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PREFACE

The Hypercube Queuihg.Model is a computer program that calculates.
selected performance measures of émergency'service systems (police,
fire, and medical). It is especially useful for assisting police and
emergency medical agencies in designing response districts fof,their
mobile vehicles.

'The model is»completely‘describea in five reports, available froﬁ
The Rand Corporation. ' There are two versions of the model-~an exaqct
model and an ap?romimate model—Jboth of‘Whigh are incorporated in a
single computer.program. The mathematical formulations of the two

models are presented in the following reports:

[k@ﬁéo Richard C. Larson, A Hypercube Queuing Model for Facility
Location and Redistricting in Urban Emergency Services,
R-1238-HUD, and

’fﬂo Richard C. Larson, Urban Emergency Service Systems: An

Tterative Procedure for Approwimating Performance Charac-
teristies, R-1493-HUD. '

Nontechnical descriptions of potential applications of the Hypercube-

_ Queuing Model, how: it works, when it should be used in preference to

other models, and the resources needed to use it are given in the sum~

mary of this report (published separately):

;?jgﬁéjo Jan M. Chaiken, Hypercube Queuing Model: Executive Summary,
V .

R-1688/1-HUD.
q‘&%
The present report (R—l688/2—HUD) is 'a manual for users of the model
It describes and gives examples of applications, describes the proce-
dures to operate the computer program once it has been installed in

the user's computer system, and discusses the decisions to be made

" (such as the dispatching strategy employed), the results, and the

costs and requireﬁents for operation. The fifth report
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0  Richard C. Larson, Hypereube Queuing Model.: Program Descrip-
tion, R~1688/3-HUD :

glves a listing of the computer program and provides information for
programmers who wish to install thé;program.

The author, a consultant to The Rand Corporation, i1s Associlate
Professor of Electrical Engineering and Urban Studles at the Massa-
chusetts Institute of Technology (MIT). ALl work on this model, from
design through documentation, has been gupportad jointly by grants to
the Massachusetts Institute of Technology from the National Science
Foundation (NSF) and by contracts between The New York City-Rand In~
stitute and the U.S. Department of Housing and Urban Development (HUD).
The most recent work has been funded by the Division of Social Systems
and Human Resources (Research Applied to‘National Needs) at NSF and
the Office of Policy Development and Research at HUD., Reports degcrib-
ing the Hypercube Model and copies of the computer program are avall-
able from both Rand and MIT by writing to the addresses shown in Appen-

dix B, ‘ '
' The project funded by HUD has resulted in the development, field
testing, and documentation of a number of models for improving the de-~
ployment of municipal emergency services, Further information about
the models themselves and case studies of applications of the models
in several cities can be obtained from the Rand or HUD address in Ap=
pendix B.
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GLOSSARY

Atom

See geographical atom.

Callvfor service

/A communication to an emergency service originating from a citizen,
an alarm system, a police officer, or other detector, reporting an
ingident that requires on-scene assistance by a response unit.

Command »

An area or region comprising several districts that is administra-
tively distinct, usually having a station-house or garage used as
a base of operations. Often' called precincts or zones. Dispatch
assigﬁments are nearly always intra-command assignments.

Dispatch assignment

A directive by the dispatcher to a response unit assigning the unit
to respond to the scene of a reported incident or call fbr'service.

Dispatcher
An individual who has responsibility for'assigning.available'radio—
dispatchable response units to reported incidents.

District ' ;
A collection of geographical atoms that are primarily associated
with a particular response.unit. For certain dispatch strategies,
the district's response unit always receives first preferénce in
dispatching decisions. In tolice'applications, a district (often

' called a beat or sector) is the area in which the patrol unit can
perform preventtve patrol. Over the entire region, the set of dis-
tricts need not be mutually exclusive nor collectively exhaustive.

Effective travel speed

That speed which, if constantly malntained over. the path of a re-
sponse journey, would'result in the same travel timeé as that actually
experienced by the dispatched résponse unit.

EMCM:k Expected modifled center of mass

A dispatch strategy that calculates the probablllstic location of
units, representing the best that any dispatcher could do without

Italicized words in definitions are themselves defined elsewhere
in the Glossary. : :
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knowing the exact real-time position of available units. See Sec.
4.4.3.
ESCM: Expected strict center of mass

A disﬁétch strategy that estimates the statistiéally average travel
distance from each of the unit's geographical atoms;(weighted by the
likelihood of the unit being located in that atom) to the atom of
the incident (wéighted by the likelihood of the incident being lo-
cated in that atom). See Sec. 4.4.4. ' k

Geographical atom

A subarea within a command, typically no more than a few city blocks
in Size;vthat is used as the smallest geographical unit for aggre-
gating statistics on the spatial distributions of calls for service
and positions’of the response units.

Interdistrict (or cross-district) assignment

A dispatch assignment to a district other than the unit's district.
MCM:  Modified centexr of mass
" A dispatch strategy in which the exact location of the incident is

used to make travel time (distance) estimates. See Sec. 4.4.2.

Overlapping districts

Districts that have at least some areas in.common; partially shared
districts. |

Preventive patrol

An activity undertaken by a police response unit, in which the unit
tours an areé, with the officer(s) checking for crime hazards (for
examplé, open doors and windows) and attempting to intercept any
crimes that are in progress.,

Region _ v
The entire collection of geographical atoms inéluded‘in a particular
set of runs of the model. Can be an entire city or part of a city
(e.g., a command) . ‘

Response unit v ; ‘
A patrol,car, scooter, or wagon, and its assigned police officer(s);

a radio-dispatchable footpatrolman;‘an”ambulance; a fire truck.
SCM: Strict cemter of mass ‘
A dispatéh strategy in which the dispatcher makes travel time esti-

~ mates acting as if the unit were located at the statistical center

+

of its district and the incident were ‘at the statistical center of

its district. See Sec. 4.4.1.

Service time

The total "off the air" time per call for service for a response

wnit. TIncludes travel time, on-scene time, and possibly related off~

scene time.

Iravel time

The time required for the dispatched response unit to travel to the
'scene of the reported incident.

Utilization factor

The fraction of time a response unit is unavailable to reépond to
In this model, it is assumed that a unit can only
Sometimes called

dispatch requests.
be unavailable because of call-servicing du;ies.
utilization rate.

Workload
Same as utilization factor.
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0. INTRODUCTION

(1,2)

In two earlier papers, _ both precise and approximate mathe-
matical models were described for the numerical evaluation of certain
performance characteristics of urban emergency service systems (e.g.,.

police, emergency medical, and fire services). Thig report details the

use of the computer program, written in the PL/I language, that imple-
ments these two models, Although it is recommended that a user of the

- | ‘ ' models bé familiar with the mathematics described in the ear}ier papers,
B ‘ ‘ detailed knowledge is not required. In fact, in orderkto develop an
intuitive understanding for the application of the models, including

a set of operational rules of thumb, it is recommended that the poten-
tial user (including nonpolice users) first consult the nontechnical

(3)

trict in Boston. Additional case studies: are described 4in Refs. 4 and

illustrative case study, which applies the model to a police dis-

5. An overview of the model, its potential uses, and its data require-
ments is found in the Executive Summary.(ﬁy
This user's manual-ig organized as follows: Section 1 briefly re~
views the model's assumptions, data requirements, and outputs. Section
2 outlines some illustrative applications of the models. Section 3
illustrates a simple sample rvn without using any of the.advahced fea-
tures of the computer program.. Section 4 then details all of the op-
tions that are included to facilitate implementation in complex urban
environments. Section 5 discusses definitions and conventions that are
used in cextain‘ﬁomplicated situations (e.g., involving overlapping
) districcS). Section 6 provides a concise technical summary of program

use. The program listing is given in a separate volume:

o Richard C. Larson, Hypercube Queuing Model: Program Descfip—
tion, The Rand Corporation, R-1688/3-HUD, 1975.




1. MODEL ASSUMPTIONS, DATA REQUIREMENTS,'AND OUTPUTS

Each of the models--the "exact" hypercube model and the "approxi-

mate" model--requires the same data and produces the same outputs. We

will thus treat the two models as one untll the appropriate time in

describing program options.

Briefly, the model can be used to esiimate certain performance

measures of any spatially distributed emergency service system which

. can be modeled as follows:

The area in which the system provides service (called the
region) can be broken down into a number of 'reporting areas"
or "geographical atoms." Typically no more than a few city
blocks in size, the atom is the smallest geographical unit
for aggregating statistics on the spatial distributions of
calls for service and positions of the response units.

Calls for emergency assistance ("calls for sexvice") .are
generated indepgﬁéently from .each of the reporting areas.
Although the eXact time and location of any particular call
cannot be predicted in advance, long-térm statistical averages
are availlable to predict the relative workload generated
from-each of the reporting areas.

Data are available to. estimate the travel time from each
reporting area to every other repbrting,area.

There are M spatially distributed response units, each of
which may travel to any of the reporting areas in the ser-
viced region. _

The location of each response unit not servicing a call is

known (at least statistically). For instance, a patrolling

‘,policé car may allocate 50 percent of its patrol time to

reporting area 7 and 25 percent each to reporting areas 8

and 11. A fixed—poSition unit, such as an ambulance, would

. always be located in one particular reporting area when not

providing emergency medical service.

-3

<

Geographical atoms are collected ogether to form 'districts."

~For mobile units, any atom in which the unit spends some of

its available time must be included in its district; in ad-
dition, other atoms (in which no available time is spent)

may be assigned to a unit's district. Districts may overlap.

In police‘applications these districts are usually called

beats, sectors, or patrxol areas. For fixed-position units,

the atom containing the fixed position must be included in

~'dn the unit's district; in addition, any other atoms may be

specified to be within the unit's district. Often ip this
case (e.g., ambulance and fire department applications), a

unit's district is defined to be all points closer to that

unlt than to any other unit. In addition to preventive

patrol assignments, the district is used in determining dis-
patch strategies and in computing output performance measures.
In reponse to each call for service, exactly one response
unit 1is dispatched to the scene of the call, provided at
least one unit 1s available within the service region. If
no unit is available, the call either enters a queue with
other backlogged calls or it is serviced by some béckup 8y8~
tem (e.g., police providing backup to an ambulance service
or a neighboring community dispatching units into the tem-
porarily saturated-community). If the c¢all enters a queue,
it is later dispatched on a first—come,~first—served basis.
(The assumption of dispatching exactly one anit to a call
indicates that the model does not'accurately,pOrtray the
performance of those fire departments that agnd mahy units
to the scene of akfire‘alarm.) :

The service time for a call, including travel time and on-
scene time, has a known average valué. In general, each
response unlt may have its dwn average gervice time. More-
over, reflecting the unpredictability of service times in

actual systems, there is considerabie variability about the
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average value(s). As one measure of variability, the stan- 9.. Fraction of responses of each response unit that dispatch

dard deviation of the service time is assumed to he approxi- the unit outside of its district.

' . mately equal to the mean.* ' : 10. TFraction of responses within each geographical atom that are

9. Variations in the service time that are due solely to varia- handled by each of the response units.
tions in travel time are assumed to be of minor significance

compared to variations of on-scene service time. - This assump- In addition, if the emergency service being analyzed is a police
tion, which 1imits the applicability of the model, is most

nearly satisfied by urban police departments and least

patrol force, then the user can calculate

nearly satisfied by rural emergency services (especially 11. The frequency of preventive patrol passings in each of the

reporting areas.

rural ambulance services). Sy
In practice, no emergency service system will ever conform to all
of the model's assumptions exactly. In applying the model, the user
must weigh the extent to which the actual system does not fit the rigid-
ities of the model (and the associated loss iﬁ predictive accuracy)
against alternative methods (with their own limitations) to choose

that method which best suits the resource allocation purposes at hand.

Given the required data. (whose precise input formats will be spe-
clfied in.later sections), the model computes numerical values for the

following performance characteristics:

1. Region-wide mean travel time.

Region-wide workload and workload imbalance.

3. Region-wide fraction of dispatches that remove a unit from
its district.

4. Workload of each response unit (measured in fraction of time
unit is busy ser&icing~calls). o k
Mean travel‘time to each gecgraphical atom.

6. Mean travel time to each district.

7. '‘Mean travel time of each response unit. ¢

8. Fraction of responses in each unit's district that are

handled by other units.

* ' :
The exact model assumes negative exponential service times.
Slight deviations in this assumption do not markedly alter the predic-
: tive accuracy of the model.
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2. SOME USES OF THE MODEL:

The model is a powerful planning tool that can be used in a vari-
ety of applications by planners and administrators of emergency service
agencies (i.e., police, ambulance, fire, emergency repalr services).

In this section are briefly described several applications that are
likely to be important in many cities and towns.

2.1 POLICE BEAT DESIGN

Suppose a city's police department has not redesigned its beats
(sometimes known as sectors) for many years. Then, due to changing
population patterns and other factors in the evolution of the city,
the distribution of crimes and other incidénts that give rise to calls
for police service is likely to have changed significantly from the
time of the last beat design. This could result in an intolerable
situation in which some patrol officers are working considerably longer
hours responding to calls than are.others.’ Compounding the problem,
crime preventive patrol is probably least prevalent in the high work-
load areas, since the high call-for-service workload in these areas
sharply reduces the time available for patrol; yet, it is probably
these areas that most need such patrol

In the case described above, the model can be used to assist the
police planner in redesigning beats to correct imbalances. ' The model
provides outputs on travel times, workloads of each police vehicle,
preventive patrol frequencies, and other factors that allow the simul-
taneous consideration of response time reduction, workloadvbalancing,
preventive patrol strength, and so forth. The model reveals the trade-
offs one must accept in attempting to reach acceptable performance in
each of these categories. ' |

In using the model the police planner must specify the beat config-

uration that he desires. Then the model computes numerical values for

each of the performance measures (e.g;, travel times, patrol car utili-

pzations# etc.). Undoubtedly each police planner will have his own set

of issues;-some.quantitatively oriented and some not—that will be

his recommended beat design procedures.

important in the beat design process. For'instance the well-known
police planner 0. W. Wilson focused heavily on workload: balancing in
() In most cases, however,
regardless of the planner's particular issues and their relative pri-
orities, the model described here should be useful in his- thinking--
primarily because it computes rapidly and effectively many operationally
oriented performance measures that come into play in the beat design
process. c

A word of caution: The model does not "optimize" anyvperformancek
measures to find the '"best' beat design. The philosophy behind the
construction of the model is that in a public service agenC§ as complex
and multifaceted as an urban police department, the word "optimize"

has little meaning. Rather, it is felt that a police planner with. an

intimate knowledge of his own city can be an excellent judge of the

qualitative as well as quantitative factors that are relevant.

Using the computer to calculate the important performance measures,
beat design can be viewed as an iterative process. First the planner
proposes a particular design of beats and has the computer calculate
the resulting values of the performance measures, - He then incorporates
this evidence, including possible workload imbalances and/or inequities
in accessibility to police service, with his additional knowledge of
the area under consideration, and decides whether to -accept the pro-
posed beat plan or to devise an altered one. In the latter case, the
entire process 1is repeated one, two, or sgeveral times until a satisfac-
tory beat design is obtained. In this way, good use is made of‘the

planner's talents and the computer's computational power.

2.2 AMBULANCE DISTRICT DESIGN
Suppose that a city disperses its ambulances throughout the city,

~ prepositioning them in a way that best anticipates likely calls for

'emergency medical service. Then,  the ambulance system p]anner needs

assistance in determining good locations for the ambulances. and reason-
able areas of primary responsibility for each. The model can be used

for this purpose in much the same way as a police planner would use it

‘to design police beats. Here, however, the ambulances (when not

A
TREIIIEARES




responding to medical-emergencies) are fixed at preselected sites,
whereas the police cars are 1ikely to patrol throughout their beats.:
Also, the time for an ambulance to service a medical emergency usually
includes travel time to and from a hospital (to transport the patient),
a time not experienced in the police example (except when transporting
arrestees to a police station-house). So in the ambulance case it is
much more likely that travel times (time to the scene, time from the
scene to the hospital, time from the hospital back to the prepositioning
site) will play a dominant role in the overall time required per inci-
dent. (In the police case, on-scene service time is usually signifi-
cantly greater than travel time.)

The ambulance system planner can use the model to explore the con-
sequences of alternative prepositioning sites for his ambulances and
alternative districts of primary responsibility for each. Since travel
times play 'such an important role in ambulance services, it is likely
that the planner will have to adjust the service time of each ambulance
separately to reflect the different geographical travel time factors
affecting each one.

The final ambulance site selection and district design could in-
clude factors of workload balance, travel time reduction, neighborhood
integrity, etc. Again, analogous to the’police beat example, the exact
tradeoff among the various factors must be determined by the user of

the model, not by the model ditself.

2.3 ASSIGNING BILINGUAL PERSONNEL

If police officers in a particular car or attendants in a partic—
ular ambulance are bilingual--fluent in English and a second language
(sayVSpanish, Chinese, Portugese, Italian, or some other language pre-~
dominant in one'or more sectione of the city),,then thekplanner using'
the model (for beat or district design or any other purpose) would want
to be careful to give first preference to this bilingual unit in re-
sponding'to calls for service from a neighborhood having the second
- language as its primary language. This consideration of matching the
service capabilities of the”unit to the needs of the neighborhood Would
;probably outweigh narrow efficiency considerations such as minimizing

travel times.

RN

The planner using the model can specify that the dispatching pro-
cess be such that this specialized unit will be assigned to any call
from these neighborhoods, provided that the unit 1s aveilable when the
call arrives. If not, then another (less preferred) unit would be
agsigned to the call. The model will provide the planner with infor-
mation about the consequences of this policy.

The planner may wish to explore various prepositioning sites or
patrol areas for the bilingual unit as well as for other units within

the area under study.

2.4 BACKUP UNITS

Sergeant's ‘cars are an example of backup units. Suppose a police

command area (often called district, precinct, or area) is divided into
beats with one or two sergeant's cars assigned command-wide responsi-
bility. These cars might patrol the entire region, or they might divide
the region among them. In any case, each would patrol several beats,
with primary responsibility being supervision of the regular (beat)
patrol cars not responding to calls for service. However, should all
the beat cars be busy, then the sergeant'e cars may be used by . the dis=
patcher as backup cars to assign to calls for service in order to avoid
delay and congestion at the dispatcher's position.

The user of the model can easily take account of this situation ;
by adjusting the dispatching strategy to assign last preference to the
sergeant's cars. In this way, the model assigns the beat cars to all
calls for service in the area as long as there are beat cars available.
However, whenever they are all simultaneously busy, the model (dmita-
ting what the actual dispatcher would do) will assign the sergeant's
cars to calls for service. Given this added complication, the user
can still address issues of workload balance, response time reduction,
prepositioning, and so forth, including a calculation of the call—for—
service workloads of the sergeant's cars and a calculation of how fre-

quently they respond to each of the neighborhoods in the area.

2. 5 OVERLAPPING BEATS

‘Most police departments, when considering the beat design process,

“view beats as separate nonoverlapping areas where primary responsibility

R oicne
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can be assigned to one patrol unit. However, we are seeing more and

more variations on a new theme--overlapping beats, where the same neigh-

borhood(s) will be patrolled by two or more police cars.

Example l:k One large U.S. city has "umbrella cars," each of which is
asgigned to patrol two regular contiguous beats. Thus, if beats
A-and B are'side—by?side, they will be patrolled by car A (patrol-
ling beat A), car B (patrolling beat B), and an umbrella car (pa-
trolling both beats A and B). The dispatching strategy for calls
from beat A is usually to assign car A, if available, and other-
wise to try (in sequence) car B, the umbrella car, and other cars
in the command area. ,

‘Example 2: Another large U.S. city divides each command area into two
or more sergeant's zones. FEach sergeant's zone 1s assigned one
sergeant's car and several regular patrol cars. The patrol cars
share patrol responsibilitypfor;the entire zone, and there are no
regular beats within the%sone.

Example 3: Several smaller communities divide their area into regular
beats, but assign two patrol cars to each beat. This is perhaps

the simplest form of overlapping beat structure.

The nodel will allow exploration of a widebvariety of such overlapping
beat plans. | v

These and other overlapping beat structures csn be stuuied—-in
terms of the performance measures computed in the model~-by the police
planner. With overlapping beats, it is especially difficult to predict
ahead of time the call—for—service worklcads or preventive patrol levels
of each of the units. The model performs this task, aiding the planner

in considering the many different factors that come into play.

2.6 PRIORITIES

¢ Although many emergency services place priorities on the types of
calls they receive-—either explicitly or implicitly--it is usually not
necessary to consider these priorities in beat or district design,

positioning, etc. For those cases in which priorities must be included

~11-

in the model, the user can adapt the model to reflect a certain limited

class of priority call-handling and dispatching procedures.  However,

complicated priority-oriented procedures cannot be treated by the model--

and this perhaps is the moczl's largest single limitation at its cur-
rent state of development. (See Appendix A for future modifications to
the program.) ‘

As an example of a situation that can be treated by the model,
consider a police command that has a patrol unit specializing in family
disputes. If a family dispute is reported anywhere within the command
and the special unit is available for dispatch,'then it is assigned to
the call. Otherwise another (momspecialty) unit is assigned. To
model this situation, the user essentially splits esch‘reporting area
into two reporting areas--one generating family dispute calls and the

other genmerating all other police calls. The family dispute unit is

‘then given first dispatch preference for all "family dispute reporting

areas.'" This way of adapting the model to a special type of call and
a special type of unit will allow the user to compute separately the-
travel times to each type of call, the workloads’of each of the units

for eachytype of call, and the fraction of family dispute calls handled

by the family dispute car.
If additional types of specialty units and/or calls are considered,

such as one-man versus two-man cars, this procedure of splitting re-

porting areas by type of call can be continued into three, four, or more

splits. We call this process 'layering' of reporting areas. However,
our experience is that the volume of data produced by the model can
quickly overwhelm the user and obscure simple relationships that he
could more readily see if there were fewer priority 1evels Thus,
there exists an important tradeofi between the fine~ graiued detail of
the system replicated by the model and the ability of the user to com-
prehend, 1nterpret, and act intelligently upon the output of the model.

The model cannot be used to study the following types of priority
dispatching schemes:

. « ,
As currently structured the user must work hard to use the lay-

ering process since the inputs and the outputs are not geared ‘to the

concept of layering. However, we hope to make the layering process a

-standard advanced feature of the model in the next version.

SRt ity
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o  Selective staékiﬁg (queﬁing) of low priority calls to await
the attention of the beat car once it becomes available.

o. Preemption (intefruption) of a unit on a low priority call
to send it to a high priority call.

o - Priority-oriented schemes for dispatching calls in queue.
If the system planner wishes to analyze these typés of operation (which
may be very important in a particular application), he should probably

. *
use a simulation model.

2.7 PREVENTIVE PATROL DESIGN

~ Although the model is generally considered to be of primary im-
portance for designing the geometry of beats or the locations of units,
the user can examine the consequences of alternative preventive patrol
strategies, without altering the geometry of beats. This is because
the model allows the user to specify the fraction of time (while on
patrol) that a patrol unit will spend in each of its reporting areas
(within its beat). TFor instance, higher ctime rate reporting areas can
be given greater patrol attention than lower crime rate areas. At one
extreme, the user could examine the effect of having the patrol unit
spend all of its patrol time in the highest crime rate reporting area.
At another extreme, the patrol unit could be directed to allocate its
patrol time equally among all the reporting areas in its beat.

The user may ask, '"What perfcrmance measures will be affected by

altering these patrol time assignments (assuming fixed-beat boundaries)?"

Essehtially all performance measures will éhange in value as patrol
time assignments within a beat are changed, even if there is no change
in beat boundaries. While it is eésy to see that fréquency of patrol
passings will change, it is not so easy to see why workloads, travel
times, and frequency of cfoss-beat dispatches will change. The reason
for their change 1iés.in the faét that by altering the fractioﬂs of
time‘spent by a unit in each part of its beat, the likely position of
the unit at times of dispatch is alsd changed.' : |

T : o o S
- See, for example, Chap. 6 in Ref. 8, or Ref. 9.
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As a simple example, a unit currenéiy may be spending its patrol
time in the western part of its beat. Because 1t has a high probabil-
ity of being near the western boundary of the beat whilile on patrol;
the unit is probably the second preferred unit to dispatch to calls
for service in the adjacent beat to the west. If the unit is moved to
the eastern part of its beat (by changing the patrol time assignments),
fhen some other unit would most likely become the second preferred
unit to dispatch to the adjacent beat to the west; similarly, the adja-
cent beat to the east will probably now assign second dispatch prefer-
ence to this unit due to its (newly acquired) geographical pyoximity.
Thus, changing patrol time assignments changes dispatch preferences
and thus changes nearly all computed performance measures. '

The above seven subsections have described a variety of‘épplica—
tions of the model. There are many others, and these become apparent
by .using the model, first for the simpler applications and then--as
confidence and model familiarity build in the model user--in more ad-
vanced applications. In this spirit, the next gection indicates the
data requirements (including computer card formating) for using the
model in one of its simpler modes. Subsequent sections describe the

motre advanced features.

i bty
TR
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3. A SIMPLE EXAMPLE

In this section is demonstrated the simplest possible use of the
model~-to analyze a system with three response units and seven geo-
graphical atoms. The locations of the atoms éfe shown in Fig. 1; the
travel directlons are shown as north, south, east, and west, but of
course in actual applications the coordinate grid can be rotated in
any arbitrary manner. The resulting district configuration is shown
later in Fig. 11 (p. 51).

3.1 DATA CARDS

We now demonstrate how to set up the deck of input data cards to

run the model.

Card Type 1: Bagic Program Specifications

The first data card is prepared as follows:

M= 3 R =7 NUM = 2 ESTSTAT = 1;

In the computer the number of response units is given the symbol M,
and thus the equation M = 3 indicates that this run of the model will
use exactly three response units. The total number of geographical
atoms is denoted by R, which in this case equals seven. The symbol
NUM iﬁdicates the number of different workload levels (or call rates)
the user wishes to examine with the current set of ihput data (see
card type‘10). Since NUM = 2, the user wishes‘numerical output for
two different workload levels.  Fina1ly, the symbol ESTSTAT is used

to indicate whether the user wishes output from‘the exact hypercube

model (ESTSTAT = 0), from the approximate model (ESTSTAT = 1), or from

both models (ESTSTAT = 2). In this case, since ESTSTAT = 1, the user

wishes to see output only from the approximate model. To summarize,
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Fig. 1 — Hypothetical region containing seven g‘eogr'aph_iccll atoms
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M = number of response units
R = number of geographical atoms (reporting areas)
NUM
'ESTSTAT = 0,1,2, indicating type of model(s) to be used (exact, ap-

i

number of different workload levels

proximate, or both)
IMPORTANT: Note the required semicolon after the last data entry on
the card. The reader will observe that most data cards

dq not require a semicolon. Those that do will be flagged.

The first three symbols (M, R, and NUM) have maximum values. When
using the exact model, M cannot exceed 15 (i.e., no more than 15 re-
sponse units), whereas M can take on any reasonable value (say less
than 50) when using the approximate model (setting ESTSTAT = 1). The
number of reporting areas R cannot exceed 200 and the number of work-
load levels per run (NUM) cannot exceed 10. The debug timing option
may be added to this card; it is explained in Sec. 6.3.

Card Type 2: Title Card
The second card is particularly easy to fill out. ' In this simple

example case it reads

'TITLE! "SAMPLE 3-CAR RUN WITH 7 ATOMS'

This title card is used to uniquely label the run that the user is

- submitting. The word TITLE is typed within single quotes, followed
by at least one space, énd then by the title of the run (not to ek—
ceed 50 characters), placed within single quotes. The title is one
of‘the first»pieces of information tb be printed by the output compo~

‘nent of the program.

Card Type 3: Workload Distribution ’
The third card is printed as follows:

] 7

1 2 3 4 5 6 7

'LAM' 7000, 17000. 1000. 1000. 2000. 1000. 1000.

This card, denoted by 'LAM,' indicates the relative workload distribu-
tion (in numbers of calls for service) among the geographical atoms.
The entries are ordered in the same way that the geographical atoms
are numbered in Fig,., 1. 1In general, the atoms in the region can be
ordered in any arbitrary way, but this ordering must be used consis-
tently in preparing the input data card. In this example, atom 5 in-
curs twice the call-for-service workload of any of the other atoms.

It is not necessary to normalize the sum of the workloads (so that
they add to'l or 100 or 1000, for instance). The relatively large
entries in this case could correspond to the actual number of calls
for service recorded from each atom during a six-month or one-year
data collection period.

Format requires that at least one space follow 'LAM' and each
entry is separated by at least one space. It is allowabie to continue
printing the entries on successive data cards, should one card be in~
sufficient. However, 'LAM' is typed only once-—as the first entry on
the first type-.3 data card. No special entry on a continuation card

1s required.

Card Type 4:  Spatial Allocation of Response Units

Perhaps the key type of data card in any particular run, the 'SS’
card specifies the location of a response unit when it is not: gervicing

calls. The location may be fixed or mobile. One card must be submitted

for each response unit. For this example the three cards read as fol-

lows:

7SS 1 3 1 1.0 2 0.0 3 1.0 1lst card in deck
) 3 4 1.0 6 1.0 7 2.0 2nd card in deck
3 1 5 1.0 o ~ 3rd card in deck
b A [ R S |
(b)) () (@ (e) () (& (h) (i)




- Each card contains the following information in oxrder from left

to right:

a. card tYpe identifier (this field will always contain 'SS')

b. response unit's identification number '

c., total number of geographical atoms in that unit's district

d. identity number of first such atom

€. Trelative amount of nonbusy time spent in first atom (decimal)
automatically normalized by the computer ‘

f. ‘ddentity number of gsecond such atom °

g. .relative amount of nonbusy time spent in second atom (decimal)...

{This continues for as many atoms as necessary. In the example items
(h) and (i) refer to the third atom.) ‘Note, in the example, that
units 1 and 2 have mobile locations, whéreas unit 3 is fixed in atom
5.

Points to note:

o The decimal quantities indicating the relative amounts of
time spent in each atom need not be normalized to 1 or 100
or any other number. The computer performs the normalization
automatically.

o The atoms in each unit's district may be listed in any arbi-
trary order.

6 Districts may overlap. That is; we could have one or more
geographical'atoms contained in two or more districts. Ex-

ample:

0.0 (3 1. 0\ lst card in deck

'Ss! ]’ 3 1 1.0 2 0.0 {(3_1.0;
1SS! 2 3 4 1.0 6 2.0 7 ].0 2nd card in deck
'SSi»  3 2 5 ],0_ (} __g:gj) 3rd card in deék

Thé quantities on the third card indicate that unit number:3‘
allocates 80 percent of its nonbuSy time in atom 3 (and 20
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percent in atom 5).  Similarly, from the first card, unit
number 1 allocates 50 percent of its nonbusy time in atom

. number 3 (and equal time in atom 1). Thus atom 3 "belongs"
to both districts 1 and 3. (See Sec. 5.1 for further dig-
cussion.) ’

o In police applications, every geographical atom must be con-

tained in at least one unit's district,* This raises the
following question: 'What does one do with atoms in which
no nonbusy time is spent by any response unit?'"  Each such
atom must still be "in" a district, and so must appear on an
'88' card. The only change is that the user sets the rela-
tive amount of nonbusy time in that atom equél to 0.0, as is

done in the first 'SS' card for atom 2 in the above example.

Card Type 5: Response Speed (mph)

This simple card indicates the effective speed of resporise of the

response units, in miles per hour:

'SPEED' 10.0

“In this case, the effective responge speed (a deéimal) is 10,0 mph.

Card Type 6: Locations of Atoms (100-ft units)

This type of card specifies the location, in X-Y coordinates, of
each of the atoms listed in the same order as they were on card type

3. For the example, the card reads as follows:

'TX' 0.0 20.0 0.0 40.0 0.0 60.0 20.0 30.0 1st card in deck

20.0 40.0 20.0 50.0 40.0 40.0 o 2nd card in deck

,*This requirement actﬁally applies only when using two of the four

. preprogrammed dispatch strategies. See Sec. 4.4,
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The card identifier, 'TX," is followed by the X~Y coordinates (in deci-

- mal, measured in units of 100 fr) of each of the seven atoms in our

example, (There is a continuation card because all of the information
could not be typed on the first card.) For instance, atom 1 is located
at: X1 = O.O,rY1 = 20.0 (seefFigf 1), and these are the first two num-
bers printed on the 'TX' card. As another example, atom 6 is located
at X6 = 20.0, YG = 50,0, and these figures are displayed as the sixth
coordinate pair on the two cards. Since the coordinates are given in
unite of 100 ft, we see that atom 6 is (50.0 -~ 20.0) »x 100 = 3000 it
"north" of atom L and (20.0 ~ 0.0) x 100 = 2000 ft "east" of atom 1.
The computer model uses this location information when estimating
travel time between atoms. Assuming a street grid structure for the
city, the computer model requires that the responding unit travel the
sum of the east-west distance and the north-south distance between its
initdial location and the location of the incident.* For example, the

travel distance between atoms 'l and 7 is computed as follows:

East-west distance = X7 - Xl = 40.0 - 0.0 = 40.0
North~south distance = Y7 - Yl = 40.0 - 20.0 = 20.0

Total travel distance = 60.0 100-ft units or 6000 ft or about
1,13 mi. The travel time is equal to the‘travel distance divided by
the effectlve travel speed, which in this case equals [1.13 mi/10 mi/hr]
= 0,113 hr = 6.82 min, '
Administrators in some cities may be fortunate enough to have an
empirically devised table of travel times from point to point. In that
case the 'IX' card is unnecessary and‘the empirical values can be read

in directly; the details are discussed in Sec. 4.3.

Caxd Type 7: Dispatch Procedure

This card indicates the type of position and response time esti-
mation procedure the dispatcher employs when making dispatch assign-

ments. The sets of options are brought about by units whose (mobile)

— , _ o ,
The user can input exceptions to this rule (see Sec. 4.3).
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positions are not known with certainty at the time of dispatch. The
detailed discussion of the four options is rather technical and is
therefore deferred to Sec. 4.4. For the example we £1i1l out the card
as follows: |

'som L o

The‘idehtifier 'SCM' indicates that a "strict center of ﬁass" dispatch-
ing policy is used, This policy, which ¢losely models the ﬁéhavior of
many police dispatchers, assumes that the dlspatcher acts as if eaéh
available fesponse unit were positioned at the statistical center of
its district and as if the incldent were positioned at the statisrical
center of its district. Travel time estimates, and therefore dispatch
decisions, are made on the basls of these(assumptions. Thexre are three
other (preferable) policies that the dispatcher (or more preclsely, the
dispatching algorithm) can employ; they are"discussed in‘detail in

Sec. 4.4. k

i
st
o
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Card Type 8: Queue Capacity

‘ additional calls for service arrive. The card contains nc data other

units in a first-come, first-served manner. The absence of this card

This optional card, a default override card, specifies how the

response system functions when all units are simultaneously busy and

than the card identifier:

R

'CAP'

It signifies that there is limitless (or unlimited) queuing capacity
and that backloggéd calls should be held in queue and dispatched to

indicates that there is zero queue capacity, that is, no queuing is
to occur and calls'which arrive when all units are busy are to be

handled by a backup response system. For example, a~police;departmentk
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will often provide such backup capability for an subulango sexvice.
Tha model doas nob compute performance measures fox the baclup gyg-
cen ochar than the total fraction of calls that are hundlad by that
Byetam. .

Contral to thae use of the model L8 the idea of a "default" iln
the computer program, and the. 'CAP' cand Lllustrates a default ovep-
ride eard. In cartaln cases in which the user does not gpaclly mn
action or a value for a parameter or vavlable, the computor progran
agaumes a default value, Tt is dmportant to rocognize these dofaults,
aluca they play a criltieal vole in dafiningytha asgumptalons and op=
erating vules of the wodel. In this axamplae, the dofault agaumption
le that there exists a backup system to handle calls that arrive when
all unlte are busy. The default ovarride indicates that, te tha conw
trary, such callas are to be bheld in queue and dilapatehed on a flrsi-
come, Llrst-gorved hagls.

Card Typa 9:  Service Time Card (ki)
This type of cavd gilves the avarage total time (Lncluding travel

£
time as wall as on-gscone time ) required for a unlt to servieca a call.
This total time is called the serviee time. The card weads as follows:

'SERVTM! S s,

Service time is weasured in minutes; thus the card states that the av-
exage servica time is 25 min. IF card type 9 is not inserted into the

- dAnput deck, the default value for average service time is 30 min.

Card Type 10 The 'RUN' Card (calls/hour)

The final input card, oalled the 'RUN' card, provides the final

two pleces of infoxmation necessary to run the model'

x : ‘ ’ ‘
‘ See Sec. 1 (particularly point 9) and Sec. 2.2 for a further
discussion of service time, travel time, and on-scene time.

'RUN' 2.88 2.0’

Tha fixvat entwy following 'RUN' (the canrd identifier) tolle the com~
putaer that an average workload of 2.88 calls pex hour s experdonced
by the omergency wesponse gystem undex atudy., So, the flret run will
ba oxecuted with this workload, V

Recalling caxd type L, which glves basle program specifications,
the fact that NUM = 2 indlcated that two wuns are to ba wmade with this
Input data daeck.  The seeond run will be oxecuted with o higher worlk-
load of (2.88 4 2,00) » 4,88 calls paxr hour, Tha 2.0 i1 the lncrement
to he added to the workload for cach additional run, I1f we had had
NUM = 3, then a third run would be executad with a workload of (2,88

2(2.00)) = 6.88 calle per hour,

To summarize the entrdes on the 'RUN' card, the filrst do the worlk—
load (in ealls pew hour) generated from the reglon being modeled; the
pacond ds the fncrement to be added to Lhc worklaad to compute the
workload for each successive run.

It moat be noted that for unlimited queaue capacity systens, the
workload carmot be so great that there are not enough unlts (and todane)
to service all calls. FYor such syetemg all call-for-service workloads
(dncluding added dncrements) must be Lless than the number of servers
(M) divided by the average service time in hours (SERVIM/60).

‘3.2 PRINTED RESULTS OF LHE RUN

The program outputs from the sample run set up in See. 3.1 are
displayed 4in TFilgs. 28, Interpretation of these resultd is glven in
Sec. 3.3 below. ‘

3,3 INTERPRETATION OF THE ouTPUY

The first page of the output (Fig. 2) simply verifies some of the

input data. In particular, for thils example it states that there are
three fesponse units and‘consequently‘three districts, and seven geo~
graphical atoms; iﬁ gives the probability‘distribution’of;calla for
service,,by‘atom. In examining the distribution, it 1is seen that 25
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NSF/KANN-HUD SPATIALLY DISTRIBUTED QUEUING MODEL OF AN
UKBAN EMERGENCY SERVICE SYSTEM

R ESPONSE UNIT= RESPONSE_UNIT TOTAL NUMBER=
DISTRICT= DISTRICT TOTAL NUMBER=
GEOGRAPHICAL ATOM= ATOM TOTAL NUMBER=

CALLS FOR SERVICE DISTRIBUTION, BY ATOM
0.12500
0.12500
€. 12500
0. 12500
0.25000¢
0.12500
0.12500

\JO\ULﬁidto.a

Fig. 2— Certain input data (first page of program output)

MEAN TRAVEL TIMES FOR EACH RESPONSE_UNIT
TO EACH LTOM

ATOM ~ ID OF RESPONSE_UNIT

ID ,

NG . UNIT UNIT ONIT

Lo 1 2 : 3
1 2.27 5.68 4,55
2 2,27 3.98 2.27
3 2.27 5.68 4.55"
4 4,55 2.27 1.14
5  4.55 - 1.70 0.00
6  U4.55 2.27 1,14
7

82 1.70 2.27

Fig. 3— Mean travel times for each unit to ecch atom
(second page of program outpuf)

3
3
7
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STRICT CEWTER-OF-MASS DISPATCHING

ESTIMATED "COST" OF DISPATCHING I_ TH RESPONSE_UNIT
TO J_TH ATOM

ATOM -ID OF RESPONSE_UNIT
D
NO UNIT - UNIT ONIT
1 2 3

1 0.00 3.41 2.27

2  0.00 3.41 2¢27

3 0.00 3.41 2.27 '

4 3,03 0.38 0.76

5  2.27 1. 14 0.00

6 3,03 0.38 0.76

7

3.03 0.38 0.76

Fig. 4— Estimated .dispof'ch costs (third page of program output)

RESPONSE_UNIT "~ SPATIAL AILOCBTION, WHILE AVAILABLL

ATOM , ID OF RESPONSE_UNIT
_ NO. UNIT .- UONIT UNIT
1 2 3

1 0.500  0.000  0.000

2 -0.500  0.000  0.08%

3 0.500  0.000 0,000

g 0.000  0.250  0.000

5 0.000  0.000  1.000

6 0.000  0.250  0.000

7 0.000  0.500 0.000

THE FOLLOWING ATOM 3ROUPS HAVE BEEN PORMED BECAUSE

OF IDENTICRL DISPATCH PREFERENCES
1 2 - 3

4 6 7

Fig. 5— Spatial allocation of response units, while available

(fourth page of program output)
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PERFORMANCE MEASURES THAT ARE SPECIFIC TO EACH ATOM

ID ¢ WORKLOAD AVE FRACTION OF CALLS FOR SERVICE
ATOM : OF TRAV FROM ATOM
ATOM TIME SERVICED BY UNIT NUMBER:
(#CALLS /100 HR) 1 2 3
1 36.00 3.153 0.66 C0.11 0.23
2 36.00 2.427 G.66 0,11 0.23
3 36.00 3.153 92.66 0.11 0.23
4 36.00 2.264 0.12 0.64 0.24
S 72.00 0.937 0.12 0.23 0.64
6 36.00 2.264 0.12 0.64 0,20
T 36.00 - 2.476 0.12 0.64 0.24

Fig. 8 —— Atom -specific performance measures (seventh page of program output)
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percent of the calls are generated from:atom 5 and 12.5 percent are
generated from each of the other atoms. This is consistent with the
data read in on card type 3 (workload distribution).

The second page of the output (Fig. 3) gives the calculated mean
travel times for each unit (while positioned in its own district) to
travel to each of the geographical atoms. For instance, the time for
unit 2 to travel to atom 3 is 5,68 min.

The third page (Fig. 4) gives the estimated "cost"-~the travel
time as estimated by the dispatcher (or dispatching algorithm)--of
dispatching each of the units to each of the atoms, assumingkin this
cage strict center of mass dispatching. Dispatching strategies are
discussed in Sec. 4.4; it will be useful when reading Sec. 4,4 to com~
pare the third page of the printout (Fig. 4) to the entries in Tables
1-3 and Fig. 9 (p. 44). ‘

The fourth page indicates what fraction of avallable time each
unit spends in each of the atoms. Any entry with a minus (-) alloca-
tion means that the corresponding unit spends no available time there
but that the atom in question is '"contained" in that unit's disttict.
(The question of atoms belonging to districts is important when con-

sidering dispatch policies-~see Sec. 4.4.) From Fig. 5, it is seen

thaﬁ unit 2 spends 50 percent of its available time in atom 7 and 25

percent in each of atoms 4 and 6. Unit 3 spends all of its time in
atom 5, ’Unit 1 splits its efforts 50-50 between atomsvlyand 3, but
considers atom 2 to be in its district. These figures are consigtent.
with the data read in from card type 4. v

Also on the fourth page the computer prines out the reanits of
some internal computationg. 1t states that for many COmputations,
atoms l 2, and 3 will be considered to be equivalent (as will atoms
4, 6, and 7) because of identical dispatch preferences. That means |
that the ordered rankings of preferred units are identical for atoms
1, 2,-and 3 and for atoms 4, 6, and 7. In actual police or ambulance
operations this information may be useful in iLself with or without
‘consideration of the Hypercube Model

*See Refs. 1 and 2 for a more complete discussion of fixed-

preference dispatch strategles.
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The major output segment, containdng the majority of the cowputed
pexformance measures, is given on the £Lfth page of the output (Pig.
6). REach of the printed output Lines will he Interpreted in turn:

NSF/RANN=-HUD SPATIALLY DISTRIBUTED QUEUING MODEL OF AN URBAN
SERVICE SYSTEM: COMPUTED PERFORMANCE MEASURES
PROBLEM TITLE: SAMPLE 3~CAR RUN WITH 7 ATOMS

- These lines ave self-explanatory, Note that tha title is cop-
sdatent with that road in from card type 2.

WHRITERATIVE APPROXIMATION METHOD USED#*

This mesans that the values of the parformance measuxres were Gom-
puted from the approximate wodel rather than from the axact Hypencube
Model. (This Line would not appear 1f the exact model were usad,)

NUMBER OF ITERATIONS REQUIRED: 3

 This tells the user the numbex of times that the computar ilterated
through the approximation equations (Ref. 2) to obtain a satlafactory
solution, In this case three iterations were required.
UNLIMITED CAPACITY QUEUE WITH 1-ST COME 1-ST SERVED QUEUE DISCIPLINE

, This says that calls for service that arrive when all units are
simultaneously busy are entered into 4 queue or walting line, which
is depleted or serviced in a first-come, first-served (FCFS) manner.

This line.is consistent with our use‘of'the 1CAP' card (Seec. 3.1).

RUN NUMBER: 1

- This states that the current'output (on the fifth page, in this
case) represents run number 1 (as defined on card type 10).

AVERAGE SERVICE TIME = 25.00 MINUTES

 highest integer 1s the minimum number of response units required to do

following error message is printed: "QUEUE SATURATED,"

3l

RESPONSE_UNIT .. TOTAL NUMBER OF=3
ATOM 7., TOTAL NUMBER OF = 7

Sali~cxplanatory.

This confirme the dnput value for average service time obtained
from caxd type 9,

*

AVERAGE NUMBER PER HOUR OF CALLS FOR SERVICE = 2,880
AVERAGE NUMBER PER 25,00 MINUTES OF CALLS FOR SERVICE=1.200

8inee dn vun 1 there are 2.88 calls fox serviece panersted pey
hour (on average), there are 2,88 x (25/60) = 1.200 calls for service
genarated anch 25 min (on average).  With walimited quave capacilty,
this is dmportant foxr the following reason: Lf there were only one
regponsa unlt to handle this workload, then an average of 1.200 calls
would arrive durdng the time requirved (on average) to dervice one call.
Thus, one response unit would not be able to handle this workload.
However, two (or more) could do the job without having backlogs of
calls build up dndefinitely, Lf thils figure had been 2.200 dnstead
of 1,200, then at least three responge unlts would have been required
to handle the workload, In general, whatever this figure 4s, the next
the job, If the user attempts to run the model with too few response
unicé (assuming unlimited queve capacity), then the xun .etops and the

With zero queue capacity, the user can operate the model with any
number of response units. However, 1if this ﬁumbarkia too small (in
comparison to the workload generated pex hour), then a large fraction
of calls for service will be handled by the backup response system
(éee Sec. 3.1, description of the 'CAP' card).
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AVERAGE UTILIZATION FACTOR (IN THE CASE OF UNLIMITED LINE
CAPACITY) = 0.400 | |

.Since 1.200 calls for service arrive (on averége) each 25 min and
all (eventually) are assigned to a unit, then on average 1.200 x (1/3)
= 0,400 call is assigned to any particular response unit every 25 min.
But each such assignmeﬁt requires (on average) 25 min to service, thus
the "average response unit" is busy servicing calls 40.0 percent of the
time. This figure 1s called the average utilization factor (referring
to the fraction or percent of time that response units are servicing
calls), Reflecting the discussion above, this dtilization factor must
be less than 1.0 (or 100.0 percent) for the case of an unlimited capac-
ity queue. '

For the case of a zero line capacity queue, the units would incur
an average utilization factor somewhat less than 40.0 percent, due to
overflow calls being sent to a backup emergency response system.

All of the printed output lines to this point have simply restated
various input data. The remaining lines give values for the wvarious

performance measures, as computed from the model.

- REGION-WIDE AVERAGE TRAVEL TIME=2.202 MINUTES

This indicates that the average travel time to a call for service,
averaged over all the atoms in the region, is 2.202 min. Since the
travel speed is 10 mph (or 1/6 mi/min), this implies that the average
distance traveled per response is (1/6) % (2,202) =~ 0.367 mi, a figure
that is intuitively reasonable., (The entire regibn is just 4000 ft or

0.76 mi east-west and north-south.)
AVERAGE TRAVEL’TIME FOR QUEUED CALLS=2.912 MINUTES

Here the progrém is showing the somewhat larger average travel

time incurred by calls that are delayed in queue (averaged over all

calls delayed in queue, regardless of geographical étom).‘ 0f coUrée,
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in application, a travel time of 2, 3, or 5 min may be insignificant

.
compared to a queue delay of 15, 30, and 60 min.
PROBABILITY OF SATURATION = 0.14118.

Saturation is said to occur when all units are simultaneously
busy. If this occurs X percent of the time, then (due to the random
arrival patterns of calls for service) X percent of the calls reach a
saturated system and thus must be held in the dispatcher queue. In
this case, 14.118 percent of all calls for service are held 'in queue,
(In the case of a zero line capacity system, if X percent of the time
all units are busy, then X percent of all calls for service are trans-

ferred to the backup system.)
REGION-WIDE AVERAGE WORKLOAD (% TIME BUSY) = 0.400

This is the'average fraction of time that units are computed to
be busy. In the case of the infinite line capacity system, this fig-
ure will equal (within acceptable round-off errors) the average utili-

zation factor discussed earlier.

STANDARD DEVIATION OF WORKLOAD = 0.01

This is the standard deviation of the workload distribution, which
is one measure of the imbalance in workloads among units.  The larger
this quantity, the greater the imbalance would be. If this quantity

were zeroc, then the workloads of all units would be equal;
MAXIMUM WORKLOAD IMBALANCE = 0.02019

 Subtracting the workload of the least busy unit (unit 1 in this
“case) froﬁ thé»workload of the busiest unit (unit 2) gives the maximum

Y*Later versions of the model will print out the estimated average

- delay in queue (see Appendix A).
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wopkload dpbalance, (In thie case the mawimum workload imbalance s * Digtriat=fpecifla Parformance Measures
0,409 = 0,388 = 0,021, which, within error tolevanses, 18 the same  The lover portlon of Pig. 7, sdxth page of output, gives disgriele
ag 0,02019, The least busy unlt has enly § pevcent less work than spaetfle performance measurss, For distwlet 1, we ses the follewing
the busdeat unlt, a very small dwbalance.) SRR ~ , (veading fvom left to wighi): | : '
FRAGTION OF DISPATCHES THAT ARE INTER=DISTRICT=0,35265 ; o The district's workloead 4s enough Lo eause one response unit
' , 8 | : | ko vemailn husy servieing calls 45,0 peweent of the time (LF
Thig aaya that 35.255 percent of all ddspatch assignments (ineluds that vegponge unit handled all of diatvict 1's ealls and no
ing thoea from a queve of calle) cauaa the assignad undt to travel to ‘ others) .
8 yeporting arvea net in dta own ddatwdet, Thue, for a randomly aelected o This figure 48 12,5 peveent above the mean for the hree dip=
call for serwiee, there la a 33,255 chance that the unit which wesponds trlata., '
to that ¢all will net he the wnlt whose distrlet contains the eall. o The fraction of tha distwlet's dispatches thak require an oute
The above complates the sunmary of reglon-wide performance mea= of=district unit (edther unit 2 ov 3) becguse undt 1 18 un=
aurea. The remaining performance mesaures arve based firvat on the ve= avatlable 1a 34,18 pawegent, ‘
aponge walt, ascond on the diatelet, and thivd on the atem, ' o The avevape traval time Lo ineldente 4n distriet 1 48 2.911
, i ‘ ’
Inib-Spectile Performance Measures . , o
Bxamindng the pevformance meaaures for undt 1 (ldentlfled in the Similar dinterprarations apply ko distriets 2 and 3, ?
fay left coluane In the top portdon of the alxth page of oubput, Tig, This completes our discugslon of the sizth page of putput, which ‘ ;
#), we gee the followduy (veading frow left to might): ' la the major outpuk page of the model. ?
& Undt 1 spends 38.8 percent of dte time handling ealls for Atom=8pacdfic Perfommance Measures 3
servles. ' The seventh page of output (Fig. B) containg values of several é
@  That workload is 97.1 pevcent of the average worklead of aton~gpacdfic performance measures, For atom 1, for lnekanes, we gse i
all thraee vaits (ehieh is 40.0 percent in thls casa), ~ the following (veading from left to right):
e Only 23.31 percant of the dispatch asaigummﬁta o undt 1 ' , :
cauge the unit to leave its distwdgt. ‘ s B ‘ o - That atom genarates an average of 36.00 calls per 100 hours.
o That figure for interxdlstedet dispatch fxequency is only | | : o The avexape travel time to the atom ds 3,153 min,
86.7 porcent of the wean for the three units (which is 35,255 , : o  Sixty-gix parcent of all calls from the atom are hondled by
percent in this cuse). ‘ , - ' undlt 1, 11 percent by unit 2, and 23 percent by unit 3.
o The a,vémga time it takes for unit 1 to travel to the scene , , k ; S
of an incldent is Z.759 win. R : Judiclous examination of the results 4n this figure will allow the user
: ’ | " _ , | | | | ~ to spot dnequities in t;hé distribution of service accesgibility to
Similar interpretations apply to units 2 and 3. = L | ] neighborhoods (service‘acceaaibilityybeing measured by average travel
‘ ‘ 3 time) . '
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Run Number 2

The resulte of run number 2, in which the call rate is increaged
to 4.88 calls/hour, are provided in the same format as run number 1

and thus are not shown,

o SBI
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4. OPTIONS

The previous section presented a simple example of psefof.the model;
this section will discuss each of the several input data options in de-
tail. While it ds helpful to read this gection in its entirety, most
users will not find 1t necessary to use each of the options discussed.

To the extent possible, each of the options is discussed independently
of the others, so users can treat thils section simply as a reference
handbook. : _ o

4,1 GLOSSARY
Every city or town has 4ts own labels for respdnse units, neighbor~

hoods, districts, etc. The intent of the glossary option is to allow
the user to input these names into the program so that the final out-
put describes the response patterns in terms familiar to residents of
the community being modeled.

If a user wishes to use the glossary option, he inserts the fol-
lowing card in the input deck (immediately after card type 1, the card

containing the basic program specifications):

| / ‘GLOSSARY"’

Then, immediately following the 'GLOSSARY' card, the user inserts data
giving the names for the various components of the emergéncy response
system being modeled that he would like to. change. '

The following are ekamples‘of changeé to‘each of'the terms that
can be made using the 'GLOSSARY' option:

/ R_DIST='BEAT' NM_UNIT(3)='SGT_CAR' NO_UNIT(3)=2NM_DIST(3)="DOMNTOMN' NO_DIST(3)=2

R_UNIT="POLICE_CAR' T COST='TRAVEL TIME' CFS='CALLS FOR SERVICE'

/_
/-

. ATOM='ATOM';

iy
T
5
§
s
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Note that a semicolon must follow the last entry.
As the above data cards indicate, there are nine types of defini-
tions that can be included in the glossary. Each of these is treated

individually below. The information on each is summarized in Table 1.

R DIST

The variable R DIST is the generic name for district in the region
being modeled. 1In a police gontext, R DIS. may be 'BEAT', 'SECTOR',
'Z0NE', 'DISTRICT', etc. Whatever the choice, the definition for
R DIST cannot exceed eight characters in length. (Here, as elsewhere
in the manual, the underline () in R DIST represents a typed underline,
not a blank.) In this case, the output of the program will refer to
beats rather than distriects. |

If the user does not choose to define R DIST, then as a default
the computer sets R DIST = 'DISTRICT'. - All of the other eight glossary
terms have associated default definitions, as discussed below ana.sumf

marized in Table 1.

NM_UNIT(I), NO_UNIT(I)

The variable NM UNIT(I) is the name (usually a type of unit) given
to the Ith response unit. In the example, the third response unit is
given the hame 'SGT_CAR'. Since there are M resﬁonse units, in’genefal'
the user may provide up to M names for response units. The definition
for MM UNIT(I) cannot exceed eight characters in length. If no defini-
tion ie given for unit I, theﬁ the default sets UNIT(I) = 'UNIT'.

. By ﬁsing the variable NQ_pNIT(I),'the user has the option of giv-
ing the Ith response unit a number (a nonnegative integer less than
1000). In the example, the third response unit, which has been named
"SGT_CAR', is assigned the number 2. (The output from the model will
list‘this car as SGT_CAR 2.) This suggests that the third response
unit is the-second sergeant's éar that is being fielded.

L Some cities like to use three digits to idenﬁify their response

units, the first being a prefix'indibating‘the command (precinct, hos-

pital zone, etc.) of the unit, and the second two uniqueiy'identiinng
the unit. These ngmbers can be assigned by using this qption{

[ T

s e 2L
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.Table 1

SUMMARY OF GLOSSARY OPTIONS

Glossary
Variable

TIillustrative
Definitions

Maximum No. of
Characters (in-
cluding spaces)

Default
Definition

R DIST

NM_UNIT(I)

NO_UNIT(I)

"NM_DIST(I)

NO_DIST(IL)

R_UNIT

T_COST

CFS

ATOM

"BEAT'
"SECTOR'
'"DISTRICT'
"ZONE'
"RES_AREA'
"HOSP_ ZN'

"CARV

"SGT CAR'
' AMBUL'
" TRUCK'

1,901,367

'BEAT'
'SECTOR"
'ZONE*
YDOWNTOWN'
'BACK BAY'
'CEN PARK'

1,427,67

' AMBULANCE'

"POLICE CAR'
"LADDER TRUCK'
"WAGON'

"TRAVEL TIME'
'"TRAVEL DISTANCE'

"CALLS FOR SERVICE'
*AMBULANCE CALLS'
"FIRE ALARMS'

'NO EMER REPAIRS'

"REP AREA'
'ZONE'

8

3 digits

3 digits

18

18

18

"DISTRICT'

'"UNIT®

'DIST!

1

'RESPONSE UNIT'.

'TRAVEL TIME'

'CALLS FOR SERVICE'

' ATOM'
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The default is NO UNIT(I) = I. The two sété of defaults--for
NM_UNIT(I) and NO UNIT(I)--may produce strange-looking printouts if
only a few values of I are used with this option (thereby relying on.
“the défault for the other values). The user is cautioned to thihk care-
fully about the names and numbers of each of the units if he uses this

option for some (but not all) of the units.,

NM DIST(I), NO _DIST(I) - : S
The variable NM DIST(I) is the name given to the Ith district. 1In

the example, the third diétrict (which has been defined to be a béat

by the definition of R DIST) is given the name 'DOWNTOWN'. The defini-

tion for NM DIST(I) cannot exceed eight characters in length. The de-

fault is NM DIST(I) = 'DIST', no matter what definition is used for

R_DIST.
In & manner similar to numbefing response units, the user can f£s-—

sign numbers to districts by using the variable NO DIST(I). 1In the ex~

ample, the DOWNTOWN~beat is assigned the number 2, and will be referred
to in the output as DOWNTOWN 2. Aééin, the number wmay be-any non-
negative integer less than 1000.

The default is NO DIST(I) = I. The same comments regarding de-
faultsrthat apply tb naming and numbering responsge units apply to nam-

ing and numbering districts.

R_UNIT

The variable R_UNIT is the generic name for all response units
within the region. The definition for R;UNIT may -contain up to 18
characters, with a default of R UNIT = 'RESPONSE UNIT'., In the example,
R_UNIT ="POL1CE_CAR', so the output from the model‘willkrefer to police

cars 1instead of response units..

" T_COosT

~ The variable T_COST is the name given to the cost of travel for
units to reach the scenes of incidents. Usually (as in the example)
T_QOST = 'TRAVEL TIME', but T COST coﬁld’be some other measure of cost
 of delay such as‘TLpOST = 'TRAVEL DISTANCE'. ' The maximum
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- length of the definition is 18 characters, with a default of T _COST =

'"TRAVEL_TIME'.

CFS

The variable CFS is the name given to calls for service. Due to

convention, CFS is stated as a plural. Thug, the usetr could have CFS

= "CALLS FOR SERVICE' (the default), or CFS = 'AMBULANCE CALLS', or
CFS = 'FIRE ALARMS', or CFS = 'NO EMER REPAIRS'. The maximum length
of the definition is 18 characters.

ATOM
The variable ATOM is the name for the small reporting areas upon
which the geographical data are based. The default is ATOM = 'ATOM',
and a maximum of eight characters is permitted. Note that unless the
'ATOM NO' option is used (see Sec. 4.8), the program will assume that

atoms are numbered comsecutively starting with 1.

4.2 PRINTOUT E
 ‘Currently the print options of the program are very simple (and

1imited). Eventually, based on user experience, the pfintout options
will be made more flexible, perhaps autOmatically suppressing detailed:

printout of obviously poor rums.

Printing the Travel Time Matrix

The inter-atom travel time matrix is denoted by TR, where
TR(I,J) = travel time from atom I to atom J

Since this matrix is often very large, having Rzyentfieé (where R is
the number of atoms), it is not usually printed out.{ Howevér, the ‘user
can have it printed.out (perhaps to verify’the values contained there-
iﬁ) by inserting the foilowing card béCWeen card type 2 (the '"TITLE'
card) aﬁd card type 3~tthe"LAM"card,‘indicéting Wdrkload distribu- ‘

Y T SR T S T S s e




42~

~'PRNT_TR'

The corresponding printout for the seven-atom example of Sec. 2 is

given in Fig. 9.

TRAVEL TIME MATRIX: INTER-ATOM

ATOM NUMBER: ORIGIN ATGH NUgBER.DES;IhATIGN4 , . .
0.00  2.27  4.55  3.41  4.55  5.68 Z.gg
é 2027 0,00 227 2.6 i.ég 3.2i 4.3
: . 0w 00 . . . 6.
" 2'2? %.21 5.68 . 0.00 Lol 2.27 3.4
. 4,55 2,27 . 455 1. 14 0.00  lel4 2.21
2 5.68 3.4l 3.41 2,27 1.14 0.00 3.30
1 oeB2  4.55  6.82 3.4l 2.27 3.4l .

Fig. 9 Printout of infer —atom travel times (photoreduced)

Suppress Printing of Atom-Specific Performance Measures

TIf the user does not wish to see atom-gspecific data (e.g., travel
times, fraction of incidents handled by each of the units, preventive
patrol frequencies*), then he inserts the following card between card -

type 2 and card type 3:

“'NO_PRNT_AT"

4.3  TRAVEL TIME DATA

Thektravel time assumption used as the standard default optlon is

" -
that travel times between geographical atoms are proportional to right

. sub-
angle" or "Manhattan' travel distances between the atoms This

section describes several ways in which to modify this travel time

*See Sec. 4.6.
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Three options are outlined, and their logical dependence
is indicated in Fig. 10, at the end of Sec. 4. 3 2.

assumption.

4.3.1 Travel Times: Allowing Nonzero Intra-Atom Travel Times

Using the assumption that travel distances can be modeled with the
Manhattan distance metric (reflecting a mutually perpendicular grid of

streets), the computer calculates that all intra-atom travel times are

zero. Thus, an ambulance could be positioned at the center of an atom,

and travel times to incidents within that atom would be set equal to
0.0 (min).

|3

To correct for this situation, the user can insert the following
card immediately following card type 6 (the 'IX' card):

'CORTM! 0.667

The 'CORTM' card indicates that intra-atom travel times are to be cor-
rected. The number following 'CORTM' reflects the constant of propor-
tionality to be used in a "square-root law" that estimates intra-atom

travel time to be proportional to the square root of the area of the

"~ .atom. That is, when the 'CORTM' option is used, the computer estimates

the mean intra-atom travel time in atom I to be

\[ Ay .
TR(I,I) = CA/XSPEED - YSPEED

where C is the constant of proportionality (0.667 in this case), A is
the area (in sq mi), and XSPEED and YSPEED are the directional travel
velocities, in mph (see Sec. 4.9). For patrolling police units, it isr
reasonable to set C = 0. 667, whereas for units qtationary near the cen-
ter of the atom, the smaller value of C = 0.50 is very often appro-

®
priate. 0f course, some cities may have their own empirically measured
value of C, and this can also be used.

* .
See Ref. 8, Chap. 3.
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Immediately following the 'CORTM' card (and the accompanying pro-
portionality constant), the user must provide as input the area of each
of the geographical ‘atoms, sequentially from the first to the last atom.

An example might»read as follows for e seven—atom example:

/ 002 010 1.2 0.0 050 1.9 10

In this case, atom 3, for instance, has an area of 1.2 sq mi, while

atom 4 has zero ared.

4.3.2 Travel Times: Override of ¥X-Y Coordinates Aséumption‘

In many applications the assumption that travel distance follows
the Manhattan metric, wbich‘reflects a mutually perpendicular grid of
streets, is not always satisfactory. Especially in areag of the city
having barriers to travel such as rivers, parks, and cemeteries, OX
other irregularities, the user would wish to Jaciude the effects of
these situations in the model. . 0r, in the fortunate circumstance that
the user has an empirically measured set of travel times, he may wish

to by-pass the Manhattan metric assumptionventifely.

Selective Override of X-Y Coordinates Assumption
Tor situations in which the assumption of a mutually perpendicular

gtreet grid is a reasonable one "most of the time" (say for 90 percent
or more of all possible inter-atom travel times), then the user would
wish to provide as input the exceptions to this assumption To do this
he inserts immediately following the "CORTM' card or, if no 'CORTM'
caxd is used, card type 6 (the 'x! card) the following card:

TV

This card signifies that data constitutmng an override of the 'TX' caxrd
are about to follow. Immediately following the 'TX OV' card, the user

'supplies the»override travel<time data in minutes. For example:

P S e AN

45

TR(2,3) = 1.6 TR(3,2) = 2.1 TR(1,7) = 10.9 TR(6,6) = 1.0;

Note that a gemicolon follows the completion of the override data.

The travel tine from atom I to atom J is stoied in the coﬁputer
’as TR(I,J), Thus the sample card above indicates that, regaﬁdless of
the X~-Y coordinates assumption, the travel time from atom 2 to.atom 3
is 1.6 min, the travel time from atom 3 to atom 2 is 2.1 min (in geﬁ;
eral, T(I?J) can be different from T(J,1)), tﬁe travelbtime‘from atom
1 to atom 7 is 10.9 min, and the mean travel time within atoolﬁ
(TR(6,6)) is 1.0 min.

As many entries as desired may be included following the 'TX OV'
card. Several data cards may be ugsed 1if required. However, foll;oing
the last entry on the last card, a semicolon must be inSerted,‘sigﬁify—
ing completion of the 'TX' override. i

Empirically Derived Travel Time Matrix

If the model is being applied in an area for whichﬂinter~atom travel
times have been empirically measured, then no 'TX' card (or 'IX OV'
card) is required. 1Instead of the 'TX' card; the following ca?g is
inserted as card type 6:

ITRI

The 'TR' card indicates that a complete inter-atom travel time matrix
is to follow. If this ecard is used, the user must‘use.thé 'EMCM' eard
as the preprogrammed dispatch selection procedure. (See Sec. 4.4,
particularly subsection 4.4.3.)

The following is an_example for a region with R = 4 atoms:

‘C’ard;lk;( 11 23 1.9 3.2
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cara2:[ 2.1 0.6 2.4 4.8 o
~ Card 3: rms 2.4 1.4 6.1
) - =
gel ©
Card 4: (4.9 9.2 6.2 0.2 o o S oL vo °
Vo= - 22 2% ©
.2 3 i > - O C -
stle o, 8t 23 3
. S QO [72
As examples from these cards, the travel time from atom 1 to atom 2 is >3 Qs ﬁ = %’:5 9 ¢
: : L o — - O, ¢ =
TR(1,2) = 2.1 min; the travel time from atom 3 to atom 2 is TR(3,2) = x!_>_~—30>> @ xl'>,g > -
. Q [72] o -~ i’y Q.
2.4 min; and the travel time within atom 3 is TR(3,3) = 1.4 min. The —'_-;_? a2 2 + _% Eg @
: ‘ QG - — DI i
‘ program will read in these data assuming that the first R entries cor- 5”_0_) § - %’ 9 c > 4
’ @ o) — Nl c
respond to travel times from atom 1 to each of the other atoms (numbered L w & & a=a 2 '
sequentially), the next R entries correspond to travel times from atom
) ) . %}
2 to each of the other atoms, etc. Note that in general R2 entries are _.5
required, a sizable data requirement for many regioms. ‘ ' k g
Figure 10 indicates the logical interdependencies of the travel g
time options available with the computer program. 2 g o__ g :_
cos © S
' * £.<° = o
4.4 DISPATCH SELECTION: PREPROGRAMMED PROCEDURES Ss3 . — o
' - - = 0 e
The model assumes a ''fixed-preference' dispatch selection procedure, E -89 8 é
o ,
described as follows:  Suppose a call for service arrives from atom i, ge.g o o o
: . . - [
There is an ordered list of units, say (3,1,7,5,6,4,2) for a seven-unit o 0 S 4 2
. : > o - O
problem, that specifies the dispatcher's preference for units to assign :3_;’ g ov ‘S -g
o
to atom 1. The dispatcher starts with the first entry in the list, unit ] _§'
in this case, and assigns that unit, if available. If the first pre~ S ‘f:'_t'»
» 5] g
ferred unit is not available, then the dispatcher assigns the sécond . =)
o
preferred unit (unit 1 in this case), if available. The dispatcher con- ~l
tinues down the list until the first available unit is found (if there o
. 5 . X 8 B >A — E::
is one), and assigns that unit. This procedure is called '"fixed- . % o o i
‘ : ; : : o _ .
preference" because the ordered list of preferences does not change with 2 o gg E H
. : o o
the state of the system. However, the list of preferences may change R 'x_o g'_
. : . : > ) x [
by atom; for instance, the list for atom i + 1 may be (5,6,3,1,7,2,4). b -'“"'_F— °,_" 2
- w50
The model can operate with any fixed-preference dispatch policy. If prd 2 brthalte
: ] ; : > Sg D
‘ . -4— -0 @ .
Sk ' . : e S c 2.2
This subsection is substantially more technical than the rest of 2°% 5
the manual. The reader is referred to the summary of dispatch strategy : £Eo
definitions at the end of subsection 4.4. : : ' : R
: o§
N
(&)
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- there are R geographical atoms and M response units, then there are

(M!)R possible different dispatch policies. If the possibility of ties

48 included, the number of different policies becomés even more €nOYmMous.

Thus it is desirable to gselect a small number of dispatch policiés
that have a certain intuitive appeal as a8 starting basis for operating
‘the model. As will be seen, it is possible to alter these arbitrarily
go that, in fact, any one of the‘possibleidiSPatch policies could be
investigated. We start with the four basic "center of mass' strategies

‘discussed in Ref. 8, Chap. 3, To define these strategies precisely,

first let

(Xj,Yj) = random variables {ndicating the position coordinates

of response unit j.
random variables i{ndicating position coordinates of

i

(x,Y)
the incident (conditioned only on the district of the
incident).*

(xo,yg) = center of mass coordinates of response unit 3.

3
(E[Xlk],E[YlkJ) = center of mass coordinates of incidents in district

k, where E{ ]l is the mathematical expectation of the
random variable contained within the brackets.

(x,y) = exact position coordinates of the incident.

The meaning of these definitions can be illustrated by reconsider— -

ing the simple three-unit example of Sec. 3 (see particularly Fig. 1
and card type 4: . Spatial Allocation of Response Units). The random
variables indicating the position coordinates of response unit 1,
(X,¥y), can take on the values (0,20), (0,40}, (0,60); the probability
that (Xl,Yl) will assume either of the pairs (0,20) or (0,60) is 1/2
(as indicated on. the first 195" card). The center of mass coordinates
of résponse unit 1, (xg;yg),karevthe respective statistical averages |
of the three possible coordinate pairs. Thus,

7 Subscripts could be appended to (X,Y) to indicate explicitly the
district of occurrence. Tt is not necessary here since the meaning
is clear. S :

‘“ﬂﬂ”*?"‘f%ﬁ“@‘ﬁ“*waQ:W%wwwwAmgpm@ubg‘w,y<n-v,~<,~”_H i

=49

o;—

Xy 1/2+0 +0°0 4+ 1/2:0=0

O__l/‘ )
vy = 2420 4+ 0-40 + 1/260 = 120/3 = 40

Similarly, using the second and third 'SS' cards
’ 3

(o]
(xzyyg) = (30,&0)

(]

(x3>¥3) = (20,40)

of the’incident are {x,y) = (0,20). However, because of the way geo-—
graphical information is often coded for the dispatcher, he ma ’ gl0
be aware that the incident is located "somewhere" in di;tfict i‘onlz
that case, the location of the dncident is random, conditioned‘;nly on

th . i I
e fact that it is located in district 1. The question then becomes
- 4

"What is a reasonable probability assignment for the incident over the
atoms in‘dist:ict 1?" It is assumed that these probabiliﬁies are pro-
portional to the call-for-service workloads generated f?om’each bfpthe
atoms. Since the workload of.each of atoms 1, 2, and 3 ié the samé k
(see card type 3: Workload Distfibution),,it can be reasonably aséumed
that the incident is equally likely to be in any one of the thrée atom
given only that it i1s in district 1. In that case the ceﬁter of md K
coordinates of dncidents in district 1 are ”

E[X|1] = 0-1/3 + 0-1/3 +0-1/3 = 0

E[Y|1]

I}

120°1/3 + 40-1/3 + 60°1/3 = 40
Similarly, for the other two districts
(E[X]|2],E[¥]2]) = (26.7,40.0)

(E[X|3],E[Y]3]) = (20,40)
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Thege caleulations are digplayed on a map in'Fig. 11.

The four major disgatch.strategiés can now be defined and inter-
preéeda The table below shows a formula for each of the four strategies
for estimating the travel time for unit j (which is assumed to be avail-

able) to travel to an incident at (x,y) located in district k:

Strategy Travel Time Estimation Procedure
L.  Strict center of mass lx§,_ E(X|k1] lyg - E{Y|k]]|
(scH) XSPEED YSPEED
2. Modified center of mass 0 % o _
¥ Iy ==y -
(McH) XSPEED YSPEED

3.  Expected strict center -

E[,]xj - x|} E[hci - Y|l
of mass (ESCM)

XSPEED YSPEED

4, Expected modified center
of mass (EMCM) ‘

E(lx, - =[] B[], - y])
XSPEED YSPEED

In these formulas, XSPEED and YSPEED are the effective speeds of re~
sponse in the north-south and east-west directions, respectively. ;

Each of the four strategies is considered in turn. For simplicity
in the discussion, we set XSPEED = YSPEED = 1 and thus consider travel

time and response distance interchangably.

4.4.1 Strict Center of Mass (SCM)
With a strict center of mass strategy, the dispatcher makes travel

time estimates acting as 1f the unit were located at the statistical
‘center of its district and the incident were at tﬁe statistical center
of its‘district,* In each case the underlying probability distribu- |
tions of incidents and units may be different because, in general, the
Spatial distribution of incidents and the unit within a district are

— | . _ ‘
; ‘To use the SCM strategy, each geographical atom must be included
- dn at least one district (via the 'SS' card or the 'S' card).

-=5]1~

~
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different Continuing’with the same example as before, suppose we re-
4 e & - 4 t i i . td
examine the case in which the incident is in atom 1. The estimate

' i i trict
position of the incddent is the center of mass of incidents in distr

L:
(E[X]|1],E[Y[1]) = (0,40)

3 1 ‘ Wl ‘ iZin
,

k ec-
that the units are assumed to be at the centers of mass of their resp

tive districts, are as follows::

[}

e il e
Unit 1: Estimated travel distance = [0 - 0] + [40 - 40|
Unit 2: Estimated travel distance = |30 - 0] + |40 - 40|

|20 - o] + |40 - 4|

30
20

]
#

Unit 3: Estimated travel distance

Using an SCM policy, unit 1 would be the first preferred unit to dis~
sl : [ Yy . ;
patch to a call from atom 1, unit 2 would be the second preferred, an
' | i tch
unit 3 would be the third preferred. The entire set of SCM dispatc

preferences, for each of the atoms, is shown in Table 2.

Table.Z

SCM DISPATCH POLICY: = 3~-UNIT, 7-ATOM EXAMPLE

First Preferred | Secund Pieferred ~ Third P?eferred
Ut Unit : Unit
) vEstimated Estimated Estimitﬁd
: ‘ Dispatch '} Dispatch |. Diggztc
‘Atom Noi Unit No. Cost Unit No. Cost Unit No. |
T ) " 2 30.0
| 0 3 20.0 ,
7 ; 8,0 3 20.0 . 2 30.8
3 1 0.0 3 -20.0 2 32.67
o 2 3.33 3 6.67 1 26.6
: 3 0.0 2 10.0 1 20.67
6 2 3.33 3 6.67 | 1| 2667
g 3 3.33 - 3 6.67 1 2 .

“reported incident is in district 1, he knows from the street a

"the'reporting area in which the incident is located.

' étom 1, we obtain the,following‘estimated‘travel dista
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The SCM Strategy may be summarized as follbwsﬁ

'SCM (Strict Center of Mass)

Incident Location:

Assumed at statistical center of its district, based
based on statistics‘describing the historical distribution of in-
cidents. | o '

Unit Location:

Assumed at statistical center of its distriét, based on

statistics describing the location (mobile. or fixed) of the unit

when not servicing incidents. - : =

Estimated Travel Distance:

From district center (for unit) to district
center (for incidents),

4.4.2 Modified Center of Mass (McM)

The modified center of mass (MCM)'strategy is the same as the scM

strategy, except that the exact position of
making travel time (distance) estimates,
marized as follows:

the incident is used in

Thé McM strategy may be sum-—

MCM (Modified Center of Mass)

Incident Location: Assumed at center of incident'
Unit Location:

8 geographical atom,
Assumed at statistical center of its district, based
on statigtics describing the 1océtion (mobile or fixed) of the
unit when not servicing incidents (same ag SCM) .

Egtimated Travel Digtance: 'From district center

(for unit) to center
of incident's geographical atom,

An MCM strategy provides a good model for a dispatcher who is in-
timately faﬁiliar with the~various'neighborhoods of

"his" part of the
city. Thus,

even though a dispatch card may only stipulate that the

ddress

Continuing with the example in which an incident is located in

nces using an
MCM strategy: v ’
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Unit 1: Estimated travel distance = |0 - 0| + {40 - 20] = 20
Unit 2: Estimated travel distance = |30 -~ 0] + {40 - 20| = 50
Unit 3: Estimated travel distance = |20 - 0] + [40 - 20] = 40

Compared to SCH estimates, note how these larger travel distance esti-
mates more nearly reflect true travel distances to atom 1 (a relatively
iaalatad atom). The entire set of MCM dispatch preferences is shown |
in Table 3, 1in Whiéh 1t may be seen that it is possible to have g unit
other than the one assigned to the district of the incident be the

first preferred unit (atoms 4 and 6).

Table 3

MCM DISPATCH POLICY: 3-UNIT, 7-ATOM EXAMPLE

First'Preferred Second Preferred Third Preferred .
Unit Unit Unit |
Estimated Estimated Estimatﬁd
Dispatch Dispatch Dispatc
Atom No.| Unit No. Cost Undlt No. Cost Unit No. Cost
T | .0 3 40.0 2 50.0
% i ‘ 28.8 3 20.0 2 30.0
3 1 20.0 3 40.0 2 50.8
4 ) 10.0 2 20.0 1 30.
5 3 0.0 2 ~10.0 1 20.0
& 3 10.0 2 20.0 1 30.8
7 2 10.0 3 20.0 1 40.

44 3 Expected Modified Center of Mass (EMCM)

This and the next préprogrammed dispatch strategy assume more

scéhistic&tion on the part of the dispatcher. The EMCM strategy as-

sumes the most sophistication, and represents-the best that any dis-

patcher (human or computer) can do, assuming that the exact real-time

positions of avallable units with‘mdbile‘positions are not known.

dispatchexr could, of course, do better with real-time position informa-

tion, such as that provided by AVL--automatic vehicle locator--systems.)

(The

i s

1

one to assign.
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It is important to note that EMCM 1s the onZy preprogrammed dispatch

strategy that is allowed if the user uses the 'TR' card (Sec. 4.3.2),

Simply stated, the EMCM strategy calculates the statistically cor-
rect average travel time (distance)

» assuming that the reporting area
of the incident is known.

The statistical distribution in the calcula-

tion depicts the probable locations of mobile units. In our example,

the following EMCM distances are calculated for an inc

ident from re-
porting area 1:

Unit 1: Estimated travel distance = 1/2(0) + 1/2(40) =20.0"
Unit 2: Estimated travel distance = 1/4(30) + 1/4(50) + 1/2(60) = 50.0
Unit 3: Estimated travel distance = 40.0

Note that these distance estimates are identical to those of the MCM

strategy. Consider now, however,

an incident from reporting area 2,
The MCM strategy, since it assumes- that the unit ig 1ocaﬁéd at the gta-
tistical center of its district, yields estimated travel distances of
0.0, -30.0, and 20.0 for units 1, 2, and 3, respectively;‘ The EMCM
stratggy, on the other hand, gives the correct statistical weights to
ea¢hidf»ﬁhe possible locations of a,mobile‘unit,‘yielding‘for an inci-

dent from Treporting area 2 the following:

Unit 1:

Estimated travel distance = 20
Unit 2: Estimated travel distance = 1/2(30) + 1/2(40) = 35.0
Unit 3: =20 '

Estimated travel distance

The complete set of caiculations for this example is shown in

Table 4. It may be seen that since units l~and’3 are both equally pre-

ferable to assign to atom 2, phefélzgwa‘tie for first preference. " This
Presents no problem for the computer algorithm which, in effect, flips

a fair coin each‘time‘that both units are available to determine which

(The issue of ties is discussed at greater lehgth in
Sec. 5.2.) ‘ L ‘ ‘
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Table 4

EMCM DISPATCH POLICY: 3-UNIT, 7-ATOM EXAMPLE

First Preferred Second Preferred Third Preferred

Unit Unit : Unit

Estimated Estimated Estimated

: Dispatch Dispatch Dispatch
Atom No, | Unit Wo. Cost Unit No. Cost Unit No. Cost
1 L 20.0 3 40,0 2 50.0
2 1,3 tie 20.0 1,3 tie 20.0 2 35.0
3 1 200 3 40.0 2 50.0
A 3 10.0 2 20.0 1 40.0
5 3 0.0 2 15.0 1 40.0
6 3 10.0 2 20.0 i 40.0
7 2 15.0 3 20.0 1 60.0

The EMCM strategy can be summarized as follows:

EMCM (Expected Modified Center of Mass)

Incident Location: Assumed at center of incidént's geographical atom.
Unit Location: Correctly distributed statistically over atoms in its
district, based on statistics describing the~1ocation‘(mobile or

fixed) of the unit when not servicing incidents.

Estimated Travel Distance: Statistically average travel distance from

each of the unit's geographical atoms (weighted by the likelihood
of the unit being located in that atom) to the atom of the inci-

dent. -

bbb, Expected-Strict Center of Mass (ESCM)
Thisg strategy is the most difficult computationally, although it

does not yield distance estimates that are "as good" in general as
éither the MCM«or EMCM Strétegies;‘ It'is, however, an improvement over
:vﬁhe SCM Straténg Basically, analogous to.the simplé,SCM,strategy,wthe
dispatcher does not consider the reporting area of the incident but only
Lts distriCt.* The ‘dispatcher is too SOPhisticated,~hOWever, to act as

if incidents and response units were located precisely at appropriate

. *To use the ESCM strategy, each geographical atom must be included
in at least one district (via the 'SS' card or the 'S' card). The same
'ybxest:igtion is applied to SCM dispatching. - ' , S
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S

. '

tr
icts to arrive at estimated travel distances

+ 1/2(40)] = 41.7
1/3 « 40 + 1/3 -

[}

Unit 3: Estimated travel distance

For unit 1, the factor of 1/2 ig the

. prdbabilit .
in reporting area 1. The 0, 20 Y that unit 1 is located

3

Table 5 -

ESCM DISPATCH POLICY: ,3-UNIT, 7-ATOM EXAMPLE

First Preferred Second ' ‘ .
cond Preferred |- Third pre S
Unit _ Unit , ; rduziiferred
T ,
.gisgzszsd | Estimated Estimated
At . S : Dispatch
om No. | Unit No. Cost Unit No. Cgstc Uite Nl DigPatch
: . ost
2 1 20.6 ; 233 2 41.7
4 3 133 9 33.3 2 41.7
5. 3 0'0 2 18.3 1 46.7
6 3| 133 5 1.0, 1 40.0
7 3 13.3 ~ 18.3 1 46.7
i A 18.3 1 46,7




Incident Location: Assumed distrl

The ESCM strategy may be snmmar
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£

ized as follows:

ESCM (Expected Strict Center of Mass)

ibuted over geographical atoms in its

district, based on statistic
- tion of incidents.

Unit Location: Correctly distribute

s describing the historical distribu-

d statistically over atoms in its

district, based on statistic

Estimated Travel Distance:

s describing the location {(mobile or

fixed) of the unit when not servicing incidents.
Statistical average travel distance from

EMCM

MCM

ESCM Expected strict center of mass.

d
each of the unit's geographical atoms (weighted by the 11kelihoo

of the unit being located in that atom) to the atom of the inci-

dent (weighted by the 1ikelihood of the incident being located in

that atom).

The four preprogrammed dispatch strategies are summarized below.

SUMMARY OF DISPATCH STRATEGY DEFINITIONS

. : o .
Expected modified center of mass. A dispatch strategy that ca

culates the probablistic location of units,
y dispatcher could do without knowing t

representing the

he exact real~-
best that an

time position of available units; see Sec. 4. 4.3,
A dispatch strategy that cal-
1 distance from

the unit s geographical atoms (weighted by the likeli-
the atom of the

culates the estimated statistical average trave

each of
hood of the unit being located in that atom) to

- -incident (weighted by the likelihoodeotﬁthehincident being loeA
cated in that atom); see Sec. 4.4.4.

Modified center of mass. A dispatch strategy in which the exact

g
B
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location of the incident is used to make‘travel time (distance)
estimates; see Sec. 4.4.2. ;‘ ‘

SCM Strict center of mass. A dispatch strategy in which the dis-
patcher makes travel time estimates acting as if the unit were
located at theistatistical center of its district and the inci-
dent were at the statistical center of its district; see Sec.
4.4.1.

Input Formats for Dispatch Procedures

Selection of one of the four preprogrammed dispatch procedures is
particularly easy. On card type 7, the user puts 'SCM,' 'MCM,' 'EMCM,'
or "ESCM,' depending on which of the procedures is selected. If no
procedure is selected, the default is 'EMCM.'

4.5 DISPATCH SELECTION: SELECTIVE OVERRIDE OF PREPROGRAMMED PROCEDURES

The four dispatch procedures described above form the basis for
analyzing a rich variety of alternative dispatch philosophies. Next
are described'the,fairly simple input card formats that are required

to generate alternative procedures. -

4,5.1  District's Unit Gets First Preference

0ften there are situations in which it is desired to assign the
unit associated with the district to the incident, even though there
may be a closer available unit in travel time. TFor instance, in police
applications, arguments based on sector identity* say that a radio-
dispatched patrol~unit~should be assigned to as many of the calls orig-

nating in its "own" sector as possible. Even in ambulance applicatioms,

situations can be imagined in which it would be preferable to assign

_.a unit that is slightly further away than the closest unit, prﬁovidea

the former unit has intimate familiarity with the street and traffic
patterns of the neighborhoods through which it will be traveling.
It is very simple to give the district s unit first preference.

‘ cFollowing the dispatch procedure card (card type 7), the vsar simply-

inserts. an additional card:

% ' o ;
-+~ Chapter 8 in Ref. 8, or Ref. 10.
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‘FRST!

This card sets the estimated "cost" of assigning a unit to an incident
in dits own district equal to zero, thereby guaranteeing first preference
for‘that'unit.*
As an example, consider the three-unit, seven-atom example of

Sec. 4.4 using an EMCM dispatching procedure. The entries in Table 4
are now transformed, assuming the 'FRST' card is used, to the entries
~ din Tabla 6., * Note from this table that all cost entries in the column
under the first preferred unit are zero, as dictated by the 'FRST' card.
Comparing Table 6 to Table 4; it is seen that the 'FRST' card has
caused several important changes in the dispatch preference orderings.
First, units 1 and 3 are no longer tied for first preference for in-
cidents from atom 2, which by definition (see the first 'SS' card io

ecr'3) is contained in district 1 (even though no available time is

speht there by response unit'l). * Since the 'cost'" of assigning unit 1

to anyfincident‘within district 1 is now zero, response unit 1 is given

first preference. Seoond, the first two preferences for units for in-

cidents from atoms 4 and 6 are reversed; now it is preferable to dis-
patch ‘'unit 2 to these incidents since atoms 4 and 6 are contained in
district 2. The rank-ordered dispatch preferences for the other four
atoms remain unchanged in thils case, even though the cost of dispatch-

~ing the district's unit in each case is dropped. to zero.

4.5.2  More General Modifications of Dispatch Procedures -

In ﬁany applicationsAthe user will wish to have a dispatch policy
" . Or the policy

which‘isi“basically*EMCM, say, with a few exceptions.
may be ''most like MCM with the district's unit getting first preference
exceptvfor‘several*units." ,So, it-1s deslrable tomhaVe some way to
build on the four (or eight, depending how it's counted) preprogrammed

dispatch procedures and to modify them to suit’ the situation at hand.

- 0Or, at least a tie for the first preferefnce in the unlikely event
that another unit is also estimated to have zero cost of assignment.
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Table 6

vEMchgggPéTCH POLICY, WHERE DISTRICT'S UNIT GETS
REFERENCE : 3-UNIT, 7-ATOM EXAMPLE

First Preferred S : '
Sbh | econeuiziferred Thirduiiiferred
§:§i::§§d o Estimated , Estimated
Atom No.| Unit No Cp ' .| epaceh Pispaceh
j . Cost Unit No. Cost Unit No.: Cgsrc
1 1 |
. . 8.8 3 40.0 2 T 50.0
2 1 0.0 3 20.0 2 35.0
; ; 0'0 3 40.0 2 50.0
4 2 0,0 3 - 10.0 1 40.0
: ) 0.0 ‘2 15.0 1 40.0 -
; : 0.0 3 10.0 1 40.0
. 3 20.0 1 60.0

f the user wishes to do this, he must first insert the followiné

card after card type 7 (and af
ter the 'FRST' card, if ope i
before card type 8: ’ B bUt

'DISP_OV RD'

This card signals that the user wishes to use the selective dispateh m
override feature of the program.

Cards are inserted that explicitly indicate the details of the
dispatch override immediately following the 'RUN' card (card type -10).

’ There are three types of cards that may be used. Immediately following

these cards the user must submit a "END OV RD' card, eignifying the end

, of the dispatch override.

' FRONT'

If
_ the user wishes to assign first preference to a particular unit
A
he uses a '"FRONT' card. The following is an example '
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“FRONT" 3 2 : ’2 ; *
'uiit‘, total. identity - identity
identity number of first of second
number  of atoms < atom atom

es unit 3 the flrst preference for calls from atoms

In the computer

Use of this card mak

2 and 3 regardless of the previous dispatch policy.
’ h of unit

accomplished by setting the cost of dispatc

ram, this is
e ’ Note that if the

3. to incidents in atom 2 or atom 3 equal to zero.

m3 is not wi
VIRST! card is used and if atom 2 and/or ato
51nce two units

thin district

3, then we would have a t1e for first preference,

e zero dispatch cost for responding to incidents in atoms 2

d hav
i followed by the

]
and 3.  The general format of this card is 'FRONT',

identity number of the response unit, followed by the total number of

and followed finally by the successive iden
As usual, at least one space must appear be—

tity numbers of each
atoms,

of the affected atoms.

,tween successive entries.
1f two or more 'FRONT' cards are applied

.then there would be two or mMOT

with different units to

e ties for first prefer-
the same atom,

ence for that atom.

An example in the police area might 1
speaking as well as English-s speaking) officers.
that unit's patrol sector are

avolve a unit with bilingual

If the
(say Spanish-
residents in one reportlng area not in -
predominantly Spanish~speaking, then it may be preferable to dispatc

that unit to incidents from that atom,
This 1s accomplished by using the

even though travel time is in-

creased above the minimum possible.
"FRONT' card, where the first digit is the jdentity number of the car
nd is equal to 1 (indicating one out-

with bilingual officers, the seco
orhood [atom]), and the third is thev

of-gector Spanish-speaking neignb
identity number of the atom in question.

*See Sec.‘5.2 for a further discussion of ties.

i evsipiyaras
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'BACK' : o =
If the user wishes to assign last preference to a particular unit,

he uses a,{BACK"card. The following is an example:

'BACK' 2 7 1 2 3 45 6 7
} } ~—
unit ~ total identity numbers of
identity number : atoms
number of atoms

Use of this card makes unit 2 the last preference for calls from atoms
1 through 7, regardless of the previous dispatch policy. In the com-
puter program, this is accomplished by setting the cost of dispatch of
unit 2 to incidents in these atoms equal to a'very large number (999).
The general format of this card is 'BACK,' followed by the identity
number of the response unit, followed by the. total number of atoms,">
and followed finally by che successive identity numbers of each of the

affected atoms. (Of course, at least one space must separate successive

entries., )

If two or more 'BACK' cards are applied with different units to
the same atom, then there would be two or more ties for last preference
for that atom.

Consider another example from tne police area.  Often a sefgeant's
car will be assigned to patrol all or part of the entire region being
modeled, and this car 1is to be used only as a iast resort for dispatch

purposes. This policy can be accomplished in the model by using the

'BACK' card, followed by the identity number of the sergeant's car,
~followed by the total number of atoms in the region being modeled, and

followed finally by the successive 1ist of atom numbers. For instance;,
the above card containing seven atoms would accomplish this purpose
for the example in Sec. 3, where car 2 is considered a sergeant's car.

Other cities use "umbrella" cars and/or "backup" cars that are to be

 dispatched only as a last resort; again, use of the 'BACK' card is

'called fdr in these cases.

;
B
LR
i
o
e
5
o




" he has submitted omne Tun without it.
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'"MIDDLE'

If a user wishes to modify dispatch preferences in a more general

way than 1is represented by the 'FRONT' and YBACK'! cards, he can use the

'MIDDLE' card, an example of which is the,following.

*MIDDLE' 1 2.3 3 4 6 7
(. } b o
unit cost of total identity numbers
identity  dispatching number of atoms involved
" number this unit of atoms
to selected involved
atoms

Use of this card places a cost of 2.3 to assigning unit 1 to calls from

atoms 4, 6, and 7. Note that the nature of the data contained on the

"MIDDLE' card is different from that of the 'FRONT' and 'BACK' cards.
This is because the user must specify one additional piece of informa-
namely the cost of dispatching the unit to each of a set of com-
parable atoms. In fact, the user could actomplish the equivalent of
the 'FRONT' and 'BACK' cards by using only the 'MIDDLE' card. This is
lﬂvery comfortable

tion,

not recommended, however, except for users who fee

with the concept of dispatch cost and how it is used to arrive at dis-

patch preferences

If the user has a large problem (i.e., many units and reporting
areas), he may not be able to use the *MIDDLE' card effectively until
As a result of the first run,
he could dntermine the value of the dispatch cost for the 'MIDDLE'

card required to place the unit anywheie in the rank-ordered list of

dispatch preferences.

The three types of dispatch override cards have now been discussed.

“In any~particu1ar run, any combination of these cards may be used (and

they are proceseed by the computer program in the order inserted in the
deck). All such cards must follow immediately after thep?RUN"card,.

and an 'END OV RD' card must follow the last of these cards.

TR St
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4.6 POLICE PREVENTIVE PATROL

In the cases for which a police patrol force is being modeled, the
user may wish to calculate the frequency of passings of undts on pre-
ventive patrol in each of the'geographical atoms. - Thus, for instance
he could compute that, on:the average, a patrolling unit pesses by a ,
randomly selected point in atom 4, 2.1 times every hour and in atom 12
O.S,times every hour. To perform the computations, the eomputerkuti— ,
lizes a well-known formula for the average frequency of patrol passings‘

of a randomly selected’point* in atom J:

| Mo (SP)g |
PF(J) = Z ”E'CITI_J (1 - WORKLOAD(I))
I=1 . :

where PF(J) = average frequency of patrol passings of a randomly
selected point in atom J.
SP = effective speed of a unit performing preventlve patrol

(in mph or other standard unit).

L(J) = number of patrollable street miles in atom J,

fIJ = the relative amount of time that unit I spends in atom
J while on patrol.- (These factors are obtained directly'
from the 'SS' or 'S' cards.) ‘

WORKLOAD (1) fraction of time that the'unit‘is busy'answering calls

for service (this quantity is computed from the model).

Note that the formula allows for overlapping police patrol sectors (cor—

respondi
: p ng to more than one fI nonzerc for a given value of J), as

well as nonoverlapping sectors.
To use this option, the user inserts the following card immediately
following the response speed card (card type 5):

'PATROL' 6.5

.MVTReﬁerence 8, Chap. 4.
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The 'PATROL' card indicates that the user wants patrol freque‘nc‘ie‘s cal-
“eculated. The constant following 'PATROL' (6.5 in this case) is the .
effective speed (in mph) of the patrolling unit. o
Tmmediately following this card, the user provides as input the
patrol_lable str‘eet:,‘ miles of each of the at;oms (sequentially, from the

first to the last atom). An example for a seven—atom case may read as

R T ey g e e

follows: i ‘ ’

0.5 2.5 60 0.0 0.6 50 483 R |

@

An extra out;put:‘column 18 prinéed for each atom, the entry in the PERFORMANCE MEASURES THAT ARE SPECIFIC ro B
, ; . ' : : ' ACH ATOM

column‘indicating théAaverage patrol frequency»for that atom. An ex- : ID & : WORKEA)AD ive PRACT o ;

‘ample‘ﬁcr’a seven-unit, seven-atom run is shown in Fig. 12. J ATOM - OF TRV ‘FROMTigSMOF CAL;’S FOR SERVICE
o SR | | i (tc§§gg/1oona)glﬁg PEYICED BY UNIT NutBER:

4.7 DEFAULT FOR LOCATIONS OF MOBILE UNITS ; 720000 3,774 0.42 0.27 0.33 |

In S‘ec’. 2 it was shown that mobile or fixed position units could 3 ;g:gg 2.?32 8.2% 0.27 0.31 . '

be positioned arbitrarily by using the ‘VSS‘ card as card type 4. How- g : ‘ 72.00 2‘:“‘72 ~O:'27‘ g:g;, 8:3‘1' . ,

ever, there may be circumstances vtilizing mobile units in which the 6 133:88 ;'Z;% 0.27 0.32 0.41 ‘ *

user doeg nok know the relative amounts of time gpent by units in each 7 72.00 3:3‘33 g:g; 8:2:“ g:g: : ;

of "{ts" atoms and therefore may be willing to settle for a reasonable : S , , ‘ ' !

default procedure. This default for locations of mobile units assumes , ;N : ) : . v

- , Fig. 12— lllustrative output of preventive p’otrbI,Frequéhcies §

]

that the fraction of available time that a unit spends in a particular

atom contained in that unit's district ie proporiional to the workload
The default is invoked by . =

(in incidents) generated from that atom.
replacing the 'SS' card with the 'S' card. For the example of Sec. 2,

the new data appear as follows:

’ \ /st -3 1 2 3 ~ ' 1

N 2 3 4 & 7

“An atom with zero patroll

able miles is defined to have zero patrol
frequency.. : ' -




[
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[ 315 |
* , * " * _ N — et

card- response total number of ~identity of atoms in each
type unit geographical unit's district.

identifier number atoms in that
3 unit's district

Note that the format 1s similar to that of the 'SS' cards, except

that there is no information regarding the relative amount of available

time spent in each of the atoms. Since this default now assumes that

the likelihood of a unit being in a particular atom (while available)

is proportional to the incident workload from the atom, the above three

'g' cards are equivalent to the following three ’SS‘ cards:

5S! 1 3 1 0.333 2 0.333 3 0.333

-

s 2 3 4 0333 6 033 7 033

gs! 3 5 1.000

™

The uniform distribution of positions over atoms in districts 1 and 2
is due to the fact that incidents are distributed uniformly over the

atoms in each digtrict (see card type 3~~Workload Distribution—-in

Sec. 3.
_Tf the user desires, he can intermix 'S' and 'SS' cards. With

this option, it: is particularly attractive to use the 'S' card for

region~wide roaming units—-such as sergeant's cars—-for which it may

may make sense to approximate the likelihood of its being located in

a particular atom to be proportional to that atom's incident workload.

4. 8 NONSEQUENTIAL NUMBERING OF ATOMS

Throughout this manual it is assumed that the geographical atoms

are numbered consecutively from 1 to the highest number, R. Cities

: may number their atoms differently, or in one command (in which the

ﬁwf_

o st

'3, the above 'ATOM NO' card says that the first atom considered by the

f the ability of the user to relate the output figures to his own- city's

Lsituation.
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model may be applied), numbering may start at some arbitrary point

" (say 302). . ' ,3

- To correct at least partially for this we allow the user to input
the following optional card (between card type 3—-Workload Distribu—
tion--and card type 4-—Spatial Allocation of Response Units)

1

'ATOMNO' 7 10 3101 999 27 302

Here 'ATOM NO' ‘specifies that the following entries (there must be R
of them) indicate the number assigned by the city (or by the emergency
service agency) to the atoms that are numbered (when inpuiting data)

consecutively fromyl to R. Thus, for the seven-atom example of Sec. , o

computer is actually atom 7 as numbered'hy the city, the second is
actually atom 10, and so forth. '(Theae numbers cannot exceed 999.)
If this option is used, then the city's, atom numbers will be used

on printouts of data and performance measures. This greatly increases

A word of caution about'inputting data: It is assumed in examples
and discussions in this manual that the atoms are numbered consecu-

tively from 1 to R when inputting data. To avoid confusion, the user

is advised to prepare a simple 1list showing side-by-side the computer's

internal (input data) number for the atom and the city's actual number.

4.9 DIRECTION—SPECIFIC TRAVEL SPEEDS

*done by replacing card type 5 (the 'SPEED' card) by two cards, as
r.follows‘

Many communities are characterized by different obtainable travel
speeds in each 'of the two directions of travel (say east=west and north~

south). For instance, in downtown Manhatran during working hours, the .

effective average uptown-downtown speed may be 15 or 20 mph, ‘whereas
the crosstown speed may be less than 5 mph.

 To model such a situation, the user can input different speeds
for the X direction (XSPEED) and the Y direction (YSPEED). This is e
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'XSPEED' 5.0

YSPEED' 150

reflecting perhaps the gituation in Manhattan, the vari-
and YSPEED is set to 15 mph

In this case,
able XSPEED is set to 5 mph (crosstown)

-(uptown—downtown) .

4,10 'RERUN'

On occasion the user may wish to run the program under one set of

assumptions regarding dispatch policy, geography, workloads, and 50

forth and then immediately rerun the program with a minimal number of

relatively minor modifications. Sometimes this can be done most ef-

ta changes on data cards following the

ficiently by putting all the da
) and then by using

'RUN' card (which was used for the first set of runs

' econd set
the 'RERUN' card instead oﬁ»mhe 'RUN' card to 1nit1ate the sec

of runs.

Referring to the example discussed in Sec. 3, suppose the user

places the following cards immediately after the 'RUN' card:

/e 'SAMPLE RUN - 2ND pASS'
//TQPEED' 10.0
//TSERVTM' : 25.
//TRERUN' ' 2.88 2.0

e computer will have saved all the information previ-
that is, card types 1,

In this case, th
ously obtained from the "missing" data cards,
3, 4y 6, and 7.  In essence, then, the new eards tell the computer to
evious runs but with gero. queue capacity. This change is
card in the above set of new cards.

rerun the pr
'evident since there is no 'CAP' |
In using the 'RERUN‘ option, the following conventions must be

observed:.
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1. There musf be no changes in card types 1, 3, 4, 6, or 7 or in
any optional cards that relate to data contained on thoee
cards.

2. All variables that have default values (e.g., travel'speeds,
service times, print optiomns, etc.) will be reset to their
default values after the earlier run. They must be reset (or

 otherwise changed) to their proper values by the correct data
cards before the 'RERUN'. card.

There are two major purposes for the 'RERUN' card: (1) it saves
the user time since he does not have to retype essentially repetitive
(and sometimes lengthy) data; (2) it saves computer execution time by
reducing the number of cemputer operations that have to be performed

during the second run.

4,11 SERVICE TIMES THAT VARY BY RESPONSE UNIT

In some applicaticns each response unit may have a unique average
service time., This may be due to characteristics of the personnel as-
signed to the unit, to snecial capabilities of the unit, or to other
factors. If the differences in average service times are known and
are sufficiently large so that they cannot be ignored in a planning
model, then the user should input these average service times for in-
clusion in the model. At the time of this writing, this capability is
available for the exact Hypercube Model only. (It is hoped that in
the near future the apptoximate model will also be able to handle re;
sponse unit-specific service times.)

To use this capability, the user replaces card type 9 (the 'SERVIM'
card) with the following card:

'VAR_SER TM'  30. 7.5 36.2

Following the card identifier ('VAR SER TM'), the user types (in de-

lcimal) the average service times of each of the units in order. lThe

above numbers for the three-unit (seven-atom) example indicate that.
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the average service time of unit 1 is 3Q.0

min, and that of unit 3 is 36.2 min.

min, that of unit 2 is 17.5
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5.  COMPLICATIONS

There are several items that may arise in use of the program that

are grouped here in the category of '"complications." Each of them may

ariae:iﬁ.ény‘particularaapplication, and do not in fact represent com~

plications at all, provided that the definitions and conventions used

here are understood. The items are:

. Overlapping Districts - :

2. Ties for Dispatch Preference

Use, of Center of Mass Dispatching Strategies with Arbritary

Inter-Atom Travel Times.

If any of these items is relevant to a particular application, the user

-should-read, the appropriaté section before running the program.

5.1 OVERLAPPING DISTRICTS

If overlapping diatricts are used (relevant only for mobile units),

‘ the~following issues must be resolved:

With center of mass‘dispatching strategies, to which district

‘does- an incident "Eelong?ﬁ

How are cross-district dispatches to be counted?

" If the 'S' card is used to provide a default for mobile loca-

tions, in what ways (if any) do overlapping districts affect
the default? '

If'preventive~patrol‘freqﬁencies are to be computed, do over-
lapping districts affect the computatioh in any way?  Each of

these questions is addressed in the following paragraphs.

District Identity of an Incident

Very simply stated, the convention used in the program is that an

ineident "belonge" to the Zawestinumbered district containing the
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geographmcaZ atom of the anadent. , Thus, if the incident is located
in atom 13, which is included in four (different) districts, 3, 5, 11,
’and 12, then the incident "belongs" to district 3. As an example, 1if
an SCM dispatching strategy were used with the 'S" card option for
. positioning units, unit 3 would get firstypreference for incidents from
atom 13 (since the center of mass 1ocafions of incidents in,district 32
inoiudingkthose in atom 13, would coincide_withfthe center of mass lo-
cation of the unit in distriCE‘S, yieiding an-estimaéed travel cost of
0.0). | o
This convention is quite reasonable to follow and to interpret in
practice. It suggests, for instance, that region-wide roving units
should be giVen the larger identity numbers, and the units responsible

for smaller territories should be given the smaller identity numbers.

Counting Cross-District Dispatches ,
There are two possible conventions here. First, a dispatch could.

be counted as crossing district boundaries only if the unit responding
is traveling to an atom not contained in “its" district. _Second, fol-
lowing the ildeas above for district identity of an incident, a dispatch
could be counted as crossing district boundaries if the unit is travel-
ing to an atom whose incidents do not "belong" to the unit's district.
Clearly, the second convention will count more dispatches as cross-—
district dispatches, and" that is the one which is chosen here for the
computer program. (Based on users' comments, we may mzake either of the

conventions possible by insertion of a control card,in‘the input deck.)

The 'S’ Card .
Briefly stated, use of the 'S' card does not cause difficulties

when overlapping response areas are employed. The program treats each
'S' card individually and cOmputes the mobile location likelihood of

Aodistrict "contains a geographical atom" if that atom is entered
on the corresponding unit's 'SS' or 'S' card.’ Thus, even an atom which
recelves zero attention (i.e., time spent there) while the unit is
available is contained in that unit's district if it is listed (with
an acoompanying 0.0) on the unit' 8 'SS' card.

et e i i
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each unit over atoms in its district, regardless of the possible exis- .
tence of districts which may overlap the unit's district.

Preventive Patrol Frequencies

Again, there are no problems encountered with computing and inter-
preting preventive patrol frequencles in atoms belonging to more than

one district. This is basically because the total frequency of patrol

passings (in passes per hour) is additive over tﬁe units that are pa-
trolling the atom (see Sec. 4.6).

5.2 TIES FOR DISPATCH PREFERENCE

On occasion there may be-e4ua1 travel costs associated with as-

signing two or more units to incidents in a particular geographical . f
atom. This situation is called a "tie for dispatch prefervence" and is ' f
particularly likely to occur if the user employs the 'FRONT' or 'BACK'
dispatch override option with two or more units (see Sec. 4.5) or the
'FRONT' option in conjunctioh with the 'FRST' option.

- Ties‘present no problem for the exact Hypercube Model (which is
invoked by setting ESTSTAT = 0, as discussed in Sec. 3). Each time
there is a tie between two units, the program effectively flips a fair
coin to choose‘the unit to be assigned. Since the model is not a gimu-
lation model, but rather an analytical model, the fine-grained process
of flipping a coin for each incident cannot be ‘actually. duplicated be-
cause incidents are not treated individually.  Rather, situations in-
volving ties result in the workload from the geographical atom in ques-
tion being split 50-50 between the two units (given an availability
pattern for units in which both units are available and all other avail-
able units require higher ‘travel costs). Similar procedures are em-
ployed 1f three or more units tie fog dispatch preference.

In the approximatioo procedure, ties are not treated‘in the same
precise way as in the exact hypercube model procedure. This is not
likely to cause problems in practice since the error caused by imprecise
consideration of ties is not likely to exceed the level of error in-

troduced by the approximation procedure itself. The ohly gituation in

~ which the treatment of ties may give intuitively unsatisfactory results



~76~
is one in which two (or more) units have identical dispatch preferences
asgociated with all atoms in the region. Then, for instance, we would
ekpect the performance'measure computed for each to be idehticel,
whereas the heuristic procedure for handling ties may yield slightly '

different values for these performance measures.

5.3 CENTER OF MASS.DISPATCHINGfSTRATEGIES WITH ARBiTRARY INTER-ATOM
TRAVEL TIMES

When the computer calculates the center of mass position of a unit

or an incident, it is unlikely that the resulting coordinates will
coincide with the coordinates of any particular atom. This causes no
problems 1f Manhattan distances are assumed throughout, since the Man-
hattan distance to a statistical ceeter is a well-defined quantity.
However, complications -arise when other than Manhattan distances are
employed (indicating use of the 'TX OV' card, as discussed in Sec.
4.3.2). - In these cases it is unclear how to compute the’expected
travel distance to'a statistical center since perhaps one or more har-
riers or other complications to travel (as reflected in the values in-
serted in the inter-aﬁom'travel time matrix) may be encountered. It
certainly doez not make sense to employ blindly the Manhattan distance
metric to the statistical center, which in effect would ignore pertur-
bations read in by the user.

As a not unreasonable solution to this dilemma, if either 'TX OV'
or 'TR' is used in conjunction with either the SCM or the MCM prepro-
grammed'dispatching strategy, then the staéisticalecenter,of units and/
or incidents is shifted to thevnearest*'geographical atom center; and
all travel times are computed from (to) this atom center, using the
exact values in the matrix (TR) of inter-atom travel times. In effect,
this admittedly approximate solution to the problem states that the
‘center of mass: location is now the center of aLéeographical atom, and
that the dispatcher utilizing either‘an_SCM or MCM peiicy will act as
if the unit (incideht) is located at thet point; the dispatcher will

k. R : . , .
" Here "mearness'" is measured by right-angle travel time (using
XSPEED and YSPEED). | | ,

e e s e
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still be quite "intelligent," since he will use empirically measured
(or otherwise verified) travel times from (to) that point.
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6. TECHNICAL - SUMMARY

For the convenience of the user, this final section summarizes in
concise form the operating procedures for the program and discusses

several other technical points.

6.1 INDEX AND ORDERING OF INSTRUCTIONS

Table 7 contains'an‘alphabetiZed list of input instructions, sum-

marizing the following for each:

o  The function of the instruction, concisely stateq (column 2),

o ‘Whether_or not thé instruction is optional (column 3).

0 The default that is associated with an optional instruction
(column.4)

‘0. The section(s) in which the instruction is described.

Table 8 lists the instructions (mandatory and optioﬁal) in the
order in which they must appear in the input deck. ;The three columns

contain the following information:

Column 1l: The card type, including the card type number (if apli-
cable) and the name of the card in single quotes.
Column. 2: The card or cards that are replaced by the card in

question.
Column 3: Special conditions that are associated with the card

in question.

It is believed that Tables 7 and 8 will provide a convenient and

compact reference source for frequent users of the program.

6.2 SUMMARY OF UNITS OF MEASUREMENT -

When using the program it has been our experience that a common

source of data error results from using units of measurement inconsis-

,teﬁt with thbse of the program. This can be- avoided simply by check- k

'ing the review definitions in Table 9. These are the most common:

R

[
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6. TECHNICAL SUMMARY

For the convenience of the user, this final section summarizes in
concise form the operating procedures for the program and discusses

several other technical points. .

6.1 INDEX AND ORDERING OF INSTRUCTIONS

Table 7 contains an alphabetized list of input instructions, sum-

marizing the following for each:

o The function of the instruction, concisely stated (colummn 2).

o Whether or not the instruction is optional (column 3).

o The default that is associated with an optional instruction
(column 4) ‘

o  The section(s) in which the instruction is described.

Table 8 lists the instructions (mandatory and optional) in the
ordér in which they must appear in the input deck. The three columns

contain the following information:

Column 1: The card type, including the card type number (if apli-
cable) and the name of the card in single quotes.
Column 2: The card or cards that are replaced by the card in
question.
Column 3: Spec¢ial conditions that are associated with the card

in question.

It is believed that Tables 7 énd;8 will provide a convenient and

compact reference source for frequent users of the program,

6.2  SUMMARY OF UNITS OF MEASUREMENT

When using the program it has been our experience that a common
source of data error results from using units of measurement inconsis-
tent with those of the program. This can be- avoided simply by check-

ingvthe review définitions in Table 9. These are the most common:

N
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Table 7

INDEX OF INSTRUCTIONS

Instruction Function | Optionél Relevant Default Described in Segction
'ATOM_NO' Assigns nonseéquential Yes " Atoms numbered sequentialiy’} 4.8
’ numbers (no larger starting at 1 .
than 999) to atoms
'BACK' Places unit as last pre- Yes ' No override 1 4.5.2
ference for dispatch .
'CAP! Specifies unlimited queue Yes No queue capacity, backup 3.1
capacity system assumed )
; N Y ) g
"CORTM' Correction factor for Yes Intra-atom travel times all} 4.3.1 (see also Sec. 4.3.2)
intra-atom travel times zero (unless empirical . '
travel times are used)
'DISP_OV_RD'| Allows for up three dif- Yes No. override 4.5.2
ferent types of override
of the preprogrammed
dispatch procedures
'EMCM! One of four preprogrammed Yes YEMCM' 4.4
: -dispatch stracegies
"END_OV_RD' | Terminates dispatch over- Yes No override 4.5,2
rides o
'EscM’ One of four preprogrammed Yes 'EMCM' 4.4
dispatch strategies
"FRONT' Places unit as first pre- Yes No override 4.5.2
" ference for dispatch
'FRST! .Indicates that dispatch Yes District's unit does not 4,5.1
: unit gets first automatically get first
preference preference .
'GLOSSARY' Inputs city-speclfic names- Yes ‘See Table 1 4,1
. for response units,. geo-
. graphical regions, etc.
"LAM' Specifies distribution of No (a) 3.1
calls for service over '
atoms
MCM! One. of four programmed Yes 'EMCM’ 4.4
dispatch strategies ’ ‘
'"MIDDLE' Places unit at specified Yes No override 4.5.2
position in dispatch
- preference list
'NO_PRNT_AT']} Suppresses printing of  Yes Performance measures are 4.2
atom-specific perfor- printed
mance -measures-
" 'PATROL' - Specifies that frequency -~ Yes No preventive. patrol 4.6
-of preventive patrol is
to be :computed
'"PRNT. TR' 'Speéifies thathihtef-atom Yes Matrix not printedt‘ 4,2
: RN travel time matrix is-to : ‘
be printed
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Table 7~-(continued)

Instruction Function Optional Relevant Default Described in Section
'RERUN' Reruns the program with Yes Use 'RUN' card and input 4.10 §
minimal (nongeograph- nntire set of data cards | l§
ical) changes to the .
input data
'RUN' Provides call rates for No (unless (a) 3.1 (see also 'RERUN' in Sec,
current runs rerun is 4.10)
used)
's! An 'SS' card substitute Yes Use 'SS' card 4.7 (see also Sec. 2.1) :
which assumes a‘simple :
) default for locations ;
i of units ;
'scM! One of four preprogrammed Yes 'ESCM’ A .
dispatch strategiles :
'SERVTM' Specifies mean service Yes 30 minutes 3.1 (see also Sec. 4.11) for .
time (in minutes) server dependent service
times
'SPEED' Specify speed of respond-| Yes Travel speed = 10 mph 3.1 (see also 'XSPEED' and
ing units 'YSPEED' 4in Sec. 4.4)
'ss! Specifiés spatial distri-| No (unless (a) 3.1
bution of response 's! card
units used)
'"TITLE' Specifies title of run(s) "No (a) 3.1
'TR" Specifies that all travel Yes Right-angle travel times 4.3.2 (see also Sec. 4.3.1) -
: times are empirically (with possible selecti're )
measured override) are assumed
X! Specifies coordinates of | No (unless (a) 3.1 (see also 'TR' in Sec.
centers of atoms empirical 4,3.2)
travel
times are
used)
'TX_ov' Allows selective override Yes No override 4.3.2 (see also Sec. 4.3.1) -
of right-angle travel
times
'"VAR_SER_TM'| Reads in average service Yes Use 'SERVTM' card or de~ 4.11
times that vary by fault valué of 30 minutes
response unit
'XSPEED' Inputs speed of response Yes Use. 'SPEED' card 4.9
in X direction :
'YSPEED' Inputs speed of response Yes Use 'SPEED" card 4.9
in Y direction :

8Instruction not optional,

[T S,
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Table 8

ORDERING OF INSTRUCTIONS

Card No. and Type

Replaces Gard Type

Special Conditions

10.

' RERUN"'

'FRONT'
"BACK'
'MIDDLE"

- 'END_OV_RD'

circumstances.

TRUN'

1. Basie program specifi~ Semicolon after last data entfy; DEBUG = 1
. cations is optional last entry {(see Sec. 6.3).-
'GLOSSARY ' Optional; free~form 1npuc; semicolon ‘at end.
2. Title card, 'TITLE' Title cannot exceed.50 chéracters.
'PRNT_TR' Optional.
'NO_PRNT_AT' Optional.
3. wOfkload distribution, Workloads inserted seﬁuentially by dtom in
TLAM' decimal; workloads do not have to be
normalized.
'ATOM NO' Optional.
4. ‘Spatial ullocation of '$8* 15 standard; can use 'S'| First data entry is vnit number (integer),
response units, 'SS' instead. -second is total number of atoms in response
area (integer), and then (in pairs) the atom
numbers in district with the relative amount
of available time spent in each,
's' 'ss’ Can be mixed with '$S' cards, 1if desired.
5. Response speed, 'SPEED' | 'SPEED' s standard if 'TX' Data entry is speed in mph (decimal).
is used. Can be replaced
with 'XSPEED' and 'YSPEED).
'XSPEED' 'SPEED Optional; if 'XSPEED' is used, 'YSPEED' must
also be used.
'"YSPEED' 'SPEED’ Optional; if 'YSPEED' is uSed, 'XSPEED' must
‘also be used.
' PATROL' Optional.
. 6. Locations of atoms, 'TX'{ 'TX' not required if 'TR' Data entries are coordinate pairs (decimal) of
used. centers .of successive atoms,
' CORTM' Overrides assumptions o Optional; data entry is a constant of propor-
'TX' card. . tionality inm square~root response-time law.
"X _ov' Overtides assumptions of 'IX'|[ Optional; free-form data entries (in minites,
card and 'CORTM' card (if decimal); semicolon at end:
'"CORTM' is used).
'TR' 'TX', "CORTM', 'TX ov'. Optional; requires R2 data entries. Must use
'EMCM' card as dispatch procedure.
7. Dispatch procedure, Any of ‘other 3 dispatch Requires each atom to be in at least one dis-
'se! procedure cards. trict. Use of 'SCM' with 'TX_OV' causes
: statistical centers to be "moved" to closest
atom center.
"MeM! Any of other 3 dispatch Use.of 'MCM' with 'TX_OV' causes statistical
procedure cards. centers. of response units to be '"moved" to
X closest atom centex:
'ESCM’ Any of other 3 dispatch Requires each'atom to be in at least one dis-~
procedure cards. trict. )
'EMCM' Any of other 3 dispatch Default; must be used if 'TR' 1is used.
procedure cards.
"FRST' Optional.
'DISP_OV_RD* oOptional.
8. Queue capacity, 'CAP' Optional.
9. Average servicevtime, Can use 'VAR_SER_IM' Data entry is average service time per call
'SERVTHM' instead. (in minutes, decimal),
'VAR_SER_TM' 'SERVTM' Optional; .can use oply with exact Hypercube i
: Model. !
Run card, "RUN' Can use 'RERUN' under special | First data éntry 15 smallest repion-wide rate

of calls for service (per hour) to be con-
sidered; second data éntry 1s: increment to
be added on each sdccessive run, :

Can use oniy on. second or higher order=runs and
only under certain conditions (see Sec. 4.10).

Optional.

Optional.
Optional.

Las% card in sequence of 'FRONT', 'BACK', and
'MIDDLE' cards.
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Table 9

UNITS OF MEASUREMENT

' ‘ ot ot fault Value
k Defau
Card Label | Definition of Relevant Variable Variable Name Measurement e
i None
' CORTM' Areas of the geographical atoms Ai Sq. m .
: None
'CORTM" Constant of proportionality for c None
square~root law
: ! k Arbitrary (computer | None
YLAM' Distribution of calls for service T e
over atoms oroo1izes)
| r mi None
'"MIDDLE' Cost of dispatching unit I to c(1,J) Usually min or mi
atom J
Mph None
"PATROL' Speed of patrolling unit Sp p
'RERUN' See 'RUN' (same format) |
Noue
'RUN' Average number of calls for ser- Calls per hour
vice per hour from the region
being modeled
hour None
'RUN' Increment in average number of Calls per hou
calls for service per hour
from the region being modeled
' M1 30 min
'SERVTM' Mean service time SERVIM Miq
: 10 mph
'SPEED' Speed of responding unit SPEED , Mph
= Min None
- time TR(I,J) = travel
'R Inter-atom travel times ti%e fogiravel
I 'to atom' J
= - None
'rx! Coordinates of centers of atoms (X(I),Y(Wd)) = 100-ft units
' center
coordinates
of atom J
None (except right-
'TX. ov! Inter~atom travel times (input TR(I,J)f= trazei Min oangie e B
- yia overtide) ;igzva:g: 3 ° 'TX_OV' not used)
J ; 30.0 min (assuming
'VAR_SER TM'| Average service times of each SERVIM(I) ; :Yer Min ;0 min (as
10 mph
'XSPEED' Speed of response in X direction | XSPEED Mph
10 mph
“YSPEED/ Speed of response in Y direction | YSPEED Mph

L
i
4
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0  Coordinates of c:nters of atoms are specified in 100-ft units
(on an X-Y grid) '

0 Service times are in minutes

Areas of atoms are in square miles

o Inter-atom travel times are in minutes
o] Speed of patrol is in miles Per hour

o Response speed is 1n miles per hour

0  The call rate from the region is in calls per hour.

6.3 DEBUG TIMER

The user, when running the program, may wish to trace its
through the various stages of execution,

Progress
If this is the case, the
user types DEBUG = 1 before the semicolon on card type 1.

Thus, using.
the debug timing option, the first data card for the example described

in Sec. 3 would read as follows:

NOM = 2 ESTSTAT =1  pepug = 1,

Given this option, the moment after the first data card is read
in (during execution) the following is printed:

START
CURRENT TIME = X1 X, HR Y1¥o MIN Z42, SEC WiWoWa MILLISEC.

This tells the user that the execution has started at the time (on a

twenty-four hour clock) indicated. For’instance, the time could read

CURRENT TIME = 13 HR 34 MIN 36 SEC 454 MILLISEC.

At prespecified points throughout the érogram, additional time

and location indicators are given. 'These‘points include completion

of data read-in, initiation of iterations for solving equations, com-

pletion of iterations, start of performance measures printout, and
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completion of rﬁn. Detailed understanding of each of these location
signals requires intimate knowledge of the program structure--which
is beyond the scope of this user's manual.

At the completion of the run, the following is printed (assuming

the debug timer is used) :

TIME AT COMPLETION OF RUN
CURRENT TIME = xixé HR yiyé,MIN zizé SEC wiwéwé MILLISEC.

Thus,'the user who is not familiar with the detailed workings of the
program can still determine the exact amount of computer time (to the

nearest millisecond) required to execute his rum.

6.4 COSTS AND CORE STORAGE REQUIREMENTS

In running the model, the execution time and core storage require-

ment (both of which determine cost) depend largely on the number of
esponse unlts and the number of geographical atoms in the model. Re-
gardlng core storage requirements, virtually all arrays in the com-
puter program have variable dimensions, their values depending on M
(the number of response units), R (the aumber of atoms), and NUM (the
number of runs in a set of rums). Most runs of the mcdel (either ap~
proximate or exact) require 300K bytes or less of core storage. {Soon
we hope to have a version of the approximate model that requires less
than 150K for most applications.) For large problems (10 or more re-
sponse units, 50 or more atoms), the exactfﬁodel may require up to |
500K bytes of core storage.

‘Once the program is complled the cost per runm for runs having
less than 10 response units and less than 50 a_omsrhas usually been
less than $5 on MIT's IBM Mcael 370/168 computer. For runs having
more than 10 response units, the user can save considerably on costs
by using the approximate model rather than the exact model. As a ,
rough rule of thumb, the marglnal cost per run of the exact model (for
runs with more than 10 response unlts) doubles for each additional
unit included in the model. For the approximate quel? the cost per
run increases cnly‘slightly faster than lineetly with each additional

‘unit included in the model.

4 S e e
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v Since each set of runs (executed from one set of data cards) in-
volves considerable fixed set-up costs (e.g., data read-in, storage
allocation, variable initialization, etc.), the user is advised to
run all workload levels of interest (specified by 'NUM' on card type.

1 and by the two data entries on card type 10, and 'RUN' card) in one
set of runs. In this way, the cost per individual run is ccnsiderably
reduced.

Regarding the number of atoms in the model, the cost per run grows
approximately linearly with the number cf atoms; .this applies to both

the approximate and the exact model. Due to the fixed set-ip costs,

“however, this does not mean that a 100-atom run will cost precisely

twice:that of a comparable 50-atom run; in almost all instances, it
will cost less than twice the original amount.

Thus, in "typical' sets of runs employing the approximate model,
the cost per run is usually less than $5 and rarely exceeds $10. The
exact model is usually within these limits for small and moderate-~sized
problems, but could cost as much as $50 or-$100 per run for runs with
nearly 15 response units'and mora than 100 geographical atoms. All
of these costs--even at the high extreme--compare femarkably favorably
with those of a simulation model, which is the only other type of model
currently known to the author that computee the same or similar per-

%

formance measures.

6.5 SAMPLE DATA DECKS

Figures 13‘through 17 contain sets of data cards that might be
used in various applications. These particular examples have been
selected to illustrate various capabilities of the‘computer program;

in actual~applications, it is likely that a larger number of reporting

areas and/or response units in the reginn being mwdeled will result in

the data decks containing more cards than those illustrated here.




M=3 R=7 NUM=2 ESTSTAT=1 ;
'"TITLE' 'SAMLE 3-CAR RUN, 7 ATOMS, PRNT TR!
'PRNT_TR' ~
‘LAM' 1000
'ss' 131
'ss' 2 3 4
'ss' 3.1 5
'SPEED' 10
'"PATROL' 6
0
0

e. 1000. 1000, 2000, 1000. 1000.

.5 205 GO d
'TX' 0. 2
sci!

‘cap!
YSERVTM' 25,
"RUN' 2.88 2.88

.00 40. .0 60. 20. 30. 20. 4O. 20. 50. 4O. LO.

Fig. 13— lllustrative data deck: 7 atoms, 3 cars, print TR matrix

v;?TLE$=7 ' NUM=2 ESTSTAT=2 ;.
, SAMPLE 5-CAR RUN, 7 S, =G 1ON- '
R TR | ATOMS, 2 REGION-WIDE CARS
'LAM' 1000
's5' 13
'sst 2.3
'sst 3.1
sty o7
's' 5 7

000, 2000, 1000, 1000,

~ N

_L8_

'TX' 0. 2
CLEMCM!
cap!
'SERVTM' 35.76
'RUN' 3. 1.

. .0 40, .0 60. 20, 30, 20, 40. 20. 50. L4LO. L4O.

T b i Wi et

Fig. 14— lllustrative data deck: 7 atoms, 5 cars, (2 region -wide)




M=5 R=7 NUM=2 ESTSTAT=2 3

'"TITLE' '5 CARS,2 REGION-WIDE,ATOM 1 ISOLATED'
"PRNT_TR'

YLAM' 10
'sst ]

1000, 1000, 2000, 1000, 1000.
31.0
7 2.0

o000

(=20 \§)

"PATROL'
.5 2.5 6.
"TX' 0. 2
‘Tx_ov!
TR(1,2)=12.27 TR(1,3)=14,55 TR(1,
TR(2,1)=12,27 TR(3,1)=14,55 TR(5,
'EMCM'

'DISP_OV_RD'

'cap!

'SERVTM 35.76

'RUN' 3, 1.

'BACK' 571 234567

"MIDDLE' 4998, 71 23 4 56 7
'END_OV_RD'

0 40. .0 60. 20. 30. 20. 40. 20. 50. O,

5
]

14,55 TR(1,6)=15.68 TR(1,7)=16.
]

)
)=14,55 TR(6,1)=15,58 TR(7,1)=16.

Fig. 15— lllustrative data deck: 7 atoms, 5 cars, one atom isolated

L0,

82
82;
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M=k  R=7 NUM=2  ESTSTAT=2 ; ;
'GLOSSARY' .

NM_UNIT(1)="AMBULNCE' NM_UNIT(2)="AMBULNCE' NM_UNIT(3)="AMBULNCE"'
NM_WNIT(4)="ROVER" ,

R_DIST="AMB_ZONE" R_WNIT="AMBULANCE'

CFS='CALLS FOR AMBULNCE" ATOM='REP AREA'

NM_DIST(1)="WEST ZN' NO_DIST(1)=101

NM_DIST(2)="EAST ZN' NO_DIST(2)=102

NM_DIST(3)="CENTRAL' NO_DIST(3)=9]

NM_DIST(4)="CITYWIDE' NO_DIST(4)=500 :

~"TITLE"'" 'AMBULANCE SERVICE WITH ROVING WIT'

'PRNT_TR'

'LAM' 1000, 1000, 1000, 1000. 2000. 1000, 1000,

'st'111

'st 215

5t 3.1 7

's*' 4 71234567

'XSPEED' 10

'YSPEED'  20. :

'Tx'* 0. 20. .0 40, .0 60. 20. 30. 20. 4O. 20. SO. 4O,
"CORTM' 0.5

1. 0. 0. 0., 2,3 0. 7.1

'"EMCM'

'cAP!

'"VAR_SER_TM' 15, 15, 15, 35,

"RUN' 4, .1

v

Fig. 16— Illustrative data deck: Ambulance service with roving unit

4O,

...68..
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ESTSTAT=2
14 ATOMS, EMPIRI

CAL TRAV TIM MATRIX'

-
Y4

2

'5-CAR RUN,

'pRNT_TR!

NUM=

R=14

=5
'"TITLE'!
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Fig. 17— lllustrative data deck: 5 cars with empirical travel time matrix

'LAM!
lsl
_ ISI

lssl
lss!
'sst
'speeD’
'PATROL'
"SERVTM!
"RUN'

e T
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Appendix A .
FUTURE MODIFICATIONS TO THE PROGRAM . |

Ihe program described in this user's manual is undergoing contin-
ual modification and improvement, based primarily on feedback from
users.* To the extent possible, we plan to make these changes in an
"upward compatible' fashion. Thus, additional features will be invig~
ible to the user who iskaccustomed to working with an earlier version
of the program, and the 1nstructions in this manual will still be ap-
plicable for later versions. '

Some of the changes that have already been suggested and are being

considered for the next version are as follows:

1. Print out the mean dispatcher queue delay (in the case of an

unlimited line capacity system).

Add an option to suppress printout of much of the input data

and related initialization matrices.

Allow unit-specific mean service times in the hypercube

approximation procedure. '

4, Improve the glossary option. :

5. Add options to facilitate the "layering" process for dif-
ferent types or priorities of calls.

6. Add option to print out distributions of travel times (not
just mean values). »

7. Make the inter-atom travel time matrix easier to modify when
there are barriers or other obstructions to travel.

8.

Add an option permitting the user to specify when a response

will be counted as intra-district, in the case of overlapping
districts.

Readers are invited to submit other suggestions and to comment on

the possibilities listed above.

% ' '
These modifications are being made at the Massachusetts Institute

of Technology under the grant from the National Science Foundation men-
‘tioned in the Preface.
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Appendix B
ADDRESSES FOR FURTHER INFORMATION

For copies of the ﬁypercube Model on card or tape, additional

documentation of the model, {nformation about related emergency

gervice deployment models, and output listings generated from each

of the five sample data decks:

Profeasor Richard Larson

Room 4-~209 B
Massachusetts Institute of Technology

Cambridge, Massachusetts 02139
(617) 253-1358

Dr. Jan Chaiken

The Rand Corporation

1700 Main Street

Santa Momica, California 90406
(213) 393-0411 .

Research sponsor:

U.S., Department of Housing and Urban Development

Alan Siegel, Director ’ -
Hartley Campbell Fitts, Program Manager
0£fice of Policy Development and Research )
Community Development and Managementhesearch Division
451 Seventh Street, S.W.
Washington, D.C. 20410

(202) 755-5580
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