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ABSTRACT 

J 
This report ~s one product of the project "Field Evaluation 

of the NSF-MIT Hyperc.:u1:;le Patrol Sector Design Methods," funded 
by the National sci/ziSe 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 cqnd'acted by The Institute for Public 
Program Analysis in cooperation with the Galifornia 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, u 

"'Huntington BeaQh, Pasadena, San Diego, San Jose, Santa Ana, 
and Santa Clar'd.. 

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 Is't~aluation 
project. The report highlights, in nontechnical fashion, the 
major findings and considerations derived from the study. Con
tents of the report include: what hypercube does and does not 
do; how hyper.cube is used as a bea·t design and patrol policy plan
ning tool; costs involved in using the system; assessing the 
feasibility of using the hypercube system; and a brief case 
study of hypercube use. 
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PREFACE 

This report is one product of the project "Field Evalu
atibn of the NSF-MIT Hypercube Patrol Sector Design Methods." 
This project was funded by the National Science Foundation 
(Grant Number APR75-l7472) through its program of Research 

. Applied to National Needs (RANN), Division of Advanced Produc
tivity 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, Missouri, 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: 
(\ 

• 'How to Set Up Shop for Use of the Hypercube System -
a report designed to help police planners and other 
potential users assess the benefits, costs, and pro
cedures involved in using the hypercube system; 

• 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 Operations: Final Report -
a description of the objectives; methods, and findings 
of the field test project, including brief case studies 
of the experiences of participating police departments, 
a preliminary assessment of the accuracy of hypercube 
field performance estimates, costs of using the hyper
cube system, technical assistance required for hyper
cube users, and dissemination and utilization of the 
hypercube system. 

These documents are available from The Institute for Pub~ic 
Program Analysis and from the National Technical Information 
ServiceS(NTIS) , Springfield, Virginia. 

In addition to the staffs of the California Innovation 
" Group and the participating police departments citied above, 

the authors gratefully acknowledge the cooperation, assistance, 
and support of Ms. Lynn Preston, Dr. David Seidman, and Dr. 
Neil Dumas, who served as NSF's program managers at various 
times during the project. The authors,. also gratefully acknowl
edge the assistance of the members of the project's advisory 
board: 

• Mr. Norman Darwick, Director, Police Management 
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and pperations Divisi6n, International Association 
of Chiefs of Policer 

Mr. Del DelaBarre, Executive Director, California 
Innovation Group; 

Dr. George Kelling, Police Foundation; 

Col. Gilbert Kleinknecht, Superinten,g~'nt, St. Louis 
County Police Department; 

Mr. ~obert Kleismet, Vice President, International 
Conference of Police Associations; 

Dr. Michael Maltz, Department of Criminal Justice, 
University of I11inpis ~t Chicago Circle; and 

• Mr. Richard Valdez, Bureau of Planning and Research, 
/f 

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. 

A special note of thanks ,is also extended to Mr. Grant Buby, 
who assisted in the preparation of this report, and to 
Mrs. Vicki O'Dell, who typed most of the material 'appearing in 
the project's reports and supervised tpe typing of the remainder. 
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INTRODUCTION 

Since their development at the Massachusetts Institute of 
Technology (M.I.T.), the hypercube programs have attracted con
siderable attention among law enforcement agencies. Briefly 
stated, the hypercube system is a computerized planning tool 
which can be used to evaluate alternative beat structures and 
patrol deployment pol'icies. The system is based upon the hyper
cube queuing model developed at M.I.T. by Dr. Richard Larson and 
others. Prior to the hypercube field test project, the system 
had been utilized by police departments in New Haven, Connecticut; 
New York City; and Boston, Quincy, and Arlington, Massachusetts. 
The hypercube system also has been the subject of training work .... 
shops for police planners at M.I.T., the Northwestern Univer$ity 
Traffic Institute, and The Institute for Public Program Analysis. 

The Hypercube Field Test Project 

This report summarizes the findings of an extensive field 
test of the hypercube system. The project, entitled "Field 
Evaluation o:f,: the NSF-MIT Hypercube Patrol Sector Design Methods" 
was funded by the National Science Foundation through Grant Number 
APR75-17472 and was conducted by The Institute for Public Program 
Analysis (TIPPA) of St. Louis, Missouri, in cooperation with the 
California Innovation Group (a consortium of cities.active in 
technology transfer), and 10 police depart.ments. 

The prime objective 
of the hypercube system. 
to basic questions often 
system: 

of the project was to assess the usability 
Specifically, the project sought answers 

raised by potential users of the hypercube 

• What benefits can my police department derive from 
using hypercube? . 

• What computer hardware is needed, and what software 
(computer program) options are available? 

• What costs are involved in using hypercube? 

• What kinds of data will be needed? 

• What are the sources for additional hypercube materials, 
-training, and technical assistance? 

Answers to each of these questions are presehted in this summary. 

Table S-l lisfs the 10 pol:b.;pe departments which participated 
in the field test project. Police planners in ,these departments 
were trained,;i.n the use of the hypercube system and were given 
technical assistance in collecting the necessary input data and 
operating the system. The planners used portable data terminals 
provided at project expense to"'" access the hypercube programs 
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Table S-l 

BASIC INFORMATION ON FIl~LD TEST POLICE AGEN'CIES 

Population 
Police. of 

Department Jurisdictiona 

Size of 
Jurisdiction 

(Square Miles)~ 

Number 
of 

BeatsP 

Number of 
Statistical 

Reporting Areasb,c 
-~ 

Burbank 85,000 17.1 14 

Fresno 175,900 51.0 16 367 

Garden Gl::ove 119,600 17.5 6-8 110 
',) 

Huntington Beach 146,400 25.8 1 ~I -" .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 ») 
i ...... , 

l' 

Santa Ana 174,800 27.6 8 127 

Santa Clara 90,200 
·r 

18.5 7 
\':; 

50 o 
~" 

aBased on 1975 estimates supplied by the California Inno;V'ation Group ana the St. 
Louis County Pp1ice Department. , 

,~,\ J 

bIt's of ;t5nS,'prior to cQJ1Ullencement of field test program .. 

cThe cities of Burbank and 
to the field test program. San 
Blocks" (EBBs) specifically for 

San Jose dio. not use statistical reporting areas prior 
Jose, hO\,lever, did devis'e a "systemof 2BO;'~')jeat Building 
use during the last beat redesign in 1973J: 

(f:?:, 

, ,:; 
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implemented/on the National CSS (NCSS)* time ..... sharing system. 

Three departments comple'ted patrol deployment analyses and 
implemented new beat plans designed with hypercube assistance. 
The remaining departments experienced varying degrees of progress 
in their hy?ercube analyses. ,,.summaries of the experiemces of all 
10 participating departments are contained in the report, Field 
~vaiuation of the Hyper~ube System for the Analysis of Police 
Patrd1 Operations: Final Report .,' An excerpt of ene summary is 
included at the end of this report. 

In another phase of the project, the hypercube software was 
evaluated in terms of both its usability by police department 
personnel without prior experience in using computers, and the 
accuracy of the hypercube performance estimates. Based on sugges
tions by department representatives, a number of changes were 
incorporated into the sY9ltem to imPfo'ire its usability. 

Project Findings 

In general terms, the results of the field test project 
verified that under proper conditions the hypercube system is an 
excellent planning tool for assessing the relative merits of 
al ternative beat configurations. No oth,er computerized planning 
tool available today permits police planners to systematically 
examin~ the complex interactions between workload, interbeat 
dispa tching, and travel times. The interactive version of the.,,!' 
system is an excellent aid for introducing planners and other 
police personne.l. to the intricacies and ~rade-offs of the beat 
design process. G 

The field test project revealed, however, that the accuracy 
of hypercube results is often limi,ted by the basic assumptions 
of the hypercube model itself, and the reliability of input data 
collected from police records. In', addi tion, the proj ect also 
demonstrated that a beat design ex~\rcise based on the hypercube 
system may require considerable cos~t and effort for st\?-ff training, 
data collection, and data processinlg. In view of thes$ costs, 
use of the hypercube system may be (aifficult to justify~ in many 
departments ."~c \\ 

Ii 
"l\ Project Publications ij 

1/ 
As ;;;tn Executive Summary of the fil.=ld test project, this 

report highlights, in nontechnical fashion, the major fill,dings 
and considerations derived from the study •. Specific conti~nt_s 
of the surrunary include: ". 

• what hypercube doeS and does not do - the kind offield 
performance characteristics that can pe estimated for 
user-specified beat plans and patrol poliGies~ 

* "css'~'i-'~r~ay~-abbre~ra ted" i~"" ttte""~orpora te title, stands 
forc"Conversational Software System. It 
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• how hypercube is used - as a planning tool in assessing 
and reviewing alternative patrol policies or beat 
configurations, differences between available versions 
of hypercube software, and implementation alternatives; 

• 

• 

feosts involved in using hypercube - personnel, data 
~roCeSSing, and technical assistance costs in terms 
lof their ranges among participating cities; 

assessing the feasibility of using hypercube - the 
circumstances which indicate when use of the hypercube 
system may be beneficial; .".' -'. 

• assessing the availabili ty and feasibility of competing 
mOdels; and 

• a brief case study of hypercube use. 

Additional information on the methods and findings of the field 
test project can be found in the other products of this study. 
These products include: 

• Field Evaluation of the Hypercube System for the Analysis 
of Police Patrol Operations: Final Report - a descrip
tion of the objectives, methods, and findings of the 
field test project; included are brief case studies of 
the experiences of participating police departments, 
a preliminary assessment of the a9curacyof hypercube 
field performance estimates, costs of using the hypercube 
system, technical assistance required for hypercube users, 
and dissemination and utilization of the hypercube system. 

• fnstructional Materials for Learning to Use the Hyper
cube System for Analysis of Police Pa,trol Operations -
a handbook describing the use of the hypercube computer 
programs for the design and analysis of police patrol 
opera'tions. 

• How to Set Up Shop for Use of the Hypercube System -
a report. designed to help police planners and othel~ 
potential users assess the benefits, costs, and proce
dures involved in using the hypercube system. 

WHAT DOES HYPERCUBE DO? 

The hypercube system is a computerized planning tool which 
can be used to evaluate alternative beat structures and patrol 
deployment poliq;i.es. The hypercube computer programs employ 
information abou.'t both the geographic distribut;,ion\\of police 
called-for-service incidents and field operations policies to 
evaluate patrol beat plans by estimating performance characteristics 
such as car and beat workloads, the amount of interbeat dispatching, 
and travel time by car and beat. 



, f) 

" 

" Information Provided by th~ Hypercube Model 
i7 

Based on a user-specified beat configuration or patrol policy, 
the hypercube model estimates the following field performance 
statistics: 

• 

• 

• 

average workload throughout the region being analyzed, 
as well as the workloads associated with each unit, 
beat, and reporting area in t:he~regiOn;* 

average travel times to calls f~r service throughout 
the region, in each bea,t and ret>orting 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 not located wi thin that unit's 
beat) for each unit and beat, and for the entire 

~-r'eglon; 

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

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

Value of Hypercube Performance Estimates 

Performance estimates from the hypercube mOdel can be used 
to obtain tentative answers to many questions of interest to 
department planners and field commanders. For example: 

• Is one set of beat boundaries "better" than another 
in terms of established department objectives? 

• How will field performance be affected by antic~ 
ipated increases in the numbers of calls for ser-
vice, or by a decrease¢!. call-for-service rate resulting 
from the screening of low~priority ca+ls? 

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

• What effect will a change in the distribution of 

Q 

*Associat~d wi tp each patrol unit is .,an area usually termed 
a beat or district in which that unit has preventive patrol 
responsibility. A reporting are~ is a sub-area within a beat 

'\ 
1\ 

t and is used as the smallest geographical unit for aggregating i' 

t j) s tati~ tic~ ... ~~ .. c~C3.+,,~~.~15)I.-~ ~~yj,£~.~Jl~,EJ:::eY~nj;,i:y:e",±>.<htf?~.c;:~()~c;re,~===~=-=~~ 
j"c.:o.",.-"_.cc",-.c.c_"-~-:-·A,,-,,:,,reqron·Ts a group of beats adm~n~stered as an au'tonomous f~eld 
~ , operations terri tory. 
~ 
t 
< 
1 
f 

(> 
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preventive patrol coverage have on the various field 
performance measures? 

• How will field performance be affected by alternative 
dispatching policies, such as dispatching the" "closest" 
available unit rather than an available beat Unit, . 
or by the use of special units to handle calls arriving 
when no beat units are available, rather than holding' 
the calls until a beat unit becomes available? 

The findings of the field test project suggest that performance 
estimates obtained from the hypercube model are most us~ful when 
used to compare twoJor more alternative patrol pOlicies~or beat 
configurations to determine which alternative best sat~~fies 
department objectives. lllisolute agreement between hYH'6rcube 
performance estimates and observed field performance, ~owever, 
should not be expected for two reasons. First, the mo~~l uses a 
number of simplifying assumptions about the nature of patrol 
operations and demands for service, and in most departments, some 
of these assumptions may not be completely valid.* Second, 
the model requires considerable input data, some of which may 
be unavailable in some departments and will need to be estimated. 

What the Hypercube Programs Do Not Do 

Police plann~~rs should bear in mind that the hypercube pro-
grams are not: .' 

• a prescriptive system that will design a "best" beat 
plan for the user; 

• a management information system; 

• a "real time" (immediate) inquiry system, such as that 
of the National Crime Information Center operated by 
the FBIi 

• a computer-assisted dispatch system, operating out of 
a sophisticated "command post; II 

• an automatic vehicle location system, which shows the 
approximate location of on-street police units; or 

• a day-to-day planning or evaluation tool. 

HOW IS HYPERCUBE USED? 

. Hypercube as a Planning Tool 

The results of the field test project suggest that the hyper
cube system is best used as an iterative planning tool to aid 
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police department planners in assessing beat design and patrol 
policy changes. This i terati,veprocess is schematically depicted 
in Figure 8-1. The figure illustrates how the hypercube system 
can be used to analyze alternative beat designs or policy changes 
proposed by the user. The iterative process consists of three 
general operations: 

,}J 

• analysis of the existing beat plan; 

• redesign of patrol beats; and 

• analy-sis of changes in patrol operations policies. 

Each operation is described below. 

Analysis of existing beat plan. In this 
beat redesign is determined and problem areas 
plan are identified from statistics generated 
model. Typical problem areas may include the 

step the ne~9 for 
within the present 
by the hypercube 
following: 

• Workload imbalances. among response units - Units 
significantly over- or under-utilized can be identified 
by examining unit workloads. 

• Lengthy response to calls for service - NeighborhoodS 
not receiving rapid response to calls for service can 
be identified by examining average travel times. 

• Lack of beat identity - Desirable officer familiarity 
with an area, its people, and special conp.itions, can pe 
achieved only when a patrol unit spends adequate time 
in its own area; the amount of time each:,unit spends 
outside its assigned beat can be identified by examining 
its interbeat dispatching fraction. 

Ji ii\I' 

Redesign o;f beats. With problem areas in the- present beat 
plan identified, the hypercube progr.;uns can be used to evaluate 
and compare proposed alternative configurations in terms of 
workloads, travel times, and interbeat dispatches for units and 
beats. By running the hypercube programs several times to compute 
performance statistics while changing only ,~the beat configuration 
or dispatching preferences (the iterative process noted above), 
a plan most nearly s~tisfying department objectives cart be identi-
fied. . 

An attractive feature" of this design process is that alter- § 

native configurations can be identified by field commanders who 
are most familiar with patrol problems. By using the program 
once for each alternative, the results can be used to set~ct the 
mos t acceptable plan. ~,,' 

., 
Analysis of policy changes. Patrol· policy changes can be 

-, 

analyzed by modifying input data to ~Jl.. hy-p:§.m~'9&og~;:I,Trt~h-~~·~:i .. ' 
==""c:rr-a:n-g;es~y in-cru-cre: 

• alternative preventive 'patrol strategies, 
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• team policing, 

• vehicle location systems, 

• one-man vers~s two-man patrol cars, and 

~'''. alternative dispatching policies. , ".) 
/'. 

Input Data Required 

The hypercube computer programs require information about 
the geography and workload distribution of a region, deployment 
practices for the patrol force, rules used by dispatchers in 
~ss~gning patrol units to calls for service, and the average 
service time and travel speed of patrol units. Each type of input 
data is discussed briefly in the following paragraphs. 

Geographic data. For each reporting area in the region being 
examined, the hypercube programs require a unique numeric label, 
the x,y coordinates of the geographic center, and the area in 
square miles. 

Workload data. Two workload data itEf'jUs are needed: the 
relative workload for each reporting area,· usually based on the 
number of called-for-service incidents for a specific period of 
timei and the total number of calls the patrol force must handle 
each hour in the entire region. 

Deployment data. Data items needed include the number of 
patrol units, the reporting areas included in the beat patrolled 
by each unit, and the relative amount of time each patrol unit 
spends in each reporting area of its beat while on preventive 
patrol. 

Dispatch policy data. The dispatching policy assumed by 
the hypercube model is determined by user-supplied answers to 
the following questions: 

• Do dispatchers assign the closest available unit to 
calls for servic6ijr make assignments based upon 
fixed preference lists? 

• If available, is the beat unit always dispatched 
to calls in its assigned beat? 

• How accurately do dispatchers know the location of 
each call and each available unit? 

• If all beat units are unavailable, are calls "stacked" 
or are they assigned to other backup units? 

Operations data. The hypercube model requires data on the 
average amount' of time_±_E?_~:l:r;:_E?~_ tOh9_QillP_*-§t"~~,...,9fl~~§_ f_o&s.el=:y-.Lcl?~~a:Q..4,==,==== 
the average travel speea---wlle'ii--responding to 'calls for service. 

(l Ii 
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Versions of Software Available 

Currently four versions of the hypercube software (programs) 
are available: 

• M.I.T./Rand hypercube system - This is the original 
hypercube system developed through grants from the 
National Science Foundation and the u.S. Department 
of Housing and Urban Development; to date it is 
the most widely-distribute~:version. 

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

• TIPPA advanced hypercube sys·tem - This is an adapta
tion of M.I.T. 's advanced system which evolved during 
TlPPA's field testing of the hypercube model. It 
contains several features lacking in the M.I.T. 
system, such as utilization of user-supplied 
terminology, and incorporates many improvements 
suggested by police planners during the field tests. 

• Texas A&M police officer deployment system (PODS) -
This system was developed through a grant from the 
Criminal Justice Division, Office of the Governor of 
Texas. A version of the hypercube model is included 
as one component of this system. 

differences between these versions are summarized 
Figure S-2 may be used as an aid in selecting the 

is most appropriate for a particular operational 

The major 
in Table S-2. 
version that 
environment. 

Data Processing Alternatives 

In implementing the hypercube system, three major alternatives 
are available for obtaining data processing services:* 

• 

• 

In-house - Use of an in-house computer offers potentially 
low-cost data processing services and readily-available 
technical assistance in software (program) implementation. 
Major drawbacks include: department data processing 
equipment probably will not support the interactive version, 
and the computer's data storage capacity may limit the 
scope of the analysis. 

Commercial - Several commercial time-share systems are 
suitable for implementing both the interactive and non
interactive versions of the hypercube software written in 

*For details on how to obtain data processing services, refer 
to How to Set Up Shop for Use of the Hypercube System, pp. 47-51. 
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Table S-2 

CHARACTERISTICS OF CURRENTLY AVAILABLE VERSIONS OF THE HYPERCUB11! SOFTWARE 

Softwa~e Version 

__ J.'1.I.T./Rand M.I.T. TIPPA Texas A&M-

Interactive or Non-Interactive Non-Interactive Non-Interactive Interactive Non-Interactive 

Programming Language 

Approximate or Exact Modela 

~Limitations on Problem Sizeb 

PL/I 

Both 

200 reporting 
areas and 15 
beats 

PL/I 

Both 

200 reporting 
areas and 15 
beats 

PI.J/I 

Both 

Unlimited 
number of 
reporting 
areas and 34 
beats 

""COBOL 

Approximate Only 

125 reporting 
areas and 25 
beats 

aCertain calculations performed by the hypercube programs can be made "exactly" or they can 
be made using mathematical approximations which reduce data processing costs and produce results 
which are almost always within five percent of those produced by the exact model. However, some 
advanced features of the hypercube programs cannot be used with the approximate model. 

bSize limitations apply only to the approximate hypercube model. All versions of the exact 
hypercube model limit the number of beats to 15. In most cases, the limits specified can be re
laxed through internal programming changes. 
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Do 
regions 

contain more 
than 200 reporting 

areas, or do beat plans, Yes 
contain more than 25 beats,>-------------~ 

or are interactive, 
tutorial, and error

correcting, fea
tures re
quired? 

Use the TlPPA version 

Does the 
dispatching 

operation to 
be modelled 

involve automatic 
vehicle 

locators? 

Yes r 
>-----'------~)~use the Mel.T. version 

necessary 
to 

mod€ll variable 
unit service times, 

is the exact hypercube 
mod'el required, or 

do regions contain 
more than 125 

reporting 
areas? 

Use the Texas A & M'version 

Yes 

Figure S-2 

Use the M.l.T./Rand 
version 

SELECTING AMONG AVAILABLE VERSIONS OF THE HYPERCUBE SOFTWARE 
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PL/I; most can support the (lnon-interactive COBOL version. 
These time-share systems give convenient access to data 
processing services via data terminals and standard 0 

telephone networks. However, this alternative is 
relatively expensive because of the high cost of the 
services, on-line storage (instant retrievability) of 
programs and data, and possibly substantial communi
cations costs. 

• University-based - Many university co~puter centers 
can support non-interactive versions of the hypercube 
system, and some can support interacttve versions 
in a time-sharing environment; however~ data storage 
capacity may be less than available on commercial 
systems. The amount of data processing services and 
technical assistance available to non-university
affiliated organizations may also be limited. Even 
though universities do not provide toll-free access 
to their servipes, their da~a-processing charges are 
usually muc1!;/fess than those of commercial vendol7s. 

COSTS INVOLVED IN USING HYPERCUBE 

The costs of using the hypercube system fall into three 
major categories: personnel, data processing, and technical 
assistance. Personnel costs include manpower costs associated 
with planning, training, data collection, data analysis, and 
beat plan implementation~ Data processing costs include 
setting up, maintaining, accessing and using a data processing 
facility for training and data collection; and setting' up, 
maintaining, and using the hypercube system for beat analyses. 
Technical assistance costs incl~de the cost of training materials 
and the cost of consulting services for project planning, train
ing, data collection, use of the hypercube programs, and inter- " 
pretation of hypercube results. 

Personnel Costs 

Most departments will require up to six montlis tq design 
and implement ,a beat plan using the hypercube system. '.' During this 
peri9,d, one or more persons will be needed to plan project act iv- ~, 
ities~ learn how ,to use the hypercube system, monitor d~ta 
collection efforts, perform hypercube analyses, coordinate in-
house review and approval of new plans, and initiate appropriate 
implementation procedures. 

The actU:al time required to c;:1esign and implement a new, 
beat plan depends con department personnel's familiarity and ex
perience .wi th computerized design models, the, accessibi!li ty of 
data processin<;J services, and the amount of cooperati9n among 
personnel responsible for "design, approval,,, and implementation 
of the new beat plans. 
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Based upon the results of the ,field test project, it is 
estimated that from 8 to 28 weeks are required to complete the 
major tasks involved in a beat design project (see Table S-3). 
The lower estimate assumes that at least one person works full
time on the project, and that the department has trained person
nel, data suitable for use as hypercube input, and readily
accessible data processing services. 

The higher time estimate assumes that a department is using 
hypercube "for the first ·time and that the project coordinator 
devotes only part time to the project, both of ~hich contribute 
to delays in completing major proje.ct tasks. 

Data Collection costs 

In most departments planning to use the hypercube system, 
some special data collection activities will be required to obtain 
input data not available in existing department records. These 
data collection efforts should be carefully planned and super
vised. Data planning activities should include the following:* 

• Review of hypercube fnput data items by key project 
personnel - Personnel responsible for data collection 
activities should have a thorough understanding of each 
data item used in the hypercube programs, the units 
in which i tis measured, and. the required accuracy of 
each. 

• Determination of the number of beat, plans to be designed -
Input data collected for 'each beat/plan should be based 
only on the region and time periods for which each plan "'~, 
will be used. 

• Survey of department records - An accurate appraisal 
of specific input data items not readily available in 
department records, and realistic estimates of the 

" collection effort required to obtain them, m~y influ
ence a department's decision as to whether it:: can 
profitably use the hypercube system. ,. 

• Planning data 'collection activities - Careful design 
and coordination ~~e important to the collection of 
accurate input datci with minimum effort and the least 
disruption of other department activities. 

The abil,i ty to obtain accurate estimates of the time required 
fOt data collection depends largely on the quality of the assess
ment made during the data planning task. This assessment should' 
determine which source documents,. contain the (data i terns, their 
accessibility, and the procedures that will be needed to obtain 

*For a more detailed discussion of planning and implementing 
data collection activities, see How to Set Up Shop for Use of the 
Hypercube System, pp. 51-60. -, 
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Table S-:-3 

ESTIMATED NUMBER OF WEEKS 
REQUIRED TO COMPLETE THE MAJOR TASKS 

OF A HYPERCUBE BEAT DESIGN PROJECTa 

Task'; .. 

l. 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 data required, and 
how to use the computer 
programs., 

Assess depaTItment oper
ations, data sources, 
and data processing .~ 
capabilities; organize 
project task force. 

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

Prepare the input data, 
run the hypercube pro-

\ 
grams, and analyze the 
output. 

Coordinate in-hopse re
view of proposed plans, 
and all documentation, 
operations, and policy 
changes required fo 
accommodatekthe c:tpproved 
plan. 

Total Beat Design Effort 

Number gf 
Weeks 

2 - 4 

2 - 4 

1 - 8 

I - a 

2 -4 

8- 28 

aThe elapsed time estimates c;:tre based on<")the experience of 
eight police departments which participate'a in the field te~t 
project. 

b The lower estimate for each task assumes that at, .least one 
person works full-time on the project. Th~, bigher estima.te for 
each task assumes tha't the proJect coordinator devotes on~y one-
third !lor one-half t;ime toQ' the. project;. -~. ~ IF";-

\ 
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and translate each data item into hypercube-usable form. 

Data Processing Costs 

Costs associated with data collection. The hypercube field 
test project'provided limited information about data processing 
costs associated with data collection efforts, since TIPPA staff 
provided considerable data processing support to several partici
pating departments. The field test results clearly indicate, 
however, that to minimize data processing costs, careful attention 
should be given to reviewing all data needs, and data processing 
options, including the possibility of not using data 'processing 
at all. 

Costs associat.ion with data analysis. The costs of data 
processing required for data analysis depend on the version of ,~ 
the hypercube programs used (interactive or non-interactive) and 
whether an in-house, commercial, or university-based computer 
facility is used. Data processing costs may include the cost 
of equipment and supplies, set-up charges, communications costs 
(such as longYG~stance telephone charges associated with using 
some remote(dat~proceSSing services), on-line storage charges, 
apd compute1~s~~~ocosts based upon the time the user i~ connected 
to the compute~cne amount of computer resources used 1n process
ing, and the amount of input and output operations.* 

Table S-4 summarizes information on data processing costs 
derived from the experience of the police departments participating 
in the field test project. 

Technical Assistance Costs 

Technical assistance costs include the costs of documenta
tion and training materials, training seminars or workshops "and 
consul ting services reqtiired by dep;'3.rtment personnel during a 
beat design project. Documentation which describes the basic 
assumptions and theoretical foundations of the hypercube mode~, 
use of its programs, data collection procedures for the system, 
and analysis and interpretation of its results can be purchased 
f?r less than $100. 

\' 
'I 

Police personnel who participated in the field test project, 
generally agreed that,\ some formal, training in the use of the 
hypercube system is a prerequisite to its efficient use. Techni
,cal assistance and formalized training in a cl.assroom setting are 
available from several ager;tcies. *0* 

*Some of these charges are not applicable if ~"(p in-house 
computer f'acili ty is used. ' 

**For an annotated list of such documents and sources of 
training refer to" How to Set Up Shop for Use of the Hypercube 
System, pp. 41~41. 
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, . T.yp-e of Cost 

1. Computer costs, including 
charges 'for connect time, 
computer usage, and input/ 
optput operations" 

2. 

3. 

4. 

Rental of teletypewriter data 
terminal 

Other eq\iipment-related·'c'osts, 
includirig"terminal· ,supp:1ies 
and serviCe ,;and shipping 
charges . 

Set-up costs, including the 
cost -of obtaining-a copy: - - .. ;:;. 
of the hypercube programs, 
compiling and testing the 
programs, and developing 
addi tion'al sof twar'~ 

5. Communications costs 

6. Storage charges, including 
the cost of storing the 
hypercube programs, input 
data, and program,output 

o 

--;--,,-~--

Estimated Cost 

$450-'" $3500 a 

$200 - $750 c 

$0 - $600b 

$125 - $~OO per montha 

aEstimated cost ranges are based on the experie~c~s of eight 
police departments participating in"the field test project. The 
~~partm. ents used th~ it;teracti ve:rersion . <:>fthe hyperc111?e progr. a,ms, 
ifrllplemented on the Nat~onal CSS t~me-shar~ng system dur~ng 1976.' 
Costs for other police departments, versions of the programs, data 
processing systems, or rate schedules may fall outside of these 
ranges. 

bcosts apply only when the hypercube programs are implemented 
on a remote data processing system and accessed via telephon~(~' 

.~ 

cCdsts apply only when the hypercube programs .must""be imple
mented on a data processing system where the programs are not 
currently available. 

,b 
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ASSESSING THE FEASIBILITY OF USING HYPERCUBE 
, ! 

The hypercube system i~ anexceflentplanning tool for· 
assessing alternative beat plans' and patrol policies. , However, 
use of the system may require substa,n~ial cost and effort. There
fore, use of. ,the system may not be feasible, or pract.ical in every 
police department. A department considering the use of hypercube 
should carefully assess the need for hypercube analysis, the 
advantages and disadvantages ,of the system, departInel1tal ci:::cum
stances which affect the success of hypercube analyses, ", and the 
availability of/ alternative resource allocation models. 

" ' 

Need for Hypercube Analysis 

Sometimes, even a cursory review of field operat~:ons wi thin 
a police department may provide clear evidence that tnedepart
ment needs to revise its patrol beat plan and perhaps its opera
tional policies ~s we~l. For0~epartments with five 'or more patrol 
units in operation WhlCh experlence any of the situations listed 
celow, the hypercube syst~m may be useful :,.1 

!: substantial workload imbalance among patrol units; 

• 

• 

.excessiveamounts of interbeat dispatching -- that is, 
.patrol units are often dispatched to calls oritside 
their assigned b~ats; 

l".';:' ,. 
excessive· time required by some patrol units to travel 
to calls for service; 

• frequent delays in ·servicingcaJ,.ls for service -- . 
that is, there are considerably more calls for service 

"th"n can be handled by patrol units without undue delay; 

• inappropriate distribution of preventive patrol among 
beats; or. 

• 
r'tI,:; 

regions with high concentration o'f calls for service 
in some areas and low concentration in other areas, 
as. in a police command that covers both urbanized and 
rurai areas. ,.;-!, . ~. 

() 

Advantages and Disadvantages of the Hypercube System ""," 

During the field test project, many adval1tages and disad
vat:l,1:;ages of both the hypercube system and computerized planning 
tools in general were identified. 

: Advantages ,of the' system. 0' The results of the fie.;tci test 
project indicate that the hypercube programs provide the following 

.~,advantages:o ' 

, • The programs allow changes in field pe,rformance to 
be estimated without actually changing patrol opera
tions, thus avoiding' cos~ly and disruptive field' 

" .eScperimentation.; 
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• The hypercube iterative design process allows police planners 
to 'involve field commanders in all phases of the design 
process; based on their knowledge of patrol operations' 
in their regions, field commanders can propose alternative 
beat plans and patrol policies, verify input datat and 
review hypercube performance estimates. 

'. The programs constitute a powerful training tool for 
learning how to plan field operations. 

• Efficient use of the. hypercube programs may reduce 
police ~lanning costs. 

c 

• The programs aid in creating a continuing data base for 
field operations planning and evaluation. 

• All calculations used in "by-hand" beat design methods 
are automated. 

• The interactive version makes-it unnecessary to own 
either a computer or the programs. 

• The programs are easy to use. The interactive version 
in which the user communicates directly with the computer 
via a remote teletypewriter .terminal -- provi&es "tutorial" 
assistance for the novice user. Data processing e~peri
ence is not a prerequisite for using the interactive, 
version of the programs. 

• The interactive version contains built~in error-checking 
features; data and instruction errors are revealed as 
soon as they are entered into the computer. 

Disadvantages of the system. Offsetting the foregoing 
advantages are the following disadvantages: 

• The use of the system often requires a special data 
collection effort, which can be costly and time
consuming. 

• Unless the system is carefully used, high data 
processing costs may result. ' 

• The interactive version."may necessitate use of a 
costl¥~II!!!lercial data processing service. 

• If technical assistance is needeQ. in using the prO
grams effectively, there may be a charge for such 
services,. 

• If a non-interactive version of the hypercube system 
is used, the tutorial and error-correcting features 
of the interactive version are lacking. 

• The system will be used infrequently by ,most polic,~ 
departments 1 usually only once or twice a year. 
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• The system requires training for the user of the hyper
cube programs, an investment which may be lost with his 
transfer or resignation. 

• The system's output may be rejected 
personnel because it is the product 
because the model ignores important 
ations. 

by field operations 
of a computer or 
subjective consider-

. {./ 

• The hypercube system requires commitment of the chief 
administrator and other command and" staff personnel to 
support the planning effort through field implementation. 

Circumstances Affecting the Success of Hypercube Analyses 

It is desirable to know in advance the circumstances under 
which a police department is most likely to benefit from use of 
the hypercube system. Some of these circumstances are listed below. 
While not all these circumstances have to be present for successful 
policy analysis and beat design, some combination of them usually 
has been lacking in those departments which have failed to benefit 
from using the system. 

• Recognized need to analyze the patrol plan. This need 
is most apparent in departments with heavy workloads, 
frequent queuing delays, and other fiel~ operations 
problems. 

• Cooperation between field, support, and planning personnel. 
Without this, design efforts are usually not suc,cessful. 

• Agreement among administrative, field, and planning person
nel on a set of department objectives for patrol operations. 

• Design objectives other than balanced beat workloads. Beat 
workloads can be balanced using simpler and less' costly 
manual design techniques. 

• Adequate time for analysis. Allowing insufficient time for 
the project leads to inefficient use of the hypercube system, 
increased costs, and less meaningful results •. 

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

\\ 

• Access to in-house data processing, or a sufficient budget 
for purchasing commercial se.rvices. 

• Available data and commitment of department resources to 
collecting it. 

• Patrol operations which satisfy the assumptions of the 
hypercube model. Hypercube assumptions should apply reason
ably well to a department's patrol operations for reliable 
and valid results. 
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Alternative Planning Models 

Readers interested in comparipg the hypercube model with oth~;r 
planning models should refer to Criminal Justice Models: An eve:r.;:?'::' 
view* or The Deployment of Emergency Services: . A Guide to SelectE;d 
Methods and Models.** Such comparisons can be useful in identifying 
the planning model that is most appropriate in terms of the current 
needs and capabilities of a department. At the present time, however, 
no other model is available which does as much as hypercube with 
res.pect to analyzing alternative beat configurations. The Patrol 
~ar Allocation Model (PCAM)., developed by the Rand Corporation, may 
be of interest to some department administrators and planners.*** 
The PCAM model can be used in several ways: to determine the num
ber of patrol cars that should be on duty in each patrol region 
at various times of the day and each day of the week; to determine 
the total nunilier of patrol officers a department should have; to 
allocate a fixed number of officers among distinct geographic 
Eegions; and to determine how many officers in a ~egion should work 
each shift and when the shifts should begin. 

A CASE STUDY IN HYPERCUBE USE 

The experience of the Fresno, Caltfornia, Police Department 
in using the hypercube system to deploy its field operations resources 
illustrates how hypercube operates and its potential benefits. 
Fresno is about 54 square miles in area and has a population of 
about 175,000. Prior to the hypercube project, begun in 1976, 
the Fresno Police Department had used the"'Same beat configuration, 
on all shifts for over 10 years. Sixteen patrol cars were used 
on each of three shifts every day of the week. Five more ca:r:;}s: 
were assigned to- an overlay sh~ft for back-up assistance between 
8: 00 p. m. and 4: 00 a. m. This n~anpower allocation produced workload 
imbalances and frequent queuing of incoming calls, among other 
problems, but no adequate alternative plan had been found. 

When the department le,arned about hypercube, it saw the pro
grams as an excellent tool 'for studying alternative plans because 
of the programs' ability to'show the relationships between, and 
compute estimates of, workloads, response times, preventive patrol 
levels, and inter beat dispatching. Consequently; two department 
members were a'ssigned full-time to an interbeat project from 
July through October, 1976. Q 

*Chaiken, Jan M., T. Crabill, L. Holliday, D. Jaquette, M. 
Lawless, and E. Quade, Criminal") Justice Models: An Overview, 
R-1859-DOJ, Santa Monica: The Rand Corporation, October 1975. 
(Also available from the U. S. Government Printing Office,' f.' 

Washington, D. C.) 

**Walker, Warren E., The Deployment of Emergency Services: 
A Gutae to Selected Methods and Models, R-1867-HUD, Santa Monica: 
The Rand Corporation,September 1975. 

***Chaiken, Jan M. and Peter Dormont, Patrol Car Allocation 
Model: Executive Summary, R-1786/l-HUD, Santa Monica: The Rand 
Corporation, September 1975. 
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Most of the required input data were available through the 
city's data processing center although geographic data had to be 
_.estimated from a map of the city. 

Beginning July 1, 1976, department personnel, with limited 
technical assistance from TIPPA, analyzed numerous alternative 
beat configurations, examining each of five different time periods 
into which a day was divided. Thirty-six hype'rcube runS were made 
in the process of identifying final beat plans calling for 13 to 
29 beats. Total data processing costs were nearly $5,000. (Other 
field test· cities experienced considerably lower costs.) About 
35 man-weeks were expended for planning, training, data collection, 
data analyses, and beat plan implementation. 

Prior to implementation, the plans were carefully reviewed 
and slightly modified by a departmental task force. Despite a 
major reallocation of manpower among shifts and significant changes 
in beat boundaries, the new plan was implemented with few problems. 

Preliminary data indicate that positive results have been 
achieved: 

• The percent of calls for service held by dispatchers for 
more than three minu,tes decreased from 62 p~rcent to 45 
percent dt~;:lng the first month's operation under the new plan. 

'/~--· 

• The number of calls for service being held by dispatchers 
at the end of the busiest shift decreased markedly -
from as many as 45 under the old plan to about 5 under 
the new. 

• Average travel time to calls for service decreased 
significantly. 

• Manpower reallocation resulting from the hypercube study 
eliminated the previously-assumed need to hire addi
tional personnel. 

Department administrators and line personnel are please with 
the results achieved from hypercube, and the department plans to 
use the model periodically to assess and revise, as needed, field 
deployment pOlicies. 
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