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ABSTRACT 

This report is one produc·t of the project "Field 
Evaluation of the NSF-MIT Hypercube Patrol Sector Design 
Methods," funded by the National Science Foundation, Grant 
Number APR75-l7472. The hypercube system is a computerized 
planning tool used to evaluate alternative police beat 
structures and patrol deployment policies. The study was 
conducted by The Institute for Public Program Imalysis in 
cooperation with the California Innovation Group (an NSF­
funded consortium of cities active in technology transfer) 
and police departments in St. Louis County, Missouri, and 
the California cities of Burbank, Fresno, Garden Grove, 
Huntington Beach, Pasadena, San Diego, San Jose, Santa Ana, 
and Santa Clara. 

The information contained in the report is based upon 
the latest hypercube documentation and the experiences of 
the 10 police departments which participated in the field 
evaluation project. Designed for police agencies considering 
the use of hypercube, the report is intended to give a con­
cise overview of the procedures and issues involved in hyper­
cube use. Topics covered include: an overview of the 
capabilities and limitations of the hypercube system; its 
benefitsi the computer hardware and data processing services 
needed; the software options available; the costs of using 
the system; the kinds of data needed; and sources of hypercube 
materials, training and technical assistance. In addition, 
background information is presented on other patrol allocation 
and beat design methods and the process of implementing re­
vised beat plans. 
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PREFACE 

This report is one product of the project "Field EValuation 
of the NSF-MIT Hypercube Patrol Sector Design Methods. 1I This 
project was funded by the National Science Foundation (Grant 
Number APR75-17472) through its program of Research Applied 
to National Needs (RANN), Division of Advanced productivity 
Research and Technology. The study was conducted by The 
Institute for Public Program Analysis, a non-profit research 
firm located in St. Louis, Missouri, in cooperation with the 
California Innovation Group (an NSF-funded consortium of 
cities active in technology transfer) and police departments 
in St. Louis County, lUssouri, and the California cities' of 
Burbank, Fresno, Garden Grove, Huntington Beach, Pasadena, 
San Diego, San Jose, Santa Ana, and Santa Clara. 

Other products of the study include the following reports: 

9 Field Evaluation of the Hypercube System for the 
Analysis of Police Pa-trol Operations: Executive 
Summary - a brief, non-technical summary or the 
proJect; 

• Instructional Materials for Learning to Use the 
Hypercube Programs for Analysis of Police Patrol 
Operations - a handbook describing the use of 
hypercube computer programs for the design and 
analysis of police patrol operations; and 

• Field Evaluation of the Hypercube System for the 
Analysis of Police Patrol Op.erations: Final Report -
a description of the obj ecti",!es, methods, and findings 
of the field test project, including brief case stUdies 
of the experiences of participc.1.ting police departments,. 
a preliminary assessment of the, accuracy of hypercube 
field performance estimates, costs of using the hyper­
cube system l technical assistance required for hyper­
cube users, and dissemination and~til.ization of the 
hypercube system. 

These documents are available from The InstH;:ute for public 
Program Analysis' and from the National Techn:l;cal Information 
Service (NTlS), Springfield, Virginia~* ,. 

In addItion to the staffs of the Califor~ia Innovation 
Group and t:l:le participating police departments ci,ted abo've, 
the authors\gratefully acknowledge the cooperation, assistance, 
and support C.\~ Ms~, Lynn Preston, Dr. David Seidmali~ and Dr. Neil 
Dumas, who sei-:yed as NSf's program managers at varic;>us times 
during the prolect. TWa authors also gratefully acknowledge 

of 
*Appendix B \\lists tITei addresse.s for the various suppliers 

hypercube mater'ials, t~\aining I a~ld technical assistance. 
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the assistance of the members of the project's advisory board: 

• M:r. Norman Dci-'rwick, Director, Police Management 
and Operations Division, International Association 
of Chiefs of Police; 

• Mr. Del DelaBarre, Executive Director, California 
Innovation GrouPi 

• Dr. George Kelling, Police Foundation; 

• Col. Gilbert Kleinknecht,. Superintendent, St. Louis 
County Police Department:; 

• Mr. Robert Kleismet, Vice President, International 
Conference of Police Associations; 

• Dr. Michael Maltz, Department of Criminal Justice, 
Unive.rsity of Illinois at Chicago Circle; and 

• Mr. Richard Valdez, Bureau of Planning and Research,. 
St. Louis County Police Department. 

The authors have corresponded with many other persons 
and organizations. They have assisted the project in a 
variety of ways, and their contributions are also greatly 
appreciated. 
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CHAP'1'ER I 

INTRODUCTION 

A. Backgroul}£ 

Since their development at the Massachusetts Institute of 
Technology (M.l.T.), the hypercube programs have attracted con~ 
siderable attention among law enforcement agencies. AlthougR 
the programs are suitable for use in analyzing the performance 
of other urban emergency services, thl3ir primary application 
has beeln in the field of police patrol deployment. They have 
been utilized by police departments in New Haven, Connecticut; 
New York City; Boston, Quincy, and Arlington, Massachusetts; 
and have been the subject of police pianner training workshops 
at M.I.T., the Northwestern University Traffic Institute, and 
The Institute for Public Program Analysis. 

Briefly stated, the hypercube system is a computerized 
planning tool which can be used to evaluate alternative beat 
structures and patrol deployment policies. The system is 
based upon the hypercube queuing model developed at M.I.T. by 
Dr. Richard Larson and others. The hypercube computer programs 
employ in.formation about both the geographic distribution of 
police called-for-service incidents and field operations 
policies in order to evaluate patrol beat, plans by estimating 
performance characteristic!; such as car Clnd beat workloads, 
the amount·,of interbeat dispatching, and travel times by car 
and beat'l 

B. Purpose o:f This Documen"!:. 

rrhis document is designed for police agencies considering 
the use of hypercube and is intended to gi vIe an overview of the 
procedures and issues involved in hypercube use. This documen't

c 

offers information for use in de)qiding wh(~ther hypercube is 
appropriate for use by a, partiC1~,Jar department. The topicsl} !] 

cov'ered are intended to help answer the basic questions often 
raised by potential users of the hypercube system: 

• What benefits can my departmentder1ve frbm the 
hypercube s¥stem? 

• What computer hardt'lare is needed and what software 
options are available? 

• How much will hypercube cost? 

• What kinds of data will be needed? 
, 

• Where can I obtain additional hypercu'ba mater1.a~.~ I 
training, and technical assistance?,', 'II 

II 
\\ 

1 

, 'f 0 i .. ~ 



C. Cities Participating in the Project 

The information contained in this report is based on the 
latest hypercube document~tion and the experiences of 10 police 
departments which particl,ipated in the project entitled "Field 
Evaluation of the NSF-MIT Hypercube Patrol Sector Design Methods." 
The project was coordinated by The Institute for Public Program 
Analysis. Funding, was provided by the Division of Advanced 
Productivity Research and Technology of the National Science 
Foundation, which also sponsored the initial development of the 
hypercube system. 

The 10 police departments participating in the project 
are listed in Table 1-1, along with information on their respec­
tive jurisdictions. Nine of these departments are located in 
jurisdictions covered by the California Innovation Group (CIG). 
The CIG is an NSF-funded consortium of 10 city-manager cities. 
The consortium was created to help local governments develop 
an effective process of technology transfer and to institution­
alize this process within the participating cities. A science 
advisor is assigned to each city manager to provide active 
leadership and guidance in the promotion of technology uti­
lization. The CIG program is governed by a policy bOard con­
sisting of the managers and administrative officers from each 
jurisdiction. Day-to-day management and coordination is provided 
by the principal CIG investigator, Mr. Del DelalBarre. 

During the field test project, police planners in the 
participating departments were trained in the use of the hyper­
cube system and were given technical assistance in collecting 
the necessary input data and operating the sysbem. The planners 
used portable data termin.;:::Js provided at project expense to 
access the hypercube programs implemented on thE'~ National CSS 
(NCSS)* time-sharing system. 

Two of the 10 participating departments withdrew from 
the proj ect without performing hypercube analysE!s of their field 
operations--one because of the amount of effort that would have 
been requir'2d to collect the input data needed to use the hyper­
cube programs, the other because its patrol beats had recently 
been realigned and personnel who would have been using hyper­
cube were busy implementing a new team policing program. 

Three departments completed patrol deployment analyses 
and implemented new beat plans designed with hYP'!ercube assis­
tance. Burbank's plan included a realignment of the Police 
Department's two command sectors and the development of a new 
10-beat design. In Fresno, new beat plans were developed and 
implemented for each of four shifts. Hypercube-designed beat 
plans have been implemented in two of the five S'II:. Louis County 
precincts. 

*"CSS," always abbreviated in the corporate title, stands 
for "Conversational Software System." 

2 
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Table 1-1 

BASIC INFORMATION ON FIELD TEST POLICE AGENCIES 

Population Size of Number Number 0-: 
Police of Jurisdiction of 

Department Jurisdictiona (Square Miles)a Beatsb 
Statistica2.. 

Reporting Areasb,c 
........ 

Burbank 85,000 17.1 14 

Fresno 175,900 51. 0 16 367 

Garden Grove 119,600 17.5 6-8 110 

Euntington Beach 146,400 25.8 12 127 

Pasadena 112,000 22.7 7 150 

St. Louis County (Mo. ) 350,000 360.0 41-73 476 

San Diego 766,100 310.1 96 200 

San Jose 547,500 147.4 40 

Santa Ana 174,800 27.6 8 127 

Santa Clara 90,200 18.5 7 50 

aBased on 19'75 estimates supplied by the California Innovation Group and the St. 
Louis County Police Department. 

bAS of 1975, prior to commencement of field test programn 

cThe cities of Burbank and San Jose did not use statistical reporting areas prior 
to the field test program. San Jose, however, did devise a system of 280 "Beat Building 
Blocks" (BBBs) specifically for use during the. last beat redesign in 1973. 



The remaining five departments experienced varying degrees 
of progress in their hypercube analyses. Summaries of the 
experiences of the 10 participating departments are contained 
in Field Evaluation of the Hypercube System for the Analysis 
of Police Patrol Operations: Final Report. That document and 
other sources of hypercube information are described br~2fly 
in Chapter IV of th±s report. 

D. Outline and Structure of the Report 

The information contained in this chapter is intended as 
background for detailed discussions of hypercube uses and 
limitations found in subsequent chapters. The following section 
of this chapter pres~hts an oVeryiew of the criteria used in 
designing police patrol beats. Beat design is described as 
one step in the development of a comprehensive patrol allocation 
plan. Emphasis-is placed upon relating beat design to t40 
other aspects of patrol allocation and both manual apti~6m­
puterized methods of designing beats are reviewed. >~ 

Chapter II reviews the hypercube system and how it can 
be used to allocate patrol resources. Topics covered include 
the basic features of the system, the software options available, 
and the advantages and disadvantages of using the system. This 
information is designed to assist potential 'hypercube users in 
assessing the potenti~l benefits of hypercube use and deter­
mining which of the a'\i~ailable versions of the programs is most 
sui table for their needsc, 

Chapter III reviews the personnel, data processing, and 
technical assistance costs associated with using the hypercube 
system." Emphasis is placed upon enabling prospective users 
to estimate the costs and feasibility of using the system. 

Chapter IV reviews the procedures required for using the 
hypercube system: obtaining and reviewing hypercube documen­
tation, arranging for data processing services and equipment, 
obtaining the necessary training and technical assistance, and 
collecting hypercube input data. The data collection process 
is described in detail so that prospective users can assess 
the kinds of data needed and the amount of effort required to 
obtain the data from department records. 

Appendix A contains detailed cost estimation tables men­
tioned in Chapter III. Appendix B contains the names and 
addresses of the suppliers of hypercube-related information, 
materials, training, and technical assistance mentioned in 
Chapter IV. Appendix C briefly describes the ,procedures and 
issues involved in implementing revised beat plans. 

E. Overview of Patrol Beat Design 

The Police Patrol Function 

The most basic police function is that of patrol. Patrol­
related activities are the principal means of providing police 
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services, and these activities are the most visible to the 
public. Patrol activities consume the major portion of police 
agency resources. 

Patrol activities include routine patrol and response to 
calls for service. Routine patrol, also called preventive 
patrol or ,routine surveillance, includes touring an assigJ;led 
area to make security checks, look for and eliminate crime " 
hazards, intercept crimes in progress, and discourage criminal 
activity by maintaining a visible police presence in the area. 
Response to citizen calls includes providing the full range 
of police services, from taking complaints and reports of 
crimes, to intervening in disputes and intercepting crimes 
in progress. Not all of a patrol officer's duty time is 
spent patrolling and responding to calls; some time is 
also requi~ed for meals, administrative duties, and equip­
ment repair. 

Figure l-tl diagrams the major event sequences in the ac­
tivi ties of police patrol units a~d of the dispatchers who give 
them their assignments. Another view of the event sequence 
involved in the arrival and servicing of calls for police 
service is shown in Figure 1-2. Both figures provide a con­
venient framework for discussing police patrol operations in 
general, and for highlighting the features of these operations 
which can be studied with the hypercube queuing model. 

Elements of Patrol Allocation Plans 

A major factor in determining the efficiency and effec­
tiveness of the police is the manner in 'i.vhich available patrol 
resources are allocated. A completf~ plan :Ear a,1.1ocating or 
deploying patrol units to "cover" a specified jurisdiction 
usually includes the following elements: 

• designation of the number of officers on duty (by 
time of day and day of week); 

• designation of the types of patrol units to be fielded 
(one-man or two-man cars, ,foot patrols, motorcycles, 
report cars); 

• designation of the number of units to be assigned to 
each region* within the jurisdiction; 

• assignment of patrol units to geographical beats 
(districts); 

*Associated with each patrol unit is [an area usually' 
termed a beat or district in which that ui~it has preventive '.'. 
patrol responsibility: a repor'ting area is"'"a sub-area within 
a beat and is used as the smallest g,eographical unit :ear 
aggrega~~ng statistics on calls for ~ervice and preventive 
patrol coverage; and a region is a group of beats adm~nistered 
as an autonomous field operations territory. 
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• scheduling of(~batrol manpower (assignment of officers 
to shifts and designation of on-duty and off-duty days 
for each officer); 

• policies for dispatching calls for service (number and 
selection of units to be dispatched, priorities to be 
assigned to calls, procedures for servicing queued 
calls); and 

• procedures for redeploying r!?l3ources when units are 
ou,t of service or otherwise uhavailable to respond 
to calls for service. 

It can be seen from the above that the design of ipolice 
beats is only one of many elements in a comprehensive patrol 
allocation plan. Beat design is directly related to other 
aspects of patrol allocation in several ways. The number of 
beats to be designed for a given region is dependent upon the 
number of patrol units to be assigned to the region. Not all 
available patrol manpowe~ will necessarily be assigned to patrol 
units, and some patrol units may be assigned specialized duties 
such as crime-specific patrol or provision of back-up relief 
and assistance for beat units. Further, the number of time 
periods for which separate beat plans must be designed is 
dependent upon the degree of fluctuation in patrol strength 
by time of day and day of the week. 

Criteria Used in Assessing Patrol Allocations 

Ideally, patrol allocation plans should be evaluated in 
terms of their effect upon the attainment of police agency 
goals, such as crime deterrence and preservation of the peace. 
Unfortunately, these goals are usually stated in general terms 
only, and few, if any, reliable methods exist for operational­
izing and measuring the impact of patrol allocation changes 
upon these goals. Consequently, the evaluation of allocation 
alternatives has been based upon direct measures of performance 
which experience an4 informed judgement have shown to be 
desirable. The most commonly used performance criteria include 
.the following: 

• workload balance among patrol beats and units; 

• response time to calls for service (length of time 
callers must wait for a patrol unit to arrive); 

• ease of access and patrol within each region; 

• frequency of interbeat dispatching (assignment of 
units to calls originating outside of their assigned 
beats); 

• time available for patrol-initiated activities 
(preventive patrol, patrol-initiated investigation, 
traffic enforcement, interaction with citizens); 

• personnel and equipment costs; 
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• ease of C\;dministration and supervision (degree to 

which off/icers work with the same supervisors in 
the sameNareas and on the sa,me shift each time 
they areion duty, number of distinct beat plans 
and mann,'ing levels, simplicity of patterns of 
on-dutY,and off-duty days); 

• officer safety considerations (availability of 
back-up assistance, ease of radio communication, 
availability of unit location information); 

• officer satisfaction; 

• citizen expectations regarding response time and 
frequency of patrol; 

• adequacy of patrol coverage in areas with spedial 
problems; and 

• impact of allocation plan upop other areas of 
police operation, such as investigations and communi­
cations. 

In addition to these criteria, several others sometimes 
are applied to patrol beat designs. For example, beat bound­
aries may be drawn along major streets and areas of high 
service demand to facilitate the use of officers from two 
6r more beats to respond to calls in these areas and to assist 
each other. Preservation of the integrity of ethnic or 
cultural neighborhoods is also used as a beat design goal; 
this is effected by placing several small neighborhoods with­
in one beat or by dividing larger neighborhoodp into as few 
beats as possible. 

Steps Involved in Designing Beats 

Regardless 'of the specific criteria and m~thods, the 
design of police patrol beats usually includes the following' 
steps: 

1. Identify the regions and time periods!! for which 
distinct plans are to be designed; sej~arate plans 
will be needed for eadh region or subt::ommand and 
may be needed for different times of ;~he day and 
days of the week. 

2. Determine the criteria to be used in choosj,p,g among 
alternative configurations for each regi(::m Zlnd time 
period. it 

3. For each region at1d time period, coll~ct tne data!~" 
l}eeded to operationalize the design cl:it~x!ia>l:;I~ing!~~!~-
used. <'i ' 

4. Define alternative beat configurations for eaqh 
region and time period. a ' 

o 
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5. Select .. the final plans for each region!1 and time 
period by comparing the data to determ:ine which 
alternatives best meet the beat desig~ criteria~ 

i 
As discussed above y beat design represent~ only one 

element of a comprehensive patrol allocation plan. As a 
result, administrative considerations may also affect the 
final design of patrol beats. For example, .field commanders 
may wish to limit the number of distinct beat plans to be 
used in each region to simplify patrol supervision and ad­
ministration. A revised patrol allocation plan is also 
dependent upon the design and use of work schedules that will 
provide the desired number of on-duty officers during each 
watch. 

Manual Beat Design Methods 

Use of the patrol allocation criteria discussed above 
for beat design purposes is often very difficult because 
the criteria are interrelated and often conflicting. Design 
changes that produce an improvement in one criterion may 
detract from others. As a result, the beat design problem 
usually involves trading off selected goals against each 
other until a beat plan most acceptable in terms of the 
available patrol resources and operating policies is reached. 
This section reviews several manual design methods for dealjng 
with these traqe-offs. 

Intuitive design. The design of patrol beats has been 
done most often on a purely intuitive basis, with the principal 
designer relying upon his or someone else's subjective knowl­
edge of the jurisdiction and the workload distribution. This 
has facetiously been referred to as the "Bud Shell System ll 

for de£cignin,q beats, since the planner's tools are often only 
a six-pack d~.' Budw'eiser beer and a Shell Oil Company street 
map. Such design efforts include the consideration of beat 
design criteria only on a subjective level. 

The only prerequisite for the intuitive beat design method 
is some familiarity with the nature and workload of the juris­
diction. This requirement means that almost anyone in the 
police department with patrol experience can participate in 
t.he design effort •. This process makes it easy to include 
command staff ~embers in beat design decisions which in turn 
builds their investment in the final design and smootns the 
way for implementation of the plan. The fundamental problem 
with the intuitive design process, however, is that the designer 
has no way of estimating the performance characteristics of the 
plan before implementation. As a result, a plan may be designed 
and accepted that produces little or no beneficial change in 
the actual performance characteristics of patro:j.. operations. 

Manual workload balancing. Manual workload balancing 
uses various kinds of hand tabulated workload data, such 'as 
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Part I crimes ai'ld traffic accidents. These ",data are usually 
broken down by fixed geographical reporting ilareas (also called 
blocks, ,grids, areas, zones, or atoms). For each region and 
time per~iod being'examined, the basic steps in designing a 
beat plan with these data are: 

• Compute the percentage of total workload for each 
repoJ:'ting area. 

• Beginning at the edges of the command, combine 
adj acen-t reporting p,reas into beats in such a way 
that -the number of beats is equal to the number 6f 
pa'trol units available and all the beats have 
roughly equal workloads. (A policy of one unit 
for each beat and non-overlapping bea-ts is assumed 
here :Eor purposes of simplicity.) 

• If several plans are produced which satisfy the work;;;' 
load balancing requirement, these a.lternatives can C·""'I 
be evaluated ,using other d~sign criteria. 3, 10, 28* 

C~ , 

Hazard formulas. Hazard formulas follow the same pro­
cedures as wOl:kload balancing.' In place o'f balancing empirical 
beat workloads; however, tlie goaL is to balance the potential 
need for poliee seryice in each b~at. This is done by listing 
the crime hazards present in each reporting area, assigning a 
weighted score to each type of hazard; and to0taling the weigqted 
scores for each reporting area. The types of hazards used may 
include the munber and type 6f commercial establishments, the 
munber of bars, the number of street miles, etc. The result 
is a hazard score or index for each area. Beat boundaries are 
then drawn so that all of the beat!,? 'have o approximately the 
same hazard score. (The hazard score for ~ beat is based on 
the sum of the hazard scores associated with each area in the 
beat. ) c, L7 

AdvantagE~s of manual methods. Foremost among the distinct 
advantages to the use of manual beat design methods is the 
absence of a need for computer hard~~are or data processing, 
services. Although manual methods can be supported by computer­
tabulated workload data, the actual design calculations can , 
be done by hand or with a desk calculator.. Also/, since manucl'l 
methods are easily explained to field personnel, itds re'la­
tively simple to obt2!.'in input from patrol officers, based on 
their personal knowledge of a regionOs crime patterns, access 
routes, etc. A 

v 

Problems with manual methods. Meijor problems and limitations 
exist with manual peat d7,sign methods, includin~ the following: 

,I 

• Manual calculations can be tedious and time-consuming 
(and therefore expensive in terms of sta£.£ timely 
especially if several different plans must be designed 

,.~ 

*Numbers' refer to the references listed at the end of 
'this report. 
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for several regions. Also, only a limited amount of 
field performance data may be conveniently utilized, 
even if considerably more information is available. 

• Manual calculations cannot be used accurately or 
conveniently to 'trade off one design criterion against 
another; no practical methods exist for manually 
estimating the amount of cross-beat dispatching, the 
percentage of calls likely to be delayed, or average 
interbeat travel times. 

• The assignment of weighted scores to crime hazards 
is itself a subjective process which may ignore the 
fact that low-hazard incidents often consume consider­
able amounts of pat~ol officers' time. 

• Balanced beat workloads do not necessarily result in 
balanced patrol unit workloads. A unit in a centrally­
located beat will be the dispatcher's second choice for 
more calls than will be a unit in a peripheral beat; 
thus, although both bea,ts may share equivalent call­
for-service rates, the central unit will have a higher 
workload due to a greater amount of interbeat dis-
pa tching . 1.9 

• Workload and hazard formulas do not reflect the fac·t 
that the number of units needed to service calls does 
not increase at a rate proportional to increases in 
the arrival rate of calls for se~vice {i.e., a command 
with twice the rate of calls for service does not 
require twice as many units to give equal service).20 

Computer-Based Models of Patrol,Operations 

Within the last decade, there has been considerable 
interest in the development of computer-based models of patrol 
operation. A computer model uses mathematical logic and for­
mulas to define relationships between variables; such models 
can be used to provide insigh~s into the consequences of 
alternative patrol operations decisions •. 

Reasons for using computers. Computerized models of 
patrol operations are used as a matter of necessity and con­
vE;!ni,ence: 

',j} 

• Computers can solve complex mathematical problems 
with great speed. 

• Computers can analyze many more deployment alternati.ves 
and design criteria than is possible when working by, 
hand. 

• Computerized beat design programs can be useful even, 
if the user does not have a thorough understanding of. 
how all of the calculations are performed. 

12 
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• Many police departments now have routine access to 
data processing services. 

• Computer printouts can often be used as charts, .tables, 
or maps without additional work. 

Disadvantages of using computers.o Disadvant~ges of 
using computer-based models result mainly from their complexity 
and cost: 

• Computer hardware and commercial data., processing are 
expensive to purchase or lease. 

• Many computer models require large amounts of input 
data which are not routinely collected in many police 
departments. 

• Computer calculations are often difficult for patrol 
personnel to understand and therefore may not be 
accepted or trusted. 

• Sophisticated analytical s~ills may be required. 

Currentl~ available field operations models. Ref~rence 
6 presents a comprehensive review of the types of computer­
based police field operations models which have been developed. 0 

Those most relevant for users of the hypercube programs are 
described in the following paragraphs. 

Patrol car allocation models specify the numb~r of patrol· 
cars that should be on duty in each patrol region ~t various,. 
times of the day on each day of the week. They can be used 
to analyze policy issues of the following types: (1) det~r­
mining the total number of patrol officers a department should 
have, (2) allocating a fixed number of offIcers among distinct 
geographical regions, (3) determinirig how. many officers ~n a 
region should work each tour or sh:Lft,and (4) determining 
the hours at which shifts should begin. 

District design models are used for evaluating alternative 
district boundaries, car assignments to districts, and <;1is­
patching policies. They are most readily used when the number 
of patrol units to be fielded for each day of the week. reqion. 
and shift have already been determined by some other method, 
but it is also possible to use them as patrol car allocation 
models. (Hypercube is the only available documented model of 
this type.) 

v 
Manpower scheduling models are used to determine which 

days of thelY'eek each officer should work and be off duty, 
and when he should rotate from one shift to another. These 

i;II),odels are especially 1.1sef1;1l in planning work schedules when' ~ 
. the number of on-duty of'ficers varies by day of the week and 
shift. They also can yield improved schedule~characteristlcs 
when mann;Lng levels are unif5rnt by shift and daY'I,of the week. 

Ir,;' 
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CHAPTER II 

OVERVIEW OF THE HYPERCUBE SYSTEM 

This chapter describes the capabilities and limitations 
of the hypercube system, and briefly discusses alternative 
ways in which the system can be used. Factors to be considered 
in assessing the feasibility of using the hypercube system in 
an individual department are also identified. 

A. Basic Features of the Hypercube System 

The hypercube system is a computerized representation of 
the hypercube queuing model developed by Dr. Richard Larson 
~t the Massachusetts Institute of Technology. The model is 
used primarily to analyze alternative patrol policies and 
beat configurations, although it can also be used as a patrol 
car allocation model. While the model is lacking in prescrip­
tive or optimization features, its descriptive capabilities 
are extensive. In particular, the model estimates the following 
field performance statistics for a beat plan and patrol policy 
described in the input to the hypercube software: 

• average workload (e.g., fraction of time patrol units 
are busy) throughout the region being analyzed, as 
well as the workloads associated with each unit, beat, 
and reporting area in the region; 

• average travel times to calls for service throughout 
the region, in each beat and reporting area, and to 
calls handled by each unit; 

• average fraction of dispatches that are interbeat 
(i.e., dispatches that require the assigned unit to 
travel to an incident location not within that unit's 
beat) for each unit, each bea·t, and the entire",region; 

- _"l 

• fraction of calls throughout the region and in each 
reporting area to which a unit other than the closest 
available unit is dispatchedJ and 

• fraction of calls for service that occur when no unit 
is available. 

In order to computd?1he~e performance statistics, a number 
of s1mplifyin~ assumptions about the nature of patrol operations, 
demands for service, etc. have been incorporated into the model. 
These include the following:* 

*See the report Instructional Materials for Learning 
to Use the Hypercube Programs for Analysis of Police Patrol 
0Eerations for a more complete list and dis.cussion of hyper­
cube assumptions. 

14 
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• The average number of calls for service received in 
a region for a watch can be accurately predicted 
by using historical data, even though the time inter­
vals between call arrivals are random. 

• The average time required to service calls in a region, 
from time dispatched to time cleared, can be accurately 
predicted by using historical data even though the 
service times for individual cal,l_sc=QJ;~ random. 

• Average service times do not vary significantly by beat. 

it Travel time, frpm dispatch to arrival, accounts for only 
a small portion' of total service time. 

• Patrol activitie,s resulting from officer-initiated and 
administrative work can be modelled in the same way pS 
calls f6r service. ~ 

• The network of streets in the region is basically rec­
tangular, such that travel distances can be computed 
by summing the distance travelled in each of two per­
pendicular directions. 

• Only one pat.rol unit is dispatched to each call for 
service. 

• Once dispatched, units are never reassigned to more 
serious calls. 

• Calls for service received when no units are available 
are either assigned to backup units not explicitly­
represented, or"queued and serviced later on a first­
come, first-serv~d basis. 

• The time required for internal processing ofincoming\ 
calls by telephone operators and d;ispatchers prior to" 
dispatching a unit or queuing the ca~;I. is insignificant 
compared to the time required to service the call. 

In most departments, some qj: these assumptions will, not 
be completely valid. In addition, much of the input data 
required by ;She model) may be unavailable in some departments 
and will need,to be estimated. As a result, the :field per­
formance stat;tstics obtained f'rom the hypercube model should 
be interpreted in a relative, rather than in a,n absolute, 
sense." That ~,s, performance esbimates based OIl a hypercube " 
analysis are mbst meaningful when each of two~or more alter­
native patrol l:,olicies" and/or beat configurations are analy~ed 
and the "resul,t~)compared to determine which alternative best 
satisfies department obj~ctives-"'for example, balanceduni.t 
workloads, or m;i.nimCil int~rbeat dispatching. Absolute,agreement 
between hypercube perfornl~mce estimates and observed field~ 
performance, however, should not be expected. ,9 
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Nevertheless, comparative use of hypercube statistics can 
provide tentative answers to many questions of interest 
to department planners and field commanders. For example: 

• Is one set of beat boundaries "better" than another 
set in terms of estCl,b1ished department obj~ctives? 

• How will field performance be affected by anticipated 
increases in the numbers of calls for service, or by 
a decreased ca11-for-service rate resulting from the 
screening of low priority calls? 

• Will significant improvements in field performance 
result if automatic vehicle location equipment is 
installed? . 

• What effect will a change in the distribution of 
preventive patrol coverage have on the various field 
performance measures? 

• How will field performance by affected by alternative 
dispatching policies, such as dispatching the "closest" 
availab1i:/UIl.,:tt rather than an available beat unit, or 
by the u\(e Ofl( special units to handle calls arriving 
when no r~.spolll:te units are available, rather than 

· queui.ng the--cai'is until a response unit does become 
available? 

The use of the hypercube system as a planning tool to aid de­
partment p1~nners in the beat design process is schematically 
depicted in Figure 2-1. 

B. Versions of ~he Hypercube System 

This section describes alternative ways in which police 
departments can access and use the hypercube system. Specific 
topics discussed include available versions of the system, and 
alternatives for implementing and operating the software. 

All current versions of the hypercube system can be oper­
ated in one of two operating modes: either interactively or 
non-interactively. Hypercube systems designed to operate 
interactively consist of , two components. Th~ first, termed 
the "MONITOR" by its developers, enables a police planner to 
describe. the patrol policy and 1;>eat'configur~tion being analyzed 
in a II conversational" w~y by 'responding f via 'a te.1etypewri ter­
type data terminal, to question,s.posed by a computer. The 
computer then analyzes the planner's x'esponse, ensures that' 
the response is consisten.t with previously supplied information, 
and performs other error":,,checking functions. The planner is 
informed of any error found in his response, and corrects the 
error before proceeding. Once a valid response has been 
elicited, planner-computer interaction continues until the patrol 
policy and beat configuration have been completely specified. 
At that point, the computer transforms the information supplied 
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by the planner into a format required by the second component 
of the hypercq.be system, termed "HYP~RCUBE," which computes 
field performance estimates for the policy and configuration 
described. 

The hypercube "MONITOR" component is not used with non­
interactive versions of the hypercube system. In these versions, 
the planner must specify the patrol policy and beat configuration 
directly in the format required by the "HYPERCUBE" component, 
either by coding and keypunching the information on punched 
cards or, by entering the data into a storage area of the 
computer system using a data terminal. In either case, the 
computer does not interact with the planner. In particular, 
the data items are not checked for errors, the information is 
not reformatted, and tutorial assistance accessible to users 
of the "MONITOR" is not available. 

With non-interactive versions of the system, the IIHYPER­
CUBE II component obtains all of the information it needs to 
compute field performance estimates from the formatted input 
file kept either in the computer's a.uxiliary storage area or 
on punched cards. Consequently, no interaction is required 
between the planner and the computer system. Operation of 
the system can be initiated by a user connected directly to 
the computer via a data terminal with the results available 
immediately, or it can be scheduled for deferred initiation, 
usually overnight, with the results available at a later time. 
The former type of operation is termed lI on-line,1I while the 
"latter is termed IIbatch." 

In the remainder of this chapter, versions of the hyper­
cube software are classified as I~interactivell if the IIMONI'rOR" 
is used to describe the patrol policy and bfPG.lt, configuration 
and II non-interactive" if the IIMONITOR" is not u,sed. 

Currently, there are four versions of the hypercube 
software available. They are: 

• M.I.T./Rand hypercube system - This is the original 
hypercube system developed through grants from the 
NCitional Sci'enC'EfFoundat.ion and the U. S. Department 
of Housing and Urban Development; to date it is the 
most widely-distributed version. 

• M.I.T. advanced hypercube system - This system consists 
of an advanced version of the original M.I.T./Rand 
system which incorporates automatic vehicle location 
and expanded user control of the types of output 
produced. 

• TIPPA advanced hypercube system ,.;. This is an adp.ptation 
of M.I.T. ' s advanced system that has evolved du'ring 
TIPPA's field testing of the hypercu~e model. It' 
contains several features lacking. in the M. I. T. system 
(e.g., the utilization of user-supplied terminology), 
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and incorporates many improvements suggested by police 
planners during t.he field tests,.-. This version of the 
software is especially sUitable for implementation on 
the National CSS time-share system. 

• Texas A&M police officer deployment system (PODS) -
This system w'as developed through a grant from the 
Criminal Justice Division, Office of the Governor of 
Texas. A version of the hypercube model forms one 
component of this system. Other components are 
capable of prescribing beat plan modifications to 
balance beat workloads or beat travel times, fore­
casting workloads, and producing maps showing beat 
boundaries. 

The major differences between these four versions of 
the hypercube system occur with respect to the following: 

• Interactive or non-interactive - Does the system, 
include a version of the interactive "MONITOR?" 

• Computer programming languag~ ... Is the sof·tware 
written in PL/I or in COBOL? (This.is an important 
differepce since some computer systems may not accept 
some languages.) 

• Approximate or exact hypercube model - Does the 
system support the exact model, the approximate modeJ.,y 
or both? (The approximate model utilizes some appr.ox­
imations in its computations which greatly simplify the 
calculations and reduce costs, and which general,ly 
produce results within a few percent of those obtained 
using the exact model. The exact mqdel, on the. other 
hand, supports several advanced hypercube teatures, 
such as variable unit service times and dispatching 
based on automatic vehicle locators.) 

• Limitations on problem size- What .1 imitatio ns are 
placed on the size of regions (i.e., on the number 
of reporting areas) and on the size of beat"pl,ans 
(i.e., on the number of beats) that can be analyzed? 

The differences among the four hypercube systems are summa­
rized in Table 2-1. 

In some CCises, .a department planning' to i?Jlplement the 
hypercube system will have .. no choice in selecting t:,he version 
to be used. For, example, if hypercube is to be implem~n£ed ( 
on a computer system supporting COBOL, but not PL/I, the 
Texas A&M version will be t~ only alternative. In o~~e~ " 
cases, several of the versi2Oi1s may satisfy th,e depaliitntentWs 
needs. When this occurs, the following .rule of thumb 'should 
be applied: select the version providing all required 

(~) 
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Table 2-1 

CHARACTERISTICS OF CURRENTLY AVAILABLE VERSIONS OF THE HYPERCUBE SOFTWARE 

Software Version 

M.I.T./Rand M.l.T. TIPPA Texas A&M 

Interactive or Non-Interactive Non-Interactive Non-Interactive Interactive Non-Interac-tive 

Programming Language PL/I PL/I PL/I COBOL 

Approximate or Exact Model Both Both Both Approximate Only 
tv 
o Limi ta tions on Problem Si zea 200 reporting 

areas and 15 
beats 

200 reporting 
areas and 15 
beats 

Unlimited 
nUm})er of 
reporting 
areas and 34 
beats 

125 reporting 
areas and 25 
beats 

dSize limitations apply only to the approximate hypercube model. All versions of the exact hyper~ 
cube model limit the number of beats to 15. In most cases, the limits specified can be relaxed through 
internal programming change~. 
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features, but as few unneeded features as possible.~ Applying 
this rul~ will generally result in selecting theoversiort 
which requires the least amount of computer resources, and 
which is the least costly to use. Figure 2-2 Can be used as 
an aid in making the selection. 

The hypercube software can be implement.ed on any data 
processing system which meets the following qualifications: 

• The data processing system must have a compiler 
capable of translating the language of the software 
being implemented (Le., either PL/I qr COBOL) into 
a machine language understood bY .. the bomputer. 

o 

• The data processing system must have sufficient core 
storage to analyze regions and beat plans of the size 
of interest. The version of the software developed 
at Texas A&M req'.lires approximately 212K bytes** of 
core s'torage on an IBM 360/65 to analyze regions and 
beat plans with up to 125 reporting areas and 25 beats. 
For the other three versions, the amount of core ~ 

.;, 

storage required depends on the number of reporting 
areas in the region, the number of heats in t(~lfr peat 
plan, the number of call arrival rates (workl<lad levels) 
for which field performance est~ates are to be com­
puted, and the type of modeloused (i.e" approximate 
or exact). Tables A-l and A-2 contain estimates of 
the cOJ;"le storage required to use the approximate a'nd 
exact· nypercube models in computing performance'o~""",, 
statistics for a single call arrival rate. These 
estimates include approximately 80K bytes of storage 
required for the operating system*** of the computer 
used during the field tests. In general, the amount 
required'by otQ~r systems will be different. 

• The data processing system should be locally accessible 
to police) departments. That is, systems used ~or bcl.tch 
processing should have a nearby office, and systems 
user;l~'Qp..j)J,.;tne" should be accessible via telephone-­
r.:';r;,(~~~~~$:P,~~Y~,;;tl1rough a local or toll-free eXChange. 

'~'~~-'i;~,g"" .",' 
. * Some; ;@.f;I,:f;~arti:nents·may wish to use the TIPPA" version, rather 

than apply this rule, because (1) the interactive features of 
this version make it especially suitable for planner.s inexper­
ienced in the use of cdmputer-basedmode1s, ilnd (2) since this 
version has been impleIri.ented on a commercial data processing 
system implementation cost~_~nd effort can be avoided. 

--~~V-l 

.-;:: 

**One K-byte of computer storage equals 1'024 bytes. 

,j 

I 

***The oPESrating, system refers to the management routines' ,;, 
used by the computer to perform input, accounting, and st'brage 
allocation functions~ 
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Yes j 
>------..... '1 Use the TIPPA version 

Does the 
'dispatching 

opera"tion to 
be modelled 

involve automatic 
vehicle 

locators? 

necessary 
!) to 
model variable 

unit. service times, 
is the exact hypercube 

model required, or 
do regions contain 

more than 125 
reporting 
areas? 

Use the Texas A & M'version 

Figure 2 .... 2 

Yes 

Yes 

Use the M.I.T. version 

Use th~ M.I.T./Rand 
versioll 

, ,0" 

SELECTING AMONG AVAILABLE VERSIONS OF THE HYPERCUBE SOFTWARE" 
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• If the hypercube system is to be used int.eractively," 
the data processing facility should have the hard-
ware and softwar~ necessary to SUPPOl:"t ::iJltet'ca.ct.ive ~.c=~~:C"."~"=~.'= 
operations. .' ..... . 

. Implementation alternatives include the following: 

• In-house data.vrocessing facilities - Use of an in­
house computer offers -the potli:!nt,ial for . low cost''''\:::ata 
processing services and readily'ava:llable technical 
assistance in the area of software implementation. 
The major drawbacks to using in-house facilities are: a 
(1) department hardware is unlikely fo support inter-' 
active operation, (2) .. software:8 written in the PL/I 
programming language is unlikely to be supported, 
and (3) core storage capacity is *ikely to limit the 
size of the regions and beat plans that can be analyzed. if) 

o 

• Commercial data "'processing faci;t,i ties - Several. com- . 

• 

• 

mercial time-share systems aresuitaple ;Rorimplementing 
both the interactive and non-ill:t::erCi,c-t;ive versions of 
the hypercube soft.ware writ-cen Tn t.he P~/I languag.e, 
and most are capable of supporting the rl6n-interactive 
COBOL version. These time-s\:hare sy§tems provide 
convenient access to data prbce~sing services v'ia 
data terminals and standard telephone networks.:· As 
a result, even police departments without interna~ data 
processing capabilities c.an use the hypercube model by 
paying for only the services and. equipment used. Never­
theless, the implementation alternative is relatively 
expensive due to the high cost ,9£ the services and on­
line storage of the programs and data. AlsO, unless 
the system caq) be accessed through a local or toll-free 
telephone exchange,., substantial communications cost~ 
may be incurred. 

University-based data processing facili.ties - Many 
university-ba$ed computer cent.e.rs are .able to support 
non- interactil\re versions of theJ;~hypercube system, and 
some can support interactive versions in a time-share 
environment; core storageO capac.ity, however, may Qll~·' 
l'ess than that availab:l.-e on,. commercial systems. Because 
these data processing services are geare'dto the uni­
versi ty community, the amount o:!- data "'pJ:;;oc.essing services 

'and technicalo assistance that can be provided to organi­
zations not affiliated with the university may' be limited. 
Furthermore, universities do' not provide toll-free .' . 
access" ,to their services, and remote users may experience 
long-distance communications costs. On. the'other hand,' 
'l1!livel$\sityc;;h.arges for" data.process·ing~cset-vices=are -- c' -~~o='=·~i 
QSl.lally' sub~t:.antial-ly" less than "those of commercial ~ 

:::::::~nts - Several management consulting firms have. : ,~ 
implemented versions of" the hypercube 'software and wil,l 1 ,ij 

-~..-....-....>-------~. 

i==;=;===.-=," u" ,_ ",II "~,~.:: _.:.3 
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provide techni~;~l assistance for' the analysis and 
design of patrol\ policies to police agencies. While 
such consulting s.~rviceG can be expensive, this al­
te:t'na:t:iv~ call part.i,glly.re.lieve a POliG.e department 
from the effort and expense of implementing, test.ing, 
and learning to use the'hypercube systeIQ. 

I' ~I 

Advantages and Disadvantages of Using the lIypercube System 

The advantages'and disadvantages of using the hypercube 
system are briefly summarized in this section. Among the 
advantages are: 

• Because of built-in tutorial and error-checking 
capabilities, the interactive version of the hyper­
cube software is relatively easy to USei as a result, 
extensive data processing experience is not a pre­
requisite to achieving successful hypercube analyses. 

• The hypercube model provides estimates of field per­
formance of proposed patrol policies and beat con­
figurations not otherwise availa.ble to police planners. 

• Since the police planner can suggest alternative 
policies and configurations, the hypercube model 
allows departmental constraints and objectives, not 
explicitly represented in the model, to be included 
in the design process. 

• Use of the hypercube programs enables the planner to 
estimate the effects of policy and deployment changes 
on field performance before such changes are actually 
implemented. This can avoid cOl:1tly and disruptive 
field ex~erimentation. 

• Efficient use of the software may reduce planning costs. 

• Data bases created as a result iJ.of hypercube analyses 
may prove useful in other planning and evaluation 
efforts. 

• The interactive versions of the softwa~e provide a 
useful training tool that can be used to teach planners 
the fundamental concepts of field patrol operations. 

o 

• The hypercube programs automate most calculations 
normally requir@d to design beats manug llYi as a 
result, they can be useful to departments otherwise 
uIlinterested in sophisticated beat' design and analysis. 

",Thedi:sadvantages of· using the hypercube systent to 
design beat'configurations and analyze patrol policies include 
the following: 

= 
• computer costs can be high, especially if data pro-

'0 
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cessing services must be purchased conunercially and 
the software is used carelessly .or inefficientlY,r 
ConsequentlY,fi substantial data processing budget 
may be required. -c_.,,_-__ •••.. -~r_._'__~_'_·_'O-,.___' •• -_ ~-_c:;-'~~·_7_~=~=--~ 
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Data collection can be costly and time consuming, 
eSpecially when required data are not available. 
While input data can' often be estimated rather than 
measured, this may destroy confidence in the model's 

. performance estimates. i,-

• To use the hypercube system efficiently, the planner 
must familiarize himself with the capabilities, 
assumptions, and limitations of the modeL If 
required, training and other forms of technical 
assistance may not be free. If the planner ex;­
perieri'ced in the use of hypercube subsequently _ 
leaves the department, i;:.he inves'tment in his training 
is lost. (!\;l 

.. Since the hypercube system will be used infrequently 
(probably only onceoQr twice per year), department 
administrators may feel that the benefits do not 
justify the effort'and expense associated with 
training, data collection, data processing, and 
technical assistance: 

• Results'of hypercube analyses may be rejected by 
field operations personnel merely because they are 
computer-based, or because they ignore important 
features of the department's patrol .operations. 

,., 

D. Assessing the Feasibility of Using the Hypercube System 
• .J .~~_ 

Because of the substantial costs "and' effprt that can occur, 
it is important to determine whethe:r the hyper,cube syst~'1l is a 
feasible and potentially beneficiat planning tool for a depart ... " 
mente The past experiences .of hyp¢rcube userS indicate that 
not all departments which begin a hypercube analysis \iill 

·.( .. :,om,pl,.ec-t@~!,t:,tl,lPvhF,r.:.5J,j!~!9;~.~;o.<\i't\N-tt"",9~P,)'''iJ;t~)'D,!<~,:,;;g\-l~,q,{)"t"b,~j;""f1~R,?l;,;r;,tm~~:);:s tha t 
fail to complete the 'analyses may stilJ~benefitfrom the data 
collected. for future planning and"evaluatien of patrolope.l:"­
atiens, and that department planners have been exposed to 
valuable training. However, it is doul;:>tfulthat department 

, ____ ~:---.g._¢iministrators will feel that the expenditure of depa:t;"tment 
~resources was justified un,;l.ess impr01lTed beat plans ar~ imple­

~e-nted, .or the adequacy of current plans is clearly: dEl1l1011,st:rated. 

l"~J Circumstances in whi9-h a police department is mo~'t'l .. ' 
tQ l:>e.netit£:rQ:m usingthe>hy:perc.ube. sys,tem .. are . . ... 
While all th~. circumstances listed are net prerequisites ,fer 

succe.ssf. u .. 1." •. ' .p. Ol.iC .. 
y a.na'ill.!,~"s ... is a.'nd. beat. design l 

. some. cOn$iha ... t .... l.Ori of them has usually be1.~n lacking. in those departments _t,~at 
have ;f>ailed'to benefit\~rrom. using the hyp~rcube model: . 

• Recognized needli to analyze the patrol plan - A. need 
ill,l .' & '-::'0:" 
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"to analyze :fhe patrol plan will be most apparent in 
departments experiencing heavy workloads, frequent 
queuing delays, and other field operations problems. 

....... . ........ _._ .. - ·-····Department·s·-which~·-are~-g-en·era·ii-y···sati~fiea.--w.1trCEfieD:'· 
patrol policy and beat structure are unlikely to " 
expend the effort required to follow a hypercube­
assisted beat design project through to completion. 

• Cooperation and communication between field, support, 
and planning personnel - Beat configurations should not 
be designed without cooperation between planning, 
field, and, where applicable, data processing personnel. 

• Agreement among adffi'inistrative, field, and planning 
~rsonnel on a set of qepartment objectives for patrol 
operations. U 

• Design objectives other than balanced beat workloads -
Depart.ments interested only in balancing beat work­
loads should consider simpler and less costly manual 
design techniques '., 

• Adequate time for analysis Allowing insufficient time 
for planning, data collection, analysis of hypercube 
output, etc. leads to inefficient use of the hyper­
cube system, increased costs, and erroneous results. 

• Acceptance of computers and mathematical modelling as 
reliable planning tools. 

• Access to in-house data processing, or .a sufficient 
~.bqdget for purchasing commercial services. 

)1 

~, A"I/fa
l 

1.' lab1.' 11.' ty of data l\ :=.1' _ and a will;i.ngness to commit 

• Patrol operations satisfying the assumptions of the 
hypercube model - The hypercube assumptions listed 
earlier in this chapter must appl'y reasonably well 
to the department's patrol operations in. order to 
insure reliable and valid results. 

Methods of dealing with some of -these issues are discussed 
in Appendix C. 
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CHAPTER III 

..... _~ _. _____. ____ . ____ ._ EST I MAT IN G THE_COBTS __ OF __ USING--THE.-HY-PSRGUBE--.S¥-8'l'.Et.1- --.~----- .~-- , ___ ~ __ -~C_._~~ 
IN AN INDIVIDUAL POLICE DEPARTMENT ,~ 

This chapter provides guidelines for estimating the costs 
of uSing the hypercube system to analyze patrol policies and 
beat configurations. Th'e principles discussed below and in 
Chapter Ii: are illustrated by citing the experiences of two 

,:.; California departments which participated in the field test d' 

project: Fresno and Pasadena. 

A. Estimating the Costs 

The costs of using the hypercube sys·tern fall into three 
major categories: personnel, data processing, and technical 
assistance. The activit.les in each category include: 

• Personnel - manpower costs associated with planning, 
training, data collection, data analysis, and beat 
plan implementation. 

• Data processing - costs associated with setting up, 
maintaining, accessing and using a data processing 
facility for training and data collection; and with 
setting up, maintaining, and using the hypercube 
sys.t.em for beat analyses. 

• Technical assistance - costs for training materials; 
and for technical assistance with project plal}ning, 
training, data collection, use of the hypercube 
programs~ and interpretation of hypercube results. ~\ ;>i 

~Each of these costs is discussed below. 

Personnel Costs 

The results of the hypercube field 'test project indicate 
that departments will require up to six months toCaesign and 
implement a beat plan using the hypercube system. During this 
period, one or more persons will have to spend considerable time 
planning project activities, learning to use the hypercube 
system, monitoring data collection efforts, performing hyper­
cube analyses, coordinating in-house review a:tict approval of 
new plans, and initiating appropriate implementation procedures.*' 

The actual time required to design and implement a new 
beat plan depends on: 

• familiarity and experience of J~ey personnel with 
computerized design or de.cision models; 

*MQ~t of these .activities qre not peculiar toa hypercube 
beat design analysis , but are" in fact present: for most manual 
. and compu t~~~ized Aes-ign ·.C Brocedure's~~~~o-==c ~"" c,==_",·~ .. = =~='- _=='==_=.c=·= .~~. ~l 
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• accessibility of data required to use the hypercupe 
model: 

• extent of cooperation and communications between 
personnel responsible for the design, approval,·and 
implementation of the new beat plans. 

Table 3-1 presents estimates of elapsed time for each of 
the major tasks in a beat design project. The time estimates 
for each task are based on results reported by eight field 
test departments. The table indicates that elapsed times 
range from 8 to 28 weeks for a complete beat design effort. 
The lower estimate is very optimistic. It assumes that at 
least one person is wqrking full-time on the project, and is 
only applicable to departments with trained personnel, 
specially designed data sources, and readily accessible data 
processing services. 

The higher time estimate is applicable to departments using 
the hypercube system for the first time. This estimate assumes 
that the project coordinator devotes only part of his time 
to the project (e.g., one-third or one-half time), and that the 
project encounters delays familiar to every police planner: 
training materials are delayed, special data collection 
efforts are required, data processing turnaround is slow, in­
house review of new beat plans is cumbersome, and new design 
criteria are introduced in a manner which requires several 
cycles before final approval is obtained. 

The experience of the field test project indicates that 
estimating the time required for data collection is often a 
difficult task. The ability to obtain accurate estimates 
depends largely on the quality of the data assessment made 
during the planning task. This assessment should answer 
the following questions for each. data item required by the 
hypercube program: 

• What source documents contain the data item? 

• How accessible are those documents? 

.' What procedures will be needed to obtain and trans­
late each data item from source document into hyper­
cube-usable form (e.g., sample size, collection 
procedures and" forms, data processing support)? 

Table 3-2 summarizes the number of man-weeks spent by 
the departments in the field test project to collect data 
for the· hypercube system. Five of the eight depar-tments 
required from one to four man-weeks. The three departments 
requiring more than four man-weeks usually utilized two or 
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,:JTable 3-1 

dl 

ESTIMATED NUBBER OF WEEKS 
REQUIRED TO COMPLETE THE MAJOR TASKS 

OF A HYPERCUBE BEAT DESIGN PROJECTa 

Task 

1. Training 

2. Planning 

3. Data Collection 

4. Data Analysis 

5. Beat Plan 
Implementation 

Activities 

Study hypercube docu­
mentation; learn the 
assumptions of the model, 
the d{ita required, and 
how to use the computer 
progre.ms. 

Asse$s department oper­
ations, data sourcest 
and data processing 
capabilities; organize 
project task force. 0 

Plan and coordinate the 
collection of data 
required by the hyper­
cube programs. 

Prepare the input data, 
run the hypercube pro­
gFams, and analyze the 
output. 

Coordinate in-house re­
view of proposed plans, 
and Cl.11 documentation, 
operations, and policy 
changes required to 
accommodate the approved 
plan. 

Total Beat Design Effort 

Number of 
Week$b 

2 - 4 

2 - 4 

1 - 8 

1 - 8 

2 - 4 

8 - 28 

aThe elapsed time estimates are based on the experience ofl@; 
eight police depat-tments which participated in the field test. 
project. a 

b The lower estimate forD~~~~h'''ta:~k ~s~'~~es that at least one 
PeJ:"son works full-:-timeQn. t-heproject;,.The higher estimate -for·­
eachtask.assumes that the project coordinator devotes only one­
third or one-half time to the project. 
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Table 3-2 

--NUIwER OF· NAN-WEEKS REQUIRED TO COLLECT­
DATA FOR THE FIELD TEST PROJECT 

Number of Man~weeks 
n, 

Number of I.;~~epartments 
."" 

1 - 2 2 

3 - 4 3 

5 - 6 1 
~~";:-.- -

7 - 8 

9 - 10. 

Average = 4.6 man-weeks 

three coders for two or three weeks in order to extract the 
raw data from department files. The departments utilized 
an average of 4.6 man-weeks for data collection. 

Data Processing Costs 

Data processing costs during a beat design project can 
occur during the data collection task and during the data 
analysis task. 

The extent to which a department may use qata processing 
to facilitate data collection depends on: 

• the availability of experienced personnel tE) coordinate 
the data processing, 

• the accessibjlity and cost of data processing services, 
and 

• the trade-off between the cost of keypunching and data 
processing to obtain estimates based on large samples, 
and the cost of manually obtaining less accurate esti-
mates based on much smaller samples. i' 

,I 

Data proces~ing costs associated with data cOll~ction 
can be estimated only on an individual department basis. The 
field test project offered little guidance in this ,,;lrea since 
the TIPfA staff provided data processing support for several 
npn~rrmpnr~ rn T~~;lJ.·r~to tho;~ par~~~J.·~~~~~n ~n rh~ rrn~J·~~r •. --r-- --.. _."--" -- .... __ .......... "'-- - '-...&....&,.. """-'-"" l:"Q.'-"..1.U.I. .J.. ~ _ .... - .t:' .... - ---

The project'does suggest, however, that the beat design 
project coordinator should carefully assess data needs and 

"<' review all data processing options, including the option of 
avoiding data processing dUring the data collection task, before 
proceeding. 
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Data processing costs for the data analysis task depend 
on the version of, the hypercube software, used and the imple-, ,,' 

.- ~ mentation aption selected (i. e., the type of comput.er facili ty ~ 
used). These costs consist of the following components: 

~ Equipment and supplies - If data terminals are 
rented, shipping charges may be incurred, and service, 
insurance, and supplies will be required. 

• Set-up charges - Unless an implemented version of the 
"hypercube system is available, a copy of the software 
must be obtained; the pt'ograms must be compiled 
(translated) into an executable form and tested; and 
supporting software must be develqped to facilitate 
data input, system usage, and output retrieval. 

• Communications costs - When remote data processing 
services are accessed, long distance telephone charges 
may result. 

• Storage charges - Commercial and university-based 
data processing systems usually charge users for tbe 
on-line storage of their programs and data. 

• Computer usage costs - Commercial and university­
based systems usually charge users for the amount of 
time they are connected to the central site cpmputer, 
the amount of computer resources they use in their 
processing, and the amount of input and output, 
operations r~quired~ Users of in-house facilities 
may also be charged for the amount of processing 
required, especially if the facilities are maintained 
by, or shared with, other agencies. 

These cost components are further classified p.ccording 

0' 

to whether each is usage-dependent or not--that is, whether f~,' 
each depends on one or more of the following problem attribute~~~ 

Number or re ions to be anal zed - the number of =,~~,~~~,-• 

• 

• 

autonomous ~e operat~ons reg~ons, artd the numbe,;r '",c 

of distinct workload distributions in each (different 
workload distributions usually cotrespond to different 
watches or days 0'£ the week). 

Size of eachlJregion and the humber of response units -
the numher of reporting areas in each region, and the 
number of response units assigned to each regign. 

Number of iterations attempted for each region - the 
number __ of .patroL policies and.~bea,t- configurations-~to~··~·~·-~'-"= 
be analyzed with the hypercube system., This,number 
should include OI)e iteration to calibrate the hyper--
cube model, and one iteration for analyzing the current 
patrol poli,cy and beat configuration. 
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• Timeframe within which the hypercube ~nalysis will be 
performed - the number of calendar mopths betwee~ the 
time the hypercube system is first ~s'ed and j:he flme 

.. all hypercube data processing will be completed, and 
the fraction of staff time to be allocated to the 
analy'sis. 

Estimates of usage-independent costs are summarized in 
Table 3-3. The versions to which each cost applies are also 
indicated. These estimates are derived from costs experienced 
by the eight participating police departments. ' These costs 
are based on the suppliers used during the field tests (e.g., 
for equipment and data processing services), and on the rate 
schedules in effect at that ~ime. 

Once the input data required by the hypercube system have 
been collected, hypercube analyses proceed in two steps. First, 
an input file containing data describing the geography and 
relative workload of each reporting area in the region is 
created. Table A-3 shows the e~timated cost of creating this 
file for various-sized regions.~ When a region file already 
exists, the estimated cost of modifying reporting area work-
loads (geographic data are unchanged) is shown in Table A-4. 

The second step involves the creation of an input file 
describing the beat configuration and patrol policy, the 
computation of hypercube's field performance estimates, and 
the retrieval of hypercube output. This step is performed 
once for each hypercube iteration in each region. Cost 
estimates for regions with various numbers of reporting areas 
and for beat plans with various numbers of response units 
are shown in Tables A-5 and A-6. The estimates in Table A-5 
apply when performance statistics are computed on~line while 
those in Table A-6 indicate the reduced costs of making these 
calculations off-line in ba~ch mode. 

To use these estimates to predict the data processing costs 
for hypercube analyses, the following factors should be considered: 

• The estimates shown were derived by assuming that costs 
increase linearly with the numbers of reporting areas 
and beats. This assumption appears to hold fairly well 
for the problem sizes reported in the tables; however I 

*These and other usage-dependent data processing cost esti­
mates presented in the remainder of this chapter are based on 
costs experienced during the field tests when most data were 
input interactively using the National CSS time-share system. 
For police departments planning to use the hypercube software 
,in-house or on university-based systems. these estimates should 
represent upper bounds which probably g~eat.ly· o~~~esti~~t~--th~­
actual costs. More realistic estimates can only be obtained by 
performing a hypercube analysis and comparing the actual and 
estima'ted costs. Similarly, costs of hypercube analyses on 
commercial time-share systems other -than National CSS can only 
be accurately assessed by trial runs. 
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Table 3-3 

USAGE-INDEPENDENT COSTS ASSOCIATED WI'fH THE HYPERCUBE SYSTEM 

Type of Cost 

1. Equipment costs 

a. Rental of data terminal 

b. Shipping 

c. Terminal service 

d. Terminal supplies 

2. Set-up costs 

w 
w 

'II 

a. Copy of hypercube software 
and documentation 

I', 

b. Program compilations and 
testing , 

c. Development of facilitating 
software 

d. Monthly minimum charges 

03. Communications costs 

4. Storage charges 

a. Hypercube software 

b. Hypercube input and output 

5. Technical assistance ·1 

Estimated Cost 

$75 - $150 per month 

$40 - $60 

$30 per servicinga 

$55 - $70 

$30 per year 

$50 - $200 

$400 (max~mum)b 

$50 ... $150 

$100 per monthh 

Depends on locatJons of user 
and computer access points 

$88 per month b 

$44 - $110 E.er monthb 

$125-$300 per day 

Implementation on data processing system where 
hypercube is" not· currently avail~ble 

Implementation on data processing system where 
hypercube is not currently available 

Systems to be accessed interactively or on-line 

Commercial systems only 

Data processing systems accessed long distance 
via telephone 

Commercial and (thiversity-ba~ed systems only 

Commercial and university-based systems 'only 

aAll terminals used during the field test project required servicing two times or less. 

bB.ased on rate schedule in effect for the National CSS time-share ,!system in January 1977. 
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comparisons with empirical cost data indica~e that 
the estimates are slightly low for the smaller problems 
and slightly high for the larger problems (the upper 
left-hand and lower right"";hand portions, respective1x, 
of Tables A-5 and A-6). . ' 

• The estimates assume that input files describing· 
beat configurations are created by using the inter-
. '1.ctive "MONITOR" program; that performance statistics 
'are computed using the approximate m9de1; and th:at 
only region, unit, and district performance measures 
are listed. 

• The estimates are based on the rate schedule in 
effect in January 1977 on the National CSS time-sbare 
system. 

• The estimates have not been adjusted to include any 
overhead associated with using the hypercube system 
(e.g., inefficient use of the system, or runs aborted 
due to the user's error). The experiences of the 
field test participants suggest that this overhead 
can be'substantia1. 

Technical Assistance Costs 

Technical assistance costs include all costs incurred 
for documentation and training materials, training semina~s 
or workshops, and consulting services uJ.ed to support agency 
personnel during the beat design project. A considerable 
amount of documentation is available which describes the basic 
assumptions and theoretical fou.ndations of the model, use of 
the hypercube programs, data collection procedures for the 
hypercube system, and analysis and interpretation of hypercube 
results. An annotated 1i.st of these documents is presented 
ip Chapter IV. Departments should be able to purchase all 
rel;evant docun~ents for less than $100. 

The police per$onne1 wh() participated in the field test 
project generally agreed that some formal training in the use 
of the hypercube system is a prerequisite to efficient 'use of 
the model. * 

Formalized training in a classroom setting is available 
from several agencies, identified in Chapter IV. Only The 
Inst.itute· for Public Program Analysis off.ers more than a one-

~AtC~'east one person from each department in the field 
test project attended a five-day workshop on the use of the. 
hypercube model.. Most participants felt that five days of 
training represented a minimum level of instruction. Several 
participants suggested that future workshops be expanded to 
10 days. 
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or two-day introduction to using the 'System. 'I'uition for 
thSlse courses is usually betwee:r;1 $300 and $600. Contracts 
with pr~yate consulting firms to provide individualized 
training sessions can run as high as $300 per day. Although 
the initial cost of such training may seem high, learning 
the hypercube system by trial and error can easily be more 
expensive in the long run. 

C? 
'; 

The actual amount of training required is highly depen­
dent on the experience and technical expertise of the."person 
responsible for running the hypercube prog,ram and int;f=rpreting 
the results. Extensive self-instruction using hypercube " 
documentation and training materials should be possible for 
persons with experience in using computer models. 

Some deparbnents may want to have knowledgeable persons 
from ou.tsid~, the department. assist in some of the major tasks 
of a beat de\;ign project. Agencies' from which such technical 
assistance din be purchased are identified in Chapter IV. 
Agencies such as 'I'he Institute f~or Public Program Analysis 
provide a limited amount of free technical assistance as 
part of their training programs. Other· agenc~ep may provide 
assistance only on a contractual basis. Fees charged vary 
cdnsiderably from agency to agency, and departments seeking 
such technical assistance should solicit estimates from 
several agencies before selecting one. 

As with training; the amount of technical assistance~ 
that will be needed is highly dependent on othe experience "and 
background of department personnel, ~and to a lesser extent on 
the complexity of the beat design problem. The amount of 
training and technical assistance provided to the, eight depart-
ments 'in the -fie.ld test proj-ee=t. -is- ,-surnma-rized ·in-·,-Ta-b-l-e: ~-3.--4-.~-.=-.~ co ~~===== 

B. Hypercube Usage in Two Field Test D~partments;-c-," 

This section briefly r,~lates the experiences of two Cali­
fornia police departments in using ~ypercube to analyze patrol 
policies and design new"beat config'Urations. Emphasis is " 
placed on those aspects which directly beai.t on the topics <;r' 

discussed above and in Chapter II. 0 

Fresno 

The City of Fresno covers an area of 54 square miles, and' 
has a population of 175,000. Prior to ,initiating its hyper .... 
cube-assisted beat design project in 1~76,·the Fresno Polic~ 
Department, had used the same beat configuration for over 10' 
years. This beat'p'lan called for the deployment of app;r.ox­
imately equal nlUTIbers of officers on each of three shifts~ 
eac'h day of the week. Additional manpower assigne'dto an 
overlay shift provided back-up assistance tobefat cars during 
the last four hours of the afternoon shif,t and the fbrst 
four hours of the midnight sh.i,ft. Total patrol manpower 
numbered 137 officers. 
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Table 3-4 

AMOUNT OF TRAINING AND TECHNICAL ASSISTANCE 
PROVIDED TO INDIVIDUAL DEPARTMENTS BY 

THE INSTITUTE FOR PUBLIC PROGRAM ANALYSIS 
DURING THE FIELD TEST PROJECTa 

Activity Man-Days 

Initial Planning (orientation and 
data collection guidelines - May 
1~j'76 ) 

Orientation Meeting (May 1976) 

Data Collection Meeting and Follow-up 
Support (May-August 1976) 

Training Workshop (June 1976) 

Telephone Contacts (average of 10 contacts 
per department - June-October 1976) 

Implementation Meeting (September 1976) 

Summary 

Training 

Technical Assistance 

Total Man-Days 

1 

1 

~ - 3 

5 

1 

1 

5 

4 - 7 

9 - 12 

,') . 
IQ) aDoes not 1nclude a two-day advanced training and proj ect 

evaluation workshop held in December 1976. 
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While the limitations of the manpower allocation plan 

(e.g., workload imbalances and ~requent queuing of incoming 
calls) had long been recognized, previo'g~~a,Jlaly,c6.§§qpad failed 
to produce an adequate alternative. Hypercube 'was "rgge'fl'''''asC''''a"h 
excellent tool for studying alternative beat designs ,because 
of its ability to show the interrelationships between work-o 
loads, response times, preventive patrol levels, and cross­
beat dispatching. As a result, t\lTo members of the department's 
Administrative Services Bureau were assigned to work full-time 
on the beat design project from July through October 1976. 

Data collection proved to be a fairly minor task in Fresno, 
since most of the data required as input to the hypercube 
system were available through the city's data processing 
center i some data did have to be adj'lJ.st,ed to satisfy the 
assumptions of the model. F9r example, worklQad data were 
available by hour for each of Fresno's 249 reporting areas. 

"Geographic data, however, had to be measured for these areas" 
(see Chapter IV). '-

During a six-week period beginning July 1, 1976, depart­
me,nt personnel, vlith limited technical assistance from TIPPA, 
an~llyzed' alternative beat configurations for five diff"erent 
tinle periods. A preliminary ,version of TIPPA' s hypercube 
soi~tware implemented on the National CSS tirt~8-share system 
was used. A, total of 36 hypercube iterations were required 
to design ne\'J beat plans calling for from 13 to 29 beats for 
the five regions corresponding to the five time periods. 
Computer USqge charges were :~approximately $3,400, * storage 
charges wen!" $450, equipment and supplies cost " 
$.500, and communication charges were $600. Since an imple-:­
mented version of the software was'used, no set-up charges

i 

were incu:r:red. Thtis, dat;a'processin'9'cost:st.b'Calecr~near"lY==~-·=' 
$5,000. In addition, a total,pf 25 man-weeks was expended 
for 'planning, training, data collection, data'analyses" and 
beat plan implementation. 

Prior to implementation on November 3, 1976, the proposed 
plans were reviewed by a departmental task force of represen-

*Most of the hypercub~ ,iterations were done on-line rather 
than in the less costly batch mode. An estimate of computer g~=":=<' '" 
usage" charges could have been derived beforehand "by, using"Ta:151es '. 
A-3, 1\.-4, and A-5. For example, the c,ost of' creating aq.input 
file qescribing the geography and workload of a region ,·lith· 249 

"reporting areas would be estimated as $35 (Table A-3), and the 
cost of modifying the work;loads in this file for the other four, 
regions (time periods) as 4 x 18 = $72 (Table A-4). The costeof 
36 o.n-line hypercube iterations could be estimated ifor a beat 
plan with 29 beats (for simplicity, the s:bze"'of the larg~st plan 
is used): 36 x 70 = $2,520 (Table A-5). The difference between 
the actual cost of $3,400 and -trhe total ,estimated cost of$?r,627 
is, due to .overhead (e.g., inefficient use of the ~ystem,runs 
aborted due to user error), and operating problems dUring tQe 
field t~s~ ;!::.hat subsequently have been corrected. 

" () 
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tatives from the patrol and communications divisions, police 
offfcers' association, and the Administrative Services Bureau. 
Despite a major reallocation of manpower among' shifts and 
dras~tic changes in the beat plan, implementation proceeded with 
only a few minor problems. 

Preliminary assessment of the new field operations plans 
indicates the following positive 'results: 

• The'fraction of calls for service held by dispatchers tf'"0 
for more than thPee minutes because all units were 
unavailable decreased from 62.0 percent in October 1976 
to 45.2 percent in November 1976. 

• Under the old plan, often as many as 45 calls for 
service were held by dispatchers at the end of the 
afternoon shift. Under the new plan, the number held 
over for the incoming shift seldom exceeds five. 

$ Average travel time to calls for service appears to 
have decreased significantly. 

• The manpower real,loca tion among shifts suggested by 
the hypercupe study avoided the need to hire additional 
officers--a course of action r~9agement had previously 
assumed would be necessary to meet the heavy demand 
for service on some shifts. The estimated savings in 
salaries and fringe benefits is $200,000 to $350,000 
annually. , 0 

The factors contributing to the success of the beat 
design effort in Fresno include the following: 

• There was a recognized need to revise the department's 
patrol allocation and beat structqre. 

• Much of the data needed was readily available. 

• The formation of a department task force to supervise 
the project helped assure cooperation and input from 
all bureaus affected by the project. 

• The Administrative Services Bureau had the necessary 
p(:rsonnel to carry out the data collection and analysis 
phases of the project. 

Department administrators have been pleased with the 
results achieved with hyp!'=rcube. In,the future, they plan to 
use either the hypercube version available at National CSS 
or the Texas A&M version implemented in-house to assess field 
per,formance periodically. 

Pasadena 

The City of Pasadena covers an area of 22.7 square miles 
and has .f:l populatiol1 of 112,000. The beat plan in use prior 
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to thl'=! hypercube project was implemented in 1975. Under that 
plan, 'the area served by the Pasadena Police Department was 
divided into seven beats. At times, more than one car:was 
assignet.., to patrol ,a beat. 

,. (.1 

Initially, the department planned to use hypercube to 
examine fl,eld performance under the existing plan and alter­
native plans £or each of three watches. In reality, only 
two watches were examined, no alternative beat configurations 
were ever presented to field personnel, and no changes were 
implemented as a result of the hypercube study. Nevertheless, 
the project consumed approximately seven man-weeks of depart­
ment staff time, and expenditures for data processing exceeded 
$1,800, all without producing tangible benefits.

1 
There were 

several reasons for the lack of positive results': 

• Neither field nor command personnel perceived a 
pressing need for change in the patrol plan. 

• The department's planning resources are limited. 
other duties of the Administrative Services Bureau 
frequently took precedence over hypercube-related 
activities. 

• Field and command personnel have a mistrust of com­
puters, and even the plariner using the system had 
misgivings about the reliability of tne input data 
being used and the appropriateness of some hypercube 
assumptions in modelling his department f s operations;~ 
for example, the departilient uses a system of priority~, 
dispatching and call stacking at th@. beat level in­
stead of having dispatchers hold and dispatch calls 

Q 

on a first-come, fir.st.-served bas.is~~'~"c~~<=o~--

• The department has no computerized data. As a result, 
workload data were based on 6,300 incidents sampled 
from dispatch tickets from May and July 1976. Since 
no data were available on the time spent on adminis­
trative duties such as vehicle maintenance, subjective 
estimates were used to inflate workloads. This further 
diffi2nished the confidence the department placed in 

. hypercube performance estimates. 

Future use of hypercube in Pasadena is doubtful. The study 
seemed very much depen.dent upon data collection, assistance pro­
vided by")TIPPA. Cont.lnued use of hypercube would mean continuing 
the data collection effort and the use of costly outside q,a..ta 
processing, neither of which seems likely in view o.f its limited 
usefulness to the department. 

The experience of the Pasadena Policej) Department illustrates 
several principles which may affect the 'use of hypercube in. 

:" other ~epartments: . 
'. . 

.. 

• A.,hypercube analysis is not likely to be of "much vall,le 
to a department unles.s it meets an i.dentified need and t} ~ '~ 

~ 
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has the support of field and command personnel. 

• Since some required hypercube input data are not 
routinely collected in many departments, extra time 
must be spent on collecting data or arriving at 
subjective estimates. 

• The system may not easily model all operations 
policies, so input data may have to be adjusted and 
output interpreted to fit local conditions; this 
may require considerable effort and the services of 
a planner with some data analysis expertise. 

• Departments with a sma.ll planning and analysis staff 
may be unable to allo'cate sufficient time to work 
with hypercube. Other high priority tasks may 
interrupt hypercube·operations for a sufficiently 
long time that the planner must reacquaint himself 
with hypercube before resuming his analyses. 

• Some departments may have no funds budgeted for data 
collection or data processing. Consequently, hyper­
cube studies may need to be planned months in advance 
to assure that funds are available. 
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CHAPTER IV 

SETTING UP SHOP FOR USE OF THE HYPERCUBE SYSTEM 

A. Introduction, 

This chapter describes the tasks and procedures involved 
in preparing to use the hypercube system. Once the deci­
sion has been made to proceed with implementation of the 
system, several preparatory tasks will have to be completed 
before actual use of the system can begin.' Specifically, 
users will need to: 

• obtain and review hypercube documentation and 

• 
related materials, . 

obtain the computer pJ:"ogJ:'ams_C!uQ._ arrange for the 
necessary training and technical assistance, 

• arrange for data processing services and equip­
ment, and 

• collect the necessary input data. 

Successful completion of these tasks is essential to 
productive use of the hypercube system. The remaining sections 
of this chapter deal with each of these, preparatory tasks. 

B. Obtaining Hypercube Documentation and Materials 

This section lists those reports cillo 1trat'er±al'swhi'ch-are 
felt to be of the greatest potential bertefit to persons 
anticipating use of the hypercube system. The list is divided 
into two sections: user's manuals, and hypercube theory and 
applications. Materials classified as user's manuals are 
those which explain how to use each version of the hypercube, 
software described in Chapter III. The section on hypercube 
theory and applications lists documents which describe the 
formula tion, assumptions, and uses of the hypercube mojie:t; 
other quantitative" models re:J-ated to the analysis of patrol 
operations; and casfr,histories, of hypercube applications. 
Appendix B contains th_e addresses and telephone numbers of 
the suppliers of_ t:h.e d'ocuments listed. Additional information 
on the hypercube system is contained in the documents refer­
enced at the ~nd of this repqrt. 

~i 

User's Manuals· 

1. Instructional Materials for Learning to Use the Hypercube 
Programs' for Analysis of Pol.:i"cePatrol Operations, Richard 
Kolde, Nelson Heller, 'Williani Stenzel, and Allen Gill, 
St. Louis: The I,nstitute fOr Public Program Analysis, 

o 
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July 1977. Available from the National Technical 
Information Service (NTIS).* 

This document is a handbook designed for use in a 
short training program for police planners learning to use 
the hypercube system. The material, some of which is in 
outline form, is intended to be supplemented by class lec­
tures and discussions. Topics covered include: background 
information on analysis of patrol operations; the advan­
tages, limitations, and assumptions of the model; input 
data requirements and data collection procedures; step-by­
step instructions for operating the programs ahd interpreting 
model output; and use of the model to resolve complex patrol 
policy issues. The materials are designed for use with the 
'TIPPA version of the hypercube system which has been imple­
mented on a commercial time-share system. The version de­
scribed contains features and commands not found in all 
versions of the model. 

2. Hypercube Queuing Model: User's Manual (R-1688/2-HUD), 
Richard Larson, Santa Monica: The Rand Corporation, . 
July 1975. 

This report is a manual for users of the M.I.T./Rand and 
M.I.T. advanced versions of the hypercube system. Contents 
of the volume include descriptions of sample applications 
of the model, procedures for operating the model on the 
user's computer system, options available in using the model, 
the output statistics produced, and the requirements of using ~ 
the model. 

3. Police Officer Deployment System: User's Manual (TEES 
1056,...76-2), College Station (Texas): Texas A&M University, 
December 1976. 

This report describes the operation and use of the Police 
Officer Deplpyment System, of which the hypercube model is 
one componer:}. For each system component, the report describes 
the procedur'es involved in using the programs, preparation 
of input data, and interpretation of output data. 

Hypercube Theory and Applications 

1. Field Evaluation of the Hypercube System for' the Analysis 
of Police Patrol Operations: Final Report, Nelson 
Heller, William Stenzel, Allen Gill and Richard Kolde, 
St. Louis: The Institute for Public Program Analysis, 
April 1977. Available from N'l'IS. 

This document discusses the findings of the field test 
of the hypercube programs cohducted by The Institute for 
Public Program Analysis in cooperation with 10 police'depart­
ments. Tne project was funded by the Na'tional Science Foundation 

*Addresses and telephone numbers for the organizations 
mentioned in this chapter are listed in Appendix B. 
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(Grant Number APR75-17472). Topics cpvered include a summary 
of field test activities, brief caSe "studies of the use 
of the hypercube system in the 10 participating departments, 
an assessment of the data processing and other costs associ­
ated with use of the system, a:n assessment of the hypercube 
software and performance estimates, and a discussion of the 
institutionalization of the hypercube system and dissemination 
of hypercube materials. 

2. Hypercube Queuing Model: Executive Summary (R-168S/i-HUD), 
Jan Chaiken, Santa Monica: The Rand Corporation, July ~ 
1975. 

This report is a nontechnical,description of the byper- 0 
cube system and is intended to, introduce agency adminis-
trators and other government officials to the potential uses 
of the system. The report briefly disousses si tuc,"\tions in 
which use of the hypercube system is appropriate, the under-
lying theory of the model, use of the system, and the resources 
required for its use. 

3. Urban Public Safety Systems - Volume I, Richard IJarson, 
Lexington (Massachusetts): Lexingfon Books, 1977. 

() 

This volume contains an edited accumulation of earlier 
publications on the hypercube model and implementation experI-':C' 
ences in several police departments. Approximately half 
of the volume is devoted to the hypercube system. Topics 
covered include the underlying motivation for the hypercube 
model, the basic elements of its structure, the assumptions 
used in the model, and illustrative examples of' the use of 
hypercube in urban police departments. 

~~~ 

4. Implementing the Hypercube Queuing' Model'in the~ew Haven 
Department of Police Services: A Case Study in. Technology 
Transfer (R-1566/6-HUD), Kenneth Chelst, Santa Monica: 
The Rand corporation, July 1975';':1 
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the computational algorithms embodied in the model. There is 
also a review of recent literature pertaining to urban facility 
location and redistricting, showing weaknesses in previous 
methods which the hypercube model attempts to overcome. 

6. Urban Police Patrol Analysis, Richard Larson, Cambridge, 
(Massachusetts): The M.I.T. Press, 1972. 

This book describes a wide range of quantitative models 
that bear on the analysis of patrol operations. Included are 
models of patrol and response functions that estimate the 
effectiveness of user-specified patrol allocation plans and 
a simulationimodel to predict the consequences of a variety of 

~~. complex patrol procedures. Introductory chapters discuss the 
problems and issues related to patrol analysis, and six tech­
nical chapters detail the analytical models. 

C. Obtaining the Computer Programs, 
Training, and Technical Assistance 

In a previous chapter the four currently available ver­
sions of the hypercube software were described: M.I.T./Rand, 
M.I.T., TIPPA, and Texas A&M (see Table 2-1 for a summary of 
their characteristics). This section describes how to obtain 
the computer programs, related training, and technical assis­
tance. Since some of the suppliers offer both softitlare and 
services the following discussion is organized by source. 
Inquiries regarding the cost and current availability of the 
materials and services identified may be directed to the 
suppliers listed; their addresses and telephone numbers are 
listed in Appendix B. 

The following SUDSeC1:~On aea.LS with hypercube resources 
which are presently available; the second outlines resources 
which are likely to be available in the near future. 

Currently Available Software, T~aining, and Technical Assis­
tance 
-:-.-

1. The Institute for Public Program AnalySis 

Copies of all four versions of the hypercube software 
can be obtained from The Institute for Public Program 
Analysis (TIPPA). Related software facilitating the use 
of the TIPPA hypercube system on National CSS (NCSS), an 
internationally accessible, commercial time-share data 

"processinc;;r:; system, is also available. 

TIPPA provides training for new ,hypercube users during 
a periodic one-week seminar entitled »Computerized Police 
Patrol Management Using the Hypercube Programs." This semi­
har features a thorough discussion of poJice patrol alloca­
tion, use of interactive and non-interactive versions of the 
hypercube software, and "hands-on" experience in using a 
data terminal and operating the software implemented on the 
National NCSS time-share systeM. 
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Technical assistance is availabie in the areas of 
"setting up shop," data collection, using ;t.he software., and 
interpretation and analysis of hypercube output. 

TIPPA also provides training and technical assistance 
in the use of other computer-based police field operations 
models--notably patrol car allocation and manpower scheduling. 

2. Massachusetts Institute of Technology 

Copies of all four versions of the hypercu~e.software are 
also available from M. I. T., which ,~offers only lJ.mJ. ted tech-
nical assistance. ~ 

M.I.T. annually offers a~~e-week seminar entitled, 
"Analysis of Urban Serv;ice S(¥stems," in which one day is 
devoted to the hypercube system. 

3. The Rand Corporation 

'- <.::~ 
Copies of the M.I.T./Rand and Texas A&M versions of 

the hypercube software, as well as Rand's Patrol Car Allo­
cation Model (PCAM), may be obtained from the Rand Corporation. 
No technical assistance or training is offered. 

4. Texas A&M University 

Copies of the Patrol Officer Deployment System (PODS) 
software package are available from the University's Center 
for Urban Programs. These compp ter prograJCls c wr.:j. tte.n ~i;t'L tbe _ 
COBOL language, were developed fthrough a grant from the 
Criminal Justice Division, Offi:'-~e of the Governor of Texas. 
In addition to the Texas A&M version of the hypercube soft~ 
ware, the package contains other programs which automatically 
modify an initial district design in order to balance beat 
workloads or travel times, forecast the number 6£ calls for 
service of a specified type during future watches in ea(Jh 
district, and produce maps on a line printer showing district 
boundaries. Only limited technical assistance is available. 
No training is offered. 

5. National Technical Information Service (NTIS) 

Copies of the M.I.T./Rand version of the ~ypercube soft~ 
ware are .available from NTIS (order number PB 299 882). Re~.ated 
documentation is automatically supplied with ,e:hch of-der at ,no 
extra charge. No technical assistance or tra.ining is offered,~,,-

~' ~. ~~~'l 

6. Dr. Ernst Nilsson, Stockholm, Sweden ,f 

Dr. Nilsson has d€velo~ed an aqaptation of the rot. I. reo/Rand 
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version of the hypercube software for use by police depart"': 
ments in less urbanized areas, many of which exist in Sweden. 
His software, written in the FORTRAN programming language, 
produces many of the performance statistics generated by the 
original hypercube system. Technical assistance and training 
are available. 

7. DeKalb County, Georgia, Police Department 

The:)DeKallo County Police Department has developed a 
computer-based mapping system. While independent of the 
hypercube software, the system enables hypercube users to 
produce maps on a line printer showing such information as 
preventive patrol distributions among reporting areas. Neither 
training nor technical assistance is available. 

8. Management Consulting Firms 

The following management consulting firms have copies 
of various versions of the hypercube software; in the past, 
they have provided technical assistance in their use and in 
the evaluation and design of patrol policies. 

• Urban Sciences, Inc. (Wellesley, Massachusetts), 

• Public Management Services, Inc. (McLean, Virginia), 
and 

• Public Systems Evaluation, Inc. (Cambridge, 
Massachusetts) . 

While no forma.l classroom training is offered by these firms, 
in some instances 'ch,\'Y have trained individual clients 
operate the software.: 

9. Traffic Institute, Northwestern University 

.......... 
.... 1..1 

An introduction to the hypercube system is included in 
the. cllrriculum of three police management training courses 
offered annually by the Traffic Institute: "Traffic Police 
Administration Training Program," "Principles of Police 
Management," and "Law Enforcement Planning Officers Seminar." 
Neither technical assistance nor copies of the software are 
available from the Traffic Institute. 

10. Internation~l Association of Chiefs of Police (IACP) 

Some of the police management training programs offered 
by IACP present an ~ntroduction to computer-based police 
resource allocation planning tools, including coverage of 
hypercube. 

Future Hyp~rcuhe Resources 

Software. Any future versions of the hypercuhe sof-tware 
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are likely to be available from and announced by NTIS. In 
addition to distribution by the sources listed above, Cllrrent 
versions may be distributed in the future by public technology "' 
software exchanges and by some local or regional criminal . 
justice information systems. Information on public technology n 
organizations may be obtained from the Division of Inter"7. 
governmental Science and Public Technology of the National 
Science Foundation (NSF). 

Training. It is likely that training concerning hyp~?r­
cube will be added to in-service training programs offered 
by some university-based, regional, and private law enforce­
ment educational institutions.' Announcements of such programs 
are normally made through law enforcement periodicals and 
newsletters such as Training Aids Digest, Law Enforcement 
News, Crime Control Digest, and tht; National Crimi:nal Justice 
Reference Service SNI system. 

Technical assistanCe. Future sources of technical 
assistance probably will include public technoldgy organi­
zations and LEAA-funded technical assistance services. For 
in~ormation on the latter the LEAA Officec:pf Regional Oper-
atlons should be contacted. . 

Information on other sources of technical assistance 
may be available from the National Clearinghouse for Criminal 
Justice Information Systems (SEARCH Group, Inc.) and the 
National Referral Center of the Library of Congress. 

Documentation. Most future pUblications concerning 
hypercube should be available through NTIS and the National 
Criminal Justice Reference Service. 

n 

D. Arranging for Data process£n~ 
Services and Equipment 

o This section discusses procedures for obtaining data 
processing services and equipment required to Use the hypel7,­
cube system. The procedures. described will (pe of most interest 
to police departments planning to use a commercial, rather 
than an in-house, data processing "B"\,stem, or to departments 
planning to aqcess the hypercube sy~';em via a data terminal" 
connected to a computer by telephone. 

The main task in arranging for data processing service,s 
and equipment is to identify and select the most sui table v'Em­
dor from among the numerous companies which market such 
services and equipment. Tables 4-1 and 4-2 identify some 
of these companies. Others can be identified by consulting 
data processing publications or the telephone directory. 

The requirements of the data processing system ate 
summarized in Cn{3.pter "I!:I. These include support of PL/I or 
COBOL programming language, sut;f.icient core storage capacity, 
and, if possible,.loca) .. aQGe13si.bil;i..ty. Otherc-.iactors, that 
maybe important in ch~osing' a vendor are: 
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rl'able 4-1 

PARTIAL LIST 011 COMMERCIAL VENDORS 
OF DAT,A PROCESSING SERVICESa 

Boeing Computer Services, Inc. (McLean, Virginia) 
Computer Network Corporation (Washinqton, D.C.) 
Comshare, Inc. (Ann Arbor, Michigan) 
Data Resources, Inc. (Lexington, Massachusetts) 

General Electric, Inc. (Bethesda, Mary).and) 
GTE Data Services, Inc. (Tampa, Florida) 
Honeywell Information Services, Inc. (Minneapolis, Minnesota) 
Information Systems Design, Inc. (Santa_Clara, California) 
Interactive Data C~~po*ation (Waltham, Massachusetts) 

Martin Marietta Data Systems (Towson, Ma.ryland) 
McDonnell Douglas Automation Company (St. Louis, Missouri) 
National CSS, Inc. (Norwalk, Connecticut) 
PRe Computer Center, Inc. (McLean, Virginia) 
Proprietar.1" Computer Systems, Inc. (Van Nuys l California) 

Rapidata, Inc. (Fairfield, New Jersey) 
Remote Computing Corporation (P-alo Alto, California) 
Scientific Time Sharing Corporation (Bethesda, Maryland) 
The Service Bureau Company (Greenwich, Connecticut) 
A. o. Smith Corporation (New Berlin, Wisconsin) 

Tymshare, Inc. (Cupertino, California) 
United Computing Systems, Inc~ (Kansas City, Missouri, 

,University Computing Company (Dallas, Texas) 

aThe location of each vendor's corporate headquarters 
is listed. Info.r:mation on regional offices can be, obtained 
by contacting the headquarters~ 

,) 
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Table 4-2 

PARTIAL LIS i!' OF COMMERCIAL VENDORS OF 
TELETYPEWRITER-DATA TERMIN.ALSa "" 

Acrodyne Data Devices, Inc. (Union City, New Jersey) 
Anderson Jacobson, Inc. (Sunnyvale, California) " 
Carterfone Communications Corporation (Dallas, Texas) 
Centronics Data Computer Corporation (Hudson, New Hampshire) 
Computer Devices, Inc. (Burlington, Mas~achusetts) 

Computer Transceiver Systems, Inc. (paramus, NeW' Jersey) 
Data Access Systems, Inc. (MountainLa~e, New Jersey) 
Dataproducts Corporation (Stamford, Connecticut) 
Data Terminals and Communications (San Jose, California) 
Digital Equipment Corporation (Maynard, Massachusetts) 

Gen-Com Systems, Inc. (Los Angeles, California) 
General Electric Company>_!.Waynesboro, Virginia) 
Harris Communications Systems, Inc. (Dallas, Texas) ,0" 

International Busi~ess Machines Corporation (White Plains, New York) 
LeascoData Cornmunications,Corporation (Germantown, Maryland) 

Memorex Corporation (Santa Clara, California) 
N~R Corporation (Dayton, Ohio) 
Olivetti (New York, New York) 
Randall Data Systems (Torrance, California) 
RCA Service Company (Camden, New Jersey) 

Teletype Corporation (Skokie, Illinois) 
Terminal Communications (Raleigh, North, Garolina) 
Texas Instruments (Stafford, Texas) c, 

Trendata,cCorr:tputer Systems (Sunnyvale, Callfornicl) 
Univac (Blue Bell, Pennsyl~ania) 

Western Union Data Services Company (Mahwah,' New Jerpey) 
(J 

aThe location of each 'vendor's corpo~ate headquarters 
is listed. Infol'Jmation on regional offices can be obtained 
by contacting the headquarters. 
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• availability and quality of documentation, training, 
and technical assistance in the use of the data 
processing system; 

• types of data terminals supportE;:!d;* 

• system reliability; and 

• usage costs such as monthly minimums, and the 
charges for terminal conriect time, data storag~r Q 

central processor time, and input/output oper­
ations. Unfortunately, comparison of these 
charges between suppliers is difficult because 
of differing procedures used to compute charges. 

The information needed to assess these factors can be obtained 
from the companies' marketing representatives. 

Once a data processing venq,or has been selected, an 
account i number, access to the system, user's manuals, etc., 
can be obtained by sending a written r.equest for services to 
the ~endor's business offioe, signing a contract, and, in 
some cases, supplying credit information. This process can 
usually be completed in one to blO weeks ,whereupon a tape 
copy of the hypercube software can be sent to the vendor's 
central site computer center, and subsequently accessed from 
the user's terminal. rnformation on this procedure, and 
assistance in implemen·ting the hypercube system, can be 
obtained from the vendor '.s technical representatives. 

Factors that should be considered in selecting a 
supplier for terminal equipment include the following: 

'. 
• 

the terms of the rental agreement, including 
monthly ren.tal fees and the shortest lease time 
permitted; 

availability and cost of equipment service and 
supplies; 

• incidental costs such as Shipping and installa­
tion charges; 

• peripheral equipment required; 

• printer characteristics such as type of print 
mechanism (thermal or impact), number of print 
positions per line, print speed (i.e., number 
of characters that can be printed per second), 

*Not all commercial data processing systems support all 
types of data terminals. Consequently,,, the system selected 
shouid support in .... house terminal equipment; or alternatively.~ 
arrange;ments for such equipment should be made only after . 
the a~,ata processing· supplier has been identifi"ed. 

1,\ 
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character set used, and keyboard layoutJ* 

• terminal size and portability; and 

• compatibility with requirements of the data pro­
cessing system to be used. 

This information can be obtained and equipment demonstrat1ons 
can be arranged by cotltacting the suppliers I sales"representa­
tivE:!s. 

Orders for service and equipment are placed by signing 
a rental agreement and, in some cases, making advance payment 
of the charge for the minimum length lease. Depending on 
·the availability of eq'lipment, delivery of a terminal usually 
takes from one to three months. 

E. Collecting Data for the Hypercube System 

The hypercube computer programs require con$iderable 
information about the geography and workload distribution of 
a region, the deployment practices used for the patrol force, 
the rules and guidelines used by dispatchers to select patrol 
uni ts for assignments, and the' service time and travel speeds 
of patrol units. Very few police departments routinely 
collect all of the input data required for the hypercube 
programs. As a result, most dep~rtments planning to use 
the hypercube system will find if necessary to initiate some 
data collection activities to supplement input data obtainable 
from existing department records. Depending on the data re­
sources, these data collection activities may take considerable 
personnel time. . 

This section reviews both the data items required and 
the data planning activities that should precede and accompany 
data collection activities. . 

Data Planning 

Da"ta planning should include the following major activit.ies: 
I. 

• review ot hypercube input data items by key project 
personnel, 

• determina t.ion of. the numb_ex ~Q): .. fl:lp_tj.ngj: beat plans 
to be designed, 

*Printer char'acteristics need not be an impor.tant 
selection criterion for hypercube users, although the output 
of some versions of hypercube ··will be more readable when 
listed on terminals. with a line capaci~y of at least 120 
characters. A print speed ofa.t least 30" characters per 
second is recommended if large amounts of output are to be 
listed on the terminal. The type of print mechanism will 
affect print. quality and .the noi~e level of the term i nCjl 1. 
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• survey of existing department records and identi-'" 
fication of data collection activities required, 
and 

• preparation and coordination of data collection. 
activities. 

.1 

Each of these activities is discussed below. ) 

Review of hypercube input data items.Personnel'directly 
responsible for data collection activities should familiarize 
themselves with each of the input data items required for the 
hypercube system. A thorough understanding of each data item, 
its use in the hypercube program, the units in which it is 
measul9Bd, and the requireq~i\accuracy of the inputs are basic 
to all elements of the data planning process, from surveying 
existing department records to planning efficient data collec­
tion procedures. 

Determining how many beat plans will be designed. The 
number of distinct beat plans to be designed depends on the 
number of regions in a city and the'number of different 
plans to be used in each region. Distinct beat plans are 
usually designed for each region. Within a region, diff@')"ent 
plans may be used for different hours of the day, such a$ 

for each watch, and for different days of the week--some 
departments use differ~nt beat plans on Fridays and Saturdays 
to accommodate increased nuniliers of patrol units. 

Input data collected for the design of each beat plan 
should be based exclusively on' the geographic region and time 
periods for wh~ch each plan will be used. For example, if 
plan A is intended for use on the afternoon watch on Fridays 
and Saturdays in Region 1, the input data used to design plan 
A. should .be ba$ed exclusivelY on data collected from Friday 
and Saturday afternoon tOl~rs in Region 1. 

The number of distinct beat plans to be designed influ­
ences the data planning process in two ways: 

• as the ntmber of plans increases, the amount of 
data to be cpllected usually increases; and \ 

• data should be collected so that the appropriate 
data base for each beat plan to be designed ban 
be readily obtained. 

Survey of department records. An accurate appraisal of 
the specific input data items not readily available in depart­
ment records, and realistic estimates of the collection effort 
required to obtain them may influence the decision of a depart­
ment as to whether it can profitably use the hypercube system. 
Once a decision to use hypercube has been made, the survey 
of department records can be a valuable re.s€mrce in designing 
cfficien·t data collection pro,?edures. 
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The survey should provide the following information for 
each data item: C 

• Does the Oepartment currently capture the data 
item? Where are the data kept? What medium is 
used for storing the data (i.e., paper, punched 
card, microfilm, magnetic tape, etc.)? 

cards 

• How much data'exist and what period of time do they 
cover? 

.:Who records the data? .. What units of measurement 
are used? What rules or guidelines are used by 
the data recorders? Have these rules or guide­
lines been· changed recently? What happens to 
incoI,rtplete or erroneous data? 

• Who uses the/data? Why are they collected? 

• 

• 

Are the data summarized in department management 
reports? Who produces these reports~What rules 
or guidelines are used to produce them? What vital 
data are excluded, and why? How is each aggregate 
sta't.istic in the management report computed? 

Can the data be cummarized and broken down by the 
regions and time periods covered by each beat 
plan to be designe9? 

• How complete and reliable are the data? Axe the 
data verified? Are the users of the data aware c 

of data errors? Are the data accurate enough for 
use in the hypercube system? 

• What data collection activities will be necessary 
to obtain accurate estimates (e.g., sampling from 
paper sheets or dispatch recorgs, processing key­
punch cards, or observing fiela. or dispatching 
operations)? To what extent will these activities 
interf~re with any other depar'tment activi hles? 
How cooperative are the persons directly responsi­
ble for the records or operations involved? 

• What data collection efforts in terms of man-hours 
will be reCJuired to obtain each needed item? 

Planning data collection activities~,Careful design 
and coordination are important elements in the 
collecting accurate and useful input data with 
,and disruption ·of other depa:r:otment activities. 
coilection' acti:vities include: 

prOCe,!;s of 
minimum effort" 

Key dat:i . 

• 
. I 

the detel:"mination of an apprbpriate sample size & 

for each data·item, a~d the time span .to be covered 

W.o{il' 

. " 
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by the sample: should the sample cover one week, one 
month, or one year?; 

• the design of collection procedures for obtaining 
representative samples from the time period select.ed 
for each item; 

• the identitication of specific times and locations 
where samples can be drawn and ddlta items can be 
recorded; this is particularly in~ortant if the 
data records cannot be moved; 

• the design of collection forms which facilitate 
both the coding of each data item from source 
documents and the aggregation of the data into 
summary statistics usable in the hypercube, programi 
if the coded data will be processed by computer 
analysis, the form should also be designed to 
facilitate keypunching; 

• the specification of a set of rules to be used by 
personnel coding the data items from dep~rtment 
records; these rules should include a procedure for 
dealing with coding problems not specifically 
covered by any of the other rules; 

• the selection and training of the d,ata coders1 it 
is often useful to review the initial work of each 
coder to identify and resolve unexpected problems; 
and 

• the coordination of keypunching, programming, and data 
processing services if some data itE!ms will be processed 
by computer; the volume of coded data may be too large 
for manual calcplations, or the dat,a items may be 
stored on cards, tape! or disk. 

" 
Input Data for the Hypercube System 

The input data required for the hypercube program~ fall 
into five categories: geographic, . worklo~!d, deployment, dis­
patching, and operations. The hypercube model assumes that 
the entire region of interest has been.partitioned into small 
non-overlapping reporting areas (RA) which can be used to 
describe the geographic area of each beat and the distri­
'bution of work throughout the entire region. The properties 
of these reporting ,areas and a description of the input data 
items in each of the' five data categories':?are discussed below. 

Reporting areas. To use the hypercul!)e m~del to estimate 
the performance statistics of a proposed l:\eat plan, the entire 
region of interest must be partitioned int\o small geographic 
areas. These reporting areas are the smaELest geographic 
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areas for which workload data are collected.* ' Reporting areas 
are used in two ways' by the hypercube model: 

• to describe the geographic distribution of workload 
for the entire region; and 

• to deJine the geographic area covered by each beat. 

As an example, the reporting area structure for the Ninth 
Police District in the City of St. Louis is shown in Figure 4-1.** 
The district is divided into 36 reporting areas which are used 
to describe the distribution of work throughout the district., 
and to define the geographic area of each beat. 

Although not required by the hypercube s~stem, ideally 
the set of reporting areas defined for a regioft should: 

.G cover the entire region of interest; 

• be non-overlapping; 

• be smalL enough so that each beat covers from 6 to 12 
reporting areas; 

• be compactly shaped--shaped more like circles t.han 
elongated boxes; 

• cover approximately the same area; 

• have a uniform workload level, although the workload 
levels can be expected to vary consiqerably from one" 
reporting area to another; and 

• possess boundaries which coinC;;'ide wi thmaj or thorough­
fares, limited access highways, and natura~ barriers. 

Geographic data. The geographic data required for the 
~ypercube programs include the following: 

• 
• 
e 

___ =c;;o-".~..:=.=-._="" __ " -

the number~of~~reEiort:in'~r-areas=tn~'~the reg ion; 

a unique numeric label for I!each reporting area; 

the geographic center of each reporting area defined 
by the x,y'distances in miles from the center of the 
reporting ar~a to an arbitrary reference point. 
The same reference point, usually placed on the 

. perimeter of the region, must be used to define the 
geographic center of all reporting areas'; the 

*Reportingareas ar.e also called atoms, zones, grids, and 
,beat blocks. 

II. 

**Since patrol units in each police district in St. Loui~ 
operate almost ~xclusively within theiro assigned district, each ' 
iJ.istrict would be treated as a sepCirate region for'''a hypercube'''' 
anal¥sis~ ; ; 
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Figure 4-1 

REPORTING AREAS FOR THE NINTH POLICE 
DISTRICT IN THE CITY OF ST. LOUIS 
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coordinates are used in the hypercube programs to 
calculate the distance between ,each pair of reporting 
areas; and 

• the area of each reporting area in square miles. These 
areas are used to calculate intra-reporting area travel 
distances. 

These geographic data items are bo11ected once for each 
region and remain constant for all beht configurations designed 
for that region. '\ '" 

Workload data. The hypercube mode~ assumes that, for 
each tour of duty, all time spent by a patrol unit can be 
partitioned into only two categories: un?lvai1ab1e tim.~ (1. e. , 
time when a unit is occupied and therefor~~ not avai 1ab1e for 
other assignments), and available time (L e., time when a unit 
is on preventive patrol and is available for work assignment). 
Using these definitions, the hypercuP\? mode;!. defines unj~t 
workload as the fraction of time during each tour that <1 
unit is unavailable. 

The hypercube model further assumes that}"mit unavailability 
is caused exclusively by dispatched work assi8-nments generated 
by calls for service (CFS). This assumptionff a single 
source of patrol work does not explici tly recol~nize that con­
siderable amounts of unavailable time can be generated by non;.­
CFS activities such as self-initiated work and administrative, 
duties. Time spent on these activities can only be represented 
in the hypercube model by adjusting input CFS data to adequately 
reflect all unit unavailable time.* In the remainder of this 
section, it is assumed that workload data have been adjusted 
for non-CFS activities. The hypercube model requires two 
workload data items: 

• Relative workload in each reporting area is used to 
describe the geographic distribution of work through­
out the region; the'workload for each reporting area 
is<, usually based on the number' of CFS incidents 
reported over a selected time s~~n. 

• Absolute volume of workload for the region, expressed 
in number of calls per hour, is used to indicate~the 
total amount of work (unavailable time) that the patrol 
force must handle each hour for the entire region. 
This rate is usually estimated by counting the number 
of CFS incidents for several days or weeks and divid~ng 

*The procedures for adjusting hypercube workload data 
to accommodate non-CFS activities are described in Chapter 10 
of Instructional Materials for Learning to Use the Hyper7 

" cube Programs for Amtlysis. of Police Patrol Operations. 
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by the total number of hours in the time span. 

It is important to note that both data items should 
correspond to the time periods (i.e., hours of the day and 
days of the week) covered by each beat plan to be designed. 
As an example, if a department with a three-watch operation 
plans to design two beat plans for each watch, one plan for 
use on Fridays and Saturdays, and the second for use on 
Sundays through Thursdays, six sets of workload data must 
be collected which correspond to the time periods covered 
by each of the six beat plans. 

Deployment data. These input data items are used to 
describe the size ,of the patrol force, the beat structure 
of the region, and the policy used to govern preventive 
patrol. These data items include: 

• the number of patrol units; 

• the reporting areas included in the beat covered by 
each patrol unit - the geographic ar~~s covered by 
two beats can be completely overlapping (equivalent 
to two units assigned to the same geographic area), 
partially overlapping (two beats which share some 
but not all reporting areas), or completely non­
overlapping; and 

• the preventive patrol polic"'y - the relative amount of 
time each patrol unit spends in each reporting area 
in its beat while it is on preventive patrol. 

Dispatch policy data. Dispatch policy refers to the set 
of rules and procedures used by dispatchers to determine 
which unit should be selected to handle each call. The hyper­
cube model assumes that dispatchers use a fixed preference 
list to select the most appropriate unit for' each call.* As 
each call is received, the dispatcher uses his knowledge of 
the location of the call and each unit to select the most 
appropriate unit by beginning at the top of the list and 
dis~atching the first available unit. 

In the hypercube model, dispatching preference lists are 
constructed which are based on the travel distance between 
the call location and each patrol unit in the field. Different 
dispatch policies in the model are based on how well the 
dispatcher knows the geographic location of each call and 
patrol unit, what policy is used if 'a non-beat unit is closer 
to an incident than the beat unit, and wllCit procedUl;-es are 
followed if all patrol units are unavailable. The data items 

G *The user can specify a specia~ dispatching policy in 
which the closest available unit is always dis·patched. 
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and the options available with each are: 

• ShoUld the bea~itL if available, always be 
selected for every call in its beat? The beat­
unit-first option should be used by departments 
which have a policy of assigning the beat unit, 
if available, to every call in its own beat. This 
option is equivalent to placing the beat unit 
at the top of the dispatch preference list for 
each reporting area in its beat. If the beat­
unit-first option is not selected, the preference 
list for each reporting area is determined on the 
basis of travel time alone. This is equivalent 
to a policy of always selecting the closest 
available unit regardless of beat responsibilities. 

• Are all CFS inc·idents handled b¥ the patrol force? 
This data item deal~ with the s1tuation in which 
the patrol force is saturated--i. e., when.:.every 
unit on the preference list is unavailable. The 
queuing option assumes that when the patrol force 
is saturated, the dispatcher holds (queues) the 
call and assigns it to the first unit gvailable. 
This option should be used for departments in 
which all work in a region is handled by the 
patrol force. If the queuing option is not selected 
the hypercube model assumes that if a call 
arrives when all patrol units are unavailable, the 
dispatcher will assign the call to a non-patrol 
unit. The no-queuing option is equivalent to-adding 
an unlimited number of backup units to the bottom 
of each preference list. 

• How accurately does the dispatcher know the location 
of each call and ea'chavailable uni t:~'1 The dispatching 
preference lists constructed by the hypercube model 
depend on the accuracy with which the dispatcher,. 
knows the location of the call and each available 
unit. The hypercube model has five preprbgrammed 
options which reflect the dispatcher's knowledge 
about call and uni~ locations.* 

Although only a limited number of options are available in 
the hypercube model to descr.ibe the dispatch policy, data 
c~ol.l.e~ct.ion. e,fforts to ,.determine which. -op~tiQn-. ,"is, -:mOB~tc-".-ap_pro~~.,"~ "-~-~_.~~_-'--=;'.~_~~ 
priate can be a difficult data collection task. Although 
many departments do have established policies governing 
dispatch selection procedures, few departments routinely 
investigate how well these policies are followed. Studies 

'0 
* See Chapter V of Instructional Materials for Learning 

to Use the Hypercube Programs for Analys.is of P<;>lice Patrol 
Operations. 
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in some departments have revealed sUbstantial differences 
between established department policy and actual dispatch 
procedures. Some departments may find that none of the 
dispatching policf options available_accurately reflects 
their dispatch procedures. For thes~ departments, dispatch 

,c " .. options must be selected which most closely approximate 
; department operations. 

Operations data. The. hypercube model requires estimates 
for two parameters based on field operations. These are: 

• average service time - the average number of minutes 
each unit spends servicing a calli this time includes 
travel time, on-scene time, and any administrative 
follow-up timei and 

• average travel speed - the average speed, in miles 
per hour, of units responding to a calli accurate 
estimates of travel speed are often very difficult 
to obtain. 
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NUMBER OF 
REPORTING 
AREAS 3 

25 240 

50 '':51 
-,' 

75 266 

100 287 

125 312 

]:50 343 

175 378 

200 418 

225 463 

250 512 

,275 567 

300 627 

Table A-I 

CORE STORAGE REQUIRED TO USE 
THE APPROXIMATE HYPERCUBE MOPELa 

NUMBER OF UNITS 

6 9 12 15 18 21 

243 245 248 251 253 256 

256 260 265 270 275 280 

273 280 287 295 302 309 

296 305 315 324 333 342 

324 335 347 358 369 381 

356 370 383 397 411 424 

394 409'" 425 441 457 473 

436 454 472 490 508 526 

483 503 523 544 564 584 

535 557 580 602 625 647 

'592 616 641 666 690 715 

654 680 707 734 7' ':,1 788 

~" 

24 27 30 

259 261 264 

285 289 294 

316 323 330 

352 361 370 

392 404 415 

438 452 465 

489 504 120 

544 562 580 

604 624 645 

669 692 714 

739 764 789 

814 841 868 

~- v~ nSterage :tcEQttire11lents Cl.Jte specified in lin! ts of K·-byt.eswherk 
''One F.-byte = 1024 bytes. For exaiTiple, to use the hypercube system 

,', tq analyze 12 units over 200 reporting areas requires 472 K-byt:es 
" (481,328 bytes) of core storage. 
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NUMBER OF 
;r 

REPORTING 
'i 

:,AREAS 2 3 
if 

25 239 240 

50 249 251 

75 264 267 

100 284 287 
i) 

125 309 312 

150 338 343 

175 372 378 

200 412 418 

225 456 463 

Table 1\:",,2 

CORE STORAGE REQUIRED TO USE THE EXACT 
HYPERCUBE MODEL WITH NON-AVL DISPATCHINGa 

NUMBER OF UNITS 
4' 5 6 7 8 ·9· 10 11 

241 243 244 247 253 263 284 327 

253 255 257 261 267 278 300 344 

269 272 275 280 287 298 321 365 

290 294 298 303 311 323 346· 391 

316 321 326 331 3~O 353 377 423 

347 352 358 365 374 388 412 459 

383 389 395 403 413 427 45J 500 
" 

424 431 '::0 438 446 456 472 498 546 c 

470 477 485 494 '~\5 521 546 597 

12 13 14 15 

416 601 986 1787 

433 .619 1004 1806 

455 642 1028 1831 

483 670 1057 1860 

515 702 1090 1894 

551 740 1128 1933 
p 

" 
593 782 1172 1917 

640 830 if 1220 2026 

691 882 1273 2080 
.':'-'.1 

:;7'0" _ .. -- 5·0.s-- ·~5~3:-·· . :~:~".2,p~ "5-~8 .5-3-7-" ~;:;~u· '·-S-tl·G·~ ~'-:~·&Se. 573 ti:ij-:$ ~--- .-.6-52~ :::~-. .:7 ti~B~:-'-:~' -'·9-5~9·-:·- ,-~ 1:3:31:.~~~~2"lk~::fr .,.'-':: ..:..:-:::.--:-'---~-~~. ,",,",-- ...........:.., .;,...,;., 
n 

.~) , 
275 559 567 576 584 594 604 617 634 663 713 809 1001 1393 2202". 

300 618 627 636 645 655 666 680 698 727 778 875 1068 1461 2270 
(:J 

() 

!J 

,~. ;: ': 

aStorage 
'::::::;,~:-...:". . 

requirements' are specified in lihi'ts of K-bytes where one 
K-byte.= 1024 bytes. For ex.ample, to use the hypercube system to analyze 
6 units 

,;;--' " over 100 reporting areas requines 298 K-byte~ (305,152 ,oytes) of \\ 

core storag~c .. '" 0 ~ 8 
() ." 0 , . 

.:.=.... ... -', 
0 (; 0 
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Table A-3 

ESTIMATED COST OF CREATING AN INPUT FILE 
DESC'.R.J:B TNG~_RRGIDF-l3EOGP ... 7\.!?HYc-]\...-ND~.~·iGRKLOi;;Da . 

NUMBER OF REPORTING AREAS 

50: __ ~~7~5 __ ~1~O~O~ __ =1=2=5 __ ~1~5~O~ __ =1~7=5 __ ~2~O~0~ __ =2=2=5 ____ 2~5~0~ ___ 2_7_5 ____ ,_3_0_0_ 

$10.00 13.00 17.00 20.00 23.00 26.00 29.00 32.00 ~5.00 38.00 41.00 

aFor example, the cost of creating a region file with 125 
rep017ting ar.eas is approximately $20.00. 

/ ~j , 

50 

Table A-4 

ESTIMATED COST OF MODIFYING AN EXISTING INPUT FILE 
DESCRIBING REGION GEOGRAPHY AND WORKLOAD a 

NUMBER OF REPORTING AREAS 

75 100 125 150 175 200 225 250 275 300 

$9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 18.00 10.00 20.00 

aFor example, the cost of modifying an existing region file 
with l25 report~~ areas is approximately $12.00. 
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Table'A-5 

ESTIMP1TED COST OF ONE ON-LINE HYPERCUBE ITERATION 
(ONE WORKLOAD LEVEL) a 

II 

~~, 

NUMBER OF 
~~) 

REPORTING NUMBER OF UNITS 
AREAS 4 7 10 13 16 19 22 25 28 31, 34 

50 $10.00 15.00 19.00 23.00 28.00 32.QO 37.00 41. 00 46.00 ~O.OO 55.00 
11 

75 13.00 17.00 21.00 26.00 30.00' 35.00 39.00 44.00 48.00 53.001 57.00 

100 15.00 20.00 24.00 28.00 33.00 37.00 42.00 46.00 51.00 55.00 59.00 

125 18.00 22.00 26.00 31.00 35.00 40.00 44.00 49.00 53.00 58.00 62.00 

150 20.00 24.00 29.00 33.00 38.00 42.00 47.00 51. 00 56.00 60.00 64.00 

175 23.00 27.00 31. 00 36.00 40.00 45.00 49.00 54.00 58.00 62.00 67.00 

200 25.00 29.00 34.00 38.00 43,'-00 47.00 52.00 56.00 61. 00 65.00 69.00 

225 27.00 32.00 36.00 41. 00 4'5.00 50.00 54.00 59.00 63 (;00 67.00 72.00 

250 30.00 34.00 39.00 43.00 48.00 52.00 57.00 61. 00 65.00. 70.00 7 4~;00 
J .-! 

"'.., ~ 32~QQ .37~DO ~/~41~· Q,Q 4600,£)0 - 50~,QP· .. c:c: nn . .~9TOO . 63dlP 6:8".00,. lZ ~::Q-Q./.::~;P.:::.gg.:. ' __ ~;~ ,,4 ~t. ~. H:~_ 
0-

300 
(,~ 

35.00 39.00 44.00 48.00 53.00 57.00 62.00 66. Cl,Q . 70.. 00 75.00 

aFor example, the cost of one ~n-1i~e hypercube itera.tion 
for a region with 150 reporting areas and 10 units is approximately 
$29.00. 
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NUMBER OF 
REPORTING 
AREAS 4 

Table· A-6 

ESTIMATED COST OF ONE BATCH HYPERCUBE ITERATION \ 
(ONE WORKJ ... OAD LEVEL) a II 

NUMBER OF UNITS 
7 10 13 16 19 22 25 28 31 34 

50 $10.00 13.00 16.00 19.00 22.00 25.00 27.00 30.00 33.00 36.00 39.00 

75 11.00 14.00 17.00 20.00 23.00 26.00 28.00 31.00 34.00·37.00 40.00 

100 12.00 15.00 18.00 21.00 24.00 27.00 30.00 32.00 35.00 38.00 41.0~ 

125 13.00 16.00 19.00 22.00 25.00 28.00 31.00 33.00 36.00 39.00 42.00 

150 14.00 17.00 20.00 23.00 26.00 29.00 32.00 35.00 37.00 40.00 43.00 

175 15.00 18.00 21.00 24.00 27.00 30.00 33.0036.00 38.00 41.00 44.00 

200 16.00 19.00 22.00 25.00 29.00 31.00 34.00 37.00 39.00 42.00 45.00 

225 18.00 20.00 23.00 26.~0 29.QO 32.00 35.00 38.00 41.00 43.00 46~00 

250 19.00 21.00 24.00 27.00 30.00 33.00 36.00 39.00 42.00 44.00 47.00 

275 20.00 22.00 25.00 28.00 31.aO 34.00 37.00 40.00 43.00 46.00 48.00 

300 21~00 24.00 26.00 29.00 32.00 3~ .• 00 38.00 
-~, ,. .,--- ., ._,..-.. 

~ -- .. -------

aFor example, the cost.of one batch hypercube 
for a region with 150 reporting areas and 10 units 
imate1y $20.00. 
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APPENDIX B 

SUPPLIERS OF HYPERCUBE PROGRAMS, MATE~IALS, 
TRAINING, AND TECHNICAL ASSISTANCE 
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Listed below are the names, addresses, and 
telephone numbers for suppliers of hypercube 
programs, materials, training, and technical 
assistance. Suppliers which provide each of 
these items are discussed in Chapter IV. 

1. The Institute for Public Program Analysis 
230 South Bemiston Avenue, Suite 914 
St. Louis, Missouri 63105 
Attention: Dr. Nelson Heller 
(314) 862-8272 

2. Massachusetts Institute of Technology 
Operations Research Center 
Room 24-215 
Cambridge, Massachusetts 0'2139 
Attention: Dr. Richard Larson 
(617) 253-3601 

3. The Rand Corporation 
1700 Main Street 
Santa Monica, California 90406 
Attention: Dr. Jan Chaiken 
(213) 393-0411 

4. Texas A & M University 
Center for Urban Programs 
Department of Industrial Engineering 
College Station, Texas 77843 
Attention: Dr. Roger Elliot 
(713) 845-5531 

5. National Technical Information Service (NTIS) 
Computer Products Division 
Department of Commerce 
5285 Port Royal Road 
Springfield, Virginia 22161 
(703) 321-8500 

6. Dr. Ernst Nilsson 
T.O.S. 
Baggensgatan 19 

" 111 31 Stockholm, Sweden 

(' 



7. DeKalb County Police Department 
Data Processing Department 
Court House Square 
Decatur, Georgia _30030 
Attention: Mr. Wllliam GastOn 
(404) 294-2588 

8. Urban Sciences, Inc. 
177 Worchester Street . 
Welles/ley, Massachusetts' - 02181 
Attention: Mr. Lloyd Howells 
(617) 237-5410 . 

9. Public Management Services, Inc. 
7600 Old Springhouse Road 
McLean,-Virginia 22101 
Attention: Dr. Thomas McEwen 
(703) 893-1830 

10. Public Systems Evaluation, Inc. 
929 Massachusetts Avenue 
Cambridge, Massachusetts 02139 
Attention: Dr. Richard Larson 
(617) 547-7620 

11. The Traffic Institute 
Northwestern University 
405 Church Street 
Evanston, Illinois £0204 
Attention: Mr. Russell Arend 
(312) 492-5222 

\ 
\\ 

12. International Association of Chiefs of Police (IACP) 
Technical Research Services Division 
11. Firstfield Road 
Gaithersburg, Maryland 20760 
Attention: Mr. Sampson Chang 
(301) 948-0922 

'\ 

a 

13. Division of Intergovernmental Science & Public TechnQl0 
National Science FQundation 
1800 G. Street N. W. 
Washington, D. C. 2.0550 
Attention: Director 
(202) 634-7996 

14. Office of Regional Operations 
Law Enforcement Assistance Administration 
633 ,Indiana Avemle~ N.W. (J 
Washington, D. C. 20531 
Attention: Mr. Rdbert Heck 
(202) 376-j944 -

·69 
'l 



", 
" 

\) 

15. National Clearinghouse for Criminal Justice 
Information Systems 

SEARCH Group, Inc. 
1620 35th Avenue 
Sacramento, California 95822 
Attention: Mr. William Connor 
(916) 392-2550 

16. National Referral Center 
Science and Technology Division 
Library of Congress 
Washington, D. C. 20540 
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IMPLEMENTING REVISED BEATS 
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After the hypercube system has been used to design a 
new patrol beat plan, careful consideration should be given 
to the process of putting the plan into effect. This im­
plementation process maybe qulte simple in relatively small 
departments, in those that change their beat plans on a regular 

" basis, and those making few other changes in patrol allocation. 
However, the process may be more difficult in large depart­
ments, in those that have not adjusted their beat plans for 
several years, and in those making major alloc~tion changes. 

This appendix offers guidelines--presented as a ser.ies 
of steps or tasks t:o be performed--for the successful itlh?le­
mentation of new beat plans. The tasks are not necessarily 
sequential; some can be performed simultaneously or in a 
different order than listed" while some may be unnecessary 
in some departments. 

}i.. Reviewing the Potential Impact of Pr'oposed Changes 
Upon Patrol Allocation ,and Other Department Functions 

As described in Chapter I, beat design is only one 
part of CI, total patrol alloca.tion plan. Beat design changes 
may require adjustments in other aspects of patrol allocation, 
and these should be considered in planning for the imple­
mentation of revised beat configurations.· When designing new 
beats, the need for changes in other aspects of patrol 
allocatiot;l should be reviewed" since the impact upon these 
other areas may be a factor in selecting a new beat plan from 
several alternative plans. The implementation of new' beat 
plans may be resisted by field personnel because of changes 
in patrol allocation associated with the new plan. 

Allocation changes which may accompany the imple­
m~~ntation of new beat configurations may result in a need for: 

• changes in the geographical or temporal distribution 
of patrol manpower to balance workloads among different 
regions, times of the day, and days of the week; 

o revision of supervisqry areas; 

• 

• 

." 
new work s;>chedules fo~>'~\fficers and supervisors to 
provide the required num~~r of men on duty when 
needed; 

reexamination of whether beat integrity and unity of 
command are provided for-·-i. e., assignmen~ of officers 
to the same beats and supervisors each time they are 
on duty; 

• revision of dispatch policies (hypercube can be used 
-'/ to consider such changes beforehand) i and 
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• revision of computer-aided dispatching systems. 
\;\ 

Other aspects of department operation ~ay also"b~ 
affected by beat plan changes. It should be understood 
that:_ 

• Once beat boundaries are changed, beat statistics 
from previous years c~nnot be compared with data 
compiled by beat under the new plan. 

• Patrol officers or clerks assigning b~at numbers 
to incident addresses will need to be trained to 
use the new nmlIDers, if these have,been changed. 

• Special police community relations and crime pre­
ventioit programs may be affected ~y the new beat plan. 

• The number of vehicles available must be sufficient 
to meet the need during periods of peak manning. 

• Increasing the" number of units fielded during busy 
watches may overburden, existing radio channels. 

B. Assessing the Departmenta'l a:ndComInuni ty Climate' 'for Change 

The strategies chosen for implementing the new p'lan 
should be based upon the attitudes of people in both the 
police department and the ,community. Particular atten.tion. 
should be given to anticipating whether an operations 
change, such as the,implementation of a revised beat plan, 
wi~l meet with a pos;Jtive or negative reaction from patrol 
officers, supervisory personnel, and priva~te citizens. 
In many cases, such a change wilL npt encounter s,trong 
reactions from any source. However, .' extensive changes in 
patrol ,allocation or long-standing patrol policies ,may. 
trigger strong apposition. " 

(::; " 

In assessing possible reactions to the new plan, it" 
is helpful to remember that resistance rilay arise from individuals 
or groups who believe that a loss of prestige, power, share 
of agency resources, or favorable working conditions 'will 
result from the new plan. Reactiqns of patrol cOIr'.manders; 
patrol offic~rs, technica.lstaff" the police union, community 
groups '" and neignbor ing departments should be considered'~ 

" II 
There are always some patrol officers and commanders 

"who react a.dyersely to any change. One investigator has 
found J::.ha,t the climate for change in ,i=l police department 
qonsists of the perceptions of department personnel along 
fou~ dimensions:' 0 '% 

,,::;,'-' .0 a recogn:,i tion of the need for chaE-ge, 

• a perception that department personnel in geiteral 
areOopen to change and possess a willingness'to 

, 'd operatl.' onal 'cC0hanges, . '1J "Ii c(;ms[r er ",[C' .• 
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• a belief tpat the department has the potential or ' 
capaci ty for implementing opera tional i1l!pr9yeTI1en:ts"~, 
and , 

• a belief that department personnel are willing to 
p~rticipate in the design and implementation of 
opex:ationa.l improvements. 9 

,/It has been found that the first item above is negatJ,vely 
correIa ted to the other three; that is " the greater the per-­
ceivedneed for change, ,the .less the perceived openness to 
change, potential for ,change, and participation in change 
efforts. If an unfavorable climate for change exists in the 
department--i.e., there is little recognition of the need for 
change, little perceived openness} potential, or participation 
in change efforts--more favorable attitude~ toward change must 
be fostered by developing the 'foregoing perceptions among 
department personnel v 

Community factors can also affect the implementation of 
patrol revisions. The attitudes of elected officials and 
citizens' groups need to be considered. Departmental re­
lationships with neighboring jurisdictions may be affected, 
especia,lly if there are agreements p:t;'oviding for mutual aid 
in emergency situations. Local or state legislation may 
indirectly impose constraints on patrol allocations--for 
example, by limiting the kinds of work schedules that may 
be used., ' ' 

C. Smoothing the Way for Change 

It is possible to promote a favorable climate for change. 
Information should be disseminated within.;the,department which 
emphasizes the need for change and discusses both the short­
comings of existing policies and the anticfpated benefits of 
the proposed change.' Differen,t points of v'iew should be 
discussed openly. For example, objections may arise re­
garding an alleged disruption of service or other'negative 
side effects of the change. Implementation plans and expected 
beriefits shoqld be sp~cified in enough detail to counter such 
objections. Such an informational campaign should begin 
before the final beat plan has been produced. 

Another way of developing a departmental environment 
conducive to s:hange is by early involvement of key personnel 
;Erom v,arious staff levels in the planning ,process. As discussed 
ill Chapter II, the participating individuals should be, organized 
into a beat,'design task forceresponsi:ple for the design, 
review ,a,nd implementation of new beat plans and other changes 
in patrol allocation. .,\""", 

Dc ,Putting the New: Plan Into Effect " 

, By ,the t,ime, a new beat design has been agreeq upon, a plan 
for actual implementation should already have been devised. This 
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plan should contain both a descriptiop of the proc~ss by 
which the new beat design is to be implemented and a state­
ment of the specifi,.c changes to be made. 

Several tasks need to be included in the implement!ii't:.ion 
process: 

• selection of a date for implementation; 

• 1;1 formal announcement of, the change and implementation 
date; this may be limited. to an in-house memorandum 
from the chief or patrol commander, or it may include 
a public announcement; 

• final preparation of materials (e .. g. # new beat maps) 
and revision of dispatch equipment (e.g., status 
boards) ; 

• briefing of appropriate command and,supervisory 
staff regarding their responsibilities for various 
aspects of implementation; and 

• training. or briefing ses'sionsfor patrol ,office~s 
and other line staff for the distributionoof 
necessary materials and presentation of the re- " 
quired changes in operational policies and programs. 

Since careful timing and coordination of these tasks is vita:l 
in producing ap orderly transition to the new plan, ,~. 
timetable for performing these tasks" should be aevelb'ped. 

During the first several days of operations under the new 
beat plan, there should be careful monitoring for compliance 
wi th tbe new procedures and policies. Spot checks can beC

) , 

made of dispatching and reporting activitie$ t9 ensure that 
the proper cars are being assigned ,to calls'f'or service and 'c 

that proper beat n~-nbers are being recorded on incident reports. 

E. Evaluating the Eff,ects of tIle Change --'----=--.;,.-_. 
- " (\ 

Some departments may want to evaluate the new beat 
plans and patrol allocation changes to determine whether 
the' 'objec,tives of the beat design effort were achieved. 
Just as'qle~rly de~i.ne9 objectives a:i-e' an important p',~rt 
of the .beat design "proce1ss , particu;l.arly when the hyp)ercube 
system is being used, so ate they ajso~' essential to any . 
such evaluation. Therefore, planning for evaluation 
should. begin early in the project, preferalJ.ly when project .. 

, objectives are first formulated. - . o· '. . 
=.:::.~"""--=~_ . 0 

o 

It should.)2.~ stressed that in most cases, the pur~ose o;f 
evaluation will n~~~"!&e·t:~i~ypercube predictions about 
the new plan.. Empirieal data may--drfler-fWiil:'-lryper-eube=.-,=-=~~~n -
performance estimat~s for many reasons difficul~ to"ass~ss 
(see Chapter II). Ne.vertheless, project object~.ves m~y be 
achieved even though hypercube estimates are notrepr6duced ~) 
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in empirical data. 
~, 

The evaluation '6f a new beat plan can be based on a 
relatively simple design, emphasizing one or two selected 
criteria, Or the design can be very complex. The decision 
regarding the amount of evaluation effort should be based 
on several considerations, including: 

• the degree of change from the previous plan, 

• the importance attached to the changes implemented, 

• the availability of empirical data from the previouil;plan, 
and 

• the effort required to collect empirical data for the 
new plan. 

Depending upon the object.ives being evaluated: the 
assessment can include measures of patrol performance, 
offIcer satisfaction, and community reaction to the new 
plan. Measures of patrol performance can include the 
following: 

• patrol workload by unit and by beat; 

• cross-beat dispatching by unit, beat, and region; 

• travel time by unit, beat, and region; and 

• frequency of saturation (all units busy) . 

TableC-I lists the specific data items that can be collected 
for. each of these performance measures. Depending upon the 
desired level of sophistication, officer satisfaction and 
corpmpnity reaction can he measured through the use of 
questionnaires, casual interviews, or routine monitoring 
of problems and co~plaints. 

To assess the' degree to.Which project objectives were 
achieved, empirical performance data for the old plan should 
be compared with similar data for the new plan. The primary 
considerption is the degree of improvement experienced as 
a result of' the new plan. Usual.1.y, hypercube performance 

,estimates for the old and new plans would not be used 'for 
this ~l1alysis. 

Inste?-d, pertiormance comparisons ideally should be 
~based on,. the actual number of patrol units deploy.ed during 

-Eime periods with equivalent workload patterns .. In this 
way, it would ,be possible to avoid attributing to hypercube 
~h0se performance. improvements resulting from seasonal work-
19ad changes and informal deployment changes, such as de-
~ployment of fewer beat cars than intended or unofficial ad-
justment inb~at boundaries. 
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PATROL PERFORMANCE MEASURES USEr) 
IN EVALUATING NEW BEAT PLANS 

Perform";ncc Measure 

Patrol workload by beat 

Patl:ol workload by unit 

Interbeat dispatching by 
region 

lnte,_beat dispatching by beat 

Interbeat dispatching by unit 

Travel time by region 

Travel time by beat 

, 
Travel time by unit 

Aggregnte BtallRtic~ 
(I f Tnt-PY'(,<I t 

Total service time for incidents 
originating in each beat 

Total service time for each patrol 
unit 

Percentage of incidents handled 
by cars other ~han the beat car 

Percentage of incidents in each" 
beat handled by cars other than 
the beat car 

Pe~centage of each car's dis­
patches that cause it to travel 
outside its beat 

For all calls in the region. the 
average amount of time between 
dispatch and arrival of a unit at 
the scene, ' 

For all calls in each beat, th~ 
average amount of time .between 
di~patch and arrival of a unit 
at the sc~ne 

(,,:, 

For all calls handle a' by each 
unit, the average amount oftillie 
between' di~patch and, arrival 
of a unit at the .scene 

Total number 'of incidents in", 
each beat (CFS and patrol 
,ini tiated) 

Number of cars dispatched t9 
each incident 

Time each car was dispa~ched 

Time each car cleared the 
scene \~~) 

(Same as a):,<ove, plus the folloW­
ing:) 

Identity of cars dispatched to 
each incident 

Total number of incidents for 
region (CFS and patrol initi­
ated) 

Location of each incident (!:Ieat) 

Identity- of cars dispatched 'tb "', 
each incident 

Tot~l number of incidents for 
,leach beat (CFS and patrol 
initiated) 

Identity o~ cars dispatched to 
each incident. 

Total number of incidents 
handled by each beat car 

Location of incidents handled 
by each ca'r' ' 

Total number of CFS incidents 
in the region 

'l'ime 'car was disp~tched 

Time each car arrived, at the 
scene 

"oP'Total number of CFS incidents 
in each beat 

Time each uri'it dispatched 

Time each car arrived at the 
scene 

o U 

Total number of CFSlncidents 
,. hand~ed by each car~' 

Time Qa~h car W/IS dis/?atched , 

____________________________________ ~I~-------'-------------------~-------·-"----~--~;,~!~~~~~e~e_a_c_h __ c_a_'r ___ a_r_r_i_v_e~d--a-t--t-h-e~----~ 
Sa l:ura 1.ioll pl'obahi l.i ty 'rhe percentage of calls that 

arrive w!len all units are busy 
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~Qtal I\l,lmber of .PFS incidents 
in the region >" 

Number of callswhj ch arri vea iI"~ 
whEln no carS ,were available 0 

to respond .,. > 
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APPENDIX D 

GLOSSARY OF COMPUTER MODELLING TERMS 

USED IN THIS REPO,'l:~T 
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computer Model: A mathematical model that is coded in a language 
which permits the model to be used and operated on a computer. 

Des.criptive Model: A model whicrt evaluates the outcome if a 
specified policy is adopted, but which does not sugg·est al ternati ve 
'policies. 

Interactive Model: A computer model-designed and operated in such 
a way that the user can "cornrn11nicate" directly with the model through 
a terminal by keying in instrhctions or data. Each instruction or 
collection of data is procestaed by the computer as soon as it is 
entered by the user. The cOIllputer' s reply to the user's input, 
and model output are listed: immediately on the terminal. 

Model: A simplified reprdsentation of real-world processes used 
to investigate the relati.onships between variables, the effects of 
alternative policies or decisions, the outcomes of anticipated 
changes, etc. before the policies are implemented or the changes 
are made. 

Non-Interactive Model: A computer model designed to be run without 
user/computer interaction. User instructions and data are prepared 
in advance on punched card, magnetic tape, etc. in the exact format 
and sequence required. Model output is listed on a printer or 
stored for later retrieval by the user. 

Optimizatfon Model: A prescriptive model which determines the 
"best" policy measured according to one or more specified crit;eria. 

Prescriptive Model: A model which evaluates a specified policy 
and sugges ts al ternati ve policies which wi 11,' produce some improve-
ment in one or more specifi\i..~d criteria. . 
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