eaay‘task. For example,
policy 1 may get the first iadder to incjdeita
faster vhilé making the sscond laddes tesponée
slover than policy 2. Invpractice we have
generallj focuseé en individual components @f
the vector of respo&ée tiwes. For example,‘we
have compared different polﬁcien with respect tc
| o the distribution of first ladder (en-
gine, arriving unit) response times to
different types of incidents"

o the pverage first ladder (engine, ar-
riving unit) response times to Jdif-
ferent types of incidents.

We use standard statistical tests to determine
if differemces in these respoﬁse time measures
between.policies are significant.

cher internal measures of interest axe

coverage (the current preportion of alarm

boxas for which aearby unite are available) and

workload (the number of responses made by fire- -

fighting units). They are discussed in detail

in Section IV,

YT, THE SIMULATION MODEL

The simulation package conalsts of three
parks:
1. An ipput program. Civen s probabilis-

tic description of the fire demaxnds in the area
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co be nimulated, this program, wriiten in
SIMSCRIPT 1.5, genesrates the sot of incidents
(exogenous events) which will occur in the

simulution. The description consists of:
o potential incident locations (we used
alavm box locationa);

o for exch alarm box location, tha arrival
rate of eech type of incident and the
pruportion of each type which are re-
ported by telephone;

o a description of each type of Incident,
which includes the number and kind of
companies required to handle the inci~
dent and the length of time each company
- is required.

o 2. Thé_é}ﬁqégtion program. -

:This pségt#ﬁ,a
also written in ﬂIHSCRIfT 1.5, simulates the
Department s rnsponse to e given et of inw
cidents under & particulnr seL of deployment
po. !cies. The program produces stetistics on
company utilization, wofklbads; rasponse times,
snd coverage. It also produces output files
that ave availzble for later analysis. Usualiy,‘
this program 1is rﬁu several‘times with ‘the same

input file but using different deployment

policies.

3, Post~simuletion anslysis program. These

are programs, vsually written in FORTRAN, wirich
measure the statistical reliability of the simu- -
1lation zutput and mske compérisons between simu-

lation zune based on various measures.

The zun tiue of the ;imﬁlation program in~
creases linearly with both tﬁe‘uumher of alarms
processed and the number of times the simulation
is interrupted to obtain samples of the state

vactor. Approximately 78 samples or 10.6 alarme
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can be processed in one CPU second on the

IBM 360/65. A typical run might contain 3,000

alarms and 500 samples and thus require 288 CPU

seconds.

The simulation was designed to facilitate
the process/of making policy changes°
a program which would be able to5 simulate many

different policies without being sure in ad-

vence what these policies would be required the

use of interchangeable sub—toﬁtinés and B flex~

8

=

ible data base. Ve present belwﬁ brief sum~
nary d?:the orgaﬁizatioh of the simulation
prograw and a description of the data base

which was used in our expetiments.>

Simulation Flow

The progress of an incident can be traced
by following the series of event toutihes
thzrough which it passea. (In what follows

the names of event routines will be written in

capital letters.) The FIRE first breaks out

and, some cimé‘later, at aa instent prade;er;
mined on the input tapé, the ALARM is turned |
in. The program-;uaing 8 giﬁen dispatch poi-
icy~~decides which companies to send to the
alarm and schedules a DISP (dispatch) event to
occar aftef a one-minute delsy to allow for
the alam to be processed at the dispatching
office and for the men to climb cnto the ap~
paratus. In the DISP event an arrival event
(FARV) is scheduled for each of the dispatched
‘units. The arrivel time depends cn the dis-

tance between the fire and the unit. The

respondirg (end returning) units are sssumed

To write

to travel at 20 mph, and 3 combinaticn of right-
angle and Euclidean distances is used to deter-
mine response distance.

The first of the FARV eveuts to occur for &

~particular incident produces a CALIN (Call Im)

~i

at which the firét arriving unit "reporﬁa" the
condition of the incident to the dispatching of-
fice. If too many units bave been ger.. some are
directed to return to their houses; that iu, the
FARV events of the excess companies are cancelled
and HARV (House-arrival) events are scheduled for
them. During their return home these cnmpan;gg‘
are availsble for dispatch to other 31é#m5.,‘1f
the fire 1s a graater alarm fire, HARLM (h;gher»
alarm)_event; are scheduled9,resulﬁing_imvmore'
DISP and FARV events until encdghKEQuipmentfis

at the scene of the fire.  The RELS (release
froﬁ'service) evente are scheduled e% times

vhich ﬂepgnd.on the arrival time of thé épmpany
and the work time parameters fcuﬁd_on tﬁé-input
tape. After release, companies proceed back to
their fire stagione, causing BARV events.

The details of the event routines and the
output statistics have heen tailored to New Yofk"
City. However, metropolitan fire operationé are
gufficiently similar acrose the country that the

basic gtructure of the simulation should be ap-

plicable to other cities.

Data Base |

The Bronx, one of New York City's five
boroughs, was the subject of the simulation ex-
periments reported on here. Seven incident

types ware defined based on the number of units

t



required znd the smount of time each unit would

work. The incidents reaged from false aletks,

vhich reguire dhly a short zearch Ey’ an engine
and a iadder to #sure that :héré ﬁa 2o fire,

, ts,thi:rd alam_.fviréa, st which »fifte'en com-
panies work for sevaral hours each, For each .
type of incident work itimes wei;é Cﬁaal:ed as
constanta, made equal to our estimates uf wean

work-time. The simulstion also distinguis&e.s

between aiagﬁa ‘tecelved by telephdﬁg and those:

turned :lnfrom street boxes, since most v‘die:-
patching policies depend on how the alarm is

received. Table 1 liets the ;aevén' alarm types

on every second b‘;;&eet corner) were gathered
1nto 358 telativeljr homogeneoug box groupa"Q
Bach of these box groupe is then gimulated as

if it were a single alsxm box. The location uf

 pach ErOUp was defined ‘as,_ the centroid of the

‘boxes composiag it. ‘ 'I.‘hé box grcups were then

»:assigned' to one of two 'éétn based en thelr loca~

| tion, dividing the Bronx into two disjoint

‘regicne. The buildings in Reglon 1 (the feuth

. Bronx) are older, the regicn .isy rore denssly

| popuiated, a'}ditvm a \;éfy"high rate of fire

k ‘alarms. Region 2 has a lower population density

“and fewer fire alarms. In i!mth', sbout 40 percent

~ together with the mmbér of units each ret;r(uirea ‘

and the other incident éhafscéetiatic&.

To reduce computer storage requirements,

the 2,500 alarm boxes in the Bronx (roughly one’

"of the street box slarms are false while leas

than 5 percent of the telephone alarms are false.

Some other regional characteristics are:

Table 1. INCIDENT CHARACTERXSTICS
Percentage of all alarms
No. of units : , ‘ in region (1968)
required Average work times (mins.) - Region 1 Region 2
Incident type Engines |lLadders Engines Ladders Box |{Phone Box _|Fhone
False alarms 1| 5 5 2.2 | 2.3 l12.6 | 3.0
Easy emergencias, 1 ' ‘ '
non-structurals,
and transportation » S B
fires 1 i 18 i8 23.9  |15.7 12.0° 129.3
Hard emergencies and . 4 i
eagy structural fires 1 1 8 18 13,1 17.1 7.4 32.1
Structural fires 2 1 75,45 60 1.02 | 1.08 .51 | 1,53
Structural fires 3 2 150,105,690 156,90 .60 .63 .30 .90
~ Structural fires 7 3 240,180,120,90, |180,135,105 .12 13 .06 .18
' 90,60,60 ‘
Structural fires 11 4 360,305,270,240,{330,270,180, 06 1 .06 .03 .09
, 240,189,150,120,{135
120,90,9C
Total 63% 372 33 67%
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Region 1

o over 2/3 of the alsrms in the Bromx

o covers 1/4 of the borvough's area

o almost 2/3 of the alarms ia the region
- are reported by street bcx

Region 2
o less than 1/3 of the alarmsrin the
Bronx
o covers 3/4 of the borongh's ares
o 1/3 of ths alarms in the regiou are
reperted by sireet box
The exactvproportions used in the'éxperiments
Jere based on analyeis ef 1 68 incidents., A
'percentagu breasdawn of 1nuidents by tyve for
each reginn i included in Tadble 1.
_ Since modeiling the incidence of box aud
:telephone alarws for each tvpé ofviacidani at
the location of each box graup as. 1ndependent
Poisson processes yieldq gocd fita to the ob—v
served data (see [3]), we have used this

‘Poisson assumption in gene:aciné élarms. For.

computational easé, we generate independent ex-

‘ponential random varisbles for the times between

successive incidenté in the entire borough. The
type and lbcation of‘each incident is then de-
te:mined by matching random numbers_to condi;
tioral probaﬁilicies. Specificélly,.for each

~ incident, we let it happen at a ﬁatticulaf
alarm box with ptoﬁability equsl to the propor-
ﬁion of a11.1968 Bran incidents which occurzed
the:é. This locatiOﬁ also determines the region
in which the incident occurs. Given the region
assignment, we let the incident be a box or
telephone alarm with the probability appropri-
ate to the region. The incidentvis then as-

signed a type using a probability appropriate

to the region and how it was reported.
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IV. POLICY ANALYSIS

In the las£ three years we have méde.ﬁan&-
simulation runs to evaluate the efiects of vari-
sUs ueployment policies. Many of them have iled’
ditectiy #o the implementation of new policies by
the New York Ci#f Fire Department;vothers have
indicated depl;ﬁment‘changes which are now being
considered. .

We deseribe some of these simula-

tions in this section.

 #.  INITIAL DISPATCH AND ALLOCATION POLICIES

This serzies of“sjmulation ekperiments con-

sidered a'waj of reducing the heavy workload

being experienced by some companies, wi*hout

, eithpr sacrificlng fire-fighting effec;iveness

or’making a‘large‘investment in new fire com~
panies. Thea solution examined consisted of

adding a small numher of new full-time or part- >

: tiﬁe ﬁompanies and modifying the diépatchingn1
- policy to send fewer companlps to some alarms.

4 ~The potential iocations for the .new units were

existing fire houses. The locations used were
determined 5y préctic#l conditﬁoné, such es

space in the fire house for men and equipment
(part-time units needing‘lesé), and chebneed‘for
hélp, as measured by the gotklgad Qf'théfcutrént‘
units. | B

New York City's dispatching poiicieé;employ

. alarm assignment cards, cne of which is asgo~

clated with every alarm box in the Cityi(a'aémple
card is shown in Fig. 1). The first half of the
card lists the engine companies andlladderfcom-

panies in 1ncteasidg orderApf distance from the
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3311 | CRESTON AVENUE

and 192nd. STREET

BHRONX
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o v TTYRerT R
48 75 79 :535 :37’ 74 19 15 ENGINE. LADDE
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81 88 42 46 "¢} s0-75 38-79 | 3933
_ | 32-37
: , . CRI-46 . 90-02
L3 L6 62 95 i3 38 18 o
- B3
: . ' 3-92 )y -
92 .5 68 93 27 I 19-27
. . v ’ Boegg 59-93 -
T 9683 BJ D) i
: no 69 ok 53469 -40-69 v
| Fig. 1. A Typicel Alarm Assignment Card
alarm Boxn 'The';fﬁditional dispatéhiﬁg}palicy/ units without changing the reapoﬁsé‘”' o

for box alaxms‘isito send whoever is availéﬁle
df the firs; §ﬁtéé engines 396 £wo-1addérs
;.listéd’onlthérc;rd\for thé box,v“gpecialr.

. é&lling".égﬁpaﬁies 1f necessary t; assure a

‘ ' rasponge 6f;d§ least one épgihe'apd one ladder.

The'néw‘diap$tching policy to be teated, cailed

gggptive xrespunse {AR), would send exactly two
, enginee ghd 6ne ladder to alatms reported from
‘gelected stréet boxes. {In iae simalatién, the
change to AR req&ired only the rewriting of the
_ALARH subrnurine }
" We simu!ated because naiva calculationa cf
‘ .the effects of thesé_propcsala were inadeguate
" and simulation would éérmitaﬁofé'yéedise calc&;
istiona. Aﬁur é&ample: E
(1) Under the traditional diapatching pol-
jcy a8 few as ore engine and vne ladder
night be sent to & box alarm bacause

othaer units were unavailable. There-
"fore, the effect on wozrkload of adding
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. larger number of units.

3)

policy was hard to calenlate, The
same work would not be split among &

: Instead, more
units would be avajilable on the ave.rage,
so the total aumber of responses would
go up, not necesearily reducing any
comoany 's workload.

'_Sending exactly two engires and one
~ladder under. adaptive z»sponse might-

not reduce auy company's workload
eithexr. - In the ca.> cf enginss, for
example, even though some box alarms
received three engines under the tra-~
ditional policy some aleo received only
one. Thus, it was even possible hatk
‘adantive regponge, at least during busy
periods, might actually inciwass the
‘total numbar of angin° responaes,

The effect of adaptive respunae ‘on ra-
sponse time was also unclear, If
availability were incressed, then re-
ductions in first and,second engine

and first ledder rveeponse times would be
expected, If & third engive or second
‘ladder wezve needed at &n Incident at an
AR box, one would guess that its re-
sponse time would go up, since these
alarmg would aiways have to wait for the
first arriving unit o request additional
belp. "However, the oversll average
third engine or gecond ladder responage
time could end. up befag reduced since,
sven under adaptive response, telephone

‘&larms which sound seriocus are diepatched'



the f£ull complement of three engines
and. two ladders. Reducing response to
potentially less sericus box alarms
mesns & greater chance of having a
nearby third engine availabie for s
serious telephone alarin.
-though the initial dispatch of the
third engine (when needed) at AR boxes
is-delayed by th2 amount of time it -
" takes the first unit to arrive, the °
" third. engine wili, on thc average, be
closer than under the traditionel pol-
icy and mighs sonetimes get to the -
fire faster. .

We almulated the_adaptive responsé policey

" for several different specified numbers of fire

o ébmpaniea-and four &tfferent-alérm rétes,‘f

5, 13~1/3. 21 end 30 alarms per hour 1n the
borough. These alarm rates toughly uorrespond
to the average alarm ratpa for early morning,
"‘miaday, even;wg and a ueak evening.r “All runqv

at the same alarm rate used the same sequence

 of 1ncide

~Alsc, even -

time).

“high aza?m«rates than at low pnes,

all three response times ﬂeéﬁeés# (wi#ﬁ a st§£is-,
ticaliy signifitanf.reduétioﬁ in secohd engine
Bowever, the. ave;age number of engine
responseé per hour incteases which implies that
engine awailability would be 80. 1ew uuder the

traditional: poltcy ihat on the average, fewer

engines were dispatched thaa pnder:adaptave re-

:sponse.

?t01 Tables 2 and 3 we also nate tbdt under

- eitner the traditicnal poxicy or: AR, adding nev

unita has a greater affect con response t‘mes at

;3Under Lhe

_ raditional policy;'for éxﬁmplé,freductibn in

r.tﬁe average first 1adder resporse ia about one

. second ( 025 minutes) per ladder added at 5

s (numberiug abcut 2 000), 80 rhat,wl’“

. true dlfferences between‘policies‘wgre not‘-‘-f*

oﬁscu:edfbyytheif facihg diffetéht.aia:m
reaiizatibns. The resuigsfére'giﬁénriﬁﬂ-
:’T#sies 2and 3. L .
The most important interpretation of thesa
resulta is that, at high alatm rates, the adap-
tive responsq policv apparently dominatea the

traditional one for 1addera¢, That is, we see

i than uhst might naively be expectnd.

rhat at 30 alarms per hour dad 12 laddets, the

aversgs time to firSt'and gecond ladder both
decrease. and Lhe rssponses per hour per ladder

decrease. (We say appareutlv becauae neirher

'reapnpég time reductipn is, by itself, statis-”‘

tically significant.)

For engines,ﬂwe'see that. under adaptive

response ai either of the two high slam rateé,

T

der per hour.

71alarms per hour; 5 5econds per ladder added at
13 5 aiarms per hour, and 16 aeconds per ladder

'added at 30 alarma par hcur. v

-As we supposed, the worklcad reductiona forl.f'

”busy unite when companies are &dded under the

tradi“ional tesponse policy turn out to be ?ess‘
For
example, for ladders at 30 alarme per. hour, ﬁa
have 2.072 :egponses per ladder per hour with i
12 laddérg; When three iadders are added, if the
same work were'éo be tedi;trihuted;‘ﬁé would-er.
pect (]’!15) % 4.072 or 1. 658 responsea per lad-

Bowevex, the simulation resulta

~dn 1. 942 reapnnaes per ladder, ‘ndicating that

. tho main effect of the new 1adders on the orig-*

inal ones is to wake them available ts answer

~&larms that preiiouslv recelved one ladder or a

ladder from outside the region.



Taﬁ]_.e 2.

ADAPTIVE RESPONSE SIMULATION TEST
REGION 1 RESULYS: ENGINEL

' R@sponse timeé (n‘;ins‘})v’to R :
Bronx R ; S - Fo. of
. alarm rate No, of : ‘ Second engine Third engine renponsea/hkr. -
- f{alarzs/hr.) engines First engine | (when needed) | (when needed) per engine
5 18 2.30/ 3.26/" 432/ ] 533
19 - 2.30/ 3,26/ 4.28/ 4
13-1/2 18 2.56/2.55 3.55/3.43 4.81/5.35 | 1.174/1.079
19 2.53/2.52 3.53/3.39 4.79/5.25 | 1.136/1.028
20 2.4402.42 3.43/3.37 C4.75/5.27 | 1.102/.986
K 2 2.41/2.39 3.42/3.33 4.72/3.16 | 1.0887.943
21 18 2.92/2.89 6.47/4.07 6.13/6.05 |  1.549/1.657
' 21 12.62 o /3.78 __ 15.80 " /1.468
0 18 3.57/3.57 6.12/5.33 | 8.07/8.05 1.829/2.224
a | 21 3.13/3.10 5.05/4.62 - | 6.76/6.75 1.940/2.041
‘Range of nc. of in- o B a
 cidents ' 1820-2208 - 50-73 o o25-31
'Range of raw std. - . |
~ dev, of indlcated ‘ LT B Ry . ,
* response times 81-1.93 | 1.72-2.39 | 2.56-2.74
 Table 3. ADAPTIVE RESPONSE SIMULATION TEST -
S REGION 1 KESULTS: LADDERS
o Reap_miée’ times (mins.) to :
Bronx . - ... (without AR/AR) ' No. of
alarm vate Ne. of © | ~ . | Second ladder | responses/hr.
(al&m/hr.)’- ladders | Pirst Jadder | (when needed) | per ladder
s 12 2.58/ 4.02/ 567/
14 2,53/ 3.81/ 4807
13-1/2 12 2.93/2.90 4.42/5.07 | 1.196/.969
13 © 2.79/2.77 ' 4,19/4.90 1.143/.900
21’ 12 3.47/3.46 | 5.67/6.12 1.678/1.473
15 S 12,99 ‘ 15.44 . 11.238
R R 6,45/4.37 8.11/7.96 | 2.072/1.927
~ ~15  3.61/3.85 | 6.82/6.72 1.962/1.710
"Range of no. of in- - f
cidents I 1820-2211 50~78
Range of raw std.
dev. of indicated o .
reaponsze tines .97-2.07 1.94-3.41 -
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Tables 2 andsévCad'aleo‘he used to eom—

5,>pare the benefits derived from adding part-

"-time companies to fbose derivad from adding

full-time compen;ee.: For axnmple, assuming
that a day‘consista of three 8-hour periode st
_eech-oé>§ﬁe'les: ﬁhree aietm rates (with these
high‘elarm tetee meaht‘to CO?respund to what
v;an be - expected in the nea*rfuture), we can
rfccmpare adding one 24—hour unit to adding three
.lthst work only eighf hnurs each evening. The
javereée deily workload would be 35 reeponses
per ladder and 40 per engine, Under AR, the
“?reduct ion in averagn daily resyonses per re-
gion 1 1adder would be abou* 1. 67 4f cne ladder
‘tfs added atounJ the clock (1 67 = 8 hours x
§ (reayénﬁes/hr/ladder in peziod 1 with 12

: idm] .
ladders - responses/hr/ladder in petiod i with

18 Ladders)/(JS - 12) = 8 x (/I IL. 969 - .794)' |

4 (1.473 - 1.238) + (1.927 - 1.710)]).
- If three ladders Were_added in the evéhing,vébe
'jefeduction &euld be'abdue l.ZA'reepouse per ied—
der per day (= 8 x (1.927 ~ 1.710)). A simi-
1ét calculation for engines shcweuthat the re-

duction in average daily reasponses for region 1

engines is about 1.35 for one full-time engine

and about 1.46 for three evening only engines.

Overall, we see that by adding new:come
panies and using adaptive response during the
evening hours we ean get hoth a reduction in
company‘workload and an 1mprovemeh£ inyaverage
responge time relative tc ;he Ereditional pol-
icy. Enroureged by_the_teBuItS'of thegs simu-

lation experimenta, the New York City Fire

Depaftment adopted AR in part of region-l in the
evenings and added several part-time and full-

time fire-fighting units ih late 1959.

- B. ¥ELOCATION POLICIES
_ Oné aspeet of deployhent is the relocatiom
of available fire companies to ;111 holes in :

coverage created when one large fire or several.

small f£ires are/being fought simulteﬁecuslj ina .

.single area of ‘the citv.' Currently in New York .

City the alarm assigﬂment cards are used to o
pecify predetermined relocations based upon.

houses made empty when companies are working at. w
an alarm at a particular box.

(See Fig. 1l.- The

right-hand side of the card lists. the reloca—

tions.) The relocations specified are based on

the assumption that the alarm at_ that box is the
only alarm in progress in the general ares and,.
therefore, :hat each company specified_to relo-
cate 1is availahle to do so. 7 | '

This method of pre-planned reloeat;one
breaks down when, as is an incgeaaingly common

occurrence, several incidents are in progress

simultaneously in one area. An algotithm was

developed [4] which - =3places the,s?etem~of pre-
determined reloeacions by a systemlﬁhich deter-
mines relocations based on curfenf 1nformation
cn incidents in progrees and current unit avail-
abiliﬁy. It was desigﬁed for use in the Depaft-'
ment'e nev on-line eoﬁputerize& Management Iﬁé,
formation and;Controi System.

We used‘the simulation fo'aid in‘designing

the new algorithm.and to compare the performanée



of tile heﬁ algorithn to.the syetem currently P aucceeded ie providing adequare coverage by

"being used. The input: prcgram wag uaed to pre-—- smnpling, st 15-minute int:ervals, the ptoportion : o
'v pare a sequence of 3620 incidents covering a | cf alarm boxes which had ai: leeet one of t:heir .
180-hour period of conetant high. alam rate~~ . two closest ladder companies available nnd the' '

equivalent to three weeks of evening periods . proportion of boxes which had at leeet one ox
| g olacec erzd to end, Wﬂ did not weet to lock at ‘their three closest engine compeniea waileblm
| ].ow alarm periods of the day since few reloce- For covemge purposes the higher the proportions ,
t:ione wauld be requ.ired during these periode. the better the 1elocation policy. EEE
‘end 1*tt1e difference could be seen ‘between pol- . : We found that the proposed algotichm was
'-:';iciee. Again, fot conLrol purposee, the seme : ,able t2 iaprove ccvetege eoneiderably. Table 4
'aequence of- incidente ias faced by both pol- - 'preeents the empiricel cumlative distribucion
cies. The adaptiva teaponae policy deecribed ; ;functious for the coverage meaeure under each of

o _ebove was uaed to det:emine r.he initiel diepetcn ' t;hc reiocation po:l.iciee.

',to elerms. Sl ’
: ‘Table 4. RELOCAIIOR SIHDLATIOH TEST RESULTS"

We cmpared the tesulte of these two sim—-' A S EMPIRICAL CUMULATIVE DISTRIBUTION B
B s g VUNCTIONS FOR.- COVERAGE 5
ulstions ueing three differeut measuree of per—

| F(x) = P (<-x percent of boxee have at leaat

: ‘fo: ce‘.: coverage, workloac, and‘reeponee v of 2 cloeeat leddere available)

times |
. ; c 3 A ‘ V{FC(*}‘ SR R ¥, () | v
,w R TR AR x| (Current pollcy)’ (Proposed policy) L
._ Fire .A.B a randcm phenomenon, and siuce : . 35 ' e ,.000;' ) - 000 '
the Department cennot be aure where t.he next , ' 122 1 ggé , . , gg?, |
"alarm wiil cowe from, it tries to position com- : gg o gg; 1 i ggg
panies so that, no matter where the next fi re gg " gzg . | ggg "
_.‘nccuts, there will be unite aveilsble close By.. ,;g - ggg | ggi
Tl"xie’fire houses located throughout the city e gg o ;g; | v 355‘
provide this protection wherx they are occupieci,‘ ‘ | gg :g; o | g;g
but, when fires are in progress, some houeee IOOV 944 : V°9“ '

-become empty and the "coverage balance" is : . : ‘ o
The empirfcal cdf evaluated at x is the propor-
upset, Relocations are used to correc.t the ' o
: "tion of the samples at which <x parcent cof the.
- imbalance. This is the most importam: reeaou o o
: » ‘ alarm boxes have at least one of their twe
~ for meking relocations. v ’ .
' L S BRI T closest ladders available. The lower the value
We measured the degree to which the cur- - . o , RN

o o o S ST of this proportion for a given value of x, the
" rent and the proposed relocatiovn policies > i ‘ Co
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better the policy thag_produéad it.is for cov-
erage. Lettiﬂg Fc(x) be ghe empirical cdf from
the current relocation policy aﬁd FP(x) be the

eﬁpirical cdf from thé proposed relocation pol~

icy, we saa from Table 3 that
' ?c(ﬁ) z_FP(x) for all .

Theae resuita 1ndicate tnat, ‘a8 fat as

coverage is concetned, che proposad relocation

policy is a% least as 5ood ag the cutrent pol~-

1cy and =ay be cousiderab iy better.

tion of the time tbat less than 90 petcant of -

the boxes have &t least one of their two :;: :
clogest ladders availashle drops from .42 to

.34, a 19 percent dacrease.

'ReSponse Time

: In the proposed relocation algo:ithﬁ
coverage is the ériterion usgd to determine
vhich »f the empty houses should be filled.
To determine which of the available companies

should be moved to fill those houses a Te-
sponse time criterion is used. Of course,
coverage and response time are related mea-
sures; coverage reprasen:ing latent responge
times. But they are far from equivalent.

The proposed relocation algorithm led to
small but congistent improvements in response
time. For example, we found : 1 percent xe-
duction in average time to first arriving 1ad-
der and @ 6 percent redﬁction in everage time
to the second leddsr. (The eimulation rTuns

were too short for thuse and similar differ-

ences to be statistically elgnificant.)

The propor-

) meahingful.

The behavier in the talls of the response
time distrabutions is also importsnt. It was.
hoped that the new re]ccatinn;policy wonld reéy
duce the probability of haviné large reéponse;
times to fires. The simulation’iﬂdica:es that
this will happen:

- Let G (x) = fraction of all alarms which
have a first laddez response
time < x minuteg using the
current relocation policy

.Gp (x) ~ fraction of all alarms which
have a first ladder zesponse

" time < X minutes uszing the
proposed relocation policy.

'fWe fonnd that G (x) < Gp(x) for all values of x.

‘The inequality 8180'hold8 when we look at
second ladder response times rather than first
ladder. Differencés‘bétweén the two ppiicies
are greater thhn fﬁr{fi¥st ladders and are,;ftan

For example, the proportion of

alarms at which the second ladder arrives in

" ..more than 8 minutes was reducad £rom .15 to .08.

Workload B

There is a wide disparity in %orkload smong
fire~-fighting cum@anies in ¥ew YprkiCity.r There
arz areag of the city in which companies raspond
to over 6000 alawms a year,‘while sevaral miles
away other compauies respond to fewer than 2000
alarma. Relocatfion, as &n avxiliary effect, can.
help balance workload. Generaily, the empcy
hovses to be filled will be the houses of the
busy companies. If a company's worklead were
considered in choosing companies to £11l1 these
houses, low running compenles could be given in-

creagad work. The curreat rolocation pulicy does

not coasider weorkload; the proposed cna does.



' ﬁse@im@latim ¢howed that the proposed poiicy
would lead to significant shifte in workload.
Yor example, onie busy company's workload was
're.duaasi 10 percent while a s];bw' low running
company's workload was mctéased' by 17 petceut.
After these initial testé of tae p:op'osed
* relocation policy were made, to determine if

the policy would work at Jeast aaiwell as the

yresent policy, we used the aimul ation again to

‘ test the propased policy on 8 real scenario

which te’preaam:ed the alarms received on one of

o tixe worst: :‘eveninge ever experienced in the
Bronx. No change was réquired in the gsimula-
tion program to test 'tvhi's-caee‘; it was suffi-
cient to bypasé 7- the input program and use Fhe
real data as imput to the simelation program.
- We then compared the simulation s output with
?he |

- the actual regults from that even ng.

resulta are reported in [4].

C. OTHER ALLOCATION POLICIES

One approach to matching the five-fighting
resources on duty during a given period to the
demand for thelr servicas is to create v"part-
time" companies which operate oniy during the
pericds of high alarm incidence. This approach
was descgcibed gbove. An alternative approech
{s to use existing full-timc units, but reviase
vhe firemen's work hours to have the on-duty
periods for the two skifts (or platoons) of
fircwen overlap or run concurrentiy.

Curreatly one platoon of fireman works

from 9 a.m. to 6 p.m. {9 hours) and the second
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platuon works frem 6 p.m. until 9 a.m. (15 hours) .

Undet the proposed work-chart (called the “con~

_current two platoen" schedule) one platoon would

work from 3 p.m. to midnight (¢ hours) and the

gacond platoon (manning a separate piece of ap~

‘ paratus) would wozk from § a.m. to nidnight {15

hours). This schedule would place on duty im the
concurrent cowpany's house the following number

of units over the day:

midnight-9 a.m. 0 units
9 a.p.-3 p.m. 1 unit
3 p.m.-midnight 2 units

Assuming there are pearby units manned in the
usual way, this schedule provides a time digtri-
bution of units vhich closely matches the ﬁime 7
dist;ibution of alarms.v For example, two units
in an area, one a éoncurren:, would provide

1, 2, and 3 units on duty in the area in the
three time periocds.

The impact of such a reassignment of man-
power was hard to predict without simulation,
particularly if it were tried in conjunction with
a change in the response policy for street box
wlarms (namely s change to the adaptive response
policy p!i'e.viously described). Between 9 g.m. and
3 p.m. there would be ne differsuce’in workload
or availability since rhere would be no change
in the number of acti\;e companies. However,
between midaight and 9 s.m. there would be
fewer units on duty than before, and the in-
craaze in response time to alarms occurring
during these hours would have to be compared to

the reduction in workload and response times

produced during the hours of 3 p.m. to midnight.



1a sddition, the magnitude of increase in
workload for the concurrent compeny would have
to be examined.

We ran the simulaticn using thiee diffas~-
ent alsrm rates:

o 5 alarms per hour, :epresentihg the
period mideight to 9 a.m. {period 1)

¢ 10 alarms per hour, representing the
period 9 a.m. to 3 p.m. (peried 2)

o 20 alarms per hour, representiang the
pexried 3 p.m. to midnight (pericd 3) .

The traditional initial dispatch policy was
used for rates of 5 and 10 alarms per hour and
the adaptive response dispatch poli;y’was used
for 20 alarms per hour (since adaptive response
had been shovm to be most effective at high
alarw rates and when extra compuniés were on
duty). The number of ladders on duty in re-
gion 1 (the same high activity region as in
the first set of simulations) wae Qaried from
16 to 19 snd the number of engines from 12 to
25. The sinulation was run for 22 different
combinations of alarm tate and number of units
on duty. In aach case a yun length of 3620 in-
cidents was used. The same sequence of inci-
dents was used for the 5 and 10 alsrms per hour
runs (although the alamms were occurring faster
at 10 alarms per hour). But, for 20 alarms pex
hour, a different probability distribution of
incident types was used (since false alawms and
rubbish fires represeat a significantly higher
percentage of alarms in the evening than at
other times).

Results from 16 of the simulstion rune

are presented in Tabla 5. They way be uaed in
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several ways to develop allocation pelicies thch
match service to demand. For example, suppose we
wish to determine the uubber of concurvent com-
panies tg create so as to minimize the avexsga
responge time t- all servious fires (fitéa re~
quiring the sarvices of two or morekladdér com=
panies). The rate of occurrence of serious fires
is not the same throughout the day. The percent-
age of all alarms in region 1 which are serious,
the average number of serious alarms which occur
per houy, and.the percentage of the day's seriocus

alarms which occur in each of the 3 periods of

the day aze given below:

Percentage
of day's
Serious Serious alarms serious
Period (i) Percentage _ per hour alarms
1 5 .25 22
2 4 .40 24
3 3 .60 54

To evaluﬁte alternative concurrent two-
platcon policies we look omnly at allocations
which leaﬁe 21 engines and 15 ladders in region 1
(the number curzently located there) between
9 a.m. and 3 p.m., take away a certain number of
units (n) between mi&night and 9 a.m., and add
this number of units to the region for the 3 é.m..
to midnight shift. For example, cne such policy
(for n = 3} lc:ates, respectively, 18, 21 and

24 engines in region 1 for the three periods of

the day (which means transforming three full-

time engine companies into concurrent two-pi:.Lovn

companies).
To determine the n which winimizes the aver-
age first engine response time to sarious firea

in region 1 we calculate, for aach a:



fable 5. CONCURRENT TWO-PLATOON SIMULATIOH TEST
REGION 1 RESULTS | =

Engines _Ladders
Workload Resp?:ie t%mes ) ‘Workload Rgéponee times
Alarm rate No. in | (responses/ LLP: No. in { (responses/ (pins.) -
{alarms/houx)| region hour) 1st € |2nd E |{3zd B} repion | . hour) 1st Ll 2nd L
5 12 S W720 2.41 |3.80 }4.90 10 - .623 2.57 | 4.17
(midnight-~ 14 .h42. 2,31 |3.51 [4.74 11 L8577 102,47 ) 3.99
9 a.m.) 17 .538 2.28 }3.51 14.33 12 548 .} 2,46} 3.87
18 515 2.20 3,25 |4.17 13 - .515 2.40 | 3.72
213 448 2.17 }3.17 }3.83 158 563 2.33 | 3.53
10 12 1.261 2.76 |4.47 [5.86 10 1.119 2.94 | 4.92
(9 a.m.~ 14 1.152 2.58 |4.10 |{5.39 11 1.050 2,78 | 4.67
3p-m) 17 .996 2.45 |3.85 |4.80 12 1.018 2.73 | 4.44
18 .956 2.33 13.61 (4.71 13 .962 2,62 | 4.29
212 849 2.27 13.43 [4.16 158 .838 2,47 | 3.84
20 12 2.075 3.45 14.79 {7.61 10 1.631 3.66 | 6.51
{3 p.m.-- 14 1.958 3.15 {4.45 |6.58. 11 1.541 3.43 | 6:16
midnighc) 218 1.464 2.50 }3.62 |5.31 152 | 1.283 2.77 | 5.04
24 1.308 2.35 {3.32 |4.82 17 1,158 2,66 | 4.75
25 1.260 2.32. {3.29 |4.90 i8 1.105 | 2.56 | 4.64
: : 19 1.053 2,50 | 4.39

%The number of units currently located in Region 1.

S(n) = .22&1(21;n) + .24R2(21) + .54R3(21+n)

where S{n) = the average first engine response
"time to serious fires with n con-
current engine companies

Ri(k) = the average first engine response
time in time period i with k en-
gine companles located in regicn i,

The values of S(n) for n = 0, 3 and 4 are

cabulated helow:

n S(n

0 2.372 minutes
3 2.298

4 2,299

We gee that creating 3 (or 4) concurrent en-
gine companies would reduce firast engine vre-~
gpense time to serious fires by sbout five
seconds.,

The use of concurrent companies has an-
otker effect on respomse times, serving to

reduce the wide spread in average response

3£8

tines ovef the’day. For examﬁle, in the above
case (n = 3 for engines) the spread in average
reépouse time to the third engine is veduced
from 1.48 minutea (n = C) to .66 minutes without
seriousl§ degrading response times during the
early motning hours (thevfiret and second engilne
response times duting period 1 remain better
than during either of the other periods)7

The other major effectiveness measure which
is affected by the creation of concﬁrrent com~
panies is workload. Continuing the example used
above, suppose 3 concurvent engine conpanies are
created. Ag a rvesult, 18 enpines remain on duty
in pericd 1 with each one making mors responses.
The average number of runs made per engine com=
pany during this period is increased from 4.0 to

4.6. Put, by having 24 units on duty in period 3



inatehd of 21 the aversge number of r:una per
§ngine company during this pexiod is reduced
from 13.2 to 11.8, lightesing their burden
during the bu#ient time of dsy, when ﬁhe§ need
‘it most. | |

Although it is interesting to loak at the
| effec»a of t.oncurrents on average workload,
their principal usefulness 1is to reduce the
workload of spécific busy companieé. The work-
load effecﬁ from 'creatiag concurrsnts will véry :
widely éepending on which companies are chc.\sen
to bec:nme concurtents where they are deployed

and what the response policy is. 1If the com-
| pmies made hto cogcurrent§ are"law running
companies, and they are stationed with high
running companieé, eplittit;g their responses
to alamms, then & béttet' balance in company -
workload would be obtained.

The simulation can’Be used to assess the
workload effact of concurrents on each individ- -
ual company. In particﬁlar, Table 6 shﬁws I:hé
diatributioﬁ of work among the 21 engine com-
panies in B.egmou‘ 1, and the effect of creating
three conecurrent engine companies. The average
number of responges per hour has been tabulated
for each company for each time period with and
without the thres concurrent companies. For
each company the average number of daily re-
sponses has been calculated from the hourly
averages. The three companies chosen to be
made into concurrents are each co-located with

another engine company at present, S0 no en-

gine house was left vacant during period 1.
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. 23 to 19.

7 Their partners are indicat:ed by a single aster:lak'

in Table 6.

The results indicate that several of the
engine companies (principally 'tho.se whic"h gain
a partner during pericd 3, indicated by a double
¢ste!‘13k in Table &) wouj.d obtain a significam:

rzduction in period 3 workload. For exauple, the

. workload of engine 10 in period 3 s reduced

32 percent, from 1.42 responses per Ijxour to

.56 responses per hour. Since it experiences

only a small im.rease in workloaei in period i,

its average daily responses drop 17 perceat, from
However, most of the 18 regular com~
panies .do not get so much relief,

 The ;hree concutzént companies become hard
working' édmpauies. Sinﬁe they do not work during
pet‘iod 1 and dquble up during period' 3 t:he:lr' x

workload, vhich had averaged 14 percent less than

"~ that of the other 18 companies, becomes almost

16 percent higher than the new reduced average
workload cf the 18 companiea. One concurrent
compsny, which had been the lowest 'running com~
pany of all 21 units, bécoms thirteenth lowest.
The other two concurrent companics have their
rankings increased from 10th to 17th lowest and
from 12th to 18th lowest (or fourth highest).
The concurrent mo—platdon gystem has .not
yet been implemented. There is & natural reluc-
tance of the fire-fighters to change their work-
ing hours, which are now guaranieed by & provi-
gion in the state constitution. But, chances for

implementation grow as the city’s budget problems

and demands for increased productivity grow.



Table 6. EFFECT ON WORKLOAD OF CHAHGING 3. PERMANENT
ENGINE COMPANIES TO CONCURRERT COMPANIES

Average nmxber of responses/hour
Engine (without concurrents/with 3 concurrents) .
identification Midunight-9 2.m. 9 a.5.~3 p.um, 3 p.m.~midnight | Dsily average
Regular companies : : ' B .
12% A .54/.55 .+96/.96 ' 1.48/1.08 1 23.93/20.46
2 . .617.61 1.06/1.06 1.73/1.68 = | 27.38/26.95
3% o .437.77 : .87/.87 ~ 1.48/1.39 22.41/25.66
4 .~ .35/.36 .70/.70 - 1.41/1.32 20.04/19.32
5 .357.36 : L70/.70. 1.41/1.32 . - 20.04/19.32
6 .53/.54 ‘ .99/.99 1 1.59/1.49 24.96/24.,20
7 .34/.3 .69/ .69 1.28/1.23 18.72/18.36
- .34/.35 o o891.69 o 1.28/1.23 18.72/18.36
2% .35/.62 727,72 - 1.48/1.33 -20.79/21,87
10a% .51/.52 _ «96/.96 U 1.,42.96 :23.13/19,08
i3 ‘ .76/ .17 1.334/3.31 1.97/71.99 . 32.42/32.69
12 .83/.82 1,3%/1.39 2.03/2.02 34.09/33.99
13 ‘ CW30/.11 60/.60 1 1.,12/1.09 16.37716.15
14 : 457 .46 _ .87/.87 . . 1.56/1.42 23.31/22.14%
15%=% .66/.68 - 1,17/1.17 . 1,77/1.28 28.88/24 .47
16 :37/.37 T T8 1.27/1.20 19.20/18.57
17 .37/.37 Y I 1.27/1.20 19.20/18.57
g% J277.50 ‘ .54/.54 1,11/1.04 15.68/17.10
Average: e ' ' - ’ SR
Regular companies 467.52 . .87/.87 1.48/1.35 22.74722.01
- Concurrent com~ _
panies g ' ' L
19s ' 27/~ - .54/.54 1.11/1.04 15.66/24.12
b ' -~{1.28
20a ' 35/~ ' 727,72 1.48/1.33 20.79/26.01
b _ : o . ~-~/1.08 o
21a ' A3 ) .87/.87 1.48/1.3% 22.41/26.37
b ' : -=/.96 : :
Average: :
Concurranta 35 /-~ I/, 71 1.36/2.36 19.62/25.50

®

Presently one of the 3 companies tc be made into a concurxent company is
co~located with this company and shares its responses. When three concurrent companies
are created one of them will be co~located with this company for 13 houre {9 a.m.-

wmidnight) and will share its responses.

an
Vhen 3 concurrani companies are created one of them will be co-located with this

company for 9 hours (3 p.m.-midnight) and will share its responses.
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