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ABSTRACT 

This report is one product of the project "Fie1d"Eva1uation" 

of the NSF-MIT Hypercube Patrol Sector Design Methods," 0 funged--'°by 

the National Science Foundation, Grant Number APR75-17472. The 

study was conducted by The Institute for Public Program Analysis 

in cooperation with the California In:p:bva1:ion Gro'up (an NSF-funded 

consortium of cities active in technology transfer) and police 

departments in St. Louis County,.,' Missouri I and the California 

cities of Burbank, Fresno, Garden Grove, Huntington Beach, Pasadena, 

San Diego, San Jose, Santa Ana, and Santa Clara. 

The report summarizes the objectives of the "project, describes._ 

the field test activiti~s that took place, and discusses the 

results and products of these activities. Specific topics include: 

an overview of the hypercube system--a computerized planning tool 
o 

used to evaluate q.1ternative police beat structures and patrol 

dep10ymeQt policies; case studies describing the field test 

experiences of 10 parti.cipating police departments ; a discuss±OIrof===c=,. 

the costs associated with using hypercube; assessments of the 
" 

hypercube softwa~e and its performance estimates; a description 

\" I. " of technology transfer ef.fortsi recommendations for improvement, 

dissemination, and institutionalization of the bypercube system; 

an&;:"lprocedures for obtaini~g hypercube programs, ??ctynenotation, 
':'~ 

training, and technical assistance. 
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PREFACE-

This report summarizes the principal activities undertaken, 

and the major results obtained during the project "Fie:j,.d~Evalu-
i'::f:I,.-!~ 

ation of the NSF-MIT Hypercube Patrol Sector Design M~thods.1I 
, " 

il 

This project was funded by the National Science Foundation (grant 

number APR75-l7472) thro~gh 'its program of"ResearchApplied to 
(i 

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). Police qepartmerits in St,. Louis C<;mnty, Missouri, and 

the California cities of Burbank, Fresno, Gardei~ Grove, Huntington 

Beach, Pasadena, San Diego, San Jose, Santa Ana, and Santa Clara 

participated in "the project. 

() 

Other products of the study include the reports: 

• How to Set· Up Shop :fQr· trse~ 'of 'the' Hypercube System­
a r,eport d~signed to help police planners and other 
potential users assess the be~efits and costs of 

liusing the hypercube system; 

• 

• 

Field 'Evaluation of the Hypercube System for the 
Analysig, of Police patrol"Operations: Executive 
Sununary - a' brief (" non"",technical, summary of the 
project;, and 

a 
Instructional Materials for Learning to I, Use the 
Hypercube Programs for Analysis of , Police Patrol 
Operations - a haJ;1dbook describing use of hyper­
cube computer programs" for the design and an~lysis 
of police patrol operations. ' ,ii, 

These documents are available from" TAe..".lnstitute ,for Public Program" 
1;1 \ .\ "',~~\ 

., Q 

Analysis. A number of se:r;,vices have a..iso :pgen proviCiedor initiated· , .... ~ . 

'~~.J?-p.,r~t=~QL:thbs=project. These serv'ices are documented in this :J;'eport. 
\\, - _,"_ • ,_ c •• _. _ ,-,..,.-., , •• 
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CHAPTER·X· 

INTRODUCTION 

A. Historical Background and Overyiew of the Hypercube Syst~ 

Development of the hypercube system began at the Massachusetts 

Institute of Technolo9Y in 1965 when Dr. Richard Larson formulated 

his hypercube queuing model for representing urban emergency ser­

vice systems such as police patrol operations. This moqel was 

refined, computerized, and, to a limited extent, f~eld tested as 

part of the Innovative Resource Planning project. That project was 

funded in 1973 by -t.he National Science Foundation's program of Re­

search Applied to National Needs, and ~as carried out by Larson and 

his associates at M.:) I. T. over a 24-month period. The computer 

programs which comprise the hypercube system were s~.ilisequently re­

fined, documented, and field tested in New Haven, Connecticut, by 

the New York City-Rand Institute as part of'a 1974 project, funded 

by the Department of Housing and Urban Devel~pment's Office of 

poliGY Development and Repea,:r:ch. 

The results of these research efforts and the project docu-

mented in this report is a re'fined system of computer programs 

which use information based on police patrol operations and the 

geographic distribution of calls for police servic,e to estimate, 

police patrol performance statistics. The performance statistics 

that are estimated by the model include the=follm'ling: 

• average workload (i.e., the 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 regioni* 

*Associated with each patrol unit is an area termed a, beat or 
district. in which that unit has preventive patrOL responsibility. A 
reporting area is a subarea'within a beat that is used as the sI'(l,allest 
geographical unit for aggregat:i.ng statistics -&n calls for service 
and preventive patrol coverage'. A region is a group of beats ad­
ministered as an autonomous field operations territory~ 
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• average travel times to cal.ls for service throughout 
the region, in each beat, and in each reporting area, 
and to calls handled by each unit; 

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

• average frequency with which random points in the region 
"and in each reporting area are passed by a unit on 
preventive patrol; 

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

• -fraction of calls for service that arrive when no unit 
is available to respond, and the resulting average travel 
time to these calls when the first available car is 
dispatched. 

By comparing hypercube's field performance estimates for two 

or more alternative patrol policies or beat configurati6ns, in­

sights to many questions of interest t:;o department plan.ners and 

field commanders can be obtained. F017 example: 

• Is one set of beat boundaries ."better" than another­
set in terms of the major objectives of field patrol 
operations? 

• How will field performance mea',sures be affected by 
anticipated increases in the nil1mbers of calls for 
service, or by a decreased call-for-service rate 
resulting from the screening olE low priority calls? 

• Will significant improvements i.n field performance 
be realized if automatic vehicl'e :location equipment 
is installed? 

• What effect will changing the distribution of pre­
ventive patrol coverage have on field perfomance 
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 the use of special (non-response) units to handle 
calls arriving when no units are available rather than 
queuing the calls until a response unit becomes 
available. 
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Conceptual use of the hypercub,e system is depicted in Figure 1-1, 

which illustrates the model's role as a planning" tool, and the 

integral role of the planner as the decision-maker in the design 

process. 

Several versions of the hypercube software now exist which 

permit the system to be implemented and accessed in, a variety of 

ways. For example, one version is designed for interactive use 
\'.' 

on a time-share system. With this'versibn, apo11qe planner 

carl describe the patrol policy and beat. configuration to be analyzed 

in a "conversational" manner by responding, via a teletypewriter 

data terminal, to a series of questions posed by a computer program. 

The program analyzes the planner's response to etlch question te 

ensure that it is consistent with previously puPPlied information, 

performs ether errer-checking functions, and reformats the infor-
(j 

mation for processing by another component .of the hypercube system. 

Other versions of the hype~cube system, designed for no:n-interacti ve 

use, are more suitable for implementation on data processing sys-

terns maintained by police departments. 

B. Objectives and Activi·ties of the ·Field Tes,t Project 

By the'. spring of 1975, use .of the hypercube system had been 

explored by pc lice departments in New York City and New Haven, 

Connecticut, and it had been implemented for the redeployment of 

patrol resources in the Massachusetts cities .of Boston, Quincy, 

and Arlington. Hypercube imp1ementatien in these departments 

revealed a number .of unreso1ved.questiens. Among these were: 

• How accurate are the field performance estimates 
computed by the hypercube programs? 

• What costs will be incurred by a police department 
using the hypercube programs to renriew and redesign 

., its patrol beats? " . 0 
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Planning and 
Data Collection 

Planner collects input 
data describing the 
geographic distribution 
of work and the patrol 
operations 

" 

Planner Analysis Hypercube Analysis Review Approval 

=:) Planner proposes an 

~ 
Planner uses the hyper~ ~ Al t 7rna ti ves are f--J\ New policy or 

alternative patrol cube model to obtain --.I rev~ewed c:, f--,I configuration is 
policy or beat estimates of field accep~ed 
configuration performance measures 

.~ 
for each alternative 
policy or configuration 
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-.J , ; 
Proposed policy or c~mfigul;"ation is rejected. 

Figure 1-1 

ITERATIVE DESIGN PROCESS USING THE HYPERCUBE SYSTEM 
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• HoW much technical assistance will police ~sers of 
hypercube syst~!I!"r~q,l!.i~~,"~l:l,_RgJ,lecting,inpiit datal' 
procuring data'processing services and equipment, 
operating the computercc,programs, and interpreting 
hypercube output? 

the 

• How can the future dissemination and utilization of the 
hypercube system be accomplished, and the ,future 
availability of the programs, documentation, training, 
and technical assistance be assured? 

o 

Resolution of these four questions was the primary objeptive 

of the field test project begun in 1975 by The Institute for Public 

Program Analysis with funding through NSF's program of Research 

Applied to National Needs. The primary activities of the project 

are summarized in this section. More detailed disGussions of each 

activity are presented throughout the remainder of this report. 
:) 

The field test project 'was carried out in two phases: 'a, 

six-month planning phase, and an eighteen-month fiel~ test phase. 

During the planning phase of the project, police departments in 10 

r.:'-: 

ci ties belongi.ng to the California Innovation Group, 'anNSF-fl,lnded':'~"= 

consortium of cities involved in technology transfer, were surveyed 
D 

to identify those departments interested in participating in the 
/'-
/~j 

field ,test program, and to gather detailed information ~bout each 

d~partment. The results of the survey were used to design the 
\, " 
~\ . ~-) 

f.v'rrld test '\phase, and identify the departments that would partici-
II 
\~\ 

pa-c:e. 
\\ 

\\ 
'\ Sources of data processing services sui table for use' during 

':.) '\ 

the field test were aiso surveyed during the planning study. After 
1>'; ,', 

exte'ilsive benchmark testing of the hypercube ·sYstem on three 
" 

commercial time-share sYl?tems, Natio:rlal CSS, Inc.*was ':select.ed for 
'-'·tl-. -, 

use during the remainder of the project. 

The planning phase also enabled members of the TIPPA research 

" *CSS is always 'abbreviated in the cO,rporate!tti tIe. It stands 
for' Conversational c Software System.-'-- 1,., 
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team to. familiarize themselves with:the hypercube sQftware and 

dQcumentatiQn, identify needed changes and additiQns,' and fQrmulate 

plans fQr evaluating the sQftware and assessing the accuracy Qf 
. ; ~::: ,;-::'"::.:::~--:---=-,:,:::::'::.-'~::::::) 

the mQdel. 

The field test phase Qf the project was structured arQund 

the fQIIQwing activities: 

• Meetings and wQrkshQPs - Representatives Qf the TIPPA 
research 'team, the' participati,ng departments, and 
cQI1:§'altants to. the prQject participated in an 
Qr1entatiQnmeeting, a training wQrkshQP, and a 
PQlicy analysis 'wQrkshop. The QrientatiQn meeting 
was held to. discuss prQject activities and affirm 
each department's cQmmitment to. cQntinued participa­
tiQn. The" train~:I1g wQrkshQP was held to. familiarize 
department rePffl!'sentatives with the use Qf the hyper­
cube system. /'Thepolicy analysis wQrkshQP, held near the 
end Qf the prQject, was used to. discuss use,Qf the hyper­
cube system fQr patrol PQlicy analysis, and to. review 
the experiences Qf each department in analyzing, de­
signing, and implementing new beat cQnfiguratiQns~! In 
addi tiQil, the TIPPA research team and the prQj ect '! 
advisQry bQard met twice to. di,scuss and plan prQj€~ct 

• . • • I, \1, d 
actJ. Vl..tJ.es . ii 

" 
o • Dat'a 'collectien and 'ana-Iysi's' - prier to. the trainiLng 

wQrkshep, members ef the TIP!?A research team assisted 
the staffs ef the PQlice dep'Cirtments in cellecting, 
tabulating, and analyzing department data to. predl!lCe 
the input'" infQrmatiQn required fer the hypercube J?re­
grams, and to. previde the basis fQr subsequent ass'ess­
ment of the hyp~rcube estimates .;:i'i: 

• Data processing - FQllQwing the training werkshep;, 
representatives ef the participating depar'tments 'used 
the hypercube 'system to. analyze and redesi,gn their 
patrel plans with data terminals, data precessing, 
services" and over-the-phene technical assistance pre'" 
vided by TIPPA. .Seve:r;al Qf the patrQl plans designed 
in this way were subsequently implemented. 

• I\'sse's:sment'of ,the: hypercube system - The hypercube seft­
t~are wc;s evaluated in terms ef beth 'its usability by 
police department perse~mel ,VIi thout prier experience in 

\~!, using cQmputers, and the' accuracy ·ef'thehypercube per-
'" fermance,. estimates. Based en suggestiens by department 

reprE;f,sen fa ti ves, a number ef changes were incerperated 
into. 'the system to. impreve its usability. : 

,. Infe,rmatiQn disseminatien - Many preject act~vities were 
'"' directed at infQrmi;p.q PQtential users in the law enfQrce-
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ment community of hypercube I s avail'abili ty and the 
potential benefits that can l;'esult from its use. Ci 
These activities included direct contact with' 
interested organizations, publication of articles 
and announcements in numerous journals, and hypercube 
presentations at ~several meetings and conferences. 

l- <;-' 

• Insti tutionaliza·tiOii of the' hypercube system -To 
ensure the future availability of the' hypercube soft­
ware and documentation, training in the usebfthe 
system, and technical assistance when requil,i~d, several 
alternative methods for institutionalizing th~hyper­
cube sys tern were inves tiga ted, and a reeomrnenCled course 
of action was formulated. Q I. . 

C. Proj ec·t ·Res'lll ts and Products 
y , 

The field test project produced the following:answ;ers to~the 
'.' () 

questlons identified' above: 

• How accurate are the field per:formance: estimates 
computed by the hypercube p:rog·r:ams·? Assessment of 
hypercube's performance estimates indicate that they are 
sufficiently accurate to permit a planner to compare 
alternative patrol plans and select the one which best 
meet,s his department's objectives. Because the hyper­
cube system estimates some performance characteristics 
previously unavailable, hypercube provides a valuable 
tool for planning patrol operations. In genera'i,ohyper­
cube estimates do not duplicate empirical data in ".an 
absolut.e sense because 'of simpl'lfying assumptions incor­
porated in the model, and,inaccuracies in the raw data 
input to the programs. 

!~) 

• How much willa police department ~.s' use of the hyper .... 
cube system cost? The major costs toa department 
using the hypercube (system are' personnel, data proces­
sing i' and training and technical assistance. ' A com-
plete beat, design effort from ipitial planning to final 
implementation requires a minimum of .two man-months o£., 
effort. The effort required for a departmen.t using 
hypercube for' the firs·t .time may run as ,high as four 
man-months of full-time work. Data processing costs 
incurred by individual'departments ranged from 
approximately" $600te $5~OOO .during the field te~t 
when an interactive version of the software implemented 

\1' on a commercial time-share system w\as used. Technical; 
assistance costs depend on the experience of depart­
ment personnel with computer models.' Departments 
in the field test project received an average of 1.0 '~=_=. ===""-,,,,=---"F'" 
man-days of train,ing and technical assistance. 

• "How mucho
, technical. assistancew:bll users require? Users 

who have familiarized tHemselves with the hypercube system 

~ , \:' .. , 
p. 
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through self-study, or by attending hypefrcube training 
workshops, will require only a limited amount of 
technical assistance in collecting input data and 
operating the computer programs. Documents produced 
during this project will reduce the amount of techni­
cal assistance required by future users in these areas, 
and in the areas of procuring data processing services 
and interpreting hypercube output. Technical assistance 
needs will also be reduced if recommended repackaging 
of the software is achieved. 

How can'the future dissemination and utilization of 
the hypercube system J)e accomp'lished? Dissemination 
of information to the law enforcemenu community about 
'the availability and capabilities of the hypercube 
system began during the field test project through 
direct contact with interested 'organizations, publica­
tion of journal articles and announcements, and pre­
sentations at meetings and conferences. Recommended 
methods for continuing these dissemination efforts 
in the future were proposed. A recommended course of 
action was developed to assure that hypercube training 
and techriicalassistance, as well as copies of the 
software, will be available in the future. 

:tnth-e'"prOcess" of answering these questions "the hypercube 

'C0 
field test project has produced several, useful reports. These 

included thefoll:owing: 

• How' to Set up Shop for Use of 'the Hypercube System -
a report intended to help police planners and other 
potential hypercube users assess the benefits and 
costs of using the hypercube system; 

• Field Evaltlation of the Hypercube System for the (i 
Analysis of Police PatroIOp'erations: Executive 
Summary - a brief, non-technical summary 9f the 
project; and 

'-~~ __ ":,,=,,,-=,,_c:-:, .. ::-::,~_:c-.. -_-==·ec._ ·J~J.!.&t.:rUct:t011a;;.1=I.ia-eer:i7a;€bs=~or"'Ii€farni-rn;f"'-to-" Us e 'the 

[I 
.·Hyper,cubeRkogr.ams "for Analys'is of Police Pa tr"ol 
Operations - a handbook describing use. of hyper­
cube computer programs for the design and analysis 
of police patrol operations. 

These documents are available from The Institute for Public Program 

Analysis. 
'.' 

services provided or initiated as part of the field. test proj-
1\ 

'" ect included;~ 
~~h 
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• Through training and other forms of technical assistance-, 
the TIPPA research team assisted planners from eight 
police departments collect data," analyze existing 
patrol policies and redesign ~e~t configurations, and, 
in some cases, implement and evaluate beat plans. 

• TIPPA initiated several dissemination efforts to, in­
form potential users of the availability and benefits' 
of the hypercube system. These efforts included 
arranging for the appearance of articles and announce­
ments about the hypercube programs in five national 
publications, and .for notification of the software's 
availability to state, planning agencies in public ' 
safety throughout the' country. In addition, TIPPA 
designed and maintained an exhibit on the hypercube 
system at an NSF sympo~ium, mailed hypercube information 
to hundreds of state and local agencies, presented. I? 

papers on the""'hypercube field test at several meetings 
of professional societies, and introduced hypercube to~ 
police planners attending university "short courses. 

• Usability of the hypercube sof'twared~V'as improved as 
a result of changes and additions to the hypercube 
programs identified during the field tests. 

• An interactive version of the hypercube system was, '> 
implemented on National CBS, Inc., an internationally­
accessible time-share data processing system. Use of 
this version of the software is fully documented in 
the training handbook developed during the project. 
As a result, this' hypercube system can be used by 
police departments without existing in-house data ,J,;::;t\" 
processing capabilities, and by plann~rs without prior 
data processing experience or knowledge of the NCSS 
time-share. system. 

D. Structure- of the Report . 

Chapter II contains a brief review of the experiences of the 

police departments which participa"ted in the fieldtesi;: p;t:QjeJ~.:t~ •. _~_~:: __ , __ =.~ 
"--"="-"':=-,7:: 

For each department, the d~,ta collection proceduresutilized,the-

types of hypercube analyses performed, and. the kindS of problems 

encountered, are discussed. The results of eacli-department's 

involvement in the field test project, and the factors contributing 

to these results.r are summarized. Chapter II concludes with a 

brief discussion of key element's in the successful uSe of the 

hypercube system based on' the field test proje,ct and a survey of 
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other hypercube users. 

Chapter It I discusses data collection, data prcicessing, per-

sonnel, and technical assistance costs associated with use of 

the hypercube system. In addition to summarizing the costs experi-

enced during the field test by the individual departments,proce­

dures for estimating the cost of using the hypercube system <;ire, 
I 

presented. 

Chapter IV discusses the hypercube software and assesses the 

accuracy of the hypercube performance estimates. Changes made to 

the software during the field test project are summarized, and 

r,ecommendations are pres'ented for additional changes in current 

versions of the software. 

Chapter V reviews the techriology transfer efforts accomplished 
T;:---=-~ 

during the project, iden{fif:ilS the need for additional technology 

transfer activities, and'prc€-ewts several alternatives for meeting 

these needs.. <Topics dis.cussed .include information and software 

dissemination, technical assist~nce, and training. 

Chapter VI draws upon the field test results to make recom-

mendations for improvements in, and dissemination and institutiona).i-

" zation of "t:he hypercube sy;stem. A plan for implementing the technology 

transfer activities identified in Chapter V is presented. This plan, 

if implemented, would significqntly increase the number of police 

. agencies that would have 'acces's to the hypercube system. 

Appendix A contains detailed descriptions of the field test 

activities in Buroank, Fresno, and Sb, Louis County. The implementa-

tion of revised beat plans and patrol policies in these departments 

are also discussed. Key project participants are listed in Appendix 
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Bi and the current sources of hypercube software, documentation, 

training, and technical assistance are identified in Appendix c. 
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CHAPTER II 

FIELD I~.PLEMENTATION OF THE HYPERCUBE PROGRAMS _ 

A. Introduction 

The field testing of the hypercube programs was conducted by 

The Institute for Public Program Analysis in cooperation with 10 

police departments, nine in cities belonging to the California 

Innovation Group (CIG) and one in Missouri. CIG is an NSF-funded 

consortium of cities created to help local governments develop an 

effective process of technology tran9fer and to institutionalize 
< , 

this process within the participating cities. A science advisor 

is assigned to each city manager to provide active leadership 

and guidance in th'Et'15rOmotion'~o'f technology utiiization. 'TheCIG 

program is governed by a policy board consisting of the managers 

and administrative off:icers from each city with day-to-day manage"" 

ment and coordination provided by the 'CIG executive ~taff. The 

CIG cities are shown in Figure 2-1. 

The 10 police departments participating in the project are 

listed in Table 2-1, along with 'information sUIlL."TlaT-izing their 

respecti ve jurisdictions. This many agencies were included in order 

to study the performance of the hypercube system under a wide 

range of conditions. . (The departments serve cities wi thpopula­
.. l'\~ 

tions 'from 85,000 to 766, (}OO, and utilize P?ltrol plans reqairing 

from 5 to 96 beats at anyone time.) 

The. hypercube programs have attracted considerable attention 

among law enforcement agencies, and they have been utilized to 

§Qnt@ ~x:tl::m;tbYPQlice dept;trtments in. ,New Haven, (Conn~eticutl ,New 

York City, Boston, Quincy (Massachusetts), and Arlington (MaSsachusetts) .. 
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Figure 2-1 

1. Anaheicm 
2. Burbank 
3. Fresno 
4. Garde.h Grove'~ 
5. Huntington Beach 
6. Pasadena 
7,. San Diego 
8. San Jose 
9. Santa Ana 

10. Santa Clara 

LOCATIONS OF CALIFORNIA INNOVATION GROUP CITIES 
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Department 

Burbank 

Fresno 

Garden Grove 

Huntington Beach 

pasadena 

St. Louis County 

San Diego 

San Jose 

Santa Ana 

Santa Clara 

Table 2-1 

BASIC INFORMATION ON FIELD TEST POLICE AGENCIE~3 

Population Size of N'tfumer 
of Jurisdiction of 

Jurisdictiona (Square Miles) a Beatsb 

85,000 17.1 14 

175,900 51.0 16 

119,600 17.5 6-8 

146,400 25.8 12 

112,000 22.7 7 

(Mo. ) 350,000 360.0 41-73 

766,100 310.1 96 

547,500 147.4 40 

174,800 27.6 8 

90,200 18.5 7 

I) 

. Number of 
statistical 

. Reporting Areasb,c 

39 7 

110 

127 

150 

476 

200 

127 

so 
a Based on 1975 estimates supplied by CIG and the St. Louis County Police Department. 

t ~., 

bAS of 1975, prior to"conunencement 'Of field test program. 

c The 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 ot' 280 "Beat Building 
Blocks" (BBBS) specifically for use during the last beat redesign in 1973. 

'l, 
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In addition, they have been the subject of training sessions for 

polic~ planners at M. I. T. and at Northwestern Univer$ity's 

Traffic Institute. ,:['he '-field test program was aimed at resolving 

some of the~uestions left unanswered by these p~evious users of 

the hypercube programs. Among these are: 

• How accurate are the"field operations performance 
characteristics es·t.imated by the computer programs? 
(Can they be relied upon in planning patrol deploy­
ments?) 

e What costs will be incurred by a police department 
which employs the hypercill)e programs to review and 
redesign its pa·t.rol beats? 

• How much technical assistance will police users of 
the hypercube programs require, taking into account 
aid required ;i..p. 'connection with the collection of 
input daj;lL;::the procurement of data processing services 
and.~quipment, the operation of the programs themselves, 
gnu/the interpretation of output? 

How can the future availability of the programs be 
assured, so that law enforcement agencies will be 
able to obtain copies of the programs and dOQumenta­
tion, training in the use of the system, and technical 
assistance? 

The implementation of the hypercube system in the partici-

pating police departments was designed specifically to answer the 

first three questions and contribute to the development of 

alternatives for assuring the future availability of the system. 

Also, the experiences of the 10 depart~~nts helped demonstrate 
-' 

how the hypercube programs mayor may ngt be of value to depart~ 

ments in making key resoUrce allocation decisions. Another 

p~oduct of the effort has been a set of field-tested training 

materials suitable for use by police planners le~rning to use 

the system. 

The following sections describe the activities that comprised 

the field implementation portion of the project and summarize the 
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experiences of the 10 departments involved in the project. " More 

detailed case studies on three of the depa.Ttments Burbank, Fresno, 
'.' 

and St. Louis County -- are con~ained in Appendix A. Information 

on the evaluation of the hypercube software and validation of hyper­

cube' output is contained in other chapters 6)£ this report. 
::;' 

B. Overview of Field- 'Implementation Activities 

The field implementation and testing of the, hypercube p:ro-

:- grams were structured around the following acti vi ties: 

• planning survey, 

• orientation and data collection, 

• training-design workshop, 

• police department use of the hypercube.S;Q£tware 
wi th technical assistance from TIPPA, and " 

• policy analysis workshop_ 

It was hoped that all 10 participating departments would be ih-

volved in all field test activities, but two departments withdrew 

during the course of the project and others missed the final 

workshop Jlue .:t:o schedule conf+",icts. 

Planning Survey· 

During the planning phase of the field test protect, TIPPA 
I,· i!; 

staff conducted a field survey ,fol! ~\e police departments in the 

10 C;IG cities and ~,t. Louis County. 0 The field survey ·J:tad two 

principal objectives. The first was to explain gnd demonstrate 

the interad'five version of the hypercube system to 130lice 
• r, 

I 

planners in l,'ie9-ch city to determine which departments were interested 
\11 

in particip4i:th19 in the fiel"~,,, test program. The second objective 

\ was to gather ~etai:ed information about each department to 

serve as a b~\S1S for designing the field test and sele<::ting the 

'. specific Citi\S to be included. The information collected fram" 

''\ \ 17 
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each department included descriptions of both past and current. 

beat ae~ign methods, identification of deployment and dispatching 

policies, J:l:.he availability of data required fOr the hypercube 
ij 
:) 

modeJ, and\lt..he",planning capability of each departmeht. Based 
lr-;: ,1 

"". 
upon the survey findings and other preliminary activities, 

detailed plans were developed for subsequent phases.of the field 

'test project. 

Orieptation ang. Dat~i collection 
"I ~: n l 

Ii On Ma~ 14, 19 7tan '~orientation me~~lng" ~: fieldte.st pgJ::t~c-

, ipants was held in Pasadena. California.0 In attendance were 

chiefs of police, department planners, CIG science advisors!{t;.id 
,:;\ 
\~r 

others from nine CIG cities, the director of planning for the $t. 

Louis County Police D~par.:tment, members of the TIPPA research 

team, executives of CIG, consultants, and Dr. Richard Larson, 

,orig;i.nal developer of the hypercube model. The purpose of the 

meeting w~s to explain the proj ect', s obj ecti ves to all participants, 
" 

eto provide a detailed introduction to the hypercube methods' and 
. " 

the dqta reqfiired, and to reaffirm the ebmmitment of the partic­
\\ 

\1.!/ \~ 0 
ipating pol~ce departments. 

\'/ 

Following the orientation meeting afld prior to the Training-

Design Workshop, TIPPA staff revisited each participafing police 'V 
(I c:; 

departIl10nt to assist them in developing a plait ~for collecting 

data needed as input to hype~cube, and to assess the clv'a,il@:i,lity,,: 
~ b 

'< of other dataneed,ed to valigate" the hypercube output." 12-Follow-

ing th~~e,°v:i.l?:i.ts" technic.al assistance-,wasprQvided by telephone ,;:,l, 
, 'f 

from TIP.~A' s. 'office. The tabulation . and analysis of raw data 

o _:;-_---.----;;:;..7~' 

<} 

(, 



. .,-....,..".,. "~"'-, ....,;;--,-,-!."",.-----------...,..,..,----..-""'i,......~-~..,.---.0~--

,. ,-'I 
'1) , 

this task for themselves .o·Techriicil assistance from TIPPA duringt' 
Q.J 

the data collectiopef'fol;:"t appeared to be alyitnportant'f;a.btbr=-i:iC~-.:~c--=O,-------·==--

the successful completion of this work in most departments. 

Training-Design Workshop 

Planners from nine police departments attended a one-week Q 

"Training-Design Workshop" presented by TIPPA in Pasadena, on June 
',,-' 

o ~, 

21-25, 1976 (one department haa dec:::liJ,led to participate furth0r). 

~~~~r to the workshop, 
~ , 

pants1 use, derived in 
II 

hypercube programs and 

-.::1:.: 

a han~,ook was developed for the partrci-

part from existing documentation on the 

in part frornother police resource alloca-

tion and evaluation literature. Participants comp1eted'a seri~s 

of simplified beat design exercises i11nstratihg use of the, hy­
\...:..;, 

percube programs, and then proceeded to examine their own dep£rt-

ments' beat plans using input data previously compiled for this 

purpose. 

Police Department Use of Hyperc,ube 

Following the Training-Design Workshop, participants took 

the portable data terminals to tneir own departments to begin 

o 

the next phase of the "project. This involved Jlse of the te!'rrnina1s 
(S, • ' 

and the Ness time-share system to complete anaxYS1S of their 
,:; '" 

current field o~:~rations and to cstudy possible beat plan revi­

sions. TIPPA provided over .... the-phone technical assistance to the 

planners as needed. 

Two of the original d~partments did not participate in this 
\) 

_phase of, the p:r:oject~ One department .\-litl1i

l
-dre'ltl duet:o-th~illmoun-t-~··'--_o. 

of effort that would have been requi~ed,' to Iii co11E';:ct the i~put d~ta 
o 0 

ThJ! othe:# d~~ided to drop 
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out of t:he projedt following the training workshop since the 

dJ~.~:r;j~.me_nj:-'-s __ patrolJleats-h ad~re-cent·ly-· been.--reB.-l-igned-r-~'and--the-/~---_o --- ---.--
1 

people who would hqve been using hypercube were occupied with 
z'" ,;:, 

=~~='=T-~~mp,;l;ementing a new team policing program. 

Three departments which completed analyses of their patrol 

deployments implemented new beat plans designed with hypercube 

assistance. The plan developed by the Burbank Police Department 

included a realignment of the department's two command sectors 

and the development of a new configurati.on with 10 beats. In 

Fresno, new beat plans were developed and implemented for eaqh of 
~2/ 

four shifts. Hypercube-designed beats have been implemented 

in two of the five precincts in St. Louis COUl1ty~ 

':i;'he remaining five departments made varying degrees of progress 

in their hypercube analyses. Table 2-2 shows the extent of hyper-

cube usage by the 10 departments involved in the project; 

brief summaries of the departments' experienc~s are contained in 
\ 

the following section of this chapter. The ~\ppendix to this 

rep\prt contains more detailed case summaries on the use of the 

hyp~~rCube software by the three departments ~;,hich implemented. 

hyp~\rCube-deS~gned beat configurations. 

Polj,cy Analysl.s Workshop 
il . 
:\\ 'l'he "poliCY Analysis Workshop ,:~eld in December 1976, was the 

f::tna\i1 activity involving the pari~icipating departments . The 
. iA r. II 

agenild\ "\ for~this two-day workshopi: included the followil'ig: distri-

b ,iIi . d d' .. · , f 'd
t
; d ., "," "utJ,ilIPll aD _.;L.sCusS.l..on 0 . re\ll.se.: andexpan_ed tra1.n1.ngmaterl.a_s,~\ c 

~ 0 • Illi! ~ 

shaIi~lng of feedback from participating departments regarding use 
il\1 0 . 0 

of hll:i~percube I and a brief presentation on" use' of the <Software for 

patr,(l policy analysis. 20 0 
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Department 

Table 2-2 
, 

EXTENT OF HYPERCUBE USE BY THE TEN PARTICIPATING POLICE DEPARTMENTS 

Areas/Times 
Selected for 

Analysis 

Examination of 
Current Beats 

Completed? 

Al t.erna t i ve New Beat 
Structures Structure 

Examined? Proposed? 

o 

New Beat 
Structure 

Implemented? 
".~---------------------------------------------------------------------------------------------------~---------

Burbank 

Fresno 

Garden Grove 

Hu,ntington 
Beach 

Pasadena' 

St. Louis 
County 

Sa'n Diego 

San Jose 

Santa Ana 

Santa Clara 

" .;:0: 

city'-wide 
all times 

city-wide 
5 time periods 

city-wide 
5 time periods 

city-wide 
3 time periods 

,I 

city-wide 
3 time periods 

5 precincts 
3wg.J;:gl1es 

yes 

yes 

partial 

partial 

partial 

yes 

I) ci ty-wide I:, yes 
(ambulance districts) 
2) downtown no 
patro~ beats 

2 distr:lcts yes 
4 time periods 

city-wide yes 
3 watches 

,city-wide "no' 

"1/' 

yes' yes yes 
'~" 

yes yes yes 

no no rio 

no nq no 

yes no no 

yes yes partial 
(2 precincts) 

no no no 

no no no 

,:: 

yes no no 
C1) 

I .; 

no no. no ., 

no" )/ 

£~ no no 

f 
.,;-; 

,~ l\' , 
,I 
11 
iI 

\1 
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c. Police Departments'" Experierice Wi·th Hype:rcube 

This 'section contains a summary of each participating depart­

ment's experience -'in using the 'hype:rcube programs. The intent 

is not to provide a thorough accounting of "what happened, but 

rather to highlight progress made and major problems encountered 

in each department. Problems 'common to several departments are 
" 

not detailed in each department's summary; thus, the ,fact that 

a specific problem is mentioned in connection with only, one or two 

departments does not necessarily mean that other departments did 

not share the same problem. Also, there may not be any mention 

of some problems specific to the model itself, such as the fact 

that the model requires certain input data not routinely collected 

by most departments. Problems inherent in the hypercube software, 

technical assistance needs of hypercube users, and costs of hyper-

cube usage are discussed in detail in other chapters of this 

report. 

Burbank 

From the time the Burbank Police Department was approached 

about the field test project, there was interest in participating. 

A need existed to bring the beat plan more in line with 'current 

patrol strength, even though the amount and type of crime had not 

changed significantly. Stdrage of police data on the city's 

computer was being considereq, and it was felt that the beat 

(I structure and data collection procedures should be examined before 

computerized record-keep~ngwas initiated. Also, it was felt 

that department personnel could gain valuable expertise through 
~ !> 

the training involved in the project. 
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Data collection presented a major obstacle,'and there was 
o 

considerable doubt about whether the data could be gathereq at a 
'I 

reasonable cost within the time available. The department had 

no computerized data and no established system of geographical 

reporting areas. Before using the hypercube programs, the depart­

ment had to design a reporting area system for the city and con-

struct a data base by sampling dispatch tickets and officers' 

daily activity logs. The amount of effort involved seemed 

initially tq be more than could be justified in terms of potential 

benefits to the department. 

Members of the research team met with department ~ersonnel 

who would be involved in the project to discuss data collection 

efforts. Based on the plan developed, admin~strative aides in 

the department devised a reporting area system and collected 

sample data from dispatch tickets, assigning incident addres'ses 

to appropriate reporting areas. The research team had the data 

keypunched and processed' for input to the hypercube programs. 

Prior to the hypercube study, the Burbank Police Department 

had used the same l4-beat configuration for over 15 years. It 

was decided that for eas~of administration the department would 0 

continue_ to use a si_ngle beat plan for all watches and days of tpe 

week. It was known, however, that current patrol strength was 

usually insufficient to allow one car per beat under the l4-beat 
,:::. 

plan. An average of 10 patrol units were being fielded during the 

(8:00 a.m. to 4:00 p.m~ and4";OOp.iii. to 

'I 1'1"1"1, midnight) and even fewer units were being fielded on thenighet shift 

, ( 'd ' ht to 8 00 am) Therefore, 1.'·t was decided that the new m1. n1.g :. • • 
II 
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beat plan should contain 10 beats divided equally between the 

two command sectors. 

Based upon hypercube analysis of the l4-bef~t: plan and 
( /' 

approximate workload balancing, two alternative"plans were devel-
" 

oped for each sector. These ini t.i.al plans also aCttempi:.ed to 

encompass distin,ct neighborhoods wi thin the beat boundaries. Each 
. 0 

plan was analyzed using the hypercube programs, with particular 

attention given to workload balancing and minimizing cross-beat:; 

dispatching. Based upon analysis of hypercube output, a new beat 

plan for each sector was presented to field commanders and approved 

for implementation. 

one: 

Several factors helped make the Burbank experience a positive 

• Technical assistance from TIPPA, especially during 
the data collection effort, enabled the department 
to successfully complete what at first seemed to be 
an impossible task. 

• There was a' recognized need to reexamine the old 14-
beat configuration. 

"'C'-""eC "'Ij}he"dep'artmentwas willing to try a different method 
of ,data collection in order to complete the study • 

. In spite of the good results obtained by the department, 

continued use of hypercube in Burbank is not anticipated. Th~, use 

of ,a static beat plan and the stability of the city's population 

and crime patterns mean that major beat revisions will probably 

not be necessary in the near future. The reporting area system 

devised for the hypercube study will probably not be used for on­

goin9 data collection by the department, and the planner trained in 

hypercube operation has left the department. Therefore! the 

anlount of effort involved in implementing another hypercube study 
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would be difficult to justify in view of ,the li,mited additional 

'bene'fi ts of such a study to' the department. (More detailed infor-

mation on the Burbank Police Dep'artment' suseof hype':tcul;le is 

contained in Appendix.~.) 
!: 

Fresno 

Prior to the hypercube 'study, the Fresno Police Department 

had used the same l6-beat configuration for over 10 years. This 
I' 

plan \V'as used on all shifts 'and all days, of the week. J\.pproxi-

mately the same number of officers were deployed on each 'of the 

three working shifts (7:00 a.m. to 3:00 p.m., 3:00 p.m. to 11:00 

p.m., and 11:00 p.m. to 7:00 a.m.), and additional manpower was 

deployed on a "lap" shift (7:00 p.m. to 3:00 a.m.). The units 

assigned to the lap shift provided back-up assistance for the. 

regular beat cars. 

The limitations of this manpower allocation plan had long 
" 

been recognized, but previous analyses could not successfully 

justify proposed changes due to a lack of data. In recent years, 

however, the police department and thE:!.c city's data processing 

center have worked together tp·-improve the department's data 

collection capab iIi ties. The city has been divided into 249 !! zones" 

wi th areas of approximately Q._?5 square miles, and worklQ~d data have been 

captured by hour and zone •. Workload ,~Eformation gathered ~~~~es.~ci~~­

tions, offenses, arrests, court appearances, offense clearances, 

dispositions, and accidents. The availability of these data h~s 

greatly ~nhanced the department's ability to analyze pat,:t;'9l ope;r:­

ations, and most of the basic hypercube input data were available 

o~Ttrt'rough the-~=dat~ -processing center. 
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Hypercube. was especially appealing because of its ability 

to show the inter-relationships between workloads, response times, 

preventive patrol levels, and cross-beat dispatching. The data 

processing center could provide these data, but could not combine 

them into an integrated analysis of alternative beat designs. 

Also, the department was preparing to implement a computer-aided 

dispatching system (CAD), and wanted a beat design study completed 

be~ore final CAD implementation. Thus, the use of hypercube coin­

cided wi thocsxis ting department priori ties. 

The old 16-b~~t configuration and possible alternatives were 

examined for five different time periods. It was found that there 

were sufficient personnel assigned to the patrol division to handle 

the generated workload, but serious utilization imbalances were 

found among the various beats and times of the day. As a result, 

patrol manpower was redistributed among the four overlapping shifts, 

and a separate beat plan was developed for five different time 

intervals examined. Under the new plan, the number of beats varies 

from 13 (3:00 - 7:00 a.m.) to 29 (7:00 - 11:00 p.m.). 

The actual implementation of the new plan proceeded quite 

smoothly, and the department is considering using hypercube to 

periodically assess beat performance. A report has been issued 

by the department to describe'the use of hypercube and the results 

of its efforts.* 

Several factors contributed to the success of the beat design 

,effort in Fresno: 

*"Beat Design and Manpower Deployment System," Fresno Police 
Department Administrative Services Bureau (James L. Packard, Deputy 
Chief), November 1, 1976. 
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• There was a recognized need for revision in patrol 
allocation and beat structur~. 

• 
• 

Many of the data items needed wel7:e readily available. 
. .. ,. l" . 

The format1on of a department task force to superv1se 
the project helped assure the cooperation and input 
from all bureaus affected by the project. 

• The administrative services bureau had the necessary 
personnel to carry out the data collection and analysis 
phases of the project. 

The success of the Fresno effort is particularly noteworthy 

because of the rather drastic changes made, i.e., from a static 

beat plan to plans which vary nearly every four hours. Many 

departments find such variation in bea.,!: plans to be.adrninistratively 

unacceptable, but such a reallocation of patrol res~urces was s.)eert 

as necessary to reduce the excessively high patrol unit workloads 

previously common to some times of the day. 

(More detailed information on the Fresno Police Department's 

use of hypercube is contained in Appendix A.) 

Garden Grove· 

The planning effort in the Garden Grove Police Department was 

hampered initially by a lack of readily available data, and 

later, by' a reorganization of the patrol:division. Plans 

haSi been made for examining the performa.nce of the department's beat 
o 

plans, which called for six. to eight ,beats, during four different 

time periods, but very little of this work was actually accomplished. 

The department uses a reporting /3.rea system, which divides the 
·1 

city into 91 areas. Serious crimes are tab~lated by reporting area, 

but patrol activities are not.· As a result, sample data from dis-

patch records had to be collected to provide reporting area. workloads, 

incident rates, and service tinles. Ten percent of all calls for 

27 



\\ /1 

service and officer-initiated ir:widents from December 1975 through 

May 1976 were analyzed. Response' speed data was gathered by field 

observation. 

The patrol division was reorganized and new beats were imple­

mented in July 1976 following the appointment of a new police 

chief. The reorganization was based on plans made before the 

hypercube study began. In addition, planning was begun for the 

adoption of a team policing plan in 1977, with patrol teams assigned 

to school district areas. Toward the end of the project, some 

hypercube runs were made on possible team policing deployments, and 

the .resu,lts may later:be used in the final planning for the team 
" :,' \', 

r;',' 

policing program. 

The Garden Grove experience illustrates how other priorities 

can affect a hypercube study, especially when there is only a 

marginal commitment to the study in the beginning. Although these 

shifts in priori ties cannot always be foreseen, it is advisable ~, 

that an effort be made to assess their potential impact prior to 

initiation of hypercube analysis. 

Huntington Beach 

The hypercube study in the Huntington Beach Police Department 

,was initiated as a low priority project, and when problems arose 

with the collection of hypercube input data, and other depi3.rtment 

projects demanded increased attention, the hypercube study was 

halted. The planner working on the study did manage to collect 

all of the necessary data and make several successful runs~ exaroin-

ing the existing beat structure and one possible alternative plan. 
e' 

" 

However, the data produced have not been used in making any deci-

sions about field patrol operations. 
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The department has used a va:r:d.ety of sophisticated management 

tools, and there was interest in exploring the potential uses of 

hypercube. 'l'he department has implemented a CAD system, has 

detailed computerized data available on patrol operations, and is 

currently implementing an automatic vehicle locator (AVL) system • 

. But despite the interest in hypercube, the commitment to a hyper­

cu~e study at the time was marginal for several reasons: 

• There was no pressing need for revising the current 
beat structure. 

• The department could not commit itself to making 
beat revisions which would require revising CAD 
programs. 

• Major emphasis was being placed upon AVL implementa­
tion and development of management reports associated 
with it. " 

• Future AVL use would diminish the need for well-
defined beat boundaries. " 

It was hoped that computerized management reports would 

provide most of the hypercuhe input data with little data collec-

tion effort. However, it was found that much of the data produced 
!l 

was not compatible with hypercube requirements. 
c.\ 

Rather than embcixk 

upon a time-consuming data collection effort, existing data wer~ 

used with some modifications. For instance, citations and incidents 

resulting in the writing of a department report are tabulated by 

reporting area, but total patrol workload is not. The distributi'on 

of the former was used as the distribution of total patrol work­

load, on the assumption that the two distributions would be equiva: 

lent. 

The shortcomings of the input data added to the doubts about 

hypercube's usefulness to the department. The planner working on 
!! ., 
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the hypercUbe ,study was also developing management reports to use 

CAD and AVIj information, and the hypercube study was eventually 

set aside in favor of these other projects. 
-

The Huntit$ton Beach experience shows the danger of embarking 

upon a hypercube study as a low pri'ority project, presuming that 

little data collection effort wil,l be require'd. An early')assess-

ment of hypercpbe data requirements and available departmentda1;a 

"can yield a fairly cl~p.r picture of the amount of effo,r.t.r.eq-qired 

to produce the desired level of reliClbility. 

Pasadena 

The hypercube beat design study in the Pasadena Police Depart-

ment accomplished only a portion of what was originally-planned. 
(\ 

Plans had been made to e}{amine the performance of th~ existing 

seven-beat plan and possible alternative plano 'during three separate 

time periods. Only two time periods were examined, and no alter-

native beat config'tlrCftiofis were proposed for implementation. Rea-

sons for. the slow'progress of ~~e study included the following: 

• The current beat plan was implem~nted in 1975, and 
neither field nor commasd p~rsollnel had identified 
a press~ng need for chan~e~ 

';:. Planning resources in the department are limited; the 
small Administrative Services Bureau has handled the 
hypercube s£udy, but it has other duties such as 
budgeting and ;the management of federal 1?rograms. 

• Field and command personnel have a gen~.ral mistrust of 
computers based on pas t expe,riences, and even the planner 
using the system had misgivings about the input. data 
used and'::;;he ways in: which the system models the 
department's pperation. 

The department has no computerized data, so workload data for 

hfyercube ha~,to be collected 'from a sample of dispatch ticke"i:s. 

h .. ' 1 1" (( )i . . T e OT,'l.gl.:na samp, ~ used ,.;::ons1.sted of alld1.spatchtickets from 
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y May 12, 19:;/6, through May, 27~ 1976: "This sample was later 

expanded to inciude July qalls, so ~at the final sample consisted 

of 35 days (five of each day of the week). Datq were coded by 
0' 

clerks in the department and sent to TIPPA for processing prio:r;, 

to the Training-Design Workshop. Approximately 6,'3QO incident''g 

were, included in the sa~ple, but some types of incidents were 

excluded as not being part of patrol force workload; among those 

incidents excluded were those handled by station personnel and 

those handled by des\\fJnate~ "report cars, II which respond only to 
,/ ' 

routine report-taking calls. 

Difficul ties were encoun'~~i~red in modeling some departmel}t 

operations and estimating some: input data items. Thes(e diffi-
" 

cultiesst.em from operational practices which cannot be modeled 

by the system, and the fact that the system calls ,£or data not " 

routinely collected by most departments. " For example, the Pasa-

dena Police Department uses p,riority dispatching and call ~stack-ing~ 

at the beat level, rather than having the dispatcher hold calls. 
t 

These practices make it difficult to estimate ~ervice and travel 
( 

times. Also: there were no data available on Jthe. time spent by 
\, t::~l II .' C ~ 

patrol units for various administrative duties; (velficJ.e maintenance, 
o 

warrants, tr~nsporting pri~OIlers, briefings, etc.) . Subjective 

estimates were used for these data items" diminishing the confi-

dence that could be placed upon hypercube perforrn9~ce estimates. 
Q .. -~ .... 0 

" . '\\ Field personnel were not ~nvolved in the hypercube study, 
'" I) 

41 

but the study was discussedat'uni£orm division meetings. No t-aslt 

force was formed to consider the implications of hypercUbe output 

or' prop6'se, alternative bea·t, plans; any beat plan changes which 
" II 
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might have been recommended by the planner would have been 

presented to watch comma..nders for consideration. Selling a new 

beat plan to field personnel woU:!ld have been difficult because of 
o ~ " 

their mistrust of computers and trhe lack of serious problems with 

tftFe present plan. The main beat design criterion used in the past 

has been unit workload which dispatchers have tended to informally 

balance. Hypercube output allows examination of a broad range of 

performance measures, and there is some doubt that field personnel 

are prepared to consider data of such amounts and complexity. 

Futur~ use ot' ltypercube in Pasadena is doubtful. The study 

seemed very much dependent .upon the data collection assistance 

p%,ovided by TIPPA. Continued use of hypercube would mean continu-
'" 

ing the data collection effort and the llse,c of costly outside data 

processing, neither of which se'em likely in view of its limited 

usefulness to the department. 

The experience of the Pasadena Police Department is valuable 

in that it illustrates s~;veral poin·ts which may affect the use 

of the system ,in other departments: 

• Hypercube Cl,nalysis is not likely to be of much value 
to a department unless it meets an identified need 
and has the support of field and command p~rsonnel. 

• Much of the required hypercube input data is not 
routinely collected in many departments" so that 

, extra time must be spent on collecting data and/or 
D ~) arriving at subjective estimates. 

• t1'Jhe system may not easily model all op~~rations poli­
cies, so input data may have to be adjusted and output 
interpreted to fit local conditions'; this may require 
considerable effort and a planner with some: data 

~;, analysis "expertise. D 

(J J 

• Departmen,ts with a small, planning and analysis staff 
may be unable to allocate an uninterrupted, span of time 
to work with the hypercube. Qther high priority tasks 

32 



o 

• 

• 

may interrupt hypercube operations for a sufficiently 
long time that the planner must take time to reacquaint 
himself with hypercube. 

The hypercube analysis may indicate that only a very minor 
improvement could, be made, in the beat plan. The value of a 

"minor improvement ·has to be compared to the cost involv~d 
in training personnel and changing proc~.dures toaccommo-­
date a different beat plan. . The intangible cost of 
resistance to change must\\ also' be evaluated. 

Some departments may not' 111ave any funds hudgeted for 
unanticipated qata colled~ion or data processing.' Fur­
thermore, such t special pr<,jects must generally be planned 
months before (the actual E~:Kpendi tures occur since funds 
can be reques~kd or obtairted. only at certain times of " 
the year. The! only practical al ternati ve is to ,reduce 
available funds for other projects and spend the money 
on hypercube. This is ,difficult to achieve in a 
department which is already operating within a very 
restricted budget .rl 

St. Louis County 
o 

De~,igning patrol beats for the St. Louis County Police 

Department is ,1':, difficult task. Eacn of the department's five 

precinc,ts operates as 
\\ 

a separate command area, s~ each 'requir~s' 
"'" ~) 

(I 

. " 

\ separate,,'l?eat plans. In addition! aILo£the .. preC!incts. vary=beat=~==~~==.=; 
:\ 

bqundaries~\'RY watch. 

:--:. H 

Consequently, a 4,iotalredesign of patrol 

beats requires 15 separate plans. Significant workload differ­

ences also exist within the approximately 350 square miles served 
() 

by the department since the jurisdiction contains depsely popu-

'I v 
lated urban areas and sparsely populated ;;rural areas. 

When given the opportunity to participate in th,e field 

test proj~ct, the response within the St. Louis County Police 

Department's Planning and Research Burea,u was immediately affirma-

o ." 
tive. Much of the data needed for hypercube input was readily 

available in computerized form, and the burea,u had alr.ead~ been 
Q 

given a directive from the pol-ice superintendent to produce a new 
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beat design and manpower allocation plan by the end of 1975. 

The only obstacle to the department's participation was the 

project's timetable. The actual work of designing new be~ts was 

not scheduled to begin untl~l after the Janu~ry 1, 1976, deadline 

facing the bureau. HoweveJt, since the department could easily 
\; 
\\ (J 

produce most of the necessilry input data and was located near 

the Institute's offices, arrangements were made for a police 

plFlnner to use TIPPA's data terminal during November and December 

(1975) for the purpose of ana)~yzing proposed beat plans using the 

hypercube programs • , 

The Superintendent wanted the redesign to be conducted by the 

planning and reseajtch bureau without the input of precinct command­
II 

ers. Unit workloads were to be equalized in each precinct on ea~h 

watch, so the entire effort consisted of three steps: allocation 
(; 

of department manpower to precincts according to precinct work­

loads, allocation of each precinct's manpower to the three shift.s 
',,-

according to shift workloads, "and design of beat plans for each :,'. 

watch in each precinct. A total of 15 separa~e plans were pro­

duce~ using hypercube. 

'The five precinct commanders objected strenuously when the 
.) 

new plans were p'resented, and as a result, none 'was implemented. 

in the formulation of the manpower allocation plan upon which 

the new be~t designs were based. Also, workload equalization was 

questioneq .as a sui table manpower allocation and beat design objec-

tive, and ques-l-';/::ms were raised about the data used to meas,ure 

\'lorkload. 

The 1975 effort did show that the first precinct was under-
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manned, and in the spring of 197,6, additional patrol manpower was 
\ 

allocated to that area. Conse'quently, new patrol beats were 

neJ:ded, and the planning and res'earchbureau was again called upon 
, ~, 

to 6levelop the plans'. This redesign effort, however, .wa:saccom­
\\ 

plished through a joint effort by a planner and the precinct 

commander; in fact, it was the: commander who drew the tentative 

plans which were analyzed using the 'hypercube programs. 

were agreed upon and were implemen,ted in\ April 1976. 

New beats 

The 1975 study had also shown the fifth pre~inct to be 

undermanned, and the construction of a large shoppping center in a 

previously undeveloped area promise'd to further increase the 

precinct's workload. In the .fall of 1976, additional manpower 

was allocated to the fifth precinct, necessitating the develop-

ment of a 'new allocation of manpower by shift, and new beat plans 
1\ 

for each shift. As in the case of the first precinct, this rede-

sign effort was based on. cooperati.Oll Qe~tw_eenthe"planning= .. and==.=== 

research bureau and precinct personnel. Specifically, a planner 

wo:rked closely with a lieutenant designated as liaison by the 
v 

precinct commander, responsible for securing ,the necessary input 

from precinct officers. The use of the hypercube programs was 

fully explained, and hypercube output was shared wi th "the lieutenant, 
, 'i 

who explained the findings ,to other precinct personnel. 

There was considerable discussion concer~ing the number of 

beats to be manned during each 'shift. Two alternative alloca-
(J 

~~ " 

tions were proposed and alternative beat p1ans were drawn. for each 
I) - ~:--' 

allocation. 
j':' 
Hypercube output was used in the process of deciding 

r,; 

upon the alternative which seemed to offer the most equitable 

balance in utilization and response' times. BaSed upon theSe 

=' 

l 
o c =- j 
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discussions, one of the prop~sed allocations and beat plans was 

chosen for implementation. 

Several of the tentative guidelines suggested during the 

planning stage of the field test project have bee'I). validated in 

the experience of the St. Louis County Police Department. These 

are as follows: 

• There is a need to have agreement on beat design 
objectives before redesign work is begun", (The 
hypercube programs assume that in the iterative 
design process the planner has a set. of goals and 
p:r:eferences with which to trade off.conflicting 
objectives. ) 

• There is a need to have agreement on a manpower 
allocation plan prior to initiating the beat design 
process. 

~ 'I 
• Field commanders havingresponsibili ty for impl,<f. . 

menting and supervising patrol operations need to',be 
involved in the beat design process. 

More detailed information on the St •. Louis County PoH.ce 

Department's use of hypercube is co:p.tained in Appendix A. 

j~-, San Diego 

The San Diego Police Department entered the field test project 

'in hopes of test,ing the application of hypercube to a limited area 

of the city. Based'uponthis test application, a decision could 

be made on hypercube's future usefulness to the department. There 

was no pressure to revise the current beat structure. The depart-

ment has a sizabl'e resea:r:ch and planning unit and considerable 

amounts of computerized manageme3'i'lt data., but even so, the hypercube 

study turned out "to be more complicated than originally antici-
Ii' 

pated. }s a 

Se;veral 
r= {j . 

result, .most of the initial plans were not carried out. 

difficulties hindered the progress of the hypercube 
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study. First, San Diego is so large (310 square mil"es, 253 

reporting areas, and up to 96 beats) ,that modeling, the entire 

city in a single hypercube run would ti.e prohibitively expensive. 

However, the city is difficult to partition into areas that can 

be modeled separately. The patrol force is divided into three 

divisions, each of which has "lieutenant's zones" and "sergeant's 

zones." Also, four radio frequencies are used. Patrol data are 
'::'. -

collected by census tracts, which are too few in number for 

detailed beat analysis (e.g., there are only two tracts per 

beat in many areas). Because the city contains large undeveloped 

areas with few roads and significant natural travel barriers, hyper­

cube's method of computing travel times was considered to be less 
" than reliable; however, alternatives were not considered feasible 

in terms of the data available and tqe effort required. 

Data were Gcollected for an area in the central part of the 

city, but no, analysis w.as .. ever-performed; . .Instead, several 

city-wide analyses were made for the city's ambulance service, which 

is ope.rated by the police department. Fifteen ambulances are 

operated, and each has a designated response area. Hypercube 
1.1. ." 

was used to examine. the performance characteristics of these 

ambulance districts. 
i?)( 

In terms of: patrol operation?, it was decided that analysis 

of the allocation of patrol units by watch, by day of the week, 

and by command area was the most urgent need. This. analysis 

would be very tedious to perform with hypercube, andc:.>would be 

more easily accomplished with Rand's Patrol Car Allocation Model 

(PCAM). Hypercube could then be used to "fine tune." the beat 

structures for each area and time. 
,~, 

With this in mind, the depart-
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ment set aside the hypercube study and concentrated 0'1-1 implementing 

PCAM. 

The outcome of the San Diego hypercube study confirms the 

. value of advance planning in the use of hypercube. A review of 

model documentation and related material can y.ield a fairly accu-· 

rate assessment of the amount of work that will be required and 

the sMitability of the model for use by a particular department. 

Also demonstrated is the need ~or a commitment to hypercube use 

on the part of the field and command staff; this commitment should 

be based upon. an informed assessment that hypercube can assist 

departmept planners in meeting recognized department needs. 

San Jose 

The San Jose Police Department's participation in the field 

test project was ,limited to the analysis of the beat plan for two 
-',';:.., - ,..; ~,. - ;: - ;-,';' ,., ;-.;-

of the department's seven districts. This was intended to be a 

pilot or experimental lISe of bYpercube! witb a decision to be 

.made later on whether to attempt a full-scale hypercube analysis. 

The reasons for this limited participation were several: 

• The department implemented new beat plans in 1974 after 
an extensive beat analysis using IBM's prototype Geo­
data Analysis and Display System (GADS). 

• The department is in the process of implementing a 
computer-aided dispatching system and would be 
reluctant to change beat boundaries since this would 
require some CAD reprogramming. 

• The qeat maps used by the department are quite detailed, 
and would be expensive to revise if new beats were 
implemented. 

• A grant application had been made for a project (Patrol 
Empnasi~ Program) to evaluate various patrol strategies. 

• Although a reporting area system was devised for the 
1914 beat redesign, inc.ident data have not been routinely 
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collected by reporting area: to construct such a 
data base for the entire city would have been very, 
time-consuming. 

Despi te these limi tat'ions, the departmento's planning and 

research division was interes.ted in the hypercube system bEtc:~use 

of its unique capability to analyze interbeat dispatching and 

travel times as well as workloads. However, it was felt that the 

system would be more usttful and attractive to police planners 

if it had some of the mapping and. display capabilities 'of GADS. 

There is a possibility that the Patrol Emphasis Program may explore 

ways of linking the two systems. 

The 1974 beat redesign effort included partitioning the city 

into 280 Beat Building Blocks (BBBs), but incident ~b,iS not 

routinely collected by BBB. However, sample data from 1974 were 

available by BBB, and these data were used in order to minimize .~ 

the data collection effort required. This sample consisted of 

incident data from 2~ days between May 1 and December 31,_ 1~74., 

It was initially decided that only the Second District would be 

examined, so that the areas and center coordinates w01Jld have to (J 

be computed for only 35 BBBs. However, the First District, with 

60 BBBs, was also exam~\ned during the project. 

(Jithin each district, beat plans were examined for four 

time periods during which manning levels remain constant: 8:00 
o 

a.m. to 5:00 p.m., 5:30 to 10:00 p.m., 10:00 p.m. to 3:00 a.m., 
o 

and 3:00 to 7:30 a.m. During the intervening time periods, . 
" 

manning levels increase due"to shift overlap. D Existing beat 

cJ plans were analyzed, and some additional runs were madel/with 

various high-workload beats split :in half. 
• I /. 0 

The only field opera-

tions change being' considered as a resUlt of this analysis is\the ~ 
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,possibility of adding an additional car to some beats. 

The planning and research division arranged two hypercube 

demonstrations for field commanders. The purpose of these \ 

demonstrations was to make the commanders aware of ,hypercube 

and its potential uses. Copies of hypercube output were distri-

buted to show the performance of a busy beat and the effect of 

adding an additional car. These sessions lasted between one and,;) 

two hours, and involved a total of 20 field personnel. 

The reactions of field personnel were mixed. Most had seen 

r; GADS being used and some had difficl,Alty distinguishing between 

the capabilities of the two systems and the new computer-aided 

dispatching system. Some seemed to have a good appreciation of 

the output statistics. Others said they knew their areas and 

people better than any computer could. The inability of hyper­

cUbe to model prioritized dispatching of calls was seen as a 

major shortcoming, since this is fairly common in San Jose. 

-The main possibility for continued use of hypercube in the 

San Jose Police Department is as an. adjunct to the Patrol Emphasis 

Program. Due to the amount of time, money, and effort involved in 

creating a city-wide data base for hypercube, rev.ising the CAD 

programs, and creating new beat maps, serious defects in ~resent 

! beat structures would have to be demonstrated before a major 

redesign effort would be authorized. 

Due to the limited nature of the San Jose Police Department's 

use of hypercube, few general conclusions can be reached. The 

"existence of other priorities was recognized from the outset, 

which enabled the department to make a realistic assessment of 

the .. amount of effs:>rt that could be devoted t-Q ~behyp.~xG~estudy. 
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Also, the misgivings of some patrol personnel about hypercube show 

the importance of involving patrol representatives in=pI~nning and 

supervising the design effort. 

Santa Ana 

At the time the Santa Ana Police Department was approached 

about participating in the field test project, the department 

o 

was preparing to implement team policing.~previously, the depart­

ment had been divided into eight patroJ.Aistricts, with four or 
~/ 
~ 

five beats in each district. The team policing plan did away 

with beats and allowed each team to design 5.i't~ own patrol plan. 
)1' 

Despite the implementation of team policlng:,_ there was some 
l._~) 

interest in using hypercube to compare the performance of the 

new system with the old. A good computerized data base was 

available for the old beat system, so Santa Ana was selected to 

make trial hypercube runs during the planning phase of the field 

test project. Two days' efforts by a department planner, w9r~ing 

with technical assistance from the TIPPA staff, produced usable 

performance data for the department, and allowed the TIPPA staff" 

to observe the use of the hypercube programs with actu~l police 

department data. This experience was a valuable part of the 

study's planning phase. 

The departmeXlt did not, however, get to the point of analyzing 

the new team pOlicing plan. A department rep;r:-esemtative attended' (, 

the Training-Design Workshop, but did not have sUfficient data 

to complete the team policing analysis. Shortly thereafter, the 

department withdrew from further participation in the project'O for 
/! ~ 

the following reasons:' ~\ 0 
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• Data required as input for a city-wide beat plan· 
analysis were not readily available; the change to 
team policing had made some data difficult to obtain. 

• Because of a perceived high volume of cross-district 
dispatching, it was felt that only a city-wide hypercube 
analysis would be appropriate, involving a minimum of 
30 cars; runs of this size wcmld result in high 
computer costs and would produce output tables which 
would be difficult to read and interpret. 

• Since the team pOlicing plan had been recently 
implemented, no chang~s in field operations 'Would be 

. considered for at least one year; consequently, use of 
hypercube to consider alternative deployments was 
seen as having little benefit for the department .• 

The withdrawal of the Santa Ana Police Department from the 

field test project was therefore based upon an assessment of 

other department prioriti~s and problems in applying hypercube 

to the department'? needs. This assessment was based in part 

upon the limited use of hyperd\Ibe by a department planner dur~ng 

the planning phase, but it illustrates the importance of this 

kind of as.sessment to a department considering the use of hyper-

Santa Clara 

The Santa Clara Police Department was quite interested in 

participa.:t:;ipg in the field testing of the hypercu1:?e programs, 

but data collection problems forced the city's withdrawal from 

the project shortly after the orientation meeting. 

In 1974, a city-wide reporting area system with 50 "zones" 

was' developed, and there ~ras some enthusiasm about using the zone 

system fer the first time as a means of structuring patrol beats. 

A new amusement park was being built in a previously low-workload 

prea, and the chief was interested in an overall analysis of 

patrol policies. However, gathering the necessary data on patrol 

Z; /i 
! 
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activities proved to be more difficult than originally anticipated. 

Only serious crimes were tabulated by zone, and most patrol data 

were aggregated only by beat. To construct the input data base, 

it would have been necessary to collect data on calls for service 

from dispatch cards and data on self-initiated work from officers' 

daily log sh.eets. Even though only a small sample would have 

been required, it was felt that the department could not spare 

the manpower needed for such an effort. 

An alternative plan was to ha~e dispatchers immediately begin 

assigning a zone number to all calls recei~ed. Since the city has 

a civilian police-fire dispatching center, such a change would 

have required the city manager's approval. After much discussion, 

the police chief and patrol commander decided that the effort 

involved was more than the potential benefits to tlle department 

could justify. Instead, efforts were to be concentrated in 

improving some of the data collection weaknesses brought to light 

during the department's brief involvement in the field test 

project. 

The assessment of the effort required for hypercube implementa­

tion was ca.rried out with the assistance of TIPPA staff, but this 

same assessment can be accomp'lished thrOU9\a tq.orough review of . 

hypercube literature. This assessment can surface issues such 

as thosf~'-'~;ii}ich caused the Santa Clara Police Department to wi th-
J 

4:" 

draw from the field test project. 

D. Survey of Hypercube Owners o 0 

'~ .• ;;,:i • 

Concurrent with the ~ield test phase of the proJect, an 
-'I !- r?) -., ,. 

effort w,as made to identify-a.nd contaot persons and organizations 

.which had purchased. the'hyperqube programs ,&ortheir '@wn use it 
. " 
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Twenty-four hypercube owners were identifiep'. Of these, tline were 

police agencies, four were other municipal or crimina.! 'justice 

planning agencies, and 11 were .other organizations, including 

research and consulting fi:r:ms ana u~ivers~ty-affiliated organi­

zations. Six had obtained the programs from the Rand Cbrporation 
" . 

and the other 18 had obtained them from M. I. T.; l2:had inter-
" 

active versions of hype~cube, and 12 had non-interactive versions. 

A briefquestionnai::::e was drawn up by 'l'IPPA and sent to the o 
24 hypercube owners. Twelve responses were received. Of those 

responding, six stated that they had purchased the programs for 

irrlJZlementation j;§: local police agencies or criminal justice 
",) 

"planning agencies; four were intending to use the program as 

part of resea:r:ch and consulting effort,s; one intendea to use 

the programs as a teaching tool and one did not respond to that 

question. 
1\,1, 

Only six respondents had actually implemented the programs ,! .. J 

and only two had actually completed any analy~is of police field 
1\ 

operations. None of the respondents had received any training 

in hypercube use, although one mentioned being introduG~~'fo 

hypercube at an M. I. T. short course. Those who had not used 

the programs mentioned several r'easons for not doing so: diffi­

culty in selling services to police departments, data collection 
:1 \\ 

... ~7,,,,=,."..:o,d:k~:fiG-ul..ties'11ack of a PL/I compil.er necessary to -implement the 

G 

software, and the existence ,~f other priority projects. 

Eight resp~ndents mentioned the use of other police resourc~ 

allocation software. Seven of these had PCAM, and one haq both 

PCAMand prograrnst. for designingwork:schedU:l~s. On.e person 

PCAM had been toocoOmplicated to use, and another 
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commented t:.hat hypercube was the easiest resource allocation 

model to use. 

When asked about future' plans for hypercube usage, .four 

respondents stated their intention to proceed with the implementa-' 

tion of the model in local police agencies, and
o 

four stated an" 

intention to use hypercube in 'the course of· research or consulting 

efforts. One intended t.o use hypercube as a teaching tdol. One 

respondent was not sure how hypercube would be used, and two 

stated that the model would not ~be used by them in ',the future. 

Addi tional comments were made that financial constraints and re~ 00;; 
) 

sistance to changes in patrol allocation would hamper the use of 

hypercube. 
c;:' 

When asked if they would recommend hypercube to others, five 

respondJ'rits said they would, although one of these persons warned 

that he would recommend the model only for those seriously interested 

in using it. The ,other seven respondents,either did not respond 

to that. question or stated that they could not judge a't this , 

time whether or not to reco~end the model to others. 

E. Summary of Field, Test Observations . 
. , 

Several ob~ervations have been made in prec~ding sections 
, ' C::I 

regarding the use of t.l1e hypercube programs in the police depart-

meJ;its participating in the·field test project. AS previously 

/1 

., 

o 
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=~~~~~~O~noted, these do not include observations about the hypercube 
G ., ., 

\", 

c.... a 

software itself, ~he technical\\ assistance re9uirements of hyper: 
~, (; 0 

cube users, or usage costs, as these are dis~~ssed i>elsewhere in 0 
o 

cthis 'report. These' observations a:r'e reiterated' here to summarize 

the collective experiences of the 10 participating departments 

and other hype):-cube users. 
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1. Lack of agreement on a manpower allocation plan can endanger 
the success 9f the beat design effort • .:. 

The design of geographical patrol beats is based upon a manpowe~ 

allocation scheme which determines the number of patrol units ~o 

,/ be' fielded by'time of day, day of the week, and command area. 

Adverse reactions to new beat plans may be based upon the numbi~ 

of beats as well as their structure. The ,- hypercube programs may 

~e used to examine alternative allocations of patrol manpower, but 

such analyses can be tedious and expensive. If manpower alloca­

tio.n by watch, day, and dommand is an important issue, the use of 

PCAM may be fappropriate priar to hypercube analysis. 

2. AgreemeIlit on beat design objectives is needed prior to the 
start of actual design work. 

The hY.t?ercube's iterative design method assumes the planner 

has a set of goals and priorities with which to trage off con-

flicting objectives. Hypercube allows consideration of a much 

broader range of objectives than other design methods, which may 
c: 

lead to the emergence of' priorities previously ignored for lack 

of data. Without agreement on beat design objectives, the amount 
,-

of hypercube output data can overwhelm the user and disagreements 

can arise during the design and implementation process. 

3. There must be a recognized need, for redesign of patrol 
beats. - , 

The~use of hypercube requires a considerable investment in 

terms of personnel time. In addition to the time a plann~r must 

spend learning to operate the system, collecting the input data, 

'and analyzing al ternati ve, pl~ns, time must be spent with comrtland 

and patrol operations personnel to aC<;Iuaint them with the system, 

review alternative configurations, and implem~nt the new pl~n. Th,e 



, ,,0 

commitment of the time necessary is not likely unless it is agreed 

that the effort is important to the department. . (' . (.7 ~. 

4. Considerable effort may be required to collect input data and 
analyze output data. 

Hypercube calls for input data not routinely collected in 
() 

most departments, so a special effort will have to "be made to "",-

collect or estimate some items: in departments with no computerized 

data, this effort can be considerable. Also, hypercube may not 

easily model some patrol operations common to many depa,rtments; 

" therefore, adjustments may have to be made in input or output data 

to approximate these operations. As a result, the services of a 

planner or consultant with data analysi,s experienCE{lmay be re-

quired. In departments with small, planning and research staffs, c- '0,. 

it may be difficult. to allocate an uninterrupted span of time to. 

the hypercube study; other tasks may interrupt hypercube use 

so that the planner may have to occasi.onally reacquaint himself 

with the system. This further increases the amount of time 

required to complete the redesign process. 

5. An assessment should be made prior to hypercube implementation 
to determine whether the amount of effort required is appro­
priate for the potential benefits of the study. . 

Before the decision i's made tOe proceed with hypercube" imple-

mentation, an assessme~t should be made to determine the jimount 

of ef:(ort that will be requ{~ed in terms of data collection, 

number of distinct plans to be produced, etc. The anj:icipated 

level of effort can then be weighed against the need for beat ""'=l 

redesign and' the existence of other department priorities. Hyper,.. 

cube analysis may indicate that only minor improvements can be 
Q 

rrtade, in which case 'the effort involved in the study might not I) 
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be justified; on the other hand, if extensive changes are indi-

cated, additional effort may be required in the implementation 
o 

process. 

6. Field operations personnel need to be involved in the beat 
design and review proces's. 'p 

Field commanders are responsible for the' implementation 'and 

supervision of patrol operations. There is like,ly to be some 

resentment ifothey are called upon to implement beat plans which 
I, 

they have had no part in desig~lng. Their input can be valuable 

to the planner since they have the most intimate knowledge of 

travel barriers, access routes, and workload patterns. They may 

have beat design objectives and priorities different from the 

planner's. Also, their involvement may help overcome any mis-l> 

givings about the use of a computeI:' ill Cie.e;igning patrol beats. 
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CHAPTER III 

DATA PROCESSING AND OTHER COSTS OF 
USING THE HYPERCUBE SYSTEM 

~ihe purpose of this chapter is:' (1) to identify the types of 

costs associated with using the hypercube system, (2) to quantify 

the magnitude of the various costs by sununarizing the expenses in-

curred by each department participating in the hypercube field tests, 

and (3) to provide guidelines which will enable potential'hypercube 

users in the future to estimate the costs they will inc'!lr in using 
-

the hypercube system to design police patrol beats for their own 

department. Costs are classified as follows ~l 

• data processing costs - the costs associated with setting 
up, maintaining, andusinc the hypercube system; 

• data collection costs - the costs associated with 
collecting raw data from department records (e.g., !3 
incident reports, duty logs, officer activity records, 
etc.) emd converting these data into the form required 
for input to th~ hypercube software (e.g., workload 
distribution by reporting'area, beat configuratiops, 
dispatch policies, etc. ') ; . 

o 

• personne':i costs - the manpower costs associated with . 
da ta collection, _hy:p,ercuba,.".data=p~oces.£n!J-r==a11a1.¥sis~~"='''-'''"O'''''='="=~='="~"= 
of hypercube output, and implemeptation of revised , 
beat configurations,and/o;r revised patrol policies; and 

" 
• technical assistance costs - the costs associated with 

obtaining both initial training .in th~~ use of the llyper­
cube system ana continuing technical assistance for 
system. usage, interpretation of output, etc. 

A. Data Processing Costs 

The only data processing costs discussed in this section are 

those directly t'elated to athe use of the: hyp~rcube system. These 

costs include preparation of hypercube input files, use of the 
\' 

hypercube,programs to compute performance statistics associated 

,0 
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with the beat configuration described in these input files, and 

retrieval of hypercube output. 

Types bf Data Processing Costs 

The types of data processing costs, that may be required to 

use the hypercube system include the cos~ of equipment, set-up 

charges, communications costs, storage charges, and computer 

usage charges. Each type of change is discussed below. 

Equipment. When t~e hypercube system being accessed is imple-

mented in a time-share or other remote-access en~ironment, a tele­

typewriter or remote job entry-type terminal ci'kpable of both data 
j;- ", 

input and output is required. In addition to the cost of renting 

or purchasing such a terminal, supplies (such as printer paper) 
,;-" 

must be purchased, service of the equipment may be required, 

additional insurance may be needed, and shipping charges assoc;iat~d 
\~f" 

wi th obtaining and returning rented equipment" will be incurred. 

Depending on the type of terminal, peripheral equipment may be 

necessary to provide an interface between the terminal and tele-\ 

.... phone lines. 

Set··up charges. Unless an existing, implemented version of 

the hypercube system is to be accessed, a number of set-up costs 

will be incurred before the software can be used. These costs 

include the following: 

• obtaining a copy of the source programs for the 
version of the hypercube system to be used~ 

• compiling (translating) these programs into an 
executable form and testing the programs; and 

• developing and testing supporting procedures to facilitate 
data input, system usage, and output retrieval. 
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If a commercial data processlng system is used, a minimum monthly 

charge may be imposed by the vendor even if no processing is per- c' 

. formed. 

Communications costs. When an interactive version of the hyper-

cube system is us~d on a commercial time-share system, the software 
l;~;/' 

and support procedures are usually stored on on-line disk storage 

devices. In addition, input data used by the hypercube programs 
~ 

are also stored on-line, and in some cases, prog,ram output will 

also need to be stored. Commercial vendors of data processing 

services usually charge on a daily basis for the amount of storage 

space used. 

Computer usage charges. The data processing costs actually 

incurred in using the hypercube system depend on the environment 

in which the system is implemented (e.g., commercial time-share u 

or in-house computer system), the version of the hype~cube system 

being used (e.g., interactive or non-interactive versi.on), and 

existing department resources (e.g., terminals). 

Use~s of commercial time-share services are billed for the 

amount of time they are connected to the central site computer, 

for the amount of computer resources. they use in processing, and 

for the number of input and output operations performed (e.g., 

the numbers 'of input records read or output lines printed). 

Similar charges may also be incurred when data processing is done 

in a non-time-share environment. 

Data pro~,~,ssin9 Costs Experienced Dur~ng the. Field Tests* 

Throughout the hypercube field tests, TIPPA' monitored the 
''';, 

*Costs quoted in this chapter are based on the price schedules 
of the suppliers of equipment, data processing services, etc. which 
were in effect iri-January 1977. ~ G 
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types and amounts of hypercube data processing performed by each 
"(~~ 

of the eight participating departments. The costs experienced 

by each department are reported inothis section, as are costs 

experienced by TIPPA in making the equipment and software avail-

able to each department. The discussion of these costs is pre-

sented in two parts. The first describes costs which depend on 

amount of usage and the size of the problem processed. The 

second dealiTwith costs which are independent of the level of use 

or problem size. 

Usage-dependent costs. Data processing costs which depended 

on the amount of computer usage and the size of the regions and 

beat configurations being analyzed are summarized in Table 3-1 

for eight: field test cities.* In this table, the regions** that 

were an'alyzed are classified as small (100 reporting areas or 

less), medium (101 to 200 reporting areas), or large (more than 

200 reporting areas). Similarly, beat-configurations are classi-

fied as small (10 response units or less), medium (11 to 20 

responfle units), or large (more than 20 response units). Iter­

ations refer to the number of times the hypercube software was 

used to successfully compute performance statistics. 

*In Table 3-1 and throughout the remainder d.f the chapter, 
the eight field test ci·ties that used the hypercube system are 

-~J:e f erreQ.-"· t.0~o.-u·si~ng-- ,a~pha'be:·t~~~c-de's~igll-atu·.Eg·~=fe7-~o;~~-,,-;;; ~-~!!~crtY=~K;;:-j--=:~~·--=- _.",.~~·,.=---7;'=-~=,-,-~-c:.--~-o_~-. -

\\ 
**A region is defined to be a group of districts (beats) 

administered as an autonomous field operations territory. Each, 
watch that is. analyzed separately with the hypercube software 
is treated as a separate region. (Thus, if the day, afternoon, 0 

and midnight watches are analyzed in one field operations terri­
tory,.'c these constitute three analyzed regiol1s.) 
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Table 3-1 

USAGE-DEPENDENT DATA PROCESSING COSTS DURING THE FIELD TESTS 

Size of Size of Beat Number of Number of Storage Usage . Total 
Cit~ Region's Configurations Regions Analyzed Iterations Costs Costs Costs 

A large medium 1 2 $592 $14.2 $734 

B small small 3 15 $360 $297 $657 

C small medium - large 1 4 $·360 $358 $718 

'i) 
D medium small - medium 1 2 $234. $379 $613 

01 
E small small 2 16 $164 $451 $615 LV 

~ F 
".; 

small small - medium 7 22 $360 $638 $998 

G medium medium 3 19 $360 $1232 ' $1592 
(l 

H large medium - large 4 36 $457 $3416 $386.3' 

'-7"_---==----:-""_--:--""== 
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The cost data in \'~Table 3-], may not accurately reflect the 

cost of analyzing and designing beat conficjB}'ations in allr,lcities 

of comparable size. Some reasons for cost differences are; p " , 

. Q 

(\ 

• Nost data processing costs during t.he field tes'ts were 
borne by TIPPA rather than by the participating depart­
ments. As a result,the hype:r:cube users were not par­
ticularly concerned with efficient operations to minimize 
costs. For example, users had the option of running the 
hypercube program which computes performance statistics 
either on-line or on a delayed (overnight) basis. Al­
though the Cost3 of overnight runs were only 40 to 50 
percent of on-line runs, only cities Band F made exten­
si ve use of the overnight capa1bili ty. Storage costs 
could also have been significantly reduced by copying 
data files to tape and releasihg the mor~,expensive 
on~line disk storage during periods of p~6longed in­
activity. If, for example, this procedure had been 

• 

• 

used whenever the softwa~e was not to be used for two 
weeks or more, the potential savings in storage Qharges 
would have been between 44 percent' (city G) and 83 per-' 
cent (city A) • 

Ini tially, certain operating probleiiis ,'were experienced 
. in using the hypercube software on the N.ational CSS 
system. These problems involved determining the amount 
of core storage required for various hypercube opera~ 
tions, and providing sufficient disk storage space to 
store hypercube output. Failure to provide sufficient 
core and diskp;storage space caused operations to termiJ!7\ate 
abnormally wit:hout producing useful results. ProvidiLj 
excessive amounts of core storage led to unnecessarily 
large charges for tey.~inql connect time (a component of 
the computer usage charges directly affected by the core 
size) • These, opera'cing problems were corrected during 
the field teg;,t.s and should .not affect future users. 

During the fi~\\dtests, each department,' s usage of the 
hypercube softwi\re was monitorecl, and duplicate copies 
of all hypercub{J outpu'l: were pr.i.,nted for TIPPA use. ' 
such monitorincf produced some overhead costs which will 
not be incurred by, fu:etire hypercube users. 

• The versiOn of the hypercube software used during the 
field tests was slightly different from the latest ver·­
sions available to users. These new versions of the 
software facilitate several hypercube operations. This 
should contribute to a reduction in hypercube usage 
costs. On the other hand, more core storage is required 
to use the ,hypercube prog:t:'am which interactively creates 

" 
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the input file describing the beat configurat,ion. 
This may cause an increase in the cost 6f terminal 
connect time. 

• All departments participating in the field tests used 
an interactive version of the hypercube,\ software imple- r'\ 

mented on a commercial time-share systenl. This is 'v-' 

probably the most expensive environment in which the 
software can be used. Less expensive (and usually less 
convenient) methods ~or performing certain hypercube' 
operations,. such as (he creation of input files, were 
developed and documented during the field tests, but 
no cost data for their usage are available. In addition, ~ 
non-interactive versions of the hypercube software ~re 
available which some police departments may be able to 
im~;J..ement and use on their own data processing systems 
for a fraction of the cost of using a commercial system. 

• Some features of the hypercube "system were not available 
to the field test participants and, as a result, the 
costs ass(.)ciated with us:Lng these features are not known. 
These features irlclude variable unit service times, dis-c 
patching using automatic vehicle locator systems, and 
exact(l(2ompu.tation of performance statistics~, (The hyper­
cube model used during the field tests utilized an 
approximation procedure capable of producing results 
wi thin a few peJ;11ent of the exact procedure.) Future. 
hypercube users ~ho utilize any of these features in 
analyzing medium or large beat c.onfigurations can expect 
to €,lxperien'ce significantly higher computer usage costs. 

Table 3-2 illustrates how these factors affected the data 

processing costs incurred in city H. Under ideal conditions, 

city H could have performed the same· hypercube analy~es for 

$1950, or 50 percl~nt less than the actual cost. A police depart'­

ment faced with the same beat desi'gn problem in a c~,ty of com­

parable size wou1d probably. incur data processing costs between 
" th t t ·..L. rI b" I • 1... ..... ,,- - ~ .... - - - _ • . e,. WO COS _.5 C~L~_ a..;,oV'e,~.e., .uetween <j)'.L::t:>U ana ~.:S~b.:S). 

Usage-independent costs. The portable teletypewriter 

terrqinals uaed by the eight departmen.ts throughout the field .. ,-

test program were rented for a montly CQst of $150r non-portable 
(""/ 

terminalsc
- are available for approximately $75 to $125 p~r month' 
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Table 3-2 

POTENTIAL COST RE.DUCTIONS IN CITY H'S HYPERCUBE ANALYSES DURING THE FIELD TEST 

On-line computation of performance statistics 

Storage of on-line data files 

Abnormally terminated hypercube operations 
, " , 

Unnecessary terminal ,connect charges 

, "'-TIPPA ruoni toring of data prQcessing 

Duplicate copies of hype~cube output 

~, Ope~\ations not require'd in la~est versiol}s 
" 

Other usage-dependent d~ta processing costs 

TOTAL 

Cost Incurred During 
Hypercube Field Test 

,.-, 

$1.089 

457 

407 

100 

175 
(l 

170 

207 

1258 

$3863 

(,-:; , 

Minimal Cost of Performing 
the Same Hypercube Analyses 

Ii 
1\ 
',' 

$490 a 

202b 

0" 

Oc ,:; 

0 

0 

0 
ei 

1258 

$1950 

('aA~su~es that 33 hypercube anaiyse~ are run 'over;ight, rather than on-line. 
() 1'1 

bAs;umesthat ali)lata.file~ are erased and on-"l.ine ~H,.sk stor~ge space is rel~.ased when ~~'-~l 
analyses are completed. 0 'c) \\ 

,/,:' ),~! J 
c, (j 

, • • ,. ~Y-J 

cAssum~s that all operations a!:fi)e performed tn' themini~un\ amouptQf Gore storage ca:-equl.red. 
o 
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" depending on the feat\ures included and the length of the rental 

period. Non-portable terminals were not used in the field tests 
() 

because the terminals were shared ~ong the participat.i,ng depart­

ments. The terminals used in the field tests were available for 

a minimum rental period of three months. Other terminals may be 

available for shorter periods at a slightly higher cost. Tele­

typewriter terminals can also be 'purchased for between $1,500 

and $3,500. 

The cost of shipping the terminals to and from the supplier 

was approximately $50 per terminal. (This cost varies depend-

ing on terminal weight and the location of the terminal supplier 

and the user.) For terminal users located in areas where the 

supplier maintained a s~rvice center, terminal service was pro~ 
.>::--..¥.- -. 

vided at no additional cost as part of-t~~j rental agreement." Users," 
" '>~ .:' .}~/ 'If 

in other areas were usually required''\.o;(~hip Cl. terminal needing 

repair to the nearest service center 1 or pay travel expenses (e. g. " 

$0.75 per mile outside of the normal service area) for an on-site 

service call. (During the field tests, three of the four heavily 

used terminals required no service and the fourth required two 

service calls.) The only terminal supplies required during the 

<"'--\ field tests was printer paper costing $6;:3 per case of 12 
\----

300 foot rolls. A single case of paper ,iwas sUfficient for the 

combined data processing 'of the eight departments. 

The cost of. obtaining a ta.pe copy of the,J1ypercubesystem WaS 
," 

$40 • The cost o.f program compilations on the National CSS' 
~ I , 

time-share sy.ste:!~1 was apprQximatell' .$375., .Minimum mont,l1ly 
() r::; • , () 

charges were not a factor during the field tests be9ause a]~ dat~ 
"0' .1 
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processing was done on a single account, and monthly bill,ings 

always exceeded NCSS's $100 monthly minimum. Even if each field 

test department had done its data processing on its own account, 

only city E would have incllrred any minimum charges. All of the 

field test departments except Fresno were able to access the 

~) 

National ess system through either a local or toll-free telephone 

number. Hypercube users in Fresno accessed the system by tele-

phonim:r Sunnyvale, California, incurring long distance communica-

tions costs amounting to approximately $600 over the life of 

the project. (Fresno was connected to NCSS by telephone for 

(\ approximately 40 hours during the field tests.) 

( The cost of storing the hypercube programs and all support 

p~ocedures facilita~ing system usage was approximately $88 per 

month. The cost of storing input and output files varied consid-

erably by department since the costs are dependent on the size of 

the (~4\les (which depends in turn on the numbers of reporting areas 

and patrol units being analyzed), and on the maximum number of 

output files stored simultaneously. By deleting files fr.om storage 

after obtaining paper listings, the field test departments which 

analyzed small regions and beat plans averaged storage costs of 

approximately $44 per month, while departments analyzing medium 

and large regions and beat plans re~uired storage that averaged 

$66 and $110 per month; 'espectively • 

usage-i!~~epenq.ent dalba processing costs incurred during the 

field tests are sUmmarized in Table 3-3. 

Estimating the Data Processing Costs of Using the Hypercube System 

"To estimate the data processing costs associat.ed with use of 
~; .. / c-
1< (I 
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Table 3-3 

USAGE-INDEPENDENT DATA PROCESSING COSTS 

1. Equipment costs 

2. 

3. 

4. 

a. Terminal purchase 

h. Terminal rental 
'-":::-0 

~,"" -

c. Shippirt\9 

d. Terminal service 

e. Terminal supplies 

Set-up costs 

a. Copy of hypercube sc-i!tware 
~";'~ 

b. Program compilation§ 

c. Development of facilitating 
procedures 

d. Testing 

e. Monthly minimum charges 

Communications costs 

Storage 

a. Hypercube softwafCe 

b. Input and outpu.t files 

$1500 - $3500 

$75 $150 per month 

$40 - $60 

$30 per servicing 

$55 - $70 

$50 - $200 

$400 (maximum)* 

$50 - $150 
c' 

$50 - $109 

$100 per month* 

II 
II 
1/ 

/' .// 
/1 
'/ 

ff 
jI 

II ,I 
(/ 

/. 

// 
/; 

;: 

Depends on user I s loca.tion 
I 

$88 per month* 

$44 - $110 per month* 

*Based on National CSS rate schedule in effect January 1977. 
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the hypercube' system, the following information must be obta;i.ned: 

• Number o~ regions to be analyzed - the number of auto­
nomous field operations areas and watches to be analyzed." 

• $~ze of each region and the corresponding beat confi­
guration - the number of reporting areas in the region, 
and the number of response units to be represented in 
~fte region's beat configuration. 

• Maximum number of iterations to be attempted for each 
region - the number of different sets of patrol policies 
and beat configurations to be analyzed with the hypercube 
system. This number should include oneiteratjpp to cali­
brate the hypercube model, and one iteration for analyzing 
the current patrol policy and bea~ configuration. 

• Timeframe within which the hypercube analysis will be 
performed - the number of calendar months between the time 
the hypercube system is first used and the time all hyper­
cube data processing will be completed. 

• Version of hypercube,,,,system to be used and method of 
operation - whether the software is to be used in a 
time-share or in-house environment, whether it is to 
be ~sed on the NCSS or some other commercial time-share 
system, whether an interactive or non-interactive version 
of the hypercube system is to be used, whether the hyper­
cube's exact procedure's will be required, and whether 
overnight or immediate turnaround will be required. 

Onc~ this information is available, the usage-independent 

data processing costs can be estimated by id:entifying those costs 

(use Table 3-3) that will be applicable~ For example, a depart­

ment planning to use a portable teletypewriter terminal rented for 

a two month period from a supplier with a local service center to 

access the hypercube software toll~free through the NCSS system 

would estimate its usage-independent data processing costs as 

$8}6 by summi~"'g items l-b (two months), l-c, l-e, 2-a, 4-a 

(two months), and 4-b (two months): 

2'x (150) + 601+ 70 + 50 + 2 x (98) + 2 x (110) = $876. 

Estimation of c~mputer usage costs is more difficult. Depend-
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ing on the version of the software to be used, computer usage will '~~ 

involve one or more of the following steps: 
(~ 

• Creation of an input data file (termed a region'file) 
describing the geography and'relative workload of each 
reporting area in the region - suqp a file must be 
created for each region to be allalyzed. 

o 

• Creation of an input data file (termed a district plan 
file) describing the beat configuration and patrol policy -
such a :file must be created for each hypercube iteration 
in each region. 

• Computation of performance statistics corresponding';;'to a" 
specific region and district plan file - such computations 
are required for each hypercube iteration i1;1 eachreg,ion. 

• Retrieval of hy'percube output - also required for each 
hypercube iteration in each region. 

Using data processing cost data gathered throughout the field 

test project, estimates of the costs involve'd in a single appli,-

cation of each of these phases have been derived. In general, the 
" 

cost.s depend on the number of reporti.ng areas in the region, the 

number of units represented in the district p)"an, and the number 

of different workload levels (call rates) for which performance 

statistics are computed. These estimates are summarized in Tables 
" 

3-4 through 3-7. 

Table 3-4 contains the estimated cost of creating a region 

file by entering both geographic and workload data for each 

rep9t"ting area in the region. Table 3..,5' can be used to estimate 0 

o 

the cost of creating a region file by modifying the workload data 
o 

in an existing 'region file without cnanging the geographic da,ta. 

The costs of creating a district plan file, computing p~rfpl~'Jnance 

statistics ,and retrieving output have been combined" into a singLe 
, 

:0 
estimate described in Tables 3-6 and 3-7. The cost ,stimates in 
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Table 3-4 

ESTIMATED COST OF CREATING AN INPUT FILE 
DESCRIBING REGION'GEOGRAPHY AND WORKLOAD* 

$18.80 13.00 17.00 20.60 
J ~:i(3 

i:~:3 .: 1~!lf1 

ll~5 

i:-::t'.:1 ~31Zi 
i:~I~JI~i 

;;::9.1:)0 
i:~j::~5 

::::i::~ • 131J 
;:::~5Ia 

::::5 \~,,~~:j fa 
\.,1 

;:~'?!5 
:~:::::;I j~JIZi 

,*For example, the cost of creating a region file with 125 
reporting areas is approximately $20. 

'rable 3- 5 

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

::':I;:!lZi 
t::f. t ~ 131Z1 

!:\l~:i ?:::; j I~Ki\ \ 1 ;::~~5 1. ~5(3 1. ,?~5 ;:~Cll~i j:~j::~:5 j:~:::j(3 j:~-?:5 ::J~:lIa 

$9.00 10.00 11.80"12.00 13.00 14.80 15.00 16.00 18.00 19.00-28.@J 

*For example, the cost of modifying an existing region file 
with 125 reporting areas is approximately $12. 
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Table 3,-6 

ESTI~mTED COST OF ONE ON-LINE HYPERCUBE ITERATION 
(OWE WORKLOAD LEVElJ) * 

j .~ • . . : .. 

) 

75 13.00 17.00 21.00 26.80 30.80 35.00 89.00 44.00,.48.00 33.88 ~7.80 

280 25.80 29.80 3·~.00 38.~3 43.80 47.~~ ~2.00 56.00 61.00 65.~a 69.00 

225 27.80 32.00 36.00 41.00 45.00 50.00 54.00 59.80 68.00 67.00 72.00 

250 93.00 34.80 39.08 43.00 48.00 52.00 57.00 61.00 65.00 70.00 74.00 

*For example~, the cost of one on-line hypercube iteration 
for a region with 150 reporting areas and 10 units is approximately 

,$29. 
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ES'rTMA'rED cos'r OF ONE BATCH HYPERCUBE ITERATION 
(ONE WORKLOAD LEVEL) * 
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j]lj i~~·? ,. 1?i121 4·':'-1. 12;1::~ 

*For example, the cost of one batch hypercube iteration 
for a region with 150 reporting areas and 10 units is apprqximately 
$20. 
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Table 3-6 are applicable when performance statistics are computed 

on-line for a single workload level, while those in Table 3-7 apply 
'~ 

when performance statistics are computed off-line (:rl
• e., overnight). 

The following items should be considered when attempting to d'; 

use these cost estimates to ,predict the data processin9 costs for 

future hypercube analyses: 
(j il 

• 'I'he estimates were derived assuming that "costs increase 
linearly with the numbers of reporting areas, districts, 
and workload levels. This assumption appears to hold 
fairly well for the problem sizes reported in the tables, 
?llthough the estimates appear to be slightly low fo.r 
the smaller problems and slightly high for the larger Ii 
problems (i. e., in the upper left and lower right portions il 
of the tables, respectively).. -, 

• The estimates assume that all district plan files are 
created using the interactive monitor program, that 
performance statistics are computed using tne, approxi­
mate model, and that only :r::egion, unit" and district 
performance measures are.listed. 

• The estimates were based on the rata Schedule in effect 
ill January 1977 on the National CSS time-share system. 
Costs based on different time~shar~ systems are not 
predictable with the estimates shown in Tables 3-4 . 

• 
through 3-7. . 

(1 

The estimates have not been adjusted to include any 
overhead associated wi th using the hyp'!=rcube system 
(e. g., inefficient use of the systen(, (?r ru~~s 'aborted 
due -to the user's error). The exper;iellces (')f the field, 
test partic;i..pants sugges-t that this{"ov~\r4ead can be 
substantial: \~ II /I 

As an example in estimating uSage-dependen\:!i data processi~g 
/i \\ I. 

• /1 ' .. , • I 
costS I suppose that a department uses the l.nter~ctl.ve version ,/;Of 

J \ 

] 
j 
/1 
Ji 

II 

~ 

/ j 
II 

II 
ij 

the hypercube software implemented on Ness ltd de\pign a new be!~t 
plan with 10 units for each of th:t:ee watches in 1\" :t:egl,on conJ~in-

\1", ;' 
ing 150 reporting areas. Suppose also that thed'fpartment ~Jas 

\ t 
three alternative beat configurations to be analy\~ed for ea/jch 

r J 
\1 ,) • f 

watch oin addition to th~ curb~nt plan, that the atJ,\proxlma1e. \ , .. 
65 

\ -

/I 

.£:~) 

, , 
•• ",:JJ! 



·,:" 

\\ 

\e 
' . . '~ 

o 

. ~ 

o o 

!J 



i' 
i 

, 

Il 

L,.\ 

o ' 

.).\ 

i 

I 
'J 

I 
i 

I 



(\' 

hypercube model is used, and that the department is interested in 

only.one workload level. Since One calibration run will also be 

requ,it:ed fa total of 15 hypercube i tera tionE) will be made ( i. e. , 

five for each watch). According to Table 3-6, each iteration 

will cost approximately $29 if performance statistics are computed 

on-line. Thus, the total cost for all iterations would be 

approximately 

15 x 29 = $435. 

'If performance statistics were computed off-line for all iterations, 

the expected cost would be approximately $300. In addition, a 

region file would have to be created for one of the watches at an 

approximate cost of $23 (see Table 3-4). This region file' could 

then be modified for the other·t~!o '''latches at a cost of 

2 x 13 = $26. 

(see Table 3-5). Thus, the total estimated cost for usage-dependent 

d?ltaprocessing when performance statistics are computed on-line 

would be 

435 + 23 + 26 = $484. 

Applying an overhead factor ot~;' say, 1.5 would increase this estimate 

to 

1.5 x 484 = $726. 

Combining this with the previous sample estimate of usage-l.ndepen-

dent data processing costs gives an overall cost estimate of 

876 + 726 = $1,602. 
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B. Personnel Costs 

The results of the hypercube field test project indi.cate that 

departments may require up to six months to design and implement 

a beat plan using the hypercube system. During this period, one 

or more persons will have to spend considerable ~ime plannin.g proj.';" . 

ect activities, learning to use the hypercube system, monitoring 

data collection efforts, performing hypercube analyse,s,' coordinating 
1, /) 11 (f 

in-house review and approval of new plans, and ~nitiating appropri-

ate implementation procedures.* 

The actual ~ime required to design and imple~ent a n~~ beat 

plan depends on: 

• familiarity and experience of key personnel with com­
puterized design or decision models; 

• accessibility of datf,l~ required to use the hypercube 
model; 

• accessibility of data processing services; and 

• extent of cooperation and communication between 
persOJ;mel responsible fortt~e design, approval, and 
implementation of the new 'be'tt plans. 

Table 3-8 presents estimates of elapsed time for. each of the 

major tas'ks in a beat design project. The time estimates for each 
i' 

task are based on results reported by eight fie,;Ld test departments. 

" The table iri\:licates that total elapseCi"biI!le may range from 8 to 28 

weeks for a complete beat design ,.effort'. It should be noted" 

however, that the lower es:timaite is very optimistic. It assumes () 
i, 

that atGleast one person isW'orkfng full-time erit:fie project, and 
",' .. :,.~.:t";;=;:""'~~-::::~~=+~:- _-:=; . ..== 

r " ,;1 /' . r\ 
is only applicabJ.e to departme1\i,'!'t13 with trained personnel-t.'specially. 

I) ~:Ii, Ij I, 

1/ () lJ 

*Most of theS'e activi t'ies are not peculiar to a hyperoUbe, 'I " 

beat design analysis, but are present for most manual and computeriiized 

o 

., 
g 

, " 

, . II' II 

de sign pro ced ures. i ~"L I,"~",,"= ,,,,,,,,,,=cc~=~,,~,,~.==c-~=,=,~=:,c,,=.,,,."""":i~~,,,,,c,6ci",",,;;~,d!""'r.;~'=""="""""='"' 
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Table 3-8 

ESTIMATED Nm1BER OF WEEKS 
REQUIRED TO COMPLETE THE MAJOR TASKS 

OF A HYPERCUBE BEAT DESIGN PROJECTa 

Task 
,_/_' 1\ 

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 data required, and 
how to use the computer 
programs. 

Assess department oper­
ations; data soprces, 
and d'ata processing 
capabilities; organize 
project task force. 

Plan and coordinate the 
collection of data 
required by the ~yper­
cube pro\;jrams. 

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

Coordinate in-house re­
view of proposed plans, 
and of all documentation, 
operafions; and policy 
changes required to 
accommodate the approved 
plan. 

Total Beat Design Effort 

Number of 
WeeksD 

2 - 4 

2 - 4 

1 - 8 

1 - 8 

2 - 4 

8 - 28 

aThe elapsed time estima-tes are based on the experience of 
eight police deparDLlents which participated in the field test 
'p" rOJ' ect.· . 

/" # 

b T .. h ... e. lQwe .. ·r est';mate f h t k th ttl t .. _ . _ _. d. _ Qr eac as assumes ~ __ a .. a ... eas _. one 
person works full-~~me on the project. The higher estimate for 
each tas.ik assumes that the prgject coordinator devotes only one-. 
third or",ohe-half time to the projec,t._ 
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designed data sources, and readily 

o 1)'~ 
'j 

accessible data pro&i)'si~g 

services. 

The higher time estimate is applicable to departments using 

the hypercube system fO~I) the first time. This estimate assumes 
~I 

that the project coordinator devotes only part of his time to 

the project (e. g., one-third or one-half time) 1 and that the proj~. 

ect encounters delays familiar to every police planner: training 

materials are delayed, special data collection efforts are requireSi, 

data processing turnaround is slow, in-house .review of new beat 

plans is cumbersome, and new design criteria. are int;t:oduced in a 

manner which requires sev'eral cycles before final approval is 

obtained. 

It should be noted that despite their involvement in the 

field test project, the participating police agencies represented 

a wide variety of operating and management philosophies, and 

did not collectivelY,represent a group of departments that could 

be fairly characteri!?:ed as more or less advanced than most other 

police agencies in the united States. As such, the personnel 

costs identified for the field test agencies should be representa-

tive estimates for most police departments. 

C. Oata Collection Costs 

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 time estimat'?-s 

(/ 

the initial planning stages of the project. This as(;;essrneI'lt should 

answer the fqllowing questiol1s for each data item required by the 
o .:. 

Iwpercube program: 
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• What source documents contain the data item? 

• How accessible are those documents? 

• What procedure will be needed to obtain and translate 
each data item from source document into hypercube­
usable form (e.g., sample size, coll(:;!ction procedures 
and forms, data processing support)? 

Table 3-9 summarizes the number of man-weeks spent by the 

departments in the field test project to collect data for the 

hypercube programs. Five of the eight departments required from 

one to four man-weeks. The three departments requiring more than 
i 
,I 

I 

four man-weeks utilized several coders for two to three weeks to 

extract data from department files. The eight field test depart-

ments utilized an average of 4.6 man-weeks for data collection 

activities. Despite considerable differences in department size, 

no significant relationship between the amount of data collection 

effort and department size was not,ed for the field test agencies. 

Although larger departments will necessarily require more data 

in order to adequately describe the geographic distributions of 

Table 3-9 

NUMBER OF MAN-WEEKS REQUIRED TO COLLECT 
DATA FOR THE FIELD TEST PROJECT 

Number of Man-Weeks Number of Departments 

1 - 2 2 

3 - 4 3 

~:::::-::) 5 - 6 1 

7 - 8 1 

9 - 10 1 

Average = 4.6 man-weeks 
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workload over several precincts or districts, these are, very 

often, the same departments that have adcess to more !:.~ophisticated 

data ptocessing facilities to help in the collection and preparation 

of the input data. 

It should also be noted that data collection involves not only 

extracting raw data from department files, but also translating 

this raw data into hypercube-usable form. This additional procesl:?i:ng 

may require considerable personnel time and data processing activi,,;;" 

ties. The Institute for Public Program Analysis helped several 

of the field test depar.tme~ts with data preparation during the 

field test project. The man-weeks expended by Institute staff for 

data preparation are not included in the estimates shown in Table 

3-9. 

The experience of the Institute staff suggested that ca~eful 

use of anyone of a number of widely distributed statistic.al 

packages such as SPSS, SAS-,l3HD, and OSIRIS can appreciably reduce 

the time and effort required to aggrt?gate, screen, and summarize '. 

large amounts of raw data into useful input da~a sets. 

D. Technical Assistance Costs 

Tech~ical assistance costs include all costs incurred for 

documentation and training materials, training seminars or 'work-

shops, and c9nsplting services used to support agency personnel 

duri~g the beat design project. A considerable amount of documenta­

tion is available which describes the basic assumpt'ions and -
,; 

theoretical fotmdations of the model, use of the hypercube progr.Ci,l1l$, 

data cOllection procedures for the hypercube system, and analy,pis 

and interpretati0It.~of hypercube results. A list of these documents 

is presented in App~ndix,C. Departments should be able to purchase 
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a1J re1evan,t documents for less than $100. 

The police personnel who participated in the field test 

project generally agreed that some formal training in the use of 

the hyperclIDe system is a prerequisite to efficient use of the 

mode1.* Such formalized training in a classroom setting is 

available from several agencies identified in Appendix c. Only 

The Institute for Public Program Analysis offers more than a one-

or two-day introduc,tion in the use of the system. Tuition for these 

courses is usually between $300 and $600 per persoll. Con'tracts 

~. wit:h private consulting firms to provide individualized tr.'aining 

sessions can run as high as $300 per day. Although the initial 

cost of such training may seem high, learning to use the hypercube 

system by trial and error can be more expensive in the long;run. 

The actual amount of training required is highly dependent 

on the experience and technical expertise of the person responsible 

for running the hypercube progra~ll and interpreting the resu1 t!:l. 

Extensive self-instruction ,using hypercube documentation and 

training materials should be possible for persons with experience 

in using computer models. Agencies should find self-training ah 
acceptable a1 ternati ve to formalized training as more documentat:ion 

of 'the hypercube system becomes available. 

Some departments may want to use knowledgeable persons from,' 
l' 

outside the department to assist in some of the major tasks of a il 
'\ 

*At least one person from each dePartment in the field test 
" project attended a five-day workshop on the use of the hypercube!. 

model. !-1ost participants felt that five days of training repre­
sented a minimum level o"f instruction. Several participants 
suggested that future workshops" be expanded to '10 days. 
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beat design pr~ject. Agencies from which such technicqll assistance 
~ i ? . ! . 

can be obt..:ained .. are identified in Appendix C.,: AgincieSO such as 
/ 

The Institute for Public Program Analysis provide a limited amount 

of technical assistance as part of their training programs. Other 

agencies may prov4~de assistance only on a contractual basis. Fees 
.\ ): 

charged vary considerably from agency to agency, and departments 

seeking such technical assistance should solicit estimates from 

several sources. 

" 
As with training, the amount of technical assistance that 

will he needed is highly dependent on the 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 departments in the field test" 

project is summarized in Table 3-10. 

f). 
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Table 3-10 

AMOUNT OF\q:'R]>~INING AND TECHNICAL ASSISTANCE 
PROVIDED, 'ro INDIVIDUAL DEPARTMENTS BY 

THE INSTITU".n~ FOR PUBLIC PROGRAM ANALYSIS 
,DURING 'h~E FIELD TEST PROJECTa 

Activity 
Man-Days 

Per Department 

Initial Planning (orientatid:p and 
data collection guidelines\~ May 
1976) 

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 

aDoes not include a two-day advanced training and project 
.evaluation workshop held in December 1976. 
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CHAPTER IV 

,~SSESSMENT OF THE HYPERCUBE PROGRAMS AND MODEL 

The purpose of this chapt~r is to assess (1) the 

of the hypercube software, (2) the content and forma.t 

hypercube output, and (3) the accuracy of the performailee 

estimates produced by the hypercube model. Improvemen ts':made 

to the hypercube programs by TIPPA and the M. I. T. research .' 

team during the field test project are summarized, and recom- ~, 
Ii 
II 

mendations for additional chan~es to the software are identified. 

A. Assessment of the Software 

The hypercube software has undergone a nlliIlber of major 

revisions during the field test project. In~ly 1975, the 

hypercube system consisted of: 

• an interactive program, termed "MONITOR" by its 
M. I. T. developers, which is used to create a 
data file .(termed the district plan file) describ ... 
ing the basic features of a patrol policy and beat 
configuratio,ni 

• a program "HYPOPT" used to compute region, unit, and 
district performance statistics associated with the 
district plan file created by the "MONITOR" and a 
sec;!)nd input file (termed the region file) contain­
ing certain geographic data; and 

• a program "HYPERCUBE" used to comp,ute region f unit, 
and district performance measures; as well as 
nhmerous other statistics, associatedJwith a single 
input file ~ontaining district plan and region data. 

The 'ir10NITOR" and "HYPOPT" programs were.'~9riginally developed 
. f 

as training tools for introducing n~w hypercube users to the 

input data required for comput~rJzgd l:l'~at design-an.d the inter"" = 

pretaticm of hypercube output. The "HYPERCUBE" program with its 

gdv~pced features was intended for userS knowledgeable in the 
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process of analyzing and/or redesigning beat configurations and 

patrol policies. Unfortunately, the format of the district plan 

file created by the "MONITOR" was not compatible with the input 

file required by the "HYPERCUBE" program. Thus, the "HYPERCUBE" 

program could not be easily employed by users familiar with only 

the "MONITOR" program. In addition, the advanced features re-

quired to model actual police patrol operations (and only avail-

able with the "HYPERCUBE" program) were not supported by the 

"MONITOR" and "HYPOPT" programs. 

As a result, TIPPA developed a modified hypercube system prior 

to the beginning of the actual field tests in June 1976, consist-

ing of 

• the. interactive "MONITOR" program for creating 
district plan files; 

• a "TRANSLATE" program to convert a "MONITOR" district 
plan file and a region file into a single input file 
usable with the "HYPERCUBE" program; and 

• the "HYPERCUBE" program for computing performance 
statifitics. 

Changes identified by TIPPA during previous tests of the 

M. I. T. hypercube system were incorporated into these programs, 

and procedures for facilitating their use, the creation of region 

files, and the retrieval of output were developed for the NCSS 

time-share system. 

Coincidentally, the M. I. T. research team developed an 

advanced hypercube \\system featuring: 
\~, 

Q an interact!i,ve."MONITOR" program supporting most 
advanced featui'~s of the "HYPERCUBE" program; and 

• 'c.qn advanced 1';J1YP:ERCUBE" program capable of using a 
\~1='egion file:' aihd i:.l district plan file created by the 
, 
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"MONITOR" as input, and supporting; additional 
features of patrol operations (notably dispatching 
with automatic vehicle locators).' 

This version of the hypercube system was subsequently tested by 

TIPPA, changes were suggested to the M. !. T. research team, and 

a modified version incorporating many of the changes was imple-

mented on NCSS. 

As a result of these. continuing softwar~ revisions, many 

problems were identified and corrected, numerous improvements 

were made, and several new featur,es wer(: added. These changes 

make the latest versions of the hypercube system. much easier to 

use. Significant ,changes made during the field test project 

by TIPPA, the M. I. T. research tE!am, and M. I. T. personnel 

working as consultant~ to TIPPA include: 

o A number of limitations Ol[1 the size of probl~ms tbat 
could be analyzed with the hypercube s.oftware have 
been relaxed. For exampl(~: beat confi1gurations "Tith 
up to 3 4 units can now be analyzed (t:t;:Le previous 
limi twas 15), and all restrictions o~i the number of 
reporting areas in a regidn (previously limited to 
200) have been removed. 

G') Restriqtions on input dat~l have been eased. For 
example, reporting areas lleed not be: sequentially 
numbered, reporting area identifiers! can contain 
up to six digits (rather than three), a~d the (x, y) 
coordinates of reporting area cente~;s can be speci­
fied using any convenient unit of mf,~asure (rather 
than units of 100 feet).. / 

• • ,I 

'~ ~ 

o rr:erminology used in the original "~~o;NITOR" progran\ has 
been modified for clarity and'comp~tibility with 
"HYPERCUBEll documentation and outp,ut. For example, 
the terms "patrol unit. speed" and lUpatrol speed" hqve 
bee.l;l replac~d by "response speed" ffand "preventive (') 
patrol speed;" the input file conJtaining geogr-aphic., 
data is now referreSf, to as the I'1:)3gion '£1'le," rather 
than II ci ty file; tI and p~,trol aregis are now termed 
"dis.tricts it ~rather than '''sect9rsl~' or "beats. 1.1" In 
ad9ition, .. an opi;:ional ex,plai~atio~1 of the term;~nology , 

. used in the "MONITOR" to refer to response unlClts, 
'·41' '. 

il 
'{i, 

f 77[" 

I 
.y 

G" 

\ 

i 
,J 



calls for service, etc. can be printed at the 
user's terminal; and, the user can modify the 
terminology used in the hypercube output. 

(l) References within the output of the "MONITOR" 
to M. I. T. technical report "TR-14" which 
serves as the "HYPERCUBE" user's manual have 
'been replaced by references to the more widely 
distributed edition of the report, "Hypercube \ 
Queuing Model: User's Manual," available from 
The Rand Corporation as R-1688/2-HUD. 

e Some output formats have been modified. For 
example, "HYPERCUBE" output was originally intended 
to be listed on a line printer capable of printing 
at least 100 characters per line. As a result, 
some tables were virtually unreadable when the 
output from beat configurations with more than 
seven or eight units was printed on a teletypewriter 
terminal limited to 80 characters per line. These 
tables have been reformatted so that all lines con­
tain90 characters or less, and all columns in the 
tables are aligned. While the output becomes some­
what longer when listed on a line printer, it is 
readable when listed on any terminal, regardless of 
the number of units used. Also, the actual report­
ing area identifiers, rather than a simple sequen-t.ial 
numbering, are now printed in the table showing the 
distribution of calls for service by reporting area. 

o The user has more~lexibility in specifying the 
amounts and types of output produced. The user 
can sI?ecify which tables, if any, are to be pro­
duced in addition to those conta\ining region, unit, 
and district performance measures. Alternatively, 
users of the hypercube system implemented on NCSS 
can specify that all output tables ar~ to be produced, 
and then selectively print and examine a few tables 
before deciding whether to print the other tables. 

~ Procedures for specifying overlay districts have 
been simplified. Earlier hypercube systems w€!re 
somewhat inconvenient to use when the .districts to 
be specified overlapped and there were many report.­
ing areas in the region. ,+,his resulted because 
(1) to define a district which overlaid t\'lO or more 
other districts, the identifier of each reporting 
area in the overlaid districts had to be keyed in a 
second time at the terminal, and (2) as part of the 
;;MONITORH program i s error-checking capabili,ties, 
reporting areas appearing in more than one district 
were listed. Such a listing was time-consuming to 
produce, and often annoying to users. already aware 
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of the overlap. In the latest versions of,the 
hypercube system, overlay districts can be speciified 
by simply inputt.ing the numbers of the ove.rlaid 
d~stricts--not the identifiers of their reporting 
ar~eas. If districts overlap, the user is still ~. 
nCitified, but the listing of reporting areas in 
mc)re ·than one district is now optional. 

o A,adi tional error-checking capabilities have been 
included. Individual data items entered by the 

• 

l.tser are checked to ensure that they are valid 
within acceptable ranges, and are cross-checked 
against previously input data items to ensure that 
conflicting or inconsistent features are not 
specified in the district plan. In some cases, 
t.he user is simply notifiec;1 of the conflict. In 
other cases, the conflict is resolved internally 
by modifying one of the conflicting .features, and 
then notifying the user of the action taken. For 
example, the approximate model cannot be used when j, 

either variable unit service times or AVL (automatic t 
vehicle locator) dispatching is used; first, last, 
or middle dispatch preferen(3~~ .. ~cannot be specified 
for particular units in se~Yecte~eporting areas . 
when AVL. dispatching is .~ .. edi' .. an~Jthe combinat. ion 
of the number of units, average ~rvice time, and 
call arrival rate cannot be such that -qtilization 
(i. e., the fraction of time, con the average., .. i;:.hat 
units are busy handling calls ~or service) is 
greater than 1.0 if arriving calls 'are queued when 
no unit is available. While not an e;r:ror fa ,,"~arn­
ingis also printed whenever the u~er specifies 
that the exact hypercube mc;>del is tope used in 
performing the oomputations bepause of the greatly ~~ 
increased cost and core storage requirements. 

5/-' No currently available versions of the p.yp~,rcube (,., 
system adequately model multiple car dispatching 
or non-call-for-service~workloads. Consequently, 
users wanting to account for this workload iii "~com­
l?uting,performance sta~istids can dp s~ only by 
~nflat~ng the callarr~val rate. A pr&:::icedure has. 
been added to the "MONITOR" program'which will 
compute the appropriate inflated call rate from 
user-supplied data on the fractxon of calls 
requiring two (or more) units, the av@rage service 0 

time for ~he second (and subsequent) dispatched 
unit (s), and th,eaverage "amount of time per hour c 

units spend on hOh-call-for-service-activities. .. .- _ =_. ___ ... ..... ~ ~.' '~"=-'" '.~ .. " -" .(t •... 

Intermediate'r;~:district plan files can now be sai~d" 
before they are co~pletely specified. This prQ~ 
vides a safeguard against,.."f'l.ny abnormal termination 
of the "MONITOR" program which would otherwise 
cause all data. previously entered into the file to 
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be. lost. These intermediate files are also 
periodically saved during a terminal sessi'6n with 
no explicit action on the part oD the user required. 

o Previous versions of the "H~PERCtJBE" program 
required tijat reporting areas referenced internally 
in the input f~il'e be designated by a sequential 
numbering scheme. The latest version uses actual 
reporting area identifiers to specify most features 
interrially i.n the file. While this change is 
transparent ,to users who create this file using the 
"MONITOR" program, i,t greatly facilitates 
independent file creation and modificatiQn~ 

The result of these many changes is a hypercube system that 

is quite flexible and usable within the following constraints: 

o While basiGzeatures of a district configuration and 
patrol poJ,,;icy can be specifi..6'd'by novice users relying 
on the in:teractive "MONITOR II program's tutorial 
capabilities, the use of the "MONITOR" program's 
advanced features, specification of district plans 
without the use of this program, and interpretation 
of hypercube o~utput require a more sophisticated user 
who is familiar with the input formats of commands, 
and the structure of data files. Such sophistication 
in turn requires good software documentation, and a 
time investment by the user to familiarize himself 
with the documentation before attempting to utilize 
the system. 

• For problems with large numbers of reporting areas 
in the region of interest and units in the district 
configuration, the software 'requires large amounts 
of core $torage~ 

:::::-~~\ 

(t The hype,J:"cube system can be expensive to use, especially 
when_implemented in a commercial data processing environ­
ment0(cost factors are discussed in Chapter III). 

To make the software more usable, the foLlowing changes 

are recommended for incorporation in future revisions of the 

software: 

o Additional output statistics could be produced from 
. available data without greatly increasing the total 
amount of calculations. These statistics include 
the ~!verage length of time queued calls for service 
are held by the dispatcher in waiting for a response 
unit to be~ome available (queuing delay), the average 
response time (i.e., the sum of queuing delay and 
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travel time) to' calls for service by region, 
district, and reporting area, and the size (e.g., 

" the square mile area.) of each distliict. 
, ' 

~. .. ,ll !{, 

$ Some hypercube ou:tput tables would be more ,useful 
if they were refdtnia-tted. For E¥xampl,e, the,tables 
containing reporting area specific performance 
measures would be easier to use if. all reporting 
areas contained in the pame dj,s,tric)~"~were grouped 
together, with reporting,! areas in more t1;lan one' 
distri,ct flagged in some way, rather than!i~aving the 
reporting areas listF-d in ntUllerical order. 

P b " I 

"," ,(i "i3,~itter labelling of hypercubr-'dutPlJJ" tables is also 
" tecornmended. Specif icaJ,ly, .the: title of the rUn 
should appear on every table" and all input parameters 
(e.g., response speeds, the scaling1.d:q.'ctor used to 
adjust coordinate data, 'and ·the constant of propor- ' 
tionality used to compute intra-reporting area travel 
times) should appear in the output. 

11 
I!) A glossary capability, whereby the use'r "of the IIMONITOR" 

program could specifY,' the terminology /itp be used during 
the 'terminal session to, refer to 'response units, calls' 
for service , etc. i . could be added. In addi tiori, some 
technical terms appearixig ,in the. hypercube output (e.g., 
"infinite' line capacity," "'spauial allocation," and 
"probability of saturation") shduid be repl.aced l;:>y 
terminology more familiar to "p0J.-ice useis.~·~ -,--,'_-

~ Tutorial capabilities of. the II~ONITOR" program Should 
be ~xpanded. At a minimum, some information should 

o 

be available to users' of advanced {lypercube . features, 
depcribing command formats and tl1,.e u'se. of each feature. 
This .,would reduce the need to refer, to user I s manuals 
during a termina.l s'e·sC'sion (an expensive process). 
']l1ese capabilities could be f~ther expanded by allowing 
~lji,ej. useJ:;' ti9 determine tpe amount of detail, to be 
il1c1 uded '~n:prin ted explanations. 

1/ 

c:!I Additional options for specifying the relative amounts 

/1 (; 

" 

'of preventive patrol in each reporting e.,rea could be 
implem~nted .. , (Currently, the user must 9pecify either 
that preventiVe patrol ::Lin each reporting;)area~is pro­
portional to,' that repor,t:£n!g area's workio'ad, or a' 
preventiye patrol factor" £or each reporting area in 
the district.) " F-or example, options could bee included 
to specify;'tlh,flt preventive patrol is uniform amohg 

. the rep'Q£t~ing areas of the district, or is proportional 
to workioad except in a specified list of reporting 
areas which wo:p.ld.have user-::-supplied preventive. patrol 
f':lct<;>rs'~ ~+SOii'';Epe '1u'~7r ShOllld: be J~.ble ,to ,request a 
l~stl.ng of[the preverit,;Lve patrol.-;factors used when 
patrol ,:i5actors ,proportional to wqrk10ad are specifi~d.· 

11 
If 
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() Current, versions oftlte II HYPE:RCUBE I' program require 
that call volume data appear in fixed positions 
lcolumns) of each record of the region file. By 
allowing the~~user"t0 specify where thi5~data item 
appears in the file, up to six different sets of 
call volume data could be included in a single 
region file with 80 character records. This 
would eliminate the need to store separate ~egion 
files containing identical geographic data and 
di£f.erent·>call volume da"ta. 

(1) In the current version of the 'IIHYPERCUBE" program, 
performance statistics computed when districts 
overlap and the district-unit-first dispatching 
policy is used, are affected by the order in which 
the districts are defined in the district plan 
file. As a result, different statistics can be 
produced by files which have the same district 
configuration and patrol policy, but district 
definitions appear in different orders. The pro­
gram should be changed to eliminate dependence 
of the statistics on. the order in which districts 
are defilled. 

<:1/ The Ii HYPERCUBEi, prqgram should be changed to 
accept actual repd~ting area identifiers, rather 
than aI! arbitr~I:'y (i. e. I seq'IJept:iC\l) ntU11l::>ering 

~="c~, -~'F"""'W11e:rieve"r reporting areas are referred to in the 
input file. 

Additional capabilities which are absent in the current 

versions of the software, but would be useful to police users, 

include the following: 

@ More precise methods for dealing with patrol 
initiated and other non-call-for;:-service workloads 
should be developed and incorporated into the 
hypercube software. 

c, A method for dealing with calls for service falling 
into two or more priority classes should also be 
developed since this is a factor in the dispatching 
procedures of virtually all police departments. 

" Prescriptive capabilities, whereby the "HYPERCUBE" 
program would suggest alternative district config­
ura:l:ions ,:to improve or "optimize" a particular 
performance measure (e.g., to reduce workload 
irn1;>alances, travel time imbalances, or cross­
district dispatches), would be useful to police 
'departments which want to redesign district plans 
'on the basis of a single performance cf~terion. 
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TheSe capabilities, however, would also be of use 
to users in general since they would enaple a 
designer to determine the~best values of" the per~ 

(J ,' .. ~~~:--":.-' • _ ,. f;-

formance measures atta1.nable 1.n the, reg1.<;>It be1.ng 
analyzed. The designer could then compare-""the-se­
optimal values to those for his own plans and 
decide, for example, whether further improvements 
are possible. ' 

;/ 

B. Assessment of the Hypercube Performance Estimates 

Introduction 

---The-usefulness o"f the hypercube model as an aid in evaluating 

alternative patrol plans and pqlicies depends upon its ability to 

accurately forecast patrol performance characteristics with user-" 

supplied data. Accordingly, one objective of the field test 

project was an assessment of the accuracy and usefulness of field 

performance estimates generateg by the model. This section de-

scribes the assessment acti vi ties' and results. 

following: 

• How accurate are hypercube estimates of regionwide, 
beat, and unit level performance measures? 

• 

How sensitive is the model to input data based' on 
limited field data? 

H;ow much input data are needed to adequately describe 
iEhegeographic and operational characteristics of. a 
region and patrol plan? 

\1 J~, 

• What type of planning qQestions can the model hes-€-­
answer? 

In addition to providing a framework i:n,which the strengj::.l}s 

==--=-

and weaknesses of the model could be identified, as'sessment activi..,. 

ties also provided additional insights into: 

• data collection problems and strategies, 

input data modifications t,o "compen~ate for Il}Qdel' ilmi-
" ' 1/ 

tations, anA 
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.. th,~ appropriate use of the model for evaluating alternative 
patrol policies. 

The assessment consisted of two kinds of investigation: a 

technical assessment based on a comparison of hypercube estimates 

with empirical data collected fr~m police departments p~rtici?ating 

in the field test project, and an implementation assessment based 
" 

on the use of the hypercube model by planners in the test agencies. 

Comparison Variables 

The comparison of performance estimates from a single run of the 

hypercube model with empirical results is not an easy task. The 

hypercube model produces more than 20 estimates of workload, travel 

f 

time, and cross-beat dispatching at the region, unit, neat, and 

reporting area levels {see Table 4-1). The field test project did 

not attempt to validate all of these estimates. Rllther, the 
// 

assessment was directed at v~rifying the i3.cclJracy"Qfelght hypercube 

estimates of workload, travel time, and cross--beat dispatching at 

the regiOn,~~vels (see Table 4-2). 

Other hypercube estimates were not included in the assessment 

for the following reasons: 

• No estimates for measures at the reporting area level 
were exarnined because the volume of field data required 
to obtain reliable empirical statistics could not be 
obtained from any field test agency wi'th the resources 
of the project. 

• Hyperc:::ube estimates of beat. workloads were not examined 
since 'they are merely the sum of the workloads input by 
the user for each reporting area in the beat. 

• Regionwide travel time was not used as a comparison 
variable since none of the field test agencies had reli­
able information about the average speed of units re.". 
sponding to dispatched assignments. 

• Regionwide utilization was not examined because both 
empirical and hypercube estimates of utilization are 
determined in the same manner from the call rate, service 
t:tme, and number of patrol units input by 'the user. 
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Workload 
Estimates 

Travel Time 
Estimates 

Cross-beat 
Dispatching 
Estimates 

Table 4-i 

PATROL PERFOID1ANCE STATISTICS ESTIMATED BY THE HYPERCUBE MODEL 

Region 

• Avg. unilization/ 
unit 

• Avg. workload/ 
unit 

• Stan. dev. of 
the unit work­
loads 

• Max. unit work­
load imbalance 

• Probability of 
saturation 

• Avg. travel time/ 
call 

• Avg. travel time/ 
queued call . 

• Fraction of calls 
requiring cross­
beat response 

Level 
unit 

'~, Workload/uni t 
'. Pct. of the avg. 

workload/unit 

o 

• Avg. travel time/ 
call/unit 

• Fracfion of cross­
beat calls/unit 

• Pct. of avg. cross­
beat fraction/ 
unit 

Beat 

• Workload/beat 
• Pct. of the avg. 

workload/beat 

.'" 

• Avg. travel time/ 
call/beat 

• Fraction of cross~ 
beat calls/beat 

• Pct. of avg. cross­
beat fraction/beat 

'0,.""-" ,~, '-I 
-II 

() 

Reporting Area 

• Workload/r.a. 
• Workload/r.a./ 

unit ' 

• Avg. travel 
time/call/r.a. 

• Avg. travel ' 
time/calli 
unit/r.a. 

~ Avg. inter-r.a. 
travel 
t:i.me/call 

i, ,. 

o 
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Table 4-2 

HYPERCUBE PERFORfiIANCE ESTlr<iATESEXAMINED FOR THE FIELD TEST PROJECT ASSESSMENT 

Level 

• Region 

• Unit 

• Beat 

(' 

Pe~rformance Estimate 

• Avg. workload/unit 
• Fraction of uall requiring 

cross-beat response 
• Probability of saturation 

• Workload/unit 
• Avg. travel time/qall/unit* 
• Fraction of cross-beat calls/ 

unit 

• Avg. travel time/call/beat* 
• Fraction of cross-beat calls/ 

,beat 

*Travel times 'Tor each unit and beat are calculated using 
so that region travel time estimates produced by the hypercube 
travel times 'based on empirical data. ' 

~ 

Comparisop Measures 

• Difference 
• Percent difference '.' 

• Average absolute 
difference 

• Average absolu'te percent 
difference 

:. Sum of the absolute rank 
differenoes 

\\ 
\I, 
'I \ 
\1 

• 1\ ' 
response speedscalibra~~d 
model equal average regiqn 

" 

iill, 
Iii " 
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Comparison Measures 

The measures that were used to ~ruantify the differences 

between each hypercube estimate and i:he cqfre~~)Qnding emp,irical, 

statistic for each variable identifiE~d above are Ellso shown in 
f 

Table 4-:2. Two sets of measures wer~~ uSE,!d: one for comparing 
Ii c, " 

regional estimates, and another for (~omparing, beat and unit level 
11 

estimates. 

JI.1easures at the region level we:te compared by calculating the 

~bsolute and pe:r.:t::ent differences betl~een corresponding hypercube 
!,1 ;1 

and empirical values.' As an example)" sample hypercube and empirical 
I' 

data for three region level variabl~!s are shown in Table 4-3. The 

absolute and percent differences for !:each variable indicate excellent 
1:1 .~ 

" 

/ 
(; 

{"'I ' 

I 
II 
il 
'I 

II 
ii 
II {J;.;,. 

agi?eement (in this example) betweeni!the hypercube and empirical results. 
t_,:: 

Uni t and beat level measures WE~re compared by aggregating the 

hypercube and empirical results for; each unit. op,.be;:Lt3.lJ,.:!;:g""c:Qm111ative 

Table 4-:~ 

A SM1PLE COMPARISON O~ REGION LEVEL 
HYPERCUBE ESTIMATES AND EM~IRICAL STATISTICS 
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measures. Three aggregate measures were used: 

• the average absolute difference between each hypercube and 
empirical measure, 

• the average absolute percent difference between each 
hypercube and empirical measure, and 

• the sum of the absolute rank differences between each 
hypercube and empirical measure. 

Calculation of each measure for sample travel time data for a 

nine-unit patrol plan is illustrated in Table 4-4. The average 

absolute difference in travel time for the nine units is 0.868 

minutes or 52.08 seconds. This is equivalent to an average absolute 

percent difference of 10.39 percent. 

It should be noted that the average absolute difference 

and average absolute percent difference measures represent an 

unweighted average of the nine-unit value (i.e., these measures 

do not take into account that some units may have more calls for 

service than others). Unit workloads could have been used to 

weight ~he travel time estimates for each unit. Weighting beat 

and unit comparison measures for tJ:"avel time and cross-beat 
."1.-

'( (~. 

dispatching by unit workload was not used for the assessment for 

the followinq :r.ea.sons: 

• Since the hypercube model does not explicitly recog­
nize non-patrol time spent on administrative activities, 
all of the hypercube runs for the assessment included 
this time by inflating the call-for-service rate. As 
a result, workloc~d 'e·stimates for each unit included time 
for administrative activities for which hypercube travel 
time and cross-beat dispatching estimates may be highly 
inappropriate. Since administrative workload may repre­
sent from 10 to 75 percent of a unit's total workload, 
the use of unit workloads to weight unit and beat estimates 
is questiona.ble. 

• Assessment activities indicated that for most empirical 
beat configurations and workload distributions 
weighting the unit or beat differences produces. 
only slight changes. -
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unit 
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3 

4 

5 

6 .. 

7 

8 

9. 

Total 
-!..':'"' 

Average 
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Table 4-4 

I' 
'Ii 

.---~-

SAMPLE COMPARISON OF HYPERCUBE ESTIMATES AND EMPI"RICAL STATISTICS 
FOR UNIT TRAVEL TIMES BASED ON A NINE,-UNIT PATROL PLAN 

Empirical Hypercube 
Travel Travel 

Time Time* 
(min. ) (min. ) 

9-.810 9.049 

5.440 7.060 
;~' 

5.550 7.586 

11.620 9.-842 

5.680 .5.684 

5.680 5.680 

I· 6.5'00 5.647 

6.500 5.640 

6.290 6.880 

63.070 63.069' 
,,:7) 

7.008 7.008' 

Absolute 
Differen'Ce 

(min. ), 

0.761 

1. 620 

2.036 

1. 778 

0.00c1 

0 .. 000 

0.853 

0.860 

0.590 

o ,', 

7~812 

[ 0.8681 = 

Empirical 
Rank 

2.0 

9.0 

810 

1.0 

6.5 

3.5 

3.5 

5.0 

52.08 seconds 

Hypercube 
Rank 1\ 

2.0 

4.0 

3.0 

1.0 

6.0 

7.0 

B.O 

9.0 

5.0 

Absolute 
Rank 

Difference 

0.0 

5.0 

5 :0 

0.5 

0.5 

4 .• 5 

. 5.5 

0.0", 

Ave:;:-age absolute percent difference == (0.868 -;. '7.008) x 10~) = 112.03861 

" 
'·~J3'.a.s'ed. on a pa,.trol response speed calibrated to match tne~mpirical region travel time. 

" .; 
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Empirical and hypercube values for the nine-unit travel times 

are ranked in Table 4~4 from highest (rank=l) to lowest (rank=9) = 

The absolute difference between the two ranks for each unit is 

shown in the rightmost column of the table. The sum of these 
~~» 

absolute rank differences is 2l~ The rank sum measure is used 

to test the ability of the hypercube model to estimate the travel 

time of each unit relative to all other units--that is, to measure 

how well the hypercube model predicts the unit with the longest 

travel time, the unit with the second longest travel time, and 

so on. The ability of the model to accurately forecast the 

relative magnitudes of unit and beat variables can be valuable for 

planning studies even if the absolute accuracy of the unit or beat 

estimates is in dOlIDt. 

The sum of the absolute rank differences can vary from a 

minimum of zero, when all the ranks agree, to a maximum positive 

number which depends on the number of units or beats. More pre-

cisely, the limits on the sum 8 are given by 

r2/2, if N is even 
0 oS 8 

~ N2_l)/2, if N is odd 

where N is the number of units or beats. ';['able 4-5 contains criti-

cal values of 8 for testing the null hypothesis that the hypercube 

and empirical estim~tes are' not drawn from the same distribution 
1/ 

(Le., that they are not -the same). Based on the rank sum for 

the nine-unit example shown in Table 4-4, the null hypothesis would 

be aCce:pted since 8=21 is not less than or equal'to the critical 

value 8 c (9,.05) = 14. (If 8.::;14, the null hypothesis would be rejected 

'~.: : 
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Table 4-5 

CRITICAL VALUES* Sc(N,a) FOR THE SUM OF THE 
ABSOLUTE RANK OIFFERENCES STATISTIC 

N Significance Leqel (a) 
(no. of units 

or beats) a = .01 a = .05 a = .10 

2 None None None 
3 None None None 
4 None 0 0 
5 0 2 2 
6 2 4 6 
7 4 6 8 
8 6 10 12 
9 10 14 16 

10 14 18 22 
11 20 24 28 
12 24 30 34 

l,'If S .::. Sc(N,a), the null hypothesis that the set 
of ranks for the hypercube estimates is not drawn from 
the sarne distribution as the set of empirical rankings 
is rejected at the a-level of significance. 
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at the 5 percent level of significance.*) For all of the assess-

ment comparisons described below, the lowest significance level 

examined is 10 percent (i.e., if the sum of the rank differences 

is not less than or equal to the critical value at the 10 percent 

level, it is labeled as "not significant") • 

Empirical Data Collect .. ion 

To carry out the ,issessment acti vi ties, it was necessary to 

collect, in addition to the data required as input to the model, 

the following data from the field test ag~ncies: 

• additional data about empirical workload and performance 
characteristics q\t tne beat and unit level; 

• aggregated data b~sed on tours with the same number of 
patrol units, the·· same beat configuration, and the same 
time of the day; and 

• increased amounts of data to obtain accu;r-ate estimates 
of patrol performance and workload dipitr.1};)utions. 

:,\ 't,l 

Despi te considerable data collection effo:Lt:s>.in several agen-

cJes,adequate empirical data for the assessment could only be 
... / ..... ; 

oB--2ained from the st. Louis County and Pasadena departments. Fail-

ure to obtain adequate data from the other field test departments 

occurred for the following reasons: 

• Small data base - Huntington Beach and San Jose participated 
in the field test project without initiating extensive data collec­
tion activi(cies. Since neither department planned to change its 
beat configuration based on their hypercube analyses, personnel in 
both departments used small data sets to examine the model. 

• Lack of unit and beat information - Although Fresno used 
the hypercube model to redesign their beat plan during t:he field 

~. 

*The levefdf significance associated with each critical value 
indicates the probability of making a ,,,rong decision based on this 
value (i.e., the probability of incorrectly rejecting the null 
hypothesis and. concluding that the two sets of ranks come from 
the same distribution). As an example, a critical value with a 
5 ~ercent significance level will yield correct decisions 95 per­
cent of the time. 

r) 
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test project, detailed performance data at the unit ,level, 
not routinely maintained in their management information system, 
could not be easily obtained from other department records:' 

• Absence qf consistent data sets - Burbank and Garden 
Grove obtained their data for the hypercube model by sampling , 
from several months of dispatch records. As a result, ,their data 
bases represented patrol performance characteristics from tours 
with different numbers of patrol units, different beat configur ...... 
ations, and different times of the day. Although the size of the 
total data base collected for each department was sufficient, 
subdividing into consistent data sets with the same number of 
units, beat configurations, and times of day would nave produced 
data bases th~t were too small for meaningful assessment comparisons. 

• Inappropriate data collection base - San Diego, the largest 
city to participate in the field test project, uses census tracts 
as the smallest geographic area for recording police workload data 
and constructing patrol beats. As a result, in some areas of the 
city, beats contain as few as two or three census tracts. In 
addition, the amount of data required for San Diego was prohi-, 
bitively large and no geographic or district barriers existed which 
could be used to define a smaller area of the city for special data 
~ollection efforts. 

Assessment Comparisons 
\I 

The following sect:i,ol1,s q,escribe the assessment c~tnparisons 
j ~ 

us-ing,"~data . collect~iI.- frmn th~ St.cLGuis Goun:ty=a'nd'-Pasadena·=departments·.~= '," 
"-;: _ ----0 -" ~_~....::--~-....,. •. -;---.~._-=- • 

st. Louis County. The data base for the assessment~,&QmpcaJ:'iSQns .",'~~o,; 

for St. Louis County was deriv'ed from 1975 radio tapes. These tapes 

contain over 685,000 individual records, documented all',major com-
'::'- 1: 1 

munications between patrol units in the field and the departmentis 

dispatching center. The major types of records on the tape are: 

Type of CommunicatiQn Number Percent 
-.~ 

(:1 

• administra·ti ve activities 271,000 3~.6 

• calls for service;," 163,000 23.8 
JI' 

• duty logs 100,000 14.6,. 
\', ":1:: 

• self-ini\;t.iated calls 45,000 6.6 

• other II, 106,OOf _, 15 .• 5 =~~-:--~-

To obtain a \'Ilconsistent empirical data h~se fOr the assessment, the 1 

,-' 

following requirements were used to define the comparison q~:ta base 
1 

Ii 'f Ii 
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for St. Louis County: 

• First Precinct - To obtain a consis'tent geographic base, 
only records from the First Precinct were included. The First 
Precinct was selected because it is the largest and busiest pre-

. o. . 
Clnct ln St. LOU1S County. 

• Day' watch - To obtain a consistent temporal base, only 
records from the day watch .were included. The day watch was 
selected because preliminary information supplied by the Department 
suggested that there was less variation in the number of units 
fielded each dai' than would be found on either the afternoon or 
night watches. 

• Middle six hours of the day watch - To mlnlmlze the effect~ 
of vnit changeovers at the beginning and end of the day watch (7 
a.m. - 3 p.m.), records were included from only the middle six 
hours of the watch (8 a.m.-2 p.m.). 

• Uniform number of patrol units - Analysis of the 1975 
data for the day watch in the First Precinct revealed vari-
ations in the number of units actually fielded each day. The number 

--of units ranged from a low of 7 to a high of 16. The operational 
plan for the Precinct called for 11 units every day. A breakdown 
of the number of units fielded is shown below: 

Number of 
Patrol units 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Unknown 
Total 

Number of'Times 
During 1975 

1 
8 

18 
65 
81 
91 
63 
27 

5 
2 
4 

365 

To obtain a consistent data base, only records from the 81 tours 

with exactly 11 patrol units were included. The more common l2-unit 

tours (91 tours) were not selected since the location of the twelfth 

unit in the II-beat configuration of the Precinct tended to vary 

from tour to tour. 

The effect of these requirements on the size of the data base is 

summarized below: 
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Requirement 

• St. Louis County 

• First Precinct 

• CFS, self-initiated, and. 
administrative calls only 

• Day watch (7 a.m.-3 p.m.) 

• Middle six hours 
(8 a.m.-2 p.m.) 

• Eleven-unit tours 

Number of Records 
in 1975 

685,475 

122,125 

99,944 

31,554 

24,638 

5,362 

-.,{' 

All of the comparisons discussed below for st. Louis Count:y are 

based on the 5,362 records that satisfied all of the screening 
" v 

requirements. These records plus other information obtained from 
(~\ 

the department's Planning and Research Bureau were used to calcu-

late empirical results and input, values for the hypercube model. 

These results are summarized below: 

• Beat configuration and geographic data - The same 11- _~~~_ 
beat conflguratlon {.~~,ee Flgure 4-l} 'vas used for all comparlsons-:-' 
The coordinates, area, and beat assignment for each of the 114 
reporting areas in the First. Precinct were supplied by the Planning 
and Research Bureau. The number of reporting areas in each beat and 
res ul ting beat sizes are indica ted below: " 

Number of Size 
Beat Reporting Areas (Sq. Miles) 

101 12 B.6l 
102 9 17.89 
103 7 3.94 
104 7 7.33 .::F 
105 16 5.95 '" 106 9 ]~~ 
107 19 ~16~:f8 
108 6 16.03 
109 6 9.55' 
110 10 3.47 
III 13 11.83 

Total 114 120.09 

• Service time - Based on 5,183 records (96.7' percent of 
the total pUrn1:;>er of records) f tlleaverage "'service time per call "was 
24.62 minutes (see Table 4-6)} Service time was qetermined for· 
each record by taking the difference be:tween(,,;t.ime :icleared and time 
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Figure 4-1 

ELEVEN-UNIT BEAT CONFIGURATION, 
FIRST PRECINCT, ST. fLOUIS GQ:UN[,¥y"el,g"-'75"=""",,,,,e,,',,,, D 
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Table 4-6 

EMPIRICAL PATROL DATA FOR ST. LOUIS COUNTY 

Type of Call 
Dispatched and 
Self-Initiated Administrative 

• Number of 
Incidents 2,836 2,526 

(52.9%) (47.1%) 
-;:\ 

• Number of Service 
Minutes/Hour 164.1 120.5 

(57.7%) (42.3%) 

• Service Time/ 
Call (minutes) 26.95 22.00 

(N=2,749) (N=2,434) 

• Call Ratea 6.09 5.48 

• Travel Time/ 7.27 b 
Call (minutes) (N=1,464) 

G 

Total 

5,362 
(100.0%) 

284.6 
(100.0%) 

24.62 
(N=5,183) 

11.56 

7.27 
(N=1,464) 

a Call rate equals the number of service-minub:s per hour. 
divid~d by tne average service time per call. 

bLocation and arrival time are not routinely recorded for admini-
~ 

strative calls. 
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dispatched. Calls for ~'lhich either the dispatched. or cleared time 
were missing, or the calculated time was less than zero or greater 
than 240 minutes were not included.' Only 179 (3.3 percent) 
records were not used for these reasons. 

• Call rate - The call rate for the II-unit configuration 
was determined by dividing the aVchrage number of service minutes " 
per hour fo:1:' the 11 units by the average service time per call. The 
value obtained was 11. 56 calls per hour (see Table 4-6). Dividing 
the total number of calls received by the total number of hours 
should yield the same result under ideal condi tieJhS. With this 
method, the st. Louis County data produced: 

call rate = (number of calls)/(total hours) 

= (5,362)/(487.35)* 

call rate = 11.00 calls per hour. 

The difference between the two call rate values is dUe primarily to 
the use of slightly different criteria in selecting the service 
time$ used to calculate the. average service minutes per hour and the 
average service time per call. If these differences had been elimi­
nated, the new call rate, calculated by dividing total service time 
per hour by average service time per call, would have been 11.10 calls 
per hou~, a decrease of 4.0 percent from the value used for the 
assessment comparisons. (The sensitivity of hypercube estimates 
to changes in the call rate is discussed below.) 

• Travel speed - The St. Louis County Police Department 
had no reliable data on 'che average speed of patrol uni ts responding 
to dispatched assignments. In place of an empirical value, a cali­
brated travel speed, based on travel time data for the entire 
precinct, was computed. Travel time was defined as the difference 
between the time arrived and time dispatched. The precinct average 
of 7.27 minutes was based on 1,464 records. Travel time data for 
the remaining 3,898 records could not be determined for the follow­
ing reasons: (1) arrival times are not recorded for adminis:trative 
calls, (2) many CFS records did not include the unit 

. ,Ii arrival time, (and (3) 'no travel time was calculated for self­
initiated assignments. For the baseline St. Louis County data, the 
calibrated travel speed was 19.16 miles per hour. 

• Dispatch policy - Discussions with personnel in the Planning 
and Research Bureau led to the adoption of the following dispatching 
policy:** (1) beat car first, (2) infinite capacity queue, and 

*Records were selected from a period that was 361 minutes in 
length. Hence, the 81 tours consisted of 29,241 munutes (81 tours x 
361 minutes/tour) or 487.35 hours. 

**F'or an explanation of the dispatyhing options available in the 
hypercube mOdel, see Instructional Mat~rials for Learning to Use the 

q Hypercube Programs for Analysis of Police i?atrbl ope:ratio:ns. 
,1 
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('3) MCM selection procedure. To verify the beat dar first and 
infinite capacity queue policies, a manual simulation of the 
dispatching operation based on 12 hours of records was performed. 
During the simulation, as each call w.as received, the unit assigned 
was checked against, all units that were not busy. In 95 percent 
of the cases (38 out of 40 calls), the dispatcher selected the 
beat car if it was available. Twice during the simulation, the 
system was saturated (i.e. t all units w.ere busy). The longer 
dispatching. times (i.e., the difference between the time a call 
was received by the police and the time a unit was dispatched) 
during the saturation periods suggested that calls were being stacked 
until one of the 11 beat units was available. This is consistent 
with the assumptions of an infinite capacity queue. It was noted, 
however, that calls in the queue were not always assigned to th~ 
first available unit. This may have reflected the reluctance of 
dispatchers to assign units to calls that were 10 or 15 miles 
away from their assigned beats. Although empirical estimates of 
the probability of saturation were not available I hypercube r~.sults 
indicated low satu17ation rates (Le., less than two percent) . " The 
appropriateness' of the MCM unit selection policy i.s discussed below. 

I:. 

• Preventive patrol policy .... Other than the general req'\lire­
ment that each unit remain in its assigned beat while on preventive 
patrol, the st. Louis County Police Department had no':;,~ixed pre­
venti ve patrol policy, and maintained no records on th'e" locat:\~on 
of field units that were not on an admipistrative or dispat9-\led 
assignment. Department personnel felt.that, in general~rbef);: units 
did patrol the higher workload reporting areas in" their ~i.e~:Es, more 
frequently, and recommended that, for the hypercube analy~,~s, ,',pre­
ventive patrol activity in each reporting area be treated,'~as p±opor­
tional to the workload distribution. 

• Geographic workload distributip~;t \~ Determination of an 
appropri'ate workload distribution for trii~Y,\i~~irst Precinct was diffi­
cult because (1) department records did;/;'iPt·\ indica'~~ either the 
beat or reporting area for administri,ltive calls, and (2) there was 
considerable variation in the average service, time among the 11 
beats. The q,bsence of geographic data for administr&tive calls was 
significant since .. administrative workload represented 47 percent 
of the calls and over 42 percent of the total workload. Three"... 
options were considered for distributing the administrative calls: 
(1) distribute administrative calls over the reporting area's for 
the entire precinct in the same proportion as dispatched and self­
initiated workload, * (2) distribute admini.strative calls for each 
unit among the reporting areas in that unit's beat in proportion 
to the distribution of all dispatched and self-initiated calls 
among the repor-l:ing areas, In,,,,,:I;.he=beat, and (3) place all administra­
tive calls for each unit in an artificial reporting area located 

(l 

*Sinc6 this 'option merely inflates the".number of dispatched, 
"and self-initiate~1. calls in each reporting area by a constant factor, 
the dispatched and, self-initiated call distr-,J.bution cquld be useq, 
wi thout modificati,pn. '" "i~! :1 
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In the center of the urtit I sass.igned beat. The second 'option wa's 
·used for the assessment comparisons.' The effects of l.J.sing each 

~ option are discussed below. 
-------:+--;'~----::-~ 

Since the hypercube model usesl'll:theo~$arng-se·rvice time distribu­
tion for every call, the modE,tL"bas~s,the relative workload for each 
beat on the total number ,df'calls listed for each reporting area 
in the input data file. If, however, empirical service times vary 
"considerably from one beak, to another, the hypercube model will over­
estimate the workload for beats with lower than 'average service 
times and underestimate ,the workload for beats \·li th higher than 
average service time9. In St. Louis County, average service times 
for the 11 beats in '.the First Precinct varied from a low of 24.95 
'bo a high of 32.90 minutes. To'avoid the estimati,ns.:rdifficulties 
introduced by the di.fferent beat se,J:'vice times, total service time 
for each repor~ting' area was input..· . .i:nstead of total number of calls~ 

;-. \ ,. 

The empirical results and corresponding hypercube esti:rria,.~1t,s . ~ 

based on the baseLine input data are shown in tables 4-7 and 4-8. 

Comparison measures for 'these results and estimates are Elhown in 

Table 4-9. Examina;l;.ion;of the results and comparison measures 

(I" indicate reasonable agreement between the hypercube estimates.and 

o 

o 

empirical results. Detailed inspection of the comparison also 

reveals the fo~lowing: 

", • Workload - The hypercu~e estimates for utilization, average 
w6r~load~>' and beat workloads are in almost perfect agreement with 
the corresponding empirical values. This is not surprising, however, 
sirr'ce t!?le same procedures are used to calculate bOt:h the empirical 
q.:~ld hypercube valuef,5 based on the same input data. utilizatign 
and average;,workload are simple functions of the call rate, tne 

,average service time per call, and the num~er of units. Beat 
workloads are obtained by summing the~'lOrkoads for the reporting 
areas" in each beat: Comparison of the hypercube and" empirical unit 
workloads indicates an average error ~()f 9.53 perqent. The rank sum_, 
of 16. is significant at the 1 percent level. Examination of the f.,. 
i1i:div--tdual unit workl,oads indicates that the largest errors occur 
for units 1109 and 1110. Inr-. fact, the hypercube and empirical 
resuil.r;ts for these units appear to be reversed . Detailed examini­
nation of the input data, and discussions with d€!partment personnel 
failed to identify any reasons for these errors . ;~ 

, -
• cCross-beat dispatching - At .the region, )oeat, and unit levels, 

tire errors b~tween the hypercube cross-beat estimates and the empiri-
"cal results, are large: 17.39 percent at the region level, 25.07 
percent at the unit level, and 22.11 percent at~the beat level. The 
rank sum for the unit cross-beat estimates is significant at the 5 
percenb'level, suggesting that the model is' able, to predict the 
'relati-ve·.rankinc1s of t:.he units despite large errors in the absolute 
estimates .Yo, Two factors which may have §ieriouslY affected the 
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BASELINE EMPIRICAL DATA FOR ST. LOUIS COUNTY, 
FIRST PRECINCT, DAY WATCH, 1975a 

Regional Data 

Unit 

Number of reportins:areas 
Number of units . 
Beat configuration 
Call rate (calls/hour) 
Service time (minutes/call) 
Averaqe utilization 
Region-wide average workload 
Probability of ~~~~ion 
Stan. dev. of utii t worKTh~s~ 
Max. workload imbalance ) 
Region-wide :brave1 time (mlLn. /ea11) 
Fraction of cross-beat dispatches 

Data "::\ 

(j Cross-
'Unit Workload % beat 

1101 0.445 103.2 0.2677 
1102 0.40.4 93.7 0.4603 
1103 0.55~f 129.4 0.4120 
1104 0.456 105.7 0.377~ 
1105 0.446 103.4 0.4573 
110 9 0.389 90.2 0.2143 
1107 0.362 83.9 0.3911 
1108 0.406 94.1 0.2819 
1109 0.505 117.2 '0 0.4494 
1110 0.399 92.5 0.3250 
1111 0.373 86.3 .0.4000 

Beat Datf'\. 
Cross-

Beat Work1oa % beat 

'if' 
101 
102 

0.548 127.1 o • 41 'b7 
0.345 80.0 0.2917 

103 0.490 113.7 0.4120 
104 0.477 110.7 0.4009 
105 0.395 91.6 0.3415 
106 0.425 98.6 0.3210 
107 0.366 84.9' 0.2483 
108 0.456 105.8 0.4121 
109 0.414 96.0 0.3758 
110 0.474 110.0 0.3769, 
111 0.353 81.9 0.4043 

" 0 

114 
11 

.,see Figure 4-1 
l1.56 
2"4.62 

% 

72.2 
124.1 
111.1 
101. 8 
123.3 
57.8 

105.5 
76.0 

12~t. 2 
8 "~ 6 
(~ 

107.9 ' 

% 

112.7 
78.7 

111.1 
108.1 
92.1 
86.6 
67.0" 

o :kI1.1 
101.3 
101.6 
109.0 

C) 

0 .. 431 
0.431 

b 
0.0591 
0.196 
7.27 
0.3709 

Travel 
Time 

6.96 
6.42 
6.66 
7.71 
6.63 
7.93 
9.10 
9.20 
7.11 
5.95 
7.92 

Travel 
Time~ 

7.70 
7.30 
6.33 
7.92 
6.15 
7.46 
9.14 
8.89 
6.90 

'5.20 
8.57 

aBased on 81 ~puEs for 'the hours 8:00 a.m. to 2:00 p.m. 

o b Not ~,determined from, the. emprica1 data. 
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Table 4-8 

, HYPERCUBE ESTIMATES FOR, THE ST. LOUIS COUNTY 
BASELINE "'ASSESSMENT DATE, FIRST PRECINCT, DAY WATCH, 1975

a 

" Regional Data 

Number of reporting ,areas 
Number 'of units 
Beat configuration 
Dispatching policy 

Preventive patrol policy 

()Ci=lll rate (calls/hour) 
Service time (minutes/call) 

"Average utilization 
Region-wide avera'ge workload 
,Probabili ty of saturation 
Stan. dev. of unit workloads 
Max. workload imbalance 
Region-wide travel time (minutes/call)b 
Fraction of cross-beat dispatches 

114 
11 

See Figure 4-1 
Beat unii: first, 
infinite capCicity 
queue, MeN 
Proportional to 
reporting area workload 

11.56 
24.62 

0.431 
0.431 
0.0105 
0.059 
0.195 
7 • 2 7 '~;'//' 

0.4354 

«( 

1 
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Table 4-9 

COMPARISON STATISTICS FOR THE BASELINE 
HYPERCUBE AND EMPIRICAL ESTIMATESa FOR 

ST. LOUIS COBNTY 

Region Level 

Avg. Workload 

Probabili ty of 
Saturation 

Cross-beat Dispatches 

Empirical 

0.431 

b 

0.3709 

Hypercube 

0.431 (\ 

0.010.5 

0.4354 

o 

i:, 

,;. Percent 
Difference Difference 

0.00 0'.00 

-0.06
0
45 -17.39 

"c ~-""":~ .• ~~=;;-;~ \ 
Abs. 

Unit Level 

Workload 

Cross-beat Dispatches 

Travel Time-min. (sec. ) 

Beat Level 

Cross-beat Dispatches 

Travel Time-min. (pee.) 

Avg.Abs. 
Difference 

0.041 

0.093 

0.442(26.52) 

0.082 

0.747(44.82) 

aSee Tables 4-7 and 4-8. 

Avg. Abs~ 
% Difference 

9.53 

25.07 

6.08 

22.11, 
o 

10. i;s 

':l 

Rank 
D±'£ference Sum 

" 16 (sig. , 1%) 

22 (s ig. , 5%) 

22 (sig., 5%) 

34 (not sig.) 

12 (sig' l 1%),;,,"" 

II 
b No empirical val uesfor the probability of sa tura\tion were 

determined from tbe st. Louis data. 
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empirical results used for these comparisons': are : (1) tthe un­
availabili ty of cross-beat data for administrative caLLs, and (2.) 
the impact of calls in which more than one, unit is assigned. * 

,,"=c-"-=~=~-~~=-=~"~~I"n~'add-it-ion-,---e-V'efi-±£-the---rocatb:m-'(yf--e-a"Ch--adltthli Eft:rai: iVe'-"c'a: 11 , '1:8 
known, the unit assignment rules used in the hypercube model 
may not be applicable since many adm~nistrative activities are 
unit rather than location dependent. 

• Travel time - The unit and beat travel time estimates 
produced by the hypercube model agree reasonably well with the 
empirical results. Although the model estimates travel times more 
accurately for individual units than beats, the relative beat 
rankings predicted by the model are better than those based on 
the estimated unit travel times. The average errors for both the 
unit and beat levels are fairly small: 0.442 minutes (26~5 
seconds) for unit times and 0.747 minutes (44.8 seconds) tor 
beat times. Both sum rankinqs are statistically significant. 

In addition to the baseline comparisons discussed above, 

additional hypercube estimates and empirical results were obtained 

f for the St. Louis data to examine the effects of (1) the geographic 

~, placement of administrative calls, (2) the type of unit selection 

rule used to model dispatcher behavior, (3) data sample size on 

the accuracy of input data and hypercube estimates, and (4) call 

rate variations on hypercube estimates. Each of these issues 

is discussed below~ 

• Geographic placement of administrative ca.lls - As noted 
, above, the St. Louis County data documented the amount of unit 

time spent on administrative duties, but did not identify where 
the work was performed. Three options were considered for placement 
of the administrative calls: (1) distribution of the calls over all 
of the reporting areas in the precinct in the same proportion as 
dispatched and self-initiated calls, (2) distribution of the administa­
tive calls for each unit in an artificial reporting area in ,the 
geographic center of each unit's beat, and (3) distribution of the 
administrative calls for each unit over the reportinq areas in his 
beat in the same proportion as the dispatched 'and seif-ini tiated 
calls in the beat. The last option is used in the comparisons 
discussed above. The results of using each option in the hypercube 
model and comparing the estimates with, the empirical results are 
shown in Table 4-10. These comparisons indicate that the baseline 
and precinc't-wide op,tion produce small improvements in travel time 
estimates at the beat level, and in cross-beat dispatching estimates 

*As noted earlier, every unit dispatched, whether as a primary 
or backup unit, was considered a separate incident in computing the 
empirical results and in preparing the input data for the hypercube 

~ model. 
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Table 4-10 

COMPA"RISON STATISTICS-FOR THREE GEOGRAPHIC 
PLACEMENTS OF ADMINISTRATIVE CALLS, 

ST. LOUIS COUNTY 

J;l 

,., Percent 
Empirical Hypercube Difference Difference 

Avg. Workload 
1. Baselinea 
2. Precinct-Wideb 
3. Artificialc 

0.431 
0.431 
0.431 

\1 
Cross-Beat Dispatches 
1. Baseline 
2. Precinct-Wide 
3. Artificial 

Unit Level 

Workload 
1. Baseline 
2. Precinct-Wide 
3. Artificial 

0.3709 
0.3709 
0.3709 

Avg. Abs. 
Difference 

0.041 
0.049 
0.046 

Cross-Beat Dispatches 
1. Baseline, 
2. Precinct-Wide 
3. Artificial 

0.093 
0.088 
0.104 

Travel Time-min. (sec.) 
1. Baseline 0.442(26.52) 
2. Precinct-Wide 0.545(32.70) 
3. Artificial 0.809(48.54) 

Beat Level 

Cross-Beat Dispatches 
1. Baseline 
2. Precinct-Wi.de 
3. Artificial 

0.082 
0,.086 
0.083 

Travel Time-min. (sec.) 
1. Baseline 0.747(44.82) 
2. Precinct-Wide 0.679(40.74) 
3. Artificial 0.734(44.04 

0.431 
0.431 
0.431 

0.4354 
0.4416 
0.4367 

0.00 
0.00 
0.00 

-0.0645 
-0."0707 
-0.0658 

Avg. Abs. 

, .. ~ \ 

% Di f fe,rence 
9.53 

11. 37 
10.67 

25.07 
23.73 
28.04 

'I 
\1 

6.08 
7.50 

11.13 

22.11 
23.19 
22.38 

10.28 
9.34 

10.10 

0.00 
0.00 
0.00 

-17.39 
-19.06 
-17.74 

.,:;::, 

i)" 

Abs. Rank 
Di£ference Sum 

16 (sig., 1%) 
20 (sig., 1%) 

_ .~:2 __ Ll?,:i g ... ~-I.. -5,1>,)""=",=._.,.,,, 

22 (sig., 5%) 
20 (sig." 1%) 
30 (not sig.) 

22 (sig., 5%) 
20 (sig., 1%) 
30 (not sig.) 

34 (not sig.) 
'30 (not sig.) 0 

28 (not sig.) 

12 (S29"., 1%) 
,,12 (sig., 1%) 
20 (sig., 1%) 

aBaseline: administrative calls for each unit are distributed 
entire1:y within that unit" s be<;l.t in the same distribution as dispatched 
and self-initiated calls. 

bPrecinct-Wid~: administrative calls are distributed throughout . - ~-'-~"" 
the precinct in the same proportion as dispatched and self . .,..initiated calls • 

. .') 

CArtificial: administrative 'calls for each unit are placed in an 
artificial reporting area located in the geographic ce~ter of e~9h beat. 
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at the~tlni.t level. The arti£icial reporting' area option l?roduces 
larger estimating errors for cross .... berat dispatching and travel 
times at the unit level. 

,="=~ ___ ~_--,,, ___ ~ ____ ~~ __ IJn,i±_s~_l,ec:tiQ.n __ :1:!.LtEL::,_--HY-,l?-er_c_l1.bJ:~ __ ~u~s __ w.exsLJn.a_de __ fpr_ ,e_a'ch_ , _____________ " 
of the fixed preference dispatching rules for unit selection 
available in the hypercube model. The comparison measures:for-each 
run are shown in Table 4-11. In general, the effects of the " 
different uni~ selection rules are relatively minor. The MCM and 
EMCM rules produce better hypercube estimates supporting,,:the use 
of the MCM rule for the baseline comparisons for st. Louis County. 
For all of the selection rules, the estimates for unit workloads, 
and fori uni t and beat travel times are consistently better than model 
estimc;tt;es for the fraction of beat and unit cross-beat dispatches. 
All of!l the hypexcllhe ___ estimates; except cross-beat dispatches at 
the beat level, produce unit and beat rankings that are very close 
to the empirical results. 

• Effect of data sampling on input data and hypercube accuracy -
The baseline comparisons for St. Louis County are based on a 100 
percent san~le of radio dispatches for 81 six-hour tours. To 
examine the' effects of sampling on the accuracy of the input data 
and hypercube estimates, three samples were drawn from the 5,632 
radio calls. The samples consisted of approximately 50, 25, and 

-=~lcO",,;pc:rc:ent. of the call population. The empirical results based 
on these samples are shown in Table 4-12. Not surprisingly, as 

_ sample size decreases, the accuracy of the empirical estimates also 
diminishes. The degree of error, however, is relative small for 
several of the input data items. Even the 10 percent sample (only 
4.7 calls per reporting area) produces relatively good results: 

Data Population 10 Percent Percent 
Item Value* Estimate Error 
--":,-' 

Service min./hr. 284.6 281.4 1.12% 
Service time/call 24.62 25.58 -3.90 
Call rate 11.56 11. 00 4.84 
Travel time 7.27 7.60 - 4.54 
Cross-beat dispatch fraction 0.3709 0.4279 -15.37 

I. 
" 

Except for cross-beat dispatching, all of the estimates bas~~ on the 10 
percent sample are wi thin 5, percent of population values. '110 
investigate the effects of the data samples on the wor~load distri­
bution over the reporting areas, hypercube estimates were determined 
using the correspondi:r,tg ~vorkload distribution for each sample. To 
detect the effects of the altered workload distributions, all other 
input data were selected from the baseline empirical data base 
(see Table 4-7). The comparison statistics for these hypercube 
runs are shown in Table 4-13. The hypercube estimates show con­
sid.erClhle stability for the 50 and 25 percent sample and only slight 

'--------d·egrada~tiotJ. for the 10 percent sample. These results suggest that 
hypercube results obtained with workload distributions based on 
samples that represent only 25 percent of the total data may not 

*Derived from 100 percent sample. 
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Table 4-11 
-~"':"~"-'-

COMPARISON STAT'ISTICS FOR FOtJR DISPATCHER UNIT SELECTION RULES 
ST. LOUIS COUNTY . 

Region ,Level 
"'Percent 

Empi~ical Hyperc,ube. Difference . Difference ." 
Avg. Workload 
1. Base line-MCM 
2. EMCM 
3. SCM 
4. ESCM 

0.431 
0.A31 
b .'431 
0.431 

Cross-beat Dispatches 
1. Baseline-MCM 
2. EMCM 
3. SCM 
4. ESCM 

Unit Level 

Workload 
1. Baseline-MCM 
2. EMCM 

'"3. sCM 
4. ESCM 

o • 3709 
0.3709 
/0.3709 
0.3709 

Avg. lllis. 
Difference 

0.041 
0.038 
0.049 
0.,049 

Cross-beat Dispatches 
1. 'Baseline-MCM 0.093 
2. EMCM 0.091 
3. SCM 0.100 
4. ESCM 0.121 

Travel.· Time-min. (sec.) 

0.431 
0.431 
0.431 
0.431 

-\l o ~ 4 354 
0.4355 
0.4353 
0.-4365 

Avg. lllis. 
% Difference 

9.53 '0 

8.82 
11.37 
11.37 

25.07 
24.53 
26.96 
32.62 

0.00 
0.00 
0.00 
0.00 

0.00,· 
0.00 
0.00 
0.0(i) 

-0.0645 -17.39 
-0.0646 
"'0.0644 
-0.0656 

-17.42 
-17.36 
-17.69 

lllis. Rank 
Difference Sum 

16 (sig., 1%) 
18 (sig., 1%) 
22 (sig., 5%) 
20 (sig., 1%) 

22 (sig., 5%) 
2 4{ s i g., 5 % ) 
26 (sig., 10%) 
28 (sig., 10%) 

1." Baseline-MCM 0.442(26.52) 6.08 22 (sig., 5%) 
"2-:"""EMCr:r"'~~~"'-=="='"""'c= "o'dz':=39 .... 8o=(:t3=~-"8·8T"=:=="'"'5~4·""i~" '~=~='==~=-·Zc"""rs-i'9·-0'-"5·%} '.~" .., ......... .. 

3. SCM 0.609(36.54) 8.38 ': 22 (sigo··fB%) 
4. ESCM 0.637(38.22) 8.76 28 (sig., 10%) 

Beat 

Cross-beat Dispatches 
1. Base1ine~MGM 0.082 
2. EMCM 0.082 
3. SCM 0.080 
4. ESCM 0.087 

Travel Time-min. (sec. ) 
1. Ba§§!J..:i-n~-MCM 
2. EMCM 
3" scr·1 
4. ESCM 

O. 747(44~82) 
o . 660 ( 39 . 60) 
0.734(44.04) 
o . 732 (43.92) 
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22.11 
22.11 
21.57 
23.46 

10.28· 
9.08 

10.10 
10.07 

o 

34 (not sig.) 
34 (not sig.) 
34 (not sig.) 
32 (not sig.) 

12 (sig., 1%) 
12., (sig., .. 1%) 
18 (sig., 1%) 
16 (sig., 1'%) 

.p 



Table 4-12 

EMPIRICAL STATISTICS BASED ON 100, 50, 25, AND 
10 PERCENT SAMPt.ES OF THE ST. LOUIS COUNTY BASELINE DATA 

Sample size (%) 
No. of Calls 
Calls/Beat (11) 
Call s IReporting"}:\,~ea:.,(.ll.4J.". 

• Number of Incidents 
Dispatch~a & Self-Initiated 
Administrative 
Total 

". Number of Service-Minutes/ 
Hour 
Dispatched & Self-Initiated 
Administrative 
Total 

• Service T Hue/Call 
Dispatched. & Self-Initiated 
Administrative 

u Total (weighted) 

• Call Ratea 
Dispatched & Self-Initiated 
Administrative 
Total (weighted) 

• Travel Time (minutes/ 
call) 
Dispatched & Self-Initiated 
Administrative 
[l0,ta--£"{wE'igh"(:E0:1~'""c,'-'" 

100.0 
5,362 

487.5 
47.0 

2,836 
2,526 
5,362 

164.1. 
120.5 
284.6 

26.95 
22.00 
24.62 

6.09 
5.48 

11.56 

7.27 
b 

7.27 

Empirical 
50.0 

2,681 
243 .. 7 
23.5 

2,830 
2,532 
5,362 

163.9 
120.5 
284.4 

27.17 
21.22 
24.37 

6.03 
5.68 

11. 67 

7.22 
b 

7.22 

Data Base 
25.0 

1,341 
121.9 
11.8 

2,708 
2,654 
5,362 

158.8 
136.2 
295.0 

27.39 
22.60 
25.03 

5.80 
6.03 

11.79 

7.59 
b 

7.59 

10.0 
536 
48.7 

4.7 

2 f 817 
2,545 
5,362 

153.3 
128.1 
281. 4 

26.62 
24.43 
25.58 

5.76 
5.24 

11.00 

7.60 
b 

7.60 

Cross-beat Dispatching 
Fraction., (regionwide) 

Dispatched & Self-Initiated 
Administrative 

0.3709 
b 

0.3709 

0.3560 
b 

0.3984 
b 

o • 4279 
b 

Total (weighted) 0.3560 0.3984 

aCall rate equals the number of service minutes per hour 
() divided by the average service time per call. 

0.4279 

bAssignment locations and arrival times were nob available for 
adrninist~ative calls. 
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Table 4-13 

COMPARISON STATISTICS FOR FOUR WORKLOAD 
DISTRIBUTIONS BASED ON SAMPLES OF 100, 50 

25, AND 10 PERCENT OF THE ST. LOUIS COUNTY BASELINE DATAa 

Region Level Percent 
Empirical Hypercube. Difference Difference 

~vg. ~~+~load 
1. 1 Cro-'% 0.431 

0.431 
0.431 
0.431 

2. 50 
3. 25 
4. 10 

Cross-beat 
1. 100% 
2. 50 
3. 25 
4. 10 

Unit Level 

Workload 
1. 100% 
2. 50 
3. 25 
4. 10 

Cross-heat 
1.. 100% 
2. 50 
3. 25 
4. 10 

Dispatches 
0.3709 
0.3709 
0.3709 
0.3709 

Average Ab~". 
Difference" 

0.041 
0.045 
0.043 
0.052 

Dispatches 
0.096 
0.088 
0.097 
0.084 

Travel, Time-min. (sec.) 

0.431 0.00 
0.431 0.00 
0.431 0.00 
0.431 0.00 

0.4359 -0.0650 
0.4389 -0.06'80 
0.4410 -0.0701 
0.4474 -0.0765 

Average Abs. 
% Difference 

9.53 
10.44 
9.97 

12.06 

25.88 
23.73 
26.15 
22.65 

1. 100% 0.460(27.6) 
2. sof 0.485(29.1) 

6.33 
6.67 
5.43 
9.95 

3. 25 0.395(23.7) 
4. 10 0.694(41.6) 

Beat Level 

Cross.,.beat 
1. 100 % 
2. 50 
3. 25 
4. 10 

Dispatches 
0.081 
0.083 
0.083 
0.099 

21.84 
22.38 
22.38 
26.69 

0.00 
0.00 
0.00 
0.00 
'-, 

-17.52 
-18.33 
-18.90 
-20.63 

Abs. Rank 
Difference Sum 

2,1 Cs i g ., 5% ) 
22(sig.,5%) 
16 (sig., 1%) 
28 (s ig., 10 % ) 

26 (sig., 10%) 
24(sig q 5%) 
30 (not \Big.) 
20 (s~g. , '~1%) 

22 (sig. ji 
18 (sig., 
16(sig., 
24 (sig., 

, 

5%) 
1%) 
1%) 
5%) 

34 (not' sig.) 
30 (not sig .') 
28(not sig.) 
38(not sig.) 

l 
~! /,; 

If·~ 

Travel Time-min. (sec.) l 
1. ,100% 0.675(40.5) 9.28 16(sig.,l%) l 
2 . iSO' O. 70 3 ( 4 2 • 2 ) 9 . 6 7 14 (s i g., 1 % ) Ii 
3. 25 0.730(43.8) 10.04 "16(sig., 1%) 'J! 

4. ! l~The input data u~~~2~~;3;:~h" hype::~e run was ~~~-~:~=:~~~:)'tt'~~se-
IJne data set except for the geographic di!;tribution of worJcload. l' 
, bAll four workload distributiortswere bas'ed on unweighted inclaent 

,'counts for each repqrting area. ]\.S a result, the comparison stat#stics ';for 
the 100 percent samJ?;iJ,.e presentE?din this ,table can be c,?mpared w~th tl?-e re­
suI ts shown i,n Table \;:4-9 to dete,rmine the effects of us~ng total;! serv~ce 
time versus incident ~ounts for workload distributions. /" 

\~,'~ 1'1,0 (,/ 

~, ""0 ii, 

'I 1:0 
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vary significantly from estimates based on 100 percent samples. 

• Call rate variations - To test the effects of~irladctiracies 
in the input call rate, several hypercube runs were made with call 
rates ranging from 9.13 to 11.56 calls per hour (the baseline value). 
All other input data items corresponded to the baseline" empirical 
data set. This range of call rates was selected in order to minimize 
the percent error between the hypercube and. empirical results for 
the fraction of cross-beat dispatching at the region level. The 
results of these runs are shown in Table 4-14. As the input call 
rate decreases, the hypercube estimate for regionwide cross-beat 
dispatching fraction also decreases, bringing it closer to the 
empirical value. Although the size of the errors for cross-beat 
dispatching also decrease at the beat and unit levels, the sum of 
the rank differences remain nearly cons'cant for both. Unit work­
load and travel time estimates both decline in accuracy as the call 
rate is decreased. Interestingly, travel times at the beat level 
remain almost constant for all four call rates. 

Pasadena. The second souce of empirical data for the assess-

ment activi'l:;.ieo' was Pasadena, California. This city differs in many 

ways from St. Louis County. Although Pasadena encompasses an 

area of only 21 square miles--Iess than one-fifth the size of the 

First Precinct in St. Louis County--the populations of both areas 

are approximately the same (i.e., slightly more than 100,000). The 

higher population density for Pasadena reflects its more urbanized 

development in contrast to the predominately low-density suburban 

environment of the First Precinct in St. Louis County. The Pasadena 

"::::.'::~~~·PE::flice Department uses a geographic reporting system based on 134 

reporting areas. The average reporting area in Pasadena covers 

cL16 square miles compared to an average area of 1.05 square miles 
~< 

in St. Louis County. 

Also in qQntrast to the St. Louis County Police Department, 

the Pasadena Police Department maintains no standardized radio tape 

which could be used to collect data for the hypercube assessment. 

The only source for much of the required da.tp. was the card filled 

out by dispatchers at the time of each radio assignment. Approximately 

60,000 dispatch records are producedeaQh'.:yeenr,_".[7.0 obtain the data 



Table 4..;.14 

COMPARISON STATISTICS FOR FOUR CALL 
RATES WITH THE ST. LOUIS COUNTY BASELINE DATA 

Regibn Level 
Empirical 

Avg. Workload 
1. Baseline-ll.56 calls/hr. 0.431 

0.431 
0.431 
0.431 

2. 10.75 
3. 9.94 
4. Q.13 

Cross-beat Dispatches 
1. 11.56 calls/hr. 
2..10.75 
3.\)9 .94' . 
4. 9.13 

Unit Level 

Workload 
1.. 11.56 calls/hr. 
2. 10.75 
3. 9.94 
4. 9.13 

Cross-beat Dispatches 
1. 11.56 calls/hr. 
2. 10 ... 75 
3. 9.94 
4. 9.13 

Travel Time-min. (~EC.) 
1. 11.56 calls/hr. 
2. 10.75 
3.9 .. 94 
4. 9.13 

Beat Level 

Cross-beat Dispatches 
1. 11.56 calls/hr. 
2. 10.75 
3. 9.94 
4. 9.13 

. 
Travel Time-min. (sec. ) 

1. 11.56 calls/hr. 
2. 10.75 
3. 9.94 
4 . 9.13 

0.3709 
0.3709 . 
0.3709 
0.3709 

Average Abs. 
Difference 

0.041 
0.043 
0.065 
0.091 

0.093 
0.081 
0.073 
0.063 

0.442(26.5) 
0.601(36.1) 
0.667(40.0) 
0.736(44.2) 

0.082 
0.059 
0.051 
0.049 

0.747(44.8 
0.743(44.6) 
0.735(44.1). 
0.735 (44 .. 1} 

III 
Q 

Hypercube 

0.431 
0.401 
0.371 
0.341 

0.4354 
0.4054 
0.3752 
0.3449 

Average Abs. 
% Difference 

9.53 
9.97 

15.08 
21.11 

25.07 
21.84 
19.68 
16.99 

6.08 
8.27 
9.17 

10.12 

22.11 
15.91 
13.75 
13.21 

10.28 
10.22 
10.11 
10.11 

Per~ent 
bifference Difference 

0.000 0.00 
0.030 6.96 
O.OpO 13.92 
0.090 20.88 

-0.0645 -17.39 
-0.0345 -9.30 
"'-0.0043 -1.16 

0.0260 7.01 

Z\.bs. Rank 
Difference Sum 
16 (sig. , 1%) 
17 (sig. , 1%) 

0 

20 (sig., 1%) 
20 (sig., 1%) 

22 (sig. , 5%) 
24 (sig. , 5%) 
24 (sig., 5%) 
24 (sig. , 5%) 

22 (sig. , 5 %) 
22 (sig., 5%) 
24 (sig. , 5%) 
28 (sig. , 10%) 

34 (not sig. ) 
34 (not sig. ) 
34 (not sig. ) 
34 (not sig. ) 

12 (sig. , 1%) 
12 (sig. , 1%) 

r 
16 (sig .. , 1%) 
16 (si.g" , 1%) 

(\ 



needed for the assessment, all dispatch records were examined for 

two periods in 1976 covering a total of 38 days. A total of 6,892 

records were obtained consisting of 6,190 dispatched and 702 self-

initiated incidents. Administrative workload is not recorded on 

dispatch records. 

To obtain a consistent data base for the assessment, the 

following requirements were used to screen the Pasadena data: 

• Field patrol unit workload - The Pasadena dispatch data 
included assignments given to special units whose prime responsi­
bility is report writing, and incidents reported to the police by 
ci tizens at police headquarters. These dispatch calrds were elimi­
nated since they represented work that was not handled by field 
patrol units. 

• Time of day - The dispatch data were divillE;~d into three 
watches reflecting the night, day, and afternoon tOUr!:; which varied 
considerably in workload intensity. 

• Middle six hours of each watch - 'rhe Pasadetlct Police Depart­
ment uses three 10 .. ':·hour watches per day. To eliminat:e the effects 
of the six hours of overlap between watches and ~Tab:.::h changeovers, 
only the middle six hours of each watch were used to obtain empirical 
statistics. The three sub tours used were (1) the night watch, 1:30 
a.m. to 7:30 a.m.; (2) the day watch, 9:30 a.m. to 3:30 p.m.; and 
(3) the afternoon watch, 5:30 p.m. to 11:30 p.m. 

The effects of these requi.rements on the size of the final data base 

are summarized below: 

Requirement 

Original 38 days 
Field units only 
r.1iddle six hours 

1:30 a.m. - 7:30 a.m. 
9:30 a.m. - 3.30 p.m. 
5:30 p.m. - 11:30 p.m. 

No. of 
Records 

6,892 
6,253 
4,611 

787 
1,521 
2,303 

Of the 4,611 field unit incidents, 4,001 were handlE~a. by beat units 

and 610 were handled by supervisors, uniform a':::Ients v rneb'~r maid;~;, 

and other field units. 

The daily assignment sheets for the department "7el':l:"e 

used to determine the number of units and beat configurf.ttion for 
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" each watch over the 38 days of interest. The results are summariied 
\1 
,I 

in Table 4-15" Over the 114 watch-days, the number of units field\ed , . p 

varies from 6 to 15. 
1 

Even more variation exists in the number of '\ 
j, 

different configurations u~led wi thin each watch. \! 
Over the 38 days., 

:1 

examined, 15 confi.gurations were used on the night watch, 22 I 

configurations were used on the day watch, and 21 configurations 

were used on the afb~rnoon vratch. The most frequently used c:on\)~ i 

figuraticms appear em the night watch vlherE! one configuration \\ :/ 
\ " I' I" 

for eight. units, and another:' for nine units were ea.ch used on nine'/,~ 
\1 1 

J\ 

of the 38 days examim~d. DE~spite the small incident count for theil\~ 
\I~, 

night wail:ch, these two configurations were used to obtain the base~\:l\ 
'~ 
" \~ 

\~ 
line empiJ:'ical data. 

With the dispatch records discussed above, plus addi tiona). 

informati.on obtained from the department's Planning and Research 

I \\ 

\ ,\ 
'1\ 
\\0'\ 

,',11 
I' ~ ',>~,\ 

Office, empirical results anl'l input data for the hypercube model we:li~e ':*1 
\1 

produced. These results are summarized below. 
;:'1' 

• Geo~raphic data - Regardh~ss of the number of units !ielded!/I' 
the PasadE\m.::l. Police Department alw'ays useS the same seven geoc::rraphij~i\ 
beats (seE!l l'i'igure 4-2). Units are assigned to blO o,r more beats,1 
o:r doublec5~ 'lP in single beats as i1.eeded. The geographic coordinates!;, 
arId area £\'p:):\' each reporting arE.la w'ere supplied by the Planning and\\ 

\\ 

\,\ ,~ 
~\ 

~.~, ~:~ 
I, 

\: 
Research Of:f)tice. The number of :reporting areas in each beat an¢! ~\ 
re!',mlting ~?E!\at sizes are given below: ':1 

\~ '~ 

\ 
'I 
'I 

Beat 

1 
2 
3 
4 

Number of Repo:cting 
Areas 

\ 

\ 

22 
18 
18 
18 
20 
14 
~,i 

113 

Size' 
(sguare mi~~~i\ 

6.57 \ II 
2.23 
2.73 
3.54 
1.54 
1.57 
2.79 

2f). 9 7 

!I 
I 
1\ 

\1 
',I 
'I 

'Ii 
'I 
\~ 
\\ 
\,~ 
II 
'\\ 

\\ 
1\ 

'.,,~ '\ 

\\ 
~I \ 
'\ \ 

1'\ 
:1 
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Table 4-15 

NUMBER OF BEAT UNITS FIELDED AND BEAT CONFIGURATIONS 
USED DURING THE 38 DAYS COVERED 
BY THE PASADENA EMPIRICAL DAT]!. 

Watch 
No. of I II III 

Units Night Day Afternoon Total 

6 5* 0 0 5 
7 7 2 0 9 
8 11 5 0 16 
9 13 7 3 23 

10 2 6 4 12 
11 0 7 12 19 
12 0 5 12 17 
13 0 6 5 11 
14 0 0 1 1 
15 0 0 1 1 

38 38 38 114 

No. of Dif-
ferent Beat 
Configurations 15 22 21 58 

*Entry ir-:_'Ucates that on five occasions there were 
exactly six uriits fielded on the night watch. 
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• Administrative workload - Estimates of the amount of 
administrative workload for each patrol unit were supplied by the 
Planning and Research office. A summary of these estimates for 
each watch is presented in Table 4-16. These estimates include 
lunch-breaks, court appearanbes, roll-call, end-of-watch activities, 
and routine patrol actions such as traffic citations, traffic 
hazards, car and pedestrian checks, follow-up investigations, and 
report writing. It is important to note that the definition used 
for administrative work in Pasadena differs slightly from that 
used for St. Louis County; in Pasadena, administrathve workload 
included some activities which were defined as dispatched assign­
ments in the st. Louis County data. As a result, total administra­
tive workload in Pasadena represented a greater fraction of total 
unit workload than was found in St. Louis County. 

• Call rate - The call rates for the two baseline configurations 
for the night watch were determined by dividing the average number 
of service minutes per hour for all field units by the average 
service time per call (see Table 4'-17). The service minutes for 
CFS incidents were adjusted to reflect incidents with multiple unit 
assignments. For both configurations, the non-CFS workload repre­
sented over two-thirds of all unit workload. 

• Service time - The definition used to determine.service 
times in Pasadena was identical to that used for St. Louis County 
(i. e., the qifference b,etween time dispatched and time cleared). 
Based on approximately two-thirds of the available records, 
service times of 22.3 minutes and 21.8 minutes were calculated 
for the eight- and nine-Ulli t configurations. 

.. Travel speed - Like St,,, Louis County, Pasadena had no 
reliable data on average travel speed. Accordingly, an estimate 
of regionwide, travel time hased on empirical data was used to 
ob'tain a calibrated travel speed. Data based on the eight-unit 
configuration produced a travel time of 4.65- minutes which yielded 
a calibrated t~avel speed of 19.1 miles per hour. The overall 
travel time of 3.65 minutes for the nine-unit configuration pro­
duced a calibrated travel speed of 24.3 miles per hour. 

• Dispatch policy - Based on dJscussions with department 
personnel, -c;he following dispatching rules were adopted: (1) 
beat car first, (2) zero capacity queue, and (3) an EMCM unit 
assignment rule. Although the beat car first rule is the stated 
department policy for unit selection" personnel at the department 
noted that some stacking of calls at the beat level was not unusual 
during busy times of the day. ~o efforts were made to ascertain 
the extent to which this occurred. The zero capacity queue was 
adopted to reflect the fact that when all beat units are busy, 
dis'patchers in Pasadena routinely assign incidents to non-beat units 
(e.g., supervisory units, detectives, and in some instances, meter 
maids) . 

• Preventive patrol policy - The Pasadena Police Department 
'~llows ,each .beat unit to determine its own patrol pattern within 
its beat, and maintains no records which document actual patterns 
used. Personnel in the Department suggested that as a general rule, 
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Table 4-16 

ESTIMATED NON-CFS WORKLOAD FOR FIELD PATROL UNITS, 
PASADENA ASSESSMENT DATA 

Total Minutes/ Minutes/Unit/ 
Time Unit Hour 

Night Watch 

23:30-1:30 81.4 40.7 
1:30-7:30 147.8 2,4.6* 
7:30-9:30 55.7 27.9 
TOTAL' 284.9 2,8.4 

Day Watch 

7:30- 9:30 91.5 45.8 
9: 30-15: 30 203.3 33.9 

15:30-17:30 70.2 35.1 
TOTAL 365.0 36.5 

Afternoon Watch 

15:30-17:30 89.7 44.9 
17:30-23:30 193.3 32.2 

'I 23:30- 1:30 67.0 33.5 
TOTAL 350.0 35.5 

*Used for the baseline data for Pasadena. 

o 117 0 

~J.::: . -.~ 

h 

"--"=."-.. ---:;""'~-=----;-""=-'::== 



/-~ 

D 

.. 
• 

• 

• 

• 

• 
• 

\ 
Table 4-17 

E.MPIRICAL PATROL DATA FOR PASADENA 
NIGHT WATCH, 1976 

Number of 
Incidents 

Number of CFS 
Service-Minutes/ 
Houra 

Number of Non-CFS 
Service-Minutes/ 
Hourb 

Total .Service-
Minutes/Hour 

Service Time/ 
Call (minutes) 

Call RateC 

'Travel Time/ 
Call (minutes) 

Configuration 
Eight-unit Nine-unit 

165 

96.6 
(N=J_36 ) 

196.8 

293.4 

22.3 
(N=113) 

13.2 

4.65 
(N=97) 

157 

85.8 
(N=136 ) 

221.4 

307.2 

21.8 
(N=92) 

3.65 
(N=73) 

aAdjusted for multiple car assignments 

bBased on a fixed administrative time/unit for 1:30 a.m. to 
7:30 a.m. (See Table 4-16). 

CTotal service-minutes/hour divided by service-time/call. 
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beat units tend to patrol higher workload areas more frequently. 
Con~equently, the preventive patrol factors for the hypercube runs 
wer~ set according to the workload distribution by reporting area. 

• Geographic workload distribution - Description of the 
geographic distribution of field workload was hampered by (I) 
small data samples for each configuration, (2) a lack of depart­
ment records'documenting the location of administrative wOl:"kload, 
a,nd (3) service timeso which varied considerably from beat to beat 
(i.e., from 18.6 to 32.8 minutes). The alternative procedures for 
distributing administrative workload that were considered in St. 
Louis County were also considered in Pasadena. Placement of each 
units's administrative workload in an artificial reporting area 
located in the center of his, beat produced the best assessment 
comparisons and was used as the baseline option. The variable 
service time problem was corrected by using total service minutes" 
for each reporting area. instead 'of incident counts. The low sample 
size for each configuration was partially overcome by combining 
the empirical results for each configuration into a composite pro- " 
file for comparison with a similar profile based on the hypercube 
results for each configuration. 

The empirical results and corresponding hypercube estimates 

for both the eight- and nine-unit confLgurations are shown in 

tables 4-18 through 4-21. Comparison measures for each configur-

ation and con'n?osite results are shown in Table 4-22. 
(, 

The following obs~rvations are based on the comparison 
-'." 

statistics in ~able 4~22. 

• Workload - The regionwide average workload estimates 
produced by the hypercube model are reasonably eloseto theempiri'" 
cal results despite the small data base for each comparison. It 
is believed that the errors between the empirical and hypercube 
resul ts are due primarily to the fact thal?t department dispatchers 
do not always call non-beat units, when every beat unit is busy.,t':. 
As a r,esul t, the .. zero c=apaci ty queue option used in thfs hypercub~ 

o 

ana~ysis only ap~)roximates actual dispatcher behavior. HfPercu~e\ 
estlmates f<;>r unlt workloads are as a,ccu):"ateas c those derlved Wltti\ 
the St. LOU1S County dat.a, The agreem~nt between hypercube ana. 'Ie 

empirical unit workloads is not surprising:. in view of the relative' \ 
volume of administrative work that was addeh;l to each unit's work- \ 
load. The administrative \<lorkloads '''''\'lhieh~=\1~rebased on Department \ 
estimates, are not con~idered as reliable as \"the di,spatch. records "~'.' 
that were used to obtaln CFS workload. The hy~percube estlmate for .\ 
the probabil,ity of saturat,ion for the composite result appears to "\\ 
be reasonably aC9urate despite the large errorS'\for the individuall)~\·\ 
configu;!:"ations. '~ \; 

, ;\ ' 
.. ,'\ \\ j 

e Crol3s-beat dispatching - At every level of\ comparison, the , Q' ; 

hypercube m6~del produces very poor estimates of crdss-beat di·spatching;···-·:<r~ 
\ ~ 

\ 
\\ 
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Table 4-18 

BASELINE EMPIRICAL DATA FOR PASADENA, 
EIGHT-UNIT CONFIGURATION, 

NIGHT WATCH, NINE TOURS 

Region Data 

Unit 

Beat 

Number of reporting areas 
Number of uni ts 
Beat con;t:iguration 
Call rate (calls/hour) 
Service time (minutes/call) 
Average utilization 
Region-wide average workload 
Probability of saturation 
Stan. dev. of unit workloads 
Max. workload imbalance 
Region-wide travel time (min./call) 
Fraction of cross-beat dispatches 

Data 

unit 

1 
2 
3 

41 
42 

5 
6 
7 

Data 

Beat 

1 
2 
3 

41 
42 

5 
6 
7 

Workload 

0.503 
0.534 
0.577 
0.514 
0.514 
0;779 
0.670 
0 ... ·586 

Workload 

0.579 
0.623 
0.497 
1.008 
1.008 
0.735 
0'.756 
0.692 

% 

86.0 
91.3 
98.6 
87.9 
87.9 

133.2 
114.5 
10'0.1 

% 

94.8 
102.0 

165.0 
165.0 
120.3 
123.7 
113.3 

Cross­
beat 

0.6667 
0.5556 
0.6667 
0.4286 
0.4286 
() r;17? 
....,. _..L. I &;". 

0.4000 
0.5333 

Cross­
beat 

0.7273 
0.7500 
0.5714 
0.2000 
0.2000 
0.3636 
0'.5714 
0.4615 

% 

128.2 
106.8 
128.2 

82.4 
82.4 
ao r; 
JJ_J 

76.9 
102.6 

% 

139.9 
144.2 
109.9 

3R.5 
38.5 
69.9 

109.9 
88.8 

134 
8 

ll121llJ(. 
13.16 
22.3 

0.611 
0.585 
0.0'433 
o . 0897 
0.276 
4.65 
0.5200 

Travel 
Time 

4.22 
8.56 
3.00 
3.86 
3.86 
II i::O 
,.-.- J~ 

3.88 
4.88 

Travel 
Time 

7.45 
6.,00 
3.43 
4.20 
4.20 
5.05 
2.90 
4.00 

*Configuration 1112111 indicates the number of units assigned 
to ea.ch of the seven bea.ts (i. e., one unit to Beats 1,2,3,5,6, and 
7 ,and two UI:li ts ·to Bea t 4). 
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T~'.ble 4-19 
-\ 

BASELINE EMPIRI&AL DATA,FOR PASADENA, 
NINE-UNIT \;CONFIGURATION, 

NIGHT WAT'¢H, NINE TOURS 

Region Data 

Number of reporting aret;ls 
Number of units 
Beat configuration . 
Call rate (calls/hour) 
Service time· (minutes/call) 
Average utilization 
Region-wide average/workload 
Probability of saturation 
Stan. dev. of unit: i.vorkloads 
Max. workload imbalance 
Region-wide travel time (min./call) 
Fraction of cross-beat dispatches 

Unit "Data 

Unit 

1 
2 
3 

41 
42 

5 
61 

,,62 
7 

Beat Data 

Beat 

1 
2 
3 

41 
42 

5 
61 
62 

7 

Workload 

0.434 
0.597 
0.559 
0.470 
0.470 
0.537 
0.518 
0.518 
0.569 

Cross-
% beat 

83.6 o ~3333 
115.0 0.5455 
107.7 0.5385 

90.6 0.3333 
90.6 0.3333" 

103.5 0.3333 
99.8- 0.8667 
00 0 '0.-8667 ..;J;!.o 

109.6 0.4000 

l2L 

% 

64.0 
104.8 
103.4 

64.0 -
64.0 
64.0 

166.5 
"166;'5" , 

76.8 

134 
9 

1112121 
14.07 
21.83 
o . 3\69 
0.519 
0.08$7 
0.0500 
O. i6:3 \ 
3.65 
0.5205 

Travel 
Time 

3.33 
4.08 
:L62 
2.~90 
2~'OO 
4.07 
3.00 

4.60 

- '-","' 
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Table 4-:20 

HYPERCUBE ESTIMATES FOR THE PASADENA EIGHT­
UNIT BASELINE DATA, NIGHT WATCH, 

NINE TOURS 

Region Data 

Number of reporting areas 
Number of units 
Beat configuration 
Dispatching policies 

Preventive patrol policy 

Call rate (calls/hour) 
Service time (minutes/call) 
Average utilization 
Region-wide average workload 
Probability of saturation 
Stan. dev. of unit workloads 
Max. workload imbalance 
Region-wide travel time (minutes/call) 
Fraction of cross-beat dispatches 

Unit Data 

unit 

1 
2 
3 

41 
42 

5 
6 
7 

Beat Data 

1 
2 
3 

41 
42 

5 
6 
7 

Workload 

0.507 
0.578 
0.555 
0.498 
n .Ann 
U.,*::10 

0.661 
0.683 
0.594 

0.588 
0.625 
0.488 
1. 001 
1.001 
0.751 
0.763 
0.676 

% 

88.7 
101.1 

97.0 
87.1 
.n..., ... 
o I • l. 

115.6 
119.5 
103.9 

96.2 
102.3 

79.8 
163.7 
163.7 
122.8 
124.8 
110.5 

Cross­
beat 

0.4295 
0.5439 
0.6079' 
0.2729 
0.2729 
0.6148 
0.6469 
0.5389 

0.4733 
0.5488 
0 .. 5240 
0~2296 
0.2296 
0.6368 
0.6612 
0.5662 

141
a 

8 
1112111 
Beat unit first, zero 
capacity queue, EMCM 

Proportional to report­
ing area workload 
13.16 

% 

85.0 
107.7 
120.4 

54.0 
54.4 

121.7 
128.1 
106.7 

93.7 
108.6 
103.7 

45.4 
45.4 

126.1 
130.9 
112.1 

22.30 
0.611 
0.572 
0.0650 
0.072 
0.186 
4.65b 
0.4354 

Travel 
Time 

6.40 
4.05 
4.78 
5.15 
5.17 
3.73 
3.99 
4.53 

6.35 
4.53 
4.35 
4.69 
4.69 
4.03 
3.95 
4.90 

aOn~ hundred thirty-four reporting areas plus one artificial 
area fqr each of.the seven geographic:: beats. 

bBased on a travel speed calibrated to yield a region-wide 
travel time of 4.65 minutes. 
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Table 4-21 

HYPERCUBE ESTIMATES FOR THE PASADEl'1A.N"INE­
UNIT BASELINE DATA, NIGHT WATCH, 

NINE TOURS 

Region Data 

Number of reporting areas 
Number of units 
Beat configuration 
Dispatch policies 

Preventive patrol policy 

Call rate (calls/hour) 
Service time (minutes/call) 
Average utilization 
Region-wide average workload 
Probability of saturation 
Stan. dev. of unit workloads 
Max. workload imbalance 
Region-wide travel time (minutes/cal1)­
~raction of cross-beat dispatches 

141a 

9 
1112121 

I) r. 

Beat unit first, zero 
capacity queue, EMCM 
Proportrona1 to report­
ing area W,~.Jrk1oad = __ 

14.07 /r--
21.83 ' 
0.569 /' 
0.545 /' 
0.0413 
0.078 
0.195 
3.6Sb 
0.4446 

Unit Data 

Unit 

1 
2 
3 

41 
42 

5 
61 
62 

7 

Workload 

0.490 
0.537 
0.512 
0.453 
0.453 
0.623 
0.647 
0.647 
0.547 

% 

89.8 
98.5 
93.8 
83.0 
83.0 

l14.3 
118.7 
118.7 
100.3 

Cross­
beat 

0.2759 
0.4848 
0.4990 
0.2096 
0.2110 
(l J:;.7t;:O 
_ • ...., 'f -...I v- -

0.5726 
0.572,8 
0.4423 

% 

62.0 
109.0 
112.2 

47.1 
47.4 

128.8 
128.8 

99.5 

Travel 
'J.'irne 

15 $.15 .--=-::::.-::-====.~ 

3.26 
3.72 
4.17 
4.17 

. 2 ... 98- 0 

ii' 3.22 
ff 3~22 

3.53 

Beat Data 1 I, 
./ 

area 

Beat 

1 
2 
3 

41 
42 

5 
\(61 
62 

7 

Workload 

0.695 
0.598 
0.524 
0.930 
0.930 
0.705 
0.994 
0.994 
0.673 

% 

122.1 
105.2 

92.1 
163.5 
163.5 
124.0 
174.7 
174.7 
118.4 

Cross­
beat 

0.4680 
0.5173 
0.'4910 
0.2008 
0.2008 
0.6073 
0.4181 
0.4181 
0.5277 

% 

" 105.3 
'116.3 
110.4 

45.2 
45.2 

136,.6 
94.0 
94.0 

118;7 

Travel 
Time 

5.18 
3.59 
3.48 

11\ 3.:98 
il 3.98 
il 3.07 
II 2.74 
1\ 2\~ 74 
~, 31\74 
\ '\ 

aOne hundred, thirty-four reporting areas plus .'b:p.e ?,t:l;tificia1 
for j9ach of the seven geographic beats. 'I. 'l 

IV 

b ~ Based on a travel speed caliprated,toyie1d a regiQn .... wi.getX'avel 
time of 3.65 minutes. 
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Table 4-22 

COMPARISON STATISTICS FOR THE 
HYPERCUBE AND EMPIRICAL ESTIMATES BASED ON THE 

PASADENA BASELINE DATA 

Region Level 

Avg. Workload 
Eight-unit 
Nine-unit 
Compositea 

, 
Empirical 

0.585 
0.519 
0.552 

Probabi1i ty of Saturation 
Eight-unit 
Nine-unit 
Composite 

0.0433 
0.0857 
0.0645 

Cross-beat Dispatches 
Eight-unit 0.5200 
Nine-unit 0.5205 
Composite 0.5203 

Unit Level 

Workload 
Eight-unit 
Nine-unit 
Composite 

Avg. Abs. 
Difference 

0.030 
0.063 
0.0465 

Cross-beat Dispatches 
Eight-uui t 0 ;121 
Nine-unit 0.142 
Composite 0.1315 

Travel Time-min. 
Eight-unit 
Nine-unit 
Composite 

Beat Leve1 c 

(sec. ) 
1.55(93.0) 
1.08(64.8) 
1.315(78.9) 

Cross-beat Dispatches 
Eight-unit 0.143 
Nine-unit 0.246 

"Composite 0.1945 

Travel Time-min. 
Eight-unit 
Nine-unit 
Composite 

(sec.) 
0.99(59.4) 
1.40(84.0) 
1.195 (71. 7) 

Hypercube 

0.572 
0.545 
0.559 

0.0650 
0.0413 
0.0532 

0.4354 
0.4446 
0.4400 

Avg., Abs. 
% Difference 

5.12 
12.14 

8.42 

23.27 
27.28 
25.28 

33.33 
29.59 
31.69 

27.50 
47.26 
37.39 

23.86 
33.73 
28.80 

Difference 
Percent 

Difference 

0.013 
-0.026 
-0.007 

-0.0217 
0.0444 
0.0113 

0.0846 
0.0759 
0.0803 

2.22 
-5.01 
-1.27 

-50.12 
51.81 
17.52 

16.27 
14.58 
15.43 

Abs. Rank 
Difference Sum 

8 (sig., 5%) 
~2 (not sig.) 
15 (not sig.) 

20 (not sig.) 
17 (not sig.) 
18.5 (not sig.) 

30 (not sig.) 
29 (not sig.) 
29.5 (not sig.) 

17 (not sig.) 
18 (not sig.) 
17.5 (not sig.) 

10 (sig., 5%) 
18 (not sig.) 
14 (not sig.) 

aComposi te value.s for all hypercube and empirical estimates on the 
,region level, and for average absolute differences and.\absolute rank 

J'1'",i'difference Sums on the beat and unit levels are computed IP.S the weighted 
:" average of the va1,.ues for the eight- and nine-unit configurations. 

bSigniflcance test for the composite rank difference sum is based 
on tQe~dritical value for an eight-unit configuration. 

~:J3~at data comparisons are calculated on the basis of seven I 
geog:r:aphic beats. 
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In most instances, the average absolute per6ent difference is 
quite high (up to 47 percent;. in one instance), and the rank difference' 
sums indicate no agreement in the relative rankings of the individua:l 
beat or unit estimates. 

• Travel time - At both the unit and beat level, the hypercube 
1;?ravel time estimates are sig-nificantly different from the empirical 
values. The average absolut,e differences between indivi,pual hyper­
cube "and empirical estimates usually exceed one minute. 

In general, the ~~seline comparisons for Pasadena offer little 

support for the accuracy or usefulness of the hypercube TUpdel. I't 

is important to note, however, that these results are based on very 

small data sets. * Further \'lOrk is needed t6 identify more clearly 

what size data base is needed to obtain useful results, and what 

dQpartment charac·te~ist.ics shcn,11d-.be, used to determine how much data 

is needed. The ansWers to thesequestiensc,may- yield important 

insights into the number o£ police agenciescthat can profitably use 

the hypercube model for beat design. 

Additional comparisons were performed with the Pasadena data 

to investigate the effec'bs on hypercube accuracy when the size of 

the data base is increased by including data from tours which~' con­

tain different numbers of units or different beat configurations. 

Bo·th of these comparisons ar~ discussed below. 
",\ 

• Number 'of units - The baseline PaS?Ch:Hla comparisons use 
data describing field performance statistics for'tours with the <3 

same number of units deployed in the same beat configuration.~ Addi­
tional comparisons were'made to examine the effects of using ~ut 
data based on tours with the same number of units, but not nece§­
sarily the same beat configuration. On the night watch, for example, 
the eight-uni~t. baseline configuration for Pasadena is based on .nine .:; 
tours. Incl tiet'ing all eigh t-uni t tours on, the night watch, regard- " 
less of configuratJ,on, adds two tours. Similarly, using all nine.., 
unit tOUl;,S on the night watch increases tl:le number of tours from 9 
to 13. As a result, composite hypercube estimates, based on all 
eight- apd nine-unit tours on the night watch, are based on 24 
rather than 18 tours. : 

*The compo'si te Pasadena results are ~ased on only 32.2 inci,- '. 
c'!.ents, an average of" 2.4 calls per reportillY area. In contrast,' th~\ 
ltb percent sample di~~eussed" above f()r St.. Louis" C0unty ,contained 
536 incidents" an average of 4.7 calls per reP9rt':i:ng area. \i 

1 ') I .. ) 
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• All watch data - The second variation examined expanded" " 
,the data.base to include' all tours for each watch. with this'option, 
hypercube est~mates based on a fixed number of units and configuration 
are compa,red with data reflecting tours with differepct numbers of .. 

. "units and a variety of beat configurations. 
'';: ' 

'" 
The numbe'r of tours. and incidents used in each comparison with 

these options are shown in Table 4-2.3. The baseline Pasadena data 
c~ 

are identified as the configuration level under the night watch 
,. '" 

(nine 't'ours with ,the eight-unit con~'{~uratlon and nine tours with 
.' 

.nine;unit configuration). 
,\ 

result~. are based on 11 eight-unit tours and 13 nine-uni,t tours 

At the!unit level, the night watch 
c· ,:..~) 

(459 incidents) 1 the day watch result$ are based on 7 nine-unit 
til c..-:l 

tours, 6 ten-unit tours, and 7 eleven-:Jlnit tours (815 incidents); 
// ;;,,,-,) 

and results for the'" af.te:rnoon watch are based on 12 eleven-unit 

tours and 12 twelve-unit tours (1,401 incidents). Watch level 

result.s are based on data from all 38 tours for each watch. The , 

results of the comparisons based on each of these variations for all 

three watches are shown in tables 4-24 through 4-26. 

Pbe following observations are based on these comparisons: 
~': 

• Workload - Both the regionwide average workload and unit , -' --.-r---:-
workload estlmates become less accurate as the overall workload 
level of the watch increases (in order of increasing workload, the 
watches are,night, day, and afternoon), and there appears to be no 
irf@rovement in workload estimates with largerl,sample sizes. Dis­
cussions with 'department staff indicated that less accurate workload 
estimates for the busier watches may reflect the "unQ,:;Eficial" 
practice of stacking calls at the beat level. The assessment com­
parisonS' for the 'probab:i,lity of saturation seem to support this 
,suggestion." Despite threefold increases in the hypercube estimate 

¢ of the probab:ilityof saturation from the night t9 afte:rrrQQD W'~t9Jlr/.1 
=·,~·==~·(tli~~:a'f'eernoon watch workload was approximately three times greater 

than the night watch workload), the empirical v~lues for the proba-

o l) 

" f) 

o 
(J 

bili ty of saturatio)l remain almost the same. (23 

• Cross-beat dispatahing - In general, the,accuracy of hyper­
c'Q-be cross':'beat dispatching estiwates "at the regionwide, be;~t, and 
unit levels is very 'pad. Increasing sample size appears to have 
l,ittle effec.t~on accuracy except for 1:;.he rank difference sums .fo,r 
bea"t level estimates. ~. ,', 

,:. C Trayel time - At both /'Zh'€:beat and uriit level; the hypercube 
esd.:mCiltes become more ~09urate"as. sample size increase so. 
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Composite Level 

i}Beat configuration) 
'Config:urationa 

Number of tours 
Number of incidents 
Incidents/reporting area 

unitb 
Number of tours 
Number of incidents 
Incidents/reporting area 

WatchC 

Number of tours 
Number of incidents 
Incidents/reporting area 

Q tJ () 

Table 4-23 

NUMBER OF TOURS AND INCIDENTS BY COMPOSITE LEVEL AND WATCH, 
PASADENAc1\SSESSMENT DATA 

() 

Watch 
') 

,) 

Number 
N:i g:bt 

of Units, Number of 
Q~~ 

Unl.ts 
:3 9 Composite 9 10 11 Composite 

(1112111) (1112121) (1111221) (1111222) (l112222) 

9 9 18 
'\ \ j; 

165 157 322 .. -
1.23 1.17 2.40 

II 13 24 7 6 7 20 
225 234 459 274 253 288 8:15 C? 

1. 75 2.04 1. 89 2.15 '9. 08 .1. 70 3.43 

38 38 38 38 38 38 38 
785 785 785 1,522 1,522 1,522 1,522 

5.86 5.86 5.86 11.36 11.36 11.36 11.36 

Number tftetlJCCIl a .Unl.ts 
11 12 

(1211321) (1211331) 

12 12 
739 662 

5.51 4.94 

38 38 
2,299 2,299 

17.16 17.16 

aComposites at the configuration level are based on the weighted average (number of tours) of fie1d\stat~,stics com­
piled for tours with the same number of.units'and beat configuration. ,\" 

bComposites at the unit level are based on the weighted average (number of tours) of field statisti'cs compiled for 
tours with the same number of units but not necessa.ri1y the same beat configuration. 

cComposites at the watch level are based "on the weighted average (number of tours used at the' unit-ieve1) of field 
statistics compiled for each beat configuration over all 38 tours for that watph • 

. " 

() 

Composite ;:t 
>::;-'-7"~:::; 

24 
1,401 

10.46 

38 
2,299 

'17';;16 
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COMPARISON STATISTICS FOR THE PASADENA ASSESSMENT 
DATA AT THE CONFIGURAT"ION, UNIT, AND WA'rCH LEVEL, 

NIGHT WATCH, EIGHT- AND NINE-UNIT COMPOSITES 

Percent Region Level 

Avg. Workload 
Configurationa 

Unit 

Empirical Hypercube Difference Difference 

Watch 

0.552 
0.568 
0.585 

0.559 
0.568 
0.577 

0.0532 
0.0573 

-0.007 -1. 27 
0.00 0.00 
0.008 1.37 

0.0113 17.52 
0.0015 2.55 

-0.0130 -27.31 

Probability of Saturation 
Configuration 0.0645 
UnitO.0588 
Watch 0.0476 0=-.0606 

"\ 
I" 

Cross-beat Dispatches 
Configuration 
unit 
Watch 

unit Level 

Workload 
Configuration 
Unit 
Watch 

Cross-beat Dispatches 
Configuration 
Unit . 
Watch 

Travel Time-min. (sec.) 
Configuration 
Unit 
Watch 

Beat Level 

Cross-beat Dispatches 
Configuration 
Unit 
Watch 

Travel Time-min. (sec.) 
configuration 
Unit 
Watch 

0.5203 
0.4934 
0.4790 

Avg. Abs. 

0.4758 
0.4833 
0.4889 

Avg. Abs. 

0.0445 
0.0101 

-0.0099 

Difference 
0.0465 
0.053 
0.0461 

% Difference 
8.42 

0.1315 
0.1278 
0.1206 

1.315(78.9) 
1.302(78.1) 
1 • 0 87 ( 6 5 • 7) 

0.1945 
0.1527 
0:1244 

1.195 (71.7) 
1.254(72.2) 
1.139(68.3) 

9.33 
7.88 

25.28 
25.90 
25.18 

31. 69 
29.86 
23.38 

37.39 
30.95 
25.97 

28.80 
28.76 
24.49 

8.55 
2.05 

-2.07 

Abs. Rank 
pifference Sum b 

15 (not sig.) 
14.3 (notsig.) 
1.1 .4 ( s i 9 ., 10 % ) 

18 . 5 (not s ig . ) 
15.5 (not sig~) 
16.2 (not sig.) 

29. 5 (not sig.) 
28 .. 9 (not sig.) 
25.1 (not sig.) 

17.5 (not sig.) 
15.1 (not sig.) 
13.2 (not sig.) 

14 (not sig.) 
15.0 (notsig.) 
18 (not sig.) 

a See the footnotes to Table 4- 2 3\~o:xi( an explanation of how the com­
posite estimates are computed. 

b The significance levels are based on critical values for eight 
pnits. 
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Table 4-25 

COMPARISON STATISTICS FOR THE PASADENA ASSESSMENT DATA 
>J 

AT THE UNIT AND WATCH ~EVEL, DAY WATCH, 
NINE-, TEN-, AND ELEVEN~UnIT COMPOSITES 

Region Level 
Empirical Hypercube Di,fference 

Avg. Workload 
Unita 
Watch 

0.852 
0.841 

Probability of Saturation 
Unit 0.0688 
Watch 0.0902 

Cross-beat Dispatches 
Unit 0.3816 
Watch 0.3801 

Unit Level 

Workload 
Unit 
Watch 

'Avg. Ab p • 
Difference 

0.100 
0.083 

Cross-beat Dispatches 
Unit' 0.232 
Watch 0.230 

Travel Time-min. (sec.) 
Unit ~~~~~0~.7985(59.1) 
Watch' 0.362(21.7) 

Beat Level 

Cross-beat Dispatches 
Onit 0.239 
Watch 0.240 

Travel Time-min. 
Unit 
Watch 

, 

(sec. ) 
0.924(55.4) 
0.379(22.7) 

0.754 
0.758 

0.098 
b.083 

0.1755' 
0.1797 " 

":0.1067 
\) 0.0895 

0.6030 
0.6036 

() 

-.2214 
-.2235 

Avg. Abs. 
% Difference 

11.74 
9.87 

60.80 
60.51 

16.01 
5.86 

62.63 
-63.14 

15.02 
6.13 

Percent 
Difference 

~7 .;= ~ 

11. 50," 
9.A'7 

-155.09 
-99.22 

... 58.02 
-58.80 

Abs. Rank 
Difference Sum 

" " 

26.7 "(not sig.)b 
(')3~.4 (not sig.) 

I\:, 

16:8 (sig., 5%) 
16.0 (sig., 5%) 

17.2 (sig., 5%) 
10 . 5 ( s fg., 1 %) 

\~ 

15.3 (sig., 5%) 
14 (sig. F 1%) 

7.5 (sig., 1%) 
4 (sig., 1%) 

aSee the footnotes to Table 4-23 for an explanation of how the 
composite estimates are computed. 

/1 

b The significance:' levels are based on critical values for 10 uJ?,i ts. 
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Table 4-26 

COMPARISON STATISTICS FOR THE PASADENA ASSESSMENT DATA 
AT THE UNIT AND WATCH LEVEL, AFTERNOON WATCH, 

ELEVEN-AND TWELVE-UNIT COMPOSITES 

~-s:ion Level 

Avg. Work1o~d 
unita 
Watch 

Empirical 

0.916 
0.922 

Probability of Saturation 
Unit 0.0610 
Watch " 0.0536 

Cross-beat Dispatches 0 
Unit 0.3906 
Watch 0.3749 

Unit Level 

Workload 
Unit 
Watch 

Avg. Abs. 
Difference 

0.1265 
0.1330 

Cross-beat Dispatches 
Unit 0.207 
Watch 0.218 

Travel Time-min. 
Unit 
Watch 

Beat Level 

(sec. ) 
0.607(36.4) 
0.376(22.6)' 

Cross-beat Dispatches 
Unit 0.2225 
Watch 0.236 

Travel Time-min. 
Unit 
Watch 

(sec. ) 
0.821(49.3). 
0.624(37.4) 

Hypercube Difference 
Percent 

Difference 

0.789 
0.789 

0.1905 
0.1903 

0.5993 
0.5968 

Avg. Abs. 

0.127 
0.133 

-0.1295 
-0.1367 

-0.2087 
-0.2219 

% Difference 
13.82 
14.42 

53.00 
58.15 

10.18 
6.68 

56.97 
62.95 

13.76 
11.08 

13.86 
14.43 

-212.30 
-255.04 

-53.43 
-59.19 

Abs. Rank 
Difference Sum 

39 (not sig.)b 
49 (not si,~.) 

33 (not sig.) 
28.5 (not sig.\~;~ 

14.5 (sig., 1%) 
8.5 (sig., 1%) 

10 (sig. , 1%) 
8 (sig. , 1%) 

5 (sig. , 1%) 
2 (sig. , 1%) 

a See the footnotes to Table 4-23 for an explanation of ho,w the 
composite estimatesa:r;e computed. ' 

bThe sigtilficance levels are based on critical values for 11 units. 

') 
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Assessment Conclusions 

The following observations about the apcuracy and usefulness 

of the hypercube mQdel are based on the comparisons described above 

and the data collection experiences of th~ field test 

agencies. The assessment activities reported above~-provide some 

insights into the strengths and weaknesses of the 'l1ypercllbe mod.el, 
:;: ~'" 

and highlight features of the model that need further devl::dopment .. 

and evaluation. 
\) 

In general, the assessment indicates that with sufficient 

amounts of data, collected and aggregated into appropriate data 

sets, the hypercube model can provide reasonably accurate ~'stimates 

(i. e., wi thin 10 percent) for some field9 performance measures. 

The results of the assessment activities also indicate,. however, 

that the hypercube model is consistently more accurate in estimating 

some performance characteristics than others. In order of decreasing 

>'accuracy, these are workload, travel times\ ~nd cr;ss-beat dispatch" 

ing. Each of these estimates is discussed bel6w~ 

• Workload - Both the St. Louis County and Pas~dena data sets 
were used to estimate unit workloads, and for each set, the average 
absolute difference is less than 10 percent. The relative rankings 
of both!s~ts of estimates are significant (st~ Louis County at the 
1 percent level, and Pasadena at the ~O percent level). Despite 
a very small data bas@, the Pas~dena estimate of workload for the 
baseline configuration diffe;r-s by less'than two percent from the 
empirical value. The estimate of saturation probability, however, 
differs by 17.6 percent •. Other J;uns based on -the Pasadena c1ata9 . 

indicat.e theft as the oworkload level increases, hypercube' estimates 
for bo:th regionwide workload and the probabil.ifY of saturation 
become less accurate. Discussions with department personnel ingi­
cated that as the call rate increases, the practrce of stacking 
calls at the beat level a,~so increases. 

,,€..:;~~~' 

• Travel times- 'l'ravel time estimates for st. Iiou:L:s County 
were quite good for both the unit (6. OS average absolute percent.. 
difference) and, b~at (10.28 percent) levels. In contrast, errors 
in travel time estimates for Pasadena w,ere much higher: _31.69 
percent at the unit level and 28 •. S() percent at the beat unit .. 
Su.bsequent pasadena runs based on higher workload levels proo.uced 
travel time estimates cqmparable in 'accuraCY to those for St. Louis 
County. It can be argued that PasadeI)C1 travel time estimates £""or 

c. 
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the higher call rates are more meclningful since the ratio of 
", dispatched to administrative work~:oad is higher and, as a result, 
",the empirical data base is less iilfluenced by the estimated location 
of administrative work.o For bothf the St. Louis County data and 
the higher-ca;ll-rate Pasadena datl3., the 'relative rankings of the 
unit and beat travel time estimab~s were always significant at 
either the five or one percent le("el. I, 

Ii 
• Cross-beat dispatching -1;The hypercube estimates for the 

fraction of cross-beat dispatchei3 at the regionwide, beat, and 
uni t le,vels were generally in·acci~rate. On the regionwide level, 
the error for St. Louis County w:~s 17.38 percent, and for the 
higher-calI-rate Pasadena runs, 'even largej:" errors occurred. At 
the beat and unit level, the average abso11jte errors usually 
exceeded 25 percent. Based on these results, it appears that 
even with relatively "clean" data, hypercube estimates for cross­
beat dispatching are not ade;q_ulfte for design or planning purposes. 
A number of factors may have~ccounted for these large.errors: 
(1) disc:r:epancies between the idealized dispatching policies used 
by the model and actual dispatcher activities, (2) the common 
practice of dispatching two or more units to calls, and (3) the 
inability of e~ther department to adequately describe the location 
of patrol uni t5 when they are on preventiv(~ patrol or administrative 
assignments. 

/) 

Both the aSl3essment activities and the experiences of the 
, 1 

field test agencies raise serious questions about the ultimate 

usefulness of the model to the law enforcement community. These 

questions are: (1) Is the effort required to collect the appro-

priate input data tQ run the modE-)l both feasihle and acceptable 

to most police agenqies? (2) Can present model limitations with 

regard to administraitive (or non-CFS) workload, multiple unit 

dispatches, priority calls, and travel barriers be eliminated with­

out si~nific~n~ly iricreasing the amount of input data required? 

and (3) Do hypercube dispatching policies accurately refle,,ct the 

operational dispat(ihing practices of rfiostpolJ.ce agencies?'­
\\ 

Draw'ing toget.her all of the assessment findings discu!:?sed 

I! alj9.ye,\ the following general observations appear to be most 
" ' 

,"'i:: .. <>: ,~ 

!: i'lrtport?nt: 

\)~ • Model <;i'accur~acy - The relatively high accuracy of hypercube 
estimates for workload and travel times is noted above. Although 
hypercpbe estimates of cross-beat dispatching were found to be 

,I 
1/ 
" 
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less accurate, the hypercube
o 

model may yield potentially usefuJ. 
estimates of patrol field performancEL chc:racte:-istics if enQ,g,,~Q.-(;:;..F 
data, . adequately screened and- prepared, 1S ava1lable. Tffe quaI~::::-== 
fications placed on the input data, however, may represent a ,seX-Iou,s 
defect of the model. The asse9sment Qata used for both St. LO'\iis " 
County and Pasadena were carefully coll~cted, screened, and prepared·F 

in order to have as good a data base as possible from which to JTlake 
reliable assessment judgements. It is not unreasonable to suqgest 
that the effort expended to saJ~tize the input data for th~assess-
ment activities was far greatei-l~thaif most police agencies wil:T -.. ~... "~~==-'-"-~:':'~-(J, 
be prepared to expend in order to use the model. Hence, the results 
obtained with this data are, at a minimum, equal to and, more 
likely, superior to the kinds of results,cthat~-x..,ill be obtail1~~g"-gZ. _ .. __ . ___ ' .,0 

future users of the model. To date , little evidence is availabl-E:! -----,_~oc",,-~~, 
to indicate what kind of accuracy loss can be' expected as tl:1e. il1Put 
data become less reliable. The addi tion'al Pasa,¢l.ena runs suggest 
that estimate accuracy may improve at first as the size of ' the data 
base is increased at the expense of data consistency. Eventually, 
however, the advantages of a larger data base are overcome by the 
inclusion of empirical data that does not correspond to the number 
of unij:s and beat configuration of the corresponding hypercube runs. 
Observation of the field test agencies strongly suggest9 that few 
departments will be willing to do more than segregate th,e. data "by 
time of day, particularly if the data screening_process involves !:~ I~L\' .' 
more data preparatio~ and additional hypercube funs. ~ ~ 

• Data collection effort - Few police agencies have all of the--=-c-=--===\-= 
data required for the hypercube model in an easily accessible and ===~",,",'1\ 
useful format. This is particula1?,ly true if an attempt is inara~'Eo " 
use"the model to design beat configurations wi1;h, c,on,S:iErteni:: dala., 
set"B (i.e., data drawn from tours "t..;rith the same hours, the same , 
number of units, and the same beat configuration). The field,test 
project clearly demonstrates ,that 'data collection activities can 
require days and weeks ofeffQ:r;t. The questionable accuracy of the 
model used under the conditions" discussed above, and t~considerable 
data collection effort required, raises the, issue of whether the 
benefi'ts of the model justify the cost of using ib 

• Model limitations - The assessment activities uncovered ,~hany 
-l~imi,tations=~in the current version of the hyperc,Ube model. Some o~,., 
these' have been c;i.ted by other invesctigators, and in other parts of \' 
this report. Others, howaver, have ,been largely i'gnored~ to date ;0. 

because their impiications were not clear. The results of the 
assessment in particular, and the field "test project in general , 

,,)', 

indicate that the following operational features· should be incorpo-:."", .. ==== 
=--~~ ___ ..r~a"teQ--i .11,.tQ--i;.h8=mede..1~: '~" 

• explici t modelling of administrative or n~HMicFs worklOad'\\ .-

'\ . 

'\ 
:l'!\ { 

• 'multiple unit assignments for':,single calls, 
D 

• call priorities, and' 
\~\ 

i,1 
call stacking • at the beat level.\: 

1.33. 



Implementat,ion Assessment 

Implementation validity refers to an assessment of the overall 

response of the real world to the solution suggested by a model 

un.der investigation. In this sec,tion, the implementation validity 

of the hypercube model is examined in terms of the following qu~s-

tions: 

• What did each fi~ld test agency do with the hypercube 
model during the fj,eld test project? and 

• What results have been achieved by departmen'ts which 
implemented a beat configuration based on a hypercube 
analysis? 

Both of these questions a~@ discussed below. 

Field test activities. Use of the hypercube model by each of 

:the field test agencies is described in the case studies in Chapter 

I~ of this report; and a summary of the participation level of each 

Qepartment is presented in, Table 2-2. All but one of the field 

test departments examined all or part of their current beat con­

figurations. Five of the departments analyzed alternative beat 

structures, and three designed a complete set of new beat con-

figurations. New beat designs were implemented in Frenso, Burbank, 

and St. Louis County (in two of five precincts) . 

In discussions with personnel of the five departments which did 

not de~ign new beat configurations for their departments, the follow­

ing reasops were identified- for limited use of the hypercube model: 

==-~====~=~~.-~"~=u.i;:rfj:cu"l=i:y-"itr~obtaining the required "input-data, "and 
the effort required to collect and prepare the data; 

'\ 
.\ 

• absence of any perceived need to change the existing 
beat configuration; and 

• a belief that in its present state, the hypercube model 
cannot adequ~tely model real patrol operations; the most 
commonly cited limitations were (1) no call priority sy~~~m, 
,,(2) assumption of orily~'one'unit per call, (3) no explicit 
treatment of non-CFS workload, and (4) procedure used to 
compute travel times. 
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Field test implementations. As ind~cated in Table 2-2, three 

departments implemented beat plans designed with the hyperqube system. 
/~', 

Although none of the departments initiated significant follow~up 
D -

evaluation activities to assess the advantages of the new p~ans, some 

post-implementation results are available. Each of the thre~, depart-

ments is 'discussed below. (A detailed description of the beat design 

activities in these departments during the field test project is 

presented in Appendixii,A.) 

Fresno, Cal:Lforn{;',a - Preliminary results from Fresno give several 
indications that the nE~w beat plan, implemented on November 3, l~ 76, 
has improved several areas of p~ol operation. Tl}~.!3~ ~INJ?rovements are: 

• The fraction ~)f calls Cr service held by dispatchers 
for more than three minutes decrease'a from 62. ° percent 
in October 1976 to 45.2 percent in November 1976. ',0 

, Ii ' " ' !J. 

• The number of calls held over at the\\ end of the busiest 
shift decreased significantly. Unde.\:, the old plan as 
many as 45 calls for service were bei'lpg held. Under the 
new plan, the number held over seldom\E;!xceeds five. 

. . ~ e Average travel tJ.me to calls for servJ.ceuecreased 
significantly. The average travel time during the" first 
three months under the new plan was 3.8 minutes less 
than the average travel time during the ten months 
preceeding implemehtatiE};EI' o~ the new beat plan. 

• Implementation of the beat plan designed with the hyper­
cube model avoided the need to hire additional officers, 
a course of action management had previously assumed would 
be necessary. Estimated savings in salaries and fringe 
benefits were $200,000 a yeqi.· . 

Despite these impressive results, it is difficult to know what 
portion of these bene~its are directly ctt.tributqhle to the hypercube 
moQeI. It can be argued that the conditions in 'Fresno prior to ~==~. 
the hypercube analyses were such that almost any reasonable change 
in manpower allocation by time and geography would have produced " 
!?Qll!E? .J;),gll~t.:j.g.i~aJ~~.J;:,e.s~ul.ts ..... , .In~~addi.tion.;~ ... pa~a·Lle.1-.i-ng.-imp.leme,:ro.cta.t-i0n~~~~~ ". 
offhe new beat plan, the dep'a.:):'tment initiated use of a sophisticated 
CAD system for dispatching patrol units. ':Phe interaction effects 0 

of this system and,the new beat p~an are virtually impossible to 
identi£y.'\ 

Burbank, California - The department implemented a new'beat 
plan based on a, hypercube analysis in \October-".j.976. This .chapge 
represented the first major revision in>tJl1e beat structure in ('15 
years. l\. compar~,son of several patrol and dispatchinq measures 
based on the old 'and new beat plans is presented in Table 4-27. 

o 
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Table 4-27 

CJ 

() 

COMPARISON OF PRE- AND POST-IMPLEMENTATION 
PATROL AND DISPATCH PERFORMANCE STATISTICS, 

BURBANK, CALIFORNIA 

Performance Old Beat New Beat b 
Measure Plan (N=l,457)a Plan (N='1,772) 

Dispatch time (min. ) 6 • 3 (N= 1, 09 8) 9.0(N=1,062) 
/1 

Travel time (min oj 507 (N=948) 5.7(N=893) 

Service time (min. ) 3lol(N=925) 28.2(N=988) 

FractJ.Qu of cross-
beat dispatches (%) 46.7(N=l,380) 42.2(N=1,447) 

a 
Based on a five percent sample of all dispatched incidents in 

Burbank from May I, 1975 through February 10,--1976. 
(j 

b Based on a 50 percent sample of all dispatched incidents in 
Burbank during October 1976. 
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These results indicate that while the overall trave'l time remained 
the same, the fraction of cross-beat dispatches declined from 46.7 
percent to 42.2 percent. During the same time that the new beat 
plan was implemente~, the department also began using civilian 
dispatchers. This change may have accounted for the significant' 
increase in dispatch time. bespite use of the model to design new 
beats, personnel at the Burbank department indicated that it is un'':''', 
likely that the department will u,se the rribdel again in thE;! near 
future. The reasons for this decision are: (1) the stable workload 
p'fttern in Burbank does not require frequent beat c,hanges f and (2) 
t.::he civilian who was trained in the use of the model left the ode­
partment shortly after completing ,the hypercube alalysis. ,,~ 

" C 
St. Louis County - The St. Louis County Police Departmen:t 

implemented new beat plans based on hypercube analyses in two II 
precincts in April 1976. Favorable reactiont? to the beat plap.s 
led the department to obtain copies of the hypercube programs for:· 
installation on their own computer-system. The department has '. 
used these programs ·to analyze its manpower allocation poliqies 
and beat configurations in all five precincts; and based on these 
analyses, new beat plans aresGheduled for implementation,inoall 

·precincts in January 1978. 

Conclusions. Use of the hypercube model by the field test 

agencies highlighted many imolemer(tatio'n d~fficul ties. Technical 
I!'('})' 

limitations of the model which may limit it I s wide-spread use 
/";<,, 

,.t. 

are: 

" 

• the unavailability or inaccessibility of input data 
required to obtain reasonaply accurate hypercube 
estimates; 

• the effort. required .to collect enough input data 
to yield reliable results; 

.' the amount of training required to run a model which 
may be used infrequently; and 

'!.- (;" 0 

'. 'a lack of confidence in the model due to its limi­
">,,,tations in" modelling non':"'CFS work, priori ties, 

multiple unit assignments, and in computing travel 
times. 

~---~.--= ... ~---=='-." -. 

Other implementation bq.rriers related to the cost and use of 
I~ 

c~ 

puter model as large and complicated as the hyperc1ilie system 

discussed in the Jollowinq ,chapter. 
• 0'" 
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CHAPTER V 

TECHNOLOGY TRANSFER 

A. Introduction 

"7. 

This chapter reviews the technology transfer accomplish...;. 
0-, 

o \r' 

ments of the research team. Topics discussed include the 
'" 

following: 

e information diss~mination - creation of an awareness 
\'0. wi thin the law enforcement community of hypercube·' s'o 

{J 

ava ~lahl' l'; +u-- ·""""'.,:t=o:-...,_~...,l-,,"':.-l ~'+'';"OC!''~'--::::>'T'\,::j~ ... "f= .+'1-.-0.' ""o .... e-· .... ..;-ct.- fl,.-~~"-~--. __ ~ __ ~ ._ ~ __ ._.-.-_:l-:--~-.a;.1\,;.; \;j;Q;t'Q,:AJ~-...L.-...L.-\.. ...... "-·--,·-"""'· ... · ... """'-... ..#"t.r-'-... · ... ----1:' - -t;;., ~-.1.\""..L. ...l..i' 

benefits which can result from its use; 
e If 

@ software dissemination - development of avenues for. 
assuring the future ava,ilability of the hypercube 
computer programs; and for encou~aging police depart­
ments to use them~ 

o technical assistance - idenAification of the need 
Jo~ expert assistance amonghpolice users of hyper­
.cube, and potential sou+=ces' for obtain,;i.ng such 
assistance in the future;' and 

o "training - identification of the need for·· and 
potential sources of training in use of the hyper-
cube c\?rogr<frtts. .. " c G 

I:) " (; Q 

Each section j,ncludes·- information on accomplishments to date, 
~ ;' 

o.:;.} 

transfer !iefforts" 
" c 

.. 
and the need tor addi tion,i=tl tech'nq,lbgy 

PFomisil)-g alternatives for'meeting . these ne.eds. 

B. Informatlon Dissemination 
c 

Informing potential users of the availability and capa-
• . 0 ~ 

bilities of th~'\lhypercu~e programs, an~/of the po~ent~al 

• • 0 \1 1 f h' I :;. f " benefJ. t~ ~hJ.ch Ci~an resu t rom t;. eJ.r UE~e, ~s a ~ore 

difficw.t task 1j)ha~ may be perceived at first glance.J,;f 

hypercube were all proprietary, commer"'ciaL· product, such 

communica t~on wolald '~~; "an essent:b~.l part" of the market.ing - - , Il 0 ,'" -.- ,~() 

effort."" " Jr ". ft' d' . t' "isle~ssR .. 
.. Alth~ttg_ '\ 1n" orrna 1On, 113:SeJTll~~ 10n 0 ~ "'.' ".,. 0 ' 

{) 
o 

.. ~ D "J ," 

.\\ 
[) -" 

a. 

o 

o· 

.~ 

" .,-



? 0 

II 'I 

Ii 

a 

" 

o 

(, 

assertive and less well funded in the realm_of public technology 

transfer, the problems are the same. The right information must 

reach the right people and organizations at tJ;le" right times, and 

adequate follow-up must be available to respond to the result­

ing sparks of interest before they die): A small numper of 

journal articles and conference papers are clearly inadequate. 

with this perspective in mind, the TIPPA re,search
c 

team 
\1 

undertook the task of information- dessemination during the 

prodect through direct contact with interested organizations, 

publication of journal articles and announcements, and pre­

sentations about hypercube at meetings and conferences. These 
C~ 

activities are outlined below. 

"Institutions, Organizations, and Proqrams Receiving Informa-
fi9.n .9n.,!!Y2.~Tcu.b~ - ., . . ._-_.-._-.-._-

1. Organizations represented on Project~dvi's6rY"B&'a:fi:rc: 
f .-t .. 

Thro~gh the participation of their representatives on the 

Prqject Advisory Board £or this study, the following organiza­

tions were apprised of hypercubeJs capabilities and h~rl an 

opportunity ~o offer suggestions reg9.rding technology transfer: 

o· Califqrnia Innov,ationGroup (CIG) 
International AJ~ociation of Chiefs of Police (IACP) 
International Conference of Police Associations (ICPA,) 
Police Fou~dation 

~ 

2. Public ·technolbgy transfer organizations'; and programs 
I ..'- ",Of; 

Building gnthEt researcn team's favorable experience in work-
" iflg with CIG during "the field test, and on the expanding capa·· 

" biliti;s and number ·of other public technqlogy tran?fer organi-

zations, th.e, team made 'contact with the organizatiop.s and 
>:J;." , 

,:programs listed .in TableS-I. Each organization received 
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Table 5-1 o 

PUBLIC TECHNOLOGY TRANSFER ORGANIZATIONS CONTACTED ", 

New ~ngland Innovation Group 
National Governor's ConferencefrScience and Technology 

Project ,~ , 
National Conference of State Legislatu~es - Offic~c.bf 

Science" and Technology . 
Public Technology Incorporated (PTI) - Urban Technology 

o 3ystem ., c 

National Conference of State Criminal JusticecPlanning 
Administrators - technology trans~er program 

Law Enforcement Assistance Administration (LE~) - Office 
of Technology Transfer ·i'·; "-' 

International City Management Associatiort' (ICMA) 
innovations evalua·t.ion and dissemination program 

Other organizations listed in "Directory of Federal 
Technology Transfer" , 

Rand Corporation - crimil'ial justice planning models dissemina­
tion program 

G 
basic informc:l.tion about, hypercube and relevant materials 

g 
presently available or being comp.leted.. ~ 

3. Law enforcement operating, planning and service organ~tions 
, ~~if, 

A wide range of law enforcement operating', planning, and 

service organizations were sent information about hypercube. 

These a+e listed on Table 5-2. 

4. Pe:rsons having obtained copies of the hypercube programs 
i? ~ 

TIPPA obtained a complete list of persons whochave obtaine4 . . , 
,= ~ . • , \) 'Gj , 
cop~es of the hypercube pro graws from the two dissemination h 

() 

sourceS in pperation at the time of this projeqt: M. I.T. and 
'. \ D 

the Rand Corporation. Information about hyp_~rcube' s exr;randed 
;:: -';:;4 ',7. ~ _ 6:,::".. 1/ 

capabj,li ties and the implementat.;i.on aids to be produc'ed by the 

present project was sent to all, along with a questionnaire 

" about us1er e~erience to date. The persons reached 0 in; this 
~, 

manner" were-:- mainly~lpolice departme~ts ,e, °consulting firms;' 1Wi~ 
, ' '<!...I 

0' of,) 

versi.ty-based icndivi~uqls ,e and criminal justice pla:gni.t1g, 
¢ ~ 

agencies. , P,. 

() 

p 

o 

'r 
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Table 5-2 

LAN BNFORCEMENT ORGANIZATIONS CONTACTED 

LEAA state planning agencies 
Police chiefs' associations 
Police officers' associations 
Police officer standards and trainingconrrnissions 
LEAA regional offices 
Police departments other than field test agencies: Brea , 

Orange County, and San Diego Sheriff's Office, California 
(participants in project orientation meeting or training 
program ) 

n 
5. Persons requesting copies of TIPPA research reports on 

\i hypercube " 

TIPPA presented" le'~earch papers on the hypercube field 
,y-'\ 

test project at three national professional society meetings, 

discu,ssed below .In response, numerous requests for infor-

mation about hypercube were received from police organizations 

in the united States and r"V.)foad, publishers of p~;lice periodicals, 
,) ",),. , 

private industry, university re!~~~rch programs, government,' ,; 
a'gencies concernet71. with emerg~f.3-ncy services other than iaw en-

i \! If 
C) to • 

forcement, and cQY'.GultJ..ng fJ..rms. Copies of the research papers 

Were sent to all. 

6. fnfor~ation dissemination services 

'~ ~ (f i) Contact\'las made with the National Criminal Justice Reference ~, ' 

(~) 

-",Service, National Referral Center of the Library of Congress, 

I; and National Technology Informati()(~, Service ;)irgarding proce­
-\, ) 

dures for dissemination of documentation produced by the ,field 

test proje'ct. 
,)' : 

In each case such disse~ination is feasible and 

fan be accomplished with a r/min;i.murn of effort when the documents 

are availabl~. 

I) 

0, 
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7. Software dissemina:tion programs (see section below) 
\ jf 

" \' 
rrechnical 'as£;istance programs (see section below) 8. 

I 

9. Training prog:rams (~ee section below) 
\i 

PublicaYl:.ion of Ar~\icles, Announcements, and Other Communications 
About Hypercube 1\ 

TIPPA distributed two types of information to appropriate 

printed media'outlets: 
b 

~ material ~ti~table fox articles about 

hypercube, and material about a test presentation of the hyp,er-
e " " 

cube training seminar open to outside participation. Additionallyi' 
I', 

TIPPA researched the'possibility of future articles about 

hypercube when the field test is completed. 

1. TARGET (lCMA) 
\ 
~ , 

This publication deals with innovative criminal justice o 

~ " 
programs, reaching 30,000 law enforcement and crimin~l Justice 

" 
professionals ,each issue., The lead story of the March" i977· 

f..' 

issue concerned the successful use of hypercupe by the Fresno 

Police Department in conjunction with the fielq. test project. . , 
TIPPA proposed the arti~cle to TARGET and su~~lied the ,informa-

c 0 

!?, tion on which it was b~\ed. ~::;, 
.'.'-:,.:--~~--~'-::--;~':;:='=:-:-;::~ 

2. Law enforcement newsletters , 

Information about hypercube 'and if.he hypercube traini't19 
I, 9 

program appear,ed in Crime Control Digest (October .25, 197'6), 
c 6 1::.1 II 

Training Aids Diges,t (becember 1976)," Law En'fdrcement ~ews 1\ 

(December 21, 1976), and Crimiha,lJust,:i.'ce Newsletter 
\~') 

I 

1976), as a result of news releases issued ,by TlPPA. 
)) 

3.' Police Chief " 
o 
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Norman Darwick, IACP executive and hypercube project 
c) 

advisory board member, has indicated that the Police Chief 

will accept an article on the hypercube field test project. 

A good issue for Pl!blicationc:wo'!;,lld be the October 1977 issue 
\1 

which will focus on innovative technology, and which will 

receive maximum dissemination since it is the IACP's annual 

meeting issue. 

4. The Law Of:ficer 

Robert Kliesmet, ICPA vice president and hypercube 

advisory board member, has indicated that The Law Officer will 

accept an article on the hypercube field test project, with 

emphasis on its implications for police unions and police 

officers' associations. The magazine reaches over 180,000 

officers in the United States. 

5. Newspaper articles 

Two newspaper articles were published in Fresno describing 

the use of hypercube there: 

6. 

"A New Beat FQr Police ByC;o~puter", The Fr'esno Bee, 
_ October 28, 1976 

"Fresno Pioneers New SYl?tem to Improve Police Service9'" 
The Fresno Guide, November ,3, 1976 .. 

-_ •• j- -

Internal report of the F~~sno Police Department . 

" 
A report surrunarizing pa1'ticipation ,in the field 'test proj-

ect and discussing the benefits deri'ved ffom Us$ of hypercube 

was written by 'staff of the Fresr;:o J;>olidk Department. 
(:': ': ",. 01 ." 

.~ 

Entitled, 

"Beat Design and 
t 

Manpow.::r Deployment System, " by Deputy Chief 
. 

James E~ckard,." the report was distributed within, Fresno and to ::;. 
~ 

othel." police departments requesting information :about the 

hypercube project . 
. ,-}) 
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7. ~ational Criminal Justice Ref.erence Service announcemenj:s 

TIPPA assisted Dr. Jan Chaiken of the Rand Corporation in, 

arranging publication of if Sele6'tive Notification of Inform~tion 
~ .' ~ 

(SNI) announcement of the availability of Rand reports orr the 

hypercube model and progr~1l (about 18 f 000 persons received _t.l!.-!_s . \, 0 

J3NI) • 
.j 0 

TIPPA ?llso arranged for publication o,fan SNI on its 
1\ 

one-week hypercube seminar held January 31 - February 4, 1977 
o 

(about 38 f 001.0 persons receivedthls 8MI) 2 

8. Qjfice of Criminal Justice Education and Training, LEAA 
" . 

This org~nizat~on coordinat,es training "and personnel 
:-:.'t' 

development for LEAA. In response to a TIPPA request; its 

director issued a memorandum in November 1976 on hypercube's 

availabili ty and related training materials to all LEAA f:~deral 

'D 

. , /.\'. /.;\-',(;:\1>Ll\)}6~i}£',\\r..t\Y4l~6\\\if.))6''b4· 

regional offices. ~ TIPPA has since be~.ncBnta'c'te\d\'c5\f'ctr"""add'i:"'\\\"ii\~ ,~.) , : 

tiona1: ih,formation on hypercube by a number of the memorandum's 

recipients. 

9. Urban Regional Information Systems Association" (URISA) 
Newsletter 

A TIPPA press release on the hypercube programs and 
c 

re.lated training res .. lilted in a short article in the URISA 

~ewslef~eer \rf~~Ut't:o})e.F ~r9~7Et~ ~=~~~'~'~~"- "~-{t-o-v'-"~~ 

10. IACP annual equipment directory 
, {j)' . 

TIPPA prepar~d and submitted a product announceme:Q.tto,be 
d.'::::-~ 

pu]:)lished irl}! th~ fi.rst issue of the IACP :Equipment Technology 

,Center's annual equipment directory. The anno~uncement, describ--

. "..,," 0'\\, .,:" 
1ng hypercube and" eXplal.n1ng. lJow t'o obta,J);n related materials, 

• 0 
<:;J 

• ,;) '1..1 

should reach admini~$t:ratQrs and purchasirig agents in 3 f 000) 
~ , II:, 

U. S: law el1forcement agencies .. 1 
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11. Mathematica, Inc. article on hypercube 

An . art.icle on the hypercube programs, aimed at city manage­

ment personnel, has been written by Mathematica, Inc. under 
." 

contract to NS.F' s' llANN office, as part of a program to publi-

cize results, of RANN projects. The article is intended for 
'I 

inclusion in \\a RANN magazine whose publication is now under 
II: 

co~sideration(I at NSF. If the RANN magazine is not "published, 

Mathematica hi~s indicated 
n 

the article iA any future 
!f 

to TIPf that it would welcome use 

h ~b~d'" t' ypercu e ~ssem~na ~on program; 
I 

it appears ap~?ropriate for ICMA's Public Management ma~azine. 

12. 
'0 

, 

publicatlions related to software, technical assistance, 
and· trai.ning 

,.. re 

of 

Many of the organi2ations identified for the distribution 

of hypercub~. software, provision of G technical assistance, and 

training, p,iIb1ish periodicals, bulletins, and training 
Ii' 

;: I 

announcemeiits which reach thousands of potentia:~., hypercube 
r/ \ • 

users. T~is dissemination channel can be activated .if additional 
;J \\ 

effort i$ devoted to promoting the coJperation of these organi­
J 

f 
zations. 

Dissemination of Information at Meetings, Conferences, and 
,~~,,-, ;;;'~;'::'~~::: ~;'~~~~-l:r~,~~~il~J:l~" .. P rogr ams 

1. RANN 2 Symposium 
'::. 

I 

T1PPA designed and operated an exhibit on the hypercube 
I, 

field test project at the RANN 2 Symposium held in Washington, 

D.C. in Nov/ember 1976. Over 1,000 government, university, 

and pri~ate indt;1stry personnel attended. TIPPA produced a six­

,. minute film o~~ the project which, along with the rest of the 

exh:i.hit, i::; ava.ilable tor use at futtire meetings. A summary of 

1 

.1 

I;.', 

~:\ 
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" 

the project appeared in the program guide, and will be pub-

lished in th~ proceedings. To facilitate communication with 
<,'" 

:> 

Washington-based organizations to whom TIPPA, had been c:iirecting 

information on hypercube, nUmerous organizat±dns were' telephoned 
" 0 II 

by TIPPA in "advance of the meeting and invited to send repre- 0 

sentatives to the exhibit (see Table 5-3 for a list of those 

contacted). Many subsequently attended. 

2. ICPA annual meeting 

A member of the TIPPA researc~ team presented a talk on 

~l 
'I 

" j} 

, () 

the hypercube programs and their possible img'1ications for polic~ • ~ c , _ 

unionism at the July 1976 annual meeting of the International 

Conference of Police Associations in Palm Springs, California. 

Officers of poli(p,e associations representing over 180,000 police 
,~ 

officers in the U.S. and other cou~tries were in attendance.' 

Table 5-3 

ORGANIZATIONS INVITED TO RANN 2 SYMPOSIUM EXHIBIT 

Nati.onal League of Cities, Criminal Justice/project 
NTIS Computer '. Products Division 
Office of Policy Development and Research, HUD 
Office.of Criminal Justice l?ducation andTraining,LEAA 
Divisionof~Technology Tran~;ieer, LEAA ~ 
Police Foundation 
University of MarylaI1d, ~aw enforcement progra}:ns 
AllIer ~can Uni versi ty, Na tion<;ll rnsti t;.ute on Law\\ Enforcement 

Management 
IACP Police Management and Operations Division ",='~='"=== 
National Conference of State Criminal Justice Planning' 

Administrators 
Training Division, LEAA 
Crime Cont~ol q~gest 
Police D1vision, LEAA 

I, 

Public Technology, . Inc" , ' softwa:r:e exchange .(V 

() ICMA Innovation's Program, and Police Research Program 
rCPA Na txonal Headquarter:s "'".; "." 
Public Administrati~?n Service, Technical Assistance Project ',C"" 

:,,' 
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3. Papers on" the hypercube field test presented at profes-
sional society meetings ~' 

\: 

The following three papers were presented by TIPPA staff 

memberS1 at meetings of the Operations Research Society of 

\:America a.nd rfhe Institute of Management Sciences: 

"Evaluation of Police Sector Design Procedures," 
Las Vegas, November 1975 

"Progress in Field Testing the NSF-MIT Hypercube Police 
Beat Design Methods," Philadelphia, April 1976 

"Use of the Hypercube Model in Field Tests in California 
Police Departments," Miami, November 1976 

4. Urban arid Regional Int9~g.tion Systems Association (URrS~) 
Workshop; August 1976 

URISA presented a workshop on Law Enforc~ment and Criminal 

Justice Information Systems at its annual mee;iting in Atlanta. 
1/ 

, TIPPl'i worked with the workshop coordinator to secure inclusion of 

hype:r;cube in the program. The presentation was made by Dr. Roger 

Elliot of Texas A&M University, who has headed an LEAA-funded 

project. which translated the hypercube program from PL/I to 

COBOL to make it more access'a.ble to Texas police agencies. 

5. IACP annual meetings 

Efforts were made to arra'nge for a demonstration of the 

hypercube programs and a portable data termiii:':~'l at the annual 
\\ '--., .. " 

meeting of the International Association of Chiefs of Police, 

in Miami (Sep·tember 25-30, 1976). Unfortunately, IACP's plans 

for exhibits and presentations at the meeting ,began early and 

no exhibit space or presentation openings .remained by May 1976 

" when TIPP.A began its inquiries. Despite ass,istance from Norman 

Darwick, it was not 'possible to make satisfactory arrangements 

and the project was temporarily dropped. Up to 7,000 police 
~, 
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executives have attended previeus annual meetings, visiting the 

exhibits ef hund:r:-eds ef venders. The next annual llleeting will be 

held in Les Angeles in Octebe.r 1977, at which time it is heped 0 

that an exhibit will be p,;revided. 
-

6. Asseciatien ef Pelice Planners and Research Officer,s (APPRO) 
annual meetings 

This erganizatien brings tegether frem 150 to. 200 pelice 

planning and research persennel fer three-day annual meetings. 

The March 1977 meeting included a presen~ation en law enferce­

ment technelegy transfer by Gerald Miller, fermer eIG science 

adviser for San Diego. and participant in the hypercube field 

test preject. TIEEA s;lJpplied .r~m with material enD hyperpube 

fer inclusien in his presentatien. 

7. Pelic,e planners I training programs 

Dur ing the ceurse ef:; the prej ect Nelsen Heller presented" 
!, 

intreductery material on hypercube to. appreximately"o200 pelice 

planners and executives attending management sbert ceurses at 

the Traffic Institute, Nerthwestern University. Independent " 

ef the TIPPA preject, Dr. Richard Larsen presented material 

h1rpercube at M. I. T. I S annual "Analysis of Urban Service 

Systems" shert ceurse Tllho.se participants inclu,qed police 

planners and execlltives. 

c. Seftware Disseminatien 
~--""';." ",~ 

Preject activities, reiat.~d to. softwaFe 
=- 'I , 

spmmarized below.,'i: P~)tEfntial lmpediments to. 
'\'\ I,'. II '0,,,-, ' II '\ l, t 

dis~3eminatien are als.0,"identiiried. 
'\ 0 ',':,' \~ 

II' 'li\'1 il \' 

'Ideri\tificg.tion ofll(\Seft:wFire Exqhanges a~ld 

I, 

, Il: 
Other irPrO'grams ,For 

~ 

~\ . 

t Dissi;!mimlhon of. te !l'~erCubi SOHwarj,,' 

\\'1 
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!I 
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1. NTIS Computer Products Division 

NTIS is one of the prime software distributors for computer 

programs produced under government funded proj ects . For abo.pt 

$60 a software package can be entered into the distribution 

library. Newly~acquired packages are announced in NTIS publi-

cations such as Urban Technology and Problem Solving Informa-

tion for State and Local Governments. A catalog entitled 

"Special Software for Local Governments" is published and 

periodically updated by the Computer Products Division. As 

part of an HUD technology utilization project, the Rand 

Corporation has entered an earlier version of the hypercube 

program in the NTIS library. In response to a TIPPA inquiry, 

NTIS has indicated that it would be pleased to add the inter-

active. software from the field test project 'to this library ~ 

2~ National Cl~aringhouse for Criminal Justice Information 
Systems (NCCJIS) 

, This LEAA-funded project, operated by Sea:r:\ch Group, Inc. of 

Sacramento, California, became operational in the Fall of 1976. 

It is.-_intended to serve as a software dissemination service for 
(,~-,;( 

programs relevant to law enforcement and criminal justice oper-

ations, and expects to publish a newsletter and offer technical 
o 

assistance as well. A member of the 7'IPPA research team visited 

NCCJIS in January 1977 to present a talk on hypercube to the 

professional staff. The project director expressed a keen 

interest in adding hypercube to their dissemination program. 
~r''''\:--, 
.'-,~. c" ···CeI.'~erfor Advanced:" computation (CAC) 

)~/ - I~ 

o ,::::, 
The Cen.ter for Advanced C()mputation is ].ocated at the 

University of Illinois at Champaign-urbatia.' It is presently 
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supplying remote access time-shared data processing serv.:i,~G~S. 

to LEAA's National Center for Criminal ,Justice Information and 
'0 

Statistics, and, with this organization, is studying the 
P , -", --. "-'--"-'., 

feasibility of operating a nationalLPomputer-based data and 

software archive. Such aB archive could make prog([ams such 

as hypercube available to law enforcement agencies via remote 

access time sharing in the same manne.r as the National CSS 

system implemented by TIPPA. The CAC also envisions conducting 

tra,.ining programs in software usage and publishing a newsletter. 

Preliminary estimates of CAC data processing costs indicate 

that they might be considerably lower than commercial systems~ 
,', 

In February 1977 TIPPA's executive director visited the 
v 

National Center for Criminal Justice Information and Statis-

tics to discuss with. its staff the dissemination of the 

hypercube software in this manner. 

4.· NASA's Computer Software Management and Information Center 
(COSMIC) ". 

One of the nat-ion's largest software libraries of engineer-
~ 

ing analyses and other programs is maintained by NASA at COSMIC, 

located at the University. of Georgia. Programs deveJ.op.ed by 

other government agencies, as well as by NASA, ar.e included. 

COSMIC serves as a clearinghouse for the tran'sfer 6f these 
l\ 

programs '. to industrial and other users~ 

grams now a~,ailable deal with law enf6r.cement 

service operations. . '~ 
To anhOunce hew programs 

~nd othe~ pu7jiiC " 

NASA pUQlish&S a 

quarterly ca'talog called .the Computer Programs Abstract Journal, 
I~ , 

which is avail:eble by subscrip~ion through the U. S . Governni'ebt .' 
" n 

Printing Dffice. 
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5 . '~'N~.j::ional CSS, Inc. 

~'~----------~----

Tl~e interactive hypercube software package developed by 
'" 

TIPPA for the field test project includes supportive software 

for data and program manipulations which will operate only on 

the National CSS system. This interactive package will be avail-

able on tape from TIPPA and possibly from other sources. 
~ ""-, 

Future users ,/ill mail a copy of the tape to National CSS to 

have it put on the system for the period of u~,·lge. If suffi-

cient demand for the package materializes, National CSS may 

decide to make it a "local product. 1_ In that case, the software 

would be resident in the National CSS program library, and 

would be supported with some form of technical assistance. 

6. Massachusetts Institute of Technology - Hypercube Research 
Project 

Dr. Richard Larson will continue to make copies of the 

hypercube software available for the cost of preparing them. 

7. Public Technology, Inc. (PTI) software library 

FTI operates a software library containing computer programs 

of use to local and regional governments for the management of 

public services. For some programs (e.g., a fire station 

location package), PTI offers installation and technical 

assistance services. PT~ publications announce new software 

acquisitions. In response to a T~PPA inquiry, PTI has expressed 

interest in adding tne hypercube software to its library. 

8 • Private management consul tingc:f irms 

Some of the present owners of the hypercube software are 

private manag.ement consulting firms which have used hypercube 

for work with client police' agencies (e.g., Urban Sciences, Inc. 



of Wellesley, Massachusetts work~l with the Newark, New Jersey ?' " ·oc 

PI ' t P bl' ~j/, . o lce Departmen; u lC Management Servlces, Inc. of McLean, 

Virginia working with the Toledo, Ohio Police Department; and 

Public Systems Evaluation, Inc. of Cambridge, Massachusetts 

working with the Wilmington, Dela~are Police Department). These 

firms may implement hypercube for future clients, if requested, 

but experience to date indicates that the analyses are often done 

on the firm's own computer without implementation at, the client 

agency. 

9. Regional criminal justice information systems 

Some regional information systems may choose to implement 

the hypercube software at the request of one of their partici-

patingpolice departments. For example, as a result of partici­

patioh in the field test project, the st. Louis County Police 

Department (via REJIS of St. Louis) and San Diego Police Depart-

ment (via ARJIS of San Diego) plan to implement the COBOL version 

of the non-interactive program. None of the regional systems 

knm'm to TIPPA supports PL/I or remote acc~,ss tirne sharitlg Q:f the 

nature required by the monitor program; consequently, inter-

active features of the hypercub~ software car-mot be used. 

10. Urban Information SY9.;tems Int~ragEmcy Committee (USAC) 

The USAC program is an effort to sponsor research and 

development of transferable"and operationally based municipal 

information systems. Six cities were selected in 1 970rtQc"deVeloP , 

transferable information system modu1.es. The Law Ehfdrcement ' 

Subsystem - MUJlicipal COBOL Computer Programs Moduloe was devetoped 

by Wichita Falls, Texas, anci" is now a:vail~~.!?~~from NTIS>. ", This 
It J;\ 

module is basically a management informatlc)ll'system tied to 
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monitoring routine police operations. Conceivably, the hypercube 

software could be made compatible with this module, thereby making 

it accessible to cities which implement the USAC package. Such a 

tie-in would also provide an information dissemination channel 

for hypercube, via the present network of USAC participants. 

11. TIPPA 

·The Institute for Public Program Analysis will maintain the 

hypercube software in its proqram library and provide tape copies 

for sale at cost. It will all:30 offer related technical assistance. 

12. Texas A&M University 

As described in Appendix C, Texas A&M University will distri-

bute the COBOL version of hypercube which it developed along with 

related software of its Police Officer .Deployment System (PODS). 

Need for Changes in the Hypercube So:Ccware to Facilitate 
Dissemination 

During the field test a number of problems and related 

potential improvements were identified. Those problems which could 

seri~usly hinder dissemination of the hypercube software are 

briefly discussed here. See Chapter IV for a more detailed 

discussion. 

1. p.L/I is not supported by police data processing centers. 

The interactive monitor program and most versions of the 

non-interactive hypercube program are available only in PLII, a 

programming language not supported by most police data processing 

centers. PLII is us~d mainly for scientific applications not 

normally needed by local gov~rnments. Additionally, the PL/I 

compiler is a proprietary product Of IBM which must pe rented from 

154 
o 

f 
!' 



-----Q 

r;,- .• "\-

it. Consequently, the PL/I hypercube software can only be run 

for police users on non-owned equipment such as might be avail-

able at a local university or commercial vend.or of dat,a proces-' 
t.., 

sing services. 

2. COBOL hypercube software has limited capabilities. 

Many police data processing facilities support COBOL. and 

should be able to implement the COBOL hypercube software providing 

sufficient core storage is available. Suq~ implementc:-tion has 

the significant benefit of beirlg cost-free or relatively 

inexpensive for most polic~ departments when compared ,to the cost 

of commercial services. The COBOL program includes only the 

approximate hypercube model and, therefore, omits capabilities 

requiring the exact model, such as AVL (automatic vehiole 

location) and VST (variable patrol unit service times). 
o· 

3. Most police departments have no budget for outside data 
processing. 

Police agencies customarily obtain needed data proces:?,ing 
,: 

.~ 

Q 

services from an in .... house computer, a regional infch""'il1'0tion ' system7~' ".=~"O~=" 

or a city-owned compu~er. Obtaining fund~ for the purchase of 

other data processing services, such as commercial .. time-share data 

processing, usua:Vy involves considerable selling and red tape, 
I, f ~ -, 

and in some ca~ies, may not be possible. This circumstance will 
!(Y j 

Sl_~verely limi't future usage of the National CS1S ipteraQtive llype;r-\j ,~~. . . ... 

cube }?.ackc£ge by police departments.' Unfortunately, this iJnJ?lies 

that the ben€lfits of the interactive monitor andsupportive.soJ_t7.~=c,~_","",=~=:":~ 

ware W'i.llbe available to Iewusers. 
{; 

4. Preparation o;Einput for the non-iflteractive hypercub~ ,. 
softwar~;_. is "difficult for persons not familiar withdcita 
processing .'; 

\) . 

[! 
JI 
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Police planners participa~ting in the field test project who 

had no previous exposure to computers, and even many who were 

familiar with data processing, expressed a strong preference for 

use of the interactive sys'!:em over non=interacti ve systems. The 

interactive system offers tutorial and error correction capabili-

ties, as well as immediate results and easier management of program 

rUJ'l'9''7 The non-interactive program requires rigidly formatted input, 
{i,:,j 

asiidescribed in a program user's manual not easily understood by 

p6fice planners (especially those without prior data processing 

',- experience)., One consequence is that the non-interactive program 

is less usef~,l, than the interactive one for teaching purposes. 

5. If hypercube input data can be derived from the USAC law 
enforcement module an interface program will probably be 
required. 

As indicated above, the USAC law enforcement module provides 

basic data management for police agencies. If owners of the module 

can compile hypercube input data easily they will have additional 

motivation to implement hyp~::r-cube. A study will be required to 

determine the feasibility of using the OSAC program to compile 

hypercube input, and to ascertain what additional software will be 

required to accomplish this. 

6. Hypercube needs to account for travel barriers, priorities, 
and non'-cfs work. 

Police planners participating in the field test found that 
- - -" ,- -:.~ .t" • - -'-"'~'.1-'V -, ~ 

field operations personnel were conce~ned that hypercube does not 

accou:nt adequately for travel barriers, call priorities, and non­

called~for~service work. Some of the planners themselves felt that 

without incorporation of these factors into hypercube's calculations, 

hypercube putput would not be reliable. The methodology. for 
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including these considerc?ltions into hypercube has been developed 
, 

by the M. I. T. researcH tea:m, but has yet 1;',0 be programmed • 
..I! 

7. Hypercube needs to/be tied-in with Patrol Car Allocation 
Model (PCAM) ,Y 

Field test results ~:uggestthat most of the police departments 
, " 

which can benefit from using hypercube, can use it most effectively 

in conjunction with PCAM. PCAM'has the following features lacking 

in hypercube: (1) it treats all days of the week, watches, and 

geographic regions simultaneously, (2) it is prescriptive, pro-

viding optimal allocations of patrol resources by time and place 

accordingto any of a set of available objective functions, (3) it 

is very inexpensive to run, and (4) it readily account's for non­

cfs work, and for up to three classes of call priori ties. C01'l~' 

sequently, patrol district redesign can be accomplished at~o~er 
",n 

cost and in less time if PCAM is used first to determine t.he 

number of c~rs required by time and place, and then hypercube is 

used 7;::to layout the patrol district boundaries. Althoqgh the 

entire job ·can be done with hypercube, it is a cmore cwnbersome'~ 

costly, and time consum~ng process. Proper mating of PCAM and 
t.. :. 

hypercube0will require a planning and programming effort, parti-

cularly if common input data are to be accessed by both programs. 

Need for Supportive Services to :J;>romote Software 'Dissemination 

The dissemination of the hyper,cube software into the nation's 

law enforcement community will be severely limited if adequate 

training, technical ass~,stance, and information dissemination are 
o;c. 

not available. Field ,test experience confirms the need for com-
c 

prehensive training (qes:~i~e the 'availability of program user's 
~ . .:. ~ 

manuals and other docume'ilta tion), a minimal level of technical '}" 

assistance for data collection and use of the software (such as 
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5 t~e over-the-phone ser~ice offered by TIPPA dur~ng the field 
"}-'::' 

test), and an active information dissemination program involving 

the interest groups and government programs which influence police 

planning. This suggests the need for continuing coordination and 

support efforts, particularly during the next two to three years 

when adequate materials for software, training, technical 

assistance, and inform9tion dissemination will be available for 

the first time. 

D. Technical Assistance 

This section identifles potential sources of hypercube 

technical assistance, as well as related needed improvements in the 

hypercube system, and supportive services which would facilitate 

the ·future availability of technical assistance. 

Identification of Potential Sources of Technical Assistance for 
Hypercube Users 

--.-.--

I~ , 

1. National Clearinghouse for Criminal Justice Information Systems 
(NCCJ!S) -

As described earlier, this LEAA-funded program operated by 

Search Group, 'Inc. of Sacramento, California plans to offer 

limited technical assistance to support the software it dissemi-

nates, and to provide referral information regarding other 
C: 

sources of technical assistance. 

2. Center for Advanced Computation (CAC) 

CAC is another potential disseminator of the l)ypercube soft­

ware which could conceivably offer technical assistance to users 

of the interactive software (if CAC implements this on it$ cpm-

puters and markets it to the law enforcement community). If 
,. 

present planning comes to fruition, CAC might be partially 

supported by LEAA in such an endeavor. 
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3. LEAA technical assistance programs 
,. \I , ' 

il 

LEAA curi'ently supports at lea$t three technical assistancf-

programs which might be of. use to ppl~ce departments el'Uploying 

the hypercube programs: I 
National Center for crimii,al:,JU~~t~ce Planr~ing and Archit.ec- Jh 

ture (NCCJPA). This program bas~a at the University of Illinois 

at Champaign-Urbana develops 

and provides technical assistan,(;!e ito criminal justice agencies. 

Since inception over 300 law ek1forcement agencies in 40 state,/ 

have been aided. In response','to a TIPPA inquiry, the centej. 

director has expressed interest in including hypercube in /' 

their program. NCCJPA also/has an active information diS%~mi­

national program which coul/iCt benefit hypercube, includin! an 
. /1 

annual national symposium q • tr:aining workshops, and p~b),fcations 0 

1 
(e. g., technology transfe1c reports summarizing usefu~ lnno~ations 

/1, " 
or widely applicable pla):is )<. II' 

Wes:t:i.nghouse corp01:'atlon ,~nd Public Adminiptrai,iori Service. 
1/ 

These two firms supply:'criminal justice management and planning 

technical assistance c#t no cost to client agenciJs. Agencies 
II 

desiring their serviq~s must have their :r:.equesy! approved by their 
) , h ' 

state law enforcement planning agency. To reripond to a request 

}.nvolving use of thk h~rcube software, it f. like~; that thes;' 

firms would seek o'Utside consultants with tie appropriate ' 

expertise rather than develop and suppor{such expertise within 

their own staffs. . I 
Science Advisor Program. The Nat/~nal Lnstitute of Law 

II 
II 

Enforcement and Criminal Justice' s Office of Technology Transfe·r 
II 

II 
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is present.ly opera·t.ing this program on an experimental basis, 

having placed science advisors on the staffs of law enforcement 

planning agencies in three states. These advisors could con-

ceivably develop expertise in hypercube and facilitate its use by 

police departments in their states. However, given the advisors' 

many responsibilities and the many police departments in each 

state, they could be of only limited assistance to individual 

departments. 

4. Consulting firms and police service organizations 

As mentioned earlier, private consulting firms such as 

Urban Sciences, Inc., Public Systems Evaluation, Inc., and 

Puhlic Management Services, Inc. have already used hypercube in 

work with client police agencies, and cpuld conceivably offer 

technical assistance services in the future. Organizations like 

IACP's Police Management and Operations Division, and the Public 

Administration Service regularly market management consulting 

services to police agencies but have no expertise or experience 

with hypercube. Given an adequate demand, they could develop the 

expertise or bring in outside consultants wh.en needed" 

5. Public technology transfer organizations 

As part of its technology transfer program, NASA has 

established technology applications teams at the Stanford 

Research Institute and at Public Technology, Inc. These. groups 

visit agencies in the public sector to determine what significant 

problems might be solved by the application of NASA technology. 

One area of concentration to date has been public safety. These 

teams might possibly have an interest in hypercube, particularly 
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if it were installed in the COSMIC software library. The 

feasibility of their providing technical assistance to hypercube 

users is not known. Many other public technology transfer orgahi-

zations exist (e.g., California Innovation Group, ~ew England 

Innovation Group, and PTI's non-NASA programs). Field test 

experience indicates that these organizations prefer to serve as 

brokers in technology dissemination, linking potential users to 

sources of expertise, rather than providing technical assistanci~ 

themselves, because of infrequent demand for such services for 

programs such as hypercube. 

6. The Institute for Public Program Analysis 

TIPPA will continue to offer the type of technical assistance 

provided to its field test police a.epartments, on a cost basis. 

To minimize this cost, clients will be encouraged to participate'. 

in the one-week hypercube training program~ making it"possible 

for them to later rely mainly on over-the-phone technical., 

assistance. 

Need for Improvements to the Hypercube System to Facilitate 
Technical Assistance 

During the field test a number of potential improvements to 

the hypercube system were identified which would simplify and 
." 

lower the cost of providing technical assistance to hypercube 

users. These are discussed here. 

1. Improving the input format for the non~interactive program 

The field test indicates that most futu~~ police users of 

hypercube will emplo:y~the non-interactive CO.!~OL version. Since 

this exc)..udes the interactive cap&bilities of the monitor program 
"., 

.. (e.g. r t;utoriql and/error correcting "f::e.atures), users cq;n be 
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expected to require more technical assistance than needed with the 

National CSS software used during the project. In the next chapter 

a recommended manual alternative to the interactive system is pro-

posed, which could restore to the user most of the capabilities 

presently unavailable in the COBOL program. 

2. Developing a tie-in with PCAM 

As described earlier, most police departments which can 

benefit from hypercube can simplify and cut the cost of hypercube 

use by also 'implementing PCAM. In this regard, development of,an 

improved 'tie-in of PCAM with hypercube will reduce the technical 

assistance services required by hypercube users. 

3. Field operations design workshops 

Technical ass~stance costs c~n be reduced significantly if 

they can b~ shared by hypercube users rather than purchased 

individually. Results of the field test suggest that once graduated 

from the one-week hypercube training program, police planners 

might assemble needed input data in their own departments a.nd then 

reconvene for a one~week workshop. Operators of the workshop 

would provide computer terminals, software, and technical assist-

ance.. Because a s;mall number of workshop staff members could 

assist several police,planners simultaneously, this could reduce 

technical assistance costs consideraply. Also it could. speed 'ilp 

the hypercube analyses compared to the time which would be needed 

by the planners working alone. 

Need for Supportive Services to Facilitate the Availability of 
Technical Assistance 

Few of the potential sources of technical ,.assistance for 

hypercube users presently possess the expertise needed to provide 
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this service, and few of the potential users', are aware of ,how 

to go about locating needed technical assistance. Results of 

the field test suggest that the following supportive services ,11 

if implemented, could alleviate these problems. 

1. Training program for tec~nical assistance personnel 

The dissemination and Use of hypercube~could be given/a' 

significant boost if a no-cost training progra~ could~e offered 

to represen tati ves of organi za tions commi t,~ed to providing ( 

technical assistance. For relatively IJ:ttle cost such a progrp.m 

would provide a cadre of hypercube eiperts in the organizations 

likely to be most effective in disseminating hypercube. 
::;.. , 

2. Registration of technical assistance sources with referral 
services 

The National Referral Center (NRC) of the Library of 
" Congress provides a free referral service to members of the public 

" 
seeking sources of expertise in any area of science or technology., 

i 

Sources of technical assistance for hypercube can register at no 

cost with the NRC. Since many police departments 

',) 

of the NRC, the sources must also make themselves 
;-' 

s ta te, and federal law enforcEmen"/ planning agencies. 
o 0 (] 

For example, 

the s"tate law enforcement planning agency in Kansaa publishes a 

catalog ot technical Dssistance sources pla$sified by type of 

service. 

3. Tie-in of technical assistance with trai~ing and software 
dissemination 

:) 
programs 

! 
I ,,>'I) 

Technical assistance 'I be reduced if the suppliers cos:fts can 
" 

" 

\ 

are al,~p involved in training disset3lination. For I" 
p.. '! fl 

'J' ' " 
hypeiefibe, trail~,ing is a ,for.m 
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trained the user, the less his need for ~ssistance~ Similarly, 

effective software dissemination wtll require at least a mini-

mum level of technical support. 

E. Training 

Potential sources of hypercube training a.re identified below. 

Additional needs in the areas of support and development are also 
~ :, 

outlined. 

Identification of Potehtial Sources of Training for Hypercube 
Users 

1. Criminal justice training programs 

The "Law Enforcement and Criminal Justice Education 

.Directoryli published by IACP lists hundreds of university~hased 

criminal justice training programs. Law enforcem6nt periodicals 

'. 
such as Training Aids Digest, Law Enforcement News, and NCJRS· 

Selective Notification of InfoI~ation identify many other organi-

zations providing training programs for police personnel. Using 

these sources, TIPPA identified 18 programs to which material on 

hypercube was mailed. Included were an explanation of the forth-

corning availability of the hypercube training handbook~and a 

request that hypercube be considered for inclp~ion in current 

or future police training programs. The organizations contacted 

are listed in Table 5-4. . 

Realizing that there are organizations which do nat them­

selves provide training but exert considerable influence over 

those that do, TIPPA also directed information on hypercube to 

such organizations (see Table 5-5). 
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Table 5-4 

CRIMINAL JUSTICE TRAINING PROGRAMS CONTACTED 

Center for Criminal Justice, California State University, 
Long Beach . 

FBI National Ac~demy 
Federal Law Enforcement Training Center 
Criminal Justice Department, Washburn University of Topeka 
Law Enforcement Programs, TJniversity of Maryland 
Police Executive Development Insti~t.ute, Pennsylvania State 

University .. , ~ 

School of Police Administration, university: of Lquisville 
Region,al Criminal Justice Training Center, Modesto, 

California . . 
Annual National Institute on Law Enforcement Management, 

American Uni versi t~{ 
Center for Criminal Justice Training,Indiana University 
Criminal Justice Training Cel1ter', University of Wisconsin­

Milwaukee 
Florida Institute for Law Enforoement, St. Petersburg, 

Florida ~ 
Administration of Justice Bureau, San Jose State University 
Criminal Justice. Center , John Jay College of' criminal 

Justice 
Institute for Criminal Justice Planning and Evaluation, ~ 

Florida State University ~ r
1

i 

Criminal Justice Planning Institute, University of Southern II 
California 

Police Sciences Division, University of Georgia ~ 
Center 'for Criminal Justice, Case Western Reserve University \1 

Law School ~ 

Table 5-5 

ORGANIZATIONS INFLUENCING TRAINING PROGRAMS 

Division of Technology Tran~fer, Training Program::;, ;LEAA 
Office of Criminal Justice Education and Training, LEAA 
Police Executive Program, Police Foundation ,~.~ 
National Conference of State Criminal Justice Plannihg 

Administrators 
Training Division, LEAA 
Southwestern AssQciation 

Fort Worth, T~xas 
of Cl1iminal Justice Educators, 

11 J

l 
)) 

J 

/'. Ii ,~':\l 

I
/. . 

r, . 
~J~~~. 
q 
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2. Prefessienal seciety meetings 

Seme pref'essienal secieties effer training werksheps in con-
t~ 

junctien with annual meetings and ether cenferences. In respense U 

to. inquiries frem TIPPA, the fellowing indicated that a werkshep 

on hypercube could conceivably be offered in this manner: lCMA, 

IACP, and ICPA. 

3. LEAA's Executive Training Pregram in Advanced Criminal 
Justice Practices 

This recently funded pregram being cenducted by the 

University Research Cerperatien ef Washingten, D.C., will be 

cenducting a natienal training pregram en managing patrel. In 

respens~ to. a request fr6m the preject directer, TIPPA has 
1/ 

supplie'Ci the preject with material en hypercube and en the hyper-
v",,.cc 

cube training handbeek. 

4. M. I. T.'s "Analysis ef Urban Service Systems" 

As mentiened earlier, this ene-week seminar cenducted by 

Dr. Richard Larsen is effered each summer by H. I. T. One 

day ef the pregram is deveted to. an intreductien to. hypercube. 

5. The Traffic Institute 

Appreximately 100 pelice planners and executives .are intre-

duced to. hypercube annually in three ceurses effered by The 

Traffic Institute at NerthwesternUniversity: Traffic Pelice 

Administratien Training Pregram, Principles ef Pelice Management, 

and Law Enfercement Planning Officers Seminar. 
.,' 

6. IACP training<prograrns 
~ 

IACP effers a number ef training pregrams fer pelice planners 
~-( 

and;/executives each yea-r, including enes dealing with management, 
'i 

'~_.' _ .. __ ~ ___ .~Q)(annj.ng_:-and. data p.;LoceR.§ing~ __ These_prog.ramsare_ Qtfer~~_£t: __ 
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different sites thro~ghout the country and attract a l,flrge number 

of. participants. Through Norman Dar.wick, IACP executive and mem-
1,/ 

ber of the hypercube project advisory board, and mail and personal 
.;~ . 

contact with other IACPfield operations and training personnel, 

T1PPA has explored the possibility of including material on hyper-

cube in some of these programs. 

7. Center for ,.Advanced Computation (CAC) 

As described earlier, CAC is studying the feasibili~y of 

providing time-share data processing services for criminal 

justice planning models such as hypercube, and of running train-

ing programs to familiarize potential users with the software. 

Funding for the project is being sought from LEAA. 

8. The Institute for Public Program Analysis 

TIPPA offered a one-week hypercube training seminar to the 

law enforcement community at large on an experimental basis 

/rariuary 31 - February 4, 1977. If demand for the seminar is 

adequate it will be repeated periodically. Materials developed 

f 
for the seminar, including the training handbook a~dagenda, wiyi 

be made available to other criminal justice training programs 

upon request. These mat.eria1s can also be used for self-study 
f) 

by individuals who cannot attend a hypercub~ training program. 

Need for Development of Additional Training Resources 
":;;-

The following needs for development of additional training 
;; . ':t:r>~= .. ~ 

resources were identified duri~g the field test. 

1. 'Use of the non- int,eracti ve COBOL program 

The present tra:inin~ ;handbook °emphasizes use of the into-
activE: hypercube software in training. because, of its coriversa-

f----'-'-"'--~-~-,,--:-~ 

tiona1, tutorial, and error correcting features. Once. familiar 
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with the intera,ctive system the student is instructed in the use 

of the non-interactive program. Use of the interactive software 

in training increases the cost of the training program, and can 

be superfluous for users who will work only with non-interactive 

versions of the hypercube software. A manual alternative to the 

interactive system is recommended in the next chapter. The 

training handbook should'be revised accordingly. 

2. ::/'~~ /; 
.~~ 

Training materials for PCAM 

As discussed earlier, use of hypercube by some police ' 

departments will be tied to their ability to use PCAM. Although 

a user's ,manual and a related training guide are available for 

PCAM, this material is not r(2!q.dily understood by pOlice planners 

unfamiliar wi th comput~~rs and rudimentary algebra. Also, the 
\ 

same formatting prob~em~"-i.ssociated with preparing input for the 

non,:-int,eractive hyperc~be program apply to the preparation of 

PCAM input. The methods used to develop the hypercube training 

handbook could easily be applied to development of a similar 

resou.~ce for PCAM. 

3. Continuing evolution of the hypercube software 
\ 

As additional capabilities--such as those recommended ~~~~/ 

this project or proposed by Dr. Richard Larson--are added to 

current versions of the hypercube software, it will be necessary 

to update the trainingnlaterials accordingly. 

supportive Activities Required to Facilitate the Availability 
of Training in Hypercube .. Use 

1. LEAA block grants and other funding for training 

Under the Safe Streets Act and its successors, state law 

enforcement planning agencies receive funds for training 
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criminal justice pro;Eessionals as part of annual bJpck, grants. 

Much of the training of police planners in recent years has been 

paid for in this manner. Usually the individual desiring to 
- -- --"".;::~--="",,-=-...::--'"~-..:::;... 

attend a training program submits information about the program .) 

a10ng".li th a request for funds to his state agency. Consequent.YY, 
\\ 

the state agency exerts conside',T.'c:I,b1e influence over the type of 
,:,.., 

specialized training',',received. For this reason TIPPA d,istributed 
i; 

a package of information on hypercube and hypercube t~aining~o 

all such state·~gencies. 
" , ''A 

i! 
Police Off:r.qer Standards and Training {POST} commissions 

operating in 46 states also exert considera,ble i~fluence on 

" 
i}l-S~rvice training received by police personnel. In most 

instances police officers accumulate :educational credit for 
_'-'.'=:...;:'.'.~_='=oo.~._,,,,,:=~~- .•. , ...... __ .--.... __ ..... ---

POST-certified programs, and promotions or eifucational salary 

incentives may be tied to the credits earned. Many PO~T conuni$-

sions reimburse tuition and subsistence expenses for approved 

courses that a.re successfully completed. 

are deriv'ed from subgrants of the state's LEM block grant, or G 

from income derived from the collection of certain types of fines 

and penalties (as provided for by state law). ~ince POST app"rova1 
,~ 

of training programs, is so important to their success, T+'PPA sen.~( 
c,/J . o . 

each of the 46 commissions information on hypercube and requested" 
" 

that hypercube training be approved. 

In order to facilitate future training, a continuing effort 

should be,devoted to promoting the coopera..tion of the state law 

enforcement planning agencies and the POST commissions. 

2. Memo on hypercube from LEAAli s Offfbe of Criminal Justide 
Educa~ion and Training (OCJET)' 
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As inentioned earl~er, in response. tp a request from TIPPA 

for assistance in the training phase of the technology transfer 

effort, the director-of OCJET issued a memo on hypercube to 

all federal regional LEAA agencies. As a result, the Denver 

'regional office requested material from TIPPA for use in 

assessing the.feasibility of a regional conference on hyper-

cube, and the Virgini?".cl,gency asked for material in connection 

with possible follow-up in that state. 

3. Information dissemination regarding TIPPA's :t:!.:Y.Eercube 
, seminar held January 31 - February 4, 1977 

As a result of press releases and other information dis semi-

nation on TIPPA's seminar, news articles and announcements 

regarding hypercube and the training program were published by 

Crime Control Digest, Training Aids Digest, Law Enforcement 

News, URISA Newsletter; Criminal Justice Newsletter, and NCJRS' 

Selective Notification of Information. ~ side benefit of such 

publications is an increased awareness of hypercube by law 

enforcement personnel nationwide. 
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CHAPTER VI, 

RECO~~ENDATION§ FOR IMPROVEMENT, DISSEMINATION, 
AND INSTITUTIO&ALIZATION OF THE HYPERCUBE SYSTEM 

A. Introduction 

" This chapter draws on the field test results presented in the 

preceding chapters to make,recommendatiolls for improvement, dis-

,semination, and institutionalization of the hyp~,rcube system. 

These recommendations are predicated on the, res,earch ;,team' s over-
1.-/ -~ . 

riding conclusion that the hypercube queuing model is a useful 

and suitably reliable field operations planning tool which can be 

successfully employed by police planners to analyze and improve 
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'I ' hypercube, but, procedures for identifying those which can have t, Ii 

been identified, and the resulting "market" for the system appears 

large enough to suggest a potentially promising future for hyper-: 

cube. 

On the other hand, a numb~r of problems have been uncovered" 

which, if uncorrected, will greatly diminish hypercube's pro§ .... 

pects and the potential benefits which can ari:se from its use. 

The very attractive features of the interactive hypercube software==""'" 

will almost certainly be available to few police departments, due 

to its relatively high data processing costs. The version of vthe 

software which most users 'could employ, written in GOBOIiand 
(' 

operated in batch mode, lacks many of the desirable features of 
_J, 

advanced PL/I versions, and requires a rigid input format not 
,. ~ ." 

nearly as easily understood as that of the interactive program. 

Even the PL/I versions lack the ability; ,to modE~l-" certain aspects 

of field operations seen as t\essential by poYice ,[Users, although 
I) 

o 

o 
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the methodology for including these features has been developed 

by Dr. Larson and his associates. Also, another powerful soft-

ware·package, PCAM, complements hypercube so well in most situa­

tionsthat the two should be used together. PCAM, however, lacks 

validation and training materials comparable to those ~ow avail-

able~ for hypercube. 

Although an improved COBOL version of the hypercube sof.tware 

will greatly expand the number of law enforcement agencies which 

can utilize hypercube on their own data processing equipment, the 

maJori ty of the agencies in the ~.Jni t.ed Stat~s still do not have 

access to ,such equipment. Many of the agencies without computers 

will find use of hypercube on a commercial time-share system also 

infeasible because of its cost, even when preliminary estimates 

indicate that hypercube could improve service levels. For these 

agencies, a completely manual planning system derived from hyper-

cube should be developed. While such a system wou1.d necessarily 

be limited in its capabilities, it appears that many of the con-

cepts of police resource allocation derived from the hypercube model 

(e.g., the burden 9f central location) could be utilized in a 

manual planning computational procedure. This type of manual 

field operations planning aid would be an ideal training resource 

for in-service management training programs. 

This project has dra ... m up a blueprint for technology trans-

fer for hypercube, and has begun to put it into operation. Its 

elements are described in this chapter. If the proposed activi-

ties can be carried out, the number of police agencies which can 

use and benefit from hypercube will be significantly increased .. 
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If not, hypercube /,i{ill probably be used by only a small number~-bf 
,/ 

larger police d~partments and, unless championed by private firms" 

or government,agencies, will fall into eventual disuse. 

B. Information Dissemination 

An ihformal canvaS', of 100 police ;J?la.nners and execut.ives 
J. , 

attendi:ng training programs at the Tr'affic Institute during 1976 

revealed that only a handful had ever heard ot hypercube. This 

finding was just one of many during the field test project which 

indicated that a conside~~ble effort will be required to increase 

the law enforcement'community's awareness of hypercube. The 

following are recommended to assist in accomplishing this objec-

tive. 

1. Technology transfer programs 

TIPPA staff has made initial contacts and supplied prelimi-

nary field test information to the technology transferoprograms 

discussed earlier (see Table 6-1 for a recap). E)~peri.ehce indi-

cates that unless there is· ac-tivEj} .follow-up 'of such contacts the 

likelihood of continued intere~t will dimi~ish considerably. 

2. ~rofessional associatiqns and organizatiotls 

SimilarfollQw-up contacts are suggested for the professio~ai 

c;tssociations and organizations i¢tentif~ied in Chapter V (see ';!:'able 

6-2 for a composite list). 

3. Criminal justice planning agencies 

Results of the field test program and infor~ation about the 
I 

availability of field test products should be commutlicated to~EM 

l73~ 
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Table 6-1 

TECHNOLOGY TRANSFER PROGRAMS FOR FOLLOW-UP CONTACTS 

National Center for Criminal Justice Planning and 
Architecture 

National Clearinghouse for Criminal Justice Information 
Systems 

National ",Governors Conference 
National Conference of state Legislatures 
National Conference of State Criminal Justice Planning 

Administrators 
Division of Technology Transfer, LEAA 
National Referral Center, Library of Congress 
Public Technology, Inc. 
International City Management Association (innovations 

evaluation and dissemination program) 
Federal government programs listed in "Directory of 

Federal Technology Transfer" 
State and local technology transfer programs 
Office of Policy Development and Research, Hu~ 

Table 6-2 

PROFESSIONAL ASSOCIATIONS FOR FOLLOW-UP CONTACTS 

International Association of Chiefs of Police 
International Conference of Police Associations 
Association of Police Planning and Research Officers 
State and regional police 'chiefs' associations 
State and regional police officers' associations 
Urban Regional Information Systems Association 
Police Foundation 
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local, sta'te, regional; and national offices and to specific LEAA 

programs concerned with police resource allocation or training. 

4. Software dissemination programs (see sec.'tion below) 

5. Technical assistance programs (see section below) 

6. ~raining programs (see section below) 

Publish Announcements, Articles, and Reports on Hypercube.a.nd 
Field Test Results n 

1. National Technical Information Serviee (NTIS) 

Reports produced during the field test should be submitted to 

NTIS for inclusion in its library and announcement in its publi-

cations Urban Technology and Problem Solving Methods for State 

and Local Governments. 

2. National Criminal Justice Reference (·Service (NCJRS) 

A request should be submitted to NCJRS for announcement of 

the availability of the field test reports in its Selective 

Notifi.cation of InformatY6hn Another announcement should be made 

regarding the interactiv~.hypercube software. 

3. Law enforcement newspaperS and magazines 

Brief press releases which summarize the fie]d test results, 

potential benefits of hypercube use, and how to ob:tain reports'~und 

software, should be issued to these publications. Releases. should 

be sent to editors of bulletins published by stat~~ police chiefs' 

and police officers I associations, and of pUblicatlions of national' 

scope, such as Crime control Digest, Law Enforcement News, Crimi-

nal Justice Newsletter, Police Chief, The Law Officer, e)tc. 

4. Public Cl.dministration newspapers and magazine~i 

Press releases should also be sent to state associations of 
• 'I 

,,) 

public administrators, and to the publications of national 
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associations such as ICMA (TARGET, Nuts and Bolts, Public 

Management) and the National Le~gue of Cities (Nation's Cities). 

If available, the Mathematica, Inc. article on hypercube should 

be submitted to one of the national magazines. 

5. IACP equipment directory 

An updated description of the hypercube software and how to 

obtain it should bp- submitted to this publication each time it is 

reissued. 

Exhibit Hypercube at Professional Association Meetings 

An excellent way to create interest in hypercube among law 

enforcement professionals and public officials is to operate an 

exhibit booth on hypercube at meetings of professional associations. 

National meetings of IACP and ICMA attract thousands of partici-

pants. State and regional associations attract hundreds (e.g., 

the Association of Police Planning and Research Of~icers). 

The exhibit booth designed for the RANN 2 Symposium is ideal for 

this type, of u~e, and is available from TIPPA. It measures about , ; '-'.. 

L(" 
30 x 10 feet, and includes enlarged photographs, graphics, and a 

continuous loop film on the field test project. 

The main drawback to exhibiting in this manner is its cost. 

Expenses are likely to include: 

4iIl salaries, travel, and subsistence for exhibit 
personnel, 

c booth rental ($100-600), 

8 shipping expenses for exhibit, 

e rental of portable teletypewriter equipment, and 

e data processing costs for demonstrations .• 

If a market for technical assistance services involving hypercube 

~ - 'J 
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can be created, it is possible that some consult;ing. firms might 

bear ,these expenses in connection with promoting ne\,{, business. 
-~, 

Initially, however v NSF or ether government technology transfer 

funds will be required. 

Addi tional Development Work Reguire'd to Facilitate Information 
Dissemination r 
1. ImprovedCOBQL program \ I 

1\ 1 

-, 

As described below in the section on software; deyelopm~~t ofl 

• "II II 
Gi}l improved COBOL program. 1.S r~conune~ded. I~ devel,~p~d ,a~ ef\~~;1 _?' ,~, 

should be undertaken to d1.ssem1.nate 1.nformat1.on on). tsaVa1.lab1.b,/b! ~ , 
~ II'~ 

and benefits. :_~ \- ' j~ I, 

2. ICMA innovations project ff 

This project could be very effective in communlca-i:i~g the r 
o 

potential benefits of hypercube to city management personnel. I!'or 

each innovation evaluated, a users committee is established and 
~ , 

results of field tests or other evaluations are carefull~t reviewed. 

Considering the scope 0:1: the hyper~ube field" test and th'~l amount 

of information generated, some TIPPA assist'ance to the at:MA coro-
I " \...:1 

mittee may be required. Should the committee subsequently' 
1\ 

I; endorse hypercube, it would distribute a technology transfer packet 

on it to leMA's 5,000 ~embers. 
o 

3. Centralized information dissemination program 

Duringtill1: field test project TIPp,AThas served as'Ga coo;rdi- ,j 
nator of in~orma~l:ion dissemination for hJypercube, as outline<l in /1 

1/ 

the previous chapter. Thi~ work has resulted in c;t stea9Y stFeam"/ 

of inquiries about hypercube which is expected to conti~u,e' for' #' © 

o I ::::e t::::ir:::~i:::e:h::l:I::A m::e s:: :::::a::g::::::::n ~~o I 
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Additionally, the dissemination p~ogram recommended in this 

chapter should be centrally coordinated until hypercube is 

suitably established in the institutions recommended for software 

dissemination, technical assistance, and training. 

D 4. Improved PL/I programs 

Also outlined in the section on software below is a recom-

mendation for incorporating additional modeling capabilities in 

the PL/I programs. Such changes should be adequately documented 

by updating appropriate reports, and should be suitably announced. 

C. Software 

Software recommendations relate to needed improvements to the 

computer programs, dissemination efforts, and supportive services. 

Recommended Changes to the Hypercub$-Bbftware to Faciiitate 
Dissemina.tion 

1. Programs should be modified to account for travel barriers, 
p~iorities, and non-cfs work. 

An appropriate organization should be funded by NSF to make 

these modificatj,ons to both interactive and non-interactive ver-

sions of the software. 

2. A manual input process should be substituted for the inter­
active monitor. 

Figure 6-1 shows samples of the two input files required by 

the hypercube software. Both files can b~ easily constructed 

with the interactive ··Byst~m, but users of non-interactive systems 

must construct them unassisted except for a user's manual not 

easily .used by persons unfamiliar with computers. Difficulties 
~'-, 

include (1) rigid requirements for locating data items within 

prespecified card fields, (2) use of data identificaion codes and 
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SAMPLE INPUT FILE FOR 
THE HYPERCUBE PROGRAM 
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alphabetic variables which involve abbreviations and algebraic 

notation not understood by non-mathmaticians, and (3)' no automatic 

error checking. 

Examination of the interactive monitor program reveals that 

it performs the following functions: 

8 steps the user through the process of specifying the 
input items required; 

~ lists the alternatives available at each step and 
provides more detailed, tutorial explanations if 
necessary; 

~ 50~iei 1:.S numbers or names req~uired for each step; 
I' ' 

e performs limited error checking and notifies the 
user of errors identified; and 

o produces the card image formats required in the 
input files, by providing card identification 
codes, variable names, proper location of data 
within the input "cards," and proper sequencing 
of input cards in the files. 

It is recommended that an experimental "programmed instruc .... 

tion" handbook be developed to guide program users in the prepara-

tion of input files. Such a handbook, it is believed, could 

,embody almost all the capabilities of the interactive monitor, and 

thereby provide the non-interactive program user with the same bene-

f~ts as the monitor user. The final product resulting from use of the 

input handbook would be a set of coded forms ready for keypunching. 

o The resulting cards would form eithe~ a complete input deck or 

modifications to a previously produced deck. Input formatting 

with the handbook would completely eliminate computer costs 

associated with the monitor, allow many police departments whose 

computers do not support software written in the PL/I language to 

use hypercube on their own computers, and provide a cheaper, 
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simple alternative to dissemination of the monitor software. If 

successful, the experimental handbook could serve as a model for 

input formatting guides for numerous public service resource 

allocation programs now in existence. 

Once developed, the handbook should be"field tested and 

revised before final dissemination. Field test poli~e departments 

like San Diego, Fresno, and San Jose would be ideal sites for 

testing the handboo~ since they plan to implement the COBOL hypeF-
" I, 

Gube program and are familiar with the interactive monitor. 

3. Improved COBOL program 

Since the COBOL hypercube softwa.re is virtually the only 

v~rsioh which police departments can run on their own computers, 

this program should be modified as follows: 

8 incorporate features available in PL/I versions 
which are not now avait~ble in the COBOL version; 

e reduce core storage requirements; 

~ make the program more compatible with PCAM 
(~ee item 4 below); and 

e make the program compatible with the programmed 
instruction guide described above and with the 
additional capabilities of the interactive 
soft.ware. 

Once modified, the program should be field-tested before final 

dissemination. 

4. Creation of a PC~-Hypercube package ____ ~ ____________ ~i ____________________ __ 

/' 
The field test fiildingthat police departments can out the 

~ :':..::::.':.,;;::;:"...:.:;:.L:'::~ 

cost and time required for hypercube analyses by also employing 

PCAM, suggests that a PCAM-hypercube software package be created. 
" 

PCAM's benefits inGlude a more global perspective than hype:r:;cub~ 

/ 
!,' 
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(i.e., all watches and patro1.regions can be considered simulta­

neously), prescriptive capabilities regarding optimal car a110ca-

tions, and explicit modeling .of call priorities and non-cfs work. 

Development of the PCAM-hypercube package would involve: 

o redesign of input formats to allow both programs 
to access the same data file so that common . 
elements are input only once; 

o limited validation to verify the accuracy of PCAM-­
this could be readily accomplished with the data 
collected by TIPPA for the hypercube field test; 

.. 0 

development of a programmed instruction handbook 
for formatting PCAM input, or expansion of the 
hypercube handbook to include additional items 
required for PCAMi 

preparation of a COBOL version of the PCAM 
software which is currently written in FORTRAN; ahd 

--~ 

limited field te~~ing of the package before 
disseminatioti 

5. Study the feasibility of adapting hypercube to be compatib1§ 
with the USAC law enforcement module 

The USAC law enforcement module provides basic data manage-

ment services for departments utilizing it. It is designed for 

use by agencies which are upgradin,g from manual to computerized 

'record ke:eping, 'and incorporates :r:ecord formats and data co11ec-

tion forms to facilitate input to the system. It is OTIe of the 

few standard police data management packages available and was 

designed for ease of implementation. It is likely to be used by 

many m9re police departments in the future. A study should be 
I.; ',_._. _< 

~ made to determine whether hypercu~>e input data can be derived from' 

the USAC module, and, if so, a US~lC-compatible version of hyper-

/; 

cube should be develop,ed. 
lJ 

6. Feasibili ty study of a comple:r.ely manual planning tool based 
on the hypercube model 

lSi. 



As explained in the introduction to this c:hapter, improvement 

of the hypercub~ softw~re w~ll only enhance its availability to 
, .;-",.'" ;-.-; 1 ~, 

police agencies having access to adequate computer facilities, 

either in-house or time-shared. However, this will still leave 

the majority of the nationis police departments effectively with-

out access to hypercube because of the large number lacking access 

to and e~perience with computers. For this reason, it is recom-

mended that a study be undertaken to determine the feasibility of 

a completely manual planning tool based on the hypercub~ model. 

Such a tool would be bas~~ on the principles of police patrol 

allocation derived from hypercube and other allocation models. 

It could, with a reasonable amount of effort, aid a police planner 

in assessing and improving :field operations. While it would not 

reproduce the detail and accuracy of the hypercube software, it 

could probably yield most of the important insights at a fraction 

of the cost. Documented in a han,dpook or workbook, it would be an 
if 

ideal ·training aid. 

Ii 

t~pe 
.1/ 
I 

J 
.'1 

A very preliminary examination of the feasibility of this 

of tool suggests that it dould be based on the following: 

o 

o 

" z 

if 

~ queuing curves relating number of patrol units, 
",,,workload, and response delay (these would be 
derived from runs of the hypercube and PCAM ? 
soft't'lare) ; . 

rules for approximating the level of cross-
district dispatching as a function of the '" 
number o£patrol .units-,and--wo~'k=:k0adT;;c='·"'c._--~:--=-----,,=~='"--'~=_c- ,,-_..c"'~~"~~==-= 

",!f 

a procedure employing the "burden of central 
location" conc;:ept for estimation of the 
workloads of individual patrol units; _" "' __ =._='~_ ;;1:--='::::::'::d-~;;:::' .. ~-;::.::::::::::::::::::::-~. :::;:;::;:--:-. 

the so-callea0. square root law1t£or. approximating u -
average travel time as a function of .area ' 
P9-~t!g.J:.!g,q=s?+n9.=9,:v:.erage. car· ·availabi'l'i. ty; ,,' 
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o formulas for estimating the volume of non­
ca11ed-for-service work as a function of' the 
called..;;. fbr- serVice workload; .. 

~ development of a set of tabulated, standardized 
hypercube printouts for appropriate sets of 
input parameters among which a planner would be 
1ike~y to find one reasonably similar to his 
own field operations parameters; and 

o direct adaptation of some of the computational 
procedures used in the hypercube and PCAM 
algorithms. 

The feasibility study should include preparation of a draft 

of the workbook and a field test of its use by police planners. 

Inclusion of Hypercube in Software Libraries and Dissemination 
Programs 

The field test project identified the software libraries and 

dissemination programs listed in Table 6-3 as appropriate for 

future distribution of the hypercube software. Inclusion of hyper-

cube in these libraries and programs should be possible at little 

or no cost. Because each dissemination source would automatically 

include hypercube in its regular information dissemination pro-

grams (e.g., catalogs, newsletters, annual meetings, etc.), it 

seems worthwhile to include hypercube in as many as possible. 

Although it will not take a great deal of effort to follow through 

on the initial contacts made by TIPPA regarding hypercube, it will 

requi.re. enough to warran.t ,specific provision for this project. 

This is an important final step in the dissemination of hypercube 

which shmil,o. not be left to chance. ~esponsibi1i ty for fo110\'dng 

through shb~~d be assi9ned to a single organization which can, at 
=====~---'--- .--~-' --.-.-.-~ .--~"-'-=" ---"'-=~'-' 

the same time, help coordinate the dissemination activities of 

those sources which agree to take hypercube into their program 

libraries. The organization can also be responsible for 
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Table 6-3 

SOFTWARE LIBFARIES AND DISSEMINATION 
PROGRAMS FOR FOLLOW-UP CONTACTS 

{( 

NationaL Clearinghouse for Criminal Justice Information 
Systems 

Center for Advanced Computation 
Computer Software Management and Information 

Center (COSMIC) 
NTIS Computer Products Division 
National CSS, Inc. 
Massachusetts Institute of Technology 

Hypercube Research Project 
Public Technology, Inc. Software Library 
Urban Information Systems Interagency 

Committee (USAC) 
" Regional criminal justice information 

systems 
TIPPA 
Private management consulting firms 

:> ',: 

periodically updating the entry on hypercube in the IACP equip-

ment directory and other catalogs not tied directly to a software 

distribution program. 

Program of Technical Assistance to Support the Hypercube Software 
P"-

I « Becau$e Qypercube is 
\L . 
"""'-use Dl a specialized area 

a complex software package designed for 

of law enforC-eII1ent Planning, and is 

documented in a number of very technical reports, many software 

dissemination programs will be reluctant ,to include hypercube with-

out an arrangement for needed technical assistance. Creation of 

the necessary experti·s/''\.v1.4:hin the staff of a ;~sse~i~a tion p+o­

gram can be costly and unproductive unless the demand for'the 
'.:.:-", 

software package is grea,t. Consequently, such organizations often 

prefer to act as brokers between users and technical'assistance 
(, 

sources,~ limiting thei~, own services to the distribution of copies 
{.I,f,l '-::Z1' 

of the computer programs and related documentation .• 
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D. Technical Assistance 

Technical assistance requested of TIPPA by the field test 

police departments mainly concerned. data collection prior. to the 

training workshop, and telephone cdhsultations on use of the 

software after the workshop. A great deal of technical assistance 

was given at the workshop itself, especially in connection with 

the solution of the sample district design exercises. Because 

any student's difficulty could be resolved and explained to the 

rest of the class by the workshop staff, the participating police 

planners were usually able to cope with similar problems without 

additional assistance. 

The field test experience, and evidence compiled in the sur-

vey of .hypercube program owners, suggests that, while police users 

of hypercube do not require a great deal of technical assistance, 

its availabfIity is essential to the success of the exercise. 

Without the training and assistance that TIPPA provided, it is 

dou9,tful that any of the field test participants would have even 
'~ 

approached the levels of accomplishment actually achieved. 

The followingrecornrnendations deal with assuring the future 

availability of technical assistance and with changes in the 

hypercube system which should further reduce users' needs for 

such assistance. 

, Development of Sources of Technical Assistance for Hypercube Users 

1. Software dissemination programs 

The most likely sources of hypercube expertise will be soft-

ware. dissemi'nat:ioTI programs. Programs which cannot themseives 

provide t:his type of assistance will probably refer user inquiries 
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to another source.. A previous section of this chapte~ identified 

the organizations which appear best suited for dissemj"na't.ion of 

the hypercube software and provision of technical ass:Lstance. > A 

follow-up program should be implemented to carryon tlle initial 
~ 

efforts of the field test project to install hypercube in these 

organizations, and to assist them in developing the necessary' 

expertise. 

2. LEAA-funded technical assistaric~:"pr~gram~>:~:c, 
,. 

Most law enforcement agencies:have li~ited funds for purc~as-

ing technical assistance services, and are very reluct~nt to use 

outside consultants. Since the early 1970's, LEAA has funded a 

number of technical assistance programs which offer free services 

in certain areas. As described in the previous chapter, thes~! 
Ii 
!t programs are promising candidates" "for' provision of technical 

-=-o-..=,==-_~-==~~~-="""-==,,= 
... 

assistance services to hypercube users, or for providing re.ferra.l 

services. A follow-up program should be implemented to assist 

these programs in developing ex;piertise in hypercube. The organi-

zations are: 
" National Center for Criminal Justice Planning and 

Architecture 
,I " 

Westinghouse Corporation 

Public Administration Service 

Science Advisor Program (Office~ of Technology Transfer) 

3. Public technology transfer organizations 
, 

A follow-up p:rograrn should also be implemented for the teCh-. \1 

\\. 

nology transferorganizatrbnsCo"prevl,:'ou·s'iy=raeri't:::i..7i'ea=:-=--"'"-".-- '(;.- ~~-.-., \ 
\\ 

-'\ 
Public Technology, Inc. (non-NASA programs) 

, . 
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NASA's technology applications teams, Stanford 
Research Institute and PTI 

California Innovation Group 

New England Innovation Group 

Other state, regional, and local transfer 
programs 

4. Private industry and police service organizations 

Private firms and police service organizations which provide 

management consulting services to police departments should be 

encouraged to utilize hypercube and offer technical assistance to 

client departments~ p: follow-up program should be instituted to 

apprise such organizations 6£ the results of the field test project 

and of the newly developed software and documentation. Such 

organizations identified during the field test include: 

Urban Sciences, Inc. 

Public Systems Evaluation, Inc. 

Public Management Services, Inc. 

IACP's police management and operations division 

Public Administration Service 

5. The Institute for Public Program Analysis 

TIPPA is committed to continuation of its hypercube technical 

a~~istance services. 

Recomniended r·1odificationsto the Hypercube System Which Will 
Reduce User's Needs for Technical Assistance 

The previous discussions have identified the following 

modifications of the hypercube system which will reduce user's 

e development of a programmed instruction guide to 
formatting input as a substitute for the 
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l~teractive mqnitor for users of non-interactive 
versions of the software; 

~ development of a PCAM-hypercube software 
package to reduce the cost and time required 
for hypercube analyses; 

G experimentation with field operations design 
workshops as a way of cutting technical 
assistance costs by sharing them among a 
number of police agencies; 

',\ 

@ modification of the software to account for 
travel barriers, priorities and non-cfs work; 

.. , \e development of an improved version of the' 
COBOL software by incorporating featur'es 
presently limited to PL/I versions; and 

(l) adaptation of hypex-cube for compatibility 
with the USAC law enforcement module. 

The value of these modifications can.not be overemphasized. Each 

can contribute significantly to the ability of future users to 

understand and use the hypercube software, and thereby reduce the 

need for outside assistance and the cost of whatever assistance 

is still required. 

Information Dissemination Regarding Technical Assistance 

Available technical assistance resources will be of no value 

if potential users do not know of their availability. The companion 

report, "How tOilSet Up Shop for Use of the Hypercube System, II 

includes a section on obtaining technical assistance. Techni-
',\ \/. 

cal assistance sources should also be registered with organ~-

zations such as the National Referral Service and'the Kansas 

state law enforceme]1t planning agency, whigh publish catalogs 

() 

for representatives of organizations committed to providing 

technical assi~tance to hypercube USers. 
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E. Training 

Police planners,~ho participated in the field test training 

seminar a~d later utilized hypercube indicated that the training 

was extremely helpful, and that without it mos·t of them probably 

would have given up on hypercube. TIPPA's survey of agencies 

presently having a copy of the hypercube software also failed to 

identify a single instance in which hypercube was successfully 

used without the involvement of a consulting firm. When con-

sultants were involved, they generally operated the software them-

. selves to avoid the effort involved in training agency planners to 

do it. At least one program owner postponed using hypercube until 

he could attend a training program. These findings sugtgest that 

the availability of hypercube training in the future will be a 

critical factor in hypercube utilization by the law enforcement 

community. The following recommendations deal with the provision 

and development of this type of training. 

Encourage Inclusion of Hypercube Training in Appropriate Criminal 
Justice Training Programs 

1. Training programs identified during the field test 

Initial contacts were made with representatives of numerous 

criminal justice training programs during the field test, as de­

scribed in the previous chapter. A. follow-up program should be 

undertaken to supply these training programs with the final 

products of the field test and to assist those interested in 

D including hypercube in ~raining. Follow-up should include: 

Uni v~rsi 1:y~basedprograms 

Con£eFep.ce-based programs (e~g.! national meetings) 

Special-purpose LEAA programs (especially those of 
national scope) 
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2. Identification of additional traini!lg prog:l~ams 
'II 

Additional training. programs should .be id~ntified by review 

of the "Criminal Justice Education and Training Dir,ectory" and 
I', 

of law enforcement publications. Information on hypercube trairl~ 

ing should -;be sent to those identified as potential users. 

3. Software dissemination programs which can include. training 

'rhe software dissemination programs identified iIi the field 

test which can include training (e.g., Center for Advance~ C:~­
tation, Center for Criminal Justice Information and ~" 
Statistics, and M. I. T.'s Urban syste~s Analysis course) ~pre­
sent prbmi'sing sources of hypercube training s:i,ll"~E:! they=,~,-"rready 

have or are likely to develop expertise in hypercube in \::Order to 

support the software. Because they-may--a€l.so' offer technical 

assistance, a follow-up effort should be made to encourage and 

assist these programs in adopting hypercube 

4. TIPPA hypercube seminar 

~n effort should be~made to assure the presentation of the 
CJ- '" G 

'1'IPPA seminar at regular-i.ntervals, either by TIPPA or another 

appropriat~ organization.'<:7(~~~~·frequency of presentation "'should" 'i 
I • • \ . "':10) ",~,l' 11 ~; 

be adjusted to keep the clcf'Sises large enough to cover expenses. 
~ '-~{--. 

~. G c "\I 

This seminar is also ideaLfor trqining persons involved in hyper-
!f,' It '. "~ 

cube dissemination programs themse\lves (i.e., information ''dis,semi-

nation, software dissemination, technical assif;tance" and"tratniIig) 

and should be ~sed initially to aid in the initiatio~ of the~~ ~ 
d () 

services. '-;...., 

5. Facilitate funding and approval of hypercube training. 
,") 

Additional effort ShOl,lld be directed towards training course 
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appreval and funding activities .of state law enfercement planning 

agencies and Police Officer Standards and Training (POST) cemmis­

siens. Witheut this type .of suppert, widE?"":scale participatien 

by &J:aw ~J,1f~'rcement persennel in hypercube training will be severely, 

if net fatally, handicapped. 

6. Publish articles en thehy~ercube training mate!ials 
r~-:::::j' 

Newsletters such as Training Aids Digest rea0h hundreds .of 

lawenfercemerit training administraters and theusands .of pelice 
,::~.-:/ 

.officers seeking useful in-service trai~ing. Articles describing 

the benefits .of ~ypercube and the availability .of the hypercube 

training materia"ls sheuld be submitted te a number .of these publi-

catiens. 

7. LEAA's Office .of Criminal Justice Educatien and Training 
{OCJET} 

The announcement .of hypercube and related training materials 

by the drrecter .of OCJET te all LEAA regienal .offices will centinue 

te generate inquiries frem these agencies fer seme time. Reseurces 

should be available te respend te theseC~,inquiries, including seme 
,I 

stf,lff assistance fer" planning state .or regienal training cenferences 

(e.g., such as prepesed te TIPPA by the Denver regi.onal .office). 

Majer expenses sheuld be berne by LEAA, but ip.itial'respens,e ;? 

efferts will n.ot be easilY,supperted by that agency. 

Develepment .of Additi.onalTraining Reseurces 
'>~ 

"1. ,Use of the COBOL pr.ogram 

Previ.ous rec.ommendations have suggested imprevement .of the 

input formatting procedures and .of the modeling capabilities .of 
a <> ,-::- (~"'ll, 

"the COBOL preg"ram. If these are carried .out, the training hand-

beek should be revised accerdingly. This should be a high 
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priority task, since the improved COBOL software will b~ the on~y :~ 

hypercube system most police departments can operate on their own' 

computers. Also, use of the revised handbook intrairting progra~s 

will cut the cost of training because use of the interactive moni-

tor can be dropped. 

2. Training materials for PCAM 

If the recommended PCAM-hypercube software "package is devel-
";0' 

~~~ oped, it will be essential to include information on the PCAM 
( .~~ 

c: 

co~ponent in the training handbook. 
) 

3. Continuin,g evolution of the hypercube software 

Resourges should be provided for updating the~training hand­

book as additional capabilities are incorporated in the hypercube 

software.. For example, incorporation of travel barriers, non-cfs 

work, and call priorities into the model should be documented for 

() 

the handbook. 

4. Field testing new training materials 

Before dissemination, new training materials should be 
t 

reviewed by police pla~rs familiar'::-'with hypercube, then revisea" 

based on their feedback. Planners from San Diego, Fresno, and. 

San Jose who participated in the present pro(~ect are. s~ggested. 

, 1-::; 
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APPENDIX A 

THREE CASE STUDI·ES OF 
HYPERCUBE IMPLEMENTATION 
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This section details the experience of the three police 

departments which participated in the field testing of the hyper-

cube programs and subsequentl¥ completed the implementation of 
~/ 

hypercube-designed patrol beats: Burbank, Fresno, and St. Louis 

county. These three accounts provide an overview of the types 

of situations in which hypercube is likely to be used and potential' 

difficulties which hypercube Uf5ers are likely to encounter. 

Each study is an attempt to convey the most salient features 

of hypercube use in the respective departments. The aqtivities 

and events which comprised the field test program are dis{.mssed, 

iIi Chapter II, and are mentioned only briefly in 'the following"'''~ 
''''~~~ , ..... " 

narratives. Likewise, routine procedures involved in hypercube ,~ 

use and model-specific pro.blems which are likely to be faced by 

most' u,sers are 1}Ot discussed in detail. 

Each case stud§'emphasizes a different aspect of hyparcube 

use. In Burbank, a ~reat deal of effort had to be devoted to t.he 

collection of input d~I~ Fresno, hypercube was used to 'help 

justify a shift in manpower al:location from a static (24-hour) 

beat plan to one using five differerit beat plans at various times 

of the day. The st. Louis County experience illustrates implementation 

pitfalls involvedanq way~ in which these can be overcome. Follow­
;}~\ 

ing each narrative, brief conclusions are drawn regarding the'use 

of hypercube in other departmel~ts. 
" 

A. Burbank, Caiifornra 
~~ 

Background. 

The City of Burbank is located 'in Los Angeles County, in the 
~~ 

~ 

northern portJ.on of the Los Angeles metropolit?-n area.. It adj,oins 
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the city;6f Los 
,/' 

boundar!fes, and 
/ 

Ange1,/es along its northern, western 
j;" 

:l 
theJ'~ity of Glendale on the east. 

and .. southern 
Ii ' 
U 

The' city has a 

popula'tion of approximately 85,000 and has a total area of 17.1 

square miles. Located within the city are several major televisi,on 

and motion picture studios, the Hollywood-Burbank Air Terminal, 

and numerous manufacturing and commercial establishments. The 

Golden State Freeway divides the city from northwest to southeast, 

and the northeast portion of the city contains a sparsely populated 

region currently experiencing some upper-income residential deve1-

opment. 

Crime patterns have remained stable in Burbank for many years, 

with t~~ exception of increased property crime in one region. As 

a result, the same beat plan had been used since 1961 when a new 

police building and communications center was completed. This plan 

divided the city into two command sectors, with five beats in 

Sector 1 and nine beats in Sector 2. These same beats were used 

around the clock. During each watch, a sergeant was in command of 

patrol operations in each sector. This beat plan is shown in 

Figure A-l. 

Although the 1961 beat plan was designed for 14 patrol units, 

the actual numbers of units in service each watch varied consider-

ably. Each sector sergeant used his discretion to combine beats 

when manpower shortages occurred. When more than 14 units were 

fielded, the extra manpower was used as back-up sectorwide or to 

provide double coverage- in busy beats. Du;ring 1975: manning 

normally consisted of 10 to 12 units on the day shift (8:00 a.m. 

to 4:00 p.m.), 12 or l3-units on both the swing shift (4:00 p.m. 
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Figure A-I 

OLD BEAT PLAN USED Bt THE 
BURBANK POLICE DEPARTMENT* 
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to midnight) and graveyard shift (midnight to 8:00 a.m.), and four 

units on the overlay shift (7:00 p.m. to 3:00 a.m.). Thus, 

scheduled,patrol strength!varied regularly :B.l~om 10 to 17 units. 
/rr/\ 

When a four-day work week with 10-hour shifts was initiated in 

the, fall of 1975, additional variation in patr'ol strength resulted 

during periods of shift overlap. Absences at times reduced patrol 

strength to six units. 

Participation in Project 

. ' From the t~me the Burbapk Police Department was approached 

about the field test project" there was interest in participating. 

,A need existed to bring the beat plan morle in line with current 

patrol strengt~, even though the amo~nt and type of crime had not 
" 

changed significantly. Storage of police data on the city' scom- ~~'c;-. 
, /~~~/ 

puter was being considered, and it was felt that the beat. struefure 

and data collection procedures should ~e exrunined before computer­

ized record-keeping was initiated. Also, it was felt that depart­

men'j: personnel could gain valuabl'e expertise through the training 

involved in the project. 

Data, collection, however, presented a major obstacle, and 
~~, . 

there wa~ considerable doubt about whether ,the data could be 
it 
:1 

gathered at a reasonable cost within the time available. The 

department had no computerized data and no established system of 

geographical reporting areas. Before using the hypercube programs, 
';! 

the department had to design a reporting area system for the city 

~ng .GQJ.tE;'j:rU.ct, a data base by sampling dispatch tickets and 

officers' daily activity logs. There was considerable concern 

that the project would require more involvement by command and 
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supervisory personnel than could be justified in terms of potential 

" benefits to the department. However, the level of effort requ'ired 
~~~~~. --- ':".----;:-~ .. --.~-~- - - - .~~ -=-~ -~-=-..,~-~~-~~~---;';" ' 

~=- -~hy-theproj s-c'tseemed much -morereasofiabiEf=wlien~:Lt-was found that 

department administrative aides could complete much of the data 

'collection and TIPPA could provide data processing assistance. 

Members of the research team met with department personnel 

who were to be involved in the project to finalize data collection 
n 

plans. Subsequently, administrative aides in the department 

devised a reporting area system and collected sample data from 

dispatch tickets, assigning incident addresses to appropriate 

reporting areas. The research team had the da t:a keypuncllea--a'n=d 

processed as needed for input to the hypercube programs. 

Collection of Input Data 

The first task facing the department in obt~ining input data 

was the creation of a reporting ,area system for the ci t¥;,' Follow-
,~~ 

ing guidelines suggested by the research team, the department staf£ 

used a large city map to design an initial set of reporting areas. 

This effort resulted in the creation of 45 reporting areas. 
::::;-~h 

i.~' . 

Additional reporting areas were subsequently added by ~ubdividing 

the initial ones, follo~ing a meeting between department staff and 

members of the research team. The resulting set_of 102 reporting 

areas included 50 in Sector 1 and 52 in Sector 2. 

The guidelines distt"ibuted by the resea:r;;bh'team suggested that 
i -j' !J." "" 

reporting areas be compact, uniformly sized,' encompass ;areas of 

homog~neouscr ime 'pat.terns-, and havebound'ar~Ieswh-tcfi~d:GrnOt-'-cut~-_C ===, 

, " 
across major thoroughfares or natural boundaries. The resl,llting 

system of reporting areas followed tbese guidelines, and at the 
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same time avoided cutting census tract boundaries.. and current 

beat boundaries. Major studios and similar establishments were 

kept within single reporting areas • Once the repoJ:'ting areas. wer.e 

drawn, the center coordinates were plotted and their areas computed. 

Historical incident data needed for input to the hypercube pro­

grams included the relative workload in each reporting area, the 

arrival rate of dispatched and self-initiated calls for service, 

and the average service time for all calls for service. None of 

these items were routinely collected by the Burbank Police Depart­

TIlent, necessitating the construction of this data base by examin­

ing department records. The documents used included the following: 

the "complaint record," which is completed on all calls for service 

received by a dispatcher; the "officer's daily log," which lists 

each officer1s activities during a watch; and the "officer's 

patrol record," which lists t;he amount of time spent by each officer 

for self-initiated activities, report-writing, etc. Samples of 

these docum~nts are shown in Figures A-2, A-3, and A-4. 

Call for service data were gathered from complaint records. 

Approximately 30,000 of these records are completed each year and 

filed by date and time. A random sample was obtained by pulling 

=every twentieth record from the files for the period ~rom May 1, 

1975, through April 30, 1976. This yielded a sample of about 1745 

calls for service. For each incident, information was collected 

on the date and time of the incident, the type and identity of the 

units dispatched, the incident location, and .various times stamped 

on the card. Reporting area numbers were assigned to each "incident, 

based on th~ a4dress shown on the card and the newly-drawn reporting 
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area map. This information was subsequently recorded on coding " 

forms such as the one shown in Figure A':"S. 

The dispatch complaint records did not provide a complete pic­

~ ture of total pat.rol workload' for two reasonsr~ self-initiated 

G' 

actiyity is not shown on these cards, and report-writing time is 

not necessarily included in the service times stamped on the cards. 

In computing .the relative patrol workload levels for individual 

reporting areas, it. was assumed that self-initiated activity and 

rep6rt-writing would be distributed among the reporting areas in 

the E?ClI[lepfgp9~t~Cln ~as calls for service. Based on this assumption,· 

the call-for-service distribution resulting from the sample of 

complaint records was used without modification as the distribution 

of patro.l workload among the reporting areas. 

To arrive at a reasonable estimate of the average service 

time for all incidents, it was necessary to obtain a sample of 

dispatched calls for service and .calculate the time required to 

service each call. These data were obtained by department staff 

from a sample of daily logs and patrol records. The average 

service times t.hat resulted from this analysis were 33 minutes 
/? 

for Sector I and 29 minutes for Sector 2. 

The arrival rate of all calls for service was estimated in 
'-,,-

c t~ same manner as the average service times.. The sample complaint 
~c 

record data yielded an average dispatch rate of 2.078 calls per 
'~l 

hour for Sector I and 1. 626 calls per hour for Sector 2. A separate 

study by thefdepartment staff of dispatch records fErom January 

o 
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thJ;ough March, 1976 re~u1ted in estimates of 2.072 calls per hour 
"'-~ 
~--~-:.. ........ " 

'-~~,>, for Sectpr 1 and 1. 703 calls per hour for Sector 2. These call 

""., 

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

r(ifi::'s"c~ere then adj usted by department staff to accourt't for se1f-
"'-

initiateda~ct,:i,vity, administrative duties, multiple car dispatches, 

and other out-of-service time. The percentage of time spent on 

these activities was estimated from the study of daily logs and 

patrol records. 

Use of the Hypercube Programs 

Even before the beat design study was begun, there was an 

·awareness in the Burbank Police Department that changes in beat 

structure were needed. For instance, patrol strength was usually 
~'} 

insufficient to allow one car per beat under the 1f'-:1~cat plan. 

An earlier patrol workload study undertaken by the department had 
"'" 

shown that an average of 10 patrol units were being fielded during 

the day and swing shifts (8:00 a.m. to 4:00 p.m. and 4:00 p.m. to 

midnight). Even fewer units wero being fielded for the night shift 

(midnight to 8: 00 ,a.m.). cSince a single beat plan ,for use around 

the clack was to be produced, the plan was primarily geared to the 

day and swing shifts. This administrative decision dictated that 

the new plan would contain 10 beats. 

It was also known prior to the hypercube analysis that the 

citywide workload was not evenly divided between the two sectors. 
17 

This was conf;,irmed by the sample data collected for the study. A 

10 percent difference existed between the workloads in Sectors 1 

and 2. Before alternative beat structures were examined, a new 

sector boundary was estap,lished which reduced the workload 
~':J ' 

,imbalance to two percent. 

208 



Burbank patrol units are rarely dispatched across·the sector 
I: 

boundary. On each watch, separate i.: commanders direct the patrol 

activities in each sector. If a call arrive% from a beat adjoin- 1( 

ing the s(3ctor boundary while the beat car is unavailable, another" '~; 

car from the same sector is dispatched if possible., Only in the 

case of emergency, calls or excessive delays are cars dispatched 

across the sector boundary. Therefore, the sectors were analyzed 

separately. 

Each of the newly-drawn sectors was to be divided into five 

beats. Based upon hypercube ana+ysis of the 14-beat plan and 

approximate workload balancing, two alternative plans were drawn 

for each sector. These initial plans also attempted to enpompass 

distinct neighborhoods within the beat boundaries. Each plan was 

analyzed l,lsing·the hypercube programs, with particular attention 

given to balancing workloads~nd minimizing cro.ss-beat dispatching. 

R~sp.onse time was not of major importance in. the.~~o~~ysi~:, ~~~ce 

response times being experienced in the field have been well within 

acceptable limits and any significant reductions in response times 

would 1:,:-equire additional patrol units. 
I. 

Ba:sed upon the hypercube output for the initial alternatives, 

no furth(-:r iterations were deemed necessary. For. each sector, 
\ 

one of ,tht"r original alternatives was recommended for implementation. 

Additional'runs were made, however, to demonstrate which beats 

could best be combined when less~t;;han lIve patrol units were 'avail~'f'i' 

able in either sector. Tlie new beat plan is shown in Figure A-G." 

None df the~(:police staffparticipatiIlg in the study had any 

prior experience with~.computers, and for most, it was their !irst 
"'1 

, ~ , , 
. . . 
, '#., • 

•. ~ .... '~l': 

~~'~_l,~>~~ ,: > 
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MAP 
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*Beats A, B, C, D, and E are in Sector 1 and Beats F, G, H, I, 
and J are in Sector 2. 

Figure A-6 

NEW BEAT PLAN USED ,j'BY THE 
BURBANK POLICE DEPARTMENT* 
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exposure to the sophisticated analysis of patrol deployment. The 

training and materials provided as part of the prpject were suffi­

cient to enable them to complete their analyses. The technical 

assistance which was provided by telephone following the training 

\'lOrkshop was considered essential as a supplement to the "formal 

training. 

Application of Hypercube Results 

Once the new beat plans had been selected for eq.ch sectorl 

they were explained to the field -commanders and the department 

chief. A report was written, outlining the advantages of the new 

beats. By this time, the patrol commanders and the chief had been 

acquainted with hypercube and the objectives of the study. There 

\Alas a willingness to accept the model's performance estimates as 
d 

reliable, ·and the new beats were readily approved for implemen-

tation. 

F~ture Use of Hypercube ;P '." 

'.' 
In spite of the good results obtained by the department, 

continued use of hyper~ube in Burbank is doubtful. The use of a 

static beat plan and the stability of the city's population and" 

crime patterns mean that major beat revisions will prpbably not 

Oe necessary in: the near future. The reporting area $ystem" devi~:ed 
" 

for the hype~~ube study will probably not be used forGon-going 
it{~ 

data collection by the department. "'f" The planner trained in hyper...!~,i 

Therefore, the amount of 
~ \.\ 

cube operation has left the. department. 

\\ " 
effort involved in imp1'E:menting anothe,r hypercube study wou.ld be 

(; ~~-..;"=--------=~==.",,=-==~-,- -_.--'-- .- -.. 

difficult to justify in view of the 

of such a study to the department.: 
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Conclusions 

one: 

Several factors he'lped make the Burbank experience a positive 

• Technical assistance from TIPPA, especially during 
the data collection effort, enabled the department 
to successfully complete what at first seemed to be 
an impossible task. 

• There was a recognized need to reexamine the existing 
l4-beat configuration. 

• The department was willing to constT'Uc'\: the required 
hypercube data base, using statistical methods not 
previously attempted. 

B. ]'resno, California 

Background 

The city of Fresno is located in the middle of central 

California's San Joaquin Valley, one of the nation's leading agri-

culture centers. The city, with its population of 175,000, serves 

as the business and commercial hub for the entire region. The city 

is diverse in character,~~ith a thriving downtown business district 

and enclosed shopping mall, large-residential .areas, and semi-rural 

areas near the city limits. The city covers an area of about 54 

~ square miles, and several isolated unincorporated areas are contained 

within the city limits. 

Prior to November 3,,1976, the Fresno Police Department had 

used the same l6-beat configuration for over 10 years. This plan 

was used on all shifts and all days of the week. Approximately 

the same numbers of officers were deployed on each of the three 

working shifts (7:00 a.m. to 3:00 p.m., 3:00 p.m. to 11:00 p.m., 

and ~1:00 p.m. to 7:00 a.m.), with additional manpower deployed 

// 
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on a "lap" shift (7:00 p.m. to 3:00 a.m.) n The units assigned to 

this lap shift provided back-up assistance for the regular beat 

cars. 

The limitations of this manpower allocation plan had long 

been rel';:!ognized. A 1965 study of the department by the Intjpr-
II < 

national Association of Chiefs of Police recommended changes in 
~= 

o 

the methods of beat design and patro~ePlOyment. In trying to 

implement the IACP recommEmd~tiQnv;:'wever i the department found 
?' 

that its data were not sufficient for the· task. 

The police department and the city data processing yenter 

worked together to improve the department's t-~a collection capa­

bilities. The city was divided into 249 zones with areas ,<of approxi-
i/ 

/' 'If 

mately 0.25 square miles, and workload data were captured by/hQur 

and by zone. Workload info,rmation gathered includes citations; 

offenses, arrests, court appearances ,'/;offense clearances, disposi-" 

enhanced the department's ability to analyze patrol operations. 

Participation in Field Test Project 
, 0 

The Fresno POlic~'\1)epartment was first informed of ,the field 

test project by the city's CIGscience advisor and details of the 

project were supplied during a visit by members of the TIPPA 

research team in July 1975. The head of the department's ,rl\.dminis-
!rf!, ~,j \\ 

trative Services Bureau expressed a definite interest in part.;ici-
" 

pating in the project. Hypercube !,was especiaJ.:ly appealing beca~se 
I' 

'f) 

of its ability to show the inter-relationspips between workloa~s, 

resPonse times, preventive patrol/ levels, .. and interb~at dispatch-" 
, D 

.ing. The data processing cente,r' ,could provide data on each of 

these variables, but could not combine them into an int~grated 
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analysis of alternative beat designs. The department was also pre-
I 

paring to implement a computer-aided dispatching system (CAD), and 

wanted a beat design study completed before final CAD implementation. r' 
,,::,/ 

Thus, participation i.n the field test project coincided with exist-

ing department priorities. 

Two representatives of the department's Administrative 

Services Bureau attended the project orientation meeting in May 

1976 and the June Training-Design Workshop. With occasional techni­

cal assistance from the TIPPA research team, they analyzed existing 

patrol operations and'possible alternatives. A new manpower allo­

cation plan and beat design was approved and implemented in 

November 1976. 

A report has been issued by the department to describe the 

use of hypercube and the results of its efforts.* The report 

describes pre-hypercube deployment methods, the analysis of the 

old l6-beat configuration and the design of new beats for five 

time periods. Portions of the following sections of this report 

are based upon that document. 

Colle~tion of Input Data 

Most of the basic hypercube input data was available through 

the data processing center, although some additional data had to 

be collected and other data had to be adjusted to fit the require-

ments and assumptions of the model. .As previously nO.ted, workload 

data for 1975 was available by zone, but the zone areas and x, y 

*"Beat Design and Manpower Deployment System, JI Fresno Poli ge 
Department l,\-dministrative Servi'ces Bureau (James L. Packard, 
Deputy ChieiP, November 1, 1976. 

214 



\',1 

coord~nates for the zone centers had to be measured. Actual 

travel time data were collected by field observa'tfon. 

Department data indiq~ted that calls for service required an 

average of 32..05 minutes to complete. Adjustment of this figure 

Q 

was needed to account for administrative time and multiple-car 

dispatches. Data collected from a two-month sample of daily acti­

vity reports showed that administrative time per unit averaged 11.25 

minutes per hour and that an average ofq~37 minutes were expended 
() 

on each call by back-up units. DatVfrom 1975 showed that an 

average of 15.52 calls per hour were received, so each unit in the 

l6-beat configuration could expect to service one call per hour. ~ 

Therefore, the 11.25 minutes per hour administrative time and the 

7.37 minutes of back-up time per 9al1 were added to the 32.0S 

minutes servic!= time pe;;t:' call to obtain an adjusted average service 

time of 50.67 minutes. I' 7 

It 

account 

,,/ '0 

should be notf.lc!,d\;,tha~"'-"~d'JU'SJ~,~hg the average service time to 
)h.~. 

for adminis"tFl!li:i ve duties has -:~t1J.e-il±E·ad~~a:ge~~o=f-rnaklng·--
~~" 

--.c~=--

the amount of administrative time computed for each wat~i1":'dependent 
'i n 

upon the ~llinber of calls received during each watch. Administrative 

time, however, may not have such a relationship to the number of 

calls received.. A more accurate methb,,\, of accounting for admip-
'",:. 

ist:cative time may be through adjustments'to the arrival rate of 

calls for service. 

Since the. department uses three" regular shifts plus an overlay 

shift, f~ve separate time periods were to beOana1yzed. Therefore, 

" wo:t::k10ad data had to be compiled for each time .~eriod. The same 

overall distribution of workload among the zones was used ,'for each 

o ; 

J 

1 
-l 
.~ 

.' ,J 
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time period. However, separa;te call rates were comp:uted for each 

time period based upon 1975' data. Table A-I shows the five~time 
II 
I; . d . d h b f b t . 1 d d h perJ.o s examJ.ne , t e nUIn er 0 ea s prevJ.ous y use ,an t e 

average call rates experienced. 

"Analysis of Old and New B.eat Plans 

Once trained to operate the hypercube programs, the planners 
',::) 

inothe~Administrative (,~rv£ces Bureau analyzed the performance of 

the l6-beat configuration. This beat plan is shown in Figure A-7. 

The conclusions reached from this analysis included the following: 

,~ 

\-J • 
.,j (-'\ -

An overall utilization factor of 0.818 {or 81.8 percent} 
was computed for the l6-beat configuration, from which 
the planner concluded that there were sufficient persqnnel 
assigned to the patrol division to handle the total 
generated workload. 

• There was a considerable discrepancy between the workloads 
of certain patrol units and the workloads generated by 
the beats to which those u~its were assigned; three of the 
16 beats generated workloads thp.t were much lower than~,_zthe 
work],oads of the units assigned. i! <~\ 

Table A-I 

CALL RATE$ AND NUMBERS' OF BEATS 
FOR THE F]~~ TIME PERIODS EXAMINED 

BY THE FRESNO POLICE DEPARTMENT" 

No. of 
Beats {Old 

Time Period Plan} 

1975 
, Call 
Rate 

Projected 
Call 
Rate 

7:00 a.m:-~3:00 p.m. {Day Shift) 16 15.1 
~~='~~="O-~3':-OO-~p",;'nr':~;;';'7: 00 p.m. -('1st, Hal£oI' Swing Shift~) 16 

16.0 
--,c2r;9 

7:00 p.m.-ll.:OO p.m. (1st Half of Lap Shift) :22 
11: 00 p.m-3: 00 a.m. (Las'\) Half of Lap Shift} 22 
3:00 a.m.-7:00 a.m. {Last Half of Midnight Shift}16 

\~ 
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• There was a substantial imbalance among the beat workloads, 
even though unit workloads were fairly evenly distributed; 
for example, the beat workloads on the day shift varied 
from 0.316 to 1. 539. 

• Several of the beats were generating more wor,k than could 
possibly be handled by the units assigned to ),lthose beats, 
so that calls from those beats were consistently serviced 
by a unit from other beats. 'i 

• The average utilization factors computed for the various 
time periods ranged from 0.33 in the 3:00 - 7:00 a.m. period 
t9 over 1.00 in the ~\:OO - 7:00 p.m. period. 

The redesign process began with a reallocation of manpower to 

the various shifts. This reallocation had to be planned around the 

number of beats desired during each of the five tim~ periods being 

,studied. A relief factor of 1.6 was used to calculate the number 

, of men needed for e~ch position. 
/' 

Table A-2 shows the manpower 

assigned to each shift, and Table A-3 shows the resulting distribu­

tion of officers and beats among the five time periods. 

Several alternative beat designs were examined for each time 
~ . ... . 

period, necessitating numerous hypercube runs. Figures A-8 through 

A-12 show the final plans for the five time periods. The perfor­

mance statistics for. these plans indicate that workloads are much 

more evenly distributed, and sufficient officers are assigned during 

each time period to handle the arriving calls. Estimated region-

wide travel times and the number of queued calls during the sw'ing 

shift are drastically reduced. 

One problem encountered in designing the new beat plans was 

caused by several zones which generate excessively high workloads. 

As a result, the beats to which they were assigned showed signi-

ficantly greater-than-averageworkloads. To reduce the problem, 
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18 Beats 

Table A-2 

ALLOCATION OF PATROL MANPOWER 
BY SHIFT IN FRESNO 

Day Shift (7:00 a.m.-3:00 p.m.) 

23 x 1.6 = 37 Regulars 
3 Second men in Westside Ciars 
2 Wagons 

2 Regul9,rs (Extra) 
2 Mall Officers 

(Walking Beat) 
41 Total Assigned 

to Shift 

23 Per Day 

Swing Shift (3:00 p.m.-11:00 p.m.) 

Beats 31 x 1.6 = 50 Regulars 23 
4 
2 
2 

Second men in westside Cars 
Westside Walking Beat 

2 ",,3ecrui ts (Extra) ______ _ 

(:') 

52 TOt"ai' "-Ks·si"'gned ---, --... -. - ' 

31 
Wagons 
Per Day 

to Shift 

L~ 

Lap Shift (7:nO p.m.-3~OO a.m.) '!;:'Ct;;::~..\ II 

6 Beats 
1 Second Man in westside Cars 

7- Per Day 

7 x 1.6 = 11 Regulars 
2 Recruits (Extra) 

13 Tota1 Assigned 
to Shift 

Midnight Shift (11:00 p.m.-7:00 a.m.) "~ 

13 Beats" 
3 Second Men in W~stside Cars 
2 wagons 

18 Per Day 

18 x 1.6 = 29 Regulars 
2 Recruits (Extra~ 

31 Total Assigned 
to Shift 

~OTAL (All Shifts) = 137 Officers Assigned 
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beats were designed to overlap in these zones and back-up units 

were deployed to assist in these areas. 
() 

Implementation of New Beats 

Once new beat plans had been designed ~or the five time periods, 
,'( 

a departmental task force was formed to review them. TjUs task 

" force included "members of the administrative services hureau, 

representatives of the patrol division (including watch commanders), 

a communications representative, and,a representative from the 

police officers' association. Initial hypercube output was presented 
o 

to patrol division representatives, and several meetings of the "task 

force were held. The beat plans 'were generally well-received, pri­

marily because of the prospect for more equalized workloads and 

7,,; 00 
,'I 

3:00 

7:00 

13,:00 
'c, 

3': 00 

Table A-3 

FRESNO POLICE DEPARTMENT 
PATROL STRENGTH AND NUMBER OF BEATS 

BY TIME OF THE DAY 

N9., .. of Men No. of 
Assigned Beats 

a.m.-3:00 p.m. 41 18 

p.m.':'" 7 : 00 p.m. 52 23 

p.m.-ll:00 p.m. 65 29 

p.m.-3:00 a.m. 44 19 '" 
a.m.-7:00 a.m. 31 13 
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response times. Reassignment' of some officers' to different shifts 

was not seen as a major problem. 

Since a total of 102 beat.s had been drawn, a new numbering 

system for identifying' beats and assigned units had to be devised. 

Previously, each beat was designated by a two-digit beat number 

preceded by a one-digit number indicating the shift (e.g., "224" 

referred to the,. second shift, beat 24) . Under the new system, the 

shift numbers were retained, but dispatchers had to familiarize 

n 
themselves with a different set of beats for each shift. To assist 

them, assignment cards showing the beat number for each address in 

"t;.he city now show the beat numbers associated with each time period, 

and separate beat maps were designed for each dispatch console. 

The change in the numbering system necessitated changing 20 

computer-produced management reports wh~,ch had been designed to 

(j}'~ow only two-digit beat id~ntifiers. The department I s CAD system 
" . 

which, when fully operational, will indicate t!le beat car £'or any 

incident address in the city also had to be revised to reflect the 

new beats at a cost of $900. 

Providing sufficient vehicles during peak hours presented an 

una;nticipat.ed problem. 

are needed at 7:00 p.m. 

At 3:00 p.m., 23 cars are needed, arid 29 
. \\ 

Improved scheduling of vehicle mainte-
\\ 

nance may be needed' to ensure that the cars are avai.lable wheri 

needed. 

The patrol division assumed the responsibility of implementing 
'\,/'/ 

the new beat plans. Beat maps were distributed to patrol officers 

in September, so they would have at least six weeks to"become familiar 
"~,:!: -0 

wi th the new plans b'efore the November 3 implemellta tion date. The' 
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actual implementation proceeded smoothly. The news media was 

informe¢i of the change, and two newspaper articles have resulted. 

Future Use of Hypercube 

The Fresno Police Department has been pleased with the results 

achieved with hypercube, and is considering future use of the prQ-
" ' 

! 
grams to periodically assess beat performance. ,Planning for the a 

! 

'., 

CAD system now being implemented required management data. similar 

to that needed for hypercube. As a result, the input data needed 
o 

for use of the hypercube programs is readily accessible. 

Conclusions 

The factors contributing to the success of the bea;i: design 

effort in Fresno include the following: 

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

o Much of the data needed was readily available. 

o The formation of a department task force to supervise 
the project helped assure the cooperation and input 
from all bureaus af.fected by the proj ect. 

o The Administrative Services Bureau had"the necessary 
personnel to carry out the data collection and analysis 
phases of thef proj ect. 

'" The success of the Fresnoerffort is particularly noteworthy 

because of the drastic change made from a beat plan used arourid-
d ~'~" 

the-clOck tQ plans which vary nearly every ~our hours. Many de-

partments find such 0varfation in beat plans to be administratively 

u~acgeptable, but such a reallocation of patrol resources was 
o '. "0 ,,<J .' v 

necessary in Fresno in order to reduce the e~cessively high patrol 

unit workloadsG\previously common t'o'some times' of the d~Y,. 
\'L 
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C. St. Louis County, Missouri 

Background 

St. Louis County, Missouri, is made up of urban, suburban, 

and rural areas immediately adjoining the City of St. Louis on the' 

north, west, and south. The eastern area of the county contains 

highly developed and dens·ely populated suburban communi ties i the 

degree of development gradually diminishes to the west, and the 

extreIiie western portions of the cQuntY.'f are;mainly rural and agri-
\\, Ii 

, J; 

cultural. There are over 90 incorporated-'''inunicipalities within 

St. Louis County, most of which are clustered near the City of St. 

Louis. The county also contains large uni.ncorporated areas, both 

developed and unoevelop~9~ 

The St. Louis County Police Department provides police se:tvices 

to all unincorporated areas and to those municipalities which con-

tract for such services. The entire 'county covers 512 square miles 

with a population of 980,000i the unincorporated area consists of 

111,36,0 ,square .m.i.les. 'i'll tha .population.. . .of .360 1,,000.. The aJS{~a served by 

the County Police Department encompasses both densely populated 

inner sub.urbs and the rural west county. The area is divided into 

,- five precincts which are patrolled by 41 to 73 units, :depending on 

the time of day. 

ment is a difficult task. Each of the five precincts operates ?is a 

separate command aree. and therefore requires a separate beat plan. 

In addition, all of the precincts vary 'beat boundaries by watch., 
, ' 

To equalize patrol unit workloads, it is necessary to utilize gElO-

9raphically large beats in the west county, resulting in unaccept~ 
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'ably high response times. One 50-squareillile area produces 30% of 
\'~. 

th~ depar'bnent I s calls for service, while ahother area of 15'0 
\\ 

\. 
square miles produces less than 10% of the calls. One rural west 

'~\ 

\~\ 

county beat is larger than the entirecCity of Sb~ L~)lis. 
" ::\, 

To aid in the design of patrol beats, the dep&';rtrnent has a 

Bureau of p'J.anning and Research with access to large,amounts of 

data. The' county is partitioned into 476 geographical,\reporting 

a:teas termed "COGIS" ar~as (COunty Geographical Information System), 

and inc':tdent data are collected by COGIS .area .. These areas are 

aggregated i,nto precincts ~ind beats by planning and:tesearch per-

sonnel ip. cooperation with precinct conunanders. 

Patrol beats are not l:evised on a regular basis, but they have 

\1 been redesigned three time::; in approximately three years, with the 

m9st recent redesign of pa'trol beats tak~_ng place in July 191'4. 

Redesign efforts are autho:~ized bythei- s~per'intendent of Police, 

'1ho assigns manpower to the precincts in terms \~,f the number of 

eight-hour beats that can be manned'~ (An eightl:..!iqurbeat is one 
\ 

beat manned eight hours a. day, s,even days a week.) \}i~recinct cerm ... 
Q "'. /' ';, 

manders are authorized to distribute these eight-hqi"ur\l;>eats among 

the three shiftsOto best handle the "workload in th'ir precincts. 
I{ , 

c. ," Iii ".' " 

'l 

0' 

h 

I 

The precinct commanders and the planning and reseaLrch bureau 

0= "'. C •.... '·· .. li"" <>:Hy :;""",k7+"11""':~·";'-*'~ ,~.,.);;. .... tcc;;J""",,"'f-<>"7"r!1h"""'~""';'-~'" .:',.,,;.., '-'-'-~~~.~<: 
though the commanders can. ve~o any revisions in DthLir beat plans 

o .; 

II' ' 
\lii' o. ' 'J 

The department I s primary ob,jective in redeSig~ing patrol beats 

-;;1 

whicn they findunaccep~able. 

is to balance beat workloads, on the theory that each beat should 

have an approximately equal share of the department ,~S total workload, 

"," 
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regardless of shift or geographical area. However, this objec-

tive has never.been fully realized, due to the marked differences 

in response times that would be produced by such workload 

balancing because of differences in population and workload 

within the department's jurisdiction. Thus, response times, 

P4,rticularly in the west county beats, is also an important 

.desigri consideration. 

Redesigning all of the beats fol': the department is a major 

undertaking simply because a total of 15 plans are required for 

the five precincts and three shifts. In fact, the 1974 redesign 

(effort consumed an estimated 4,000 to 6,000 man-hours, including 

8 to 12 weeks of work by the planning and research staff, and 

t:ime spent by field and data processing personnel, secretaries, 

and map makers. 
Ii 
it. 

?articip~tion in,leld Test Prbject 
1, y 

When, give:n:the opportunity to participate in the field test 

project, the response within the planning and research bureau was 

immediately affirmative. Members of the research team met with 

two representatives of the planning and research bureau in July 

J.975 to demonstrate the use of the hypercube programs, explain 

the field test project, and obtain 'information needed f017com­

pletion of the project's, pl,anning ph~se. Much of the data neeed 

:~~-~--::=:.'::=-iSQ::-'U~~'{;;lW~~r0gi<arliti - wfi8'X:~2I.J,-::t-l:Y :f;;l.Vaiti;i~ih,:-,iri~t;;;lH~put~-ld.;zeer f6~'m;-
" . \. 

and the planning and resea;rch bureau had already been given a 

directive from the Superintendent to.produce a new beat design 

and manpower allocation~lan by the end of the year. 

The .. only obstacle to the department's participation was' the 

project's timetable. The actual work of designing new beats in the 
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field ~est project was not scheduled to pegin until after th~ 
\'\ 

January 1, 1976, deadline facing the planning aiid research hurf~au 
" \\ 

However, since the department could easily produce most of the 

necessary input data and was located near TIPPA's offices, arrange-

ments were made for a police planner to use TIPPA's data terminal 

during November and Decem.ber for the purpose of analyzing proposed 

beat plans using the hypercube programs. This helped th€ planning 
~ 

and research bureal..l meet its deadline and benefitted the field 

test project in several ways: 

• the research team was able to observe the operation of 
the hypercube programs using actual police department 
data; 

• existing softwa:re and documentation were used by the 
police planner, and many useful comments and suggestions 
were obtained; 

• the research team ",'_as able to closely follow the beat 
design and review process; and 

• the experience resulted in improved plans and training 
materials for the field test project. 

The results of the 1975 beat design effort are described 

below. Although none of the beat designs produced at that time was 
""",_" ... ::."1. ,.,' ,-~'" :_1 '/ 

~fplemented, the.\eep~~;~en; ,:c,ontinued to parJcicipate in the field 

test project by sending represe:nt~tives- to both the orientation 

me"eti.!lg and training-design workshop. I'n the ,spring and f~ll of 
r' -" - '-~~--

'---- --"-.- -:;-±-9·1£ci:-.~~g:':1l~±"~:ef1tthu·:i='~f-w~~miii:-:W¥Z~':Ug~,tt~t,~::;_A~~4.~P::.C~o;:fo::ti--~Et!fs!:"~~~;=--=·- =-":1' 
1", c; II 

the first aEd fifth precincts, resp'ectively, and these beatpla,ns 

were subsequently implem~nted. The design and implementat'ion-G'f 

the new beat plans in these two precincts are also describe<;l in 

later sections of this report. 

--231 // 

-,/~ 



=-

, 

Use of the Hypercube Programs 

The first use of the programs took place in November and 

December 1975, using TIPPA's data terminal. This redesign had 

been ordered earlier in the year by the Superintendent of Police, 

who wanted workloads equalized by precinct, by watch, and by beat. 

The redesign process consisted of three steps: 

• allocation of eight-hour beats to the five precincts 
according to precinct workloads; 

• allocation of each precinct's eight-hour beats to the 
three shifts according to shift workloads; and 

• design of a beat plan for each watch in each precinct. 

The hypercube programs were used only in the actual design of beat 

plans with a total of 15 separate plans produced. 

The data used as input to the hypercube system for the 1975 beat 

design were taken from regular department management reports for 

the period from January through August 1975. The only major data 

collection effort required involved measuring the area and plotting 

the center coordinates for each of the 476 COGISareas. Computerized 

data on service times, response times, and called-for and self-

initiated work were available by COGIS area. The only drawback 

to .the data used was that they did not reflect workload seasonality 

in some areas of the county. The use of a nine-month sample, in-

\ cluding all of the sununer months, ignored the effect of these 

~c~c~~Jl""''''''~cr¥'...±,~=rt'*'..A''''". 
I
I . 

I
I[ Data collection proved to be a time-consuming task, even 

though t:he workload data were computer-generated. A draftsman was 

utilized to.obtain the (x, y) .. coordinates for the center of each 

repo:r;ting area, and a p~,animeter was used to obtain each area ii-n 

square miies; approximately five man-days were required to obtain 
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this information ~or the five preqincts. Approximately two 

additional man-days were required to enter the geographic and work­

load data into the computer. 

A minor problem resulted from the nonuniformity in COGIS area 

characteristics. The COGIS areas vary considerably in area, popu-

lation, shape, an¢! reported workload. Some "hot spots" (e.g~, 

around rural shopping centers) can bias the workload statistics 

for the COGIS areas in which they are located •. This raises the 

issue of whether reporting areas should be drawn in such a manner 

as to have equal workloads or equal areas. Also, patrol commanders 

tend to intuitively overestimate the actual workload of these "hot 

spots," allocating more patrol units to these ,areas than necessary 

to handle arriving calls for service. 

Contrary to pa.stpractice, the new manpower allocation and 

beat design effort did 'not irivolve the precinct commanders until 

a meeting was held to present the new plan to them. At that time, 

they ~ere not told about the uSe of computerized beat design tech-
(, 

niques/ .. because it was felt that there would"be a negative reaction 

to ll ruathematical management." Nevertheless, there waS a strongly 

negative reaction to the plan presented. The primary objections 
(;') 

to the plan included the following: 

o \~\, 

• the precinct commanders. had no' input in the .' form~~at:i,~ ___ . -'.--'c-~ 
-·7''':~_. --_.. -c::..:'::-G±'-:.:.{~1:i~::>i'il~n'i.i?gw~~=d:::1Q~~~Qti··::P'l=aIf..::upotc~lfi'Icifi==t'h$-=O~-a:i-' -- ,~.------~ .. -. -

• 

• 

plans were based;' .' 

workload equalization was questioned by some comrnan£lers 
as a suitable -allocation and beat design objective; 

questions were raised about the data used to measu~e 
workloaq,; and " 

o 0 a 
• there were objections to the actual structure of some 

be.ats. 0 ., .. 
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mhe fact that precinct commanders had not been involved in 
v 

the formulation of the manpower allocation plans was particularly 
(; 

objectionable to those co~~anders whose precincts would have lost 

manpower under the new plan. This was a sensi t:i;Ne issue, since some 

precincts were scheduled to lose manpower despite increases in 

reported crimes. 

The beat design goals of some precinct commanders conflicted 

with equalized workloads. Equalizing workload by beat produces 

geographically large beats in low workload areas, which in turn 

oproduce greater response times. Some commanders felt that it was 

necessary to have s'ome ,low workload areas to which certain officers 
/ 

could ~e assigned, because of varying levels of p,erformance among 

officers. Some commanders also felt that no matter how low the 

" workload is in a given preyinct on a given watch, there should be 

'saine, rrtinimum number of units in service. 

The planning and research staff had used total service time 

requited by ca~ls for service and self-initiated work as the measure 

of' patrol workload, but some commanders"' did not see this as an 
(';> 

adequate indicator of future workload. The kinds of calls ser-

viced vary considerably by time of daYiand long sESrvice 'times 

for minor incidents during the day tend to overshadow nighttime 

calls wpich, although shorter in duration, of,ten deal ,with more 

serious types of crimes and frequently lead to arrests. Includ-=0 
, () . 

irig sel-f-initiated calls along with 'radio-dispatched calls was 
,/) , 
--- l .f .. ··~\. 

feltuto"·b'.l.as wo~lbad data in reporting areas served by highly-

"',) , motivated of f icer'1. ~l so, the commander s doubted. the validity of 
,y 

using past data to determine the distribution of future workload. 
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o The actual structure of some beats was also questioned. Some 

beats were said to be too isolated -- that is, cut off from the rest v 

of the precinct by physical barriers"or limited access highways-­

making it very difficult to provide rapid back-up assistance to 

units assigned to those beats~ 
'-:-::1 

1 Some commanders objected to the 
';,': 

,:-'-,' 

fact that the beat plans were de~igned independently for each 

watch. They preferred that the beat plans for busier shi:Gitspe 
II 

obtained by subdivid.ing the beats used for the less busy sn:Lfts, 

with for example, a beat plan first designed for the midnight shift~ 

and the resulting beats subdivided" to obtain the beat plans fpr 
.,.:7-/" 

fl/ 
the day and afternoon shifts. Although this process ~r~pr(its the 

o least amount of flexibility in designing beats for the busiest 

shift I the resulting beat plans are seen as easier to adminis ter .' 
i' 

As a result of these objections, the new manpower allocation 

plans and beat designs were, not implemented. However, since the 

hypercube analyses showed two precincts to be inadequately manned 
. (!" ,. 

due to recent workload increases, a plan was formu1atedto find 

ways of increasing the patrol strength in these precincts ~ .. li thout 

~cl-l:t:ting the patrol strength in the other precincts. The bureiiu 
"'""" 

of planning and research continued to work with the commandets of' 
"'--"",,-,, 

these two precincts a$ described below. 

Although thel975 ~anpower allocation plan and beat design 

wtJl!re not implemented, the workload data gathered in the process 
~_ 0 

did sh~w that the first precinct was undermanned. As a result" 
" ,~ ,,-, 

-'·,additional eight .... hour beats were allo.cated to that precinct in 
o ," • ' , ,.) 

'~, 

th~';,13pring of 1976, with new"recruits providing the additional 
" 

"-
'\ 

manpOWer so that existing manning levels were ~maint:ained' in the ?co> , 
.\ 

Ii ".:-

other precincts. 
Q 
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The hypercube programs were again used in the redesign of beats 

for the first precinct. The same geographical data were used, 

but the wo~kload data were changed to include all of 1975. Ini-

tially, no adjustment was made in the workload data to account 
c 

for administrative time--the time'during which patrol units 

are out of service foi<,\:tdministrative duties such as briefings, 

Q (, warrant applications, vehicle maintenance, etc. The pzj.mary 

effect this produced was an unrealistically low utilization factor 

calculated by the hypercube programs. However, since it was 

assumed that administrative time was equally distributed among the 

CaGIS areas and beats, the relative values of unit utilizations 

could be used in designing a new beat plan. 

Whereas the 1975 plans had been drawn by the pl~nning and 

research bureau without consulting 'the precinct commanders, this 

redesign in the first precinct was accomplished through the joint 

efforts of a planner and the precinct commander. In fact, the 

commander designed the tentative-plans which were then analyzed 

using the hypercube programs. New beats were agreed upon and 

implement~d in April 1976. 

The final beat plans for the first precinct were later re-

analyzed, with the call r~te adjusted to account for administrative 

time. It was foup,d that patrol units spent 20 perce-ti.t of their 

time on administrative duties, 60 percent on ,patrol, 18 percent 
,-;:;::~::;; .~ 

on call-for-service work, and 2 percent for self-initiated work. 

Since the amount of time spent on, administrative duties was equal~ __ 

to the combined time spent on called-for-service and self.:.iinitiated 
, 

fwork, the call rate input to hypercube wasdbubled to glove a more 
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J realistic picture 9f patrol workload. 
~) 
The resulting analysis did 

not, however, show a need to further revise the beat plan. 
;;~~~ 

The 1975 manpower allocation:~t.udy had also shown the fifth 
,';:'" 

~ precinct to be undermanned, and a further &orkload increase was 

expected to result from the construction of a lat,ge:",s.l;1opping center 
c'':;'/ ",. 

in the west county area. Consequently, the precinct wasall,?cated 
~~ 

three additional eight-hour beats in the fall of 1976, necessi~ting ,II 

'<...,\~., 
~, the design of new beat plans. 

-
As in the case of the first precinct, planning and resear,ch 

bureau and precinct personnel cooperated in th~ redesign effort. 

Specifically, a planner worked closely with a lieutenant d~~ign~ted 

as liaison by the precinct commander, and responsible for securing 
l! 

the necessary input from precinct officers. The use of the hyper-

cube programs was fully explained, and hypercube output was shared 

with the lieut~ant, who then explained"the findings to other, 

precinct personnel as needed. 

One of the problems enrbountered in designing fifth precinCt: " 
II ' iii'! ,,' 

beat plans was predicting tihe workload that would be generated by 

the new shopping center. The development was ina predominantly 

rural area, wh:i.ch made the problem,:~even mOJ;je dffficult, since the 

"' 
potential workload generated by the center could be much higJ::ter ,,' 

I:' 

than the area immediately surrounding it. Other similar develop-

ments in the county had produced considerable workloads in very 

small areas. Since there wa:s nb way to predict the future work­

load of the ce;nter', it was decided that the best course' of adtion 

, , 

G\ 
i"O-~~-'~~-~=co~-w-asto design a plan based on current data in which the beat,., c'tm.!·) 

''i Lt1 t;(;1 .. r·

t
) 

I') ; 

\7 taining the new shopping .penter, had signlflcantly l,pwero util±zation 
, !J '" 

'f;s 

than other beats. 
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There was considerable discussion surrouding possible methods 

of allocat~~g the three additional eight-hour beats. The precinct 

had previously been allocated a tota,l of 18 eight-hour beats, five 

of which were allocated to the midnight shift, six to the day 

shift, and seven to the evening shift. (In shorthand notation, 

this is known as a 5-6-7 allocation of beats.) Precinct personnel 

favored allocating. one additional beat to each shift, to obtain a 

6-7-8 distribution, and the:{;;:/proposed two alternative beat plans 

for each watch, based upon this allocation. The planner, howev~r, 

favored a 5-7-9 distribution, and proposed beat plans based on 

that allocation. 
, .. :,; 

The discussion of the three proposed sets of beat plans cen-

tered around which would give ,the most equit~ble balance in utili-
'. 'f :-~, '- ":::'_"::'. \ .. ,/"G 

zation and response time. The hypercube output for the three sets 

of plans was examined, and the decision was made to implement the 

heat plans based on the 5-7-9 allocation. 

Future Use of Hypercube 

The st. Louis County Police Department has.ben~~itted from 

using the hypercube programs and would like to continue using them. 

Tl1e benefits derived by the department from participi1tion in the 

field test p:r:oject have included the ability to use hypercube to 

show the trade-offs between the conflicting objectives of balanced 
y, 

workloads and balanced response times. This has been a difficult 

task .for the department in the past, since it 'serves both high-

workload urban areas and low-workload.rural areas. Also the system 

has gj"yen planners the capability to consider the effects of the 
" 

beat pl~n on interbeat dispatching~ 
~) 
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Although the interactive version of the programs is 

the cost of renting a data terminal and purchasing computer time" 

from a commercial time-share 'company may prove to.J:te rnQre_ than=the 

department is willing to invest in designing patrol beats. An 
"\ 

alternative wouldcbe to implement the hypercube programs on the 

computer facilities of the Regional Justice Information System, an 

agency which provides data processing services for criminal justice 
"" .. \ 

agencies in the St. Louis area. However, this would require 

additional training in using a non-interactive version of the soft-
o 

warle. The departure of the planner trained to operate the system 

might seriously jeopardize plans fqr continued hypercube use. 

Conclusions 

Several of the tentative guidelines suggested during the 

planning stage of the field test PFoject have been validated in the 

experience of the~pt. Louis County Police·Department. These are as 
t ~ 

follows: 

• 

• 

• 

• 

There is a need for agreement on the objectives to be 
used in designing beats. the hypercube programs assume 
that in the iterative design process t:he planner has 
a set of goals and preferences with which to trade off 
conflicting objectives. 

There is a need to have agreement on a manpower allocation 
plan prior to initiating .the beat design process. The 
hypercube programs can be used to testvqriousways of 
distributing manpower to precincts ana working shifts, 
but this is tedious and time-cons1,llllillg. Tne design process 

":i.s~ greatly enhan,c;:edif there is prior agreement on the 
number of beats to be ",designed. ' 

Fieldcommanders'havingthe responsibility.for implementing 
and. supervising patrol operations need to be·involveCi, in 
the beat design process. ." , .' .:' . 

- ;f' 

.Advance plannin,g and a~,. a:Ssessment 9f th~c data needed can 
produce reasonable estimates of the ,timeand'resources 
involved in beat design." Ib ±-8 very important to review 
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all of the data, procedures, and time that will be 
requir7d. pata collection can be especially time-· 
consumJ.ng. An accurate appraisal of ppw many plans 
ar~ needed, the time-frame within wh1:ch: the job must 

',' .' /, (I 
be completed, and the turnaround c~ipabilities of the 
com'p'Uter can be invaluable in est;}:Ctnating the total 
time and re~purces required. 

i\ 
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1. National Science Foundation, 'Program Managers 

Dr. Neil Dumas 
Ms. Lynn Preston 
Dr. David Seidman 

2. Project Advisory Board 

3. 

Norman Darwick, Director, Police Mahagement and Operations 
Divisions, International Association of Chiefs of Police 

Del De1gpg,rre, :Execut-ive Director, California lnnovation 
Group 

Dr. George Kelling, Police Foundation 
Col. Gilbert Kleinknecht, Superintendent, St. Louis County 

Police Department 
Robert Kleismet, Vice President, International Conference 

, of PolicecAssociations 
Dr. Michael Maltz, Department of Criminal Justic,f=, univers'ity 

of Illinoi~ at Chicago Circle 
Richard Valdez, Bureau of Planning and Research, St. Louis, 

County Police Department 

-=c-=a:.;:l:.;:i::..;f::..;o:::..:r=-n=i-=a~I.;.;;;n::..;n-=o::..;v.:..a.;;,;:...;:;t.:.:i..;;o_n~G:...;r;;;..o_~~p;,",,))science 

Nick Davis and Warren Deu{scn, Santa 
Acey Floyd, Burbank \~~ " 
Owen Griffith, Anaheim 

Advisors 

Clara 

Mathew King, Garden Grove, Huntington Beach, and Santa Ana 
Michael Licciardel10 and" Dennis -Megrdi tchian, Fresno 
Gerald Miller and Allen Sjoholm, San Diego 
Forrest Warren; Pasadena 
Jerome Weiss. and Robert Rosenberg, San Jose 

4. Massachusetts Institute of Technology, Research Team 

Dr. James J. Jarvis 
Dr., Richard C. Larson 
Richard W. Weissb~rg 

I' ,r 

5. Participating Police Depart~!ants 

a.""" Burbank, California 

'h' I:, D k' C rl;LS OseVS, l. 

Buo} Giles, Records Supervisor 
~,Capt. Robert aeins 

Frank Taylor 
< '-~<. 

b. Fresno, California 

Sgt. Max Downs "" 
Sgt. Earl Kaundart 
Deputy Ghief JamescPackard 
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," 

c. Garden Grove, Californi.ra 

Terry Mathers, Administrative Analyst 

d. Huntington Beach, California 

Sgt. Robert Fickle 

e. Pasadena, California 

Lt. James Robenson 
William Slater; Planning and Research 

f. St. Louis County, Missouri 

James Gardner, Bureau of Planning and Research 
Richard Valdez, Bureau of Planning and Research 

g. San Diego, California 

Sgt. Jon Kern 
Lt. John McQueeney 
Lt. David Spisak' 
Sgt. Peter Zadorozny 

h. San Jose, California 

Lt. Rohert Bradshaw 
Capt. Stanley Horton 
Sgt. Tom Johnson 
Ms. Elba Lu 

i. Santa Ana, California 

Lt. James Picco 
Sgt. Rodney Qualls 

j. Santa Cl:'ara, California 

Chief, Donald Ferguson 
Capt. Loren Pierce 

Other Pa;rticipants 

Russell Arend, Director of Training, Traffic Institute, 
Northwestern. University 

Lee Johnston, San Diego Comprehensive Planning Organization 
Palmer Stinson, Project Consultant 
John Cochrah, San Diego Sheriff's D~partment 
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APPENDIX C 

OBTAINING HYPERCUBE PROGRAMS, DOCUMENTATION, 
TRAINING, AND TECHNICAL ASSISTANCE 
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Currently, there are four versions of the:i hypercube software .. . 
{l • . ava~lable. They are: 

~;>, ' 
• M.l.T./Rand hypercube system - this is the original 

hyper,cube system developed through grants from theO 
National Science Foundation and the U.S. Department 
of Housing and Q'rban Development, and to date is the 
most widely distributed version. . ~;() 

• M~I~T. advanced hypercube system - this system consists 
of an advanced ~ersion of the original.M.l.T.fRand 
system which incorporates automatic vehicle location, and 
expanded user control of the types of output produced. 

• TlPPA advanced hypercube system - this is an adaptat~on 
of M.l.T.'s advanced system that has evolved during 
TlPPA I s field testing of the hyperdhbe model. Itcc:>rt­
tains several features lacking in the M.l.T. system 
(e.g., the utilization of user-supplied terminology), 
and incorporates many improvements suggested by police 
planners during the field ,tests. This version of the 
software is especially suitable for 'implementation on 
the National ess time-share system. 

• 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 hyp~;rcube model forms one 
component of this system. n, 

The m~JQE~l:i,_fferen,ces b~tween these four versions of the 

hypercube system occur with respect to the following system 

51 attributes: ji (", 

• Interactive or non-interactive - does the system include 
an interactive component which enables a police planner 
to describe the patrol policy and beat configuratio~ 
being analyzed in a "convftrsational'· way by responding; 
via a teletypewriter-type data terminal, to questions 

• 

• 

posed by a computer? . 

Approximate or ,exact hypercube model - does the sys€em 
support the exact model, the approximate model, or both? 
(The appr9ximate model utilizes some approximations ~~~ 
its computations which greatly simplify the calculati5rls 

o 

(' 

o 

o 



, II,.' 

? . }I-'J 
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D 

o 

o 

and reduce costs, and which generally produce results 
within a few percent of those obtained using the exact 
model. The exact model, on '"t:he other hand, supports 
several advanced hypercube features, such ,as variable 
unit service times and dispatching based on automatic 
vehicl~ locators.) 

• Limitations on problem size - what limitations are placed 
on the size of regions (i.e., on tile number of reporting 
areas) and on the size of beat plans (i.e., on'the number 
of beats) that can be analy~ed? Q 

o ,I 

,/" These differences among the four hypercube systems are summarized 
:;; 

,0 
~n Table C-l. 

The prim~~y sources of these four versions of the hypercube 
c t l . 
't./ . I.' 

cornputer programs, documentation, training, and technical assis-
'f 

tance, and the "materials and services obtainable from each source, 

are identified below. Inquiries regarding the cost and availability 

of the materlals and services identified should be directed to tti~ 

source listed. 
II '111 

A.' The Institute for Public Program,-'J}palysis 
230 S. Bemiston Avenue, Suite 914' 
St~ Louis, Missouri 63105 
Attention: Dr. Nelson Heller 
(314) 862-8272 

Copies of all four version,s of the hypercube/software can be 
Ii '-:! ': ' 

o]:)tain~d front The Institute ,fOr Public Program Analysis (TIPPA). 
I 

The,TIP]?A version, written in thePL/I programming language, contains 

'"all features and capabilities add~a during the field test project. 
f , , 

Related software facilitating the; use of the hypercube system on 
c , Q 

National CSS (NeSS), an intern9-tyionally accessible, cotmnercial 
. ,Ii '" ff ' 0 ,':' , J" "ime-,share data processing sysj;l'.m, is, "lso availa!'lEl. The TIPPA 

, ~ers~on and the NCSS software are d~cumented ill the report; 

l "Instructional Materials for Learning to Use the Hypercube 
"Programs for Ana-lysis of Police Patrol "Operations ". 

",::'. 
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Table C-l 

o CHARACTERISTICS OF CURRENTLY AVAILABLE VERSIONS OF THE HYPERCUBE SOFTWARE 

::: 
Interactive or non-interactive 

Programming language 

Approximate or exact model 

Limitations on problem size* 

M.I.T./Rand 

non-interactive 

PL/I 

both 

\200 reporting 
areas ano. 15 
beats 

\) Software Option 

"M.I.T. 

non-interactive 

PL/I 

o both 

200 reporting 
areas c:lnd IS 
beats 

{ 

TIPPA 

interaq:tive 
,.,-

PL/I 

both 

unlimited 
number. of ,) 
reporting 
areaS""tandn 34 
beats 
t o 
'. '" '"'4: 

Texas A&M 

n~&n - intera~ti ve 

COBOL 
jl ' 

appro~imate Qnly 

l2S reporting areaS 
and ,,2S heats 

# 1 

o 

*Size limitations apply only to the approximate hypercube model. A:J,.l versions of·th~ exact 
hypercube model limit the number of beats to 15. Inmost cases,' the limits specified can be. relaxed" (-J .. 

through internal programming cha"nges. 

c, 

p 

" 

o 



The following TIPPA, rep0rt~~ are also available to persons inter­

ested in the .resu1ts of the fie:)..d test project, or in using the 

?ypercube model to analyze their own department's patrol opera­

tions: 

c 

•. "How to Set Up ShoJi? for Use of :the Hypercube System"; and 

• "Field Eva1uati:c'>n of the Hypercube System for the Analysis 
of Police Patrol Operations: Executive Summary" 

Q 

~~."'~<"~""""PP.~i9::::;:::~:::fl::::::n:e:::a:e:n::::::~~:o:::::r ::::n:o:~~f-=) 

~i 

Patrol Management Using the Hypercube Programs. II This seminar' 

f~atures a thorough discussion of police patrol allocation, use 
jj 

of interactive and non-interacbive versfons- o;f,· thehypercubesa£t::.,.; 

w!,re, and "hands-on"expenience i~4sin~ a data terminal and 
operating the software implemented on the Ness time-share system. 

" 
Technical assistance is available in the areas of "setting 

" 
cup shop," data collection, using the software, and the interpre-

tation and analysis of hypercube output. 
, 

Fina1iy',TIPPAprovides training and technical assistance in 

the use of other computer-based police field operations mode1s--

notably patrol car allocation and manpower scheduling. 

B. The Rand Corporation 
1700 Main Str§et 
Santa Monica, California 90406 
Attention: Dr. Jan Chaiken 
(213) 393-0411 

Copies of the M.r.T./Rand ang Texas A&M versions of the 

hypercube software can be obtained from The Rand Corporation 

(Rand). The M.I~T~/Rand version of the software, written in PL/I, 

is documented in the report: 
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"Hypercube Queuing Model: ,', User' s\,Manual," R-1688/2-HUD. 

Other related reports available f.rom Rand include: 
,) 

• "Hypercube Queuing Model: Execut~ye Summary," 
R-1688/l-HUDi 

• "Hypercube Queuing Model: 
R-168~/3-HUD,; 

Progra,m Description," 
'. 

'-I 

• "The Deployment of Emergency Services: A Guide to 
Selected Methods and Models, ir R-18 67-HUD; ~'ia;p.d' 

• "Patrol Allocation Methodology for Police Departments, Ii ~ 
R-1852-HUD. ,"". I) 

Rand also distributes lfsQftwar: and documentation for its 
.; '. . \ 

Patrol Car Allocation Model "(PCAM), used for determining t.nenumber 
o 

'of patrol cars," that should be on duty in" each ,geographi:Hal region 
\\ 

of a city at various times of the day on each day of th~week~1 

c. 

/( ;;:.~ 

Nea.ther technical assistance nor training are offered. 

Massachusetts Institute of Technology 
Operations Research Center 
Room 24-215 
Cambridge, Massachusetts 02139 
Attention: Dr. Richard Larson 
(617) 253-3601 ~ 

avai1able\f,rom M. I . T. The M. I. T. version is document.ed in the 
\ 

user's manual: 
, .~ .~ 0c~;" 

• "Computer Program for Ca1culating'the Performance of ""'." 
Urban Eme12gency' Service Systems: 'l;Jser' s Manu,Cl.l," , '~" 

I~ 

o 

TR-14-75." " 
~ 

Other reports av:ai1able from M.I.T., whichde~cribe various 
I) 

aspects 6f police pCJ.trol ~?olicy analysis and beat, design, include 

the following: 0" 

• "Urban Pu;blic Safet1r Systems .., Volume I ,,,I 'or. Richard' 
Larson, et al., Lex'±:pgton Books, LexingtoIlV, Massachuse'tts t· 
1977; 0 \\ 



,i, 0 

o 

'.' 

i,\ 

• "Opt.:i.mal Dispatch Policies for Urban Service Systems," 
TR-02-73; 

• "Opttmization in Stochastic Serv'ice Systems with Dis­
tinguishable Servers," TR-19-75; 

• "The Hypercube Model: An Introduction to Its Structure 
and Utility.," TR-20 ..... 75; ,) 

0 

• 0 

• 

nDispatching the Units of Emergency Service Systems Using 
Automatic Vehicle Location: A Computer-Based Markov 
Hypercube Model," TR;-2l-76; 

"Merging Interest Group Preferences for Emergency Services 
with 1\pplications to Police Sector Design," TR-22-76; 

~'. 

ilA Hypercube Queuing Model for Facility Location and 
Redistricting in Urban Emergency Services," JR-06-74i 

• "Illustrative Police Sectorc'Redesign in District· 4 in 
Boston," JR-08-74; 

• "Approximating the Performance of Urban Emergency 
~",' Service Systems," JR-12-75i 

;::-

• "An Interactive Approach to Police Sector Design," 
WP-03-74i and 

S "Data Collection and Computer Analysis for Police 
Manpower Allocations," WP-14-74. 

M.l.T. offers a one:-week seminar annually, entitled "Analysi$ 

of Urban Service Systems," in which one day is devoted to the 

hypercube system. Only limited technical assist.ance is offered 

by M.I.T. It is locally available, howe-yer, from Public Systems 

Evaluation, Inc. and Urban Sciences, Inc. (see below). 

D. Texas A&M University 
.Cente~ for Url;>an Programs 
Department of Industrial'Engineering 
College Station, Texas 7784'3 
Attention: Dr. Roger Elliot 
(713) 845-5531 

Copies of the Patrol Officerneployment, System (PODS) soft-
, 

ware package are available from the Center for Urban Programs. 

These computer programs, written in "the COBOL language, were 

-~.~...,.:=: ~.;:.';~-~'-'~ -~,.:.:::-~-~ 

" . 
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developed -throJJgh a grant from the Criminal .1ustice Division, 
'{~i;'; :.' 

Office of thk Governor of Texas. The pickage contains, in addition 

to the Texas A&M versipn of the hypercube software, other progr,arns 

which automatically modify an initial district design in~order to 

balance beat workloads or travel -times, forecast the number of 

calls for service of a specified type during future watches in 
II "', D , 

each district, and produce maps on a line printer showing difitrict 

boundaries. The system is documemted in the following reports: 

• "Police Officer Deployment System (PODS)," TEES 1056-76-1; 

e "Police Officer Deployment System: User's Manual," 
TEES 1056-76-2; 

• "Police Officer Deployment System: Long R(;lnge Deployment 
Subsystem Progranuner's Manual"; and 

• "Police Officer Deployment System: Tactical Deployment 
Subsystem Progra:rnrner's Manual". 

E. Traffic Institute 
Northwestern University 
405 Church Street 
Evanston, Illinois 60204 
Attention: Mr. Russell Arend 
(312) 492-5222 

An introduction to the hypercube system is ipcluded incthe 

curriculum of three police management training courses offered 

annually by the Traffic Institute: "'Traf,fic Police Adrninis"'tration 

Training Program, 'I "Pririci:ples of Police Management," and "Law 

• . ff· ' S· " Enforcement Plannl.~g 0 ,,;Leers eml.nar.~' 

tance nor software are available. 

F. National Technical Information 
Computer Products,Division 
Department of 'Commerce ' 
5285 Port Royal Road 
Springfield,'Vir~inia 22161 
(703) 321-8500 

o 253 

Neither=uechn{'cal assis-

'( 
II 

J! 
'I 
Ii' 

ff '~ 



II 

II 

l 
n 
Ii 

, ii 
1/ 

(, 

Copies of the M. I. T. /Rand version of,the l'iypercube software 

are available from the National Technical Information Service (NTIS 

Order Number PB 259 882). Soft~are documentation is also available. 

No training or technical assistance are offered. _ 

G. Management, Consulting Firms 

Thl= following management consulting'=ftrms have- copies of 

various: versions of the hypercube software, and, in the past, have 

provided technical assistance in their use and in the evaluation 

and de:sign of patrol polic~es: 

Urban !Sciences, Inc. 
j' 

177 Worchester Street 
Welle$ley, Massachusetts 02181 
Attention: Mr. Lloyd Howells 
(6l7) 237-5410 

Public Managemen,t' Services, Inc. 
7600 Old Springhouse Road 
~McLean, Virginia 22101 
'Attention: Dr. Thomas McEwen 
(703) 893-1830 

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

While no formal classroom training is offered by these firms, in 
., 

some instances they have trained individual clients to operate the 

software. 

H. Dr. Ernst Nilsson 
• T. o. S. 

Baggensgatan 19 
III 31 St.pckholm,i Sweden 

Dr: Nilsson has developed,an adaptation of the M.I.T./Rand 
I'F""';; ? 

ii 

version of hypercube software for use by police departments in 

less urbanized areas such as many of those in Sweden. His 
,,\ 
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software, written in the FORTRAN programming language, produces 
Q G 

many of the performance statistics generated by the original 

hypercube sy'stem[:) Technical assistance and training are available. 
'\\ 

I. DeKalb county Police Department 
Data Processing Department 
Court House Square 
Decatur, Georgia 30030 
Attention : Mr. William Gastt1n 

The DeKalb County Police Department has developed a computer-

based mapping' system which, while independent of the hypercube 

software, could enable hYBercube users to produce maps on'a line 

printer showing, for example, the size and location of poliqe .~. . " 

. 0 
patrol districts, the workloa'Q distribution among reporting areas" 

and the distribution of preventive patrol among reporting areas. 

The software is documented in the report: 

"Instruction Manual, The DeKalb County Computer Mapping 
System" • 

Neither technical assistance nor training are available. 

J. International Association of Chiefs of 
Technical Research Services Division 
11 Firstfield Road 
Ga i ther sburg, '. Mary land 20760 
Attention: Mr. Sampson Chang 
t30l) 948-0922 " o 

Police 

'Some of. the police management traihing programsdoffered by 

IACP present an introduction'to computer-based police resource 
i; 1;-' 

allocation planning tools including hypercube. . ,I 
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